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ITPEAUCJIOBHUE

Hacrosuuit c60pHUK TpefHa3HayeH B IIOMOINbL MOCTYHAIOIINM B
BhICIIINE yueOHbIe 3aBefjeHHs IIPK MOArOTOBKE K 9K3aMeHaM 1o (pusuke,
a TakXe CIymaTensM NOArOTOBUTENBHBIX OTHENEHHU M KypcoB. OH
COAEPKUT 3afadyd IO BCEM BOINPOCAM NPOrpaMMBbl BCTYNHTEJBHBIX
9K3aMeHOB, KpOME 3a/lay Ha BOJHOBBIE CBOMCTBa CBETa U 3afad IO
aTOMHOH (pu3vKe, NPAKTHUECKR He BCTPEUAIOUIAXCS B 9K3aMEHALUOH-
HbIX 6uieTax. B KHUTY BONUTH IPeHMYIECTBEHHO 3a/iaqyd, Ipefiaras-
IITeCsl B TeUeHHEe PANa JET Ha BCTYNHMTEIbHLIX 3K3aMeHax no (pu3nke
Ha (PU3UYECKOM, MEXAaHHKO-MAaTEMATHIECKOM, XUMIAYECKOM, I'€OJIOTH-
YyeCKOM, GHOJIOTO-IOYBEHHOM U reorpadudeckom dakyinereTax Moc-
KOBCKOI'O roCyAapcTBeHHOro yHusepcaTeTa uM. M.B. JlomoHOCOBa, a
TakKe Ha (PaKynbTeTe BHIUYMCIHTEIBbHON MATEMAaTHKA ¥ KUOEPHETHUKH H
(pakynAbTETE NOYBOBEAEHUS.

B c6opHmnKe npencTaBieHbl 3aRayYd Pa3sHOi TPYAHOCTH, UTO, C OGHOMN
CTOPOHBI, IPECTENYET METOAMIECKHE LIEJH, & C JPYrOil CTOPOHBI, OTpa-
sKaeT pa3/IMYHYIO CTENIEHb CIOXKHOCTH 3alad. B KHUTY BKIIOYEHBI Tak-
XK€ 3aJlavym, HECKOJIBKO BBIXO[SIINE 32 PAMKH I€HCTBYIOMEN B HACTOS -
1ee BpeMs MporpaMMsl o (pu3uke ANs MOCTYNAIONINX B BYy3bl. Tako-
BBIMU SIBIAIOTCA HEKOTOpHIE 3afaun § 11 “KoneGanus u BonHbt”, 3aga-
YW Ha PACUYET 3JEKTPHYECKHX MOJIel B IMAJIEKTPHUKaX, psap 3ajad § 23
“MarsuTHoe nojie TOKa. JNeKTPOMarHuTHasi HHIYKOHS , BCe 3ajjavun
§ 24 “IlepeMeHHBIN 3NeKTPAYECKUN TOK M HEKOTOPHIE 3afiaun pa3feiia
“OnTrka”. B 60NbUIMHCTEBE CyYaeB 9TH 3aflayll OTHOCATCSA K BOIPOCaM,
KOTOpbIE TaK HIIH HHA4Ye PaCCMaTPHBAIOTCA B MIKOJIbHBIX YICOHHKAX I10
(pm3uke. ABTOpHI CUATAIOT, YTO pa3bop YKa3aHHBIX 3afa4 IMOMOXKET
YATATENO 6oJiee CBOGOHO OPHEHTHPOBATHCA B OCHOBHOM MaTepHale
MpOrpaMMbI BCTYNIATENLHBIX 9K3aMEHOB HO (PU3HKeE.



B uesnsx pa3BUTHs HABBIKOB M KYNbTYpbl pelleHus (PU3NYECKHX 3a-
Jay MHOTHE U3 HAX cHaGXKeHn! NONpoOHbIMHU penienusiMu. Bee pemenns
NOCTPOEHHI IO EAMHOMY, HanboJjee Leaecoobpa3sHOMy IJIaHy: COCTaB-
neHue HeOOXOMMMBIX YpaBHEHMH, pellleHHe UX B 00llleM BHfe, ITOACTA-
HOBKa YHCJIOBBIX HAHHBIX; IIPH 3TOM MaTEMaTHKa HCNOJIb3yeTCs B IIOJ-
HOM 06bEME TIPOrpaMMBI CpeHEH HIKOMEI.

K kaxpo#i Teme 3afjayHUKa AaHbl KPATKHAE YKa3aHUs, Kacarolluecs
001edl METOAVKH pellIeHHs 3afad, ¥ NepedyeHb OCHOBHBIX (POPMYII, UC-
MOJIb3YEMBIX IIpH pellleHuH. B psne MecT NpuBeAcHEI METONBI PEUICHUS
3ajiay, KOTOphIE, XOTS U He BBIXONAT 33 PaMKH NIPOTPAaMMBI CpenHell
IIKOJibi ¥ MOTYT OBbITh JIETKO OCBOEHBI NOCTYNAKINNME B BY3bl, B CPEN-
HEH HIKOJIe paccMaTpHBAIOTCS RANEKO He Beerna. Y CBOCHME MOHOOHBIX
METONOB 3HAYATENELHO 00JIErYaeT NMOATOTOBKY K BCTYIHUTEIBHBIM 3K34-
MEHaM U MOMOraeT MOCTYNHBIIUM B B3 CPaBHUTEJIBHO JIETKO NEPENTH
OT IIKOJLHBIX METOIOB O0YIEHUS K BY30BCKIM.

COopHUK HEONHOKpPATHO nepepabaTbIBajCs, PacIIUpSIICTd H IO-
MOJTHS/ICS HOBBIMH 3afayaMM U3 YUC/ia NpeflaraBIINXCsS HA Pa3HbIX
¢pakyabTeTax MOCKOBCKOTO YHUBEPCUTETA NPH NOJIOTOBKE TPETHETO
u3ganus (1976 r.). Torma e B COOTBETCTBHH C MHOXKEIAHUSIMU
MOATOTOBHTENBLHLIX OTACIECHIA H KYPCOB, KOTOPBIE LIAPOKO MONBL3YIOT-
s 3alaYHHKOM, H B HENISIX CTUMYJIUPOBAHUSA CAMOCTOSATENLHOR paGoThI
ydaluxcst Ajg 4acTy 3afgad ObLIM ONYyLIEHBI PEIICHUs] W JAHBI JTUIh
otBeThl. [Tofpo6HbIe pelreHus IPUBENEHBI, KaK MPaBUIIO, JJIs1 OCHOB-
HBIX 3a2[a4, Ha KOTOPBIE U HOJKHBI OPHEHTHPOBATHCS YHTATEIIH.

B nHacrosmem m3gaHun oOmuME NIaH KHHUTH, CONEpKaHue U HyMepa-
LM 3afad OcTaJuCh NpexxHuMu. OnHako (GOPMYNTHPOBKHA U pelICHUS
3a/lay CYHIECTBEHHO nepepaboTaHbl C y4eTOM TpeOOBaHKI HbIHE Nieii-
CTBYIOIIUX NMPOTPaMM IO (pU3MKe I MOCTYNAIIINX B BY3bl. B KOHIE
KHHUTH NPUBENCH PSR TAONHL, MTONE3HBIX NIPH PELICHUH 3a8aY.

Pazpen c6opruka “MexaHuka”, KpoMe 3af1ay 10 KHHEMAaTHKeE, HAIH-
caH I' 5. MakumesbiM, paspen “Tenora u MonekyiaapHas ¢uszuka” u
3afayn 0o kuHeMatuke — B.B. KepxkenuesriM, pasgen “Onekrpude-
crBo 1 MarHeTusM” — I.A. bennpukoBeiyM, pazgen “Onruka” — B.B. By-
xoBreBbiM. O0miee pefakTupoBaHue cOopHuKa Boinonnedo b.B. By-
XOBILIEBBIM.

ABTOpBI BblpaxaloT TNyGokyro OnaromaprHocts B.I'. 3yGoBy u
I'.E. ITycToBanoBy, HeMajio CHocOOCTBOBABILUM YIIYYIIEHHIO COOPHUKA.



3JAJAYHN

I'masa l

MEXAHHUKA

§ 1. [IpsamonuHeiiHoe paBHOMEPHOE H PABHONIEPEMEHHOE IBHIKEHHE

VzyueHne MexaHUKU OOBLITHO HAUMHAIOT ¢ KMHeMaTHKN. KunemaTnka onn-
ChIBAaET MEXaHUUCCKOE ABIDKCHHE T C FEOMETPNUYECKOH TOYKY 3peHus, 0e3
PAccMOTPEHUS AEHCTBYIOIINX HA HUX CHUIL.

3apauell KHHEMATHKY SIBJSIETCS ONPEACIECHNE KMHEMAaTHYECKUX XapaKTe-
PHCTHUK ABHKCHHA TEJ — UX MOMOXKEHHs (KOOPAUHAT), CKOPOCTEH, YCKOPEHAH,
BpPEMEHU JBUXKCHHUS U T.l. — H IONYUEHUE YPAaBHEHMUH, CBA3bIBAIOMIMX 3TH
XapaKTEePUCTHKH MeXAy co00i. DTH ypaBHEHHS IO3BOJSIIOT IO OJHUM H3-
BECTHBIM XapaKTEePHCTHKaM HAXOOWThL APYIHME M TEM CaMbIM JAlOT BO3MOX-
HOCTH [PW MUHMMAJBLHOM UHCIE UCXOAHBIX AAaHHBIX IONHOCTHIO ONUCHIBATH
ABIDKEHUE Te.,

TIpw pelreHuH 3ajad MEXaHUKH, B YaCTHOCTH KMHEMATHKHA, HY3KHO B IEPBYIO
ouepeb BEIGpaTh CUCTEMY KOOp/IHHAT (CHUCTEMY OTCYUETa), 32faTh €€ HAYalo i
[ONTOXKUTEIbHBIC HANPABICHNS KOOPRMHATHBIX Ocell H BbIOpAaTh HA4Yalo OT-
cuyera BpeMeHu. Bes BeIGOpa cHCTEMBI KOOPAUHAT OIMCATh [BUXKEHUE HEBO3-
MO3KHO. B cOOTBeTCTBHH C XapaKTepoM 3afady, pacCMaTPUBAaEeMbIX B ajbHEH-
1eM, MbI OyfieM NOJIL30BAThCS B CAyUae NPAMOJIMHESHHOTO ABIXEHHSI CHCTEMOMN
KOOPAUHAT, COCTOALEA M3 OFHONW KOOpAMHATHOHK ocu OS, BLOIb KOTOpPOH
NMPOUCXOAUT JBIDKCHHNE, ¢ HavdaloM oTcdeTta B Touke 0. B Bonee CIOXKHBIX
crydasix OyfeT npUMeHAThCS JCKapTOBa MPSMOYroNbHAS CHCTEMa KOOPIUHAT
C B3aMMHO MepHeHAuKYIsIpHbIME ocsiMu OX u OY, nepeceKaroIuMACs B TOUKE
0, KOTOpasi ABNAETCS HAaYalOM OTCUETa.

PaBHOMEepHOE W paBHONEPEMEHHOE NPSIMONIMHEHHOE JBUKEHHE OINUCHIBA-
eTCSl KHHEMAaTHYeCKAMHA YpaBHEHUSIMHA (TaK HAa3bIBaeMbIMHA 3aKOHAMHU JIBUXeE-
HHS), JRIONMMHY 3aBHCUMOCTh KOOPAWHATHI § H CKOPOCTH U OT BPEMEHHU:!

§=80+ Ut + a2, v=1y,+at, (1)

I7ie a — yCKOPEHHE, { — BpeMsl, IPOTEKIIee ¢ Hadajla OTCYETa, T.C. C MOMCHTA,
KOTfia TENO MMEINIO HAa4YaNbHYI0 KOOPAUHATY Sy H HaYaJIbHYIO CKOPOCTH Uy. I1pn
a = const ypaBHeHH4 (1) ONHCBHIBAIOT pPaBHOIIEPEMEHHOE [IBUKEHHUE, IpH a = 0 —
paBHOMepHOe. Bce ocranbHble (pOpMYJIbl paBHOIEPEMEHHOIO JIBUKEHHS,
HAIIPAMED CBsI3b MEX[ly HauaTbHOU CKOPOCTBIO H KOOPAUHATOHN Tejla B MOMEHT

o 2 o
IIOJTHON OCTAHOBKH: S5 = U0/2a, MOZKHO JIETKO NONYYUTDH U3 9TUX YPaBHCHUH.
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Yncino ypapHeHMi THIIA (1) 3aBACHT KaK OT XapaKTepa [BUXKEHHs, TaK B OT
BbIfopa cucreMb! koopauHat. Hanpumep, npu BeIGOpE B Ka4ECTBE CHCTEMBI
kooppuHaT ocd OS (puc. 1) qg Tena, JBUXYIIErocs u3 ToYku A B TOUKy B no
NPSMON ¢ Ha9aNbHON CKOPOCTHIO Uy U YCKOPEHUEM d, HANPABIECHHDBIM MIPOTHUB
MOJIOXKHUTENLHOIO HAaNpaBicHUI KOOPAMHATHOM ocH, ypasHeHus (1) Gynyr
UMETB BHJ 5 = §g + Uyt — ar? 2, v = vy —at.

Jns onucaHus ABUKEHMS ITOTO XE Tela
MOJKHO B3SIThb TAKXKe NPSAMOYTONBHYIO CHCTE-
My KoopjuHar ¢ ocamu OX u OY, pacnono-
JKEHHBIMH, KaK [0Ka3aHo Ha puc. 1. Koopuu-
HaTa Sy TeJa B 9TOM ciydae Oyper onpene-
JAThCS NPOEKUHIAME Xg ¥ Yo Ha ocu OX u OY.
TIpu aBMKEHUH Tela 3TH NPOCKIWM HA OCH
KOOpAuHAT u3MeHsaoTess. CKOpOCTh U rena
MOXHO MNpENCTaBHTL B BH/JE CYMMb! JBYX
COCTaBNAIOUNX U, H U,, HAIPABICHHBLIX BIONbL
KOOpANHATHRIX ocell. Mopynm aTux cocras-
JSIOUIMX PABHBI MOJAYJIAM IIPOEKUMHA U, H U,

Prc. | CKOPOCTH Ha COOTRETCTBYIOIUHUEC OCH. AHANO-
HYHO, MOJIYJIH COCTABNAIOMINX YCKOPEHHS PABHBI MOJlYJISIM IIPOEKUUH a, U ay.
Jnst KaXknoH MpOeKIHH KOOPAHHATh! H CKOPOCTH Ha COOTBETCTBYIOUIYIO OCh
MOKET ObITh HAIIMCAHA CBOSI Mapa KHHEMATUUCCKIX YPABHEHHM:

x = lxyl+lug tt=la, tt%2, v, = lug l-la,ls
y = lygt=lvg, 1t+la 1192, v, =—lvy \+la,lr.

3nech xg, Yo H Vg, Uy, — OPOEKINM HAYaabHOW KOOPAMHATHI M HavTadbHOM
CKOPOCTH TENa Ha KOOpAuHATHLBIE ock. (O BHIGOPE 3HAKOB NEPER Uy, Ugys dy H
@, CM. HUXE.) A

Onucanusi ABHKEHUSA B Pa3IMUYHBIX CHCTEMAaX KOOPAHHAT 3KBHUBAJIEHTHBI
MEXAy COGOH B TOM CMBICIIE, UTO NPU H3BECTHOM PaCHONOXKCHHA ABYX CHCTEM
KOOPRMHAT OTHOCHTENBHO APYr Apyra IO BETWIHHAM, HAHJCHHBIM B OJHOM
cHCTEME, MOXHO ONPEJENHTh COOTBETCTBYIOIINE BEIHINHB! B Jipyroi. Hanpn-
MEPp, NEerko yOepuThCs, YTO paccrosHue AB (puc. 1), npoiiieHHOe TEJNOM U
PaBHOE § — Sy, BbIpaXkaeTcsl Yepe3 PacCTOsIHHS X — Xy B Yo, Ha KOTOpbIe Nepe-
MECTHIIHCH 3a 3TO BpEMS MPOCKIMH KOOPAMHATEI Tela:

=Sy =1/(x—x0)2 +y02.

HavanbHas CKOpPOCTb vy H YCKOpEeHHE a Teja MOTYT ObITh HaWfeHbI, €Ciiu
M3BECTHBI UX NPOEKUMH HA OCH KOOPJANHAT:

[ 2 2 /2 2
Vo =qlVox +Ug,, a=4la; +aj.

Ilpu pemrenny 3afiav cliefiyeT BbIOUPATh TAKyIO CHCTEMY KOOPAMHAT, B KO-
TOPOH YpPaBHEHWs, ONMCHIBAOIITE ABIKEHUE, IIONYIAlOTCs HPOCTHIMU. SIcHO,
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ITO [IPH NPSIMOJINHEHHOM JBIKEHNHU CHCTEMAa YPaBHCHUH, ONUCHIBAIOIAS 9TO
JBIDKEHHE, BBITVSANT NPOIIE, eCiH 6epeTcs OAHa OCh KOOPJMHAT, HaNPaBJieH-
Hast BOJNb ABWKEHHs. IIpH KpUBOJMHEHHOM [ABUKEHHM HPHXORUTCA OpaTh
NMPpSIMOYTOJIBHYIO CHCTEMY KOOPAMHAT C [ABYMsI OCSMH U NPEACTABIATH JBU-
>KCHHE B BHUJIC CYMMbI IBYX ABMIKCHHH, POHCXOJSINUX BIONb KOOPIAMHATHBIX
oceil. YpaBHEHHs1 UMEIOT 60siee NpOCTOH BHA, KOIJa HalpaBJieHUs OCEH BBI-
OMpaTCs TaK, YTO HEKOTOPhIE U3 NPOCKIMI B TEUCHUE BCEr'0 BPEeMECHHU ABH-
JKEHUS PaBHBI HYIIO.

IIpu cocrasieHdH ypaBHEHHH OY€Hb BaXXCH BONPOC O 3HAKAX MEpel Mo-
AyNsIMU npoekuui s, v ¥ a. Ecau KoopauHaTa OTCUHTHIBAETCs B HOJO-
KUTENHHYIO CTOPOHY OT Hayana oTcueTa (IIOJOXHTEIbHOS HANPaBICHHE OCH
KOODAMHAT YKa3bIBACTCS CTPENIKOH Ha KOHIE OCH), TO €if NPUINCHIBAETCS 3HAK
mmoc, ITpoexknuu yCKOpeHUH 1 cKOPOCTEH CUUTaOTCA NIOJTOXKUTEILHBIMH, €CITH
HanpaBJICHHE COOTBETCTBYIOIIEH COCTABIAIOMICH COBajaeT C MOJOXKATENb-
HBIM HaIlpaBIeHNEM OCH, B IPOTHBHOM CNyyac B ypaBHEHMSIX OHH NMHIIYTCS CO
3HaKoM MuHyc. Hanpumep, Ha puc. | npoexuus yckopenus Ha ock OY nono-
JKATENBbHA, @ NPOCKINS CKOPOCTH Ha Ty Xe ocbh oTpuuarensHa. Hemssecrhbie
BENWYMHDI JyYIlIe MMACAaTh CO 3HAKOM MuTtoc. [Ipn HaxoXAeHNN 5TAX BETMYMH B
npouecce peleHns 3ajayi HX 3HaK onpepeauTes caM coboi. Hanpumep, s
Tena, OpOUIEHHOrO BEPTHKAIbHO BBEPX C HAUaNbHOR CKOPOCTBIO Vg, €CHH
ock OS HanpaplieHa BEPTHKATBHO BBEepPX U HAyajlo OTCYETa COBHAfaEeT C
NOBEPXHOCTBIO 3eMITH, § = Vgl — gr*/2 (yCKOpeHHe CBOGOJHOTO NajieHHs g
HanpaBJIeHO BHHU3). B 2TOM cimyuae 3HaK KOODAMHATLI § 3aBHCHT OT ! AJd
t > 2uy/g KOOpAUHATA § OTPHIATEIBHA.

WHorna npoiigeHHbI TEJOM NyTh OTOXAECTBISIOT ¢ KOOPAWHATOH s, a
ypaBHeHue (1) Ha3BIBAIOT ypaBHEeHHeM nyTu. B obmieM ciaydae aTo Henpa-
sunbHO. IlyTe — 2TO cyMMa Bcex paccTOsIHUI, TPOHACHHBIX TEJIOM BRONH
TpaeKTOpuHd. B 4acTHOCTH, B IPHBEEHHOM BbILIIC NPEMEpE KOOPAMHATA § B
MOMEHT BpeMeHH t = 2u,/g OyneT paBHa HYNIO (TEJIO ynajeT Ha 3eMITt0), B TO
BpEMs KaK NPOHJECHHLIN TEIOM K 3TOMY BpeMEHU nyThb ! GyleT paBeH CyMMe
PaccTOSHUN OT 3EMIIH 1O HAUBBICIIEH TOUKHU, JOCTUTHYTOH TEIOM, H OT 3TOHU
TOYKH 0 3eMin ([ =vg/g).

IIpu pemennu 3a/1a4 Ha ABIDKEHHE HECKONIBKHX TEJl PEKOMEHAYETCS NOMB30-
BaTbCsl OOHOH cHCTEMON kKoopauHAT. B HeKoTOphIX ciyuasx OpiBaeT ypoGHO
CHCTEMY KOOPAUHAT CBA34Th C OHUM M3 ABHXKYIIHMXCS Tel U paccMaTpHBaTh
ABIKEHUE OCTAJLHBIX TEJ OTHOCUTEILHO U30PaHHOTO.

T yKasaHUs OTHOCATCS Ipeskae Bcero K § 1-3, oflHaKo OHH MOr'yT NMOHa-
AOCUTHCA U IIpH pEUICHAH APYTUX 3aiad BO BceM paspeie “Mexanuka’.

1. ToBapublIit noe3x UAET cO CKOPOCTHIO V) = 36 KM/4. CycTs Bpemst
T=30 MHH C TOH Xe CTAHOHM MO TOMY K€ HAIIpAaBJIECHHIO BBILIEJ
SKCIPECC €O CKOPOCTHIO U, =72 KM/u. Uepe3 Kakoe Bpems ! mocie
BBIXOfa TOBApHOIO I10€3Jla U HAa KAaKOM pAaCCTOSHWUHA § OT CTAHIIHMH
9KCIpecc HarOHUT TOBapHBIH N0e3H? 3afgayy pelldTh aHATHTHYECKH H
rpauyecKy.



2. U3 roponoB A m B, paccTosiHie MexXAy KOTopbiMHA L = 120 kM,
OJHOBPEMEHHO BBbICXaJ HaBCTPEYy APYr APYry JBE aBTOMAIIMHbBI CO
ckopocTsMa v; = 20 kM/9 u v, = 60 kM/4. Kaxknast aproManInaa, npodpst
120 kM, ocTaHOBMIIack. Yepe3 Kakoe BpeMd f M Ha KAKOM PACCTOSHHHA §
oT ropoga C, HaxopsIerocsi Ha IOJMNYTH MeXAy A u B, BCTpeTsITCs

v aBTOMaIMHbI? 3afady pellUTh AaHATUTHYECKH H
AB rpaduuecku. IlocTpouTh rpadmk 3aBUCHMOCTH
7 paccrosnus [ MEX]y aBTOMallluHAMH OT BPEMEHU 1.

3. CrepkeHb A B nnunbl [ onupaeTcst KOHIIAMH O

non u creny. HafiTu 3aBHCHMOCTbL KOOPAMHATHI y

l KOHIIAa CTEPXKHA B OT BpeMeHH ! NpH [BUXXCHHUH

KOHUA CTEPXHA A C TOCTOSTHHON CKOPOCTBIO U B

HaIpaBJIcHUY, YKa3aHHOM Ha pHUC. 2, €ClU NepBO-
HavaJIbHO KOHEN A UMeJI KOOPAMHATY X,

4. Topapseiil moe3y gnuHe! /| = 630 M 1 akcnpecc

Puc. 2 anuHbl [, = 120 M UAyT mo ABYM HapanielbHBIM

OyTAM B OJHOM HANpPAaBICHUU CO CKOPOCTIMMU

v, = 48,6 xM/u 11 v, = 102,6 KM/4 COOTBETCTBEHHO. B TeyeHMe KakKoro

BpEeMEHN IKcTpecc OyAeT OOTOHATL TOBAPHBIN T10e307

5. IIBa moe3ga uAyT HABCTPEedy OPYT JAPYTY CO CKOPOCTIMHU U =
=36 kM/4 U v, = 54 km/u. [laccaxup B mepBOM moesfe 3aMeyaeT, 4To
BTOPOI O3] IPOXOAXT MUMO HEro B TedeHue BpeMeHn ¢ = 6 ¢. Kakopa
IUIAHA BTOPOro noespa’?

6. Tennoxop, umetouuil giuHy [ = 300 M, IBHXKETCS IO NPIMOMY
Kypcy B HENMOABIDKHOH Bofe cO ckopocThio vy. Katep, umerommit ¢ko-
pocTh U, = 90 KM/, NPOXOANT PACCTOAHUE OT KOPMbI ABHXKYILETOCS

TEMNOX0fa N0 ero Hoca M oGpaTHO 3a BpeMs
t = 37,5 c. HafiTu ckopocCTh v; Tenaoxoga.

A Z ZB 7. Ha Hak7TOHHYIO IIOCKOCTH, COCTABISIIONIYIO C
TOPH30HTOM YIOJl O, ONHPAeTCcsd CTEpPXKEHb, KO-
TOPbIII MOXKET IepeMeNiaThCad TOJIBKO IO BEPTH-

0 A X
/.‘(0 v

o - Kanu Gyarofjapsi HanpapJIsIOIEMY YCTPOHCTBY A B
(puc. 3). C kakoil CKOpPOCTBIO U TNOHHUMAETCS
Puc. 3 CTePXKEHb, ECMM HAKJIOHHAA IIOCKOCTh ABHXKETCS

BJIEBO CO CKOPOCTHIO 17
8. Kanm goxns Ha OKHaxX HEMOABHKHOIO TpaMBas OCTaBJISIOT I10-
JIOCBI, HaKJIOHEHHBIE 1oy yrioM o = 30° k Beprukany. [Ipu gBrmxeHun
TpaMBasi €O CKOPOCTHIO U = 18 KM/4 IIOJIOCBI OT JOXKMSA BEPTHUKATLHBI.
HadiT ckopocTe Kanenb JOXpsA U B 6€3BeTPEHHYIO IIOrOAY U CKOPOCTh
BETpa w.
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9. [InoBen nmepennbiBaeT peKy, UMeromyo mupuny h. [log kakum
YIJIOM O K HaNpaBJIEHUIO TEYEHHS OH JIOJIKEH INbITh, YTOOBI NIEPENpa-
BHTKCS Ha NPOTHBOMNOJIOKHLIA Geper B KpaTualimee spemsi? I'me oH B
9TOM Cilyyae OKaXKeTcsl M KakKoH MyThb § MPOIILIBET, €CIA CKPOCTh Te-
YeHHs PEKH PaBHA U, @ CKOPOCTb IUIOBLa OTHOCHUTENBHO BOAbI paBHa U?

I-( %

'

;/c
SNy A
=

Puc. 4 Puc. 5

10. JIopouHHK, NepenpaBisasch Yepe3 peKy LINPUHbI /1 U3 NyHKTa A B
MYHKT B, Bce BpeMs HampaBiseT JIOJKY O]l YIIIOM O K Oepery (puc. 4).
Haiit cKOpOCTb JI07IKH U OTHOCHTEIIBHO BOABI, €CTH CKOPOCTE TEYEHHUS
pEeKH paBHa i, a JIOKY CHECIIO HIXKe MyHKTa B Ha paccrosidue /.

11. Kopabnb upeT Ha 3amaj co CKOpOcThio V. MI3BecTHO, UTO BeTep
ByeT ¢ roro-3anaga. CKopocTh BeTpa, H3MepeHHas Ha nmajnybe xopabis,
paBHa u,. HaliTi cKopocTh BETpa 4 OTHOCHTENBHO 3EMIIH.

12. Teno 1 HaunmHaeT ABUraTbCAd U3 TOYKH A IO HANPaBJIEHHIO K
TOUYKEe B €O CKOPOCTBIO V); OGHOBPEMEHHO TEJIO 2 HAUMHAET IBHTAThCS
U3 TOYKH B no HanpaeneHuio K Toyke C €O CKOPOCTEIO v, (puc. 5). Pac-
crosinue AB = L. Octpslit yron ABC = o. B xakoit MOMEHT BpEMEHH £
paccrostare [ Mexnay Tenamu 1 u 2 6yJeT MEHUMAbHBIM U KaKOBO 3TO
paccrosiHue?

13. Opun noe3q wes NoJIOBUHY MYTH § CO CKOPOCThIO v = 80 KM/4, a
TIOJIOBMHY MYTH — CO CKOPOcThIo v = 40 kM/4. [Ipyroit noesy mesn nomio-
BHHY BPEMEHHU ! CO CKOPOCTBIO U, = 80 KM/4, a MOJIOBUHY BPEMEHHM — CO
CKOpOCThIO U = 40 kM/u. KakoBa cpeHss CKOPOCTh KaXoro noespaa?

14. Teno, nMest HAYaNBHYIO CKOPOCTB Uy = 2 M/C, ABUTAJIOCh B TeYe-
HHEe BPEMEHH 1, = 3 ¢ paBHOMEPHO, I, =2 C C YCKOpeHHEM a; = 2 M/c2,
t3 =15 ¢ c yckopeHHeM a; = 1 M/c?, 1, =2 ¢ C yCKOpeHHeM a4 = — 3 M/c2,
ts = 2 ¢ paBHOMEPHO CO CKOPOCTHIO, IOJIyYEHHOH! B KOHIE IPOMEXYTKA
BpeMeHn f,. HaliTn KOHeUHYIO CKOpPOCThL U, NPOUAEHHBIH OYTH S U
CPEIHIOI0 CKOPOCTh U, Ha 3TOM MyTH. 3afiady PEIUUTh aHAJIUTHIECKA U
rpadgpuyecky.

15. CamouteT, neTsAUMA rOPU3OHTANBHO CO CKOPOCTBIO U, IONAAAET
B IIOJIOCY FOXKAsI, KaIId KOTOPOro NajaioT BEPTHKAJIbHO CO CKOpO-
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cThio w. KaGuHa nujioTa uMeeT iBa CTEKNA: BEPXHEE — FTOPH3OHTANILHOE
1 epeQHee — HAKJIOHEHHOE K TOPH30HTY Iof, yraom o (puc. 6). Kaxpoe
H3 cTekon uMeeT mowmage S. HaidTu oTHOmEeHue yncia Kaneib BOABI,
TIaJaloOMmyuX B €AUHAIY BDEMEHH Ha NepefHee CTeKJIOo, K YNCHY Kanenb,
Mafarolyx B €AHHAULYY BpDEMEHH Ha BEPXHEE CTEKJIO.

16. Teno, mMess HadanbHYIO CKOPOCTH
v = 1 M/c, IBUragock paBHOYCKOPEHHO H IpH-
0o6peno, Npoifs HEKOTOPOE PACCTOSIHHUE, CKO-
pocTb v, =7 m/c. KakoBa 6bl1a CKOPOCTh Tenna
Ha IOJIOBHHE 3TOT'O PAaCCTOSHUA?

17. Teno, nmeqd HEKOTOPYIO HAYANBHYIO CKO-

Puc. 6 pOCTb, ABUKETCA PAaBHOYCKOPEHHO M3 HEKOTO-

poro nonoxenus. M3BeCTHBI KOOPIHHATHI TENIA

X1, X3, X3, OTCUATAHHBIE BIOJL HANIPABIIEHHUS IBUXKEHUSA OT POU3BOJILHO-
ro Hayajia OTCyeTa B MOMEHTBI BDEMEHH ¢}, 15, t;. HaliTu yckopenne Tena.

18. IMapanmroTucT cnyckaeTcsl ¢ MOCTOSHHOR CKOPOCTBIO U = 5 M/C.
Ha paccrostnau £ = 10 M oT 3eMim y Hero BeIman npeqMeT. Ha ckonbko
MO3Ke MPU3EMIUTCS MApamoTHCT, YeM 3TOT npeaMet? ConpoTusie-
HHEeM BO3[yXa OJIA majgaroliero npeaMera npeHebpeub. CunTaTh yCKO-
peHue cBoGoaHoTro Nagenust g = 10 m/c2.

19. Teno, nMest HEKOTOPYIO HaUaJIbHYIO CKOPOCTb, IBHKETCS paBHO-
YCKOpEHHO. 3a BpeMst ! TENO MPOIUIO MYyTh §, IPHYEM €r0o CKOPOCThb
yBEJNHUUIACh B # pa3. HaiiTu yckopeHne Tena.

20. ITo ogHOMY HaNpaBIECHUIO U3 OHOH TOYKH OIHOBPEMEHHO Hava-
JIL IBATATLCA [IBA TEJIa: ONHO — PABHOMEPHO €O CKOpOcThiO U = 980 cMm/c,
a Ipyroe — paBHOYCKOPEeHHO 6e3 HAYalbHOH CKOPOCTH C YCKOPECHHEM
a =9,8 cM/c?. Uepes Kakoe BpeMsi BTOpOe TeNO JOrOHHT nepsoe?

21. Ipa noeszfa npoIITH ONMHAKOBBIN TIYTh § 32 OOHO M TO XeE Bpe-
M !, OBHAKO OIHH IO€3[, HMesl HadalbHYI0 CKOPOCTh, PAaBHYIO HYIIIO,
MpOIIieJ BeCh MYTh C YCKOPEHUEM a = 3 cM/c?, a ApYroi noesy NOJIOBHHY
MyTH IIEJ CO CKOPOCTBhIO v; = 18 KM/4, a MONOBUHY MyTH — CO CKO-
POCTEIO U, = 54 kMm/u. HaiiTu nyTs s, IpOUIEHHBIHA TOE3MaMH.

22. ABTOMOGHIIB, TPOTasICh C MECTA, €fET C YCKOpPEHUEM a,. JlocThr-
HYB CKOPOCTH U, OH HEKOTOpOe BpeMs €leT PABHOMEPHO, a 3aTeM TOP-
MO3HT C YCKOPEHHEM g, 10 OCTAaHOBKH. HaliT BpeMst ¢ IBIKEHHS aBTO-
MOGWIAA, €CIH OH NPOIIEH NYTh 5.

23. Iloesp npomren nyTh s = 60 KM 3a Bpemd ¢ = 52 muH. CHavana ol
LIEN C YCKOPEHUEM +d, B KOHIIE C YCKOPEHHEM —d, OCTAIBHOE BpeEMH C
MAaKCHMAaNbHOH CKOpocThIO v = 72 kM/u. Halitr Mopyab yckopeHns,
€CJIM HaYallbHast ¥ KOHEUHAasi CKOPOCTH paBHbI HYJIIO.
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24. Kaxkas npenenbHasi CKOpOCTh IIPA3EMIEHHS U MApalIIOTHCTA [O-
MyCTHMa, €CJIM YENOBEK, HE UMed MapamioTa, MOXeT 6e30MacHO NpbI-
raTh C BBICOTHI /i < 2 M?

25. Kamens 6pomnieH ¢ BRICOTHI /1 = 28 M BEPTHKAlBHO BBEPX C Ha-
yaIBHOR CKOPOCTHIO Uy = 8 M/c. HallTn ckopocTh v majjeHus KaMHs Ha
3eMITIO.

26. Teno napgaer 6e3 HavyajJbHOH CKOPOCTH C BBICOTHI h =45 M.
Haritn cpeiHIO0 CKOPOCTH U, TAaJleHAsl Ha BTOPOM II0JIOBYHE MY TH.

27. 3a xakoe BpeMs f cBOOOAHO nafiaromiee 6e3 HauanbHOH CKOPOCTH
TEJIO IIPOUAET COThIM CAHTHMETP CBOErO NyTH?

28. Crobonso napatomiee 6e3 HAYANLHON CKOPOCTH TEJNO B HMOCTEN-
HIOIO CEeKYHIY IajeHus npouuio 2/3 cBoero nyrn. Haiitu nyTs 5, npoit-
JEHHBIN TEIOM.

29. Teno OpOWIEHO ¢ HEKOTOPOH BBICOTHI BEPTHKAJILHO BBEPX C
Ha4YaJIbHOM CKOPOCTHIO Uy = 30 M/c. Halitn KoopnuHaTy /i B CKOPOCTDL U
Tena yepe3 BpeMs ¢ = 10 ¢, a TakKe NpOHIEHHBII 3@ 3TO BpeMst HYTh S.
CunraTh yckopenne ceoGonHoro nageHus g = 10 m/c?.

30. Csob6opHo napamoiee 6e3 HaYalNbHOH CKOPOCTH TEAO CHyCTH
HEKOTOpOE BpEMs [OC/e Hadana NafeHHs HaxXOJujoCh Ha BBICOTE
hy = 1100 M, a eme yepes Bpemsa At = 10 ¢ — Ha BbIcoTe /1, = 120 M Hap
MOBEPXHOCTHIO 3eMii. C KaKo# BBICOTHI /1 ajfano TeJyio?

31. Teno, 6poLIeHHOEe BEPTUKATBHO BBEPX, ABAKEbL IPOXOMUT UYepe3
TOYKY Ha BbICOTe A. [IpOMeKyTOK BpEMEHH MEXJy 3THMH MPOXOXKIE-
HUSMH paBeH Af. HailTu HauanbHYIO CKOPOCTH Tela U, U BpeMs Af, OT
HadvaJja JBUXKEHUS TeJa 4O BO3BpAaTa B HAYAIBHOE IOJIOXKCHHUE.

32. OpHo Teno OpoOIIEHO BEPTUKAJIbLHO BBEPX C HAadalbHOH CKO-
pOCTBIO Uy, APYroe HajaeT ¢ BBICOTH /i 6e3 HadalbHOM CKOPOCTH.
JIBMKeHMs HavalHCh OJHOBPEMEHHO H MPOHUCXOAAT IO OFHOH
npsMoi. HallTu 3aBHCHMOCTb PacCTOSIHUS § MEXNY TElaMH OT Bpe-
MEHU 1.

33. C 6amnu, uMeromeit BpIcoTy /A, 6pocaloT OHOBPEMEHHO IBa IIa-
pUKa: OXMH — BEPTHUKAJIBHO BBEPX CO CKOPOCTBIO V), APYrOil — BEpTH-
KaJlbHO BHH3 CO CKOPOCTBIO U,. Haiit npomMeskyTok BpeMeHn At, oTpe-
JISFOIIMI MOMEHTBI X MAfICHUS HA 3eMITIO.

34. C xppIum nagawoT OfHa 3a Apyron Ase kamnu. Yepes Bpems £, =
= 2 ¢ mocle Havaa IaficHUs BTOPOH KAaIUIM PacCTOSTHHE MEXAY Karulsi-
MH CTallo paBHbIM 5 = 25 M. Ha ckonbKo paHsbIe nepBas Kalliisi OTOpBa-
J1ach OT KPhIm#? v

35. C BeicoThl ©y = 10 M Ge3 HayaNbHOH CKOPOCTH MAfacT KaMeHb.
OnHOBPEMEHHO € BBICOTHI /1, = 5 M BEPTHKAIBLHO BBEPX OpOcaloT Apy-
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roit xamenb. C Kaxkoit Ha4aAbHOH CKOPOCTBIO U; OpOUIeHR BTOPOU Ka-
MEHB, €CNTI KAMHH BCTPETUITNCE Ha BhICOTE h = | Hapl 3emMnei?

36. /IBa Tena 6polneHb! BepPTHKAILHO BBEPX C ONMHAKOBLIMU HaYallb-
HBIMH CKOPOCTSIMH ¢ HHTepBanoM BpeMeHn Ar. C Kakoit CKOPOCTHIO 6y-
OeT OBUTaThCS BTOPOE TEJIO OTHOCHTEALHO IepBOro?

37. llogka nORTITHBAETCS K BEICOKOMY
6epery o3epa NpH IIOMOIIU BEepPEBKH,
KOTOPYIO HAaMATBIBAIOT C IMOCTOSIHHOM
CKOpOCTHIO vV =1 M/c Ha BUITMHApPHUE-
ckuil 6apabaH, HaXONSIIHICS Ha BBICOTE
h = 6 M Hajy ypoBHeM BOABI (puc. 7).
Haiitu 3aBUCUMOCTB CKOPOCTH JIONKH U,
oT pamHBI BepeBkH [. Hafitm Takxke
CKOPOCTb JIOJKH B MOMEHT BPEMEHHU,
xorga /=10 M, u mepemernieHre JOJAKW K3 3TOrO MOJOXEHWS 3a
Bpemd f = 1 c.

38. 1o HaKJIOHHOW MJIOCKOCTH OJHOBPEMEHHO HAayany JBUraThHCA ABa
Tena: OfHO — BREPX C HaWaNBHOW CKOpOCThio Uy = 0,5 M/c, ipyroe — BHA3
0e3 HavabHO! ckopocTu. Uepe3 Kakoe BpeMms f Tena BCTPETATCA U
Kakol OymeT UX OTHOCHTENbHAd CKOPOCTL B MECTE€ BCTpPeUH, eClH
NepBOHAYANBHOE PACCTOSIHUE MEXKAY Tenamn [ = 2.5 m?

39. Teno cockanb3piBaeT 6€3 TPEHHS C HAKJIOHHON MIOCKOCTH.
Haiitu yrosn oo HakJIOHA MJIOCKOCTH K FOPU3CHTY, €CAH CPENHsIA CKO-
pocth Tena 3a nepsbie 0.5 ¢ Ha 2,45 M/c MeHblIIe, YeM CpefHsIs CKOPOCTh
TeJsa 3a nepseie 1,5 c.

40. CranpHOH IIApHK, YIABIIMHA C BBICOTHI A = 1,5 M Ha cTalbHYIO
HOCKYy, OTCKAaKUBaeT OT Hee ¢ noreper 25% ckopoctu. Hafitu Bpems ¢,
KOTOpOe MPOXORUT OT HAuajla ABMKEHAS IIapHKa 4o ero BTOPOro naje-
HUS Ha IOCKY.

41. Msg cBoGoaHO nafaeT ¢ BbICOTHI £ = 120 M Ha TOPU30HTANILHYIO
TUTOCKOCTb. I1py KakaoM OTCKOKE CKOPOCTb €r0 yMEHbIIaeTcsi B n = 2
pasa. [JocTpouthb rpadyKk CKOPOCTH H HalTH MPOHACHHBIA MSIYOM NYTh
OT Hauana ABMXKEHHUS A0 OCTAHOBKH.

42. Ha geuKymyrocs BEPTHKANBHO BBEPX CO CKOPOCTBIO # TOPH30H-
TadbHYIO I'NTAfIKYIO INUIHTY CBOOOAHO MapgaeT mapuk. PaccrosHume ot
TOYKH Hayana majeHds Iapuka g0 €ro MecTa BCTPedH ¢ IUTUTOH paB-
Ha hy. Ha kakyro BEICOTY A OT 3TOrO MecTa HOICKOYHNT IApHK IOCHe
coygapenus ¢ mmroi? Ilnura, o6nanast oueHp GonbHION Maccol, He
U3MEHSET CBOEH CKOPOCTH B PE3YyNbTATE COyfapenus ¢ mapukoM. Cun-
TaTh CoyAapeHne abCONOTHO YIPYTHM.

Puc. 7
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43. BeprukanpHas Irnajgxas IUIMTa JABHXETCS N
TOPU30HTANLHO CO CKOPOCTHIO u. JleTsmuil B ro- u
PU30HTANBHOU INIOCKOCTU CO CKOPOCTBIO U IIa-
PHEK coyaapsieTcd ¢ minToil. Hanpasnenune nonera
IIAPHUKa COCTABISET Yo Ol C NepNeHIUKYIIPOM
x mure (puc. 8). Halitn ckopocts v mapuka
nocie coymapenusi ¢ muuro#. Ilnurta, obnagas
OYeHBL OONBIION MacCOH, HE U3MEHSIET CBOE CKO-
pOCTH B pe3yibTaTe COYRAPEHHS C MIAPUKOM. Puc. 8
CuuraTte coypapeHue a6contoTHO ynpyruMm. CHIOH TSXKeCTH mpe-
HeOpeyb.

§ 2. KpuBoiuneiiHoe IBHXenne

IIpn npsiMONMMHENHOM [BMXKEHUH HAIPABJEHHE CKOPOCTU TEJa OCTaeTCs
HENW3MEHHBIM. ECIH Xe Teno IBUXKETCA N0 KPUBOIUHENHONH TPaeKTOPHH, €TI0
CKOpOCT® B JIFO00H TOUKE HampaBjieHa [0 KacaTedbHON K TPAaeKTOPUH B 3TOH
touke. Kpuponuneitnoe iBuKeHHE SBAACTCA BCEra YCKOPEHHBIM, TaK KakK
H3MEHSICTC HaNPABICHAE CKOPOCTH, JaXKe €ClId He H3MEHSIETCS. €€ MOJLYJTb.

Jlns pacyeTa ABMXKEHHS 1O KPHBOJTHHEHHOW TPAaeKTOpUH YIOOHO HCHOIb-
30BaTh NPSMOYTOABHYIO CUCTEMY KOOPAMHAT ¢ Byms ocsimu. OfgHy U3 ocell
HANpaBJAOT OOBIYHO NapajielbHO YCKOPEHHIO, APYTYIO — NEPHEHJUKYISPHO
K HEMY.

44. Teno 6poleHO C BBICOTHI /i TOPU3OHTANbHO C HaYaIbHOM CKO-
pocThio v Kak 3aBuCAT OT BpeMeHH KOOPIHHATHI Teja U ero MOoJHas
ckopocTh? BBIBECTH YpaBHEHUE TPAEKTOPHH.

45. C Gaman, nMeromest BEICOTY /4 = 25 M, TOPH30HTANTBLHO GpOIeH
KaMeHb C HadaJbHOH CKOpOCTEIO Uy = 10 M/c. Ha kakoM paccrosinuu s
OT OCHOBaHUs OalllHH OH yHajieT Ha 3eMnto?

46. KameHb, 6polIeHHBIH ¢ GallIHi FOPU30HTANBHO € HAaYallbHOM CKO-
pocThiO Uy = 10 M/c, ynan Ha paccrosHuu s = 10 M ot Gaman. C Kakoi
BBICOTBI /1 GBI OpOILIEH KaMEHb?

47. Teno OpomnieHO €O cToNa ropu3oHTaNBHO. [Ipn nageHnn Ha mon
ero ckopocrts v=7,8 M/c. Beicora crona h = 1,5 M. HailTu HauansHyO
CKOpOCTH Tela V.

48. KameHnb 6poliieH ¢ ropbl TOPH30HTAIBHO € HAYANBbHOH CKOPOCTHIO
vp = 15 M/c. Hepes Kakoe BpeMs ! €ro CKOpPOCTh OYAeT HallpaBJIeHa IIOf
yraoMm 0. = 45° K ropu3oHTy?

49. KameHb, GpOIIEHHBIN C KPHILIH JOMA FOPU30HTANBHO C HaYallb-
HOM CKOPOCTBIO Uy = 15 M/c, yran Ha 3eMiTIo nopt yriioM o = 60° K ropn-
30HTY. KakoBa BbicoTa h momMa?
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50. Teno GpouieHoO C BBICOTHI A = 2 M IOPU3OHTAIBHO TaK, YTO K
MOBEPXHOCTH 3€MJIM OHO IOAJIETAET MOJ YINOM O = 45° K ropu3oHTY.
Kaxkoe paccrosHue no ropu3oHTany nposieTaeT Tej1o?

51. Teno 6pomeHo ropusoHTanbHO. Yepes Bpems ¢ = 5 ¢ nocne Gpo-
CKa HaIpaBJIeHUs] TOJHOM CKOPOCTH ¥V H IOJHOI'O YCKOPEHHs @ cocTa-
Buuik yron f = 45°. HaiiTn MONHYIO0 CKOPOCTB v Tella B 9TOT MOMEHT.
Cunrath yCKOpeHHe CBOGOHOTO nagenus g = 10 m/c?. \

52. Kamesn OpolleH ¢ BLICOTHL /1 BBEPX [IOJ YIJIOM O K TOPU30HTY C
HAYaNbHOM CKOPOCTHIO V). [10of KakuM yriioM B K rOPU3OHTY ¥ ¢ Kako#
CKOPOCTBIO U KaMeHb ylageT Ha 3eMiTio?

53. Teno OpoumeHO TOPU3OHTAJLHO C HA4albHOH CKOPOCTHLIO
Yy = 15 M/c. HaiiTn HOpManbHOE @, M KacaTeIbHOE d, YCKOPEHHUs Yepe3
BpeMs ¢ = | ¢ Iocliie Hayasa JBUKECHH Tea.

54. Teso GpoleHO ¢ 3eMJIIH IOJ YIIIOM O, K TOPU30HTY C HAYaJbHOU
CKOPOCTHIO Uy Kak 3aBUCAT OT BPEMEHHU CKOPOCTh U TeJa u yroi f ee
HaKJIOHA K TOPH30HTY?

55. Teno 6pomieHo ¢ 3eMJTH NMOA YIIOM O K TOPH30HTY C HAUaJIBHOMN
CKOpOCThIO Uy HailTn 3aK0HBI ABUXKEHMS [JIsi KOOPAMHAT Teja U IOJy-
UATH YpAaBHEHHE TPACKTOPHN.

56. Teno GpolueHO ¢ 3eMIA TOZ, YIIIOM O. K TOPU3OHTY C HRYAILHON
ckopocteio v, Ha xakyio BeicoTy £ nopauMercs Teno? B teuenue
KaKoro BpeMeHH ¢ OyieT NIPOAoJKaThCA NONbeM Tesa?

57. Tesno GpolieHO ¢ 3eMAHN MO YIIIOM 0. K TOPU3OHTY ¢ HaYalbHOMI
CcKopocThIO Y. Kakoe BpeMs ¢ Teno OyneT HaxopuThes B nosnere? Kakoe
pAacCTOsIHKE § TIO TOPH30OHTAJIA OT MecTa OpOCaHus IPONETHUT TeJIo?

58. Teno GpoleHo -¢ 3eMJIM IO YIIOM O K TOPH30HTY € HA4aJdbHOI
CKOPOCTEIO V. I1oCTpOuTh rpapKy 3aBUCHMOCTH BEPTHKANBHOMR IpO-
EKLUH CKOPOCTH Uy OT BPEMEHH [, KOOPHHHATHI y (BBICOTHI); KOOPAH-
HaThI X (PACCTOSIHUA 110 TOPU3OHTAJHN OT MECTa GpOCaHNs).

59. Kamens GportueH nop yriioM 0. = 30° K TOpU3OHTY ¢ HAYaibHOH
CKOpOCTBIO Uy = 10 M/c. Uepes kakoe BpeMs ¢ KaMeHb OYI€T Ha BBICOTE
h=1M?

60. Kamenp, 6pomeHnslii mop yriaoM o = 30° K TOpH30HTY, ABaXK-
nel GBI Ha OfHOMN BbICOTE A: CHOYCTA BpeMd f; =3 cmBpeMsa i, =5 ¢
nocje Hadana ABWXkeHMs. HaiiTy HavalbHYIO CKOpPOCTH Uy B BBI-
coTy h.

61. Teno, 6pomennoe mox yriaom o = 60° K FOPH3OHYT, Yepe3 BpeMst
t = 4 ¢ nocie Havana JBUKCHMAS HMEJIO BEPTUKAIBHYIO NPOEKUHIO
ckopoctr v, = 9,8 M/c. HaliTm paccTosane s MEXIY MECTOM GPOCaHHS I
MECTOM NafecHHAA.
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62. Kamenb 6pomieH ¢ GalllHH, HMCIOLIER BLICOTY h, C HadalbHOM
CKOPOCTBIO Uy, HAIIPABJIEHHOH MOJ YIJIOM O, K ropu3oHTy. Ha Kakom
PACCTOSHUH § OT OCHOBaHMs OallHU ynafeT KaMeHb?

63. [IBa Tena GpoleHs] NMOX yriaMHu O; B O, K TOPH30OHTY B3 ONHOH
Toukd. KakoBO OTHOIIEHHE COOGIIEHHBIX MM HAYaJBHBIX CKOPOCTEN,
eCITU OHM VIIaJK Ha 3eMITIO B OTHOM U TOM Xe Mecre?

64. Teno GpouIeHO MO YIHOM K TOPHU3OHTY C HAYAIBEHOH CKOPOCTHIO
vy = 10 M/c. Hatitn ckopocTh U Tela B MOMEHT, KOT7la OHO OKa3ajloch Ha
BbIcOTE /1 =3 M.

65. Kamens OpomieH C BBICOTBI 4 TON YIrJIOM K TOPU30HTY C
HavyaJibHOA CKOPOCThIO V). C KaKoil CKOPOCTBHIO U KaMeHb ynajieT Ha
3eMio? /

66. Teno GpomeHo MOK YraoM (L K TOPM30HTY C Ha4YalnbHOH CKO-
pocTeio ). Uepe3 Kakwe IPOMEXYTKM BpeMEHH IIoclie OpocaHHA
CKOpOCTBH TeJia OYAET COCTaBIsITh C TOPH-
3oHTOM yrisl B, =45°u §, =315°?

67. Kakyro HadaJbHYIO CKOPOCTH Uy
UMeJ CHapsifl, BbUIETEBINN U3 MYIIKH ION
yrinoM ¢ = 30° K TOpH30HTY, €CIH OH IPO-
neren paccrostHue s = 17 300 m? M3Bect-
HO, YTO CONPOTHUBJIEHHE BO3[yXa YMEHb-
IIMJIO AAJbHOCTH MOJIETA B YETHIPE pa3a.

68. MOTOLUKINCT BBE3XKAET HA BbI-
cokuit 6eper pea, HapaMeTphl KOTOPOro yka3aHbl Ha puc. 9. Kakyro
MHHHAMAJIBHYIO CKOPOCTb U JHONXKEH HMEThb MOTOLMKIHCT B MOMEHT
OTpBIBa OT Oepera, YTOOBI NePECKOYUTH
yepe3 poB? - LS

69. KameHns OpomeH ¢ GammHu IOA
yriom 0. = 30° K TOpH30HTY C Ha4YaJdbHOU
CKOpocThIO Uy = 10 M/c. KakoBo kpaTuaii-
mee paccrosHue ! Mexjpy mecrom Gpoca-
HUSA U MECTOM HaXOXHEHUS KaMHS CHYCTs
Bpemd ¢ = 4 ¢ nocne 6pocanus?

70. CBepx3BYKOBOI caMONET JIETHT To-
PH30HTANBHO CO CKOPOCTHIO U = 1440 kM/4
Ha BbicoTe h = 20 kM. Korma camoner
[pOJIETAET HaJ 3€HUTHOU yCTAaHOBKOM, U3
opynus npouspopnrcst BeicTpen (puc. 10). Kakosa fomkHa 66T MAHH-
MaJIbHas HavyalbHasg CKOPOCTh U, CHAapsARa H yroj ¢ €€ ¢ TOPU3OHTOM,
yTOOBI CHApSI oAl B CaMOJIEeT?
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71. IIBa Tena 6pouICHBI OFHOBPEMEHHO U3 ONHOH TOYKH ~ ONHO
BBEPX, APYroe BHU3, 06a ¢ HavaJIbHOH CKOPOCTHIO Yy = 30 M/c mop yriioM
o = 60° k BepTHkanu. HalTH pa3HOCTE ypOBHEH, HA KOTOPBIX OYIYT
HAaXONUTBCS TeNa CHycTs BpeMsi ¢ =2 ¢.

72. C camoneTa, JETSMIErO FOPH3OHTANLHO CO CKOPOCTBIO U, Ha
BbIcOTE hy cOpomteH rpy3. Ha kakoit BeicoTe h ckopocTh Ipy3a 6yaeT
HaIlpaBJieHa 110 YrIoM O K ropu3oHTy? ConpoTHBI¢HHEM BO3JyXa
IpeHeOpeys.

73. CamoineT, OTOPBABUIMCH OT B3NETHOH NOPOXKKH, JETUT 1O Npsi-
MO TUHHUH, COCTABISIOIIEHA C TOPU3OHTOM yron o = 30°, ¢ HaYaJbHOI
CKOpPOCTEIO U, = 50 M/c 1 yckopenueM a = 3 m/c?. VI3 camoneTta cnycTs
BpeMs f; = 5 ¢ oC/ie OTPhIBA €0 OT 3€MJIH BHIOPOMICH IO BEPTUKAIH
BHH3 KJII0Y € HA4YaJbHOM CKOPOCTHIO Uy = 3 M/C OTHOCHUTEIBLHO
camoJieTa. Ha kakoM paccTosIHHU OT MeCTa B3JIeTa ynaieT KITHoq?

74. C BbICOTBI h = 2 M BHE3 1071 yraoM 0. = 60° k ropuzoHTy GponieH
MS4 ¢ Ha4aJbHOH CKOPOCTBIO U, = 8,7 M/c. HailTn paccrosane s Mexny
ABYMS IIOCJIENOBATEILHLIMY yIapaMd MA4a O 3eMII0. YHaphl CUUTATH
aGCOIIOTHO YIPYTHMH.

75. lapuk cBOGORHO magaeT MO BEPTHUKANHW HAa HAKINOHHVIO ILIO-
ckocTb. [Iponeres paccrosine i = | M, OH yNpyro orpaxaercst 1 BTO-
POl pa3 nagaeT Ha Ty e 1miockocTb. HailTu paccrosiHue s Mexny nep-
BbIM H BTOPBIM yAapaMu IIapHKa O IUNIOCKOCTh, €CIIH HOCIETHS COCTaB-
JIIET € TOPU30HTOM yroa o. = 30°.

§ 3. BpamaresibHoe JBIXKEHHE

VI3MeHeHHe NONOXEHHs Tela NPH IBUXEHHH 10 OKPYKHOCTH XapaKTepH-
3YIOT YIIIOM NOBOPOTa pajguyca, IPOBEJeHHOrO K Tely. YTOJ IOBOpOTa vJamle
BCEr0 BBIPAXKAIOT B pajilHaHax:

2w pap = 360°, 1 pan = 180°/r, 1° = n/180 pag.

Yriaosas CKOPOCTb () PABHOMEPHO ABIIKYHIETOCA 110 OKPYXKHOCTH Tena —
OTHOIIEBHE yria MOBOPOTa Pajuyca, NPOBEACHHOIO K TENY, K NPOMEXYTKY
BPEMEHH, B TEYSHHE KOTOPOTO COBEPIIEH 3TOT NOBOPOT. Epununeir yrnosoi
CKOPOCTH SIBISETCA PafiuaH B ceKyHAy (pap/c).

JlmHe#iHast CKOPOCTh U T€Na — OTHOIICHHE JNHUHBI NPONUNEHHOTO IYTH K
NPOMEXYTKY BPEMEHH, B TeYCHHE KOTOpOro INpoifeH 3ToT nyTsb. OHa
OIpEAENAEcTCs YrioBOH CKOPOCTBIO () Teja M €ro paccTosHueM R oT ocu
BpalIcHuA: V= ®R.

BBICTPOTY ABMXKEHHS TEJa 110 OKPYKHOCTH XapaKTePH3YIOT TaKXe 4acTo-
TOH BPAILEHHA N — YHCIOM OGOPOTOB, COBEPIIAEMEIX TENOM B €AMHHIY Bpe-
MEHH, B BbIpaXKaloT B 060poTax B ceKyHAy (06/c). Yacrora BpamieHus n cBs-
3aHa C yIJI0OBOH CKOPOCTBIO (0 COOTHOIIIEHHEM () = 27t
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[lepuop spamenust T — BpeMsa, B TeueHHE KOTOpOro TENO AeNaeT NONHBIA
o6opot: T = 1/n =2 wt/w.

IMpu paBHOMEPHOM [IBHMKEHHMH TEJa MO OKPYXHOCTH YCKODEHHME TENa B
Nt060A TOUKE HampaBICHO NEPHEHAHKYISIPHO K CKOPOCTH JIBYKCHHS, T.C. 1O
paguycy OKPYXHOCTH K €€ LEHTPY. DTO YCKODEHHE HAa3BIBAETCsl LEHT-
pocrpemutenbibiM. Ero Mopymb a, = v%/R = 0°R.

IIpu paBHOYCKOPEHHOM [ABMKEHMH Te€Na [0 OKPYXHOCTH HEHTPOCTpE-
MUTETLHOE (HOPManbHOE) YCKOpPEHHME a, BMECTe ¢ KacaTeNbHbIM (TaHTCH-
TMANbHBIM) YCKOpPEHHEM d,; (H3MEHSIOUIAM MOJYJIb CKOPOCTH U) ONPEAestOT
MOJIHOE YCKOPEHHE a Tena.

76. Haiitu pagnyc R MaxoBHKa, €CJlA NPXA BPAILEHUHA JTUHEHHAA CKO-
pPOCTh TOUEK Ha ero obope v; = 6 M/c, a TOUEK, HAXOAAIIUXCA Ha pac-
crosiHuu r = 15 cM GnuKe K ocd BpaileHus, v, = 5,5 M/c.

77. JluneitHas CKOpoOCThb TOYeK 000fa Bpaljalowlerocs OHUCKa
v, = 3 M/c, a TOYeK, HaXOASIMXcs Ha paccTosHud 7 = 10 cM Onmke K ocH
BpamieHuns, v; = 2 M/c. Haiitu yacToTy Bpamienus Aucka.

78. BenocHnemuct efeT ¢ MOCTOSHHON CKOPOCTBIO U 1O HAPAMOJIU-
HEWHOMY y4acTKy popord. HaiiTu MrHoBeHHBIE IMHEHHBIE CKOPOCTH
Touek A, B, C, D, E, nexxaniux Ha o6oge Koneca
(puc. 11), OTHOCUTENBHO 3EMIIH.

79. MaTepuanbHasi TOUKa ABAKETCS TIO OKPYK-
HoctH paguyca R = 20 cM paBHOYCKOpPEHHO C Ka-
CaTeNBHBIM YCKOpEeHUEM d, = 5 cM/c?. Uepes Ka-
Koe BpeMs ! Nocjie Hadana JBUXKEHHS LIEHTPO-
CTPEMHTENIBHOE YCKOpeHue a, Oyner GoibIle a,
B n =2 pasa?

80. Marepunanbnas TOYKa, JBHTasiCb PaBHO- Puc. 11
YCKOPEHHO IO OKPYKHOCTH pagmyca R =1 M,
npoma 3a Bpems f; = 10 ¢ nyre s = 50 M. C KakuM OEHTPOCTPEMH-
TEJbHBIM YCKOPEHHUEM @, OBUrajgach TOUKA CHyCTs BpeMs f; = 5 ¢ mocie
Havana aBuxKeHus?

81. Ocp Bpamjarolierocss AUCKa OBMKETCS NMOCTYNAaTENbHO B FOpH-
30HTaJILHOM HaIpaBJI€HAN CO CKOPOCTHIO U. OCh FOPU30HTANbHA, Ha-
[IpaBJIeHHE €€ ABUKEHHA MEPICHIUKYISIPHO K Helt camoit. Haiite Mrao-
BEHHYIO CKOpPOCTD V; BEpXHeH TOYKH AKHCKa, €CTH MTHOBEHHAs CKOPOCTH
HIDKHEN TOYKHM JUCKa PaBHA U,.

82. IIpn paBHOYCKOPEHHOM NBHKECHHH Teja O OKPYKHOCTH IOJHOE
YCKOpEHHE 4 ¥ JIMHEHHas CKOpOCThL v Tela o6pa3syior yron o.= 30°.
Haitn OTHOLIEHHE LEHTPOCTPEMHTENBHOTO U KacaTelNbHOTO YCKO-
PEHUM.
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83. HaiiTe nuHENHYIO CKOPOCTE U H IEHTPOCTPEMHTEIBLHOE YCKO-
peHHe g, TOYeK Ha 3KBaTope W Ha mupore ¢ = 60°. CanuraTh pagnyc
3emin R = 6400 xm.

84. MaxoBoe koneco, Bpamalouieecs ¢ Yactorodt n = 240 o6/muH,
OCTAHABIIMBACTCS B TEUCHUE POMEXYTKA BpeMenu ¢ = 0,5 mun. Hafttu
quci0 060poTOB N, cieIaHHBIX KOJIECOM A0 IIOJTHOH OCTAHOBKH.

85. IToe3n BBe3kaeT Ha 3aKPYIJIEHHBIN YYaCTOK MyTH C HaYaJbHOM
CKOPOCTBIO Uy = 54 KM/Y M IPOXOAHUT PaBHOYCKOPEHHO PacCCTOSHHE
s =600 M 3a Bpema ¢t = 30 c. Pagnyc 3akpyraenns R = 1 kM. Haiitu
CKOPOCTh U ¥ IOJIHOE YCKOPEHME a N0e3/la B KOHIIE 3TOr0 yYacTKa nyTH.

Puc. 12 Puc. 13

86. C xoneca aBToMOOHIIS!, ABIXKYILETOCS € IIOCTOSHHOM CKOPOCTBIO
v, CNETArOT KOMKH rps3u. Paguyc koneca paseH R. Ha kakyro BeIcOTY £
Hay| foporoil 6yneT oTOpackIBAThCA I'Psi3b, OTOPBABINASICA OT TOUKH A
KoJjeca, yKa3anHo# Ha puc. 12?7 MismeHuTcs nu BBICOTA A, €CIIH KONECO
6yneT KaTATLCA C TIPOOYKCOBKOM?

87. B BunTOBO# Xenob (puc. 13) nonoxen taxensii mapuk. C ka-
KUM YCKOPEHHEM d HYXHO TSHYTb HUTH, HAMOTAHHYIO Ha LUJIUHAP
¢ 2keJIo6oM, UTOOBI IIAapUK Najan cBOGOAHO, €CNH AUaMeTp LMIHHApPa
paseH D, a 11ar BHHTOBOTO XenoOa paseH h?

§ 4. lnnaMuKa IpSIMOIHHEHHOT O JBHKEHNA

Ipn pemenun AEHAMMYIECKHX 3a7iad HY>KHO IPEXIE BCCTO BLISCHUTD, KaKHeE
CHNIBI ACHCTBYIOT Ha TENO, ABHXKEHHUEM KOTOPOTO Mbi HHTepecyemcs. Heol-
XOfUMO M300pa3uTh 3TH CHNbI Ha yepTexe. IIpw 3TOM HYXHO OTYETIHBO
OPEACTABIATL ceO€, CO CTOPOHBlI KaKMX TeJl AEeHCTBYIOT paccMarTpHuBae-
Mble chiibl. CneflyeT NOMHUTD, YTO CHJIBI “JeficTBHs” M “IPOTHBOAEHCTBHA”,
¢urypupyomue B TpeTheM 3akoHe HEBIOTOHa, NPHIOXKEHBI K pPa3HBIM
tenmam. [ToaToMy Ha [JaHHOE TEJIO MO’KET ACACTBOBATH JIHING OIHA M3 ITHX
ABYX CHIL.
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B 3aauax o0GbIYHO BCTPEYALOTCS CIEAYIOMIUE THITBI CHIL.

1. Cuanbr Tsixectd mg (puc. 14) — crna, 1edCTBYIONas HA TEJIO CO CTOPOHBI
3eMnH. DTa cHila NPHIOXEHa K LUEHTpY Macc Tena. Ecnu fpyrux cun Her, TO
CHJIa TSDKECTH coO6INaeT Tely Macchl 1 YCKOpEHHE CBOOOJHOTO MafieHust
g =9,80665 M/c2 = 9,81 m/c2. Ecnu npeHeGpeus BpameHueM 3eMIH, a TakXe

N
* mg a b 6 Fu.u e
Puc. 14 Puc. 15

OTKJIOHEHMAIMH OT C(EPHIECKON CHMMETPHH PacnpeAcHeHUs COCTaBISIOIINX
€€ Macc, TO CHITY TSKECTH MOXKHO CUATATh HAIIPABIEHHOMN K HEHTPY 3eMIIH.

2. Cuna peaxuun onops! N (puc. 15a) — cuna, ¢ KoTopoli onopa jgeficTsyer
Ha Teno. JTa CANa NEPIEHINKYIIsIpHa K IOBEPXHOCTH CONPHKOCHOBEHUS TEI.
3aBUCHMOCTD CHIIbI pEakliii ONOpsI OT AedopManuu B 3afadyax OOBIYHO He
paccMaTpuBaeTcs.

3. Cuna HopManeHOrO faBnenusa F, , (puc. 156) — cuna, ¢ KoTopoii Teno
[IaBUT HA OMOpY. 3Ta chia NEPNEHAUKYNSIPHA K HOBEPXHOCTH CONPHUKOCHO-
BEHUS TEJ, paBHa IO MOAYNIO (COrIacHO TPETheMy 3akKOHy HploToHna) cune
peaklHu ONOpbl M NPOTHBOMNONOXKHA € NO HampaBJEeHHWIO, TaK 4YTO AN
MOJyJIe# 2THX CHJI CIIPABEINBO paBeHcTBo Fy = N.

Puc. 16 Puc. 17

4. Cuna HaTaxeHus nopseca T — cuma, ¢ KOTOPOJ NofBec JedCTByeT Ha
Teso. JTa CHuila HallpaBJeHa BAOJNbL OcH nopseca. Ecnyu tena cBsi3aHbl HeBe-
COMOH HUTHIO (BEPEBKOHM, TPOCOM H T.IL), TO HATSHYTass HUTh ACHCTBYET C
OMHAKOBBIMH CIUTAMH KaK Ha OJHO, TaK U Ha Apyroe teno (puc. 16). [Ipu atom
HATB MOXET OBITh NEPEKUHYTA Yepe3 CHCTEMY HEBECOMBIX 6i10K0B. OOBITHO
HUTb CUHTAETCs HEPACTSDKMMON M 3aBHCHMOCTb CHJIBI HAaTSKCHHA HHUTH OT
JeopMannu He pacCMaTPHBAETCA.

Cuna HaTskeHHs nojBeca (Cujia peaKiUH NOABeca), Tak K€ Kak H Cuia
PEaKkUuu ONOpbl, OTHOCUTCA K CHIIaM YNPYTOCTH, OCOOEHHOCTh KOTOPBIX
COCTOHT B TOM, YTO OHH HallpaBICHbI NEPHEHAMKYJIAPHO K MOBEPXHOCTH
CONPHKOCHOBEHHS B3aMMOJEHCTBYIOIHMX TEJ WU BIONb UX OCEll.

5. Cuna Tpenns f (puc. 17) ~ cuna cCOnpOTHBIEHUS, BO3HUKAIOWIAS NPH
OTHOCHTEJIbHOM IMEPEMEIICHAN NPHXATBIX APYr K APYry Tein. JTa cuia
HanpasjieHa IO KacaTeNIbHOH K MOBEPXHOCTH CONPHKOCHOBEHHAS TN U NPOTH-
BOIIOJIOXHO HANpaBICHHIO NEPEMEIIEHHs. JaHHOro Tena. BakHO oOparTHTh
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BHHMaHHE Ha HEOJHO3HAYHOCTb CUJIbI TPEHHS NOKos. I1pH Nokoe cuia TpeHus
B 3aBUCHMOCTH OT JAPYIHX CHJI, IPHIIOKEHHBIX K TEJNY, MOXET MEHSTHCS OT
HYAs [0 HEKOTOPOr0 MaKCHMAIBHOTO 3HAYEHHUS, ONpEAeiseMOoro cuioi
HOPManbHOTO faBienmst F,, : fiax = kF,, ,, TAe k — Koot dnnuenT Tpenns . Ilpn
¥ CKONBXCHAN OOBIYHO NPHHEMAETCH, UTO f = fhax
i (puc. 18). YuureiBasi, 4TO MOJYIN CAN HOPMAJIBLHOTO
Jrax AaBJIEHUS M peakUnyd ONOPbl PaBHbI, MOXHO BHIPa3UThb
MaKCHMAIBHYIO CUNY TPEHHS fi,,x depe3 CUNy peakLyn

v
> onopsl N: fi., = &N (ama mopyneit cun). ITO COOTHO-
meHne OyHeT 4acTO HWCIONB30BATHCS NPH pEINIeHUH

fmax o 3ajgad.
Hns Toro 4ToOkI ONPENEANTE HANPABIEHUE CHITBI TPE-
Puc. 18 HYISi, MOXKHO HPAMEHNTD CIeAYIOIHI NpueM: Npefnono-

XKHTb, YTO CHJA TPEHHA MIHOBEHHO HMcue3ia, ¥ HalTH
HalpaBJIeHUs] OTHOCHTENIbHBIX CKOpPOCTel Tpymuxcs Ten. HanpasneHus cun
TPeHUs GYAYT NPOTABONONOKHBI HANPABICHUAM OTHOCHTETBHBIX CKOPOCTEH.

ITocne Toro Kak HailiicHb! JeHCTBYIOIKE Ha TEJIO CHJIBL, CIEHYET 3amucaTth
ypaBHEHHE JABIKEHUs (BTOpoil 3akoH HutoToHa). Ilpu fABHXKEHUH O NPSAMOM
BTOpo# 3akoH HpsrwrTonaumeer Bupma =F +F,+ ...+ F,, rne
F1, Fy, ..., F, — npoeKuna cuil Ha NpsiMyIo, O KOTOPOH MPOUCXOANT ABIKCHYE.
IMonoxwurensHoe HanpaBieHHE OTCYETA YIOOHO BBIOHMPATh COBMAJANOLIHM C
HanpaBleHNeM \yCKopeHus. Ecian HanpapiieHHe COCTaBISAIOIIEH CHIBI COBIA-
faeT ¢ HANPABIQHHEM YCKOPCHHS. TO COOTBETCTBYIOAd NPOSKIHS CHIIBI Oe-
PETCs1 CO 3HAKOM TUIOC, B IPOTUBHOM CITy4yae — cO 3HaKOM MHHYycC. [Jo Toro xak
3ajaya pelleHa, HampaBJIE€HHE YCKOpeHUs, BOOOIEe TOBOpsA, HEU3BECTHO H
MOXeT OBbITh BEIOPaHO NPOU3BONLHO. Ecnu nonyvuenHoe B npouecce petieHus
33/]aufl YCKOPEHWE NMONOXATEIBHO, TO €r0 HanpasJichue BIOPAaHO NPaBUILHO,
€CIIN OTPHUATENBHO — TO HENPABUIBHO.

B manpaBimeHuu, NeprneHgUKYISPHOM K NPAMOIAHEHHOMY [BUKEHUIO,
CYMMa IPOCKIUMI CHJI PaBHA HYNIO, TaK KaK YCKOPEHUE B 3TOM HallpaBNEHUN
OTCYTCTBYET. THMM PABEHCTBAMI MOXHO BOCIIONB30BATLCA B CIIyvYae, KOTAa
HaJlo HAWTH CUNY PEAKIMK ONOPbI, ONPERECIAONIYO CHNY TPEHHS.

Ecnu paccMaTpuBaeTcs IBUXKEHHE CIUCTEMBI TEJ, TO YPaBHEHHE [{BIKEHUA
HYXXHO 3a1KCaTh N4 KaXXJOro Tena CACTeMbl. 3aflada MOXeT ObITh peHieHa
JHIB TOT[A, KOUfla YHCIO HE3aBHUCHMbIX YpaBHEHHI PaBHO YHCIy HEH3-
BECTHBIX. B UHCITO HEM3BECTHBIX YACTO KPOME BEJIMYHH, KOTOpbIEe Tpebyercs
HAaHUTH NO YCIOBHI) 3aJayH, BXOJAT €€ CHIIBI PEaKUHMU ONOPBI, TPCHHUA K
HaTSKECHUs OfBECA, BOSHUKAIOMIVE NIPY B3aNMOAEHCTBHH TEJ CUCTEMBI.

s pelreHnst 3aia4u O ABIDKEHHAN CHCTEMBI CBA3aHHBIX JIPYT C IPYTOM TEN
OJIHUX YpaBHEHHH [ABHXeHHs, Boob1e ropops, Hegocraroyno. HyxHno 3amm-
caTh €Ie Tak HA3bIBAEMblE KHHETHUCCKUE YCIOBHS, BbIpaXkalomue coboh
COOTHOILIECHHSA MEXAY YCKOPCHHUSIMH TeJ CHCTeMbI, OOYCIOBIIEHHbIE CBA3SAMU
BHYTpH Hee. Hanpumep: 1) Tena, cBsi3aHHbIE HEPACTSKHMOHN HHUTBIO, HMEIOT

*
B Hacrosumee Bpems it 0603HaueHUsT KO3 HOHEHTA CyXOro TPEeHHs valle
ucnonbiyercs 6yksa .
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OMHAKOBBIC NO MOAYIIO YCKOpeHHs: | aj| = | a;| (06BIUHO 3TO COOTHONIEHHE
[OApa3yMeBaeTCs HEMOCPEACTBEHHO 1IPY 3aNHMCH YPaBHEHUI ABIDKEHUS); 2) NIpH
HAJIMYAH OOBUXHOTO 0JIOKa YCKOPEHUE TeNa A o MORyA0 .,
B [Ba pasa MecHbIIe yckopeHHns Teaa B (puc. 19): |agl =
=2]ayl.

Pemenne crepyeTr nepBoHaYaNbHO NONYYHTh B OOIIEM
BHJl€ W NUIIb 3aTEM MOJCTABIATH YHCIOBBIE 3HAYCHUS B
u3bparHol cucreme efiunul,. ITonesHo nmpocneguTs, Kak O6y-

AYT U3MEHSATHCS HAaUJACHHBIC BEJHUYNHBI B 3aBHCHMOCTH OT
BEJIMYHUH, 3aJaHHBIX B YCIOBUA 3312 TH.

Ecnau B 3amaue TpeOyeTcst HaHTH HEe TONBKO CHUIBI H
YCKOpPEHMS, HO TAKXKE KOOPAWHATHI (MU NMPOWAEHHBIE ITy-

TH) TEN W UX CKOPOCTH, TO KPOME YpaBHEHMH ABUXKEHUS
HY’KHO HMCIOJIB30BATh KHHETHUECKAC YPAaBHEHHS 11l KOODAUHAT U CKOPOCTEH.

88. IToesp maccel m = 500 T nocie mpekpailleHns TATH IapoBoO3a
ocTaHaBvBaeTCs oA AelicreueM cunbl Tperns f = 0,1 MH depes Bpemst
t = 1 muH. C KaKoH CKOPOCTBIO U LIEN NOe3]] A0 MOMEHTA IPeKpalleHAs
TSITH 1Maposo3a’?

89. ITapoB03 Ha TOPU3OHTANIBHOM y4YacTKe MyTH, UMEIOIEM NJIHUHY
s = 600 M, passuBaeT cuny Taru F = 147 kH. Ckopocts noesga maccet
m = 1000 T Bo3pacTaeT npu 3ToM oOT U, = 36 kM/4 1o v = 54 km/u4. Hail-
TH CHJTy CONPOTHUBIICHNS f IBIDKEHHIO I0€3[1a, CUUTasA €€ IOCTOSTHHOM.

90. Bo3gymHbl#l mmap maccl M ONYCKAaeTCAd C INOCTOSHHOH CKO-
poctrro. Kakoil Macchbl m 6annact Hy>KHO BbIGPOCUTD, 4YTOOB! 1I1ap NOk-
HUMAJICS ¢ TOH Xe cKopocThio? IlogpeMHas cuna BO3RyHIHOrO mapa ¢
H3BECTHA.

91. C kakoit cunoil F Hy>XHO [efiCTBOBaTh Ha TENO MacChl m = 5 KT,
4yTOGBI OHO MAagaI0 BEPTUKAIBHO BHH3 C YyCKOpeHueM a = 15 m/c??

92. ABTOMOGHIL ABUKETCS C yCKOpeHueM a = M/c?. C kako# cumnoit F
YyeToBeK Macchl m = 70} KT TaBHUT Ha CIIHHKY CHJICHbA?

93. [TpoBONOKA BBIAEPXKUBAET IPY3 MACCHI My, = 450 kr. C Kakum
MaKCHMAaJIbHBIM YCKOpEHHEM MOXHO IOAHHUMATh TPY3 MAacChl
m = 400 Kr, NoABEIEHHLIH HA 3TOH NMPOBOJIOKE, YTOOBI OHA He 060p-
Bajiach?

94. BepeBka Bbliep:KUBaeT Ipy3 Maccel m; = 110 Kr npu nogbeme
ero ¢ HEKOTOPBLIM YCKOPEHHEM, HANPABICHHBIM 110 BEPTHKAIHN, U I'DY3
Macchl m, = 690 KT IIpy OMyCKaHHUH €ro ¢ TaKUM Ke 110 MOAYJIIO YCKO-
pernmeM. KakoBa MakcuManbHas Macca m Ipy3a, KOTOPbIH MOXHO 10J-
HATH Ha 9TOH BEPEBKE, IBUTAs ET0 C MOCTOSHHON CKOPOCTHIO?

95. Haiitu cuny HaTspkeHust T KaHaTa, K KOTOPOMY NOABEIIEHA KJIETh
NON'BEMHOHM MAIIHHBI, €CNH KJIeTh Macchl m = 300 Kr OBHKETCA: C
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yckopeHueM a; = 1,6 M/c?, HanpaBlIeHHbIM BBEPX; C YCKODEHUEM 4, =
= 0,8 M/c?, HanlpaBJIEHHbIM BHU3.

96. Macca nudrra ¢ naccaxupamu M = 800 kr. Hafitu yckopeHnne
nugpTa B ero HanpapJieHHE, eCIIU CHJIa HaTSKEHHA TPOCa, Ha KOTOPOM
nmopBeleHa kabuHa nudTa, Takas Ke, KaK Y HEIONBIDKHOrO JQTa
macchl m = 600 xr.

97. K nmoTtonky AgBMXKylerocst MuTa Ha HUTH TOABEIICHA T'UPA
maccel my = 1 kr. K 3TO# rupe npusszaHa gpyras HAThL, Ha KOTOpO#
MOfBeNIeHa TAPA Macchl n, = 2 Kr. Ha#tu cuny HaTskenus T BepxHeit
HATH, €CIIM CUJIa HATSDKEHUS HUTH MeXXay rupsmu T = 9,8 H.

98. C kakoit cunoii F,, , 6yaeT NaBUTh HA JHO LIAXTHOU KIETH TPY3
Maccel m = 100 xr, ecnu KIeTh NOAHMMAETCS C YCKOPEHHEM a4 =
= 24,5 m/c??

99. I'pys maccer m = 140 kr, jexawmuil Ha NOXY KaOWHBI ONMyCKao-
mierocs nugrra, faBUT Ha non ¢ canoi F, , = 1440 H. Haittu yckopenue
smTa 1 ero HalpaBJIeHUE.

100. B mudre ycranoBieH AUHAMOMETP, Ha KOTOPOM IOABEUICHO
Teso Maccbl m = 1 Kr. YTo 6ymeT IMOKa3biBaThb AMHAMOMETP, €CIH:
1) nmuchT ABUKETCS BBEPX C YCKOpeHUeM a; = 4,9 M/c?; 2) mudpt aBrxKeTCst
BBEPX 3aMEUICHHO C YCKOpeHneM a, = 4,9 m/c%;, 3) nudT ABIKETCS BHA3
¢ yckopeHueM az = 2,45 m/c?; 4) nudT ABHXKeTCS BHU3 3aMENEHHO C
YCKOpEeHUEM a4 = 2,45 M/c??

101. Kaxas ropuzonTansaas cuna F TpebyeTcs, YToObl TEJIO Macchl
m = 2 KI, JRexaliee Ha TOPU3OHTaNbHOH NOBEPXHOCTH, HA4YaJo
CKONB3UTH N0 Hell ¢ yckopenneMm a = 0,2 m/c?? Koadpuiuenr rpenus
MEKRY TEeJIOM H NOBEPXHOCTHIO k = 0,02.

102. Ilpu 6LICTPOM TOPMOKEHHH TPaMBal, HMEBILIMHA CKOPOCTh U =
=25 KM/4, Havas ABHratThes “ro30M’~ (3aTOPMOXKEHHBIE Kojieca, He
Bpalasick, Hayajlu CKOJB3HTE NO pelibcaM). Kako#t ydacTox myrtu
s HpofueT TpaMBa# ¢ MOMEHTAa Havdaja TOPMOXKEHHMs JO IMOJHOH
ocranoBku?! Koahohnument Tpenns MeXpAy KoJecaMH W pesibcamu
k=02

103. KameHb, CKOTB3SINUI 0 TOPA3OHTANBHOU TOBEPXHOCTH, OCTa-
HOBHJICS, Hpoas pacctosuue s = 20,4 M. HaliTy HavanpHyl0 CKOPOCTH
kKaMHA v. Cana TpeHus f MeXAYy KaMHEM H IIOBEPXHOCTBIO COCTaBJISET
6% cunbl TSHKECTH, AEHCTBYIOLER Ha KaMEHb.

104. Ha ropm3oHTanbHOI gocke JeuT rpy3. Kakoe yckopenue a B
FOPU30HTAJILHOM HANIPABJICHUH CIEHYET COOOIIUTD JOCKE, YTOOBI IPy3
cockonb3nyn ¢ Hee? Koaddunuent TpeHust MeXgy rpy3oM B JOCKOH
k=0,2.
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105. Ha ropu3oHTanbHO#M NOBEPXHOCTH JIEXKHUT AOCKa Maccel M =
= 10 kr, a Ha gocke — Opycok Maccel m = 1 Kr. Kakylo MEHUMaJIBHYIO
cany F B rOpU3OHTAIbHOM HAaINPAaBEHHH HAaJO NPUIOXHTb K OCKE,
yTo6Bl GPYCOK COCKONBL3HYA ¢ Hee? KoagduumeHT TpeHHA MEXAY
OpyckoM U gockoit k =0,1.

106. Teno Maccel m JBUXKETCs! IO FOPU3OHTAIBHON IOBEPXHOCTH TIOJ
ReficTBHEM CUNBI F, HalIpaBJICHHOH IO YIAOM O K Topu3oHTy (puc. 20).
Hatitn yckoperue a tena. Ilpm kakoil cune F, pgBuxXkeHue OyneTr
pasHoMepHBIM? KoadhduiueHT Tpenrds MEXAY TEJNOM H INIOCKOCThIO
paBeH k.

N\

Ao

Puc. 20 Puc. 21

107. Teno maccel m BUXKETCS BBEpX IO BEPTHKANIBHOH CTEHE IO
nelficTBHEM CuJibl F, HANpaBJIeHHOMN MTOJY YTIIOM Ol K BEpTHKanu (puc. 21).
Haiitn yckopenune a tena. KoapduuueHT TpeHus MeXAy TeJIOM U
CTEHOM paBeH k.

108. Kaxoit iyTh § 3a BpeMs ! IpoiAeT “t030M” BO3 MAacChl M, €CIHU
IyKa ¥ paK TIHYT €rO B IPOTHUBOIOIOXKHBIE CTOPOHBI 110 FOPU30OHTAIIN
c cunamu F u F,, nebefpb TAHET € CUIOH F3 B Ty 3Xe CTOPOHY, YTO U PaK,
HO TOf YIJIoM O K Topu3oHTy? KoadduuueHT TpeHIs MEXy KonecaMu
¥ TIOBEPXHOCTBIO 3¢MJIA paBeH k. HauanpHas ckopocts Bo3a vy = 0.

109. Teno maccet m = 40 r, 6pomieHHOE BEPTUKAIBHO BBEPX C
HavapHON CKOPOCTBIO vy = 30 M/C, JOCTUIIIO BbICHIEH TOUKH NMOABEMA
cnyctss BpeMs t = 2,5 c. HaiiTu cpepnio0 cminy CONpoTHBIEHUA f
BO3JyXa, AefICTBOBABIIYIO HA TEJIO BO BpeM4 IOJIETa.

110. AkpoGat Maccel m = 70 KT NpBITHYJ C Tpaneuyy Ha HATAHYTYIO
CEeTKY, KOTOpas IIpH 3TOM NIPOTHYJIack Ha paccrogaue Ah = 1 M. BricoTa
Tpaneuuu Hag ceTKo# A4 = 6 M. C KakHM YCKOpEHHEM a ABHUTAJNCS
akpo6at, nporubas CETKy, I ¢ KaKoil cunoil peakuud N ceTka gefcTBO-
BaJjia Ha Telo akpobara?

111. Kakas MUHAMANLHAS CAJNA COTIPOTHBIEHUs f BO3[yxa IeHCTBYeT
Ha MapalllOTUCTa ¥ NapaIuioT oOmmel Macchl m = 75 KT IIPH NOJTHOCTBIO
PACKpBLITOM MapanmnoTe?
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112. Cuna conpoTusieHus f, BeACTBYIOMAs Ha PacCKPBITHIH mapa-
IIIOT, OPONOPUUOHANBHA KBafpaTy cKopocTH (KoaddunueHT npomnop-
nuoHanbHOCTH k = 20 H - ¢3/M?). Macca napamntorucra m = 72 kr. C ka-
KOH BBICOTBI 2 JOJIKEH CIPBLITHYTb 4eJIOBEeK 063 MapamioTra, YTooObl
CKOPOCTB €T0 NPU3EMIEeHHAsT PaBHANACH CKOPOCTH HpPH3EeMJICHHs Hapa-
HIFOTUCTA, [IPBITHYBIUETO ¢ GONBUIOH BBICOTHI?

113. [Ipa tena ¢ maccamu m; = 50 1 m, = 100 T cBI3aHBI HUTHIO® H
JieKaT Ha TJafkoll TOpH3OHTalbHOH mnoBepxHocTu (puc. 22). C Kako#t

cunoit F' MOXHO TAHYTH IIEPBOE TEJIO,
m m, yTOObl HHTH, CIOCOOHAsi BBIEPXKATh
~  cuny Hatskenus T,,,, = 5 H, se oGopsa-
Puc. 22 nacek? M3MEHHUTCA MU Pe3ynbTaT, ecliu

CHJTY IPHJIOKATH KO BTOPOMY TeNy?
114. Isa Tena cBA3aHbl HUTHIO H JI€XKaT HA [IaKOH rOPH30HTANIBHON
nosepxuoctu. K Tesxy Maccel m, npiioxKeHa cmia F|, HanpaBieHHAas
BAOJIb NOBEPXHOCTY, a K TEJY Macchl m, — cuna F, < Fy, HanpapiieHHas B
IPOTUBONONOXHYIO cTOpoHy. Halitu cuny Hatsxkenuss 7 HUTH npu

IBUKEHUU TEIL.

115. Tpu Tena cBs3aHb! HUTHIO U JI€XKAT HA TNTaKOH FOPU30HTATBHON
moBepxHocTH. K Teny Maccel m; MpHIIOKeHa cuia Fy, HampaBJicHHAs
BIIOJIb TOBEPXHOCTH, a K TNy Macchl m; — cuia Fp > F, HanpaBleHHas B
MIPOTHBONOJNIOXKHYIO cTopony (puc. 23). Hafitu cuny Harsokenns T HATH
MEXKMY TENaMH C MACCAMU 111y | 111;.

Al

I

F

F,

Y e ) ) e o

Puc. 23 Puc. 24

116. Ha 6pycok maccel m; = 0,18 Kr nocraBneHa rapsi Macchl i, =
= 2 Kkr (puc. 24). C nOMOIIBIO HUTH, HEPEKMHYTOMH Yepe3 6110Kk™, 6pycok
C rupeii CKONB3MT C MOCTOSAHHOM CKOPOCTHIO Ha AOCKE, KOTAA Ha YallKy
maccel m; = 0,18 xr monoxera rupsa Maccs! my = 0,5 xr. Haiita koad-
(pungenT TpeHus k MexXny 6PYCKOM U JOCKOM.

* HanomH®M, 4TO HUTDH (BepeBKa, TPOC M T.N.) CUNTAETC HEBECOMOI U HepacTs-
SKHMOH.

** 3nech u ganee 60K CUMTATH HEBECOMBIM, €CIH 3TO HE OTOBOPEHO B YCIOBUH
3ajayd.
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117. K ogHOMY KOHIy BEPEBKH, IEPEKUHYTOI yepe3 610K, NOABELIEH
rpy3 Maccel m = 10 kr (puc. 25). C kako#t cunoit F Hy>KHO TSHYTh BHH3
3a NPYro#l KOHel BepeBKY, 4YTOOBI Ipy3 MOJHUMANCI C
yckopeHmeM a = 1 M/c??

118. Yepes 650K, NOABEMIEHHEIA K JUHAMOMETpY, He-
PEKHMHYT IIHYp, HAa KOHI[aX KOTOPOro YKPEIUIEHBI TPYy3bl
¢ MaccaMu m; = 2 KT ¥ m, = 8 Kr. UTO nOKa3bIBaeT fAHA-
MOMETD TIPU ABUKEHHHA TPY30B?

119. Ha ogHoM KOHIlE HUTH, TEPEKUHYTOR depe3 610K,
nopBenieH rpy3 maccel m = 500 r. MI3BECTHO, 4TO HUTDH HE VF
oOpbIBaETCs, €CITM Ha IPYIrOM €€ KOHIle 3aKPENHTb TPy3
Maccel M = 1 T ¥ OCTOPOXHO OTNYCTHTH ero. Kakyro cany ~ Puc. 25
HATsDKeHUs T BbIIEP>KABACT B 3TOM CIlydae HUTE?

120. Ha ogHOM KOHIE HUTH, IEPEKUHYTOU yepe3 610K, NOABEIICHO
Teno Mmaccel m; = 30r. [Ipyroit KOoHell HATH COENHMHEH C NErkoi
NPYKAHOHN, K KOHIy KOTOPOH NPHKPEIIEHO TeNo Macchl my = S50 T.
IInuHa mpyxuHbl B HepacTsHyTOM cocTtosHuu [, = 10 cMm. Ilog men-
cteueM cunel F = 0,1 H npyxkuna yanuasietTcs; ee gedpopmanus Al =
=2 cM. Hafitu nnuny [ npy>XuHel BO BpeMsl JBIKECHHS FPY30B, CYUTAas,
YTO KONIeGaHNsA B CHCTEME OTCYTCTBYIOT.

121. [Be rupu ¢ Maccamu m; = 3 KT B M, = 6,8 KI' BUCAT Ha KOHIAX
HHUTH, NepeKuHyTol Yepe3 6iok. [lepBast rups Haxomurcd Ha 2 M HIXKeE
Bropo#i. I'mpy npumnn B nBukenne 0e3 HadalnbHOU ckopocTh. Uepes
KaKoe BpeMsi  OHH OKaXKyTcd Ha OIHOH BbICOTE?

122. [IBa Tena maccel m = 240 r KaxXpnoe mopABellleHbl HAa KOHIAX
HUTH, NepeknHyTOl Yyepe3 610k. Kakyro Maccy m, JOIKeH UMeThb Ipy3,
MONIOXEHHLBIN Ha OTHO U3 TeJl, YTOOBI KaXKAO0E N3 HUX MPOLUIO 32 BpeMs
t=4cnyre h =160 cm?

123. [Isa Tena Mmaccel m = 100 r Kaxpoe nopg- %
BEIICHBI HAa KOHUAX HUTH, IEPEKUHYTON depe3 GIOK.
Ha opgHO w3 Ten monoxeH rpy3 macchl myg = 50T.
C kako# cunoi F, , OyIeT IaBUThL TPy3 Ha TeJo, Ha
KOTOPOM OH JIeKHT, KOTla BCA CUCTEMa IIPUNET B
nBuxeHne?

124. C xakuM yCKOpPEHHEM a U B KaKOM HalpaBiie-
HUH 6yIeT nepeMemaThes IEHTP Mace IBYX IPy30B ¢
MaccaMm| my ¥ ny (my < my), €CIHU 3TH I'Py3bI CBSI3aHbI
HATBIO, IEPEKUHYTOH yepe3 6510K? Puc. 26

125. Haittn cuny HaTskenusi T HUTH B YCTPOHACTBE, H306pakeHHOM
Ha puc. 26, ecnm Maccel Ten my; = 100 r 1 m, =300 1.

777

)
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126. Haiitn yckopeHHne a Tena, COCKaNb3bIBAIOMIEro ¢ HAKIOHHON
IJIOCKOCTH, 0Opa3youiell ¢ ropuzoHToM yroa o = 30°. Koaddpunuesr
TPEHUA MEXAY TeJIOM H NIockocThio k = 0,3.

127. C BepIuHbBI HAKIOHHOH MITOCKOCTH, UMeromet pmuny [ = 10 M u
BBICOTY /1 = 5 M, HAUMHAET JBHraTbcs 0€3 HavaNnbHOH CKOPOCTH TENO.
Kakoe Bpems f 6yfeT NpOJONKATECA ABHXEHHE Tella JO OCHOBAHHUS
HAKJIOHHOH IJIOCKOCTH M KaKYI0 CKOPOCTh U OHO GYHEeT UMEeThb MpH
stom? KoaddnimesT TpeHns MexXay TENOM U INIOCKOCTBIO k = 0,2.

128. Teno HauMHAET ABMXXEHHE C HAYANBHON CKOPOCTBIO Uy BBEPX IO
HAKJOHHOH INIOCKOCTH, 0Opa3yroulell ¢ TOpH30HTOM yron a. Yepes Ka-
KO¥ IPOMEXYTOK BPEMEHH ! TEJIO BEPHETCSA B TOUKY, U3 KOTOPOI OHO
Hadajno aBAratbca BBepx? Koa(UIHUEHT TpeHUS MeXAy TeNoM H
IJIOCKOCTBIO k < tg O,

129. T1o cknony ropsl, uMmeromed anudy / = 50 M 7 Boicoty A = 10 M,
Ha BEPEBKe CIIyCKalOT 0e3 HayaJlbHOH CKOPOCTH CaHKH Macchl m = 60 Kr.
Hajtn cany natsxeHuss T BepeBKH, €CIIM CAHKH Y OCHOBAHHS T'OPBI
UMEIOT CKOpOCThb U = 5 M/C, a CHNIa TpeHHA [ MeXJy CaHKaMu U NOBepPX-
HOCTBIO FOpbl cocTaBnsieT 10 % cunbl TSKeCTH, NEUCTBYIOIEH Ha CaHKH,

130. Ha rnagkoit HaKJIOHHOH ITOCKOCTH, 00pasyroueil yrona o = 30°
¢ TOPU3CHTOM, HAXOMUTCA TENO Macehl m = 50 Kr, Ha KOTOpoe JedCTBY-
€T TOPH30HTAaJILHO HalpaBieHHas cuna F = 294 H
(puc. 27). Haiitm yckopeHue a tena u cuny F, ,, c
KOTOPOU TENO JABUT HA NIIOCKOCTE.

131. [IBa Tena ¢ Maccamu m; = 10rum, = 15r

Puc. 27 CBS3aHbl HUTBIO, NEPEKUHYTOH Yepe3 6JOK, ycra-

HOBJICHHBIA Ha HAKJIOHHOM IUIOCKOCTH (puc. 28).

[Inockocrs o6pasyeT ¢ ropusonToM yroa o = 30°. Haittu ycropenne, ¢
KOTOpbIM OyAyT ABATATHCS 9TH TEJIA.

F

[0

ny

Puc. 28 Puc. 29

132. Tpu rpy3a ¢ MaccaMu m,, 1, U m; CBA3aHBI HUATBIO, MepeKAHYTOH
Jepe3 OJIOK, YCTAaHOBJECHHBIH Ha HaKJOHHOH miockoctd (puc. 29).
IInockocTe ofpasyer ¢ ropm3oHToM yron ¢. HauambHble ckopoctH
rpy30B paBHBI Hyaio. Halira cuiy HaTskeHus: T HATH, CBA3BIBAIOILEH
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rpy3bl, HAXOAAIKECA HAa HAKJIOHHOM MNOCKOCTH. Koagduiuent Tpenus
MeKNly TPy3aMH U INTOCKOCTBIO PaBeH K.

133. [llap macchl m NEXKUT B SIIUKE, COCKANBL3bIBAIOIEM 0€3 TPeHUs
¢ HaKJOHHOM MmiockKocTH. [InockocTs 06pa3yeT ¢ FOPU3OHTOM Yrona oO.
HaiiTu cunbl, ¢ KOTOphIMH [Iap AABAT Ha NEPERHIOND CTECHKY H Ha AHO
ALUKA.

134. Ha Hak10HHO# TIIOCKOCTH, 00pa3yIoliell yroy 0. C TOPH3OHTOM,
crouT KyOuk maccel m. [lnockocTs HaxopuTes B U TE, JBHKYIIEMCS C
YCKOpPEHUEM a, HalpaBJIeHHBIM BBepX. HaiiTu cuily HopManpHOTO JaB-
nenud F, , Kybuka Ha niockocTh. I1pu KakoM Koadduuuenre Tpenus k
ME3KNY KYOMKOM U IIOCKOCTBIO KyOHUK He OyHET COCKa/b3bIBaTh BHU3?

135. Jocka maccel M MoxkeT ABUratrbcs 6€3 TpeHusl 10 HAaKJIOHHOU
MAOCKOCTH, 0Gpa3yIoledl ¢ TOpU30HTOM yrof (. C KaKUM YCKOPEeHHEM
@ 1 B KAaKOM HaIpaBJIeHHH JOJKEeH 0eXKaTh [0 JJOCKE UeJIOBEK MacChl M1,
yTOoG6bI JOCKA HE COCKANIb3bIBAJIA C HAKJIOHHOM INIOCKOCTH?

136. Ha Tenexxke, ckaThiBaolleicss 6€3 TPeHUs ¢ HAKJIOHHOH miioc-
KOCTH, YCTaHOBJICH CT€PXEHb C MOMABEHICHHbIM Ha HHTHU LIAPUKOM
Maccbl m = 2 r. Haittu cany HaTskeHust 7 HATH, €ClU INTOCKOCTB 00-
pa3yeT c TOPH30HTOM yroJ o = 60°.

137. Ha HakJIOHHOH IJIOCKOCTH, 00pa3yomeil ¢ TOPU30HTOM yroJl O,
HaxoguTcsd 6ak ¢ Bojo#, uMermuid Maccy m. C kako#t cunon F,
napajieNbHO# HAKJTOHHOM MIIOCKOCTH, HY>KHO JIBHIaTh 0ak, sl TOTO
YTOOBI MOBEPXHOCTHL BOfbI B 0ake ObINla mapajllesibHAa HaKJOHHOMH
mnockoctu? KoadduuueHT TpeHus Mexxny 0aKoM M HaKJIOHHOH IUTO-
CKOCTBIO PaBeH K.

138. I'lo Tpocy, o6pa3yromemMy ¢ TOpH- b _\\'
30HTOM yToJ ¢, KaTUTCs Oe3 TpeHUs
010K, K KOTOPOMY TNOJBEIICHO BEIPO C
Bopoii. Bricora Bopbl B Beape paBHA h.
KakoBo faBiieHne BOJbl Ha IHO Bepa BO
BpeMsI IBUKEHUS?

139. C xakuM YCKOpPEHHEM a JOJIKEH eXaTh I'PY30BHK, UTOOBI OPEeBHO
MTHHBLL [ 1 KaHAT JJIUHBI b, KOTOPBIM OHO NPHUBA33aHO K IPY30BUKY,
cocTaBisnH npsmMyro guHuo (puc. 30)? KaHat npussizaH K TPy30BHAKY
Ha BbICOTE /i OT IOBEPXHOCTH 3€MJIN.

Puc. 30

§ 5. 3akoH coxpaHeHHs UMITYJIbCa

U3 BTOPOro M TPETHETO 3aKOHOB Herorona celyerT 3aKOH CcCO-
XpaHEHHAd HMNYJNbCa: HI3MCHECHHUE NIOJHOIO UMNYILECA CUCTEMBI TEN
PaBHO CyMME€ HMIIYJIBECOB BHEIIHUX CHII, neﬁcmyromnx Ha Teja cucTeMbl. Tak
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KaK MMIIYJIBC Tea U AMIYJIhC CHIIbI ~ BETMUHHBI BEKTOPHBIE, TO TaKOE PABEH-
CTBO BBINOJHAECTCS AJIs NPOEKUNH 3TUX BEINYMH Ha MOOyro npsamyto. Takum
obpazom

(mu{+myus+..+mu)—(my+my,+..+my,)=

= RAt+ KAt + ...+ F At

TAE My, My, ..., M, — MACChI TEJ CUCTEMBL, Uy, Uy, ..., U, U V|, U}, ..., U, — OPOCK-~
MK Ha4aJIbHbIX H KOHEUHBIX CKOPOCTEH 9THX TE HA HEKOTOPOE HallpaBJICHHUE,
a F\At, FyAL, ., F, At — NpOeKIUH UMNYITbCOB BHEIIHUX CUJ HA 3TO K€ Ha-
npaBJicHHE.

Ecnu cucrema 3aMKHyTa, T.€. Ha Teja, KOTOpPbIE Mbl OTHOCHM K 3TOH CH-
cTeMe, He JEHCTBYIOT BHEUTHHE CHIIBI, TO CYMMa NPOEKLHNA UMIYILCOB BHEID-
HUX CHJ Ha Jto00¢e HaNpaBJIeHUE PaBHA HYNIO!

FIAt+F,At+ .+ FA=0,

", CJIEJOBATCIBHO,

MU +maUs + ot MU, =mMU |+ iUy +.Fmu,,

T.¢. NIPOEKUHS UMIYIBCA CUCTEMBI TENl Ha MO00E HANPaBICHWE COXpaHACTCs
Hew3MeHHOU. OHAKO W [ HE3aMKHYTOH CHCTEMB! MOXET OKa3aThCsl, UTO
CyMMa NPOSKUUH MMNYJILCOB BCEX BHEUIHHX CHN Ha HEKOTOpOE HM30GpaHHOE
HanpaBlieHue pasHa Hynro. Torpa ocraercd HEU3MEHHON NPOCSKIASA UMIYILCA
CHCTEMB! TEJ AUIL Ha 9TO HanpasieHue. [Tpoekuun Xe UMNyIbca CHCTEMBbI
TEJ HA APYIUE HAPABIICHUS NPU 9TOM HE COXPaHAIOTCA.

HyxHo nMeTs B BUAlY, YTO €Cl KOHEYHOE COCTOSIHNE CHCTEMB! OTHANEHO
OT HAaYaNbHOTO MaybiM MHTEPBAJIOM BPEMECHH (HampHMep, BpeMsi BbICTpelia
WM COYAAPEHMsl Tei), TO UMIYIbCOM FA! TakmxX BHEUIHMX CHJ, Kak TSrore-
HHE W BSI3KOE€ TPEHHE, MOXKHO IpcHEOpedb U pacCMaTpPHUBATHL CUCTEMY Kak
3aMKHYTYIO.

ITpn 3anucu 3aKoHa COXpaHEHHSA HMIYJIbCA HYXKHO CIEHUTH 3a NPABHIb-
HOCTBIO PacCTaHOBKH 3HaKOB. HekoTropoe HanpasileHHE NPON3BOJBHO BLIOH-
paeTcd 3a nonoxmurenbHoe. Ilpoekuus uMNynabca Teja 3alHCBLIBAETCSA CO
3HAKOM IINIOC, ECITH HAIlpaBJICHHE COCTABIAIONIEH COBNajgaeT ¢ U3OpAHHBIM
HanpaBl€HHEM, H CO 3HAKOM MHHYC — B IPOTHBHOM ciyuae. [171s Texa, Ha-
NpaBJICHAS JBUXXEHUS KOTOPBIX HE 3aflaHbl B YCIOBHH 3afadH, 3HAKH MOTYT
OBITH paccTaBlieHbl IPOU3BONLHO. Eciin B pesynbrare pelneHns 3ajadud oka-
2KETCH, YTO NPOEKIHA UMIYIbCa ONOXKHATENbHA, TO HANPaBICHHUE ABIKCHUS
TeNa BLIOPAHO NPaBHIALHO, €CNTH OTPHLIATENBHO, TO — HEIPABUIBHO.

140. KakoBa cpenssas cuna naBieHus F Ha Iedo npu crpeibbe u3
aBTOMATa, ecJy Macca myinu m = 10 T, a CKOPOCTh IIyJIM IPHA BbUIETE U3
crBona v = 300 m/c? Uncno BBICTPENOB W3 aBTOMAaTa B €JUHUIY Bpe-
Menu n = 300 mua.

141. Msg maccel m = 150 r ygapsieTcst 0 IlTafiKyl0 CTEHKY IOJ YIJIOM
o = 30° K Hell ¥ oTcKkakmBaeT 6€3 norepu ckopoctu. Hadtu cpepHioio
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cuny F, qefcTBYIOUIYIO Ha MAY CO CTOPOHBI CTEHKH, €CIIM CKOPOCTh
msua v = 10 M/c, a npogomxuaTenbHOCTh yaapa Ar = 0,1 c.

142. T1agaroiimil BepTUKANBHO apuk Maccel m = 200 r yrapuncs 06
MOJI CO CKOPOCTBIO U = 5 M/C U NOJUPBITHYN HAa BHICOTY A = 46 cM.
HatiTn usMeHenne Ap HMNyneca LIapuka IpH yaape.

143. 13 opyaus mMaccel M = 3 T, He UMEIOIIEr0 MPOTUBOOTKATHOTO
YCTPOYCTBA (CTBOJI 3KECTKO CKpemnieH ¢ Jad)eToM), BBIIETAET B FOpH-
30HTAJIbHOM HaIpaBJeHHU CHapsI Macchl m = 15 KT CO CKOPOCThIO U =
= 650 m/c. Kakyto cKopocTh u HofydaeT OpYAKE NMpu oTaave?

144. Cuapapg maccel m = 20 Kr, aeTeBIIUd TOPH30HTANBHO CO CKO-
poctwio v = 50 M/c, monagaet B I1aT(OPMy C IIECKOM H 3aCTPEBAET B
necke. C KaKoi CKOPOCTBIO 1 HAUHET ABUraThCs maTopma, eCiiu ee
Macca M =10 1?

145. Ilymka, cTosimjas Ha IJIafKoH TOPU3OHTAJBHON MIIOLIajKe,
cTpeasieT noj yrnom o = 30° k ropusoHTy. Macca crapspa m = 20 xr,
ero HavuajbHas ckopocTh U = 200 m/c. Kakyto ckopocTb u npuobpeTtaeT
Mynika NPH BeICTpene, eciny ee macca M = 500 kr?

146. Opynue, umerommee maccy crsojia M = 500 kr, cTpenseT B ropu-
30HTAJBLHOM HampaBjeHHH. Macca cHapsApma m = 5 Kr, ero HadajabHas
ckopoctb U = 460 m/c. Ilpm BBICTpEeNe CTBON OTKATHIBAeTCS Ha pac-
crostaue § = 40 cm. HaliTyl cpeiHIO0 CHNy TOPMOXKEHHs f, BO3HHKAIO-
IYIO B MEXAaHU3ME, TOPMO3SIIEM CTBOI.

147. Crapsig Maccel m = 50 Kr, netsaumuit co ckopocTeio v = 800 Mm/c
nox, yrioMm 0. = 30° K BepTHKAJH, NONAfaeT B IIAaT(HOPMY C TIECKOM H
3acTpeBaeT B HeM. HafiTu ckopocTh minaTgopMel ¢ TOCie NoNnajganns
cHapspa, ecnu ee Macca M = 16 T.

148. Yenosek, cTosinil Ha KOHBKAX Ha FIAAKOM JIBAY PeKH, OpocaeT
kameHb Maccel m = 0,5 kr. CnycTs BpeMs ¢t = 2 ¢ KaMeHb JOCTUTAET
Oepera, npofigsa paccrosiaune s = 20 M. C KaKO#i CKOPOCTBIO 1 HAUNHAET
CKOJIb3UTh KOHBKOOEXkKeN, ecnu ero Macca M = 60 kr? Tperuem npe-
HeOpeyb.

149. JiBa uvenoseka ¢ Maccamm m; = 70 kr 1 m, = 80 Kr CTOSAT Ha
POJIMKOBBIX KOHBKaX Pyr nMpoTuB pgpyra. IlepBriil 6pocaeT BTOpOMY
rpy3 Maccel m = 10 Kr 0 CKOpOCTHIO, TOPU30HTANBHAS COCTABIISIFOLIAS
KOTOpO# v = 5 M/C OTHOCHTETLHO 3emin. HailTu cKopocTs v; epBoro
yesIoBeKa mocyie 6pocaHusl rpy3a U CKOpPOCTh U, BTOPOTO MOCHE TOro,
KaK OH noiMaet rpy3. TpenueM npene6peyus.

150. Teno maccel M = 990 r NeXHUT Ha TOPA3OHTAJILHON MOBEpPX-
HoctH. B Hero nomagaer myns Maccel m = 10 T u 3acTpeBaeT B HeEM.
Ckopoctb nynu v = 700 M/c 1 HanpaBiieHa ropu3onTanbio. Kakoi nyts
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s mpo#aeT Teno Ko octanoBKU? KoadhuuuesT TpeHHs: MEXXAY TEIOM H
NoOBePXHOCTHIO £ = 0,05.

151. Hascrpeuy mnatgopme ¢ MECKOM, IBIXKYIIEHCA CO CKOPOCTbIO
v, IO INTAaIKOMY HAaKJIOHHOMY 3KeJIoOy COCKaNb3bIBaeT 0e3 HauaJlbHOM
CKOpOCTH TE€JIO Macchl m H 3acTpeBaeT B necke. XKenob giuHbI / o6pa-
3yeT ¢ rOpH30HTOM yron o. HalTm ckopocTs u nnatdgopMbl nocie
NonajaHus B Hee TeNa, ecld Macca maT¢opMbl paBHa M.

152. PakeTa, mMeroliast BMecre ¢ 3apspoM maccy M = 250 r, B3neraet
BEPTUKAJIBHO BBEPX W JOCTHraeT BbICOTHI i = 150 M. Macca 3apsna
m = 50 r. HaliTu cKOpOCTb U HCTEYEHHS ra30B U3 PaKeThl, CYATASA, YTO
cropaHue 3apsyia IPOUCXONUT MITHOBEHHO.

153. C nnardgopMbl Macchl M = 20 T, ABIKYIIEHCS CO CKOPOCTHIO U =
= 9 KM/4, IPOM3BOAUTCA BhICTpeN U3 nymku. CHapay Macchl m = 25 Kr
BbLIETAET W3 OpyAusa co cKopocthio v = 700 m/c. Haiitm ckopocru
mraT¢hopMbl HEMOCPEACTBEHHO NOCE BBICTpPEJIa: €CIU HaNpaBIeHUs
NBIXKEHAS MIAT(OPMBI 1 BBICTPEa COBIAAAIOT; €CIU 3TH HANIPaBICHUS
IIPOTHBOHOJIOXKHBI.

154. Ilo ropu3oHTanbHBIM pejibcaM CO CKOpPOCTBIO U = 20 KM/4
mBIKeTCs miaTgopma Maccel M = 200 kr. Ha Hee BepTUKaAIBHO nagaeT
KaMeHb Macchl m = 50 KI' U JBHXKETCI B [JaJbHEHIIEM BMeECTE C
mnaTgopmoi. Uepes HekoTopoe BpeMst B miaTdopMe OTKpHIBaeTCs
JIOK, ¥ KAMEHb NpoBanuBacTcq BHA3. C KAaKOM CKOPOCTHIO U IBIXKETCS
nocne sroro miargopma? Tpernnem npenebpeys.

155. fAnpo, nereBuiee TOPU3OHTANBLHO CO CKOpocThbio U = 20 M/c,
pa3opeasiock Ha ABa OCKOJKa ¢ MaccaMu m; = 10 kr m m, = 5 kr.
CkopocTb MEHBLIET0 OCKONKa U, = 90 M/c U HanpaBiieHa TaK Xe, KaK H
CKOpOCTH siipa 8O pa3pbiBa. HallTu CKOpOCTh vU; W HampaBjeHUE JBU-
>KeHHS 60ABIIOTO OCKOJIKA.

156. [IBe nopkm ABHKYTCS IO MHEPIUHU NAapajlyIefbHBIMU KypCaMH
HaBCTpeuy Apyr Apyry. Korma mopkn nopaBHsUIACh, C OMHOM M3 HUX Ha
APYTYIO OCTOPOKHO MepeloKuiu rpy3 maccel m = 25 kr. [locne aroro
JIOf[Ka ¢ TPy30M OCTaHOBHJIACh, a JogKa 0e3 rpys3a IpopoJikana ABH-
raTecs €0 CKopocThio v = 8 M/c. C KaKMMH CKOPOCTSIMHU V; H U, JBH-
TaJTUCh JIOOKH IO BCTPEYH, €CJIM Macca JIOAKH, B KOTOPYIO HEPEIOXUITH
rpy3, M=11?

157. Tpu nogkm Maccel M KaxKpasi HBYIKYTCS IO MHEPIMH APYT 3a
APYTOM C OAMHAKOBBIMM CKOpocTsMHu v. V3 cpeHER NOAKH B KpatiHue
OMHOBPEMEHHO IEpeGpachiBalOT I'Py3bl Macchkl M KaXpABIA CO CKO-
pOCThIO U4 OTHOCHTENBHO Jopok. Kakume ckopoctm v, v, 4 v OyayT
HMMETH JIOAKH Nocie nepeGpacbIiBaHAs rpy3087

32



158. Yenopex Maccel m = 60 KT HEPEXOIUT C HOCAa HAa KOPMY JIOTKH.
Ha kakoe paccrosiHue § mepeMeCTHTCS ToAKa minuHsl | = 3 M, eciin ee
macca M = 120 kr?

159. IToesp Maccel M = 500 T 1€ paBHOMEPHO MO TOPH30HTATBHOMY
nyta. OT noe3ga oTUENMICS NOCAEeAHNH BaroH Macchl m = 20 1. B Mo-
MEHT, KOTfia BarOH OCTAHOBMJICS, PACCTOSHHE MEXIY HAM M MOE3[0M
osto s = 500 m. Kakoit nyTe [ nipomen BaroH 0 OCTAHOBKH, €CJIH
H3BECTHO, YTO CHJIa CONPOTHBJIEHHUS ABMXKEHHUIO NMPONOPUUOHAJIbHA
CHJIE TSKECTH M He 3aBUCHT OT CKOPOCTH JBIKECHUS?

160. Cuapsap BbUIETa€T U3 OPYHHS CO CKOPOCTBIO Uy NOJ YIIIOM O K
ropu3oHTy. B BepxHeldl TOUKe TPACKTOPHH CHapPsJl pa3pbIBaeTcsd Ha Ba
Pa3HBIX OCKOJIKA, IPUYEM CKOPOCTH OCKOJIKOB HEHOCPEICTBEHHO MOCHE
B3PbIBA FOPH30HTAJIBHBI U JIeXKaT B IUIOCKOCTH TpaekTopuu. [leppuIit
OCKOJIOK YMaJl Ha PacCTOSHHM § OT OPYAUS B HANpaBJIeHNH BBICTpENA.
HaiiTn MecTo mageHns BTOPOro OCKOJIKA, €CJIM H3BECTHO, YTO OH yral
RaJIbIliEe IEPBOLO.

161. Cuapsp netut no napabone u pa3pblBaeTcsd B BEpXHEH TOUKE
TPaeKTOPHH Ha [Ba Pa3HbIX OCKOJKA. [IepBBlil OCKONOK yman BepTH-
KaJIbHO BHU3, BTOPOH — HAa pacCTOSHUU § IO TOPH3OHTAIN OT MecTa
paspbiBa. HaliTH CKOpOCTB cHapsi nepep pa3pblBOM, €CJIH U3BECTHO,
YTO B3PhIB MPOU30IIET Ha BBICOTE /4 B BpeMs NaficHUs IEPBOrO OCKOJIKA
PAaBHO {.

§ 6. Craruka

Ilpu perrenuu 3aav Ha CTaTHKY, TAK Xe KaK W IIPH pelIcHAH JHHAMHYECKUX
3afiay, HY>KHO MNPEXJE BCEro BBIACHUTH, KaKWE CHJIBI JEHCTBYIOT Ha pac-
cMaTpHBaeMble Tena. DTH CHIBI HCOOXOONMO H306pa3HTh HAa YepTexe.

B craTuke HCHONB3YIOTCA ABA TUINA YPaBHEHHUI, BbIPaXKalOWIMX YCIOBHS
paBHOBeCHs Tena:

S F=0

(cyMMa npoeKumH JeHCTBYIONINX Ha TeJIO CHJI Ha J1000€e HanpaBieHHE paBHA
HYJIO) U

> M;=0

(CyMMa MOMEHTOB 3THX CHJI OTHOCHTEJBHO JIOOOH HENOABMUIKHON OCH paBHaA
HYJIO).-

Ipu pemennn 3agay Ha IUIOCKOCTH (MMEHHO TaKWe 3aJadd IPeuMy-
HWIECTBEHHO BCTPEYANOTCHA) At NPOEKUMH CHUJ MOXKHO 3alHucaTb ABA HeE3a-
BHCHMBIX ypaBHEHHS [ B3aMMHO NEPIECHAMKYISPHBbIX HAalpaBJICHUH, HANIPH-
Mep 17151 TOPH30HTAILHOrO B BepTHKanbpHOro. Ilenecoobpa3no BeIOHpATH Ha-
[paBJicHHsA TakKUM oOpa3oM, 4TOOBI NPOEKIHMH CHII BbIpaXaldch Hamboee
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IPOCTO, T.€. YTOOBI COOTBETCTBYIOUINE KOCHHYCHl YIJIOB MEXAY CHJIaMH H
BbIOpaHHBIM HanpasieHueM cocrtapisanu O uim 1 unu Ob1aM OBl 3apaHee
ussecTHbl. HyXxHO cneaurs 3a TeM, YTOOBI NPOEKIWH CUA, HMEIOIUX OANHa-
KOBbBIE HaNpaBJICHHs, BXOJHIH B YPaBHCHHE C ONHHMH H TEMH K¢ 3HAKaMH.

Ecnm paccMarpmBaeMble B 3ajade CHIBI JeXaT B OJHOH ITOCKOCTH,
TO MOXKHO 3alHCaThk TONLKO OJHO HE3aBHCHMOE YpaBHEHHE [JIsi MOMEHTOB
CHUJT OTHOCHTEABHO OCH, NEPIEHAUKYISIPHOH K 3TOH mnockoctu. PemreHue
3afauyl yNpoUIAeTes, €CNy OCh BBIGPATH Tak, YTOOBI B ypaBHenne XM; =0,
[0 BO3MOKHOCTH, HE BXOJHIIH MOMEHTBI CHJI, 3HAHHE KOTOPBIX He TpebyeTcs
110 yCIOBHIO 3ajaui. i 3TOro HYXXHO, 4TOOBI IJIeUH 3THUX CHJI Oblnn
PaBHbBI HYJIIO,

MoMeHTBI cull, BpalatomiX TEJIO MO YaCOBOH CTpeJIKe, BXOIAT B yPaBHEHHC
C O{HVIM 3HAKOM, 2 MOMEHTBI CHJI, BPaIlIAlONIMX TENO IPOTHB “IACOBOY CTPENKH,
JOJKHBI UIMETH IIPOTHBOINOIOXHBIH 3HaK. Eciu HanpaBsieHre cOCTaBIAIONIHNX
OTACHABHLIX CHJI WIW HaNpPaBNCHHE BPAWICHHS AN MOMEHTOB 3THX CHI HE
HU3BECTHBI 3apaHce, TO, KaK W B 3ajavax Ha JUHAMHKY, 3HAK MOXET ObITb
BbIOPaH NPOMW3BONBHO, a O ACHCTBUTECIBHOM HANPABICHHU MOXHO GyAET
CYAHNTDb 1O pe3ynbTaTaM peHICHH 3aJaM.

Ilpn HaxOXJEHHN LEHTPA MACC CHCTEMb! Tell NpOIE BCEro, Kak IpaBuio,
PaccMOTPETh MOMEHTBI CHJI OTHOCHTENBHO OCH, NPOXOASUICH Uepe3 UEeHTpP
Macc. PaBeHCTBO HYNIO CYMMBI MOMCHTOB CHJI TSIKECTH OTHOCHTEJIBHO 3TON
OCH MpejcTasnsieT cobOi ypaBHEHHE MIsSI KOOPAHHAT, ONPEACISIOMINX [10T0-
JKCHUE IICHTPa Macc.

162. B opgHoM ciaydae jBa 4ejOBEKa TAHYT B MPOTHBOIONOXHbBIE
CTOPOHBI 32 KOHIIBI KAHAT C PaBHLIMH 110 MoAyIio cunamu F. B apyrom
cliydyae OfMH KOHel KaHaTa IpUBA3aH K HENOABUKHON omope, a 3a
OpYyroi ero KoHel TSHYT [Ba YeJOBEKA C TEMU K€ 110 MOAYNIO CHIIaMU
F. Kakyio cuiy HaTA»KeHUA UCTILITBIBAET KaHAT B O0OUX Cyvasx?

163. Hunuupp asuratesst BHyTPEHHETO CTOPAHKS AMEET BHYTPEHHHIN
auameTp D = 0,16 M. Usncio O0iTOB, Kpensili¥x KPBIIIKY HUINHADA,
n = 8. Ilpm cropanum roprodyeii cMecH pa3BHBaeTcs AaBieHue P =6
MTIla. Hafitn anameTp d 60ATOB, 00eCHeynBaoOmuX AeCITHKPATHBI
3amac npo4HocTH. [lonyctuMmoe HanpsekeHne B cranu Py = 150 MIla.

164. C xakoit MEHEMAaJIbHON CHJION F, HAIlpaBJE€HHOH TOPU30HTAh-
HO, HYKHO NIPUKAaTh TUIOCKHUH GPYCOK Macchl m =5 KT K CT€HE, YTOOBI
OH He cocKonb3Hyn BHHU3? Koaddunment Tpenud mexny GpyckoMm u
crenonn k=0,1.

165. OnnoponHad nuHelKa Macchl m Ha 1/3 gnuHBI BeICTyNaeT 3a
kpait crona. Kakywo cuny F HYXHO NPRIOXHATH, YTOOLI CABUHYTD JIH-
HEHKY BAOJb ee¢ JIHHHON cTopoHbI? Koad dhuuyeHT TpeHNs MexXy nu-
HEIKOH U CTOIOM paBeH K.

166. [lepeBsHHBIA OpPYCOK MacChl m = 2 KT JIEKUT Ha HAKIJIOHHOM
MJIOCKOCTH, 00pa3ylomiell ¢ ropu30HTOM yroa o = 60°. C Kako# cuioit
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F, HanpaBJICHHOH! NEPNEHANKYJISPHO K IIJIOCKOCTH, HEOOXOMAMO TpPH-
XaTh Opycok, 4To6bl OH He cockonb3nyn? KoaddunueHT TpeHus
MeXIY OpyckoM i minockocteio k = 0,4.

167. Tonkasa gocka ¢ ABYMs1 HHU3KMMH ONOPHBIMH BBICTYIIAMH Ha
KOHIIAX JIEXKUT Ha HAKJIOHHOM INIOCKOCTH (pHc. 31). Ilpu kakomM MuHH-

A B
N
a\/
90°
m
k
1 Yc
Puc. 31 Puc. 32

MAaJIbHOM 3HA4Y€HUH yrja HakJIOHa (¢ IUIOCKOCTH K FOPH30HTY MOCKA
Ha4yHET CKOJIB3KTh MO HAKJIOHHO# MnockocTr? KoaddunuenTs! TpeHns
MEXJy HIKHEH W BepXHEH ONOpaM# M HAKJIOHHOM MIIOCKOCTHIO PABHBI
kl n kz.

168. ®onapr Maccel m = 20 Kr mofBEIlIeH HAa MIBYX ORMHAKOBBIX
Tpocax, obpasyomux yroa o = 120°, Haittu cuny HatsikeHus 7 TpOcoB.

169. K tpocy nnuns! / = 3 M, KOHIIBI KOTOPOTO 3aKpeIUIeHbI Ha OTHON
BBICOTE, HA PACCTOSHHUSX d = 1 M OT TOUEK 3aKpeIIeHNs MOABEICHBI
IXBa rpysa Mmaccel m = 1 Kr kaxpjplil. IIpoBucanme tpoca B cpepnHeil
yactu cocrasuno Al = 10 cM. Haiitu cuner Harsokenns T, T, u T3 Tpoca
Ha KaXKIOM U3 TPEX YIacTKOB.

170. Ha kpouiureiine, u306pakeHHOM Ha puC. 32, BUCAT I'Py3 Macchl
m = 100 kr. Haiitu cunsl HaTsKeHUs crepXHeil AB u BC, ecnu oHu
obpasyror yroxa o = 60°, a B Toukax A, B u C — mapHEHApHL.

171. I'pu B3BeIMBAHUM HA HEPABHOIIEYNX PHIYAKHBIX BEcaxX Macca
Tesa (o0 CyMMe MacC YpaBHOBEIIMBAIOWIUX MMpb) HA OFHOH Yalle BECOB
oKaszaJlacb paBHOW m; =2,2 KI, a Ha Apyro# —m, = 3,8 xr. Haiitn
UCTHHHYIO Maccy Telna m.

172. OpHoponHbI CTEpXKEHDb € NPHUKPENJIEHHBIM Ha OHOM H3 €rO
KOHIOB IPy30M Macchl m = 1,2 KT HaXOJHUTCA B PaBHOBECHU B ropH-
30HTAJIBHOM MOJIOXKEHAH, €CJIN €r0 NOANEPETh HAa paccTosiHuA 1/5 ann-
HBI CTEPXKHS OT rpy3a. Haiitu Maccy crepxus M.

173. OgaopopHas 6Ganka JNEeXHAT Ha IaTdopMe TakK, YTO OHH €€
KOHell Ha 1/4 nnuHbI cBemmBaeTcs ¢ nnardgopmsel. K ceemmuBatomeMycs
KOHIy IIpPATaraloT CANy, HallpaBIE€HHYIO BEPTUKaJIbHO BHA3. Korga aTa
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cana cradosurca paBHoO# F' = 2000 H, npoTHBOMOIOXKHEIA KOHEL OaNKH
HayMHaeT NnogHUMaThcst. HaliTi Maccy 6anku. '

174. [Ipa yenoBeka HecyT TpyOy Macchl m = 80 Kr u jumHbI [ =5 M.
[TepBrifi yenoBex noAgepKuBaeT TPyOy Ha paccTOsHUU a =1 M OT ee
KOHIIa, a BTOpO#l [EPKUT NPOTHUBOMOJNOXHBIA KOHEH TpyOnl. Halitn
CHJTY RaBJICHUS TPYOBbI, HCIBITHIBAEMYIO KaXK[IbIM YETOBEKOM.

175. K cTeHe mpHCIOHEHA JIECTHANA MacChl m
MOf YIAOM O K BepTHKANu. LIeHTp Macc mecTHUIbI
HaXOJOUTCA Ha pacCTOsiHUH !/3 [IIUMHBI OT €e Bepx-
Hero koHna. Kakyio ropu3oHTanbHyIO cuny F HyxX-

% HO NPIJIOXKUTE K CEPEfNHE JIECTHULBI, CTOOBI BEPX-
HHUI KOHEI| €€ He OKa3bIBaJ HaBJIeHUs Ha CTeHY?
176. I1og kakUM MUHUMANBHBIM YITIOM (. K TOPH-
77 7 30HTY MOXET CTOATBH JIECTHULA, NPUCIOHEHHAs K
Puc. 33 IJ1agKo¥ BEPTUKANBHON CTEHE, €CIU LICHTP Mace ee

HaxoguTca B cepefuHe? KoaddunmeHT tpenus
ME3KAY JECTHHANEH U IOJIOM PaBeH k.

177. [Ipe omMHAKOBBIE TOHKHE JIOMICUYKM C TJIafKMMHU 3aKpyrieH-
HBIMH KpasiMH NOCTaBJIeHbl HA CTOJ U ONHPAIOTCA OPYT Ha Apyra.
Kaxpas pomieyka o0pa3yeT ¢ BEpTUKaIbO yroa o (puc. 33). Kakum
HOJKEH OBbITh KO3((pUIUEeHT TpeHHs kK MEXAY HOUICYKOH U CTOJIOM,
4TOOBI NOIIEYKHA He naganu?

178. Crepxkenb Macchl m = 1,5 Kr 1 Anusbl / = 1 M OMHUM KOHIIOM
IIAPHUPHO NPUKPEIUieH K MoToNKy. CTepXKeHb YIepXKHUBAEeTCA B OTKJIO-
HEHHOM [MOJIOKEHHH BEPTHKAJBHBIM HIHYPOM, MPHBS3aHHBIM K CBO-

ne A

Puc. 34 Puc. 35

GopgHoMy KOHUY crepxHs. HaidTn cuny HaTsxxeHusa T wmHypa, ecinn
UEHTP Macc CTEPKHS HaXORUTCA Ha pacctosHuu 4 = 0,4 M OT mapHupa.
179. Tsxenbril QUIHHIPAYECKHIX KATOK MacChl M HEOOXOIMMO MOJ-
HATB Ha CTYNEHBKY BBICOTHI ki (puc. 34). Halitu MuauManeHyro cuny F,
KOTOPYIO HEOOXOAMMO JJIsI 3TOrO NPIJIOXKHUTH K LEHTPY Macc KaTKa B
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TOPH30HTAJILHOM HAIpaBJIEHUH, €CIIH PafiMyC KaTKa 7 GOJbINe BHICOTHI
CTYIIEHBKH h.

180. JudepenunanbHbIil BOPOT COCTOMUT U3 ABYX LHIMHIPOR C pa-
naycamu ry = 0,2 M 1 r, = 0,1 M, 3aKpeIUIeHHbIX Ha 06meit och (prc. 35).
Ha nuinuHApax yKpemiieH KaHaT, KOTOpbI P BpallleHNH BOPOTa Ha-
MATBIBACTCS Ha HHIHMHLP GONBIIEro JUaMeTpa M CMAaThIBA€TCsl C LU-
JWHApa MeHbiero nuamerpa. Ha oOpasyemoit kaHa-
TOM meTie nopsemeH O6mok. Kakywo cuny F HyXHO
NPUIOXATH K PYKOSITKE BOpOTa ANUHEI [ = 1 M, 4TO-
ObI YASpKHUBATH MM PAaBHOMEPHO MONHUMATh IPy3
Maccel m = 10 kr?

181. Konery ogHOpopHOro cTep:kH A C, nMerorie-
ro Maccy m;, IapHAPHO 3aKpeIUIeH Ha TOCKEe B TOUKe
A (puc. 36). K apyromMy KOHIYy CTEpPXKHS IIpHBSi3aHa
nepebGpolieHHas yepe3 610K HATh, Ha KOHIE KOTOPOH
HaxonmuTcs rpy3. KakoBa momkra 6bITH Macca rpysa Puc. 36
m,, WA TOro 4robnl orTpe3ok HUTH BC Obln
TrOPHU30HTANBHBIM, a CTEPXXEeHb 06pa3oBbIBal C JocKoit yron o7 Byner
JIY paBHOBECHE yCTOHYUBELIM?

182. K rnagkoil BEpTHKANHLHON CTEHE Ha BepEBKe [UTHHBI / =4 cM
mopBemeH wap Maccel m =300 r u papuyca r =2,5 cm. Hafitu cany
IaBJICHU 11apa Ha CTEHY.

183. Ha nmockoMm gHe simuka HaxoguTces map. [{Ho smmka o6pa3syeTt
HeKOTOpBI# yron ¢ ropusoHTtoM. lllap ymepxkuBaeTcs B paBHOBeCHHU
HHTBIO, MapauiensHol auy (puc. 37). Ha kakoit MakcHMabHBIA yrom o
MOXHO HAKJIOHUTH [HO SIIHKA, YTOOBI IIap OCTABANCA B PABHOBECHH?
KoagpunmeHT TpeHAS MEXAY NIApOM U SIIMKOM PaBeH k.

B C

24

Puc. 37 Puc. 38

184. [IBe ToHKHE NMaNOYKN ¢ MaccaMu M B m COCUHEHLI B CHCTEMY,
n3obpaxeHHyrw Ha puc. 38. Ilajoukn Moryr Bpaniathcs 6€3 TpeHHs
BOKPYT ocefi A U B, NPOXOAAIINX Yepe3 HIKHAE KOHIBI MaJlOYeK.
BepxHanue KOHIBI TANOYEK CXONSTCS MOR OPSIMbIM YIJIOM TaK, YTO KOHE|
OOHOHM NaJOUYKH NEXHT Ha TOpIEe Apyrou (IOCICAHUN 3aKPYIicH).
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BepxHsas manmouka Maccel M o6pasyeT ¢ ropu3oHToM yrox . Ilpm
KaKOM MHHHMAaJTbHOM KO3((HIUEHTE TPEHUA k MEKAY MajlOUYKaMU
HUXKHSASA HE ynaaeT? ,

185. [Iee mapannespHble ¥ NPOTHBOMONOXKHO HaNpaBJIE€HHBIE
cunbl Fy =10 Hu F, =25 H npunoxeHnsl B Toukax A u B cTepxHs,
pPACIONIOKEHHBIX Ha paccTrosHum d = 1,5 M apyr ot gpyra. Haitu
cuiy F, ypaBHOBEIIMBAIOMYIO CHIAbI F{ 1 F), U TOYKY €€ HpHIIO-
SKEHMUsL.

186. JIa ogHoponHbIX KyOuka c Maccamu m; = 0,3 krumy = 1,2 Kr ®
nnanamu pebep [, =0,08 m u /, = 0,12 M coepnHEHB! IIpH NOMOIIHA
ONHOPOOHOTI'O CTepXKHs, UMeromero maccy m = 0,6 kr u gnudy d = 0,1 m.
Kouup! cTep:kHS OpUKpPEIUIEHbI K CepeAHaM rpaHeil KyOUKOB, a IEHT-
pbI KYOHKOB JIeXaT Ha IPOJOJKEHNH OCH CTeP:KHA. HallTu nonoxenue
[EHTPa Macc CUCTEMBI.

187. YeThlpe OMHOPOMHBIX MIapa ¢ MaccaMu m; = 1 Kr, m, =5 Kr,
ms =7 KT, my = 3 KI YyKpenjaeHbl Ha HEBECOMOM CTEpKHE TakK, UTO UX
LEHTPBI HAXOMATCA Ha paBHBIX paccTosfHmsIX d = 0,2 M Apyr OT Apyra.
Ha kakoM pacCTOSIHIM X OT IEHTpa TPETLEro Miapa HaXOAHUTCA HEHTP
MAacC CHCTEMBI?

188. JIBe cTOpOHBI TPOBOJNIOYHOH paMKu B (hOpMe paBHOCTOPOHHETO
TpeyrojbHUKa CHEJaHbl W3 aTIOMHUHUEBON NMPOBONOKHU, a TPEThS — U3
MenHo#. [IpoBONIOKKM MMEIOT OfMHAKOBbIE CEUYECHHS, a CTOPOHA Tpe-
yronbuuka [ = 1 M. IInoTHOCTH amoMuHus u Megn p; = 2,7-10% kr/m3,
p, = 8,9-10% xr/M3. HaitTi nonokeHue HEHTPa MacC CHCTEMBI.

189. OpHOpORHBIN UINHAP ITOCTABJIEH Ha HAKJIOHHYIO IJIOCKOCTB,
06pa3yoLy0 ¢ TOPH30OHTOM yroa o. IIpu KaKoM MaKCHMaJbHOM 3Ha-
YEeHUH yria O, UUIHHADP elle He OMPOKHHETCH, €CNU BhICOTAa LH-
TuHApa BABOe Goiblie ero papuyca?’

190. Ha xakoM paccTOSTHUU OT JHA HaXOAUTCA
HEHTP MAacC TOHKOCTEHHOrO HUJIHHAPHYECKOTO
CTaKaHa, MMEIOIIEro BBICOTY i = 12 cM 1 nuaMeTp
d =8 cM, ecnu TONIIMHA JHA B [{Ba pa3a 6oibme
TOJII[AHBI CTEHOK?

191. OnnopopgHas miuactuHa uMeeT HoOpMy HO-
JTYKpyra paguyca r, COeBHHEHHOT'O C IPSIMOYTrOJb-
HUKOM, HMEIOIM OCHOBAHHE, PaBHOE AUAMETPY
MONYKPYTra, u BeicoTy A (puc. 39). Halitn oTHOIIEHNE A/r, ecnii LEHTP
Macc BCeH NIAacTHHBI COBHNAfaeT C TEOMETPHUYECKHM LEHTPOM
monykpyra (toukoil C). PaccrosiHue ot neHTpa Macc nonykpyra C; no
ero reoMeTrpudeckoro eHrpa C paBHO 47/3T.

Puc. 39
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192. OpsoponHbI# monymiap Macchl n;, MMEIOIUA pagHycC r, BbI-

' MMyKJIO# CTOPOHOH JIEXKHT Ha TOPH3OHTAJbHOH MmiIockocTH. Ha Kpait

NOJIyLIapa MOJIOKEH HeOOJBUION Irpy3 Macchl m,. [Toxg KakuM yriom x

TOPHU30HTY HaKJIOHEH OrpaHM4HMBaromuil nonxymap kpyr? Paccrosume

OT LIeHTpa Macc MOoNyniapa A0 reOMEeTPHUECKOro LIeHTpa paBHoO 3r/8.
193. HaiiTy monoskeHue NeHTpa Macc ogHOPON-

HOT'O IMCKa pajguyca R, 13 KOTOpOro BbIPE3aHO OT-

BepcTHe paguyca » < R/2 (puc. 40). LleHTp BRIpe3a

HaXOAUTCA Ha pacCTOsIHUM R/2 OT 1ieHTpa [UCcKa. . f

194. Tpu yenoBeka HECYT OMHOPONHYIO MeTal- '
JIMYECKYIO IIIUTY, HMEIYIO (hopMy paBHOOEH-
PEHHOIO TPEYroJibHUKA C OcHOBaHHeM a = 0,6 M u
BpicoToi A = 1,25 M. Tommuua nautel d =4 cM,
MJIOTHOCTL MaTepuana miuTel P = 3,6-103 kr/m3.
Kakyio cuiy gaBieHUs HCIBITBIBAET KaXKbII YETOBEK, €CIIN BCE HECy-
LI¥e IepsKaT INTHTY 33 BEPIUMHBI TPEYFONbHAKA?

195. Tpu yenoBexka HECYT OTHOPOAHYIO IUIATY Macchl m; = 70 xr,
AMEIOMYyI0 (OpMY PaBHOCTOPOHHEIO TPEYrONBHHKA CO CTOPOHOM
a =2 M. [IBoe flepXkaT INUTY 3a OHY U3 BEPIIUH, @ TPETHUH — 32 NpO-
THBOIONOXHKOE ocHOBaHHMe. Ha xakom paccrosHum / oT 3TO# BepInu-
HBI 3aKpeIlIeH Ha IUINTE COCPEAOTOYEHHBIN Ipy3 Macchl m, = 100 kr,
€ClIi CHJIa QNaBJICHUS paclpefie/ieHa MOPOBHY MEXAY BCEMH He-
cymmmu?

Puc. 40

Puc. 41 Puc. 42

196. Ha nByx BEpTHKANBHO PACHONOXKEHHBIX NPYXUHAX OQUHAKOBOM
AJNMHBI TOPA30HTAJNbHO HOABEIIEH CTepxkKeHb. KEeCTKOCTH NpyKUH
k1 =0,02 HM™M n k, =0,03 H/M, paccrosinue Mexay HumMu d =1 M.
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B kakoM MecTe CTepXKHsI Hy>KHO MOJBECUTD I'py3, YTOOBI CTEPKEHE OC-
TaJcs B FOPH30HTANILHOM NOJIoXKeHnn? Maccoyt cTep>kHs npeHeOpeyb.

197. BepxHnit KOHel| CTaJbHOIO CTEPKHA NINHBI [ = 1 M U paguyca
r=0,5 cM 3akpenseH (puc. 41). Monyns Onra cranu E = 196 T'Tla.
Hajttu ynnaHenne Al cTep>KHsl, €CIIH K €ro cepefiliHe U HIKHEMY KOHLY
C TOMONIBLIO CHEUHANBHOTO NOfBECA NPUKPENAThL IPy3bl Macchl m =
= 400 xr kaxpablii. Maccoii cTepxHs npeHeOpeys.

198. KpoHiuTeiiH, yKpeIjaeHHbIl Ha BEPTHKATBHOH CTEHE, HMEET
KOHCTPYKLHIO, H300pakeHHyI0 Ha puc. 42, TpeyronsHuk ACB — paBHO-
OeJpeHHBIN, C OCHOBAaHNEM A B, pacnoNoXeHHBIM TOPH30HTAJBHO,
u Beicotoil h. Crepxau AD u BD pnuHbl | KaXX[blil MIapHAPHO NPH-
kpereHnsl K creHe. Kanat CD Ttakxke nmeet anuny /. HaiiTu cuny HaTs-
skennsl T kaHata CD u cmnbl N, cuMaronme crepxxad AD u BD, ecniu B
TOo4yke D mopiBemleH I'py3 MacChl m. MaccaMH CTepXXHel W KaHaTa
npeHebpedb.

§ 7. 3axoH coXpaHeHHs JHepPruu

IIpu pemenmm 3ajgau jgaHHOro naparpadga HCNONB3yeTCs 3@ KO H
COXpaHEeHHNs O9He pruu Pa3sHOCTb MEXAY KoHeuHwmiM (E,) u Ha-
yanbHbIM (E|) 3HAUCHUSIMH 9HEPTHHU CACTEMBI paBHA paboOTe BHEUTHAX CHJI

Ez—El = A.

Jns gByX TEN MONHAask IHEPrUsi paBHA CYMME KHHETHYECKHUX IHEPTHH Ten
¥ [IOTEHUUATLHON S9HEPIMH HX B3aUMOJEHCTBHS:

2
_ mpj
2

B 3agauax oOBIYHO BCTpedaeTcs TONBKO OfHA WacTHas ¢opMa NMOTEH-
UMATEHON 9HEPIAM — SHEPTHH B3anMOfeHcTBHs ¢ 3emieli Tena, IOAHSTOro Haj
MOBEPXHOCTHIO 3eMNu Ha BbicoTy h: U = mgh. MI3MeHeHne NOTEHUUANBHOH
9HEPrUM He 3aBHCHT OT (hOPMBI NMYTH, IO KOTOPOMY JABHKETCS TENO, U Onpe-
AEASETCA Pa3HOCTBIO BBICOT.

- Tak xak NpH NaJCHUH Tela N3MEHCHHUEM KMHCTHYCCKON HEeprum 3emin
MOKHO NpeHeGpetb, TO 3aKOH COXPAHEHHS SHCPTHY MOKHO HAIMCATDL B BHJIE

2
mv,

2

Pa6oTa cuibl F IpH nOCTYNATEILHOM [IEPEMEIIEHUN Teld, K KOTOPOMY OHa
NPHUNOXKEHA, Ha NPIMONMHECHHOM OTPE3KE JUIMHBI § BhIpaXxaeTcsd (popMynon
A = Fs cos 0, ToE O. — yroa MeXy HanpasieHusaAMu cunbl F' u orpeska s. [Ipn
o < 7t/2 paboTa NOJOKATENbHA, IPH O, > T/2 paboTa OTpHIaTENbHA.

Crneayer HMETh B BHAY, ITO MEXaHWYeCKasi SHEPTHI B 3AMKHYTON CHCTEME
HE COXPAaHSETCs, €CITH BHYTPH CHCTEMBI JICHICTBYIOT CHAIIBI CONPOTHBIIECHASA (WA

2
E +”’—2;L+U.

2
v
1"_2_1 +mgh, + mgh, = const.
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*
TPEHHs), 3aBHCSIIME OT CKOpocTH . PaboTa cuil CONPOTHBJIEHN [OJIXHA 110~
3TOMY BCETRAa pacCMaTpHBaThbCA KaK pabora pHemHHX cui. Ilpm nammuun
COINPOTHBIECHHA [JI1 HE3AMKHYTOM CHCTEMBI

E-Ey=A+ Aconpa

rie A — paboTa BHEIIHHUX CHJI, Acyyp, — PAGOTA CHI CONPOTHBICHUS, IEHCTBYIO-
IIMX BHYTPH CHCTeMbl. MexaHnuyecKasl SHEPIus HE COXPaHAETCA TaKXe IpH
HEYIpPYroM COylapeHnH. 3/1ech U HaXOXAEHU CKOPOCTEH Nocie coyfapeHust
CIEAYCT NOJMbL30BATHCA 3aKOHOM COXpaHEHHS HMIIYAbCa.

Ecnn paGoTa coBepiuaeTcst 3a BpeMsi £, TO CPEfHsst MOIIHOCTD

—  Fscosal
W=
t

rjie s/t — cpenHssi CKopocTh. MraHoBeHHas MOITHOCTh
W=Fvcosa,

rac v — MrHOBEHHASL CKOPOCTS.

199. JleTsmas ¢ HEKOTOPO# CKOPOCTBIO IYJsl NONAafaeT B MEIIOK C
IECKOM ¥ BXOJIUT B Hero Ha ray6uny /; = 15 cm. Ha kaxyro riy6uny /,
BOWAET B MECOK IyJsl TOH XK€ MacChl, €CIU CKOPOCTb €€ [BHUXKEHMS
6yget BaBoe Gonpiie? CuuTaTh CUNY CONPOTHRICHUS ABUKEHUIO ITYIH
B N1€CK€ ITOCTOSSHHOM.

200. ITyna maccet m = 10 r nogneTaeT K JOCKE TONMHBI d = 4 CM CO
CKOpOCTBIO Uy = 600 M/c 1, Npo6uB NOCKY, BLUIETAET U3 HEE CO CKO-
pocteio v = 400 M/c. HaiiTu cpefHIor0 cuny F' CONpOTUBNEHUS JOCKH.

201, ITyma Macchl m JTETAT CO CKOPOCTBIO V) H NPOOHBaET TAKENYIO
ROCKY TOJNIIWHBI d, IBHXYIIYIOCA HAaBCTPedy MyJle CO CKOPOCTBIO i.
C KaKo# CKOPOCTBIO U BbUIETHT Iy u3 focku? CUHUTATh CHIIy CONIPO-
THBJIEHNS F OBUXXEHUIO NMYyJH B JOCKe HNOCTOSHHOH. CKOpOCTBH JOCKH
3aMEeTHO HE U3MEHAETCH.

202. B teno maccel m; = 990 r, nexkamee Ha TOPU3OHTAJBHOMN
[MOBEPXHOCTH, MOMAfaeT IIyJIsl Maccel m, = 10 r ¥ 3acTpeBaeT B HeM.
Ckopocts nymu v = 700 M/c ¥ HallpaBileHa F'OPH3OHTANIBHO. KaKkoil nyTh
s mpo¥ifeT Teno fo ocraHoBKN? Koo puupeHT TpeHus MEXAY TEJI0M U
MOBEPXHOCTHIO & = 0,05.

203. Cuna F = 0,5 H geiictByeT Ha Teno Maccel m = 10 KT B TedeHHe
BpeMeHH ¢ =2 c¢. HaliTn KOHeYHYr0 KHHETHYECKYIO 3Hepruro tejna K,
€CITY HavasibHask KUHeTHYECKasi HEPrus paBHa HYJIO.

* B .
CunaMu cCOnpoTHBIIEHHs (MM TPEHHS) TIPH PELIEHNH 3afiay ciefyeT npeHebpeub,
€CJIN HET APYTHX YKa3aHMii B YCITOBUH.
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204, IToesn maccel m = 1500 T gBAXETCS €O CKOPOCTHIO U = 57,6 kM/d
U IIpY TOPMOXKEHHH OCTAHABJIUBAeTCA, npoiind nyTs s = 200 M. KakoBa
cuna topmoxenua F? Kaxk gomkHa H3MEHHTLCS CHIIa TOPMOXKEHHS,
YTOOBI N0e3]] OCTAHOBMIICA, NPOAS B ABa pa3a MEHbIIMIF TyTh?

205. Kakyro paboTy cOBEpIIMI MaJlbyHK, CTOSINHI HA TNIAAKOM JIBAY,
cOoOOIIMB CaHKaM CKOPOCTh U =4 M/C OTHOCHTENbHO JIbJa, €CIN Macca
caHOK m = 4 Kkr, a macca Manbunka M = 20 kr?

206. Haiitn Momuocte W, pa3sBHBaeMylo NOPOXOBBLIMH ra3amu
npu BBICTpEJie U3 BUHTOBKH, €CIIH IJIUHA cTBoJa /= 1 M, Macca mynu
m =10 r, a ckopocts nynu npu Beiaere v =400 m/c. Maccoit razos,
CONPOTHBIICHUEM [BHMXKEHHUIO MyNHU H OTHAaYel BUHTOBKH HpeHeOpeUn.
CuuTaTh CHUy AaBAEHUS ra3oB NOCTOSHHON B TCYEHKE BCErO BpeMEHH
HBIKEHHUS ITYJIH B CTBOJIE.

207. [1ga aBTOMOOIIISI ¢ OMUHAKOBBIMH MaccaMi OJHOBPEMEHHO TPO-
raroTCsl C MECTA W [BMXKYTCA PaBHOYCKOpPeHHO. Bo ckonbko pas moin-
HOCTb NIEPBOr0 aBTOMOOWI IS 60IbiIe MOIHOCTHA BTOPOT0, €CJIH 32 OTHO
M TO XK€ BpPEMs NEPBbI# aBTOMOOMIIb HOCTUTAET BABOE OOJIbIIEH CKO-
pocCTH, YeM BTOpPOH?

208. ApTomoOunb Maccel m =1 T Tporaercs ¢ MecTa H, IBHTasCh
PaBHOYCKOPEHHO, NMpoxoguT nyTh § =20 M 3a Bpemsa ¢ =2 c. Kakyio
MOIIHOCTbL W HOJKEH pa3BHThL MOTOP 3TOr0 aBTOMOOHIIS?

209. MoTtopbl 3JeKTpOB0O3a NPH ABUXKECHHM CO CKOPOCTHIO U =
= 72 xM/4 norpebasitor Momuoctk W = 800 kBt. KII]] cmuioBoit ycra-
HOBKU 35iekTpoBo3a 1 = 0,8. Haiditu cuny 1siru F MOTOpOB.

210. Kakoit MakcHMaNbHBIA MOI'BEM MOXKET NPEOHONEeTh TEMI0BO3,
pasBuBatommii MomHocTs W = 370 xBT, mepemMeruas cocraB Macchl
m = 2000 T co ckopocThto v = 7,2 kM/4? CunTaTh yroJ HaKJAOHA O, MO-
JIOTHa KENEe3HOHU JOPOr# K TOPU30HTY MajlbIM, a CHIIy COIPOTHBIIECHUS
IBHUXKCHUIO paBHOM kmg, rue k = 0,002.

211. MomHuocts ruapoctannun W = 73,5 MBT. Haittu 06 beMHbIi
pacxopn sopasl V,, ecnin KIIJI ctanouu i = 0,75 u niioTHHa MOgHUMAET
YPOBEHb BOJIbI Ha BLICOTY A = 10 M.

212, ITopbeMHBIH KpaH 3a BpeMs ! =7 Y MOJHAMAET Maccy
cTpouTtenpHbIx MaTtepuanoB m = 3000 T na BbicoTy £ =10 M. Kakora
MowmHocTh W aBHraTens kpaHa, ecau KIIJ xpana 1 = 0,6.

213. Tpaktop Mmaccel m = 10 1, pasBuBaromuii MoOIHOCTE W =
= 150 xBT, nogaaMaeTcs B ropy o CKOpocThio v =5 m/c. Haiitu yron
HAKJIOHA Ol TOPBI K TOPU30HTY.

214. Tpascnoprep noguaMaeT Maccy necka m = 200 xr Ha aBToO-
MalllMHy 3a BpeMs f = 1 c. [{nuHa nenThl TpaHcnoprepa [ =3 M, yroa
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HaKJoHa ee K ropusoHTy 0. = 30°. KIT[ Tpancnoprepa 1 = 0,85. Haiiti
MOIITHOCTE W, pa3BHBaeMyIO €r0 3JIEKTPOABHIaTEIEM.
215. apuk npuKperuieH K KOHLY HEBECOMOM XKECTKOM CIHULBI, HMEIO-
~med pnuny { = 10 cM. Bropoii KoHen cliunbl 3aKperied Tak, YTO CIuLa
¢ MIApPUKOM MOXKET CBOOOMIHO BpalaThCsl B BEPTHKAALHON IIOCKOCTH.
Kakyro MHHHIMAJBHYIO CKOPOCTb U B TOPH30HTAJbHOM HaNpaBlCHHU
HYKHO COOOIINTB DIApHKY, YTOOBI CrIALa chejaa nojHelil o6opor? B
HaYanbHBI MOMEHT CNIFIA BEPTHKAJIbHA U LIAPUK PACIIONOXKEH BHU3Y.

216. Tsxenbldl MapuK, NOABEIIECHHBIN HA HEPACTAKUMON W HEBECO-
MOW HWTH, UMEIOLIEH UINHY [, OTKIIOHSIOT OT BEPTHUKAIU Ha Yyroja O d
3aTeM OTmyckaroT. Kakylo MakCAMaJIbHYIO CKOPOCTb U MPHOGPETET
mapuk?

217. Teno GpoilieHO HOA YIJIOM K TOPH30HTY CO CKOPOCTBIO V.
Vicnonp3yst 3aKOH COXpaHeHUs] HEpPruH, HAHTH CKOPOCThL TeNla U Ha
BBICOTE h HaJl FTOPU30HTOM.

218. Kamens maccel m = 300 r 6pomieH ¢ GAallHH FOPU30HTAIBHO
C HEKOTOPOU cKOpocThio. CrrycTst BpeMs ¢ = 1 ¢ CKOpPOCTb KaMHsi COcTa-
BHJIa C TOPH30HTOM yroa o = 30°. Halitu xuHeTHUECKYIO 3Hepruto K
KaMHSI B 9TOT MOMEHT.

219. Kamens maccel m =5 KT ynajl ¢ HEKOTOpoi BbicoTsl. HaiiTn
KHHETHUECKYIO 2Hepruio K KaMmHst B cpeiHell TOUKe ero myTH, €cli OH
nagan B TCUCHHE BPEMEHH [ = 2 C.

220. Kaxko#t kuHeTHYeCcKOH 3Heprmeir K obnajaeT Teno Macchl
m =1 kr, nagamomee 6e3 HadyaJlbHOU CKOPOCTH, CIIYCTs BpeMs t =5 ¢
MOoCie Havyaja nageHus?

221. Ilyns, BelneTeBIIasd U3 BUHTOBKM BEPTHKAJIBHO BBEPX CO CKO-
pocteio vy = 1000 M/c, ynana Ha 3eMiI0 co CKOpocThio v = 50 m/c.
Kakas padora A Oblna copepllieHa CHIOI COHNPOTHBJIEHHUS BO3AYXa,
ecnu Macca nynu m = 10 r?

222, [Tyns macesl m = 0,3 1, BbINyHICHHAS U3 DHEBMaTHYeCKON BUH-
TOBKHM BEpPTHKAIBLHO BBEPX, yIalla Ha 3eMJIO CHyCcTs Bpems ¢ = 11 c.
KaxkoBo cpejiHee paBneHne BO3[lyXa Ha IyJO BHYTPH CTBOJIA, €CIIH €TI0
mana [ =45 cM, a guametp d = 4,5 mm?

223. Teno GpomieHO BEPTHKANBLHO BBEPX CO CKOPOCTBIO U = 49 Mm/c.
Ha xaxoit BRICOTE h ero KuneTudeckas sHeprus K OyaeT paBHa NOTEH-
nuaneHo# sHepruu U? v

224. K Teny Macchl m =4 KI NPHJIOXKEHA HalpaBlIeHHasi BEPTH-
KaJbHO BBepx cuna F = 49 H. HaiiTn KkuHeTHYECKYIO 3Hepruio K Tena B
MOMEHT, KOI'7[a OHO OKaXeTcs Ha BeicoTe /1 = 10 M Hap 3emneil. B Ha-
YJaJIbHBIH MOMEHT TeJIO IOKOUIOCH HA IIOBEPXHOCTH 3eMJIH.
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225. Teno, 6powenHoe ¢ BbicOTbl H = 250 M BEpTHKaJILHO BHH3 CO
CKOpOCThIO U =20 M/C, MOTPY3UNOCh B IPYHT Ha riay6uny A = 20 cM.
Hafiti cuny conporusnennas F rpyHTa, ecnu Macca Tejia m = 2 KT.

226. 1nsa 3a6usku cBau rpy3 Maccol m = 200 Kr NOIHHMAIOT CO CKO-
pOCTBIO U =5 M/c, a 3aTeM OTIyCKaloT Ha BbicoTe H = 10 M, mocie Jero
OH JIBIDKETC CBOOOINHO 10 yHapa o cBaio. Macca ceau M = 300 kr. Cuna
CONpOTHBJEHMs IpyHTa ABMxkeHuto ceau F =20 xH. Kakosa aneprus
rpy3a E B MOMEHT ero yaapa o csaro? Ha kakyro riy6uHy & onyckaeTcs
cBas mocie Kaxpgoro ypapa? C Kako# MaKCUMalbHOH YacTOTOU H
MOZKHO HpOU3BOIUTH yaapbi? CunTaTh YCKOpeHHEe CBOGONHOTO Mafe-
Hus g = 10 m/c2,

227. CamMoneT MacCel m =5 T ABHUrajcsi TOPH30HTaNbHO CO CKO-
pocThio vy = 360 kM/4. 3aTeM OH MOAHAJCA Ha BbICOTY h =2 kM. [pnu
9TOM €ro CKOpocTh cTana v, =200 xkM/4. Haiitu paGoty A, 3aTpa-
YEHHYIO MOTOPOM Ha NOIBEM CaMONeTa.

228. ITynst macepl m = 20 r, BBINYIIEHHAs TIOX YIJIOM (U K TOPH30HTY,
B BepXHeH TOUYKe TPACKTOPHUH MMEET KUHETHUECKYIO dHepruio K =
= 88,2 [Ixx. HaitTu yron o, eciy HavajipHask CKOpOCTh nynu v = 600 m/c.

229. Yenosek Maccel M INpeiraer Ioj yriioM 0. K TOPA30OHTY CO CKO-
pocThbiO V). B BepxHell Touke TpaeKTOpuM OH BpocaeT co CKOPOCTHIO U
BEpTHKAJIbHO BHHU3 rpy3 Macckl m. Ha kakywo o6miyro BeICOTY h
HOOAIPBITHYJ YeJI0BeK?

230. BpoumeHHOE BepPTUKAIBLHO BBEPX Teno Maccsl m = 200 r ynano
Ha 3eMJIIO coycTsi Bpems ¢ = 1,44 c. HafiTH KHHETHYECKYIO 3HEPrHIO
Tena K B MOMEHT NajieHUsl Ha 3€MJIIO U MOTEHIMANBHYIO 9Hepruo U B
BEpXHEH TOUKE TPACKTOPHUHL.

231. Ms14 magaet ¢ BbICOTHI h = 7,5 M Ha riagkuil moJl. Kakyio cko-
POCTBb U HYXKHO COOOIIUTD MAYyY, 4TOOBI TOCKHE ABYX YHApPOB O TON OH
NIOJHSJICA JO NePBOHAYANILHOMN BBICOTDI, €CJIM NPH KaXKAOM yaape Msd
TepsieT 40 % aneprun?

232. KonbkoOexKel, pa3oTrHABIIACH [0 CKOPOCTH VU, BbE3XKaeT Ha
nensHyo ropky. Ha kakyro BeicoTy £
OT HayvajJbHOIO YPOBHS OH HONHHU-
MaeTcs, €C/IA TOpKa COCTaBJISIET YIo O
¢ ropusonrom? Koadduuuenr Tpe-
HOAA MEXAY KOHbKAMH # IBAOM
paBeH k. :

233. CaHKH CBE3XaIOT C TOPbI, HMEIOLIEH BLICOTY & M yroJl HaKJIOHA
K TOPH3O0HTY 0, ¥ ABHXYTCS Jaje€ IO TOPU3OHTAIBHOMY Y4acTKy
(puc. 43). Koa¢dpnunenT TpeHns Ha BCceM NMyTH ONUHAKOB H paBeH k.

Puc. 43
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HaiiTr paccTosiHEe s, KOTOpO€ NPOHAYT CaHKH, [BUTAACH MO TOPH30H-
TANBHOMY Y4acCTKY, A0 TIOJHOM OCTaHOBKH.

234. Kupnuu ¢ pasMepamu [ X 2/ X 4/ xnaayT Ha rOpPU3OHTAJIBHYIO
[IOCKOCTh TIOOYEPENHO B TPEX PA3NMYHBIX HofoxeHusx. Kak MeHsieTcs
MOTEHUAANBbHASA HEPTAS KUPNUAYA IPH M3MEHEHUH €r0 TIOJIOKEHUA?

235. Kakyro paboTy A HYKHO COBEpILINTb, YTOOBI NOAHATH FPYHT
HA NMOBEPXHOCTDH 3€MJIN NPH PBIThE KOJOXRLA, HMEIOLUErO IyOHHY
k= 10 M u nonepeunoe ceuenne S = 2 M?? CpeHsAa IIOTHOCTD TPYHTA
p =2 - 10° xr/M’. CunraTth, YTO BBIHIMAEMBII I'PYHT PacChilaeTCsl TOH-
KHUM CIO€EM I10 TIOBEPXHOCTHU 3€MJIN.

236. OgHoponHas UenovYKa JJIUHLI [ JeXUT HA raagkom crone. He-
GoNbIIas YacTh LIENOYKH CBEIIUBACTCA CO CToJ1a. B HauanbHblil MOMEHT
BPEMEHH JIeKallliil Ha CTOJIe KOHELl IIENOYKH MPUAEPKUBAIOT, a 3aTeM
OTHYCKAIOT, ¥ L[e[10YKa HAaUMHAeT NOA HeiCTBHEM CHAbI TSKECTH CO-
CKaib3bIBaTh CO croja. HallTu ckopocTh ABHMKEHUT HENOYKH B TOT
MOMEHT, KOr/la AJIMHA CBELIMBAIOMICHCS JacTu x < //2.

237. Konopen, nMeromuil rnyouHy A ¥ Tuiomans AHa S, HaNOJIOBHHY
3arnoyiHeH Bofoil. Hacoc BrIKaumBaeT BOAyY U OJAET €€ Ha NOBEPXHOCTH
3eMJIA Yepe3 IWIHHAPHMYECKYIO TpyOy pammyca R. Kakyro padory A
COBEPIINT HACOC, €CIIY OH BBIKAYAET BCIO BOAY U3 KOJOAUA 3a BpeMs 17

238. CsuHno0BLIN map Maccel m = 500 r, NBHXKYIIHHICA CO CKOPOCTHIO
v = 10 M/c, coyaapsaeTcs: ¢ HENNOABMKHBIM IIaPOM M3 BOCKa, MMEIOIINM
mMaccy M = 200 r, mociie 4ero o6a mapa OBHXYTCA BMecre. Haitru
KAHETHIECKYIO SHEPruio K IIapoB NOCIe COYRAPEHAA.

239. [InmacTMaccoBblI Iap Macchl M NEXKAT Ha NOACTAaBKE C OTBEP-
criueM. CHU3Y B LIap yepe3 OTBEPCTHE MOoNajaeT BEPTHKANBHO JIETSIIasn
IyJsi Maccel m | npobuBaer ero HackBo3b. Ilpu aTOM map mopcka-
KuBaeT Ha BbicoTy H. Ha kaxy1o BeIcOTY 4 HaJ IOACTaBKOM NOJHUMETCS
npo6GuBIIas [Iap HyJisd, €CIU Nepex NONajaHueM B iap OHa HMela
CKOPOCTB U?

240. Yetnpipe oguMHaKOBBIX Tena Macchl m = 20 r Kaxpgoe pac-
[TOJIOKEHBl Ha OJHOH IPSIMOH Ha HEKOTOPOM PACCTOIHHUM APYr OT
apyra. C KxpailHAM TEJIOM COYAApsieTCs Takoe Ke TEJo, IMEIOIee CKO-
pocth v = 10 M/c u gBHXKYIIEeeCs BAOJIb MPAMOH, HAa KOTOPOH pacnoo-
>KeHbl Tena. HaliTh KUHeTHYEeCKYIO 9HEPruio K CHCTEMBI TIOCHE COYAa-
peHn, CUnTas COyAAPEHNs TeX a6CONIOTHO HEYNPYTUMA.

241. Ha ropu3oHTaNbHOM INIOCKOCTH CTOST [IBAa CBS3aHHBIX HHUTHIO
OIMHAKOBBIX OpycKa, MEXJy KOTOPLIMH DAaclOJIOXEHA CXaTas Ipy-
XHHA, He CKpellieHHan ¢ 6pyckamu. HaTe nmepexuraiot, 1 6pyckH pac-
TaAKUBAIOTCA B pa3Hble CTOPOHBI TaK, YTO PACCTOAHHE MEKAY HUMH
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Bo3pacraeT Ha BenuuuHy Al. Halitu norenuuaneayio suepruio U/ cxa-
TOH NMPYXHUHBI, €CNA Macca Kaxyaoro Opycka pasHa m. Koadgdunuent
TpeHus MexXpy 6pyckaMy U TMIIOCKOCTBIO PaBeH k.

242. IIpoucxoguT HEeHTPANbHOE COyJapeHue ABYX aGCONIOTHO yO-
PYTHEX LIAPOB, WMEIOUWIMX MAcChl m; U m, U CKOpPOCTH v, U U,. Hatitu
CKOPOCTH IIAPOB NOCHE COYRApeHus.

M h
A v(—— B
7, 7 Z
Puc. 44 Puc. 45

243. bpycok JIeXXHT Ha [iHe silfKa y creHKu A (puc. 44). dmuk B
pe3ynbTaTe KpaTKOBPEMEHHOI'O BHEIUHETO BO3ACHCTBUA HA NMPOTHBO-
MIOJIOXHYIO CTEHKY B Hadan HBHraThCsl TOPH3OHTANBHO CO CKOPOCTBIO
v. Paccrosinne Mexxny creHkamMu A u B paHo /. [lnuHa 6pycka Maja Ho
cpaBHeHHIO ¢ /. Maccer simuka u Opycka ogMHAKOBBI. Uepes Kakoe
BpeMs ¢ 6pycOK BHOBbL KOCHeTcA CTeHKH A? CunMTaTh coypapcHHe
Opycka co CTeHKOI B abCOMIOTHO YIIPYTHM.

244. Knun Maccel M HaxopWTCs Ha HWAeaidbHO TNMafgKo# TOPHU30H-
TanpHOH minockoctd. Ha knuHe nexut 6pycok Macchl 71, KOTOPbIi 110J
OEHCTBAEM CHIIBI TAKECTH MOXKET CKOJB3UTh MO KJIHWHY 6e3 TpeHHs.
HaxknoHHast IJI0CKOCTh KJIMHA UMEET IUIaBHBLIM Mepexon K FOpH30H-
TanbHOH MIOCKOCTH (puc. 45). B HauaAbHBIL MOMEHT CHCTEMA MOKOH-
smack. HafiT ckopocTh v KJIMHA B TOT MOMEHT, KOrfia O6pYcoK C BBICO-
ThI /I COCKOJIB3HET Ha INIOCKOCTb.

245, I1aTh ORMHAKOBBIX INAPOB, [EHTPBI KOTOPBIX IEXKAaT Ha OJHON
NpsIMOi, HAXOISITCA Ha HeOOJNBIIOM pacCTOgHUM Ipyr oT Apyra. C kpaii-

B HHUM IIAapOM COyHapsieTcsl TaKOH Ke Iiap,
A v uMepIIud ckopocrb v = 10 M/c u gBm-
....... "~ KYIIUHACA BROAB NPSIMOR, COETUHAIOLIECH
@_' HeHTpH mrapoB. Haiitu ckopocts pocneqn-
c HEro Imapa, CYuTas COyIapeHus mapos abco-

Puc. 46 JIFOTHO YIPYIHMHA.

246. UpeanpHo rnagkuit  map A, ABHXKY-
IAHCS CO CKOPOCTBIO U, OMHOBPEMEHHO COYAAPSIETCA C ABYMST TaKUMH
K€, CONPUKACAIOIMMUCS MekRy co6oit mapamu B u C (puc. 46). Haittu
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CKOPOCTH IIapoB IIOCHE COYAapeHHsl, CUMTask COyAapeHus mapoB aGco-
JIOTHO YIPYTHMH.

247. [IBa mpeanbHO TIafKUX IIapa paguyca r JIeXarT, COINPHAKAacasch
Apyr ¢ ApyroM, Ha HI€AJIBHO rnanxoﬁ l."OpH3OHTElJII:HOfI NJIOCKOCTH.
Tpetmit Takoil ke map paguyca 2r, ABHXYIIUACS CO CKOPOCTBIO Uy
IO TOH Ke INTOCKOCTH, COynapseTcid OAHOBPCMCHHO C IByMA INapaMu

(puc. 47). Hafitu cxopocTb GONBLHIOTO » Q
0

IIapa noclie COyfapeHus, CUuTasi coygape- o —

HUS ApOB a0COTIOTHO YIPYTHMH. Q

248. ITon xakuM yrioM O pa3ieTaroTcs
nocse abCoNIOTHO YHPYIOro coygapeHus
IBa OfIMHAKOBBIX HAEAJIbHO AKX HIapa, €CJIU A0 COyAapeHHs OfINH 13
HHUX TIOKOMJICS, a JPYrofl JeTel CO CKOPOCTBIO 1, HaIpaBAEHHON HOJ
yrioMm o # 0 K npsMoOi, coefuHSIOOIedl MX IEHTPbl B MOMEHT
coynapeHus?

249, JIsa aGCOMIOTHO yNPYrux Iapa JeTST HaBCTPEedy APYr ApPYry.
Kunernyeckas sHeprus Nepeoro mapa B k2 pas 6onblie, YeM BTOPOro
(k = 4/3). Ilpu KakoM OTHOIUEHUH U,/v; CKOPOCTEil 0 yrapa liapbl
nocie yaapa OyayT OBUraThCS B TY K€ CTOPOHY, YTO M NEPBbIi MIap 10
yAapa, eciiu Macca epBOro mapa m; 60JblIe Macchl BTOPOTO HIapa m,?

250. IBa aGcomroTHO ympyrux mapHka ¢ maccamd m; = 100 r n
m, = 300 r nogBeNeHbl Ha OMUHAKOBBIX HUTAX MuuHsl [ = 50 cM kaxkmas
(puc. 48). IlepBbiii IApAK OTKIOHSIIOT OT MOJIOXKEHUA
paBHOBecHd Ha yros O = 90° m ornyckaror. Ha kakyro
BBICOTY NOJHUMETCS BTOPOH IAPHK IIOCHE coygapeHus?

251. Mapuk 6pocatoT U3 TOUKA A BEPTHUKAIBHO BBEPX
¢ HayansHOH CKOpOCThIO ¥, Korna oH gocruraeTt npe- /
REeNBHOU BBICOTHI ION'bEMA, B3 TOYKHU A IO TOMY Xe Ha-
NpaBJeHHUIO C TOH XXe HavyallbHOU CKOPOCTBIO U Opo-
CAIOT OpYro# Takol ke mapuk. Yepes HeKOoTOpOE BpeMs  m (JO ny
IIApUKH BCTPEYAIOTCA ¥ NPOUCXOAUT aGCONIOTHO YIpY-
roe coygapenne. Ha kakoil BbICOTe COygapsiFOTCs Lua-
pukn? Ha kakyro BBICOTY NOCJIE COYMApeHUs NMONHUMETCS IEPBBIf
mapuk?

252. CHapsy npu BEPTHKAJIbHOM BBICTPENI€ HOCTHUT BBICIIEHR TOYKH
nosneta h = 3000 M 1 pazopBasica Ha IBa OCKOJIKA C MaccaMu m; = 3 XTI |
m, = 2 xr. OCKOJKHM NPONOIKAIOT JIETETh N0 BEPTHKANU — NEPBBIH
BHH3, BTOpoil BBepX. HaliT CKOPOCTH OCKOJIKOB ¥; U U, U€pe3 BpeMs
t = 2 c nocie B3pbIBa, €CIM UX MOJHASI 3Heprml B MOMEHT B3phIBa
E =247 x]Ix.

Puc. 47

Puc. 48
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§ 8. lunamMnaka BPaIaTE/IGHOTO ABHKEHUA

led peuieHny 3ajav Ha JUHAMHKY BpPAllaTEJIBbHOTO ABHXCHHUA CICAYCT
MOCTYNATh TAKHAM 3Xe 00pa3oM, KaK U IIPH PEIISHHMH 3a]ad Ha AMHAMHUKY
HpﬂMOJIHHeﬁHOFO ABHOKCHNA. Hpe)K}le BCEr0 HYXHO BBISICHHUTE, KAKHC CHIJIbI
)leﬁCTBy}OT Ha NBUXyINUECH TEIa, U H306pa3HTb ATH CHJIbI HA YEPTEXKE. 3aTeM
cnenyeT 3amnucaTth ypaBHe«HPIS[ OBHXKCHHA.

Ilpr paBHOYCKOPEHHOM BpAalIeHHH Tella 110 OKPYKHOCTH LEHTPOCTpe-
MHTENBHOE YCKOPEHHE d,, = UY/R = (0?R B cCyMMe C KacaTeIbHbIM YCKOPEHHEM a;
AaeT nogHoe yckopeHue Tena. Ilpu paBHOMEPHOM BpaleHHH YCKODPEHHE do,
XapaKTePU3YIOECe H3MEHEHNE CKOPOCTH O MOJYII), PABHO HYJNIO H IIOJHOE
YCKOPEHHE OIPEAENAETCS TONBKO UEHTPOCTPEMUTENBHBIM YCKOPEHHEM: d =
= YR = w’R.

Cornacno BropoMy 3akoHy HetoroHa

mUz/R = EF,’,

rpe 2F; — cymMMa npoekiui cuil Ha HanlpaslicHHe pajuyca. Ecnu npoeknus
CHJIB] HallpaBieHa K LEHTDPY, €¢ HYKHO CUATATH MOJOXHTEAbHOH, ECIH OT
LEHTPA — OTPHIATENBHON. DTy CyMMY NPOEKIHAN CHJI YacTO Ha3bIBAIOT LIEHT-
pocrpemuTelbHOR cunoir. OHAKO CIEAYyeT UMEThL B BHAY, YTO HET OCOOBIX
HEHTPOCTPEMUTENBHBIX CHJ CHEIN(HUIECKOH NPUPOfADI, 4 €CTh CYMMa IPOEK-
UAH TEX CHJI, KOTOpBIe BOOOIIE paccMaTPUBAKOTC B MEXAHHKE M O KOTOPBIX
KPaTKO FOBOPHJIOCH BO BBEIEHUH K § 4.

253. lllapuk Macce! M nopgseuieH Ha HATH, uMeroniedt pnuny /. [lapuk
OTKJIOHSIIOT OT TIOJIOKEHHsT paBHOBECHSA Ha yron o = 90° u ornyckaior
6e3 Tonuka. B ToT MOMEHT, KOrja IapyK INPOXOAHT MOJIOKEHHE PaBHO-
BECHS, HA HETO CaIuTCA MyXa MAcChl M, JIETEBIasi TOPA30HTANLHO Ha-
BCTPEYY LIAPHKY CO CKOPOCTHIO v. Ha Kako# yron 0L OTKIIOHWTCS [Mocie
3TOro mapuk’?

254. Ha ropm3onTanbHo Bpamaroujeics: niratgopMe Ha paccTOAHAN
R =50 cM oT ocu Bpamienns nexur rpys. Ilpu kakoi yacrore n Bpamie-
Husl TU1aTghOPMBI I'Py3 Ha4YHET CKONb3uTh? KoadduiueHT TpeHnsa Mex-
iy rpy3oM u natrdopmoit £ = 0,05.

255. Ha xpato ropu3oHTalbHO Bpaliaromeics miaTgopMel pagnyca
R'=1 M nexnt rpy3. B kakoil MOMEHT BpeMeHH ¢ ITOocie Havana Bpa-
HeHYsA I1aT(OPMEI I'PY3 COCKOJIB3HET C HEE, €CITH €€ BpallieHIe PaBHO-
YCKOPEHHOE M B MOMEHT BPEMEHH !y = 2 MHUH OHA HMEET YIJIOBYIO CKO-
pocthk @ = 1,4 pag/c? KoadduuueHnt TpeHus MeXny rpy3om u mwiatdop-
moi k = 0,05.

256. KakoB gomkeH GbITh MHHAMANBHBIA KO3 pHUUEHT TpeHus k
MeX[y IMHAMH aBTOMOOMJS B achanbToM, YTOOBI aBTOMOGHIL MOT
npoiTH 6€3 HpoCKaib3bIBaHUA 3aKpyryieHHe paguyca R = 100 M npn
ckopoctu v = 50 xm/u?
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257. Teno maccel m = 200 r paBHOMEPHO BpaliaeTcsad B FOPH3OH-
TAJIbHOH NNOCKOCTH MO OKPYXXHOCTH paguyca R = 0,5 M ¢ wacroroit
n; = 3 06/c. Kaxyio pabory A HY>)KHO COBEpIINTH, YTOOB! YBEJIHYHTD
YyacCTOTy BpalleHus A0 n, = 5 06/c?

258. bapa6Gan cymunbHO# MaNIWHBI, UMeloWui guametrp D =
= 1,96 M, BpamaeTcs ¢ yriosoit ckopocTeio ® = 20 pan/c. Bo ckonbko
pa3 cuia F, npuKuMaromas TKaHb K CT€HKe, GOJbIIEe CHIbl TSIKECTH
mg, ReUCTBYIOLIEN Ha TKaHb?

259. Camonerpenaetnetito Hecreposa (‘“MepTByio neTiio”), UMero-
myro paguyc R = 255 M. Kakylo MUHEMAaJIBHYIO CKOPOCThH U HOJIKEH
AMETH CaMOJIET B BEPXHEH TOUYKE METJH, YTOOHI JETUYUK HE MOBHC HA
PEMHSAX, KOTOPBIMH OH IIPHCTETHYT K MUTOTCKOMY Kpecny?

260. C xakuM MaKCHMAaJbHBIM NEPHUONOM T MOXHO PAaBHOMEPHO
BpalaThk B BEPTHUKANLHOH INIOCKOCTH INAPHK, NPHUBSI3aHHBIA K HUTH,
nmeromel mmnay [ = 2,45 M?

261. HeBecoMplil cTepXXeHb PaBHOMEPHO BpalllaeTCs B COPHU30OH-
TaNLHOM IITOCKOCTU ¢ yacroTol n. Ha paccrosiumsix I, u [, ot ocu Bpa-
LIEHUs 3aKpeIIeHbl TPY3bl C MACCAMU M, B m,. Kakas ropuzoHTanpHas
cuia F peficTByeT Ha OCh BpAalleHHs, eCIH OCb HAXOFUTCA MEXNMY
rpysamu’?

262. AsroMob6uib Maccsl m = 1000 Kr mBHXKETCS CO CKOPOCTBIO
v = 36 KM/4 II0 BBINYKJIOMY MOCTY, RMEIOIIEMY paguyc KPHBU3HBI
R = 50 M. C kakoii cuyioit £ gaBAT aBTOMOGHIb HA MOCT B €ro cepe-
muHe? C Kakoil MUHEMAJILHON CKOPOCTBIO Uy, HOJIKEH ABUTaTHCA ABTO-
MOOHAB AJA TOro, YTOObI B BEPXHEH TOYKE OH IIEPECTal OKa3bIBaTh
AaBJIeHHE Ha MOCT?

263. AproMobunb Macchl m = 2000 Xr EBUXKETCS CO CKOPOCTBHIO
v = 36 KM/4 10O BOTHYTOMY MOCTY, HMEIOIIEMY PafglyC KPHBHU3HbI
R = 100 M. C kakoil cunoit F gaBHT aBTOMOGHIEL Ha MOCT B €ro
cepeauHe?

264. ABTOMOOHIB MacChl M OBHXKETCS CO CKO-
POCTBIO U IO BBINYKIIOMY MOCTY, HIMEIOIIEMY pa-
muyc Kpubn3Hbl R. C Kako# cunoli F jaBUT aBTO-
MOGIITB HA MOCT B TOYKE, HAIpABJICHHE Ha KOTO-
Py H3 LEeHTpa KPHBH3HBI MOCTa COCTAaBId-
€T C HamnpaBJIEHHEM Ha €ro CepefHuHy Yrox O
(pI/IC. 49)? : Puc. 49

265. Uepes pexy mmpunbl d = 100 M nepe-

OpolleH BBUIYKIBLIA MOCT B (JOpMe YT OKPYKHOCTH. BepxHss Touka
MOCTa NOJHHMaeTcs Haj GeperoM Ha BbicoTy A = 10 M. MocT MoxeT
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BBIlEp>XKaTh MaKCUMAaNLHYIO cuny maBieHus F = 44,1 kH. Ilpu kakon
CKOpOCTH TPy30BHK Macchl m = 5000 Kr MoXeT nepeexatp yepes MOCT?
266. HesecoMplii cTep:keHb MOXKET BpallaThCs 0€3 TPEHUsS BOKPYT
FOPU30HTANBHON OCH, HEPIEHAMKYJISAPHOH K CTEPKHIO M IPOXO.s-
me#t gyepes Touky O (puc. 50). Ha crepxkHe ¢ OfHON CTOPOHBI OT OCH

n YKpeIJIEHbl OIMHAKOBbIE MO Macce

0 rpy3el Ha paccrosgHusx /[ u [/2 oT

Touknd O. C apyroil CTOpOHBI Ha

; A7 in !

. i | cTepKHe YKpeIUleH Ipy3 YABOCHHOMN
Puc. 50 Maccel Ha paccrostHum /2 ot ocu. B

HavalbHBII MOMEHT CTep:KeHb OB
pacnoJIoXKeH TOPU3OHTANBLHO, a 3aTeM OTHNyuieH 6e3 tonuka. Haittn
CKOPOCTh U CPEJHEro Ipy3a B MOMEHT NPOXOXKACHAS CTEPKHEM [0J0-
SKeHUs] paBHOBECHS.

267. Yenosex maccel m = 70 Kr cuguT Ha cepennHe Tpaneunn. [lanka
Tpamenu HofBelllcHa Ha BepeBKax AnuHbl [ = 8 M. Ilpu kavanmmn
YeJIOBEK NMPOXOANT IOJIOXKEHHE PaBHOBECHSI CO CKOPOCTBIO U = 6 M/C.
Kakosa cuna HaTsDKeHUst 7 KaXKo#l BEPeBKHU B 3TOT MOMEHT?

268. Iapuk mMaccel m, MOABOIICHHBIA Ha HATH, OTKJIOHIIOT OT T11OJIO-
3KeHMS paBHOBecHs Ha yroi o = 90° m oTnyckarot. KakoBa MakcuMalib-
Has cuna HaTsKeHust T HuTH?

269. I'py3uk mMacebl m = 20 I, IPUKPENJICHHBIA K KOHIY HEBECOMOTO
CTEpXKHS, uMermero pnuHy /= 40 cM, paBHOMepHO BpamaeTcs
B BEPTHKAJNBHON IUTOCKOCTH BOKPYI XPYroro KOHHA ¢ YacTOTOH 7 =

10 o6/c. Haiitu cunel HaTsikeHus T, u T, CTep>KHS B MOMEHTHI
MIPOXOXKACHUA IPY3NMKOM BEPXHEN W HIDKHEN TOUYEK TPASKTOPHH.

270. HeGonbuioe Teno Maccel m BpallaeTcs B BEPTHKAJIBHON IITO-
CKOCTH Ha HEBecOMOoil mTaHre. HalTH pa3HOCTE CHUT HATSIKEHUS IHTaH-
TH B cIy4yae, €ClIi: a) CKOpPOCTh BpalIeHMs NTOCTOsIHHA; 6) n3MeHeHue
CKOPOCTH BpAIleHNs BBI3bIBACTCA CHITOH TSKECTH.

271. apuk Macchbl m TOABEIICH HAa HWTH, BBIAEP-
>KuBaroniel cuiy Hatskenus T = 2mg. Ha kaxofi yron
0. OT BEPTHKAHU HY>KHO OTKJIOHUTH IIAPHK, YTOOBI OH
0o60pBajl HUTH, NIPOXONS Yepe3 MOJIOKEHHE PaBHO-
BECHs.

272. Mapuk Maccel m NoxBellleH HA HATH, NMEIO-
mieil anuny [ B Touke A, oTcToseil oT moxgBeca Ha
PacCTOSIHUA 4 N0 BEPTHKaNH, BOUT I'Bo3ub (puc. 51).
N3BecTHO, 4TO HUTL OOpBIBAETCA MPH CHIIE HATIXeE-
Puc. 51 Hua T > mg. Ha kakoifi MUHUMaNbHBIA yrom O oT

50



BEPTUKAJIU HYXHO OTKJIOHHUTH IPY3, UTOOBI NpH JajibHEHIIEM CBO-
GOTHOM JBIKCHHH K HOJIOXKEHWIO PaBHOBECHS HUTH 000PBaldCh, 3alje-
MHUBIUACH 32 TBO3Ab? ,

273. Tlpn KakoM OTHOIIEHHHM Macc m;/m, [Ba Tela, CBSI3aHHBIE
HUTBIO, MOTYT BPAIllaThCS ¢ OAMHAKOBBIMU YIJIOBBIMH CKOPOCTSIMH Ha
IMafKo# TOPH3OHTANBHON MMOBEPXHOCTH, €CIU
OCb BpallleHHs JIeTAT HATh B OTHOIIeHuH 1 : 3? b

274. T1o BepTHKANBHO PACHOI0XEHHOMY 00-
pydy pamguyca K MoXeT 6e3 TpeHUsA CKOJBb3UTb
KoJsieyko. OO6pyd BpaumjaeTcss BOKPYr BEPTH-

KaJbHOW OCH, NPOXOAsillell uepe3 €ro UeHTp.
Koneuko HaxoguTcst B paBHOBECHH Ha BBICOTE h
OT HuxHeil Touku oOpyua (puc. 52). Haitu
YIIIOBYIO CKOPOCTH () BpalleHusi oGpyya. h

275. Ha BepTuKanbHON OCH YKpeIIeHa ropu-
30HTANbHAS [ITAHTa, IO KOTOPOH MOryT 0€3
TpeHHs IepeMeINaThCs IBa rpy3a ¢ MaccaMu m, Puc. 52
U m,, CBI3aHHbIE HATHIO JunHbl [. CacTeMa Bpa-

IaeTcsi ¢ yraoBol ckopocThio . Ha KakMX paccTosaHusX OT OCH Ha-
XOMSITCS TPYy3bl, OyAy4yH B ONOXEeHHH paBHOBecusA? Kakosa npu sToM
cuila HaTsKeHus T HuTu?

276. Manbunk Macchl m = 45 Kr BpallaeTcs Ha “TUTaHTCKUX warax” ¢
qacToTol n = 12 o6/mun. [lnuHa Kanarta / = 5 M. KakoBa cuna Hats-
skeHusi T kaHaTa?

277. Kamenb, NOJBEIIEHHBI! K IMOTONKY Ha BEpPEBKE, IBUXKETCS B
FOPHU30HTANLHON IUIOCKOCTH 110 OKPYKHOCTH, OTCTOALIEH OT MOTOJKA
Ha paccrostHan ki = 1,25 M. Haitru nepuop T oOpalijeHns: KaMHsl.

278. lllapuk Macchbl m, MOABEIICHHBIA Ha HATH, UMEIOIIel ANMUHY /,
BpallaeTcsl B TOPHU30HTaNbHOMH miockocTu. KakoBa gosxkHa OBITE CHila
HaTsxeHuss T HUTH, 9TOOGBI pafuyc R OKpyKHOCTH, IO KOTOPOH NBHU-

SKETCS MAPHK, MOT JOCTUTHYTH BETHYHHBI 21/\[5—?

279. lllapuk, nogBeIEHHbIA HA HATH, UMEIOLIEH JIIIAHY /, OIMChIBaeT
OKPYXXHOCThL B FOPH30HTaNnbHO! mnockoctd. Hutk cocrasnsier ¢ BepTu-
Kajblo yron o. Haitrm nepuop T obpamieHns mapaka, €ciii MasiTHAK
HaxoguTca B JU(dTE, ABIXYIIEMCS C IIOCTOSHHBIM YCKOPEHHEM a < g,
HaIpaBJICHHBIM BHH3.

280. I'mpska Maccel m, NpHBSI3aHHAsl K PE3MHOBOMY ILHYPY, Bpa-
IIA€TCSI B TOPU3OHTAIBHOM MIOCKOCTH ¢ YacToToil 1. lIIHyp cocTaBnsieT
¢ BepTHKaJblo yrox O. HafiTu gnuHy HepacTsHyTOro mHypa ly, eciam
H3BECTHO, UTO [JIS PACTSDKEHHA ero Ko IIIHHbI | TpeGyercs cuna F.
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~ 281. Kakyro CKOpPOCTh v ROJXKEH HMETh BaroH, JBHXKYIIMHCA IO
3akpyrieHu0 pagayca R = 98 M, urto6el map maccel m = 10 Kr,
MOJ{BEIICHHBIH HA HUTH K NOTOJIKY BaroHa, OTKJIOHHUJICS OT BEPTHKANH
Ha yron 0. = 45°7 KakoBa Ip# 3TOM cHia HATsDKeHus: 7 HuTH?

282. Hebonbmoe Teno CocKalb3bliBaeT 0€3 TPEHHUsI C BEPIIUHBI
nonycgepsl paguyca R. Ha kakoil BbICOTE /I TETO OTOPBETCA OT MO-
BEPXHOCTH Nosycepn!?

283. ManeHbKoe KOJEYKO MAacchl 7 HAlETO Ha GOJNBIIOE MPOBOJIOY-
HOE KOJBIO paguyca R, pacnoloXeHHOE B BEPTUKAJIBHON MIOCKOCTH.
Koneuko 6e3 HavyanbHOH CKOPOCTM HAYMHAET CKOJB3HTH BHHU3 W3
BepxHeil Touku Gosbioro Kojasua. Ilo KkakoMmy 3akoHy H3MEHSAETCS
cuna pasieHust I Kosedka Ha GOnplIOe KOJBIO B 3aBHCUMOCTH OT
BBICOTEI /1, Ha KOTOPYIO ONYCTUTCS KOJieuKo? TpennemM npenedpeds.

284. HeGonpLioe Tel0 COCKaIb3bIBAET IO HAKIOHHOHN IOBEPXHOCTH,
nepexopsel B “mMepTBYIO HETNIO”, ¢ BBICOTHI
Hy =2R, rne R - pangnyc netnm (puc. 53). Ha
KaKOH BBICOTE h TeJO OTOPBETCS OT IOBEPX-
vocty netnu? C xako#l BRICOTHI H JONXKHO
CKaTBIBATBCA TEJIO, AJig TOTO YTOOBI OTPbiBa
HE NPOU3oHII0?

285. Benocurnepguct npu noBopoTe No 3a-
KPYIrieHUIO pagiyca R HakjoHsieTcs K UEHTPY
3aKpPyrieHus Tak, YTO YroJl MEeXY IIOCKOCTHIO BENOCHIIEHA U OBEPX-
HOCTBIO 3¢MIIN paBeH (.. HaitTh CKOpOCTh ¥ BENIOCUNIEIUCTA.

286. IlonroTHO gOPOTH HA MOBOPOTE pafuyca R HaKIIOHEHO B CTOPOHY
LEHTpa 3aKpYIVIEHUS B COCTaBIAeT yroa O ¢ ropuzonToMm. Ilo mopore
efeT BEeJOCHHERNCT, CKOPOCTh KOTOPOIO TaKOBa, YTO HA MOBOPOTE Be-
JIOCHIIEN NEPIEeHARKYJISIPEH K IOJOTHY poporu. C Kakoi cuio# F Beso-
CHNE[ JaBHT Ha [NOPOTY, €CIM Macca BEJOCHIIECIUCTA C BEIOCHIIECOM
paBHa m? KakoBa Npu 3TOM CKOpPOCTH U BeJlocunena?

287. Koubkob6eskel] ABIKETCS CO CKOPOCThIO U IO OKPYKHOCTH Pa-
auyca R. ITog kakum yriaoM O K TOPU3OHTY OH OJKEH HAKJIOHHATHCS,
YTOOBI COXpaHHTH PaBHOBECHE?

Puc. 53

§ 9. 3aKoH BCEMHPHOT O TATOTEHUA

3aK0OH BCEMHDHOTO TATOTEHHS B BHJIE
nynt,
F=y272

r «
rae ¥ = 6,6720 - 10-11 H - m%*/kr? = 6,67 - 10-11 H - M%/kr? — rpaBETanMOHHANA
HOCTOSIHHAS, HENOCPENICTBEHHO CIPABEIUB TONBKO AN MATEPUAILHBIX TOYEK,
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T.€. IS TEJ, TeOMETPUYECKHE Pa3MEPbl KOTOPBLIX BO MHOI'O pa3 MeHbIle pac-
crosuus r Mexnay Humu. Ecnu ogHo u3 Tenm uMeeT ¢opMy miapa, paguyc Ko-
TOpPOTO MHOro GOJblIE pa3Mepa ApPYroro Tejna, TO 3TOT 3aKOH TakKe chpa-
penauB. [Insd aByx Ten cepuueckoit (pOpMBI OH CIpaBEeAINB NPH NIOOBIX HX
pa3Mmepax.

T'paBuranuonnas cmia (Cuia TAXKECTH) COOOIIAET BCEM TElaM, CBOGOIHO
HajarolluM y MOBEPXHOCTH 3€MITH, HE3aBHCHMO OT MX MAacchl OHO U TO Xe
yckopenne g = 9,80665 M/c? = 9,81 M/c?, DTO NPOUCXOAUT BCIEACTBUE TOTO, YTO
HHEpTHAsl Macca Telia, BXOAAN[asd B YPABHCHHUE [IBRKCHUSA, 1 TPaBUTAIIHOHHAS
Macca B 3aKOHE BCEMHMPHOI'O TSATOTCHMS PaBHbI IPYT APYTY.

He cnepyer cMemmBaTh CHy TSDKECTH U Bec Tena. Ilop BecoM noHuMaeTcs
CHlla, C KOTOPOH TENO JAaBUT Ha ONOPY, WIIH XK€ CHlla, C KOTOPOH OHO pacTs-
ruBaeT nogsec. Cuiia TAXeCTH HA 3eMe BCIOAY, 38 HCKIKOUYCHHEM MONIOCOB,
He paBHa Becy, TAK KaK Tela YYaCTBYIOT BO BpalueHHH 3eMIH M, CIeJoBa-
TENbHO, ABHXYTCS ¢ YCKOpeHueM. I10aToMy, CTpOro roBopsi, CUIa TAXKECTH He
ypaBHOBEILIHBAETCs CHION peaklUy ONOPhI, paBHOM no MORymio Becy. [Ipaspa,
pa3HHIIa MEXJy CUTION TSXKECTH M BECOM OYEHL Mania H3-3a Mallod yriloBOM
CKOPOCTH BpaIieHUS 3eMITH.

288. Haittu cuny nputskenus F mexny 3emiei u Jlynoir. Macca
Bemnu ms = 6 - 1024 xr, Macca Jlyasl my = 7,3 - 1022 kr, cpegHee pac-
CTOSIHHE MEXNY uX HeHTpamu 7 = 3,8 - 108 M

289. YckopeHne cBoOONHOrO NajgeHus y nopepxHoctu JIyHei B 6 pas
MEHBIIIE YCKOPEHHS CBOGOAHOro NajfieHus y moBepxHocTu 3emiu. Bo
CKOJIBKO Pa3 BhILIE H JaNblile MOXET IPLIFHYTH 4eoBeK Ha JIyHe, ueM
Ha 3emne?

290. BLIMuCIHTE MEPBYI0O KOCMUYECKYIO CKOPOCTb Uy IOBEPXHOCTH
Jlynnl, ecnu papmyc JIyaer Ry = 1760 kM, a yckopeHHE CBOGOTHOTO
najgeHus y nosepxuocru JIyHsl B 6 pa3s MeHbIIE ycxope}mﬂ cBOOOAHOrO
MajfeHnsl ¥ MOBEPXHOCTH 3eMIIH.

291. PaxeTa noassniack Ha BeIcoTy A = 990 kM. Ha ckonbko yMeHb-
IIAJIACh CHJIA TSDKECTH, ICHCTBYIOIASI HA PAKETY, Ha BBICOTE /i IO CPaB-
HEHHUIO C CHJION TAXKECTH mg, AEVCTBYIOLEN Ha Hee, Y MOBEPXHOCTH
3emnu*?

292. Papuyc Jlynel Ry npuMmepHO B 3,7 pa3a MeHblIe paguyca 3eMin
Rs, a macca Jlynsl my; B 81 pa3 MeHble Maccel 3emnu ms. Hafita ycko-
peHue cBOOONHOTO NAfeHNs gy Y IOBEPXHOCTH JIyHEI.

293. Pagnyc Connua R npumepHo B 110 pa3 Gonbiire papuyca 3emnn
R3, a cpeansia mnotHocTh CONHIA Pc OTHOCUTCA K CPENHEH MIIOTHOCTH
3emun Pz, Kak 1 : 4. "Haiitn yckopeHne cBOGORHOTO mageHust gc y mo-
BepxHocTu ComHIa.

* 3gech U ganee cUATATH PanKyc 3emitn Ry = 6400 kM.
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294. Kaxyio paGoTy A Hy>XHO COBEPIIHTE, YTOOBI BBIBECTH CIIYTHUK
Maccel m = 500 Kr Ha Kpyropy1o opOHTY, IPOXOAsIyIo BONH3H NOBEPX-
noct 3emin? ConpoTHBICHUEM BO3fyXa npenedpeys.

295. 3Be3gHas cHCTeMa COCTOMUT W3 [OBYX OJUHAKOBBIX 3Be3[, Ha-
XOIAIIMXCA Ha paccTostaud r =5 - 101" M apyr ot gpyra. Haitu nepuon
T o0patueHus 363 BOKPYr OOLIEr0o LEHTPA Mace, €CIH Macca Kaxkjoi
3Be3gpl m = 1,5 - 1034 kr.

296. CnyTHEK JBHKETCSl BOKPYI HEKOTOPOH MJIAHETHI 1O KPYTOBO#
op6ute papuyca r.=4,7 - 10° M co ckopocteto v = 10* m/c. Kakosa
CpejHsIa TUIOTHOCTD P NIJIaHeTHI, ecnu ee papguyc R = 1,5 - 108 m?

297. VIckycCTBEHHBIH CIYTHUK 3€MIIH ABIXETCS 10 KPYroBOH Op-
OuTe Ha pacCcTOAHNM h OT ee noBepxHocTU. Haitn nepuoy T oGpauie-
HUs COYTHHKA, €CJTH paguyc 3eMid Rz > h.

298. Kaxoii nepnon T o6pallieHus AMeJ Obl HCKYCCTBEHHBIH CITYTHHK
3eMin, ylaneHHblH OT €€ IOBEPXHOCTH Ha pAacCTOsIHUE, DABHOE Pafinycy
3emn R3?

299. Hatttu paguyc r. KpyroBoil opOATEl HCKYCCTREHHOTO CIYTHHUKA
3emun, nMeroero nepuoy odpamenus 7 = 1 cyr.

300. Hairtn nepuop T obpamenus Jlynel Bokpyr 3emin, eciu JlyHa
OBIDKETCA MO Kpyrosoil opoure pagnyca iy = 3,8 -108 m.

301. HaiiTu cpefHIOIO TUVIOTHOCTH P ILIaHETHI, €C/IM HA €€ 3KBaTope
IIOKa3aHHe JUHAMOMeTpa, K KOTOpOMY HIOABEmEHOo Teno, Ha 10 %
MeHblIlle, YeM Ha noJjitoce. IIpofomKkuTensHOCTh CYTOK Ha IjlaHeTe
T=6u.

§ 10. I'mapo- n aspomexannka

B 3apavax Ha rugpo- u a3pOCTATHKY BCTPEYaeTCcsl HOBBIA THI CHJIBI —
BBITAJIKHBAlONIas cuara Apxumeda. B ocTarbHOM 3TH 3ajjayd He OTIMIAIOTCA
OT OOGBIYHBIX CTaTH4ecKuX 3ajgau. CrefyeT UMeTh B BHAY, UTO cuna ApxumMefa
IPWIOXKEHA K HEHTPY Macc 06'beMa XXHAKOCTH, BHITECHEHHON TEIIOM.

OcoGeHHOCTBIO XUAKOCTEN U ra3oB Kak MeXaHMYECKHX Cpej| SIBISeTCs
NIOAYMHEHNE UX 3akoHy ITackans. JJasienne Ha XEAKOCTh WIH Ta3 NepeaeTcs
ORMHAKOBO BO BCeX HamnpanjieHusix. [Jo3TOMYy faBieHue BHYTPH XKUJKOCTA Ha
paHHOW rnyOuHe OyAeT NOCTOSHHBIM.

[Ipu peurennu 3apay MO TUAPO- U A3PONUHAMHUKE HMCIONB3YIOTCS B OC-
HOBHOM 3aKOHEI COXPaHEHHUs! UMIYILCA ¥ JHSPIHU.

302. B HaronHeHHOE 10 KpaeB BEAPO OMYCKAIOT KycOK Jbaa. Hacts
BOJbI, paBHas 00'beMy NOTPYXKEHHOH YacTH NbAa, P 3TOM BBIJIMBa-
etca. I3MeHuTcs nu JaBjicHAEe Ha JHO, KOTJa Jiex pacraeTt?
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303. B uunuagpuyeckoe Begpo auamerpa D = 25 cMm HanuTa BOja,
3aHuMaromasi o6beM V = 12 1. KakoBo gaBneHse p BOObl Ha CTEHKY
Benpa Ha BoicoTe /2 = 10 cM ot gHA™?

304. Jo xakoi BBICOTHI 4 HY>KHO HAIWUTDh KUAKOCTb B LIHJIMHJ-
pHdYecKuii cocyn papuyca R, 4ToObl cuna F, ¢ KOTOPOH XXKHIKOCTb NaBUT
Ha GOKOBYIO NOBEPXHOCTD COCYAA, OblNIa paBHA CUJIE HaBIEHHAS Ha QHO?

305. Ilpo6bupky puuasl [ = 10 cM poBepxy
3aIIOJTHSIOT BOZOU M OMYCKAIOT OTKPBITHIM KOHIIOM
B cTakaH ¢ Bogoi. I[Ipm aToMm nmourn Bcs mpobup-
Ka HaxopmuTcs Hap Bopoil. Haittu paBnenme p
BOABI HAa MHO Mpobupku. ATMochepHoe aBIcHHe
po=0,1 MIla.

306. LlnymHpUYECKHH COCYR BBICOTH! £ =1 M 3a-
MOJTHSIIOT MaclIoM C IIOTHOCTBIO P = 0,9 - 103 kr/M?
W IOTPYKAalT OTKPBITHIM KOHIOM B 0accedH ¢
Bojou (puc. 54). Haiith jaBnenue macna B COCyAe
HENIOCPENCTBEHHO Y €ro JHa B TOYKe A, ecilu u3-
BECTHO, YTO HIKHHUII KOHEI COCYa HaXONUTCS Ha
rnyomHe H = 3 M OT IOBEpPXHOCTH BOJb! B GacceiiHe. ATMmocdhepHOoe
maBnenue p, = 0,1 MIla.

307. B U-o6pa3nyo TpyOGKYy HaJHBAIOT PTYTh. 3aTeM B OJHO H3
KoJleH TpyOKH HaJMBalOT Maclio, a B Apyroe Boay. I'panune! pasgena
PTYTH C MacjioM W BOJOU B OOOHMX KOJEHaX HaXOMNATCS HA ONHOM
ypoBHe. HaliTu BbIcoTy cTon6a BOfibI A, €CITH BbICOTA cTONGa Macna s =
=20 cM, a ero wotHOCTh P = 0,9 - 103 kr/™m3,

308. B nBa muIMHOpPUYECKMX COOOIIAIOIMIMXCA COCYRa HAJHMBAIOT
pryTh. CeueHne OHOTO H3 COCydoB BABoe Gonbiie gpyroro. lupokui
COCYHl HOJIMBAIOT BOJOM 10 Kpas. Ha kakyro BbICOTY /i IORHAMETCS NpH
3TOM YPOBEHB PTYTH B ipyroM cocyne? [lepBoHavanbHO YPOBEHb PTYTH
OBIL1 Ha PaccTOSIHAY [ OT BEPXHEro Kpas IHPOKOro cocyna. IlnoTHocTH
PTYTH 4 BOTBI P H Py U3BECTHEL.

309. B U-o6pasnyio TpyOKy C ceyeHHeM S HajluTa pPTYTh, 3aHU-
Mammas o6beM V. 3areM B OlHO U3 KOJIEH TPyOKM HAJUIH BOAY H
OITyCTHIIH KeJIe3HbIH mapuk Maccel m. Ha Kakyro BBICOTY /i NMOQHSIICS
YPOBEHB PTYTH B ApyroM koneHe? IINOTHOCTH PTYTH U BOLOBI P H Py
W3BECTHEL.

310. Masnblii OpIIEHD TEIPaBIAYECKOro Mpecca 3a OOUH XOf OIyc-
KaeTcd Ha BeIcOTY h = 0,2 M, a 60JIbIIOI MOPIICHL NMONHUMACTCA HA

* 3J1eck u Janee CYMTATH MIOTHOCTD BOObI Pg = 103 kr/M3.
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BbicoTy H = 0,01 M. C Kako# cuioit F eCTByET Ipecc Ha 3a3KaToe B
HEM TeJNo, €CNM Ha MaJbld moplIeHb aelcTByeT cuia f = 500 H?

311. Ilpu nogbeMe rpy3a, UMEIOLIETO Maccy m = 2 T, ¢ TTOMOIIBIO
THAIpaBIAYECKOro npecca Oblia 3aTpadeHa pabora A = 40 Ix. Ipwm
9TOM Malbld NOpIIeHs caenan n = 10 X00B, nepeMentasch 3a OfUH XOJ
Ha BbIcOTY h = 10 cM. Bo ckonbko pa3 minomags S GONBIIOTO MOPIIHS
OoJIpIIe MMIOMIAAHN § MaJIoro?

312. B punvHApHYECKUH COCyd HATHTBI paBHbIe II0 Macce KOJH-
yecTBa BoAbl U pTyTu. O6Ias BeicoTa CT0J0A XKHUIKOCTEH B CcOCye
H = 143 cm. Halitn paBnenne p Ha gHO cocypa. IlmoTHocTe pryTH
p =13,6 - 103 xr/m3.

313. JIpanHA paBHOMEPHON TOJINHUHBI IUTaBaeT, BBICTyHasl Hap
YPOBHEM BOJBI Ha BLICOTY 4 = 2 cM. HaliTh Maccy JIbOWHbBI, €U ILTO-
wank ee ocHoBanms S = 200 cm2. [TnorHocts abga p = 0,9 - 10° kr/m3,

314. Kakum MoxeT ObITh HambonbplMi 00beM V| NbAWHLI, Nja-
BaloIell B BOAE, €CIM alIOMHUHHEBBIN 6pycok ob6bema V, = 0,1 M3,
IpUMep3IIRI K JLIUHE, 3aCTaBisAeT e¢ YToHyTh? IlnoTHOCTH NbIa U
amomunns p; = 0,9 - 103 kM3 m p, = 2,7 - 103 kr/ms.

315. Kycok npga Maccel m = 1,9 KI' IuIaBaeT B LHIHHIPHYECCKOM
COCyJi€, HallOTHEHHOM KHAKOCTBIO € MIOTHOCTHIO p = 0,95 - 103 kr/M3.
[Imomane gHa cocyna S = 40 cM?. Ha cKOITBKO H3MEHUTCA YPOBEHL KU~
KOCTH, KOT'a Nefi pacraeT!

316. Ilonelf map, cuenaHHBIA M3 MaTepuana ¢ IIOTHOCTBIO P,
NJ1aBaeT Ha IOBEPXHOCTH XKUAKOCTH, UMEIOLIEH INIOTHOCTD ;. Pajuycer
mapa 4 HoJIOCTH paBHbI R u . KakoBa foJikHa OBITH IJIOTHOCTH Be-
LHECTBa P, KOTOPBIM CIAENYET 3alOJHATE IIOJOCTH IIapa, YTOOb! OH IJa-
BaJl BHYTPH XHIAKOCTH?

317. bpesno, nMmeromiee aauny [ = 3,5 M u guametp D = 30 oM,
nnaBaeT B Bofie. KakoBa Macca m 4enoBeKa, KOTOPbIi MOXKET CTOSATH Ha
OpeBHe, He 3aMounB Horu? ITnoTHoCTE AepeBa p = 0,7 - 102 kr/M3.

318. Kuna xnomnka, HaxXofsCh B BO3AyXE, PACTACUBAET NOPYXKUHY
muHamMoMmeTpa ¢ cunoil P, = 1470 H. C kakoi#i cunoit P 6ygeTr pacts-
I'UBaTh [IPYXKHHY Ta K€ KUIIA, HaXO[sCk B BakyyMe? [IinoTHOCTH XJTONKa
B Kurie 1 Bo3gyxa p = 0,8 - 10® kr/mM3 u p, = 1,2 kr/M3.

319. HafiTi miioTHOCTB P OFHOPORHOrO Tella, NeHCTBYIOINEro Ha He-
MIOABAKHYIO ONOPYy B Bo3fAyxe ¢ cunoil P, = 2,8 H, a B Bofie — ¢ canold
P, = 1,69 H. BeiTankuparomieit cuiioi Bo3gyxa npeneGpeyn.

320. Ina onpegesieHUs] INTOTHOCTY HEW3BECTHOM XKUNKOCTH OFHO-
POMHOE TEJIO NOABECUIN Ha JHHAMOMETPE B 3TOH XKHUJKOCTH, a 3aTEM B
BakyyMe # B Bofie. OKa3anock, YTO TENO, HAXOASCH B JKUJKOCTH, PACTS-
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rMBACT IPYXKHMHY AuHaMoMeTpa ¢ cunoit P, = 1,66 H, B Bakyyme —
¢ canoit P = 1,8 H, B Bogie — ¢ cunoit P, = 1,6 H. Haittn nioTHOCTH
SKAAKOCTH U TeJa P, U P.

321. 13 BogoeMa MEIIIEHHO C IOCTOAHHON CKOPOCTBIO BBITACKABAIOT
AJIFOMHHUEBBIA NWIAHAD, UMEIOMAN uiuHy [ = 2,3 M 1 miomags noime-
peuHoro ceuyennst S = 100 cM?. Korfa Haj MOBEPXHOCTBIO OKa3anach
1/4 yacTh nNUHBI UAIHHAPA, BepeBKa obopBanace. HaliTu MakcnManb-
HYIO CHJTYy HaTsDKeHHs T, KOTOPYIO BbIEPXKMBAeT BepeBKa. [1noTHOCTE
amromunms p = 2,7 - 10% xr/m3.

322, ITonplil WIAPHK U3 ANIOMUHUSA, HAXOOACH B BOJE, PACTATHBAET
npy>XuHy AHHaMoMeTpa c¢ cunoit Py = 0,24 H, a B 6eH3nne — ¢ cUIIOi

« = 0,33 H. Ha#itn 06'bem V nosroctu. [InoTHocTn amomunns 1 OeH-
su”a p = 2,7 - 10° kr/M3 u pg = 0,7 - 10% xr/M3. BriTankuBarouieit cuioi
BO3[yXa NpeHeOpeys.

323. Tlpwu B3BemmBaHuHu B BO3gyxe Teno o6beMa V = 1000 cm? 61110
ypaBHOBEILUEHO MEIHBIMHU FUpPSIMH Macchl m, = 880 r. Kakosa macca
YPaBHOBEIIMBAIOIIYX 'MPhb IIPHA B3BCIIHBAHHM 3TOr0 Tela B Bakyyme?
[TnoTHOCTH Menu u BO3nyxa P, = 8,8 - 103 kr/M® m p = 1,2 kr/m°.

324, Caurok cniasa 3010Ta H cepeOpa B BO3AyXE pACTSCHBaeT
NpyKNHY [uHaMoMeTpa ¢ cunoi P = 14,7 H, a B Boge — ¢ cuioil Ha
AP = 1,274 H mensiie. HafiTn Maccel 3010ta m; 1 cepebpa m; B CIIAT-
Ke, CUdTasl, YTO NPH CIUIABJICHHUW HX NEPBOHAYaAJbHbIA 00bEeM He
usMmenuica. IlnorHocT 30n0Ta M cepebpa p; = 19,3 - 10° xkr/M> n
p, = 10,5 - 103 xkr/M3.

325. JIBa ogHOPOAHBIX Teja H3 OJHOTO M TOrO X€ MaTepHaia IMoj-
BEIEHbI K IPOTHUBOIONOXHBIM KOHLAM pbiuyara ¥ YpaBHOBEIINBAIOT
ApYT Apyra B BakyyMme. COXpaHUTCS I 3TO paBHOBECHE B Bo3gyxe?

326. ToHkas ogHOpPOXHAs NMAaNOYKa NIAPHUPHO 3aKpellieHa 3a BepX-
Hull KoHel. HIsKHAN KOHel| NaloYKy NorpyxeH B Bopy. I1pn paBHOBe-
CHHM 1OJ| BOMOH HaxomuTcs k = 1/5 wacTp piuHbI nanoyku. Haitu nmotor-
HOCTB BEIeCTBA MaJOUYKH.

327. K KoHIy OFHOPOJHOH MAaJO4YKH, MMelolel Maccy m =4,
NMOJBEIICH HA HATH aJIOMHHHEBBIN mapuK paguyca r = 0,5 cm. [Tanou-
Ky KiIaayT Ha Kpa#l crakaHa C BOJoOH, JoOuWBasicb paBHOBECHS
NpU IMOTPYKEHUU B BOAY IOJIOBHHBI IapHKa. B kakoMm oTHomie-
HAN HNEeNHUTCS Majodka TOYKOHW omopbl? [IMOTHOCTE aMrOMHUHUS
p =27 103 kr/m3.

328. OpHoponHbIdl Ky6 miaBaeT B Bope, nmpudyeM 3/4 ero ob6bema
NOrpy>KeHbl B BORY. Eciu ¢ NoMOIIbI0 TOHKOH HATH NPHAKPENHTH HEHTP
BEpXHEY rpaHy Kyba K 1uiedy pbluara JIaHbL [} = 8§ ¢M B ypaBHOBECHTH
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ero rupe#t Macchl m = 30 r, NPUKpPEIUIEHHOM K APYyroMy miedy pelyara
nimHsl [, = 4 oM, TOo Ky0 GyAeT norpy:xeH B BOAY TONBLKO Ha 2/3 cBoero
o6wema. Haittu pinny [ peGpa kyoda.

329. B nunuHppuyeckuil COCYR ¢ BOROW ONMYCTHNH JKENE3HYIO KOPO-
00YKy, W3-3a Yero yYpOBEHbL BOXBI B COCYAE IONHSJICA HA BEHICOTY
/= 2 cM. Ha cKONBKO ONYCTHUTCA YPOBEHL BONLI, €CII KOpOOOUKa
yrodeT? [InoTHOCTD Kenesa p = 7,8 - 103 kr/M3.

330. OpgHopopHbeiil Ky6 minaBaeT B pTYTH, npudeM 1/5 dacTe ero
o0'beMa norpyxeHa B pryTh. Eciiu Ha 3TOT Ky0 MOJOXKUTHL BTOPOH Ky0
TAKOTO Xe pa3Mepa, TO NEPBBIH KyO MOrpy3uTcs B PTYTh Ha 1/2 yacTe
cBoero o6bema. KakoBa MIOTHOCTH MaTepuana BToporo kyb6a p,?
Bypmer nu cucremMa nnapammux KyOOB B YCTOHYMBOM paBHOBecHu?
[TnotHoCTH pTYTH P = 13,6 - 103 KT/M.

331. B cocyrie HaxopATCH ABE HECMEHIHMBAIOMIAECS KUNKOCTU C
pa3nUYHBIMU INIOTHOCTAMA. Ha rpaHulie pasaena XUAKOCTEH M1aBaeT
ONHOPORHBIA KyO, MOTPYXEHHBIA LEIUKOM B KHAKOCTb. [1MOTHOCTH
MaTepuana ky6a p Gonblle INOTHOCTH P; BEPXHEH XHMOKOCTH, HO
MEHBIIC IUTOTHOCTH [, HUXKHEU XHUAKOCTH: P, < P < P,. Kakaa wacte
06BeMa Ky6a HaXO[IUTCA B BEPXHEH KAAKOCTH?

332. IInapatomuii KyO NMOrPY:XKEH B PTYTh Ha 1/4 cBoero oGnema.
Kakas yacte 06'beMa KyOa OyeT MorpyKeHa B PTYTh, €CIIA IOBEPX Hee
HANHTb CIOH BOABI, MONHOCTRIO 3aKpbiBaoumi Ky6? [1noTHOCTE pTYTH
p=13,6- 103 xkr/m3.

333. Ily3bipek raza NogHUMAaeTCs CO GHA O3€pa C MOCTOSIHHOH CKO-
pocTteio. Haittu cuny conmpoTHBieHHs BOIBI f, eclin 06beM My3bIPbKa
V=1cm, .

334. I'py3, npuKpeIieHHbIH K [BYM ONMHAKOBBIM BO3IYLIHBLIM Ilia-
paM, NOIHIMAETCs ¢ MIOCTOAHHOM CKOpOCThIO. IToTHOCTH BO3/yXa 1 ra-
3a B LIapax paBHeI P U p.. KakumM OyaeT ycKopeHue rpysa a, eClii OquH
n3 mapoB nonHer? Maccoit 060J1049eK IapoB U CONPOTHUBJIEHAEM BO3-
Ayxa npeHeOpeys.

335. IBa aspocraTa NOAHAMAIOT BBEPX ORMHAKOBbLIE rpy3bL. ITepsbrit
BBIDKETCS C YCKOPEHHEM a = g/2, a BTOPOH — ¢ IOCTOSIHHOH CKOPOCTHIO.
IInotroCcTH rasa p, B aapocraTax OfUHAKOBLI H PaBHb! II0JIOBHHE ILIOT-
HOCTH Bo3nyxa p. O6beM nepsoro aspocrara paseH V. Haita 065-
eM V, BToporo aspocrata. CuuTaTh Macchl 060J109€K OMHAKOBBIMH.
ConpoTHBNEHHEM BO3yXa NpeHeGpeYb.

336. Kakyro paGoTy A Hy>KHO COBEPIUHTE MPH MEAJTICHHOM MOAbEME
KaMHs, uMeromero o6seMm V = 0,5 M3, u3 Bogp! ¢ rayGuHbl h = 1 M?
IInorHocTs KamusA p = 2,5 - 103 kr/m3.
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337. CrexnsanHblil mapuk Maccbl m = 100 r, Haxopsmwmiics y mo-
BEPXHOCTH TTIHIEPHHA, IOTPYKalOT Ha rnyOuny i = 1 M. Hafiti nsme-
perne AU noTeHImanbHOM SHEprud mapuka. [InoTHocTu INAIEPHHA H
crekna p; = 1,2- 103 kr/M3 u p, =2,4 - 103 kr/m3.

338. Msa maccer m = 0,5 kr 1 guameTpa d = 24 ¢M NOrpyKaloT B BOAY
gHa rnyomny i = 4 M. Haittn usmeHenue AU NOTeHHUANBHOH 3HEPIUH
msua. [ledopmanmeit Miua npeHeOpeyb.

339. C kakoil BBICOTHI h NOJXKHO MNafaTh TENO, UMEOIee IIIOT-
nocth p = 0,4 - 10% kr/M3?, 4TO6BI OHO NOrPY3MIOCH B BOAY HA IIyOHHY
H = 6 cm? ConpoTHBIeHNEM BOABI B BO3AYyXa NMpeHebpeysb.

340. Cocyn ¢ BOmO# ABHXETCS MOCTYNATENBHO BIOJNEL FOPH30OHTAINb-
HOH NpsIMOii ¢ yckopeHueM a. ITofl KakKuM YIiioM O K TOPU30HTY GymeT
pacrnonarathcsi IOBEPXHOCTh BOAbI?

341. B 6ak paBHOMEpHO#l cTpyedl B €[HHHIy BPEMEHH IOCTYyIaeT
o6peM Bofibl V, = 2 nM3/c. Ha kakoM ypoBHE /1 GyeT gepkaThcsi BORa B
bake?

342. HanpaBneHHas rOpU30HTANBHO CTPYs BOABI ObET B BEPTHKAIb-
Hy!o creHky. C Kakoil cunoil cTpys HaBUT Ha CTEHKY, €CIIH CKOPOCTH
HCcTedyeHns Bonb! U= 10 M/c 1 Bofia TOCTyNaeT yepe3 TPYOKY, MMEIOIIYIO
ceyenne S = 4 cM?? CunTaTh, UTO MOCHE yHapa BOJA CTEKaeT BAOJb
CTEHKH.

343. C xaTtepa, ugymero co CKOpocTsio vV = 18 kM/4, omyckaroT B
BORY M3OTHYTYIO IIOA NpPSMBIM YIJIOM TPYOKYy Tak, YTO ONYIIEHHBIH
KOHeI| TPYOKH rOpH30HTajleH M oOpallleH OTBEPCTHEM B CTOPOHY
ABHKeHMA. [Ipyroit KoHell TpyOKH, HaXONAIIUicA B BO3AYyXe, BEPTHKA-
neH. Ha kakyo BBICOTY /i IO OTHOINEHHIO K YPOBHIO BOMbI B O3epe
HOFHUMETCA Bofa B TpyOKe? TpeHneM npeHeOpeys.

344. KakoBa npuMepHO CKOPOCThL KaTepa VU, eciiil BOJa MOTHAMAET-
Csl MW MBUXXEHHY BJOJb €r0 HOCOBOH BEPTUKANBLHOM YACTH Ha BBI-
coty h=1wm?

345. Ha rmapgkoit TOpA30OHTANbHON MOBEPXHOCTH CTOHUT COCYHl C BO-
poii. B 60KOBOM CTeHKEe cOcyAa Yy fHA HMEETCS OTBEPCTHE IUIOMIann S.
Kakyro cunmy Hy>XKHO NPHIOXHTE K COCYAY, YTOOBI YAEPXKAaThL €ro B
PaBHOBECHH, €CITH BbICOTA YPOBHSI BOABI B cOCyfie paBHa h?

346. Ha nopuiens mmpuna mnomanu S peiicreyer cuna F. C kako#t
CKOPOCTBIO U [OJI)KHA BHITEKATh B TOPH30HTAJLHOM HAMpaBICHUH
CTpys u3 oTBepcTus mnomany s? [L1oTHOCTh XUAKOCTH paBHa P.
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§ 11. Kosie6anua ¥ BOJIHBI

ITepnop xoneGanuii MaTeMaTHUYECKOTO MasTHHKA, T.e. TEJa, reOMETPH-
YecKHe pa3Mepbl KOTOPOTO HAMHOTO MEHBIIE JJIHHBI HUTH, Ha KOTOPOH OHO
MOJBEIIEHO, 2 Macca HAMHOTO 6OJIbIlle MacChl HUTH MOJBECA, BEIYACIAETCA MO

dopmyne
T=2rllg

Oco6oe BHAMaHUE CNERyeT oOpaTuTh Ha 3agaun 355-357 u 371, Ouu ClIoXHbI
ANl IOHUMAH#UA, U B WKOJE 0ObIYHO HE PacCMaTpPHBAFOTCS.

B ycnosmsix 3agau MoryT ObITh JaHb! PasiuuHbie 3HAYSHHSE CKOPOCTH 3BYKa
B BO3JlyX€, TaK KaK 3Ta CKOPOCTb 3aBHCHT OT TEMIEPATypPhI.

347. OpguH u3 MasTHUKOB 33 HEKOTOpoe Bpems cosepurun n; = 10
KojieOanmid. [Ipyrofi 3a TO XKe BpeMs coBepmmia n, = 6 Koneba-
Huf. Paznocrs giauH MasTHHKOB Al = 16 cMm. HalTtn QiIMHBI MasiTHH-
koB [, u [,.

348. MasTHEK NpeficTaBasgeT coOON YNpPYruil MapuK, MPUKPEIIeH-
HBIN K KOHIY HATH, nMerouieR puuny /. [Ipn xoneGaHusx mapuk cran-
KHUBAETCs C YIIPYTrOH MAacCHBHON CTEHKOH B MOMEHTbI, KOFJ]a HUTh 33HU-
MaeT BepTHKaJIbHOE MoyoxXeHne. Halitn nepuon T konebaHuit MasiT-
HUKa. [ITATENTLHOCTBIO CTONIKHOBEHHS IIPEHEOPEYD.

349. MareMarudeckdil. MaATHUK NJIHHBI [
coBepmiaeT KolieGaHHs BONH3M BEePTHKANBHOU
creHkn. 1lox Toukoil nmogBeca MasATHUKA, HA pac-
CTOSHUM @ = I/2 OT Hee, B CTEHKY BOHWT rBO37b
(puc. 55). Haiitu nepnopg T xoneGaHWE MasT-
HHKa.

350. [IBa ogMHAKOBBIX YIPYTHX IIAPHKA MTOABE-
HICHB Ha HUTSX, AMEIOINX JIHHBLI [; = l M &
I, = 0,25 M, TaK, YTO LHEHTPbI Macc MapUKOB HAXO-
OATCS Ha ONHOM YPOBHE W INApWKH CONpHKAaca-

Puc. 55 FOTCA JIpyr ¢ apyroM. Huthb BTOoporo mapmka or-

KJIOHAIOT Ha He6GONBMOH Yrojg M OTHYCKAaloT.

CkONIbKO pa3 CTONKHYTCS IIApUKH 3a BpeMa At =4 c, npomenmee
¢ Havana BIKEHUS BTOPOro mapuka’

351. Ipu temnepartype 0, = 20 °C nepmop xoseGaHHI MasiTHAKA
T, = 2 c. Kak usMennTcs nepuon kKojleGanmii, €CIA TEMIOEPATypa BO3-
pacret 10 8, = 30 °C? Koa¢dPuuueHT THHEHHOrO pacliApeHnsT MaTe-

puana MasitHAKa o = 1,85 - 105 K-,
!
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352. Macca JIyusl B 81 pa3 MeHblIe Macchl 3eMITd, a pagayc 3eMiu B
3,7 pa3a Gonbue paguyca Jlynel. Kak u3mMenuTca nepHop KoneGanuia
MasTHUKA [IPY NepeHeceHnn ero ¢ 3emiun Ha Jlyny?

353. Yacel ¢ ceKyHIHBIM MasTHUKOM, UMEIOIIAE NIEPHO] KoneOaHuH
To = 1 ¢, Ha noBepxHOCTH 3emnn unyT ToyHo. Ha ckonpko 6yayT oT-
CTaBaTh 9TH YaChI 3a CYTKH, €CJIM HX NIOJHATL Ha BeicoTy A = 200 M Hap
[IOBEPXHOCTBIO 3emin?

354. Hajiiti noTeHHaNbHYIO 3Hepruio U MaTeMaTHYECKOro MasT-
prKa Macchl m = 200 r B IOJIOXKEHUH, COOTBETCTBYIOIIEM YLy OTKJIO-
HEHMs] HUTH OT BepTukasy ¢ = 10°, ecnn yacroTa Kone6aHUil MasTHHKA
v = 0,5 ¢!. CunraTh NOTEeHOHAILHYIO HEPIHIO MASITHAKA B IIOJIOXKEHUN
paBHOBECHUS PABHOH HYNIO.

355. C xakuM yCKOPEHHEM d U B KAKOM HalpaBlICHUH JONXKHA IBU-
raThCs KabuHa nudTa, YTOOB! HAXOAAMMNACS B HEl CEKYH/IHBIA MasTHUK
3a BpeMs ¢ = 2 MuH 30 ¢ coepmumn n = 100 kone6anuii?

356. MaTemaTnuecknii MasiTHHK AJIHMHBI [ TIOJBENIEH B BaroHe, JBH-
KYHIeMCsl TOPH30HTAJIBHO C YycKopeHueM a. Hafitu nepuop koneGaHui

. 9TOTO MasTHHKA.

357. Ky6uk coBepmaeT Majible KojaeOaHUsl B BEPTUKAJIBbHON MIOC-
KOCTH, ABHUTrasick 06e3 TpeHHs N0 BHyTpeHHel MOBEPXHOCTH cepude-
ckolt yamun. Ha#itu meprop kosne6aHuil KyOuKa, eciii Jalla OIyCKaeTCs
BHHU3 C YCKOpeHueM a = g/3. Caprarb, 4YTO BHYTPEHHUH pafuyc damn R
MHoro 6onbile pebpa KyOuKa.

358. 9x0, BBI3BaHHOE PYKEHHBIM BLICTPENIOM, OIIO O CTPEJIKA Ye-
pe3 BpeMs ¢ = 4 ¢ mocie BbIcTpesa. Ha KakoM paccTOSIHHHU § OT CTpeNKa
HaXxOgMTCs TIPerpaja, oT KOTOPO# NPON30LLIO oTpaxeHue 3Byka? Cko-
pocts 3ByKa B Bo3pyxe v = 340 M/c.

359. Ha paccrostaun s = 1068 M oT HaGmofaTens yaapsaioT MOJIOTKOM
IO 3KeNe3HONOPOXHOMY penbcy. HabGmiogaTens, NpUIOKHB YXO K
pebCy, YCNBIIAN 3BYK Ha Bpems Af = 3 ¢ paHblle, 9YeM OH [OIIeJl 10
HEro mo Bo3nyxy. Haiitu ckopocTs 3ByKa u B cranu. CKOpOCTE 3ByKa B
Bo3pyxe v = 340 m/c.

360. 3Byk BheICTpENa U NyJs ONHOBPEMEHHO JOCTHralOT BBICOTHI
h = 680 M. BeicTpen npou3sefieH BepTUKaIbHO BBepX. KakoBa Hauanb-
Has ckopocTb myau? CkopocTs 3ByKa B Bo3ayxe v = 340 m/c. Compo-
THBJIEHUEM JBIKEHHIO MYJIH IpeHeOpeUb.

361. 13 nyskTa A B nyhx’r B 6511 nocnaH 3ByKOBOM CHTHAX 4aCTOTHI
v = 50 ', pacupocTtpansomuiics co ckopoctbio v = 340 m/c. [Ipr aToM
Ha PacCTOSHHH OT A 0 B yKnanbIBajioChk Lieoe YHCHO BONH. OnbIT
MOBTOPHIH, KOorga Temneparypa 6buia Ha A8 = 20 K Brinie, yeMm B
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nepBoM cinydae. [Ipu 3TOM 4HCIO BOJH, yKJafbIBaIOIIKMXCS Ha pac-
CTOSIHHM OT A fio B, yMenbmunnocs Ha fBa. Halttu paccrosiHue / Mexny
MyHKTamu A U B, ecnu 0pH NOBbIIIEHUH TeMmiepaTypsl Ha 1 K ckopocTs
3ByKa yBenmumsaeTcs Ha 0,5 m/c.

362. HaiiTin ckopocTh 3ByKa U B BOJie, €ClH KoneOaHus ¢ NepHoOOM
T = 0,005 ¢ BBI3BIBAIOT 3BYKOBYIO BOJIHY [IHHEI A = 7,175 M.

363. Haitt yacToTy V 3BYKOBBIX KoJieOaHUH B CTaju, e€CilH pac-
CTOSTHHE MEeXJy OMMKalIiuMy TOYKaMy 3BYKOBOM BOJHBI, OTNUYAO-
mumAcs o ¢aze Ha @ = 90°, cocrasnger [ = 1,54 m. CRopocTh 3ByKa B
cranu v = 5000 m/c.

364. Haittu pasnocts a3 ¢ MeKRY ABYMsl TOYKAaMH 3BYKOBOH BOJI-
HBI, OTCTOSIIIAMY APYT OT Apyra Ha paccTOAHAH ! = 25 cM, eclld 4acToTa
komebanmii v = 680 I'u. CxopocTh 3ByKa B Bo3fyxe v = 340 m/c.

365. Y3nbl crostueir BOJIHBI, CO3[aBa€MOil KaMEPTOHOM B BO3JyXe,
OTCTOSAT HPYr OT Apyra Ha paccrosHmu [ = 40 cM. Haittu wacroty
v KosieGanmii KamepToHa. CKOpoCTh 3ByKa B Bo3ayxe v = 340 m/c.

366. 3BykoBBIE KOJIEOAHUS YaCTOTHI V HMEIOT B IEPBOI Cpefie ANUHY
BOJIHBI A, a BO BTOPOil — JTUHY BOJHBI A,. Kak u3MeHsieTcst CKOPOCTh
pacnpocTpaHeHus 9TUX KoJleGaHul MpU nepexofie 3 NepBoil cpegkl BO
BTOPYIO, eClA A = 2A,?

367. 3BykOBbIE KOJNeOaHNs PACIPOCTPAHSIIOTCA B BOJE CO CKOPOCTHIO
v; = 1480 m/c, a B Bo3ayxe — CO CKOPOCTHIO U, = 340 M/c. Bo ckonbko
pa3 W3MEHUTCS AJIMHA 3BYKOBOH BOJIHBI IIpH NIEpEXOJie 3BYKa U3 BO3JyXa
B BOZy?

368. KamepToH ofnH pa3 3aXKaT B THCKaxX, a ApPyroil pa3 CTOUT Ha
pe3oHaTopHOM suKe. B o6onx cnydasx KaMepTOH BO3OYKAACTCA OH-
HaKOBBIMHU IO CHJIEe yiapaMu. B KakoM cirydae KaMepToH OyleT 3ByJyaThb
pgoJibiie?

369. K BepxHeMy KOHLY LHJIHHAPHYECKOrO COCyHa, B KOTOpPBIA
MOCTENIEHHO HAJUBAIOT BOAY, MOJHECEH 3BYYaHIMi KaMEPTOH. 3BYK,
M3[aBaeMblil KAMEPTOHOM, 3aMETHO YCHIJIHBAETCS, KOI[a PacCTOSIHAS OT
[MOBEPXHOCTH XXKUAKOCTU A0 BEPXHEro KOHL@A cOCyAa AOCTHralOT 3Hayde-
HUd by =25 cM 1 hy, = 75 cm. Halitu yactoTy KoseGaHuil V KaMEpPTOHA.
CkopocTs 3ByKa B Bo3fayxe U = 340 M/c.

370. Tpy6a nnusb! [ = 1 M 3am0JIHEHA BO3yXOM MPH HOPMaJbHOM
arMoceprHoM paBiaeHun. Opue pa3 TpyOa OTKpHITA C OFHOIO KOHIUA,
Apyro# pa3 — ¢ o00uX KOHIIOB U B TPETHH pa3 3aKpbITa ¢ 000MX KOHIIOB.
IIpu Kakux MEHAMAaNBHBIX YaCTOTaX B TpyOe OYRYT BOZHHKATL CTOSIUHE
3BYKOBBIE BOJIHBI B YKa3aHHBIX cay4asx? CKopocTh 3ByKa B BO3yXe
v =340 m/c.
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371. JBuKymuiics 0o pexe TEMI0X0[ JAaeT 3BYKOBOH CHTHAJN 4acTo-
161 V = 400 I'n. Crosmuit Ha Gepery HabmonaTe b BOCIPUHAMAET 3BYK
CBHCTKa Kak Konebanus ¢ yactoror vV = 395 I'y. C Kakoil CKOpOCTBIO i
geukeTcs Termnoxon? IlpubGnukaeTcs niM ygansieTcss OH OT HaGmoga-
tens? CKOpOCTh 3ByKa B Bo3fyxe v = 340 m/c.

I'masa Il

TEIINIOTA N1 MOJIEKYJJIAPHASA ®OU3UKA

§ 12. TennioBoe pacuinpenye TBEPABIX TeJI H KHAKoOCTEH

YpaBHeHus, BbIpAXKaOIUe 3aBUCAMOCTh 00beMa H THHEHHOTO pa3Mepa Tell
OT TEMIIEPATYPHI:

V, = Vy(1+ o), L, =1l,(1+Bo), )

ABNSIIOTCS MPUOIUKEHHBIMH, IIOCKONBKY B HUX HE NIPHHHUMAETCA BO BHUMaHMeE
3aBUCHMOCTb CAMHX TEMIEPATYPHBIX KO3(D(PHINECHTOB OO0 BEMHOIO U JIMHEN-
Horo paciupenus: o 4 B or remueparypsl. Ilpu pacuerax no dopmymram (1)
CTeflyeT UMETh B BUAY, YTO NONYYaeMbI€ PE3YIbTATHI MOTYT OBITh JOCTATOYHO
TOUYHBIMY TOJILKO B HHTEPBANAX TEMIEPATYP, B KOTOPBIX N3MEHEHMs KO3 du-
UHEHTOB Mallbl HO CPaBHEHMIO ¢ 3THMH Ko3gduuuerramu. B Ttabnmuax
O6GBIYHO MPUBONATCS CPEJHUE 3HAUEHHS O M [} ¢ yKasaHHeM HHTEpBAaNOB
TeMIEpaTyp, I KOTOPHIX 3TH 3HAYCHUS ONpeeNIeHbl (CM. 3a1audy 376).

3uauenns Vyu [y B hopmynax (1) oTHocsaTes K Temneparype ¢ = 0 °C. B tex
clyyasx, KOT/ja B 3afjavyax JaHbl HavYalbHble OO bEMbI WU AJIMHBI IIPA TEMIIE-
paTypax, He paBHBIX HYJIO, 4aCTO HAUMHAIOT PEHICHHUE 3a/lau Cc onpeaeneHus Vj
u Iy 1 B ¥TOre NONYYalOT, HAPAMEP, AN ANHHBI BBIPAKEHHAES

— ll
"1+By

1+ Bz,).

Takoit MeTop pacueTa HeueaecooOpa3eH. [IeldCTBUTENBHO, YMHOXHUB YHCIIH-
TEIb ¥ 3HAMEHATENb 3TON popMyIbl Ha 1 — By, nonyunm

1+ Bty —1,) - B0ty
1-B%} '

L=

Beuay Manocru koaddunuenrta 10 CpaBHEHAIO C SUHULEH, WIEHDI, COAEP-
xamue B2, Malbl 10 CPABHEHHIO C WICHOM, B KOTOPBIA B BXOXHT B nepBoi
creneHu. MIx MoxXxHO oT6pocuts. B pesynwsraTe chopMmyna pisi BEINHCICHUS
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AJTHHBI /, 0Ka3biBaeTcs GoJiee MPOCTOR W AOCTATOYHO TOUHOM ANsl MPAKTHUECKH
BaXKHBIX CITy4aeB:

I = h[1+B; ~ 1)l
Touno Taxk xe umeeM

V., =Vill+a(t, -1l

372. Kak ROKHBI OTHOCHTBCS IJIUHBI /| B [, IBYX CTEPXKHE! N3 MaTe-
PHAJIOB ¢ Pa3IMYHBIMHE KO3 (PUIHEHTAMH NTHHEHHOTO paclupeHus 3
u 3,, uToGhI TIpH M1060H TeMIlepaType pa3HOCTh JJIMH CTEPXKHEH OCTa-
BaJach MOCTOAHHOR?

373. JIBa OqUHAKOBBIX CTANBHBIX MOCTA OJIKHBI ObITh HOCTPOCHBI
ONIMH Ha ceBepe, Apyro# Ha 1ore. Kakossl gomxHb1 661Th npu 0 °C 3a-
30pbl, KOMIIEHCHPYIOIIAE YOJHHEHNE MOCTAa NpU U3MEHEHHH TEeMHe-
paTyphl, €cliu Ha Iore BO3MOXHBI KonebaHus oT —10 no +50 °C, a Ha
ceBepe oT —50 go +20 °C? Ilpu O °C pnuHa Mocta Ly = 100 M, koad-
tuimeHT NuHeHOrO pactupenus cranm f§ = 10-5 K-,

374. JlaTyHHBIA COCYR NMpPH HAarpeBaHUH YBEJIHYWICS B o0beMe Ha
n=0,6 %. Haiitu yBenuueHue temnepatypbl At cocypa, ecnd Koadg-
¢umenT AuHeHOrO pacmnpenus naryau B =2 - 10-5 K1,

375. Ilpu TemnepaTtype fy = 0 °C gnuHbI ATFOMUHHEBOTO M XKeJe3-
HOTO cTepxkHel [y, = 50 cMm u Iy, = 50,05 cm. Ceuennsi crepskueit onu-
HakoBbl. Ilpu kako#l TeMmmeparype ! AJMHHBI CTEP3KHEH M NPH KaKoi
TeMIeparype !, ux ob0beMbl OymyT opmHakoBbl? Koaddunuen-
Th! JIMHEHHOrO paclIMpeHus amoMuHus u xenesa B, = 2,4 - 10-7 K-!
uf,=12-107K".

376. Koa(duiuuerrsl 00bEMHOI0 pacIIMPEHUs BOABI IS Tpex
MHTEPBAJIOB TEMIEPATYP: '

o, =-33-10°K"! (0 <1t <4°0),
0,=4,8- 10" K-! 4 <1,=<10°0),
03=1,5-10*K"! (10 <1; <20°C).

Haittz o6peM Boasl V npn Temneparype ¢ = 15 °C, ecnu npu tem-
nepatype t'= 1 °C o6bvem V' =103 cM3.

377. Coobwarommecss COCYRbI 3aMOJIHEHBI XKUAKOCTBIO, UMEIOIEH
Temneparypy f,. Ilpu HarpeBaHnm XHOKOCTY B OJHOM M3 COCYHOB [0
TEMIIEPATYPHI ¢, YPOBEHD XUAKOCTH B 3TOM COCY/l€ YCTAHOBHJICA HA BBI-
cote H, a B ipyrom — Ha BeicoTe h. Haiit KoadduupeHT 06beMHOTO
pacHIApeHust SKAKKOCTH.
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378. Haiitn 06'peM IIapHKAa PTYTHOI'O TEPMOMETPA, €CIIU U3BECTHO,
yTO npu TteMmeparype f, = 0 °C pTyTh 3anMofHIET TONBKO IIApPHK, a
mexay penenusimu O u 100 °C o6beM kaHana V = 3 mm?. Koappunmenr
o6beMHOro pacmupenus pryta o = 1,8 - 10~* K-!, koacpdbunuent
JAUHEHHOTrOo paciupenus crekna 3 =8 - 10°K-.

379. B kBapueBbIit AUTPOBLIA cocyq auaMeTpa d = 6 ¢M 10 MOJTOBUHbBI
HaJIUIY BOAY, @ 3aTEM IIOJIOXKHMIIK IIap U3 300HUTA, UMEOMNN 00beM
V = 100 cm?. Ha kakyro BbICOTY A/l TIOMHUMETCS YPOBEHBb BOALI MPH
u3MeHeHnn temnepatyps! ot f; = 10 °C o £, = 70 °C? Kosdpduuuenr
00'bEMHOTO pacliupeHus Boabl o = 3 - 10 K-!, koaddunuent nu-
HellHOro pacimupenus a6onuta B = 8- 105 K-!. TennoBbiM pac-
IIMPEeHHEM KBapla ipeHedpeys.

380. B xBapuesBbiii cocyn obbema V| = 2,5 1 IIOMeIeH NaTyHHBIH
HUIUHAP Maccel m, = 8,5 kr. OcranpHas 4acTb COCyHa 3arlojiHeHa BO-
po#i. Ilpu HarpeBaHHM cocyga BMeCTe C CONEPXKHMBIM Ha
At = 3 °C ypoBeHb BOABI B cocyde He M3MeHmcd. Haitn
K03 (PHIMEHT 00’ BEMHOI0 pacmmpeHns Bous! 0. Koadpn-
IMEeHTHl JINHEIHOro pacllupeHnst KBapua u JaTyHu 3, =
=042-10°K"'u B, =02 10 K-!. [InoTHOCTL NaTyHH
P, =85 10° kr/m3,

381. B xkon6y, IIOTHO 3aKPEITYIO NPOOKOI CO BCTaBJICH-
HOI B Hee TPYOKO#, A0 caMOil NMpOOKM HAJNUT KEPOCHH
(puc. 56). Kak m3mMeHUTCA maBleHHE HA JHO KONOBI NpHU Puc. 56
HarpeBaHuu kepocuHa Ha Af = 30 °C, eciu 06beM KONOBI
V =2 n, BeicoTa ee h = 20 cM, ceuenune Tpy6ku S = 2 cm?? Koaddn-
IMeHT 00 BLEMHOro pacuiperust kepocura o = 10-3 K-!, ero nnorHocts
mo narpepanus p = 0,8 - 10° kr/M?. TennoBeIM pacliupeHUEM KOJIOBI
npeHebpeys.

§ 13. KoinuecTBO TEI10ThI.
Koad¢punnenT noneznoro geiicrsus

KonuuecTBoM TENnIOTHI Ha3bIBAIOT SHEPIHFO, NEPEJaHHYI0 OT OJHOTO Tela
K Apyromy 0Oe3 coBeplleHus pabOThl.

IIpn u3sMeHeHMM TeMmepaTypbl TEla KOJIHYUCCTBO HEPCHAHHON TEITOTHI
BBIYHCISICTCA 110 PopMyne

0 = cm(ty—t)) = cmAt = cmAT, (2)
IJie ¢ — yAeNbHasA TEIUIOEMKOCTh BEIIECTBA, /) U ) — HAYATbHAA U KOHEYHAs
TEMIIepaTyphI TEJa.
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HpeBpameHne JKHJKOCTHU B N1ap NpOUCXOIUT [IpH NOCTOSSHHOH TEMIIEpATYpPE.
KonnuecTBo TENMNOTHI, nepenaHHoﬁ IIpH 3TOM XKHUJKOCTH, BBIYHCIACTCA O

¢dopmyne
Qu = )"’n*

rjie A — ynesapHas TemnoTa napooGpaszosanus. [IpH KOHICHCAIIHH Tapa TaKoe
K€ KOAUUECTBO TEMIOThI BBIRENSIETCS:
Q. =—-Am.

[InaBnenue KPUCTATITUICCKOTO TEJia TAKXKE COBEPIIACTCH 11pH NMOCTOSTHHOU
TEMIIEpaType 1 TpCG}’CT nepenavqy Teny KOMNUICCTBa TENJIOThI

Qll!i =rm,
rape r — yJ]eJIbHaSI TENI0TA NJIAaBJICHUS. HpH KpucTtajnau3agud TO XeE KOJIH-
YECTBO TCNNOTHI BBIACTACTC .

Qup=—rm.

Ecnu BHyTpH CHCTEMBI, H3OMTUPOBAHHOR OT OKPYXAIOUIUX TeJjl, He COBep-
raeTcsl MEXaHUUECKoll paboThl, TO A HEe CIpPaBe[lIUBO YPaBHCHUE TEIIIO-
BOro 6aJjaHca:

Ql +Q2+"'+Qn=0! (3)

rae Q1. Oy, ..., 0, — KOTHYECTBA TEILIOTEI, OIYUCHHBIC (MOJOXATCIBLHBIC) HITN
OTjlaHHbIe (OTPHOATENbHBbIC) TEJIaMH CHCTEMBI. DTH KOJHYECTBa TETJIOTHI
BLIPAXKAIOTCS BBIIIECIPUBE/ICHHBIME (hOPMYJIaMH.

382. Jlatynnei cocyn Maccel m = 0,2 kr comepxut m; = 0,4 Kr
aHwIMHa nipu teMneparype t; = 10 °C. B cocyn monmunu m, = 0.4 xr
AHUJIMHA, HArPEeTOro A0 TeMmnepartypsl f, = 31 °C. Hafitu ymeiabHYO
TEMJIOEMKOCTh ¢, aHHJIMHA, €CIIH B COCY[le YCTAHOBHIIACH TeMIlepaTypa
0 =20 °C. ¥YgenbHas Tem10eMKocTh JaTyHu ¢ = 0.4 kI[/(xr - K).

383. B cocyn o6vema V ¢ TeMITOHENPOHNIIAEMBIMI CTEHKAMH, 3a10J1-
HEHHBIH Ia30M C MOJIIPHOM MacCoy [L IpK TeMnepatype T 1 faBleHuu p,
BHECEH MEJHBIA apuK Maccel m,,, AMEIOINN TeMnepaTypy T,,. Kakas
TeMnepaTypa O ycTaHOBHTCS B cocyjie? YOenbHble TEIIOEMKOCTH Ta3a
1 MEAW PaBHEI ¢ U ¢, 'azoBas nocrosanas R = 8,31 [I>x/(mons - K).

384. B cocyae cMEMIMBAIOTCA TPU XMMHUYECKH HE B3aUMOJEHCTBYIO-
IIAe KUAKOCTU, UMEIoIne Macchl m; = | xr, m, = 10 Kr, m5 = 5 Kr,
TeMmrrepatypshl t; = 6 °C, f, = —40 °C, t; = 60 °C u yjeJbHbIE TENIOEMKO-
ctu ¢ = 2 XJ[X/(kr - K), ¢; =4 x]Ix/(xr - K}, ¢; =2 x[x/(xr - K). Haiitn
TeMrepatypy 8 cMecu U KOJIHYECTBO TEIIOTHI, HEOOXOgUMOE AJA IO-
cIefylomero HarpeBaHus cmecu o £ = 6 °C.
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385. B 1Ba ogMHAKOBBIX COCYRA, COAEPsKAMUX BOAY (B OMHOM Macca
ponb! m; = 0,1 kr npu TeMneparype ¢, = 45 °C, B gpyrom macca BOJbI
m, = 0,5 xr npu temneparype t, = 24 °C), HalHIN OPOBHY PTYTh.
Iocsie yCTaHOBJIEHHSI TEMJIOBOIO PaBHOBECHS B OOOHX COCYJlaXx OKa3a-
JI0Ch, YTO TEMIEpATypa BOAbl B HUX OfHA M Ta e u pasHa 0 = 17 °C.
Haiitu TennoeMkocTs C, COCYyHOB. YOelbHas TEIMNIOEMKOCTb BOJbI
¢ =42 x]Ix/(xr - K).

386. [1ns u3MepeHus TeMilepaTypbl BOAbI, HMeroel Maccy n = 66 1,
B Hee HArpy3HJHM TEpPMOMETpP, KOTOpPBIfl NoKa3ajl TEMIepaTypy
t; = 32,4 °C. KakoBageficTBUTeIbHAS TeMIepaTypa 8 BOIbI, €CU TENJ0-
eMkocTb Tepmometpa C, = 1,9 [Ixx/K u nepen morpyxeHueM B BOLY OH
[I0KA3bIBAJI TEMIEPaTypy nomeuieHus f, = 17,8 °C? YpeabHasa Tenno-
eMKOCTh Bonnl ¢ = 4,2 kIIk/(kr - K).

387. B creknsHHBIN cocyy, MMelomuil Maccy m, = 120 r u TeMne-
patypy f. = 20 °C, Hanuny ropsa4yro Boay, Macca kotopod m =200 r n
temnepartypa ¢ = 100 °C. Cnycrs BpeMs T = 5 MHH TeMInepatypa cocyaa
¢ Bono# crana paBaou 0 = 40 °C. TepgeMoe B eHUIY BpEMEHH KOJIHM-
YEeCTBO TEINOTHI NMOCTOSIHHO. Kakoe KOJIHYeCTBO TENNOTHI Teps-
JOCh B €IMHMIY BpeMeHU? Y[eibHble TEIUNIOEMKOCTH COCYAa U BOJbI
¢. = 840 JIx/(kr - K) u ¢ =42 x]Ix/(kr - K).

388. B cocyn, copepXauuii Maccy BOLbI #1 = 2 KT IIpY TeMIlepaType
t =5 °C, noNoxKeH KyCOK JBbJa MacChl m, = 5 KI', AMEIOINUHA TeMIIEPaTY-
py t, =40 °C. Hafitu Temnepatypy 6 u o6beM V cMecHu ocne ycTaHoB-
JIeHVs TeTJIOBOTO PaBHOBECHS. Y IeNbHbIE TEINIOEMKOCTH BOABI H JTbJA
¢ =42 k][Ix/(xr - K) u ¢, = 2,1 x]Ix/(kr - K), ux nmoraoctu npu t, = 0 °C
paBHbl p = 103 kr/m? u p, = 0,92 - 10° kr/M?. YpenbHas Temiora niasime-
Hus npaa r = 0,33 MJx/kr. TemmoeMKOCThIO cocya U IOTEPSAMY TeIlla
npeHeOpeys.

389. Barmny o6beMa V 100 n Heob6XOOHUMO 3alOAHHTH BOHOH,
nMeromei Temnepatypy 0 = 30 °C, ucnons3ys BoOy ¢ TeMIepaTypoi
t = 80 °C u nep c Temueparypoit ¢, = —20 °C. Haitra maccy m, abaa,
KOTOPBIN IMPHUAETCS MOJOXHUThL B BaHHY. Y[ENbHbIE TEINTOEMKOCTH
Boabl W nbfa ¢ = 4,2 x/Ix/(xr - K) n ¢, = 2,1 x[Ix/(xr - K), nnot-
HOCTH Bogbl p = 103 xr/M?. YpenpHas Temnora NNaBJeHUS JbAa
r = 0,33 MIIxk/kr. TennoeMKoCTbIO BaHHbI U NMOTEPSMH TEMJA Ipe-
HeOpedb.

390. B cocypn, copepskamuii Maccy Boabl m = 10 KT ipu TeMneparype
t = 10 °C, monoxmnnu jej, UIMeIOWRH TeMnepatypy ¢, = =50 °C, mocie
Yero TeMIlepaTypa oO0pa3oBaBINEHCS CMecH oOKka3alach paBHOM
0 = 4 °C. Kaxkas Macca m, nba Obula NoONoXeHa B cocyn? Ypuelnb-
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Hasl TEINIOEMKOCTh Bonbl ¢ = 4,2 xJIk/(kr - K) u ymenbHast rennoem-
KOCTb nbja ¢, = 2,1 k/Ixk/(xr - K). ¥YpeasHas Temiora naaBleHus Nbaa
r = 0,33 M]JIx/kr.

391. Kycok cBuHIA, HMEIOIIMH Maccy m = 1 Kr, pacnnaBHics
HaIOJIOBHHY NMPH COOOIIEHAH €My KOJNHYECTBA TEMNOThI O = 54,5 x/Ix.
Kakopa Obina HauanbHas TteMmneparypa T cBuHOA? Ypgenb-
Has rtemnnoeMkocTb c¢suHua ¢ = 130 [x/(xr - K). YagenvHasa remnio-
Ta MIaBieHusl cBuHUA 1 = 24 kJIx/Kr, ero remmneparypa IIaBIeHUs
T,,=600 K.

392. Turens, conep:amuil HEKOTOPYIO MacCy OJIOBa, HarpesaeTcs
3NIEKTPUYECKAM TOKOM. BhigenseMoe B eJUHAIY BpEMEHH KOJIHYECTBO
TEIUIOTHI MOCTOSIHHO. 3a Bpems T, = 10 MmH Temneparypa oJoBa
noseiuaercs ot 4 = 20 °C o 1, = 70 °C. CoycTs enie BpeMa T = 83 MHH
0JIOBO MOJHOCTBIO pacmyiaBuiochk. HaliTi yaenabHyIO TEINIOEMKOCTE ¢
0JIOBa. YelbHas Temnnora IiaBjacHuA onosa r = 58,5 xJIx/kr, ero
TeMrnepaTypa masnenus £, = 232 °C. TenioeMKOCTbIO THIJISA U NTOTE-
PsSIMU TeTla NpeHeOpeUb.

393. B cocyn noyoxkuam Kycok Jabfga Maccel m, = 10 Kr, uMeromuit
teMmnepatypy t, = —10°C. Haiitu mMaccy m Bojbl B cocyfie nocne Toro,
KaK ero COIepKUMOMY COOOLUMIN KOMN4eCcTBO TemnoThl Q = 20 MIx.
YnelbHble TEIIOEMKOCTH BOAbl W Jbga ¢ = 4,2 k/Ix/(kr - K) n
¢, = 2,1 x[Ix/(xkr- K). YngensHasi TennoTa NJaBJeHHs JbJa
ro= 0,33 MIx/kr, ygenbHas TeminoTra napooO6pa3OBaHUA BOJBI
A =23 MIx/kr.

394. B npsamMoyroibHYIO KIOBETY ANMUHBI @ = 24 CM U IIMPHHBI h =
= 20 cM, copiep>Kalllylo BORY NIpH TeMmmepatype ¢ = 25 °C, Hammiu
SKHJKWH a30T, B3ITLIA pHU TeMNepaType ero KuneHns f, = —196 °C.
Ilocne ucnapeHus a30Ta BOAA OXJaJM1aCh N0 TeMiepaTypsl 4 =0°Cn
MIOKPBLIACk KOPOUKOI Jibia IPH TOM Ke TeMnepaType. Haitu Tonmuny
hi nepAHON KOPOUKH, CUMTAs, UTO Map a30Ta YXOLHUT OT IOBEPXHOCTH
7bA, HACPEBIINCH 4O €ro TeMIEPATyphl, a NOJOBUHA BCErO MOJIyYEeH-
HOTO HapOM KOJWYECTBA TEIUTOTHI OTAaHo Bopoi. O6beM BONLI B
kioBere 6b1n1 V = 1 71, macca azora m, = 0,8 kr. [ImoTHOCTH BOAIBI M THA
p =10 kr/M*up, =092 - 10° kr/M*’. YHenbHble TEITOEMKOCTH Ia3o-
06pa3Horo azora u Boasl ¢, = 1,05 x[Ix/(xr - K) 1 ¢ = 4,2 x[Ix/(xr - K).
YnenvHast tennora miasienus nabga r = 0,33 MJx/kr, yoenbHas
TeruioTa napooGpa3oBanus azora A = 0,2 MIIx/xr.

395. B cocyne comepxurcs cmech Boasl Maccel m = 500 r u apga
Macchl m;, = 54,4 r npu Temneparype £, = 0 °C. B cocya BBoguTCI Cyxoi
HACBIINEHHBbIA map Maccel m, = 6,6 r ipu temneparype ¢ = 100 °C.

68



Kaxkoi1 6yeT Temnepatypa 0 rocie yCTaHOBJIEHHS TEMJIOBOIO PABHO-
pecust? YenbHasa TEMI0eMKOCTh BoAbI ¢ = 4,2 x[Ixk/(xr - K). ¥Yuennuas
remora muaejeHus npfga r = 0,33 MIIx/kr, yaenbHas TemioTa
napoo6pa3oBaHus Bogbl A = 2,3 MIIK/KT.

396. ITog KONOKONAOM BO3AYIIHOIO HACOCA HAXOOUTCS BOJA MacChl
m = 40 r nipm Temneparype 4, = 0 °C. Bo3nyx u3-nox Konokona GbICTPO
oTKaynBaloT. Brarogaps HHTEHCHBHOMY UCITAPEHHIO BOIBI OCTABIIASICS
yacTh ee 3aMep3aeT. Hailtu Maccy m, o6pa3oBaBIIerocs ibaa, €Cliu ero
TeMneparypa takxe f, = 0 °C. YaenpHas TemnoTa NIaBIEHUSI JbJa
r = 0,33 MJIx/Kr, ygedbHas TeljoTa napooOpa3oBaHMsA BOJbI
A =23 MJIx/kr.

397. B cocyne, 13 KOTOPOT0 OTKAYHBAIOT BO3YX, HAXOMUTCT HEGOb-
u1asi Macca BOJIbI Ipu TemMneparype ¢, = 0 °C. brnarogapsi ”HHTEHCUBHOMY
MCOAPEHUIO BOJBl OCTAaBLIAsICs 1UacTh ee 3amep3aeT. Mcnapupiiascs
Boma uMeeT Maccy m = 2,71 r. HailTu nepBoHauaibHYIO MacCy BObL M.
Ynenwnast temiora miasnesdus abga r = 0,33 MJxk/Kr, yaenabHas Temio-
Ta napoo6pa3zoBaHust Bogsl A = 2,3 MIk/Kr.

398. Hadtru maccy m BOfbI, KOTOpass MOXeT ObIThH MpeBpalleHa
B Jieq ucrapenueM agupa, uMmerowero Maccy m, = 0,1 Kr u Temnepa-
typy ¢t = 20 °C. HauanbHas TeMmmneparypa Bofbl Takxe ! = 20 °C.
YpenbHble TEMIOEeMKOCTH BOmbl u adupa ¢ = 4.2 x[Ix/(xr - K) n
c, = 2,1 g/Ix/(xr - K). ¥YpenpHas Tenaora nJIaBJIeHHs Jbja
r = 0,33 MJIx/kr, ygeabHast TemnoTra napoobpa3oBaHusi agupa
A = 0,38 MJIx/xr.

399. Boma MoXeT ObITh IepeoxiaxueHa 40 TeMneparypsol f = —10 °C.
Takoe COCTOSIHAE BOJbLI HEYCTOHYMBO, B NIPH IFOGOM BO3MYILIEHUE BOAA
npeBpalaeTcs B el ¢ TeMrnepatypo# £, = 0 °C. Kakosa macca 1, npaa,
00pa30BaBIIETOCs U3 NEPEOXIAXKACHHON BOMIbI, eciiu Macca ee m = 1 Kr?
YaennHast TEI0OEMKOCTE BOIkI ¢ = 4,2 kJIx/(kr - K). YaenbHast Terio-
Ta maBnenus apga r = 0,33 MJIxk/kr.

400. Konba 3anojiHeHa CMECBIO BOAbI M PTYTH, MacChl KOTOPBIX
my =05krum, =1 kr. Ilpr coolOumieHnn CcOAEePRKUMOMY KOJObI
konuuectBa TenmnmoThi Q@ = 90 k[I>x ¥3 KOJOBl BBUIMBAETCS YacTh
BOfBl Maccel m = 3,5 r. HaltTe k03¢ pHLUHEHT 00 BEMHOI0 pacllin-
pEeHHMsT PTYTH O,. YHAelbHBIC TENIOEMKOCTH BOABI H PTYTH
¢, = 4,2 xAx/(xkr - K) u ¢, = 140 JIx/(xr - K), ux nnotHocTH
p; = 103 kr/M® m py = 13,6 - 103 kr/M3. Koappuument o6beMHOro
pacumpenus Bofbl ¢ = 1,5 - 10~ K-1.

401. B cocyn ¢ TarommuM JBAOM TIOJIOXKHIIH KYCOK JIATYHH MAcCChI
m = 430 r. IIpu sToM yacTe nbga Maccel m, = 200 r npeBpaTunace B
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Bony. HailTu o6beM naTyHH V B MOMEHT NOTPYKEHUS €€ B COCYI.
Ynenvuast remnoemkocTs gatyuu ¢ = 0,4 x[Ix/(xr - K), ee mioTHOCTh
npu ty = 0 °C paBHa p, = 8.6 - 10° kr/M>. YenbHas TemIoTa MiaBieHus
nepa r = 0,33 MIx/kr. KoagdunuenT nuHeffHOro pacipeHns naTyHu
B=2-10°K".

402. B nyunuagpe ABUraTeNsl BHYTPEHHEIO CropaHusi npu pa6ore
o6pasyioTcst ra3nl, TeMIepaTypa KoTopsix ¢ = 727 °C. Temneparypa
oTpaboTaHHOrO rasa f, = 100 °C. [lpuratens pacxofyeT B €IHHHLY Bpe-
MeHHU Maccy m, = 36 kr/4 Tomnuea. Kakyro MakCUManbHYIO TOJIE3HYIO
MOIIIHOCTb MOXKET pa3BUBATh 3TOT ABUraTesb? YenabHas TEIIO0Ta Cro-
panus Tomnusa g = 43 MJIx/kr.

403. Bo ckoabko pa3 MakcuMalbHO BO3MOXHbIN KIIJ mBuratens
BHYTPEHHErO CropaHus 0oJbllIe MakcUMalbHO Bo3MoxkHoro KIIJI ma-
pOBO MaIlMHBI, pafoTalolliell Ha eperpeToM nape IpHu TeMieparype
t; = 300 °C, ecnim Temneparypa ra3oB B LWJIHHAPE ABATATENA JOCTUTAET
1, = 1000 °C? OTtpaboTaHHbIE ra3 ¥ Nap UMEOT OJHHAKOBBLIC TEMIIE-
patypsl t = 100 °C.

404. CynHO Ha IOBOJHBIX KPBUILIX “‘MeTeop” pa3BiBaeT MOIITHOCTh
N = 1500 kBt mpu KI1]] geurarens n = 30 %. Haiitu pacxon Tonnusa
HA eAWHUIY JUTHHBI HYyTHU [IPH CKOPOCTH CyAHa v = 72 KM/4. YpenbHas
TeIutoTa cropanus Tonausa ¢ = 50 MJIK/kr.

405. PeakTUBHBIN caMOJIeT TIPOJNETAET CO CKOPOCTRIO U = 900 km/g
nyTs s = 1800 kM, 3aTpaumBas Maccy Tomnmea m = 4 T. MOIIHOCTE
neuratenst camonetra N = 5900 kBr, ero KITJ n = 23 %. Kakosa
yAEIBHAS TEIIOTA CTOPAHKS ¢ TOILTUBA, IPUMEHSIEMOTO CaMoJIETOM?

406. Kakyro Maccy KepocuHa m notpeboBanoce Obl Ckeyb, YTOOBI
BBIBECTH CHYTHUK Macchl M = 107 Xr Ha KpyroByw opOUTy BOJU3H
NOBEPXHOCTH 3eMIH, eciiy Obl BCE KOJHYECTBO TEIJIOTHI NpeBpalia-
goch B pabory? Pagmyc 3emumm R = 6400 xM. YjgensHasi TemioTa cro-
paHus KepocuHa g = 46 MJIx/kr.

407. Kakos KIIJI | gBuratens aBTOMAIIWHLI MOINHOCTH N =
= 20 kBT, ecan npu ckopoctn v = 72 kM/4 gBHrareiab norpediser
o6beM V = 10 n1 6ensuna Ha nytu s = 100 xM? Ypenbras Temnora
cropaHnus 6ensuna ¢ = 44 MJIx/kr, ero mnotHocts p = 0,7 - 103 kr/m3,

408. B anexTpuueckoM uaiiHuke MmomfHoctH N = 800 Bt MoxkHO
BCKHIATHTL 00beM V = 1,5 n BOAbI, HMEIOWEN TEMNEPATYPY f| =
= 20 °C, 3a Bpems T = 20 mun. Haftru KII]l vaienka. YpenbHas
TEIT0eMKOCTh BoIbI ¢ = 4,2 k[Ix/(xr - K).

409. 3a BpeMsa T = 1 4 B XONOOWILHIKE NPEBPAMIACTCd B JieN NpH
Temrnepatype f, = 0 °C macca Bogbl m = 3,6 Kr, UMeBIlIasi HAYANBHYIO
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remrepatypy t = 20 °C. Kakas MomHocTe N notpebiasieTcss X0oNlo-
AMJIBHAKOM OT 2JIEKTPOCETH, €CNM OH OTHAET B OKpyXaloliee Npo-
CTPaHCTBO B €MHHUIY BpeMeHH sHepruio Q. = 840 Ix/c? YpenbHas
TermmoeMKocTb Boabt ¢ = 4,2 xJIx/(kr - K). YnenpHas Tenjiora niaasie-
uud apga = 0,33 MJIx/kr.

410. IToesn maccol m = 2000 T npu TOPMOKEHHN C YCKOPEHUEM d =
= 0,3 M/c? ocranoBmics crycTst BpeMs T = 50 ¢ mocie Havyajia TOPMO-
keHusA. Kakoe KoqM4uecTBO TeIIOTHI {J BbIIENUTIOCH NPU TOPMO-
skenun?

411. C Kako#l CKOPOCTBIO U [JOJI’KHA BBINETETDH U3 PY3KbsS CBUHLOBAsI
ApoOHWHKA NPU BbICTPENE, CAEHAHHOM BEPTHKANBHO BHH3 C BLICOTHI
h = 100 M, uTOoOBI IPH yAape O HEYINPYTroe Tejno ApOoOGUHKa pacriiiaBu-
nacek? Hauanphag temneparypa npo6usku T = 500 K, TeMmnepartypa
mrasneunss ceuHna 7, = 600 K. YpenbHasi TemioeMKOCTh CBHUHIA
¢ = 0,13 g[Ix/(xr - K), ero ynenphasi TemioTa mnasieHus » = 25 kJIk/Kr.
CuurtaTh, 9TO BBIfleNIUBIIEECS KONHIESCTBO TEINIOTHI PAcIpeennioch
MEKIY ApPOGHHKOY B TEJIOM NIOPOBHY.

412. bpycox Macchl 71 PaBHOMEPHO NORHUMAIOT 32 NPUBA3aHHYIO K
HEMY BepeBKY Ha BBICOTY /i 10 ROCKE, KOTOpas 06pa3yeT ¢ TOPH30HTOM
yron o. Bepepka napannensua gocke. Koad¢dpuument tpenus 6pycka o
IOcKy paBeH k. Haiitu sHepruro W, KoTopast UieT Ha HarpeBaHUe NOCKA
u Opycka.

413. Teno Maccel m = | Kr cOckanbL3bIBAeT C HAKJIOHHOW FUIOCKOCTH
mnuHb! [ = 22 M, KoTOpas obpa3yeT ¢ TOPU30OHTOM yron o = 30°. Cko-
POCTB TeNla y OCHOBAaHUsl HAKJIOHHOM I1ocKocTu U = 4 M/c. Kakoe konu-
YeCTBO TEINTOTHI () BBIACIMIIOCH NIPU TPEHHUH Tella O TUIOCKOCTh, €CIH
HavallbHasi CKOpPOCTh Tena v, = 07

414. Haijitu yacToTy BpalleHHs /1 Bajia NapOBOil MAIUKHEI, €CITH CPETI-
Hee pgasieHue napa p = 1 MIla m Momuocts Mammasl N = 200 kBr.
3a opgmH oGOpOT Bajla MOpIIEHS AenaeT onuH patounii xon [ = 0,5 m.
Inomane nopuas S = 0,2 M2,

415. Ilyns Maccel m, JdeTsmias cO CKOPOCTBIO V|, NONafaeT B
AepeBsiHHbIN Ky0 Macchl M, nexauiuii Ha TiagkoM cTolse, ¥ npoon-
BaeT ero. Haitu sHepruro W, npeBpaTuBIIYIOCS B TEIJIO, €CIH
IyJig pouuia 4epe3 HeHTp KyOa M CKOpPOCTh €€ IOCJe BhUIETa cTaia
paBHOH Vs

416. HaiiTy KonnM4uecTBO TEMIOTHI (, KOTOPOE BBIACIMUIOCH MpH
abCOJIIOTHO HEYNPYroM COVIApeHHH ABYX IIAapOB, ABHIaBIIMXCS Ha-
BCTpEYy ApPYyr Apyry. Macce! nepsoro u Broporo mapoB m; = 0,4 kr u
my = 0,2 KT, ux ckopoct v; =3 M/cu v, =12 M/c.
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§ 14. 3akoHbI HAEANBHOTO ra3a H YPaBHEHHE COCTOSIHUA

CocrosHue rasa onpejensercs ero oobeMoM V, naBjeHueM p U TeMIepary-
poii . 3aKoHbl 7 UAeaNbHLIX Ta30B BbIpaxaioTca (onee NpocTbiMU hopMy-
JaMH, €CIIH TeMIlepaTypa BblpaxkeHa B keasBuHax: T/K = #/°C + 273,15. Ecnn
Macca Taza MOCTOsIHHA, TO COCTOSIHIE ra3a ONUCLIBAETCA CIEAYIOIUMH 3a-
KOHaMH,

3akon boins-MapuorrtTa. Ilpn nocrosunoii temmeparype
(M30TEpMHYECKUI TpoUecc, | = const)

piVi=pVa=.=pVy,

Wi
pV = const. “

3axon [ecfi-JIwccaxka. [Ipn nocroduuom gansienuu (M3o06apubii
npoijece, p = const) 06beM raza pu TEMIEpPAType ¢

Vi = Vol + ou),
e Vi — o6beM rasa npu fp, = 0°C w o = (1/273) K-! — temuepartypusiit
KO3(PPUIMEHT OO BEMHOTO PACITHPEHNUS, MITH
VIT = const. (5)

3akon Il apasa Hpu nmocrosHHoM o6bheMe (M30XOPHBIH NpolEcc,
V' = const) naBn¢Hue rasza npu TeMneparype !

= poll + Bo),
rue py — Aasiense rasa npu 1y = 0 °C u B = o = (1/273) K-! — remueparypubiit
KO3 (DUIMEHT IABTEHHs, HITH
piT = const. 6)

OO0befMHEHHBIH ra3oBBIU 3aKoH [Ipy HeOONBUINX IIOTHO-
CTSIX Ta3bl OJJYUHSIIOTCS YPaBHEHUIO

VAT = p Vol Ty = = poV/ Ty,

IR
pV/T = const. €

Benwuuns! py, Ty # Vy COOTBETCTBYIOT “HOPMAalibHOMY COCTOSIHMIOW rasa,
T.e. cocTosHmI0 npu py = 101,325 kIla (760 MM pr. ct.) u Ty = 273 K. 3aun-
MaeMbill Ta30M 00bEM IPONOPIHOHANEH KONWYecTBy rasza v. Ecin konude-
CTBO ra3a vV = | MOJb, TO IPH HOPMAaJbHBIX YCIOBHAX (JABJICHUU Py M TEMIIe-
patrype T;) cormacuHo 3akKOHy ABoraapo nwo0o# raz 3aumMaeT ob6beM
Vo = 22,41 - 107% m*/mone. CniepiosaTensHo,

poVou/To =R.

Benuuuna R ogsa u ta Xe ans Bcex ra3zon: R = 8,31 Ix/(mons - K) — u HocHT
Ha3BaHHUE ra30BOH MOCTOSAHHOM.
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TakuM 0Opa3oM, OOBEANHEHHBIH Ta30BbIH 3aKOH ANt V = 1 MOJIL MOXHO
NpeACTAaBUTH B BHJlE

pVy=RT. (8)

1O COOTHOIIICHHUE Ha3blBaeTcs ypaBHeHHeM Kianeiipona—MeHpeneesa.

YpaBHeHHE COCTOsSHHS HAEalbHOro rasa. Jing npo-
H3BOIBLHOrO KOJNWUECTA Ta3a V o6heM NpH TeX XKe YCIOBHAX YBETHUHBACTCA
B v pa3. CiegoBaTenpHO, BO CTONBKO XE pa3 YBEMYHBACTCA H NpaBast 4acTh
ypaBHeHud (8), T.€.

pV = VRT = % RT, 9)

rge v = m/i, m —-Macca rasa u |l — ¢ro MonsipHasi Macca. Belpaxenwe (9) Hocut
Ha3BaHUE YPAaBHEHHS COCTOSHWS MjaeanbHoro rasza. OHO onpepessieT cBsi3b
ME3KJly IapaMeTpaMH, XapakTepU3YHOIIHMH COCTOAHNC Tasa. [17s Heu3MEHHOTO
KOJIMYECTRA Tra3a V NOCTOSHCTBO OJHOTO M3 NMapaMeTpPOB NPHUBOAHMT K 3aBH-
CHMOCTY MEXKJ1y IBYMSl OCTaBUIAMUCH, T.€. K YPABHCHMIO COOTBETCTBYIOIIETO
razosoro 3akosa. Tax, npu T = const nony1aercst 3akon boins—Mapnorra (4),
npu p = const — 3akoH I'eit-Jltoccaka (5) i npu V = const — 3akon Wapisi (0).

3akoun J[lanbTOHAa (3aKOH NapuUMHalbHBIX JasieHuil). [dasncume,
KOTOpOe OKa3bIBald ObI ra3, BXOASINAH B COCTaB CMECH, €CTHM Obl OH ObLIT OfWH
B 2TOM cOcyje, HazpIBaeTcs napuuanbHbiM. CormacHo 3akoHy JaneToHa
NaBiieHUE CMECH a30B PAaBHO CyMMe UX maplimanbEbix fasrmeuil. C Touku
3peHNst MOTEKYIIPHON (DH3UKH, COTNACHO KOTOPOH AAaBNCHHE OO bACHACTCS
yaapaM# MOJIEKYA O CTEHKH COCYAa, 3aKOH [JarpTCHa O3HAUAET, YTO AeHCTBUSI
Ha CTEHKHW COCYJla MOJEKYJ KaXJOTO U3 ra3os cKiajibiBaloTcs. B wacTHOCTH.
3akoH [laTbTOHA NPUMEHHM W NpH A00ABICHHH B COCY[, B KOTOPOM yXKe
HAXOIUTCA ra3 Moj| AaBICHUEM , HEKOTOPOTO KOMHMICCTBA 3TOTO XKe rasa. B
3TOM Cliyyae MapiHaThbHOE [aBICHUE 00ABNCHHOTO Ta3a MOXKHO pac-
CYMTHIBATHL TaK, KakK ecliu Obl cocyn ObL1 nycroil. OKOHYATENBHOE XKe JaBie-
Hue OyRET CKIIabIBaThCs M3 2TOrC NAplLMANBLHOTO AAaBICHUS U JaBicHHs ra3a
] B COCYAE.

YpaBHenus (4)~«9) onuchIBAKOT TONBKO TaKUE COCTOAHMSA, I KOTOPbIX BO
BCEX TOUKax o0'’beMa, 3aHHMaeMOro Ia3oM, TeMneparypbl # [aBICHUA OAWHA-
KOBBI, T.€. COCTOAHUA, KOTAa Ta3 HaXOJWUTCS B TEeMJIOBOM paBHOBecuu. Ipu
HenpepbIBHOM u3MeHeHu# p, V u T ypasHeHHd (4)—(9) NpUMEHHMBI KO BceH
IOCTEAOBATENBHOCTH COCTOAHUI TOJNBKO NPH OECKOHEYHO MEJJICHHBIX NPO-
eccax, KOrjga HepaBHOMEPHOCTH B paclpejleIeHUH TEMNEPATYPhl U JaBICHUS
GeckoneuHo Maxbl. Ecnu mpoueccel UAyT He OCSCKOHEWMHO MEJJIEHHO, pac-
CMOTpEHHbIC YpaBHEHHSA KaK YpPaBHEHMs IPOLECCOB HE MMEIOT CMBICIA, HO
OCTalOTCA CHpaBeTUBBIME KAK YPABHEHMsI COCTOSIHUS /i MOMEHTOB BPEMEHH,
KOTJa ra3 OKa3bIBAE€TCsl B COCTOSSHAM TEIJTIOBOrO PaBHOBECHS.

417. TlpenctaButh Ha rpacdwukax, B koopauHatax p, V;p, TuV, T
M30TepMIYIECKHI NPOUECC AIsi ORHOTO MOJISI ra3a IpH TeMiepaTypax
T= T] )51 T = 3T|
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418. TIpu HOpManbHBIX YCIHOBHMSX ra3 3aHumaeT ob6beM V=1 M3,
Kaxkoit 06beM V 6yaeT 3aHEMaTh 3TOT a3 IpU H30TEPMHYECKOM CXKa-
Tim O gaBnenus p = 4,9 MITa? HopmansHoe atmocdepHOoe paBie-
nue p, = 0,1 MIla.

419. I'az cxkart uzorepMuueckd or o6wvema V, = 8 n mo oGbeMa
V, = 6 n. [laBnenune npu atoMm Bo3pocio Ha Ap = 4 kIla. Kakum 6bLi10
[IepBOHAYA/NBHOE FaBICHHE p;?

420. KakoBo faBneHue rasa B UUIHHApPE TIOJ
MOPIIHEM, €Cli¥ NOPIIEHb YACPKUBAETCSH B
PaBHOBECHH NPH IIOMOLIH CTEPXKHS, BOOJb KO-
Toporo peicreyeT cuna F = 9,8 H (puc. 57)?

Puc. 57 ITnomane nopmHs S = 7 cM?, CTEP3KEHb COCTaB-
JSET ¢ HOPMaJblO K IOpIIHIO yroi o = 30°.
ATtmoctepHoe paBierue py = 0,1 MIla. Tpennem npenebpeus.

421. B 6annone o6bema V = 10 1 HaxomuTcsd KAUCIOPOA, Macca Ko-
Toporo m = 12,8 r. [laBnenne B 6annoHe m3mepsaeTca U-oOpasHbIM
MaHOMETPOM, 3aMOJHEHHBIM Bofoi. KakoBa pasHOCTh ypoBHe# Ah
BOZIbI B TPYOKax MaHOMETpa NpHU TemHOepaType rasa t = 27 °C? Armo-
cthepHoe pgaBnenue p, = 0,1 MIla. [InoTHOCTE BOAKI p = 103 Kr/™M3,
MosipHast Macca kuciopopa W = 0,032 kr/Monb.

422. B yunnHApe 10op MOPIIHEM Macchl m = 6 KI HaxXo-
purca Bo3nyx. [lopmieHs nMeeT GopMy, OKAa3aHAYIO Ha
puc. 58. [Tnowanb ceyenust nunuHapa Sy = 20 cM2. AT™MO-
cepHoe naBneHue py = 0,1 MIla. Ha#ttu maccy rpysa M,
KOTOPBIA Hago NOMOXHUTh HAa HOpIIEeHb, YTOOBI 06BbEM
BO31yXa B NUIHHApPE U30TEPMUYECKH CXKATh B ABa pasa.
TpenueM npenebpeus.

Puc. 58 423. OpuH KOHel IMITHHPUIECKON TPYOKH AJIMHBI [ =

=25 cMm u paguyca ¥ = 1 cM 3aKphIT OpoOKOH, a B Apyrou
BCTaBJIEH MOPIIEeHb, KOTOPBIA MENNIEHHO BABUTaloT B TpyOky. Korma
MOpIIeHb MOABHUHETCS HA paccTosHue Al = 8 cM, npo6Ka BBLIETAET.
Cunras TemMnepaTypy HEU3MEHHOH, HAUTH CHNy TpeHHUsA F NMpoOKH O
CT€HKH TpyOKH B MOMEHT BbLneTa HpoOKH., ATMochEpPHOE RaBileHUE
po=0,1 MI1a,

424. Y3kas uymnuHApudeckas: TpyOka AnmHbI L, 3aKpbITas ¢ OHOro
KOHIIa, COIEPKUT BO3MYX, OTHOEJICHHBIN OT HAPYXHOIO CTONOHKOM PTY-
TH QJIAHBL A. Tpy6GKa pacnoyioxXeHa OTKPbITBIM KOHIIOM BBepX. KakoBa
6n11a fnuHa [ ctonbuka Bo3gyxa B TPyOKe, €Cly NPH IIepeBEPThIBAHAN
TPYOKHM OTKPBHITHIM KOHHUOM BHHM3 M3 TPyOKH BBINUNACHL NONOBHHA
pryt? IlnoTHOCTH PTYTH paBHa P. ATMocthepHOe JaBlieHHe PaBHO py.
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425. TlocepenuHe OTKaYaHHOU M 3anassHHOW ¢ 0OOHX KOHIIOB ropu-
30HTAJIBHO PACMIONOXEHHOI TPYyOKH {AMHBI L = | M HaXOgHTCS CTONGHK
pTyTH fiuHbl b = 20 cm. Eciu TpyGKy MOCTaBUTL BEPTUKAJILHO, CTON-
6UMK PTYTH cMecTUTCs Ha paccrosinue [ = 10 cm. Jlo kakoro naeieHus p
6buTa oTKavana Tpybka? Ilnornocrs prytu p = 13,6 - 103 kr/m>.

426. 3anasgHAYI0 C OJHOrO KOHLA TPYOKY miauHbL L = 76 cM mo-
PYKalOT B BEPTHKANBbHOM IIOJIOKEHAN OTKPBITBIM KOHILIOM B COCYJ
¢ pryrbio. Ha xakoM paccrossHun / OT IOBEPXHOCTH JOJKEH HaXo-
IMTHCS 3aMastHHbBII KOHELl TPYOKH, YTOOBI YPOBEHb PTYTH B HEH Obln
HUKE YPOBHsI PTYTH B COCyfe Ha BelnudHHy A = 76 cM? IlnoTHOCTB
prytu p = 13,6 - 10? kr/mM3. ATMocdepHoe naBnenue p, = 0,1 MIla.

427. OTKpPBITYIO € O00OUX KOHIOB TPYOKY JJIHHBI L = 2 M IIOTPY3Kal0T
B BEPTHKAJIBHOM NOJIOXKEHAHU HA NOJIOBUHY €€ JHMHBL B COCY] C PTYTHIO.
B Tpy6Ky BaBuraroT nopuienb. Ha kakoM paccTosHud [ OT NOBEPXHO-
CTH PTYTH B COCYAE NOJKEH HAaXOOUTHCA MOPIIEHBb, YTOOBI YPOBEHB
PTYTH B TpyOKe omycTuiics Ha BequuuHy # = 1 m? IlnotHOCTE pTYTH
p = 13,6 - 103 kr/M3. ArmocepHoe naBnenue p, = 0,1 MIla.

428. K gny uunuHapa miuHb /| ¢ MIIOMAABIO MOMEPEUHOIO ceve-
HUA S| npugenada Tpy6Ka MIHHBI [, C IIIOMIAAbIO MOMNEPEYHOIo ceye-
Hus §,. TpyOka HenuKoM norpy:eHa B pTyTh (puc. 59).
Ha xakyro BeTuuuHy /1 ONyCTUATCA PTYTh B TpyOKe, ecnu
BBIIBHHYTH IOPNIEHEL K0 camoro gHa mmwiuagapa? Ilpn
KaKoil MIUHMMAaJILHOM IUIOINANM MONEPEYHOro CeueHUs
nuiauHApa S, U3 TpyOku OydeT BhITECHEHA BCA PTYTh?
IInoTHOCTE PTYTH paBHa P. ATMoc(epHOe [aB/IeHHE
PaBHO P,

429. B cocyq ¢ pTyThIO NOTPYKeHa B BEPTHKATBHOM
MOJIOKEHUN TPYOKa C MOPIIHEM, OTKPBITAast C HIXKHETO
KoHna. Ecnu mopiieHb HaxomUTCs HAa PacCTOSHUK
{y=1 cM OT MOBEPXHOCTH PTYTH B COCYAAE, TO YPOBHH
PTYTH B cocyfe u TpyOKe ofmHakKoBbl. HaliTu gaBneHue Bo3fyxa p B
TpyOKe mocie NMogbeMa IOPIIHS Haj yPOBHEM PTYTH B COCYAE IO
BbIcoThI [/ = 75 cm. IlnotHocts pryTh p = 13,6 - 103 kr/M®. AT™Mocdep-
Hoe paBneHne py = 0,1 MIla.

430. Ons n3mepeHus rTyOUHBI NOTPYKEHNAS B MOpE Pa3iIMIHbIX MpH-
60pOB NMpUMEHSeTCsd 3anasgHHAsg ¢ OFHOrO KOHIA CTEKJsHHas TpyOka
nauHbl [y =1 M, KoTopas norpyxaeTrcs B BOAYy BMecTe ¢ NpubopaMu B
BEPTHKAJIFHOM TOJIOXKEHHA OTKPBHITHIM KOHIIOM BHU3. MaKcuMainbHast
rIyOuHa TmorpyxXeHust H BBIYMCISETCS MO MHUHHMANbHON BbICOTE [
cXKaToro Bo3pyxa B TpyOke. [lnsl onpeneneHnst BLICOTH | BHYTpEeHHUE
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CTEHKH TPYOKM NMOKPBIBAIOTCA JIETKOPAaCTBOPHMOH B BOJE KpacKOH.
Ta wactb TPyOKH, KyJa He NPOHHUKIA BOJA, OCTAETCA OKpalieHHOH.
Ha xakyro rny6uny H Obina onymieHa TpyOKa, ecly 0Ka3alloCh, UTO
1 =0,2 M? TlnoTtHocTE BOmOsl P = 103 kr/M3. ATMocepHOe maBiieHne
po = 0,1 MIla. Temneparypy Bo3nyxa B TPyOKe CUATATDb TOCTOSHHOM,

431, I1y3pIipek BO3Myxa MOJHUMAETCS CO IHA BOZOEMA, HMEIOIIETO
rny6uny H. Halit 3aBHCHEMOCTE pafpyca Ny3bIpbKa i° OT IIyOHHBI A
€r0 MECTOHAXOXKJEHHUS B laHHBIX MOMEHT BpeMeHH, €Cii €ro 00'bEeM Ha
nHe BogoeMa paBeH V. CHNBI NOBEPXHOCTHOIO HATSKCHMS He y4H-
TBIBATE.

432. ToHkuil pe3uHOBBIA MIap paguyca iy = 2 CM 3al0JTHEeH BO3JYXOM
npu Temneparype 1, = 20 °C u gaenenun p, = 0,1 MIla. Kakos Gynmer
papuyc mapa r,, €Ciid €ro ONyCTHTh B BOAY C TeMrepaTypol £, = 4 °C Ha
rnyouny h =20 M?

433. M3 3aTOHYBIIUX MOABONHLIX JTOAOK HHOTHA CHACANHACH, OTKPbI-
Basi CHauaJja HI>KHUE KJIalaHb! (KMHICTOHBI), a 3aT€M BEPXHUM JTFOK, U C
ny3bIpeM BO31yXa BBLICKAKHBalW Ha NOBEpXHOCTb. Kakas mons k
0o0'bEMa JOJKH HE 3aJKBajlach BOJON IOCAE OTKPBITUS KHUHTCTOHOB,
€CclId JOJKa Haxopuiaachk Ha rayOuHe h =42 m? IInoTHOCTE MOpCKO#
Bopel p = 1,03 - 10 xr/M3. Hauanbnoe paBlieHue BO3Ayxa B JOAKeE
po=0,1 MI1a.

434. O6oa0uKy aspocraTa, 06beM KoTopoit V| = 600 M?, 3anonHsroT
npy arMocdepHoM fasieHuu pg = 0,1 MIla rennem, umeromum o6beM
V, =500 mM> Ha kakoii BplcoTe Hajl ypOBHEM 3eMJIA ra3 LEJIUKOM
3anoNHAT 000N0uKy aapocrata? ATMmoctepHoe naBieHue yObIBaeT
BOmm3u 3eMnn Ha Apy = 133 Ila npu noxbeme Ha Kaxaple AH =11 m
BBICOTBI. TeMneparypy CUuTaTh OCTOSHHOM.

435. [IBa oquHAaKOBBIX COOCUIAIOMINXCS COCYNA C MOPUIHAMMI  YacTHY-
HO 3aIOJIHEHBI XHMAKOCTBIO C INIOTHOCTHIO P. Pac-
CTOSHHSI NOPIIHEN OT MOBEPXHOCTEH XHUAKOCTH
ONMHAKOBBI M paBHbl H (puc. 60). Onne u3 nopui-
Hell 3aKpenieH, a BTOpoil TOMHUMAIOT Ha BBICOTY /.
I1pu xaxoii BeicoTe /1 pa3sHOCTb YPOBHEH JKUAKOCTH
B cocyfax OypaeT paBHa H? HauvanwHOe pgaBneHue
BO3JyXa B KaXKIOM H3 COCYZOB PaBHO p.

436. PryTh, Hanutasa B U-o6pa3Hyro TpyOKy, He
HOXOHHUT A0 €e KOHLOB Ha paccrosiuue /i = 20 cMm.
Opno xoseHo TpyGku 3anasino (puc. 61). Hafitu nonmkenue h, yposHs
PTYTH B OTKPBITOM KOJIEHE, €CIH NIPH BBINYCKAHHH YacTH PTYTH
yepe3 KpaH ee ypOBeHb B 3alassHHOM KOJICHE MOHU3MIICH Ha A, = 18 cMm.

Puc. 60

76



[InotHocts pTyTH P = 13,6 - 103 kr/M3. ATMOChepHOE naBnenue p, =
= 0,1 MIla.

437. Haiitu obbem v 3acaceiBarolleil  KaMephbi
JOPIIHEBOr0 HAcoca, €CNH IPU OTKAUYWBAHUKA 3ITUM
HACcOCOM BO3Mlyxa n3 Oanjiona o6bveMa V =4 n gaBnenue
YMEHBINAETCS TPU KaXIOM LuKJe B n = 1,2 pa3sa.

438. Hacoc nMeeT 06beM 3acachbIBAIONIEH KaMepsl U.
3a CKONBKO LUKIOB paGoThl HACOCA MOXHO OTKAa4aTh
f6annoH ob6beMa V, CHU3UB JaBJCHHE B HEM CO 3HAaYe-
HuUs p 1o p,? TemnepaTypy cHuTaTh MOCTOSHHOM.

439. Kommpeccop. ofecneunBaroninii padory otdoii-
HBIX MOJIOTKOB, 3aCachIBaeT U3 aTMochepsl B eUHHILLY
BpeMesn o6beM Bozayxa V; = 100 nfc. Ckonbko oT60M-
HBIX MOJOTKOB MOXET padoTaTh OT ITOTC KOMIIPECCopa, €ClH Kax-
OLIE MOJIOTOK PacxojyeT B eJUHHLY BpeMeHH oOLeM Bo3fyXa U, =
= 100 cm?/c mpu gaBnennu p = 5 MI1a? AtMmoceproe gaBieHue pg
=0,1 MIla.

440. [1o xakoro pgaBieHus1 Haka4daH (pyTOONBHBIA M4 0o0BeMa V =
= 3 51 3a n = 40 kauann#t nopmHeBoro Hacoca? [1pu Ka>KmoM KadyaHWH
HAacoC 3axBaTbhiBaeT u3 aTMocdepbl o6beM Bo3myxa v = 150 cm’
ATtmocipepHoe gasnenue p, = 0,1 MIla.

441. Kamepbl aBTOMOOMNBHBIX MMIMH HAKAUHBAIOTCA MPH MOMOIIA
Hacoca, paGoTarolero oT asurarensi. CKOIbKO BpeMeHu TpebyeTcs nis
TOro, 4To6bl KaMepy o6beMa V =6 51 HakayaTb [0 AABJIEHHUS P =
= 0,5 MI1a, ecnu npu KaxnoOM L{UKJIE€ HACOC 3aXBAThLIBAET U3 aTMoOC(e-
pBl UHAUHAPHYECKRH cTon6 BO3Ayxa BhICOTHI 2 = 10 cM M nmaMmerpa
d =10 cM u ecnu BpeMms oxpHoro Kadanus 7= 1,5 ¢? HauaneHoe
naBieHue B Kamepe p, = 0,1 MIla.

442. JiBa cocypa, HANOJHEHHBIX BO3AYXOM IpH JAaBICHHUIX
p; =0,8 MIla u p, =0,6 MIla, umeror o6bembl V=311 V,=5 n.
Cocypgpl coeuHSIOT TPYOKOit, 06 beMOM KOTOPO MOXKHO NMpeHeSpeyb
IO CpaBHEHMUIO ¢ oObeMamu cocyRoB. HaliTu ycraHoBuBIIEECs JaBIeHHE
p B cocynax. TemnepaTypy cauTaTh NOCTOSHHOM.

443. [Ira cocyna c oo semamn Vy = 40 1 u V, = 20 1 copep:kat ras npun
OMHAKOBBIX TeMIepaTypax, HO pa3HbIX AaBieHusAX. Iloce coepuHennst
COCYOB B HUX YCTAHOBWIOCH AaBieHue p = | MIla. Kakoso 6s110 Ha-
JaJbHOE AaBiIeHHe P B OOJBLIEM COCY/E, €C/IU HaYaIbHOE ABJICHAE B
MeHbIIEM cOCyRe p, = 0,6 MIla? Temneparypy cunTaTh HOCTOSHHOM.

444. Tpu cocyna ¢ OMUHAKOBBIMH 06beMaMu COOGIIAIOTCS MEKIY
coboit KpaHaMu. [1epBblil COCYH COIEPKUT ra3 MacChl My, TPETHH — TOT

it
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3K€ ra3 Macchl m,, BO BTOPOM cocyfle — BakyyM. CHauana coemHuIu
BTOPOH M TPeTHH COCyAbl, a KOTa [aBJI€HHE BBIPOBHSJIOCH, BTOPOM
COCYJ OTCOEIUHIIIY OT TPETHETO U COENUHHIN C TIEPBLIM. JlaBleHue B
MIEPBOM M BTOPOM COCYlaX YCTaHOBHJIOCH PaBHBIM p. HaitTn HayannHoe
AaBIEeHHE P B [IEPBOM cocyge. TeMrepaTypy CUMTaTh OCTOSHHOM.

445. Ilpencrasuth Ha rpacdukax B Koopaunatax p,V:p,TuV,T uzo-
OapHLIA MPOLECC [UISL OFHOrO MOJISI Fa3a NPU JaBACHUIX p = p, A p = 3p;.

446. I1pu narpepannu rasza Ha AT = 1 K npn nocrosHHOM JaBieHAN
0o6'beM €ro yBeJIMUMJICS B ABa pa3a. B KakoMm HHTepBasie TeMIepaTyp
MPONCXOJUIIO HarpesaHme?

447. T'a3 nwarpesaioT oT Temuepartypsl f, = 27 °C go TtemmnepaTyphi
1, = 39 °C npu nocTosHHOM JlaBiieHuH. Ha CKONBKO NMPOLEHTOB yBEIH-
uncs ero o0pem?

448. JIBa cocyna ¢ OWHAKOBBIME O0beMaMn V COeUHEeHbI TOHKOMN
KanWIIApHOH TpyOKo#, 06 beMOM KOTOPOH MOXHO HpeHeOpedb IO
CpaBHEHHUIO ¢ 00'beMaMH COCyHOB. B cepennHe kamminspa HaAXOMUATCA
Kanns pryTa. HafTi 3aBUCUMOCTE MEX[Y OTHOCHTENBHBIM H3MEHe-
HHeM TemrepaTtypbel AT/T u cmemieHueM kKarumm Al, eciu HavyanxbHas
TeMIlepaTypa ra3a B 060X cocyiax 6b1ia paBHa T M HarpeBaeTCs TOJb-
KO ofiuH cocya. ITnomans xanumnssipa pasaa S.

449, ITonsii mapuk o6sveMa V = 100 cM? cHaGXeH IITUHHON TPYOKOM
c nenenusMu. O6vpeM TpyOKM MEXAY COCEJHAMH AeNeHMsiMH AV =
= (0,2 cM?. B mapuke u 9actym TpyOKM HaAXONUTCS BO3AYX, KOTOPBIH OT-
IeJIeH OT Hapy:KHOI'O BO3AyXa Kamei pryTu. [lpm temneparype t =5 °C
KallJiss PTYTH CTOUT y genenus n = 20. B kakux npepfenax MOXKHO H3Me-
pATh TEMNEPATYPY TAKUM TEPMOMETPOM, eclid TpyOka umeeT N = 100
meaeHud? TennoBeIM paclInpeHNEM IapHKa U TPYOKY peHe6pedsb,

450. 3axkpoIThill HUTHHAP, PACHONOXKEHHBIA FTOPH3OHTANLHO, pasfie-
JIEH Ha B 4aCTH NOABIKHBIM nopinHeM. OfHa 9acTh LUIHHAPA 3a10-
HEHa HEKOTOPBLIM KOJIRUECTBOM rasa IpH Temmepatype 1 =—73 °C,
Oopyras — TaKnM Xe KONHUYEeCTBOM rasa fnpu Temmepatype f, = 27 °C.
ITopmens HaxopuTcs B paBHOBecuu. Haltu o6bembr V, u V,, 3aHu-
MaeMbl€ Ta3oM B [IByX 4YacTsaX HWIHHApA, ecin oOmuil oO0hEM rasza
V =500 cm?.

451. Iunuappudeckuil cOCyll, pacHoJIOXKEHHBIH TOPH30HTANLHO,
3arofiHEH ra3oM np# Temnepatype ¢ =27 °C u gaBnennn p = 0,1 MIla
M pasfieJicH Ha fiBe paBHble YacCTHU NMOABIXKHON neperopopkoil. Kakoso
OymeT HaBJ€HHE p’, €CIH B OfHOM 4YacTH ra3 HarpeTh O TeMIepa-
Typel t' = 57 °C, a B gpyroit — TeMnepaTypy rasa OCTaBATb 0e3 u3-
MeHeHus? ‘
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452. lunveRp pasfeieH Ha [B€ YaCTH NMOABUXKHBIM IOPIIHEM,
EMEIOIIMM MacCcy m u mnomanes ceueHust S. Ilpm ropmsoHTansHOM
MOJIOXKEHNH HMIHMHApPA AAaBlCHUE rasa B cocyfe Mo obe CTOPOHEBI
[IOPLIHA OAMHAKOBO M paBHo p. HaliTy faBnenue p’ ra3a Haj MOPIIHEM,
KOTZa UMTUHAD PACONOXEH BEPTHKANBHO. TeMneparypy cudTaTh Mo-
CTOSIHHOM.

453. B tpy6ke piunbl L = 1,73 M, 3aN0IHEHHOH ra3oM, HAaXOOHTCH
cronbuk pryty gnuHb! h =30 mMm. Korpa Tpy6ka pacnosioxeHa BepTH-
KaJIbHO, PTYTh AeTHT TPYOKY Ha IBe paBHbIE 4acTH. [laBieHue rasa Haj
pryteio p =8 klla. Ha kakoe paccrosinue [ cuBuHeTcs PTYTh, €CIH
TPyOKY MONOXUTE ropu3onTanbHo? [10THOCTE pTYTH paBHa p.

454. B o6weme V =4 51 Haxogutces Macca m = 0,012 kxr rasza npu
temnepatype T =450 K. Tlpm kakoii Temneparype T’ INIOTHOCTB 3TOTO
rasa p’ = 6 kr/M*? [laBneHue cuuTaTh NOCTOSTHHBIM.

455, OTKpBITYIO CTEKIAHHYIO KoJily, HMeIyr dopMy mapa
pagmyca r =2 cM, C ropasliikoM piauHbl [ =10 cM n amamerpa
d =1 cM Harpesu O HEKOTOPOI TEMIIEPATYPHI {1, 4 3aTEM MOIPY3HUIIN
LeIUKOM B BORY rOpablIKOM BHH3. Ilpm oxmaxpenun KoaObl BOma
Bolma B ropiasunko. Korga xonba npuHAnRa TEMOEPaTypy BOAbI
1, =13 °C, ee npunogHa/Iu U3 BOAbI, He NIepeBOPaYMBasi, TaK YTO IHAPO-
o6pa3Hast YacTh OKa3aJach HaJl BOJIOH, a TOPJIBIIIKO — YaCTUYHO NOIPYy-
>KeHHbIM B BoAy. Korpma ypoBHE BOIBI B FOPJNBIIIKE M CHapy>XXH BBI-
POBHSUTHCH, NTOJ{ BOJOH OcTanach NOJIOBHHA ropibiiika. Kakosa remne-
parypa |, 1o KoTopo#l Obiyia HarpeTa Konba? TennoebIM paclInpeHuEM
KOJIObI IPpEHEOPEUb.

456. Bo3nyx B OTKPBITOM COCY€ HAarpeBarT OT TeMIepaTyphbi
t; = 10 °C pgo temneparypsl £, = 600 °C. 3aTteM, repMeTHYECKA 3aKPbIB
COCYyH, OXNaXAAOT BO3OYX B HEM IO IEPBOHAYAILHON TEMIIEPATYPHI ;.
Haitrn nioTHOCTH BO3[yXa B COCYyAe NpW TeMnepaType f, ¥ mocie
oxnaxpeHua. I1IOTHOCTE BO3RyXa NpU HOPMAJBHBIX YCHOBHAX Py =
= 1,3 kr/m3. TennoBsIM pacmimpeHneM cocyna npeHebpeys.

457, 1lanuHap ¢ TSXenbIM NOPUIHEM, PAaCNONOXEHHBI BEPTHKAb-
HO, 3aIONTHEH KACIOPOAOM, Macca KoToporo m = 10 r. [locne ysenmue-
Husi TemmepaTypbl Ha AT =50 K nopmeHs nopHsics Ha BbICOTY
h =7 cMm. Hairtu Maccy nopuHs M, ecniu faBieHne ra3a Hajl NOpIITHEM
po = 0,1 MITa. ITnomans nopmns S = 100 cm?2. MonsipHas Macca KHCIO-
pona p = 0,032 kr/mMonb.

458. B 3anasgHHO¥ UUIHHIPAYECKOH TPyOKe, pacnoNOXEHHOH TOpH-
30HTAIBHO, HAXOMUTCS BO3[yX IIPH HOPMANBHBIX ycioBrAX. TpyOka pas-
AejieHa NMOABYWXXHBLIM MOPIIHEM Ha ABE YacTH, OTHOLWIEHHE OGBHEMOB
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koropbix V/V, =1/2. [lo kakoii TeMnepaTypsl |, ClIeyeT HarpeThb
MEHBIIYIO YacTh TPYOKH U A0 KaKOH TeMnepaTypsl f, oXjaguTh 661Ib-
LIVIO 4acTb TPYOKH, 4TOOB!I HOPIUEHD AENHI TPyOKy Ha ABE paBHbIC
gactu? HarpeBanue u oxnaxkpeHue OOEHX 4acTell IPOU3BOJUTCS NPH
VIT = const.

459. IMocepeanse 3aKpbITON ¢ 000UX KOHLUOB TPYOKH IUTHHBI L = 1 M,
pacnoNioKEHHOH TOPU3OHTANBHO, HAXOMUTCS B PABHOBECHH NMOIBYXKHAS
neperopogka. CrneBa oT Hee Temmneparypa rasa t; = 100 °C, cupasa —
t, = 0°C. Ha kakoM paccTostHuY [ OT JIEBOT'O KOHL2 TPYOKH YCTAHOBHTCS
MeperopogKa, eciim TEMIEpaTypa BCEro ra3a CTaHeT paBHOH £, = 0 °C?

460. OTKpBITYIO IPOOUPKY € BO3AYXOM MPH JABICHUHN p; MEAJIEHHO
Harpenu A0 TeMIepaTyphl !, 3aT€M TepPMETHYECKH 3aKpPbLUIH H
oXNaguiIn [0 TeMiepatypsl £, = 10 °C. [JaBneHue npu 3TOM ymajio jo
P> =07 p;. Jo xako#i Temmepartypsl {; Oblia Harpera npobupka?
TemnoBLIM pacuirpesrneM NpodupKH peHedpedb.

461. B nuimHIpe NOX HOPIIHEM HAXOOUTCS BO3NYX NpPH [aBICHHUH
p1 =0,2 MIla u Temneparype #, = 27 °C. Kakolt Maccel Tpy3 m HY:KHO
TIOJIOKUTH Ha TIOpIIeHb NIOCe HArPEBaHMWs BO3AyXa 0 TeMIEpaTyphl
t; = 50 °C, uro6bl 06'beM BO3lyXa B LMIMHApE ObL] paBeH NEepBOHA-
vyansHoMy? ITnomans nopiuns S = 30 cM?.

462. ManoMeTp Ha DannoHe ¢ Ta30M B IOMEHIeHNH ¢ TeMIIepaTypoil
t; = 17 °C noxkasbiBaet gasinenune p = 240 xlla. Ha ynune nokasaune
MaHoMmeTpa ymenbmmnock Ha Ap = 40 xI1a. Hafitn Temneparypy Bo3-
IyXa Ha ynuane, ecing atMocdepHoe gasnenue p, = 0,1 MI1a.

463. [Ipu W3roTOBIEHHH 3NEKTPONAMI UX Ha-

2 MmONMHAIOT MHEPTHBEIM Ta3oM NpH TeMIepaType

t, = 150 °C. Ilop xakuM [gaBJIEHHEM JOJKHBI Ha-

HNOJIHSTBCS JlaMIbl, 4TOGBI IIpH TeMIlepaType

1 t, = 300 °C, koTOpas ycTaHaBAMBAETCA B JIAMIIE TIPH
. ’  ropeHuUw, faBieHAe He NpeBbimiaio p, = 0,1 MIla.

s 464. loka3aTh, NOAB3ysCh 3aKOHAMHU HJEaNb-

0 T HpBIX ra3oB, PaBEHCTBO TEMIEPATYPHBIX KO3(-

¢pureHTOB 06 BEMHOIO paclUIMpeHHs O U AaB-

neHuns P.

465. Ha puc. 62 gan rpagvk H3MEHEHUs COCTOSIHHAS HIEANBHOTO ra3a
B kooppuHatax V, T. [IpeacraButh 9TOT npornecc Ha rpadukax B KOOp-
ouHaTax p, Vup,T.

466. I'a3 nocienoBaTebHO NEPEBONUATCA U3 COCTOsIHUA 1 ¢ TeMmnepa-
typoit T, B cocrosinue 2 ¢ Temnepatypoil T, a 3aTeM B cocTodgHue 3 ¢
TeMnepaTypoi T; u Bo3BpamaeTcs B cocroguue 1. Haitu TeMneparypy

1%

Puc. 62

80



T3, €CIIM NPONECChI H3MEHEHUS COCTOSHHS MPOUCXONMIIM TaK, KaK 3TO
moKa3aHo Ha puc. 63, a remnepaTypel T; 1 T, H3BECTHBIL.
467. I'a3, 3anuMarominil npu Temneparype 1T, = p
=400 K u naBnennu p, = 0,1 MITla o6bem V, =2 1,
A30TEPMHYECKH CKHUMAIOT 10 o6bema V), u mamie-
HUS P, 3aTEM N300apHO OXJAX[AIOT JO TeMIepaTy-
pb1T3 = 200 K, mocne 4€ro u30TepPMUYECKH H3MEHSAIOT 1
o6keM o V, =1 n. HaliTu KOHEYHOE TaRNEHHE . L

468. PemunTes npepblayInyio 3ajady rpagpudeckn, L o
noctpous rpacduxu B Koopaunarax p, Vip, TuV,T. 0 v

469. BeruncnnTh ra3oByio NOCTOSIHHYIO R, KOTO- Puc. 63
past BXOIHMT B ypaBHenue pV, = RT, onuceiBaroniee
COCTOSIHHE OJHOT'O MOJIS ra3a.

470. Hanrtr Mmaccy m Bomopona, Haxonsmerocs B 6ansioHe ob6beMa
V =20 n nop pasnenueM p = 830 xIla npu temmeparype =17 °C.
Mounspuast Macca Bogopoga [ = 0,002 kr/mMons.

471. Hexkotropsiil ra3 Maccel m; =7 T npu Temneparype t; = 27 °C
co3maet B 6anmyione gaBineHue p; = 50 klla. Bogopon Maceel m, = 4 r npu
TeMmepartype t, = 60 °C co3gaeT B TOM Ke OainoHe [aBIeHUE p, =
= 444 xIIa. KakoBa MonsipHas Macca [, HeM3BECTHOTO ra3a? MonsipHast
Macca Bogoponaa H, = 0,002 xr/mMounsb.

472. OTKPBITHIN COCYX CONEPKUT BO3YX IIpu TeMIiepatype £ = 27 °C.
Kakas yacTes Macchl BO3AYXa OCTAHETCS B HEM IIPU HarpeBaHNH IO TEM-
nepaTypsl £, = 450 °C? TennoBeIM paclIupeHHEM COCYIa peHeOpeys.

473. N3 6annoHa co CKaThbIM KUCIOPONOM H3PacXOOBANH CTOIBLKO
KHCIIOpOfa, YTO ero [aBJieHWe ynano co 3HadeHmsa p, = 9,8 Mlla no
p2 = 17,84 MIla. Kakas yacTs Maccel KHCIIOpOAa H3pacxofoBaHa’

474. B 6annone o6beMa V = 0,2 M3 HaxORUTCs TeNAi HPH NaBICHUN
p1=0,1 MIIa u temneparype f; = 17 °C. Maccy renus B 0anjoHe
YBEJTUYHIIHA, DY 3TOM €ro [aBJeHHe NOBLICIIOCE [0 p, = 0,3 MIla, a
TeMmneparypa — 1o t, =47 °C. Ha ckonbko yBenuuunace Macca renus?
Monspnas macca resus pL = 0,004 kr/MOTb.

475. I'a3 maccel m = 16 r npu pgaBnennn p = 1 MIla u temneparype
t =112 °C 3aanmaeT 06peM V = 1600 cm®. Onpepenuts, KakoH TO ras.

476. HafiTn nmoTHOCTE a3ota NpH TeMnepartype t = 27 °C u gaBieHHIA
p = 0,1 MITa. MonsipHast Macca a3ota [ = 0,028 kr/mMonb.

477. Bricora nuka Jleamna na [lamupe H = 7134 M. At™Mocdep-
Hoe pmaBiieHHe Ha 3To# BbicoTe p = 38 kIla. HaliTu nnoTHOCTE BO3-
AyXxa Ha BepligHe nmuka npu f, = 0 °C. Monsgpras macca Bospgyxa
U = 0,029 kr/mons.
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478. IIpu kakxoM AaBIE€HHAU p IIOTHOCTh ra3000pa3HOro a3oTa Ipu
temnepatype t =—73 °C cocrasasier 0,4 NIOTHOCTH BOALI TIPU KOM-
HATHOH TeMneparype pg = 103 kr/m3?

479. Ilon xaxuM flaBlIeHNAEM p; HY>KHO HANOJHUTL BO3AYXOM Ganion
obweMa V=10 5, uToOBI IpH COEJUHEHHH €r0 C OaMIOHOM O0beEMa
V, =30 5, copepxaiuM BO3AyX IpH fasieHun p, = 0,1 MIla, ycraHo-
BHJIOCKH 061ee nasnenue p = 0,2 MIIa?

480. [Isa cocyna oguHAKOBOro o0beMa CofiepkKaT BO30yX; OfHH — IpH
TeMnepartype T, 1 [aBiIcHUN p,, APYro# — npm TeMneparype 7T, 1 gapie-
HUHU p,. COCyABI COEMHEHBI, U NOCJIe BLIDABHUBAHUS NABJICHUN B TeM-
nepaTyp BO3AyX Harpet fo TemnepaTypst T. Kakoe pmaBnenue ycra-
HOBUTCSI [TOCJIe HarpeBaHus? :

481. 3akphIThIil ¢ 000UX KOHIOB LIIMHIP, PACHONI0XEHHBIA FOpH-
30HTANBHO, HaloJHeH ra3oM npHu pasieHnn p = 100 klla u Temme-
patype t = 30 °C u pa3fesneH NOJABIKHBIM MOPIIHEM Ha [IBe paBHbIE
vactu guHbl L = 50 cM. Ha kxakyro Bennunny AT HyXHO IOBBICHTH
TeMIIepaTypy ra3a B OHOH YacTH UMITHHAPA, YTOOBI HOPIUEHb CMECTHII-
cs Ha paccrosiHue [ = 20 cm? Bo BTOpoit yacTu nuiuHApa TeMueparypa
He u3MeHseTcsa. HaiTu gaBnenne rasa p’ nocie cMeIeHus HOPIIHS.

482, [InunAas npobupKa OTKPBITLIM KOHLOM HOTPyXKEHa B COCYI C
pryteto. Ilpu Temnepartype t; =47 °C ypoBHEM PTYTH B MpoOHpPKe U B
cocyfie coBmaparoT. Hag ypoBHEM pPTYTH OCTaeTcsl 4acTb NPOOHPKH
nnusbl L =76 cMm. Ha kakyro BbIcOTY | IORHUMETCS! pTYTh B IpOOHPKE,
eciy ee OXJajnTh IO TeMIepaTypsl £, =—33 °C? ArMmocdepHoe naBie-
uue py = 0,1 MI1a.

483. Cocya o6wema V =100 1 pasgesieH Ha ABE paBHBIE YacTH
noNynpoHunaeMol neperopoakofl. B ofHofl yacta cocypa HaXoauTcs
my =2 T BOJOpPOHa, BO BTOpOH — v, = 1 MoJb azota. Haiitn naBnenwue,
yCTaHOBHUBIIEECS 10 00e CTOPOHBI IEPETOPOJKH, €CIIH OHA MOKET IpO-
[yCKaTh TONBKO Bogopoj. Temmeparypa B 00eHX HOJIOBHHAX COCyAa
ogHa ¥ Ta ke: t = 127 °C n nocrosanHa. MongpHas macca Bogopoja
1y = 0,002 kr/mMoIb.

484. BHYTpH 3aKpBITOrO LUIHHAPA, PACIOJOXKEHHOIO TIOPH30H-
TallbHO, UMEETCA TOHKWH TEIUIOHENIPOHUIAEMBIA TIopIleHb. B ognoMt
4YaCTH UWIHHAPA HAXOOUTCs KUCIOPOJ Ipu Temnepatype ¢ = 127 °C,
B pyro#i — BOJOPOJ NIpM TeMnepaType f, = 27 °C. Maccel o6oux ra3os
oguHakoBbl. Ha kakoM paccrosinum / oT Topna UWJIMHApPA B YacTH,
B KOTOpOH HaxofgHUTcid BOJAOPON, pacnojioxeH nopumieHs? Jnuna
uunmEgpa L =65 cM. MonspHble Macchl KHCIOPOHa H BOJOPORA
Ky = 0,032 kr/mMons 1 W, = 0,002 kr/MOJB.
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485. Cocyn ¢ ra3oM pasfielieH NOABUKHOU NEPEropoiKoil Ha JiBe
4yaCTH, OTHOLIeHne 06’beMOB KOTOphIX V) [V, =2/3. Temneparypsl rasza
B MEHBILIEM 1 GoJbllleM o6beMax ¢, = 177 °C m t, = 267 °C, maBneHus B
HUX OHMHAKOBEI M paBHbI p. KakoBo OyfeT oTHOmEHHE 00 bEMOB, €CITHI
TeMImepaTypsl cpaBHsOTCA? TennoobMeH BO3MOXKEH TOJIBKO Yepes Me-
peroponxy.

486. ITunuuap pnuael L = 85 cM pasfesieH Ha [{Be 4acTU NMOABHXKHBIM
nopuiHeM. OfHA YacTh LMIMHAPA 3all0JIHEHAa KUCIIOPOJOM, a Apyras —
pofoponoM. IIpu KakoM NONOKEHUN NOPIIHS JaBJIEHAS B 00ENX JacTAX
quiInHgpa 6yRyT ofaMHaKoBbl? TeMmepaTypbl B MacChl I'a30B B 06€HX
JaCcTSAX HIIAHpPa ONMHAKOBBL. MonspHbIe Macchl KHCIOPOAa U BOMO-
pona W = 0,032 xkr/monb u |, = 0,002 Kr/MOoIb.

487. B ycnopmsix npeapiAyliei 3agadyd HAaHTH, IPU KaKUX TeMOe-
paTypax kuciopona T, u Bogopopa T, nopmeHs OyeT AeNUTh HUIAHAD
Ha paBHBIC YaCTH.

488. HaiiTu remnepatypy 7 azora Maccel m =2 T, 3aHUMAIOUIErO
o6bemM V = 830 cm?® npm pasnennu p = 0,2 Mlla.

489. Illap 3amosnHeH ra3oM npu nasiennu p; = 0,105 MIla u Temne-
patype t; = 27 °C. [locne nogbeMa mapa Ha BBICOTY, [I€ [aBJIeHUE ras3a
po = 0,08 MITa, o6 beM mapa yBenuuuics Ha n = 5% ¥ faBIeHHE B HEM
CTao OTAMYATHLCS OT aTMmoceproro Ha Ap =5 klla. Haitu Temme-
paTypy £, BO3Ayxa Ha 3TOH BbICOTe, NMpeRINoaras, 4YTo ra3 B mape npu-
HAJI 9Ty TEMIIepaTypy.

490. Ckonbko 6alnoHOB BOAOPOA, UMEIOIHUX 00beM v = 50 1 Kaxk-
neiid, npu temnepartype f =27 °C n gaBnenuu p = 4 MIla norpebyercs

' Iy 3amoJTHEHMst aspocrata o6bema V' = 1000 M3, ecniu npu temmnepa-
Type ¢" =7 °C gaBieHne B HeM NoMkHO ObITh p’ = 0,1 MIIa?

491. B kaxpaywo H3 YeThIpex HIHH aBTOMOOHNA HaKadaH
o6beM V| =200 1 Bo3ayxa npu Temneparype ¢ = 17 °C. O6beM muHbI
V5 =154,6 n, muomags CUEIUIEHNs IIKMHBI C TPYHTOM IIpH TeMmeparType
1, =0°C § =290 cm? Haiith Maccy m aBTomMobuns. ATMmocdepHoe
maBieHue py = 0,1 MIla.

492. bannon o6weMa V| =40 1 comepKHUT CXKAaTblil BO3RYX HpH
nasneHnu p, = 15 MIla u temneparype ¢, = 27 °C. Kakoit 06seM V Bo-
AbI MOXHO BBHITECHHTD U3 IIUCTEPHBI HOABOMHOM JIOAKH BO3TYXOM 3TOTO
6aJuI0Ha, ecly JI0JKa HaxoguTcs Ha TnyouHe h = 20 M, rie Temneparypa
t, = 7 °C? IlnorHocts Bousl p = 103 kr/mM3. ATMochepHOe pgaBneHHe
po=0,1 MIIa.

493. ]IBa HEeBeCOMBIX MOPIIHS, COCTHHEHHBIX HUTHIO, BCTABJICHBI
B OTKPBITYIO C JIByX CTOPOH TPyOKy, MMEIOIIYiO0 INIOLANL CEYEeHHS
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S =10 cM?, B MoryT nepeMemarhbed 6e3 TpeHus. JlaBieHns u TeMre-
paTypsl MEXAy MNOPIIHAMH H CHAapyXH ONMNHAKOBBI U paBHBI
pPo=0,1 MIla n ¢t =27 °C. [lo xakoil TeMnepaTypsl ¢’ Hy>KHO HarpeThb
BO30yX Me€XJy NOPIHHSAMH, YTOObI HHTb, COCHMHSAIONIAA MOPIIHH,
nopsanach? HuTh BeIflep:KHBaeT CANY HATsDKeHus F = 30 H.

VS, S, Vs

Puc. 64 Puc. 65

494. B nByX ropu3OHTalbHO PaCIONOXKEHHBIX HUIINHAPAX C 3aKpe-
NJICHHBIMH MOPITHAMH HaXOAUTCS BO3AYX IIPH AAaBIEHUU P, U TeMIle-
patype T, (puc. 64). O6'beMbl BO3[lyxa B NWIMHAPAX paBHBI V| u V),
ITOLIAIN CEYEHHH NOpIlHel paBHbI S| 1 S,. HapyxHoe gaBneHue pasHo
Hynio. MexXay MOpPHIHAMH BCTaBISIIOT CTEPXKEHb M OCBOOGOXIAIOT
NOPIIHK OT 3aKpeMJIEHHs], a 3aTeM BO3[yX B IEPBOM LMJIMHAPE Harpe-
BaloOT A0 Temneparypel T. Haitu cuny F, cKUMalolyro CTep>KeHb B
yCTaHOBHUBIIEMCS] COCTOSIHUH.

495. Illap ¢ HepacTskuMOH 060104K0ON Maccel M = 11,6 r Hamon-
HEH BOJOPOAOM, 3aHuMaromuM oo'seM V = 10 1. Temneparypa Bopo-
poOda M OKpyXaromero map Bosayxa fy = 0 °C. HaiiTtu gasneHue p Bo-
mopopma B IIape, €CIH pe3yJbTHPYKOINAs NOgbEMHas CHJA Iapa
paBHa HyJ10, T.e. IIap HapHT B Bo3Ayxe. ATMocdepHOEe paBie-
Hue po=90,1 MIla. MonsipHbsie Macchl BOROpPOfga W BO3AyXa
I = 0,002 kr/mMons u [, = 0,029 Kr/MOITb.

496. Bo3nyx B cTtakane BoicoThl H = 10 cM ¢ miomansio gHa § =
= 25 cM? HarpeT Ko TeMmepatypsl ¢ = 87 °C. CrakaH MorpyxeH BBepX
IHOM B BOAY TaK, YTO €ro JHO HaxXONUTCS HAa YPOBHE MOBEPXHOCTH
Bofbl. Kakoil 06b€M BOJbI BOWAET B CTaKaH, KOTAA BO3[AyX B CTaKaHe
MPHUMET TEMIIEPATypy BOAbIL, = 17 °C? ATMocdepHOe HaBieHHe pg =
= 0,1 MIIa. ITnotaocTs Boasl p = 103 xr/m3,

497. CrakaH BbICOTHI &t = 9 cM, HAIIOJTHEHHLIR Ha 2/3 BOfOH, IIaBaeT
B BOJIE TaK, YTO €ro Kpas HaXOgATC HAa YPOBHE €€ IMOBEPXHOCTH
(puc. 65a). ToT XK€ CTakaH C BO3AYXOM, HATPETHIM [0 TEMIEPATyPhI
t; = 87 °C, norpyXxaroT B BoAy BBepx gHOM (puc. 656). Ha kakyio
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ryOMHy H HYXXHO NOrpY3UTh CTaKaH, YTOGLI OH, IPMHAB TEMIIEPATYPY
ponbl 1, = 27 °C, He BcmIBIBAN U He TORYJN? ATMocthepHOE naBlcHUE
po = 0,1 MITa. [Tnotrocts Bogsl p = 10° kr/m3.

§ 15. JnemMeHTH MOJIEKYIsApHONH (hH3HKHU

Bce Tesa cocToAT M3 OTAENBHBIX MENbUYAHIIMX YACTHIL MOJEKYJN, AaTOMOB,
3JIeMEHTapHBIX YacTul,. YacTHubl XaOTUYECKH IBHKYTCSl H B3aHMOJIEACTBYIOT
ApPYT € ApyroM. MoneKyabl UMM APYrHe CTPYKTYPHDLIE 9IEMEHThI (aTOMBI,
HOHBI, 2MIEKTPOHBI) HACTOJIBKO Malbl, YTO B TIOOOM MaKpPOCKOINHUECKOM Tene
HX YHCNO OorpoMHo. MIX 4umcno, OTHeCEHHOE K OFHOMY MO0, Ha3bIBACTCS
NOCTOSHHON ABOTafpo:

N4 =6,02 - 102 monp~!,

MOJ’IHPHOfI MacCcol Ha3bIBAlOT Maccy BEIIECTBA, B3ATOIO B KOJIHYICCTBE
OJHOI'O MOJIA:

B= m(WA’

rae mgy = m/N = m/N,v — Macca OTHO¥M MOJEKYBL.

XaoTHuecKoe TEMIOBOE JIBISKCHHE MOJICKYJ ra3a MPUBOJHUT K HX YIPYLUM
COYA2pEHUsIM CO CTEHKAMH COCyAa, B KOTOpOM ra3s Haxopurcs. I'poMangHoe
YUCIIO TAKUX COYAapEeHuil co37aeT JaBNeHne Ira3a, KOTOpOoe, TaKuM 06pa3om,
NPONOPUHMOHANBHO CpeHEeH KHHETHICCKOH SHEPIHU NOCTYNATENBHOTO ABHKeE-
HHSl €TO MOJIEKYIL.

498. HaiiTi Macchl MONEKYJT BOJIOPO/a M KHCIOPOXa.

499. Yucno MonekyJd B eMHHUIE 00beMa HEM3BECTHOrO rasa Ipwu
HOPMAlIBHBIX YCIOBHAX n, = 2,7 - 1023 M3, 3TOT Ke ras npu Tem-
nepatype t=91°C u masnenmm p = 800 klla wumeeT nIOTHOCTL
p = 5,4 xr/m3. HaiiTi Maccy m MOJIEKYJIBI 3TOTO rasa.

500. Haiiti uncno MOneKyN #y B equHALE 00beMa rasza Ipu HopMab-
HbIX yenosusx. ITocrosinnas ABoraapo Ny = 6,02 - 102 monpb!,

501. B punuupgpe NMOX NOpIIHEM HAaXOAUTCS ra3 IIPH HOPMalb-
HbIX ycmosmax. CHavana o6beM rasa yeenuduin B k£ = 10 pa3, 3aTem
ra3 HarpeJju IpHU MOCTOSHHOM AAaBJEHUH 1O TeMnepatypsl ¢ = 127 °C.
HaiiTyn uymcno Mosekyn n B enuHuIe oObeMa rasa B KOHEUHOM
COCTOSIHUH. :

502. Amnyna o6sema V =1 cM3, copepKkamas BO3AyX IpH HOpMaJib-
HBIX YCJIOBHSIX, OCTaBJleHa B KOCMOCE, Ifi¢ HaBJieHHE MOXHO CUH-
TaTh paBHBIM HyJ0. B amnyne mpobuto orBepctHe. Uepesz kKakoe
BpeMsi T JaBJICHHE B aMIlyJle CTAHET PaBHBIM HYIIO, €CJIH CUYNTATH, YTO
4yepes OTBEPCTHE B €IUHHUIY BPEMEHH BblueTaeT n, = 10% ¢! Momekyn
Bo3gyxa? ‘
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503. lap pagmyca r, cofep>xamuii ra3 npu remueparype T, Haxo-
AWUTCA B Bakyyme. Uepe3 oTBepCTHE B CTEHKE Iapa YacTh ra3a BbiTe-
kaeT. KakuM okaxkeTcs AaBlCHHE p, rasa B IIape, MOCHE TOr'O Kak
BBUIETHT 1 MOJIEKYJI Ta3a, €CJIM HavalbHOE AaBJICHHE ra3a BHYTPH Iapa
6bu0 p,? [Ipn HOpMaNLHBIX YCIOBUAX B €MHULE 06beMa ras3a comep-
SKHTCS 9HCIIO MOJIEKYIT Hyy.

504. quameTp MoneKynbl azora d = 0,3 aM. Caurasi, YTO MOJIEKYIIbI
UMeroT chepuueckyio popMy, HallTH, Kakas 4acTe o0'beMa, 3aHuMae-
MOTO Ta3oM, NPUXOJATCS Ha 0OBEM CaMHUX MOJEKYJ MPH HOpMaib-
aeix yenoBusx (T, =273 K, py=0,1 Mlla), a Takxe npu paBmeHun
p =500 py. CauTath, YTO NpU STUX AABICHUAX a3 HE OTIIMYAETCH OT
HOEaNbHOTO.

505. Ha crenky mnomagy S HajdeTaeT NOTOK MOJEKYJ, MMEIOIHX
CPEIHIOI0 CKOpPOCTh v. UnCIIo MOJIeKy, IBIXKYIIUXCS 110 HANIPaBICHUIO
K CTCHKe, B e[UHUIEe 00'beMa paBHO ny Macca KaxXjIol MOJEKyJbl
pasnHa m. Haiitn geficTByiolnyie Ha CTEHKY CHNy U faBiieHue, eCd MO-
JIEKYJIbI [BHKYTCS MEPHEHAUKYISIPHO K CTEHKE W YAapbl MOJEKYI O
CTEHKY aGCONIOTHO YIPYIHE.

506. Cocyn B ¢popme kybuka copepxkut v = 103 Mons upeansHOro
rasa. K kaxpoit u3 miectu rpaseii KyOuka NepNeHARKYJIAPHO K IPaHsM
B M1000W MOMEHT BPEMEHH JBIKETCS OJHHAKOBOE YHCIIO MOJEKYIL.
Macca kaxpgoil Monexynsl m = 3 - 10726 kr, cpefiHsIsl CKOPOCTDb TEIIO-
Boro fpmkeHust Monekya v = 500 m/c. Hafitu paBnenue p raza. CunraThb
yAapbl MOJIEKYJ O CTEHKY COCY[la aGCOMIOTHO YIPYTAMH.

507. B cocyme HaxomuTtcs ra3 npu paBieHnu p = 0,15 MIla un
temmneparype ! = 273 °C. Kakoe 4uciio n MOJIEKyN HaXOOUTCS IIPU 3THX
YCIIOBUSIX B €AMHALE 00BeMa cocynia’

508. Kaxosa temneparypa T rasa, HaxogsIerocs noj HaBJieHHEM
p =0,5 MIla, ecin B cocyne o6bema V = 15 i cogepxurcs n = 1,8 - 10%
MONEeKY?

509. B cocyne o6vema V = 1 m npu temneparype ¢ = 183 °C Haxo-
aurest v = 1,62 - 1022 Monekyn raza. KakoBo GymeT maBiieHue p rasa,
ecnu o0'bEM COCYHA H30TEPMHUYECKH YBENMUuuTh B k = 5 pa3? Yucno
MOJIEKYJI Fa3a B eJHHHIIE 00beMa COCY/la IIPH HOPMAJIBHBIX YCJIOBHSAX
ny=2,7-10¥ M3,

510. CoBpeMeHHBIE BaKyYyMHbIE€ HACOCHI O3BOJISIOT HOHMKAThH JaB-
nenue go p =10-10 [Ta. Kakoe ymcio MOJEKYN rasa n COREpXKHUTCS B
eauHMIle 00'beMa IPH 3TOM JaBJIICHIH U TeMneparype =48 °C?

511. Hexoropas Macca BOJOpOJa HAXOAHTCA NPH TeMIepaType
T, =200 K u gaBnennu p, = 0,4 kIla. ['a3 HarpeBaroT A0 TEMIEPATYPHI
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T, = 10000 K, npu KoTOpo#i MOJIEKYIIBI BOXGOPOAa MPAKTAYECKH TOJ-
HOCTBIO pacriafjaloTcsa Ha arombl. HallTu naBieHue p, rasa, €ciim €ro
00'bEM U Macca OCTaJINCL 03 N3MEHEHHS.

§ 16. BuyTpennss 3neprus M padoTa pacliMpeHHAs ra3os.
Tenno0eMKoOcTh

Oueprus @, coobiaemas Teay B BUE TEIUIOTHI, HAET Ha H3MeHeHHe AU
BHYTPEHHEH 3HEPTHHU ITOTO TEJIa U Ha COBEPIICHUE 3TUM TENOM paboThl A Haj
OKpyXalomumu ero TejaMi. COrlacHO 3aKOHY COXpaHEeHUs SHEPIHH.

0 =AU +A. (10)

BHyTpeHHSsI 9HEPTHs TeNla CKIajblBaeTCsl A3 KNHETHUECKOH OHEPTHH €T0
MOJIEKYJ, 3aBUCAUIEH OT CpefHEH CKOPOCTH HX TEINIOBOr0 XaoTHYECKOTO
ABYKEHHsl, W NOTEHHMAIbHOK 3HEPIH# B3aHMOJEHUCTBHA MOJEKYJ MEXAY
co601, 3aBHCALIEH OT B3aMMHOTO PACIONOXeHAA Monekyln. IloTeHnuanbHas
3HEPTHs B3a¥MOJCUCTBHS MOJIEKYJ H€aNbHOrO ra3a pasHa Hymto. ITonnas xe
KUHETHUECKasi 9HEPTHsL MOJIEKYI Ta3a NPONOPIUOHANBHA (IIPH NOCTOAHHOM
o6'beMe) AaBJIICHMIO ra3a Ha CTeHKy cocyaa (cM. 3agaun 505 u 506). C apyroi
CTOPOHBI, B 3TOM cilydae no 3akoHy lllapis maBieHHE NPONOPIHOHANBHO
Temneparype. TakuM 06pa3oM, BHYTPEHHsS 3HEPrUs HACAlbHOTO rasa Ipo-
NOPIMOHANBHA €ETO TEMIIEPATYpE.

Pa6ora, coBepiiaemas ra3oM NpH pacmpeHuu oT o6beMa Vy o V), ecn
[aBJIEHUE [? OCTAECTCS IOCTOSHHBIM, OIIPECISECTCS BbIpakKeHHEM

A=p(V,-Vy). (1)

CornacHo 3aKOHY coxpaHeHus sHepruu (10) nist yBeauuyeHust BEyTpEHHER
HEpPTHH ra3a Ha OffHY M Ty Xe BETHYHHY, 4 CIEJ0BATENbLHO, U /IS NOBbILIEHUS
Ha OfIHY M Ty XK€ BCJMYMHY TeMIepaTyphnl rasza tpebyercsi COOOIUTEL €My
Pa3IUIHOE KOJUUECTBO TEIUIOTH! B 3aBUCHMOCTH OT pabOThI, COBEPIIAEMOH
npu 3ToM rasom. IToaToMy, B 4aCTHOCTH, TEINIOEMKOCTD Ta3a P OCTOSHHOM
o6veme Cy, KOT[la npolecc HarpeBaHust HE CONPOBOXKIAETCA COBEPIIEHHEM
paboThI, OKA3bIBAETCS MEHBUIE, YEM TENIOEMKOCTh €ro NMpH INOCTOSHHOM
nasnenun C,, KOTAa ras, cornacso ¢opmyie (1), copepiaer pabory.

512. B BepTHKaNBbHOM HWJIMHAPE TOJ TAXKEIBIM NOPIIHEM HAXOOUTCA
KHCIIOPOR Macchl m = 2 Kr. 115 mMOBBILIEHUS TEMIIEPATyphl KHCIOPOKa
Ha AT =5 K emy 6b110 co001IeHO KOMM4ecTBO TeNNoTh Q = 9160 k.
HaiiT ylenbHYIO TENIOEMKOCTE KHCIOPOAa C,, paboTy A, coBepiia-
€MYIO UM IIpH PacIIMpeHdN, U YBEeJIMUCHUE €ro BHYTPEHHEH 3HEpruu
AU. MonsipHag Macca kucnopopa WL = 0,032 kr/Mob.

513. Illap, HanOJTHEHHBIH CYXUM BO3XYXOM IpH TeMmepartype f, =0 °C
u pasnennu p, = 99,4 klla, ypaBHoBemeH Ha Becax. Korga map Ob1n
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OTKa4aH [0 AaBJIeHUs BO3Ayxa B HeM p, =1 kIla, pns paBHOBecHs
noTpeGOBaNnoch MONIOXKUTL Ha OJHY M3 Yalllek BECOB I'Py3 MaccChi
m = 37 r. Haiiti 06beM V mapa. I110THOCTL BO3MyXa NP HOPMaJIbHBIX
YCNOBUMSIX Py = 1,3 Kr/M3.

514. Hekoropas Macca rasa HaxofuTcs B 6annoHe o6beMa V =1 1.
Ilocne BeIMycKanusi yacTH rasza u3 0ajyloHA AaBII€HHE B HEM YMEHb-
muiock Ha Ap = 56 klIla, a macca 6amioHa ¢ ra3om — Ha Am =2 T.
TemnepaTypa rasza npu 3ToM He U3MeHunacs. Haitn mnoTHOCTS Py ra3a
NIpH HOPMaNnBLHOM NaBneHuu py = 0,1 MIla n Temniepatype onmbiTa.

515. B Gannone o6bema V = 2,5 1 HaxoguTCcs ra3 npu TeMIeparype
ty = 0 °C. Macca 6annona c razom n1; = 200 r. B 6anynon no6aBunu nmop-
WO TOTO Xe rasa, [ocjie 4ero Macca GajioHa C Ta30M YBEJIMUUIACh 10
m, =201 r. Ha kakyio BennunHy Ap Bo3pocio jaBieHue B GajlioHe,
ecnu ROOAaBIEHHBIN ra3 NMpU HOPMANbHBIX YCIOBUSIX MMEN MIIOTHOCTH
Py = 1,2 xr/M*? TeMnepaTypy CUATAThH MOCTOSHHOM.

516. B nmnungpe mop NMOpPIIHEM HAXOMUTCS KHUCIOPOX Macchl
m =2 xr. Ilopnrens 3akpemyied. Kakoe konmuecTBO TemnnoTsl  HYKHO
CcOOOLIUTH KUCTIOPORY, YTOOBI €ro TeMIepaTypa HoBbICANach Ha AT =
=5 K? Haiitu yBenuueHue BHYTpeHHe# 3Heprud AU u yHenbHYIO
TETMI0EMKOCTb KUCIIOPOAA Cy B 3TOM ciyyae (cM. 3afauy 512).

517. IBa MeTamnmmueckux mapa paguyca = 10 ¢M ¢ OIMHaKOBBIMA
MaccaMmy, OfHH M3 KOTOPBIX OTKAaYaH, a APYyroil 3arloHeH KACIOPOIOM
upu fgasieHun r =2 MIla, BHOCAT B KaMepy, 4epe3 KOTOPYIO HAeT
IMOTOK HACBIMEHHOTO BOJSHOTO Mapa, HMEIOWEr0 TeMIepaTypy
t, = 100 °C. Ilocne Toro Kak TeMnepaTypsl I1apa U IIapOB BBIPOBHS-
JIWCh, OK23aJOCh, YTO HA OTKAYaHHOM lIape CKOHACHCHPOBANachk Macca
Bogbl m; = 10T, a HA 3aMOJTHEHHOM mape — m, = 12,33 r Bogpl. Hauanb-
Hble TemIepaTypbl mapos ! =27 °C. HaiiTh ygenpHyIo TemjoeM-
KOCTb ¢ KHCIIOPONa. YAeNnbHas TEeIJIOTa Napoo6pa3oBaHMs BORBI A =
= 2,3 MJIx/kr. Monsiprasi Macca kuciopopa U = 0,032 kr/mMons.
TennosbiM pacpeHREM IAPOB NpeHeOpeus.

518. B Tenson3onupoBaHHOM cocyfe o6bema V = 5.6 1 HaxoguTcs
KHCJIOpOf NpH TeMnepatype ¢, = 66 °C u napnennu p, = 0,25 MIla. [na
HarpeBa rasa o TeMmmepartyphl f, = 68 °C emy TpebyeTcss cooOIIUTh
konmuecTBO TemnoTel =21 [Ik. Kakopa yuenbHast TEMIOEMKOCTD C
KHCJIOpOfia NMpH 3TUX ycnoBuax? MonsipHas Macca KHCIOpOQRa W =
= 0,032 xr/mosnb. TennoBbIM paclIIpeHHEM COCyfia IpeHe6pedb.

519. TemnepaTypa rasa, AMEIOIIEro Maccy m U MOJIAPHYIO Maccy U,
IIOBBILIAIOT HA Benu4dAaHy AT ofMH pa3 npH NMOCTOAHHOM [aBJICHHH p, &
Apyro# pas mpu mocTOAHHOM oO0beMe V. Hackonbko oTamyaroTcs
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coOO6IEHHbIE Ta3y KONUYECTBA TEMIOTEI (,, Qy U yIEbHbIE TEIIOEM-
KOCTH C), Cy TIDH IOCTOSIHHOM [IaBJIEHUM U TIOCTOSIHHOM 06'beMe?

520. ITpu n30TepMHYECKOM PACIIHPEHAN HACATbHBIH a3 COBEPIIACT
pabory A = 20 J[Ix. Kakoe KOJIH4eCTBO TeIIOTHI () COOOIIEHO razy?

521. B Tennou30aupoBaHHOM NWIHHAPE C NOPLIHEM HaXOMUTCS a30T
maccel m = 0,2 xr npu Temneparype t; = 20 °C. A3or, pacmupsisice,
coBepumaeT padory A =4,47 k[Ix. Halith usMeHeHUe BHYTpEHHEMH
anepruum azora AU u ero TeMneparypy f, nocje pacmiipeHns. Y gejabHas
TEITOEMKOCTD a30Ta NPU NOCTOSSHHOM 00beMe ¢y, = 745 JIx/(xr - K).

522, [Ins NOBBILIEHUS TEMIEPATYPHI I'a3a, UMEIOIIET0 Maccy m =
= 20 kr u MossipHyIo Maccy U = 0,028 kr/mons, Ha AT = 50 K npu nocro-
STHHOM [aBJI€HAH HEOOXOAMMO 3aTPATUThb KOJMYECTBO TEIIOTHI Q, =
= 0,5 M]Ix. Kakoe KOnHIECTBO TEIIOTEI Oy CAEeRyeT OTHATL OT 3ITOTO
raza npH IMOCTOAHHOM o0beMe, YTOOBI €ro TeMuepaTypa [OHU3WIACh
na AT =50 K?

523. Temneparypa BoAbl Macchl m = 1 Kr nosplimaeTcs Ha AT =1 K.
HaiiTu yBenuueHue BHYTPeHHe#l 3Hepruum AU, mpuxopgsieecs Ha
OfHY MOJIEKYJNy. YjenbHas TeIIOeMKOCTh Boasl ¢ = 4,2 kJIx/(kr -K),
ee monspHas macca U = 0,018 kr/mone. KosdduumeHt obbeMm-
Horo pacuupesus Bofsl o =2 - 104 K-'. ATMmocdepHoe paBieHue
po=0,1 MIla.

524. OpuH MOJNB KHCIOPOAA HATPEBAETCH IIPHU IIOCTOSHHOM 00beMe
oT Temnepatypsl £, = 0 °C. Kakoe konnuecTBo TemnoTel  HEOOXOANMO
COOOIINATH KUCTOPOAY, YTOOKI €r0 JaBieHNE YBEJIUYUIOCH B TpU pa3a?
YamenbHas TEIOEMKOCTb KHCIOPOAa NPH IOCTOSHHOM O0BEME ¢y =
=657 [Ix/(xr - K), ero MonspHas Macca L = 0,032 kr/mMons.

525. Bo3gyx Maccel m = 5 r HarpeBaeTcs IPU MOCTOSIHHOM aBIICHUHN
or Ttemnepatypel T, =290 K. Kakoe komumuectBo Ttennorsl (O
HEOOXORAMO COOOIIHTD BO3AYXY, UTOOHI €r0 00beM YBEJIHUIICA B [Ba
pa3a? Cunrarh, YTO YACNbHASA TEMIOEMKOCTH BO3YXa NPH NOCTOSHHOM
nasjieHnu pasHa ¢, = 1,018 kJIx/(xr - K).

526. Jlapnenune a3ora B cocyfe o6beMa V =3 5 mocne HarpeBaHUS
BO3pocio Ha Ap = 2,2 MIla. Haiitu konunyectBo TemnoTsl , coob-
LIEHHOE Ta3y. ¥ ebHasi TEMIOEMKOCTh A30Ta MPH IIOCTOSTHHOM 00 beMe
¢y = 745 JIx/(xr -K), ero Mmonsipaas Macca L = 0,028 kr/Monb.,

527. B umnuHApe MoJ| HEBECOMBIM MOPIIHEM HAXOAMTCS BO3NYX
Maccel m = 3 Kr. TeMmnepaTypa Bo3fyxa yBenaunBaeTcs Ha AT = 100 K
NMpH NOCTOsIHHOM faBneHnan. Haiitn pab6oTy A, coBepmaeMyio ra3om
npu pacmupeHdH. IIT0THOCTL BO3AyXa NpH HOPMANBHBIX YCIOBUSX
Po=1, 3 xr/M3
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528. B npununpape o6bema Vy = 190 cM? nmop nopuiHeM HaxomuTcs ras
npu TeMuepatrype T, = 323 K. Hajitn paGoTy pacmvpeHus rasa npu
HarpeBaHuH ero Ha AT =100 K. Macca nopmns m = 120 kr, ero
mnomans S = 50 cM?, AtmocepHoe naBneHue p, = 0,1 Mlla.

529. B nunuHape nof nopuiHeM HaXOMUTCS ra3s, COCTOSTHHE KOTOPOTo
H3MEHsSEeTCA CNEeNyIONEM 00pa3oM: B mpolecce 1-2 yBenM4yHBaeTCs
[aBJieHHe HNpU MOCTOSTHHOM 00beMe V; B mpouecce 2—3 yBenuunBaeTCs
00'bEM NPH NOCTOSHHOM [aBIEHKH py; B Npouecce 3—4 yBeTMUnBaeTCA
o6BeM NpH NOCTOSHHOU TemmnepaType T3, B npouecce 4-1 ras Bos-
BpalllaeTCs B MEPBOHAYAJIBLHOE COCTOSIHME IPH MOCTOSHHOM HAaBlle-
HUHM p,. [IpencraBuTs Ha rpaduKkax U3IMEHEHHE COCTOSTHHS ra3a B KOOp-
muHaTtax p, V; p, Tu V, T. Iloka3aTs, Ipy KaKUX IIpoleccax ras nomiy-
vaeT (oTmaer) Temnory. Kak npm aToM H3MeHsETcs TeMiepaTypa H
Kakas copepiuaercsa pabora?

p 530. Hexoropas macca rasa, 3aHAMAIOEro

T, Ty o6beM V; = 0,01 M?, HaxoguTCA NpU AABIEHHU
Par=> ) p1=0,1 MIIa u Temneparype T = 300 K. I'a3
r E HarpeBaeTcsl BHayale IPH MOCTOSHHOM 00b-
) | ! E eMe 1o temnepatypsl T, = 320 K, a 3atem npu
. —> [IOCTOSSHHOM [aBJCHUM JO TEMIepaTyphl

0 V} = V2 V3 |4 u H p yp

T5 =350 K (puc. 66). Haiitu paGoty A, coBep-
Puc. 66 [IAEMYIO Ta30M IIpH Nepexofie U3 cocTosiHuA 1 B
cocrosiHue 3.

531. B umnusape nop nopiHeM B o6veMe V = 1674 cm? HaxoauTcs
HACBHIN[EHHBIA BOASHOH Map, UMeroumi Maccy m = 1 r B TeMIlepaTypy
t = 100 °C. Kakyo paGoTy A HY>KHO 3aTPaTHTh, YTOOBI C3KaTh BECh N1ap
[0 TIOJTHOTO NpeBpAaIleHus] ero B XAAKOCTD IIpH TOH Xe TeMneparype?
ITnotHOCTH BoAR! pH ¢ = 100 °C nop naBieHHEM €€ HaCBIIIEHHOTO napa
p =096 - 10° xkr/m3.

532. B #ByX TEIUIOH30JIMPOBAHHBIX HATHHAPAX ¢ o0beMamu V=3 1
u V, =5 1 HaxopsATCsL OMUHAKOBBIE ra3bl IpH AaBlieHusax py = 0,4 MlIla u
p2 =0,6 MIla u Temneparypax t, =27 °Cu t, = 127 °C. Llmnunapsl
coenuusoT TpyOkoH. Kakas Ttemmnepatrypa T M Kakoe AaBJI€HHE P
YCTaHOBSITCA B IIAIMHPAX IOCTIE CMEINNBAHMUS ra30B?

§ 17. Hacplinenunie H HeHACBINEHHbIE NAPHI

ITapoM Ha3bIBaIOT OOBIYHO ra3 IIpH TEMIIEpAaType HHXKE KPHTHYECKOM,
KOT/la OH MOXeT ObITh NpeBpalleH B XKUAKOCTb MOBBINICHAEM JlaBleHHEs 0e3
HNOHIDKEHUs TemnepaTypbl. HachIIIeHHBIH Nap — 3TO nap, HaxXojAIuica B
PaBHOBECHH CO CBOe€H XHAKOCTBIO. Ecmu HAachImICHHBIA Iap COAECPXHUT
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B3BEIEHHBIE KaNeibKM XHAKOCTH, TO OH HA3bIBAETCA BNAXHBIM, B IIpPO-
THBHOM clydae — cyxuM. HeHachIeHHbIH Nap Ha3bIBAIOT TAKXKe IeperpeThiM

napoM.
HeHachlleHHBIH Nap IO CBOEH HpPHPOJE HUYEM HE OTIHUYAETCS OT

oOBIMHOrO rasa. HOSTOMy JJIs1 HErO ClIpaBEJINBO YPAaBHECHUE COCTOSAHUA

pV="LRT. (12).
u

OpHako MO Mepe INpHONHXKCHHS TEMIEpaTypbl K KPHTHUYECKON B
COCTOAHUSAX, GIU3KUX K HACBIIIIEHHIO, HAGIHOJAOTCH 3AMETHBIE OTKJIOHEHHS OT
ypaBHECHUs (12), BO3HHKAIOIINE U3-32 B3AHMOJAEUCTBUS MONIEKYI MEXY COOOH.
C Toii e OroBOpKOH 3TO ypaBHEHHE MOXKET ObITh IPUMEHEHO M B KatUecTne
ypaBHEHHMs COCTOSTHHS [l CYXOTO HACBLIMEHHOTO Mapa. B 3ToM ci1yyae 06beM
V B ypasHeHuu (12) OyfieT yxe He 00bEMOM BCETO COCYAA, a JUHIb 00BEMOM,
KOTOpBbIA 3aHHMaeT nap (B COCYAe KPOME HACBIIEHHOIO napa OOBIYHO
COJEP>KUTCS U HEKOTOPOE KONNYECTBO XUAKOCTH).

IIpr paccMOTPEHHH NPONECCOB, IMPOUCXOMASIINX C HACHIIEHHBIM TIApOM,
HY>XHO YYHATHIBATH, YTO IPH H3MECHEHHHU TEMIIEPATYPhI, JABJICHUS HIH 00 beMa
H3MEHsIeTCsl TakXe W Macca napa. B 9YacTHOCTH, HPHM H30TEPMHUYECKOM
u3MEeHeHun o06beMa Macca mapa H3MEHSAETCS NPONOPLUHOHANBHO O0BEMY.
CrnenoBaTebHO, ILIOTHOCT Hapa P = m/V U ero iaBieHUe p He H3IMEHSIOTCS.
ITosToMy nansi HaCBIIIEHHOTO Mapa ypaBHEHHE COCTOSHUS 4acTo YROGHO
INPAMEHSTD B BUJE

p = Up/RT.

533. B nmnuHApe ¢ NOPIIHEM HAXOMHUTCS KUAKOCTH HOJ GONBIINM
nasnenuneM. Ilopuiens MemnenHo nogHuMaroT. IlpepcraButh rpadu-
YECKU 3aBUCHMOCTD [IaBJICHAS p B IMJIHHAPE OT yBeNnudueHus oobremMa V
IS ABYX NMOCTOsAHHBIX Temuepatyp T, u T, (u3otepmel Ty = const u
T, =const; T) < T,).

534. Ha puc. 67 npepacTaBiieHa 3aBUCH-
MOCTBb JaBJe€HHs HachIIEeHHOTO Napa oT
TeMneparypbl (kKpuBas abck). Ilouemy
9Ta 3aBHCHMOCTD, B OTJIMYHE OT 3aKOHa
Ilapsst pst ra3oB, HE SBISAETCA JMHEH-
HOH? B Kkakmx ciydasx 3aBHCHMOCTH
NaBJICHUs IMapa OT TeMIEpaTyphl OyAeT
u306pakaTbes MUHASAME abd v abce?

535. HeHachlneHHBIA ap B NITHHAPE
MOJ NOPIIHEM CHayajla HarpeBaloT NMpH
MOCTOSIHHOM 00'beMe, 3aTeM MEMJIEHHO
CXHMMAIOT MpPH NOCTOSIHHOH TEMIEpaType RO MOJHOTO CXHUXKEHU.
IIpencraButh rpacuyecKku 3aBUCUMOCTD JaBJieHHs p OT o6beMa V.

91



536. CKONBKO MONEKYJ CONEPXXHUT €JUHHIA MAcChl HACHIMEHHBIX I
HEHACBIIEHHBIX IApOB PTYTH U BOAbI? MonsipHbIe Macchl PTYTH U BOLEI
1, = 0,2 kr/mMons 1 |4, = 0,018 xr/Mosb.

537. Ilpu Temneparype ! =4 °C maBreHHE CYXOro HaCHIIIEHHOTO
napa p = 0,8 k[1a. Bo ckonbko pa3 MIOTHOCTL BOARI P, IPH TeMIlepa-
Type t =4 °C Gonbiie mnoTHocTH napa p? Kakue o6beMbl npuxo-
ISITCSL Ha OfHY MOJEKyJy BoAbl M napa? MonsipHass Macca BOJbI
1 = 0,018 kr/mMonk.

538. Bo ckonwpko pa3 npu temnepartype t =400 °C mioTHOCTS P,
mapa pTyTU Ipé aTMOCHEPHOM HABJACHUH OTIHYACTCS OT IJIOTHOCTH P,
HachbIIEeHHOTO TNapa pTyTH? ATMocgepnoe aasnenne p, = 0,1 Mlla,
IaBJI€HWE HACBIEHHOrO Mapa pPTyTH npu Temmneparype t = 400 °C
po=0,22 MITa.

539. B xorten o6wvema V =5 M* Hakavanm maccy Boabl m, = 20 KT.
ConepxuMoe KOTaa Harpeau fo temneparypsl T =453 K. Haiitu maccy
M 1 JaBjicHHE p mapa B KoTie. IIMOTHOCTE HACBLIIEHHOTO Iapa Npu
temrneparype 7 =453 K p, = 5,05 kr/M3. MonsgpHass macca BOJBI
u = 0,018 kr/mMons.

540. B 3amkHyTOM Ccocyne obbema V =1 M® HAXOAMTCSL BOXAa MaccChl
m, =12 r m HekoTopas Macca HACBIMIEHHOrO Tapa, NIOTHOCTL H
IaBJeHHE KOTOPOro INpH JaHHOU TemnepaTtype P, = 0,008 xr/m? u
po = 1,1 kI1a. Kakoe faBieHue p ycTaHOBHUTCS IIPH YBeJIMYeHNH o0 beMa
B k =5 pa3? Temneparypa npu yBenuueHud o6'’beMa He U3MEHSIETCS.

541. ITog KOJOKONOM BO3MAYLIHOIO HAacoCa HAaXOAWUTCS BIasKHas
ry6ka. IIpu oTkayMBaHMM raza IOJI KOJIOKOJIOM YCTaHOBUIIOCH aBlie-
uue p = 1 klla u Temneparypa ¢ =7 °C. Cnycrsa Bpemst T =1 4 nocie
Hauajla OTKa4KU JaBJeHue pe3Ko ynano. Haltu Maccy m BOgbL, KOTO-
past comepxanach B ryoke. Hacoc oTKaunBaeT B eqUHHUIY BPEMEHH
o6beM Bogel V, = 10 n/c. Monsipaas mMacca Bops! L = 0,018 xr/mMonb.

542. 3akpeIThIil cocyn o0beMa V = 0,5 M3, comepkallaid BOYy Macchl
m = 0,5 xr, Harpenu po temnepatypsl T =420 K. Ha kakyio Be1nauny
AV caenyeT u3aMeHUTh 06'bEM COCYIa, YTOOB! B HEM COJIE PXKAJICA TONBKO
HachlileHHBIA nap? JlaBneHne HacHIIEHHOrO TIapa NMPH TeMIepaType
T =420 K py=0,47 MIla. Monspuas macca Bogs! L = 0,018 kr/mMons.

543. B napomeperpepaTenb, COME€pKAIUUil CYXOH map Macchl
m = 120 kr npu Temnepartype f = 177 °C, nogano HEKOTOpoOe KolIHA4e-
CTBO TEIUIOTHI, U3 KOTOPOTO HA JOJIO Mapa NMPHLUIOCE KONHYECTBO
temnotel @ = 18 MJIxk. B pesynbrare gapieHue napa JOCTHUINO Ipe-
IENBbHOTO 3HAUCHHUS M NMONHAICA IPefOXpaHUTENbHBINA KiIanaH, AMEIO-
i fuametp d =4 cMm. KakoBo ObIJIO HavalbHOE JaBleHHE mapa p,
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" ecNIA CAJIA, OTKpbIBalolias kinanad, F = 1,57 kH? YpensHas Temno-
eMKOCTb napa ¢ = 1,5 k[Ixx/(xr - K).

544. B Tpy6ke, OTKpBITHIM KOHIIOM ONYHICHHOH B BOAy, B 00beMe
V = 30 cM? npm TeMneparype ¢ = 17 °C HaxOfuTCsi CMECh HACBIIIEHHOT'O
pnapa u renus (puc. 68). Beicota cTon6a Bomer B TpyOke h = 10 cm.
HaiiT Maccel 11apa ¥ reust m; 1 m,. [laBineHne HACHIIIEHHOro napa npu
remneparype =17 °C p, = 1,94 kIla. Monsipasie Macchbl
popsl # renust WU, = 0,018 kr/mMone u U, = 0,004 kr/Mons, .
at™ocdepHoe gasienue p, = 0,1 MIIa.

545. B nunuHpgpe Mopx NMOpHiHEM Haj BOMOH B 00beMe h
V =1 M® npu temneparype ¢ = 30 °C HaxORHTCs cMeCh Ha-
CBLILIIEHHOTO mapa M a3ora. Macca cmecu m = 286 r. Kakas
Macca rapa Am CKOHIEHCHPYETCA, ecli 060beM YMEHBIINTD
B k =3 pasa npu nocrosiuHo# TeMnepatype? Kakoe pas-
neHre p OBINO y cMecCH 1O cxKaTusg? JJaBieHHe HaCBHIIEH-
Horo napa npu temneparype ¢ = 30 °C p; = 4,2 xIla. Monspabie Macchl
BOHBI ¥ a30Ta [, = 0,018 Kr/mMonb 1 [, = 0,028 Kr/MON.

546. Bnaxusiil nap, cogepxamuit n = 15 % (o macce) BOgbI B BUjie
KameJek 1 uMmeromui gasiaenue p = 15 klla u temnepatypy ¢, = 100 °C,
KOHJEeHCHPYIOT, CMEIINBas ¢ BOJO#, TeMIeparypa Kotopoii t = 20 °C.
Kaxoe oTHOWIEHAE BOABI M apa TpeOyeTca (110 Macce) NI MOTyYeHus
cMmecH ¢ Temrnepatypolt 6 = 40 °C? Temnepatypa KulleHus] BORbI OpH
masnennu p = 15 klla ¢,,, =54 °C. YnenbHble TEMTOEMKOCTH BOIbI U
napa ¢ = 4,2 xJIx/(xr - K) n ¢, = 1,9 x[Ix/(xr - K). Ygenbnas rennora
napoo6pa3oBanust BoAb! A = 2,3 MJIx/Kr.

547. Korga B BOjie HET PACTBOPEHHBIX Fa30B, OHA MOXET ObITH
HarpeTa Ipu aTMOCEPHOM JaBJICHUHA O TeMIOepaTypsl 6olee BbICO-
KOH, 4eM TeMHOepaTypa kuneHus. [Ipn BBeleHHH B BORY KaKuM-1u6o
crioco6oM BO3IyXa Ieperpetast Bofga OypHO, B3pbIBOOOPa3HO 3aKHIAET,
U TeMmiepaTypa ee OBICTpO IafaeT [0 TeMIepaTypbl KUIEHUS NPH
aTMocdepHOM faBieHun. Kakas Macca m, napa IOJY4HTCA U3 BOXBI,
HarpeToHdl mo remmeparypsi ¢ = 120 °C, ecnu macca Bogel m = 10 kr?
YaenpHasl TENI0EMKOCTE BOIbI ¢ = 4,2 xJIx/(xr - K). Yaennuas Tenno-
Ta napootpa3oBadus Boabl A = 2,3 MJIx/kr.

548. B 3akpeiToM cocyne o0beMa V = 0,4 M HaxoATCS B TEIUIOBOM
paBHOBecHM NpH TeMIlepaTtype f; =-23 °C nen m HacblIIeHHBIH Iap,
Macca KOTopbIX m =2 r. Kakoe konmudecTso TemnoTel 0 HeoGXoauMo
COOOLIUTh CONEPKUAMOMY COCYNIa AJISI MOBBIIIEHHUS €TI0 TEMIIEPATYPHI 10
t; =~1°C? JaBneHue HachlleHHOro mapa p, = 77 Ila mpm Temnepa-
Type t; 1 p, = 560 I1a npm TeMnepatype #,. YHeabHbIE TEINIOEMKOCTH

Puc. 68
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npu Temrneparype Huxe t) =0 °C nbaa u napa c¢, = 2,1 xJIx/(xr - K)
nc=173 kJIx/(kr - K). YnenpHas TeIiOTa NONaBJEHHUSA JIbaa
r=0,33 kJIx/kr. YpgenpHasg Temnotra napoobpa3oBaHHS BOABI
A = 2,3 MJIx/xr. Monsphast macca Boas! | = 0,018 kr/Mounb.

549. B o6peme V| =20 1 cofiep>XXuTCd HACBILEHHBI Nap IIPY TEM-
nepartype ¢ = 100 °C. Kakylo paGoTy Hago coBepIINTh, YTOObI NyTeM
W30TEPMUIECKOrO CXKATHUS YMEHBIIUTHL 00beM mapa Ao V, =10 x?
O6beMoM BofbI, 0Opa3OBaBIelica IPH KOHASHCAIUH, TpeHeSpeyn.

550. Haittu paboTy napa no nepeMeutieHuo MOPINHS Ha pacCTOAHAE
[ =40 cM, ecnu maBleHWE Mapa pPaBHOMEPHO yObIBaeT mpu mepe-
MenleHud nopmHs ot py = 2,2 Mlla o p, = 0,2 kIla. [Inomane nopmHs
S =300 cM?. ITpepcraBuTh padoTy Ha rpadHKe 3aBUCHMOCTH JaBIICHHUS
oT 06'beMa.

551. OnbiT Toppuuennu npousBOAAT CO CIHPTOM BMECTO PTYTH.
Haitu BbBICOTY /1, 70 KOTOPOH HOJHHUMETCS CIHUPT. ATMochepHoe
maBleHHE B MOMeHT ombita p; = 93,6 klla. IlmorHocTs cnmpra
p =0,76-10 xr/™M3, paBneHne mapa cnupTa IpH TeMIepaType OIbITa
p2 = 0,6 xI1a.

552. HafiTn aGCoIOTHYIO BIAXKHOCTH BO3/IyXa, €CIM NapIHaJbHOe
faBleHHWE HACBINEHHOTO mapa p = 14 kIla, a Temmepartypa ¢ = 60 °C.
Mounsipuast Macca Bogbl | = 0,018 kr/mons.

553. AGconoTHas BIaXKHOCTb BO3[lyXa NpHu TeMuepatype t; = 60 °C
p; = 0,005 xr/M3. HaliTn aGconioTHYIO BIaXKHOCTb BO3AyXa P, IOCIe
TOHIZKEHNUS TeMIIepaTypsl 1o f, = 20 °C. JlaBieHne HaChIEHHOrO Napa
npu 3Toff Temmeparype p, = 2,335 klla. Mongpras macca Bojwl
1 =0,018 xr/mMonsL.

554. AGconioTHas BAAaXHOCTh BO3[yXa MpH Temmepatype t; = 60 °C
p1 = 0,05 xr/M3. Haiitn abCcONIOTHYIO BIaXXHOCTh BO3[RyXa P, MOCHE
MOHIKEHUS TeMIiepaTypsl Jo £, = 10 °C. [laBneHne HaCBIIEHHOIO 1apa
npu 3To# Temmepartype p, = 1,226 kIla. Monsiprass Macca Bofbl
p = 0,018 xr/mons,

555. B cocyne HaxoguTCsl BO3OYX, OTHOCHTENbHAS BIa’KHOCTB KOTO-
poro mpu Temneparype f; = 10 °C f; = 60 %. KakoBa 6yneT OoTHOCH-
TeNbHAs BIAaXHOCTL f, Mocjie yMeHbIIeHHs oObeMma B k =3 pasa u
HarpeBaHdsi BO3AyXa O TeMmepatypsl f, = 100 °C? I1noTHOCTh Hackl-
nmeHHOro mapa mpu temmeparype f; =10°C p; =9,4-10-3 kr/m3.
Mognsipaast Macca Bopb! | = 0,018 kr/moib.

556. ITnoTHOCTL BIIaXXHOT'O BO3AyxXa mpu Temmeparype ¢t =27 °C
u pasnennu p = 0,1 MIla p = 1,19 xr/m®. Haiite aGecontotnyto p’ 4 oT-
HOCHTEJIBHYIO f* BIaXKHOCTH BO31yXa, €ciiu ipu Temnepartype t = 27 °C
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[UTOTHOCTb HaChImIeHHOTo mapa pg = 0,027 kr/m3. MonspHele Macchl
po3ayxa 1 Bopbl U, = 0,029 kr/mMons u [, = 0,018 kr/mMonb.

557. B xomuate o6beMa V =40 M3 npu Temnepatype t = 20 °C
OTHOCHTEJIbHASE BIIAXKHOCTH Bo3ayxa f) = 20 %. Kakywo Maccy Bofibl HyX-
HO HCMAPHTH A5l YBEJIMUEHUS OTHOCHTENBHON BIIAXKHOCTU BO3[yXa O
f2 =50 %? IInoTHOCTH HACBILIEHHOTO NMapa Mpy Temneparype ¢ = 20 °C
p= 17,3-1073 kr/m3.

558. B komHaTe o6bema V = 50 M® oTHOCHTENIbHAS BIAXKHOCTDL BO3-
nyxa f; = 40 %. Ecnu ucnapuTh AONOJHUTENBHO Maccy Bofbl m = 60 r,
TO OTHOCHUTENBLHAS BIAaKHOCTh BO3AyXa yBenuuntes 1o 5, = 50 %. Kaxko-
Ba IPH 3TOM OyfeT aOCOMOTHAs BIaXXHOCTL Bo3ftyxa p?

559. Haiity oTHOHIEHHE MIIOTHOCTEH BJIAXKHOIO (OTHOCUTEIBHAS
BiaxxHocTh =90 %) u cyxoro Bo3nyxa np# masiaenun p, = 0,1 klla
n remnepatype ¢t = 27 °C. [InoTHOCTB HachllleHHOrO napa npu [ = 27 °C
po = 0,027 kr/m>. MossipHBIE Macchl BO3iyXa 1 Bopbl (L = 0,029 kr/mMonb
n iy = 0,018 xr/MoJE.

I'masa III

SJNEKTPUYECTBO U MATHETHU3M

§ 18. 3akon Kynona

ITo sakxouy Kynona cuna B3auMojefcTBus F JBYX TOUESUHBIX 3a-
PANOB ¢ U ¢,, HAXOOAIUXCI B BaKyyMe, NPAMO NPONOPLUHOHANbHA NPOM3-
BEJICHUIO 3apAA0B ¥ 00paTHO NPONOPIMOHAIBHA KBAAPATY PACCTOSHUS MEXAY
HUMH:

F=k4% (1)
r
Ecnu 3apsabl HaxoasTcs B Cpelie ¢ AUINEKTPHUECKON NPOHUIAEMOCTBIO €
(e > 1), TO cuna B3aUMONEHCTBHS MEXTY HUMH
F=kd% )
er
Huanekrpuyeckass NPOHHIAEMOCTh € NOKA3bIBAET, BO CKOJLKO pa3 CUIa
B3aMMOJEACTBYS MEXY 3apsAfiaMi B Cpejle MEHbINe, YeM B BaKyyMe; JJIs
Bakyyma £ = 1, T.e. opMyna (2) B 3TOM ciiydae coBnajaeT ¢ cropmynoit (1).
B cncreme egunnuy CH OCHOBHONM 3NME€KTPHYECKOH efUHULEH SBISETCH
€[AMHHIA CHUNTBI TOKa amnep (A)— cAna TOKa, IPH KOTOPOM OTPE3KHM TOHKHX
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OEeCKOHEYHO JUIMHHBIX NapanjielbHBIX NPOBOJHUKOB NJUHBI 1| M KaxXpabii
B3aMMONIERCTBYIOT B Bakyyme ¢ cunoi 2-10~7 H. Epuudua 3apsajga B 2TOH
cucreme egunun xysou (Ki) asasercs NpOW3BONHON M ONpeAeNseTcs Kak
3apsij|, NPOXOANIMA Uepe3 MNONEepedyHOe CEUYCHUE NPOBONHUKA NPHU IJNEKTPU-
qeckoM ToKe 1 ABTeuenne 1 c: 1 Kn=1A-c.

Yro6el pomyunTs ApH noMoiH ¢opMynsl (1) cany B cucreme eguxny, CH ~
B HBIOTOHAX, — 3apsiAbl BBIPAXKAIOT B KYJNOHaX, PacCTOSHHSA — B MeTpax,
K03(h(PUIHEHT NPONOPUEOHANBHOCTH kK IPH 3TOM 3aIMCLIBAIOT B BUJE

1
4me,

rje & = 8,85-10712 ®/M — afekTpHUEcKas OCTOAHHAA, BbIpaxaeMmas B gapadax
Ha smemp, a MEOXKRTENL 47 BBEJIEH JUTs TOTO, YTOOBI pAR ApYrux Gopmys umedn
Bonee npocroil (paunoHaneHsid) Bug. Taknm obpazom, B CHU xoaduumenT
NPONOPUAOHATLHOCTH

k= t/4rey=9-10° H - MYKa?

— pasMepHasi BEIINYUHA.
B cooTBeTCTBHHE C 3THM CH/Ia B3aMMOREHCTBAS ABYX 3apa/0oB, HAXOAAIIHUXCA
B cpefie, BbIpaXkaeTcst (pOpMyNION

F= _1__@_6]7; 3)
4re, ere

rae € — oOTHOCUTeNbHas (Oe3pa3MepHas) AMANEKTPHYECKasl NPOHALAEMOCTh
BeHIECTBa (OTHOCHTENIBHO IUITEKTPHYECKOH NPOHIIIAEMOCTH BaKyyMa), 3Haye-
HESL KOTOPOH IPHBOJATCS B Tabnuiax”,

Ecnn uMeeTcsd HecKonbko (Gonee ABYX) 3NEKTPHUECKMX 3apSIOB, TO CHIBI
B3aUMOJICHCTBHS MEX]Y KakAoH apoy 3THX 3apsioB HE 3aBUCIT OT HAJMYHA
ocransHbIX. ITosTOoMy pes3yabTuUpyiomas cuna, SefCTBYIOINAs Ha KaXAbIH
3apsjl, CKITagblBaeTCs O NPaBUIY CHOXEHUS BEKTOPOB H3 CHJ, ACHCTBYIONIHX
Ha HETO CO CTOPOHBIX BCEX APYTHX 3apsfoB (IPUHIAT CYNEPHO3HIHN).

TToBepXHOCTHOM NAOTHOCTHIO G ANEKTPHUYECKOTO 3apsjia Ha3bIBaeTcs 3apsif,
NPUXONALINICA Ha eUHULY NNOMAaad NOBEPXHOCTH 3apsKeHHOro Tena. [Ipu
PaBHOMEPHOM paclpefeNEHUN 3ap4/ia ¢ O NOBEPXHOCTH TeJa NOBEPXHOCTHAs
TUTOTHOCTD 3apsiia

o =ql/S,

rae § — nnomagbs Tena. IloBepxHOcTHas MIOTHOCTH 3apsiia BbIpaXkaercs
B KyAOHAX Ha Keadpamubii memp (Ka/m?).

569. Ipa oauHAKOBBIX TOYEYHBIX 3apsiia ¢ B3aHMOJCHCTBYIOT B
BakyyMme ¢ cunoll F =0,1 H. Paccrosanne mexpy 3apsigamMu r =6 M.
Haiita 511 3apagsL.

*
B GonbmivHCTBE 3ajav aTOro pa3iena OTHOCUTCJ/IbHAA AUSJICKTPHUECKAA MPO-
HUAEMOCTD € MMPUHATA paBHOﬁ CIMAHHULIC U B (bOpMyI[beIC BbIPDAXKEHUSA HE BXOAHT.
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561. Kakoe yuciao N 3JeKTpOHOB CONEPXUT 3apsf B ONHY €ou-
gy 3apsaga B cucreMe equann CH (1 Kn)? OnemeHTapHbIl 3apsn
e=1,60-10"" Ku.

562. [Isa ToueuyHbIX 3apsAfa ¢; U g, HAXONATCA HAa PACCTOSHHAH I' [PYr
ot apyra. Ecnu paccrosHue MeXAy HAMH YMEHbHIAETCS HA BeJTHYHHY
Ar =50 cM, To cuna B3aMMOAEHCTBUA F yBEIHWYHUBAETCA B IBA pasa.
Haittu paccrosiHue r.

563. ToHkas IeNKOBasi HATH BBIJCPXHBAET MAaKCHMANLHYIO CHIY
Harskenus 7 = 10 MH. Ha »Toil HUTH noaBemeH IMAapHK MaccChl
m = 0,6 T, UMEIOMHAN NONOXUTENbHbINA 3apsa ¢, = 11 HKn. CHu3y B
HAMIpABJICHUH JIMHUHM NOABEca K HEMY MOJHOCAT LIAPUK, MMEIOIUH
OTpHUIATENBHBIA 3apsf ¢, =—13 BKun. [Ipu KakoM paccTOSTHHHI 1 MEXAY
IAPUKAMH HAThH pa3opBeTcs’

564. OrpunatenbHBIA TOYEUYHBIA 3apsy () PacloNoXeEH Ha NPIMOH,
COEIAHSIONICH IBAa OMUHAKOBBIX MOJNOXKHTENbHBIX TOUCUHBIX 3apAAa g.
PaccTosiHus MeXXAy OTpHUATENbHBIM 3api0M U KaXKAbIM U3 HOJIOXU-
TEJBHBIX OTHOCSTCA MeXAy coboli, kak 1 : 3. Bo ckoibko pa3 H3Me-
HATCS CHUJa, [efCTBYIONIAs Ha OTPULIATENBHbBIHA 3aps], €ClH ero noMe-
HSTh MECTAMH ¢ ONILKARIIIM NOMOKATEIEHBIM?

565. [IBa orpunaTeNpHbIX TOYEeYHBIX 3apsga ¢q; =-9 HKn n
g, = —36 HKn pacnmonoxeHbl Ha pacCTOAHHMH /=3 M ApYr OT Apyra.
Korga B HeXOTOpO#l TOUKEe NMOMECTHIIH 3apsf ¢, TO BCE TPH 3apsfa
OKa3zanuck B paBHoBecun. HaliT 3apspm g, M paccTOsIHHE MEXIY 3a-
pAlaMu ¢ U g.

566. Tpn oguHaKOBBIX TOUEeYHBIX 3apsia ¢ = 20 HK pacnonoxeHs! B
BEepIIMHAX PAaBHOCTOPOHHero TpeyronpHuka. Ha kaxpablil 3apsaa mei-
cryeT cuna F = 10 MH. HaiiTu gnuny a cropoHBl TpeyrojibHUKA.

567. Tpu OJWHAKOBBIX TOYEYHBIX 3apspga

g, =¢, =¢;=9 HK1 pacnonoxxeHbl B BepUIMHAX q~q q’!\
PaBHOCTOPOHHETO TpeyroibHuka. Kakoit ToueyHsblit
3apsiy go Hy>KHO IIOMECTHUTH B IEHTPE TPEYroNbHAKA, 9o
YTOOBI CHCTEMA HAXOOUNIACh B paBHOBECHN? ®
568. YeThlpe OAMHAKOBBIX TOYEUHBIX 3apsfa
¢ = 10 BKn pacnonoxeHbl B BEpIIMHAX KBApaTa cO ¢ o
q a q

cTopoHo# a = 10 cMm. Haiiru cuny, melicTByIOIyIO CO
CTOPOHBI TPeX 3apsA0B HA YETBEPTHIM. Puc. 69

569. UeThipe ONMHAKOBBIX MO MOAYITIO TOUEYHbBIX
3apsana |gl = 20 uHKn, gBa W3 KOTOPLIX NMOJIOXKWUTENBHbI, 4 ABa OTPH-
LaTeibHbl, PacrioJio’KeHbl B BEPLIMHAX KBajfpaTa co CTOpOHOH a = 20 cMm
Tak, KaK NOKa3aHo Ha puc. 69. Haiitn CHNy, ReHCTBYIONYIO HA MO-
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MEIICHHBLIA B LIEHTPE KBajipaTa MONOXHUTEIbHBIA TOUYEUYHBbIH 3apsj
gy = 20 K,

570. Ha m3onupoBaHHOHN NOACTaBKE PacloIOKeH BEPTUKANBLHO
TOHKHI (papopOBLI CTEpKEHb, HA KOTOPBIH HAaJeT METANTAYECKHI
nonbid mapuk A paguyca r (puc. 70). Ilocne
cooOlueHns MapuKy 3apsaga g = 60 #HKn mo crep-
SKHIO ONYIIEH TaKOH Xe€ He3apsKEHHBIH MeTalllu-
yeckuid mapuk B maccel m =0,1 r, KOTOpBIA CO-
npukacaeTcs ¢ mapukom A. Ha xakoM paccrossaun
h oT mapumka A OydeT HaXOAUTBLCS B paBHOBe-
cun Wwapwuk B 1nocie CONpHKOCHOBEHHS, €CHAU
mg < k(0,5¢)% (4r)*? TpeHneM IAPUKOB O CTEPKEHD
npeHeOpedsb.

571. Bokpyr OTpULATENLHOTO TOYEUHOTO 3aps-

Puc. 70 na g, = -5 HKn paBHOMEpHO OBHXKETCS MO OKPYX-

HOCTH NOJ OEHCTBHEM CIUIBI NPUTSKECHHAS MaJeHb-

KHUil 3apsoKeHHBIR mapuK. YeMy paBHO OTHOLICHHE 3apsifa miapuka K

ero Macce, €cjiy yriopas CKOpPOCTh BpalleHHs IIapuka o =5 paja/c, a
pagnyc okpyxHOCcTH R = 3 cM?

572. ]IBa OpMHAKOBBIX IIAPUKA MAacchl m =9 I HAXOHOATCH APYT OT
Opyra Ha pacCTOSIHUY F, 3HAUYHATEJbHO NPEBBINAIOIIEM HX pPa3Mephl.
Kakne paBsble 3apsgbl HeOOXOAUMO IIOMECTHTh HA IIAPHKAX, YTOOLI
CHJIAa MX KYJOHOBCKOIO B3aMMOJCHCTBHUSI YPaBHOBELIHWBAJNA CHITY
TPaBATAUUOHHOIO IPATSIKEHUsI?

573. Haitty cunibl B3auMOJEHCTBHS ABYX TOYEUYHBIX 3apsiioB ¢, =
=4 vKn n g, = 16 uKn B BakyyMe U B KepocuHe (AmajeKTpuieckas
MMPOHHULAEMOCTD € = 2) Ha paccTosiHuM r = 20 cM.

574. ]Isa ToyeUHBIX 3apsina, HAXOMSCh B BO3[yXe HA PACCTOSHUHU
ry =5 cM, B3auMOJEHCTBYIOT APYr ¢ Apyrom c cunoi F; = 120 mxH,
a HAXOMsICh B HEKOTOPOW HENPOBOJANICH JKANKOCTH HA PacCTOSAHUHI
1 =10 cM, — ¢ canoit F, = 15 MxH. KakoBa guanexkrpuueckasi IpoHH-
NAEMOCTh KUAKOCTH?

575. Haiitu paccrosinue r; MeXpy ABYMs O{HHAKOBBIMU TOYEYHBIMHA
3apsAfaMH, HaXOJALAMICS B Maciie (IUIJIEKTpUIECKas NPOHULAEMOCTh
€ =13), ecnu cuia B3aMMOMEHCTBUA MEXKJy HHAMH TakKas Xe, Kak B
BAKYYME Ha PaccTOsIHRAH I, = 30 cM.

§76. [IBa  omuHAKOBBIX 3apsAKEHHBIX IMAapHKa, NONBEIICHHBIX Ha
HHUTAX paBHO{ ANHHBLI B ONHOH TOYKE, Pa3oOLIIKCh B BO3AyXe Ha HE-
KOTOphIid yron 20.. KakoBa ponxHa ObITh INIOTHOCTH P MaTepuana
IMApHKOB, YTOOb! MPH NOrPYXXEHHH HX B KEPOCHH (qU3JCKTpHUYECKas
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[POHHUIIAEMOCTD € = 2) YroJ MeXJy HUTAMH He u3Menunca? [InoTHocTs
gepocuHa p, = 0,8 - 103 kr/m3.

577. [IBa OMAHAKOBBIX 3aPsDKEHHBIX IMAPHKA IOABEIIEHbI HA HUATSAX
paBHOM JANIMHBI B OJHOM TOKE M MOTrPYKEHBI B XHUAKOCTh. [lnoTHOCTH
MaTepHalna IapuKOB M XHAKOCTH paBHBI P M pP,. IIpm kakoi pgm-
3J€KTPHYECKOU NPOHUIIAEMOCTH KHAKOCTH YTOJl PacXOXK/ACHUSA HATEH B
SKHKOCTH U B BO3AyXe OYAET OfHH U TOT Xe?

578. OnpHouMEHHBIE TOYEYHBIEC 3apsAAbl ¢, H ¢, PaclOJIOXEHBI B
BepUIMHAX PaBHOCTOPOHHErO TPEYTONbHUKA CO CTOPOHOM ' B OHOPON -
HOW cpefie ¢ MIANeKTpUYEcKo# NpoHuuaeMocThio €. Halltn cymmapHyro
cuny F, qeidcTBYIOIYIO HAa TOYEYHBIH 3apsifi ¢;, PAaCHOJIOKEHHBIH B
TPETHhEN BEPIIHHE TPEYTONbLHHUKA.

579. Tpu ToueuHBIX 3apsfa, pPacHOJOXKEHHBIX NPYr OT [pyra Ha
PaCCTOSHHSAX Iy, I'13 ¥ Fp3, B3AUMONIEHCTBYIOT B BaKyyMe C cunaMu F,,
F3 1 F5; coorBeTcTBeHHO. HaliTh yepe3 n3BecTHBbIE BEJIAYMHBI BhIpa-
JKEHHE NI TPETHETO 3apsaa.

580. C kakoit cunmoit B3amMmopjeficTBoBanu Obl B BaKyyMe ABa
OWHAKOBBIX TOYEYHBIX 3apsifia ¢ = 1 Ku, Haxomsice Ha paccrosiHUM
r=0,5 xM apyr ot Apyra?

581. [IBa ofMHAKOBBLIX HIapUKA NOJBEINCHBI B BO3IyXE HAa HATAX TaK,
YTO HX MOBEPXHOCTH conpukacarorcs. Ilocie Toro kak kKaxpoMmy
mapuky Ob1 coobmeH 3apsan a = 0,4 MKKn, mapuky pa3omianck Ha
yroa 20 = 60°. Hafitu MacCy HIapuKoOB, €CNH PacCTOSHHUE OT HEHTPOB
HIAPHAKOB {0 TOYKH nopseca [ = 0,2 m.

582. CocraBnen npudop U3 ABYX OQUHAKOBBIX IPOBOAMINX MIAPUKOB
Maccel m = 15 r, oquH N3 KOTOPBIX 3aKpenieH, a APYrol NoABellIeH Ha
Hute anues! [ = 20 cm. Illapuku, HaxopsiCk B CONPAKOCHOBEHHAH, MOJY-
YalOT OMHAKOBbIC 3apsAfibl, BCIENCTBHE YE€ro NOABUXHBIA IMAapHUK OT-
KIOHSET HATH Ha yrou 20 = 60° ot Bepruxkanu. Hairtn 3apsiy kaxkgoro
mapmuka.

583. lllapuk, Hecymui 3apsn g = S0 HKn, KocHyncs BHyTpeHHeH
HOBEPXHOCTH HE3apsiXKeHHOH npopopsamei cepsl pagryca R = 20 cm.
HaiiTn moBepXHOCTHYIO TUIOTHOCTH 3apsiia Ha BHEIIHEH IMOBEPXHOCTH
cdepsl. :

584. HaiiTn MOBEepXHOCTHYIO IUIOTHOCTBh 3apsNa Ha BHEIUHEH Io-
BEpXHOCTH NpoBofsmiell chepnl paguyca R = 20 cM, €Clin B HEHTPE
ctheprl Ha u3oAHpYIOLEH MaNTOYKe HAXONATCA MIAPHK, HECYIIHN 3apsin
q = 50 uKn. ByneT n7 W3MEHSTHCA MOBEPXHOCTHAs NIOTHOCTh NpPH
H3MEHECHHH NOJIOKEHH IIApAKa BHYTpH cepbl?
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§ 19. dnekTpnueckoe noje

anpmeuuocmb neKmpuecKo0 noan

OneKTpHUYECKHE 3apsafbl CO3alOT B NIPOCTPAHCTBE BOKPYT cebs 3JIEKTPH-
yeckoe noje. Ha anexrpuyeckuil 3apsaj, NOMEIIEHHBIA B TOUKY HPOCTPAHCTBA,
Ific €CTh AINEKTPUIECKOE HOE, AEACTBYET CHna.

ONeKTpHUECKOe MOoJNe B KaXKAOH TOUYKE MPOCTPAHCTBA XapaKTepH3yeTcs
HAIpAXEeHHOCTBIO. HanpskeHHOCTbIO 3JIEKTpHUECKOro nons E B HaHHON
TOUKE Ha3bIBaETCsl OTHOLIEHUE CUIBI F, fecTByIONEel Ha TOMEIEHHBIHA B 3Ty
TOUKY TOYEYHBIH 3apdf ¢, K 3TOMY 3apsay:

E= F/q()' (4)

HanpstkeHHOCTb 3NeKTPUIECKOTO MO — BEKTOPHAsl BETNYMHA, HallpaBleHUe
KOTOpO# COBNaJacT C HalpaBieHuEeM cuibl F npu qy > 0. Ecniu n3BecTHa
HaNpPSIKECHHOCTb 3JIEKTPHIECKOrO OIS B JaHHOR TOYKE, TO COTIIACHO (popMysie
(4) Ha NOMEIIEHHBIA B 3Ty TOUKY 3apsf gy ACHCTBYeT cuia

F=qyE. (5)

Toueunslil 3apsa ¢ co3faeT BOKPYr cebsd IMEeKTPUYECKOoe INOoNe, Halps-
SKeHHOCTH KOTOPOTO B TOYKE, YAAJEHHOH OT 3TOrO 3apsja Ha pacCTOSHHE I,
cornacHo ¢opmyne (4) n 3akony Kynona (2) B cucreme epmauy, CU BeIpa-
3KaeTCs COOTHOLIEHHEM

q I g
E=k—L =— 2 6
ert  4me, er’ ©)

rje £ — AMINEKTpPHUecKas HPOHUIAEMOCTh CPejbl, 3aNONHSIOUIEN MpPOCT-
PaHCTBO BOKPYT 3apsjia, a Ko3(pHuueHT NponopuuoHaIsLHOCTH k = 1/41tey =
=9-10° H - M¥/Kn?. B cucreMe emuuun CH 3a eAMHMIY HANPSIKEHHOCTH
MPUHUMAETCA 80416 Ha memp (B/M) — Takas HaNpsS>KEHHOCTD, IIPH KOTOPOH Ha
zapsap 1 K peficryet cana 1 H (cm. nanee dopmyny (11)).

Hanpsaxennocrs anekrpuieckoro noins E, co3faBaeMoro B faHHOH TOYKE
HECKOJIbKUMH TOYCYHBIMH 3apsjiaMHd, paBHa BEKTOPDHOH CyMMe Hamps-
SKCHHOCTEH, CO3[aBaeMbIX B 3TO¥ TOUYKE KaKAbIM 3apsiAOM IO OTAENLHOCTH
(IpUHIUN Cynepno3uIun):

E=E,+E)+...+E,

CrnepfyeT UMETh B BHJY, [TO 3JJIEKTPHYECKOE I[IOJIE paBHOMEDHO 3aps-
SKEHHOTO 11apa paguyca R, HONHBIA 3apsj KOTOPOTO PaBeH ¢, COBIAJacT BHE
[I1apa ¢ 3JIEKTPHYECKUM II0JIEM TOUEYHOTO 3apsAfia, PaBHOIO 3apsijy ¢ 1apa #

NOMEHIEHHOrO B €10 LeHTpe. [103TOMYy HanpsAXeHHOCTb B TOUKAX, YAAJIECHHBIX
OT LIEHTpA IIapa Ha PacCTOSHUE & = R, MOXKHO BBIYHCIATH 1O hopMmyiie (6).

585. Ha xakoM paccrosaun r oT ToyeuyHoro 3apsaga g = 0,1 aKi, Ha-
XOMANIErocsi B MUCTHINIAPOBAHHOHA Bofie (MH3/IeKTpAYECKas MPOHAIae-
MOCTB € = 81), HanpsKeHHOCTH 3JleKTpHyeckoro nois E = 0,25 B/m?
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586. B nenTpe nmpopopsmieil chepbl NIOMeIlleH TOYCYHBIH 3apsn
g = 10 sKn. BuyTpennnit n BHemHui pagrycel chepnl r = 10 cMm u
R = 20 cM. HaiiTu Hanps>KeHHOCTH 3NIEKTPHYECKOrO 10N Y BHYTPEH-
get (E,) u BHeturei (E£,) noBepxHocTel cepsl.

587. OupwHakoBbIE 110 MOAYNIO, HO pa3Hble MO 3HAKy 3apsabl
lgl = 18 mKn pacrmonoXeHbl B [IByX BEPIUMHAX PAaBHOCTOPOHHETO
TPEYTOoJIbHHKA CO CTOPOHOW a = 2 M. HaTH HaNpsXeHHOCTb 3JIeK-
TPHYECKOro noiid E B TpeThel BEpUIMHE TPEYTOJBHUKA.

588. B BepiumHax IIpH OCTPBIX yIilax poMOa, COCTABJIEHHOrO U3 JIBYX
PaBHOCTOPOHHHX TPEYTONBbHHKOB CO CTOPOHOM g, MOMEIEHBI OfUHA-
KOBBIE TIOJIOXHUTENbHBIE 3apAAbl ¢ = ¢, = ¢. B BepunHe npu ogHOM
U3 TYIbIX YriI0B poMba MOMEIEeH NMONOXKATENbHBIH 3apan Q. Haityn Ha-
NPSDKEHHOCTD SJIEKTPUYECKOro nost E B 4eTBepTo# BepmiuHe pomba.

589. PeunTs npenbIAyILyIo 3amady, ecnu 3apsn ( OTpMLATENEH, B
cnydasix, Korga: a) [0l < g; 6) iQl = g; B) Q] > g.

590. Iuarouanu poM6a d; = 96 cM u d, = 32 cm. Ha koHuax gnuHHOI
IUaroOHalH PACIONOXEHBl TOUYeYHbIE 3apsifbl ¢ = 64 K1 u g, =
= 352 uK7i, Ha KOHIIaX KOPOTKO# — TOYeYyHkIe 3apsaabi ¢; = 8 HKn u g, =
= 40 uKn. Haittn Monynb 1 HanpasneHne (OTHOCHTENBLHO KOPOTKOH
AUaroHaNy) HANPSKEeHHOCTH 3JIeKTPHYECKOro NoNs B [EHTpe poMba.

591. Kaxkoit yrous ¢ ¢ BEpTHKANBIO COCTaBUT HUTh, HA KOTOPOH BUCHT
IIApHAK MACCHl M = 25 Mr, €Clli NOMECTHTh HIaPHK B TOPU3OHTAJIbHOE
OTHOPOHOE 3JIeKTPHUUECKOE TOJie ¢ HampsskeHHOCThio E = 35 B/,
coo0IIHB eMy 3apsg g = 7 MKKn?

592. lapuk Maccet m = 0,1 r 3aKpenieH Ha HUTH, JJIHHA KOTOpPO# [
BEJINKA II0 CpaBHEHHIO ¢ pasMepamu wiapuka. lllapmky cooGmaror
3apsag g = 10 HKn 1 moMemarot B OJHOPORHOE 3NIEKTPHUECKOE MOJIE C
HalpsKEHHOCTHIO E, HanpaBineHHOHU BBepX. C KaknM NEPHOAOM OyaeT
Koje0aThCsl LIApHK, €CMIH CHJIa, IEeHCTByIOmasd Ha HEro CO CTOPOHBI
3JIEKTPUYECKOro noJjs, Oonbme cunbl Tsokectu (F > mg)? Kakoi
RomxHa OBITh HaHpH}KCHHOCTb nonst E, yrobpl mapuk xojaebancs c

nepuonoM Ty =2n.(l/ g

593. llapuk Macce! m = | r moaBenIeH Ha HUTH AuuHLI [ = 36 cM. Kak

' I3MEHHTCA niepnop KoneOaHuil nIapuKa, eClii, COOOMUB eMy IOJIOXKH-

TENLHBIN WIIA OTpUNATENLHbIH 3apap gl = 20 1K1, noMecTHTD IAapuK B

ONHOPOZHOE JIEKTPHIECKOE II0JI€ C HANPSKEHHOCTHIO E =100 KB/M
HanpasJIeHHOH BHA3? ,

'594. B OnHOPOJHOM 3NEKTPHYECKOM IIOJI€ ¢ HANMPSIKEHHOCTHIO

E =1 MB/m, HanpaBieHHOH mop yritoM o = 30° K BepTHKAIM, BUCHT Ha
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HUTH IIApUK Maccekl m = 2 r, Hecywn# 3apsa g = 10 aKn. Haitu cany
HaTSKEHUsI HUTH 7.

595. DJIEKTPOH ABMXKETCS B HANpPAaBJIEHAH OJHOPONHOIO 9JIEeKTPH-
yecKoro noys ¢ HanpskeHHoctbio E = 120 B/m. Kakoe paccrosinue
OPOJIETAT 3JIEKTPOH A0 NMOJTHON NOTEPH CKOPOCTH, €CITH €ro HavyallbHast
ckopocTh v = 1000 km/c? 3a kakoe BpeMs OGyaeT NpOHAEHO 3TO
paccrosiHue?

596. Ilyyok xaTOfgHBIX Jy4deH, HalpaBlIeHHBIH MapanieilbHO 00-
KJIaKaM IJIOCKOTO KOHAEHCATOpa, Ha NyTH / = 4 CM OTKJIOHSETCS Ha
paccrosiHie # = 2 MM OT IlepBOHAYaJIbHOro Hanpasienns. Kakyo cko-
POCTb U ¥ KHHETHYECKYIO 3Hepruio K MMEIOT 3MeKTPOHBI KATOMHOTO
Jyya B MOMEHT BlieTa B KOHEeHcaTop? Hanps:KeHHOCTh 3neKTpude-
CKOro MOoJIs BHYTpH KOoHAeHcaTtopa E = 22,5 kB/M.

Tomenyuan. Paboma anexkmpuueckux cun

Pa3HOCTBIO NOTEHUHANOB (WM HanpskeHueM) V MexXjy TOUKaMu a u b
3JIEKTPHYECKOrO N0 HA3bIBAETCSI OTHOIIEHHE paboThl A, KOTOPYIO COBEp-
INAIOT INEKTPHUECKUE CHIIbI NPH NEPEMELIEHUN 3apsfa g U3 TOYKH a B TOUKY
b, k aTOMY 3apsny:

V=Alqg. Q)

OTa BenHUMHA He 3aBHCHUT HH OT (POPMBI NYTH, 110 KOTOPOMY IPOUCXOAMT
nepeMereHne, Hl OT CaMOTO 3apsJia ¢, a 3aBHCUT TONBKO OT CBOHCTB 3NEKTPHU-
YEeCKOro NOJIs 1 OT BbIOOpa Touek a u b. IloaroMy, eci B Ka4ecTBE KOHEUHOM
TOYKH NEPEMCIEHHs 3apsfia ¢ BbIOPaTh HEKOTOPYIO MOCTOSHHYIO TOUKY C
(HanpuMep, OECKOHEYHO YAAJNEHHYIO TOUKY), TO OTHOIIEHUE A/q MOXKeT
CJIY>KATh XapaKTEePUCTHKOU 3NMEKTPUUECKOro MO B IPOU3BOMALHOM TOUKE a. B
9TOM CHYUAE €ro Ha3bIBAIOT NOTEHIMANOM (O, OIS B TOUKE & (OTHOCHTEIBHO
TOYKH c). [loTeHIman nons B TOYKE ¢ MOXKHO CUMTATH PABHBIM [IPOU3BOJLHOM
IIOCTOAHHOH BeJIHYKHE, KOTOPYIO YIOOHO NOJOXKHUTE PAaBHOM HYIIHO.
Ecnu ¢, 1 ¢ — noTeHIMaNbL1 TOYEK a U b, 1O

V=0,-0 ®)
CornacHo ¢opmynam (7) u (8) pa6oTa A, coseplliaeMasi 3JeKTPAUECKAMHA
CHJIaMH NIPH NepeMEIICHAH 3apsjia ¢ U3 TOUKHA a B TOUKY b, eClii U3BeCTHA

Pa3HOCTh NOTCHUNAJIOB 1% MCXKAY 9THMH TOYKaMH WINA N3BCCTHBI IIOTCHIAANbI
@y U Qp 10T B ITHX TOUKAX, ONPEACIACTCA BbIPAaXXCHAEM

A=qV=q@.— ). - ®

Enundued pasHocTH noreHuuanos B cucreMe efunan CY sasnsercs soasm
(B) — Takas pa3HocTb NOTEHHHUANOB, NPH KOTOPOU 3INEKTPUYECKHE CHIIbI
cosepmaroT pabory 1 Jx npu nepememieHun 3apsapa 1 Km: 1 B =

=1 Ix/1 Kn.
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EciIn 3MeKTPHIECKOE ITONE CO3TAETCA TOUCUHBIM SMEKTPHIECKEM 3apsi-
[(OM ¢, MIOMEIIEHHBIM B CPENie C UINEKTPHUUECKOHR IPOHALAEMOCTBIO €, TO
AOTEHLHAAN B TOUKE, YAAJTEHHOH HA PACCTOSHUE I OT ITOrO 3apsaa,

p= k 4 = ___1.___q._ 10$)
er 4me, er
3jech NOTEHIHAN OTCYHTBIBACTCA OTHOCHUTENBHO OECKOHEYHO YHaXEHHOM
TOYKH, B KOTOPO#l OH paBeH HyNO. 3HAaK NOTEHI[aNa ONpeenseTcs 3HaKOM
3apsija q.
IToreHnman 3MEKTPHYECKOTO NOMS, CO3aBaeéMOro B JAHHOW TOUYKE He-
CKONLKUMY TOYEYHBIMH 3apAJaMH, paBeH anrefSpanieckoit cyMMe MOTEHIAA-
JIOB MOJIEH, CO3/1aBa€MBbIX B 3TOH TOUYKE KasKAbIM 3apAOM 1O OT/ETLHOCTH!

P=0+Pr+ ... +Q,

[IpH HENMOJABWXHBIX 3apsifiax INOTEHIHUANbl BCEX TOYEK HA NOBEPXHOCTH H
BHYTPH IIPOBOJIHAKA OJTHAKOBBI.

OnexTpuUyecKoe NoJje paBHOMEPHO 3aps>KEHHOr0 iapa paauyca R, ONHbIA
3apsii KOTOPOTO pPaBeH ¢, COBHAJAacT BHE IIapa C JIEKTPUUECKAM IONEM
TOYEYHOTO 3apsfa, PaBHOrO 3apsaiy ¢ IIapa K IOMEIIEHHOro B €ro LEHTpe.
[MosToMy moTeHHHAN TOYEK IOJs, CO3RaBAaeMOro LIapOM Ha PacCTOSHHUAX
2 R or ero HeHTpPa, MOXHO BbIUUCIATH MO ¢dopmyne (10). B wacrHoCcTH,
MOTEHIHAN TOYEK Ha IIOBEPXHOCTH M BHYTPH NPOBOJSILETO IMapa paguyca R
OIIpeNeNIsieTCA BEIPaskeHHEM

€R  dmey eR

Mexpny ABYyMs XapaKTEepHCTHKAMH 3NEKTPHUECKOrO MONs — HANps-
*KEHHOCTBIO ¥ NOTEHINAJIOM — CYIIeCTBYET CBA3b. Ecnu ¢, ¥ @), — NoTeHIHANb!
TOUEK a4 M h, JexXaIllMX Ha OfAHOM NUHHM HANpPSIXKEHHOCTH B OJHOPORHOM
9NMEKTPHIECKOM IIOJI€ Ha PACCTOSIHHHM I APYT OT APYra, TO HAIPSXKEHHOCThb
JJIEKTPHIECKOrO NOJI

E = (@, ~ Q,)Ir. (1)

Ecnu none HeOmHOPORHO, TO 3Ta (oOpMyNa AaeT JUIIb CPefHEe 3HAYCHHUE
HANPSKEHHOCTY Ha JIMHUH HANPSIKEHHOCTH MEXAY BYMSI 9THMH TOYKaMH.

H3 dopmynnr (11) caenyeT, 4TO HANPSXKEHHOCTb 3NEKTPHUECKOTO MOAA
MOXKHO WM3MEPATH PAa3HOCTHIO NOTEHIMAJNOB, NPHUXOAALICHCA Ha ENMHHILY
nauesl. B cucreme epmnun CH 3a eguHuIy Hanpsi>keHHOCTH NPHHAMAETCs
soabm Ha memp (B/M) — Takas HaNpAXEHHOCTb NMEKTPHUYCCKOTO IO, IPH
KOTOpO¥ pa3HOCTH NOTEHIMAIOB MEeX/y TOUKAMHU, YIAJeHHBIMH JAPYr OT Apyra
Ha pacCTOsAHEE 1 M IO NWHHH HANPSCKEHHOCTH, paBHa 1 B.

597. Haiity norenunan mapa paguyca R = 0,1 M, ecnu Ha paccrosi-
HEH 7 = 10 M OT ero NOBEPXHOCTH MOTEHLIHAJ 3JMEKTPHUECKOrO MOJS
¢ =20 B.
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598. N ogMHaKOBBIX IHapoOOpa3sHbIX KanelleK PTYTH OFHOMMEHHO
3apsDKEHb IO OMHOrO M TOro Xe noreHpnana ¢. Kakop 6yger noren-
nuan @ Gonbiod Kanjan pTYTH, NOJYYABIIERCS B pe3yibraTe CINAHUA
9THX Kafenb?

599. B uenTpe MeTasMueckod cepsl paguyca R = 1 M, Hecymei
nonoxuTe bHbIN 3apan O = 10 HKn, HaxomuTcs MajeHBKMI MIapHK ¢
MONOXUTENBHBIM UIIA OTPHUATENLHBIM 3apsaoM gl = 20 uKn. Hairtu
MOTEHINaN ¢ 3JIEKTPHUECKOro MOJsi B TOYKE, HaXONsIeHcs Ha
paccrosuuu r = 10R ot neHrpa coepsl.

600. [To xakoro noTeHnyasaa MOXKHO 3apsANUTh HAaXOMSIIMIACA B BO3-
ol _, Ayxe (AnanexTpuYecKas NPOHHALAEMOCTh
o -0 & = 1) merannmuyeckuii map pagmyca R =
= 3 cM, €CJIH HalPsKEHHOCTD 3JIEKTPAYECKOr0
MoJIsi, IpH KOTOpPON mpoucxoguT npoOoil B
Bosayxe, £ =3 MB/m?

601. [IBa onMHaKOBO 3apsXKEHHBIX IIAPUKA,
PAacIONOXKEHHBIX APYr OT Apyra Ha pac-
CTOSHHH r = 25 cM, B3aUMOJENRCTBYIOT C CHIIOH
-4 +3  F =1 MkH. [lo xakoro norexuuana 3apsKeHbI
LIApHKH, €CIU X fuaMeTphl D = 1 cM?

602. B BepmmHax KBaipaTa, pacnoloXXeHbl
Toyeunsble 3apaael (BEKN): ¢ =+ 1,4, =-2,¢;=+3, g, =— 4 (puc. 71).
HafiTn moTeHIan ¥ HANPSKEHHOCTh JEKTPUYECKOro MOJsA B UEHTPE
KBafipaTa (B Touke A). [lmaronans kBagpaTa 2a = 20 cm.

603. Hajrti noreHIuanbl 1 HANPSDKEHHOCTH EKTPHYECKOro HOJS B
TOYKaxX a ¥ b, HaXofsAIUXCA OT TOYEYHOro 3apspaa g = 167 uKn Ha
paccTOSIHUSIX I, =5 ¢cM H r, =20 cM, a TakKe pabOTy 2NEeKTPHYECKHX

CHJI TIpH NIEpEMEILIEHNH TOYEeYHOro 3apsia gy = 1 BKn

Ox

Puc. 71

o7 13 TOYKH 4 B TOUKY b.
rf/' \Ib 604. ToueyHbIi MONOXKATENBHBIIH 3apsif| ¢ CO3MAET
4 L \ b B TOYKax a 1 b (puc. 72) nons ¢ HanpsKeHHOCTAMH E,
u E,. Hafitu paGoTy 37eKTPHYECKHX CHJ IpH Iie-
Puc. 72 pEMEIUEHNA TOYEeYHOTO 3apsfa ¢, U3 TOYKHA 4 B
TOYKY b.

605. B aroMHO#l (pm3uKe 3HEPTHIO OBICTPBHIX 3aPAKEHHBIX YaCTHUI]
BBIPaXKaloT B 3JIEKTPOHBONbTAX. JaekmpoHeosvm (3B) — aTo Takas
9HEPrus, KOTOPYIO IIPAOGPETAET INEKTPOH, NPOJETEB B 3JEKTPHYE-
CKOM MoJie TIyTh MEXAY TOUYKaMH, Pa3HOCTDb IIOTEHIMAIOB MEXTY KOTO-
pbiMH paBHa 1 B. BoIpa3suTh 2JI€KTPOHBOJIET B XKOYJISX. KaKylo CKO-
pOCTh HMEET 3NIEKTPOH, obnagatomuil sHepruei 13B? o
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.- 606. DNEKTPOH JETHT OT TOYKH a K TOYKE b, pa3HOCTh NIOTEHLIHATIOB
Mexay xotopbiMu V = 100 B. Kakyro ckopocTh npro6peTaeT 2,1eKTPOH
B TOYKE b, €ClIM B TOUKE @ €r0 CKOpOCTh ObljIa paBHa HYNIO?

607. Kakyro pa6oTy He0oOXOIMMO COBEPIIATH [PH NEPEHOCE TOYEU-
HOTO 3apsaa ¢y = 30 HKa u3 6eCKOHEYHOCTH B TOUKY, HaXO[AIIYIOCA Ha
paccTosinau 7 = 10 CM OT MOBEPXHOCTH 3apPSKEHHOTO METAJIAYECKOTO
mapa? ITorenuuan Ha noBepxHoctu mapa ¢ = 200 B, paguyc mapa
R=2cMm.

608. IIpu neperoce ToueuHoro 3apapa gy = 10 HKn u3 6eckoHey-
HOCTH B TOYKY, HAXOISAIIYIOCS Ha paccTosHUH I' = 20 cM OT MOBEPXHOCTH
3apsKEHHOrO METaNIMYecKOoro Inapa, HEO6XOguMo
coepinuTh pabory A = 0,5 Mx/Ix. Pagunyc mapa R =
=4 cM. HaliTy noTeHnuan ¢ Ha MoBEpPXHOCTH 1Iapa.

609. JIBa ogmuakoBBIX 3apAna ¢g = q = 50 MxKn
HAXOMSTCSI Ha PAcCCTOSIHUMU r, = 1 M JpYyr OT Apyra.
Kaxkyio pa6oty A Hafo COBEpMIUTH, YTOOBI CONMU3UTH
ux g0 paccrosHus ry, = 0,5 m?

610. [IBa 3apsina q, = 2 MmxKn u g, = 5 MmxKn ¢
pacnoNoXKensl Ha paccTosHuu r = 40 cM Apyr oT apyra
B TOYKax a u b (puc. 73). Bpons npsimoit cd, npo- Puc. 73
XOfsmed napaniellbHO NpsAMO# ab Ha PacCTOSHHNA
d = 30 cM oT Hee, nepememaeTcs 3apsn g, = 100 mxKa. Hafitu pa6oTy
IMEKTPHUIECKUX CHJI TIPU NepeMELeHAH 3apsfa g, U3 TOYKH C B TOUKY d,
ecny npsMble ac ¥ bd nepneHnuKyIapHBI K NpsAMoi cd.

611. [IBa napajulenbHBIX TOHKHX KOJbIA pajguyca R pacnojoKeHbl
Ha pACCTOSIHHE d [pyr OT Apyra Ha omHo# ocu. Haiitn paboty amek-
TPHYECKUX CHJI IPU NEPEMEIIEHUH 3apsifa gy U3 HEeHTpa NEPBOro Kolb-
Ija B LIECHTP BTOPOr'0, €CJIK HAa IIEPBOM KOJbIIE paBHOMEPHO paclpeieiieH
3apsy ¢, 2 Ha BTOPOM — 3apsf ¢,.

612, Ha TonkoM Komble paguyca R paBHOMEPHO pacnipefiesieH 3apsn
q. KakoBa HamMeHb1Ias CKOPOCTh U, KOTOPYIO HEOOXORUMO COOOIIHTH
HaxofsmeMycss B IEHTpe KOJbla IHApHKy Macchl m C 3apiajaoM ¢,
4T06BI OH MOT YHAJIHUTLCS OT KOJIblja B 6€6CKOHEUHOCTh?

613. Ha mapuk paguyca R = 2 cM nomelneH 3apsn ¢ = 4 nKn. C ka-
KOH CKOpOCTBIO OMJIETAET K IIAPHUKY 3JEKTPOH, HauaBIIAH JBUXKECHUE
H3 OECKOHEYHO YAaNEeHHOH OT HErO TOYKH?

614. Me3xRy ropu3OHTaJbHO PacnoIOXEHHBIMA IUIACTHHAMH ILIOC-
KOro KOHAEHCATOpa C BBICOTHI /{ CBOGOAHO NMajaeT He3apsKEHHBIR
MeTaJInyecKnii mapuk Macckl m. Ha kakyio BeicoTy A nocie a6co-
JIOTHO YIPYroro yaapa 0 HEXKHIOKO IJIACTHHY MOAHUMETCS IAPUK, ECIH

A

smmmoammooes
s
_—_(_O...-_b -
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B MOMEHT yAapa Ha Hero nepexoput 3apaf q? PasHocTs noreHnua-
JI0B MeXAy IJIaCTHHAMH KOHJleHcaTopa paBHa V, paccTosHHe MeXny
IJIACTHHAMH PaBHO d.

615, [IBa mapuka c OfMHAKOBBIMH 3apifaMH ¢ PACIOJIOXEHbI Ha
OJHO# BepTHKalH Ha paccrosHuH H gpyr ot apyra. HmkHuit mapuk
3aKpeIieH HEMOJBUKHO, a BEPXHHUH, IMEIOMMA Maccy m, MONyYaeT
HavaJIbHYIO CKOPOCTh U, HallpaBJIeHHYIO BHA3. Ha Kakoe MUHHMaNsHOe
paccrogHue h npubJIN3ATCs BEPXHHUH IAPUK K HIDKHEMY?

616. Haiity MakcuMmanbHOE paccTosiHe h MeXHOy IapuKaMu B
YCIOBUSIX NpEAbIAyINed 3aJayud, €ClM HENOABUKHbIN HIAPUK HMEET
OTpPHLATEIbHBII 3apsy ¢, a HadajbHasi CKOPOCTh U BEPXHEro HIap¥Ka
HamnpasJieHa BBEPX.

617. DnexTpoH, npojeTas B JIEKTPUIECKOM IOJE IYTh OT TOYKH
a X Touke b, yBeNH4YHN CBOK CKopocth ¢ v, = 1000 xm/c mo v,
= 3000 xM/c. HafiTn pa3HOCTb MOTEHUHMANOB MEXAY TOYKAMu a U b
3JEKTPUIECKOTO MO

618. B niockuil KOHAEHCATOP BIIETAET 3MEKTPOH CO CKOPOCTBIO U
=2 - 107 M/c, HanpaBIeHHOH NapauIeNIbHO MJIaCTHHAM KOHAEHCATOpA.
Ha kakoe paccrosiHEe /i OT CBOEro NepBOHAYaTbHOI'O HAIPABJICHHS
CMECTHTCS 3NeKTPOH 3a BpeMs IpolieTa KoHueHcaTtopa? Paccrosnue
MeXAy IUlacTHaMu d = 2 cM, ANIHHA KOHAeHcaTopa [ = 5 cM, pa3HoOCTh
TIOTEHIMAN0B MeXay mnactuHamu V = 200 B.

619. TlomoxXHATeNbHO 3apsiKeHHas MBUIHHKA Macchl m = 10-¥ r
HaXOJUTCsl B PABHOBECHH BHYTPH IIOCKOTO KOHAEHCATOpa, IIACTHHBI
KOTOPOTO pPacHOJIOKeHbI TOPU30HTANBHO, MeXAy ITacTHHAME CO3aHa
pasHocTk notednmanos V,; = 6000 B. Paccrosnue MeXny miacTUHAMH
d =5 cM. Ha kakylo BeTH4nHy HeOOXOOUMO N3MEHUTH PA3HOCTH TIOTEH-
OuanoB, 4ToObl IBIIHHKA OCTajlach B PaBHOBECHH, €CNH €€ 3apsif
yMeHbIImICH Ha gy = 1000 €?

620. PemnTh npepbigymyro 3afgavy, CUMTas NbLUIMHKY 3apSKEHHON
OTpHULATENBHO.,

621. B snekrpHuecKkoe IoJie MJIOCKOro KOHAeHCaTopa, TL1ACTHHBI
KOTOPOI'0 pacloyIOKeHbI FOPU30OHTANLHO, IOMEIIeHa Kanejbka Macla,
nMeromas 3apsaf g = 1 e. HanpskeHHOCTh 3NME€KTPHYECKOTO MOJIs
nopo6paHa Tak, YTO KalelibKa IOKOHTCA. PasHOCTh moTeHUuanos
MEXOy MiacTHHaMu KoHpaeHcaTtopa V = 500 B, paccrosHue mesxny
mnactanamu d = 0,5 oM. IInotHocte Macna p = 0,9 - 10? xr/m3. Haiitu
papyyc KanejibKd Macia.

622. BHyTpH 1IJI0CKOro KOHAEHCATOpa, INTACTAHDI KOToporo pacno-
JTOXKEHB! BEPTHKANBHO, NOMENIeHA JU3IEKTPHYECKAS MAN0oUKa [ IUHb!
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] =1 cM ¢ MeTalnNM4YEeCKUMH IIapHKaMM HAa KOHIAaX, HECYIIMMH 3a-
pansl +g 1 —q (gl = 1 #Kn). [Tanouka moxeT BpamaThcst 63 TpeHHs
BOKPYT BEPTHKAJILHOH OCH, IpOXofsllei yepe3 ee cepenuny. Paznocrs
NOTEHIHANOB MEXAY NITaCTUHAMHM KOHpeHcatopa V =3 B, paccrosinue
Mexpny nnactudamu d = 10 cMm. Kakyro paGorty
HEOOXOMUMO COBEPILIHATH, YTOOLI MOBEPHYTH Ma-
JI0YKY BOKpPYr ocH Ha 180° mo oTHomIeHmio K
TOMY IIOJIOXKEHHIO, KOTOPOE OHA 3aHHMAaeT Ha
puc. 747

623. BHyTp¥® MJIOCKOro KOHAEeHcaToOpano-
MEIleH AU3JIeKTPUYECKHH CTepXKeHb MIIHHBI
/=3 cM, Ha KOHIAX KOTOPOIO HMEIOTCS JBa
TOUEYHBIX 3apsa +q u —q (|g| = 8 HKu). PaznocTe noTenumanos Mexmny
IIacTHHaMH KOHmeHcaTopa V =3 B, paccrosnme Mexay IUIaCTHHAMH
d =8 cM. CTepKeHb OPUEHTHPOBAH MapalljieIbHO IulacTiHaM. Haiitn
MOMEHT CHJI, AeICTBYIOIIMI HA CTEPXKEHb C 3apsgaMH.

624. Ha xoHmax pumajexTpuyeckoiél namouku jummHbel [ =0,5 cMm
HPUKPEIIEHBl IBA MaJIeHbKHX IIapuKa, HECYHIHUX 3apsafbl —G U +¢q
(I} = 10 1K n). [Tanoyka HaXO@MTCA MEXKAY TUTACTMHAMY KOHAEHCATOPA,
paccTosHue MeXAy KoTopbIMH d = 10 cM (puc. 75). Ilpu Kakoit MUHH-
MaJBHOU pa3HOCTH MOTEHIMATIOB MEXKAY IUTaCTHHAMHM KOHAeHcaTopa V
naao4yka pa3opBeTcs, €CIM OHA BbINEPXUBAET MAaKCHMalbHYIO CHITY
pactsikenus F = 0,01 H? Cunoit Tsaxkectn npene6peys.

Puc. 74

Pnc. 75 Puc. 76

625. MeTtannuuecknii wapuk 1 paguyca R, =1 cM npHKpeIuieH ¢
MIOMOMIBIO AAINEKTPUUECKOM NTAIOYKH K KOPOMBICITY BECOB, IIOCIIE Yero
BEChbl ypaBHOBelleHbl rHpamu (puc. 76). Ilon mapukoMm 1 momewaior
3apsKEHHBIN mapuk 2 paguyca R, =2 cm. Paccrosiaue mexpy mapu-
Kamu h =20 cm. llapuxn 1 1 2 3aMBIKaIOT MeXAY cO60i NPOBONOYKOM,
a IOTOM NMpoBOJOYKY yOuparoT. Ilocne aToro oxasbiBaeTcs, YTO RS
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BOCCTAHOBJIEHHs] PABHOBECHS HalO CHATH C YAalKH BECOB THPIO MaCChl
m = 4 Mr. J]o Kakoro noTeHnuana ¢ ObLT 3apsKeH IapuK 2 A0 3aMbl-
KaHWA ero NPOBOJIOYKOH C mapukoM 17

3ﬂexmpultecrcaﬂ eEMKOCMb

DNeKTPUUECKON EMKOCTBIO (MU [POCTO €MKOCTBIO) YEAHHEHHOTO Mpo-
BOJIHHKA HA3bIBAETCA BEJIMINHA

C =g/, (12)

rjle ¢ — ero 3apsf, ¢ — NoTeHHHUaNn (OTHOCATENIBHO OecKoHeyHOCTH). EMKOCTD
yeIMHEHHOTO Iapa pajuyca R, MOMEIIEHHOIO B CPEAY € IU3JEKTPHIECKON
MPOHUIIAEMOCTBIO €, BEIYHCIETCS 110 hopMmye

C = AmegER,

e €5 = 8,85 10712 ®/m - 3JIeKTpUYIECKasi IOCTOSTHHAS.

[Ba M30MUPOBaHHLIX APYT OT pyra NPOBORHMKA, 3apSKeHHbIX PABHBIMY 110
MOJYJ10, HO NPOTHBOINICJOXHBIMA IO 3HAKy 3apsfaMu, o6pa3yloT KOHJEH-
caTop. 3TH NPOBOJHHKH HA3bIBalOT OOKIAAKaMH KOHjeHcaTopa. EMKocThIO
KOHJIEHCATOPA Ha3bIBAETCs NOJOXUTEIbHAs! BETHUHHA

C=qg/(Q1—9)=q/V, 13)

i€ ¢ — 3apsij| Ha OQHOM U3 ero o6KNanoK, V = ¢ — ¢, — pa3HOCTb NOTEHIHANOB
MeXAy HUMH. EMKOCTH KOHEEHCATOpa € JUINEKTPHKOM, 3aMOIHAIOLIMM
OPOCTPAHCTBO MeXY OOKJIafKaMHy,

C= EC(),
rie Cp— eMKOCTh 3TOTO Xe KOHfeHcaTopa 6e3 AmasekTpuHka. EMKOCTh
MJIOCKOT'O KOHJEHCATOpa, IpeJICTaBIA0mEero co00i IBe napauleNbHble M1a-

CTHHBI IJIOMagHl S KaXkAas, NMPOCTPAHCTBO MeXAY KOTOPBIMH 3aIOJHEHO
AU3JIEKTPUKOM C JH3IEKTPHYECKON NMPOHHLAEMOCTbIO €, BBIYHCHSAETCS HO

dopmyne
C =¢eCy=¢gyeSd,
rae Cy = €3S/d — eMKOCTb [JIOCKOTO KOHAeHcaropa 6e3 AH3NeKTpHKa, a

d — paccrosinne MeXAy niaactuHaMu. Ecnu g —3apsf Ha OpHOM M3 MIAaCTHH
KOHJIEHCATOPa, TO HAIPSKEHHOCTD MO MEX/Y ITaCTHHAMH

E = gle,eS.
Pasnocth MNOTCHIHMAJIOB ME)K,IIy NJIIaCTHHAMU
V=@, - ¢, = Ed= qd/eceS.

I'lpu napannensHOM COEMHEHNH KOHIEHCATOPOB ¢ eMkoctamu Cy, Cs,..., C,
X 0011128 eMKOCTh

C=C;+Cy+...+C,.
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O611y10 EMKOCTb MOCIEAOBATEILHO COETUHEHHBIX KOHICHCATOPOB C EMKOCTSI-
ma Cy, Cy,..., C,, MOXHO HAaNITH U3 COOTHOIICHUS

Koupencarop ¢ eMkocTsio C, 3apsiKeHHBIT 3apsioM ¢ 0 Pa3HOCTH IIOTEH-
wmanoB V, o6nafaeT aHepruei

_ov:_d _av

2 2 2
3a enuHHARY eMKOCTH cornacHo ¢ropmynam (12) u (13) B cucreme efuHui]
CH npunumaetes gpapad (P)— 2310 eMKOCTE TaKOTO NPOBOJHAKA, MOTEHIIAAI
KOTOpOTro u3MeHsiercs Ha 1 B npu coobmennu emy 3apsina 1 Kn:

1®=1Kn/1B.

626. Bo cKONbKO pa3 M3MEHUTCS €MKOCThL IPOBOASINETO 1Iapa pa-
puyca R, ecnu oH cHayala oMeleH B KEPOCHH (UINIEKTpHUecKast Ipo-
HHUI]AEMOCTSH £, = 2), a 3aTeM B TIIMLEPHH (AU3JIEKTpUUYECKas MPOHH-
11aeMOCTb €, = 56,2)?

627. ITnockuit xongeHcatop umeeT eMkocTs C = 5 nd®. Kakoii 3apsn
HAaXONMTCS Ha KaXKJOW M3 €ro IJIACTHH, €Cl Pa3HOCTh NMOTEHI[NAJIOB
Mexxay Huma V = 1000 B?

628. IloBepxHOCTHas IIOTHOCTH 3apsAa Ha MIaCTHHAX MIOCKOro
BakyyMHoro koHaencatopa © = 0,3 mMkKn/m2 Ilromans nmnacTHHBI
S =100 cM?, emkrocts kongeHcatopa C = 10 nd. Kakyro ckopocThs npu-
ofpeTaeT SNEKTPOH, NPOHAS PACCTOSTHME MEXJY IIACTUHAMH KOH-
nencaropa?

629. TInockuit BO3AYIWIHBIN KOHAEHCATOP COCTOUT M3 Tpex IUIacTHH,
COeNMHEHHBIX, KaK NMoKa3aHo Ha puc. 77. Ilnomans
Kaxxpo¥ mnacrasel S = 100 cM?, paccTostHAE MEXNY
HaMA d = 0,5 cM. Haiitn eMKocCThb KOHeHCcaTopa.

Kak u3MeHuTCs €eMKOCTL KOHJIEHCATOpa NPU HOTPY-
KEHUH ero B DIHLEPHH (JUSJIeKTpUYIecKasi IPOHH- Puc. 77
aeMocTh € = 56,2)7

630. KonaeHncarop COCTOMT U3 A JIATYHHBIX JIHCTOB, NPOJIOKEHHBIX
CTeKJISHHBIMA NPOXJIafikaMy TOMINMHEI d = 2 MM. [Tnomany naTyHHOro
TUCTa ¥ CTEKJITHHOM MpOoKNanku paeHbl S = 200 cM?, auanexTpuueckas
NPOHALAEMOCTh cTeKkna € =7. HallTu eMKOCTh KOHICHCATOpa, €CIHA
n =21 1 BBIBOJbI KOHJEHCATOPA NPHUCOETHHEHB! K KPAHHUM JIACTAM.

631. Manenpkni mapuk, umeromuii 3apsin g = 10 HKn, nopeemen na
HATH B NPOCTPAHCTBE INTOCKOT0 BO3AYIIHOTO KOHAEHCaTOpa, Kpyrible
IJIACTHHBI KOTOPOro PacriojloKeHBI FOPH30HTANBHO. Pagnyc nnacTuHbl
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kKoHpercaTopa R = 10 cM. Korfa miacTiHaM KOHAEHCAaTOpa COOGIMIAIR
3apap Q = 1 MxKn, cnna HaTsS>KeHHs HUTH yBeanuuiack BaBoe. Haiitn
Maccy HIapHKa.

632. Mexay BEpTHKAJIbHBIMH ILUIACTHHAMHA MJIOCKOT'O BO3AYIU-
HOrO KOHfieHCaTopa MOABEIIECH HAa HUTH MaJleHbKUIl MapUK, HECYIHUR
3apan g = 10 iKn. Macca mapuka m =6 r, miomagb INIaCTHHBI
xkoHpgencatopa S = 0,1 M2 Kakoit 3apsag Q Hago COOOMHUTE MJIACTAHAM
KOHJIEHCATOpa, YTOOBLI HATH OTKJOHUJIACh OT BEPTHKAJH HA Yroj
o =457

633. Kakoii 3apsp npoiigeT 10 NpoBoAaM, COCTUHIIOMNM IIaCTHHBI
MJIOCKOr0 BO3AYIIHOIO KOH[IGHCATOpAa W UCTOUHHK TOKA C HaIpsiKe-
uueM V = 6,3 B, pu norpy>keHU: KOHJEHCATOpPA B KEPOCHH (IH3JEK-
TpUUeCcKas NpOHHLaeMocTs € = 2)? Ilnoujapp miacTAHBI KOHAECHCATOPA
S'= 180 cM?, paccTrosiHre MEX]y INIAaCTHHAMA d = 2 MM.

634. ITlnockuil BO3AYHIHBIH KOHAEHCATOp 3apsAWid AO Pa3HOCTH
noreHmmanoB Vy = 200 B. 3ateM KOHAEHCATOpP OTKIIOYHANIA OT HMCTOY-
HUKa TOKa. Kako#i cTaHeT pa3HOCTb HOTEH-
LAAJIOB MEXAY IUIACTMHAMH, €CIIH PACCTOsIHHUE
MEXNYy HHMH YBEIHYUTH OT do=0,2 MM po
d = 0,7 MM, a IPOCTPAHCTBO MEXKAY ITaCTHHAMHA
3aMONHATL CIIOAOH (AH2MEeKTPUUYECKas MPOHH-
HaeMocCTE € = 7)?

635. IInacTuHBI NMIOCKOr0 BO3AYLIHOTO KOH-
HAeHCaTOpa MPUCOeUHEHBI K HCTOYHHAKY TOKA C
HanpsikenueM V =600 B. IInmomaps kBag-
paTHO MNACTHHBI KOHAeHcaTopa Sy = 100 cm?,

Puc. 78 paccrosinue Mexpay miactaHamm d = 0,1 cm.

Kakoi#i Tok 6yfgeT HpOXOOHThL IO MpPOBOAAM

IIpY NApaiebHOM NepeMelleHIN OXHON INIACTHHBI BOJb APYToi co
CKOPOCTBIO U = 6 cM/c (puc. 78)?

636. HaiiTu 3ap4ay, KOTOPHIA HYXXHO COOOIMATH ABYM TapalielbHO
COeTNHEHHBIM KoHAeHcaTopaM ¢ eMkocTaMu C; =2 MkD u C, = | MxD,
yTOoOBI 3apANATE UX 10 Pa3HOCTH NoTeHNuanos V = 20 kB.

637. [IBa OMUHAKOBBIX INIOCKHMX KOHAEHCATOpAa COSHWMHEHBI mapai-
JeNIbHO M 3apsXKeHbl 0 Pa3HOCTH NoteHuuano V,=6 B. Haiitu
Pa3HOCThL MOTEHUMANOB V MeXAy MIACTHHAMH KOH[ICHCATOPOB, €CId
focjie OTKJIIOUeHAs KOHAEHCATOPOB OT HMCTOYHHKA TOKAa y OJHOIO
KOHJIEHCATOPa YMEHBUIWIA PACCTOSIHAE MEXAY IJIacCTHHAMHA BJBOE.

638. [Isa konpeHcaropa ¢ eMkocTaMu C, =1 Mk® n C, =2 MkP
3apAnwiIn A0 pasHocteil noredHimanos V, =20 B n V, =50 B. Haiitn
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pa3HOCTh MOTEHHUANOB V mocie COefMHEHUs] KOHIEHCATOPOB OfIHO-
UMEHHBIMH [TOJOCAMHU.

639. Koupencarop emkoctu C; = 20 Mx®P, 3apskeHHbIA O pa3HOCTH
norenmmanos V, = 100 B, coeguHunu napanneano C 3apsKCHHBIM 10
pasHocTu noteHuuajnos V, = 40 B KoHgeHCaTOPOM, EMKOCTE KOTOPOIO
C, Hen3BecTHA (COENUHANN ONHOUMEHHO 3apAXKEHHBIE OOKITAaKH KOH-
nencaropos). Haitn emkocte C, BTOPOro KOHJIEHCATOPA, €CJIA pas-
HOCTB ITOTEHIAANIOB MEXy OOKJIafiKaMi KOHAEHCATOPOB Iocile coenu-
HEHUs OKa3anack pasHoi V = 80 B.

640. Konnencatop emkocta C| =4 MK®, 3apsiKeHHBIH 0 pa3HOCTH
notennuanoe V, =10 B, coepuHeH napanieibHO C 3apSIKCHHBIM
IO pa3HOCTH moTeHOHamoB V, =20 B KOHAEHCATOPOM €MKOCTH
C, =6 Mx® (coeguHMIK Pa3HOMMEHHO 3apsiKeHHble OOKIafKd KOH-
meHcaTopoB). Kakoil 3apda oxkaxkeTcs Ha IJIACTUHAX NEPBOrO KOH-
JIeHcaTopa Iocjie COEANHEHU?

641. KonpeHcaTop, 3apsiKeHHBIH MO pPa3HOCTH MOTEHIMANOB
V, =20 B, coeguunin napaiienbHo C 3apsKeHHbIM 10 Pa3HOCTH MTOTEH-
unanoB V, =4 B xoupencatopom emkoctu C, = 33 Mx®P (coeguHuIM
pa3HOUMEHHO 3apsXeHHble OOKJafkH KoHAeHcaTopos). Haith em-
KocTh C, NEPBOr0 KOHAEHCATOPA, ECNH PA3HOCTb HOTECHIHATIOB MEXAY
o6KiafKaMyu KOHAEHCAaTOPOB NOCIe UX coefluHeHns V =2 B.

642. Konpencarop emkoctu C, = 1 MK®, 3apskeHHBIH O pa3HOCTH
norennuanos V, = 100 B, coeguanim ¢ KoHEeHCaTOPOM eMKOCTH C, =
=2 MK®P, pasHOCTh NOTEHLMANOB V), HAa 06KJIagKax KOTOPOro Hen3BeCT-
Ha (COeUHUITA Pa3HONMEHHO 3apsDKeHHbIe OOKIIagKi KOHJEHCATOPOB).
HaiiTi pa3HoCTE noTeHInanos V,, €CITu pa3HOCTL TOTEHINATOB MEXAY
o0KJIajKaMH KOHECHCATOPOB IIOC/E COSHUHEHHS OKa3ajach paBHOM
V=200 B.

643. [1Ba npoBofsAIUX HIapa ¢ paguycaMu R, n R, pacnionoXeHb! Tak,
YTO PacCCTOSHHE MEXJY HUMH BO MHOIO pa3 OoJblile pafgryca GOJbLIEro
mapa. Ha map papnyca R, nomemes 3apsy g. Kakosbl OyayT 3apsibl Ha
Iapax Noclie COeAVHEHNs NX IPOBOAHUKOM, €CJIH BTOPOH Iap He ObLI
3apsokeH? EMKOCTBIO NPOBOAHNKA, COEAHHSOIIEr0 aphl, IpeHeOpeys.

644. [IBa npoBoasmMx Iapa c paguycama R, =8 cMm 1 R; =20 oM,
Haxofamuxcs Ha OONBIIOM pacCTOSHHH JpYr OT [Apyra, HMeEnH
anekTpuueckue 3apanbl ¢ =40 vKn u g, = -20 sKn. Kak nepepac-
IIPENEJISITCS 3apsibl, €CJIU MWaphbl COEqEHATDL NPOBORHUKOM? EMKOCTBIO
IIPOBOJHHUKA, COCAUHSAIOIETO IHAph], NpeHeOpeYb.

645. [IBa npoBopsamux mapa ¢ paguycama R; =10cM E R, =5 cm,
3apsKEHHBIX A0 NOTEHNHaNnoB @; =20 B u ¢, = 10 B, coequHAoTCA
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NpoBOAHHKOM. HaliTH NOBEPXHOCTHbIE IJIOTHOCTH 3apsfoB Ha LIapax
O, U O, 1I0C/ie UX coenuHEeHHs. PaccTosiHne MeXy MapaMu BEJHKO IO
CpaBHEHHIO C HX paguycamMu. EMKOCTBIO IPOBOIHAKA, COENUHSIIOMIErO
mapsl, npeneopeys.

646. I1nockuil BO3RyIIHbIA KOHAEHCATOP, 3apAKeHHBIH N0 pa3HOCTH
noteHnuanos V,, = 800 B, coeaunniy napaaieabHO ¢ TAKUM Xe IO pas-
MepaM He3apsKEHHbIM KOHJEHCATOPOM, 3aNOIHEHHBIM JHJIEKTPUKOM.
KakoBa gusjieKTpuYecKasi IPOHULIAEMOCTD £ OU3JIEKTPHUKA, €CITH HOCTe
COeIMHEeHNS Pa3HOCTh MOTEHIHUAIOB MEX/Y IUIaCTHHAMHU KOHMEHCa-
TOPOB OKa3anack papHo# V = 100 B?

647. Hatitu emxocTs C Tpex MIIOCKAX BO3AYIIHBIX KOHIEHCATOPOB,
COEIMHEHHBIX MapajiiejbHO. Pa3zmMepsl KOHAEHCATOPOB OMHAKOBHI:
romank nnactudel S = 314 cM?, paccTosHHME MeXNy IUTaCTUHAMH
d =1 mM. Kak U3MEHHTCS €MKOCTH TPEX KOHJEHCATOPOB, €CNH NPO-
CTPaHCTBO MEXAY INTaCTUHAMHA OJHOTO KOHJEHCATOpAa 3alOJHUTE CHIO-
ROoH (AuasieKTpHYeCKas IMPOHULAEMOCTE € = 7), a [pyroro — napagu-
HOM (JU3JIEKTPHYIECKas NPOHULAEMOCTE £ = 2)7

648. B 3apsKeHHOM IIJIOCKOM KOHAEHCAaTOPE, OTCOETUHEHHOM OT
ACTOYHHKA TOKA, HANPSKEHHOCTH 3JEKTPUIECKOro Moiisi pasHa E|,.
ITonoBuHy mpocTpaHcTBa MEXAy MJIACTHHAMH KOHAEHCATOpa 3aIol-
HIIA TUJEKTPUKOM C AUJIEKTPHYECKOH IIPOHUIIAEMOCTRIO € (TONIIH-
Ha IHJICKTPUKA paBHA pacCTOSIHUIO MexXAy mnactmHamu). Haiitn Ha-
NPAXKEHHOCTD JEKTPHUIECKOro oy E B IpocTpancTBe MEXAY IJIACTH-
HaMH, CBOOOHOM OT JU3NEKTPHKA.

649. [IBa nocnenoBaTENbHO COENUHEHHBIX KOHJEHCATOPA C €MKO-
cramua C; =1 Mk® u C, =3 MKP nogkiIOYEHbl K UCTOYHHKY TOKa €
HanpsikenneM V =220 B. HaiiTu nanpsikeHHe Ha KaKAOM KOHJEH-
caTtope.

650. [IBa mocnegoBaTeNbHO COCNUHEHHBIX KOHAEHCATOPA C €MKO-
cramud C;=1Mr® u C, =2 Mk® NOAKNIOYeHbl K MCTOYHHKY TOKa C

HanpsikeaneM V =900 B. Bo3MmoxHa i paGota

O_”'_'_JH’_O TaKO§ CXeMbl, €C/IH HAINpsKeHHe Npo6os KOHOEH-

G G catopos V,, = 500 B?

Puc. 79 651. [IBa noCnefoOBaTENbHO COCOUHEHHBIX KOH-

HeHcaTopa NOAKJIIOYEHbl K HCTOYHHKY TOKa C

HanpsxernueM V =200 B (puc. 79). OpuH KOHIEHCATOP HMEET IMO-

crosiHRYI0 eMKkocTh C) = 0,5 Mk®, a gpyro#i —- nepeMeHHYIO eMKOCTh C,

(o1 Cpyin = 0,05 Mk D o Cpo = 0,5 Mxd). B kaxux npefenax U3MeHIETCS

HanpsiXKE€HHE Ha NEPEMEHHOM KOHAECHCATOpE NpPH M3MEHEHHH €ro
€MKOCTH OT MMHIMANbHOMN O MaKCHMANLHOM?
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652. ITpy nocienoBaTeibHOM COENUHEHHH TPEX PAa3jIUYHBLIX KOH-
peHcaTopoB emkocTh Hend C, =1 Mk®, a npu mapamiessHOM Coenu-
geHru eMkocTb nemu C = 11 Mr®. Halite eMKOCTBIO KOHEEHCATOPOB
C, n C;, ecnii eMKocTh KoHpieHcaTopa C; = 2 MkP.

653. IIpu nmociepoBaTeNIbHOM COENUHEHNH TPeX pPa3NuYHLIX KOH-
reHcaTopoB eMKocTh nenn Cy = 0,75 Mk, a npu napanieILHOM COeu-
peHnu eMkocts Henu C =7 Mx®. Haittu emkoctn koHnercaropos C,
g C; u HanpsKeHus Ha HEX V, v V; (IIpH NoOCIeRoBaTEeNbHOM COEHau-
HEHUW), €CITU eMKOCTh KoHfgeHcaTtopa C; =3 Mk, a Hanps:KeHHe Ha
HeM V| =20 B.

654. Tpu nocnenoBaTebHO COEOUHEHHBIX KOHJEHCATOpPAa C €MKO-
crsmu C = 100 n®, C, =200 n®, C; =500 nd nogkItoUeHb! K HCTOY-
HUKY TOKa, KOTOpbIiA coobmun uM 3apsia g = 10 uKn. Haiitn nanps-
>KeHUs Ha KoHfleHcaropax V|, V, u V,, HanpskeHne UCTOYHNKA TOKa V u
€MKOCTb BCeX KOHIEeHCAaTopoB (.

655. Tpu 1ocneaoBaTeNbHO COEAHEHHBIX KOHHAEHCATOpPa ¢ €MKO-
cramu C; =0,1 Mx®, C, =0,25 Mx® u C;=0,5 Mk® NMOmKIIOYEHBI K
YICTOYHHKY TOKA ¢ HanpspkenueM V = 32 B. Haittu Hanpsoxenns V,, V, n
V3 Ha KOHIEHCAaTOpax.

656. [IBa ofMHAKOBLIX BO3AYUIHBIX KOHHEeHcaTopa emkoctu C =
=100 n® coepuHeHsl NOCIEAOBATENBHO U NOTKIIOYEHBI K HCTOYHUKY
ToKa ¢ HanpsskeHneM V = 10 B. Kak u3MmeHnTCs 3apsiyi Ha KOHIEHCATO-
pax, ecliid OfMH M3 HUX TMOTPY3UTH B JUIJEKTPUK C NUASJEKTPUUECKON
MPOHHUIIAEMOCTBIO € = 27

657. IBa muocKuX BO3AYIUHBIX KOHAEHCATOPA C OHHAKOBBIMI €MKO-
CTAMH COEIOWHEHB! IOCIENOBATENBHO U IOAKJIOYEHBI K MCTOYHHKY
ToKa. [IpocTpaHcTBO MeXNY MIACTUHAMH OJHOI'O M3 KOHIEHCATOPOB
3aMOJHSAIOT JUIJEKTPUKOM € AH3JEKTPHUUECKOH TPOHULAEMOCTHIO
€ =9. Bo ckonbKO pa3 H3MEHHTCS HAIPSKEHHOCTh 3JEKTPHYECKOTO
nonst E B 3TOM KOHfieHcaTope?

658. PemnTh ipeabIRyIIyIO 3agavy ISl CAy4ast, KOrjia KOHAEHCATOPhI
IocJie 3apsifKA OTKIIOYAIOTCH OT UCTOYHUKA TOKA,

659. JIBa nmnockux BO3AYIUHBIX KOHAEHCATOPA C ORMHAKOBBIMH €MKO-
cramu C = 10 nd coeguuensl nocnenosarenbuo. HackonbKko H3MeHUTCS
€MKOCTh KOHJIEHCAaTOPOB, €CJIHM IPOCTPAHCTBO MEXY IJIacTUHAMHA
OHOTO M3 HHX 3aflONHHUTH AHIJEKTPUKOM C UINEKTPHUECKOH NPOHU-
HaeMocCThIO € = 27

660. B rrockuii BO3MyHIHBIA KOHAEHCATOP C IUIOMIAAbLIO0 06KIanoK §
W PacCTOSHMEM MEXJy HAMH d BBeeHa MNapamielbHO O6KIagKaM
NPOBOMSIIAs NIACTHHKA, pa3Mephl KOTOPOR paBHBI pasMepaM oGKia-
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0K, a €€ TOJAIMHA HaMHOTO MeHbille d. HailTh eMKocTh KOHAeHCATOpa
¢ NPOBOAsIElH MIACTHHKOM, €ClM INIACTHHKA PacroJjioXeHa Ha pac-
crosinud [ OT OfHO# U3 0GKJIafOK KOHACHCATOpA.

661. B nnockuit BO3NYIHBIA KOHAEHCATOP C IIOMANbI0 OOKIANoK §
W PacCTOSHHMEM MeEXAy HMMH d BBeA€Ha MapajjieIbHO OOKJIafgKaM
OpOBOMSLIAs IUTACTHHKA, pa3Mephl KOTOPOIl paBHBI pa3MepaM oOKJia-
[OK, a TonmuHa d, = d/3 < d. Hafitn eMKocTh KOHeHcaTOpa ¢ NPOBO-
Asiiied NIacTHHKOM.

662. T1nockuil BO3AyHIHBEIH KOHAEHCATOP 3apsXKEH A0 Pa3HOCTH IIO-
TeHimanos V=50 B u oTKIIOYEH OT HCTOYHHKA TOKA. Ilocine 3TOrO B
KOHJEHCATOp MNapaijiebHO OOKJIajKaM BHOCHTCS IPOBOASIAs Iia-
CTHHKA TONIWHLI d,, = | MMm. Paccrosaune Mexxny oOknagkamMu d = 5 MM,
rIomany oOKIIafoK M IIACTUHKA ONUHAKOBBLI. HallTu pa3HOCTh NMOTEH-
nuanos V Mmexay oOkmnagkaMu KOHAEHCATOpa C MPOBOJsAIIEH mia-
CTHHKOIL.

663. B nurocknil BO3OyUIHBIA KOHAEHCATOP C ILUTOMAbI0 OOKJIAnoK S
U PAcCTOSHUEM MEXAY HUMH d BBOJUTCSA MapalielbHO OOKIamKaMm
nn2JIeKTpUYecKas TacTUHKA TONIMHEI d; < d. [InanexkTprueckas npo-
HHL]a€MOCTD TITIaCTUHKY paBHA £, IIIONAafK 0O0KIAf0K U IIIACTUHKY Of1-
HAKOBBI ¥ paBHBI S. HaliTy eMKOCTB KOHIEHCATOpA C UIEKTPHYECKOM
MJIaCTUHKOH.

664. IlpocTpaHcTBO MeXAy OOKIagkaMH IIOCKOIO KOHIEHCATopa
3aMO0JIHEHO TPEMsI JU3TIEKTPUYECKUMH IJIaCTUHKAMHA PaBHOH TOJILIHHbI
d=2 MM u3 crekna (g, =7), cnoasl (€, = 6) u napaduna (g; = 2).
[Mnomagn o6KNagoOK M IVIACTHHOK OJMHAKOBLI U paBHBI S = 200 cM?.
Haitru emxocts C Takoro KOHAEHCATOPA.

% G o
S/2 I I

ZE Cy Cy
d S/2 LIJ

Puc. 80 Puc. 81

665. B ruiockuii BO3MYLIHBIH KOHAEHCATOP C INIOMIaAbio OGKIAR0OK S
¥ pacCTOSTHMEM MeX/y HHMH d BHECEHa NapajyiebHO OOKJIagKaM
IM2NIEKTPHYECKAsd IIACTHHKA C AHINEKTPHYECKOH MPOHULAEMOCTBIO
€ = 2, KOTOpast pacloJIoXKeHa Tak, KaK mokasaHo Ha puc. 80. Bo ckonb-
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‘KO ‘pa3 H3MEHHUTCSI €MKOCTb KOHOEHCATOpa IpH BHCCCHHH B HErO

MAACTHUHKA?

666. HajiTu o611y10 €eMKOCTb KOHIEHCATOPOB, BKIIOYEHHBIX 11O CXe-
Me, n300paxennoi Ha puc. 81. EMkoctn koHgeHncaTopos C = 3 Mx D,
C,=5MkD, C; =6 Mrk® u C, =5 MkD.

Cs
Cy [
Cs v
c, ! =C,
b a
Cs c
y "o
Puc. 82 Puc. 83

667. Hatitu o6myi0 eMKOCTh KOHJEHCAaTOPOB, BKIIIOUEHHBIX IO
cxeMe, n300paxkeHHOH Ha puc. 82. EMKOCTBE KaxXJoro KoHfeHcaTopa
pasHa (|,

668. HaiiTu pa3HOCTh MOTEHLUHANOB MEX[Yy TOUKaM# a U b B cxeMe,
n3o6paxeHHo# Ha puc. 83. EMkoctn koHpeHcaropoB C; = 0,5 Mx® u
C, = 1 Mx®, HanpssKeHUs] ICTOYHUKOB Toka V=2 B uV, =3 B.

669. bymaxHubiii KoHpeHcaTOp eMKOCTH C; = 5 MK®P u BO3gymI-
HbII KOHAeHcaTOp eMKocth C, = 30 nd coeguHeHbl NOCIEOBATEND-
HO H MOAKJIIOYEeHBI K MCTOYHHKY TOKa ¢ Hampsxenuem V = 200 B.
3aTeM BO3MYIUHBIN KOHACHCATOP 3aJIMBAETCA KEPOCHHOM (Ou3JIeKTPH-

yeckas MpoHnuaeMocTs € = 2). Kakoii 3apap g npo- _[_Z—__I_
TEeYeT IPH 9TOM IO Henu? c, C
670. [IBa OMHAKOBBIX MIIOCKMX BO3NYLIHBIX KOH-
JeHCATOPA COeAMHEHBI NOCNENOBATENBHO H MOAKITIO- mLF——/K
4YeHbI K ICTOYHHKY TOKa. BO CKOJIbKO pa3 H3MEHNT- c, c,
Csl HANPSP’KEHHOCTD 3JIEKTPUYECKOrO OISl B OHOM l T b l
13 HUX, €CJIH JPYroil 3aI0IHATh AUIJIEKTPUKOM C - -
QJIEKTPHYECKOH HIPOHAIIAEMOCTRIO € = 47 Puc. 84
671. Ha ToueuHbIll 3aps/, HAXOAIILIUNUCA BHYTPH
IJIOCKOTO KOHAEHCAaTOpa, HMEIOWIETo 3apsy g, felicTeyer cuia F. Ha
Kakylo BenuumHy AF H3MEHHTCA 2Ta CHJIA, €ClIH KOHAEHCATOp B
TEYEHHE BPEMEHH ¢ 3apsKaTh TOKOM [?
672. KongeHcaTopsl, COeTAHEHHbIE M0 CXeMe, H300pakeHHOH Ha
puc. 84, NopKMIOYAlOT B TOYKAX @ M b K HCTOYHHKY TOKa C HamNps-

B
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xenneM V = 80 B, a 3arem oTkmiouaror ot Hero. Halitu 3apsin, koro-
pbIA NpoTeYeT Yepe3 TOUKY a, €CIM 3aMKHYThb Kiro4u K. EMKocTH KOH-
meHcaropoB C; = C, = C3 = Cyu Cy = 3C,, roe Cp = 100 Mx .

673. YeTbIipe KOHAEHCATOpA COENMHEHBI MO CXeMe, H300pakeHHOH
Ha puc. 85. [lonmrockl MCTOYHEKA TOKAa MOXHO NPHCOETUHHTH JAGO K

a
Cl\/\'cz A

b - +
Puc. 85 Puc. 86

TOYKaM a u b, mubo x ToukaM m U n. EMKocTH KOHfeHcaTOpoB C| =
=2 M® u C, = 5 Mmx®. Havitu eMrocTu koHfeHcaTopos C, u C,, npu
KOTOPHIX 3apsaab! Ha 0OKJIaflkax BCeX KOHIEHCATOPOB IO MORYJII0 OyAyT
paBHBl MeX[y cO00H HE3aBHCUMO OT TOrO, KAKHM CIIOCOOOM OynmeT
IpUCOEUHEH NCTOYHUK TOKA.

674. ]IBa 0THHAKOBBIX INTOCKHX BO3RYIUHBIX KOHAEHCATOPA BCTAB-
JIeHb! IPYT B Ipyra TakK, YTO PacCTOSHUE MEXTY TIOOBIMHA ABYMS COCEN-
HuAMU mtactuHaMi d = 5 MMm. Kakabiil KOHIeHCATOP COEIMHEH C UCTOY-
HHUKOM TOKa, Hanps>KeHme kotoporo V = 100 B, omHa #3 nnacrtuH
KaXXJoro KOHAeHcaTopa 3azemiieHa (puc. 86). KakxoBa Hanps:KeHHOCTb
9JIEKTPHAYECKOTO NoJIst E MexXAy IIacTHHAMH g U b?

675. Haiitn noBepXHOCTHYIO IJIOTHOCTh 3apdAa Ha IUTaCTHHAX ILIO-
CKOTO KOHEEHCATOpa, €Cl 9JEKTPOH, He AMEBINUN HAYaJIbHOH CKO-
pOCTH, NPOKAA NMYTH OT OJHOH IUIACTHHBI K APYroi, NpaodpeTaeT CKo-
poctb v = 107 M/c. PaccrostHue MexXny mactuHamu d = 3 cM.

676. Konnencaropy emkoctu C = 2 MK® coobmieH 3apsg g =
= 1 mKn. O6knagku KOHIeHCATOpa COeguHMIN poBogHukoM. Haittu
KOJIMYECTBO TeIIOTHl Q, BhIleTUBIIEECs B IPOBOTHAKE MPH pa3psyKe
KOHAEHCATOpa, H Pa3HOCTh ITOTCHINAJIOB MeX/y OOKJIafKaMH KOHJEH-
caTopa Ao pa3pAafKH.

677. Ilpu paspsimke GaTapel, cocTosled u3 n = 20 mapannenb-
HO BKJIOYEHHBIX KOHHEHCATOPOB C OOWHAKOBBIMH €MKOCTAMH C =
= 4 MK®D, BpiemunoCcs KoaudecTBO Temnorel O = 10 [Ix. o kakoi
pPa3HOCTH NOTEHUHAJIOB OBUIH 3apsKEHbI KOHIEHCATOPbI? :
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,678. Kakoe KOIMYeCTBO TEIUTOTH! () BBIAENUTCS MPH 3a3EMIIEHUH
3apx>KeHHoro O IOTeHIHana ¢ = 3000 B mapa papguyca R =5 cm?

"679. Kakoit 3apan g cooOLieH WIapy, €ClM OH 3apsakeH A0 Mo-
reHnmana @ = 100 B, a 3anmaceHHass UM 2JIeKTpHYECKAs IHEPIUA

W 2,02 Ix?

680. HaiiTl KONWYECTBO TEMIOTHI (), BBIENUB- v, v,
‘meecsl MpU COeNMHEHWN BEPXHUX HE3a3€MJICHHBIX I """ :[_
0OKJIaIOK KOHIEHCaTOPoB ¢ eMKOCTsMU C; =2 MkP u (| C,

C, = 0,5 Mx® (puc. 87). PasHocTH NOTEHIMANIOB I I

MeXNy BEpXHUMH OOKJafjKaMu KOHAEHCAaTOpOB H = =

semitet V, = 100 B n V, =-50 B. Puc. 87
681. HaiiTu xoJM4eCTBO TEIIOTHI (), BBIAEIIUB-

1I€eCsl MPH COEJMHEHUN OJHOMMEHHO 3aps>KeHHBbIX OOKIJIalOK KOHIECH-

caTopoB ¢ emkoctami C; = 2 Mk® n C, = 0,5 Mx®d. PazHocTH nmoreH-

AaJIOB MeXAYy oOKIagkamMu KoHneHcatopos vV, =100 B u V, = 50 B.

§ 20. IlocTosAHNABIA 3IEKTPHYECKHIA TOK

3akon Oma 0an yuacmxa yenu. Conpomusgnerue npo8ooOHUKO8

Cuna 2;1eKTpHUEecKOro Toka (MM NpoCcTo TOK) oflpepensiercs no popMyie
I=gqlt,
rae g — 3apsj, NpoTeKammwulil Jepe3 NONepeyHoe cedeHHe NPOBOJHUKA 32
BpEMH £,

B cucreme epunun CH eguHuLa cuibl TOKa amnep (A) ABISIETCS OCHOB-
HOM U onpejensieTcd Kak CHlla TOKa, NPU KOTOPOH OTPE3KH TOHKMX OecKo-
HEYHO JUIMHHBIX NapalieNbHbIX IPOBOJHUKOB JUIHHbLI 1 M B3aMMOJIEHCTBYIOT B
BakyyMe ¢ cunoii 2 - 1077 H. B coorsercrsuu c atum 1 Kn=1 A - c.

ITnorHOCTBIO TOKA (NIPH PaBHOMEPHOM pacnpefeleHu: TOKa Mo Nonepey-
HOMY CCYEHHIO POBOJHUKA) Ha3bIBAETCS BEJIMUHHA

J=1S,

rie S — MIOHIaAL MONEePEeYHOro CeueHHusl NpoBofHuKa. Eaunnnedl nnoTHOCTH
TOKA ABJACTCA amnep Ha K6adpamubiii memp (A/m2).

s yyacTKa uen#, CofepKallero NPOBOJAHUKH IEPBOI'O M BTOPOTO pofa
(MeTanapl ¥ pacTBOPBI MM PACIUIaBbI 3NEKTPONUTOB), CIPABEIJIAB 32 K O H
OMma:

I=V/[R,nmual=£kV,

rge R — conporusneHne nposopuuka, k = 1/R — ero nporogumocts, a V —
HampsKeHMEe HA 3TOM y4acTKe nenm (pPasHOCTh NOTEHIUANOB MEXAY €ro
KOHIIAMH ).

- B cucreme epmnun, CH 3a efuHHLY CONPOTHBIECHHS NPUHAT om (OMm) —
CONPOTHBIICHHE TAKOT'O NPOBOJHAKA, B KOTOPOM NpH HanpsikeHuA 1 B Teuer
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Tok 1 A: 1 OM = 1 B/A. Enunnneii nposogumocrn siensercsa cumernc (Cum):
1Cm=10M".

ConpoTHBIEHAE IPOBOJHNKA C NOCTOSHHBIM NONEPEYHLIM CEYEHUEM, H3T0-
TOBJEHHOTO M3 OXHOPOAHOTO MaTepHasa, CBs3aHO C JUIMHOH NMpoBOgHHKA | 1
IIOUIAABIO €T0 NMONEPEYHOro ceMeHus S COOTHOMIEHREM

R =pl/fS,

rje P — yAeNbHOE CONPOTHBJIEHHE MaTepHana HNpOBOJHUKa. Epunuuei
YAeNbHOTO CONPOTUBIICHYS ABNACTCS om-memp (OM - m).

3aBHCHMOCTb CONPOTHBICHAA METAMINYECKOrO NPOBOJHUKA OT TeMIepa-
TYPHI f ONPERENSETCS BBIPaXKCHUEM

R, = R()(l + 0([),

rae O — TEMIEPATYPHBIN KO3((HIUEHT CONPOTABIEHNA, Ry — CONMPOTUBIICHUE
IPOBOJHMKA NIpH Temnepatrype t, = 0 °C.

682. HaflTn NInoTHOCTE TOKa, eCnu 3a BpeMs = 10 ¢ yepes nore-
peyHoe ceueHHe MPOBONHUKA IMpoTekaeT 3apan ¢ = 100 Ka. ITnomans
MIONEePEYHOTO CEYEHNs MPOBOTHAKA S = 5 MM?.

683. BoapT™METp paccunTaH Ha M3MEPEHHE HANPSIKEHUI 10 MaKCH-
ManbHOro 3uauenus V = 3 B. ConporuBnenne npubopa R = 300 Om.
UYucno nenennit mkanst npudopa N = 100. Kakosa OyneT uexa aeneHus
IKalnbl npr6opa, ecnd HCHONb30BAaTh €ro B KayeCTBE MHJIIH-
ammepmeTpa?

684. KakuM compoTHBIIEHHEM AONKEH 001afaTh Npudop, YTOOBI
€ro MOXHO OBIJIIO HCHONMB30BaTh THO0 B KaYeCTBe BOJBTMETpA C Ipe-
[eJIOM U3MEpPEHHs HalpsDKeHUH o sHadueHnd V = 15 B, nu6o B kauecTse
MUJITIaMIIEpMETpa C MpefesioM H3MEPEHHs TOKOB [0 3HadeHUH
[=75MA?

685. OTkJIOHEHHE CTpPENKHN BOJBTMETpPAa OO KOHLA INKAalbl COOT-
BeTCTByeT HanpsikeHnto V, = 15 B. [Ipu aToM yepe3 BOIBTMETD TEUET
Tok Iy = 7,5 MA. HaiiTn conpoTHuBieHHEe BOJIBTMETPA U TOK, TEKYIINI
Jyepes BOJIbTMETp, KOTla OH IOKa3bIBaeT HanpsikeHue V =5 B.

686. Haiitu TOK B IlelTd HCTOYHAKA TOKA, 3aMKHYTOT'0 Ha MPOBOJHUK
¢ conpotuBiedneM R = 1000 Om, ecnu npu nocnegoBaTeILHOM BKITIO-
YeHHH B 9Ty Lellb MAJJIHAMIIEpMETPa ¢ conpoTuBicHeM R, = 100 OM
OH moKa3al ToK [ = 25 MA.

687. HaiiTu HampsKeHMe Ha INPOBOAHMKE C CONPOTHBIEHHEM R =
= 10 OmM, ecnu 32 Bpemst f = 5 MMH nipoTekaeT 3apsn g = 120 K.

688. B 3J1eKTpHYECKYIO CeTh HOCHENOBATENLHO BKIIOYEHBI TTHTKA,
peocTaT M aMIepMeTp, HMElolde conpoTuBjieHHs R; = 50 Om,
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R; =30 OM 1 R; = 0,1 Om. HaliTn HanpsiKeHHst Ha ILUIATKE, pEOCTaTe |
aMIlEpMETPE, ECITH B Iieny NpoTeKaeT ToK [ =4 A.

689. ConpoTuBieHrEe eMUHUANLBI JIMHBI MEHOH NIPOBONIOKH R, = R/l =
= 2,23 Om/m. Hafitn ygenbHOoe conmpoTHuBAeHHe p Menu. [Imamerp
npoBojiokn D = 0,1 Mm.

690. Halitn conmpoTusieHHe R MENHOH NPOBOJOKH, Macca KOTO-
poit m = 1 Kkr, a momaas nonepeydoro cevenus S = 0,1 Mm% Ilnot-
gocth Memu Y = 8,9 - 103 kr/M3, ee ymenbHOe CONPOTHBIEHHE
p=0,017 MkOMm - M.

691. YaenpHOe CONpOTHBIEHNAE IpaUTOBOrO CTEPXKHSI OT KapaH-
pama p = 400 MxOM - M. Kakoil Tok [ IpofileT o cTepXHIO, €CIA Ha
Hero nojatek Hanpsekenue V = 6 B? JInuna crepxus [ = 20 cm, ero
muameTp D =2 Mm.

692. TIpu BKIOYEHNH B 2JIEKTPHYECKYIO LeNb [IPOBOHAKA, HMELO-
mero guamerp D = 0,5 MM u anuny [ = 47 MM, HanpsKeHHEe Ha HEM
V =1,2 B npu Toke B uerm { = 1 A. Hafita yienbHOEe CONPOTHBIEHUE P
MaTepHana npoBOIHHUKA.

693. DnexTpuieckas [enb COCTOUT M3 TPEX MOCIENOBATENLHO COENH-
HEHHBIX KYCKOB NpPOBOAa OAMHAKOBOH JJIMHBI, CAENAHHBIX U3 OJHOI'O
MaTepuaja, HO MMEIOUX pa3Hble cedeHHs: S| = 1 Mm%, S, = 2 MM2,
S5 = 3 Mm% Hanpskenne Ha KoHuax uenu V = 11 B. Hafitn HanpsikeHne
Ha KaXX[OM NPOBOJIHUKE. '

694. [Ina n3MepeHns: TeMnepaTypbl IPUMEHUIA KEJNE3HYIO IPOBO-
JOYKy, UMewylo npu temneparype f; = 10 °C conpoTusieHne
R, = 15 Om. IIpu HekOoTOPOH TeMilepaType f, OHA HMeJia CONPOTUB-
nenne R, = 18,25 Om. Haiit a1y TteMmneparypy. TemmepaTypHEIi
K09(DHULIUEHT CONPOTHBICHNUS Kee3a o =6 - 103 K-,

695. Haiite TeMneparypy ¢, BOns(ppaMOBOit HUTH JIaMIOOYKH, €CIIH
IIpH BKJIIOUYEHUH B CeTh ¢ HanpsokenuneM V = 220 B mo HATH HAET TOK
[ = 0,68 A. Tlpu Temneparype ¢, = 20 °C conpoTuBieHHe HATU R =
= 36 Om. TemnepatypHblil KO3(p(PUIUEHT CONPOTUBIEHNUS BOIb(ppama
oa=4,6-103 K.

Iocaedosamenbroe U NAPANIEAbLHOE COCOUHEHUR NPOBOOHUKOS.
Ho6asounbie conpomusnenus U uynmot*

OOiee CONpOTHBIEHNE LENH IPH MOCIENOBATENbHOM COEIMHCHHUH IIPO-
BOJIHHKOB PaBHO CYMME COMPOTHUBIICHHAMN 3THX IPOBOHUKOB!

R=R{+R)+..+R,.

* ConpoTHBIEHHEM NONBONAIIMX MPOBOXOB MPH PELICHHH 3aay CIefyeT Npe-
HeOpeyb, €CIIH OHO HE 3aaHO B YCIIOBUH.
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Oﬁmee CONPOTHBJICHUE Napalle/IbHO COCAUHEHHBIX IIPOBOLHUKOB CBA3aHO C
COIMPOTHUBJIEHUAMH 3THX NPOBOXHNKOB COOTHOIICHHEM

1 1 1 l
—_—— i — o —.
R R R R,

COOTBETCTBEHHO 06[1(351 NPOBOAUMOCTS NMOCACAOBATENABHO BKIOYCHHBIX PO~
BOJHUKOB YNOBJETBOPSACT COOTHOILICHUIO

a ofIlas NpOBOAMMOCTH NMapallielbHO BKIIOYEHHBIX NPOBOJHHKOB paBHA
CYMMe IX IIPOBOANMOCTEH:

k=ki+ky+..+k,

696. Kakoe Hago B3sTh CONPOTHBIEHHE R, 4TOOBI MOXKHO GBLIO
BKJIIOUHTB B CETh ¢ HanpsxeHueM V = 220 B nammy, paccurTaHHyo Ha
Hanpspkenue V=120 Butok Iy =4 A?

697. [IBe gyrosble JaMIbl U CONPOTHBJIEHAE R COEAMHEHBI MOCTER0-
BaTEeJIbHO M BKJIIOYEHBI B CeTh ¢ HamnpskeHneM V = 110 B. Ha#fitn
CONPOTHUBIEHUE R, eclm Kaxkpas JiaMIla DacCUATAHA HA HANpPSIKEHHE
Vo=40B,aTok Buemn / = 12 A.

698. [Ina usMepeHus HAUPsIKEHAd HAa y4acTKe LENd HOCIHEROBa-
TEJIBHO BKIIFOYEHBI fBa BOJbTMeTpa (pHc. 88). IlepBolit BoTbT™METp fal

nokasanue V; = 20 B, Bropoit — V, = 80 B. Haittn
CONPOTHBIIEHHE BTOPOro BONLTMETpa R,, ecnm
CONPOTHBJIEHNE NEPBOT0 BOIbTMETPA R} = 5 KOM.
© 699. PeocraT M3 KEJE3HOH NPOBONOKH, MHJI-
JAAMIIEPMETP M HCTOYHHMK TOKAa BKJIIOUYEHBI MO-
cnepoBaTenbHO. [Ipu Temneparype fy = 0°C conpoTuBieHRE peocTa-
ta Ry = 200 OM. ConpoTtusienne MumnnamnepMerpa R = 20 OM, ero
nmokaszaHue [, = 30 MA. Kako# Tok /, 6yner moka3biBaTh MHI-
JHaMIepPMETP, €CIM PEOCTaT HarpeeTcs RO TemmepaTypsl ¢ = 50 °C?
TemnepaTypebll K03(Q¢HOANEHT CONPOTHBIEHHS Xeje3a O =
=6-103K-L

700. IIposoanuk ¢ conporuBienneM R = 2000 OM cocTOHT U3 ABYX
MOCIE0BATEIbHO COENHHEHHBIX JacTel: YyrONBHOrO CTEPKHA W HPO-
BOJIOKH, HMEIOIIHX TEMIEPATypHble KO3((PHIHEHTEI CONPOTHBIECHUS
oy =-10- 103 K-'u o, =2 103 K-!. Kakumu cnefyer BoIGpaTh
CONPOTHBJIEHAA 3THUX YacTeH, 4To6blI 0blee COMPOTHBIEHAE MPOBOMA-
HHKa R He 3aBHCENO OT TEMIEpaTyphI? .
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701, CocTaBUTh TaKyIO CXeMY 3JEKTPONPOBOXKH MJIs OCBEIIEHUS
OHO! JIaMIOYKOH KOPHAOpa, KOTOpas MO3BOJSET BKJIIOYaTh H BbI-
KJIIOYATh CBET HE3aBHCHMO B J1I000M KOHIIE KOPHAOpa.

702. B cetb ¢ HanmpsskeHueM V = 120 B BkJIOYEHBI [BE 3JIEKT-
pHYECKHE TAMIIOYKH C OUHAKOBBIMA comnpoTmeienusMu R =200 Om.
Kaxkoi Tok noifeT yepes Kaxgyro JaMIIOUKY IIpH HX MapajjelIbHOM H
[IOCTIEROBATENbHOM COCTUHEHHAX !

Puc. 89 Puc. 90

703. PeocTaT cO CKOJNB3SINAM KOHTAKTOM, COCIMHEHHBIN 110 CXEME,
nmpHBefleHHOW Ha puc. 89, ABNAETCS NMOTEHHUOMETPOM (IENHATENEM
Hanpskenust). [Ipn nepeMelieHAR ABIDKKA OTEHIMOMETpa CHUIMAeMoe
¢ Hero HampsxeHue V, H3MeHseTCsd OT HyAs [0 HampsKeHUd Ha
KJIeMMaxX WCTOYHMKa Toka V. HafiTu 3aBucuMocTh HampskeHus V, ot
nonoxeHus ABmxkka. Iloctpouts rpaduk 2To# 3aBACUMOCTH [JISt CIy-
yas, KOrfla MOJIHOE CONPOTHUBJIEHHE MOTEHIHOMeTpa Ry BO MHOTO pa3
MEHBIIIE CONPOTUBICHNAS BONBTMETPA /.

704. Haiitn conpoTusienne R GUMETANINYeCKOro (Kejle30—Mefab)
nposoga amuebl [ = 100 M. [luameTp BHYTpeHHE# (Kele3HOH) 4acTH
npoBopa d = 2 MM, obmmit guaMmetp mpoBoga D = 5 mMm. Ypgens-
Hbl€ CONPOTHUBNEHHS Xene3a m Memu p; = 0,12 MkOM - M u p, =
= (0,017 MxOwM - M. 15171 cpaBHeHHS HailTH COTNPOTUBIICHHS XXENE3HOIO B
MERHOTO MpOBOAOB R, u R, nmametpa D u AvHEI /.

705. Haiitu o6miee CONpPOTHBIICHUE NPOBONHHUKOB, BKIFOYEHHBIX
B Ilenb N0 cxeMe, n3o0paxeHHOH Ha pHC. 90, ecny CONpOTHBIECHUS
Ri=Ry;=Rs=Rg=10M,R; =10 OM, R, =8 Om.

706. O6miee conpoOTHBIEHAE ABYX NOCJIEAOBATENBHO COC[HHEHHBIX
npoBogHAKOB R = 5 OM, a nmapanneiabHO coeguHEHHBIX Ry = 1,2 Om.
Haijiti conpoTusnenne Kaxmaoro npoBOAHAKA.

707. K npoBOJIOYHOMY KOJBIY B JBYX TOYKAaX HPHACOEHAHEHBI ION-
BOMSIIAE TOK NMPOBOAA. B KakoM OTHOILUEHUH HENAT TOUKH IPHCOEHH-
HEHUA AMUHY OKPYXXHOCTH KOJIblia, €CNIH O0IIee CONPOTHBIICHUE NOJTY-
YHBIHelics nend B n = 4,5 pa3a MeHblIle CONPOTHBIIEHNS IPOBOJIOKH, U3
KOTOpO# ciesiaHO KOJNbLO?
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708. B nenm, m3o6GpaxkenHod Ha puc. 91, aMmepMmeTp NOKa3sbl-
BaeT TOK I = 0,04 A, a BonpT™MeTp — HanpsxkeHne V = 20 B. Haiitu
CONPOTHBIIEHHE BOJBTMETpPa R,, €CIH CONPOTHBIEHHE NPOBONHHKA
R; =1xOm.

709. Haiitu conpoTuBieHne R, JaMIOYKH IO MOKA3aHUSM BOJIBT-
Metpa (V =50 B) u amnepmerpa (/ =0,5 A), BKIIOYEHHBIX MO CXeMe,

R R
(T2 (V)2
A\, Y,
Rl Rl
o—@ —3 o o—@-«b—®—l—o
Puc. 91 Puc. 92

n300pakeHHOH Ha puc. 92, eCllH CONPOTHUBJIEHUE BOJIbTMETPa R, =
=40 kOm.

710. Haiitu conpoTuBieHue NPOBOJHUKA R IO MOKAa3aHMSIM aM-
nepMmetrpa (/ =5 A) n BonsT™meTpa (V = 100 B), BKAIOUYEHHBIX IO
cxeMe, H300paXkeHHO#l Ha pucC. 93, ecinu CONpPOTUBIIEHHE BOJBLTMETPA
Ry =25 xOM. Kakosa 6ymeT ommbKa B onpefelieHnd R, ecnu, mpenro-
JIOXKHB, 4To R, = R}, npu pacyeTax npeHebpeys TOKOM, TEKYILIM Uepe3
BOJBTMETP?

R
o—@——i‘—l:ll—J—-o
Puc. 93 Puc. 94

711. K AcTOYHUKY TOKa C HaPSKCHHEM V NPUCOEIMHEHB! MOCIENO-
BaTEJbHO [Ba NPOBOJHHWKA C ONHHAKOBLIMH CONPOTHUBIEHUSMH R.
KakoBa 6ypeT pa3HHIa B NOKa3aHUSIX BOJBTMETPOB C COIpPOTHB-
neHusimu R w1 10R, eciiy ¥X NOOYEpEeHO MOJKIIOYATH K KOHIaM OFHOTO
13 IPOBOAHUKOB?

712. K ucTouHuKy TOKa ¢ HanpskeHneM V = 12 B npucoeguHeHbI iBE
namnouku (puc. 94). ConpoTHBIECHHS YYACTKOB LEMH 1| = Fp =13 =
=ry=r= 1,5 Om. ConporusieHns namnouek R; =R, =R = 36 Om.
Hatitu HanpsDKeHHE Ha KaXX[OH JIaMITOUKeE.

713. B cxeMe, n300paxXeHHOH Ha puc. 95, HaNpsDKeHWe UCTOYHMKA
Toka V = 200 B, a conpoTuBneHnst npoBogHUKOB R; = 60 OM, R, = R; =
= 30 Om. HaiiTa HanipskeHAE Ha COIPOTHBJIEHHH R .
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714. DneKTpuYecKas IeNb COCTOMT M3 HUCTOYHHKA TOKA C HANpA-
‘xenueM V = 180 B m noTeHHHOMETpa € IMOJHBIM CONPOTHUBJIECHHEM
R = 5 kOM. HaiiTn noka3aHusi BONBTMETPOB, NPHCOETUHEHHBIX K
-MOTEHIIAOMETPY MO CXeMe, H300paXkeHHOH Ha puc. 96. ConpoTHBieHHAs
BONIBTMETPOB R; = 6 KOM # R, = 4 kOMm. [IBHKOK X CTOUT nocepenuHe
NOTEHLUOMETDA.

Puc. 95

715. Tpu pesucropa BKIIOUEHBI IO CXeMe, H300paKeHHOH Ha
puc. 97. Ecinu pe3ncTopel BKAIOYEHBI B UENb B TOYKAX a U b, TO
conporusienne nenu 6ymetr R = 20 OM, a ecnu B TOUKax a U ¢, TO
conporuBienne nend 6ygetr Ry = 15 Om. Haittu conportusienus
pe3nucTopoB Ry, Ry, R;, eciu Ry = 2R,.

716. Ha cronbKO paBHBIX 4YacTel HYXHO pa3pe3arTh NPOBOMHUK,
nMeromuit conporusienre R = 36 OM, 4TOOBI CONPOTHBIEHHE ETO
qacTel, COeAMHEHHBIX apajniesibHO, ObLIO Ry = 1 OM?

Rl R2 a b

]
b c [ AA d

Puc. 97 Puc. 98 Puc. 99

717. Y13 npoBonoku cenaH Kapkac B popme xyda (puc. 98), kaxkgoe
pebpo KoToporo mMmeeT conpoTusieHue r. Hairtu conporuBnenue R
9TOr0 Kapkaca, ecid TOK I B o0lell Ienm HAeT OT BEpIIHHBI A K
BepmiuHe B.

718. W3 npoBONOKM, efWHHIA JIHHBI KOTOPOA HMEET COIpO-
TUBIEHHE R, cenaH kKapkac B (popMe OKPYKHOCTH pajuyca r, mepe-
CeYEeHHOM [BYyMs B3aHMHO NEPICHANKYIAPHBIMH fuamMeTpaMu (puc. 99).
Haitti conporusnenne R, kapkaca, €Clii HCTOYHUK TOKA MOAKIIOYEH K
TOYKaM ¢ U d.
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719. ITpoBopn minuHbl L = 1 M cyleTeH U3 TpeX KWJI, Kaxkaas u3 Ko-
TOPbIX NPEACTaBlseT cO60H KyCOK HEH3OJHPOBAHHOH IPOBOJIOKH ¢
CONpPOTHBIEHUEM eqUHAILI AnuHbI R, = 0,02 Om/M. Ha xoHIIax nposoga
co3gano HanpsikeHure V = 0,01 B. Ha kakyo Bemmunny Al u3MeHnTCs
TOK B 3TOM MPOBOJE, €CIH OT OfHOH KHUJbl YIAINUTH KYCOK IJIMHbB
=20 cMm?

720. McTroyHuk TOKa NEPBOHAYaJbHO IPHCOCIUHSIOT K ABYM CO-
CEelHUM BepIIMHAM NPOBOJOYHON paMku B (hOpMe IPaBHIBHOIO BEI-
MYKJIOrO n-YTOJIbHHKA. 3aT€M MCTOYHHK TOKa NMPHCOEOUHSAIOT K Bep-
IIMHAM, PacloNOXEHHBIM depe3 ogHy. [Ipu 3ToM TOK yMeHBbIIAeTCa B
1,5 pa3a. HafiTi 4ncno cTOpoH n-yrojibHUKa.

721. Kax Hajjo COEAUHUTL YEThIPE NPOBOJHUKA C CONPOTUBIICHUASIMH
Ri=10MR;,=20M, R;=30Mu R, =4 OM, uTOoOBI TIONYYUTL
conporuBnenne R = 2,5 OMm?

722. Haiity mpoBOOMMOCTE k IENH, COCTOALIEH U3 JBYX IIOCIENO-
BaTEJBHBIX TPYNN MapanielbHO BKIOYEHHBIX NMPOBOAHUKOB. [TpoBo-
IUMOCTH KaXXEOro NpOBOJHHKA IEpBOH U BTOpPOU rpyHII paBHbI
ky =0,5Cmu k, = 0,25 Cm. IlepBaa rpynmna cocTouT uU3 4YeTbIpex
MIPOBOJHHUKOB, BTOpast — U3 IBYX.

723. BonbTMETp pacCUATaH Ha H3MEPEHHE HaNpsS>KEHUH [0
MakcaManbHOTO 3HaueHus V, = 30 B. [Ipu aToM yepe3 BOIBTMETP UAET
Toxk / = 10 MA. Kakoe pgob0aBodHoe comnmpoTuBieHHE KR, HYXHO
MPACOEAUHATL K BOJBTMETPY, YTOOBI UM MOXHO OBIO HU3MEpPATh
Hanpspkeans no V = 150 B?

724. Crpenka MHJUTHAMIIEPMETpPa OTKIIOHSETCS O KOHIA IHNKanbl,
ecnu 4epe3 MupaMmnepmetp ugeT Ttok /= 0,01 A. ConpoTusienne
npuGopa R = 5 OmM. Kakoe no6aBoyHOe conmpoTHBIEHHE R, HYX-
HO NPHUCOENUHATE K MPUOOpPY, YTOOBI €r0 MOXKHO GBIIIO MCIIOJIL30BaTh B
KayecTBe BOJIBTMETPA C Npefie]IoM H3MepeHns HanpspkeHuit V = 300 B?

725. BonbT™MeTp, COeNHUHEHHBIH NOCIENOBATEIHLHO C COIPOTHB-
neareM R, = 10 xOwMm, npu BKJIIOYEHHH B CETh C HANPSDKEHHEM
V = 220 B mokaseiBaeT Hanpsxenme V, = 70 B, a coegquHeHHBIR
HOCNEOBATENBHO C CONPOTHBJICHUEM R,, MOKA3bIBAET HAMNPSAXKEHNE
V, =20 B. Haiitn conpoTtusiesue R;.

726. BoneT™MeTp ¢ conporuBlicHHeM R = 3 KOM, BKNIOUYECHHBIHA B
FOPOACKYIO OCBETUTEJIBHYIO CETh, IIOKa3al HampsaxkeHue V = 125 B.
IIpu BKIIOYEHHH BOJBTMETPA B CETh Uepe3 CONPOTHBICHHE R, €ro
MoKa3aHue yMeHbIuIoch o V,, = 115 B. Hajitu aTo conpoTuBnenne.

727. BonbT™MeTp C conpoTtuBieHHeM R = 50 kOM, MOAKIIOYEHHBIA
K HCTOYHHKY TOKa BMecTe C J00AaBOUYHBIM CONPOTHBIECHHEM R, =
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ﬁs 120 xOM, nokassiBaeT Hanpsikenne Vo = 100 B. Halitn nanpsixenune
. V BCTOYHHKA TOKA,

728. Haittu noka3anue BONbTMETpa V ¢ COMpOTURIEHAEM R B Iiemnu,

_m3006paxennoit Ha puc. 100. Tok o passeTBneHMs paBeH I cormpo-
THBJICHAA IPOBORHAKOB R U R; H3BECTHBI.

729. Umeercs npubop ¢ HEHOH HAENEHHS iy = I R,
= 1 MKA/gen u uucnom aenenuit mxanbl N = 100.
Conporusnenne npubopa R = 50 OmM. Kak atoTt
npu6op NPHUCHOCOGUTHL JJIsl H3MEPEHHs TOKOB 0 R R CVB
3HavyeHus [ = 10 MA Wil HanpsKeHUH A0 3HAYCHHUS R,
V=1B?

730. MunnuaMnepMeTp  NpefeioM u3MepeHus Puc. 100

TOKOB /; = 25 MA He06GXOUMO MCHOJIb30BAaTh KaK
aMIIepMeTp C npefesoM u3MepeHus TOKoB [ = 5 A. Kakoe comnpo-
THBJIeHHE R, JONXeH MMeTb WyHT! Bo CKONbKO pa3 yMeHpmIaeTcs
YyBCTBMTENLHOCTE npuGopa? Conportusienne npudopa R = 10 Om.
- 731. AmnepmeTp ¢ conpotusienneM R = 0,2 OM, HaKOPOTKO NpH-
COeMHEeHHBI K HCTOYHUKY TOKa ¢ HampspkeHueM V = 1,5 B, nmokasbl-
BaeT Tok [/ = 5 A. Kakoit TOK [, mOKaxXeT aMIIEpMETpP, €CIH ero
3alllyHTAPOBATh conpoTuBienneM R, = 0,1 Om?

732. I1pun IIyHTHPOBaHUHA rajbBAHOMETPA CONPOTHUBIIEHUAMHE R, R, B
R3; B Hux orBeTBIsiercs 90, 99 m 99,9 % Toka I o61ineit nenn. Haiitu 3R
CONIPOTHBJICHHU, €CIIN CONPOTHUBIICHUE ranpBaHoMeTpa R = 27 Om.

733. MunnnaMniepMeTp ¢ 9ACIOM feneHui mxansl N = 50 umeeT
UeHy aeneHns iy = 0,5 MA/men u conporusnenue R = 200 Om. Kak atot
puGop NMPUCIIOCOOHTD [IJIsI U3BMEPEHHS! TOKOB [0 3HadYeHnsa / = 1 A?

734. K amnepmeTpy ¢ conporuBieHneM R = 0,1 Om nopkniodeH
IIyHT ¢ conpoTuBnenueM R, = 11,1 MOM. HaiiTu Tok, Tekyluit yepes
aMIepMeTp, €CJIH TOK B obuiel nenm [ =27 A.

735. IlapannensHo amnepMeTpy ¢ conporusienaeM R = 0,03 Om
BKJIIOYEH MeJHbIA mpoBogHUK minHbl [ = 10 cM u guamerpa D =
= 1,5 mm. HaiiTi Tok B uend /, ecnim aMnepMeTp MOKa3bIBA€T TOK
Iy =04 A. YpenwvHoe conpotuBnenune Megu p = 0,017 MKOM - M.

3akoH OMa 045 NOAHOLL (3aMKHYMOLL) yenu

JNEKTPHYECKHI TOK B IIOJIHOH (3aMKHYTOM) LICIIH, COCTOSIIIEH U3 BHEIITHETO
CONPOTHBNECHAA R M MCTOYHHMKA TOKa C SIIC € m BHYTPEHHUM CONIPOTHBIE-
HHUEM T,

1=%/Rop = EIR +1).
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Hanpsaxenue Ha yyacTke LENH, ECIH 3TOT YYACTOK COREPIKUT MCTOUYHHK
roka ¢ 3]IC € u uMeer comporuBienne R (BKIOUas # BHYTPEHHEE CONpO-
THBIECHNUE UCTOUHKUKA TOKA),

V=0 -¢,=¢-IR,

rae ¢ ¥ ¢, — NOTCHIMANB] Havajla ¥ KOHIa 3Toro y4actka (puc. 101a). 3necs
IPEANIOJIaTaeTCs, YTO HAYAIO y4acTKa — Y NONOKUTENBHOTO IONKCA HCTOYHH-

L)) &R Py

a 6
(3] ig’ ﬁ P — 1+
i Vv I ’ vV l
Puc. 101

Ka TOKa, KOHEI| Y4acTKa — Y OTPUIATEIBHOTO MOJI0Ca H YTO TOK / BHYTpH
HCTOYHHKA TEYET OT OTPHUATENHLHOTO MOMIOCa K NONoKATENbHOMY. Ecnu apy-
THE YYaCTKM LENH TaKKe COAeP>KaT HCTOUHUKH TOKA, TO HA JAHHOM Y4acTKe
BO3MOXHO NPOTHBONOJOXKHOE HaNpaBJeHAE TOKAa BHYTPHM HCTOUYHHKA
(pumc. 1016). B aTom cinyuae

M=%¢€ +IR.

736. B penn ncrounnka toka ¢ I[IC € =30 B umer Tok [ = 3 A.
Hamnps:kenne Ha 3axnMax uctounnka V = 18 B. Haitu BHetinee conpo-
THBJICHUE LENA R U BHYTPEHHEE CONPOTHUBIICHAE HCTOYHUKA T

737. B nenwm, cocrosineil U3 peocrata m UCTOYHHKA Toka ¢ D]C
€ = 6 B u BHyTpeHHHM CONPOTHBIEHHEM r = 2 OM, UaeT TOK [; =
= 0,5 A. Kakoii Tox /, NoifeT NpH YMEHLUIEHUW CONPOTHBIEHHUS
peocTaTa B TpHu pa3a?

738. Uctrounuk Toka ¢ [IC € m BHYTPeHHHM COIPOTHBIIEHAEM
r 3aMKHYT Ha conpotuBieHue R. Kak MeHseTcss TOK B LieNM W Hanps-

KeHHEe Ha 3aXKUMaX HCTOYHHKA B 3aBHCHMOCTH OT R?
INocTponts rpacduku 3THX 3aBUcAMOCTEl nipu € = 15 B
R, nr=2,50m.

Ry 739. HuTh Hakana paguonaMibl BKIFOUYEHA MTOCeno-
€, r BaTENHHO C PEOCTATOM B Liellb HCTOYHHKa ToKa ¢ J]IC
€ = 2,5 B u BHyTpeHHUM conpoTtuBienueM r = 0,1 OMm
(puc. 102). Heob6xonuMblli TOK Hakajla JOCTHTaeTcs,
KOIfla CONpOTHBIEHHe peocTarta K, = 8,4 Om. Haiitn

TOK B IICIIN HaKaJa /, eciiy CONPOTUBJICHAE HATH Hakana R, = 30 Om.

740. [Ins nuTaHMs HATH HAaKala pajHoaMibl HEOOXONMMBI Hampsi-
XKenne V=4 B uTok /=1 A. HaliTn gfononHATENLHOE CONPOTHBIE-
HEe R, IpH KOTOPOM B LIETIH HaKajla AOCTAraeTcs HEOOXOOUMBIH TOK

Puc. 102
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z(cM puc. 102). SAC ucroynnka Toka € = 12 B, ero BHyTpeHHee conpo-
rasiieHue r = 0,6 OM.

741. JlaMnia roakJIO9eHa MEJHBIMH POBOAAMHA K HCTOYHHKY TOKa C

31C € = 2 B u BHyrpenHum conpoTtusicHueM r = 0,04 Om. [Inuna
mrnpOBO}IOB | = 4 M, ux guamerp D = 0,8 MM, ynenbHOE CONPOTHBIICHNE
meaa p = 0,017 MmxOwMm - M. HanpskeHne Ha 3akMMax HCTOYHHKA
v = 1,98 B. HaiiT conpoTUBJICHAE NaMIIbl R.

742. BonbTMeTp, NMOAKIIOUEHHBIH K HMCTOYHHKY Toka ¢ J[C
% = 120 B u BayrpenHuM conporusiieHneM r = 50 Om, nokasbIBaeT
panpspkerne V = 118 B. Haiitu conpoTuBieHne BonbTMETpa R.

743. Ilpn monk/ro4eHNH BHEIIHEH LIENH HaNpsDKeHWE Ha 3a’KuMax
ucrounnka Toka ¢ JJIC € = 30 B okaswIiBaeTcst paBHbIM V = 18 B.
BuemrHee conpotusienue nenu R = 6 Om. Haiitu BHyTpeHHee compo-
THBJICHUE UCTOYHUKA I

744. Uctounuk toka ¢ OJJC € = 1,25 B u BHYTpeHHWM CONpO-
tuBnenneM r = 0,4 OM niuTaeT JaMIly, pacCUUTAHHYIO HA HaNpsKeHUE
V, = 1 B. Conporupnenne namnbl R = 10 Om. HafiTu conpoTHuBicHne
MONBOMSIIUX TPOBOAOB R,  HANPSIKEHNE Ha HUX V).

745. Vctouynuk Toka murtaeT n = 100 mamn, paccUHTaHHBIX Ha
Hanpsekenue V) = 220 B u coenuneHHBIX napamiensHo. ConpoTHBIEHHAE
Kaxkpon namnsel R, = 1,2 kOM, conpoTuBleHne Mof-
BOISIIKX TIPoBOAOB R, = 4 OM, BHYTpeHHEE COpO-
TuBjaeHHe HcrouHuka r = 0,8 Om. Hajitu nanps-
KCHHUE Ha 3a3KuMax ucrtouynmnka u ero JJC.

746. Kakoa gomxkna ObiTh DJIC € uncrounnka
TOKa B cxeMe, u3obpaxkeHHOH Ha puc. 103, 4Tobn1 r
HAIPSXKEHHOCTh 3JIEKTPUUYECKOTO NOJIsL B INIOCKOM :I
KoHpieHcaTope Obina E = 2,25 kB/mM? BryTpeHHee
conpoTusiieHHe ucrounuka r = 0,5 OM, conmpoTus-
JeHue pesucropa R = 4,5 OM, paccTossHME MeXAy NIaCTHHAMU KOH-
nencatopa d = 0,2 cMm.

747. Uctounnk Ttoka ¢ 3JJC € = 15 B u BHyTpeHHHM COIpO-
THBJAcHNEM r = 5 OM 3aMKHYT Ha PE3HCTOP C COIPOTUBJIIEHHEM
R =10 Owm. K 3axumaM BCTOYHHKA MOAKIIIOUEH KOHAEHCATOP EMKOCTH
C =1 Mx®. HafiTu 3apsiy Ha KOHREHCATOPE.

748. JnexTpuyeckas Lelb COCTOMT H3 HCTOYHMKA TOKa* W MBYX
TIOCNIEOBAaTEILHO COCMHEHHBIX PE3UCTOPOB C OQUHAKOBBIMHU COINpPO-
TuBJIEeHHAME R. K KOHIIaM OHOTO M3 Pe3UCTOPOB NPHCOCHUHAIOT IO

Puc. 103

*
3nech u fanee BHYTPCHHUM CONPOTHBACHUEM HCTOYHHUKA TOKA U MOABOAALINX
NpPOBOROB ClIeAyeT ﬂpeHerC‘lb, €CJIX OHO HE 3alaHO B YCIIOBHUH. .
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ouepeqy [Ba BONBTMETPA: ONMH MMEET CONPOTHUBIIEHHE R, a Ipyrou —
conportusierue 10 R. Bo ckonbko pa3 6yRyT OTIMYAThCS MOKa3aHAA
BOJIBTMETPOB?

749. K ucrounnky Toka ¢ DJIC € =8,8 B npucoenuHeHsl mno-
CNIEI0BATEILHO PE3UCTOP C HEM3BECTHLIM CONPOTUBJICHMEM R U pe3n-
cTop ¢ conporusieHneM R, = 1 xOm. BonbT-
METp C CONPOTUBIEHNEM R = 5 KOM, OAKII0-
YeHHBIN K KOHIIaM pe3ucTopa R, moka3eIBaeT
HanpsikeHre V =4 B. Kaxoe nagenne Hanps-

%I xenusa V' Oymer Ha pesncrope R, ecim
_®—__' OTKJIFOUHUTH BOJLTMETP?

750. Kakoi#t Tok / NOKaXeT aMnepMeTp” B
cxeme, H300pakenHoi Ha puc. 1047 Compo-
TUBJIEHAS] Pe3UCTOpoB R, = 1,25 OM, R, =1 OM, R3;=3 Om, R, =7 Om,
31C ucrounnka € = 2,8 B.

751. Haiityn Tok /, Mpymiuii 4Yepe3 UCTOYHUK TOKAa B CXEME, H30-
GpasxkenHoit Ha puc. 105. ConpoTHBNEHHS BCEX PE3UCTOPOB ONHHAKOBbI
1 paBHbl R = 34 Om, OJIC ncrounuka € = 7,3 B.

752. Haiitu ToK /, upyniaii 4epes pe3sucTop ¢ CONpOTUBNEHUEM R,
B CXeMe, TapaMeTpbl KOTOpOIi laHbl Ha puc. 106.

753. Opun nomoc uctounuxka Toka ¢ I[JC € = 1400 B u BHyTpeH-
HMM CONpOTHBJIEeHHEM 1 = 2,2 OM HOJKIIOYEH K LEHTPAIbHOU aTIOMU-

Puc. 104

1 . | '}
— | SR
R, Ry
y R L
2R, 2R,
™ 1
d e —
)
il
Puc. 105 Puc. 106

HHeBO# Xwmie Kabena (quameTp Xuibl D, =8 MM), Ipyro# — K ero
CBHHIOBOI 060J0YKe (HapyXHBbII fuameTp D, = 18 MM, BHyTpEHHHUH —
dy = 16 mm). Ha kakom paccrostuun | OT HCTOUHHKA KaGelb nopBancs 1
OPON3O0IIIO 3aMbIKaHHE XUIbI C 0GOJIOYKOM, €CIH HAYalbHBIA TOK

" :
3pech ¥ fanee CONMPOTHBIEHUEM AMIEPMETPa CIEAYET NPeHeOpeb, €CH OHO HE
3aaHO B YCTIOBHH. w
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3

%‘“KOPOTKOI‘O 3ambikaHus [ = 120 A? YgenrvHble CONMPOTHBIEHUS alio-
MHMHHS ¥ CBHHIA P; = 0,03 MKOM - M 1 p2=0,2 MkOM - M.

754. Haiitu TOK /, TeKymuil yepe3 pe3ncTop ¢ CONPOTHUBIEHNEM R, B
cXeMe, napaMeTpbl KOTOpoi faHbl Ha puc. 107, B nepBblii MOMEHT
‘[OCNle 3aMBIKaHHS KJI0Ya, €Clid O 3TOr0 HaNmpsKeHWEe Ha KOHOEH-
caTope ObIIO MOCTOSIHHBIM.

—
R,
C
C C
1—| |———<I R 2
(é P
[] R2 C CI
k3
.
Puc. 107 Puc. 108 Puc. 109

755. Haiitu Hanpsikenns V| u V, Ha KoHfeHCcaTOpax ¢ eMKocTsaMu C
u C, B cxeMe, NapaMeTphbl KOTOpo# naHs! Ha puc. 108.

756. Haittn 3apsinel ¢y, g, ¥ ¢; Ha KaXJAOM H3 KOHIEHCAaTOPOB
B CXeMe, IlapaMeTpbl KOTOpo# faHsl Ha puc. 109.

757. B nenn, MATaEMYyI0 HCTOYHHKOM TOKa C BHYTPEHHHM COIIPO-
TuBlieHreM r = 3 OM, BXOAAT [Ba PE3UCTOpa C OIUHAKOBBIMH COIPO-

n¢
"

8
¢>:

=

=
~N

Puc. 110 Puc. 111

THBJICHUIMH R = R, = 28 OM, BKIIOYEHHbIE NTapallJIENbHO, ¥ PE3UCTOP
¢ conpoTuBieHneM R; =40 Om (puc. 110). ITapannenbHo pe3ucropy R;
IIORKIIOUEH KOHAeHcaTop eMkocTH C =5 Mk®P, 3apsan KOTOPOro g =
=4,2 Kn. Haiita 3]IC 4 ucrounuka.

758. [IBa pe3mcTOpa ¢ ORMHAKOBBIMHU CONPOTHBJIECHHSIMH R =
=25 OM u pe3ncrop c conporusienneM R, = 50 OM nopknioyeHsl K
HCTOYHMKY TOKa MO cxeMe, H3o0paxeHHoH Ha pHC. 111. K yyacTtky ab
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nopkioyeH KoHgeHcaTop emkoctu C =5 Mx®. Haittu 3[JC € ucrou-
HHKA TOKa, €CITA 3apsay Ha KoHAeHcarope g = 0,11 MK,

759. Hatitu 3apsn Ha KoHeHcaTope eMKOcTH C B cXeMe, apaMeTphbl
KOTOpPOH RaHbl Ha pHc. 112.

760. Haitra Hanpskenue Ha KonneﬂcaTope €MKOCTH B CXEMeE, Hapa-
MeTpHI KOTOPO# faHkI Ha puc. 113,

a I___IR

R Ry ] | Rs — ]

c ———

h e
Puc. 112 Puc. 113

761. UcTouHuK TOKa C BHYTPEHHHM COHPOTHBIECHHEM r =1 OM
3aMKHYT Ha PE3UCTOp C conpoTusienueM R. BonsT™MeTp, NoAXNIOYEH-
HBI# K 3aXXMMaM HCTOYHHKA, MOKa3bIBaeT HampstkeHme V| =20 B.
Korpga napanneipHO Pe3dcTOpy C CONpOTHBICHHEM R NpHCOEAUHEH
PEe3UCTOp C TaKUM K€ CONPOTHBIEHUHEM R, MOKa3aHHE BOJILTMETPA
yMmeHsmiaeTcs Ao V, = 15 B. Haiite conpoTusienne pesncropa R, ecinu
COIIPOTHBIIEHNE BOJIBTMETPA BEJIUKO JI0 CPABHEHHIO C R.

762. K ncrouynmky Toka ¢ 3JC € =200 B u BHyTpeHHUM cOmpoO-
TasneHueM r = 0,5 OM noAxNiOYEHb] IOCNENOBATEIBHO BA PE3ACTOPA
¢ conporuBieHusiMA R = 100 Om 1 R, = 500 Om. K koHnam pesucropa
R, nopxiirouen BonbTMeTp. Halttu conpoTusiesne R BOJILTMETPA, €CNTH
OH NOKa3bIBaeT HanpsikeHne V = 160 B.

763. ITIpoBonOKa M3 HUXpPOMa M3OTHYTA B BHAE

Konbua paguyca @ =1 M (puc. 114). B nenrtpe

KOJIbIa NOMEIIEH rajlbBaHUYECKHH 3JIEMEHT C

OIC € =2 B u BHYTpEHHHM CONPOTHBJICHHUEM

r=1,5 OM. D1eMeHT COeguHEH C TOYKAMHA ¢ K d

KOJIBI]a 110 AMAaMeTpPy C HNOMOIIbIO TaKoH K€

HUXpOMOBOIi ipoBonoku. Haiitu pa3sHocTs NOTEH-

Puc. 114 I[HANOB MEXAY TOYKaMH ¢ H d. YielbHOe COIpo-

e TABJIeHHEe HEXpoMa p = 1,1 MkOwMm - M, nmomanb
CeueHNs MPOBOJIOKH § = 1 MM2,

764. K HCTOYHHKY TOKa C BHYTPEHHHM CONPOTHBICHHEM r =1 OM,
ITONIKTIOYEHB] [BA ITAPAJIENIbHO COSRHHEHHBIX PE3UCTOPA C CONPOTHB-
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3
E

'seamsiMmu Ry =10 Om 1 R, =2 Owm. HaiiTu OTHOIIEHHE TOKOB,
NPOTEKAIOMIKX YePe3 Pe3sucTop R; mo | mocne oOpeIBa B IENH pe3u-
cropa R,. ,

765. [IBa pesncropa ¢ conpotuBieHuamu R, = R, =1 Om 1 peocrar,
UMEIOHIHH NOJTHOE CONMPOTHRIEHNE R3 = 2 OM, IPACOEHHEHB] K HCTOY-

Ry
a i
R, R, €r R,
—— -——l}—ﬂj
R,
) —1 33—
o/ J —
.l | S )
ll R2
Puc. 115 Puc. 116

HHKY TOKa C BHYTpeHHHM conpoTtusieHueM r =0,5 Om (puc. 115).
K pa3BeTBieHHOMY Y4acTKy LN MOOKIOYeH BOIbT™MeTp. Korna neu-
3KOK peocTaTa HaXOJMTCH Ha ero cepefuHe (TOYKa a), BOJILTMETP MOKa-
3pIBaeT HanpsikeHme V, =13 B. Kakoro OyfeT noka3aHWe BOJLT-
METpa, eci JBHXOK NEPEeNBHHYTH B KpaiilHee IpaBoe IMONOXKECHHE
Ha peocratre? CONpoTHBIEHHE BOJIBTMETPA BEJIHMKO NO CPABHEHUIO
CR uR,.

766. llects NPOBORHUKOB C OJMHAKOBBLIMU CONPOTHBIICHUSIMHA
Ry =2 Om coemuHeHB! NONapHO napamnenbHo. Bee Tpu nmaper coenm-
HEHbI NIOCIENOBAaTEIbHO U NOJKIIOUEHBI K HCTOYHUKY TOKA C BHYTPEH-
HUM conpoTHBieHHEM r = 1 OM. IIpu a3TOM MO KaXgoMy NPOBORHHKY
TedeT ToK /Iy = 2,5 A. Kakoii Tox 6yfeT Te4b N0 KaxKJAoMy IIPOBOIHHKY,
€CIT OfIUH U3 HUX YIANHThL?

767. crounuk Toka ¢ 3]IC € = 100 B u BHYTpEHHHM COINpPOTHB-
nenueM r = 0,2 OM B TpH pe3ucTopa ¢ COnpoTuBIeHusIMUA R =3 OM,
Ry=2 OM n R; = 18,8 OmM BkuioueHsl Mo cxeMe, H306paXKeHHON Ha
puc. 116. Haittu ToKH, TeKylie depe3 pe3ucTophl R u R,.

768. K ncrounnky toka ¢ 3J1C € = 120 B u BHyTpEHHUM CONpPOTHB-
nenneM r= 10 OM mopkIIOYEHBI ABA MapajjieNbHBIX NPOBOJA C CO-
npotusienuaMu R, = 20 Om. Ceo6GopHbIe KOHILI IPOBOJOB M HX CEpe-
RHMHbI COCHHEHBI JPYT C APYroM Yepe3 IBe Jamilbl C CONPOTHBIICHUSAMH
R, =200 Om. Haittr TOK, TeKymuii yepe3 ACTOYHHUK TOKa.

769. IIpn 3aMbIKaHAM UCTOYHUKA TOKA Ha PE3UCTOP C CONPOTHBIIE-
apeM R; =5 OM B uenu uaeT TOK I, =5 A, a npu 3aMbIKaHHM Ha
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pe3dcTop ¢ conportuBieHueM R; =2 Om uper Tok /, =8 A. Haittn
BHYTpeHHee conportuBienne r ¥ 3]]C ucrounnka Toka €.

770. I1lpn 3aMbIKaHMK HCTOYHHMKA TOKA Ha PE3UCTOP C CONMPOTHB-
neHueM R, = 14 OM HanpskeHHE Ha 3aXKAMax HCTOYHHKA V| =28 B,
a Ip¥ 3aMBIKaHAM HA PE3UCTOP C CONPOTHBIEHUEM R, = 29 OM Hanps-
JKeHHe Ha 3axumax V, =29 B. HaiiTd BHyTpeHHee CONPOTHBICHHE 7
HCTOYHUKA.

771. AMniepMeTp ¢ conpoTuBjieHHeM R, =2 OM, NOAKITIOYEHHBIH K
HCTOYHHMKY TOKa, MOKa3biBaeT TOK /; =5 A. BonsTMeTp C conpoTus-
nenneM R, = 150 OM, NOAKNIOUEHHBIH K TAKOMY K€ HCTOYHHKY TOKa,
nmoka3biBaeT Hanpsokenne V = 12 B. Hafitu TOK KOpOTKOro 3aMbIKaHUs
I, uctoynnka. ,

772. [1ga napajinenbHO COCHUHHEHHBIX PE3UCTOPA C CONPOTHBICHASIMH
R, =40 OM 1 R, = 10 OM mopkJI04eHbl K HUCTOYHHKY Toka ¢ I[C
€ =10 B. Toxk B uenu / =1 A. HallTh BHyTpeHHEe COINPOTHBICHHE
VICTOUHHKA ¥ TOK KOPOTKOrO 3aMbIKaHHSI.

773. Axkymynsrop ¢ 9JIC € =25 B u BHyTpeHHUM CONPOTHBIIE-
HueM r = 1 OM 3apskaeTcst OT CETH ¢ HanpsKeHueM V =40 B uepe3s
conporunienue R = 5 Om. HaliTe HanpsikeHue V, Ha 3a’kIMax aKKyMy-
asAropa.

MMocaedosamenvHoe u NApannenbHoe COEOUHEHUA UCMOYHUKOS MOKA.
IIpasuaa Kupxzogpa

3JICKTpI/I‘IeCKI/Iﬁ TOK B OOIIEH Ienn IIPH NOCIENOBATENBHOM COCIMHEHUH 1

OAXHAaKOBBIX KICTOUYHHKOB TOKA B 6aTape}o

_ né
R+nr’

rae R — BHelHee conporupienue uenwd, a € ur - OAC u BHyTpEeHHEE CONPO-
THBJIEHHE KaXIOr0 UCTOYHUKA TOKA (aKKYMYJSTOP, [CHEPATOP, rajlbBAHUYE-

CKMI 3JIEMEHT | T.J.).
IIpu napanineabHOM COeMHEHHH 1 OJAMHAKOBBIX HCTOYHMKOB TOKa TOK

B OOIIEH Uenn
€
R+rin’

HpH PELICHUN 3aja4 HA pAa3BETBICHHBIC JICKTPHUCCKHE LCIIH, OCOOEHHO
€CIIH B 3THX lENAX HMEECTCA HECKOJNBKO HMCTOYHHKOB TOKa, ynOﬁHO noab-
30BaThCI NpaBHIaAaMH Kn pxro q) a, KOTOpbIE 3aKIOYalTCA B ClE-

AYIOLWEM.
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| N Anreﬁpanqecxaﬂ CyMMa BCE€X TOKOB, NPHXOASAINUX B TOYKY pa3dBETBICHUA
(YSEH) H BBIXO[SAUIUX U3 HEE, DPABHA HYIO!

[1+12+...+In=0. (14)

TokH, BXOAsAIAE B y3€l, CUHTAIOTCSA MNONOXHUTEIBHLIMHA, a BbIXOJSAIHHE U3
y31a — OTpHLATeNbHbIMA. Hanpumep, pns y3na a Ha puc. 117 ypasnenne st
TOKOB 6yper Is— 1, — I, =0.

Hanpasnenue TOKa Ha KaX[JOM y4acT- R &L
Ke HENH MEXAY ABYMs y3J1aMH MOXHO a d
BBIOHPATh MPOH3BOJILHO, COXpaHss, OfHA-
KO, 9TO HallpaBIIcHHE HA BCEX JdTanax
peuleHus 3agayu. Eciu B pesynbrarte pe-
[HICHUS [N KaKHX-JTHOO TOKOB IIONYy-
4alOTCsl OTPUHATENBHBIC YUCIOBbIE 3HA-
YyeHHWd, TO 3TO O3HA4YaeT, YTO HEepBO-
HavallbHbIC HANpaBIEHHUS TOKOB ObLIH
BBIOPaHb! HENPABHILHO.

ITpu o6xone mo6GOro 3aMKHYTOr0 KOH-
Typa B CIOXHOH 3JCKTPHUECKOH Nenu
anreOpautiecKas CyMMa NaJieHHI HanpsoKeHds Ha 9J1eMeHTaxX Henw (BKItovas u
BHYTPEHHHE CONMPOTHUBIIEHHS HCTOYHIKOB TOKA) paBHa anreOpandeckoi cyMMe
31 C ucTOYHIKOB TOKA, UMEIOIIHXCS. B 9TOM KOHTYpE:

1]R1+12R2+...+I,}Rn=(£1+c(gz+...+<(gn. (15)

%3, I3

Puc. 117

Hanpapnenue o6xofja Kaxaoro KOHTypa (10 4acoBOU CTPENIKe MITH IIPOTHB
Hee) Mpon3BONbHO. Ilapenye HaNpsaKeHUs CUATACTCA MONOXKUTENbHBIM, €CITH
BbIOpAaHHOE 3apaHee HalpaBJeHHE TOKAa Ha 3TOM yYacTKe MeXAY JABYMs
y371aM¥ COBIIAJIaeT C HaNpaBlieHAeM 06Xofla KOHTYpA, W OTPHIATENBHBIM, CCITH
HalpaBJICHHUE TOKA NPOTHBONONIOXKHO HanpaBneHnto obxopa. DC cunraercs
NOJOXUTENBHOM, ECITH NPH 00XOJie N0 KOHTYPY NCTOYHUK TOKA MPOXOJUT OT
OTPHIATENBHOrO NOJOCA K NOJNOKATENLHOMY, H OTPHIATENBHON — B IIPOTHB-
HOM ciyqae. Hanpumep, nns KonTypa abed Ha puc. 117 npu o6xope no gaco-
BOH cTpenke ypasHeHne (15) sanumercs B Buae

LRy +1)+ DRy + 1) —I3(Ry + 13) ~ 4Ry =61 — €, - 3.

Ecnu nonHas cxeMa cOgepXuT m y3i10B, TO ypaBHeHus (14) cocraBuisitoTcsi
mist m — 1 y3mos. Ilpu cocraBnennn ypaBHeHuit (15) st KOHTYPOB HYKHO
CIENUTH 32 TEM, YTOObI KaXX/blii BHOBb B35ThIH KOHTYP HE MOT OBITh NOJYUIeH
CIIOXCHHEM HITH BBIUMTAHHEM YK€ PACCMOTPEHHBIX KOHTYpOB. [losHoe uncio
ypaBHEHU!, COCTaBJEHHBIX IO npasunaM Kupxroda, JoIKHO COBIafaTh C
YHCIIOM YYACTKOB MEXJY Y37aMH, T.€. C YACIOM Pa3IMYHbIX TOKOB B JaHHOH
cxeMe.

774. Haiiti pa3HoCTh NOTEHHHAIOB MEXJY TOYKaMH a ubB cxeMe,
n3o6paxkennod Ha puc. 118. 3JC mcrouyHukoB Toka €, =1 B un
€, = 1,3 B, conporusnenus pe3ucropoB R; = 10 OMu R, =5 Om:
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775. IBa anemenra ¢ JC €, =1,5 B u €,=2 B u BHyTpeHHAMHU
conporusierusMu r; = 0,6 Om n r, = 0,4 OM coenmHeHbI MO cxeMe,
n3o6paxkenHoi Ha puc. 119. Kakylo pa3sHOCTb HOTEHIHATOB MEXAY
TOYKaMH @ U b NOKaXeT BONLTMETP, €CIH CONPOTHBJIEHHE BONLTMETPA
BEJIKKO 110 CPaBHEHHIO C BHYTPEHHHMH CONMPOTHBICHASIMU 3JIEMEHTOB?

1 a f
R, R L L
€ €, €12 €y, 1
[—’—Ib I a
Puc. 118 Puc. 119

776. IBa sanemenrta ¢ D[IC €, =1,4 Bu €, =1,1 B u BuyrpeHanmMn
conporupnenusamu r; =0,3 OM 1 r, = 0,2 OM 3aMKHYTBI pa3HOMMEH-
HbIMHA TTonrocamu (puc. 120). Haiitn Hanpsi:XeHne Ha 3aKUMax 3J1€MEH-
TOB. IIpn KakKuX yCIOBHSAX Pa3sHOCTb ITOTEHIHANOB MEXAY TOYKAMHU a4
u b paBHa HyII0?

777. IBa ucroynuka Toka ¢ oguHakoBbiMu DJIC € =2 B u BHYT-
peHHEMHu conpotusnenusamu r; =0,4 OMm u r; = 0,2 OM coeguHeHBI
nociegoBatensHo. [IpH KakOM BHELIHEM CONPOTHBICHUU Lend R Ha-
IpsKEeHUE Ha 3aKUMax OJHOTO U3 HCTOYHHUKOB OYAEeT paBHBIM HYJIIO?

a

R,
{3
—n R,
c'gz, r %h ry r—{1—
n r
s | ma |
Pnc. 120 - Puc. 121

778. HaiiTn BHyTpeHHEE CONPOTHBJICHHE 7| IIEPBOTO dJIEMEHTA B
cxeMe, H306paXeHHOH Ha puc. 121, eclii HanpsiKeHHE Ha ero 3aXKUMax
paBHO Hyn0. ConmpoTHBieHHs pe3ncTOopoB Ry =3 OM, R, =6 OM,
BHYTPEHHEE CONPOTHBJIEHHE BTOPOTO 3JeMeHTa rp = 0,4 Om, 3]C
3JIEMEHTOB OJ{HHAKOBBI.
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- 779. I1lpu KaKOM COOTHOIIEHUH MEXNY CONPOTHBIEHUIMH PE3UCTO-
poB Ry, R,, R; 1 BHYTPEHHMMH CONPOTHBICHHSAMHU 3IIEMEHTOB Iy, I,
(puc. 122) HanpsbkeHre Ha 3aKAMax OJHOTO H3 3JIEMEHTOB GyleT paBHO
Hynio? D[ C a31eMEeHTOB O{UHAKOBHI.

'—|Rl %l’ r ll

d 1 : [ €, r
R 2
R, R3 03 j
r I I I (é’,r|+ W) %,r2+l »—-—-{’—»—b !
- - R
—(O—(— T
Puc. 122 Puc. 123 Puc. 124

780. IBa reneparopa c oguHakoBbiMH J]IC € =6 B u BHyTpeHHUMH
conporusieHusimu r; = 0,5 Om n r, = 0,38 OM BKJIIOUEHBI IO CXEME,
n300paxenHoi Ha puc. 123. ConporuBaeHus pe3ucTopoB Ry =2 OmMm,
R,=4 OM, R; =7 Owm. Haiitu nanpssxkeuns V, u V, Ha 3aKuMax
FEHEepPaTOpPOB.

781. Tpu snemenra ¢ O0C €,=2,2B, é,=1,1Bn€;=0,9 B
¥ BHYTpeHHHMH conpotusiienuamu r; =0,2 Om, r, =04 OM u rsy =
= 0,5 OmM BkIIOYEHHI B IeNb NOCAENOBAaTENbHO. BHemHee cOIpoOTHB-
nenne nenu R =1 Om. HaliTn HanpsDkeHue Ha 3aXKHMaX KaXKgoro
3JIEMEHTa.

782. Batapes U3 4eThIpEX MOCNEHOBATENbHO BKIIOUYEHHBIX B LEMb
anemeHTOB ¢ I[AC € =1,25 B m BHYTpEeHHHM CONPOTHBIECHUEM
r=0,1 OM nutaer ABa mapajjiejbHO COEJWHEHHBIX NMPOBOJHUKA C
conporusieHussMA R = 50 Om u R, = 200 Om. Haiitn HanpsikeHue Ha
3axKMMax 6aTapemn.

783. Cxonbko OguHAKOBBIX akkymyisaToposB ¢ 3C € =1,25 B u
BHYTPeHHHM conpoTesieHreM r = 0,004 OM HyXHO B3STb, YTOOBI
CcOCTaBUThL OaTapero, KOTopas faBaja Obl Ha 3aXUMax HamnpsiKeHHE
V =115 B npu toke | =25 A?

784. Batapest u3 n = 40 mocinegoBaTEeNbHO BKIIYEHHBIX B LEMb
akkymyasiTopoB ¢ JJIC € =2,5 B u BHYTpeHHHM CONPOTHUBIEHUEM
r=0,2 OM 3apsxaercs OT ceTH ¢ HampsokeHueM V = 127 B. Haiitm
3apsAOHBIA TOK, €CJIM MOCIEeJOBaTEIbHO B uenb BBEJIEH IIPOBOIHUK
¢ corporuBiicHAeM R =2 OM.'

785. Isa snemeHnTa ¢ 3JIC ‘51 =1,25B u ¢, =1,5 B u opuHaKOBLIMHA
BHYTPEHHMMHE conpoTusneHusMu r = 0,4 OM coellaHEHBI TaPaJIENBHO
(prc. 124). Conporusnenne pesacropa R = 10 OM. Haiitn TokH, Teky-
mye Yepes PE3UCTOP M KaXK/AbIi 3JTEMEHT.
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786. [1Ba anementa ¢ OAC €,=6 Bu €,=5 B u BHyTpeHHHAMH
CONpOTHBJIEHAAMH I = 1 OM 1 r, =2 OM coefHeHBI O cXeMe, H306pa-
JKeHHO# Ha puc. 125. Haiitn TOK, TeKymuil yepe3 pe3ucTop C COmpo-
TaBIeHHEM R = 10 OM. ,

787. Tpu onmHakoBbIX anemeHTa ¢ IIC € = 1,6 B u BHyTpEH-
HuM conpoTuBieHneM 1 = 0,8 OM BKIIIOYeHBI B Liellb IO cXeMe, H306pa-

e
4

'_.._.
¢, r
e 1 R
%l’ l'l-- k --%2, Iy
Puc. 125 Puc. 126

JKeHHOH Ha puc. 126. MunnnaMnepMeTp nokasbiBaeT TOK [ = 100 MA.
ConpoTtusnenns pe3uctopoB Ry = 10 OM u R, = 15 OMm, conpotuBieHne
pe3ucropa R Hem3BecTHo. Kakoe HanpsokeHne V moka3bIBaeT BOJIBT-
MeTp? CoNpoTHBIEHUE BOJBTMETPA OUYEHbL BENHKO, COMPOTHBICHHE
MIUITAaMIIEPMETPa NPeHeOpeXKUMO Mao.

788. Conporusienns pe3nuctopoB R, u R, u IJIC €, u €, uCTOUHHKOB
TOKa B cxeMe, n306paxeHHol Ha puc. 127, m3Bectssl. I1pu xakoit I[1C
‘€5 TpeThEro HCTOYHHMKA TOK Yepe3 Pe3nucTop R; He TeueT?

Puc. 127 Puc. 128

789. Llenp U3 Tpex OAMHAKOBBIX NMOCJIENOBATEJBHO COEHUHEHHBIX
aneMeHTOB ¢ JJIC € M BHYTPEHHHM CONPOTHBIEHHEM & 3aMKHYTa
HakOpOoTKO (puc. 128). Kakoe HanpsikeHHe HOKaXeT BOJILTMETP, HOM-
KJIIOYEHHBIH K 3aKAMaM OTHOTO H3 3JIEMEHTOB?

. 790. Ucrouynnk Toka ¢ DJIC €, BKIIOYEH B CXeMy, IapaMeTphl KO-
Topo# panbl Ha puc. 129. Haditu 3]IC € ncrounnka ToKa u Hampaslie-
HHE €ro MOAKIIOYEHHs K BBIBOAM a@ M b, IpH KOTOPEBIX TOK Yepe3
PE3HCTOp C CONPOTHBNEHHEM R, HE HET. '
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791. JIBa anemenTa ¢ oguHakoBbiMH DJIC € BKIIOYEHBI B Henn
gocienosaTenbHo. BHemHee conporuBnenne nend R =5 OM. OTHo-
HIEHHE HANIPSKEHUS Ha 3a’KMMaXx NEPBOTO 3JIEMEHTA K HaNpsHKEHHIO Ha
3aXXMMax BTOPOTro 2jieMeHTa paBHO 2/3. Haiitu BHyTpeHHHWe compo-
THBIICHUS 3JIEMEHTOB I'| M I'y, €CITH 1| = 27,

é,,
[ TéxrT ©

Puc. 129 Puc. 130

792. [IBa ogunakoBbIx anemMeHTa ¢ OJIC € = 1,5 B u BHyTpecHHUM
conpotusieHneM r = 0,2 OM 3aMKHYTBI Ha PE3UCTOP, COIPOTUBIIEHUE
KOTOPOTO COCTaBifAeT B OfHOM cnydae R; =0,2 OM, B gpyroMm — R, =
= 20 Om. Kak HyXHO COCIMHUTEL JE€MEHTHI (NOCIEeNOBATENBHO HIIN
napajJieibHO) B NMEPBOM M BO BTOPOM CIydasix, YTOOLI MONYUYHTH
HanbOJBLIIHH TOK B Heln?

793. IBa anmemernTa ¢ ]IC €, =4 B u €, = 2 B u BHyTpeHHUMH
conpormsaerusamu r; = 0,25 OM u r, = 0,75 OM BKITIOYEHBI B CXEMY,
n3ob6paxkeHnyro Ha prc. 130. ConporuBnenns pe3nctopoB Ry =1 OMm u
R, = 3 OM, emkocTb KoHfeHcaTopa C = 2 mx®. Halitu 3apsig Ha KoH-
AEeHCATOpE.

794. K Gartapee 13 JBYX napajelibHO BKJIIOYEHHBIX 3JIEMEHTOB C
JIC €, u €, n BHyTPEHHUMHU COMPOTUBIICHUSAMH &'y U I', TIORKJIIOYEH
pe3uctop ¢ conporuBiecHueM R. HailTu ToK /, TeKynuil uepes pe3ucrop
R, v Toku Iy n I, B nepBoM u BTOpoM aneMeHTax. [Ipy Kakux ycnoBHsax
TOKH B OTHENBLHBIX LENIX MOTYT OBITH PABHbIMU HYJIO UM H3MEHSTH
CBO€ HampasJeHne Ha o6paTHOe?

795. bartapes U3 n OMUHAKOBBIX AKKYMYJIATOPOB, COCANHEHHBIX B
OIHOM cllydJae NOCIEAOBATENLHO, B APYIOM — apaJljleNIbHO, 3aMbIKAET-
csl Ha pe3ucTop ¢ conpoTtusieHueM R. IIpn Kakux yCnoBHAX TOK, TEKY-
AR 9epe3 pe3ucTop, B 000uX cnydasx 6yaeT OfrH U TOT XKe?

796. Barapes u3 n = 4 OXMHAKOBBIX JJIEMEHTOB C BHYTPEHHHM
CONpOTHBJIEHHEM 1 = 2 OM, COEIMHEHHbIX B OJJHOM ciy4ae IocHeno-
BaTEJLHO, B IPYIOM — NAPaIJIENLHO, 3aMBbIKAETCs! Ha PE3UCTOP € CONpPO-
TuBneHueM R = 10 OM. Bo ckonbko pa3 moka3aHue BOJILTMETpPA B
' OFHOM ciy4Yae OTJIMYaeTcad OT ITOKa3aHMUs BOJILTMETPA B APYTOM CIy-
yae? ConpoTUB/eH!E BOJBTMETPA BEJIMKO [0 CPAaBHEHUIO CR H .
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797. Kak H3MEHHATCS TOK, TEKYIIUI Yepe3 Pe3UCTOp C CONpPOTHUBIIE-
HUeM R =2 OM, ecnii n = 10 ONMHAKOBBIX 3JIEMEHTOB, COCIHHEHHBIX
MOCJIEAOBATENBHO C 3TUM PE3UCTOPOM, BKIIOUHTH NMapalJIeIbHO eMy?
3JC anemenra € =2 B, ero BHyTpeHHee conpotusiienne i = 0,2 Om.

798. Barapes cocrasnena u3 N = 600 oquHaKOBBIX 2JIEMEHTOB TaK,
YTO A TpPYyNIl COEJUHEHB! MOCHEOBATEIHHO M B KaXHOH W3 HHX
COHEPXKHUTCA M 3IEMEHTOB, COCJUHEHHBIX NapamiensHo. 3JC kaxkporo
anmeMmeHTa € = 2 B, ero BHyTpeHHee comnpotuBieHue r = 0,4 Om.
IIpun xaxux 3Ha4yeHHAX n 1 m Oartapes, Oylyun 3aMKHyTa Ha BHeIlHee
conporusieHue R = 0,6 OM, OTAACT BO BHEIIHIOO LeNb MaKCHMAIbHYIO
MorHocTe? HallTn npy 2TOM TOK, TeKyIIUH Yepe3 ConpoTuBieHue R.

799. Emxocts akkymyastopa @ = 80 A - u*, Hailtu emMkocTb GaTa-
peu u3 1 = 3 TaKAX aKKyMYJISITOPOB, BKIIOYEHHBIX MMOCIENOBATENLHO 1
napainienbHo.

800. Haiitn eMkocTh GaTapen aKKyMyJisi-
l_"l_'l—'i_' TOPOB, BKJIXOUEHHBIX IO cXeMe, 1300paxkeH-
l_"'_'}_*l_' HOH Ha pmc. 131. EMKOCTh KaXJoro akky-

MyJsitopa Q=64 A - 4.
I—-||——||-—|r—-| 801. MocT 1711 m3MepeHHs CONPOTHUBIIE-

HUA# cOamaHCHpPOBAH TakK, YTO TOK Uepel
raapBaHoMeTp He uaeT (puc. 132). Toxk B
npasoil BeTsu / = 0,2 A. Haiitu HanpsikeHue V Ha 3a’kmMMax UCTOYHHUKA
Toka. ConpoTusneHns pe3ucropoB K; =2 OM, R, =4 OM, B3 =1 Om.
802. HaiiTy TOKH, nmpoTeKalonme B KaXJOH BETBH LemnW, uzobpa-
skenHo# Ha puc. 133, D/1C ucrouynukos Toka €, =6,5B u €, = 3,9 B.
ConpoTuBneHns pe3uctopoB R, =R, =R;=R,=Rs=Rs=R =10 Om.

Puc. 131

Puc. 132 Puc. 133

* EMKOCTbIO aKKYMYJISTOpa HasbiBaerca 3apsy Q, KOTOPbI# NPOXOJUT MO LENH NpH
paspsajike uepes Hee 3apssKeHHOTo akkymyasropa. TIpu pa3psigHoM Toke [ M BpeMeHH
paspsiKH T EMKOCTh aKKyMyJsiTOpa (Q = /T ¥ BbIpaxaercs B aMnep-uacax (A - u).
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§ 21. PaGoTa n MomuocTs ToKa. 3akoH [xoyns-/lenna

Ilpu nepemelienny 3apsafa ¢ B MEKTPHYECKOM MOJE U3 TOUKHU C NOTEH-
AAJIOM ) B TOUKY € NOTEHIMATOM () IJMEKTPHUYECKUE CHIlbI COBEPINAIOT
pabory

A=q(@-p)=qV.

Ecnu no NpoBOAHUKY TEUET TOK /, TO Uepes NONepevHoe ceueHre IPOBOIHIKA
B TEUCHHE BpPEMEHH T MPOXOIAHT 3apsi ¢ = IT. IloaToMy npH npoxoxjaeHun
TOKa { 10 IIPOBOJHUKY, Pa3HOCTh NMOTCHIHANOB MEXKAY KOHIAMU KOTOPOTO
pasna V, 3a BpeMs T coBepinaercs padora

A=1Vt

Ilo 3aKOHy COXpaHCHHA SHEPTHH PE3yAbTATOM 3TOH paboTh! SABIAETCA TO,
YTO NPOBOJHHUK INPUOOPETAET CaM M MepPejacT OKPYXKAIOUIUM TejlaM 3KBH-
BaJICHTHOE KOJHYECTBO JHepru¥ W B pa3snHuHbIX BHAAaxX (B BHJIE TEINIOTHI,
MEXaHWUIECKOH, XUMHUECKOI SHEPrUN U T.4.). B wacTHOCTH, ecIH NPOUCXOUT
BBIJICJIEHHE SHEPTHH TOMBKO B BH/IE TEIIOTHI J, TO

Q=W=]V1.

3amMeHsst B cOOTBeTCTBHH ¢ 3akoHOM Oma V na /IR, nonyyaemM 3 a K O H
Oxoyas-JleHua:

Q=1?Rt=V?1R,

rae R — conpoTHBIIEHHE ITPOBOJHUKA.

B cucreme egmuun, CY egmHuueil paGoTsl, 3HEPTMM M TEHOTHI SBJs-
erca Omoyar ([x). Iloatomy, ecnu siaekTpuYecKHe BEeJIWUHHBLI BbIpa-
KaTh B eamHuuax cucrembl CHU (3apsap B KyjOHax, TOK B aMIiepax,
CONPOTHBIIEHUE B OMax M pPasHOCTh NOTEHUHANOB B BONBTAX), TO KOJHUE-
CTBO TENJNOTHI, BBITHCIAEMOE IO NPHUBERCHHLIM (POpMYyaaM, NOMYIAECTCI B
KOy IISIX.

MouHOCTh TOCTOSIHHOTO TOKa | IpY NPOXOXKAEHUH 110 IPOBOJHUKY C COMPO-
THBIICHHEM R OrpeensaeTCss COOTHOUWICHUSMHA

N=Wit=IV=I2R=V%R.

Epunnueit mouwHocrn B cucreme epunuly, CU sasnsgerca eamm (Bt):
IBr=1x/lc=1A"-B.

OnexTpudeckas SHEPrHA MOXET BBbIpaXaTbCd TakXXe B €AMHHUIAX, SAB-
JSIOIUXCS TPOU3BE/iCHUEM E€MHUI] MOMIHOCTH W €JMHHUL BpeMcHH. B wact-
Hocty, Tak Kak 1 ok = 1 Br-¢c, T0 1 kxBr-a4=10rBr-4 =3,6- 10°Br-c=
=3,6-10° Ix.
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Koa¢pdumuenrom nonesnoro peticteust (KIIJ) cumcreMn! HasbIiBaercs
BEJIMIHHA

W, p “/110' 'C
n= Wion -1009% = /e nerep 100%,

3arp 3arp

rae W, ~ nonesnas padora (aueprus), W,,, — nonuas sarpadeHHas JHEPIHs
1 W yep — IOTEPSAHHAS SHEPTHS.

803. Kakas sHeprus (B reKToBaTT-yacax W AXKOYISX) 3amaceHa B
akkymyassrope ¢ 31C € =2 B, umeromem eMkocts Q = 240 A - u?

804. Kakoi 3apsn mpofAeT Mo NPOBOAHUKY C CONMPOTHUBIeHHEM R =
= 10 Om 3a Bpemsa T = 20 ¢, €cyIM K €ro KOHIAM NMPHUIIOXKEHO Hamnps-
skenue V = 12 B? Kakasi npu aToM OyAeT npoussesicHa padora?

805. HackonpKo U3MEHHTCA TEMIEPATYypa BOABLI B COCYAE, COHgEp-
>kameM Maccy Bofbel m = 0,2 KT, eclnu yepe3 NPOBOZHUK, MOMEIICH-
HBI B Hero, npomen 3apsap g = 100 Kn, a k KOHIaM NpOBOJHHUKA
npuiioXeHo Hampsokerue V = 20 B? ¥YpgensHas TENmIOEMKOCTH BOJEI
¢ =42 xx/(kr - K).

806. Mo>xHO T BMECTO JBYX NapalJieIbHO BKJIKOUEHHBIX 3JIECKTPO-
nnutok morgHocT N = 500 BT kaXpas BKITIOYUTH B CETH 3JIEKTPO-
KaMHiH, KOTOpBI noTpedasier ToK [ = 12,5 A npu HanpsKeHun V =
= 120 B, ecnu npegoxpaHuTelb pacCyuTaH Ha TOK, NMOTpebnsieMbld
mnTKaMu?

807. Hajfitu mioiafb CEYEHUsl [POBOMAOB, OTBOMSMINX TOK OT
reHepaTtopa mMomuoctn N = 1 I'BT, ecnu Tok mepepaercst Ha TpaHC-
¢popmartop nop HanpskenneM V = 15 kB. [lnorHocTe TOKa B ipoBOsie
HE JIONKHA MPeBbIATh j = 10 A/MM2.

808. [IyroBas neun norpedaser Tok / = 200 A or ceTm ¢
HanpsokerneM V = 120 B yepes orpaHmumBaloiiee CONMPOTHBIIECHUE
R = 0,2 OmM. Haiity MOLITHOCTB, TOTPEOIIIEMYIO NIEYBIO.

809. HarpeBartenbHas crnupaib 2JEKTpoanmnaparta s HCHapeHus
BojbI UMeeT nipu Temreparype ¢ = 100 °C conporusnenune R = 10 Om.
Kakoil Tox / Hajo mponyckaTh 4epe3 3Ty cumpanb, YToObl anmapat
ucnapsiia Maccy Bofibt m = 100 T 3a BpeMst T = 1 MuH? YgenbHas TEIJIoTa
napoobpa3oBaius Boubl A = 2,3 MJIkK/Kr.

810. DnexTpomneys AONKHA AaBaTh KOJMYECTBO TEHNOTHI =
=0,1 MJIx 3a Bpems T = 10 mua. KakoBa gomxkHa OBITH [JiMHA
HUXPOMOBOH TPOBOJIOKH ceveHust S = 0,5 MM%, ecTil Ieub NpeiHA3HA-
4yaeTcd [ CeTH C HanpskeHueM V = 36 B? YpenbHoe conpoTuBieHHEE
Huxpoma p = 1,2 MKOM - M.
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811. KoMnara TepsieT B CYTKH KOJHUYECTBO TemioThl O = 87 MJIx.
Kakoil pumHbl [ Hago B35Thb HUXPOMOBYIO NPOBONOKY AHAMET-
pa D =1MM Anss HaMOTKH 3J€KTPOIEYH, NOAAEPXHBAIOLIECH
TEMIlEpaTypy KOMHarhl Hew3aMeHHOH? Ileub BKiIIOWAaeTCst B CeTh C
Hanpsskeauem V = 120 B, yaenpHOe CONpPOTHUBJIECHHE HHUXpOMa
p=12MkOMm- M.

812. B cocyn, cogepxamuin Maccy Boabl m = 480 r, momemieH
anekTpoHarpesatelib mMomuoctu N = 40 Br. Hackonbko n3MeHnmach
TeMIepaTypa BOOBI B COCYHE, €ClIM TOK Yepe3 HarpeBaTeslb MPOXORHI
B TeueHHe BpeMeHH T = 21 MuH? YpenbHas TENHOEMKOCTb BORBI
¢ =42 x/Ix/(xr - K), TenMOeMKOCTh COCYa BMECTE C HarpeBaTesieM
C. =100 JIx/K.

813. Haittm MomHoCTE N anekTpoHarpeBaTeis KacTpPIOIHW, €ClH B
HeH 3a BpeMs T = 20 MHH MOXHO BCKHIATHTE 00beM BOgbl V = 2 1.
KII[J anexrponarpesatens 1 = 70%. YgenbHasi TeII0€MKOCTh BOJbL
¢ =42 xJIx/(kr - K), HadanpHas TeMneparypa soget ¢ = 20 °C.

814. CkonbkO BpeMeHH HAO HATPEBATh HA 3JAEKTPOILIATKE MOII-
goctu N = 600 Bt npu KIIJ] 1y = 75% maccy npfa m, = 2 Kr, B3ITOTO
npu Temneparype f; = —16 °C, 4T0o6bLI OGpaTUTL ero B BOAY, a BORY
HarpeTh [0 TeMnepartypsl £, = 100 °C? YaeabHas TENM0EMKOCTS JIbJA
¢, = 2,1 xJIx/(xr - K), ynenbHas TemjaoTa IUIABIEHUA JbAA I =
= 0,33 M]Ix/Kr, yielipHAs TEITOeMKOCTh BofbI ¢ = 4,2 k]Ix/(xT - K).

815. Kakopa pgomkHa OBITh JJINHA HUXPOMOBOH IPOBOJIOKH JHAMET-
pa D = 0,3 MM, 9T00bBI TP BKIIOYEHAH NTOCIEROBATENbHO ¢ 40-BaTTHOM
JaMIovKko¥, paccuntanHoi Ha 127 B, nposonoxka pa- y R
BaJla HOPMaJbHBIH HaKaj NMPU HANPSKEHUM B CETH o} o
V = 220 B? YpenbHo€ cONPOTHBIEHHE HUXPOMa A
p=12mMxOM M.

816. PeocraT ¢ MOJHBIM CONPOTUBJIEHUEM R 1op-
KJIIOUEH K ceTd ¢ HanpskeHueM V (puc. 134). Bo ckoibpKo pas H3Me-
HUTCS IOTPedIgeMast OT CeTH MOUIHOCTh, €CITH {BUKOK PEOCTATa repe-
MECTUTE Ha 1/4 nJuHLI OT ero KoHua?

817. Haitru KI1]l HacocHO# yCTaHOBKH, KOTOPas MOJACT B €AUHUIY
BpeMeHHn ob6beM Bopbl V. = 75 a/c Ha BbIcoTy h = 4,7 M uepe3 TpyOy,
umeromyto cederne S = 0,01 M2, ectn MoTop noTpebiseT MOIMHOCTh
N =10 kBr.

818. Moropsl asiexTponoes3ga NpH ABUXEHHH CO CKOPOCTBIO
v = 54 xm/9 notpebmsaior momuocTe N = 900 kBr. KIIJI MoTOopOB B
Nepenalonux Mexanu3MosB 1) = 80%. Haiitu cany Taru F, pazBuBaemMyro
MOTOPaMHU.

Lo
Puc. 134
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-819. XKese3Hast 1 MeAHast IPOBOJIOKH OMHAKOBBIX [UTMH M CEYSHHIH
COEMHEHBI IOCAEJOBATENBHO U BKIIOYEHbI B ceTh. Hailltm oTHole-
HHE KOJNYECTB TEMNOTbI, BBIAEIUBIINXCS B KaXXJOH MpPOBOJIOKE.
YRenbHBIE CONPOTHRIICHHS XKeNle3a U Menn paBHbl Py = 0,12 MKOM - M 1
p, = 0,017 MxOM - M. Pemmurp 3Ty Xe 3amgayuy Ais clydvasi napaiieib-
HOTO COEAMHEHHS IIPOBOJIOK.

820. XKenesnas u MegHast IPOBOJNIOKY OFUHAKOBBIX JJIMH M CeYeHUH
BKJIFOUEHBI B CeTh Ha paBHbIC MPOMEXKYTKHA BPEMEHH CHauania mocle-
ROBATEJIBHO, 3aTeM NapajineibHo. HalTm OTHOWIEHHE KOJIUYECTB
TEITOTLI, BBIICIUBIINXCS B NMPOBOJOKAaX B OOOMX chAy4asix, €Ciu
TT0 XXeNe3HOH MPOBONOKE TEK OMH U TOT K€ TOK. YAeNbHbIE COPOTHB-
nennst xenesza u megu Py = 0,12 MkOm - M1 p, = 0,017 MKOM - M.

821. 3a Bpems T, = 40 ¢ B Jenu U3 TPEX OJUHAKOBBIX MPOBOJHUKOB,
COCJJUHCHHLIX NapajjieIbHO W BKJAIOUYEHHBIX B CETh, BBIICIHANIOCH
HEKOTOPOE KOJINYECTBO TEIUIOTHI. 3a KaKoe BpeMsl Ty BBIICTHUTCS TaKoe
K€ KOJHYECTBO TEIIOTHI, €CIU NPOBOJHUKH COENHUHUTHL IMOCIENO-
BaTeNbBHO?

822. ]IBa OpWHAKOBBIX 2MEKTPOHALPERATENS, TOTPEONAIQMNAX
kaxpubiil MottHOCTE N = 200 BT npu Hanpstkedun V = 120 B, pnuaabiMu
U TOHKHUMY NPOBONAMW NOAKIIOUEHBl K HCTOYHHUKY Toka. Haitm
COTIPOTHBIIEHAE MNPOBOAOB R, €ciW NmpH NMOCREROBATENBHOM W IIPH
NapajiienbHOM COCAMHEHHUAX HarpepaTeaell OHE BRICNSIOT B COUHUIY
BPEMECHU OIHO H TO K¢ KOJIHYECTBO TEIOTBHI.

823. B anexTpouaiinnike ¢ AByMS HarpeBaTelsiMH HeOOXOgUMO Ha-
rpeTh 06beM BOABLI V = 2 51 0T KOMHaTHOH TemmepaTypsi (f; = 20 °C) go
TeMIIepaTypbl Knnenusi. Kaxgplii HarpesaTelb, BKJIIOYEHHBIN B CETh
OTAENbHO, BblgeaseT MOIHOCTL N; = 250 BT. Uepes Kakoe BpeMs
3aKUIHT BOJA, €CJIM €€ NOf0rpPeBaTh OJHUM HarpeBaTeseM Wil ABYMs,
BKJTIOYCHHBIMH B Ty K€ CETb MOCIENOBATENbHO UM HapanjaenbHo JpyT
npyry? KI1J] narpesarenst | = 80 %. Ypenbnas TeNNOEMKOCTh BOJbI
¢ =42 xJIx/(xr - K).

824. DnexrpoyallHUK WMeeT B HarpeBaresne [Be cexuuu. Ilpnm
BKJIFOYEHHUH IEPBOHM CEKIUH BOAA B YaiHUKe 3aKHUIIAET 3a BpeMs T =
= 10 MuH, a IpH BKJIIOYEHHAHN BTOPOH ceKIuH — 3a Bpema T, = 40 Mun.
Yepes Kakoe BpeMs 3aKHINAT BOAA, €CNIM BKITOUHTL 00€ CEKLIHMU napai-
JIE€JIbHO HJTH TIOCIIEOBATENHHO? :

825. [Ise nmammbel HMeIOT OJHHAKOBBie MoIfHOCTH. Opxa u3
HUX paccuMTaHa Ha HanpspxkeHue V,; = 120 B, gpyras — Ha namps-
skeHne V, = 220 B. Bo ckoaBKO pa3 OTIHYAIOTCH COINPOTHBIIECHHASA
Jamn?
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826. Kakoe conporusnenue uMeror 40- u 75-BaTTHBIE JaMMbI, pac-
CYHTAHHBIE Ha BKJIIOYEHHE B CeThb ¢ HanpsokeHueM V = 120 B? Kaxkoii
TOK TEUET Yepes KaKAYyIo naMiy?

827. Kakyrwo MoWHOCTh 6yfeT NoTpebusaTs 25-BaTTHas JlaMIIOUKa,
paccunTaHHaa Ha Hanpskenue V| = 120 B, ecnii ee BKIIOYUTE B CETh ¢
HanpspkeHneM V, = 220 B?

828. 100-saTTHas JlaMna BKJIIOYEHA B CEThb C HaOpsiKeHHeM V =
=120 B. Conporusiienne TaMibl B HAKAJEHHOM COCTOSAHWM 0OJiblile,
yeM B X0JogHOM (Ipu Temrnepartype f, = 0°C), B 10 pa3. Haiitn Tem-
gepaTypHbll Ko3((ULHEHT CONPOTHBJIEHUS MaTepuana HUTH W
CONPOTHUBIIEHUE JTIAMITBL B XOJIOMHOM COCTOSIHHH, €CJIH BO BPEMs rope-
HHUS JTaMITbl TeMiiepatypa aati § = 2000 °C.

829. Haittu conporusnenue 100-BaTTHOH NaMIibl IPH KOMHATHOH
TeMmrnepartype f, = 20 °C, ecnn npu Hanpspkennn cetu V = 220 B Tem-
nepartypa HutH ¢ = 2800 °C. TemnepaTypHblit Ko3(ppuUIMEHT conpoTH-
BJICHHWsi MaTepuana Huta o =4 - 1073 K-

830. K ucrounnky toka ¢ JIC € = 140 B na paccrosiunu [ = 400 m
OT HEro MOAKJIIoUEHa JlaMIla, paccunTaHHas Ha HanpsbkeHune V = 120 B
u mourHocTs N = 100 Br. Kak #3MmeHHTCS majeHue HalpspKeHHs Ha
JaMIle, eClid NapajyieNIbHO el MOAKIIIOUNTE BTOPYIO TaKyo >Ke JaMily?
YgpenwHoe conpoTuBicHue nposoga p = 0,028 MxOMm - M, ero ceueHue
S=1wmm

831. Ha kaxoe paccrossHne / MOXXHO TiEpefjaBaTh IJNEKTPOIHEPTHIO
ot ucrouynuka Toka ¢ IJIC € = 5 kB Tak, 4To6Bl HA Harpyske ¢
conporuBieaneM K = 1,6 kOm Brieasmach momHoCcTh N = 10 kBT?
YnensHoe comporuBaeHre nmposopa p = 0,017 MkOM - M, ero ceueHune
S =1 MM

832. Tlop xakuM HanpskeHueM V HyXHO TlepeflaBaTh 3NE€KTPO-
aHepruio Ha paccrogHue [ = 10 kM, yTOGBI IpH IIOTHOCTH TOKAa
J =0,5 A/MM> B CTanbHBIX [IPOBORAX ABYXIPOBOJHON JIMHUHM 3IJEKT-
pormepenain MOTEPH B JWHHM COCTaBAANU 1% mnepenaBaeMod MOII-
HocTu? ¥YpgensHoe conporusienne crann p = 0,12 MkOM - M.

833. Llenb COCTOUT W3 ABYX MapajlIeIbHO BKIIIOUEHHBIX JaMIl MOLI-
Hocta N = 30 Bt xaxgas. Ilorepu MOIMHOCTH B NOABOASIINX IPOBOJAx
coctasnsaoT 10 % mone3Holl MomHocTH. HallTm Hanpspkenme Ha
3a’KMMaXx UCTOYHNKA TOKA, eClIK OH o0ecreynBaeT B 1ienu TOK [ = 2 A.

834. Ot ucrounmka Toka ¢ HanpsekeHueM V = 750 B HeoOxopiimo
nepegaTth MolHOCTE N = 5 KBT Ha HekoTopoe paccrosnme. Kakoe
HauboJsiplliee CONPOTHBICHNE R MOXET HMETh JTUHHA epefadd, YTOOLI
MOTEpU IHEPIUA B Hell He npespimanu 10 % nepepnapaemoil MOIHOCTH?
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835. Kakoit HanGonbIlIeil MOIIHOCTH 3€KTPONEeYb MOKHO YCTaHO-
BUTH B KOHI[¢ ABYXIPOBONHON JIMHNH, MMEIOWEH CONPOTHUBICHUE
R =10 Om, ecnd UCTOYHMK TOKAa pPa3BHBAeT MOIIHOCTL N = 6 kBT npu
HanpskeHun V = 1 kB?

836. Jlsa mapanneabHO COEIUHEHHBIX PE3NCTOPA C COPOTUBICHUSIMU
R; =6 OMmu R, = 12 OM noaxI0YeHbI MOCIEAOBATEILHO C PE3UCTOPOM,
AMeIomuM conpoTtusiieHne R = 15 Om, k 3askumam redepartopa ¢ I[C
¢ =200 B n BHyTpeHHNM conpoTuBieHueM r = 1 OM. HaiiTn MOIIIHOCT®,
BBUIEJISIOLIYIOCS Ha pe3ucTope R).

837. Dnement ¢ OJIC € = 12 B u BHYTPEHHUM CONPOTHBJIEHUEM
r =4 OM 3aMKHYT Ha conpoTuBieHne R = § Om. Kakoe KonmaecrBo
TEITOTHI OVAET BRIACMSTHCA BO BHEIIHEH LN B eIMHALY BpeMeHH?

838. HaiiTm mojHYIO MOIIHOCTL 3JIEMCHTa NPU COIIPOTHBICHUU
BHeWIHeH nenu R = 4 OM, ecmd BHYTPEHHEE CONPOTHBIICHHUE 3JIEMEHTA
r =2 OM, a HanpsKeHUEe Ha ero 3axkuMax V =6 B.

839. bartapesa 37eMeHTOB, 3aMKHyTas Ha conpoTuBnenmne K, =2 Owm,
maet Tok /; = 1,6 A. Ta xe Oatapes, 3aMKHYTasl Ha COIPOTHBIJICHHE
R, =1 Owm, paer Tok /, = 2 A. Hall'Tn MONIHOCTb, TEPSiEeMYK BHYTPH
HaTapeu BO BTOPOM CITyuae.

840. Hantn 3/1C € n BHyTpeHHEE CONPOTHUBIIEHHE /" AKKYMYJIATOPA,
ecmu npm Toke /; = 15 A OH OTAaeT BO BHEMIHIOIO IENb MOINHOCTH
N, =135 BT, a npu Toke /, = 6 A — MompoCcTE N, = 64,8 BT.

—_— 841. K ncrounuxy Toka ¢ Q[AC € = 8 B nopkiroueHa
T Harpyska. Hampsikeane Ha 3aXuMax HCTOYHHKA

— 11+ ¢ V=064B. Hairrn KIIJ] cxemsl.
Ry 842.-Haitru KIIJT cxemsl, n3o6paskeHHO Ha puc. 135.
IL’ Conportusnenusi pe3uctopoB R, =2 O0OM u R, = 5 Owm,
BHYTpPEHHEE CONPOTHUBIEHHE HCTOUHUKA ToKa I = 0,5 Om.
Puc. 135 843. Haiiru KIIJ] cxeMbl, B KOTOPYIO BKJIOUEH 3Ji€-

meHT ¢ D/IC € n BHyTpEHHHUM CONPOTHUBIEHHEM 7, €CIIU

ToK B Hend pareH /. Beipasute KIII: uepes €, r n I, guepes comnpo-
THBJICHUE BHEIIHEH UeN R 1 BHYTpPEHHEE COMPOTUBIEHNE 3NIEMeHTa I,
yepes D]1C aneMenTa € n HaNpsDKeHHE HA €ro 3akuMax V.

844. Hailitm Tox / B nenn akkymyistopa ¢ 9AC € = 2,2 B, ecin
conpoTtueienue paemned tenu R = 0,5 Om u KIIJ cxembr 1 = 65 %.

845. Haitti BHyTpeHHeE CONPOTHUBIIEHNE aKKYMYISITOPA F, €CITU P
3aMeHe BHEIIHeTo conpoTHusieHus R, =3 OMm na R, = 10,5 Om KII][]
CXEMBI YBEJINUMIICS BIBOE. ‘

846. Batapes u3 n = 6 noOCIEROBATENHHO BKIIOUCHHBIX 3JIEMEHTOB C
opmuakoseiMu DJIC € = 1,5 B nuraer TokoMm / = 0,28 B ase nocnenosa-
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| TeJTbHO BKJIIOUEHHBIE JTAMIIBI C COMPOTHBIeHHEM R = 12,5 OM Kaxjas.
Haiiru KI1J] 6atapen u BHyTpeHHEE COITPOTUBIICHHE JIEMEHTA.

847. Ilpu BRIIOYEHHH 3NEKTPOMOTOPA B CETh C HANPKEHUEM
'V =120 B on norpebaseTr Tok [ = 15 A. Haittn MougHoCTh, moTpebis-
eMyio MotopowMm, u ero KII[, ecnu conporueienne 0GMOTKH MOTOpa
R=10mMm.

848. HariTu 3aBUCHMOCTL MOIIHOCTH N |, BhIfleNsieMOil BO BHEUIHEH
pernu, MOIIHOCTH N,, BBIACHSAEMON BHYTPH HCTOYHIKA TOKA, a4 TAKKE
nofHON MomHocTH N =N, + N,, pazpuBaeMOl HCTOUHHKOM, OT CO-
npoTuBienust BHelHed nenu R. [locrponTs rpaduky 3TUX 3aBUCH-
mocteit. IC ucrounnka € = 15 B, ero BHyTpeHHee CONPOTHUBICHNE
F=2,50M.

849. Haittn conpoTuBiieHHe K| BHEIIHEH UENN 3JIEMEHTa, MPH KO-
TOpPOM MoOIIHOCTE N, HoTpebrsgeMast BO BHENIHEH eNH, Takasl e, Kak 1
npu conporusneann K, = 10 OM. BHyTpeHHee conpoTHBIeHHE 3Jie-
meHTa i = 2.5 Om.

850. K akkymynsaTopy ¢ BHYTPEHHHM CONPOTHBIEHNEM r = 1 OM
MOJKJIIOUEeH HarpesaTh ¢ CONpOTHBIeHHEM R = 8§ Om. 3aTem napan-
JTeJIBHO € IEPBBLIM NMOAKIIIOUNIIA BTOPOH TAKON Ke HarpesaTtenb. Hatitu
OTHOMIEHWE KOJIMYECTB TEITOThI, BRIIECIAIOINXCS B €UHHUIY BPECMEHH
BO BHEIIIHEN LICITH.

851. K ucTOYHMKY TOKA ¢ BHYTPEHHUM COMPOTHBNeHNEM 1" = | OM
MOAKITIOUAIOTCS 1B pe3nucTopa ¢ conporusienneM K = 0,5 Om kaxbii.
OnuH pa3 pe3ucTopsl NOAKIIOUAKOTCA MOCHEJ0BATENBHO, APYroil pa3 —
napanaensHo. HallTw OTHOIIEHWE MOINHOCTEH, BBINENSIOMNAXCI BO
BHEIIIHEH 1[eNTH B 000UX CIyUasix.

852. baTtapes cocTOUT U3 NapaiyIebHO COEIMHEHHBIX 3JTEMEHTOB C
DJC € =5,5 B u BHyTpeHHUM conpoTusicHneM /= 5 OM. [Ipu Toke Bo
BHemHeR nermu [ = 2 A nonesnas mowHocts N = 7 Br. Ckonbko siie-
MEHTOB UMeeT HaTapes?

853. HarpesareJib, mMeromuil conpornsierne R = 25 OM, nataercs
OT ABYX OJIMHAKOBBIX aKKYMYJISITOPOB C BHYTPEHHNM CONPOTUBIICHHEM
r =10 Owm. IlapanmenbHo WU TOCHENOBATENBLHO CAEAYyeT COeNH-
HUTH aKKyMYJATOPbI, YTOOBI NOJYUYHThL B HarpeBarelie OGN BIUIYIO
MOILHOCTL?

854. DnexrpoBo3 maccel m = 300 T gBHXKETCS BHU3 IO rope co
CKOpPOCTHIO ¥V = 36 KM/4. Yki0H ropel o = 0,01, crita conpoTusnenus
ABHCKEHHUIO 3JIEKTPOBO3a COCTABJISICT 3% OT ACUCTBYIOIIEH HA HEro
CHITbi TsKecTH. Kakofl TOk IpoTeKaeT 4epe3 MOTOP 3JIEKTPOBO3a, €ClA
Hanpsokerne B cetd V =3 kB u KI1JI snexktpososa i = 80 %?

145



855. M3 opHOro myHKTa B [Ipyroil nepegaeTcsl SJIEKTPOIHEPTHs,
nuraroumas ycranosky momsoctu N = 62 kBt. Conporusienue npo-
BofoB JuHAK R = 5 OMm. Haitru nagedne HanpsoKeHUs B TMHUM, TIOTEPH
mornocreit B Hel u KIIJI nepepaun, ecnu nepepada oCylieCTBASIETCS
npu HanpsekeHusax Vi = 6200 B u V, = 620 B.

856. Kakoe conporuBiieHne R HOJKEH HMEThL PE3UCTOP U3 HUXPO-
MOBOT MPOBOJOKH, BKITIOYCHHBIH NMOCICIOBATENBHO C NAMION, 9TOOLI
jJaMIia ropejla HOpMaJbHBIM HAKaJoOM NpH Hanpsskeunn V = 220 B,
eCJIW JlaMria paccuHTaHa Ha Hampsikenue V, = 120 B npu MorgHoCTH
N =60 Bt? Hajitu nanny / poBOJIOKH, €CJIM €€ YAENBHOE CONPOTHUBIIE-
e p = 1,0 MKOM - M, a ee ceuenne S = 0,5 mm.

Ry R,

Puc. 136 Puc. 137

857. Hafitm MOWHOCTE N, BBIIECISKOIIYIOCS BO BHEIIHEH LeENH,
COCTOSILIIEN U3 ABYX PE3UCTOPOB C CONPOTHBICHAEM R KaK[IbIif, €CIIA Ha
pe3cTopax BBIAENAETCS OfHA M Ta K€ MOIIHOCTH Kak MHpu nociue-
JOBAaTEJNBLHOM, TaK U IpH NapaiiesbHoM coenuHennn. IJ1C ncroynrka
ToKa € = 12 B, ero BHyTpeHHee conpoTurieHue i = 2 Om.

858. Kakyro MomHocTe N norpebnsieT cxeMa, K300paskeHHas Ha
puc. 136? JJIC anementa € = 12 B, ero BHyTpeHHee CONPOTHUBIICHHUE
r = 0,4 Om. Conporusnenuss pesuctopoB R, =2 Om, R, = 4 Owm,
Ri=30M,R,=6O0OMuR;=100m.

859. Tpu opunakoBbix aieMmeHTa ¢ DI1C € m pe3ucTophl ¢ conpo-
THUBJICHHEM R KaxKAbII BKAIOYEHB! B 1IENb, H300paxkeHHYIO Ha puc. 137.
HaiiTin MOIIIHOCTD, BBIAEAAIONIYIOCS Ha BCEX COPOTHBIIEHASIX CXEMBI.

860. [Insa cocraBneHust eno4HOd rUpAsIHABL mMeeTcd n; = 10 nam-
rnouek MomuocTy N = 2 BT npn HOMIHAIBHOM HanpstkeHun V, =4 B u
HEKOTOPOE YHUCIO JTAMIOYEK, HMEIOINX TY XK€ MOMIHOCTD NP HOMH-
HaJIBLHOM HanpskeHud V, = 8 B. Kakoe MUHHMANLHOE YHCITO /1, 8-BOJIb-
TOBBIX JJAMITOYEK HY>KHO B35Th, UTOOBI, 100ABUB UX K fieCsiTH 4-BONBLTO-
BbIM, COCTABATL THPJISHAY AN BKIIOUYEHHS B CETh C HANPSIKECHHEM
Vy =120 B?
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861. McToyHnuk TOKa 3aMBIKAIOT NEPBBIH pa3 Ha CONPOTHUBJIICHUE
R, =9 OwM, BTOpPOI#i pa3 — Ha compoTusiieHue R, = 4 Om. O0a pasa 3a
OJHO ¥ TO K€ BpeMsl Ha CONPOTHUBIICHUAX BBIJENSAETCS OTHO M TO XK€ KO-

" IMYeCTBO TemnoThl. HallTH BHYyTpeHHEe CONPOTHUBIIEHAE " HICTOUHHKA.

862. Ilpn ogHOM M TOM XK€ HANPSKEHHWH OfHA Jamriia norpebseT
MOIITHOCTb, B iBa pa3a 6oibluyro, yeM apyras. Hafitm momuocta N| u
N,, notpebngeMble KaXpgoOHW JTaMIOW NpPH HX MNOCIEHOBATEIBLHOM
BKJIIOYEHHM B UENb, €CIH BMECTE OHH B 3TOM cCllyyae NOTpebNsroT
MOIHOCTE V.

863. Ot ucTouHmka TOKa HEOOXOAMMO NEpeAaTh MOTPEeOUTENIO
MmomHocTs Ny =4 kBTt. ConpoTusieHHe NOABOASIIMX POBOJKOB R =
= 0,4 Om. Kakoe HanpsskeHne HOJKHO ObITh Ha 3aKHMax HCTOYHHKA,
y10Gbi TOTEPU MOIHOCTH B TIPOBOAAX COCTaBJIsi-
a4 % noTpebsieMOr MOIHOCTH? _I }__

864. Konperncatop emMkoct C, UMEIOIIUHA 3a-
PAN ¢, COEQUHSAIOT Uepe3 PEe3UCTOp C KOHfEHca-

TOpOoM eMKOCTH C,, IMEIOIINM 3apsii ¢,. Kakoe Ko- ,_‘ I—‘
JMYECTBO TEIIOTH ) BBIAEJNACTCS Ha pe3ucrope?

CoenMHAIOTCA MPOTHBONOJIOKHO 3apspKeHHbIE 00- l

KIaJKH.

865. Haitu osumepruto W Oarapen KOHJEH-
caToOpOB, U300paKeHHON Ha puc. 138, Ipu pa3OMKHYTOM U 3aMKHYTOM
xirove K. EMkoctn kongencatopoB C; =C, C, =2C, C3=C/2, C4 =C.
31 C ucTovyHnKa TOKA paBHa é.

Il
Puc. 138

§ 22. Dnexrponus. 3akonnl Papanesn

DNerTPONU30M Ha3bIBACTCS BBIACICHHE BEMeCTBA Ha 3MEKTPOAAX, MO-
TPYXCHHBIX B PACTBOP WM PaciilaB 3MEKTPOIUTA, IPHA NPOXOKASHHHA TOKA.
Macca m BbIieTHBIIErOCs IPH 3AEKTPONN3E BEUIECTBA COTACHO € PB O M Y
3akoHy Papajpes NPONOPUHOHANbHA 3apsifly ¢, NPOMEAUIEMY Uepe3
PacTBOP WIIH PACIIIAB JICKTPOIHTA!

=kq = kT,
rae / — TOK B LenH, T — BPeMsl ero NPOXOXK/eHHsl, a KO3(p(PUIHEHT IPONnop-
LMOHANBHOCTH k, pa3iuuHbIH 151 pa3HbIX BELECTB, HOCAT Ha3BaHHUE 3JIEKTPO-
XUMMUECKOTO SKBUBANIEHTA H BBIPAXKACTCS B Kir02pammax Ha kyaon (kr/Ki).
CormacHo BTOpoMYy 3akKoHy ®Papajges 3NeKTPOXHMHYECKUH

IKBHBAJICHT BEIeCTBa NPIMO NPpONOPUHOHAICH MOJISIpHOI;'I Macce U 3TOoro
BemecTrBa 1 OGpaTHO IIPONOPIMOHANECH €TI0 BaJICHTHOCTSM Z@

_A_r
F Fz’

147



rje XUMUIECKHMH SKBHBAICHT BeleCTBAa A = |1/z BBIPAXKAeTCA B KUAOZPAMMAX
Ha moab (kr/Monb). Iloctosinnas Papapes F (B kyaoHax HA MOAb) UMEET IS
BCEX BEIIECTB OJJHO M TO X€ 3HAaUYCHHE M paBHA NPOM3BEJCHHUIO NOCTOXHHOIL
Asoragpo N, Ha 371eMEHTapHbIA 3MCKTPUICCKUH 3apsij e:

F = Nye = 96 484,56 Kn/monb =~ 9,65 - 10* Kur/mou.

DTa [NOCTOAHHAS NOKa3bIBA€T, KaKOH 3apaj NONXKEH NPOHTH Uepe3 pacTBop
3JIEKTPONHNTA, AN TOTO YTOOB! Ha JMEKTPOJiE BbIAEINIACE Macca BEIIECTRA,
YACIEHHO paBHAas €ro XMMHUIECKOMY 3KBHBAJICHTY.

Iopcrasus B hopmyny nepsoro 3akona Papanea soipaxenue gist K, MOy~
yiM OO be A MHEC HHBHA 3ak0oH Papapes

m=LIT.
Fz

866. HaiiTn snekTpoXMMHRYECKUH 3KBHBAJE€HT HaTpHus. MonspHas
Mmacca HaTpud p = 0,023 kr/Mone, ero BaneHTHOCTD z = 1. [TocTostHHAS
dapapes F =9,65 - 10* Kn/mouns.

867. UUunKOBBIfl aHOH MacChl M = 5 T NOCTaBJieH B 3JEKTPOIUTH-
YECKYIO BaHHY, Uyepe3 KOTopylo npoxoaut Tok / = 2 A. Yepes kakoe
BpeMs T aHOJ, IOJHOCTHIO N3PACXONYETCs Ha MOKPBITHE METAJITTHIECKUX
n3gennit? DNeKTPOXUMHYECKHIT 9KBUBaleHT IHHKa k = 3,4 - 107 xr/Ku.

868. Haiitn nocrosHHylo Papanes, ecny Mpu TPOXOXKIAEHUU depes
3JIEKTPOJIMTHYECKYIO BaHHY 3apsga g = 7348 Ku Ha kartoje Bwife-
Juiack Macca 3omoTa m = 5 r. XAMUUYECKHH 3KBHBAJEHT 30JI0Ta
A = 0,066 Kr/mMOTB.

869. Hairtn sneMeHTapHBI! 3NEKTPUUECKUH 3ap4dy e, eciy Macca
BEUIECTBA, YACIEHHO pAaBHas XMUMHMYECKOMY SKBHBAJICHTY, COMCPKUT
Ny = N,/z aTOMOB HITH MOJIEKYIL.

870. MonsapHas Macca cepebpa | = 0,108 Kr/Monb, €ro BaleHTHOCTD
z; = 1 1 3MeKTpOXUMHUYECKUN 3KBHUBaneHT k; = 11,18 - 10-7 kr/Ka.
HaiiTi 271eKTPOXHMHYECKHH IKBHUBAJIEHT 30J10Ta Kk, €CIU MOJIApHast
Macca 3o50ta L, = 0,197 Kr/MoNb, ero BaJIeHTHOCTE z, = 3.

871. Haiity maccel Benjects, BbIJeNUBIUIMXCS 3a BpeMsa T = 10 4 Ha
KaToJax TPeX 3JEKTPOJIUTHYECKHX BaHH, BKIIOUEHHBIX INOCIENOBa-
TEJNBHO B CETh IIOCTOSHHOTO TOKA. AHOMIBI B BAHHBIX — MEIHBIH, HUKEJE-
BBIH U cepeOpsAHBIi — ONMYINEeHbl COOTBETCTBEHHO B pacTBOpPBI CuSOy,
NiSO, u AgNQO;. [InoTHOCTh, TOKa mpu 3nmekTponmse j = 40 A/M?,
mjioniank KaTtofa B Kaxnod sane S = 500 cM2. DMeKTPOXAMUUECKHE
9KBUBAJNEeHTHl MeOu, HAKens U cepebpa k; = 3,3 - 107 kr/Kn, k; =
=3- 107 kr/Knu k3 = 11,18 - 10-7 kr/Kn.

148



* . 872. Ilpn HHKENHPOBAHWM H3AEANH B TECUCHHE BPEMEHM T =2 Y

OTNOXMICS cnod Hukens Tonmuuael [ = 0,03 MM, HallTi nmoTHOCTD
TOKa TP 3JIeKTpoin3e, DNeKTPOXAMUUECKIN 3KBHBAJCHT HUKENSI
-k =3-107 xr/Kn, ero nnoraocts ¥ = 8,9 - 103 kr/M®.

873. AmnepMeTp, BKIIOUEHHBIN MOCAEOBATEIBHO C INEKTPOIUTHYE-
cKOH BaHHOM, mokaswiBaeT Tok /; = 1,5 A. Kakyro nonpaBry Hago
BHECTH B TIOKa3aHKME aMIIEpMETPa, eciy 3a Bpems T = 10 MuH Ha KaTope -
oTAOKHANACh Macca Menu m = 0,316 17 DIekTpOXuMIUEeCKHE 9KBHBA-
near Mean k =33 - 10-7 kr/Ko.

874. 2Kenast npoBepUTh PABUIILHOCTL MOKA3aHAR BOJILTMETPA, €T0
NOAKNIOUAIIN TTapaNneNbHO PE3UCTOPY C U3BECTHHIM CONMPOTHBICHUEM
R = 30 Om. [TocnepoBareabHO B OOIIYIO LENb BKAKUHIN 3JEKTPO-
AUTHUYECKYIO BaHHY, B KOTOPOH BefleTcsd 3JeKTponn3 cepedpa. 3a Bpemst

= 5 MWH B 3TOH BaHHE BbLIIeNUIach Macca cepebpa m = 55,6 mr.
BonbT™MeTp MokassiBan Hanpsikenue Vi, = 6 B. Hafitu pasnoctb Meskny
NOKa3aHWeM BOINLTMETpPa W TOYHBLIM 3HAUCHHEM MajcHHsI Hanps-
JKEHHUS HAa Pe3ucTope. DIEKTPOXUMHUECKHH 3KBHBAJNEHT cepebpa
k=11,18 - 107 kr/Kx.

875. Mlnist cepeOpenns JoXeK depes pacTBop coym cepebpa B Teye-
HUE BpeMeHN T = 5 u npomnyckaercs Tok / = 1,8 A. Karonom ciyxar

= 12 JIoKeK, Kaxkpasi ¥3 KOTOpBIX HUMEeT INIOIafgb NOBEPXHOCTH
§ = 50 cm?. Kako# TOMUHBI o cepebpa OTNOXHATCA Ha JIOXKKAX?
Monsipras macca cepebpa (L = 0,108 kr/mMonb, ero BaTeHTHOCTb 2 = 1 1
WIoTHOCTL ¥ = 10,5 - 103 kr/™m?,

876. [IBe anekTponnTHUIECKHE BAaHHB! BKIIOUEHbI MOCTEROBATENBHO.
B nepBoi BanHe HaxoguTcd pacTBop xnopuctoro xenesa (FeCl,), Bo
BTOpOoH — pactBop xjaopHoro xenesa (FeCl;). Hailtu maccel Bbie-
JHUBHICIOCS JKejie3a Ha KaTofax M XJopa Ha aHO#aX B KaXKAoH BaHHE
IpY TIPOXOXKIACHWHN 4Yepe3 BaHHY 3apsaa g = 9,65 - 107 Kn. Mounsip-
Hble Macchl Keje3a u xjuopa W, = 55,85 - 10~ kr/Mone u |, =
=35,357 - 103 xr/mons. ,

877. I1pu anexTposu3e pacTBopa cepHou kucinotel (CuSO,) pacxo-
nyercs momiHocTe N = 37 BT. Hafitu COnpoTUBIECHUE JIEKTPO-
Jnra, ecam 3a Bpems T.= 50, MuH BpIl€JIAETCI Macca. BOAOPOAA
m = 0,3 r. Monsipaast Macca.pogoposa. it = 0,001, kr/Mois, ero BaneHT-
HOoCTh z = 1. e oy ,

878. Ilpn :—)JIeKTponnTI/IqBCKOM cnocoGe nonyqe}mﬂ HHKenﬂ Ha
equHNUIy Macchl pacxoayeTes W, = 10 KBT - 4/ Kr 21eKTpOIHEpruM.
INEeKTPOXUMHUECKUI OKBHBAIICHT, Huxenﬂ k= 1,08 - 103 KT/(A - u).
[Ipu kakoM HanpsKEHUH NPOU3BOAUTC - JIECKTPOIU3? . . ., ¢
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879. Hajitu Maccy BeIgenHBINEHCS MERU, €CIAHU AJIS €€ IOJYJYEHHs
QNEKTPOTTUTHIECKAM CrIoco0oM 3aTpaueHo W =5 kBT - 4 anekTpo-
JHEPrHH. DIEKTPONN3 NPOBOAATCA NpU Hanpspkenun V = 10 B, KIIJ
VCTAHOBKH M = 75%. JNEeKTPOXUMHUECKMU ISKBHBAJCHT MeEQy
k=3,3-107 xr/Ku.

880. Kakoit 3apsy DpOXORHT uepe3 pacTBOP CEPHOM KHCIOThI
(CuSQO,) 3a Bpemss T = 10 ¢, ecnu TOK 3a 9TO BpeMs PaBHOMEPHO
pospacraet ot /[, =0 mo [, = 4A? Kakasg Macca Mequ BbIgesieTcs
IpH 9TOM Ha Karoje? JDIEeKTPOXHMHUECKUH 3KBHBAJICHT Mequ
k=33 - 107 xr/Kn.

881. Ilpu paduMHHPOBAHHMHM MENH C IOMOIUBIO 3JEKTPOJIH3A K
TTOCAEAOBATENBHO BKIITOYEHHBIM 3JIEKTPOJINTHYECKUM BaHHAM, UMEIO-
wuM obujee conporusiaeHne R = 0,5 OM, mopBefeHoO HaOpsiKeHme
V = 10 B. Hafitm Maccy umcToifl MeiH, BBIICIUBIIEHACS HA KaTOHax
BaHHbI 3a Bpems ¢ = 10 4. DJJC monsipmsanumm € = 6 B. Dnexrpo-
XUMHUYECKHUHI 3KBUABAJNIEHT Megn k = 3,3 - 107 kr/K.

882. Ilpu anekTposn3e BOAbLI Yyepe3 3JMEKTPONIUTHIECKYIO BAHHY B
TeueHne BpeMenu T = 25 muH me ToK [ = 20 A. KakoBa Temneparypa ¢
BBIJETUBILErOCs KHCIOPOia, €CITM OH HaxofuTes B 06beMe V = | 11 mog
nasnenueM p = 0,2 MITa? MongpHas Macca Bofb! L = 0,018 Kkr/mMob.
DNEKTPOXUMHUIECKUI 3KBUBANICHT KucIopona k = 8,29 - 10-* xr/Ku.

883. Ilpu amexTponuTnyeckoM crnocobe MONyJeHus AJIOMUHHS Ha
ennHMLY Maccbl pacxonyetca W, = 50 kBT - 4/ Kr amekTpoaHeprun.
DNEeKTPONNA3 NPOBORUTCA NpHU HatpsikeHnd V, = 16,2 B. KakuMm 6ynet
pacxop afekTposHepruu W,, Ha eNMHHIY MAcChl MPH HATPSKEHUU
V,=8,1 B?

§ 23. MaruuTHoe 110Jie TOKA.
ONeKTPOMArHUTHast HHXYKOA A

BOKpyr HpOBOJHMKOB C TOKOM H NOCTOSHHBIX MarHHTOB o6pa3syeTcs
MarHuTHoe none. Ilpn nomemnienny B MarHUTHOE NOJI€ NIPOBOJHAKA C TOKOM Ha
OTPE30K NPOBOJHMKA eWCTBYET CHNA, 3aBUCAINAs OT OPUEHTALMH OTPE3Ka b
NPOCTPAHCTBE, NPONOPUHOHATIbHAS AJHHE 3TOTO OTPE3KA H TOKY B HEM.

MarsuTHOE Nojie XapakTepu3yeTcsl MATHHTHON HHAyKuueid B. MarnurHas
HHAYKIEs B HanpasjeHa BRONL OTPE3Ka IPOBOAHMKA C TOKOM, €CiH 3TOT
OTPE30K OPHEHTHPOBAH TaK, UTO Ha HETO CO CTOPOHBI MarHUTHOIO IIOJ HE
feficreyeT cuna. Ecnu marHuTHas HHAYKUUA B neprneHJuKyJspHa K Ha-
NpaBIEeHUIO OTPEe3Ka, TO MOLYJ b MArHATHOMR MHAYKIUN

B=F, /I,

rpe | — gnmHa OTpe3Ka NPOBOJAHMKA, | — TOK, TEKYIIUHA B HeM, Fp,, — MakcH-
MarnbHas CHNa, JEUCTBYIONIas Ha OTPE30K NPOBOJHIKA B MATHATHOM IIOJ€E,
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.. B cucreme epunnyy CU, xorpa cuna BbIpaxkaeTcss B HBIOTOHAX, TOK —
‘B aMIepax, a ITHHA — B METpax, €AUHHLEH MarHUTHOM HHAYKUWH SIBIISETCS
mecaa (Tx).

Ecnu B HEeKOTOPO# 06J1aCTH IPOCTPAHCTBA W3BECTHA MAaTHUTHAs WHAYKIHS,
7O Ha NOMEUICHHBIH B 3TOi 061acTH OTPE30K NPOBOJHHUKA JIUHEI [, IO KOTO-
pOMY TeUeT TOK /, IEACTBYET CO CTOPOHB! MATHATHOTO 10N CHJTa

F =1IBlsin ¢, (16)

A O — YroJd ME3KAy HanpaBlIcHWEM MarHATHOH HHAYKUMH H OTPE3KOM
npoBoguuka. Hanpasnenue aToft cunel onpefensiercs 1paBUIOM T¢ -
BOW pyKH 3aMETHM TakXke, UTO 9TO IPABHIO MOXKET CIYXUTb H AJIsl
olnpejescHUs HanpaBlIeH!s] MarHUTHOH MHIYKUMH, eCITH H3BECTHBI Hanpasie-
HHE CHJIBI, ACHCTBYIOMEH HA OTPE30K NMPOBOJHNKA C TOKOM, U HalpaBlcHNE
TOKA.

BenoMoratenbHOH BeTHIHHON, XapaKTepU3yoIWEd MarHuTHOE HoJe, ABMs-
€TCsl HANPSKEHHOCTh MarHUTHOro nojist H. Mogyne u HanpapieHHe Hanpsi-
JKEHHOCTH MATHATHOTO NIONs B AaHHON TOYKE NPOCTPAaHCTBA MOTYT OBITH
HafileHbl, eCid M3BECTHBI OpPMa, Pa3Mephbl B PaclolOXEeHHe KOHTypa, No
KOTOpOMY TeuyeT TOK, CO3JaIOIUMH MarHUTHOE IOJe, B caM 3TOT TOK. B
HAaCTHOCTH, MOAYJIb HANPSKEHHOCTH MAaTHATHOT'O NOJS, CO3/1aBaeMOT0O OUCHb
JUIMHHBIM [IPSAMOJIAHEHHBIM IIPOBOJHHUKOM, II0 KOTOPOMY TedeT TOK [, B
TOUKAX, JIEKAUIHX HAa PACCTOSHMAX /' OT IPOBOJIHHUKA, BLIDAXKAETCS B BHAE

H=1)2mr. a7

B 3ToM ciyuae NUMHMH MHAYKIHM MarHATHOTO NOJs (JHHMH, HanpaBieHHE
KacaTefbHOIl K KOTOpPLIM B M1I00OH TOUKE COBMNAJAECT C HaNpaBiEcHHEM
MarHUTHOH MHAYKIWMHA B B 3TOH TOUKE) NPEACTaBAAOT COOOH OKPYKHOCTH C
IeHTpaM#d Ha MPOBOJHHUKE, NieXallMe B ILTOCKOCTAX, NEPHEHAUKYNAPHBIX K
[POBOJHHUKY.

B cucreme epuuny CHU eaumnnnedl Hanpsi>KeHHOCTH MATHHTHOIO IONA
ABISACTCSE amnep Ha memp (A/M).

Ecau u3secTHa HaNPsKEHHOCTb MATHATHOTO NOJst A, TO MArHUTHYIO HHYK-
Huto B MOXHO HaliTH 0o popmyite

B = yuH. (18)

3pech Yy = 41 - 107 Tu/m = 12,56 - 1077 Th/M ~ MarHATHAs IOCTOSIHHAsA, & Ll —
oTHOcuTenbHas (6e3pa3MepHast) MarHATHAs IPOHAIIAEMOCTD BEIECTBa (OTHO-
CUTEJIbHO MAarHUTHOH NPOHHIIAEMOCTH BaKyyMa), 3HaUYE€HUsI KOTOPOH IPHUBO-
paTes B Tabmuuax. [Ons Bakyyma [L = 1; gnst BceX BellecTB, KpoMme deppo-
MarHeTHKOB (JKene3a, HHKeJsi, KoOalIbTa M HEKOTOPBLIX CIIABOB), L OYEHB
Mallo OTJHYaeTcss OT efuHHNbl. [ peppOMarHETHKOB [l CHIBHO 3aBH-
CHT OT HANpPSAXEHHOCTH MarHUTHOTO nons H U MOXET JMOCTHraTb JEecsT-
KOB TBICA.

W3 ¢popmynsl (18) cnenyer, uro B cucreme epunant CH senuuunst H u B
HMEFOT pa3Hble Pa3sMEPHOCTH U UX YHUCJIOBbBIEC 3HAYEHNUS PA3THYHBL
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MarHaTHBIM TIOTOKOM (IIOTOKOM MarHUTHOH MHAYKIMH) Uepe3 HEKOTOPYio
MOBEPXHOCTH ILIOWANY S HAa3bIBACTCs BENMINHA

® =BS cos Q,

rae O — yroJ MeXAy HampaBleHHEM MarHMTHOH MHAYKIMH B u HOpMaibio
(nepneHguKyNapoM) K nosepxHoctu. IIpy aToM nogpa3yMeBaercs, UTO BEJH-
yuHa B cOS 0L BO BCEX TOYKAX NOBEPXHOCTH OfHA ¥ Ta Xe. [Ipu nmosepxHOCTSIX
croxHo# hOpPMBI, KaK, HallPAMEpP, NOBEPXHOCTb, OTPAHWUCHHAS BUTKaAMu
KaTYIIKH, ClefyeT HAUTH NOTOKH depe3 OTAEHAbHBbIC YYaCTKM MOBEPXHOCTH
(1epe3 NOBEPXHOCTH, OTPAHHYEHHBIE OTHETbHBIMHA BETKAMH), & 3aTECM CIIOXKHUTL
aTH N0oToKH. B cucreme equuuy, CU equHMIed MarHUTHOTO IIOTOKA SBISAETCH
gebep (B6): 1 B6=1Tn - M2,

Ecnu MarHuTHOE NOJE BBI3BAHO TOKOM [, IPOTEKAaIOMUM N0 KaKOMY-ITHOO
KOHTYPY, TO MarHHTHBI NOTOK Uepe3 NOBEPXHOCTH, OTPAHUTICHHYIO 3THM
KOHTYPOM, NPONOPUHOHANEH TOKY:

d=L] (19)

Tie L — MHAYKTHUBHOCTb KOHTYypa, KOTOpas 3aBHCUT OT I€OMeTPHYECKHX
cBOHCTB ((popMBI B pa3MepoB) KOHTYpa H MarHUTHBIX CBOUCTB (MAarHUTHOM
IIPOHUIIAEMOCTH) OKpysKatoei cpepibl. B cucreme epunnt CH nHIyKTHBHOCTE
BeIpaxaetcs B 2eHpu (I'H).

Ilpu ¥3MEHEHUN MarHATHOTO NOTOKA Yepe3 NMOBEPXHOCTh, OrPAHMYEHHYIO
HEKOTOPBIM KOHTYPOM, B 3TOM KOHType uHpymupyercs 3[AC € (3JC nupyx-
LK), paBHAasi CKOPOCTH H3MEHEHHs: MAaTHUTHOI'O OTOKA:

€ = —-AD/A, (20)

rie AP — m3MeHeHHE MATHUTHOTO NOTOKa, Af — NPOMEXYTOK BPEMEHH, B
TEeUYEHHE KOTOPOro MPON3OLIIO ITO H3MEHEHHE, & 3HAK MHHYC OTpakaeT npa-
B0 JleHUa, cornmacHo KOTOPOMY HHJIYHAPYEMas B KOH-
Type OJC BBI3BIBAET TOK TAKOTO HANpPAaBIEHHS, UTO
MarHUTHOE IIOJI€ 3TOrO TOKA HPENSATCTBYET H3MEHEHHIO
MarHMTHOro noroxka. B GonmbmuHCTBE ciaydaeB npH
YUCIIOBBLIX PACUETAX ITOT 3HAK MOKET GbITh OMYLIEH.
ITpy ABUKEHHH B MATHHUTHOM IIOJie HE3aMKHYTOIO
NPOBOJIHMKA B 3TOM NpoBojHuke mHAyuupyetca /1C,
Puc. 139 KOTOpast MOXeT ObITh HaliieHa no ¢opmyne (20), eciu
cunTaTh, ¥T0 AD — NOTOK Yepe3 MIOMaNb, “3aMeTaeMyto”
MPOBORHAKOM 3a Bpems At (Ha puc. 139 nnomans S, “3amMeTraemas’ npoBoa-
HEKOM ab 1pu ero nepeMemleHHM #3 NONOXeHHa | B nonoxenwe 2, 3a-
WITpUXOBaHa). B 3TOM clyya€ TOK B MPOBOAHHKE HE BO3HHKAET, HO MEXHY
KOHIIaMH nposop;ﬂmca NOABJAETCA pa3sHOCTb moTeHnmanos, pasHas JJIC
HHAYKU@M €.
Ecin MarHTHBIA HOTOK epe3 NOBEPXHOCTH, orpa}mqe}mym KOHTYpOM,
U3MEHAETCEs BCIECTBHE H3MEHEHNA TOKa, NPOTEKaIOHIEro N0 3TOMY KOHTYPY:
TO B KOHType uHpynupyercs 3AC, koropyro HasbiBatoT IJIC caMOHHAYKIMH.
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ITpH NOCTOAHHOIM  MHIYKTHBHOCTH L (T.e. IPA HEM3IMEHHBIX MarHATHOM npo-
HHLAEMOCTH Cpefbl, pasMepax H (popme xouTypa) 2[1C caMonuayKkimy

€ =— AD/At = — LAI/AL,

rac A/ — u3MeHeHHe TOKa 3a BpeMs Af.

884. Muaykuusi OXHOPORHOTO MarHuTHOro nons B = 2 Tn. Haditu
HANPSKEHHOCTh MATHATHOTO MOJIS ™. :

885. HanpsskeHHOCTh OFHOPORHOT'O MarHMTHOIrO NONS NJIMHHOFO
coneHoupa H = In/l. HafiTi MarHuTHYIO HHAYKIMIO B KEJIE3HOM Cep-
HEYHUKE COJNICHOUNA, eCd ANnHa comeHouna | = 50 ¢cM, IUCITO BUTKOB
n =500, Tox / = 10 A. MaruuTHas IpOHALAEMOCTS Xene3a | = 5000.

886. Haiirn MarHuTHYIO NPOHULAEMOCTD Kelle3a, €CNH HalpsIkKCeH-
HOCTb MAarHUTHOTO MOJIst B Xejesze H = 800 A/M, a MarHuTHasT MHIY KIS
B=5Tn.

887. [Ipsamoi mpoBomgHUK MIHHBI [ = 1 ¢CM pacnoNoXKeH MepreHRN-
KYJISIPHO K JIRHUSIM HHAYKIMA B ONHOPO#HOM niofe. Kakas cuna meict-
BYET Ha IPOBOJHUK, €CIIH N0 HEMY HAeT TOK [ = 1 A, a MarHuTHas HH-
nyknwst B = 10 MTn?

888. Ipsmoit nposopuuk ab guHbl [ =0,2 M ¥ Maccel m =351 noa-

BCHICH IOPHU3OHTANIBHO HAa ABYX HCBECOMbBIX HH- .,

TAX 0a U 0b B ONHOPOZHOM MAarHHTHOM IHOJNE. © 0
MarautHast uHpykuus B = 49 MTn n nepnenpuky- 3 ®
AsipHa K npoBopgHuKy (puc. 140)**. Kakoit Tok TA RN AT
HaJl0 NPOIYCTHATH Yepe3 NPOBORHUK, YTOOBI OfHA ; o) b
W3 HATEH pa3opBallach, €CIM HUTH pa3pbIBaeT- . mg
cd MPH HAarpy3ke, PaBHOU WJIM IpPeBbIIIAOMEN F
Mg =39,2 mH?

889. Ha npamoit npoBoxguuk gnuubel [ = 0,5 M, " Puc. 140

PACIONOKEHHBIN NEPIEHAUKYISPHO K JIMHUSAM

HHAYKIMA MarHATHOTO 1oNd, peficTeyet cuna F = 0,15 H. Hafitu Tok /,

TIPOTEKAIOIIMAA B MPOBOJHAKE, €CIT MarHATHast HHAyKUud B = 20 MT.
890. Mexny mosrocaMid MarHATa TOBEIIEH FTOPU30HTANIBLHO Ha JBYX

HEBECOMBIX HUTSAX NPAMOH NPOBOJHHK ANHHBI /= 0,2 M M Macchl m =

= 10 r. Mupykuus onnoponﬁoro‘MafﬂmH(bro nonst B =49 MmTn u niep-

NeHJUKYJIAPHA K IPOBOAHEKY. Ha KaKoM| yroi 0, OT BEPTHKAJIH OTKIIO-

ORI

"3nech U fanee, TAe 3TO HE OFOBOPEHO B YCIOBHM 3aflay|, MarHATHas NPOHULAE-
MOCTb cpefibl- | = 1 1 B (POpMyTIbHbIE BLIPAXKEHHS HE BXOAUT. :

** Kpy>KOK ¢ TOUKOH 03HAYaET, uTO. UHKYKUHMS HATPARIEHA HA YHTATENS NEPIEHIH-
KyJISIpHO K fIJIOCKOCTH PUCYHKa, B kKOTOpoil nexat pekropst I F. CEr
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HSTCS HUTH, TIOAJ€PKHUBAIOIIME TIPOBOJHHUK, €CJIA II0 HEMY IPONYCTHTE
TOoK [ =2 A?

891. Haiitn HanpsskeHHOCTh H W MHAYKUHIO B MarHUTHOTO MOIs
OpsAMOro TOKAa B TOYKE, HAXOMAMENHCS HAa PACCTOAHMA I' = 4 M OT IIpo-
BOIHUKA, eciii TOK [ = 100 A.

892. I'OCT 8.417-81 pmaeT Takoe ONpefeNIcHHE EUHHLbI CHIIB]
TOKa — aMInepa: “AMIlep paBeH CUNe HEU3MEHSIOILEr0Cs TOKA, KOTOPBIH
IIpH NPOXOXAESHHY 0 IBYM NapasieIbHbIM NPSIMOJIMHEAHBIM IPOBOJI-
HHKaM OECKOHEYHON AJIMHBI U HUYTOXHO Majiod INIOLIAAN KPYTrOBOro
MONEPEYHOrO CEYEHHUs, PACTIONIOXKEHHBIM B BAKYyME Ha PACCTOSHUH 1 M
OfUH OT JIPYTOTO, BRI3BAJ Gbl Ha KAaXJOM yYacTKE MPOBOHUKA JJINHbL
1 M cuny B3aumopencTBus, pasHyto 2 - 10-7 H”. Mcxons u3 aToro onpe-
JIeJICHNA, BEIYUCIATE MATHUTHYIO NIOCTOSHHYIO L ).

893. Haiitn cuny B3auWMOAENCTBUA, NPUXOASALIYIOCS HA CAUHUILY
[NAHB]l IPOBOJOB BO3AYIIHOH JIMHUHU 3JIEKTpPONEpeNadd, ecid TOK B
nunna [ =500 A, a paccTosiHue Mexxay nnposopaMu I = 50 oM.

894. Unnykuusa ogHOpogHOro MarauTHoro nons B = 0,5 Tn. Haitta
MArHUTHBIA DOTOK dYepe3 Iomanky S = 25 cM?, pacnosioKeHHYIO
NepHeHIUKYIIPHO K TUHUIM HHAYKIuY. UeMmy OyaeT paBeH MarHATHBIA

NOTOK, €CNY IJIOIIAfKY IOBEPHYTE Ha Yyron

¢ = 60° oT nepBOHAYATBHOTO IOJOXEHHAA?
s 895. HaiTH MarHWTHYIO WHAYKLUHIO H
MAarHUTHBIH MOTOK 4Yepe3 MONepevHoe ceve-
HHE HHKENEeBOr0 cCepHeYHHKa COJIEHOWAA
(puc. 141), ecnu HaANpsK€HHOCTH OOHOPOA-
HOrO MarHUTHOTO IIOJIST BHYTpH coineHompa H = 25 kA/m. Ilnomans
MOMEPEYHOTO ceueHust cepievynnka S = 20 cM2, MarHUTHAs NMPOHHLA-
eMOoCTb Hukend |t = 200.

896. MaruuTHBII MOTOK 4Yepe3 NONEPEeYHOe CEeUYEeHHE KaTyHiKH,
umeromeit n = 1000 BuTKOB, H3MeHMICA HA BenuynHy AP = 2 MB6 B
pe3yibTaTe M3MEHEHHUs ToKa B Karymke oT /[y =4 A no I, = 20 A.
HaiTi RHAYKTUBHOCTD L KaTYLIKH.

897. Burok nnomagy § = 2 cM? pacnoNoXeH NEePHeHAUKYAAPHO K
JIMHUAM MHIYKIMA OQHOPOTHOrO MarHuTHOro noJsl. Haitn napynupye-
myto B BuTKe D[ C, ecnu 3a Bpemsa At = 0,05 ¢ MarHuTHas HH{YKLNA
paBHOMEpPHO y6bIBaeT oT B, =0,5 Tn go B, =0,1 T

898. Kakoii MarHUTHBIH NOTOK IIPOHHU3bIBAJl KaXIbIil BATOK Ka-
TYIIKH, uMeromer n = 1000 BUTKOB, €ciM IIPH PaBHOMEPHOM HCUE3HO-
BEHHH MAarHUTHOro nois B TedeHHe BpeMmeHu Af = (0,1 ¢ B Karymke
napyuupyercs IJJC € = 10 B?

Puc. 14]
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+-899. Pamka B (hopMe paBHOCTOPOHHErO TPEYroJLHUKA MOMEIICHA B
'ONHOPOJIHOE MAarHATHOE IIOJNe C HANpsKEeHHOCThI0 H = 64 kA/M. Hop-
MaJlb K MJIOCKOCTH PaMKH COCTABJISCT C JIMHUAMM WHIYKLUH MarHUT-
goro nous yroxn o = 30°. HafiTu giiuHy CTOPOHBI paMKH 4, €CITH B paMKe
Np¥ BBIKJIIOUEHMH NONS B TeueHHe BpeMenn Af = 0,03 ¢ ungynupyercs
AC € = 10 MB.

900. Ksanparnas pamka co cTopoHoil a = 10 cM rnomelieHa B O{HO-
pOHOE MarHuTHOE mojie. HopManb K MIIOCKOCTH paMKH COCTABIISIET C
JAHUSMH HHOYKIUY MAarHUTHOTO ntoJisg yron o = 60°. Halltu marautryro
AHAYKU@O B 2TOro Hojs, ecid B paMKE INPH BBIKJIIOYEHHH MOJS B
treueHue Bpemenn Ar = 0,01 ¢ mupynupyercs OIC € = 50 mB.

901. IInockuii BuToK Wwromanu S = 10 cM? MoMelieH B OTHOPOTHOE
MarHUTHOE MOJie MEePHeHAUKYIAPHO K NHHUSAM HHRYKIH. CONpOTHB-
nenre BuTKa R = 1 Om. Kakoii Tok / npoTedeT no BUTKY, €CITH MarHHT-
Hasg UHAYKLUS OISt OYAET yObIBAaTh CO CKOpOoCcThio AB/At = 0,01 Tn/c?

902, Ilnockuii putTok mwommann S = 10 cM? ToMeIeH B OFHOPOIHOE
MArHUTHOE MoJjie ¢ HanpsXeHHOCThIO H = 80 KA/M, NepneHguKyIsip-
Hoe K jnuHuaM mHAykuun. ConporuBiaeHue Butka R = 1 Om. Kakoi
3apsil MPOTEYET 110 BUTKY, €cIi nojie OYAeT ucue3aThb ¢ MOCTOSHHOI
CKOPOCTb10?

903. KakoBa MHIYKTUBHOCTE KaTYIIKHN C >XKEJE3HbIM CEPREYHUKOM,
ecny 3a Bpemst At = 0,5 ¢ Tok B nenu mamernwuics or /| = 10 A o
I, =5 A, a soszuukiuast mpu 3rom IJ]C camounnaykumu € = 25 B?

904. IpoBoRHUK ANAHBL / = 2 M IBHKETCA B ONHOPORHOM MarHATHOM
noJjie ¢o CKOPOCTBHIO UV = 5 M/c, NepNeHAUKYJISPHON K IPOBONHMUKY U
muHuam nHayKun nons. Kaxas 20 C mHRynupyeTcsa B NPOBOAHHKE,
ecnu marauTHas wHAyKus B = 0,1 Tn?

905. CamoneT NEeTUT FOPU3OHTANBHO CO CKOpOCThbIO U = 900 KM/u.
HaiiTi pasHOCTb NOTEHIUATOB, BOZHUKAIOMIYIO MEXAY KOHIAMI KPbI-
NMBHEB CaMOJIETA, €CJIH BEPTUKAJbHAS COCTABIAIONAsA HHIYKIINH 3€MHOTO
MaruuTHOro moiist By = 0,5 MxTa u pa3Max KpbUibeB camonera [ = 12 m.

906. C xakoil CKOPOCTBIO IOJKEH ABUrAaThCS IPOBOJHUK MIMHEI [ =
= 10 cM nepHneHgUKYISIPHO K JHHAAM HHOYKUUH OJHOPONHOTO MATHHT-
HOTO TI0Jisi, YTOOBI MEeXAY KOHIIAMH NMPOBOJHHAKA BO3HHMKIIA PAa3HOCTH
norenuuanos V = 0,01 B? CkopocTs NpOBOAHHKA COCTABISAET C
HallpaBJeHUEM CaMOro HpoBojHHKa yros o = 30°. JImanm mHgyKnun
e PIEHANKYJISIPHBI K TPOBONHUKY, HHAYKHHS B = 0,2 T,

907. Kakoil TOK HET yepe3 ralbBaHOMETP, MPUCOENMHEHHBIA K XKe-
N€3HOMOPOXKHBIM pelibcaM, IPH NPpUOMKEHHH K HEMY I0€371a CO CKO-
poctrio v = 60 kM/a? BepTukansHas cocTaBisiOINas FHAYKIUN 3€MHOTO
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maruutHoro noas B, = 50 mxTn. ConpoTusieHune raabBaHOMETpa
R = 100 Om. Paccrosnme Mexy penbcamir { = 1,2'M; pesibchbl cunTary
H30JIUPOBAHHBIMU IPYT OT Apyra U OT 3EMIJIN.

908. KragpaTHasi paMKa €O CTOPOHOR [ = 2 cM moOMelleHa B OHO-
pojHoe MaranTHOe rosie ¢ uHgykuued B = 100 Tn. IlinockocTs pamky
HepHeHAUKYISPHA K JTHHUSAM HHAYKUMH mond. CONpOoTHBIEHUE PAMKH
R = 1 Om. Kakoil TOK 1pOTe4Y€T 110 PaMKe, €CNHM €€ BbIIBUIATL H3
MArHUTHOFO TOJNS CO CKOPOCTBIO U = 1 cM/c, mepneHAuKYISIPHOT K
nuHUAM HHAYKIA? [lone uMeer pe3KO OUepUeHHbIe T'PAaHHUIbI, U CTO-
POHBI PAMKH ITapaniebHbl 3TUM rPAHHLIAM.

909. [1poBosioUHbIN BUTOK uIowaayn § = | cM?, IMEIOUIHI COTPO-
TuBnenue R = | MOM, MpOHH3BIBAETCA ONHOPONHLIM MATCHUTHBIM
noneM, JNUHUM WHAYKUAA KOTOPOTO MNEPHEHANUKYASAPHBI K IIOCKO-
¢TH BUTKa. MarHutHas MHOYKLIMS M3MEHSETCA €O CKOPOCThIO AB/Af =
= 0,01 Tn/c. Kakoe KOJIMUECTBO TEIJIOTHI BBINEASIETCS B BUTKE 33
eJUHULY BpeMeHu?!

910. IipamoyrojibHas paMKa, NOJBUXKHAsA CTOPOHA KOTOPOH HMeeT
JIAHY /, TOMelleHa B OJJHOPOIHOE MATHHTHOE MOJe ¢ MHOYKUHEH B,
[1nockocTb paMKH NePIeHANKYIIsSIpHA K THHUAM HUHAYKLAH MATHUTHOTO
nonst. I1omBrKHYIO CTOPOHY, KOTOpast BHavajle COBNafaeT C IIPOTHBO-
MOJIOXKHOW €f HENOJBHUXKHOWU, HAYMHAIOT ABUraTb PAaBHOMEPHO CO
cKkopocThio v. Haittu 3aBucumocTs TOKa / B paMKe OT BpEeMEHH .
ComnpoTuBieHNE eIUHALB] [JIUHLI TPOBOJHUKA PABHO K.

911. JIBa nmapanieNbHBIX, 3aMKHYTLIX Ha OJHOM KOHIIE MPOBOJA,
paccrosiHie MeXay KOTopbiMu [ = 50 cM, HAXO#sATC B OXHOPOITHOM
MATHUTHOM none ¢ ungykumeid B = 5 mTxa. IInockocTs, B KOTOpO#
pacnonoXxeHsl MPoOBOMa, MEPNeHARKYIAPHA K JINHUAM HHAVKIUH TOJ.
Ha mpoBopma MoNOXEH METanIHJYeCKUd MOCTHK, KOTOPBIA MOXKET
CKOJIB3HUTH MO NpoBonaM 6e3 TpeHHs. MOCTUK IOJ ACHCTBUEM CHIIbI
= 0,1 MH gBuxeTtcs co ckopocrtsio v = 10 m/c. HaiiTn conpoTusie-
Hue R Moctuka. ConpoTHBIEHNEM ITPOBOAOB NMPpeHEOpeYb.

912. Pamka u3 n. = 1000 BUTKOB, EMEOMUX ILomans S = 5 cMm?,
3aMKHyTa Ha raJbBaHOMETp ¢ compoTusienneM R = 10 kOm n nome-
H[€HA B OHOPOJHOE MATHUTHOE IoJie ¢ uagyKuuen B = 10-MTn, npuueM
JTVHAYA WHAYKIHUW TOJSI NEePIeHJUKYIIPHbl K ee NIO0CKOoCTH. Kakoi
3apsi ¢ DPOTEUYEeT HQ: LI FalLBAHOMETPA, €CIIM HAPaBIeHNUE BHAYK-
(A}, MArHUTHOT'O NOIsINIaBHO N3MEHITh Ha 0OpaTHoe? S

913. 3amkHyTas KaTymka:fguaMerpa [D:-¢ YHCIOM BUTKOB 72 IOME-
IIeHa B ONHOPOAHOE; MATHUTHOE JioJie ¢ HHAyKuEei B.. llaockocTk
KaTyIIKU NEePIEHARKYIISPHA K JIUHISAM HEAyKuy nonst. Kaxoil - 3apsan ¢
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EnpOTe‘IeT MO HEeNH KAaTYHIKH, eCIN €€ noBepHyTh Ha 180°7 IIpoBomoka,
‘g3 KOTOPOW HAMOTAHA KaTylIKa, BMEET IJIOUAfb CEYCHNA S ¥ yAeNBHOe
. CONMPOTABJIEHNE P.

~ 914. B uenb BKJIIOYEHBI IOCIEJOBATENbHO MCTOYHHK TOKa C
3AC € = 1,2 B, peocrar ¢ conporusinenueM R = 1 OM u kaTymika
¢ AHAYKTUBHOCTBIO L =1 'H. B nemm mportekan MmOCTOSHHBIA TOK I,
C HEKOTOPOro MOMEHTa CONPOTHBJIEHHE pPEOCTaTa HAYMHAIOT MEHATH
TakK, 4TOOBl TOK YMEHBHIANCS C MNOCTOSIHHOH CKOpPOCThIO Al/At =
= 0,2 A/c. KaxoBO conpoTHBJIeHHE R, Henn CIyCcTs BpeMs ¢ = 2 ¢ mocmne
Hadana H3MeHeHAd Toka?

Puc. 142 Puc. 143

915. Kakoit Tok / nokaxer aMnepMeTp B cXeMe, H300paXeHHOH Ha
puc. 142, ecniu MHAYKIUSE NEPIEHAUKYISPHOrO K IUNIOCKOCTH PHUCYHKA
OTHOPOJHOI'0 MAarHUTHOIO IIOJIsSi MEHSIETCS C TeYeHHEM BpPeMeHH Mo
3akoHy B = kt? Touku ¢ u d nexaT Ha KOHHAX iMaMeTpa NPOBOJIOYHOT'O
xonbna. CONpOTHBNEHNE ERMHHUIBI JIMHLI NMPOBOJIOKH PaBHO R,
IUaMeTp KoNblia paseH D.

916. KBappaTHas paMKa co cTopoHo#t a = 1 cM HOMemeHa B OfHO-
pOOHOE MarHuTHoOe mojie ¢ uanykunmeir B = 10 MTn Tak, 4yro gBe cTO-
POHBI PaMKH IEPIEHANKY/SIPHBL K JIMHASAM MHAYKIWUH TI0Jis1, 2 HOpMaJsb
K IMJIOCKOCTH paMKH oOpa3syer ¢ HuMH yrou o = 30°. Haiitn MoMeHT cun
M, neficTByronMii Ha paMKy, €CJIM 11O Hell npotekaeT Tok / = 0,1 A.

917. Ilatuyronbrast paMka abcde, n3o6paxkeHHas Ha puc. 143, npu-
JKETCS B OJJHOPOHOM BEPTHKATEHOM MAarHATHOM MOJIE CO CKOPOCTBIO U,
NepNeHANKYIAPHON K JIMHASM WHAYKUWH IOJS W CTOPOHE PaMKu ab.
MaruuTHas uHAyKuus nons paBHa B. Haitrm 3]1C, uHRymupyemMyo B
paMKe, ¥ TOK B Hell.

918. C kakoif yrIoBOU CKOPOCTBIO HAtO BpaIaTtk NPAMOil IIPOBOJ-
HHK AidHbl i = 20 ¢cM BOKpYr OFHOTO M3 €ro KOHIOB B INTOCKOCTH,
IEpIEeHJUKYISPHOA K JHHHUAM HHAYKIUH OFHOPOAHOTO MarHHTHOTO
nons, 4To6s! B IpoogHAKe uHAynmposanack JJIC € = 0,3 B? MaanT-
Hasg HHRYKIWA noas B = 0,2 Tu.
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§ 24. IlepemeHHbBI 3/1eKTPHYECKNH TOK

Yacrora konebanni f, nepnop T ¥ Kpyropast 4acToTa () IEPEMEHHOTO TOKa
CBs13aHbI COOTHOIIEHHSIMHA

f=UYT, ©=2n/T=2nf

B cnyvae Tax Ha3bIBa€MbIX CWHYCOM[IANBHBIX NEPEMEHHBIX TOKOB Ipu
MTHOBEHHbIX 3HaueHuAX D[ C B KOHType

€ =€, sin(wt + @)
WK NpY HANIpSPKeHUH (Ha KOHIAX y4acTKa Lenu)
V =V, sin(ox + @) 2n
MI'HOBCHHBIC 3HANICHUSI TOKA B 3TOM KOHTYDPE (Ha 3TOM yUacCTKe L(GHI/I)
[ =1, sin . 22)

Bnecn €y, V1 1y — amniuryassie (Hanbonsiune) suavueHnst SJIC, HaupsKeHus
H TOKa, ¢ —~ HauvamsHas ¢paza IIC (unu Ha-

L ¢ npaxenus). HauansHas ¢aza Toka npuHsita

paBHOH HYIIO.
% INpm nocnenosaTelbHOM BKIIOUCHHUH B Lenb
N\ NEPEMEHHOT0 TOKa NPOBOJAHUKA C AKTHBHBIM
CONPOTUBJIEHUEM R, KaTYIIKH C UHJYKTHBHBIM
Puc. 144 conpoTuBieHueM X,; = WL U KOHMEHcATopa ¢
€MKOCTHBIM conporusneHueM X = l/oC

(puc. 144) nonHOE CONPOTHBICHUE LENA

Z =R +(wL-1/0C). (23)

Mexny AMIUTHTYJTHRIMHY 3HAYCHHUAMMU TOKA B 39TOH UCNU U HAIPAXKCHUEM Ha €€
KOHLaX CylIeCTBYET CBSI3b, aHANOTHYHAS 3aKOHY Owma:

1() = V()/Z

B aToMm cnyuae casur (a3 MexXjy HanpssKeHHEeM U TOKOM (OH paBeH HavYaThHOH
chaze HaNpPSKECHHS, €CIM MTHOBEHHBIC 3HAYCHUS HANPSKCHHS U TOKA OMNpe-
penstitores opmynamu (21) m (22)), MOXKHO HaliTH U3 BBIpasKeHHs

oL -1/0C

24
R (24)

go=
Ecan B menm oTcyTCTBYET CONPOTHBACHHE R MIM WHAYKTHBHOCTH L, TO B
thopmynax (23) u (24) ux crefyeT NONOXUTL paBHBIME Hymo. I1pu orcyrcTsun
K€ KOHJIEHCAaTOpa eMKOCTh C 1enH CIeyeT CIATATh GECKOHEUHO GONBIION.
OddexTHBHBIC 3HAUCHUS TOKA, HANPSDKCHUA U BIIC CB43aHbI C UX aMIUIH-
TYAHBIMH 3HaYCHUAMH COOTHOUIEHUSIMH

L=1/2, V, =V, /2, € =% /2.
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Eciu MIHOBEHHBbIC 3HAUu€HHs HAaNpPSKEHHS W TOKa Ha ydacTKe Uenu
‘onpepensitores hopMynami (21) 1 (22), To cpeiHsa MOIHOCTD, BhIenseMas Ha
3TOM yJacTke,

1V,
N =%c03(p= 1,V, cos o,

A€ cos @ — K03(h(HHUIHAEHT MOIHOCTH.
ITpn npoxoXA€HUN MO NPOBOJHUKY C CONPOTHUBIEHHEM R NmEepeMeHHOro
TOKA B TEYEHHE BPEMEHH T BBIIEISIETCH KOMNUIECTBO TEIUTOTHI

0="I Rt

Ha MHAYKTHBHOM U €eMKOCTHOM CONPOTHBIICHHUSIX TEINTO HE BBIACNACTCS.

IIpu npeo6pazoBaHiu NEPEMEHHOTO TOKA C IOMOIIBIO TpaHchopMaTopa, B
KOTOPOM MOXKHO NpPEeHeOpeUb paccesHHeM MarHHTHOTO NOTOKa M TOKOM B
NePBUUHON OOMOTKE NPU Pa30OMKHYTOH BTOPUYHOH (TOKOM XOIIOCTOTO XOAa),
toku /| 1 [, B 0OMOTKax 00paTHO NpONOPIHOHAIBHBI YUCIAM Wi U W) BUTKOB

0OMOTOK:
[1 /12 =W /M’z =k.
Bennmunna & HocHT Ha3BaHHE KO PHINEHTa TPaHC(POPMAlHH.
BAC €, u€,, uapyuupyeMble B 0OGMOTKAX H3MEHSIOUMMCS MAarHHTHBIM
NOTOKOM, NIPSIMO MPONOPHUOHANBHEI YHCIAM BHTKOB:

(él /%2 = W]/M’z.

TpancopMaTop, CONPOTUBIEHHE OOMOTOK KOTOPOTO MAJIO [0 CPABHEHUIO
¢ MHAYKTHBHBIM conpoTtusinenneM, WMeer KIIH, 6nusku# x epmnnue. [ad
takoro tpancopmaropa /€, = I,8,, T.e. MOITHOCTb TOKA BO BTOPMIHON HEeNH
paBHA MOUTHOCTH TOKa B [IEPBUUHON LENH.

919. Ilpsimoyronpras pamka miomany S = 100 cM? Bpamaercs
B FOPM3OHTANILHOM OJHOPONHOM MATHHTHOM IIOJN€ € YacTOTOH H =
=50 06/c (puc. 145). MarauTHasg HHAYKUUA HOJA
B = 0,2 Tn. Haiiti 3aK0H H3MEHEHUS MATHUTHOTO II0-
TOKa yepe3 paMKy B 3aBHCAMOCTH OT BPEMEHH !, €CIH B
HavaJibHLI MOMEHT BPEMEHH INIOCKOCTh PAMKH: a) pac-
OJIOKEeHA MOPU3OHTANbLHO; 0) COCTABISIET C FOPU30H-
TaNbHOM [JIOCKOCTBIO yrour ¢ = 30°.

920. B ycnoeusx 3agaun 919 naittn ammnntygy O1C,
uHoynupyeMoil B pamke. Kak m3menurcs ammnurtyga IIC, ecnan
YaCTOTY BpaleHHsl PaMKH YBEJIMYUTh B TPH pa3a?

921. Ha#itu MakcUMaJbHBII MATHHTHBIH IIOTOK 4Yepe3 NpsIMO-
YrOJNBHYIO paMKy, Bpallalollyocsi B OMHOPOAHOM MarHHTHOM IOJie C
yactotoit n = 10 06/c, ecnu ammnTyna uHAyHupyeMol B pamke JJ1C.
€o=3B (cm. puc. 145).

:

—_—

Puc. 145
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922. HaiiTi 4acTOTy BpallleHHsl MPSAMOYrONLHON paMKH B OAHODPO]-
HOM MarHuTHOM noJsie ¢ uHayknumed B = 0,5 Tn, ecnu aMnmmTypg
uHgyunpyemoit B pamke IJIC €, = 10 B (cm. puc. 145). Inomanb pamky
S =200 cM?, 9ucio BUTKOB paMKHu w = 20,

923. HanpsAxeHue Ha KOHIAX y4YacTKa LENU, MO KOTOPOMY Teuer
MEPEeMEHHBIH TOK, HU3MEHSETCSI C TEUYEHUEM BPEMEHM IO 3aKOHy
V =V, sin(wr + ©/6), rne ¢ = /6 — Havanbhasa (aza HanpspKeHus. B
MOMEHT BpeMeHH ! = T/12 MrHOBeHHOe 3HaU€HHe HaIPIXKEHHs
V = 10 B. Hailte amnmutygy HanpsbkeHus V,, KpYrOBYIO JacTOTY O n
qactory f Toka, ecnn mepuop koxebauunt T = 0,01 c. [Ipencrasursy
rpathaaecKi 3aBUCHMOCTD HANPSKEHUS OT BPEMEHN 1.

924. HaiiTh HFHIYKTHBHOCTb KaTYLIKH, €CTN aMILIATY/Ia HAMPSKE HELs
Ha ee koHNax V, = 160 B, ammuTyna toka B Hel [, = 10 A u yacrora
Toka f=50Tu.

925. MnpykTuBHOE conpoTuBiaeHue Katymku X, = 500 Owm, 3hdek-
TUBHOE HANIpSKEHUE CETH, B KOTOPYIO BKIIIOUEHa KaTyika, V, = 100 B,
yacroTa Toka f = 1 k', Hafitn aMnnuTyy TOKa B UeNd H HHAYKTHB-
HOCTb KaTYUIKH.

926. Haittu casur ¢az ¢ MexXxay HanpsokenueM V =V sin(wf + @) u
TOKOM [ = [;; Sin O f AN [ENH, COCTOMMNIEN W3 NOCTE{OBATENBHO BKIO-
YeHHBIX pe3ucTopa ¢ conpoTuieHueM R = | kOM, KaTyWKU ¢ UHAYK-
THBHOCTLIO L = 0,5 I'n 1 koHpgeHcatopa ¢ emkocteio C = 1 Mkd. Hafitn
MOILIHOCTh, BBIACNAEMYIO B LEeNy, eClW aMIUTATy/la HaupsKeHHs
V, =100 B, a wacrora Toka f = 50 I'n..

927. B uens MOCHEHOBATENbLHO BKIIOUEHBLl PE3UCTOP C COMPOTHB-
nenueM R =1 kOwm, kaTymKka ¢ uHgyKTHBHOCTBIO L = 0,5 ['H U KOH-
neHcaTop ¢ eMkoctbio C = | Mk®. Hailtu HHIyK TUBHOE COMPOTUBNEHHE
X, EeMKOCTHOE CONpPOTHUBJEHHE X U IOJHOE COIPOTUBJIEHUE Z LEeNH
npu yactorax Toka f; = 50 'y u f, = 10 k',

928. K 3axkmmam reHepaTopa NPHCOEAHHEH KOHAEHCATOP C €M-
kocteio C = 0,1 Mxd. Halitn amnauTyny HanpsoKeHWs Ha 3a’KUMaXx,
ecly aMmuTyga Toka /= 2,2 A, a neprop toka T = 0,2 mc.

929. B ceTp mepemMeHHOro Toka ¢ a(h(eKTUBHBIM HAIPSKEHUEM
V, =127 B nociaegoBaTeNbHO BKIOUEHBI PE3HCTOP C CONPOTHUBIECHHEM
R =100 OM u konpeHcaTop ¢ eMKocThlo C = 40 Mx®. Hajirn ammin-
TY/y TOKA B IENH.

930. B ceTp nepemMenHOro ToKa ¢ 3(h(eKTUBHBIM HaNpPsKEHAEM
V, = 120 B nocnegoBaTeNbHO BKIIOUYEHBI MPOBOOHHUK C CONPOTHUB-
senneM R = 15 OM n Katymika ¢ HHAYKTHBHOCTBIO L = 50 mI'n. Haitte
4acTOTy TOKA f, €CJIM aMIUINTY[a TOKa B IeTn [y =7 A.
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931. HaiiTu nonHoe cOnpOTHBJIEHHE LEMNH, COCTOSIMICH U3 MOCHENO-
BaTEJBHO BKJIIOYEHHBIX KOHAeHcaTopa ¢ eMKocThio C = 0,1 MkD u
KATYWIKH ¢ HHAYKTHBHOCTBIO L = 0,5 I'n, npu vacrore toka f= 1 kl'u.
I1pm KaKo# 9acTOTE f, IOAHOE COIIPOTHBIICHNE LENH PABHO HYII0?

932. B konebarenbHBIN KOHTYP (puc. 146) BKIFOUEeH UCTOYHHK Nepe-
meHrHoro Toka ¢ IJ1C 8 =€, sin wr, rae ammumaryga 31C €, =2 B. Tlpu
pe30HAHCE aMIUIATY[a HANPsIKECHUSA Ha OTACHbHbBIX
aJieMeHTax KOHTypa, HallpuMep Ha KOHAEHCcaTope,
3HAYUTEJBHO yBeiauumBaeTcd. Hafitn pesoHaHcHYIO
AMIUTATYAY HAOPSDKEHWs HA KOHAEHCATOpe, €CH H3-
BECTHO, YTO OHA BO CTOJBKO pa3 0oJIbllle AMIJIATYbI
31C, BO CKOJBKO pa3 HHAYKTHUBHOE COIIPOTHBIE-
HUE X; (M1 €eMKOCTHOE COTIPOTHBIIEHNE X o) IIPU PE30-
HaHce Oonpllie conpoTuBieHust R. Pe3zoHaHcHash uyacToTa KOHTypa
fo = 0,1 MTI'n, uagyktuBHocth Katymku L = 1 MI'H, conporusieHue
KoHTypa R =3 OMm.

933. ConeHoust ¢ KENE3HbIM CEPACYHUKOM (IPOCCEb), UMEOIUI
WHAYKTHBHOCTL L = 2 T'H n conmporuBienne o6moTkn R = 10 Om, BKatO-
YeH CHavajla B CeTh MOCTOSHHOI'O TOKa ¢ HampsokeHuem V =20 B, a
3aT€M B CE€Th HEPEMEHHOI'0 TOKa C 3(Pp(ECKTUBHBIM HAIPSKECHHEM
V, = 20 B u vacrotoit Toxa f = 0,4 k['n. Haittu ToK, Tekymui uepes
COJIEHOM/I, B IEPBOM CIIydae ¥ aMIUINTY/y TOKa BO BTOPOM ciiydae.

934. Haiitn K03(p(hHuneHT MOIHOCTH COS (¢ IJCKTPUUECKOH Len,
€CITY FeHepaTop OTAAET B Lienb MOIIHOCTL NV = 8 KBT, aMmuTyga Toka
B et [, = 100 A m aMruiTya HampsKEHHS Ha 3aKHMax FeHepaTopa
V, =200 B.

935. Ot reHepaTropa HEepeMEHHOrO TOKa IATAETCA 3NEKTPO-
neyb ¢ conpoTuBieHueM R = 22 OM. HalTu KONU4YECTBO TEMIO-
TeI (J, BBIfEJIAEMOE MNEUYbI0 3a BpeMs T = | u, eciu aMIUTATyxa
Toka [, = 10 A.

936. KunatunsHuK paboTaeT OT CETU NEPEMEHHOIO TOKa € (-
tpekTuBHBIM HampspkenueM V, = 100 B. Ilpu Temneparype ¢, = 20 °C
conpoTuBieHUue dexpaneBoil cnupanu R = 25 Om. Kakas macca
KUTIAIe# BOABI IpeBpaliaeTcs KHUINSTWIBHHKOM B Map 3a BpeMsd
T = | MuH? YenbHas TemioTa napoodpa3zoBanus Bogsl ' = 2,3 MJIx/Kr.
TemnepaTtypHbIll .Ko3(punueHT conpoTuUBIeHUs dexpansa o =
=2-102 K-

937. HeoHoBas saMma BKJIIOYE€HA B CETh MEPEMEHHOrO TOKa C
a¢pdekTuBHLIM HampsokeHueM V, = 71 B u nepuogom T = (1/50) c.
Haiitn npoMeskyToK BpeMeHH Af, B TeUeHHE KOTOPOIO [AIUTCSA BCIbIII-

Puc. 146
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Ka JlaMIbl, § YaCTOTY BCHBIINEK JaMiibl #. Hanpsikenue 3axkuraHus
namnel V, = 86,7 B cunTaTh paBHBIM HaNPS:KECHUIO raieHns V..

938. HailTu yacTOTy BCOBIIIEK HEOHOBOH NaMNbl, BKJIIOYEHHON B
CeTh MEPEMEHHOTO TOKa MO cxeMe, N306paxeHHoi Ha puc. 147. I[IC
GaTtapeu anemenToB € = 60 B, acpdexTuBHOE HANpsIIKEHNE, CHUMAaeMOe
¢ aBToTpaHcdopmaropa, V, = 28,3 B, Hanps:keHue
saxkuranust namnsl V, = 86,7 B. Yacrora nepemen-
Horo Toka f = 200 I'u,

939. Tok B nepsuuHoi o6MoTKe TpaHchopMaTopa
1, =05 A, nanpsixkenne Ha ee kKoHuax V|, =220 B.
Tox BO BTOpUYHO# 0OMOTKe TpaHcdopmaTopa
I, = 11 A, nanpsixeHue Ha ee kKoHuax V, = 95 B,
Harru KIIJI TpancopmaTtopa.

940. ITepBayHasg oOMOTKA MOHMKAIOLIETO TpaHchopMaTopa ¢ Koad-
thunenToM TpauncdopMmaiuu k = 8 BKIIOUEHA B CETh NEPEMEHHOTO
TOKa ¢ HanpsekenneM V, = 220 B. Conporupiesnue BTOpUIHOR OOMOTKH
=2 Owm, Tok B Hell [ = 3 A. Haitu HanpsokeHne V., Ha 3aKUMax BTO-
pPUIHON OOMOTKH.

941. Tlepsnunas 0OMOTKa TpaHC(popMaTopa A7s MATAHAS Hakaja
papmonpreMunka umeer w, = 12 000 BUTKOB U BKIIIOUEHA B CETh Nepe-
MEHHOT'0 TOKa ¢ HampszkeHueMm V| = 120 B. Kakoe umcio BHUT-
KOB W), JIOJPKHA MMETH BTOPUUYHAS] OOMOTKA, €CII €€ COTIPOTUBIICHUE
= 0,5 OM? HanpsizkeHue Hakana paguonpuemHuka V, = 3,5 B npn
Toke [ =1 A.

942. IlepBuunas 0OMOTKa NOHIXKAXOMETro TPAHC(POpMAaTOPa BKIIFO-
JeHa B CeTh IepeMEeHHOTO TOKa ¢ HanpstbkerueM V, = 220 B. Hanps-
KEHHE HA 3aXHUMax BTOPHUYHON o6MoTKH V, = 20 B, ee conporusnenne
r=10Mm, Tok B Hell / =2 A. Hafitn Koa(pdunueHT TpanchopMalnu k 0
KII[ n Tpanccpopmaropa.

943. IepBruHas 0OMOTKA MOHMXKAOLIEro TpanchopmaTopa ¢ Koad-
tpunyentom Tpancopmaumn k = 10 BKIIOUEHA B CETh IEPEMEHHOIO
TOKa ¢ HampsikenueM V), = 120 B. ConpoTuBiieHHE BTOPHUHOK OOMOTKH
r=1,2 0Owm, Tork B He#l / = 5 A. Halitu conporunsnenne R Harpysku
TpadchopMaTopa U HANpsDKeHNe V; Ha 3a’KHMax BTOPHYIHON OOMOTKH.

944. HaiiTu amnnutyny u a3y HanpsKeHHS B CETH, MATAEMOH
NBYMsi IOCIEOBATENbHO BKJIOUYEHHBIMA T€HEPATOPAMH IEPEMEH-
HOT'O TOKa, HampsDKeHUs Ha 3aX#uMax KoTopeix V, =V, sin ot #
V, = Vg sin (0f — @,). AMIUIMTYIa HaNIPsKeHns: reHepatopos V, = 60 B
u V,, = 100 B; yacrora Toka f = 50 I';; savansHas ¢aza HanpsskeHUs
BTOpOrO reHeparopa @, = 30°.

Puc. 147
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§ 25. DieKTpOMArHNTHBIE KOJIEGAHUSA U BOJIHBI

Ilepuop T coOCTBeHHBIX JIEKTPOMArHUTHBIX KoJieOaHUli KOHTYpa, coc-
TOSMIETO M3 KaTYIIKH ¢ HHAYKTHUBHOCTHIO L M KOHAeHcaTOpa ¢ eMKOCThio C,
€CITM aKTHBHBIM CONPOTHRIEHHEM R KOHTYpa MOXHO NpeHeOpeyb IO cpas-
HEHMIO C HHAYKTHBHLIM (IIDH PE30HAHCHON 9acToTe), onpeaensercs (hopMynon
ToMcoHa:

T=2rLC.

YacroTa 3MeKXTPOMarHUTHRIX KONeOaHUH KOHTYPa
f=1/T=1/2nJLC.

JINHHE 3ACKTPOMATHHTHON BOJHLI B BAKYYME
A=cT =clf,

rae ¢ = 2,99792458 - 10% m/c = 3 - 10% M/c — CKOpOCTH pacnpocTpaHeHust
3NEKTPOMATHUTHBIX BOJIH. B BAKYYME (CKOPOCTh CBETa B BAKYyMe).

945. ITocne TOro Kak KOHIEHCATOPY KOJeOaTeIbHOro KOHTYpa ObLI
coobduieH 3apsag ¢ = 1 MxKn, B KOHType npoucxogaT 3aTyXaloulne
3JE€KTPOMArHuTHbIe KojebaHusa. Kakoe KOIUUIeCTBO TEILTOTHI BhIjie-
JUTCST B KOHTYpPE K TOMY BPEMCHH, KOTfa KoJeOaHHsS NONHOCTHIO
3aTyxHyT? EMKocTh kKoHencaTopa C = 0,01 Mx®.

946. D dexTHBHOE HAPSKEHNE HA KOHIEHCATOpe KOonebaTeNbHOro
koutypa V, = 100 B. EmkocTs xosaencaropa C = 10 n®. Hanrn
MAaKCHMAallbHbIE 3HAUEHMS 3NEKTPUUECKOU M MArHUTHOH 3HEpruil B
KOHTYPE.

947. KonebaTenbHbIII KOHTYP COCTOUT M3 KATYUIKH C HHAYKTHB-
HocThio L = 3 MI'H M IIOCKOTO KOHAEHCATOpa B BHJIE NABYX JIMCKOB
pamnyca r = 1,2 cM, pacioJIoXXeHHBIX Ha paccrosanu d = 0,3 MM pyr ot
npyra. Hailtu nepuon T s7eKTpOMarHuTHBIX KoJieOaHUUE KOHTYypa.
Kaxkos 6yaer nepuon T’ koneGauunil, eciiy KOHACHCATOP 3aNIOJTHUTH
BELIECTBOM C IU3JICKTPUUECKOU MPOHULACMOCTIO £ = 47

948. [1ns1 npepoTBpalleHus KOPOTKOTO 3aMbIKaHHS B KOJIe0aTEeILHOM
KOHTYpe reHeparopa (BCISHCTBHE CNYYallHOIO CONPHKOCHOBEHHS
00KNafoK NePEeMEHHOr0 KOHAEHcATopa ApYyr ¢ APYrom) HocienoBa-
TENbHO C TEPEMEHHBIM KOHIEHCATOPOM BKJIIOUAETCS MOCTOSHHBIN
KOHAEHCATOP, EMKOCTb KOTOporo 'y HAMHOI0 00JbLIe MAKCUMAaJILHON
€MKOCTH NIepEMEHHOro KoHaeHcaropa C. MakcuManbHOH €MKOCTH
nepeMeHHOro KoHgencaropa C [0 BKNIOYEHHst HOCTOSHHOTO KOHIEH-
caTopa COOTBETCTBOBaNa 4acToTa KonebaHni f;. Bo ckoasko pa3s u3me-
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HUTCA YacToTa KojebaHWuil KOHTypa Nocie BKIIOUESHHUs [MOCTOSIHHOrQ
KOHJIEHCATOpa, eCIIN €MKOCTb 2TOT0 KoHnencaropa C, = nC, rae n = 50?

949. PesoHaHc B KOJeGaTeILHOM KOHTYpE, COAep KalleM KOHHEH-
catop eMmkoctu Cy = | Mk®, HacTymaer npu uyacrore KoheOaHui
/1 =400 I'y. Korpa napanneibHO KOHAEHCATOPY eMKOCTH () MOAKIIO-
yaeTcsl KoHfeHcaTop eMkocry C, pe30HAaHCHAs 4acToTa CTAHOBUTCH
paBHoit f» = 100 I'u. Hafiti eMkocTs kKonaencatopa C.

950. B kakux mpepgeiax AOJPKHA MU3MEHATBLCA UHAYKTHBHOCTH Ka-
TYHIKH KONedaTeJbHOIO KOHTYpa, UTOObI B KOHTYPe MPOHCXONUIN KO-
neGanus ¢ yacroroil ot f; = 400 I'y go f» = 500 I'y? EmxocTh KOH-
nencaropa C = 10 mx®.

951. PaguonpueMHIAK MOXKHO HACTPAUBAThL Ha NIPHUEM pagHOBOJH pa3-
JIMYHOW JUIHHBL: OT Ay =25 M 0 A, = 200 M. B xakyio croposy u Bo
CKOJIBKO pa3 HYKHO H3MCHHTbL PaccTosiHue  MeXAy IIacTUHAMMH
fIIOCKOrO KOHHEHCATOPa, BKAIOUEHHOTO B KOJEHATeNbHBII KOHTYp
PagUONIPHEMHHKA, IPH Mepexoie K NpremMy 60¢¢ QIHHHBIX BOTH?

952. KakoB guanaszoH 4acTOT PagMoOBOJIH MUJLIMMETPOBOrO guana-

30Ha (0T Ay = | MM 110 A, = 10 Mm)?
953. Hafitu giMHy BOJNHBI PCHTT€HOBCKUX Nyuel, €ClU UX 4acTOTa
f=3-100I'Tw.

954, Hafity nuana3oH OJWH BOJIH FeHepaTopa, Bo30yKIaiolero
9NIEKTPOMarHuTHBIEC KOJ1e0aHusl 3aJaHHON aMITATYbI U YACTOTLI, €CJIH
OH paccuuTaH Ha guanasoH yactot ot f; = 0,1 MI'u go f, = 26 MTI'L.

955. Kakoil uHTEpBaN 4acTOT U JJIUH BOJH MOXET NEPEKPbIThH ONHH
M3 JMana3oHOB PagHONPHEMHHUKA, €CIM HHAYKTHBHOCTL KolleGaTelib-
HOrO KOHTypa pagdolpMeMHHKa 3TOro gumamnasoHa L = 1 MxI'H, a ero
eMKocTb m3Mensiercst ot C, = 50 nd o C, = 100 nd?

956. Kakywo NImHY BOJIHbI 3NMEeKTPOMarHUTHBIX KonebaHHi Oy-
JleT NPUHAMATh PagHONpPHEMHHUK, KONeOaTeNbHbII KOHTYP KOTOPO-
ro HMeeT KOHfleHcaTop ¢ eMKocThio ¢ = 750 n® u kaTymKy ¢ MHAYK-
TuBHOCTBIO L = 1,34 MI'n? Hantn gacToTy konebanuii KOHTYpa pagno-
NpUEeMHHKA.

957. Yacroty KonebaHuil 31eKTPOMarHUTHOro Kourypa f, = 30 k'
Kakofi OygeT ero dacrora f, €ClH pacCTOsSIHHE MEXJAY ILlacTHHAMHU
IJIOCKOrO KOHJEHCATOPA KOHTYPa YBEJIHMINTE B 1 = 1,44 paza?

958. Ilpu n3MEHEHUH TOKA B KATYLIKE UHIYKTUBHOCTH HA BEAUYHHY
Al =1 A 3a Bpemst At = 0,6 ¢ B Heit naaynupyercs DJC € = 0,2 MB.
Kaxkyro quuHy A 6ygeT UMeTh PagHOBOJHA, H3TydyaeMasi TeHEPaTOPOM.
Kone6aTesbHBI KOHTYP KOTOPOrO COCTOUT M3 TOH KATYIIKH i KOH-
gencatopa emkocru C = 14,1 H®?
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959. HaiflTi yacroTy f 271€eKTPOMATHUTHBIX KOJeOaHHH KOHTYpa,
H300pakeHHOro Ha puc. 148, a Takxke KpPyroByro 4acToTy ®, nepuon T
W [JIAHY BONHBEI A, H3nydyaemoir KoHTypoMm. UH-
AYKTHBHOCTb KaTyIIKu KoHTypa L = 10 MI'H, eMKocTh
koHpgeHcatopa C, = 880 nd, eMKOCTE NORCTPOEYHOTO
korgencaropa C, = 20 n®.

960. KonebaTenbHbBI KOHTYp, copepXalmiyuil KOH- Puc. 148
nercarop emkoctu C = 20 nd, HacTpoeH Ha MIHHY
BoJIHbI A = 5 M. HaliTi HHAYKTHBHOCTD KATYIWIKK L KOHTYpa U 4acTOTY
ero KoyiebaHuti f.

961. Ha kakylo OiuHY BOJHBI HACTPOEH KonebaTeNbHbII KOHTYP, CO-
CTOANIMIA M3 KATYUIKN C HHAYKTUBHOCTBIO L = 2 MI'H M 1j10CKOTO KOH-
nencaropa? IlpocTpaHcTBO MeskAy HJIacTHHAMH KOHJEHCaTOpa 3a-
MOJHEHO BEINECTBOM C [HIJEKTPUUCCKOH NPOHHIIAeMOCThIO € = 11,
IMmomans ruracTeH KoHAeHcatopa S = 800 cMm?, paccrosiHie MekAy
HaMH d = 1 oM.

962. Haiitn eMKOCTBb KOHIEHCATOPa KOJebaTeNbHOTO KOHTYPA, eCin
npy AHAYKTABHOCTH L = 50 MKI'H KOHTYp HACTpOeH Ha JJTUHY BOJIHBI
9JIEKTPOMArHUTHBIX KosieGanui A = 300 M.

963. EMKOCTE NepeMeHHOro KOHJIeHcaTopa KoJyie0aTebHOro KOH-
Typa u3MeHsieTcs B npefenax ot C, no C, = 9C,. Hairtn quana3oH miux
BOJTH, NMPAHUMAEMbIX KOHTYPOM, €CIH €MKOCTH KoHpeHcatopa C,
COOTBETCTBYET JUIHHA BOJHbI A = 3 M.

964. KonebaTenbHbll KOHTYp pagMONpUEMHHKA HacTpPOEH Ha
PalHOCTAHLMIO, YACTOTa KOTOPOIl fy = 9 MI'. Bo ckonbko pa3 HyXKHO
U3MEHUTH EMKOCTb NEePEMEHHOr0 KOHEHCATOpPa KOHTYypa, YTOObI OH
ObLI HACTPOEH Ha [JTMHY BOJHbLI A = 50 M?

965. DnexTpOMarHUTHLIE BOJHBI PACHpOCTPAHSIOTCS B HEKOTOPOH
OHOPOJHOM CPefie CO CKOPOCTRIO ¢, = 2 - 108 M/c. Kakyro pmny BosnbI
A MMEIOT 2JIEKTPOMArHUTHBIE BOJIHBI B 9TOM CpPefie, €CIIH UX YacToTa B
Bakyyme fy = 1 MI'n?

Lc, Cjif

I'masa IV
OIITHUKA

§ 26. BoanoBnie 1 KBAHTOBbIE CBOWCTBA CBETA

B BakyyMe U B OJHOPOJHOH Cpefie CBET PACHPOCTPAHACTCS NPSAMOIHHENHO.
Ckopocrb cBeTa B BakyyMme ¢ = 2,99792458 - 108 M/c = 3 - 10%M/c, B BemmecTne —
¢, = ¢/n, TAE n — OKa3aTelb IPCIOMIICHHS BEUIECTBa.
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Cser npepcraBusieT cOGOH MONEPEYHbIE NEKTPOMArHUTHBIE BOMHBI. JnnHa
BOJIHBI A, CBSI3aHA € YacTOTOM KoneGanuit v, nepuofiom T B CKOPOCTBIO U COOT-
HOIIEHHSIMH

A=uT=uv.

KBaHTOBBIC CBOHCTBa CBETa NPOSBISIOTCA BO B3aMMOJCHCTBUHM CBETA ¢
BEILECTBOM. JHEPIrHUA KBaHTa (MOPIHN) CBETA C MACTOTOI V onpefensieTcs Bbl-
pPakKeHHEM

€= hv.

3peck h = 6,626176 - 10734 [Ix - ¢ = 6,62 - 1073 Ik - ¢ (mmm Ix/Tx) — no-
crostuHas [1nanka.
YpapHenne DitHuITeliHa ans dporoaddekra

€= Am,lx +K

CBSA3bIBAET IHEPTHUIO £ NAflalOETO HA BEIECTBO KBaHTa CBETA, paboTy BLIXOAA
Ayux 9MEKTPOHA U3 BEHIECTBA M KHHETHYECKYIO 3HEPrUio K = muv?/2 Bblie-

TCBILICTO INEKTPOHA.

966. Yenosek, poct koToporo h = 1,7 M, HEET CO CKOPOCTBIO
v = | M/c o HanmpaBIeHUIO K YINYHOMY (oHapio. B HekoTOpOit MOMEHT
BpEMEHH [UIMHA TeHM 4deyioBeka Obna /| = 1.8 M, a ciyctsi BpeMsi f =2 ¢
nnuHa TeHn ctana /, = 1,3 M. Ha kakoit Beicote H Bucut ¢poHaps?

967. CxeMma ombiTa MailikenbCoOHa MO OIpefesieHuI0 CKOPOCTH
cBeTa H3o0paxeHa Ha puc. 149. Paccrosumne AB = [ = 35,5 km. C kakoit
4acTOTOH V HOJKHA BpamaThCs BOCHMH-

* S
rpaHHas 3epkKaibHasi npusma K, 4TOOBI
B A NCTOYHUK cBeTa S Obln BujieH B TpyOy T7
0 Elgvk Paccrosinne OB Mano no cpaBHEHHIO C

C D paccrositnueM AB.
N

968. Anma3zHas nacTHHA OCBEHAET-

T

¢4 (PUONETOBBIM CBETOM YacTOTBl V =
=0,75 - 10" I'u. HaiiTu gIHHBLI BOJNH Ay 1 A,
(puoneToBOro cBeTa B BaKyyMe U B alMase,
€CJTY TOKAa3aTelb NPEeIOMICHHUS ajiMa3a [Jisl 3TUX AJIVH BOJH n = 2,465,

969. HariTn nokasaTenb NPEJIOMICHHS N CPEfbl, B KOTOPOH CBET €
sHepruei kBanTa € = 4,4 - 107" [k umeeT uuny BosHbI A = 300 HM.

970. Haitru 2HEpPrurio € KBaHTa CBETAa, COOTBETCTBYIOIIETO AJHHE
BOJHBI A = 500 HM.

971. Hajitn pnuHy BOJNHBI A CBeTa, KOTOPHIM OCBEINAETCH MOBEPX-
HOCTb METalNja, €cid (POTOINEKTPOHBI HMEIOT KHHETHUYECKYIO IHEP-
ruio K =4,5- 10-2° [k, a paGora BHIXO[la 3JEKTPOHA M3 METaJia
Ay =75 10719 Ox. :
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+ 972. KakoBa MHHHMaNbHas 4acTOTa V CBETa, IPH KOTOPO# elle
pabniogaercs ¢oroaddekrt, ecnum paboTa BHIXOAa NEKTPOHA M3
MeTanna A, = 3,3 - 10-1? [I:x?

§ 27. OTpaxeHnne u npeJoMiieHHE CBETa
Ha IIOCKO# rpaHuIe

Ha rpannue fByx cpef HabMIOZaOTCs SBJICHHSL OTPAKEHUS U IPCIOMITSHUS
cBeTa.

Ilpu orpaxkennn cBeTa NajarolUl TyY, NEpHEHARKYISAP, BOCCTAHOBICHHBIA
B TOYKE NAACHMS JIyYa K OTpaxaloueld MOBEPXHOCTH, U OTPasKEHHBIA JNyy
7AeXaT B OJHOH ITOCKOCTH. YTON OTPAKEHMs! PABEH YIIy NafeHUs.

B crywae npenomneHus Najarolyi Ny, NEPHEHIUKYISAP, BOCCTAHOBIICH-
HBIH B TOUKE NaJCHUsA JIyya K TPAHHIE pasfena ABYX cped, M NpelOMICHHBIN
YU NIEXKAT B OfHOM IUTOCKOCTH. YTON MajeHus O ¥ yron npeiomuieHus 3
CBSI3aHBI PABEHCTBOM

sin o/sin B = n,/n,,

Tl 1, U 1, — MOKA3aTeNH NPEIOMIICHHS NEPBOHN U BTOPOH cpefl, a n = ny /i, —
OTHOCHTEIBHBI OKa3aTeb INperoMiIeHns AByX cpen. i Bosnyxa n = 1.

Ecam n, < n, (Bropas cpela ONTHUYECKH MeHee IUIOTHAas), TO O < .
MaxkcumanbHoMy yriy npesomienas B = 90° coOTBETCTBYET yron HajieHust O,
OnpefieNsieMblil paBEHCTBOM Sin O, = 1, /n,. Ilpu yrie nagenus o > o, cymie-
CTBYET TONRKO OTPAXCHHBIH 1YY, MIPETOMICHHBIN TyY OTCYTCTBYET (sIBIICHHE
HOJIHOTO OTPa’KCHHUSA).

973. Kpyrasii Gaccelin pagayca R = 5 M 3amuT 1o kpaes Bogoi. Hap
LHEeHTpOM OacceifHa Ha BBICOTE h =3 M OT NOBEPXHOCTHM BOJbI BUCHT
namna. Ha kakoe paccrosHme | oT Kpas OacceflHa MOXKET OTOHUTH
YeNoBeK, pocT KoToporo H = 1,8 M, yToOBI Bee elnie BUAETh OTpasKeHUE
JaMIib B Bofie?

974. slpkas namma BUCHT Haj LIECHTPOM KOMHATBI Ha BbICOTE /1 = 2,5 M
ot nosa. Beicora komHatsl H = 4 M. Ha nmony
JEXHUT IUIOCKOE 3epKanslle AuaMerpa d =
=5 cm. Kakoro guameTpa “3aifunk’” 6YRET OT
HEroO Ha IOTOIKE, €CIU 3€pKajbie pacrolo-
keHo Ha paccrosamax [ =05mul,=15Mor
LEHTpa KOMHAThI?

975. Yron MexXny ABYMS IIOCKAMH 3epKa- Puc. 150
JlaMd MOXHO H3MEHSTh, Bpamiad OfHO u3
3epkan BOKpyr peGpa yrina (puc. 150) c mocrosiHHO#l yrioBOoH cKo-
pocTthio ® = 1,5 rpap/c. ToyeuyHbIdl NICTOYHHUK CBETA S PACHONOXKEH Ha
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NepNeHguKysipe K HEMOABH)KHOMY 3€pKaly, BOCCTAHOBJICHHOMY B
Touke A pebpa Ha paccrossHun i = 10 cm ot Hero. Yepes kakoe BpeMst ¢
paccTosiHue MeXAy H300pakeHHSIMHM UCTOUYHMKa B 3epKanax Oymer
[=10cm?

976. [1Ba noCKUX 3epKaja pacrooKeHbl Of YIJIOM APYT K APYTY, 1
MeXJy HUMH HOMENIEH TOUYeUHbI WUCTOYHHK cBeTa. M3o6pakeHue
HCTOYHHUKA B MEPBOM 3e€pKaJie HaXOMNUTCA Ha PAacCTOSIHUH ¢ = 6 CM, a BO
BTOPOM 3epKalie —~ HA PACCTOSIHUH ¢, = 8 CM OT UCTOUHHKA. PaccTosHne
Mexay u3zobpaxkeHuamn ncrounuka [ = 10 cm. Hairru yron ¢ mexny
3epKajgamMn.

977. IIBa MajbIX IJIOCKUX 3€pKaja PacnojOKeHbl HA OMHHAKOBBIX
PACCTOSIHHAX APYT OT Jpyra H OT TOUEYHOro UCTOYHMKA cBeTa. Kakon
HOJIKEH OBLITL YIOJ @ MEXAY 3epKanaMu, ecii 1yd Mocie AByX oTpa-
JKEHMIT: a) HalpaBIAeTCst NIPSAMO K MCTOYHUKY: 0) BO3BpamaeTcs oopar-
HO K HCTOUHUKY [0 NPOANEHHOMY IyTH (T.€. HCIBITBIBAET €Il OHO
oTpaxeHnue)?

978. I1nockoe 3epraso MOBOpaYMBalOT Ha yron W = 27° Ha kakoi
yron ¥ noBepHEeTCA OTPaKeHHBII OT 3epkana ayu?

979. ¥Y3ku#i nyd cBeTa, MPOXOAsl Uepe3 MajeHbKoe OTBEPCTUE B
9KpaHe (MePHEeHANKYISIPHO K MOBEPXHOCTH 3KpaHa), IonagaeT Ha Bpa-
aroleecs: MecTUrpanHoe 3epKano, ock BPallEHHst KOTOPOro napan-
JIeJIbHA TIOBEPXHOCTH IKPAHA H HAXOJNTCS HAIPOTHUB OTBepCTHs. Kakoi
miuHbLl L GyfaeT npodepuMBaTh 1OJOCKY HA 3KpaHe OTPakKeHHBIA OT
sepKaja Jyd, ecliy pPacCTOsIHIE MEKIY 3ePKajoM Y 3KpaHoM [ =1 m?
Pasmepamu rpaseii 3epkana MO cpaBHEHHIO ¢ paccTosiHHMeM [ npe-
HeOpeYb. ,

980. [1pa 3epkana o6pa3yioT gpyr ¢ Apyrom yroua ¢ < m. Ha ogHo u3
3epKall nmagaeT jyd CBeTa, JieXKamui B N10CKOCTH, IIEPIEHANKYISIPHOMI
K pe6py yria. JlokazaTb, 4TO yros OTKJIOHEHHA ¥ 3TOrO jyda OT
NMEPBOHAYANIBHOIO HANPABJIEHHS 110CIIEe OTPAXKEHNsT OT OOOUX 3EpKajl He
3aBHCHUT OT yrila NafieHus..

981. JIBa mnockux 3epkana o6pa3yroT APYT ¢ APYroM yros ¢ < 1. JIyu
CBETa OTpaXkaeTcst MOCAeIOBAaTeILHO OT ABYX 3epkaJ. Ha kakoi yron ¥
OT CBOETO MEepPBOHAYAIBHOTO HANPABIECHUS OTKIOHHTCA OTPAXKEHHbLIN
Jy4, eCNIH CHCTEMA 3epKall NOBOPAYUBACTCA Ha YIol Y BOKPYI OCHM, Jie-
>KaIleH B mIockocTu oboux 3epkan? Kak magaromui, Tak U OTpaxeH-
HBIH y4d JexXaT B MIOCKOCTH, NEPIECHAUKYISPHOA K 3TOH OCH.

982. Ceuenue CTeKISTHHON NPU3MBI IMeET (pOpMy paBHOOEAPEHHOTO
TpeyronpHuKa. OfHa U3 paBHBIX rpaHedl Mpu3Mbl nocepebpeHa. Jlyu
CBETa NajlaeT Ha HENOCEePEOPEHHYIO I'PaHb NPU3MBI TIEPIEHIUKYISIPHO K
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e€ NMOBEPXHOCTH U MOCNE [IBYX OTPaXKE€HUM BBIXOIUT depe3 OCHOBaHUE
MPU3MBbI NEPIEHAUKYASAPHO K HeMy. HalTw yribi npusMst.

983. Jlyu ceTa BXOAUT B CTCKIISIHHYIO PH3MY IOd YyriioM O = /6
M BBIXOOUT W3 MPU3MBI B BO3AYX NOJ YIIOM Y = Tt/3, npuuem, mpoist
IpU3MY, OTKJIOHAETCA OT CBOErO MEPBOHAYANBHOTO HANpaBJIeHHA HA
yron ¥ = n/4. HaiiTu npeoMISIONIUE Yyrol ¢ IPU3MBI.

984. Haiitn nokasareib NPENOMJCHHS 71 CKHIIHAApa W CKOPOCTH
pacIpOCTPAaHEHHs CBETa ¢, B CKHIMJAPE, €CIIH TPH yrje nageHus
o = 45° yron npesomnenns 3 = 30°.

985. Jlyu cBeTa magaeT NepHeHANKYIAPHO K GOKOBOH MOBEPXHOCTH
TIPU3MBI, IPEJIOMISIIOIIAN yron koTopol ¢ = 30°. Haittu yron oTkio-
HeHus ¥ Jiyda OT NEepBOHAYAJBLHOIO HAIpaBJCeHHsE MTOC/AE BbIXOAA M3
npu3mel. [1okazaTters npeJoMIeHNs MaTepHaTa Npu3Ms! n = 1,4

986. Bricora Connna "an ropuzouroMm W = 20°. Ioawb3ysch 3epka-
JJoM, myckatoT “‘zaiiunk’ B Bogy o3epa. Ilog kakum yriom y X ropu-
30HTY HYXKHO PACMOIOXKHTh 3€PKajo, YTOORI JIyY CBeTa B BOLE ITIEJ TIO
yraom 3 = 41° k Beprukann? [lokazarenb npesomnenus sonst 77 = 1,33,

987. Ilpn nageHny Ha INIOCKYIO TPaHMILY IBYX CpeJl ¢ MOKAa3aTesIMA
NpejIOMIEHUsT N U 1, JIyY CBETA HaCTHYHO OTPAXKaeTcs, TaCTHUHO
npenomnsiercst. [Ipu xakom yrie nageHnst 0. OTPaKeHHBIN JIyY NEpHeH-
AMKYJISApeH K IPEeTOMICHHOMY Ny«uy?

988. IlpesoMaeHHBIR AVY CBETA COCTABNSIET ¢ OTPAKEHHBIM yroj
90°. HaitTi OTHOCHTENLHLII [TOKA3aTeNb NPCIOMIICHHS, €CIU 1y rnamna-
eT Ha TJIOCKYIO MPaHHIlY Cpeft TOJ YTIIOM O, st KoToporo sin o = 0,8.

989. Ha nosepxiocTu BofoeMa, uMmewliero rnyouny H =53 m,
1aasaeT (paHepHbId Kpyr paanyca r = | M, Hal UEHTPOM KOTOPOTO Ha
HEKOTOPOH BLICOTE PacNOJOXKeH TOUSUHBIH HCTOUHNK cBeTa. KakoBa
IOJIKHA OBITH 3Ta BbICOTA /1, UTOOBI pajguyc K TeHU OT Kpyra Ha gHe
pogoeMa Obln MakcuMalbHbIM? HallTe 3TOT MakcHManbHBIA paguyc.
[Tokazarenn npenomnennd Boast = 1,33.

990. Ha nmoBepxHOCTH o3epa, uMetoniero rny6mny H =2 M, Haxo-
OUTCS KPYIIIBHL IOT pagnyca R = 8 M. HaliTa paguyc r MOMHOR TeHH OT
MJI0TA Ha AHE 03epa MpH OCBEIlleHNH BOIbI paccesiHHbIM cBeToM. [Toka-
3aTesb IPeaOMACHHS BOABI 11 = 1,33,

991. JTy4 ceeTa magaeT HA CTEKISHHYIO TUNIACTHHKY C MOKa3aTejleM
apenoMiaenns n = 1,7 oy yriaom o, xis koroporo sin o = 0,8. Benuen-
LW U3 UIACTHHKY JIYY 0KAa3aJicd CMENIEHHBIM OTHOCHTEJILHO Najaro-
1ero Jiyda Ha paccrostaue b = 2 cMm. Kakosa TonmuHa h ninacTuakn?

992. Ha xakoe paccTosiHue [ CMECTHTCS JIYY CBETA, PacpOCTPAHSIO-
IIUiCs B CTEKJIE € IOKa3aTelleM IPEJIOMJICHUS 71, €CIU Ha ero IyTH
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nMeeTCs MIIoCKonapasienbHas Wielb IUHPUHBI d, 3aMOHEHHAs! BO3My-
xoM? YTron mafgeHus nyda Ha menb pased O. [ToaHoro orpaxkesnus ue
MIPOUCXOOMT.

993. Jlyu cBeTa BHIXOOUT U3 NPU3MBI TIO]] TEM K€ YIIIOM, MOA KaKuM
BXOAMT B NPH3MY, NpUIeM OTKJIOHSETCS OT NEPBOHAYANBLHOI'O Ha-
npaBneHus Ha yron O = 15°. [lpenomastomuil yron ApusMsel @ = 45°,
Haiitu noka3aTesb NpeJIOMIIEHAS 1 MaTepHana IPHU3MbI.

994, Y mpusMmbl ¢ mokasaresieM npenomienus n = 1,41 u npeiom-
JsroluM yraoM ¢ = 30° ogHa rpaHb nocepebpeHa. JIyu cBeta nafaet Ha
HernocepeOpeHHyIo rpaHb noy Yriaom O = 45° ¥ nocie OTpakeHUs Bbl-
XOIMT W3 NpU3MBI uepes 3Ty ke rpads. Halitu yron 0 mexny nagaro-
MM | BBIXOISIIAM JIY4aMH.

995, Haiitu yron ¥ OTKJIOHEHHS Jy4ya CTEKJISTHHOH NpPU3MOH C npe-
JOMASHOIUM yIiIoM ¢ = 5°, eclu nyd NafaeT HAa IpaHb NPH3MbI 07
ManbsiM yriom. [Tokazarens npenomnenus crekna n = 1,8.

996. Jlyu ceeTa mapgaeT mox yriioM O = 58° Ha MOBEPXHOCTH BOZBI,
HanuTo cinoeM ToammMHbl A = 10 MM B cTeknssHHOe ONIOAUE C IJIO-
ckonapannensHbiM gHOM. [loka3zaTtens npenomnenus Boasl n; = 1,33.
HaiiTu nokasartenb IpeoOMIIEHUS 1, CTEKIIA OMOAUA, €CITA BbhIEIIINH
mof GII0AUEM AYY CMEIeH OTHOCHTEIbHO Mafaloero Ha pacCTOsIHIE
{=6,2 MM, a B CTEKJIE TyY4 IPOXOANAT IyTh L = 5 MM.

997. Ha ropusoHTanbHOM [HE BOROEMA, HMEIOLEEro rayousy
h = 1,2 M, nexuT mwiockoe 3epkano. JIyd cBeTa nagaeT Ha IOBEPXHOCTH
BOftel 1o yraoM o = 30°. Ha KakoM paccTosHud [ oT MecTa NajeHus
9TOT JIYY CHOBA BBIIJET Ha NOBEPXHOCTb BObI MOCHE OTpPaXKeHUsi OT
sepkana? [Tokazatens npenomiennus Boast n = 1,33.

998. Ha ropusoHTalbHOM JAHe GacceliHa, MMEOWEro CiIyGuHy
h =2 M, nexur nnockoe 3epkano. Jlyu cpera, npelOMHUBHIIACL Ha
MOBEPXHOCTH BO[bI, OTPasKaeTcsi OT 3€pKaja M BBIXOAUT B BO3QYX.
PaccrosiHMe OT MecTa BXOX/JEHHs Jiyda B BOAY 10 MECTAa BBIXOAa
OTpaXXKeHHOro Jyda u3 Bogbl [ = 1,5 M. Haiitu yrosm nagenns ny4da d.
ITokazaTens npenomiieHus Bofbl n = 1,33,

999. Y mnmockomapanleNbHOH MNIACTHHKH, HMEIOMEH TONIIHUHY
d =5 cM, HIXKHASA IOBEPXHOCTDb NtocepeOpeHa. Jlyu cBeTa, magaromuii Ha
IUTACTHHKY 1MoA yraoM o = 30°, YaCTUYHO OTpakaeTcsi OT BepxXHeH
TTOBEPXHOCTH, YaCTHYHO MPOXOMUT B INIACTHUHKY, OTPaXkaeTcst OT HUXK-
Hed MOBEPXHOCTH MIACTHHKH, H, IPETOMISISICh BTOPHYIHO, BBIXOAHT B
BO3JyX IapajiesibHO EPBOMY OTpakeHHOMY sydy. HaiiTh nokasarenp
IIPENOMJICHHS 7 MAaTepHhana IUIAaCTHHKH,; €CIIA PAacCTOsSHUE MEXNy - Ia-
HAFOLIMM H BbIXONSIIMM mydaMu [ = 2,5 cMm.:
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-1000. Ha crexssHHYIO MIOCKONAPaNIEIbHYIO INIACTHHKY TOJLIAHBI d
najgaet Jiyd cBeTa Iof YrioM . JIyd yacTHYHO oTpaskaeTcs OT BEpXHER
NOBEPXHOCTH, YaCTHYHO NPOXOAMT B HAACTHHKY M, OTPa3UBIIACH OT
HEXXHEH NOBEPXHOCTH, BLIXOAHUT Yepe3 BepxHiowo. Halitu yron ¢ BbI-
Xofja Jyda ¥ JJIuHY L NmyTH, OpOHNEHHOIO NPENOMIEHHBLIM JIYYOM B
ninacruHke. [lokazarens NpejoOMICHUS CTEKNA PaBeH 7.

1001. KakoBa TonumHa d CTEKJISHHOM MIOCKOMapaijielsHol nna-
CTHUHKH, €CJIM TOYKY Ha 3aJHed NOBEPXHOCTH IUIACTHHKH HAGOOATE D
BHIUT Ha pacctosiHum [ = 5 cM oT nepepgHeit nopepxHoctu? ITokazarens
npesoMiieHns cTekna i = 1,6, Jlyu 3peHus nepneHinkyJIspeH K noBepx-
HOCTHW IUTACTUHKU. [JIs1 ManbIX yIiloB tg ¢ = sin O = Q..

1002. Y nnockonapajyie/ibHOH TIJIACTHHKH, MMEIOMEH TOJIIHHY
d =12 cM, 3afHss1 TOBEPXHOCTDb nMocepebpena. ToueUHbld HCTOYHUK
CBETa pacloIoXKeH Ha paccTofnuu [ = 1.5 cM OT nepefHedl MOBEPXHOCTH
niuacTuHKH. Ha KakoM paccTosgHud L OT HCTOYHHKA HAXOOUTCA €ro
n3o0paxkeHne, NONYIAKMEecs B Pe3yNbTaTe OTPAXEHUs JIydell OT 3aj-
Hell moepXHOCTH miactudku? [lokaszaTenb npeioMieHus] MaTepHana
nnacTuHku n = 1,6. Jlyu 3peHust NeprneHJUKYISIPEH K HOBEPXHOCTH
NIACTUHKM.

1003. CrepxeHp onyleH KOHIOM B NPO3pauHy0 XXUIKOCTh, TOKa-
3aTeNb NPeTOMJIEHAs] KOTOPOH paBeH n, H 00pa3yeT C MOBEPXHOCTHIO
JKUAKOCTH yron (.. HaGmioparenio, KOTOPhIfl CMOTPHT CBEPXY, KOHeI]
CTEpPXKHS, MOTPYKEHHBIH B KUZKOCTh, Ka-
KETCsi CMelleHHbIM Ha yroda B (puc. 151).
IIpu KakoM yrile HakJIOHA CTEpPKHS ¢! yrodq
cMeleHns B 6yaeT MakcuManbHbIM?

1004. Ceuenne CTeKIAHHOH MPH3MBI
uMeeT (popMy PaBHOCTOPOHHETO TPEYIoib-
HuKa. Jlyu magaer Ha OOHYy W3 rpaHeil nep-
MEeHAUKYJspHO K Hell. Hatitu yron ¥ mexny
HanpaBJeHUSIMH Nafaromiero jiydya | Jy4a,
BblLIEAIIEr0 U3 Nnpu3Mbl. [lokasaTens npe- Puc. 151
JTOMJieHHd crekna n = 1,5.

1005. B pucrepHe ¢ cepoyrieponoM Ha raybuHe A =26 cM mop
IOBEPXHOCTBLIO PacloONoXeH TO4YEeUHBIN HCTOUHHK cBeTa. Hafitu mno-
IIafb KPyra Ha NOBEPXHOCTH XHAKOCTH, B Npejesiax KOTOPOTO BO3-
MOJKEH BBIXOA Jiydeit B Bo3ayx. [loka3aress npenomieHus cepoyrie-
podan = 1,64.

1006. Bononas cTOUT Ha TOPU3OHTANBLHOM [JHE BOJOEMa, MMEIOIIETO
rny6uny H = 15 M. Ha kakoMm paccrosiHEM / OT BOfO1a3a, pocT KOTO-
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poro h = 1,7 M, HaXORATCS T€ YaCTH HHA, KOTOPbIE OH MOXET YBUIETH
OTpakeHHbIMH OT MoBepxHocTH BoAbl? [Tokazarenb npenomienuns
Boabl n = 1,33.

1007. Ha pne BopmoeMa, mMmeromero rayouny H = 3 M, HaxoguTcs
TOYEYHBIA HCTOYHUK cBeTa. Kakofi MUHHMANBHBIA paguyc R moNKen
UMeTb KPYIJIbIil HEMPO3PAYHBIN JHUCK, MJABAIOMWINA HA MOBEPXHOCTH
BOJBI Hajl KCTOYHHKOM, YTOObI C BEPTOJIETA HENB3sT OBLIIO OGHAPYXKUTEL
9TOT HCTOYHUK cBeTa? IlokasaTenb npeoMieHus Boasl 1 = 1,33,

1008. B xxugkocTH ¢ nokazartesieM ApejgomieHus n = 1,8 moMmernien
TOYEYHBbId NCTOYHHUK cBeTa. Ha KakoM MaKCHMallbHOM PAacCCTOSIHUH h
HA UCTOYHHKOM HAO NMOMECTUTH TUCK AuamMeTpa D = 2 oM, 9To0bI CBET
He BBIIIe U3 SKATKOCTHA B BO3MyX?

1009. B tonme crekyia ¢ mokaszareneMm mnpejomieHust n = 1,5 Ha
paccrosiHun i = 10 cM OT MJIOCKOH NMOBEPXHOCTH CTEKJA HAXOMUTCS
TOUEYHBIH HCTOYHHK CBeTa. Henmpo3pavyHelil QUCK pacIoOIOXKEH HA 3TOU
MOBEPXHOCTH TakK, YTO €ro IEHTP HAXOAUTCA B OMmKalmmedl K ucrod-
HUKY Touke. [IMCK M CTEKJO MOKPBITHl CHAPYXKHM TJOCKAM CJIOEM
riagkoro ibga 6€3 BO3AyWHON NpoCaoiKH. Kakoil MHHUMAaNbHBIH
paguyc R H0OMKeH UMeTh JUCK, YTOOB!I CBET HE BBILIEN Yepe3 MOBepPX-
HOCTB Jibga?

1010. I'ly4yox cBeTa CKOJNB3UT BAOJL OOKOBOW TpaHH NPH3MBI, ceve-
e KoTopon umeeT GopMy paBHOOEAPEHHOro TpeyroiwvHuka. [lpu
KAKOM MpEAENbHOM NMPEJTOMISIOMEM YIJIE (¢ IPU3MBbI IIPETOMIIEHHbIE
JyUH HOpeTepHsaT MOJHOEe OTpaXKeHHe Ha BTOpoll GOKOBOH TIpaHH
npu3mbl? [lokazate b nmpeToMIeHNST MaTepRalla npusMel n = 1,6,

1011. ITpu3Ma ¢ HpeTOMIAIOMUM YTIIOM ¢ = 60° cenana U3 crekaa ¢
nokasarenem npenomniennst n = 1,75, [1pa kakoMm yrie nagenust o syda
CBETA Ha OJIHY U3 IpaHel BBIXON NMyya U3 BTOPOU rpaHM CTaHOBUTCS HE-
BO3MOJKHBIM?

1012. Jlyy cBeTa magaer HepreHAHKYIAPHO K KOPOTKOH T'paHH
TPEeXIPaHHOH NMOBOPOTHON Npu3Mel ¢ yrinaMu 90° u 45°, u3rotosieHHON
I3 CTeKJA C TokaszartejieM npenomieHns n = 1,75. Ha kakoil makcu-
ManbHBIH yroyi ¥ MoXeT OTKJIOHHTHLCS /1YY B HampapjeHud K 90°-Homy
peOpy B MIIOCKOCTH, e pHEHNUKYISIPHOM K 9TOMY peOpy, UTOOBI CBET HE
BBIXOIMJI YACTUYHO Yepe3 MJIHHHYIO IpaHb IPU3MbI?

§ 28. ®oromerpus

B ¢oroMmerpun BBOAsAT CBETOBLIC BEeNHUHHBI. Tak, 3HEPTHIO, NnepeHocHu-
MYIO0 CBETOM UYepe3 KaKyro-HHOY[Ab IOMIAAKYy 3a €JUHHIly BPEMEHH U Olie-
HHBAEMYIO [0 3PUTENLHOMY BOCIPHSITHIO, HA3bIBAIOT CBETOBLIM NOTOKOM @
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depés oTy nnomaiky. OcBemeHHocTs nosepxuoct £ = ®/S, rne S — ninomagh
HOBEPXHOCTH.

Cunoil cBeta HCTOUHHKA 110 JJAHHOMY HalpaBiCHUIO HA3bIBACTCS BETHIHHA
[ =®P/w, Tne ® — TeNecHbIN yros, B KOTOPOM PACHpPOCTPAHSIETCS. CBETOBOM
notok @. TemecHslll yron onpepensiercss OTHOUICHHEM  ILTOWALA S MOBEPX-
HOCTH, BBLIPE3aeMON TEAECHLIM YIIOM M3
chepsl (UEHTP KOTOPOTT HAXOAWTCS B BCPIIHE
TEJECHOTO YIJ1Aa), K KBaapaTy pajuyca I 3Toi
cepsl, T.c. © = Sy/i? (puc. 152). B cayvae ma-
JIOTO TEJAECHOTO YIa, eClIH BMCCTO TOBEPXHO-
cti chepbl Sy Oeperest OrpaHHUCHHAas TEM XKe
TEJICCHBIM YIIOM ILTOMEIKA S, PACCTOSIHAC J10
KOTOPOI OT BEPUTHHB! TCICCHOTO YI1a PaBHO F
W NEPHCHANKYIAIP R K KOTOPOH COCTaBIsICT Puc. 152
yroJ oL ¢ pajiycoM. 1o Sy =S cos o. IIpn arom
E = (I cos 0)/r?. Te 7 — pacCTOSTHHE OT HCTOUHHKE JI0 OCBENaeMOT ITOIIA K,
O — YTOJI NajieHust Byuell Ha Hee.

Ejpgauueit cReTOBOrO NOTOKA SABIAETC AwoMeH (M), OCBEIEHHOCTH —
AOKC (JIK), CAABY CBEeT4 — KkaHoead (Kji), TeJIECHOTO yria — cmepaduan (cp). Pac-
CTOSIHHE I BbIPAXKatoT B MCTPax (M).

1013. Jlamma ¢ cunoit ceera [ = 200 Kk yKpemnieHa Ha NMOTOJKE KOM-
HaThl. Halmy nonublil cBeTOBOH NoToK P, mafgarolnil Ha CTEHBI U TOJ
KOMHATbI.

1014. dororpaduueckuil CHIMOK redaTani “‘KOHTaKTHBIM CITOCO-
6oM”. Ilpu 3ToM mamna pacrionaraiach Ha paccTodnuu /1| = 60 cMm oT
CHMMKA, a 9KCIO3HUMS giIumigack f; = 16 ¢. KakoBo OOMKHO OLIThH
BpeMst 3KCHO3WLIMM [, €CIM 3aMEHHWTb JaMIy Ha APYLYIO C CHiofd
CBETAa, BTPOE MEHbIIEH, I TTOMECTHTh €€ Ha PacCTOSHHUH 7, =45 cM OT
CHUMKA?

1015. [IBe nmammbl, cHibl cBeTa KOTOPBIX [, =75 kg u [, =48 «7p,
HaXOmsITCs APYr OT Apyra Ha paccrostHun r = 1,8 M. I'ie Hago noMecTuTs
ME¥KIY HIUMH 3KpPaH, YT00BI €70 OCBEIIEHHOCT: ObINa OJUHAKOBA C TOH
U Ipyrod CTOPOHBI?

1016. [Ise jmammbl, cuiibl cBeTa KoTopbix /; =25 kp u [, =8 Kknx,
HAaXONSATCSL IPYr OT Hpyra Ha paccrosudm r = 1,8 M. Ha kakom pac-
CTOSIHUH /| OT NEepBOH JaMib! (HA JUHUH, COEUHAIOIEH NaMIIbl) Hamo
TIIOMECTHTh JUCT OyMaru, 4ToOBbI OCBEHIEHHOCThH €r0 CO CTOPOHDI
NepBOY JIaMIIbI Ob1TA BIBOE OONBINE, YEM CO CTOPOHBI BTOPOH?

1017. T1lpu ocMOoTpe BHYTpPEHHEN IOBEPXHOCTH C(pepHUIECcKOro pesep-
Byapa, uMeroniero guaMeTp d = 20 M, B ero BepxHeil Touke Obli YKper-
JIEH UCTOYHHMK ¢ cunnol ceeta [ = 1000 kn. HafiTu ocBemieHHOCTE B TOR
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TOUYKE IIOBEPXHOCTH pe3epByapa, B KOTOPOH Jy4d MaflaioT MOA yriAoM
o = 34°. CBeT, oTpaskeHHBIA OT CTCHOK pe3epByapa, He YUHThIBATh.

1018. Hap neHTpOM KBajpaTHOTO CTOJA CO CTOPOHOM a = 1,5 M Ha
BbICOTE /1 = | M OT NOBEPXHOCTH CTONA BUCHT Namma. Bo ckomnbko pas
M3MEHHUTCSl OCBEHIEHHOCTh B LEHTPE CTOJA, €CIIH 3Ty 3Ke JIaMIy I1o-
BECHTH Ha TOU K€ BBICOTE Hajl OJHUM U3 YIIIOB CTOJa?

1019. Ha crone nexXuT pacKppITasi KHAra, KOPEIOK KOTOPOH JIHHE
[ =52 cM HampaBnieH K HACTOJIBHOM amie. JIHHMS, COeIUHAIOmA Bepx
CTPAHHUIb! C HUTHIO JIAMIIbI, IMEET TAKYIO K€ INIMHY [ 1 HAaKJIOHEHA 110
yraoM @ = 60° k moBepxHOCTH cTona. HafiTi pazHuIy OCBeNIEeHHOCTE
BEpXa W HH3a CTPAHMIbI, €CITN CHJIA cBeTa Jamnsl [ = 60 K.

1020. Hatu nonublil ¢cBeTOBOW norok P, cozgaBacMbiil UCTOY-
HHKOM, MOMEIEHHBIM Ha MAuTe BBICOTHI /= 12 M, eciii HA paccTos-
HUK [ = 16 M OT OCHOBAHUS MAuThl OH CO3AET OCBEIIeHHOCTE E = 3 5K,

1021. Ha BeicoTe /£ = 8 M Haj 3eMJIell BHCUT JIaMIIa C CHJIOH CBeTa
{ = 1000 kn. Haittu moimags S y4yacTka, B Opefenax KOTOporo ocee-
LIEHHOCTh He MeHbIle YeM F = 1 Jk.

1022. Ha Boicote h = 5 M Hapg 3eMJicil BHCHT JIaMmnia ¢ CHJIOH CBeTa
/ =400 kn. Hafitnn nmomagk S ydacTka, BHYTPH KOTOPOTO OCBEILEH-
HOCTb MeHseTcd B nipefesax oT £, = 0,25 nx go E, =2 nkK.

1023. Hap nnomapsio BacuT (POHAPH, CO3NAIOMIAN OCBEUIEHHOCTD
E, = 10 5K B Tex TOUKaX, B KOTOPbIX JIy4y NaJalOT Ha 3eMIIIO [1Of yIJIOM
oy (cos o) = 0,3). KakoBa ocBemeHHocTh E; B TOYKaX, B KOTOPBIX JIy4H
NafgaroT Ha 3€MIIIO TION YIJIOM O, (cos o, = 0,6)?

1024. Kpyrawiit 3an guamerpa d =30 M ocBemiaeTcs namIoH,
YKpEeIJIeHHO! B LieHTpe noToika. Haitta BeicOTy h 3ana, ecnu Hau-
MECHBIIIasT OCBEINEHHOCTEL CTEHBI 3aj1a B 1 = 2 pa3a OoJbllle HauMeHbIIEH
OCBEIEHHOCTH TIOJA.

1025. Ha BeicoTe h; =2 M Haj cepeQUHOW KpYyrJioro cToJa,
nMeroLIero guaMeTp d = 3 M, BUCHT JaMIia c cwioit cgera I, = 100 kx.
Ee 3amenuin nammoit ¢ caion ceera [, = 25 K, I3MCHUB PACCTOSIHUE OT
AaMObl OO CTOjIa TAK, YTO OCBENIEHHOCTH CEPelNHBI CTOJa HE M3Me-
Hunach. Kak H3MeHmIacy ocBeeHHOCTD Kpas crona’?

1026. [Inomanka ocBeniaeTcs ABYMs pa3/IMUHBIMU JIaMIaMH, BHCS-
uMHK Ha cTonbe OfiHa Haj| Apyroi Ha BeicoTe h; =8 M U hy =27 m. Ha
KaKOM PacCTOsIHUM | OT OCHOBaHUA cTOI0a HAXOASITCA TOUKH IUTOIIAAKY,
OCBEHIEHHOCTb KOTOPBIX HE W3MEHMTCS, €CIH HNOMEHATHL JIaMIbl
MecTamMu? .

1027. Tpu OAMHAKOBBLIX TOYUECYHBIX iHCTOYHHKA C CHJION CBETA
! =10 K KaXnplyl PaclojioXeHbl B BEpHIHHAX PaBHOCTOPOHHEIO
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TPeyrofbHAKA CO CTOPOHOH a = 1 M. B 1ieHTpe TpeyroasHuka MeprueH-
RUKYJIAPHO K €ro NIOCKOCTH W MapainielbHO OJHOH U3 €ro CTOPOH
pacnoJioXkeHa MajeHbKas niactuaKa. HalTi ocBEMIEHHOCTh KaXKIOH U3
CTOPOH IITACTHHKH. '

1028. Tpu namnbet 1 HeOGONBIIOH 3KpaH PACHONOXEHbI B BEPIUH-
Hax poMOa, OfiHa U3 AUaroHajeil KOTOpPOro paBHAa €ro CTOpPoHE. DKpaH
HepIEeHARKYNSAPER K RPYToi auaronanu (puc. 153). Kakyio cuny csera /
UMeeT CPefHAs JlaMna, €C/Id IPH €€ BbIKIIOUYCHHH OCBEIICHHOCTD
9KpaHa yMEHbIaeTca B n =2 pa3a H [IBe

Apyrde naMnel MErOT cuiy cseta /o = 10 xn? *

1029. [I1se namnsl ¢ cunoii ceeta I = 200 kn /// E \\\
KaxK[ast BUCAT Ha cronbe ofHa Haji npyroit va ! -~ ! \\\
BbIcoTe hy =3 M 1 hy =4 M. Haitta ocpemen- <3777 T . =
HOCTb IIOBEPXHOCTH 3E€MJIH Ha paccrosi- T i el

P

HuU | = 2 M OT OCHOBaHHS CTOJ0A.

1030. [Ise onuuakoBbIE JaMIbl HPAKpPEI-
JleHbl K MOTOJKY KOMHATHI Ha paccros- Puc. 153
Hud [ = 4 M gpyr OT Rpyra, Ha BeIcoTe h =2 M
OT MOBEPXHOCTH CToJa. HallTM OTHOILUEHHE OCBELIEHHOCTEH LEHTpa
cToNIa B cAydYasx, KOIfa CTOJ PacHoJIOXKEH: MO ORHOW M3 JjaMIl;
MOCEPEANHE MEKNY JIAMITAMH,

1031. Dxpan ocBemaeTcs ABYMa JaMilaMu ¢ cuitofi ceeta /; = 200 kg,
PAacrnoNoXXEeHHbIMA CHMMETPHYHO OTHOCHTENILHO LIeHTpa 2KpaHa. Pac-
CTOSTHUE OT KaXK[OH JIaMIlbl A0 3KpaHa (110 NepaeHguKynapy) by =4 M,
paccrosane mexpay Jjamnamu [ =2 M. Kakyio cuny cBeta | JonXKHA
HMETB JIaMIla, TOMEeIeHHast Ha paccTosHuy h = 6 M OT HeHTpa dKpaHa,
yToOhI OHA j]aJIa B IIEHTPE 3KPaHa TaKYIO XXe OCBEUIEHHOCTb, KaK JIBE
YHOOMSIHYThIE J1aMITb1?

1032. ToueyHrpii! HCTOYHUK CBeTa S oOCBeljaeT NOBEPXHOCTL AB
(puc. 154). Bo cKoNBKO pa3 yBEAWYHUTCH
OCBeHIeHHOCThL B Touke C, ecam cOOKY OT
MCTOYHHAKA CBeTa Ha paccrosumu SD = SC
MTOMECTHUTH TUIOCKOE 3epKaifio, OTpaxkaloulee
ceeT B Touky C? Koaddunuent orpaxenns
3epKalia CUATaTh PaBHLIM eJuHMUIle.

-1033. Jlamna, nogBemIeHHAsT K NOTOJKY,
HMEET B FOPH30HTANBHOM HanpaBIcHUH CHITY
ceera [ = 96 kn. Kakoii cBeToBoil notok P
najjaeT Ha KapTuHy miomanu S = 0,5 M?, ecniu KapTHHA BUCUT BEPTH-
KaNrbHO HA CTEHE HAPOTHB HaMIIbl Ha PAcCTOSHAN a = 4 M OT Hee, a- Ha

Puc. 154 ;
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MPOTHBOIIOJIOXHOW CTEHE HA PACCTOSHUM b, = 2 M OT AaMIIbl HAXOTHTCS
OOMnBILIOE MITOCKOE 3epKano?

T * N 1034. KakoBa OCBEIIEHHOCTh MalleHbKOM rOpH-~
H 30HTAJBHOH Tmomanky (puc. 155), ecnu Hag HeH Ha
E paccTosiHNK [ = 2 M HAXOJUTCA TOUEUHbIH HCTOUHUK
E ¢ cuiiont ceeta [ = 60 k71, a Ha paccrostHUn d = 1 M oT

I =R UCTOYHMKA W MJIOLIAAKH BEPTHKAJILHO PAaCMoOJO-
i SKEHO TIITOCKOe 3epKaso?

| 1035. Ilnocknd 3KpaH | AACANBLHO OTpasKaroiee

R : NJIOCKOE 3epKajio o0pa3yroT ABYrpaHHBId Yyron

Puc. 155 ¢ = 45°. Mexay 3KpaHOM M 3€pKajioM, Ha OfH-

HAaKOBOM pAacCTOSIHMUM @ OT HHX, NOMEIIEH TO-
YEUHBIT HCTOUHAK cBeTa S. KakoBa oCBEMEHHOCTL B TOUKe A 2KpaHa,
OAMKARUICH K HCTOUHUKY?

§ 29. Cpepnueckue 3epkana

Cepeprueckoe 3epkano npejcraniasieT coOoit OTIONNPOBAHHYIO NMOBEPX-
HOCTB InapoBoro cermeHTa. Ilpsimas, nposejieBHas yepe3 HEHTP cpephl (ONTH-
JCCKHH UEHTDP 3epKaia) ¥ BepIIUHY MIApOBOrO CerMEHTa (IIONIOC 3epKalia),
HA3LIBACTCS [JIABHON ONTHYECKOH ochbto 3epkana. Bcesikas japyrast mpsi-
Mast, NPOXOAsIas epe3 ONTHUECKUI UEHTpP, Ha3biBacTcst MOOOYHON ONTH-
UECKON OCBhIO.

Jlyt, napanicibHLIH IaBHOH ONTHUECKOHN OCH, MOCIE OTpa’kKeHHs Ie-
pecekaer ee B (poKyce 3epkana, nexalleM Ha paccrossHun F = R/2 ot 3ep-
kana. rjae R — pagnyc KpHBHU3HbI 3epkana (paauyc ccepsl). B cnyuae BbI-
AYKJIOTO 3¢PKaja TIaBHYK ONTHYECKYIO OCh MEpeceKaeT HE caM OTpasKcH-
HLIH Iy, a eTO MHHMOE npononxe}mc B aTtom ciyvae hoKyc MOXKHO Ha3BaTh
MHHMBIM.

ITnockocrn, mpoBsejeHHas uepes cpoxyc AePHeHUKYAAPHO K TITaBHOM
ONTHYECKON OCH, Ha3bIBaeTCst (POKATBHON MIOCKOCTRIO. JIyun, napamirelbHbIe
110GOYMHOI ONTHYECKOH OCH, 110CKIe OTPaXKEHU CXOAATCS B TOUKE, JIesKalel Ha
(poKanLHOU MITOCKOCTH 3c¢pKana (B ciydae BbINYKIOTO 3epKaja — MpoOjion-
SKEHHs Nydei).

JIyunm, ucxopsmue oT HeOONBINOrO NpPEeAMETa, IOCHE OTPa’KEeHHs OT
sepKana o6pasytor m3obpaxenue. Kaxnoil TOUKe NpeaMeTa COOTBETCTBYET
onHa Touka n3obpaxkenusi. M3oOpakeHne MOXeET OLITh AEHCTBUTENBHBIM,
KOrja OHO 00pa30BaHo CAMIMH JTyUaMH, OTPaXXEHHBIMH OT 3¢pKaua (puc. 156),
UIW MHUMBIM, KOTAa OHO 06pa303ano npononmeﬂymmn OTpPa>kEeHHBIX
ayuel (puc. 157). : ; { . ‘

Ilycrs npeameT (nnu MCTquHK) pacnonapae'rcx B BEPUIIMHE Ny4YKa nepe-
cekaromuxcst tyueir. Ecnu aTa BepiiiHa IEACTBUTENBHO CYIIECTBYET Kake NP
HAJUYIHN 3epKajia, TO HCTOYHUK CUNTAEcTCs AefcTeuTenbHbIM (puc. 158). Ecnn
K€ B OPHCYTCTBHM 3€PKajia BepUIHHa 00pazpBaHa JUINb NPOAOAKEHAAMH
ydeH, TO Mbl HMEEM AEJIO C MHEMBIM HCTOUHUKOM (puc. 159).
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i Paccrosinue d oT npejMeTa 0 3€pKana, paccrosHue f OT 3epkaina J10
u300paskeHns ¥ POKyCHOe paccTostHue F CBA3aHBI COOTHOIIEHHEM

+-1—+l=+-1—

- - - ’
d f F
Has3blBacMbIM opmynol s3epkana. Ilpn takom Hanmcanum opMyis! Besn-

yuHBI d, f 1 F cCUNTa10TCS HOTOXKNTENBHBIMH (B YCIOBHSIX 3aaY 3HaUYeHU d, [ 11
F 3apaHpl 10 MOAYII0). 3HaKM Xe Hepel uneHaMu GOpMynbl 3epKaja BbIOH-

%\ e
*@
D .
* RN
o

Puc. 156 Puc. 157 Puc. 158 Puc. 159

paroTcs IO NpaBUNy: €CNH NpeaMeT (HCTOYHHK), M300pakeHue, GOKyC sABIA-
10TCSL IeHCTBUTENBHBIME, TO TIepe/i COOTBETCTBYIOUIMMH YlI€HAMHU (hOPMYIIBI
CTaBHUTCS ILTFOC; €CIIH MHUMBIMH, TO CTaBHTCS MHHYC.

Ecnm nepen Bcemu uineHamu ¢HOPMYJIBI 3€pKana 3HAKH NOCTABJICHBI B
COOTBETCTBHM C YKa3aHHBIM IPABUIOM, TO NOJIYUEHHBIN OTBeT OyjleT Bcerpa
NOJIOXKUTENBHBIM, TaK KaK OH XapaKTEPHU3yeT TOILKO MOAYIb HCKOMOH Be-
auumHel. YacTo, ofHaKo, AEHCTBHTEIBHOCTh HIM MHHUMOCTh MCTOUHHKA,
n3o0paxkeHus MIA (poKyca Hem3BecTHa. B 3TOM cinydae mepen COOTBETCT-
BYIOIIMM wWieHOM B (hOpMylle 3epKalla MOXHO IIOCTaBHThb N1000H 3HaK
(ynoGHee OOBIMHO ILTHOC), T.€. Npeanonarath npeaMet (u3obpaxenue, Goxyc)
REHCTBUTENBHBIM UK MHAMBIM. [1OMOXKATENBHOCTE OTBETA YKA3bIBAET TOTHA
Ha NMPaBHIBHOCTb 3TOT0 NPEANOJIOXKEHHS, OTPHIATENBHOCTE — Ha €ro OlIM-
OOYHOCTbD.

dopmyna 3epKaiia U BCe BbllleyKa3aHHbIC CBOHCTBA 3epKala CIpPaBeJIINBbI
TOJBKO AJIs JyUeH, BAyLIAX BONU3K I7TaBHOM ONTHIECKOH OCH H COCTABJIS1OIINX
¢ Hell Masbie yrabl. Bo Bcex 3agavax mojpa3yMeBaeTcs, YTO Mbl HIMEEM JEI0
HMEHHO C 3THM CIyYaeM.

1036. ITocepebpennas cdepa pacceueHa Ha [B€ 4acTH ILIOC-
Kocthio. Ha KakoM paccrosgamm b oT neHTpa cgepbl IPOXOAHT 3Ta
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NJIOCKOCTh, €CIM MEeHbIlas 4YacTbh APEACTaBIAET co6oil chepu-
yeckoe 3epkano pauaMerpa a = 0,64 M ¢ (POKYCHBIM pacCcTOsiHHeM
F =0,65 m?

1037. Ha xakoM pacctostHud d OT BOTHYTOrO 3epKaja ¢ (POKYCHbIM
paccrostaueM F = | M HEOOXOIUMO IIOMECTHTH UCTOUHHK CBETA, UTOOL]
€ro n300paXeHHe COBNAN0 C CaMUM HCTOYHHKOM?

1038. Paccrosguue oT mpegMmeTa Do Borayroro 3epkana d = 0,5 m,
paccTossHHe OT 3epkana fo m3obpaxernns f = 2 M. Haittu papuyc Kpu-
BU3HBI R 3epkarna.

1039. Ilpeamer BoicoTsl A = 0,06 M HaXOOuWTCA HA PACCTOSHHK
d =0,14 M OT BOTHYyTOTO 3€pKaina ¢ (POKYCHLIM paccTosiuneM F = 0,11 m.
Haiitu Beicoty /1 n300paXkKeHusA NpeMeTa.

1040. ITpepmer HaxopguTcst Ha paccrosiium d = 0,48 M OT BOTHYTOIO
3epkama. 3epKajo gaeT HeHCTBUTENbHOE M300pa’keHHEe NpepgMeTa ¢
yMeHblIIeHHeM k = 4. HaliTu pafinyc KpuBH3HLI R 3epKaJia.

1041. BorayToe 3epkano gaeT NeNCTBUTENbHOE N300paskeHNe NIpen-
MeTa c yeenndenneM k = 4. Halitn pokychoe paccTosnue [ 3epkana,
€CJTA paccTosHIe MEXKY IPEAMETOM U ero H300pakeHueM a = 1,5 M.

1042. Manbiii ygacTOK NOBepXHOCTH ceprl nocepebpen. Ha
IMaMEeTPaNbRO NPOTUBOIONOKHOR CTOPOHE Chephl MOTYyUNIOCH H300-
pakeHne HeKOTOPOro MpefMeTa, HOMEINEHHOTO BHYTpH Hee. C KaKnM
yBeIMYEHHEM K N300pasxkaeTcs NMpeaMeT’

1043. Paccrosiume OT TOYEYHOI'O WCTOYHHMKA CBETAa 0O BOTHYTOTO
3epkana d = 2R, rae R — paguyc KpuBH3HBI 3epKana. MlcTouHMK Haxo-

AUTCS Ha [JIABHOM ONTHYECKON OCH 3€epKa-
' p J1a. I'ie pacrnosioxeHo ero n3obpaxeHue?
o / o [MocTpouTs xon Nyuei.

1044. Ha Bormyroe 3epkayo mapa-

B eT 1yd AOB, nepecekalomuyit I'TaBHYIO

ONTHYECKYIO OCh 3epKaia B Touke O. Ort-
pakeHHbI! OT 3epkana nyd BO'D nepe-
cekaeT Ty ke ock B Touke O’ (puc. 160). Halitn nmocTrpoenneM nomuo-
>keHue okyca 3epKana.

1045. BorayToe 3epKajo faert JefcTBUTENbHOE N306paXkeHne pen-
MeTa ¢ yBenmueHueM k; = 5. Ecnu nepeMecTuTh NpeMeT Ha HEKOTQPOe
paccTosHue BAONb INIaBHOH ONTHUECKON OCH, M300pakeHHWE Iepe-
MECTHTCA BAOJb OCH Ha TaKOe € pacCTosHHE. Haﬁ'm yBEIUUEeHAE
k, Ip¥ HOBOM PacIOJIOKEHAN NpeAMeTa.

1046. BorayToe 3epkano gaeT JeHCTBATCIBHOE n306pa>KeHne npeu-
MeTa ¢ yBenu4enueM k; = 5. Ecnu 3epKano nepeMecTATh Ha pacCTOSHHE

Puc. 160
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@=2 cM 6JHXe K MPEAMETY, TO yBeJUUeHHE IPEIMeTa CTaHeT k, = 7.
Haiitu okycHoe paccroanue F 3epkana.

1047. BorryTtoe 3epxajo gaeT KeHCTBUTENBHOE H300pakeHUe npe-
MeTa ¢ yMeHblieHHeM k; = 1/4. Ecnnm npeaMeT OepeMEeCTHTH Ha
paccTosiHuE a = 5 cM OJIMXKE K 3epKajly, TO YMEHBIIICHHE M306pakeHAS
craHer k, = 1/2. Haiitu dokycHoe paccrosinne F 3epkadna.

1048. ®oxyc BOrHyTOro 3epkaja pPacHoONOXEH HAa pPacCTOSHUN
« = 0,24 M or npeameTa u Ha paccrosiHuu b = 0,54 M oT ero u3obpa-
>keHust. Hafitn yBennueHue k npenMeTa, faBaeMoe 36pKajloM.

1049. CgeTsiiasica Touka pacnosioxkeHa Ha paccrosaun d = 0,75 m ot
BOTHYTOTr'O 3epKana 1 Ha paccrosinum / = 0,05 M OT rlaBHON ONTHYECKON
ocu 3epkana. Mzo6pakeHne TOYKH HaxXOQuTcs Ha paccTosunn L = 0,2 M
ot ocu. Haiitu papuyc kpuBu3Hsl R 3epKala B ciyuasix, Korga u3obpa-
>KeHHE NeHCTBUTENBHOE U MHUMOE.

1050. Ilydok nyueir ot OeCKOHEUHO yHaJeHHOTO WCTOYHMKA CBETA
nagaeT Ha 3KpaH, UMerond orBepcTre guamerpa d = 7 cm. [lnockocTs
3KpaHa NeplIeHAnKyJdpHa K jydaM. Ha paccrosinnm a = 68 cM 3a akpa-
HOM pacHOJIOKEHO BOTHYTOE 3€pKallo ¢ (POKYCHBIM pacCTOSTHHEM
F = 0,28 M, rmaBHas ONTHYeCKasi 0Cb KOTOPOr'O COBNajlaeT C OChIO
nyyka. HaiTi grameTtp D CBETIOro Kpyra Ha sKpaHe.

1051. Toueunblil NCTOYHWK CBeTa NMoOMelleH B (oKyce 3epKana ¢
tpokycHbIM paccrosgHueM F = 20 cM. Bo CKONBKO pa3 OCBEHIEHHOCTD
3KpaHa, HaXxo#sierocs Ha pacctosiHuy 7 = 0,2 KM OT UCTOYHHKA IIPH
HaJIM4NK 3epKasa OoJbllle, UeM B TOI 3Ke TOUKe 3KpaHa 6e3 3epkana?

1052. ITpoxkekTop ycraHoByeH Ha Bbicote /1 = 30 M OT NOBEPXHOCTH
3emin. HallTu ocBemieHHOCTh £ B IEHTPE CBETNOrO IMATHA HA [OBEPX-
HOCTH 3eMJiH Ha paccrosaud [ = 40 M oT ocHOBaHMs BbILIKM. [IposKek-
TOp HMEET TOUEUHbBIN HCTOYHHUK ¢ cuiioit cBera [ = 500 ka u pedpiexrop
¢ (pokycHbIM paccrosiHreM F = 20 cM. CuHTaTh, YTO NPOKEKTOP AaET
napa’sesbHbIi Iy4YOK JIyUeHn.

1053. Borayroe 3epkano ¢ pagmycoM KpuBHU3HBI R = 1 M gaert
MHHMO€ H300pa’keHne NpeaMeTa, paclolIOXKeHHOEe Ha PacCTOSHHH
J=3 ™ or sepkana. Ha kakom paccTossHun d OT 3epKalla HaXORHUTCs
npeamet?

1054. Borayroe 3epkano ¢ paguycoM KpusBu3Hbl R = 120 cM paet
npAMoe H300paXeHue IpeaMera ¢ ygenndenueM k = 4. Ha kakom pac-
CTOSIHIH d OT 3€pKaja HaxOOuTCsl pemeT?

1055. BoruyToe 3epkaiio gaeT n3o6pakeHHe NpEeAMeTa ¢ yBejaude-
HHeM k = 6. Haittu paguyc KpuBusHbeI R 3epKaja, eciid IpeMeT pacro-
JIOKEH Ha paccrosianm d = 21 eM OT 3epkana.
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1056. Boruyroe 3epkano maet uzoOpaXeHUe rnpenMera C yBeJnue-
HueM k = 2. HaiiTu paguyc KpuBH3HbI R 3epKajla, €Clnu pacCTOsIHUE
MeXY IPpeMETOM U H306pakeHueM a = 18 cM.

1057. CeeTamasicsa Touka HAXOOUTCA HA I'IaBHO@ OoNTUUECKOHl ocu
BOTHYTOT'O 3€pKaja Ha OJIMHAKOBBIX PAcCTOSHMAX OT 3epKaja U ero
thokyca. IlepneHgUKyYIAPHO K OCH 3€pKajla PACHONIOXKEH 3KPaH, LEHTP
KOTOPOrO COBIIalaeT C ONTHYECEKNM LIEHTPOM 3epKasa. Bo cKONbKO pas
AMAMETP CBETIIOrO Kpyra Ha 9KpaHe NpeBbhIHIAeT JuaMeTp 3epkana?

1058. 3epkano paeT MHUMOE H300PAXKEHHE C YBEIHUCHUEM k =
Haiitit pagnyc KprBH3HBI R 3epKaia, ecili pacCTOSIHAE MEXKAY npel-
METOM U U300pakenueM a = 1,5 M.

1059. Ceetsmasica Touka pacnosoxena Ha paccrostiun [ = 0,2 M ot
raBHON ONTHYECKOH OCH BOTHYTOTO 3€pKaja, ee MHHMOe M300paxe-
nue — Ha paccrosgann L = (0,5 M oT To# Ke ocn. Bo ckonbko pas ¢okye-
HOE PACCTOSHHME 3€pKajia TMPEBBIIIAET PACCTOSHUE OT CBETsHIelcs
TOYKH J[0 (POKANBHON MIIOCKOCTA?

1060. OTpesok, coeguusiomuil PoKyc BOCHYTOro 3epkana ¢ ero
MOJIFOCOM, pasfie]IeH Ha TP pakHble YacTH, B B TOUKAX [eJCHUs TTOMe-
[IeHbl TOYCUYHbIE HUCTOUHMKH cBeTa. KakoBo paccrosune [ Mexay
N300paKeHISIME 3TUX HUCTOUYHHKOB, €CNIHM PAgiyC KPUBH3HBI 3epKasa
pasen R?

1061. Ynapumii Ha MATKYIO TIHHY HIap OCTaBua B Heil yrayOie-
HHe, paguyc koToporo pasen 0,8 paguyca mapa. Ilocne 3aTBepuesaHus
[JIMHBI BBIEMKY 1I0CEpeOpHIIN U TONMyUnBHIeecs: chepuiuecKoe 3epKano
HAKPBUIM INTOCKUM CTEeKITOM. C KaKUM YBENIMYEHHEM 1aeT 3TO 3€PKallo
u3o0paskeHue PUCYHKA, HAHECEHHOTO B LIEHTPE

?S crekna?

E s 1062. Ha puc. 161 SO — npepmeT, SO’ — ero
E zr MHHAMOE n300pakeHne B 3epkane, OO0’ — rnasHas
5 5 onruyeckasn och 3epkana. Hailtu nmoctpoeHnem

MOJIOKEHUs MOJIoca 3epKalla, ero ONTHIECKOTO
HedTpa u oxyca.

1063. YenoBek BUAUT cBOC M300paxkKeHHE B C(PEPHUICCKOM 3€pKale,
HaXOMAUIEMCSl OT Hero Ha paccrogumi d = 0,2 M, yBeAHIYEHHBIM B
k =1,5 pa3a no cpaBHEHHUIO ¢ N300pAKEHAEM B HIIOCKOM 3€pKalne, Ha-
XOHSIIEMCS Ha TaKOM Xe paCCTOﬂHI/II/I Hajitn paguyc KpUBU3HBI
R cipepuueckoro sepkaia.

1064. Cxopsinpecs Ty4n TTAAarOT Ha BOTHYTOE 3€PKaio ¢ (POKYCHBIM
paccrosiaueM F = 0,5 M ‘w'iociie OTpdKeHns COOHpPAIOTCA B TOYKE,
oTcTodAmen Ha paccTosdHmd f= 0,2 M OT 3epKaja ¥ Ha pacCTOAHUH

Puc. 161
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L = 0,15 M or ero rnaBHOH onTmyeckoil ocu. Ha kakom paccros-
Huu [ oT ocu cobepyrcd ny4d, ecnu yopars 3epkano? Iloctpouts
XOf ny4ei.

1065. Cxopsmiuecs nyud nagaloT HAa BOTHYTOE 3epKano ¢ (poKyc-
HBIM paccrosiHueM F = 10 cM Tax, 4TO HX NPONOJDKEHUs NepeceKatoTcs
HA TJIaBHOWM ONTHUYECKOH OCH 3epkaja Ha paccrosHud d = 0,3 M 3a
3epkajoM. Ha KakoM paccTOAHMH OT 3e€pKaia COUmyTCS JIY9H MOCHe
oTpaxKeHusa?

1066. Cxopsmuecs JNYyUYM NapgatroT Ha BOFHYTOE 3€pKajio Tak,
YTO WX NPOJONXKEHUS MNEepeceKaloTcsd Ha TIJIaBHOH ONTHUYECKOH
ocu 3epkana Ha paccrosHud d = 0,2 M 3a 3epkanom. [Tocne orpaxe-
HUS JYYH COILIHCH B TOYKY, PACIIONOXKEHHYIO Ha PACCTOSHWHU, PaB-
HoM 1/5 dokycHoro paccrosHus 3epkasia. HallTu papgmyc KpUBH3HEI
R 3epkana.

1067. Pacctosnue ot cBeTAmelca TOYKM RO 3epkana d = 4,8 cMm,
paccrosiie OT H300paxkeHHs 3TOH TOUYKH [0 (oKyca 3epkana
a = 20 cM. Touka HaxogUTCH Ha ITaBHON ONTHYECKOW OCH 3epKana.
Haiitu okycHoe paccrosaue F 3epkana.

1068. Ha rmaBHO# onTHUYECKOM OCH BOI'HYTOTO 3e€pKaja C PaguycoM
KpHUBU3HBI R HaXOJUTC MaJleHbKasl JJaMIIOUKa HakanuBaHus. Paccros-
HUE OT JlaMMOYKy 1o 3epkKana d = R/4. Hairtm ocBeniennocts E, B
LeHTPEe 3KpaHa, PACHOIOXEHHOr0 NePNEHAUKYISIPHO K [NIABHOH ONTH-
YeCKOU Ocu Ha paccTostHAM 2R OT 3epkana. OCBEHIeHHOCTD B IIEHTPE
3IKpaHa, HaXO#sINEerocss Ha paccrosHuu KR, paBHa E,. [loTepsmu cBeTa
TIpH OTPaKEHUU NIPeHeOPeYb.

1069. ITocTpouTs m3obpaxenue S’ cBeTsUEHCs TOUKH S, HAXOHA-
mefica Ha TIaBHOI ONTHUYECKON OCH BBIMYKIOTO 3epKaja, €Clu MOo-
JIOKEHUST ONTHYECKOro LeHTpa 3epkana C, ero nmomoca P n ¢okyca
F W3BECTHBI.

1070. IIpegMeT HaxOgUTCA HAa PacCTOAHUU d = 5 OT BBIIYKJIOIO
3epKana ¢ paguycoMm xKpuBm3HEI R = 1,5 M. Ha kakom paccrositauu f oT
3epkaja Haxogures n3obpaxkeHne npeamera?

1071. YI3o6paxeHne HCTOUHHKA CBETA MONYYEHO C MOMOIIBIO Bbl-
HyKJIOro 3epkajna Ha paccrogHuu f = 60 cM ot 3epkana. Ha kakom pac-
CTOSSHAH d OT 3epKalia pacilofiosKeH HCTOYHHUK, eciu (POKYCHOE pac-
crosiaue 3epkaina I =90 cm?

1072. Manmoe u300pakeHue NpeAMeTa ITONYYEHO C MOMONILIO BbI-
HYKJIOTO 3epKajia Ha paccrosiaum f = 12 cM ot 3epkana. Ha kakom pac-
CTOSHMH d OT 3€PKaja paclnojioKeH MPEAMET, ECNU PafiHyC KPHBU3HbL
sepkana R =40 cm?
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1073. IInaMs cBeuym HaxoguTcs Ha paccrossHHUM d = 1,5 M oy
BBINYKJIOro 3epkana ¢ (POKycHbIM paccrosgHueMm F = 0,5 m. Haiiry
yMeHbilleHue k 1300pakeHns TIIaMEHH CBEYH.

1074. [IpegmeT BBICOTBI h = 4 MM HaXOJUTCS Ha PacCTOSHUK
d = 10.cM OT BBINYKJIOrO 3epKaja C pafiiycoM KpUBH3HBI R = 60 cM,
Hatitu BoicoTy H n3o0paskeHus] IpeMeTa.

1075. Beinykioe 3epKajio ¢ (poKycHbIM paccTosHreM F = 0,2 M maet
MHUMOE W300paskeHue npeaMeTa ¢ yMeHblneHneM k = 1/2. Ha xakom
paccTosinuu d OT 3epKana pacnojoxen npegmet? IlocTtpouts xop
ayded.

1076. Papuyc KpuBU3HbI BBINYKJIOTrO 3epkana R = 1,6 M. Ha kakom
paccTosiHuy d nepefi 3€pKajloM AO0JKEH HAXOANTECS MPEAMET, YTOObI
ero u306paxkkeHne MONY4YMIOCh B n = 1,5 pasa Onmxe K 3epkalny, uem
cam npegMmeT?

1077. Ceersinmiasicss TOUKa PacHoNioXeHa Ha paccToaumu d = | M ot
BLIDYKJIOrO 3epKaja, a €e¢ u300paXkeHue NeJuT TOYHO IOMOoJaM OT-
PE30K IIABHOM ONTUYECKOR OCH MEXK/Y MOJIIOCOM 3€pKalia i ero (PoKy-
coM. Haiitw paguyc KpuBU3HBI R 3epKaia.

1078. YenoBek CMOTPUT B NocepeOGpEeHHbIN CTEKIISHHBIN MIap Aua-
meTpa [ = 0,6 M, HaXO#ACh OT Hero Ha paccrosiHud d = 0,25 M. Ha kakom
pPacCTOSIHUY @ OT YEJIOBEKA PACIHOJIOKEHO €r0 YMEHBIIEHHOE MHIMOE
npsiMoe u300paxeHne?

1079. Tonkuil KapaHJaIl gIUHbI [ = 6 CM pacooKeH BOJb INIABHOK
OIITHYECKOMR OCH BBINYKIOro 3epkana. M3o0paxkeHne ero 6nuxKanmuiero
K 3epKajly KOHLA HAaXOguTcsd Ha paccrosuum f; = 20 cM oT 3epKada,
NaJbHEro — Ha paccTosHud f, = 24 cm ot 3epkana. Hafitu ¢okycnoe
paccrosiHue F 3epkasa.

1080. Jlyuy mepecekaeT IaBHYK) ONTHYECKYIO OCh BbINYKAOTO
3epKana B HeKOTopo# Touke A. Ha Kakom paccTosiHum oT TOYKHM A
HEOOXOMUMO PACIONIOXKHATEL 3€pKajo, YTOOBI Jy4, OTPa3MBLINCh OT
HETro, Nepecek IIaBHYIO ONTHYECKYIO OCh B TOUKe B, oTcrosmei or
TOYKH A Ha paccrosiHuu [ = 1,5F?

1081. Cxopsiinyecst 1y4H NagaioT HAa BBIMYKIIOE 3€PKalio Tak, uUTo UX
NPOJOJIKEHHNS! IIEPECEKAIOTCA Ha IJIaBHOM ONTHYECKOH OCH 3epKaja Ha
paccrosiuuu d = 24 cM 3a 3epkanom. ITocne oTpaxkenust oT 3epkana
Jy4d CXOASITCS HA OCH 3€PKalia B TOUKE, HaXOAIIEHCs Iepefi HUM Ha
paccrosinud f = 40 cm. HaiiTu paguyc KpuBH3HBI R 3€pKana.

1082. Brinykioe 3epkano ¢ (POKYCHBIM paccTossHMeM F = 145 M
3aKpbIBAET COOOM OTBEPCTHE B HEMPO3pa4yHOM 9KpaHe. Cxopsimuecs
JTyYM TAlaloT Ha 3epKajlo TakK, YTO MOC/IE OTPaKEeHUsI OHU CXONATCS HA
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.

- THaBHOU ONTHYECKOH OCH 3epKajla Ha paccTosHdu f= 55 cM nepen
sxkpanoM. Ha kakoM paccrosiHuE d 3a 9KPaHOM COHAYTCH NIy4YH, eClu
BLIHYTBH 3€PKajo U3 oTBepcTs’?

1083. Cxopsimuecss nMy4d MafaioT Ha BBIMYKIJIOE 3€PKao C pagmy-
coM KpuBHu3HbI R = 0,4 M Tak, 4TO UX NPOMOIKEHNUS NEPECeKAIOTCs
Ha TJTABHOM ONTHYECKON OocH 3epkana Ha paccrosHu# d = 0,7 M 3a
3epkajoM. Ha xakoM paccTOsHHH f OT 3epKajia COUAyTCs Jiyuu IHOcCie
oTpaxkeHus?

1084. Cxopsimecst 1yun nafaloT HA BBINYKIOe 3epKajo Tak, 9TO WX
NpOJOIKEHUS NIEPECEKAOTC B TOYKE, HAXOAsIIeHcd Ha pacCTOAHUM
d = 0,4 m 3a 3epkanoM. ITocne oTpaxkeHHA OT 3epKajia JIy4n PacXonsaTcs
TakuM 00pa3oM, YTO UX NPONOJKEHAS IEPECceKaroTcsi B TOYKE, OTCTOA-
mie# oT 3epKana Ha paccrosiHuM f = 1,6 M. O6Ge TOUKHN nepecedyeHHs
JlesKaT HA TTTABHOH ONTUYECKOH ocm 3epkayia. Haitm ¢dokycHOE pac-
crosHue F 3epkana.

1085. Uepes kpyriioe oTBEpCTHE B 3IKpaHe, HUMEKOUiee AUAMETP
d = 4 cM, Ha BBIIYKJIOE 3€pKasio, HaXoJsleecs Ha pacCTOSHAN @ = 16 cM
OT 9KpaHa, NafaeT NapajlelbHbI# My4YOK cBeTa (BHOJb INIaBHOH OIITH-
YecKO¥l OCH 3epKaja HEPHeHJUKYISPHO K 3KpaHy). OTpasuBIINCE OT
3epKaJja, TMy4oK CBeTa, NMomnafas Ha TOT XK€ 9KpaH, o0pa3yeT BOKPYT
OTBEpPCTHs CBETJOe MATHO auamerpa D = 6 cm. Haitu paguyc kpu-
BU3HBI R 3epkaia.

1086. [Tygok mapannenpHbIX Jydel, IpOHAs yepes Kpyrioe OTBepc-
THe B UCTe Oymaru, oOpa3yeT Ha 3KpaHe, NapaylleIbHOM JIUCTY U pac-
MOJOXKEHHOM OT HETrO Ha PacCTOSHUU @ = 45 cM, CBeTNBIH KpPyr
nuameTpa d = 6 cM. Korga skpaH 3aMeHHIIN BBINMYKIIbIM 3€pKanoM, TO
Ha jcTe Gymaru IMOsIBUNCS CBETABIN KpYr auaMeTpa D =33 cm. Haidtn
paguyc KpUBH3HBI R 3epkaia.

§ 30. Tonkue aUH3BI

Jlux30#t Ha3bIBaeTCs NpO3pavHOE TENlO, OTPaHMYUEHHOE ABYMsi ceprue-
CKMMH I chepUIeCKOH M INTOCKOH NOBEepXHOCTAME. Tommuny nuHse! 6yaemM
CUMTaTh MaNlOd O CPaBHEHMIO C pajuycaMH KpHBHU3HBI R u R, ee nosepx-
Hocreil. [1oaroMy BepnIHHBI chepHUUSCKHX MOBEPXHOCTEH MOXHO CUHMTATH
NPaKTUYECKH CINUBAIOLUIUMACH B ONHOH TOYKE, HA3BIBAEMOH ONTHYECKHM
LEeHTPOM NuH3bI. Jlyd, npoxopsiuil yepes ONTHYECKUHI UEHTP MHH3BI, T.€.
HAYIIHH BAOJNH ONTHYECKOH OCH JIHH3bI, HE H3MCHIET CBOCI'O HallpaBJICHUs.
Onruueckas och, NPOBEIEHHAas Yepe3 BepIINHbI cheprHIeCcKHX NOBEPXHOCTEH,
Ha3bIBAETCA NaBHOM ONTHYECKOH OCBIO, MPOUHE — NOOOIHBIMA.

JImH3a, y KOTOPO# cepefiHa TOIIIE, YeM Kpasl, Ha3blBaeTCs COOHPAIOIIECH.
Ecnu kpasi n1MH3BI TOJNIIE CEpEfNHBI, TO MHH3A — pacceuBaiomas. Y CIOBHOE
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obo3HaucHUe coOmpatollell THH3bI IIOKa3aHo Ha puc. 162, paccenBatomeit —
Ha puc. 163.

JIyuu, napannenbHble rIaBHON ONTHUYECKOH OCH, IOCTE NPENOMIICHHS R
muH3e cxopdarcs B hokyce. POKyc NHH3BI JEHCTBHTEILHBIN AJIsi COOHpatouie
JIMH3b1, MHEMBIH — A1 pacceusaromeit. [1nockocts, nposeennas uepes ¢pokyc

¥*
*
Puc. 162 Puc. 163 Puc. 164

NEPHEHIAKYISIPHO K ONTHUYECKON OCH, Ha3bIBaeTCs (POKANBLHOM MIOCKO-
crbro. Kaxkpabiii n3 nydeit, napamre bHbIX [NOOOYHOH ONTHUIECKOR OCH, 11ocne
MPETOMIICHHSI TPOXONUT UEPE3 OIHY H TY JKE TOUKY, JIEKaILYIO Ha (POKATLHOI
IUIOCKOCTH 1uH3LI. B ciydae paccemBatoumieidl MUH3BI B 3TOH TOUKe INepe-
CEKAalOTCsl HE CaMU JIYUU, & HX TIPOROJIKEHIMSL.

Touxas auH3a RS Aydeld, COCTaBIAIOLUIUX Malblil YroJ ¢ IJIaBHOH ONTH-
JeCKO! OChIO, 00IaaeT CBOHCTBOM NaBaTh N300paskeHHE TOUKH IPEJMETa B
suge Touku. M3obpaskeHne nmpeaMeTa MOXKET ObITh AEHCTBHTENLHLIM HIH
MHHUMBIM. B nepBoM ciyyac oHo oOpa3oBaHo Ay4aMH, JeHCTBUTEIILHO lIEpe-
CEKAIOMIMMHACS NOCNE NpeJOMIeHus B auH3e (puc. 164), BO BTOPOM cayuac
n300paxKeHne o6pa3oBAHO NPOJOKEHHSIMYA NPENOMIICHHBIX B IWH3C Jiyyer
(puc. 165).

Y6epeM nuH3Y W HaljleM BEpINUHY TyUKa NepeccKatoluxces ayueil. Jra
BCPIITIHA — Oj[HA U3 TOUEK NPEMETA UITH UCTOUHUKA. Tak Kak B HPACYTCTBUK

P *Z *

Puc. 165 Puc. 166

JIMH3BI JIYYH MOTYT M HE TIEPECEKAThCA B IeHCTBUTENBLHOCTH B 3TOH TOYKE, TO
NPeAMET MM MCTOYHMK MOXKET ObITh Kak AeHCTBHTETbHBIM (pyUc. 166), Tak U
MHHAMBIM (pHuc. 167). B nocnenneM ciayvyae HCTOUHHKOM Oy[eT BEPIIMHA I1y1Ka
NPOAOIIKEHHUT TyUel, NagaloIiix Ha THH3Y. ‘

dopmysa TUH3BI 1 IPABHIIO, IO KOTOPOMY CTaBSITCA 3HAKU MEPEN WICHAMH
aToit HOPMYITbI, NOTHOCTHE) COBHAJAIOT C AHANTOTHYHBIMA ISl ChepnIecKoro
jepkaina, T.c. '

slol_ L
d f F
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E;me paccTosHUE OT HPEeAMETa [0 JUH3bI d, paCCTOSHHE OT JIMH3KI 10 U306pa-
xenus fu pokycHoe paccrosiHue F siBASIOTCS BEMUMHHAMY MONTOKHTETHHBIMH.
[1moc nepef WicHaMKM (QOPMYIbI CTABUTCS, €CNIM COOTBETCTBYIOHIMH Nipeji-
MeT (M300paxKeHue) HEeHCTBUTEILHBIN, MUHYC — €CTH MHUMBIH. 3HaK OTBETa
yKa3bIBacT JIHMIb HAa MPaBHIBHOCTH
OnpefeNeHns XapaKkTepa (HO HE MOy )
HEHW3BECTHOH BenuumHbl. Ilomoxurens- a0 Ll
HBIH OTBET CBHJIETENbCTBYET O CIpaBej- U “
AUBOCTH TIPEANIONOXKEHNS O MHUMOCTH v .
WAN [EUCTBUTENBHOCTH HM300pasKeHUs -
(npeaMeTa), OTPUIATEILHBIN — 00 OLIK-
GOYHOCTH.

doxycHoe paccrosiHue F, pagmychbl Puc. 167
KPHUBU3HEI R B R, cchepuueckux nosepx-
HOCTCH AWH3bl KW MOKA3aTEJIM MPEJIOMIACHHS /| U /1, BELIECTBA JUH3BI H
OKPY>KAFOIICH Cpefbl CBA3aHbl COOTHOILIEHIEM

TRLIN SRS (L
F

”2 Rl R2

Kaxk 00nruHO, (hopMyna gaeT TONBKO MOAYAE F; 3HAK Xe fepef| IeBON JacTbio
BBIOHpAETCs 10 OOBIYHOMY IIPAaBUIY: IITIOC — AEHCTBUTENLHBIN (POKYC, MEHYC —
MHHMBIA. 3HaKu nepej wWieHaMm#, cojepskalumu R, u R,, Oepyres nouso-
SKUTENBHBIMU [T BLIIYKIIBIX IOBEPXHOCTEH, OTPUIATENBbHBIMU — [Nl BOTHY-
TeIX. Benuunna D = 1/F, obparHas (pOKYyCHOMY pacCTOsSHHAIO, Ha3bIBAacTCs
ONTHYECKON crioit nuH3bl. ONnTudeckas cuia D JMH3BI BRIPAXKALSTCS B OLON-
mpuax: 1 anrp =1 M1,

1087. IIpu cbeMke aBTOMOOUNA IIMHBI [ = 4 M niIeHKa pacroJja-
ranach oT 00beKkTHBa Ha paccTosHuH [ = 60 cM. C KakoTO paccTossHus d
CHHMAaJIl aBTOMOOHNb, €CIIM [JIMHA €r0 HEeraTUBHOIO H300pakeHHs
L =32mm?

1088. Ilpomepsiss cBOM OUKH, HeJNIOBEK MOJYUYHI HAa MOJY KOM-
HaTbl ZEHCTBHTENBbHOE M300pa’keHme JaMObl, BHCALIEH Ha BBICOTE
H =3 M, 1ep:Ka 0YKOBO€ CTEKJIO MO IaMIOil Ha paccTosiHMA /1 = 1 M oT
nona. Kakosa onrinyeckas cuna D crekna?

1089. Todveyublii UCTOUYHHK CBETA HAXORUTCS HA TIaBHOM OMNTHYE-
CKOH ocy cobuparomeil TMH3blI ¢ (DOKYCHBIM paccTosiHumeM F =6 cM
Ha paccrosaun d = 4 cM oT Hee. Ha kakoM paccTosHAN @ OT JHWH3BI IO
Ty € CTOPOHY, YTO M HUCTOYHHK, HEOOXOAMMO NOCTAaBHTH IJIOCKOE
3epKano, 4ToObl N0 APYIYIO CTOPOHY JHWH3BI CYIIECTBOBANO HAEH-
CTBUTENbHOE M300pa’keHMe HCTOYHHKA Ha paccTosHuu f= 12 cMm ot
JIAH3DI?
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1090. Ha puc. 168 S — Toue4HBIA HCTOYHHK CBETa, S’ — €ro m306pa-
skenne. Halitn nocrpoeHreM nosiokeHue ONTUYECKOrO LHEHTPA JIUH3B
1 KaXoro u3 ee (pokycoB B cllydasiX, KOIfja [JIaBHON ONTHYECKOHR OChbio
JINH3LI ABJASIOTC NpsAMbie 1-4.

1091. Ha#ttu nocrpoeHneM NONoXeHne GOKYCOB JUH3BI [JIsl Jy4da,
n300paxkeHHOro Ha puc. 169.

* S

BW N =

Puc. 168 Puc. 169

1092. dororpad, HaxopgamKiAcs Ha OOPTy CyHA, CHEMaeT KaTep,
HIYIIHH BCTPEYHBIM KypcOM. B MOMEHT CheMKH KaTep HaXOMUTCS TIOf,
yraoMm O = 45° mo Xofy CymgHa Ha pacCTOsSHUM d =
= 150 M ot Hero (puc. 170). CkopocTu HBUKEHUs
cymHa v; = 18 kM/4, a xatepa v, = 36 km/4. Kakoe
d MaKCHMalbHOE BPEMs SKCIO3UIHAN Af MOXET NaTh
v v,Y ¢ororpagd, YTOOBI pasMbITHE H300paKeHUS Ha
o mrerke He npesblmano Al = 0,03 Mm? PokycHoe pac-

crossHue 06 BEKTHBA (poToanmnapara F =5 cm.
1093. Kak HyXHO M3MEHHTH PAaCCTOSHUAE MEXAY
06 beKTHBOM (poToanmapara W MIACTUHKOH NpH
Puc. 170 nepexofe OT ChEMKH OUYEHb YAATCHHbIX MIPEAMETOB K
cbeMKe OO'bEKTA, PACHONOKEHHOTO Ha PACCTOSHUA

d =2 M oT 06'beKTHBA € (POKYCHBIM paccTosaueM F = 13,5 cM?

1094. U306paxkenne npegMeTa IONYy4aeTcss Ha MAaTOBOM CTEKJE
¢poroannapara. Ha kakoe paccTosHue a Hafo NEPEABHHYTh 06 HLEKTHUB
¢poroanmnapara, ecnu MexXAay OOBLEKTHBOM H MAaTOBBIM CTEKIOM
MOMECTHTH CTEKJIAHHYIO INTACTHHKY TOJIMAHBI i = 4 MM C OKazaTejeM
“mipenomienns n = 1,67 CYnTaTh yribl NafeHUs HACTONBKO MAJIBIMA, 4TO
“sin O = tg O

1095. CotGuparomiast TMH3a BCTABIIEHA B KPYIJIO€ OTBEPCTHE B HENPO-
3pavnoli mmpMe. To4yeuHbIll HCTOUHUK CBETAa HAXOHUTCS HAa TIABHOH
ONTHYECKON OCH JIMH3BI Ha paccTosiuuy d = 10 cM ot Hee. ITo gpyryro
CTOPOHY JIHH3EI Ha TAKOM K€ PAaCCTOSHHH d OT Hee MOCTaBJIEH NIEePIIcH-
OUKYJISPHO K OcH 3KkpaH. Ha akpaHe BHJEH CBEeTNBIA KPYr, AMAMETP KO-
TOpPOroO B 1 =2 pa3a MeHbIIe JHaMeTpa nmH3bl. Halitu (poxyCHoe
paccrosinue F TuH3bI.
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. 1096. ToueuHblil NCTOYHNK CBETa HAXOOUTCS Ha IJIaBHOH ONTH-
'9eCKOM OCH NMWH3BI Ha paccTosHUU d = 25 cM ot Hee. POKycHOE pac-
- crosiHde JNHH3BL F = 10 cM, ee paguyc r =5 cM. ITo mpyryio cTopoHy
_JIAH3BI CTABAT SKpaH Tak, YTO Ha HEM INOJy4aeTcs 4eTKoe H3o6pa-
JKEHHE UCTOYHHKA. 3aTeM 3KpaH IEPEMEIAIOT BAOJb OCH HA paccTod-
pme a = 5 cM. Haittu pagnyc R cBeTi0r0 Kpyra Ha aKpaHe.

1097. Cobuparoias nuH3a ¢ (POKYCHBIM paccrosinueM F = 0,00 M
BCTaBJIEHa B OTBepcTHe paauyca r = 0,03 M B Henpo3pauHoil mmpme. Ha
3KpaHe, HaxopusameMcs Ha paccroguun a = 0,16 M oT mmEpMsbI, HIONY-
YeHO YeTKOe n300pa’KeHHE TOYEeHYHOrOo HCTOYHHKA cBeTa. Kakos
OygeT paguyc R CBETJIOTO Kpyra Ha 3KpaHe, €CNH BBIHYTH JUH3Y H3
oTBEpCTUs?

1098. CoGuparomast nuH3a ¢ (POKYCHBIM paccTosiHueM F =5 cm
BCTABJICHA B KPYIJIOE OTBEpCTHE paguyca r = 3 ¢M B focke. Todeunsrit
UCTOYHUK CBeTa HAXOMWUTCS HAa INIABHOH ONTHUYECKON OCH JIMH3Bl HA
paccrosiHud d = 15 cM ot Hee. Ilo Apyryro cTopoHy JOCKH NOMEIEH
JUCT OyMaru, Ha KOTOPOM HONY4aeTcsl YeTKOe H300paXeHHe UCTOY-
Huka. Kakos OyfeT paguyc R CBETIOro Kpyra Ha jgucre OyMaru, eciu
AYMH3Y BBIHYTL H3 OTBepCTUs ]

1099. N3o6paxkenne MAJIAMETPOBOIO AEJIEHUS IIKAJbl, PacHolo-
SKEHHOH Ilepeq NuH30# Ha paccrosiuuud d = 12,5 cM, uMeeT Ha aKpaHe
muHy L = 8 cM. Ha xakoM pacctosHuu f OT JTHH3B! HAXOAUTCS 3KpaH?

1100. OcBewerHas menb BBICOTH 1 = 5 CM NMPOEKTUPYETCS C HO-
MOWIBIO cOOMparoIiell JTHH3bI ¢ (POKYCHBIM paccrosiHueM [ = 10 cM Ha
9KpaH, OTCTOSIIKA OT AWH3bI Ha paccrosHud f = 12 cM. Haiitu BeicoTy
H n300paxeHns Niean Ha 9KpaHe.

1101. IIpegmer nnuHe! [ = 8 cM IpoeKkTHpyeTcs Ha akpaH. Kakoe
tpokycHoe paccrosnne F goiKeH UMeTh OO'BEKTHB, HaXOJALUICA HA
paccrossHuM f=4 M OT 3KpaHa, YTOOBI
u3o0paxKeHHe IpegMeTa Ha 3KpaHe HMENO
mmny L =2 m?

1102. B menTpe 1miockoro 3epkaia, Io-
CTaBIEHHOTO Toj yrioM o = 45° x ropu-
30HTY, HAXOIUTCSA BepXHUH (POKYC TOPA30H-
TaJbHO PAacClOJIOXKEHHOH JIHH3BI 00heK-
THBA 3MUAHACKONA C ONTHYECKOH CHIIOH
D = 10 porp. Ha paccrosunu [ =2 MM oT Puc. 171
HUKHero ¢oxyca NOMeIaloT SIPKO OCBE-

HieHHY1I0 (ororpadrio, UMEIOLIyI0 pa3Mepsl a X h =4 X 6 cMm?
(puc. 171). Haiitu paCCTOﬂHI/Iev L oT 3KpaHa [0 riaBHOW ONTHYECKON
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OCH NTHH3bI H pa3sMepbl A X B yeTkoro n3obpaxkenus ororpadun na
9KpaHe.

1103. Cobuparomasi IuH3a C ONTHYECKOH cuioit D = 8 pnTp paer
uzobpakeHHue MpeAMeTa, paBHoe pasMepy npepMera. Kak HyxXHO m3-
MEHHUTL PACCTOSIHAE MEXAY JIMH30M M IPEOMETOM, YTOOBI ero m3o6pa-
>KeHHE¢ YMEHBIIMIOCH B TpH pa3a’

1104. Cobuparomas TMH3a JaeT Ha 9KpaHe H300paskeHne npeaMeTa ¢
yBennueHueM k = 2. PaccrosiHue OT npefMeTa Ko JIMH3bI MPEBBIIIAET e
(POKYCHOE paccTOAHME HAa BENHUHHY a = 6 cM. Hafiti paccrosaue f ot
JIMH3BI JJO 3KpaHa.

1105. Todeynnifi HCTOYHUK CBETA HAXOAUTCH HA PACCTOSHHH d OT
cobuparomeit MAH3bI ¢ QOKYCHBIM paccTosaueM F = 0,6 M. Konebanus
JIUH3BI NONEPEK IJIABHON ONTHYECKOH OCH NMPUBONAT K KOJIEOAHHSIM
n300pakeHnsd TOUYKH C aMIUTUTYRoU A; = 1,6 cM, a monepeyHsle Koje-
GaHWs UCTOUHHMKA C TOH K€ aMIIUTYROH BBI3LIBAIOT KOJeOaHus
n3obpaxkenus ¢ amnnurypoit A, =1,5 cm. Hafitn paccrosimne d or
HCTOYHUKA 0 JIUH3HI.

1106. Paccrosane ot npegMeTa 10 coOHparomieii IUH3BI B 11 = 5 pa3
Gouibiie (POKYCHOTO paccTOSHUSA MUH3bL. Halith yBenuueHue k TAH3BL.

1107. Ha kakoM paccTosHUH f OT OOBEKTHBA NPOEKIHOHHOTO
anmapara ¢ ¢GOKyCHbIM paccrosiHueM F =0,1 M HyXHO IOMECTHUTH
3KpaH, uTo0bl M300pakeHue Ha 3KpaHe Oblno B k = 50 pa3 Gonblue
npegMeTa Ha NAANO3UTHBE?

1108. Ilpu TomorpacmuecKol CBEMKE C CaMOJIETA, JETSALETO
Ha BbIcoTe H =2000 M, HeOGXOONMO NOJNYYNTh CHHMKH MECTHOCTH B
macmTtabe | : 4000. KakoBo moiKHO ObITH (pOKycHOE paccTosinue F
o6bexTuBa?

1109. O6beXTHB TEJIIEBU3MOHHOIO NepefaTunka OTOpachlBacT H30-

5 A OpaskeHue cBOOONHO MafaloIlero NpeaMeTa, Ha-

Pi> XOHSLIErocs NMepel HAM Ha pacCTOSHUA d = 5 M,
Ha CBETOYYBCTBUTEHBHBIA CIOH mepeparoumei
F F Tpy6ku. Haiitu ¢okycHoe paccrosinue F 00b-
€KTHBa IepeJaTyiKka, ecliu u300paxkeHne ABH-

Puc. 172 KeTes ¢ yekopenueM a = 0,2 m/c2,

1110. [Toctpouts u3o6paxkeHue orpe3ka AB,
napanielbHOr0 FAABHON. ONTHYECKOH OCH COOHpalomed JHMH3BI
(puc. 172). :

1111. Toyeynsri npegMeT ABIKETCI IO OKPYXKHOCTH CO CKOPOCTBIO
U =3 cM/c BOKpYT IlIaBHOH ONTHYECKOH OCH COOMpAarolIEH JTUH3bI B
IIJIOCKOCTH, NEPINEHOUKYJISPHOU K OCH M OTCTOSINEH OT NHH3bI HA
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Epaccq*o;mnu d=1,5F, rae F — dokycHoe paccTosiHHe NHH3BI. B KakoM
5HanpaBneHuu N C KaKol CKOpocThblo V pBmikeTcs H3O0pakeHHe
npeamMeTa?

1112. Cobuparomast 1uH3a ¢ POKYCHbIM paccTosinueM F =4 cM naeT
u300paskeHne TOUKHU, PACNONOXKEHHOH HAa paccTosHuu d = 12 cMm oT
JIUH3B] HECKOJIBKO BbIlLE ¢e onTuueckoit ocu. Ha kakoe paccrosinme L
cMecTUTCA N300pasKeHne TOUKNA Ha 3KpaHe TIPHU NepeMeleHAN JTHH3bI
Ha paccrosiHue [ = 3 cM BHH3 OT €¢ i€ pPBOHAYANBHOTO MOJIOXEHNA?

1113. CaeTdAmasics TOUKAa ONHUCHIBAET OKPYXXHOCTb pajguyca I B
IVIOCKOCTH, HEPNEHIUKYNAPHOR K TTaBHOH ONTHYECKON OCh CoOHparo-
Hiell JIHH3bI ¢ ONTUUYECKOI cuiol D, a ee u300paxeHNe ONHCLIBAECT Ha
IKpaHe OKPY:XKHOCTbL papuyca R. Ha KakoM paccTosHUH [ OT NUH3BI
HaxopuTCs aKpan? :

1114. Kakoe yBenuueHHe k XMANO3UTHBA naeT 00'BEKTHB IPOEK-
uroHHoro (hoHapsi ¢ pokycHbIM paccrosaueM F = 0,25 M, ecnn 9KpaH
yRaneH oT 00'beKTNBA Ha paccrosiaue f =4 m? ,

1115. Paccrosinue oT npegMeTa 0 coOUparoell TUH3bI A OT JIMH3bI
10 n300paxkeHus OANHAKOBbL M paBHbl d = 0,5 M. Bo cxonpko pa3s
YBEJUUUTCS N300paXkeHHe, eClIH CMECTHTbh NMPEeMET Ha paccTOsiHUE
« =20 cM o HANIPAaBIEHHUIO K THH3e?

1116. C nmomompio ¢oTorpapuieckoro anmaparta, MMEIOIIEro
pasmeps!l Kagpa 24 X 36 MM? u (POKYyCHOE pacCTosHHE O0BbEeKTHBA
F =50 .MM, mpousBogutcss gororpapupoBaHne CTOSIETO UENO-
BeKa, pocT KoToporo /i = 1,8 M. Ha xakom paccrosiauu d OT 4esioBeKka
HY3KHO YCTAHOBUTBH anmnapar; YToObl cpoTorpapupoBaTh 4elioBeKa BO
BeCk poct?

1117. [ledicrBuTenbHOE U300paskKeHHE CBETSAIIEHCT TOYKH IOJY-
JaeTCsl Ha paccTOsMHA f =8 cM OT AMH3bI B Ha paccTOsTHUA L =2 cM
HIDKE ee TIIaBHOH onTudeckon ocu. POKyCHOE pacCTOSHUE JIUH3BL F =
=5 ¢Mm, ee paguyc r =5 cM. Ha KakoM paccTosiHMM g Tnepej NMUH30H
HYKHO HOCTABUTD 3KpaH, IMEIOWH (hopMy BEPXHEH NONOBUHL] JIUH3EI,
YTOOBLI H300paXkeHe TOYKH UCUE3T107

1118.. KnHoonepaTopy TpeOyeTcs .CHATh aBTOMOGHIID, ABIXKYIIUACA
CO CKOPOCThIO U = 72  KM/4 Ha.paccTosHuu d =26 M OT oneparopa.
dokycHoe paccTosiue o0beKTHBa KEHOKaMepbl F' = 13 mM. Kakosa
BONKHA OBbITh 3IKCHO3ULHUA Af, YTOObL. pa3MbITOCTL A L KOHTypOB
n300paskeHus He NpeBbliana Bennuubl a = 0,05 mm? :

1119. dokycHOe paccTosiENe JBOSKOBBUIYKNOH MmH3bI F =15 cM.
Toyednsll NCTOUYHUK CBETA HAXOMUTCS Ha TJIaBHOH OMTHUYECKOH ocH
JMH3bL HA paccTOsHuE d = 6 CM, QT Hee. JIuH3y pazpesain 1o [uaMeTpy
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Ha J[B€ paBHbIE YaCTH, KOTOPBIE Pa3BHHYJIH Ha paccrosnue 2/ = | cm
CUMMETPHUYHO OTHOCHTENBHO ocH. HaliT paccTosgnue S MeXny AByMs
1300paKeHNSIMA TOYKHA.

1120. Bposp riaBHOH ONTHYECKOH OCH COOHpAIOIIEH JUH3LI ¢
¢pokycHBIM paccTossHEeM F = 12 cM paclosio:KeH NpeaMeT, OUH KOHel
KOTOPOr'O HaXOQUTCS Ha PacCTOsHMU d; = 17,9 cM OT IMH3HI, a Ipyrow —
Ha paccrosinud d, = 18,1 cMm. Haiity yBenuuenue k n3o0paskeHus.

1121. C xakuM yBennueHHmeM k m3o0paxkaercsd TOHKHE NPSIMOM
TIpENMET, COBIANAOIINN HA HEKOTOPOM YYacTKe C rITaBHON ONTHYECKON
OCbIO coOmparomel MUH3bI, eCIH OOBEKT, YCTAHOBJIEHHBIA ¥ OJHOIO
KOHIIA NpegMeTa, N306paXaeTcsl ¢ yBETHUEHUEM K, a ¥ IPyroro — ¢
yBenuueHueM k,? O6a KoHIA npeaMeTa HaXOAATCs OT JIMH3bLI Ha pac-
CTOSIHMAX GonbIlie (POKYCHOIO.

1122. Illapuk moodepeaHO NOMEIAIOT B TOUKA A 1 B, HaXONsIIHeCs
Ha rIaBHOH ONTAYECKON OCH cOOHMparollel JTUH3LI 110 OJHY CTOPOHY OT
Hee. Paccrosimne AB = /. JluH3a maer MoouepefHO ABa H300paXkeHus
apyuKa ¢ yBelnueHusaAMH k, u k. HaliTi paccrosnue L mexay u3obpa-
SKEHUSIMH [IAPUKOB.

1123. KakoBo MHMHHMAaJbHO BO3MOXKHOE PACCTOAHHUE d,;, MEXJY
IpegMeTOM H €T0 H300PpasKeHNEM, NOJYYEHHBIM C IOMOIIIBLIO COOUParo-
LIEH JTUH3BI ¢ (POKYCHBIM paccTossHueM F?

1124. PaccTossHue MeXMy NPEeAMETOM B ero NeHCTBHTEJBbHBIM
nzobpaxenneM a = 6,25 F, rue F — ¢pokycHoe paccTrosiiie cobuparouiei
nuH3bl. Hafita paccrostaust d U f OT mpegMeTa A0 JIMH3bI B OT JIMH3BI JI0
M300pakeHus.

1125. Ceeua HaXOOUTCs HA PacCTOSIHMM @ = 3,75 M oT akpaHa. Mexny
HHUMH IOMEIAIOT COOUPAIOIIYIO JHH3Y, KOTOPast JaeT Ha 3KpaHe 4YeT-
Koe u300pakeHue CBeYH IpU IBYX NONoXKeHusx auH3bl. Halitn ¢okyc-
HOE€ paccTOosHHE F JIMH3bI, €CIU PAacCTOSHUE MEXAY TOJOKEeHHUSIME
sua3bl b = 0,75 M.

1126. Cpeua HaxOANTCS Ha PACCTOSHUM a OT 3KpaHa. Mexkay HUMH
MOMEIIAIOT COGMPAIOINYIO JIMH3Y, KOTOpasi AaeT Ha 3KpaHe 4eTKOe
n3o0paxeHue CBeUH IIPU IABYX NOJOXKeHMsIX TuH3bl. Haiitu paccrosinue
b MexXpy NOJOXKEHUSIMH JIMH3BI, €CTH (POKYCHOE PacCTOSHHUE JIHH3bI
paBHO F.

1127. Co6uparonias JuH3a JaeT YeTKOe N300pakeHue npeamMera Ha
sKpaHe, uMeromee BoICOTY H. OcTaBnsisl HEMOOBHXKHBIMA IKpaH H
MpeaMeT, MePeMEIaloT JINH3Y K 3KpaHy M HaXORST, YTO MpPH APYroM
YETKOM M300paxkeHWH MpeaMeTa BblcOTa M300paXkeHHs paBHa H».
Haiitu BrICOTY HpepMeTa h.
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~1128. IIpegMeTr Haxomurcs Ha paccrosauu ¢ = (0.6 M oT akpaHa.

- MeXay HHMU NOMENIAKOT COGUPAIOIIYIO JIHH3Y, KOTOpas AAaeT Ha

9KpaHe YeTKoe H300paeHne MIpefAMeTa IIpH ABYX MONOXKEHUAX JIMH3EL.
HaiiTr oTHOWIEHHE /1 pa3MepOB H300paKEHNAN, €CITA PACCTOAHNS MEKAY
MONOXEHUIMU NMUH3LL b = 0,4 M.

1129. Ilpepmet HaxogmTca HA paccTtoaHuu a = 0,9 M oT akpaHa,
Mexay HEMM NOMEIAIOT COOHPAIOIIYIO JHH3Y, KOTOpas MpU ONHOM
MOJIOXKEHUH [JaeT Ha 3KPAHE YBEJIMUYCHHOE M300paXKeHUe NpeaMeTa, a
npu apyroM — ymessleHHoe. Haiitu ¢pokychnoe paccrosnue I NHH3BL,
€CJIM OTHOIIEHHE Pa3MepPOB U300paKeHni n = 4.

1130. [1lpenmer naxomurcst Ha paccrostHuE @ = 0,8 M 0T 3KpaHa.
Mekay HHMH NOMEIAIOT cOoOMpalUIyI JHH3Y, KOTOpas AaeT Ha
9KpaHe YeTKOoe N300pakeHUe MpeiMeTa NpH ABYX MOJ0XKEHUSX JIMH3bI.
Haitt paccrosiHue h MeXAy MOJNOXEHUSIMU JTMH3bL, €CITH OTHOIIEHHE
pa3mMepoB n306pakeHdd n = 9.

1131. [IpepmeTr naxogutcd Ha paccrosiHuu a = 0,1 M oT nepegHero
chokyca cobuparolieit THH3EL, a 9KPaH, Ha KOTOPOM MOJYIaeTCst YeTKOE
uzo0pakeHne npeamMeTa, — Ha paccrosiuan b = 0,4 M ot 3afHero gokyca
auH3bl. HafiTn hokycHoe paccrosiHue F' U yBeHUeHUE Kk THH3BL.

1132. Mzo6paxeHnne mpegMeTa Ha MaTOBOM cTekie oroannapara
npu cbeMKe ¢ paccrosHust d; = 8,5 M mmeeT BoIcOTYy H (= 13.5 MM,
a ¢ paccrosinusi d, =2 M- BeicoTy H, =60 mm. Haittu doxkycroe
paccrosiHpe F 0O bEKTHBA.

1133. C nmoMompio NUH3BI HA 3KpaHe MOJYUHAN YeTKoe nm3obpa-
SKeHWe IIAMEHHU CBeYH, mMmeloniee BbicoTy ;=15 cM. OTOnBHHYB
CBeUy OT JIMH3BI Ha paccTosiHMe b = 1,5 cM 1 NepegBHHYB JKpaH,
NONyYImTA dYeTKoe H300pakeHNe TUNIaMEHU CBEYH, HMEIOIEE BBICOTY
H, =10 cm. Haiitn ¢pokycHoe paccTtosinde F JNHH3BI, €CIH BBICOTa
npeamera h =5 cm.

1134. VcrouHnk cBeTa HAXOLUTCS HA PACCTOSIHUM @ = 5 M OT KPaHa,
HA KOTOPOM C IIOMOIIbIO COOUPAIOLIEH JTHH3BI IIONYYAIOT YBETHUEHHOE
B k =4 pa3a uzobpaXeHHe MCTOUHMKA. DKPaH OTORBHTAIOT Ha pac-
crossHue b =4 M; TIpA 3TOM BOCCTAaHOBUTBH YETKOCTh YBENHHYECHHOI'O
n300paKECHUST MOXKHO, IIEPEABUHYB JINH3Y WIN ucTo4HUK. Hafitu ysenn-
“eHns k| 1 k; B 0O0OHX Clyyasx.

1135. Kakoe yBennuyeHne kK MOXKET faTh JIyIa ¢ ONTHYECKON CHIION
D = 8 gorp? PaccrosiHue Haunyvmero 3pesust dy = 25 cM.

1136. JIyna gaeT yBenuueHHOE B k; = 5 pa3 H300paxKeHUE NpEeAMETA,
JieKamero B ee (POKaNbHOU INIOCKOCTU. DTY JYIy XOTAT HCIOJIb30BaTh
B KaueCTBe 00'bEKTHBA NMpoekiuonHoro ¢oHaps. Ha xakom paccros-
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HEM d OT OOGBEKTHBA [JOJIKEH PacloflaraThCsi THANO3UTHB, YTOGBI Ha
9KpaHe MONYyYHIIOCh €ro u3obpaxeHue, yBenudeHHOe B k, = 10 pa3?
PaccrosiHue Hannyuiero 3penus d; = 25 cMm.

1137. Jlyna naxopguTcs Ha paccTosHuu h =5 cM OT rnasa, u3obpa-
JKEHHE — Ha pacCTOSHHU Haunyuuero 3peHus d, =25 cMm. Ha xakom
PACCTOSIHAM @ OT Iia3a JOJKEH pacnojiaraTbCs NpPEeAMeT NpHu pac-
CMOTPEHUH €r0 Yepe3 nymny ¢ GOoKyCHbIM paccToauneM F = 2 cm? Kakoe
NPH 9TOM IOJIYYUTCSA YBeTn4eHue k?

1138. JIunza ¢ ontuaeckoi cunoit D =4 anTp gaeT yBeJIHUEHHOE B
k =5 pa3 n3zobpaxenue npegmera. Ha xakoM paccrosnun d nepep
JHH30H HAXOOUTCS MPEAMET?

1139. Cobuparouias nvH3a faeT pacXofsIIMiCs MyUOK CBETa, NpUIeM
yron MexXiy Kpa#HuMH fydamu nydka 20 = 60°. Hafitu dokycsoe pac-
CTOAHME [ JIMH3BL, €CNU €€ PAfUyC /' =5 CM, & TOUYCUHBIH UCTOUYHUK
CBETA HAXOXHUTCS HA PACCTOSIHUN d = 4 CM OT JIUH3BL

1140. Cobuparoniag aan3a ¢ (poKycHBIM paccTosiHEeM F = 6 cM faer
pacxonsiuiics IydOK CBETa, IPUUYEM Yrosl MEKAY KpaiHUMU JTydaMu
nyuka 20 = 90°. Halitu paccTossHEE d OT TOYE€YHOrO HCTOYHHMKA CBETA
IO TUH3BI, €CIIN €€ paguyc r = 3 cM.

1141. Toueynslif HICTOYHHK CBETa NOMeEIIeH B (poKyce coOupaloiiei
nMUH3bL C POKYCHBIM paccTosiHreM F =6 cM. 3a NTMH30# HA PACCTOSTHUN
b =12 cM OT Hee pacnoJOXKEH INIOCKMIl 3KpaH, Ha KOTOPOM BHIHO
CBETJIOE MATHO. B Kakyro cTOpOHY M Ha KaKoe pacCcTOsIHHE a OT (PoKyca
JTMH3BI HAIO MEePEMECTHTD BIOJb INIaBHOH OINTHYECKOH OCH MCTOYHHK,
uTOO6BI pagHyc /' CBETIOrO MATHA Ha 9KPAHE YBEJTHYHJICA B 11 = 2 pa3a’?

1142. Iloctpoutsk n3obpa’keHde cBETsIIEHCS TOYKH, JieXKallell Ha
[NIaBHOH ONTHYECKON ocu coOuparomeld NMH3BI HA PACCTOSHUH,
MeHbieM GokycHoro. [lonoxenne oKkycoB TUHIEBI 3agaHO.

1143. HaiiTy NOCTPOEHHEM IOJIOXKEHHE CBETS-
eiicsd TOYKH, €CJIM H3BECTEH XOJ ABYX Jydeil rmocie
UX npejoMieHus B auH3e (puc. 173). OguH u3 aTHX
Jy4yed MEepeceKaeTcsa C INIaBHOH ONMTHYECKOH OChIO
JIMH3bI B €€ (POKYyCe.
Puc. 173 1144. Muaumoe m3o6pakenne npegMeTa HaXouTCsS
Ha paccTosHuH f=1 M oT cobumparomell JUH3Bl C
(pokycubIM paccTostHueM F = 0,25 M. Ha kakoM paccTostHuM d OT JTHH3bI
pacnojgoXeH npeaMeT?

1145. ManMoe n3o0pakeHHe NpPEeAMETa, PacloNIOKEHHOrO Ha pac-
crogauu d = 0,4 M oT coOGHparoIiei IMH3bI, HAXOOUTCSI HA PAaCCTOSHUH
=12 m ot nmur3bl. KakoBo okycHOE paccTosHne F MTHH3LI?
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1146. ManMmoe n3oOpaxeHHue OpeaMeTa HaXofuTcs B (hoKaNbLHOU
wrockoctu cobuparoiieil nuH3bl. Ha kKakom PaCCTOSHAN OT JIMH3bI
PacrooxeH npeaMeT?

1147. Cobuparomas n1H3a AaeT NpsAMoe U300pakeHne TpeIMeTa C
yBenuueHueM k = 2. PaccTosiHue MeXny NpeAMETOM H N300pakeHNeM

= 20 cm. Hafiti ¢pokycHoe paccTosHuE F JIHH3BI.

1148. Cob6uparomyo nuH3y ¢ ontuyeckoi cunoit D = 0,5 gnp nmome-
LIAIOT MEXAY ABYMS TOUYEUYHBIMH HCTOYHHKAMH CBETA TaK, YTO OTHO-
[UeHHUEe PACCTOAHM d| H d, OT UCTOYHUKOB 10 JIWH3BI it = d,/d, = 4. Pac-
CTOSIHHE MEXKAY H300paXeHHsIMH b =2 M, NpuyeM H300pasKeHHS
HAXONATCS 1O OFHY CTOPOHBI NUH3bI. Hafitm paccrosHme a Mexny
HCTOYHHKAMHU.

1149. JIpa TOUYeuHBIX HCTOYHHMKA CBETA HAXOJATCS HA PacCTOSHUN
h =24 cMm ppyr or apyra. Mexny HUMM Ha paccTosHHM d =6 CM OT
ONHOT'O M3 HUX NOMeNIeHa cobuparomas jguH3a. IIpu atom n3zobpaxe-
HUs1 000MX UCTOYHUKOB MOJIYYWINCH B ONHON U TOH ke Touke. Hairn
tpokycnoe paccrosiHue F AuH3BL

1150. Paccrosinue ot mpenMera no auH3bl d = 10 M, paccTosiHue OT
NuH3B! 10 u3oOpaxkenus f = 2,5 M. Halitu onrrdeckyo cuny D JIHH3EI B
CNy4asix MHIMOT'O ¥ IeHCTBUTENLHOTO N300 pakeHul.

1151. ®okycHOe paccrosHHe cobupatoleil TuH3bI F = 18 cM. I'me
PacnoNoXXeHa CBETSAINASACH TOUKA, €ClU €€ u300paXkeHHe NOJydaeTCst
Ha paccrosuusX f = 12 cM oT JuH3bL ¥ L = 5 M OT IJIaBHON ONTHYECKOMH
ocu?

1152. Cobuparomas jiMH3a gaeT n3oOpakeHne NMpeaMeTa, pacnoo-
JKEHHOTO OT Hee Ha paccrosuum d = 9,9 oM, ¢ ysenunuenueMm k = 10.
Haiitn dokycHOe paccTodsue F JIHH3BI B CIIy4asix AedCTBUTEIHLHOIO 1
MHHMOTO H300pakeHH.

1153. ®okycHoe paccrosinue cobuparomeit auH3bl F = 10 cM, pac-
CTOSIHHE OT mpeaMeTa a0 Gokyca b =5 cM, BbICOTa IIpeAMETa h = 2 cM.
Haiiti BeicOTY H IeACTBATENBLHOIO U MHUMOT'O H300pakeHHH.

1154. I'naBHas onTUuyeckasi OCb COOMpAlONIEH JIWH3b! COBNAJAET C
OCBIO CBETOBOI'O KOHYCa, 00pa30BAHHOIO CXOASIIIAMCH ITy4KOM JyUEH, a
(poKyC JIMH3BI COBHAlaeT C BEPIINHON KOHyca. Ha KakoM paccTosiHAH |
OT JIHH3BI NIePECeKaloTCs YU MOCNe MPETOMIEHEs, €CNH ONITHIECKast
cuna nuH3e1 D = 5 gorp?

1155. Ha nyTH cXOAIerocs MyuKa Jydeii MOCTABUIIA COOUPAIONIYIO
nuH3y ¢ (PoKyCHBIM paccrosHueM F =7 cMm. B pesynprate nyum
COLININCH B TOYKE A Ha paccTosHUH f =35 cM oT nuH3bl. Ha Kakom
paccTostHEH b OT TOUKH A COHNYTCA JY'H, €CIIH JIUH3Y yOpaTh?
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1156. HunuaapriecKudl My4YOK JIydel, UMEIOIIME paguyc 1y =5 oM,
HamnpasJigeTcs Ha pacCeHBAIOUIYIO NHMH3Yy NMapajiejIbHO €€ IJIaBHOM
onTH4ecKo ocu. ITpoiias mun3y, Iy4ok faeT Ha 9KpaHe NATHO pafgnyca
1, =7 cMm. KakoBs OyfmeT pagumyc r; NsiTHa Ha 9KpaHe, €CIM pacced-
BAIOINYIO JIHH3Y 3aMEHHTh coOmparomieil ¢ TeM Xe (POKYCHBIM. pac-
CTOSTHUEM?

1157, Llunusnpuyeckuil Ny4oK CBeTa paguyca | =4 cM Hanpas-
JeTcs Ha coOMpalolyIo JINH3Y apalifiejibHO €€ TITaBHOU ONTHYECKOR
ocu. Ilpoinst muH3y, MYYOK NAET HA IKPAHE NATHO Paguyca 7, = 2 CM.
Kakos OymeT paguyc r; IATHA HAa 3KpaHe, eCTU COOHPAIOIIYIO JTHH3Y
3aMEHHTDL PACCEUBAIOIIEH ¢ TeM XKe (DOKYCHBIM PAcCTOSTHHEM?

1158. MuuMoe n3oOpakeHHe CBETAUIeHca TOUKH B pacceHBaloLIen
NUH3E C ONMTHYECKOH CUiIol D = —5 ANTp HAXOAWTCS B ABA pa3a OIIKe K
nuH3E, YeM caMa touxka. HalTh mosmoxeHue cBeTALEHCcAd TOYKH, €CNH
OHA JTeXUT HAa IIIaBHOH ONTHYECKOH OCH TUH3BI.

1159. Bucsaninii Ha cTeHE 3TaHUA TEPMOMETP pacCMaTpPHBAIOT Yepes
paccenBalOMIyIO TUH3Y ¢ ONTHYECKON cumoit D = —5 pntp. JInnza pac-
MOJIOXKEHa NMapaljelbHO CTEHE HMXKE TePMOMETpPA Tak, 4YTO IIapHK
TEpPMOMETPAa BUACH B HAIIPaBJIE€HAU NOGOYHON ONTHYECKON OCH JIMH3HI,
OTKJTOHSIOHIENCST OT IJIaBHOH ONTHYECKON OCH BBEpPX Ha yrox o = 30°.
[Top kakuM yriaoM 3 K TJIaBHOUM OCH PacHoiiokKeHa MOGOYHAst OCh, Ha
KOTOPOH JIEKUT N300pakeHne BEPXHEN TOUKH TEPMOMETPA, €CIIH [JId-
Ha n3o00pakeHus Tepmomerpa H = 6,4 cM, a paccTosiHIE MEXKAY JTUH30MH
u crenon d = 60 cm?

Puc. 174 Puc. 175

1160. CpeTsamasicsa Touka S pacnoyoxkeHa nepes pacCeuBarome JInH-
30u. IocTponTs xoA mpou3BoONBLHOTO Nyda SK, maparwouero Ha pac-
cenBaroImyio nuH3y. IlonoxkeHne onTHYECKOro ueHTpa O nuH3BI ¥ XOH
nyda SBC 3anansl (puc. 174). T

1161. [TocTpouTk XOx NPOM3BOJLHOTO JNyda A B, magaromero Ha
paccenBaionyto nun3y. [10J10KeHRs T1aBHOM ONITHIECKO# OCH JIMH3BI U
ee (pokycoB 3agaHsl (puc. 175).
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- 1162. ITpegmeT BBICOTHI h = 0,03 M pacnoloxeH Ha paccTosi-
man# d = 0,15 M oT paccenBarome IHH3BI C (POKYCHBIM PaCCTOSIHHEM
F = 0,3 M. Ha xakoM paccTosiHIH f OT JIMH3bI HAXOAUTCS N300pakeHne?
Kakosa OygmeT BeicoTa H uzo6paxeHus? '

1163. Toyeynslit HCTOUHHUK CBETA, PACTIONOXKEHHBIH HA PACCTOSIHHA
d, = 1,2 M oT paccenBalomeil TUH3bI, IPAOIMKAIOT K HEH BOJL rJiaB-
HOH onTH4Yeckodl ocu o paccrosinust d, = 0,6 M. [Ipu aToM MuEMOE
N300paxkeHne UCTOYHHUKA [IPOXOAUT BROJNL OcH paccrosiHue [ = 10 cm.
Hatitn ¢okycHOe paccTosiHie F JIHH3EL.

1164. CseToBoil ny4, HafarolUil Ha pacceHBarOUIYIO JHH3Y ¢ o-
KYCHBIM paccrosnuaeM F' = 13,5 cM, nocnie npenomieHus B Hell niepe-
CEKaeT TJIABHYIO ONTHYECKYI0 OCh JIMH3bI B TOUKE; OTCTOSWIEH OT
JTUH3BI Ha paccTosHud f=9 cM. B kakofl Touke mepeceveT Nyd OCh,
ecnu TUH3Y yOpaTh?

1165. Cxopsimuiicss My4oK nydYell, NPOXOAsAIIAN Yepe3 OTBEPCTHE
pagMyca r=5cM B HENpO3payHONl IIMpMeE, JaeT Ha 3Kpame, pacrio-
JIOKEHHOM 3a IIAPMOfl Ha paccTrosHuu b = 20 cM, cBeTiIoe MATHO pa-
aryca R =4 cM. Ilocne Toro xak B OTBEpCTHE BCTaBHIH JIHH3Y, MATHO
NpeBpaTWiIoch B TouKy. Haiitu poxycHoe paccrosiuue F THH3BL

1166. Cxopsiuiicss Ty4oK Jydeil UMeeT BA KOHyca C BEpPIIMHOW B
Touke A. Korga Ha nyT# Jiyyeldl OCTaBUJIM PACCEUBAIOINYIO JIMH3Y,
CXORAIIMIACA MYJOK IMIPEBPATUIICS B PACXONAIUICS ¢ BEPIIMHON B TOUKE
B. Touxn A m B nexaT Ha TJaBHOH ONTHYECKON OCH JHWH3bl Ha
paccrosinnu | = 0,45 M fpyr oT Apyra, 1 ONTHYECKHH LEHTP JHH3BI
OEIUT OTpe30K BA B orHomeHmm n :m =1 :2. Haitu ¢oxycHoe
paccTosiHue I TuH3BL.

1167. PacceuBaromas nuH3a ¢ (POKYCHLIM paccTosHueM F = 12 cMm
noMenieHa MexXy AByMs TOUCYHbIMH HCTOYHMKAaMH B IBa pa3a OJuKe
K OJHOMY U3 HHX, Y€M K ipyroMy. PaccrossHne Mexny n3o6pakeHusMA
ncTo4HuKoB L = 7,8 cm. Hafita paccrostane [ MeXy HCTOUHAKAMH.

1168. Dkpan pacnonoxeH Ha paccTosiHUA [ =21 cM OT OTBEPCTHS,
B KOTOpO€ BCTaBlieHa JIMH3a pajguyca r =5 cMm. Ha nun3sy nmapaer
cxofsImuMiics My4yoK Nydeld, B pesynbTaTe 4ero Ha 9KpaHe oGpasyeTcs
cBeTNIoe NATHO papuyca R = 3 cM. Okasanock, 4TO eciH HuH3Y yopaTs,
TO paguyc IsATHa He m3MeHseTcs. Haltu ¢dokycHoe paccrosHue F
JIMH3BL. -

1169. CrexnsigHast NHH3a UIMEET B BO3gyxe (7 = 1) ONTHYECKYIO CHIIY
D =5 porp. Haifitu ¢okycHoe paccrosinue F TO# ke JHH3bI,
norpyxeHHo# B Bopy. Ilokaszarens mpenomneHus crekna ng = 1.5,
BOJEI 1, = 1,33.
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1170. CTeknsgHHBIA CTEepKEHb C IIOKa3aTelieM MPEeNOMIIeHHs n,, =
= 1,5 uMeeT BO3AYIIHYIO MOJOCTh (1 = 1), ofHa CTOPOHa KOTOPOI{
[IOCKAs W MEPIEHAUKYNSIPHA K OCH CTEPXKHs, a Apyrasi — BBIyKJIas,
¢ paguycom KpuBu3Hbl R = 10 cM. Bronb crepxHs pacnpoctpaHsercs
Ny4ok napajenpHbIX nydel. Hafitn dokycHoe paccrosume F Bo3-
OYIIHOHR JUH3BIL.

1171. Kycok crekna ¢ nmokasaTeneM IpeioMieHHs A, = 1,5 umeer
BO3AYIIHYIO NoNocTh (# = 1) B BHAE ABOSKOBBINYKJIOHU JIHH3LI C
panuycamu kpuBu3Hbl R =10 cM. Ha rnaBHOW onruyeckoidl ocm
JIUH3bl BHYTPH CTEKNa Ha paccTosdHAH d =20 cM OT JIMH3bI HaXo-
nuTcs mecumHka. Hafitu paccrosiHue f oT JMWH3BI OO H300paxkeHwms
TIE€CUMHKH.

1172, KpaiiHue Jay4d BHZUMOTO CHEKTPa MJIst ONTHUECKOTO CTEKINa
“hbauHT” UMEIOT MoKa3aTeNu npenomiuenns n, = 1,745 u n, = 1,809. Uz
5TOTO CTEKJIa CAeJlaHa IBOSIKOBBIIYKJIAst JINH3A C PAJHyCAMU KPABU3HBI
R =R, =0,2 m. Halitn paccrosgune a mexnay ¢okycamMu JUH3BI IS
KpalHuX JIy4ed cuekTpa.

1173. Cobuparoniast MHH3a C pajiycaMi KpHBU3HBI R; =125 cM u
R, =26 cm pmaer B BO3ayxe (n =~ 1) peficTBUTeibHOE uU3OOpaxe-
HHE MpegMeTa, pPacCIoNOXKEHHOEe Ha pPacCTOSHWH f = 24 CM OT JIMH3bLL,
KOI'a MpEeMET HAXONUTCA Ha paccrosdHuu d =50 cM oT nuH3bL. Ta xe
JIMH3a, NOTPYXEHHasl B KUAKOCTh, NEHCTBYEeT KaK paccedBalouias ¢
(pokycHpM paccrosiaueM F = 1 M. HaiiTu moxa3zatenb IpeOMIICHUS 1,
SKHAKOCTHL.

1174. [Ipe cobuparomue JMH3bl OJUHAKOBOU (POPMBI CHEJIAHBI U3
Pa3HBIX COPTOB CTEKJa ¢ IOKa3aTeJsiMH npejomiaeHus #, = 1,5 u
ny = 1,7. Hajitn oTHomenne (OKYCHBIX PacCTOSIHHH JIHH3 B BO3AYyXE
(n = 1) m B BOOE (1, = 1,33).

1175. IInockoBeinyKiast MUH3a C (POKYCHBIM pacCTOSTHHEM F | =
= 10 cM morpy:xeHa MIOCKO# MOBEPXHOCTLIO B BONY TaK, YTO cepH-
yecKast MOBEPXHOCTD TMH3bI HAXORUTCA B BO3Ayxe. [lepleHAnKyIsIpHO K
MTOBEPXHOCTH BOJBI NafaloT Napa’iesbHble Tydn cBeTa. Ha KakoM pac-
CTOSIHAA F, OT TTOCKOH ITOBEPXHOCTH JIHH3BI (POKYCHPYIOTCS CBETOBBIE
ayun? Ilokaszartens npesoMieHud Bopel n, = 1,33. [JmamMeTp JTHH3bI
MHOFO MeHblIIE €€ (POKYCHOT® PacCTOsSHHSL

1176. dotorpag c JIOAKH CHEUMAET MOPCKYIO 3BE3MY, nexamyro Ha
[IHE [IPSIMO IIOA HUM Ha rny6une H =2 m. Bo ckoneko pa3 usobpaxeHne
Ha IUIeHKe Oy[JeT MeHbIUe ‘NpefMeTa, eciu (POKYCHOE pacCTOsHUE
obbexkTBa F| =10 cM, paccTosiHHe OT OGBEKTHBAa O MOBEPXHOCTH
Bopsl | = 50 cm? [TokazaTens npenomnerns sopsl n, = 1,33,
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1177. B my3ee cororpacdupoBana Gosbinasi rpaBiopa, a 3aTeM U €€
OTAeNbHbIE (DPArMEHTBI B HATYPalbHYIO BeNW4HHY. Bo ckoiabko pa3s
OBIIIO YBEJTMYEHO BPEMS IKCIIO3MIMHK NpH poTorpacupoBaHun feTanei
rpaBIopbl, YTOObl HHTEHCHBHOCTD MOYEpHEHUS (DOTOMNACTUHKH OCTa-
JIaCh IpexXHeH?

§ 31. OnTnyeckne cHCTEMBI

Pacuer m3oGpakeHH#l B CAOXHOU ONTHYECKOH CHCTEME, KOMIIOHEHTDI
KOTODOH (JIMH3BI, 3epKaja) PaCHONOXEHB] BIOAE OOLIEN ITABHON ONTHYECKOH
ocH, ynoGHO NpOW3BOAUTL, Pa30UB €ro Ha MOCIefOoBaTeNnbHbie 3ranbi. He
obpaias NepBOHAYANLHO BHHMaHUS HA BCE KOMIIOHEHTBI CHCTEMBI, KpOMe
[IEPBOTO, HYKHO BBIUYHCIUTH NONOXEHHE H300pakeHHs, JaBacMOTO NePBOH
JUH30H (MM 3epKanoM). ITO H300paKeHHE B CBOK OUEpeNlb CHYXKHT HCTOYU-
HUKOM JIJi1 BTOPO NHMH3BI (MM 3epKaNa), KOTopast TaKKe paccMaTpUBaeTCst
OTJIENIBLHO OT BCEX OCTANBHBIX YacTel CHCTEMBI.

ITpu 3ToM, ecnu NepBBIA KOMIOHEHT CHCTEMBI Ia€T MHAMOE U300pakeHue,
TO Ha BTOPOH KOMIIOHEHT NajaloT pacxopsipecs NTY4Yd, U, CHEROBATEIBHO,
HCTOYUHHK JJI1 HEero OyfeT [eHCTBUTENbHBIM. Eciu Xe nepBbiii KOMIOHEHT
CHCTEMBI JIACT JCHCTBHUTENBbHOE HM300pasKeHHe, TO Ha BTOPOH KOMIIOHEHT
MOLYT, B 3aBHCMMOCTH OT €ro MOJOXEHUs, NafaTh CXO[LINECS WIH pacxo-
psmIrecs ayvd. B nepBoM ciydae HCTOUYHHK AN BTOPOH NHH3BI (WM 3epKaja)
JAOJIKEH, KaK OOBIUHO, CUATATBCS MHHMBIM, BO BTOPOM cilydae — ACHCTBH-
TeNbHBIM. TaK Kak JTy4d NaJatoT Jalee Ha CIeyIOlyI0 JTUH3Y (MII1 3€PKaio),
TO NpOIece pacyeTa NPOAOIKAETCA U Jalee A0 BBIXOAA JNyUEH U3 CHCTEMBI.

PaszMep HONyTICHHOTO N300pakeHUsl M YyBEMHICHAE PACCYHTHIBAIOTCS aHa-
soruaHO. OcoGbIf HHTEPEC HPEACTABISET BHIYUCICHUE YITIOBOTO YBETHYCHUS,
3a MEpPy KOTOpPOTO MOXXHO HPHHATH OTHOWICHHE TAHIEHCOB YIIIOB MEX/Y
ayuykaMmu JIydei, BXOJSIIUMH B CHCTEMY M BBIXOAAIHMH H3 Hee. Ecmu
paccMaTpuBaTh TOJNBKO INPHOCEBbIE NYYKHM (Majble YLIbI), TO OTHO-
ILICHUE TAHTCHCOB MOXKHO 3aMEHHTH OTHOIICHHEM CHHYCOB HWJIM OTHOUIEHHUEM
CaMUX yIJIOB.

MEKpPOCKON MOXKHO pPacCIHThIBATH KaK ABYXJIHH30BYIO CHCTEMY, B KOTOPOH
AEeHCTBUTENbHOE M300paXkeHue, faBaeMoe 00 HEKTHBOM, pacCMaTpPHBAETCs B
OKYJISp KaK B JyIly. Y BeJIMUEHHE MAKPOCKONA BLIYACIAETCS KaK IIPOU3BE/ICHUE
ygenunueHud oOwvekTuBa ¥ okyisipa. Ilpu pnurennHoll paGore raas
HabmogaTeNsl JOMKEH OBbITh HE HaNpPsiKeH (AKKOMOJHPOBAaH Ha OGECKOHEU-
HOCTB). DTO O3HAYAET, YTO OOBEKTHUB CO3AET H300paKeHUE B POKANLHOU
IJIOCKOCTH OKYJISIpa, ¥ YBEIMYEHHE OKyIspa k, = dy/F,, rae d, — paccrosHue
HaUITy4IIero 3peHus HOpMalbHOro riasa, F) — oKyCHOe pacCTOssHHE OKyIsipa
(cm. 3apmauy 1135). Ysenuuenue o6wexrusa k, = 8/Fy, rue F; — dboxycHoe
paccTosaue O6'BEeKTHBa, O — ANKHA Ty6yca MHKPOCKONA (PACCTOSIHUE MEXY
3agHuM oKycoM OOBeKTHBA H nepefAHEM (PoKkycoM okyisipa). Takum obpa-
30M, YBEJITHUCHHE MUKPOCKONA

k = klkz = 6d0/F1F2.
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ITop paccrosHHeM Haunyduiero 3peHus d, BO BCEX 3ajflavax IOHHMAaEeTCs
HavMEHbUIEE PACCTOSHUE, HA KOTOPOM UYEJOBEK MOXKET YeTKO BHJCTDb AETalH
npeaMeToB 6€3 Upe3MEpHOro HalpsiKeHMs rinasa. Tak Kak tIpe3MepHoe
HaNpsKCHHE TNla3a HATAE HE MPEAIIoNnaraeTcs, Noj, pacCTOSHIHEM HaUIyUIIero
3peHus d; MOXHO NOAPAa3yMeBaTL ONMKHUHA Npefilen akKKOMOAAIMH HOp-
MaJIbHOTO rNa3a. Bo Bcex 3agauax cumraercs, 4To dy = 25 cM.

Ouky, paccMaTpHBaeMblE B psAjc 3afay, NPEACTABASIOT cOBON TOHKHE
JUH3b], BIDTOTHYIO NPUIIEraolye K riasy.

1178. [Ise nuH3bI C (POKYCHBIMH pacCTOSHHAMH F| u F,, mpucras-
JIEHHEIE BILUIOTHYIO APYT K APYryY, JaloT H300paxkeHnue HCTOYHUKA, pac-
[IOJIO3KEHHOI'0 HA HEKOTOPOM PacCTOAHUY nepef nun3aMu. O6e TuH3bI
3aMEHSIOT ONHOH, MOMEIIeHHO Ha TOM Xe Mecre. KakoBa moJxkHa
ObITh onTHYecKas cuna [ 3TOd NUH3BI, YTOOBI NMOJOXKEHHE H306pa-
’KeHHUS! UICTOYHHKA He N3MEHUIIOCH?

1179. ToueuHrIil ICTOYHHK CBeTa MOMEINEH B (hOKYCE pacceHBaro-
et nuH3bl. CoOuparomiasi TUH3a, NPUCTABIEHHAs! BIUIOTHYIO K pac-
ceuBaroniell, npespamaeT NagaomRyd HAa HE€ U3 PacCeUBAIOIIEH THH3bI
pacXopsIHANACA MYYOK JIyded B MapajjienbHblit. HaliTu oTHommeHne
(pOKYCHBIX PACCTOSIHAN JIUH3.

1180. doToanmapaToM, UMEIOINM O0OBEKTHB ¢ (POKYCHBIM PaCCTOsA-
HueM F| = 13,5 cM, poTorpadupyior npeaMeT, HaXOAAIIMICA Ha pac-
crosann d = 18 cm oT oG bekTuBa. Paccrosune ot o6bekTnBa 10 $hoTo-
niactuHky f =27 cM. Haittn dpokycHoe paccrosiue F, TUH3BI, KOTO-
PYIO Hao NPHCTABHTH BIUIOTHYIO K OOBEKTUBY, YTOOBI N300pakeHne
HA IUIaCTUHKE OBLIO PE3KUM.

1181. [1nockoBBINYKIAast TUH3a U3TOTOBJIEHA U3 BELIECTBAa C MOKA-
3areneM mpenoMieHus 1. Paguyc KPUBH3HBL BBIMIYKION TOBEPXHOCTH
JIMH3BI paBeH R, I1ocKasl MOBEPXHOCTh JIMH3BI nocepebpena. Haiitu
OIITUYECKYIO CHITy D) TaKOM CHCTEMBI.

1182. IIpegmMeTr pacrnionozeH Ha paccTostHuHN d = 18 ¢M OT MJIOCKO-
BBIMYKJIOH NHH3BI ¢ (POKYCHBIM paccrosiHueM F = 12 cMm. Brimyknas
MOBEPXHOCTDH JIMH3BI OOpallleHa K NMpeAMETY, IUIOCKas MOBEPXHOCTh
nuH3bI nocepebpena. Ha KakoM paccTOAHHMHU f OT JHH3bI HAXOOUTCA
n3obpakeHue npeamera?

1183. Cxopsainuiica Ny4oK AydYeH, MafarolinxX Ha KBOSKOBOTHYTYIO
JIMH3Y C pafinyCOM KpWMBH3HBI R = 3 M, HMeeT BHA KOHyca, BEpLIHA
KOTOpPOI'0 HAaXOAUTCA HA paccTOsHWH d = 4 M 3a JHH30#. 3agHsad
NIOBEPXHOCTL JIMH3BLI Tocepebpena. IlpenomuBmuch, Ha mepegHed
TIOBEPXHOCTH JIUH3bI, OTPA3HBIINCE OT 3alHEH M CHOBa NMPENOMHUBIINCH
Ha nepenmHel, Ty4u CXOgATCA B TOUKY, PACNONOXKEHHYIO Ha PaccTosd-
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gad f; = 12 M nepen nun3oi. Ha xakoMm paccrosuud f, 3a JUH3ON
comnuck 6bl NMy4H, eciu Obl 3afHsA MOBEPXHOCTHL JHH3BI He GbLTa
nocepebpena?

1184. CeeTramjascs TOUKAa HAXOQUTCA Ha paccrosHum d = 15 cM ot
[IIOCKOT'O 3epKaJjia Ha IVIaBHOH onTudeckoll ocn. Ilnockoe 3epkaiio pac-
HOJIOKEHO B ONTHYECKOM LEHTpPE BOTHYTOrO 3epKana ¢ paguycoMm
kpuBu3HbI R = 60 cM”. HaliTn nonoxenne n300pakeHHs CBETALICHCS
TOYKH, JABAEMOI0 JIYYaMH, OTPa’KEHHBIMHU OT BOTHYTOIO, a 3aT€M OT
MUIOCKOTO 3epKana.

1185. Toueunblit HCTOYHHK CBETA HAXOOUTCS HA IBOHHOM (POKYCHOM
pacCTOSIHAKM OT COOHMpAIOINEH NHWH3bI HA IJABHOH ONTHYECKOHU OCH.
[Tiockoe 3epkano pacroJoKEeHO Ha TAKOM PACCTOSIHAY 3a JIMH30#, 4TO
JIY4H, OTPA3HBIINCh OT 3epKana U BTOPHYHO NPOUs Yepes JUH3Y, HAYT
napannenbHbiM myukoM. Haitru guameTp / myuka, ecnu guaMeTp JIMH3bI
paBeH L.

1186. Cpeua HaxommTca Ha paccToAHMM d = 15 ¢M mepen codu-
paroieil nuH301 ¢ (hoKycHbIM paccTossHEeM F = 30 oM. ITnockoe 3epka-
JIO pacIoJIOKEHO Ha pacctossHuM b = 15 cM 3a nunsoil. Ha kakoMm pac-
CTOSIHMM 4 OT JIMH3bl NMOJYYHTCHd H300paXK€HHE CBEYHU, [aBaeMoe
cucremoii?

1187. TodeuHblil HCTOYHUK CBETA HAXOJUTCS Ha PaCCTOSIHUHU
d = 15 cm oT paccemBaromeidl JHUH3bI € (POKYCHBIM PacCTOSHHUEM
F = 10 cM Ha rnaBHO# onTadeckoil ocd. [lo Apyryo cTopoHy JuH3bI HA
paccTogHun b = 5 cM OT Hee pacnoioXeHo Miockoe 3epkano. Halitu
paccTosHuE a MeKAY UCTOYHMKOM M €TI0 MHUMBIM H300pa)KeHHEM B
3epkaire.

1188. IlapanienbHblil Iy4OK CBETa MAfaeT Ha COOMPAIOINYIO NUH3Y, a
3aT€M Ha BOTHYTOE 3€pKajllo ¢ (POKYCHBIM PaccCTOsHUEM F, = 24 cM.
Paccrosinme Mexkpy nuH30# W 3epkanoM b = 32 cMm. Kakum pgomxHo
6bITh (POKYyCHOE paccTosHue F; TUH3BI, YTOOBI CBET, OTPa3MBIUUCH
OT 3epKana, cobpaics B TOUKE, YRAJEHHON OT 3epKaja Ha paccTos-
Hue f= 6 cm?

1189. Cobuparomas nuH3a ¢ QPOKYCHBIM pPacCTOAHAEM [~ HAXOIHUTCS
Ha pacCTOSIHUY b Mepefl BOTHYTBIM 3€PKaJioM C PaJuyCoOM KPUBU3HEI R.
Ha xakowm paccrosaus d nepefl TUH30i HyKHO NOMECTHTh TOYEUHBIH
HCTOYHUK CBETA, YTOOB! AYHH, IPOHAS THH3Y, OTPasHBIIUCh OT 3€pKana
¥ CHOBA MPOHAS NHH3Y, COOpaNUCh B TOI XK€ TOYKE, IIE PACIONIOXKEH

* 3nece © anee WMEETCA B BHJY, UTO BCE KOMIOHEHTbI CHCTEMbI (JIMH3bI, 36pKana)
pacnonoXeHbl BOJbL O01ICH raBHoi ONTHYECKOH OCH.
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ncrouHuk? IIpn Kakux paccTosHUAX b OT NHH3BI 0 3epKalia pelleHne
BO3MOXKHO?

1190. ToueuHblif HMCTOYHUK CBETAa HAXOQUTCH HA PaCCTOAHHU
d =10 cM oT cobuparomelt IuH3bI ¢ POKYCHBbIM paccTosuneM F = 12 cm
Ha riaBHo# ontuueckoy ocu. Jlyud, NpeJOMUBHINCH B JUH3€E, MAJAKOT
Ha BBINYKJIOE 3€pKajlo, PachojOXECHHOE Ha paccTosHud b =3 cM 3a
A, JmH30#. OTpaxeHHbIe OT 3epKana NyuyH, BHOBbL
_"_)ﬁ IpOHs Yepes3 TUH3Y, HAYT NYYKOM, NMapaiieibHbIM

- ¥ b onrtuyeckoit ocm (puc. 176). Haittu paguyc xpu-

d § BH3HBI R 3epKana.
4 1191. ToyeyHbIl HCTOYHHK CBETA HAXONUTCS HA
Puc. 176 paccrostHud d = 15 ¢M oT nuH3BI ¢ POKYCHBIM pac-
crossHueM F = 10 cM Ha ri1aBHOR ONTHYECKON OCH.
3a nuH30§ paclnoNioXkKEHO BBIIYKIIOE 3€PKAallo C PAINyCOM KPHUBH3HbI
R = 24 cm. Jlunza popmupyer n306pakeHue HCTOYHUKA C MOMOIIBEO
Nydei, NpOLIENMNX Yepe3 JUH3Y, OTPAKEHHBIX OT 3epKaja U BHOBbL
npouieuInx uepes JAuH3y. Ha kakoM MUHEMAaNbHOM PacCTOSTHUH @ OT
JIMH3BI JOJKHO HAXOUTHCS 3€pKajo, YTOOBI N306paskeHne UCTOUHUKA
CBETA COBMAJIO C CAMHM HCTOYHHKOM?

1192. PaccenBaromasi JTMH3a B BOTHYTOE 3€PKAaNi0 PACIIONOKEHBI TAK,
UTO NYYOK JIydeH, HapajielibHbIX [NIABHOW ONTHYECKOW OCH, IPOHIS
JIMH3Y, OTPa3UBILIACH OT 3¢pKaJjia H elle pa3 NpoHAs AHH3Y, OCTAaeTCs
MapaeNbHBIM TOH K€ oci. DOKYCHbIE PacCTOSHUS JIMH3BI B 3epKaa
Fiy=12cmu Fy = 36 cM. I'me n kakoe nonyuntcs u3obpaskeHne, eCliu
NMOMECTHTb TOYEUHbIH UCTOYHHK CBETA B ONITUYECKOM LICHTpE 3epKana’?

1193. Mansle DpoTHUBONOJOXKHbIE YYACTKH HOBEPXHOCTU chephl
pagnyca R nocepeOpensl. CBeTAmiasics TOYKa HAXOAUTCS Ha JuaMeTpe,
COEJIMHAIOmEM IEHTPB! yuacTkoB. Ha kakoM paccTosiHuM a OT LeHTpa
cpephl NOMKHA HAXONHUTECS CBETAIIAscAd TOUKa, 4TOOBI IIOCNIe OTpaskKe-
HHSE OT ONHOTO, a 3aTeéM OT APYIroro y4acTKa Ny4yHW COHIJIUCH Ha pac-
crostuud b = 3R/4 ot uentpa cepbr?

1194. [IBe cobmparomye JUH3BI C ONTHYECKUMA cusiaMu D = 5 porp
n D, = 3 anTp pacnoyioxkeHsl Ha paccrosHuy h =10 cM gpyr ot apyra.
Ha kxakom paccTosHMM OT 3afHeH JWH3BI NoJlyyaeTcs H300pakeHune
0€CKOHEYHO Y[aJEHHOIO MCTOYHMKA, JaBA€MOE CHCTEMOH, €ClH CBeT
WCTOYHHMKA HOMA/[aeT CHavana Ha JuH3y: 1) ¢ onTuyeckon cunou D,
2) ¢ orTrYecKoi critor D57

1195. Ige cobuparomue IUH3BI ¢ (POKYCHBIMH PacCTOSHHIMH
Fy =10 cmu F, =15 cMm pacnonoxens! Ha paccrosand b = 30 cMm apyr or
apyra. I'me cnegyer moMecTHTh TOYeYHbIH HCTOYHHUK CBETa, YTOGBI

200



HAYIIME OT HETO JIyYH MO NPOXOXKACHUN 00enx MUH3 06pa30Bali y4oK
Jydel, napanienbHbIX INTABHOH ONTHYECKO ocu?

1196. [Ise cobuparomue JUH3LI ¢ (DOKYCHBIMH PacCTOSHUSIMH
F =20 cMm u F, = 40 cM pacnonoxeHsl Ha paccTossHun b = 1,5 M 1pyr ot
gpyra. IlpegMeT BwIcOTBI [ = 2 cM HaXOGUTCA Ha PACCTOSHUH
d, = 25 cM ot nmepso#i nuH3bl. Ha xakoMm paccrosHuu f, OT BTOpOi
JIMH3BI NONYYUTCs U300paskeHne NPeAMETa Tocie NPOXOKAEHNS Tyueit
yepes o6e nuH3b1? Kakosa BeicoTa L, NONYyUEeHHOr 0 H306pakeHus?

1197. JIge ogunakoBble COOHpAIOMIAE TMH3BI C (POKYCHBIM pPaccTos-
HueMm F = 0,1 M Kaknas pacnionoxKeHsl Ha paccroaauu b = 0,25 M npyr
ot apyra. IlpegmeTr Haxoputcs Ha paccrosumu d = 0,2 M oT nepBo#
nuH3bl. Ha KakoM paccTosHHU g OT IpefMeTa HaXOAuTCst ero H300-
paskeHue, JaBacMoe CHCTEMOMH JTHH3?

1198. [IBe coOumparomue JNHH3BI ¢ (POKYCHBIMH pAaCCTOSHHSIMH
Fy=2cmu F, =20 cM pacnojloXkeHbl Ha pacCTosIHIM h = 24 ¢M Apyr OT
apyra. Ilocrpouts n3obpaxeHue npeaMeTa, HaXOAsUIErocs Ha pac-
crossHuM d = 3 cM oT nepBoit nuH3bl. Hatu yBenuuenne k.

1199. [Ie coOuparomue NUH3BI C (POKYCHBIMH pPACCTOAHUIMHU
Fi =10 cmu F, = 15 oM fgaroT #3006paskeHAe TipeiMeTa BBICOTHI | = 2 CM,
PacnonoXeHHOro Ha paccrosuud d = 10 cM ot nepsoit aun3el. Hairta
BbICOTY L n306pakeHus IIpeiMeTa, faBaeMoro cucreMolt nuus. [Tocrpo-
HTb N300pasKeHHe OpeaMeTa.

1200. B TpyGy BCcTaBieHB! ABE ONHHAKOBBIC COOHpAIOIIUE JHUH3bL C
¢hokycHbIM paccrosaneM F = 12 cM kaxpas. [IpegMeT pacnonoxeH Ha
paccrostuuu d = 3 M oT nepBo#l nuH3bl. Ha KakoMm pacctostHuu f o1
BTOPOH JIMH3bI MONYYUTCSH H300pakeHUe, €ClU PAaCCTOAHHE MEXAY
spH3aMu b = 25 cM?

1201. Ha xaxoM paccTosiHud b ApYyT OT Apyra HY>XKHO PacloJIOXKHUTh
aBe cobuparomue AAH3bI ¢ (POKYCHBIMH PAcCTOAHUAMH F| =5 cM 1
F, = 3 oM, uTo6bl napamienbHblil Ty4OK Nydel, IPOHAsl CKBO3b HUX,
OCTaJICS MapajelbHBIM?

1202. Ha xakoM paccTostHuu b APYr OT Apyra Hy:KHO PacCHOJIOXHUTh
coOHMpaIOIYI0 U PacCEUBAIOIIYIO JIUH3BI C (POKYCHBIMH PaCCTOSHASAMHU
Fy=10cMmu F, = 6 cM, urobbl mapajutesibHbIA MYYOK Nydell, IpoHas
CKBO3b HHX, OCTAJICA NapalieNbHbIM?

1203. Ha cucreMy u3 TpeX JIHH3 NafaeT Napaie/bHbIH NyJOK Tydel.
Cobuparomas B paccenBaromasi TUH3bI ¢ (DOKYCHBIMH PaCCTOSHUIMU
Fy=10cMmn F, = 20 cM HaxoasTCA Ha paccTossHHU b = 15 cM gpyr oT
ppyra. Ha xakom paccTositHHE @ OT pacceuBalromiedl JHH3bL HYXKHO
PAacloNIOXKATE BTOPYIO COOHpaIOylo JIMH3Y ¢ (POKYCHBIM paccTod-
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uueM F3 = 10 cM, 9TOGBI BHIXOASIINN B3 CHCTEMBI ITYHOK yYel OCTaNCs
napasnienbHbIM?

1204. Cobuparomas H paccenBalomas JMH3bI ¢ (POKYCHBIMH pac-
crosausamu Fy =30 cm u F, = 10 cM pacnosiokeHbl Ha pacCTOAHHH
b = 20 cM gpyr ot gpyra. Ha cobuparomyto nMuH3y magaeT mapain-
JieJIbHBIN My4OK nydeit fuamerpa D = 12 mm. KakoB guamerp D, nyuka
Ha paccTosiHUH a = 20 cM 3a pacceuBaroNlel TMH30M?

1205. Cobuparomass 1 paccewBaromas JHH3bl ¢ (POKYCHBIM pac-
crosiaueM F = 20 cM Kaxpasi HaXOfATCs Ha paccTOosHANA b = 25 CM Ipyr
oT Apyra. Ha kaxom paccrosHuyd d oT cobuparouieil JHH3bI HY>XXHO
PAacnoyoXuTb Ha [NTaBHON ONTUYECKOR OCH TOYEUHBIA HCTOYHHUK CBETA,
4TOoObI CHCTEMA [Jalia apajyenbHblll myuok nyueit? I[loctpouts xop
nyueil B ciyyae, KOIjia ICTOYHUK HEe HaXOOUTCA Ha MIIaBHOU ONTUYECKO
OCH JIFH3.

1206. Paccensaroiias u cobuparomasi JUH3bl ¢ (DOKYCHBIMH pac-
crostuusama F =8 cm m F, = 10 cM HaxopsATcsa Ha paccTossHuM b = 6 cM
apyr ot ppyra. Ha kakoM pacctosHmu d OT pacCemBalOLIel JTHH3BI
HYXHO PacrioIoXHATh HAa FIaBHON ONTHYECKOH OCH CBETSLIYIOCS TOYKY,
qTOOBI CUCTEMA aBalia HapanjebHbIi MyyoK JIydei?

1207. PacceuBaromast u cobuparomas JIHH3bl ¢ HQOKYCHBIMH pac-
crosiausiMu F; = 10 ecM 1 F; = 15 cM pacnonoxkeHbl Ha pacCTOSTHHH
h = 30 cM mpyr ot npyra. Ha paccrosinun d = 12 cM oT paccenBaiommiei
JIMH3BI Ha TJIABHOH ONITHYECKOH OCH HAXORHUTCA TOYEYHBIA MCTOYHHK
ceera. Haittu paccrosiHie a MeXAy UCTOUHHKOM M €ro BEHCTBHTE/ -
HbIM H300pakeHUEM.

1208. Ha kakoM MuUHUMAJIBLHOM PACCTOSHUU [ AONMKHBI OBITH TOMe-
1eHbl Ha JIyHe iBa ApKUX HCTOYHHUKA CBETA [IJIsl TOTO, YTOOBI UX MOKHO
ObINO BUOETH ¢ 3eMNU B Teleckon pasfensHo? PokycHble paccros-
HHUsl OO'bEKTHBA M OKyJaspa Teneckona Fy=8mu F, =1 cm. Yeno-
BEUECKMN I11a3 MOXKET BUETh Pa3feNibHO ABa NpeAMeTa, HabnionaemMbie
rnox yriioMm He MeHee @, = 0,001 pap. Paccrosane ot 3emnn po JlyHsl
r=3,8 108 m.

1209. dokycHbie paccTOsIHASI 0O BEKTHBA U OKYJIApa TPyOn! I'anuies
Fy=45cmu F, =5 om. Ilpn samene nuH3 B TpyOe Ha e cobuparoimue
nonyymnack Tpy6a Kemiepa ¢ TeM Xe yBelHMYEeHHEM, UTO M Tpyda
lNanmunes. Hawitn dokycubie paccrosuust Fi; u Fy; gByx cobmparo-
IHX JIHH3.

1210. 3purenbHag TpyGa ¢ (POKYCHBIM pacCTosiHMEM OOBbEeKTHBA
F = 24 cM ycraHosiieHa Ha OeckoHedHOCTh. [locie Toro kak OKyJnsp
TpyObl GBI IEPEABUHYT Ha HEKOTOPOE PacCTOSIHUE,; CTall| CAO BHHDI
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. IpEIMETHI, YRaJeHAble OT 00beKTHBa Ha paccTosaaue d = 6 m. Ha kakoe
pacCcTOsIHUE a NEPENBUHYIH OKYJIAp?

1211. [Inst onpenenenus: yBEIMIEHUs 3pUTENBHOR TPYObI, OKYIAPOM

. KOTOpOIi ABNAETCA coOHparolias JIHH3a, OO bEXTHB 3aMEHAIOT KBafpaT-
HoO¥M puadparmoii co cropoit /. Haiitu yBenmuenne k TpyOsl, ecnn oky-
JIp JaeT AefcTBUTENbHOE H300pakeHue nuadparMel o CTOPoi L.

1212. KakoBa annHa / 3puTeIbHON TPyObl, OGBEKTHB M OKYJISAP KOTO-
poit umeroT okycHele pacctostHusa F| =25 em u F, = 8 cM, ecna pac-
cMaTpUBaeMBbIIl IpeaMeT yaaneH B 0eCKOHEYHOCTD, a ero H300paxKeHue,
faBaeMoe OKYJSPOM, HaXOJUTCs OT OKYJsipa Ha pacCTOSHUM HAMNYY-
ero 3peHns d, = 25 cM?

1213. Ansa nabnrogeHns: HEKOTOPOro 00BEKTA UCIONB3YIOT AJIHHHO-
(pOKyCHBI MUKPOCKOI, 0OBEKTHB KOTOPOTO HE NOJXKEH NMPAOINKATHCS
K 00beKTy 6imKe 4eM Ha paccrosHne d = 5 cM. C kakuM (POKYCHBIM
paccrosiHAeM F Hajo B3ATh OOBEKTHUB, €CIIH YBEIHICHUE MUKPOCKONA
TOJKHO 6n1Th & = 180, a yBennuenne okymnspa &, = 207

1214. ®okycHoe paccrosiHie oO6bekTHBA MuUKpockona F| = 0.5 cm,
paccTosiHie MEXKRY OOBEKTHBOM M OKyJsipoM [ = 16 cMm. YBenudenue
mukpockona & = 200. Haiitu ysenuueHue k, okyJjisipa, €CIH pacCTOsIHUE
HaMJyqLIeTro 3peHns dy = 25 cM.

1215. ®okycHOe paccTosHME OKyJIsipa MHKpockona F, =4 c¢m, pac-
CTOsiHHE MEXAY OOBEKTUBOM M OKyJspoM [ = 16 cM. YBemuueHue
mukpockona k = 300. Haiitm ¢okycnoe paccrosnue F; o6bexTuUBa
MHKPOCKONA, €C/IH pacCTOsIHIE HAMIYUIIIeTo 3peHus d, = 25 cm.

1216. ®oxycHble paccTOsIHHMs OOBEKTHBA M OKYJspa MHKpPOCKOMNA
Fi=8MMu F, = 5 cM, paccTosiHNE MeXKAY OOBEKTHBOM M OKYJISIPOM
[ =21 cM. HaiiTn yBenutieHne k MUKPOCKOIIA, €CIIH PAacCTOSHUE HAUITYY-
LIETO 3peHus dy = 25 cM.

1217. ®okycHble paccTosiHAst OO'BEKTHBA M OKYASPa MHUKPOCKOIA
Fi=3mMmu F, =5 cM. [lpegmeT HaxopuTcs oT 00'beKTHBA Ha pac-
crosinnd d = 3,1 mm. Halitn yBennueHne K MUKpOCKoOIIa U paccTosiHuE [
MeXAYy OOBEKTHBOM H OKYJIAPOM, €CIIH PacCTOSHAE HAUIY4IIero
3penus dy = 25 cm.

1218. ®okycHble paccTosHAS OOBEKTHBA M OKYIsApa MHAKPOCKO-
naffy =4mMuF, =25 Mm. [lpeaMer HaxogUTCsl Ha pPacCTOSIHUH
a= 0,2 Mm oT okyca o6bekTuBa. HallTu ypenudenune k u JIUHY
O TyOyca MHKpPOCKOMa, €Cld pacCTOsHHE HAWJIYYMIEro 3peHus
dy=25 cm. .

1219. IIpeameT HaxogMTCS Ha paccTosiHud d = 6,1 MM '0T 06 BEKTHBA
MuKpockona. ®okycrnoe pacctosiaie okyisipa F, = 1,25 oM, yBennueHue
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mukpockona k = 1200. Haiitn ¢okycHoe paccrosnne ob6bekTuBa F,
€CJIM pacCTOsIHAE HAUNYHIIIero 3penus d, = 25 cM.

1220. dokycHoe paccrosiHde o6bekTHBa MuUKpockona F| = 0,3 cm,
pamHa TyGyca MuKpockoma O = 15 cM, yBenMueHHE MHKPOCKOMA
k = 2500. Haiitu (poxycHOe paccTosiHue F, okyndpa, eclnu pacCTOsHHe
HaWJIyqIiero 3penns d, = 25 oM.

1221. bnuxunit 1 fadbHAA TpefedAbl aKKOMOAANHH riasa OIiu-
3opykoro denoseka d; = 10 em u d, = 12,5 cm. KakoBs1 OyayT npepens
d/ m dj, ecnm 4enoBeK HajEeHET OYKU C ONTUYECKON CHIOH
D,..=-7 oorp?

1222, YueHHK TPHUBLIK YHTATh KHHTY, JE€pXa €€ Ha PacCTOAHNIU
d = 20 cm ot rnasa. Kakosa gomkHa ObITH onTadeckas cuna D,
OUYKOB, KOTOPbIE IOJIKEH HOCHTD YUEHHK, YTOOb! YATATh KHATY, AepxkKa
€€ Ha pacCTOSHAN HAMITY4INero 3penus d, = 25 cm?

1223. bauzopykuil YenoBeK MOXET YeTKO BUNETh IPEAMET, €ClIU OH
HAXONHTCI HAa paccTosHuU He ganplle d = 20 cM oT rmasza. Kakosa
MOJKHA OBITH onfTHUYecKas cuia D, OYKOB, KOTOPBIE [OJIKEH HOCHTD
3TOT YeJIOBEK, YTOObI YETKO BAAETH YAaJNeHHbIE NPEAMETHI?

1224, Kakue 04k# HeOOXOUMO NPONNCcaTh OJIU30PYKOMY UENOBEKY,
0 KOTOpOM IIIJIa peysb B 3ajgave 1221, uToOb! HCIPaBUTL HEAOCTATKHM €10
3peHus’

1225. [1anpHO30pKUR YSNOBEK MOXKET YNATATH KHUTY, AepiKa ee Ha
paccrosinuu He MeHee d = 80 cM or rnaza. KakoBa gosikHa OBITh
onrrueckas cuna D, OYKOB, KOTOpbIe NOJKEH HOCHUTEL UEIOBEK,
JTOObl YHTATH KHUTY, IEPXKA €€ HAa PACCTOSHHH HAMJIYYIIETO 3pEeHHS
dy =25 cm?
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OTBETLI 1 PENIEHNA

I'masa 1

MEXAHHWUKA

§ 1. [IpsamMonnHeiinoe paBHOMEpPHOE 1 PABHONIEPEMENHOE IBUKEeHNe

1. HanpaBuM KOOpAMHATHYIO OCb OS C Ha4ajioM B TOYKE OTIPAaBRAECHHI
Noe3foB BJOJL HanpasneHus AmwKeHms (puc. 177). Koopgurara ToBapHOTO

8, KM

St

0 b U S
pe—————- i
02 Ay
0 0,5 104Hu
Puc. 177 Puc. 178

oe3fia B MOMEHT BPEMEHH f, KOTJia €ro OTHAJ 3Kcnpecc, s = vif. KoopauHaTa
3KcHpecca, KOTOPBIH IIeNl Ha BpeMsi T MEHBINE, B 3TOT XK€ MOMEHT Bpe-
MEHH 55 = Up(t — T). O0e 3T KOOPAUHATE! ROJXKHB! OLITh PaBHBI KOOPAXHATE
MecTa, Tie 3KCIPece AOTHAJ TOBApHBIN IOE3R: §| = 5, = 5. [IpUpaBRaB 5| U 54,
HAXOJHUM

t=u»Tt/(kL—v)=14 s=uvLT/(V,—Uv)=36KM.

I'padhuueckoe pelenue npepcrabieHo Ha puc. 178, rae nuuuu 1 n 2 —
rpaduku [BHKEHHS TOBAPHOTO Noe3fa I
skcrnpecca. Touka HUX [epecedYeHHs A v c v B
ompefeNsieT KOOpAWHATY S MecTa, TAe | L2 iO n I S
3KCOpECC JOTOHUT TOBAPHBIM moesj, U o '
BpeM4 £, KOTAA 3TO NPON30H[ET. Puc. 179

2. HanpaBuM KOODJHHATHYK OChb C
Ha4anoM B Touke C ot C K B (puc. 179). 3aKoHBI ABIKEHH NEPBOH H BTOPOH
aBTOMAIMINH HMEIOT BHJL

sy ==L+ v, s,=L2~ .
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TIpn BcTpeYe KOOPAMHATSI ROMKHEI OBITH OIHHAKOBHL: §| = § = 5. [IpupaBnas
§1 H 5, HAXO[HIM

t=Li(vy+v) =159, s=LR2-wvt=—L2+ vt=~30xm.

T'pacdpuueckoe pewrenue nmpepcrasieHo Ha puc, 180, rae nusmn 1 u 2 —
rpaduKy ABMXKEHHMSA NePBOM M BTOpoH asToMammmy. Todka BX nepeceveHus
ONpefaesAeT BpeMsl [ ¥ KOOPJUHATY § MECTA BCTPEYH.

S, KM
60
40
20
0
=20
s
—40
—60

’
-120F

Puc. 180 Puc. 181

I'padhuk 3aBHCHMOCTH pacCTOAHUA [ MEXIY ABTOMAIIMHAMHA OT BPEMCHN !
[IOKa3aH Ha puc. 181.
3. 3aKOH JBIDKECHHS KOHLIA CTEPKHA A: X4 = X + UL, y4 = 0; clegoBaTeNbHO,

yp = 1/12 —(xq +ur)?.

4. B HenopBUKHOK cucreMe KoopauHaT (puc. 182) oO6ron HauMHaeTcs1, KOrja
KOOpAMHATBI Hauvala 3KCIpecca M KOHIIA TOBAPHOrO NOEe3[a OJMHAKOBLI U

o kbl

TQ

A ) ll vt §1 = 8

Puc. 182

paBHbI, HAIPAMED, 5. 3aKaHYMBAETCs1 OGTOH B MOMEHT BPEMEHH, KOIJIa Of{uHa-
KOBBl KOOpAMHATa §; Hauaja TOBAPHOro Ioe3fla ¥ KOOpAWHATA S, KOHIA
akctpecca. Ecnu 3a HauanbHEI MOMEHT BpeMeHU NPUHATE HAYamo o0roHa, To
3aKOHBI JBIDKCHUS Havajla TOBapHOIO NOE3[a ¥ KOHIA 9Kcnpecca GyAyT

Sy =58+ ll + Ui, Sp=S59— l2 + Uyl
ITpupaBHusB s, 4 5o, nonyuum ¢t = (I, + L)/(v, —v) =50 ¢.
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. 9Ty 3a[1a4y MOXHO PEIIUTh B ABUXKYIIEHCS . " -
BMECTE C TOBAPHBIM NOE3I0M CHCTEMe KOOp-
JMHAT, Ha4aJ0 KOTOPOH COBNAJIaeT ¢ HAYaIOM 0S
9TOTO NOe3/la, a HANpaBIEHUE — C Halpa- A I
BiIeHHEM ero aBwxeHwms (puc. 183). B aroir ™
CHCTeMe KOOPJIMHAT CKOPOCTh JKCIpecca v, = Puc. 183
= U, — v;. 3aKOH [BIKCHHUS KOHIIa IKCIpecca,
€CJTY 32 HaYaJbHbIf MOMEHT BPEMEHU NIPUHAThL Hadano obroHa, OyAeT UMeTh
A s =— (I, + [) +v,)/1. B MoMeHT 3aBepuieHHst OOroHa KOHEL 9KCIpecca
OKaxKeTcA B Havyane Hawe#d cucreMsl koopauHar. [lostoMmy ero xoopawnara
s = 0; cnegoBaTeNbHO, A7 3TOTO MOMEHTA BPEMeHN!

[1 + [2-——U2'f, = (/1 + 12)/(U2- Ul) =50c.

S.1=(uy; + v)t=150m.

6. v, =«/v22 =2lu,/t =15 mjc.

7. B cucreMe xooppuHaT, H300pakeHHON HA puC. 184, 3aKOHB! ABIKCHHS
HAKJIOHHOM IJIOCKOCTH H CTEPKHA HMEIOT BHJ

xi=s=ut, y1=0; x,=0, y,=h=u
Jnst moB0ro MOMEHTa BpeMEHH y, = i = 5 tg O, CIEI0BaTENBHO, U = u tg O

8. BeprukanpHas cOCTaBAfgOmas CKOPOCTH Kanelb Uy, = U COS O OT
CKOpOCTH BHKCHISI TpaMBasg i W CKOPOCTH BETpa W HE 3aBHCHT. [OpU30H-

A P
/@'\'& To
Puc. 184 Puc. 185

TaJibHasd OPOCKUHs CKOPOCTH Kaledb IIpU HENMOJABHUIXKHOM TpaMBae OIIpchc-
JACTCA CKOPOCThIO BETpa: U, = U sin o0 = w. HpH ABUKCHUHU TPaMBas COrnacHoO

YCIOBHIO
v/=vsin—u=0, mmm w=u=5 m/c.
W3 puc. 185 HaxopuMm, 9TO CKOPOCTh Kalexb B Oe3BETPCHHYIO IIOTOAY
U, = U, Ctg oL = u ctg o = 8,66 m/c.
9. Hanpasum ock OX cHCTEMb] KOOPAMHAT C HAYAIOM B MECTE, TAC INIOBEL]
BXOOHT B BOAY, BJONb Gepera mo Te4cHuro, a ock O — MepneHguKyIsapHo K

207 -



Gepery. IIpeanonoxum, 4To CKOPOCTB INIOBLA U COCTABNSET C OCBI0 OX yrom o
(puc. 186). Torga 3aKOH ABMXKEHHS IUIOBUA B NPOEKIHUIX HA OCH KOOpAMHAT
6yfeT UMeTh BUJ

x={(u+v cosot, y=(v sin Q)t.

Ilnosen nonapaer Ha apyro# Geper, xoraa y = h. Heo6xopqumoe pns atoro
Bpemst ¢ = hfv sin .. OHO OyaeT MIHIMATBHBIM, KOT/A Sin Ol MAKCUMAJIEH, T.€.
a =12 (puc. 187): ty, = Mu.

Y 1 Y
1
v‘[“' :
h 9-__-kvsinoc h .
DA N L
veosa O u X 0 ul X
Puc. 186 Puc. 187

ITpu o = /2 umeeM x = ut. [ToaToMy, Korja IIOBEN OKAKETCH HA APYIOM
6epery, | = Xy = Uty = uh/v. JnnHa npoiifeHHoro nyTu

s=\/12+h2 =h\/u2+v2/v.

10. B cucreme kooppmnar XOY c navanom B nyHkre A (pmc. 188)
KOOPJMHATHI JIORKH:
x=(—v cos ), y=(v sin q)t.

Mopcrasassa x = [, y = h, nonyanm v =hu/(! sin o + h cos o).

11. HanpasuM ock O X cucteMbl KOOpauHaT (puc. 189) npotus asuxenus
KopabJsi (Ha BOCTOK), a ock OY — nepneHauKyIspHO K IBHKEHHIO (Ha ceBep).
Tpoexumst uy, = Uy cos f CKOPOCTH BETpPa Ky OTHOCHTENLHO KOpaGnus GOjbIie

H
I
|

v
h ee--1 vsina |
N’ i
!

vcosa o u

X

Puc. 188 . Puc. 189

MPOEKIMHA U, = i COS Ol CKOPOCTH:BETPA I OTHOCHTENLHO 3€MIH HA BEIHUMHY U
(3nece B ¥ @ — yrim1 Mexly KypcoM KopaGJm H HaIpaBJICHASIMH CKOPOCTEH Uy B
It, U= CKOPOCTD KOpatus):

Uy cosB=ucosa+v. 03]
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Hpoexuuu cKopocTei iy, = uy sin B w u, = u sin & B HanpaBIeHUH, NEpHEH-
JUKYISPHOM K JBHXEHHIO KOpa0iIs, paBHbI MEX[Y COOOH:

1y sin B = u sin . 2)

Yro6b! UCKIIOYHTL HEU3BECTHBIA yron P, Bo3ssenem (1) u (2) B KBagpar u
CIIOXKHUM NIOUIIEHHO: ué =u? + 12 + 2uu cos O oTcrofa

U=-v cos (xi\/vz(cosza—l)+ug.
YuurbiBas, yTo O = 45°, uMeeM

u=~v/«/§+1/u3 —-v?/2.

3peck Mbl OTOPOCHIIM OTPBLIATENbHBLIA KOPEHD, TaK KaK COIJIACHO YCJIIOBHIO
1 > 0 (3TOT KOpPEHb NOSIBUIICS IPH BO3BEJCHAM B KBaApaT ypasHeRui (1) u (2)).
12. PaccMoTpuM [(BIKEHHE Tena 2

Y
OTHOCHTENBHO TeJa 1. B cucreme Koop- c
nuHaT XOY, cBsa3aHHO# ¢ TenoMm 1
(puc. 190), npoekunn OTHOCHTENILHOR D
ckopocrh v Tena 2 6ynyT / »
. /2 -
vy =—(U) + U005 ), U,= 1, sin QL | oA D @ 2 x
) » :
O frm> S e —>
CaMa OTHOCHTEIbHAsd CKOpPOCTbH A U LB B
U= 4 u{f + v‘z. HalpaBl€HA MO JUaro- ' >
HAJTM [IPSMOYTONbHAKA, NOCTPOSHHOTO Puc. 190

Ha U, ¥ V,. KpaTuadmmuM paccTosSHUEM

MexXy TemaMu | 1 2 3a BCe BpeMst UX IBHIKEHMs OyIET ANIMHA NEepIeHANKYyIspa
AD =] X nuHHH, IO KOTOPO# HaIpasiieHa OTHOCUTEIbHAas CKOpocThb. Ecnm
0603HAYHTH YO MEXKAY 0Chio OX 1 OTHOCHTENBHON CKOPOCTLIO ¥ Yepes B, To
I =L sin B, npuyem sin B = v, /v. Takum oGpasom,

[=Lv, /ﬂlvf + v)z, = Ly, sin a/\[vf + 1}22 + 2v,u; cos O

Bpemsi, B TeyeHHe KOTOPOTO TENO 2 B OTHOCHTEJNHBHOM ABHKCHUH NpPOIAET
paccrosuue BD = L cos B, GyneT t = BD/v = (L cos B)/v. ITopcraBasisi 3HaUeHUs
cos B = lv, /ul 1 v, nonyunm

t=L(v + vy cos) /(U12 + v22 +2v,v, cos ).

13. Bpewms jBUXeHUs NEPBOro noespa ty = s/2v; + s/2 v, ero cpegusis
CKOPOCTb Uep 1 = 20y’ /(vy + 1) = 53,3 xM/u. [lyTb, mMpo#fieHHbIH BTO-
PBIM NOE3AOM, §; = (U, + Uy )t/2, €TO CPEAHAs CKOPOCTh Ugy o = (Up + 1y )2 =
= 60 kM/u.
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14. v= vy + axty + asty + asty = 5 M/c;
s = gty + (Ut + ayta 1 2)+ (g + agty )t + ast? [ 2]+

H(vg + gty + a3ty )ty +agts 12+ v, 2] = 82,5 M;

Up =5/t +1, +13+1, +15) =59 M/c.

Ha rpaduke v = f(¢) (puc. 191) KoHeuHasa ckopoctb v, = 5 Mm/c. ITyTs s
YMCICHHO PABEH CYyMMe ILTOmafeit s, 0003HatCHHLIX HA PHCYHKE: S =).§; =
=6+ 8 + 425 + 16 + 10 = 82,5 m. Cpepnss
CKOPOCTB U, MUCIEHHO PaBHA BBICOTE MPAMO-
YroJTBHHKA, IJIOIAJb KOTOPOTO paBHa CyMMe
nJIomagex ;.

15. CropocTb Kanenb NOXKASL OTHOCHTENLHO

[.,2
caMoJIeTa U = {fw” + Ug , TRE Uy = — U, COCTABIACT

yron B ¢ ropumsonrom, npuuem sin f =w/u u
0 5 10 151r¢c <osP=uvy/u (puc. 192). Ha nepegnee CTEKIO B
eJUHHIy BpEMEeHHU NafialoT Kanjau JOXKAsd, HaXo-
asimmecss B KOCOW mpusMe c¢ obpasylomed u,
IUTOIAaAbI0 OCHOBAaHUA S (OCHOBAHUEM SBISETCS 3TO CTEKJIO) H BBLICOTOH
h=usinvy, rae Y=o + B (puc. 193). O6bem 310# npusmsi

v, M/c

Puc. 191

V = Su sin (¢ + B) = Su(sin o cos B + cos o sin ).

Ecnu B eguHuue o6beMa HAXOAUTCS OJHOBPEMEHHO A Kallejb, TO YUCIO
Kaneib B OPM3Me, WITH, YTO TO K€, YUCIO Kalelb, NajaloliuX Ha INEepeHEE

Puc. 192 Puc. 193

CTeKJIO B e[JUHUIy BpeMeHH, N; = nV. YuursiBas sHauenus V, sin B u cos B,
HaiigeM Ny = Sn(v sin o + w cos o). Ilonoxus B 310t popmyse o = 0, momyynM
TUCHO KANENb, nanaroumx B e:tmrmuy BpeMeHI(I HA Bepmee crekno: Ny = Saw.
Taxum 06pasoM,

NI/NZ = (u'sin o + w cos A)/w.

16. Tax kak v> — v2 = 2al u v2 —v§ = 2al/2, T0 v=+l(vg + vf)/2 =5 M/c.
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17. CocraBnsiem ypaBHEHHS IBUKEHAS:
vty — 1)) + alt, — 1)%/2,
vt — 1) +alt; - 1)%2,

X2 —X)

X3—X4
1€ U — CKOPOCTb B TOUKE X;. MCKNMIOuas v, W3 9THX ypaBHEHHIH, HafgeM
(o = x)t + (0 = x3)t) + (X — X))t

(t ~ 1))t =)@ ~13)

18.17:17/u+(v —w/u2+2gh)/g=1 c.

19.a=2(n— )s/(n+ D2,

20. Korga BTOpOE TENO JOTOHHAT IIEPBOE, HX KOOPAUHATEI GYAYT paBHbI, a
BpeMsi T=2v/a=200c.

21. s = 8v2v? /a(y, + vy)* =3750 m.

22, OGo3Ha4YnB BPeMEHa PaBHOYCKOPEHHOTO, PAaBHOMEPHOIO M PaBHO3a-
MEJUICHHOTO 3TANOB JBHXKEHUS Uepe3 !, {, U t3, COCTABHM YpaBHEHWS s
KaXJOro 9rana: ‘

a=2

5= a]t,2/2, v=agty, $p = Uy,
§3 = Ulz — a2t32/2, Uy=U—aplz = 0.

BMmecTe ¢ COOTHOUIEHUSIMH [ =1 + Iy + {3 M S = 5§ + Sy + 53 OHH COCTaBAT
CHCTEMY M3 CEMHM yPaBHGHHI C CeMbIO HEHM3BECTHBIMH. Pemas sty cucremy,
HaiineM

t=s/v+ (U2a; + v2ay).

3HauYnNTeNBbHO HPOINE MOXHO IIONYUHThL PENICHHE NPH NMOMOInH rpaduxa
v=f{t) (puc. 194). IlyTb uncneHHo paBeH IUIOMWAAU (PHUTYPhl, OrpaHHEUYECHHON
JIOMaHO# JIMHAEH, BbIpaXKatoLEeH 3Ty 3aBHCH-
MOCTh, H OCBIO BpEMEHH. DTa NJoImajb
paBHa NNOINAJH NPAMOYTONBHAKA S = vt 6e3 [~~~/ N~~~ !

nnomaneﬁ TPEYrOJbHHUKOB S| H §3: 8 §y

5 =50 — 5 — 83 = vt - V}2a, — V[2a,, 5y

OTKYAA JiIsl BpEMEHH ! IIOJIyYnM 3HAYEeHHeE,
IPUBEJCHHOE BBIIIIE.

23. XapakTep ABHXKEHHS noe3ja TaKoi Puc. 194
3Ke, KaK U [|BUKEHHS aBTOMOOWIS B 3ajade
22. TTosToMy ANsl HaxXOX[AEeHHWs pelIeHUs [HOCTATOYHO. B OTBETE 3ajayux 22
yuecTh, U4TO 4 = d, = a. B pesynpTare nmonyuuMm f = s/v + v/a. Pemasa aTo
ypaBHEHHE OTHOCHTENLHO a, HalineM a = V3/(vt — 5) = 0,17 m/c?.

24. v=12gh = 6,3 m/c.

25. v=12gh+ v =24,8 mlc.

h I3

1)
W)
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26. v =+gh(N2 +1)/2 = 25,4 wie,
27.t=\2/g(h, - J') 0,02 c.

28. 3a Bpems JABIKEHHWA ! TeJO NpPOHAET NyTh s = gt’/2, a 3a Bpe-

MsI JBHXXEHHS [y <! — IYyThb Sy = gt§/2. ITo ycmosmio 3apauu s — sy =
=(2/3)su t—ty=T=1c. V3 CHCTeMBl YeTbIpEX YpaBHEHHH C YeTHIPHMS
HEM3BECTHLIMU MOXHO MONYYATH AAS § KBaJpaTHOE
ypaBHeHue: s? — 3gt2s +9g%t4/16 = 0. U3 gByx KOpHei
3TOrO ypaBHEHUS

B 5= 0314 (223)e?

H

JTUIOL MEPBBIA  YAOBJIETBOPSAET YCIOBHIO 3ajavu. Takum
o6pasoM, s=(3/ 4)(2 s ﬁ)th =274 m.
~h 29. HanpasuM KoopauHaTHY ock OH ¢ HavaioM or-

cueTa B Mecre Opocanust Tena BBepx (puc. 195). Torga
ypaBHEHUS IBUKCHUS OYAYT HMETh BUT

,.
S

h=uyt—gt¥2, v=y,— gt. (1)

X%

Puc. 195 IIpu poCTHXEHMH MaKCHUMAJIBHOHU BBICOTHI MOIBEMA M,

ckopocts Tena v = 0. M3 proporo ypasaenns (1) HalineM,
YTO TENO JOCTHTAET BBICOTHI My, CIYCTS BpeMs ¢ = Uy/g nocne 6pocanus. [pu
! < vy /g xoopAauHata h M NyTh S PaBHBI; B YAaCTHOCTH, IIPH ! = Uy /g OYyTh

S =Ny = Ug f2g. Hpu t > vy/g xoopauHaTa / yObIBaeT, B TO BpeMs Kak IyTh §
(cyMMa BCeX pacCTOSIHUH, NPOUJEHHBIX TEJIOM, HE3aBHCHMO OT HanpaBJICHUS
ABMKCHHUS) MPONOJKACT YBENUUNBATHLCI; B YaCTHOCTH, npu t = 2u,/g
KoopnMHaTa h=0, T.e. TENO BEPHYNIOCH B MECTO 6p0ca}mﬂ a nyTh § = 2R =

= UO /g. Ilpm t > 2vyfg KOOpAWHATA CTAHOBHUTCH OTPULATENLHOM, T.¢. TENO

COyCKaeTcsl HMXe Mecra Opocanus (eciu, KOHEUHO, sl 3TOTO ecTh
BO3MOKHOCTS). V13 puc. 195 supHO, 4TO IpH ¢ > /g IPOAAECHHBIH TENOM NYTh

§ = 2hmae — h =03 /g — (ugt — g12/2), @)

rjie ¢ — BpeMsi, HPOTEKIIEE C Havana ABIKEHHs. JTO BhIpaxkenne GyeT BEpHO
npu.t > 2up/g. B Tex xe cnyuasx, Korja f < vy/g, nyTh BbIUMCHsAETCS, KaK H
KOOpAMHaTa, o Nepsoit hopmyne (1).

ITo yenosnio ¢ = 10.¢ >4 /g = 3 c. TlosTromy BbIMKCIICHHE NIYTH HAf0 Aic1aTh
no ¢opmyne (2); upu 3TOM nony4aercs s = 290 m. Koopausara u ckopocts /s
3TOr0._MOMEHTA BpeMeHPI Hajinennsie o dopmynam (1), 6yayt h = — 200 M
u v=-"T70M/c. ‘

36”.’h’="h, v 8 [ by A‘} 21225 M.

2L sAr
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31. Ecnm 3a Hawano oTcueTa B3ITh MeCTO GpOCaHus Tena, TO KoopauHaTa h
Tena, GpPOLICHHOTO BBEPX, ONPENeNAeTCsl ypaBHEHAEM

h= U()t— gt2/2 (1)

3710 ypaBHEHUE NPH 3aJaHHBIX Uy ¥ i YIOBIETBOPAET ABYM 3HAUECHHSAM I:

t o =(v0iw/vg —2gh)/g.

Pa3HOCTB 3THX 3HAaUYEHHN €CTh MPOMEXKYTOK BPEMEHN MEXAY IIPOXOXKACHUIMHU
TEJIOM OJIHOH ¥ TOH K€ BBICOTHI A, T.e.

At=1t, —t; =24 Ug —2gh/g; 2)

oTcrofa vy =+/2gh +gz(At)2 /4. Ecnu B BuipaxkeHuu (2) nonoxurs h = 0, To

MbI IONYUMM IIPOMEKYTOK BPEMEHH OT Hadana ABHXEHUs [0 BO3BpaTa B
HavajbHOE moJoxkeHme: Aty = 2vy/g. IloacraBnsas 3HaUEHHUE Uy, HaWAeM

Aty =22h1 g+ (AD)* /4.

32.s=h- Uyl.
33. HanpaBum xoopauHaTHYIO ock OH ¢ HavanoM B MecTe OpocaHud 1mapu-
KOB BBepx. Torna ypasHeHHUs JIBIDKEHUS IIAaPUKOB OYAYT UMETH BHJ|

hy=h+ut—gi 2, hy=h—uwt,— gti/2,

Tfie f| U 1, — BPEMEHa MNajleHusl Ha 3eMJI0 MEPBOTO H BTOPOTO TIAPUKOB.
[TageHunto HA 3eMIIO COOTBETCTBYIOT KOOPAWHATHEI Ay = /i, = 0. Onpepenus # 1
1, U3 NIONYYCHHBIX KBA/IPATHBIX YPaBHEHHIA, HalileM

At=t —t, =(v]+v2 +\/v,2+2gh—\/U22+2gh)/g.k

34.At=+2s/g+8 -1, =1c.
35.u5 = (b — by)\g /1 {2(h — B) = 3,69 m/c.

36. CkopocTn TepBOTO M BTOPOrO TE€N B MOMEHT BpeMeHd ! OyayT vy =
=Uy— gt 1 v, = yy— g(t — Ar). CKopocTb
BTOPOTO TE€Na OTHOCHUTEJIBHO IEPBOTO
U= Uy — U = gA? NOCTOSHHA, T.€. TENa
ABIDKYTCST OTHOCHTENBHO APYr Apyra
paBHOMEPHO.

37. Ilycte 3a HEKOTOPBIH BecbMa
MaJbId IPOMEXYTOK BPEMEHH ! JIO[(Ka
nepeMecTriiack U3 TOYKA A B TOUky B
Ha paccTosiHue § — 5y = U,t (puc. 196).
3a 3710 BpeMst BepeBKa, MMeEBIIas
nonoxenne AD, 3aHsANIA NONTOXEHHE
BD, npuueM jiInHA ee YMEHBIIHIAChH Puc. 196
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Ha Benuuuny [ — [y = vt. IIpu Mamom BpeMeHH ¢ GyfneT Mall TaKXe U Yroua o,

IToatomy yron (3 B pasHOGepeHHOM TpeyroibHEKe BCD 6ymeT odeHb Majg

oTnu4aThes oT 90°, T.e. TpeyronbHUK ABC MOXHO CIHTATh NPSIMOYTONBHBLIM |
-y vt v

=——=—=C0sY;
S_SO U."lt Un

oTCoa v, = vfcos . Ilpu npubamkeHuU JOAKH K 6epery yrou Y yBeTuunBaeTcs
M CKOPOCTH VU, Bo3pacraeT. Kak Bmpro m3 puc. 196, cosy = s/l =

=~ -n? /1, noatoMy npu [ = 10 M cKOpOCTb JOJIKH

v, =vl /NI —h? =1,25 mc.

JI71s1 HAaXOXAeHHs NepeMEUIeHNs NOAKH (OpMyNy HYTH PaBHOMEPHOIQ
ABMXEHHUSA § — S§) = U, MOXKHO IIDHUMEHSTh IHIIb B TOM CHyuae, Korjga
IIPOMEXKYTOK BPEMCHH ! JOCTATOYHO Mall ¥ CKOPOCTh JIOAKH B TEUCHUE HETO He
yCIIEBAET 3aMETHO H3MEHHTHCS!

s=so =V —h? =B —h? =P —n> = Ju-vt? -h® =1,25 m.

38. HanpasuM XOOpAHHATHYIO OCb OS ¢ HAaUalOM B MECTE DPaCHONOXKEHUs
NEPBOTO TeJa BAONL HAKIOHHOH IJIOCKO-
cra (puc. 197) w 3anuilieM 3aKOHBI ABU-
SKEHMs1 [INIsl IEPBOTO M BTOPOTO TEI:

U=ty — (g sin o)z,

51 = yyt — (g sin )3/2;

Uy =—(g sin OV,
59 =1 — (g sin a)?/2.
B MOMEHT BcTpeus s1 = 8y, / = Ugt, T.€. t = lfug = 5 ¢. CkOpocTh BTOPOTO Teia
OTHOCHTENBHO IEPBOro U = 1) — Uy =~y = — 0,5 M/c.

39. Uep =51/t = vy + (g 8in Q)1/2, U 2 = $o/ty = Uy + (g sin A)ty/2; oTcrona
sin 0= 2(Vyp 2 — Uep 1)L, — 1) = 1/2, Tee. 00 = 30°.

40. CkopocTh ABMXKECHHWS IIApHKAa Y JIOCKM IIpH NEPBOM MAaJeHWU Ha HEe
vy = W, BpeMs nafeHms f; = 1/2h/g. CKOPOCTb B MOMEHT OTCKAKHBA-

Puc. 197 °

Hus vy = 0,75v; = 0,75 \/EEI; H3 ycaosus v = v, — gt, = 0 Haxogum Bpems
ABVDKEHHES 1IAPUKA BBEPX MOCHE OTCKAKMBAHHUA: 1) = 1y/g = 0,75,2h/g . Tak
KaK BpeMs NOgbeéMa M BpeMs MajleHus OJUHAKOBBI, TO HCKOMOE BpeMsi
t=H+2t,=25.2hl/g =1,38c.

41. Ecnu kooppuHaTHY!0 ocb OH HalpaBHTh BBEpPX, TO IpH NaJeHAN MAYa
NPOEKIMst CKOPOCTH OTPMIATENbHA ¥ HPONOPHAOHANbLHA BpeMeHm: v = — gl
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Ha rpacduke TakoMy [BHXEHHIO COOTBeTCTByeT NHHHA OA, mpuueM tg o
COOTBETCTBYeT ycKopeHuio —g (puc. 198). Ilpum ynape NIPOEKIHAS CKOPOCTH
MIHOBEHHO MEHSIET 3HaK Ha NPOTHBOINOJIOXHBIM, H MOJYIb €€ YMEHBIIAETCA
' COTJIACHO YCNOBHIO 3a/layd B n = 2 pas3sa, T.e. I0cle yAapa MOAyib CKOPOCTH
coorBeTcTBYeT Touke B. IIpu nogweme ckopocrs nagaer fo Hyns (rouka C),
NpHYEeM HaKJIOH JHHHUH OCTAeTCs NPEeXHHM, TaK KaK YCKOPEHHE BCE Bpemsi
paBHO —g. [lanee cHOBa npomcxopguT nafeHne. IIpW majeHunm pAocTHra-
€TCs Ta Xe IO MOAYTI CKOPOCTb, KOTOpas

6blla B NEpBBI MOMEHT IOCAE yHpapa v B '
(touka D), u T.11. \
l\ '\kn

Cornacuo ¢gopmyne v? = 2gh BbICOTa MOMb-
eMa HpOIIOpLHOHANbHA KBajpary cKopoctu. O ” C \I Y
IToaToMy nocne k-ro ypapa, KOria CKOpOCTh
OypeT B n* pa3 MeHbIe, YeM Nepej NEPBBIM
yaapoM, BeicoTa hy 6yper B n?f pas Meubiue h, - D
r.e. hy = h/n?*, Tlocme KaXmoro yaapa Msd
6ygeT OpOXOAWTH BBEpX W BHHU3 NYTh, PaB- ’
HbIA yABOEHHON BBLICOTE: MNOCJIE NEpPBOTO
ynapa s; = 2h| = 2h/n?, nocie BTOpPOro ynapa Puc. 198
sy = 2h, = 2h/n*, nocae TpeThEro ymapa
s3=2h3=2h/n% u v YTOGB! MONYyYUTH NOMHBIA NYTh, HANO K CyMMe
51+ 82 + 53 + ... npubaBUTk eule NyTh §, = /i, MIPONNEHHBINA O NEPBOro yaapa.
Takum o6pazom

s—h+%+%+ —h—zﬁ(l+L+—1—+ j
Tt gt =hes Tt

3peck B cKOOKaxX CTOUT OECKOHEUHO yObIBAIOIIasi FEOMETPHUYECKas NPOrpeCCcus
co 3HameHarteneM ¢ = 1/n?. Cymma wWwieHOB Takoil mporpeccuu pasHa 1/(1 -
— g) = n%/(n? - 1). IloAcTaBUB 3TO 3HAYEHHE B BhIPAXEHHE /I NYTH, IONYIHM
s = h(n? + Df(n? - 1) = (5/3)h = 200 m.

~ 42. Ilapuk K MOMEHTY BCTPEYM C IUIMTOW NPHOGpeN B HENOABHXK-
HOI CHCTEME OTCUETa CKOPOCTD Uy = — 2g/;. CKOPOCTb HIAPHKA OTHOCHTEb-
HO IJIHTHI, ABUXYIIeHcS €My HaBCTpedy, B 3TOT X€ MOMEHT paBHA
wy = —(N 2ghg + u). Ilocne aGcodOTHO YIPYTOro COyHapeHns CKOpPOCTh IapuKa
OTHOCHTENbHO IUTUTBI W = —Ww,;. CKOPOCTb U WIApHKA B HENOIBIXKHOM CHCTE-
Me OTcueTa Iocje coyjapeHus 0ojpllie CKOPOCTH WIapHKa OTHOCHTETb-
HO IINTHI HA BEJMYHMHY 4 (IUTATA JOTOHSET OTCKOUMBIUMM IApHK CO CKO-

POCTBIO U): v=w + u =\ 2ghy + 2u. ickoMast BbIcOT2
h=v? 12g=(\/2ghy +2u)® 12 = (\Jhy +u[2/8)".

43. Pa3noXuM CKOpPOCTb MIapHKa ¥y Ha TAHTCHUHAIbHYIO . (BAOIb
IUTHTBI) B HOPMAaNbHYIO (NEPNEHOMKYIAPHO K MIHTE) COCTABISAIOUIHE:
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v, = Up SN0 H vy, = vy cos. TaHreHumanbHas cocrasasiomasi, Onaro-
Haps THafKOCTH CTEHKH, IIOCNe COyNapeHns apyuKa ¢ IUTHTOH He M3MEHATCH,
HopManbHas CcOCTaBifAOmas OTHOCHTETbHO HABHXKYI{EHCS HIATHI
Won = Vg, T4 = Ug COS OL+u 1IOCHE COYNApPEHHsA M3MEHUT 3HAK, COXPAHME
CBOH MORyNb: W, =~W,,. OTHOCUTEILHO HENOABIKHON CHCTEMBI OTCUYeTa
HOPMaJIbHAsl COCTABJIAIONIAs U, M3MCHUTCSA HA BENU4YMAY i (ITHTA AOrOHSAET

OTCKOYHBINMI HIAPUK CO CKOPOCTBIO U):

v, = —-(w, + u) = —(vy cos o + 2u).

IlonHasi CKOPOCTB IIapUKa OTHOCHUTENBHO HEIMOABUXKHON CHCTEMBI OTCYUETa
[IOCHIE COYJapeHus ¢ INUTOH OyeT

v = \/uf + ugT =\[(UO cos oL+ 2u)* + Ug sin” ot

§ 2. KpuBosmneiiHoe NBAKeHHe

44. HampasumM ock OX cucteMb! koopauHat XOY (puc. 199) ¢ Havanom Ha
HOBEPXHOCTH 3EMIIH BROJNBb HAaYalbHOH CKOpPOCTH Uy, a ock OY — BepTn-
KaJILHO BBEPX B TOUYKY, N3 KOTOpO# OpomreHo Teno. [IBukeHWe Tesia MOXKHO
NpEeICTaBUTh KAK CYMMY PaBHOMEPHOTO [BIXeE-
HUSl CO CKOPOCTBIO Uy B FOPH30HTANHLHOM Ha-
[NpaBJICHAN U PAaBHOYCKOPCHHOTO ABIXKEHHUS Oe3
HavaJ bHOU CKOPOCTH B BEPTHKAJABLHOM HaIpa-
BJIEHHU C YCKOPEHHEM d, = —g, HaNpaBICHHBIM
BHU3. [IpoeKuMM CKOPOCTH Ha OCH KOOPAHHAT U
NOJTHASL CKOPOCTH B 3TOM ciiydae GyayT

h

\).\‘ =_gf|
1
|
1

A=y, O)v,=-g, (1

v = \/Uf+u_3 =\/v3‘+g2t2. 2)

X

Puc. 199

3aKOHBI JIBIKCHAS TSI KOOPAMHAT AMEFOT BUJ

ayx=1yt, O6)y=h-gt2 (3)

VckmounB BpeMs ¢ 13 ypaBHeHui (3), HOMYIMM ypaBHEHHE TPAEKTOPHM:

y=h—gx*I2u] . @)

D10 — ypasHeHHe napabossl.
45. Vickmouns BpeMs ¢ U3 ypasHenult (3) 3ajaunm 44, npu y = 0 HanjeM

s=x=u\2hg=22,6 M.
46. Wcknrouns Bpems t u3 ypasHenns (3) 3agauu 44, npu x =suy =0

HaliteM h=gs2/2ug =4,9 M.
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-~ 47. MickmouuB BpeMs ¢ U3 ypaBHeHni (2) u (36) 3anaun 44, npu y = 0 HaiineM
w=\Nv2-2gh=5,6wmlc.

48. Korpa ckopocTh Tela, GPOMIEHHOTO TOPH3OHTANBHO, COCTaBISET C
TOPA30HTOM yron o = 45° (cM. puc. 199), nmeem tg o = v, /v, = —1; orcrona co-
riacHO ypaBHeHusiM (1) 3aaun 44 nonyuaem t = yp/g = 1,5 c.

49. h = (U() tg 0()2/ 2g =344 m.

50./=2h/tgax=4m.

51. IToxHBIM YCKOpEHHEM SBISIETCS YCKOPEHHE CBOOGOJHOTO NajcHus g;
ceiOBaTEeNbHO, B — yroia MeXAy IONHOW CKOPOCTBIO M BEPTHKAIBLIY (CM,
pac. 199). Tlostomy tg B = v, /v, = | 1 v, = v, = gt (o Mopy I0). B 3TOM ClIywae

u3 ypaBHeHus (2) 3ajjaun 44 cnefyet v = 1l2v_\2, = gt\/z = 70,5 m/c.
52. Bpems najieHus kaMHst (MOMEHT, Koryia y = —h)

t=[vg sino&+\/(uo sina)® +2gh] /g.

Yron B onpejensiercs BbIpaskeHUEM

Vg sino(,——gt _ \/(UO sinoc)2 +2gh

14
\
tgh= ==
Uy COSOL Vg COSOL

Uy

CkropocTb KaMHst B MOMEHT NAfeHUs U = \/vi +v3 = \/ug +2gh.

53. Kaxk BugHO 13 puc. 200, npoekuun yCKOpeHus1 cBOOOTHOTO NafleHusl Ha
HOpManb On | KacatenbHyo OT TaKOBBL:

da,=gcos 0, da;=gsindq,
cosa=v/v, sina=v/v.

3aBuCHMOCTH Uy, Uy H U OT BpEMECHH OINPERCIIFOTCA

ypaBHeHusmu (1) u (2) 3apauu 44; ciefoBaTebHO,

a,=gv, /v = gy, /w/vg +g2t2 ~8,2 M/,
a, = gu, /v =g2t/w/u§ +g2t2 =54 M/CQ.

54. Hanpasum ock OX cucremsl KoopauHat XOY c Puc. 200

HavyajoM B MecTe OpocaHMsl Tella TOPH3OHTalIbHO B TY

CTOPOHY, Kyfa Teno O6pouieno, a ock OV — BepTHKaIbHO BBepx (puc. 201).
JIBIKeHne Texa MOXKHO IPEJCTABUTh B BUJE CYMMBI PABHOMEPHOTO [IBUIKEHHSI
B TOPU3OHTAIBHOM HAalPAaBIEHUH CO CKOPOCTBIO Uy, = Uy COS 00 B PaBHO-
YCKOPEHHOTO RABHKEHHUS B BEPTHKATBRHOM HANpaBIeHHH C HAaYalbHOH CKO-
POCTBIO Vg, = Uy Sin O M yCKOpeHueEM a, = —g. IIpoexunu ckopocr Ha OcH
KOOD/JWHAT ¥ MOAYNb CKOPOCTH B 3TOM ciydae OynyT

Q) U =Yg =ypcos @, 6) v, = Yy, — gt = Y sin 0L - gt, )]

v \/vf + v)? =\/v§ +g%? - 2 (v sina)gt. 2)
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3aBUCUMOCTD yria J OT BpeMeHHM ONpefieNseTcs BHIPaXXeHHEM
tg B=v,/ v, = (yysin a - gt) /y; cos Q..

Ha Bocxopsmel yacTe TpaekTOpuM (NpH Uy, > gt) mMeeMm tg B >0 u Beprn-
KaJbHasi COCTABIAIOMIAsi CKOPOCTH HalpaBlieHa BBEPX, Npoekuus vy, = 0; na
HACXOJSIIICH 4YacTH TPAaeKTOpHH (IpH Vpy < gHtgB<0m BEpPTHKaNbHasg
COCTaBJIAIOMIAs CKOPOCTH HANpaBJlieHa BHA3, IPOEKLEA U, < 0.

Y
'vo), i voy
v
) R
v,
NS o,
S v,
Vg A v, g g B '
i b
1
o |y,
(0] x * gt s X
Puc. 201 Puc. 202

55. Hcnonb3ys Ty )Xe CHCTeMy KOOpJIMHAT, UTO H B 3afatue 54 (cm. puc. 201),
3anuiieM 3aKOHbI {BICKCHHS [1JI1 KOODIWHAT TeJja:

a)x=(ycoso)t, 6)y=(ysin)t— g2 (N

YpaBHeHHE TpaeKTOpHH Tela MONYYHM, HCKIIOYHUB BpeMs ¢ U3 ITHX

ypaBHEHMIA:
y = x tg oL — gx% /2(yy cos o). )

310 — ypaBHeHHue napaboisl.
56. Ilpu y = h npoexuus ckopoctu vy, = 0. Bpems nogeeMa ¢ u BBICOTY A
HaiigeM u3 ypasHeHni (1) 3agay 54 n 55:

t={(ysino) /g, h=(ysin0)?/2g.

57. Tak kak B Mecre najenus y = 0, To u3 ypasHenus (16) 3apauu 55 HaigeM
BpeMs Honeta: t = 2(vy sin ) /g. JlaNbHOCTE nojeTa § = X, T.€. KOOPAUHATY
Mecra NajieHus, HafiieM U3 ypaBHeHud (la) 3ajaum 55, nopcraBusB B HETrO
HalJleHHOE 3HAYEeHHe BpeMenu nojiera: s = (v? sin 200)/g.

58. I'pacduk 3aBucHMOCTH v, = f(f) crpomTcs o (opmye (16) samaun 54
(puc. 202). Ilpu ¢ = 0 aMeeM vy, = vy, = vy Sin O; IpH £ = ' = (v sin ®)/g npoex-
mus v, = 0. I'padpuk 3aBucumocTa v, = f{y) NONYUMM, HCKIIOYMB BpeMs ¢ U3
ypasuennii (16) 3agaq 54 u 55 (puc. 203):

v, = iwf(vo sino)? —2gy.

I'padux 3aBHCHMOCTH U, = f(X) HONYYIUM, HCKIIOUMB BpEMs ! U3 ypABHECHMA
(16) 3apaum 54 u ypasHeHns (la) 3agauu 55 (puc. 204):

Y, = yp sin oL — gx /( vy cos Q).
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59. Y3 dopmyns! (16) 3apaun 55 npu y = h nonyuum st t ypaBHEHUE
Yun i
2o Wosine, 2k )
8 g

aBa KOpHs KoToporo # = 0,28 ¢ u £, = 0,75 ¢ MOKa3bIBAIOT, YTO HA BBICOTE /i
KaMeHb ObLT IBaXK/bI.

y Vo
vy o x X
1)Oy o :
! i
1
h |
0 1
y D b
~h s
’
Puc. 203 Puc. 204 Puc. 205

60. Vicnonn3ys ypapHeHue (1) 3agaun 59 1 CBOHCTBAa KOpHEH KBaApaTHOTO
ypaBHEHHS, COTJIACHO KOTOPBIM # + £ = 2(uy sin Q)/g u 1, = 2h/g, nonyuaum

=gt +h)Rsina=784m/c, h=gnt,/2=735m.
61. Mckmrouasi HauanbBHYIO CKOPOCTH Uy W3 ypaBHeHws (16) 3amatwua 54 u
NCHONB3YS pellieHre 3afayun 57, Noxy4uM
s=2(v,+gty ctg ot/ g = 284 m.
62. B cucreMe KOOpJMHAT C HaYanoM B MecTe Gpocanus (puc. 205) 3aKOHbBI
ABHXKEHHUs OyAyT Te Xe, UTO ¥ B 3afauc 55. Mickomoe paccrogHme s = x npu

y = =h. Iloacrasnsst y = —h B ypaBHCHHE (2) 3agauu 55, nONyUHEM NS X
KBaj[paTHOE ypaBHEHNE, pelllad KOTOpoe, HalfieM

s= (vq /g')cosoc(uO sinc + \/7(110 sino)? +2gh).

B BriGpaHHOI ciicTeMe KOOpAHHAT X > (), MOITOMY BTOPO#l KOPEHE YPaBHEHHUs
OTOPOIICH.

63. O603HaunM HavyalbHBIE CKOPOCTH TEN OyYKBaMH Uy | Uy, . [as e,
yHaBHIMX Ha 3eMIIO, B popMyre (2) 3agaum 55 Hapgo monoxuTs y = 0. 3ameHsd
B 3TOH hopMyne vy | O Ha Uy B O KIS IIEPBOTO Teja U Ha Yy ¥ O JTISL BTO-

POro, HaiileM W3 JBYX HONYYMBIIMXCA YPaBHEHUH Uy /Uy = V sin 204,/ sin 201,
Ecnn Oy = 90° — O, TO Uy /U()2 =1lm Upr = Upo-

64.v =~ v2 — 2gh =64 wmlc.
65.v =+ vd + 2gh.
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66. Cornacno puc. 201 tg B = v, /u, . TTo ycnosmio tg B, =1, tg B, = -1.
Hcnonnays nis v, u v, popmynel (1) 3agaun 54, natinem

4 = (vg/g)(sina—cosa), t, = (vy/g)(sina+cosa).

67. laneHOCTL moyera cHapsfa 6e3 yueTa CONPOTHBIEHHS BO3Jy-
Xa IpH 3aJaHHOM HavYaNbHOH CKOPOCTH MOXKHO HaliTh mno d¢opMmyne

x=(v§ sin20)/ g (cM. 3apauy 57). CormacHo ycnoBuio x = 4s; oTCHOa

vy =2V gs / sin 200 = 886 m/c.

68. B cucremMe KoOpoHHAT C HA4YajoM B TOUKE A (CM. puc. 9) TpaeKTopus
MOTOILMKIHCTA OYNEeT ONUChIBATECS ypaBHeHuHeM (2) sagaun 55. [Toacrasiss B
3TO ypaBHeHHe KOOPAMHATHI TOUKHM NPU3EMIEHHS X = S Uy = —h, Haijiem
MPHHMAaJBHYIO CKOPOCTB:

v = s\/glcosa1/2(h+stgoc).

69. Mcnonb3ys Ty K€ CHCTeMy KOOPJIMHAT, UTO U B 3afaue 62 (cM. puc. 205),

nmeeM [ = Va2 +y2, THie X My — KOODAMHATHI KAMHS B JAHHBIA MOMEHT Bpe-
MEHHU. 3aBUCHMOCTb KOOPJMHAT KaMHs OT BpeMeHHu jjaeTcst popmymamu (1) u
(2) 3apaun 55. ITosTomMy

I=tJvg = (vy sinoy)gt +g%> /4 =67,9 w.

70. Yro6b1 CHapsi JOCTHUT CaMOlleTa, TOPU3OHTANIbHASI NMPOCKIUSL E€ro
HavaJIbHOH CKOPOCTH U, OJKHa OBITh HE MEHBIIE CKOPOCTH caMoleTa U, a
BEPTHKAJbHASA POCKLHs HAYANbHON CKOPOCTH Uy, AOMKHA ObITH O KpadHeH

Mepe paBHa ./2gh; OTCIOla MHHAMATNbHAsI HauaJbHAs CKOPOCTH CHApsAAa

w=\ 12+ 2gh =743 m/c. U3 YCIOBHA tg O = Uy, /vy, =+/2gh /v = 1,56 HaxonuM
a=57°

71.y, -y, =21yt cos o= 60 M.

72. Ucnionb3ys Ty Xe cucreMy KOOPAMHAT, 9T0 U B 3ajaue 44 (cM. puc. 199).
[Ipoeknmy cCKOPOCTH Tpy3a NpH €ro NACHHH U, = Uy U Uy, = —gf. YTON HaKJOHA
CKOPOCTH K FOPH3OHTY OIpEJIENAETC BbIpaXkeHUeM g o = v, /u,. CKopoCcTh
HMEET YrOl HAKNOHA ¢ B MOMEHT BpeMeHH ¢ = —(Uy/g) tg 0. (0 < 0). [Topcrasnan
3TO 3HAUCHHE ! B 3aKOH [BIKEHUs IPy3a IO BEPTHKAIBHOMY HANPaBJIECHUIO
y=hy—gt?/2, maiigeM h = y = hy — (uy tg o0)? 2g.

73. B cucremMe KOOpAMHAT, H300paXeHHOi Ha puc. 206, KQOpAWHATHI K104
B MOMEHT BBIGPOCA ero U3 CaMoJeTa:

Xo = (Wolo +ati 12)cosa, yo = (Ugty +atd /2)sinc.
ITpoex s CKOPOCTH KITFOYa B 9TOT MOMEHT:
Vo, = (vp +aty)cosa, vy, = (Vg +aty)sinol—uy,.
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‘s

KoopauHaThI KiT109a IOCie BbIGpoca B3 caMosiera:
x=xo+ vg t = (Upty +aty 12)coso+[(vg +aty)cosalr, €))
y=y,+ vo).t~gt2/2= (U to +atg 1 2)sina + '
+ [(vy +atg)sinat—uylt—gt* /2. (2)

B MomeHT mnapenms kmoua y=0. Hcknrouas speMsa u3 (1) u (2), HaligeMm
paccrostame s = x. BBupy croxsoctm koadhduimenros B ypasHeHnu (2)

Puc. 206

PEKOMEHAYETCSL NPEABAPUTENBHO BBITHCIUTE 3TH Koa(pduuueHTel. UMeem
Yo =144 M, vy, = 29,5 M/c, g2 =49 m/c2. Uckomoe paccrosiame s = 766 M.

74. BeprukanbHasl NpOEKLAs CKOPOCTH B
MOMEHT yAapa vy = V (v sin )2 + 2gh; Bpems
NOoA'bEMa Ha MaKCHMAJBHYIO BBICOTY /i,
(puc. 207) t =v,/g. Topu3oHTaneHas NpOEK-

v, max

Z 4 7. S
X X

Puc. 207 Puc. 208

sl CKOPOCTH U, = U cos 0. McKOMOe pacCTOsIHME paBHO KOOPAMHATE TOYKH
BTOPOrO yAapa:

s=x=2tv, =2y, cosa\/(vo sino)? +2gh/g =9,7 m.
75. B cucreme xoopguHaT XOY ¢ HayaJgoM B TOUKe [IEPBOTO yjapa maana
0 IIOCKOCTH (pHc. 208) CKOPOCTB MIAPHKA COITIACHO 3aKOHAM YIIPYIOro yAapa B

MOMEHT yfiapa ¥ NepBblii MOMEHT Mociie yAaapa pasHa \ 2gh u HanpabieHa
nocne ypapa nog yriaoM 90° — o x ocu OX. TIpoeknun cKopocTH TOCIe yaapa:

v, =+/2ghcos(90° — o)+ gsin ot = \[28h SINGL 2L SIN G- oo L)
U, =+/2ghsin (90° —a) — gcosaut = /2gh.cos ot — gt COS QL. 2)
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M3 ypaBHenms (2) HaxOAHM, UTO BpEMs [OCTIDKEHMs BBICHIEH TOYky

TPaeKTOpHH f =\ 2h/g. BpeMs MeX[y NEPBbIM M BTOPHIM YJapaMH ! = 2t
HckoMoe paccTosHEE paBHO KOOPZHHATE TOYKH BTOPOTO yaapa:

s=x=4/2gh tsin(x+(gt2/2)sin0t=8hsin0t =4 M.

§ 3. BpamarenbHoe IBHXEHHE

76.R = 2] I'/( Uy — U2) =18m.

77. n=60(v; - v, ) [2nr = 97 06/MuH.

78. IIpn xavyeHWH Koljieca IO 3eMJIE BCE €ro TOUYKH YJaCTBYIOT OJHO-
BPEMEHHO B JIBYX ABMKCHHSX: BAONb IMOBEPXHOCTH 3€MJH C IMOCTOSH-
HOW TOPU3OHTAJIBHOH CKOPOCTBIO U M BOKDPYI' OCH BPAIIEHWS C KAacaTeTbHOMN
CKOPOCTBIO Uy, MOJAYNL KOTOpOU
MNOCTOSIHEH, a HAIlPABICHHUC MCHA-
ercsa. IIpn Kauennn 6e3 mpobykcen-
POBKH MM HPOCKANB3BIBAHUS CKO-
POCTH U H Uy, MO MOJAYJNIO PAaBHBI.

B v,v. v,

a, v

Puc. 209 Puc. 210

MrHOBEHHBIE CKOPOCTH YKa3aHHBIX TOUEK KOJIECa HAXO[HM, CKJIafibiBasi U H Uy
110 IpaBIJIaM BEKTOPHOTO crnoxenus (puc. 209):

vpy=v, —v =0 vg=v, +v=2v,
Ve =1[v3‘ +v? =20,

Up =\[vf + v+ 2u.v cos o =2v cos (0/ 2),

Vg = v? + v? — 2w cos o =2v sin (a/2).

79.a, = v /R, v = a.t. Tlo ycnosuio 3agavu a, = na.; CJIEfOBATENBHO,
t=nRla;=2,78¢c. o
80. a, = 45212 [ Rt} =25 wm/c?.
81, V) = 2v < vy (cm. 3agaay 78).
82.a,/a,=tg o= 0,58 (puc. 210)..
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- .. 83.Ha 3KBaTOpe
vg = 2nR/T =465 Mm/c,
a,, = viIR=0,034 m/c?;

., pa mupoTe ¢ = 60°
Vp = 2n(RcosQ)/T =233 w/c,

ayp = Vgl(Rcos9)=0,017 wm/c’.

n

84. N = nt/2 = 60.
85. Or Bauana 3aKpyriIeHHOrO y4acTKa NyTH IOe3[l IPOXOJHUT PACCTOSHME

s =yt + a2, (D
I/ie a; — KacaTeabHoe ycKopeHue. IIpu 3ToM ero ckopocTsb
U= Uy +agt. ; @)
M3 (1) u (2) Haxopum ‘
a,=2(s -/t =033 m/c2, v=(2s-yy1)ft=25 Mm/c.

ITonHOE yckOpeHHe

a=+a’+a \f \/(-Z—SR“—O”M(s —uy1)2 =0,708 m/c?.

86. B cucreme koopamHat XOY, n3obpaxkeHHO# Ha pI/IC. 211, ckopocTs
KOMKa TIP3 B MOMEHT OTPBbIBa OT KOJIeca HAIpaBlieHAa IO KacaTelbHOH K
obony B touke A (cm. puc. 12). Ecnim koneco xaTurest 6e3 npoOGyKCOBKH HITH
IIPOCKATb3bIBAHUS, TO U, = U. Tak Kak HavambHas
BEPTHUKaJIbHAsI KOOPAMHATa KOMKa yy = R(1 — cos o),
TO 3aKOH JIBIDKEHUs1 BONb ocu OY uMeeT BAf

Y

y=R(1 — cos o) + (vsin o)t — g£3/2.

Hanee, mcnonn3ys ypasHenue (16) 3agaum 54 u
BpeMsl ABHKECHHSI 1O MAKCHMaJBHOH BBICOTHI (CM.
3agatvy 56), noayunM

h=y=R(l-cos )+ (vsin 0)%/2g.

Ecnu pBuxXeHHe aBTOMOOHNSL C TOM K€ CKO-
POCTBIO CONPOBOXKAAETCA NPOOYKCOBKOM Koneca, TO
Ur > U # BBICOTa MONBbEMa KOMKOB rps3m Oyjer
Sonbine. Eciau ke KOJECO NPOCKAIL3BIBAET OTHOCHTENHHO MOBEPXHOCTH
3¢MITH IIPM TOPMOXKEHUN (ABUXKEHUE HO30M), TO uT < UM KOMKH GynyT B3JIETATh
Ha MEHBIIYIO BBICOTY. - SRS

87. Ilyctb N — yucmo 060pOTOB, CAENIAHHBIX IUIHHAPOM 33 BpeMH ¢t. B sroM
Ciiyyae IDAapuK He OyJET 3afepKMBATLCA XKEJ0OOM, eciu AnuHAa N maros

Puc. 211
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BHHTOBOTO XeJjoba 6yeT paBHa PacCTOSHHIO, HA KOTOPOE IIapHK YHAfeT 3a
3TO BpeMsl NIpu cBOGOAHOM nafenuw, T.e. Nh = gr?/2. Ecli HATB TAHYJIH Opy
3TOM ¢ YCKOPEHHEM @, TO PACCTOAHKE, HA KOTOPOE €€ BBITAHYIH, [ = at?/2, aro
PaBHO B TO 3X€ BpEMs JUIMHE CMOTAHHBIX ¢ UMIuHAPa N BUTKOB HUTH: [ = TDN,
VI3 3TuX BBIpaXXeHH# AETKO NONY4HTh a = TgD/h.

§ 4. InHaMuKa NPAMOJIMHEHAHOTO IBHKCHUA

88. v = ft/m = 43 xM/u.
89. f=F-ma=F-m@*-v})/2s ~43kH.
90. [Ip¥ ciycke ¢ MOCTOSHHOM CKOPOCTBIO CyMMa CHII, AeHCTBYIOIINX Ha
wap, passa Hymo: Mg — Q — f=0, riae f— cuna
F T CONPOTHBIEHHS JABMXeHHi0 mapa. Ilpm
nojgbeMe Ilapa CHjla COIPOTHBIEHHS IO~
NpesKHEeMY paBHa f, TaK KaK COTJIACHO YCIOBHIO
3a{adl CKOPOCTh MOCTOSMHHA, HO TEHEpbhb 3Ta

T i cuna HanpapieHa BHM3. CyMMa BCEX CHMl ¢
* + yIeTOM YMEHBIIEHHMs MacCbl 3a CYeT
mg mg BBIOpOIIEHHOro Gannacra MO-NPeXHEMY paBHa

Hymo: (M —m)g — Q + f= 0. Mckmouas u3 3Tux
ypaBHeHHII f, HafineM m = 2(M — Q/g).

91. JeficTByromue Ha TeJao CHIIBI M300paKeHs! Ha puc. 212: F — nckomas
cuna, mg — cunna Tspkecr. Ha ocHoBaHuy Broporo 3akoHa HeloToHa

Puc. 212 Puc. 213

ma=F +mg; orcroga F=m(a—g)=~26H.

92. F=ma="7T0H.

93. JleiicTBytolye Ha rpy3 cuibl n3o0paxenn! Ha puc. 213; T - cuna HaTs-
KCHUS IPOBOJIOKH, Mg — cuia TAXecTH. Ha ocHOBaHHH BTOpPOrO 3aKOHA
HetoToHa ma = T — mg. CornacHo ycnosuto 3agawn T < Ty, = m.g. Crnepo-
BATEABHO, 4 < g(Mpy,/m — 1) = 1,2 M/c%.

94. m = 2mymy/(m; + my) = 190 kr.

95. Cuna HaTsS>KEHHs] KAHATA HE 3aBHCUT OT HAIPaBJIEHHs [[BHKCHHUS CaMOH

KJIeTH (HallpaBJIeHNs ee CKOPOCTH) U ONpeAelseTcs TOJIbKO ee yeKopeHueM. B
MEPBOM CiTyuae HaIpaBlI€HNEe YCKOPEHHs COBNAJAET C HANpPaBIEHHEM CHIDI
HaTsKeHus kanara. [losTomy 3naku a; u Ty opuHAKOBbL: ma, = T| —mg, T.e.

T, =m(a, +g) ~ 3420 H.
Bo BTOopom cnydae ma, = mg — Ty, 1.€.

T, =m(g —ay) = 2705 H.
96. Vicnonb3ya pemende 3agaqd 95, nonyuum a = g(1 — m/M) = 2,45 m/c?;
YCKOPEHHE HaNpaBJIeHO BHH3.
97. JeficTByromue Ha THpH CHIBI M300pakeHbl Ha puc. 214. YpapHeHus

[BICKEHES AMEIOT BHJ
ma=T-Ty—mg, mya=Ty-myg,
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~'[JIe @ — YCKOPEHHEe Ipy3a, paBHOE YCKOpeHHUIo audra, m g | nog — CUIbI Ts-
KECTH, ACUCTBYIOUTHE HA THPN m U ny. Pemmrasi ypaBHEHHS OTHOCHTENBHO T,
nonyaum T = (my + mp)Ty/m, = 14,7 H.

98. Cuna peakuuu fHa Kietu N
HaIpaBJIeHa BAONb YCKOpEHNs nud-

Ta a (puc. 215). Cnenoparensro,
ma =N —mg;
OTCIOAa
N=mg +ma =1004,5 H.
ITo TpeTbeMy 3akoHY HbioTOHa C
Takof Xe (M0 MOARYIIO) CHIOHN
rpy3 6yfeT JaBHTh Ha JHO KICTHU:
Fu..=N=1004,5H.

99.a =N/m—-g =049 wm/cZ,
rne N — cujla peakIud Moja xa-
GuHbl, paBHast (10 MOAYIIO) CHIIE
NaBJEHHs Ha non kKabumbl F,
YCKOPEHNE HANPABIEHO BBEDX.

100. JeiicTyoue Ha TEdO
cUNbBl W300paXkeHs! Ha pHC. 216:

T — cuna, ¢ KOTOPOH AEACTBYET HA Puc. 214 Puc. 215 Puc. 216
TENO pacTsHyTasl NpyXuHa (noxa-

3aHUe [MHAMOMETpa), Mg — Clila TsDKecTH. B cnyvuae 1) ypaBHeHHUe IBHKECHHA
Tena uMmeeT BUy ma; = T — mg; orciona T, = m(g + a,) = 14,7 H. B cnyuae
2) umeeM ma, = mg + T,, TaK KaK HAIPABJICHUS YCKOPCHHUS dy U CHIIBI TSXKECTH
COBIIAJAIOT, cheaoBaTensho, Ty = m(g — a;) = 4,9 H. B cayuae 3) BbipakeHue
mus cunbl T mMeeT TOT Xe BHJ, UTO M B cinyyae 2), ubo HampaBJIeHHE
yckOpeHHst To ke camoe: T3 = m(g —a;3)=7,35 H. B cnyuae 4) cuna
T,=m(g +ay) =12,25 H.

N fN

!
| %,
i

g mg

' F
R [
a —
/* 7 (—I * |
mg mg
Puc. 217 Puc. 218

101. Ha ocuosanuu Broporo 3axkoHa HeroroHa mia = F - f, rne f = kN,
a N — cuna peakuuy onopsl (puc. 217). Tak xak ABUXKEHNE BIONb BEPTHKATU
orcyrcrByet, To N = mg; ciiefosatensHo, F = m(a + kg) =~ 0,79 H.

102. s = v%2a = v22kg =~ 12,3 M.

103.v =4/2-0,06gs = 4,9 m/c.

104. B ropu30oHTaJILHOM HAOpaBIEHHH Ha IPy3 AeHCTBYET TONBKO CHUIA
Tpenus f (puc. 218). CoobijaeMoe rpy3y yckopeHme a = fim. B BepTHKaibHOM
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HanpasneHus rpy3 He ABmxkercs: N—-mg=0, rae N < cuna peakuuy  oflopoi.
MaxcuManbHas Cusia TPEHUS NOKOA [y = kN = kmg. CnepoBaTeIbHO, BO3MOX-
HBbIE 3HAYEHHSI YCKOPEHHUA Ipy3a YAOBIETBOPSIOT HEPABEH-
1 / F CTBY a =< f../m = kg. Jocke HYXHO COOOIIUTH YCKOPEHHE
f a>kg =196 M/c2. B 3TOM cliydae CHJIa TPEHUSI HE CMOXET
> > COOOIUTEL IPY3y YCKOPCHHE, JOCTATOMHOE ANs €ro /iBH-
1/"78 sKeHust 6e3 IPOCKaTb3bIBaHUSL.
105. Ucnonb3ya peuieHue 3agaun 104, HaligeM, dYto
F=kgM+m)=10,8 H.
106. Coobmaemoe rpy3y yckopenne (puc. 219)

Puc. 219

a = F(cos o+ k sin o))/m —
Fy = kmg/(cos o + k sin ).
107. a = F(cos o0 — k sin o)/m —

108. JeitcTrytomue Ha BO3 cuibl H300paxkeHs! Ha puc. 220. Ecnu mg <
< F3sin o, TO BO3 MOXeT OKa3aThCst B “‘00Nakax’ (pellcHHE BBIXOIUT 32 paM-

Puc. 220

KA YCIIOBWs 3aJayuM, TaK KaK paK U HIyKa yXe He OyAyT TAHYTH B MPOTHUBOIIO-
JIOKHBIEC CTOPOHBI).

Ecnumg > Fysinouu f= kN = k(mg — Fy sin o) >|F, — Fy + F3 cos of, tae N —
CHJIa peaklH NOBEPXHOCTH 3EMIH, TO “BO3 U HbIHE TaM”, T.€. § = 0.

Ecnu mg > F3 sin o u k(mg — F3 sin o) < |F, — Fy + F5 cos ¢, TO

s = [+(Fy — F5 — F5 cos &) — k(mg — F5 sin o)]#2/2m,

rae 3HaK IUIKOC OTHOCHTCA K ciayvaro F > F3 cos o0 + F, ¥ 3HaK MHHYC — K
cnyvar Fy < Fzcos o+ Fy.
109. f= m(vy/t — g) = 0,088 H.
110. a = gh/Ah = 58,8 m/c?; N mg+ma= mg(l + hiAh) = 4802 H.
111.f=mg="735H. ‘
112. h=m/2k= 18 m.
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. 113. HarsanyTast HUTb AEliCTBYET C OMHAKOBBIMH cunaMu T Ha 06a Tena
(puc. 221). Ha nepBoe TeJo BJOJbL TOPU3OHTAaN¥ AEUCTBYET Takxke cuna F.
HeAcTByIOLHE 10 BEPTHKANM CANBI B3aUMHO YPaBHOBEIUEHB! H He BIHUAIOT HA
ABHIKECHME TeJl B HaNpaBlieHHH CHibl F. YpaBHeHHs] ABHXEHHS NEePBOro
¥ BTOpOrO Tel aMetoT BEA mya = F —T, mya =T. 3pech yuyreHo, yro oba Tena

F T T
m ms

Puc. 221

UMEIOT OJJUHAKOBbIe yckopeHust. CornacHo ycnosmto 3apaun T < Ty, claeno-
BATENBHO, a < T /my 1

F < Ty + mya = (my + m)Typadity = 7,5 H.

Ecnn cana npunoxeHa KO BTOPOMY Telly, TO NPUBEJCHHBIE PACCY>KACHHS
OCTalOTCsl B CHIIe, TONBKO MAacchl miy W M, MEHAIOTCs Mectamu. Teneps
F < (my + m)Tpa/m; =15 H.

114.T = (mle + mQF])/(ml + mz).

115. T = [mFy + (my + ma)F [ )/(my + m, + m3).

116. Cunnl, aeficTBylomue Ha OPYCOK C FUpeil U Ha YaIuKy ¢ rupel, m3o0pa-
XKeHBl Ha puc. 222; N — cuna peakumy AOCKHW, T — CHIa HATSKCHHS. HWTH,
f—cuna tpenns. Tak Kak ABHKEHHE MO BEPTHKANH OTCYTCTBYET, TO
N ~ (m; + m,)g =0. IIpu paBHOMepHOM JBUXeHHU umeeM T —~f=0 u
(m3 + my)g — T =0. Cuna tpenua f = kN = k(m| + my)g. Vcknouas u3 atux
ypaBHenui T, HaiineM k = (m3 + my)/(my + nmy) = 0,3.

i
T
ff
Y r
(my+my)g
(my+ my)g
Puc. 222 Puc. 223

117. Ha rpy3 neficTByIOT CHia TAXKECTH mg W CHNa HaTsoKeHusl T BEpEBKH,
paBHas cuiie F, IpAIOXEHHOH K. ee Apyromy kKoHuy (puc. 223). Mckomas cuna
onpepnensieTcsi C HOMOINbIO BTOPOro 3akoHa HeioToHa: ma = F — mg; orcopa
F=m(a+g)= 108 H.
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118. Tak kak 60K HENOABMXEH, TO NEHCTBYIOMAas HAa HETO CO CTOPOHL
nuHamomerpa cuna F = 2T (puc. 224). YpaBHeHHs ABIKCHHS IPY30B:

ma=mg-T, ma=T-nyg.

31ech YUTEHO, UTO YCKOPEHMS I'PY30B OJHHAKOBbLI, HO YCKOPEHHE BTOPOro
rpy3a HanmpaBJIEHO BHM3, a IEPBOTO — BBEPX. VIcKkimoyasi U3 3THX ypaBHEHHUI q,
HampeM T = 2mym,g/(my + my). ickoMoe noka3aHue IHHaMOMETpa Ha OCHO-
BAHHH TPeThero 3akoHa HetoToHa OyneT

F =2T = dmmyg/(m; + my) = 62,7 H.

r
T Yr
T A T N
meg
mg
n,g mg mg
Puc. 224 Puc. 225

119. Tax xak Macca rpysa m BO MHOTO pa3 MeHblIe Maccel rpy3a M, To
MOKHO CUHTATh, UTO FPY3bl ABMKYTCSl ¢ yCKopeHneM g. Cuila HaTSKCHUs HUTU
onpepensiercs ypapHeHneM mg = T —mg; otcropa T =~ 2mg - 9,8 H.

120. Cormacuo pemenuto 3apauu 118 cuna, pacTsrupaiomas npyskugy,
T =2mm»g/(m; + my). Ilo 3akony I'yka T = k(I — ly), Tae k = F/Al — XecTKOCTb
HPY>KHHBI; OTCHO/A

[ = Iy + 2mmygAlf(my + np)F = 17,35 em.

121. 1= J2h(m, +my) (my —my)g =0.7 ¢, rae h =1 M — nyTh, NpOieHHBIA
KaXJI0# U3 IUph.

122. my = 4hmf(gt: = 2h) = 10 .

123, [leiicTytomue Ha Teno U rpy3 cHisl n3obpaxkeHs! Ha puc. 225. Ilo
TpeTheMy 3akoHy HbloTOHA cuila HOpMaILHOIO AaBlieHus rpysa F\, , paBHa 110
MOJIYII10 cuiie peakiyu N Tesa, Ha KOTOPOM OH JIEKHT. Y paBHEHHS! [IBUKEHHA
AN ABYX TeJl U IPy3a 3allUILYTCs B BUJE

ma=T-mg, ma=mg—-T+N, mya=myg—N.

Hckmrouasn orcrona a u T, HaligeM

Fy =N =2mmyg/2m + my) =~ 0,39 H.
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124. 1IerTp Macc rpy30B, OUeBHAHO, OyieT omyckaThes. IlycTe BHauane
HeHTp Macc HaxoanTesa 8 Touke C (puc. 226) HA pacCTOAHEYA h| O BEPTHKAIH
OT MEPBOro rpy3a M Ha paccTOAHMH b, OT BTOporo. Bemwumaer b, m b,
YIOBJIETBOPAIOT YCIOBHIO

”1]]71 = ﬂlzbz. (1)

3a BpeMs1 t BTOPOU I'Py3 OIIYCTUTCS HA DACCTOSTHUE
H = ay?/2, @)

a nepan?I NOAHUMETCA Ha TO XK€ pacCTOAHHUE. HeHTp Macc CHCTEMBI ONYCTHATCS
3a 3TO X€ BpEMs Ha pacCTOAHUE h, OIIPEALIISICMOE YPaBHEHUEM

my(H + by —hy=m(H + by + h).

i
Vg

Puc. 226 Puc. 227

(]

Orcropa, yunureiBasd ypaBueHud (1) m (2), HaliieM, UTO B JaHHBIH MOMCHT
BPEMEHHU
_my —my aot2

nmy +my my +my 2
YckopeHue ap ONpeAessieTcss CHCTEMON YpaBHEHUH, NPUBEAEHHON B 3ajiaue
118: ag = (my — my)gl(my + ). IloaTomy

2
my—my | gt*  at’

h=
my + my 2 2

Taxum 00pa3oM, HEHTP MacC CHCTEMBI JBHKETCS PaBHOYCKOPEHHO C YCKO-
peHnEM
a = (my — my)2gf/(m, + my)%.

125, Cuuras, 9TO TENO MacChl M, NOJHUMAETCS, & HENMOOBUXHBIN GNOK
€ TEJIOM MaccChl M ONMYCKAEeTCs, YPABHEHNs! {BIKCHHS MOKHO 3alIACaTh B BHAE
(puc. 227)

ma;=T-mg, may=nig-—2T.
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CBs3b MEXy YCKOPEHHMSMHE @) U a; Haf[leM U3 CIERYIOUINX COOGpakeHHil,
Ecau nepeoe TENO NOJHEMETCS HA BBICOTY A, TO BTOPOE TEJO ONYCTATCA 3a
3TO BpeMs Ha BBICOTY A, = A/2. Tax Kak npoifeHHbIE IYTH NPAMO
[IPOHOPUHOHANbHBI YCKOPEHHAM, TO OTCIOa BBITEKAET, UTO IO MOQYIIO
a, = a,/2. Pemras [aHHyIO CHCTEMY YpaBHEHUH, HalieM
T =3mymyg/(4my + my) = 1,26 H,
ay = 2(my — 2m)g/(4my + my) = 5,6 M/c2,
a, = (my - 2my)g/(4m; + my) = 2,8 m/c%.

126. YckopeHre BOAbL HAKJIOHHOH NJIOCKOCTH OIpPefesseTcss CYMMOii
OPOEKHWH CUNl Ha [JaHHOe HampaBsiieHue (puc. 228): ma = mg sin o« —f. Cymma

T
s N N
F
h mg
o mg o
Puc. 228 Puc. 229 Puc. 230

IPOEKUMI CHJT Ha HallpaBIICHUE, IEPIEHIUKYSIPHOE K HAKJIIOHHOM ITOCKOCTH,
paBHa Hymto: N —mg cos o = 0. CnegosarenbHo, cuna TpeHus f= kN =
= kmg cos ¢ YCcKOpeHue

a=gsin o —ffm = g(sin & — k cos o) = 2,45 m/c2.
127. Kak BugHo u3 pewmeHus 3agagd 126, ycKopeHme Tena a =
= g(sin & — k cos o). CornacHo ycmoBmio 3ajauu sin o = h/l = 1/2,

coso=+I*—h* /1= =+[3/2. BpeMs U KOHEuHas CKOPOCTb OIIpENEIAIOTCA
KMHEMAaTHIECKHU!

t=+2lla=2,5¢c, v =~2al=8 Mm/c.

_ Vg Vsina—kcosa ++/sina+kcoso

g (sina+kcoso)sina—kcoso

129. Bropoii 3akon HbloTOHA A5t ABMSKEHNS. BOAL HAKIIOHHOHN [IIOCKOCTH
3anumeTcs B Buje (puc. 229) ma =mgsino.—f—T, rae sin o = h/l, a f=0,1mg.
KuneMaTnueckoe COOTHOUIEHHE, ONpPEJENsIOINee YCKOPeHHEe, UMeeT BHJ
a = v%/2l; cnenoBaTeaLHO,

T = mgh/l - 0,1mg — mv%/2] =~ 44,1 H.

128.¢

130. [Ins pBuXeHus Tena BAOAL HAKJIOHHOH IUIOCKOCTH ypaBHEHHE
Hrrorona nmeet Bug (puc. 230)

ma = mg sin oL + F cos o, wa a = g sin o + (F cos a)/m = 10 m/c2.
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CHany faBIeHHs Ha MIOCKOCTh F, ,, paBHYIO 10 TpeTheMy 3akony HberoTOHA
cujie peakKuuH MIOCKOCTH N, MOXKHO HaliTH W3 PaBEHCTBA HYIIO NPOSKUMA CAUIT
HA HalpasJICHNe, NePIeHHKYISPHOE K HAKJIIOHHOM ILTOCKOCTH:

mgcosd—Fsinot—N=0,
HIH
Fy,=N=mgcoso-Fsino=2773 H.

131. Ecnu npepnoloXuTh, YTO MNEPETATHBAET TPY3 MAacCChl /My, TO ypas-
HEHUA [IBIDKCHMs Tpy30B 3anumyTcs B Bupe (puc.231) mpa=mygsina—T,
mia =T~ mg. Ucknrowas cuny HaTskeHns 7T,

. N
HaWIeM TPOEKIHMIO YCKOPEHHS HA HalpaBlieHHE T T
JIBIKCHUSL:

a = (myg sin oL — m, g)/(m, + m;) = 0,98 m/c2.

o m

3HaK MHUHYC O3HA4aeT, UTO JBHXKECHHE B JIeil- o 28 g
CTBUTEJIBHOCTH NIPOMCXOJAT B HANPABJIEHUH, 06- !
PaTHOM TOMY, KOTOPOE MBI IIPETIONOKAIH. Puc. 231

132. YpaBHeHHUs ABMKECHHS TPY30B ISl IPOEK-
UAH Ha HaNpaBJICHHAA BIKECHAS AMEIOT BUJ|

ma=mg-Ty, mua=Ty—T—-myg(sin ot kcos ),

nmaa =T — myg(sin ot k cos Q).

3pecwh T — cana HaTSKEHHSA HUTH MEXKy IpPy3aMH C MaccaMd M U nip; 3HAK
IUIKOC OTHOCHTCS K CJIY4aK), KOrja TPy3bl ABHXKYTCS BBEPX NO HAKNOHHOM
MIIOCKOCTH, 3HAK MHAHYC — K CNly4aro, KOTJla OHH ABHXKYTCs BHH3. M3 atmx
YpaBHEHUH HaXOguM

m; —(my +m3)(sintl + kcosar)

a=g s
my +my +my

I+sinatkcosa

T =mymsyg
27 m1+m2+m3

IBuXeHue BBEpX IO HAaKkJOHHOH mnockoctu (a >0) BO3ZMOXHO npH
my > (m,+ m3)(sin O + k cos @), a nBEXeHWe BHU3 (a < 0) — npwm
my < (my + m3)(sin o0 — k cos Q), tg & > k Ecnm 3Ty ycioBus He BBINOMHAIOTCH,
TO TPYy3bl HEIOBIIKHbBI, @ CUJIa HATSKECHUS 7 MOKET IPHHAMATH Pa3iInYHbIC
3HaYEHN:

1+sinoxkcoso
or 0 go mym;g———--—-—

my + m, +my
— B 3aBHCHMOCTH OT COOTHOLICHUH MEXKAY mj, My, M3, k 1 O © OT CHIBI
HATAXEHWS HUTH B HavajbHeId MoMeHnr. Hanpmmep, npm tgo <k
my < my(sin O + k cos O¢) rpy3bi H2 HAKJIOHHOU INTOCKOCTH MOXKHO YCTaHOBUTH
TaK, YTO HATb MEXAY HUMH He Oyner HaTanyra, T.. T =0.
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133. ITo Tperbemy 3akOHy HblOTOHa CiiTa HOPMANTLHOTO JABJIEHHS HA ONOPyY
F, , paBHa no mony:to cune peakiuu onopbl N. Co CTOpOHB! AIpKa Ha lap
MOTYT JE€HCTBOBATL CUNbl peakuuu N| u N,, NepHEHAUKYISIpHbIE K JHY u
nepejHen creHke smuka (puc. 232). YpaBHEHHE JBIKEHM IIapa UMEET BHJ
ma = mg sin & — N,. Y4nTBIBasA, YTO YCKOPEHMS WIapa M SIMUKA ORUHAKOBBI,
ypaBHEHHE ABMKEHUs! AIIHKA MOXKHO 3anmcaTh B sufie Ma = Mg sin 0. + N,, tnie

fa

m,
o g

Puc. 232 Puc. 233

M —wmacca smmka. DTH ypaBHEHMs! COBMECTHBI muirb npu N, = 0. Cuna
NABIEHWS Ha NEPENIHIONO CTEHKY AlMKa F, o = N, = 0, TaK Kak cCOCTaBJIIOIHIe
CHN TsDKECTH, JEHCTBYIOHUIUX Ha IIAp M SIUHK, COOOIAIOT 1apy W SIUKY
OIMHAKOBLIE YCKOPEHHS g sin Ol

Cuna pgaBicHUS Ha AHO AMWMKA TAKas Xe, KaK U Ipu OOBIMHOM COCKaNb-
spiBanuM Tena: F, =N =mg cos a.

134. Cunel, pgeitersyomue Ha KyOuk, n300paskens! Ha puc. 233: f— cuna
TpeHus, N — cuja peaklud IUIOCKOCTH, paBHAas 10 MOJYJIO UCKOMOW cuiie
HOPMaNBLHOTO AaBieHusd Fy, , Ha IIocKOoCTb. COriacHo yCIOBUIO 3a/laui KyOUK
[IBIDKETCA BMECTE C IU(QPTOM C YCKOPEHNEM ¢, HallpaBICHHLIM BBEpX. YpaBHe-
HUE JIBIKEHHUS TSl BEPTHKANTBHOTO HANPABICHAS HMEeT BH],

ma = N cos 0. —mg + [ sin QL. 1

B ropu3oHTanbHOM HANpaBIEHUH ycKOpeHme OoTcyTrcrByeT. [ToaToMy cymma
IIPOEKIUH CHIT HA FOPU30HTATBHOE HalpaBieHHE paBHA HYNHO:

feos ou—N sin o= 0. )
W3 ypaBHennit (1) u (2) Hax0oquM
Fo.=N=m(g+a)coso, f=m(g+a)sina.
Takum o6pasom, Hanuune y nH(TAa YCKOPEHWs, HaNPaBIEHHOTO BBEPX,
9KBUBAJCHTHO YBEJIMUCHUIO YCKOPEHAS! CBOOOTHOTO MajIcHUs Ha BeMYUHY 4.

Kos(puuneHt TpeHus OIKEH, KaK H B CIyYde HEMOABUXHON HAKIOHHOW
IIIOCKOCTH, YIOBIETBOPATD YCIOBHIO k > tg O
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135. ITpoekuus CUMBI TSXECTH, ACHCTBYIOWEH Ha IOCKY BIOAL HAKJIOHHOM
IIOCKOCTH, pasHa Mg sin o. CliefoBaTENbHO, IIPK PAaBHOBECHH [OCKH TAKas XK€
cHJIa JOMKHA ACHCTBOBAThH HAa JOCKY B [IPOTHBOINOJIOKHOM HAINPABICHUH CO
cropoHb! yenoseka. [To TpeTremy 3akoHy HbpI0TOHA Ha 4enoBeKa cO CTOPOHBI
MOCKHM Takxe OyaeT AeHCTBOBAThH CHNa peakiuH, paBHas Mg sin O U Ha-
npaBjieHHas NapaxeIbHO INIOCKOCTH BHU3 (puc. 234;: m300paXKeHb! JNHAMIL Te

T
mg B

Puc. 234 Puc. 235

COCTaBISIIOMIME CHIT, ACHCTBYIOUINX HA JOCKY H YeJOBeKa, KOTOphle HampaBe-
HBI BAOJb HAKJTOHHOU IAOCKOCTH).

Ilo Bropom 3akony HrpioToHA ycKOopeHHe UeNOBCKa BAOJIbL HAKJIOHHOM
IIJIOCKOCTH ONpeQensieTcst CyMMON HPOEKIMA CHI MO 9TOMY HalpaBICHMIO:
ma = mg sin & + Mg sin o. VI3 aTOro ypasHeHus: Hal[IcM, MTO YCIOBEK JIOIKEH
6exaTb ¢ yCKOpeHHeM a = g sin (1 + M/m), HanpasneHusIM BHH3. Harnpa-
BJICHUE ABHKCHHS CAMOTO YEJOBEKA IIPH 3TOM 0e3pa3iuIHO.

136. ITpeinonoXuM, UTO [IPH YCTAHOBUBIIIEMCS! IBUXKCHHH THAPHK OTKJIOHEH
OT NEPHEHJUKYMsApa K HAKIOHHON MIOCKOCTH Ha yroa [ (puc. 235). Torna
B3TOpOH 3aK0H HLIoTOHA 47151 ABIDKEHHS ITApUKA BAOND NOCKOCTH 3alUILETCs
B BHUJIC

ma = mg sin o + T sin . H

Cymma cuil, AeHCTBYIOINMX HA IHAPHK B NEPHCHIHKYJISAPHOM K NNOCKOCTH
HanpaBIeHMH, PaBHA HYJIO:!

mg cos o.—T cos B=0. )

Ho mnpwm ycTaHOBHBUIEMCSI JABMMKEHHHM BCE TOYKM TEJICXKKH, IAPHK B HHUTb
ABIDKYTCSL C ONHHM M TEM Xe YCKOPEHHEM
a = g sin o. ITopcrasass ero B ypasaesne (1),
nonyyuM T sin B = 0. U3 ypasrenus (2) sugHO,
yro T # 0; crepgoBarenbHo, B =0 u Hurh
NEPUEHNUKYJSIPHA K HAKIIOHHON MIOCKOCTH.
Hckromas cuna HaTSKeHUA
T =mg cos o0 = 9,8 MH.

137. Ha Maunsrii 251eMeHT BOjgbl Am, Haxo-
AAIAics y NOBEPXHOCTH, REHCTBYET CHJA
peaknuu AN co cTOpoHBI fiHa 6aKa, HepleH- Puc. 236
RHEKYJISIpHAs K NOBEPXHOCTH, H CHNA TAXKECTH
Amg (puc. 236). [Inst Toro 4ToGBI MOBEPXHOCTHL BOJbI B 0ake Obuta mapal-
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JIeJIbHA HAKJIOHHOM IJIOCKOCTH, YPABHEHHUE [BIXXEHHS 3JIEMEHTa BOABI JIOJIKHO
UMETh B Ama = Amg sin Q; clIe[l0BaTENbHO, YCKOPEHHE 3TOTO 3IEMEHTA a =
= g sin Ol. DTO ycKOpeHHe ROIKEH HMETD BECh GaK € BOJOIL. Y paBHEHHE BHXKe-
HHS [JIs1 HET'O 3aMUIIETCSA B BHJE

ma = mg sin 0. = mg sin oL — kmg cos o + F.

OTcrofa HaXOUM, 4YTO AedcTBYIONasi Ha 6ak cana F paBHa MO MOJYIIO Cume
tpermsi: F = f=kmg cos o
138. I1pu ycraHOBUBIIIEMCS IBUXKEHHH BCE 3JIEMEHTBHI BEJpa ¢ BOAOH MBH-
JKYTCA 110 PAMBIM JTAHAAM, OOPa3yOLMM ¢ TOPH30HTOM yrojl O, KakK W mpH
ABHKECHHH Tela II0 HAKIOHHOM IITOCKOCTH,
CnegoBaTenbHO, BCE 3JEMEHTHI BOABI JABH-
KYTCS C YCKOPEHHEM a = g sin o, KOTopoe
COO0IIAETCI COCTABNSAIOMIEN CHIIBI TIXKECTH
B{OJb TpOca. 3HAYHT, CHIA PEakUdH CO CTO-
POHBI lHA BeApa Ha BONY IEpNeHAUKYIAPHA K
HalnpaBleHNIO [BUXKEHHUS M YpaBHOBEUIMBAET
COCTaBJISIIOIYIO CANBI TSKECTH BIONb 3TOTO
HamnpasieHus: N = mg cos o (puc. 237).
Puc. 237 ITo ycnosuio 3agaum m = pSh, rae § —
IUTOINaAb [JHA Befpa, a P — INTIOTHOCTDH BOJIbI.
Cornacso TpeTbemy 3akoHy HbloToHa cuia fjapienns BOjibl Ha {HO Beapa F,
paBHa cuwie peakuud N co cropoHs! aHa. [1oaTOMy naBneHHe BOAbLI Ha JIHO

Befpa

P =NIS =pghcos o.

139. BpesHo OyieT cOCTaBAAThL C KAHATOM OJHY NTUHHIO B TOM Ciiydae, eciy
OHO He OyjeT KacarTbCs 3eMId. B npoTHBHOM crnydae okasKeTcs, UTO, KOrna
OpEBHO M KaHAT COCTABISAIOT OfHY JHHHIO, CyMMa MOMEHTOB CHJI OTHOCH-
TeNHHO LeHTpa Macc OpeBHA OTIHYHA OT HYJISL.

YpaBHeHune JBAKEHHS OpeBHA NpPH BBINOJHEHWH YCIOBHA 3ajaum Oymer
uMeTh Bug ma =T cos Q, rae m — Macca OpeBHa, T — cHila HaTsDKeHus KaHaTa,
oL — yron mexay OpeBHOM M NOBEPXHOCTBIO 3eMnH. Ilo Beprukanu nepeme-
wieHrs GpeBHa He MpOUCXopuT, moaromy mg = T sin o; orciofa

a=gctgo =gy (b+D>~h> Ih.

§ 5. 3akon coxpaHeHHs HMNYJIbCA

140. F = Ap/At=mvn =15 H.

141. Tak KaK cTeHKa TiafKasi, TO IPH CTOJKHOBEHHH COCTaBASIIOINAs UM~
fyJnbca MsAYa BRONb CTEHKH He M3MeHsieTcst (puc. 238; n306paxkeHbl HMITYILCBI
Msiua Iepell YIapoM pi H Iocne yaapa p,). CocTasnsaomas Xe, nepuneHis-
KYJSIpHasi K CT€HKe, MEHSET HalpasjieHue. B pesynbTate MA4 OTCKaKHBaeT
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JIOR YIJIOM O K CTCHKE, H3menenune ODpOoEKUHUH UMIIYIhCAa MAYA HA HanpaBJjec-
HHE, NEPINECHAUKYIISIPHOE K CTEHKE, AMECT BUN ;

Ap = mv sin 0 — (-mv sin &) = 2mv sin O

Mckomas cuna
F = Ap/At = 2(musina)/At = 15 H.

142, Ap = m{y +ﬁg71)= 1,6 kr - M/c.

143. u = ~my/M = -3,25 M/c. 3HaK MHHYC IOKa3bIBAET, UTO CKOPOCTH OPYRHS
¥l CHapsijla HallpaBJeHb! B IPOTHBONONOXKHBIE CTOPOHBI.

144, u = my/(M + m) = 1 M/c.

145, AMnynee cHCTeMBl IYIIKA—-CHApsAj BAOJIb TOPU3OHTAJIBHOTO Ha-
NpaBIcHHUs, PaBHBIN BYNIO 10 BLICTPENA, 32 BPEMSL BbICTPeNla HE U3MCHAETCS,
TaK KaK B 9TOM HANpaBJIcHUN BHEIIHUE CUIIBI He JieHcTBYIOT. B JaHHOM ciyyae

psina N

mosino

Puc. 238 Puc. 239 Puc. 240

BbICTpeJ] NMPOW3BEJEH NMOJ yrioM O K TOPH3OHTY, W NPOEKUMS HMNYyIbca
cHapsAna Ha TOPU3OHTANBHOE HanpasiieHHe paBHa mu cos O (puc. 239). ITo
3aKOHY COXpaHeHus: HMITyJIbca Mu + muy cos o = (); oTciofa

u=—-(mvcos Q)/M = -7 m/c.

146. f= Ma = m?v? /2sM = 13,2 kH.

147. TIpoekuust HMIyJIbCa CHapsja Ha TOPA3OHTANHHOE HAllpaBJIcHHUE PaBHA
mu sin o (puc. 240). 3aKOH coxpaHeHHUst UMIIYJIbCa NSl HANMPaBNEHUst BAOJIb
TFOPU30HTANIM UMEET BUJ,

musin oL = (m + M)u; orcropa y = muvsin of(m + M) = 1,25 m/c.

BeanKaanaﬂ K€ COCcTaBJAIOIad HMITyJIbCa CHapsia 6yneT nepepgada 3emne B

LEeJIOM,
148. u = ms/Mt = 0,083 m/c.
149. v, = mu/my = 5/7 M/c; v, = muf(m, + m) = 5/9 m/c.

150, 5= m?v? 2kg(M + m)* = 50 m.
151, u=(Mv —m+j2glsina cos) (M + m).
152.v = (M ~m)[2gh/ m =217 m/c.
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153. B nepsoM cnyuae u, = (Mu — mv)/(M — m) = 6 KM/4, BO BTOPOM —
uy = (Mu + mv)/(M —m) =~ 12 xm/ua.

154. Cxopoctb mnaTchopMbI OCIe NajeHus Ha Hee KaMHs ONpefelseTcs ¢
MOMOIIBIO 3aKOHA COXpaHEeHUs uMnyibca: u = Mu/(M + m) = 16 km/u1. DTa cko-
POCTb HE M3MEHHUTCS [PH BbITAJileHHHM KaMHsl Yepe3 JIIOK, TaK KakK NPH 3TOM He
BO3HUKAIOT CHIBI, NEHCTBYIOIME Ha IraT¢OpMy B TOPHU30HTANBHOM Ha-
MpaBJIeHnH.

155. vy = [(my + mpv — myv,yl/my = ~15 M/c; CKOPOCTH MEPBOrO OCKONKA
HalpasJeHa IPOTHB CKOPOCTH ABHXKEHHA siApa 10 pa3pblea.

156. v = mu/M = 0,2 M/c; v, = v= 8 m/c.

157. Cxopocri nofgok nociie nepedpacbiBaHus TPY30B OUPEAEISIOTCS C [10-
MONIBIO 3aKOHA COXpaHEHUs! UMIyNbca. ['py3, GPOIICHHBIR B MEPBYIO JOAKY,
OyleT UMETh OTHOCHTEJNBHO BOAbI CKOPOCTb U+ Ui, & IPYy3, GPOLISHHBIN B
TPETbIO NOJKY, npuobperaeT ckopocTh U — i. UMnynbsc cucreMnl nepsas
JOAKA-TPY3 JI0 NonajaHusd rpy3a B 1oaxky paseH Mv + m(v + u). Ilpupasausas
€ro HMIIYJbCY CHCTEMBI 110CIIE MONAJaHus IPY3a B JIOAKY, NOJYIHM CKOPOCTE
[IEPBOH JIOAKH:

Muv +m(v +u)y=M+my|, v, =[Mv +mv +uw)j/(M+m).

JLrst TpeTheit ToJIKM 3aKOH COXPaHEHHsI MMIYJIbCa HMEET BHJL
Muv +m@ —u)=(M+myus, vy=[Mv+m —u)]/(M+m).

CxopocT BTOPOH JOIKH He H3MEHUTCs. [JeACTBUTEILHO, JIO NepeOpachIBaHms
IPY30B UMIIYJLC JOAKH ¢ Ipy30oM paseH (M + 2m)v. CornacHo ycaoBHIO OH HE

HM3MEHUTCS! 1I0CTE BLIGPACKIBAHUS TPY30B:
M +2myv=Mv, + m(u+ u) + m(v—u); orciofa v, = u.

158. Ecnn v — cKOpOCTh YeNOBEKa OTHOCHTENIBHO JOAKH, a I — CKOPOCTD
JOJKH OTHOCHTCILHO BOAbI, TO CKOPOCT® EJI0OBEKA OTHOCHTEIBHO BOALI OyAeT
pasHa v + 1. I1o 3aKOHY COXpaHEHHs! UMILYJIbCa

mv+u)+Mu=0;, orciona u/v=-m/(M + m).

OTHOIEHUE CKOPOCTEH BO BpeMsl ABIKEHUsI OCTAETCs NOCTOSIHHBIM. [ToaTomy
OTHOILECHHE NPOHACHHBIX NepeMeieHuii OyAeT PaBHO OTHONIIEHNIO CKOPOCTEH:

sfl=—-m/(M + m), te. s=—Im/(M+nm)=-1m.

3Hak MUHYC NOKa3bIBA€T, YTO NEPEMEICHUs UeJOBEKa W JOJKH MPOTHBO-
1IO/TOXKHB! 1O HANIPaBJIEHTIO.

159. ITonnas cuna, ¢ KOTOPOH mHoe3]; AeHCTBYeT Ha 3eMJKO B TOPH3OH-
TaJLHOM HalpaBJIcHHM, PaBHa HYJN10, TaK KaK CHIIAa TArH NOCTOSHHA W paBHa
cune TpeHus. Paspbis cocTaBa He M3MeHseT 3TOro pakra, ubo cuira conpo-
THUBJIEHHA JBHKEHHIO HE 3aBHCHT IIO YCIOBHUIO OT ckopocTu. CrefoBaTeNbHO,
cuna, JEeHCTBYOLasl B FTOPU30OHTATbHOM HaNpaBIEHHH CO CTOPOHLI 3eMNH Ha
CHCTEMY N0€3[-OTHENMUBLINICA BaroH, TakKe paBHa Hyio. [ToaToMy K cHcre-
M€ MOXHO NPUMEHHTD 3aKOH COXpaHEeHHs HUMIynbca. Y aoOHee Bcero aTo Che-
JaTh B CHCTEME OTCYETa, ABMKYIIEHCH CO CKOPOCTHIO, PABHOW CKOPOCTH
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fnoesaa go ero paspbiBa: mv + (M — m)u =0, rue v u u — CKOpOCTH BarcHa u
110€3/1a OTHOCUTEILHO BIOPAHHOHR CHCTEMBI OTCUETA B IPOM3BONBHBI MOMEHT
BpPEMEHH; OTcroAa Ufu = —(M — m)/m. 3HaK MUHYC COOTBETCTBYET TOMY, UTO B
Hallicl CHCTEME BarOH M [Oe3] [BHKYTCS B pasHbIe CTOpPOHBI. Tak Kak
OTHOIICHHUE CKOPOCTEN MOCTOSIHHO ¥ HavyalbHblE CKOPOCTH BATOHA U NOE3]a
OMUHAKOBBI, TO OTHOMIeHRE nyTel [’ 1 L', TpOfieHHBIX B IBIDKYILCHCS CHCTEME
KOODJAMHAT BArOHOM M NOE3/10M, Oy/IET paBHO OTHOWIEHHIO CKOPOCTER:

I'iL" = (M - m)/m. )]

B MOMeHT, KOTHa CKOPOCTb BaroHa B ABIDKYUIEHCS CHCTEME KOOPAHHAT
CTaHeT PaBHOW CKOPOCTH v, MOE3a AC €ro pa3pbiBa, OyAET BBITONHATHLCS
PaBEHCTBO

s=l+L" )

IIpoiinenHoe BaroHoM paccrosigne !’ paBHO | — pacCTOSIHUIO, KOTOPOE BaroH
MPOXOJHUT JIO OCTAHOBKH B IOKOSIIEHCA CHUCTEMe KOOpPJMHAT, Tak Kak
YCKOpeHHe BaroHa MO MOAYJIO ¥ BpeMs JABMXKCHHWSI BarOHa OHU M Te Ke B
00eux cucreMax (B OJHON U3 HHUX CKOPOCTH M3MEHSETCSt OT HyJls [0 Uy, a B
APYyroyu — ot vy Ao Hyhas). Perrag cu-

cremy ypapuenmit (1) u (2). Haiijem o, e
[ =M —nm)s/M = 480 m. L SN
a- O Ao ! NB T C
160. Ha puc. 241 u3zoOpaxeHsl Tpa- N
“f 7S g8

SeKTOPHUM CHapsfa U OCKONKOB. Pazprin

MPOUCXOJUT B TOUKEe A, Jexauied Ha Puc. 241

BhIcOTE h = (U sin C)2/2g 1 HaxopAIEN-

cs1 Ha paccTostHuH /| = (UO2 sin20)/2g ot Mecra BpIcTpena (cM. 3aaauu 56, 57).

CKOpOCTh CHapsijia B 3TON TOUKE U = U cos 0. HauanpHple CKOPOCTH OCKONKOB

CHapsaja U; ¥ U; CBSI3aHbl CO CKOPOCTBIO CHapsja B 3TOH TOUKE 3aKOHOM

coxpaHcHus uMnyIhca: Mv=Muv,/2 + M, /2, Tie M — macca cHapsipa.
HauanbHyto CKOpOCTh 1IEPBOTO OCKONKA Uy MOSKHO HafTH 10 3aaHHOMY

paccrosiunto s. ViMeem s—~[=ut, tne t=+/2h/ g =@ sin2a)/ g — Bpemst no-
JeTa OCKOJIKa; OTCofla
Uy = 58/ sin oL — U CoS OL.
HauanbHast CKOPOCTh BTOPOro OCKONKa
vy =2vu— vy =3y cos OL— g/ sin OL.
Hckomoe paccTosinue
L=1[+v,t=2wvdsin20)/ g —s.

JaHHy10 3321y MOXHO PEILIATb U APYTrUM cnoco6om. 1IeHTp Macc OCKONKOB
ABIDKETCS Tak, Kak fABurancs 6s1 Hepa3opsasiimiicst cHapaa. OCKONKH nafatoT
Ha 3E€MJII0 OJIHOBPEMCHHO, ¥ IEHTP Macc CHCTEMbl B MOMCHT MNajieHust OyaeT
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HaXOJIUTHC Ha paccTosiuk 2/ oT Mecra BbicTpena. [Ins 3Toro Heo6XOAHUMO,
9TOOBI BBITOJHANOCE COOTHOMIEHHE

MQ@l-s)2 =ML -2D/2; orcropal=4l-s= 2(v3 sin200)/g — s.

161. IIpuMenM 32 NONOXKUTENLHBIE HANIPABIECHAA OCEU KOOPAUHAT BEPTH-
KaJIbHOE BHH3 ¥ FOPH30HTANLHOE B CTOPOHY ftoneTa cHapsiaa (puc. 242). ITocne
paspbliBa CHapsifa HepBbIH OCKONOK COTTACHO YCIOBHIO NUMEET TONBKO BEPTH-
KaJIBHYIO COCTaBIAOLLYIO CKOpocTH. IT03TOMY 3aKOH COXpaHeHUsI HMIIYJIbCa B

) MPOEKIHsAX Ha FOPH3OHTANIbLHOE HaNpaBlIeHue
vy, ke umeeT BU Mv = Muv,, /2, tne M — Macca
CHapsiJia, a Uy, — MOIYNlb COCTaBISIONICH CKo-
POCTH BTOPOro OCKONKa. Tak Kak HMIIyNbC
CHapsjia 10 BEPTHKATH NEPE]] B3PhIBOM paBeH
Hymo: Mvy, /2 + Mv,, /2 = 0, To BEpTHKAJbHBIE
7 7 7  COCTaBIAIOIHE CKOPOCTEH OCKOJKOB PAaBHbI
Puc. 242 [0 MOAYJIO H HallPaBJIEeHb! B MPOTHBONOIOX-

HBIE CTOPOHBL Uy, = )y,

3anuieM TakXe KHHEMATHYECKHE YPAaBHEHHS [BIDKEHHA OCKONKOB. g
IEPBOrO U BTOPOro OCKOJIKOB HIMEEM

h=vty+8tg 12, h=vyt+gt* ]2, s=uyt,

rie ! — BpeMs fafeHusl BTOporo ockonka. VICK/IOYAB U3 9THX yPAaBHEHUH vyy,
Upy, Upy H I, TIONYIHM ATSL CKOPOCTH CHapsifia NEpEl pa3pbiBOM KBaJPaTHOE
ypaBHEHHE:

2
2_ S8 ), 8 _,
2\ 2 4 8h

W3 aByx ero KopHen

oS |8 R\, s[8h h
an\ 2ty ) anl 2

peureHueM 3ajayu GyeT KOpEeHb, COACpXallyil 3HAK IIOC, TaK KaK INpH

HaieM BbIOOpe MOJOXUTENbHOro HanpasineHua U > (. Takum ob6pasom,
OKOHYATENLHO UMEEM U = 5gty /4h.

§ 6. CraTrnka

162.T, = F; T, = 2F.
163. d = D./1I0P/nB, ~ 36 Mm.

164. [leiictytomue Ha OpyCOK cmabl H306paxeHbl Ha puc. 243:
N - cuna peakiug cressl, f < kN — cuna Tpeﬁm, mg — cana taxecru. IIpn
paBHoBech® N = F u f = mg. Cnefjosareibno, kF = mg. MuHHMaibHas CHIA
F =mglk = 490 H. ‘

238



165. F > kmg. ¢ ;

166. [{eiicTByronue Ha GPYCOK CHITbI M300paXeHbl Ha puc. 244: N — cuna
peakuuu miockocTy, f < kN — cuna Tpenusa, mg — cuna tsxecru. [Ipu pas-
HOBECHH CYMMbl NPOEKUMH CHJI BAONb HAaKJOHHOW INIOCKOCTH M B MEPIEH-
REKYJISPHOM HAaIpaBICHHU PaBHbI HYIIO:

f-mgsina=0, F+mgcoso—-N=0;

otciofia F = mg(sin o — k cos a)/k = 32 H.
167. JeiicTeyromue Ha AOCKY cunbl M300paxkeHn! Ha puc. 245: N n
N, — CHIbI peakilii HAKIOHHOH IUTOCKOCTH, f) U f, — CHIIB! TpEHWs1, mg — CHiia

N,

F & > N N, h

Ji mg

N o

Puc. 243 Puc. 244 Puc. 245

TSXKeCTH. PaBEHCTBO HYMIO CYMMBbI MOMEHTOB CHJI OTHOCUTERBHO OCEH, IPOXO-
BSIHX Yepe3 HIKHIO M BEPXHIOK Onopsel, gaaer Ny =N; = (mg cos o)/2.
PaBeHCTBO HYNIO CYyMMBI NPOEKIHA CUNl BAOJIb HAKJIOHHOH NIOCKOCTH NpH-
BOJHMT K YPaBHEHHIO mg sin o = f + f,. CkonbxeHue OyAeT OTCYTCTBOBATD NIPH
fi S kN afy < Ny, MUHAMaTbHBIA YTOJ ONpeAensieTcss ypaBHEHHEM

mg sin o= (k| + k,) (mg cos a)/2; orcropa tg o. = (k) + ky)/2.

168. PaBeHCTBO NPOEKUMIT CHN Ha TOPH3OHTANBHOE HampasneHue Tpebyer
paBeHCTBA CHJI HATSKEHUSL TPocoB (puc. 246). Inst paBHOBECHS HEOOXONUMO,

2Tcos(0/2)

Puc. 246 Puc. 247

4TO6GH CyMMa NMPOEKIHi CHJI Ha BEPTHKAILHOE HalpaBlieHHEe Oblia paBHA
HYJ1O: . '

- 2Tcos(0/2) —~ mg = 0; orcroga T = mg/2cos(t/2) = 196 H.

239



169.7,=T;=98H; T, =97,5 H.

170, JeiicTpyroline Ha TOYKY B KPOHIITEHHA CHIBI H3006paXeHbl Ha
puc. 247. Crepxkenb AB pactauyt ¢ cunoit T4, a crepxens BC cxar ¢ cunoii T,
CyMMBI IIpOEKIUH 3THX CHN BJOJL TOPU3OHTANA U BJONb BCPTHKATH PaBHLI
HYJ110, TaK KaK TOYKa B HaAXONTCA B paBHOBECHH:

T, —T,cosa=0,
mg — T, sin = 0;
oTcrona
Ty =mg ctg 0. =568 H,
Tr=mg/sin o0 = 1126 H.

171, m = \Jmym, =2,9 Kr.

172. PaBeHCTBO MOMEHTOB CHJI TSDKECTH OTHOCHTETBHO OCH, NPOXOJAILEil
Uepe3 TOUKy onopsl (puc. 248), npHBONAT K ypasHeHuto mgl/S = Mg(l/2 — 1/5),
rie / — pmuHa crepXkHs; orcroga M = 2m/3 = 0,8 kr.

Us_, 4
5 -] 1 ] i
mg ¢ 1 F
Mg mg
Puc. 248 Puc. 249

173. OrTHOCHTENBHO OCH, NPOXONAUEH UYepes Kpall m1arT¢opMbl, cymMma
MOMEHNTOB cuJl mg 1 F paBHa Hymo. Tak Kax IJIeYH 9TUX CHJI B COOTBETCTBHH C
yCAOBHUEM 3414l OIMHAKOBLI (puc. 249), To mg = F =2000 H u m = 200 kr.

174. Cornacuo TperbeMy 3akoHy HptoTOHa cHibl peakuuu Tpyonl N u N,
paBHbI 110 MOYJTIO HCKOMBIM cunam fasaenns (puc. 250). Tax kak cymma cun
NoMXHA OBITb IIPM paBHOBECHH paBHa HYTO, TO N+
+ Ny—mg = 0. PapeHCTBO MOMEHTOB CHJ OTHOCHUTENBHO OCH,
npoxopadamed yepe3 Touky O (MOXHO ObInO OBl BHIOpaTh U

Puc. 250 Puc. 251

Jo0y1o Apyryro ock), umeeT Bua N(l — a) = mgl/2. Pemras nonyquHym cu-
cTeMy ypaBHeHnH HalinemM
=mglf2(l — a) = 490 H, Ny = mg(l - 2a)/2({ — a) = 294 H.

175. Ecnn BepxHU# KOHEL JIECTHHUIbI HEMHOTO OTOWMIEN OT CTEHBI, TO
OTHOCHTEJNILHO OCH, IpoXxosiei dyepe3 Touky O (puc. 251), MOMeHT co3/1al0T
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TONBKO cuiibl F 1 mg. PaBeHCTBO MOMEHTOB 3THX CHJ NMO3BOJSET 3alMCATh
ypABHEHHE

F(lcos a)/2 — mg(2lsin ®)/3 =0,
rie [ — pyuHa JeCTHULBI; oTciofa F = (mg tg o)/3.
176. o. = arctg(1/2k).
177. W3 paBeHcTBa CyMMBI CHJ BJOJNB BEPTHKanu cnepyet (puc. 252), 4ro

N = mg. YpaBHeHue MOMEHTOB CHJII OTHOCHTEBHO OCH, NIPOXOfAIIel Yepe3
TOUKY CONPHUKOCHOBEHUS JOIIEUEK, UMEET BHJ

mg(l sin 0)/2 + fl cos o= N/ sin @,
rae [ — givHa JolevYKH; OTCIoAa

f=WN-mg/tg o= (N tg 0)/2.
s paBHOBecHs: HeOOXOOUMO BBIIOJIHEHME YCNoBHA f < kN; crnegoBaTenbHO,
k= (tg /2.
178. PaBencrso nymo cyMMb! MOMeHTOB cunl mg u T (puc. 253) orno-
CHTEJIBHO OCH 1mapHupa (Touka ) NPUBOJUT K YPABHCHHUIO

TV - b? —mga(NI* = b* 11) =0,
rae [ — pnuHa wHypa; orciofa cuaa HaTskeHus T = mga/l = 6 H.

179. F =mgh(2r — h) [(r = h).
180. F =mg(r,-r,)/2l=5H.
181. m, = (m, tg 0)/2; paBHOBECHE YCTOINIHBO.

Puc. 252 Puc. 253 Puc. 254

182. Taxk kak cTeHa riajkas, TO CO CTOPOHbI CTEHbl Ha HIAp JEHUCTBYET
TONBKO CHNa peakiuu onopsl N, NepNeHANKYNsApHas K creHe (puc. 254). Drta
cHJla MO TpeTbeMy 3aKoHy HbloTOHa paBHa IO MOAYJNIO MCKOMOM cuUile
HaBieHHsl mapa Ha creHy. MoMeHTs! cua N B mg OTHOCHTENbHO TOUKH O
paBHbI Hymo. CrnefoBaTelbHO, CHJIa HAaTsSKEHAA T HUTH TAaKXKE HE CO3JAET
MOMEHTa OTHOCHTENBHO 3TOH ToukHd. IIpofonkeHne HATH NPOHAECT vepe3
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LHEHTP Macc miapa. Ycnous PaBHOBECHs IJs COCTABISIIOUIMX CHJT BAONL
TOPHU3OHTAJIM H BEPTHUKAJIH UMECIOT BHJ

N-Tsin =0, mg - T cos o= 0; orciona N = mg tg o.

W3 tpeyronnuuka AOB raxopnm

tgo=ri\(+r)?-r’, re. N=mgr/NI* +2rl =1,23H.

183. Cymma npoexunii cui Ha HanpaBjieHue, NEPNEHAUKYISPHOS K JHY
AIUKA, JONKHA ObITh paBHa HymrO (pHc. 255). IIpoexnun Ha 3TO HamNpaBleHde

N T

oY mg

Puc. 255 Puc. 256

HMEIOT TOJBKO CHJIa TSXKECTW Mg W CHna peakuuu fHa simuka N. Takum
oOpasoM, N = mg cos 0. CriefoBaTelbHO, CHIIA TPEHUS
f= kmg cos Q. (H)
PaBHOBecue mapa 3aBUCHT OT BBIIONHEHHS 9TOTO HepaBeHCTBa. [Toaromy
BbIOEPEM OChb, OTHOCHUTEABHO KOTOPOI OyAeM ONpefenaTbh MOMEHTHhI CHII Tak,
qrOo0bl MOMEHT CHJIbI TPEHHS OBINA OTAHYUEH OT HYJISA, MOMEHT JK€ CHIBI
HaTsXKeHns1 T HuTH obpatancd 66l B HylIb (4TOOBI MOXKHO OBINIO HE BBITHCISITH
3Ty CHIIy). DTOMY YCIOBHIO YIOBIETBOPAET OCh, NPOXOJsimias yepe3 TOUKy A
3aKpelIeHNs HUTH NEePNEeHAUKYISPHO K MIOCKOCTH PUCYHKA. OTHOCHTENBHO
9TOM OCH MIevY0 CHIbl TPEHHS paBHO 27, MIEYO CHIbI TAXecTH [ =r sin O, a
nneuu cun T u N pasb! HymrO (r — paauyc mapa). CyMMa MOMEHTOB CHJT NIPH
paBHOBECHM paBHa HYNIO:

2rf—mgrsin o= 0; orcona f= (mg sin o0)/2.

YuaureiBasi HepaBeHCTBO (1), HaljeM, UTO NpH paBHOBECHH kmg COS O =
= (mg sin ®)/2; cnefoBaTEeIbHO, MAaKCHMANbHLIH YION (L OmpefensieTcs H3
ycnosusi tg o = 2k.

184. [eficTpyronue Ha BEPXHUE KOHIbI NAJOUYEK CHIbI H300paxeHDbl Ha
puc. 256: f — cunbl TpeHnsi, N — CHIIbI peaklmy nanouek Apyr ua apyra. Ecnu L
u [ — nnuHbBI 6ONLUION B MalleHbKOH IaNoYekK, TO YpaBHEHHS MOMEHTOB OTHO-
CUTENBHO ocell A B B, npoxopsanux depe3 KOHIbI NaNOYeK, HMEIOT BHUJ,

Mg(L cos- 0)f2 =NL, mg(lsino)/2=fl;

orciopa N = (Mg cos 0)/2, f= (mg sin a)/2. Tax kak f < kN, TO MUHUMAaNBHbBIA

KO3(pHuuHeHT TPEeHHs, NPH KOTOPOM CHCTeMa OyReT HaxXOJHThCSI B pPaBHO-
BecHH, k=fIN=mtg o/M.
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185. Insa paBHOBecHst HeOOXOOHUMO, YTOGBI PABHSJIUCH HYNIO CYMMBI CHJ,
JeHCTBYOIINX HA CTEPXEHb, © MOMEHTOB CHJI OTHOCHTENLHO OCH, TIPOXOJsi-
nie#t yepes M00yro HENOABIDKHYIO TOUKy. M3 ypaBHenus F + F — F, = 0 BbI-
TEeKaeT, YTo cuna F napannenbHa cunaMm F, u F,, HanpasieHa BROJb F; ¥ paBHa
F,— F =15 H (puc. 257).

Touky npunoxkeHus caNb! F Opolne BCero HalTH, ECTH PAaCCMOTPETh CYMMY
MOMEHTOB CHIT OTHOCHTEJIBHO OCH, IPOXOJSINedl depe3 3Ty TOuky. B atom
cliy4ae MOMEHT cunbl F OyaeT paBeH HyJ 10, a MOMEHTBI cill F| U F, JOIKHBI

L

/)
N d
Fl \\ F
i 1 o d l | o 0
. a——.s— ¥ zic
{4 d - £ 1 —
AI X IC ~/ B 18 mg *
F, ‘ myg
Puc. 257 Puc. 258

ypaBHOBelMBaTh Apyr Apyra. Ilycrs sTa Touka C pacnosnosxkeHa Ha pac-
CTOSIHAM X OT TOYKH A ¥ BCe CHJIbI COCTABIISIIOT CO CTepxkHeM yrom &. Torna
ypaBHCHHME MOMEHTOB CHII 6yfieT IMETh BHN

Fixsin o+ Fo(d —x) sin =0, mnu x = Fod/(F,— F) =25 M.

Pe3ynbraT He 3aBUCHT OT yria Q, 3a NCKJIIOYeHHeM ciyyasi o = 0, korpa cuna F
MOXKeT ObITh IPUIOKEHA B THOOOH TOUKE CTEP3KHS.

186. CymMmMa MOMEHTOB CHJA TSKECTH OTHOCHTENBHO OCH, IIPOXOJALIeH depes
LEHTP Macc, AOMKHA PaBHATHCS HYMIO. Eciu x — paccrosiHUe OT HeHTpa Mace
cucremsl C JI0 HeHTpa Macc cTepxHs (puc. 258), To

myg(li/2 + df2 + x) + mgx —mog(lL/2 +df2 - x) =

orcrofa x = [my(l; + d) — my(l; + d)1/2(m; + my + m) = 0,05 M, T.e. UEHTp Macc
CHCTEMBI JIEXKUT B TOUKE NPUKPENICHHS GONBIIETO KyOuKa.

187. ITonoxkenne HeHTpa Macc CUCTEMEI 3apaHee He u3BecTHO. IToaTomy
MOXHO NPENNOIOXATE, YTO OH HAXOHUTCS B IPOU3BONBLHOM Touke C CTEPKHA,
He COBNAJIAIONIEN ¢ HEHTPOM HH OHOro m3 mapos (puc. 259). Cymma MOMeH-
TOB CHJ OTHOCHTEJBHO OCH, IPOXOfsdineil depe3 HeHTp Macc C CHCTEMBI,
RoykHa ObITh paBHA HYITIO:

mg(2d+x)+myg(d + x)+ mygx —myg(d — x)=0;
oTciofa x = (my— my— 2mp)d/(my + my + my + my) = -5 cM. 3HaK MHHYC O3Ha-

YaeT, YTO UEHTP MAacC CHCTEMBI TCXKHAT HE CIpaBd oT IICHTpa TPCTBCI‘O mapa,
Kak MbI NPEAIONOXWIMN, a CJICBAa Ha PaACCTOAHUH 5 em.
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188. PaccrosiHEE OT HEHTPa Macc CUCTEMBI [IO CEPeUHBI MEIHON MPOBOIOKH

x=4/3p,012(2p, +p,) = 16,3 m.

189. [Ins Toro yro6bl HUWINH/P HE ONPOKMHYICH, HEOOGXOJUMO, UTOGLI
MOMEHT CHIBI TSKECTH OTHOCHTENBHO OCH, NPOXOAduie#l depe3 TOUKy A
(puc. 260), nopopauuBa NUINHAP NPOTHB YacoBO# crpenku. ClefoBaTenbHo,
BepTHKANbHAs NpsiMasl, MPOBCAECHHAs Uepe3 UEeHTp Macce MUMUHAPA, NOMKHA
NpOXOAMTL vYepe3 oOcHOBaHuwe IpimHpmpa. [Io ycnoswio 3ajauy  cedenme

C
© {©) ©
% d | d d
mg J V A
msg
myg * mg
nyg o
Puc. 259 Puc. 260

HITAHpA NpejicTaBiieT cOO0H KBajpaT, NO3TOMY HCKOMOE MaKCHMallbHOe
3HAUEHME YTIIA Oy, = 45°.
190. x = h%/(d + 2h) = 4,5 cMm.

191. Wir=+j2/3.

192. Ha puc. 261 m3o6pakeHbl CHIbI, CO3[aOMME OTIHIHBIA OT HyJs
MOMEHT OTHOCHTENBHO OCH, OpOXoasmel uepe3 Touky A. neun cun m g u
nipg pasubl BC = 3(r sin 0)/8 u ED = r cos o.. CyMMa MOMEHTOB 9THX CHJI PaBHa
HYJTIO:

3m,(r sin o))/8 — myr cos o = 0; otcrofa tg oL = 8niy/3my.
193. Tlpu onpefienieHun MOMOKEHHUS LEHTPA MacC AUCK C BhIpe3oM Gop-

MaJIbHO MOXHO PaccMaTPHBAThL KaK CIUTOIIHON AMCK MAcChl /11;, HA KOTOPBIA
HAJOXKEH JANCK Pafuyca r, IMEIOTHI OTPULUATEILHYIO Maccy —/M), PaBHYIO 1O

Puc. 261 Puc. 262

MOJIyJII0 Macce BbIpe3aHHON YacTu. M3 cooGpaxkenuit CUMMETpUH OYEBUAHO,
YTO IEHTP Mace iucKa (Touka C Ha puc. 262) NeXHT Ha IPOAOIKEHAA MIPAMOH
OA, coepunsoUieif HEHTPHI AKCKa W BbIpe3a. PaBeHCTBO MOMEHTOB CHJI
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TIXKECTH, JCHCTBYIOMUX Ha NOJOXHTENbHYIO U OTPHIATENBHYIO Macchl,
OTHOCHTEJIBHO OCH, Npoxopdieit yepe3 touky C, paet (x = OC)

ngx = myg(x + R/2).

YumTeiBas, uro m; = TR26 u m, = Mr20, e 0 —~ Macca eQUHUNBT [LTOANu
IICKA, HAXOJANM HCKOMOE PacCTOAHUE: x = 12R/2(R2~ 12),

194. I3 coobpaxkeHUH CHMMETPHH OYEBH[HO, YTO B BEpIIHHAX, COOT-
BETCTBYIOIIMX PABHBIM yIiiaM, Ha IUTHTY CO CTOPOHBI HECYIUUX €e NIOfeH

F d F,

[ 20 ]

¢.$
mg
Puc. 263 Puc. 264

AefCTBYIOT OiMHAKOBBIE CUNBL, T.€. Ny = N3, LIeHTp Macc TpeYronbHUKA NTEXKAT
Ha nepecedeHun ero Mefnal (Touka C Ha puc. 263). PapeHCTBO HYNIO CyMMBbI
MOMEHTOB CHJI OTHOCHTENLHO ocy OO, NpoxofsieH Yepes UEHTP MAcC ITHTEI
napaJuieIbHO OCHOBaHHIO BD, paer

Noh/3 + N3h/3 — 2N, i3 = 0.

3/1ech yUTEHO, YTO B paBHOGEPEHHOM TPEYTONbHHKE BBICOTA, ONYIIEHHAs Ha
OCHOBaHHUE, COBNAACT C MCAHAHOI., a TOVKa NepeceyeHmsl MEJNaH OTCTOUT OT
OCHOBAHUS! TPSYTrOBHUKA Ha 1/3 AMUHBLI MEANaHBI.

W3 sroro ypasueHusa cieayet, aro Ny = N, = N3. Tax Kak mpu pasHo-
BECHHM CyMMa CHJ, AeHCTBYIOUIMX Ha IUIATY, paBHa Hymwo, To N +
+ Ny + N3 —mg =0, Te.

N\ =Ny =Nz =mg/3 =ahdpg/6 = 176,4 H.

Cornacuo tperbeMy 3akony HetoToHa cunnl Ny, Ny 1 N3 paBHsl 10 MOAYIHO
HCKOMBIM CHJIaM.
a my,—-m
195. I=———2—1 =173 cm.
243 n,

196. CrepxkeHb ocTaercs B FOPU3OHTABHOM IOJOXKEHMH, €CIH YIIHHEHUS
NpyXHMH OJHHAKOBBI. B 3TOM cyuae Ha CTEP3KEHb CO CTOPOHBI IPYKKH OyayT
NEHCTBOBATh CHIIBI F| = kix M F, = kox, Tlle X — yANTHHEHUE OPYKUHEI (pHc. 264).
Touxa O NpHKpPEIUIEHHs IPy3a ONpeeisieTCs PABEHCTBOM MOMEHTOB CHIT ) ¥
F, OTHOCHTEINBHO OCH, IPOXOsIIeH depe3 3Ty TOUKY: Fia = Fo(d — a), rie a —
paccrosinte or TOYKA O [0 NPYXKHUHBI C KECTKOCTLIO kq; OTCIOfla HCKOMOE
paccrosuue a = dky/(ky + ky) = 0,6 M.
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197. Al = 3mglf2mPE = 0,38 MM,

198. [eiicTeyromue Ha TOUYKY DD canbl m300pakeHbl Ha puc. 265: mg — cuna
TAXKECTH, JEHCTBYIOIAA Ha I'Py3, N — CHJIbI peaKUUM CTEPXKHEH APYr Ha Apyra,
CXuMatomye crepXHu. M3 cooGpaxkeHnit CHMMETPUM OYEBHIHO, YTO CTEPXKHK
AD n BD cxatbl opuHakoBo. CpOECIPOBaB CHITbl HAa HaNPaBIICHHE BBICOTH]
DE nmpammasl ABCD u npHpaBHSAB HYJIIO CyMMY NPOEKUHH CHI, NMONYYuMm
ypasrenue T cos 0.—2N cos =0, rae o —yroa Mexay moGbiM 13 pebep

mg
F

Puc. 265 Puc. 266

nupamMuibl 1 ee BpicoToit DE (paBeHCTBO YIIOB MeXy pebpaMu NupaMuabl u
BBICOTON DE BbITEKAET W3 PABEHCTBA MPAMOYLONBHBIX TPEeyrolbHNKoB CDE,
ADE u BDE).

Teneps HaljeM NIPOEKUWHM BCEX CHI HA BEPTHKAJIBHYIO MJIOCKOCTH,
NepHeHuKyIsIpHyI0 K BhicoTe DE (puc. 266). Umeem T, = T sin o, N, =
= N sin o, rae sin o = CE/l. Yron B, pasuwiit yrny AEF, omnpepensercs
cootHomenueM cos B = (h — CE)/AE = (h — CE)/CE. Cymma npoexkumit Bcex Cit
Ha BepTHKanb CF paBHa HYIHO.

mg —T sin o — 2N sin o cos B = 0.

YuursiBas, aro T = 2N, ¥ NOACTABIsAs BLIPAXKEHHUS JJIs1 YIIOB O 4 B, HOMyIHM
T=Imglh, N = Img/2h.

§ 7. 3aKkon coxpaHeHHns IHepruu

199. 12 = 4[] =60 cM.

2
200. F = m(v? - vp) / 2d = ~25 kH; 3HaK MUHYC YKa3bIBAET Ha TO, 4TO cuia F
HANpaBJicHa IPOTHB CKOPOCTH HYJIH.

W0Lv =Wy +u) —2Fd/m —u.

2

202. 5 = niv? 2(my + my)* kg =50 m.

203. Pa6ora cunpl F paBHa NOPUMpAUIEHHIO KHUHETHYECKOHW 3IHEPTHH:
Fx =K, rme x — paccrosgHue, npoHfeHHOe TejaoM 3a Bpemsa f. Tak kakK

yckopenme Tena a = F/m nocrosHHO, TO x = F2/ 2m. CrnepgoBaTenbHO,
K = (FH* m=0,05 Ox.
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204. F = mv?/2s = 960 xH; cuna TOPMOXEHHs AONXHA YBEIMYHATHCA
B /IBa pasa.

205. A = (m + Mymv?/2M = 38,4 Ix.

206. W = mv3/4l = 160 xBT.

207. B 4 pa3a.

208. W = 4s2m/? = 200 xBr.

209. F =mW/v=32 xH.

210. o = W/imgv — k = 0,007 pap.

211. V, = Wipghn = 103 M3/c.

212. W = mgh/nt = 20 xBr.

213. o = arcsin (W/mgv) = 17°.

214. W = (mgl sin®) / Nt = 3,46 kBT.

215. v = 4gl = 1,98 m/c.

216. IloTeHuumanbHas 3HEpPrusl IIapUKa, OTKIOHEHHOTO Ha yrom o,
U=mgh, tae h = DC (puc.267). Owuesmguo, uro DC = BD - BC =
= (1 —coso) = ! - 2sin? (¢t/2). Cnegosarennro, U = 2mgl sin? (0/2). Makcn-
MalbHYIO CKOPOCTh MasITHHK Oy/leT UMeTh B HONOXeHmH D, Korma Bes
NOTEHIMANbHAS SHEPTHS €TO [PEBPATUTCH B KUHETUUECKYIO: 2mgl sin? (0/2) =

= mv?/2; oTcropa ckopocTh U = 2V gl sin (0/2).

217. v=" vj - 2gh.

218. K = mg?f [2sin? o = 58 Ix.

219. K = mg?f2 /4 = 480 [Ix.

220. K = mg??2 /2 = 1,2 x]Ix.

221. A = mu/2 — mv¥Y2 = 49875 [Ix.

222. p = mg%? 2nd?l = 61 kI]a.

223. h = v?/4g = 6125 M.

224. K = W(F — mg) = 98 [Ix.

225.F = m[v2 +2g(H + h)] / 2h = 26,9 kH.

226. Ecnu npuHATH 32 HYJIEBOH YPOBEHb NOTEHIHANb-

HYIO 9HEPIHUIO Ipy3a Ha ypOBHE TOJIOBKM CBaH, TO €TO SHEPrHs B MOMEHT yaapa
OyaeT paBHa MMOJHOM SHEPrUy IPy3a B TOT MOMEHT, KOTHIa Ipy3 ObUT OTIYILIEH:

E = mv%/2=mgH+mU2/2=22,5 KIIX, €))

I€ U1 — CKOPOCTB I'py3a HENMOCPEACTBEHHO Nepef YIapoM.

Bsupgy KpaTKOoBpeMEHHOCTH yAapa CHja COIPOTHBICHHS IPYHTA HE MOXET
3a BpeMs yjapa 3aMETHO H3MEHHTb HMIYIbC CHACTeMbI. Tak Kak ypap
HEYIIpYTHH, TO

mvy=(m+ Muv,, )
rje v, — CKOPOCTh Ipy3a ¥ CBaH NOCHE ynapa. Pa3zHocTh KOHEUYHOH aHEPruu

rpysa u cBau (NIOTEHIMANLHOH 3HEpruM Ha rIyOuMHe h) W X HadalbHOH
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9HepruM (KMHETHYECKON IHEepruy cpasy Ilocie yaapa) paBHa paboTe CHIbLI
CONpPOTHUBIECHUS TPYHTA:

(m + M)gh — (m + Myi/2 = Fh. 3)
W3 cooTromenun (1)—(3) naiinem
=m?(2gH + vH)2g(m + M)(mg + Mg — F) = 0,6 m.

3nech F > mg + Mg. B nporuBHoM cnydae (F < mg + Mg) cBast 6€30CTaHOBOYHO
norpyxkamnack ObI B TPYHT, flaXe e€cnu Obl Ipy3 Obl1 MOMeEIEeH Ha Hee 6e3
BCAKOTO ypapa, a npu F > Mg norpyxenue csa@ NpoOUCXoguno Ovl u B
OTCYTCTBHUE Tpy3a.

BpeMst MeX7y IBYMS. HOCIEOBATEIBLHBIMA yAapaMi Oy/IeT HE MEHbBIE

t=Hlv+uvg+~N2gH +vl/g.

YacroTa yAapoB He JIOJKHA [PEBIIATh
n=60vg/(Hg + v2+v~N2gH +v? )= 13 munl.

227. A = mgh + mv3/2 — mv-f2 =~ 81 MITx.
228. o= 60°.

229, h = (vysin )2 /2g + m2v2/2M?g.
230. K =U =mg?£2/8 =5 [Ix.

231. v=4N2gh/3 = 16,2 m/c.

232. h=v2/2g(1 + k ctg o).

233. s = h(1 — k ctg a)/k. TIpu k > tg 0L caHKH OCTAHYTCsl HA MECTE.

234. U3 — Uz = ﬂlgl,' U2 — Ul = mg//2, U3 - U] = 3mg//2

235.A = S pgh?/2 =1,96 MJIx.

236. ITycrh noTeHIMAIBLHASL 3HEPIHsl LIENOYKY, JIeXKalllel Ha cToJe, paBHa
nymo. Torga B MOMeHT, Korja OyAeT CBeUIMBAaThCH YacTh HEMOUYKH, UMeIouIast
IJTEHY X, e¢ MOTeHIHabHAsA 3HEprHs OylAeT paBHa NPOU3BEJECHHIO CHIbI
TaKeCTH mgx/l, feficTByIonei Ha CBEITMBAIOIIYIOCA TaCTh, M PACCTOSHUS — X/2
(uenouYka OJHOPORHA, W LEHTD MacC CBCUIMBAIONICHCA YACTH HAXORUTCS HA
paccTosHMH X/2 HUXe Kpas crona). 3ieck m — Macca nenouky. Ha ocHoBaHIH
3aKOHA COXPAHEHHs SHEPTUM MMeeM (npeHeOperas NOTEHIUANLHON Hepriel
YACTH HEeNOYKY, CBeINBatonieiicst B HAUATbHbIM MOMEHT)

mv?/2 —mgx? 2] = 0; orcropa v=x\ g/l.

237. leutp Macc BOAbI B KOJOMIEC HAXONHUTCH Ha paccTOsiHUM 3h/4 OT
nosepxHoctH 3eMin. IloaToMy Ha mogbeM BOABI U3 KOJOALA 3aTPaunBacTCd
pabora

3h h3h  3pgSh®
A =mg—=pgS—— ="
LY 8

e p — WIOTHOCTH BoAbL. KpoMe TOTrO, Hacoc coobmaeT Bope HeKOTopyK’
KHHETHYECKYIO SHEPIHIO, TAK KaK M3 TPyOb! BOAA BLITEKAET C onpeneneHHOH
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CKOPOCTBIK) U, KOTOPYIO MOXHO HalTH W3 cooTHowmeHus Sh/2 = mR? vt.
JonomunrenbHas paGora

Ay =mv?[2 = pS3h3 [ 16n%R* 2.
ITonnas paGora
A=3pgSh?/8 + pS3h3 [ 16m?R4F.

238. K = m*u?/2(m+ M) = 1,8 M/Tx.

239. CormacHO 3aKOHY COXpaHEHHs MMIYIbCA mUg=mv+ Mu, rie v u —
CKOPOCTH NYJH ¥ IIapa B NepBbIH MOMEHT nocie NpoOWBaHUs Niapa NyJed.
3aKOH COXpaHEeHHUs SHEPT U IaeT ABA YPaBHCHUS:

mgh=mv?/2, MgH = Mu?/2.
Hckitrouas U3 9TUX YPaBHEHMH U U i1, HalieM

h=(mvy—M~2gHY [ 2m?g.
240. K = mv?/10=0,2 Ix.
241. U = kmgAl.
242. Ha OCHOBAHMH 3aKOHOB COXPAHEHHsI UMIIYIIHCA M IHCPTHU HMEEM

MU + Myl = MUy + my UG,
2 2 2 2
mul 1 2+myus /1 2=mu’i 12 +myuv’5/ 2,

raec v| W v, — CKOPOCTH IApoB Hoclie coyaapenus. [Ins pemenns 5Tol cH-
CTEMBI YpaBHEeHUH YIOOHO B OOOHX YPaBHEHMSAX IO OHY CTOPOHY 3HaKa PaBCH-
cTBa 00 BENHUTH BEMNINHBI, OTHOCSININECS K IIEPBOMY 1Iapy, a IO APYTYIO —
KO BTOPOMY, [IOCJIE YEr0 pa3jleTuTh BTOPOE ypaBHEHHUE Ha nepsoe. B pesynb-
TaTe NMONYYATCS YPABHEHHE MEPBON CTENEHH: Uy + U] =U,+ v5. Pemas aro
yYpaBHEHHNE COBMECTHO C IIEPBLIM, IIOJIYIUM

_ (”I] —m2)U1 +2m2U2 ,

V) » U =
my + my my + m,

(my —m)u, +2mu,

243. ¢t =2l/v.
244. Ha ocHOBaHUK 3aKOHOB COXPAHEHHS UMITYJIbCA U SHEPTHH HMEEM

mu = Mv, mgh = mu? /2 + Mv2 /2,

Iie U 1 U — cKOopocTH GpycKa M KJIHHA NOCIe TOro, KaK 6PYCOK COCKONB3HET Ha
TOPH30HTAJBHYIO IITOCKOCTh. PellieHue 3THX ypaBHEHH AaeT

v=nN2gh/(m + M)M.

245. T1pu aGCOMOTHO YHPYrOM COyNAapEHNH ABYX OMHAKOBBIX IIAPOB NIPO-
HCXOOUT OO6MEH cKopocTAMH. [{BrKymimiics 1ap ocTaHaBIHMBaeTcs, a IOKO-
smuiics npuoGperaeT ero CKOpPOCTh. DTO HEMOCPE[CTBEHHO BBITEKAET U3
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BBIDAXEHAH [/ CKOPOCTEH IIApOB NOCIE COYJAapEeHHs, NMOJYIUEHHBIX g
3apaue 242:

, _(m—-m)v+2mpuy, | (my-m)v,+2my,
Ul - » 2 = .
m]+m2 ml+m2

Ipum; =myuv,=006ynem umers v| =0,av5 =v;. Ioaromy nocne papa
NOCNENOBaTENbHBIX COYNAapeHHH Bce wwapbl GYAYT NOKOWUTHCS, KpOMe
MOCIEHETO 11apa, KOTOPhIA NprodpeTeT cKopocTs v = 10 M/c.

246. Illap A nomydYuT CKOPOCTb U = —V /S, a mapsl B n C — ckopocTn

= 2\/—3:1)0/5.

247. B MOMEHT cOyJlapeHHs Ha MalleHbKUE Iaphl JeHCTBYIOT CHIIbI, HAIIpaB-
JEHHBIC BAONDb MPSMBIX, COCAUHSIOMWUX HX HEHTPBI ¢
neHTpoM Gonbroro iapa. IToaToMy nocne coynapexus
HX JABWKEHUE NPOMCXOJHT IO 3THM NpsMbIM. BBupy
CHMMETPHH HMX CKOPOCTH OJMHaKOBLI IIO MOAYIIO H
COCTaBIISIOT C HAIPABJICHUEM ABIXKEeHUS GOJBIIOrO MWapa
OJWHAKOBBIC yranl O (puc. 268). Bonbimo# ke map

Puc. 268 COXpaHsSeT CBOE HANPABJIECHUE [BHKEHHS.
3anyieM 3aKOH COXPAaHEHHS HMIYJbCAa AJSL NPOeK-
UHH Ha HampaBlE€HHE [BMXCHAs OONBIIOrO MIapa M 3aKOH COXpaHEeHHs
SHEPIHHL:

Muvy=Mv + 2mu cos o, )
Mug _ Mv? 2mu’

2 2 2
rae M u m — Maccel GONBIIOTO ¥ MaJIEHBKOTO IIApOB, a U B i — UX CKOPOCTH
nocne coypapenus. [Ipeo6pa3yem Beipaxerns (1) kK suny

M(vy— v) = 2mu cos o, M(y — v?) = 2mu. @

Bo3segeM nepsoe U3 ypaBHeHui (2) B KBagpaT ¥ IIOJENNAM Ha BTOpOE:

M(vy—-v)/(vy+v)=2mcos? a. 3)

ITpu peneHun oTOPOIIEH CNyYal U = U, KOTAA CKOPOCTb OONBILIOrO IIapa He
HU3MEHSIETCA, T.€. COyRapeHus He npoucxouur. M3 ypasHennsa (3) uMeeM

v=voM =2mcos? o) / (M + 2m cos? o).

Paccmarpubas TpeyronbHuk BAC, nomyunM cos? o = 8/9. YuureiBas TakKKe,
uro M = 8m, HaXOUM OKOHYATEJILHO U= Tuy/11. ‘

248. Tlocne coypapenus BTOpO# Wap CO CKOPOCTBIO U OGyAET JBHraThCs IO
OPSIMOH, COERUMHSAIOMEH LUEHTPH! HIapOB B MOMEHT coyjapeHus (cM. 3afady
247), a nepBblil — CO CKOPOCTBIO U NOA YITIOM O K Helt (puc. 269). 3anuiueM
3aKOH COXpaHEHUs MMIyIbca sl NPOEKIHH Ha HaNpaBJIeHHs, NapajyelsHOe
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aTOll NpsIMOH W NEpHEeHNUKYIAPHOE K HEH, a TakXe 3aKOH COXpaHEHWs

QHEPTHH:
mu g cos O = mv cos 0L + M,
mug sin 0y = mv sin Q,, ¢))]
2
myy/2 = mv?/2 + mu?/2, 2)

rge m — Macca Kaxpgoro mapa. Cokpatmm
ypasHeHus (1) Ha m, BO3BEJEM KaXk/0€ U3 HUX B
KBaJ[paT M CIOXUM:

2
vy = U2+ 2uu cos O+ 12, 3)

Coxparus (2) Ha m/2 B BBIUTSA NOITYUECHHOE Puc. 269
seIpaxkenue u3 (3), nomyunm 2vu cos o = 0
oTcrona uMeeM cos o= 0, T.e. oL =1/2,

249. Ilycts ckopocTs BTOpOro mapa go yaapa v > 0. Torpa ckopocrs
BTOPOTO 111apa [0 yaapa U, < 0. Yuurbisas 3HaKM U | U U,, HaliileM U3 (hOpMyI,
[OJTYUEHHBIX B 3aj1aue 242, CKOpOCTH [1EPBOTO B BTOPOTO HIAPOB NOCIE yAapa:

, (m—-my)v, +2myu, v = (my —m)v, +2myu,

vy = » Ua
my + my my +m,

Tak xak nm, > my, T0o V5 >0 B moGoM ciyaae. s BbIIONHEHHST TpeGOBAHMS
v{ >0 HeoOXOONMO, YTOObI

(m; —my)v | > 2mav,, wnu my [ my — 1 > 2u,/v.

C npyroii CTOpOHBI, COTMIACHO YCIOBHIO 3a4a4i
2 2
muv m,yv v I (m
IS L L e R i
2 2 vy, k\m,

1)

CnepgoBaTenbHO,

1+ k2
ﬁ_1>2 ﬂ; oTcrofa m_]>$
my k my my k

Tak xak nocne yuc€Ta 3HAKOB CKOpOCTEfI BE3J€ NOApa3syMeBarOTCa UX MOAYIH,

To u3 (1) cnegyer, uro N my/my > 0. [I03TOMY pellleHHe HEPABEHCTBA CO
3HaKOM MUHYC ciefyeT oTOpocuTs. TakuMm o6pasom,

volu > (1 +N k2 + 1) /R 2)
Yuursisas, uTo m; > my, u3 ¢opmynsi (1) aMeem
vylu, > 1/k. 3

N3 uepasencts (2) u (3) cnepyer B34Th HepaBeHcTBO (2), KaK 0ojiee CHIBHOE
(aucauTeNh B OpaBOi ero YacTH GONbIIE k, U, CIEAOBATENBHO, I[paBas 4actb
Gonbiue 1/k). Ipa k = 4/3 nonyanm v, fvy > 3/2.
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250. /i = 4lm’ [ (my + mo)? = 12,5 om.
251. lllapuku coyapsiFOTCS Ha BhICOTE /1 = 3U(2)/8g; NEPBBI IIAPUK MOJHH-

2
MaeTcs Ha BbicoTy H = yy/2g.
252. [lonHas 9HEprus B IEPBBIA MOMEHT IIOCNE B3PbIBA

2 2
E= (”ll + ”‘lz)g/'l + mlUm/Z + mQU;()/z,

i€ Uy | Uy — CKOPOCTH OCKOJIKOB B 9TOT MOMEHT. Tak Kak B3pbIB IpOTEKan
O4YeHb OBICTPO, TO HUMIYIHLCOM CHIIBI TSXKECTH 32 BPEMS B3PbIBA MOXKHO
npeHeOpeyub 1 AJst HAaXOXKICHUS COOTHOWICHNS MEXY CKOPOCTSIMH OCKOJKOB B
NIepBBII MOMEHT TIOCTIE B3PbIBA MOKHO IPEMEHUTb 3aKOH COXPAHCHWS HMITYTb-
ca: myuq + nmouy, = 0. Pemag cucreMy 9THX ABYX ypaBHEHHH, HafiieM

V1o =_\/2£z_2_E—(ml +m2)gh’ Vo =_\/2ﬂ1_E—(’”1 +mz)gh‘

my iy + niy n, nt + Hiy

Hckomble ckopocTu OCKONKOB OynyT

vy = U]O—gl‘z—164 M/C, Ug=Upy—gt= 245 M/C.

§ 8. lunavuka BpaniaTe;lbHOro IBHKEHH A

253. 00=2 arccosM—————— ‘zgl_my
2UM +m) gl

254, n>—1— k_g =(,16 o6/c.
2V R

255.t=h,f§=1wm.
oVR ’

256. k= v?/Rg=0,.2.

257. A = 2m2R2m(n — 1) = 15,8 [Ix.

258. Fimg = 0?D/2g = 40.

259. B BepmuHe meTAH Ha IHIOTa JeHCTBYIOT CHIA TAXKECTH mg U cCHia
peakunr N co CTOpPOHBI Kpecia, HanmpaBlieHHas BHHU3 (puc. 270a), unu co
CTOPOHBI peMHeH, HalpaBiieHHad BBepx (puc. 2706). DT cunbl cooOIAKOT
HeoOXoiuMOe sl BPAICHUs L[EHTPOCTPEMHUTENbHOE yeKopeHne. CiepgoBa-

TEJBHO, B O0LIEM clydae
mu?/R=mg+N.

[pu jgocratouno Gonpmol ckopocTw camoneta mu?/R >mg uN >0, t.e. N
HaNpaBlieHa B Ty e CTOPOHY, YTO M CWIA TSDKECTH, U, CIeOBATENbHO, NHIOT
Gyper npuxat K kpecay (puc. 270a). llpu mv?2/R = mg manor nepecra-
eT JaBUTh Ha kpecno. HakoHen, Npd HAacTONBKC MaAO#l CKOpPOCTH, YTO
mu?/R <mg, cana N < 0. B aT0oM city4ae mAnOT NOBACAET HA PEMHSX H CHJIA
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6yneT HanpaeneHa BepX (puc. 2706). Takum oOpa3oMm, MUHHMANBHAS CKO-
POCTB OIpefiensieTcs HepaBeHcTBoM U2 /R = g; oTciona v =  gR = 180 xm/u.

260. T < 2m\l/g = 3,14 c.

261. F = 2nn)* ({ymy ~ lymy).

262. Cunbl, pefiCTBYONINE Ha ABTOMOOHIB BAONL pafnyca MocTa, H3obpa-
JKEeHBI Ha puc. 271: mg — cuna Tskecru, N — cuna peakuud Mocra. [To TpeTbeMy
3akoHy HproTOHA uckOMas cuna jaBieHns F paBHa O MOJYIIO CHIIE  Peakiuu

Puc. 270

mocra N. CormacHo BTOpoMy 3akOoHy HblOTOHA HEHTPOCTPEMHUTEIRHOE YCKO-
peHue aBTOMOOUIIS ONpe/eIsieTcss CYMMOH CHIT, AEHCTBYIOIIMX HAa HETO BJONH
papuyca OKpYysKHOCTH, O KOTOPOH OH JIBHKETCA:

mv?/R=mg—N;
orcropa F =N = mg -mv?/R =7,8 xH.
. 2
Cuna paBieHuss HA MOCT CTAaHET DAaBHOH HYINO 0OpuA Miy, /R = mg.

CrefoBaTenbho, Uy, = NV gR = 80 kM/a. IIpu CROPOCTH, NPEBLIMAOIMENR U min,
aBTOMOOUIIbL He OYJIeT OKa3bIBaTh AaBICHUE Ha MOCT.

7

mg
Puc. 271 Puc. 272

263. B ornuune ot 3ajavd 262, 31ech K LHEHTPY OKPYXXHOCTH, IO KOTO-
POIi IPOMCXORMT JBHKEHIE aBTOMOOWIIs], HAIPABJIEHA CHJIa PeakIun MocTa IV,
a He cuna Tsaxectn mg (puc. 272). CornacHo BTOpoMy 3akoHy HbroTona
mv?/R = N — mg. Vickomas cuna

F=N=mg+mv?/R=216kH.
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264. Bponp pagayca MOCTa Ha aBTOMOOHITB IEHCTBYIOT CHIIa peaKIMA MOCTa
N ¥ IpOEKNHst CUIILI TAXKECTH mg ¢os o, (puc. 273). CornacHo BTOPOMY 3aKOHy
Hrrorona nckomas cuna

F =N =mgcosa~muv?/R.
Omna locTArHeT MakcuMyMa nps o = 0.

265. MakcuMaibHasl CHJIa 1aBJICHUS Ha MOCT GyleT B BepXHel TOYKe MOCTa
(cM. 3afauy 264). MEHMMAaTbHO JOMYCTUMYKO) CKOPOCTh U MOSKHO HAWTH U3

mg
Puc. 273 Puc. 274 Puc. 275

BRIpaxends mg — F = mu?/R, rue m — Macca rpysoBuka. CleflOBaTelbHO,

JOIKAO BBHUIONHATLCS HEpaBeHCTBO U = \ R(mg — F)/m. Paguyc KpuBH3HbI
MOcTa omnpefensiercs u3 TpeyronpHuka ACO (pumc. 274). Tlo Teopeme
Tludaropa R? = d/4 + (R — h)?; orciopa paguyc kpusu3sbi R = (4h% + d?)/8h. C
YHETOM 3TOTO HOTAYIMM, YTO v = 40,6 Km/u.

266. MickOMYI0O CKOPOCTH MOXHO HafTH C TIOMOUIBIO 3aKOHA COXpaHCHHS
sHepruu. Eciu 32 HyneBo#l ypoBeHb NOTEHUNANBHON SHEPruy NPUHATH FOPH-
30HTANbHYIO NIOCKOCTH, NPOXOAAHIYIO Uepes TOuKy O, TO HayanbHas 3HEp-
rus rpy3oB Oyger pasHa Hymio. ITosroMmy Oypger paBHa HYNIO W NONHAas
KOHEUHAS 3HEPIUs TPY30B B TOT MOMEHT, KOTJA CTEPXKEHb 3aiMET BEpTH-
KaneHOE nonoxenue. OG03HAUUB Yepe3 m Maccy KaXXAoro U3 MalbIX rpy3os,

OyneM UMeTh
mu? m(2v )2 2mu?
+ +
2 2 2

—mgé—mgl+2mgé=0

(3pech YyUTEHO, YTO CKOPOCTh MaJIOro I'Py3a Ha KOHIE CTEP3KHS BIBOE GOMBINE

CKOPOCTH CPEHEro IPy3a); OTCIONa U = /gl /7.

267. [ieficTByroniue Ha CHCTEMY YENOBEK—Tpalelys CHIbl H300pakenbl HA
puc. 275. Tak Kak B HEXKHe#l TOUYKE TPAcKTODHH YEeNOBEK HMEET YCKOpe-
Hue v¥/l, HanpaBieHHOE BBEPX, TO COTJIACHO BTOPOMY 3akoHy HbioToHa

2 2
mlv =2T — mg; orciona T=ﬂ—+%€ =~ 500 H.

21
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268. MakCHMaIbHYK CHTY HATSKEHUsl HUTh HIMEET B MOMEHT, KOIJla MIapuK
NPOXOJHT |epe3 NOJOXEeHHE PaBHOBECHA. FIMEHHO B 3TOH TOYKE CKOPOCTh
IApMKa MAKCHUMallbHa, a CUJIa HaTSKEHHs HAIlPaBieHA NPOTHB CHJIBI TSXKECTH
(puc. 276). Io Bropomy s3akony Hetotona mv2/l =T — mg, tae | — pauua HATH, a
T — ee cuna HaTsoKeHHs. CKOPOCTD U IIap¥Ka HaiJeM H3 3aKOHa COXPaHCHHS
sueprum: mv2/2 = mgl. Uckmovas u3 3THX IBYX ypaBHeHu# v, umeeM T = 3mg.

/” \\\
T N
' 1 \
[} A
1 ]
J )
1 1
A 1
\ I
AY l,
N
AN T2 e
. Coe
mg mg
Puc. 276 Puc. 277

269. YpaBHeHUsl ABMKCHHS AJsl IPY3MKa B BEPXHEH M HIXKHEH TOUYKax
TPaeKTOPHH 3aNHIIyTca B Bufie (puc. 277)
mo? =mg+T,, mw?l=T,~-mg,

rie M = 271 — YIIoBas CKOpOCTh BPAIEHHs; OTCIOA
T, = mo¥ -mg =~ 31,35 H,
T, = mw?l + mg =~ 31,75 H.

270.a) T, - T, =2mg; 6) T, — T, = 6mg; 3necs Ty u T, — CAIBI HATSI)KEHHUSA
MITAHIH OPU NONIOXKEHUY TeNa BBEPXY U BHU3Y.

271. Bropo# 3axoH HplOTOHa B MOMEHT, KOIJa MIapHK IPOXORHT IOJO-
KEeHWe PaBHOBECHS, MOXHO 3anucatb B Bufe mv?/l=T -~ mg (puc. 278).
CxopocTh mapuka B HHXHEH TOYKE TPAacKTOPHH MOXHO HaiTH H3 3a-
KOHa coxpaHeHus 3Heprum: mv?/2 =mgl(1 —cos o). Hutb oGopsercs, ecnu
T > 2mg. CnegoBareibHo, cos . < 1/2, T.e. o > 60°. p

272.cosa =1~ (—aXT-mg)2mgl.

273. my/m, =3, TaKk KaK OChb JOJI’)KHA NPOXOAHUTH HEpe3
LUEHTP MacC CHCTEMBI.

274. w=./g/(R-h).

275. T'py3 Macchl m JONKEH HaXOOUTHCS HA PacCTOSAHHH
Xp = mplf(my + my) ot ocu Bpamennst; T = mymylw¥/(m, + my).

276. Manbuuk [ABHXKETCS B TOPU3OHTANbHOU IJIOCKOCTH IO
OKPYKHOCTH pajuyca R = [sin ¢, re 0 — yroJ MeXJy KaHaTOM
n Beprukanbsio (puc. 279). LleHTpOoCTpEMUTENBHON CHIOM,
AeHcTBYIONIEH Ha MalbuMKa, ABASETCA npoekius F = T sin O cuibl HATSXKE-
Hyns T xaHaTa Ha HanpaBleHHe paauyca (IPOEKIHs CHIbI TSKECTH, REHCTBYIO-
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el Ha MaTbYMKa, HA 9TO HaNpaB/IeHHE PaBHA HYIIO). YUHTBIBAs!, ITO YIIIOBas
CKOPOCTB MaJIbuUdKa ® = 27tn, 3anuireM BTopoi 3akoH HbOTOHA AN ABMXKEeHug
ITO OKPY>KHOCTH:

mw?R = F, nmu 4n*n?misin o= Tsin o
orcrona T = 4n2n?ml ~ 355 H.

277. LleHTpOCTpEMUTENBHON CHIION, JENCTBYIOMEH Ha KaMeHb, SBIseTCS
npoexnus =T sin 00 CHNLI HATSRCHES Bepepky T Ha HanpaBNEHHE pajuyca

Puc. 279 Puc. 280

(puc. 279), rae O — yroji, KOTOphI BEpeBKa COCTABISAET C BEPTUKaNbIO. Bro-
poi 3akoH HoroToHa Ans ABHKeHWs! KaMHsl IO OKPYKHOCTH pajnyca R Oyper
HUMETD BHIA

mw*R =T sin o, ()
rge ® = 2n/T — yriaosasi CKOPOCTb KaMHsl, a 71 — ero mMacca. Tak Kak B Bep-
THKaTbHOM HANPaBICHHH YCKOPEHHS y KaMHA HET, TO NPOCKIHU HAa BEPTH-

Kallb CHJI, ACHCTBYIOUUX Ha HETO, PaBHBI N0 MONYJIIO M NPOTHBOMNOIOXHb! 110
3HAKY, T.€.

T cos oo = mg. 2)

Paspenus (1) m (2), nonyunm tg & = 02R/g. YuuTeiBas, uro R = h tg o u, cnejo-
BATENLHO, 02h/g = 1, nonyanM @ = \/g/h m t=2nJh/g =~225¢c.

278. T = mg~/5 (cm. 3apaun 276 u 277).

279. Ha mapmk AeHCTBYIOT CHJia TSKeCTH mg ¥ cuia Hatsxkenmst T
HuTH (prC. 280). [IBIXeHHe eT0 OTHOCHTENbHO 3eMIH CKIIAJLIBAETCA U3 ABH-
SKEHHWst 110 BEPTHKAJH BMeCTe ¢ IHPTOM M oOpamenus BOKpyr oca AO.
3anumeM BTOpO# 3akoH HbIOTOHA NI NPOEKUMd Ha BePTHKAIbHOE Ha-
npaBleHde M Ha Hanpapienue papuyca OB OKpyXHOCTH, OIHCHIBAEMOM
IAPUKOM:

ma =mg —Tcos 0, mw* sino =Tsinq,
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[le ® — yrIIoBasi CKOPOCTb IapyKa, M — ero Macca. Mckimovas u3 3THX ypaBHe-
Huii T, nonyunM 0 = (g — a)/cos o; orcroga

T=2n/w=2n./lcoso./(g —a). X

@rn)lml—-F
(27rn)2(mg ~ Fcosa) &

281. Cunpl, pelicrByromue Ha wap, uszobpa-
»keHbl Ha puc. 281: T — cuna HaTSIXKEHUSA HUTH,
Mg — CHJIA TAXKECTH (LICHTP OKPYXXHOCTH, MO KOTO-
pO¥ ABIKETCS BaroH, cpasa oT Barosa). IleHrpo-
CTPEMHUTENLHON CUIION [71s1 IIapa sIBISETCS Hpo-
CKIHs CHIbI Harsikernust T Ha HampaBleHue pa-
auyca (IpOeKIHs CHNbl TAXECTH HA 3TO Hampa-
BJIcHHe paBHa HYJ0). Bropoit 3akon HerorTona Puc. 281
AT ABHKCHHS 110 OKPYKHOCTH B 3TOM ciydae
MOYHO 3anucaTh B Bufe mu?/R = Tsin . B BepTuKaibHOM HanpaBicHUU
YCKOPEHHS y mIapa HEeT; NO3TOMY NPOEKIMA Ha BEPTUKAb CHII, [IEHCTBY OIMX
Ha urap, paBHbI 1O MOAYIIO U NPOTHBOIOJOXKHBI II0 HANPABJIEHUIO, T.C.
mg =T cos 0. Pazjenus nepsoe ypaBHEHHE HA BTOPOE, HTONYIUM

uz/Rg:tht, OTKyfla U = Rgtgo =~ 112 xm/u.

280. [, =

Cua natsixenns murn T = mg/cos o =~ 137 H.

282. [Moxa Teno He MOKHHYJIO MOBEPXHOCTH ONycepbl, Ha HErO, KPOME
CHIIBI TSIKECTH Mg, IeHCTBYET elle CUNia peakuuu onopst N (puc. 282). Bropoii
3akoH HbloToHa Amst ABISKEHHS 10 noaychepe uMeeT BUjL

mv?/R = mg cos o.— N,

t.€. IPOM3BECHUE MACChI T€Na Ha LCHTPOCTPEMHUTEIBHOE YCKOPEHHE PABHO
CyMMe IPOCKIHH Ha paguyc nonycdepbl cul, AEHCTBYIOMMX Ha Teno (yroi o
ONpeAeIsieT NONMOXCHUE Teja Ha nonycdepe).

B momeHT, Korga cuia peaknuu onopsl N
AeJTaeTcsl paBHOM HYNIO, TEJNO OTPBIBACTCA OT
nosycdepbl. COOTBETCTBYIOIIUN yTOM O HAXOIUM
u3 ypasHeHus mu /R = mg cos . Hcnonnsys
3aKOH COXpaHEeHNs HCPTUH, MOXKHO 3allHCaTh

1
~
1Y

mgR = mv2/2 + mgR cos .

Puc. 282
CaenoBarensHo, 2(1 —cos ) = cos O; oTcrofa

cos 0 = 2/3. lckomas BoicoTa /i = R cos o0 = 2R/3.

283. CormacHo tperbeMy 3akony HeloTOHa cuna gaBieHns F Koneuka Ha
foJBIIOE KOJABIO paBHA MO MORYIIO CHIIE peakuuu N co CTOpOHBI GONBIIOro
konbua: F =N =mg(l —3h/R). IIpn h < R/3 cuna pasieHns KOJNedYKa Hanpa-
BJIEHA K UEeHTPY GONMbIIOro KoNblia, a npHu h > R/3 — oT ueHTpa.
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284. Teno oTpbIBaETCS OT NOBEPXHOCTH NETIH B TOUKe B (puc. 283), korpa
CHJIa pEaKIH CO CTOPOHBI MOBEPXHOCTH HETIH CTAHOBHTCS PaBHOH HYyMO p
HEHTPOCTPEMHUTENBHONH CHIION SABASIETCH NPOEKINs
mg cos O CHIIBI TSIKECTH mg Ha papmnyc. Cnefosa-
TEJbHO, KaK H B 3agaue 282, 31eCh HOMXHB! BhI-
NOJIHATHCS BTOPOH 3aKOH HBIOTOHa B 3aKOH COXpa-
HEHUs! SHEePIUH:

mv2/R =mgcoso, mgHy=mv?2/2 + mgh.

Yuwureisast, uro h = R(1 + cos ), U3 3TUX ypaBHe-
HUIT HaXOQuM, uTO cos & = 2/3, r.e. h = 5R/3.

YT06B! TENO HE OTOPBANOCH OT NETIH B €€ BEPXHEN TOUKE, KOrfAa oL =0 u
h = 2R. uCXOHBIC YpaBHEHHUS JOKHBI IMETh BHJ

muvR =mg, mgH=mv?/2 +2mgR.

W3 >1ux ypasHeHuit nonyunm fH = 5R/2.

285. Ha BenocunenucTa U BeJOCUNE] ACUCTBYIOT: CHIIA TAXKECTU Mg, CUNa
peakUud NOBEPXHOCTH 3eMiH NV u cuna TpeHus f (puc. 284) Tak Kak LeHTp
Macc He Tepementaercs no sepruxkanu, 10 N - mg =0. HeobGxonumoe s

Puc. 284 Puc. 285

ABMSKCHUS 110 OKPYKHOCTH LUEHTPOCTPEMHUTEIBHOE YCKOPCHHE COOGHIaeTCA
cusiolt Tpenms: mu 2R = f. Maccy CHCTEMBI BEJIOCHIEMCT~BENOCHTIEN GyAEM
CUMTATH COCPEIOTOUCHHON B IeHTpe Macc. Torpa HanpasleHHe pe3ynbTH-
pytoie#t cunsl N + f cOBHafiaeT ¢ HanpaBileHUEM BJIOThL BEJIOCHIEA K LEHTPY
Macc CHCTEeMBI BenocunepucT—Bernocuned. IToatomy f= N ctg o0 = mg ctg O.

IMopcrasnss 970 3HaUeHUe f B ypaBHEHUE JIBIKCHUS, HalijieM U =./gRclgal.

286. Cuibl, [eHICTBYIOIME HA BEJOCHIIE] C BEJIOCHIIEIUCTOM, N300pasKeHBI
Ha puc. 285. Tak KaK MOXHO CUATATh, YTO MOMEHT CHJI OTHOCHTETLHO LEHTPA
Macc BEJIOCHIIEla ¢ BEJOCHICAUCTOM paBeH HYIIO, TO CHJlAa TpeHHUs OT-
cyTcTByeT. PaBeHCTBO HYMIO CYMMBbI NPOEKIMH CHJI Ha BepTHKaJIbLHOE Ha-
mpaBIICHHUE JlaeT ypaBHeHHE N cos O = mg, oTKyAa N = mg/cos a.. ITo TpeTbeMy
3akoHy HploTOHa ¢ Tako# Xe Mo MOAYJI0 CHiIOi Benocune] OyAeT AaBuTh HA
HOpOTY.
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LleHTpOCTpEMHATENBHOE YCKOPEHHE COOOLIAETCS IPOSKIUEH CHITbI peaKIny
[OJIOTHA ROPOTH N Ha TOPU30HTANBLHOE HANIPaBJICHHE!

mv2/R=Nsin(x=mgthL; orciona v =./Rgtgd.
287. o = arctg (Rg/v?).

§ 9. 3akoHn BCeMHPHOTO TATOTEHHA

288. F=2-102H.
289. Yenosek npoiraet Ha JlyHe B 6 pa3 Bbitile U aJblle, 4EM Ha 3eMlte.

290.v = \|Rpyg/6 = 1,7 xm/c.

291. Ha mg/4.

2

292. g, :gﬂ(&] =1,65 m/c2.
m3 \ Ry

293, gc= ch pc/R3p3 = 270 M/C2.

294. A = mv 2 = mgR/2 = 16 TIIx.

295. T = 2027 /ym =1,57-10% c.

296. p = 3v 2 /ARYR? = 0,5 - 10° kr/™°.

3 3
297.T=2n £3——+[l+—h——] . YuuTsiBas, 4TO g = ym3/R§, U 1mpe-
RLLE Ry

HeOperass KBagpaToM U KyOoM oTHomeHuss A/R3, Halfpem T =

=~ 2N Ry/g+3h/g.

298. 7 = 4m\[2R, / g~3 w1 58 M.

299. r, =3/gR2T? /4% ~ 42400 xm.
300. T = 2m\/rj / gR? =~ 27 cyr.

301. Ha teno, HOJBELICHHOS K JUHAMOMETPY, JICHCTBYIOT CHJIA TSLKECTH Mg
U cuna HaTsKeHMs I TpyXuHbl JuHamomeTpa (puc. 286). OOCe cuibl Ha-
npaBIeHBbl BAONL paamyca ninaHeTbl. Ha akBaTope Teno
ABHKETCS MO OKPYXHOCTH CO CKOPOCTHIO U = 2TR/T, rae T
R — papgnyc nnanetsl. Paznocts cunt mg — T coobmaet teny
UEHTPOCTPEMUTENBHOE ycKopeHHe. CornacHo BTOPOMY
3akoHy HploTOHa

mv?/R = 4’mR/? = mg - T. mg
W/W%
Mo ycnosurwo 3agaum T = 0,9mg. Cuna TaXecTd y -
[OBEPXHOCTH IUIaHETHI mg = mYM/R?, rie M — ee Macca. Puc. 286
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M .
——5— MOXHO HalTH, NOJACTaBHB B ypaBHEHue
4nR% /3 Yp
IBHKEHHS BhIpaxkeHus pus cun mg u Tt p = 3w/0,1y12 = 3,03 - 103 kr/m3.

VIckOMYIO NIOTHOCTB P =

§ 10. 'nmapo- n aspoMexaHuka

302. He n3meHuTCH.

303. p = pog(@V/nD? — h) =~ 1,2 kI1a.

304. h=R.

305. Tasnenne (B MM PT. CT.) BBIMHCISIIOT 110 ¢opMyste p = py— pol/p, roe
p = 13,6 10° kr/M? — WIOTHOCTS PTYTH, a [ BRIpaXeHO B MULTHEMETpax. Mcko-
Moe JlaBieHue p = 752,6 MM pT. CT.

306. Jasnenne B M1000% TOYKE COCYjJa C XKHAKOCTBIO COFNACHO 3aKOHY
Hackasst 3aBUCUT TOIMBKO OT BICOThI. Ha rpanunue pasgena macia ¢ BOROH y
OTKPBITOTO KOHI2 COCY/la AaBIEHHe BOABI GYAET pry, = py + PogH. C apyroit
CTOPOHBI Pa3HOCTh [aBJICHHH Macia BHYTPH COCYJa MEXJy TOUYKOH A u
rpa”Hulief pasjena Macia ¢ BOAOH ompefensieTcss BBICOTOH cTronba Macna:
Prp— P = pgh; otcrona p = pg + g(pof — ph) = 120,6 I1a.

307. hg = ph/py= 18 cm.

308. 11 = 2pyl/(3p — py)-

309. k= (m+pyV)/2pS.

310. F =fh/H = 10 xH.

311. S/s = mghn/A = 490.

312. Uckomoe paBierue p = pogh + pghy, tne hy u hy — BbICOTHI CTONGOB
Boabl U pryTH (puc. 287). CornmacHo ycnoBuio 3afadx
— H =h{ + hym poh\S = ph,S, roe S — mmomane nonepey-
|| —7 HOTO CeUYeHHUS cocyia. PemnB nonydueHHyo cHcTeMY
— —— 1 |H ypaBHeuu#, HaliieM p = 2pgpgH/(py + p) = 26,1 kl1a.
e 313. m = ppphS/(po— p) = 3,6 KT,

314. V) < (pa— po)Vol(po— p1) = 1.7 M2

315. h= E% =-2,5 cM (YpOBEHb IOHU3UTCA).
0

316. p = (P2 — PR/ + 1.

317. m =(py—p) - "D?f4 =~ T4 kr.

318. P = P,(1 + p,/p) = 1472,205 H.

319. p= p()PB/(Pn —-Py)=25- 103 KF/M3-

= BB _ ¢ 7.10% ke, p = 2P =9.10° s,
-A P-F

321. T =gS[pl - pol — I/4)] =~ 440 H.

320. p

X
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- 322. V= [Po(p — po) — PolP — Pe)/gP(Po ~ Ps) =~ 10 o™’
323. m=m,(1 —p/p,) + Vp =~ 881,08 r.
324.m; =296 r; my = 1204 r.
325, CoxpaHurcs.
326. p = 2pok(1 — k/2) = 0,36 - 103 kr/m>.

anr?

327. %=1+ (2p—pg) = 1,58.

f m
328. PaBeHCTBO MOMEHTOB CHJI, H300paKeHHBIX Ha pHC. 288, OTHOCHTENIHHO
ocwm prryara (Touku O) no3BoisieT 3anucarh ypaBHenuue Mgl — Fl = mgl,, rue

&

mg
Puc. 288 Puc. 289

Mg =pglP u F =pgg2l3/3 — cuna THXeCTH M BBITaNKHUBAKOIas chia, Aci-
CTBYIOIIHE Ha Ky0, mg — CHJIa TSKECTH, JeHCTBYIONAs Ha THPIO, P — INIOTHOCTD

BemecTBa kyba. Tak Kak cBOOOJHO IUIaBAKOIIAN Ky6 NOrpyKeH B BOAY Ha 3/4
cBoero o6weMa, To p = 3py/4. IloxcraBus BhIpaxkenus AN cua mg u F u

ITOTHOCTH P B HCXOf{HOE ypaBHeHue, monyunm ! = 3dmly [ pyli =~ 4 cM.

329. ITocne Toro Kak KOpoOOYKy ONYCTHIH B COCY/], OOBEM COAEPXKUMOTO
cocyfla, HaxofsIIErocs HAXE YPOBHS BOJbI, BKJIIOUAsl TENEPh U MOJBORHYIO
JacTh KOPOOOUKH, YBEITMYHIICA Ha BeNMUKHY S/, T7ie S — IIommags nonepeysoro
cevyeHnst cocyna. Ho Ttak kak o6beM BOABI B COCYie HE H3MEHHICS, TO
yBennueHne o0beMa, KaK pa3 paBHO 00heMy IMOABOHON YacTH KOPOOOYKH,
T.¢. 00’ bEMY BBLITECHEHHOH €10 BOJIbI.

O6BeM KOpoOOUKH V MOXHO HalTH M3 PAaBEHCTBA CHJIBI TSKECTH M BbI-
TAIKNBAIOIEH CHIEI, ACHCTBYIOMMX Ha KOpobouky: Vpg = Sipog. Ecin 6b1
KOpoOOUKa cpa3y YTOHyJIa, TO YPOBEHbL BOABI B cocyle MOfHsncs Obl Ha
BETHUAHY X, KOTOPYIO MOXHO HalTH U3 paBeHCTBa Sx =V = poSl/p. Ilpu
HOTOIJIEHNA KOPOGOYKH YPOBEHb BOALI ONYCTHTCS HAa BENHUYHHY [ — x =
=I(1-po/p) = 1,74 cm.

330. ITocne Toro Kak Ha nepBBIH Ky6 IOMOXKEH BTOPOH, mepBulil KyG
norpyxaercd B pTyTe eme Ha 0,3 uyactu cBoero o6wema. CiaegoBaTelbHO,
IJIOTHOCTh MaTepHana BTOporo xyba p, = 0,3p = 4,08 - 10° kr/m3. PasnoBecue
OyHeT HEYCTOHYHMBBLIM, TaK KaK NPH OTKJIOHEHHHM KyOOB OT MOJIOXKEHUs
PaBHOBECHS] BO3HHKAaeT MOMEHT CHJI, e€llie GOJIbIIEC HAKJIOHAIOMHUA CHCTEMY
(puc. 289, rae Mg — cunma TaXecTH, [JeHCTBYIOUmas Ha CHCTeMy KyGOB,
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F — BBITANKMBAOIIAs CHJIA, TOUYKA NPUIOXEHHS KOTOPOY NP HapyUIEHHH
PaBHOBECHS CMEITIEHa OTHOCHTENBHO och O0).

331. Ha xy6 Bgoxb BepTHKAaIH REHCTBYIOT Tpu cmiabl (puc. 290): cuna
TaxecT Mg = pgl?, cuna jasneHus Ha BepxHiow rpaus Fi =p,g(h - x)I2
U CHJIA [aBJICHMsS Ha HMXKHIOW rpanb Fy = [pigh + pyg(! — x)]1%. TIpu pasHo-
secun F) +pgl3—F,=0; orciopa pl—px=p,l—pox. B Bepxueit xupgkoctn
HAXOIHITCS MacTh Ky6a, uMeromas obveM V, =1 2x. CreioBaTEIbHO, B BEPXHEH
SKHAKOCTH HAaXOOQMTCA 4YacTh 00beMa, pasHasa V/I 3 = x/l. Kak BoITekaeT uz
MONYYEHOTO ypaBHeHUs, X/ = (P — PY(P2 — P1)-

Puc. 290 Puc. 291

332. ITorpyxeHHas B PTYTb YacTh 00'beMa Kyba paBHa 1 — 3p/4(p — py) =
=0,19.

333. f=pyVg =9,8 MH.

334. a0 =g/2 =49 m/c%.

335, V, :w‘/] :lv]_

T (p-poiatg) 3

336. A =g(p — pp)hV = 73,5 xIx.

337. AU = mgh(p/pp — 1) = -0,49 Ik (noTeHImanbHasi IHEPrUs yMEHb-
IMIach). ’

338. AU = (nd?py — m)gh = 265 [Ix (NOTeHUNATLHAS QHEPIHS YBEIUYUITACE).

339. h=(py—p)HIp =9 cm.

340. Ha manb1it aneMeHT BOibI Am y IOBEPXHOCTH NEHCTBYIOT CHIa peaKIHi
AN co CTOpOHBI fiHAa cOcCyfa, HNEPIEHAHKYJISIPHAad K MOBEPXHOCTH, U CHIA
TsiRecTH Amg (puc. 291). Cymma aTux CUJ JOXHA ObITh TOPH3OHTANBHA, TaK
KaK 3JIEMEHT BMECTE C COCY[IOM JBHM3KETCS, HMESI TOPH3OHTAILHOE YCKOPEHHUE
a. ITo Bropomy 3akony HbrotoBa Ama = Amg tg o; otcronia tg oL = a/g.

341. h=V?/2g5% =5m.

342. Umnynsc FAt cunbl, JeHCTBYIOUEH HA CTEHKY, paBeH IO MORYJIO
HM3MECHEHMIO HMIYJIbca CTPYH BOJIBI 32 BpeMs Af, TaK KaK IO TPETbEMY 3aKOHY
HeloToHa cnnbl B3auMOJEHCTBHS CTEHKH H CTPYH paBHBI. 3a BpeMs1 Af uepes
ceueHHe TPyOKH nporedyeT Macca BoAbl m = ppSv At. CornacHo ycnoBHIO
' 3ajayu KOHEUHAsi CKOPOCTH BOALI B FOPU3OHTANLHOM HANpaBIEHWHW PaBHA
Hynro. ITosToMy 3a BpemMs Af UMIyJIbC CTPYH BOXBI HM3MEHHTCA HA
Ap = my = peStRAt. CnepoBartensho, F = ppSt? =40 H.
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343. YpobHee pemaTh 3ajauy, CUMTas KaTep HEMOJBHXHBLIM, a BOAY —
ABIXKYILIEHCS OTHOCUTENBHO HEro cO CKOpOCThIO v. Torpa Bopga B TpyOke
MOJHUMETCA BBEPX, IpHoOpeTas HEKOTOPDIIL 3al1ac NIOTEHIMAIBHON SHEPTHY 34
CYeT KMHETHYECKON JHEPrMH KUAKOCTH, MOCTYNAIOUICH B HUXKHUN KOHET
TpYOKHU. 3aKOH COXpaHEHNsl SHEPIUH JJIs €OUHHIbI 06beMa XXIAKOCTH OyeT
BMETE BHJ Pol?/2 = pygh; otctona h = v%2g = 1,3 m.

344.v = \[2gh =~ 4,4 m/c (cm. 3apauy 343).

345. F =2pghS = 2pS, rae p — nasneHue y nHa. Bopa pfefictByeT Ha CTEHKY ¢
OTBEPCTHEM C CHJION Ha 2pS MEHBIIIEH, YeM Ha INPOTHBOIONOXHYIO CTEHKY, a
He Ha pS, Kak MOrJio Obl NOKa3aThcs Ha
MEPBBIil B3MNs. DTO CBA3aHO C YMEHbIIIE- F
HUEM JIaBJIEHUSI HA CTEHKY C OTRBEPCTHEM e
BCIENCTBHE GOJBIICH CKOPOCTH TeUcHHS
BOABI Y 9TOH CTEHKH.

346. ITycTs 3a BpeMs Af IOpIUEHs nepe-
MelmaeTcss Ha paccrosHue uAr (puc. 292),
rjae 4 — cKkopocTh nopiuss. Toraa cuna F
COBEPIIUT 3a 3TO BpeMs paboTy A = FuAr. 3a BpeMs Af BbITEKaeT Macca
kapxocTy m = pSuAt. II03TOMY H3MEHEHME KUHETHUECKOH IHEPTHUY KUAKOCTH
paBHO PpSuA(v?/2 —~ u?/2). DTO U3MEHEHHe NPOU3OLIIO 32 CYeT PaboThI
pHenIHe# cunl F. CnepoBaTtennHo,

PSUAKV/2 — u?/2) = Fult,

Puc. 292

CKOpPOCTb HCTEUESHHUS XUAKOCTH U CBSI3aHA CO CKOPOCTBIO IOPIIHA U COOT-
HomenneM Su = su. Mckitouast 13 IByX NOCTIEAHUX YpaBHEHUI u, HalieM

b e 2F
Sp(1-s°/8%)"

Ecnu, Kak 06bIUHO, s < S, TO U =,/2F / Sp.

§ 11. KosreGanus u BOJIHBI

2 2
347. | =—;12—Al—2— =9cM; [y =—;£1~—Al—2 =25cm.
n—n n—n
348. T=mn.jl/g.
349. T=n./l/g(1+~/2/2).
350. 5 pas.

351. Bospacraet B 1,0000093 pa3sa.
352. YBenuuurcs npuMepHo B 2,4 pa3a (cM. 3aauy 292).
353. Ha noBepxHocTH 3eMIM MAasiTHAK JJIMHB! /[ 32 BPEMs [ COBEPIIAT

n=1t/T, xoneGanmit, npuueM Ty = 2n./l/g,, rAe gy— yCKOpeHHEe CBOGORHOTO
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nanenns y nosepxaoctn 3emnu. Ha Bbicore s Haj 3emineli 4achl OTCTaHYT Ha
spemst At=n(T—-Ty), rie T= 2n.,/l/g —nepuop koneGaHMi MasATHAKA Ha

BBICOTE /1, 2 g — yCKOpEeHUe CBOOOHOTO NajleHns Ha 9ToH BhicoTe. Micnombsys
dbopmyny mg = mgo/(1 + h%/R;), CBA3bIBAIOLIYIO CHITY TSKECTH Mg Ha BBICOTE /i

C CHJION TSKECTH Mgy ¥ NIOBEPXHOCTH 3eMITH, HaliieM g/gy = R% (R + hy?, rae

Ry — papuyc 3emnu. Ornowmenne nepuopos Ty /T =./g/ g, = Ry /(R + h);
orctiona T =Ty(R3 + h)/Rs, T — Ty = Tyh/R. Tagkum 06pa3oM, 3a BpeMsl t Hachi
OTCTaHyT Ha BpeMsi At = Tynh/Rs = th/R5. TIput = 1 cyr = 86 400 ¢ oTcTaBanue
cocrasuT At =2.7 c.

354. U = mg*(1 — cos o)/4n2vZ = 2,9 mIIx.

355. Ilo oTHOMIEHHIO K CT€HKaM JH(TA, ABIKYIIETOCS C YCKOPEHHEM 4,
Tejia, HENMOJBHXHBIC OTHOCUTENHLHO 3eMIH, OYAYT MMETHL YCKOpDEHHME, Ha-
IPABJICHHOE NPOTHB YCKOPCHHSl du(dTa. ITO 3KBHBAJIECHTHO HM3MEHEHHIO
yCKOpeHus cBOOOIHOrO mageHusi. OHO, MOXHO CKa3aTh, OYleT PaBHO HE g, a
£ * a B 3aBUCUMOCTH OT HanpaBlieHHs1 yecKopeHus nudTa. UMeHHO Tak MOXHO
HCTOJIKOBATH PE3yIbTaThbl, MOJYUYSHHbIE NIPU pemeHnn 3afay 95, 96, 98-100.
TaxuM o6pasom, B TudTe, [BHKYIIEMCS C YCKOPEHHEM @, MasiTHHK [UITHHbBI [
umeer nepuog Konebannit T = 21/l /(g + a), npudeM 3HAK IUTHOC MOJ KOPHEM
COOTBETCTBYET YCKOPEHHMIO, HANPaBICHHOMY BBEpX, a 3HaK MHHYC — YCKO-
peHuto, HanpasiaeHHOMY BHH3. Hanpasnenune xe jnBikenus nudra (Hanpasie-
HHE erg CKOpOoCTH) Ha Nepurop KoNeGaHuil HUKaKOoro BIAUSHUS He OKa3biBaeT.

ITepuon xone6aHuit MasiTHUKAa B JH(QTE COINACHO YCIOBHIO 3afauH yBe-
suauaiics: oH coepmnn n1 = 100 kone6anmii 3a Bpemsa t =2 MuH 30 c= 150 ¢, a
He 3a Bpems ¢ = 100 c. CnegoBaTenbHO, YCKOPEHHE CBOOOAHOTO HAfCHUA TEI B
nudTe OTHOCHTEIBHO €r0 CTEHOK PaBHO g —a, a caM TH(T HMEET YCKOpEHHE,
HanpasicHHOe BHE3. [lepuop koneOaHW#i MasTHUKA B JBMXKYylneMcs mudTe

T=2nl(g—a) =t/n.-B TOM Xe ciyuae, KOria JUPT HENOABUKEH OTHO-
CUTEJNIBHO 3eMiH, MasTHHK maMmeeT nepuop Ty =2m./i/ g =1c. OTHOmIEHRE
NEePHOAIOB

T t g r12T02

L - - ; orcopaa=g|l- = 5,4 Mm/c?.
T, nT, g-a A § 1

356. Yckopenne cBOOOHOTO NajleHNs OTHOCATENBHO BarOHa CKaj{b1BaeTCHd
BEKTOPHO U3 BEpTHKAIBLHO HANPaBICHHOr0 YCKOPEHHS CBOGOAHOTO NafCHMs §
OTHOCHTEJIBHO 3eMITH 1 JIONIOIHATENHHOI'O YCKOPEHHS @, HAPaBJIeHHOTO TOpH-
30HTATLHO, KOTOPOE HMEIOT OTHOCHTEIIBHO CTEHOK BaroHa Telia, HeNOJABIXK-
HbIC OTHOCHTENbHO 3emiu (cM. 3agauy 355). ITosToMy MasTHHK B BaroHE

6yneT uMeThb nepaoy Konebauuit T = 21t1fl / 1/a2 +g2.

357. T=2n3R/2g (cm. 3ajauy 355).
358. 5 = utf2 = 660 M.
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359. u = svf(s — v Af) = 5100 M/c.

360. vy = v + gh/2v =349,8 m/c.

361. [Inuua BONMBLI B NEPBOM OOBITE A = I/n, Tie n —~ UACIO [JIMH BOIH,
YKNapbIBaromExcs Ha pacctosHu¥ [. Bo BTOpoM onbite Ang = l/(n — 2).
o nosbimeHus TeMnepaTypsl CKOPOCTH 3ByKa U = VA = Vl/n, a nocnie no-
BRIINEHUSA Upg = VApg = VI/(n — 2). Tak kak n = vi/v, 10 vpg = VIV/(VI - 20).
CxopocTh 3ByKa BO3pACTaeT MO JMHEHHOMY 3aKOHY: Upg = U(1 + QAD), e
o = (0,5/330) K-!. Moacrasnsist B faHHOE BHIPAXKEHHE 3HAUECHHUE Uyg, MOTYIAM
I=2u(1 + 0AB)/VOAB = 450 M.

362. v = AT = 1435 m/c.

363.v=v/4l=812 T

364. ¢ =2m/2 = 180°.

365. v = v/h =425 T,

366. IIpn pacnpocTpaHEeHNH BOJH 4acTOTa KOJeOaHUN He U3MEHAETCS NpH
nepexojfie U3 OHON cpefsl B Apyryio. Tak xak v = V/A, 1o v; = 2u,.

367. Tak Kak npu Nepexojie U3 OHOH Cpefibl B JIPYrylo YacToTa KoneGaHui
HE M3MEHAETCA, TO AfA; = /v, = 4,35,

368. KamepToH Ge3 pe30HaTOPHOTO SIIMKa 3BYIUT ropasfo ciabee, UeM ¢
AIUKOM, H, CIICHOBATENLHO, TEPAET MEHbIIIe IHEPTUU B SAHHHLY BPEMEHH Ha
H3JIyUeHHe 3BYKOBBIX BOJH. IToaTOMy KaMepTOH, 3a)KaThidl B THCKaX, OymeT
3By4aTh AOJBIIE.

369. 3syuaHre KaMepTOHA YCHIIMBAETCA B TOT MOMEHT, KOrjfa 4acrora
cOGCTBEHHBIX KOJIeOaHUA BO3yIIHOIO CTOJX0a B COCYyJe COBIAJAET C YaCTOTOH
xonebaunit kaMeprona. CoOcTBeHHBbIE KojieOaHus BO3JyNIHOro cronba B
COCYie COOTBETCTBYIOT YCTAHOBIICHHIO B HEM CTOSIYEH BONHBI TAKOH [THHBI A,
4TO y HHXKHErO KOHUA o6pa3yeTcs y3ell CMEIEHHs YACTHL BO3AyXa, a y
BepXHEero — nyuHoctb. Takum 06pa3oM, B cBOOOAHOH HacTH TPYOBI !t
yknaasiBaerca M4, 304, SA/4 u T.1., T.e. B o61eM cayuae (2k + 1)A/4 = h, rne
k — uenoe uncrno. HanoMHuM, YTO B CTOSYEN BOJHE MEXAY ABYMS y3naMu
YKIIagbIBAETCA NONOBUHA JIHHBI BOJIHBI.

Tak Kak uwacrora KoJjeGaHMl B 3BYKOBOH BONHE V =UfA, TO COOTBETCT-
BYIOLI[asl HEKOTOPOMY 3Ha4YeHHIO k YacToTa KamepToHa V = (2k + 1)v/4h. To
YCTIOBHIO 3aflaul 4acTOTa MMEET BIIONHE ONpefiesieRHoe 3Havenue. [loaToMy
Pa3iHYHBIM BBICOTAM BO3JIYIIHOTO cTONGa k) M h; JONXKHBI COOTBETCTBO-
BaTh /IBa 3HaUCHUA k, oTnuuaromuecs Ha eguHAnRy: k; =nu k) =n+ 1, npuuem
AOJKHO BBINIOJHATHCA ycnosue (2k; +
+ Dv/dhy = (2ky + 1)v/4h,; orcroga, nonaras
n =0, waiinem k; = 0 m k, = 1. CrrefjoBaTeIbHO,
vV = vf4hy = 3v/dhy = 340 I'n.

. 370. V= U/4l= 85 Fu; Vo =V3 = U/2l-_-
=170 I'. Puic. 293

371. HacroTa 3ByKa 3aBHCHT OT CKOPOCTH
ABHkeHuA ucrouHHKa (3ddexr Jomrepa). [Ipn HenogBHXKHOM HCTOUHUKE
(Touka Sy Ha puc. 293) 3a Bpems, pasHOoe nepHoay KoneGanmid T, KoeGaune
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pacnpOCTpaHUTCs HAa PacCTOSHAE, paBHOE [JTMHE BOJIHBI Ay = uT. Ecnm xe
ucToYHUK (S Ha puc. 293) ABMKETCS CO CKOPOCTHIO i, TO 3a BpeMd T on
NpOU/ieT B HalpaBIIEHWH pAaCHPOCTpPaHEHMs BOJHBI NyTh ul, U KoneGaHue
pacnpocTpaHuTCs 32 9TO BpeMsi Ha paccrosiine A = Ay — uT = (v — u)T. Ilpn
ymansiomeMcst ucTounnke A = (v + u)T. TakuM obpa3om, dyactora KoaebaHuii,
BOCIPHHHUMACMBIX YXOM HEIOABIKHOTO UeJI0BEKa OT JBIXKYIIErocs HCTOUHHKA
3BYKa, V = VA = vhg/(v F u). DTO BblpakeHNe MOKHO YIPOCTHTD, CIHU u <€ v.
s 2TOro yMHOXHM YHCIUTENb W 3HAMEHATENb HAa (U X u) n npeHeOpexkeMm
uynenom u? mno cpasrennto ¢ V2. Torpa v = vy(1 = u/v). 3raky minoc coor-
BETCTBYET NPHOMMKEHHE HCTOYHNUKA, & 3HAKY MHHYC — yAaJI€HHE.

CornacHo yCIOBHIO 3afatn V <V, 1, CICROBATEIBHO, TEIUTOXO] YAANSIETCS

ot Gepera. Mckomas ckopocTs u = v(1 — v/vy) = 4,25 m/c.

I'masa 1II

TEIINIOTA U MOJIEKYJAPHASA ®PU3UKA

§ 12. TerutoBO€ paciunpeHne TBEPABIX TeJA H KUIAKOCTEH

372. Crep:XHU NpU HArpPEBaHUM Ha BENUUIMHY Af OyAyT WUMETDH NITHHBI
=4 +1BAr n 5 =1 +1,3,Ar Tlo yenoswio I — [/ = [, ~ ;. CrejjosarenbHo,
L/l = B,/B,. Tak kak ko3 uUMEHT JTUHEHHOrO PACUIMPEHHUS] 3aBUCHT OT
TeMIepaTypbl, TO HalijleHHOE YCIOBHE YAOBJIETBOPSET NOCTaBICHHOMY
TpeGOBaHUIO ISl HHTEPBAITOB TEMIIEPATYP, B KOTOPBIX MOXHO CUYUTATh, ITO
B./B; = const.

373. 3azop npu NOHMXKeHAN TemnepaTypbl Hike O °C yBenmymBaeTcs.
CrepoBarenbHO, PasMEp 3a30pa AONKEH OMPEACIATLC TOTBKO MAKCUMATTLHOMN
TeMmnepatypoit Harpesaumsi Beimre O °C. Jns mocra Ha wre Ly — Ly =
= LB = 50 mm, a1 MocTa Ha ceBepe Ly — Ly = LyBr, = 20 mm.

374. Ar = n/3008 = 100 °C.

375. ¢, =—~Z°A:—l°ﬂ——=83,4°c; . il T 27,8°C.

lOaBa - IO)KB)K : 3(lOaBa - lO)KB)K)

376. V = V(1 + 0Al] + QAL + o3At3) = 1001 CM3, rae At; =3 °C,
At =6°C, At =5 °C.

377. Ons uHTEpBaNa TEeMNOEPaTyp 1 < f < f, k02dPHEHEHT O0GBEMHOIO
pacugpeHnas Xugkoctu o = (H — h)/(ht, — Hty).

378. Ecau V — o6peM wapuka ¢ pTyThIO OpH TeMmueparype fj, TO NpH
temneparype ¢ = 100 °C mapux u kanan pgo aeneHus 100 °C 6ygyT uMeTb
06BeM (Vy + V)(1 + 3B1). 3tor 06beM paser o6beMy pryti V(1 + o) npu Tod
3KE TeMIleparype; OTciofia

Vo= V(L + 3Bt)(0 = 3B)t = V(o ~ 3B)e = 191 mm2.
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379. Ilpu yka3zaHHBIX pa3Mepax COCyAa H 1Iapa u npu ob6beMe HaluTOH
Bojpl Vi = 500 cm? UIap HaxXOAUTCS LEJIHKOM NOJ BOAOH; NO3TOMY

Ah = 40V, + 3BV, — 1)/rd? = 0,37 em.

380. IMpu narpeBanmu oObeM cocypa ysenumuwics Ha AV, =V, - 3B,At,
o6beM naTyHHOro uunmHppa V, =m,/p, yBemuuunacs Ha AV, =
= (my/p,) - 3B,At, 06bem Bopbl V = V| — V, usmenmics na AV = (V; — V)oAL.
Tak Kak ypoBeHb BOfIbl B COCYAE HE U3MeHmIcA, To AV — AV, = AV; oTciopa

o =3B, Vipy— Bamp)/(Vipy —my) =-3,79 - 105 K-,

3HaveHne O MONYUMIOCH OTPHIATENBHBIM, T.€. HAlPEeBaHNE IPOUCXOJUNIO IIPH
Temneparype mexay 0 u 4 °C.
381. Ap = pgaAu(V — hS)/S(1 + aAr) = 2,24 xI1a.

§ 13. KomuecTBO TENJIOTHI.
Koa¢pumment nonesnoro geiicrsns

382. ¢, = cm(0 — t7)/[ma(ty — ) — m11(0 — 1] = 2 xIx/(xr - K).

383. 8 = (upcV + cym RT I upcV + ¢,,m RT).

384. Temnepatypa cMmecn 0 = —19 °C; g narpeBanus cMecu 0 ¢ = 6 °C
Heo6XoaMMO KomuuecTBo Ternorsl @ = 1,3 MJIx.

385, C, = clmy(ty — 0) — my(1; — ©)]/(f; — 1) = 140 [Ix/K.

386. TepMoMeTp NpH MOTPY>XeHHH B BOJAY NOMYIHI KOJIHUECTBO TEIUIOTHI
Q0 = C.(t; — t;). DTO KOINYECTBO TEINOTH! OTAAHO €My BOJOH; CICIOBATENbLHO,
0 =mc(® - t,); orctopa 8 = C.(1; — t)/me + t; = 32,5 °C.

387. B eamHHLIY BPEMCHHM TEPSINOCH KOJUYECTBO TEeNAOTBI
=161,3 Ox/c.

388. MoxxHO npegcTaBuTh cebe crefyroiue ciyyau: 1) Bech Jiefi pacraer,
TeMmnepartypa cMmecu O6yper Boime ¢, = 0 °C; 2) Bca BOja 3aMep3HET,
TeMIlepaTypa cMecH OyfieT HIKe fy; 3) TeMInepaTypa cMecH OyJeT paBHa f,
4acTh JIbJ]a PAcTaeT.

IIpu oxnmaxpeHum a0 f; BOJa OTAAET KOJHMYECTBO TENMJIOTBl () =
= me(t — ty) = 42 kJIX, B TO BpeMs KaK NpH HarpeBaHuu JIo ¢ jie/ NOTyoiaeT
KOJIMYECTBO TEINOTbI ) = myuc,(t, — t;) = 420 k[Ix. Tak kak 0, > 01, TO MOTYT
OCYIICCTBIATRCS JMIIE ciydan 2) unu 3) Ecium Bes Boja 3aMep3HeT, TO OHa
OTAACT emle KOJIMIECTBO TEMIOThI Q5 = mr = 660 k[IX. Tak Kax J; + Q| > Q»,
TO BO3MOXEH NHLEL ciayda@ 3); CaefloBaTEIbHO, TeMIlepaTypa CMecH
0 =1, = 0 °C. CocTaBuB AJIs 3TOro ClIyuas ypaBHEHHE TEIIOBOTO Gaanca:

= ==

me(t—6) + my = m,c,(6-t,),
HalfieM Maccy 3aMep3Iiei BOfbI 11,
m, = [m,c,(B —t,) — me(t — 0)}/r = 1,145 kr.
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TakuM oOpa3oM, Macchl HaxOMSINUXCS B COCyle IIpH TeMIepaType
0 = 0°C Bops! ¥ Jaba OGYAYT PaBHBI m — m, M m, + m,, a ux o6vemnl V; =
=(m—-m)/p, V, = (m, + m)/p,. O6umit o6beM cMecH \

V=V, +Vy=(m-my/p+ (m, + m)lp,=7,54 p3.

389. KonuyecTBO TEMNOTHI, NONYYEHHOE JBAOM IIPH HArPEBaHUM OT
TeMIiepaTypsl t,; 1o ty = 0 °C, paBHO m,c,t,. KonndecTso TemnoTsl, Heobxo-
RUMOe [JIA IJIaBICHHSA JBJa, PaBHO m,r. KOJUYECTBO TENJIOTHI, NOIYUYEHHOE
BOJOH, oOpa3oBaBmIeiics U3 NbJAa, NpA HarpeBaHuu ot ¢y = 0 °C no Temme-
patypsl 0, pasuo m,c6. Konu4yecTBo TENNOThI, OTAaHHOE TEIJIOH BOXOH Ipm
OCTBIBAaHMH OT TEMIEPATYPsI f §O TeMuepatypsbl 0, pasHo (pV — m,)c(t — 0), rae
(pV — my,) — macca tennoi Bofbl. CocTaBnsieM ypaBHEHHE TelroBoro GanaHca:

muCoty + myr + mc8 = (pV — my)c(t — 0);

pVe(t —8)/(r + ¢yt + ct) = 30 kr,
390. m, = me(t —t) + mr + me, (fg =6) _ 40 xr, Toe =0 °C.
c,(8~1,)

1. T=T,,- 20 - mr)2mc =273 K,

392, ¢ =1 T/l(ty — 11)T — (tyn — t)Tp) = 0,23 x[Ix/(xr - K).

393. KoamuecTBa TEILTOTBI: JJIst HArpeBaHWs Jbaa o f =0°C - Q, =
=m,c,{ty —t,) = 0,21 MJIIx; pus naasnenus nppa — Q, = myr = 3,3 MJIx; s
HarpeBanus BOJIb! 10 ¢ = 100 °C — Q3 = mc(f — 1) = 4,2 MJIx; 1ns ucnapenus
BOEbI — Q4 = myA = 23 MJIx. CpaBHUBas 3TH KOJMIECTBA TEMIOTBI C KOJIH-
YECTBOM TENNOTHI , BULUM, UTO

O1+ 0+ 03<0 <O+ 0+ 03+ 0y,

T.€. BECD JIeJl IPEBPATUTCA B BOAY ¢ TeMmnepartypoit ¢t = 100 °C u jums 9acTb
BOABI Maccel m1, — m NpeBpaTHTCs B nap. Ha npeppaiienye B Map 3TOH Macchl
BOJBI NOTPeOYeTCs KOMUIECTBO TemnoTsl Qs = (m, — m)A. Takum obGpazom,
KOJINYECTBO TEMIOTBI, COOBIIEHHOE COAEPXKUMOMY cocyna, O =01+ Q, + O3 +
+ Q5. TTogcraBus clOfAa HaiICHHBIE BbIIIE BBIPAXKEHUS U PEUIMB NONYYEHHOE
ypaBHEHNE OTHOCHTENBHO m, HaliieM

oTcroia m,

n;\:" [A+c, (g —tn)+r+c(t—t0)]—%=4,6xr,

m=

394. k= [m,(A + ¢ t,) — 2pVedl2pabr = 0,4 em.

395. B cocyne HMpOMCXOAHT BBIfleNIeHHe KOJIMUYECTBa TENIOTHI (I HpH
KOHJIEHCalny napa u (J, Npy OXJIaXJeHUH BOXbI, 06pa30BaBIedcs U3 9TOro
napa, or remnepatypsl ¢ = 100 °C o Temmeparypel cMecu 0. B To xe Bpems
IIPOMCXOAUT HOTJIOEHEE KONMUYECTBa TEINO0ThI (3 NPH IJIaBleHnuy Ibaa U 04
NpM HarpeBaHHH BOABI, OBIBIIEH paHee B COCy[e H o6paaoBaBﬁJeﬁcx npH
IIaBJICHAH JIbJA, OT TeMIEpaTypsl fy = 0 °C no TeMuepartypsr cMecn 6.

MakcumanbHOE KOJIMYECTBO BbIICIIEHHOM TEIUIOTHI (KOTAa BeCh I1ap CKOH-
AeHcHpyeTcs, a 06pa3oBaBUIANCA [PH 9TOM BOAA oxjajgurcs jpo fy = 0°C)

i i
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0,1 +0,=mA + muc(t—ty) = 18 klIx pasHO KonnlleéTBy TENNOThI
Q3 =m,r = 18 k[IX, TIOrI01EHHOMY TbJAOM, KOrfla OH BECh PAacCIJIaBHTCS.
Takum o6pazom, O, = 0, u B cocyne GyAeT TOMBKO BOja NpH TeMIEpaType
9 = t() = 0 OC.

396. Ucnapupmascs: Boa uMeeT Maccy m — m,. Ha ee ncnapenne Tpebyercs
KOJAYECTBO TennoTsl Q = (m — my)A. IIpu 6LICTPOM OTKRYMBAHHH TEIIOTA OT
OKPYXAIOIMX TeJ He ycleBaeT nepefasaTses sBofe. I10aToMy BCe 3TO KOJH-
YECTBO TEIIOTHI [OJyYaeTcd NpU oOpa3oBaHMHM IbAa, T.€. Q = m,r. Caeno-
BaTENBHO, (M — my)A = myr u my =mA/(r + &) =35r.

397. M = m(r + N)/r =22,7 r (cM. 3apauy 396).

398. KonuuecTBO TEIOTHI, HEOOXOAUMOE JIJTsl HcliapeHnst 3¢gupa, oTpaercs
BOgO# M ahHPOM NPH HX OXJNAXKACHHUHU [0 TeMuepaTypsl ty = 0 °C u Bofo# npu
3aMepaadnu. TakuM o6pasom,

myA = myc,(t — to) + mc(t — ty) + mr;

oTcrofa m = my[A — ¢ (t —to))ir + c(t — t5)1 = 82 r.
399. KonuyecTBO TEIJIOTHI, HECOOXOAUMOE JUISt HArPEBaHUS BOJBI, OTHU-
MAaeTcst Y BOJBI IIPH NPEBPALISHEH €€ B JEf, T.C.

mc(ty~t) = myr; orcrofa my, = mc(ty — )fr =124 r.

400. IIpegmonoXuM, YTO HpPU HATPEBAHUU TEMIEpPaTypa CONEPXKUMOTO
Kon6b1 yBesmumiiack Ha AT. [Jo Harpesanus Boja uMena o6beM Vi =my/py, a
pTyTh — V5 = m,/p,. IlnoTHOCTE BOABI mocne Harpesanus P = py/(1 +
+ 0;AT). O6beM BBITEKIIECH BOJbI ‘

V=mfp =m(l + o,AT)/p;.

ITpu uarpesanuy 06beM BOABI yBeauumiacs Ha AV, = o VAT, a o6bem
pryma — Ha AV, = o,,V,AT. Tak xak konbGa Oblna 3alolHeHa 10 Kpaes, TO
AV + AV, = AV. Tlosblmedne TemnepaTypbl AT HaiifieM H3 ypaBHEHus
O = (mc, + mycy)AT. B pesynbraTe uMeeM

oy = —L2—[mimyc, + myc,) — o, O(my —m)) =1,7-104 K.
pimyQ

401. Macca gatyuu m = Vygpg = Vp, tae p = po/(1 + 3B1) — moTaocTs naTyHu
1O MOrpy>KeHHs B COCYHN, KOrla KYCOK JIATYHH MMeJ TeMIepaTypy !, OTCIofa
V = (m/pg)(1 + 3Pr). s onpefeneHnss HaYaJbHOR TeMIEPATYphl JATYHH !
COCTaBHM YpaBHEHHe TEILUTOBOro OajaHca: TelsioTa, 3aTpadeHHas Ha IJIaBie-
HUE JIbja, MOJyYeHa 3a CUeT OXJaXK/EHHs JIATYHH, T.e. myi = mc(t — ty), OTKyja
t = myr/mc. CnegoBaTensHoO,

V = (m/pp)(1 + 3Bm,r/mc) = 51,2 o™,
402. KonuyecTBO TENMNOTHI, BBIJIENSIONIECEC] NPH CrOPaHUH TonnﬁBa

B efuHULYy BpeMeHH, O, = m.q. I3 3TOro KonmdecTsa TEMJIOTHI 3a TO K€
BpeMs IIpeBpaljaeTcs B IOJe3Hylo paGory aumes vacte N = Q.M, rae
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N = (T — T)/T, — naubonvumit KIIJ] geuratens (T; =1+ 273 K; i= 1, 2).
CnepoBaTenbHO, HONE3HAS MOIHOCTH, pa3BHBaeMas 3THM [ABHTaTeJIeM, He
MOKET IPEeBbIINATh

N =mq(T) — Ty)/T = 263 kBT.

" 403. MakcumansHo Bo3moxHbie KIIJI mBuratesnss ¥ nmapoBOH MalllMHBI
M =T-TT,an, =T, -DT, (tpe T; =t; + 273 K; i = 1, 2). OrHOWEHNE
KI1[ gsurarens u napoBo# MauIMebl pasHo N/, = (T - YT /(T =TT = 2.

404. Pacxof TOIUTHBA HA eUHANYY AMHHBI OYTH M, = N/g nv = 5 KT/KM.

405. g = Ns/mvm = 46 MIIx/r.

406. Ycrnosue BUXKEHMS CIYTHHKA o opoute Mu?/R = Mg mMoxeT GbITh
BBITIOJIHEHO, €CJTH CAYTHHKY COOOIEeHa KHHETHYECKas dHeprua W = Mu%/2. Dra
SHEPrHUsl HOJNYYaeTCsl YTEM NPEBPAILEHUA TENIOBOI oHepruu Q = gm, BbIjie-
TAIOIIeHcsa IPU CTOPAHHN KEPOCHHA, B MEXaHW4ecKylo 3Hepruo, T.e. W = Q.
CosMecTHOe pellleHHe ITHX ypaBHeHui faeT m = MgR/2q = 670 kr.

407.n = (Ns/pVQv) - 100 % =32 %.

408. n = [Vpc(t, — t)/NT] - 100 % = 52 %, rie t, =100 °C — Ttemneparypa
KHUIEHHAs BOABL.

409. B oxpyxkaroliee NPOCTPAHCTBO 3a BPEMS T OTHAETCS KOIHYECTBO
TeIOTHI Oy = mc(t - ty) + mr, OTHSITOE Y BOJbI IIPH €€ OXJIaKACHUN U IIPEBpa-
IIeHUH B Jiej], a TAKXKe IIpeBpallieHHas B TEIUIOTY B lpouecce paboOTh! XOnO-
nuabHEKA 9Heprus W, nonyuedHas ot anekrpoceTd. Beero 3a BpeMs T oTaa-
€TCsl KOJAMYecTBO TennoTel Q.1 = Oy + W. MomHnocrts, norpebnsgeMasl xomo-
JAHJIBHUKOM.

N=W/t=0,-Qy/t=qg—(m/tDc(t—1t5)+r]=416 Br.

410. Q = ma*t?/2 =225 MJIx.

411, v =\ 4c(T,,,—~T) + 4r — 2gh = 388 m/c.

412, Tax Kak ABMXEHHE PaBHOMEPHOE, TO CHJIa HATAXKEHUS BepeBKU F
paBHA CyMMe IPOEKUMH Ha HAnpaBicHUEe HaKJIOHHOM MIIOCKOCTH CHIIbI TSIXKe-
cTy ¥ cwibl TpeHus: F = mg(sin & + k cos ). [Ipu nogbeMe tenra Ha BuicoTy /i
OHO NPOXOAUT BROJb HAKJIOHHON NJIIOCKOCTH paccrosHue [ = N/ sin o Ilpu
3aTOM coBepiaercs padora A = Fl, KoTopas uAcT Ha YBEIHYEHUE NOTCHLIHATb-
HOM SHEpPIUH Teja (KMHeTHUecKast SHEPrusA He M3MEeHSETCs) M Ha HarpeBaHue
Opycka u focky, T.e. A = mgh + W; orcropa W = kmgh ctg o.

413. Q = mgl sin a.— mv?/ 2 = 100 [Ix.

414. n = N/pS! = 2 ob/c.

415. W3 3akoHa COXpAHEHWS WUMIYIIBCA HAXOAWM CKOPOCTH Kyba mocne
HpoJieTa CKBO3b Hero nynau: v = (m/M)(v; — v;). DHeprusi, NpeBpaTHBIIAsACS B
TEMUIO, PABHA PA3HOCTH KHHETHUECKON IHEPTHU YU UEPe]| MonagaHueM 8 Ky0

mv,2 /2 ¥ KMHETHYECKOH 9HEepruu Kyba ¥ Nynn Mv? | 2+mv22 /2 nocne npo-
XOKJSHUs My)H CKBO3b Ky0. CriefjoBaTeNbHO,

2 2 2
_ my; Mv®  mv; m[ 2 s m 2]
W= - + =—\vyf —U) —— (U, ~ Vv .

2 [ 2 2 ) VT Ty )
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416. CormacHO 3aKOHY COXPAaHEHHS HMIYIbCa CKOPOCTh COBMECT-

HOTO [BHXEHHS M[apoB mnocle abGCONIOTHO HEYIPYroro ypaapa
v = (M) — mypu,)/(my + my). JJanee 3 3aK0Ha COXpAaHEHMS YHEPIUH CAEAyET

m,vl2 +m2u22 (ml+m2)v2 _mmy (V) + Uy )?

15 JIx.
2 2 2 2(m; +my)

0=

§ 14. 3akonb1 HEeaILHOTO raza H ypaBHeHHEe COCTOAHNA

417. Cm. puc. 294-296.
418. Cormacuo 3akony  Boinms—Mapuorra pyVy=pV; orcoga
V= p()VO/[) = 0,02 M3.

3T1 I l
| I
! |
] 3
[} I
L 1

Puc. 294 Puc. 295 Puc. 296

Vv

T

419. p; = V,Ap/(V, - V) = 12 kHa.

420, p = (F cos 0))/S + pg = 110 kI1a.

421. Al = ImRT — uVpyl uVpg = 2,9 em.

422. JlaBneune p BHYTPU IUIMHApa 6€3 rpysa Ha IMOpPIIHE ONpEejes-
eTcsi W3 ycIOBUS paBHOBecHst nopiHs (puc. 297): pS cos o= mg + paSy, rie
S = §p/ cos o0 — mIomans BHYTPEHHEN CKOUIEHHON NOBEPX-
HOCTH NOPHIHS; OoTctofia p = mg/Sy + py. [laBnenue p’ BHYTpm
IMJIMHIPA, KOTa Ha NOPIIHE JEXHUT IPy3, onpejensieTcs aHa-
JoruvHo: p’ = (mg + Mg)/Sy + py. Ilo zakouy Boimas—
Mapmnotrra pV = p’V’, rie cornacHo ycnosuto 3agaun V' = V/2.
W3 a1ux ypaBrenuit noxyunm M = poSy/ g + m = 26 xr.

423. F = pgnrlf({ — Al) = 46 H.

424. [laBnenue BO3fyxa p; BHyTpH TpyOKH, oGpameHHOH
OTKPBITBIM KOHIIOM BBEepX, PaBHO CyMMe aTMoOcCthepHOro
HaBJICHUA po U JaBIIeHHs CTONOHKA PTYTH Pgh: py = po + pgh.
O61peM Bo3nyxa B TpyOke V| =S/, rne S — nnomane none-
peuHoro ceueHns Tpyokn (puc. 298). Korga Tpy6ka 1nosepHyTa
OTKPBITBIM KOHIIOM BHH3, TO aTMoc¢hepHOe RaBJICHHE P Puc. 297
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ypaBHOBEIIMBAETCH [AaBICHHEM BO3[lyXa BHYTDH TPYOKH D, H AaBJIEHUeM
cToN0HKa OcTaBilelcs B Hell PTYTH pPgh/2: py = p, +pgh/2, unu p, = py — pgh/2.
OG1BeM BO3yxa B 3TOM cnydae V, = S(L — 1/2). Ucnons3ys 3akoH Boiding—
Mapuotra p;V| = p,V,, Hafinem

1= (Po—Pgh/2)(L=h/2)
po +pgh

425. B oGoux kOHUax TPyOGKHM BO3AYX NEPBOHAYANBHO 3aHUMAN OO0beMm
V = S(L - h)/2, re S — niowajgs NONepevyHOTo cedeHrst TPYOKH, W UIMeN JaBle-

(Y X
- ] 3
F— !
« |
h § N 1
N\ ARNIE =)
L h
¥
l —
\/ hi2 LY
Puc. 298 Puc. 299 Puc. 300

Hue p. Korpa TpyOKy nocTaBuiaM BepTUKambHO (puc.299), o6beM BO3nyxa B
BepxHed yactd Tpyoku cran Vi = S[(L — h)/2 + [], a naBienue cTano p;; B HAXK-
HEel yacTu Tpyok: obweM cran V, = S[(L —~ h)/2 -], a paBieHne crano pas-
HbBIM p,. CormacHo 3akoHy boiins-MapunoTrTa nns BepxHel yacTH TpyOKH

pV=pVi, otkyra (L-h)p=(L-h+2)py; e8)
A HIXKHER 9acTH TpyOKHA
pV =piV,, otkyra(L~h)p=(L-h-2Dp,. (2)

C ppyro# CTOpPOHBI, CTOJNIOMK PTYTH HaxOJHTCS B PAaBHOBECHH, KOTHa
NaBIEHHE BO3[YXa B HIDKHEH yacTH TPyOKM PaBHO CyMMe RaBNCHUM BO3JyXa B
BEepXHEHN YacTu TPYOKH M CTONOHKA PTYTH, T.C.

p2=p1 +pgh. (3

Hckmoaus py n p, u3 ypasaenui (1)—(3), Haiinem

p = pghl(L — hy? — ARYAIL — k) = 50 kITa.

426. [JapneHne BO3[yXa B TPYOKE A0 €€ NOTPYXKEHUA B PTYTH Py = py, 4
o6bem ero Vi = SL, rae § — miomagp nonepevHoro ceuenus tpyoku. Ilocie
NOTPY>KEeHHs TPYOKH B PTYTh JaBICHHE BO3IyXa B HEH CTaJIO py = po + Pgh, a
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o6beM ero V, = S(h + ) (puc. 300). ITo 3akony Boitns—Mapnorra p,V; = p,V,,
AITH

pol = (po + pgh) (h + I); orciona [ = pol/(py + pgh) — h = -38 cm,
T.€. 3amagHHbIH KOHeu TPYOKH MOJKEH HaXONHThCA HA PpPaCCTOSAHHH
! =38 cM OT TOBepXHOCTH PTYTH B COCYAE.

427. 1 = Lpy/2(py + pgh) — h = =57 cm (puc. 301).

428. 1o BaBuranus mopuras o6beM BoO3jlyxa B nuiauHape V; = §;/;, a ero
RaBIeHWe p; = pg. [Ipu BABHHYTOM nopitHe 00BEM BO3fyxa B TpyOke V, = S)h,
a ero JaBJleHHe p, = py + pgh (puc. 302). Cornacxo 3akoHy boitna—Mapuorra
piVi=pyVs, nn

PoSih = (py +pgh)S,h;

2
S
orciopa h=20 + (&) 4+ Poois
2gp 2gp pgsS;
Hepen KOpHCM cnenyeT B34Th 3HaK IUIKOC, TAK KakK BeJII/I‘IPIHy h MBI CYHHTaEM
NOJIOKUTENBHOM (C yBeTHUeHHEM h naBiienue p, ysenuynsaetcs). [lojcrasus B
TO K€ ypaBHEHHEe h = [; ¥ PEllAB €ro OTHOCUTENBHO S|, HafileM MIUHAMAIILHYIO
momainb HOHGpe‘IHOI‘O ceuyenud unnnn,upa:
Simin = (Po +P&L)IS2L, 1 poly.

429. o nopgwpema nopiiHa o6beM Bo3Ayxa B Tpybke Vi =S/, The
S — nouage NONEPeYHOro CeYeHus1 TPYOKW, a [aBJeHWe BO3AyXa PaBHO pg.

Puc. 301

ITocne mopbeMa NOPIIHA Ha BbICOTY [ PTYTh B TPyOKe NOTHUMETCS HAa BBICOTY
h Hap ypoBHEM pTyTH B cocyae (puc. 303). O6neM Bo3ftyxa B TpyOKe CTaHET
V = 8( - h), a ero gaBaenue p = pg— pgh, 1.€. h = (py — p)/pg. CornacHo 3aKoHY
Boins—Mapuorra pogVy = pV, unu poSly = pS(I — k). YurrbiBas BhIpakeHHE
st h, mmeeM popgly = p(pgl - po + p); oTcrona

_Po—pel \/ (po —pgl)’®
2 4

p + poPgly -
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Taxk kax AaBJIeHHE BO3AYXa B TpyOKe He MOXKET OBITh OTPHUUATENBHEIM,
TO Nepell KOPHEM cIe[yeT B3sAThb 3HAK NNIOC. B pesynbTare noayumm

p=11,6

KIIa.

430. O6neM Bo3fyxa B TPyOKe fl0 ee norpyxenns Vy = Sl (S — nonepeunoe
ceveHne TPyOKH), a JaBIICHHE BO3/lyXa B HeH paBHO p. Eciu HIDKHMH KOHer

|

!
<]
oo

|

fs~
|
~

l

!

TpyOKHM norpyxeH Ha riny6uny H (puc. 304), To
oObem Bo3fyxa B Helt V = SI, a yposeHb BOjbI
BHYTPH TPYOKHM HaxXOAMTCA Ha paccTosHum H —
— (lo = I) or nosepxuocru Mops. [Ipu 3ToM gasne-
HHEe BO3[yXxa B TpyOKe OyfgeT paBHO P = p +
+ pg(H — Iy + 1). Ilo 3akony Boiins—Mapuorra
poVo=pV, Te.

Polo =1py +pg(H — Ly + Dk
orctona H = (py + pgl) (lg— Dipgl = 41,6 m.
431. JJaBneHme BO3AyXa HAa JHE BOJOEMa

p1 =po+ pgH, Ha rnybude h — p, = py + pgh.
OG6beM ny3bIphKa Ha rayouse h pasen v = 47r3/3,
Cornacho 3akony Boims~Mapuorra

PV =pyv, uma (py+pgH)V =(py +pgh)41tr3 /3;
OTCOfa r = %/3(;70 +pgH)V /4n(py +pgh).

432. 1, = r,Jpﬂ"z I(py +pogh)T; = 1,37 cM (oM. 3apauy 431).
433. k = v/ V = po/(po + pgh) = 0,19, rae V — oGbeM noaxn, v — o0beM
JIOAKH, CBOGOXHBIR OT BOJBI.

434. H = p()(V]
435. H

- Vy)AH[V Apy = 1,38 kM.
avyaJbHBIA 06bEM BO3/IyXa NOA nopiHamu V = SH, rae S — nmomanb

MMONEPEUYHOrO CEUCHHUS COCYAOB. Koneunnprii 06beM BO3lyXa MojJ 3aKpeIviCH-

H/%i__.

CrnefoBaTeNbHO, Py = Py

HpiM nopiuaeM V= S(H + H/2) =3SH/2, a
Nmoj, NOJBHUXHBIM HNopurHeM V, = S(H +

+ h— HI2) = S(h + H)/2) (puc. 305). KoneuHble
OaBJICHHS IOl HAMH PaBHbI p; U p,. PasHocThb
9THX [aBJEHHH oOnpejensieTcss pasHOCTHIO

H/2 YPOBHel XHWJKOCTH B cocyfax; py —p, = pgH.

Cornacno 3akony boiina—Mapuorra nns co-
Cyfa C 3aKPEIUIEHHBIM OPITHEM

pV = p,V,, unu pH = 3p,H/2; orciopa p; =2p/3.

—pgH = 2p/3 - pgH. Cornacuo 3akony Boitns—Ma-

PHOTTA AJIs COCyhAa C NOABUXKHBIM IOPIIHEM

pV = szZ, nn ph=py,(h+H/2)= (2p/3 ng)(h+H/2)

OTcmna h = (4p +3pgHHYH/2(2p — 3pgH).
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436. HavanbsHblil 06beM BO3[yXa B 3aHassHHOM KoneHe V= Sh (§ — mmo-
manghb MONMEPevYHOro CEYEeHHs ITOrO KOJICHA), a [JaBlieHHne B HEM PaBHO .
ITocne BBINYCKaHUS 4acTH PTYTH OOBbEM BO3/lyXa B 3TOM KOJEHE CTal
V=S(+ h;), a gaBneaue B HeM p = py— pg(h, — hy) (puc. 306). CormacHo
3akony boitns-Mapuorra

poVo = pV, mmm poh =[py —pg(hy — h)I(h+hy);

orctopa h, = hy[py + pglh + hy)/pg(h +h) =53 cm.

437. Ilepen 3acacbiBaHAEM BO3[YyX 3aHMMacT OObEM
6ammoHa V W uMeeT jaBiieHHe p;. B KOHIle 3acachiBaHus
00beM, 3aHUMacMBblil BO3[[yXOM, COCTOUT U3 00beMa Oai-
JIOHa 1 o6'beMa 3acachiBarollell kaMepsl: V + v, laBieHne
NIpA 3TOM CTAaHOBHUTCS PaBHbIM p,. CormacHo 3akoHy
Bouns-Mapuotrra p\V = po(V + v), unu pi/p, = (V + v)/V.
ITo ycmoBuio 3apaum p,/p, = n. CnegoBaTeNbHO, U = Puc. 306
=V(n-1)=0,8 a.

438. Ilepej 3acackiBaHHEM BO3[yX 3aHMMacT 00keM Gannona V, a naBneHue
ero paBHO p. B KOHIle MepBOro 3acacbIBaHUS O0BEM BO3[yXa CKIAAbIBAETCS U3
o6beMa OannoHa M 06'beMa 3acachlBaloIel KaMepsr: V + v, a AaBlIeHUE ero
CTaHOBUTCA paBHbIM p;. CornacHo 3akory bBoiins—-Mapuorra pV = pi(V + v),
OTKyfa

p1=pVIV + U
IIpu BTOpOM LHKJIE PONb HAYAJIBLHOTO aBIEeHHAS OYET UIrPaTh Py; IOITOMY
pr=pVIV+v)=plVIV+ v)P
HpI/I TpeTI)eM IUKIIE HAYAJIbHOEC JaBJICHHUC GYHCT Po; CAENOBAaTCILHO,
py=pVIV+ v)=plVIV+v)P,
u T.J1. SIcHO, 4TO NOCIE /1 UUKJIOB JaBlIeHUE OyAeT
p,=plVIV+ v, umu p,/p=[VI(V+ v)]".

Jlorapnpmupys, HakaeM

lg(p, / pg)=nlglV/(V+ v)],
unu n=1g(p, / pg)/1g[VIV+ v)].

439. O6beM Bo3ayxa IIPH JaBIEHUH p, HEOOXOAUMBIH B eIMHHLY BPEeMEHH
asst paGoThI 1 MOJIOTKOB, paBeH nv,. I1o 3akony Bolins—Mapuorra p,V, = pnu;
oTcrofa n = pyV./pu, = 20.

440. B xoHIIe KaXX[IOT0O 3acacblBAHUS BO3AYX IIpH aTMOC(EPHOM [[aBIEHHN
Pp 3aHMMaeT 0oOBbEM U 3acachiBalOILEH KaMephl Hacoca. B Msade ator Bo3gyx
3aHUMaeT 00'beM V M HMEET NaplMalbHOE JaBJIEHAE p, KOTOPOE MOXHO HAHTH
u3 3akoHa Boins—MapmoTrta; p = vpy/V. Ilocne n kauauuit faBneHue p, B Msi-
ye OyAeT paBHO CyMMe NapIHalbHbIX AaBiICHAN: p, = np = nupy/V =0,2 MITa., -
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441. TlapuuansHOe fRaBleHHE ONHON MOPIMH BO3NyXa MOXHO HAWTH Npu
noMom 3akoHa Boitnma-MapuorTta (cM. 3amauy 440): p, = vpe/V, rne
v = Td*h/4 — o6beM BO3[yXa, 3acachbiBA€MbIH IPH ONHOM IHKIE PaGOThI
Hacoca. CymMa napIuaibHbIX JAaBICHAR BCeX NOPUMH BO3yXa, JOOaBIIFEMEIX B
KaMepy 3a n UEKJIOB paGoTsl Hacoca, 6yaer np, = nd*hnpy /4V. CnoxuB 31y
BEJMYMHY C HAYANBbHBIM JJaBJIICHHEM B KaMepe Py, HalileM KOHEYHOE [JaBJIeHHE!
p = Td%hnpy /4V + pg; oTcroga YHCIIO WHAKIOB paGOTEI Hacoca, HEOGXORAMBIX
JUTSL IONyYEeHUs IaBIeHUs P B KaMepe,

n= 4V(p - po)ndzhpo.
BpeMst HakauABaHUS KAMEPbI
t=n1=4V(p~- po)‘c/nd2hp0' =46 c.

442. ITocne coeflMHEHN COCYAOB BO3AYX, HAXONHBUIMHCA B KaX1OM U3 HHX,
pacnpegenutca o ooweMy Vi + V; nByx cocypos. [Ins Bo3pyxa, HaxO[HUBIHE-
rocst B IEPBOM COCYAE, COrNacHO 3akony boing—Mapuorra p, Vi = p'y(V] + Va);
U1 BO3[yX2a, HAXOMBUIETOCA BG BTOPOM cOcyhe, poV, = ph(Vy + Vy), roe p'y
u p’) — napuuanbHble AaBieHHs. CKIajgpIiBast 3TH PaBeHCTBAa, IHOIYYHUM
PV +paVa=(p + pr)X(V, +V,). Tlo 3akony [JanbToHa ycTa#HOBUBIIEESCS
aaprenue p = p’| + p’. Takum o6pa3om,

p(p Vi + pVa) KV, + V) = 675 ITa.

443. py = [p(V] + V) — p,V51/V1 = 1,2 MI1a (cM. 3apaay 442).
444, P = 4[)”11/(2"11 + m2).

Vv
P Py
141
3 —_— 3p 3
P
P f— ’
L——————» —
o Vv o T 0] T
Puc. 307 Puc. 308 Puc. 309

445. Cm. puc. 307-309.
446. HayanbHas ¥ XOHEUHad TeMneparypst raza (V, = 2V)):
T = AT 1K T= V, I VAT

VoV —1 V, 1V -1

447 AVIV, = (V, - VIV = [T, = TYIT ) - 100 % = 4 %.

448. JIna HeHarperoro cocyja corjacHo 3akony Boitns—-MapnortTa
pV = p'(V — SA); ang HarpeToro cocypa cormacHo O6heHHCEHHOMY Ta30BOMY
3akony pVIT = p'(V + SAD/T + AT), rne p u p’ — naBlIeHuss B COCyiax 0 H
nocyxe Harpesanud. HCKNIOUMB W3 3THX ypaBHeHm# p/p’, HaijeM
AT/T = 2SAI/(V — SAD) = 2SAl/V.
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L 449.01T, =—V___267 K o T, = LV T NAY)
VAV VAV

=321 K.

450. V, = VT, [T\ + T») =200 cM3, V, = VT, /(T; + T,) = 300 cM3.

" 451. VUsmenenue ob6bema AV ogmHakoBO [ obenx wacTedl HUITHHApA.
CornacHo 06'beAHHEHHOMY Ta30BOMY 3aKOHY ISl HEHArpeTOH YacTH [IIMHADa
pV = p’(V — AV), nns narperoin pVIT = p'(V + AV)/T’, rae V — nepBoHavgabHBIA
o6beM kaxpgon wactm umwnuHApa. Vckmiouas orcioga AV/V, nafiem
p’ = pT + T)H2T = 105 klla.

452. ITycTs npy ropu3OHTATLHOM IIOJIOKEHAN HHUIMHEAPA 00BEM KaXKIoH U3
vyacreii paseH V. IIpy BepTHKATbHOM IOJIOXKEHUH IIIHHAPA 00bEM BEPXHEH
qacTu cran V + AV u gaBieHre B He# pasHO p’, 06beM HIDKHEH UacTH cTall
V — AV u paBieHue B Heil paBHO p + mg/S. Cornacuo 3akoHy boina—Mapuorra
HMeeM

pV = p'(V+AV), pV=(p +mglS)(V—AV).

Hckmrouns n3 2THX ypasHeHuHA AV/V, nonyunm

2 mg mgp
- el -
P (p < )p Y

oTcrofa .
2
, |1 mg mg)
=—|p-——24+ [pr+| =1 |,
et ( s

(BTOpO# KOpeHBb OTOPOILEH, TaK KaK OH faeT Ans p’ OTpHLATEIbHbIE 3HA-
YCeHHST).

453. 1 = pgh(L - )22p + pgh) = 17 em.

454. T = pT/p' = mT/Vp' =225 K.

455. Tak kak fgaBieHHe B Konle mepej IMOrpyKEHHEM M B KOHEYHOM
€€ COCTOSIHMM OJIHO W TO K€ (paBHO aTMOC(EPHOMY), TO AN ITHX COCTOs-
Hmit raza V/V, = T\/T,, tne Vi = 4na3/3 + nd?l/4, V, = 4ra?/3 + nd?l/8 -
HavaJbHBIH M KOHeUYHLIH OOGBEMBI BO3Ayxa B konbe. CrneposaTenbHO,
T, =T,V [V, =2Tx(16a% + 31d»)/(32a* + 31d%) = 316 K.

456. py = poTy/T, = 0,41 /M3,

457, YpaBHeHHE cOCTOAHNUSA Ta3a O U NOCNe HarpeBaHus;

pV =(m/WRT, p(V+Sh)y=(m/WR(T +AT),

rae p, V u T — naBnenue, o0'beM M TeMIEpaTypa rasa Jlo HarpeBanus. Beraurast
BTOpOE YpPaBHEHHE U3 IIEPBOrO ¥ YUHTBIBAsl, 4TO p = py + Mg/S, Hainem
M mRAT/ugh PoS/g =85 kr.

458. YCnonne VIT = ¢onst 03HaYaeT, YTO HPOLECCH HATPEBaHU H OXJIaXKe-
HSL npoﬂcxo;mT n3063pﬂo IIpi OTHOIIEHMA HAYANBHBIX 00beMoB V/V, = 1/2
3TH 00beMbl cocTaBasaoT 4dactd Vi =V/3 u V, =2V/3 or o6bema V Beelt
TpyOku. Koueunnlie 06beMbl 06enx yacted oguHakosbi: V3 = V/2. CornacHo
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sakony ['eri-JItoccaka st mennuieit wactu V/Vs; =Ty /T, nnst Gonabiueii yactn
Vo/Va=Ty/T,, tae Ty =273 K - TeMueparypa, COOTBETCTBYIOUIAs HAYATBLHBIM
YCITOBHSM; OTCHOfA

T] = T()V3/V] = 3T0/2 = 410 K, T2 = T()V3/v2 = 3T()/4 = 205 K

459.1=LT)/[(T| + T;) = 42 cm.

460. T, = p\T,/p, = 404 K.

461. m = Spy(T, - T)/gT, =~ 4,6 kr.

462. MaHoMeTpsI OGBIYHO IPASYUPYIOTC TaK, YTO OHH [OKa3bIBAKOT pas-
HOCTb MEXJAY JaBlicHHWEM BHyTPH OalyioHa W aTMoc(EepHBIM JABICHUEM,
INosToMy faBneHHe B GallsiOHE, KOTAA OH HAXOAUTCS B HOMEIUEHHH, Py = P + Py,
a jaBneHue B 6annoHe, KOIJa OH BBIHECEH HA YNMLYY, Py = p + Py — Ap. Tak kax
006hEM rasa ocraeTcss HeM3MEHHbBIM, TO 1o 3akoHy Mapus p /T = p,/T,, rne

=t + 273 K — reMnepaTypa Hapy>XHOT'O BO3[lyXa; OTCHO/a

T2 = ])2T‘/])1 = (]) + Po— A]))Tl/(]) + ]7()) =256 K.

463. JagneHne ra3a, KOTOPLIM HAMONHSIOTCS JAMIIBI, JOJKHO YAOBJIET-
sopate 3akony Mapms: p/T| = py/Ty; otctona p = Typy /T, = 74 kI1a.

P P

Puc. 310 Puc. 311

464. Ilycts B uuIMHAPE NOJ MOPIIHEM HAXOJHTCS HEKOTOpas Macca rasa,
KOTOPBIf npu TeMneparype #, = 0 °C uMeer gaBicHue p, u o6beM Vi,

1) Harpeewm ras no teMnepaTypsl {| OpH [HOCTOSIHHOM JaBiISHUH pg. Torga no
3akony ['efi-Jlroccaka ra3 3afiMer o6beM V) = V(1 + o).

2) CoxmMeM ras npH IOCTOSIHHOM TemnepaType f; OT o0beMa V) 1o o0nhema
V. B pesynbrare ras OyJeT HMeTh JaBIE€HUE P, IPAYEM 10 3aKOHY Boina-
Mapworra pyVy = p V.

3) Oxnagum ras 1o TeMnepaTyps! &) NpHu 1ocTosiHEOM 06seMe V). ITpn aToM
ra3 BO3BPaTHUTCS B IEPBOHAYATILHOE COCTOSTHAE U €ro JIABIICHUE YMEHBIIUTCH
oT py o py. Cornacuo 3akony llapnst p; u py CBA3aHBI COOTHOUICHHEM
P11 =pol + Bo).

ITopcraBus BeipakeHue ans Vi m3 3akona I'efi-JItoccaka u BeIpaskeHde s
pq n3 3axoHa lllapias B BbIpa)keHHE 3aKOHA Bonna—Mapnoq‘Ta, ONyYdM
poVo(l + o) = poV(1 + Bty); orcrona o = B.

465. Cm. puc. 310 1 311.
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466. Onsa nepexopa MexXay COCTOSIHUAMH 3 M 1 ROJKHO BBINOJHATHCA
coorroutenne p3V3/T3 = pV,/T;. C npyroit cropoHsl, Kax BHAHO U3 puc. 63, B
atoM cayuae V = kp, T.e. Va/p; = Vy/p;. IIpouece nepexona MeXny COCTOSHUMHI
1 m 2 u30XOpHBIH; crenoBaTeNbHO, py/py = T)/T,. HakoHen, npouecc mexpuy
COCTOsIHUSIMU 2 U 3 H300apHbLI, T.€. p; = p3. I3 NpUBEAEHHbIX COOTHOUICHUH
waiipem T3 = 157 / T,.

467. py =,V T3/V4T, = 0,1 MIla.

468. Ins maHHOM Macchl rasa nOpw THOOLIX NPOLECcaX MOXKHO HNpPHME-
HATb OO'BEAMHEHHBIH Ta30BbIi 3akKoH B Buac pV/T =B = const. ITocTosiHHYIO

p, MIla p. MIla V.n

N

0

Puc. 312 Puc. 313 Puc. 314

BeTUUMHy B MOXHO HalT#, NOJICTAaBHB B 3TO YPAaBHEHHE H3BECTHBIC i
HAYaJILHOTO COCTOsIHWsi 3HaueHus p,, V|, T{; umeeM [Ans Haule#l 3ajgadn
B =p,V,/T, =0,5 Ix/K. [TocrpouM rpauku NpoLECCOB, NPEABAPUTEILHO
Bu16pas Macwrad nast p, V n T (puc. 312-314). B pesyabrare NOAYUHM, UITO
ps=0,1 MITa. .

469. IIpun HOPMATBHBIX YCIOBHAX (JaBJIeHUH p, = pghy = 101,325 kIla, rue
p = 13,595 - 10% kr/m? — nnoTHOCTL PTYTH. ¢ = 9,81 M/c? — yckopenue ¢B06Of-
HOTO najgiesust u g =760 MM — BbICOTA PTYTHOro cronda, m TeMmmneparype
Ty =273 K) MoJb 1106010 ra3za cornacHo 3akKOHY ABOTA/pO 3aHNMAET 00bEM
Vou = 22,41 - 1073 M3 /moie; oTciona

R = pV /T = poViyu/Ty = 8,31 Ix/(moxns - K).

470. V13 ypaBHEHHUS COCTOSIHUSL HII€aJIBHOTO rasa HaljaeM

m=UpV/RT = 138 1.

471. w, = nyWopaTy/mop T, = 0,028 kr/Moub.

472. YpaBHeHHs. COCTOSHES BO3[1yXa B COCy/ie€ NIPH aTMOC(EPHOM J1aBIEHUH
p 1o u nocne HarpeBaHus: pV = mRT /1L u pV = nyRTH/\W, TRE My B 1) — MACCHI
BO3yXa B cOCyle N0 H nmocie HarpeBaHus. Ilofienus BTOpOe ypaBHEHHE Ha
nepsoe, HaigeM ny/my = T1/T, = 0,415.
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473. (my — myimy = (p; — p/p1 = 0.2.

474. my — my = (WV/R)Y(po/T, — p/T)) =57 1.

475. 1 = mRT/pV = 0,032 Kr/Monb (KHCTOPOJ).

476. U3 ypaBHenns cocTosanus uMeeM p = m/V = Up/RT = 1,12 kr/m3.
477. py = 0,49 xr/m? (cM. 3apauy 476).

478. p = 0,4RTpy /1 = 24 MIla (cM. 3apaty 476).

479. 3apady MOXHO PEUIATH TPeMs CIOCOOaMMu.

I. YcranoBuBInEecs naBieHUE BbIpaxaercs popMynon (cM. 3agaqgy 442)

p= (Vi +pV)I(Vy + Vo),

OTCrO1a
1= {p(Vy + Vo) = ppVolfVy = 0,5 MITa.

II. YpaBHEHMS COCTOAHHS BO3[yXa B IEPBOM M BO BTOPOM GalIOHAX:
Vi =mRTIW, prVy=moRT/,

nocie coenunenus 6amnonoB p(Vy + V,) = (my + my)RT/WL, riie my ¥ niy — Macewr
BO3AyXa B EPBOM M BTOpOM Gaionax. VICKITIOUHB M3 3THX YpaBHEHHN m; U
my, moayIumM cHoBa pp = [p(Vy + Vi) — paVol/V).

III. ITpepnonoxum, uro B Tpybe, coeanmHstomeil GalIoHbl, HMEETCS IOp-
uers (puc. 315). CMecTHM NopIeHs Tak, YTo-
Obl naBIcHUS B DaNOHAX CTATH OHHAKOBBLIMH
u paBHbIME p. O6HEM Bo3yxa B IEpBOM Galo-
HE YBeNUUMTCSA Ha BeawdunHy AV u craHer pas-
HBIM V| + AV, a BO BTOpOM GanNnoHe yYMEHb-

Puc. 315 WIATCA HA TY XK€ BEIUUMHY WU CTAHET paB-

M V), — AV. Tenepn nopuieHb MOXHO

ylaJanThL, He Hapylias pasHoBecust rasa. Ilo 3axkony bo#ins—Mapuorra

piVi=plV,+ AV)u p,V, = p(V, — AV). Ckinageisas 3TH ypaBHEHUs, HaijeM

piVi+pVo=p(Vy +V,), oTKyfa NONY4YUM [ ONPERENEHNs P NPEXHION
¢dopmyny.

480. p = (T/2)(p\/T| + paT).

481. YpaBHeHHE COCTOSIHIS Ta3a A0 HarpeBaHHa B KaXKAOH YacTH NUINHApA:

m

pSL=—,IRT, 1

rae SL = V — 06beM Kaka0# 4acTy [HJIMHAPA, S — IIOWAfb €ro I10nepedHoro
ceuenus. O6beMbl HarpeToli M HeHarpero# wacrei: Vi =S(L +)uV, =
= S(L — ). YpaBHeHHsI COCTOSIHHS ra3a B HUX:

pS(L+1)= JER(T +AT), )

p'S(L—1)= % RT, 3)

rje p’ — NaBlicHWe rasa Iocjie CMelleHus NOpIHA (OQHO M TO Xe B 00cHX
yacTsX HWIHHApa B cuiny paBHoBecus nopmus), T + AT — remnepartypa B
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HarpeToil yactd uuiauHApa. Ilogenus ypaBHEHHUs COCTOSIHHMS JPYr Ha Apyra,
NONYyIAM

T+ AT =T + DL - D); orcioga AT =2TI(L-1) =404 K.

ITpaBele wacTtu ypaBHenmit cocrosHEs (1) m (3) paBHBI MeXpay coOOi,
noatoMmy p'S(L — ) = pSL (aTo ypaBHeHue npejcrasisieT coboi 3aKoH boinsi—
MapuoTra [is To# YacTH HMIMHApPA, TEMIEPAaTypa KOTOPOH HE U3MEHHIIACK);
orciofa Haxonum p’ = Lp/(L — [) = 167 kIla.

482. /= L(1—- /T, /T;) =~ 10 cm. (I1pu pemrenny 3afayn 0OOpaTATh BHUMAaHHUE

Ha TO, 4TO Pg = py/L.)

483. Tak xak BOJOpPOJ CBOOONHO NMPOXOAUT 4Uepe3 NEPEropofKy, TO OH
pacnpocTpaHsiercs no o6beMy V BCero cocyjia M JUist Hero ypaBHeHHe COCTOsI-
Hust 6ypet pV = mRT/W,, oTkyna ero pasnenue p; = nRT/u,V. [Ing azora
YPaBHEHHE COCTOSTHUSI OYACT p,V/2 = (my/U,)RT = v,RT. Tak xak B Tol 4acTH
COCYJia, B XOTOpPOM paHblle ObII OJHH a30T, TENEPh HAXO/STCS ¥ BOAOPON U
a30T, TO MOJHOE AasieHue p OyAeT CKIAABIBATLCS U3 NAPUHANbHBIX JaBJICHUN
p1 ¥ p,. Takum obpa3zom,

p=py+ py=(my/y + 2v,)RT/V = 0,1 MITa.

484. [ = HILT2/(HIT2 + H2T1) =60 cMm.
485. YpasHeHHs COCTOSIHUS s ra3a B EPBOW M BTOPOH 4acTAX cOCyMa JI0
BbIDaBHUBAHUS TEMIIEPATYP:

pVi=mRTi L, pVy=mRT/u.

IMopenus ux gpyr Ha apyra, HaxopuM V \T5/V,T| = mi/m;. YpaBHEHUs COCTOAHUS
JUIsi ra3a B IIEPBOY ¥ BTOPOI YaCTsAX COCyAa NOCHe BEIpaBHUBAHUS TEMIEpaTyp:

p’VW=mRT/IW, p'Vi=myRT/y,

rie V u VJ — xoHeunnle oO0beMB! NEpBOH M BTOpoO# wactelt, T — obmas
TeMmreparypa u p’ — [aBI€HHE, OHO M TO K€ B 00EHX YacTsIX B CHIIy paBHOBE-
cast neperopojaku. Ilojenus oTH gBa ypaBHEHHS ApPYr Ha Apyra, Haigem
V' IVy = my/m,. Takum o6pazom,V|'/ V) = VT, / V,T; =4/5.

486. I1ycTs gauHa TOH YacTH UMIMHAPA, KOTOPas 3alOTHEHA KHCIOPOOM,
paBHa [, TOrja BOJOPOAOM 3allOJIHEHA 4YacTh HNUIAMHApa AauHbl L — [ Hx
o6beMsbl paBabt V= SluV, =S -1), rge § — nnomags NONEPEeUHOro CEYEHHS
UUIHHApPA. Y paBHEHUs COCTOSHUS KUCIOPOAa U BOAOpo/a:

pSl=mRT/uy, pS(L—1)=mRT/u,.
ITopenuB OQHO ypaBHEeHHE HA IPYroe, NONYUHM
(L -1y = W/iy; orcroma = Li/(Hy + 1p) =5 om.

487. ITonoxuB B ypaBHEHUSIX COCTOSHMUA (cM. 3ajauy 486) [ =L/2, T =T, gna
kacioponaa m T =T, pna Bopopoja, 3aMETHM, UTO JEBBIE YAaCTH ITHX
ypaBHeHuH Gyayt paBebl. IIpmpaBHsIB NOSTOMY IpaBbie YacTH, NOJIYIHM
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T,/Ty = W /iy = 16. Ilpu nr06GbIX TeMmepaTrypax, ANd KOTOPBIX GyAeT BbI-
MOJTHATHCS 3TO YCIOBAE, MOPINEHB OYAET IETUTh MITHHAP HA PaBHbIE YACTH,
488. T = upV/mR = 280 K.
489. ITocne nopwveMa mwapa ero o6wvem V, =V, + nV|, a gasnenue raza
B HEM p, = py + Ap. CornacHo o0DbE[HHEHHOMY Ta30BOMY 32KOHY UMeewm
VT = p,Vo/Ty; orciona

T2 = szzT,/p]Vl = ([)() + Ap)(l + 11)T|/I)] =255 K.

490. O6beM BOjiOpOsA, 3aKIIOYEHHOTO B 1 GainoHax, V = nu. U3 06benn-
HEHHOro rasooro 3akoHa pV/T = p'V'/T’ HaxoguM YHCIO OGalJOHOB:
n=pVTpvT = 536.

491. JeicrByrolias Ha aBTOMOOHTL CHJIA TSKECTH Mg, HAlPaBJIECHHAS BHU3,
YPABHOBEMINBAETCS YETLIPHMSI CUIIAMHA PEAKIINK ONOPBI CO CTOPOHDLI TPYHTA Ha
IOUHBI, HAIPABAECHHBIMU BBEPX. ByaeM cunTaTh, UTO BCE UETBIPE CHIIBI PCaK-
LA OIOPBI OMHAKOBB! B paBHbl F = mg/4. Ha conpukacatomuics ¢ rpyHToOM
MUIOCKUA YYACTOK INMHBI CBEPXY (HM3HYTPH) ACHCTBYET CHJIa JaBIEHHst pS
BO3/lyXa, 3aKJIFOUCHHOTO B ITHHE; CHU3Y K€ ACHCTBYET CIIa peakUuH ONOPEI CO
CTOPOHBI TPYHTA F. DTH CUIbI ypaBHOBEINNBAIOTCA. TakuM o6pa3oM, pu Tem-
nepaTtype t, AaBlIEHUE BO3Nyxa BHYTpH mimHbe! p = F/S = mg/4S. CornacHo
00BEIUHEHHOMY T230BOMY 3aKOHY

pVofTy = poViITy, wnm mgVo/AST, = poVi/Ty;

orctopa m = 45TpyV4/V,T g = 4000 kr.

492. Yto6bl BHITECHUTH BOAY M3 WHCTEPHBI, BO3AYX MOJIKEH HMETh [1aB-
JieHWe, N0 KpalHel Mepe paBHOE€ [aBJIEHHIO BOABI Ha rnybune h: p, =
= py + pgh. Iocne pacmmperus Bo3ayx 3aiiMeT o6beM V, =V + V. CorsacHo
00'bEJUHEHHOMY ra30BOMY 3aKOHY

VAT = paVolTy, mmm pyVi /T = (py + pg)(V + V)T

orciona V =p,V,To/(p, + pgT, -V, = 1,85 M*,

493. T > (F + pyS)T/pyS = 390 K.

494. PapuoBecue ycTaHaBIMBAETCA, KOTA CHJBI AABJICHUS BO3yXa B LH-
JHApaxX Ha 00a nopuHaA OyAyT PasHLI, T.€. Koraa Sy = p,S,. lpumenum pus
BO3AYXa B NEPBOM WWIWIHHApPe OOBEAMHEHHBIN ra3oswelil 3akoH: poV /T =
=p VW /T, a nns Bo3ayxa BO BTOPOM IMIHHApE — 3aKOH Boling-MapuoTTa:
poVa=p,V, . Ilocne HarpesaHHs HOPIIHUM CMECTATCS HAa ONMHAKOBBIE pac-
CTOSIHHSL W M3MeHEHMst 00beMOB BO3AyXa B UHJIMHApPax GYRYyT NPOHOPILHO-
HanbHBl NuomansM nopmrei: (V) — VAV, -Vy) = S§,/S,. Pemus cucremy
TeTBIPEX YpPaBHEHHH ¢ YETHIPhMSt HEM3BECTHBIMH py, P2, V', V,, Hafinem

_PoSi(TVMi+ V) orciona F = p,S, S5i5py(TV +ToVy)

A AN To(S,Y, + V5

2
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495. 13 ypaBHEHHIT COCTOSHUS HAXOJUM MACCy 11 BOJOPOAA, HAXOASIIEroCcs
B IIape, U Maccy M, BO3[yXa, BBITCCHEHHOIO mapom: m; = pVI,/ pyVy, 1
my = Vio/Vyy, Tie Vo, = 22,41 - 1073 M3/MONL — 06'beM MOTIS HAEANBHOTO Tasa
HApH HOPMANbHBIX ycnosaax. CorimacHo 3akoHy ApxuMefa Npd napeHuy mapa B
BO3J1yX€ CHIIa TSKECTH, AeHCTBYIOIAs Ha [Iap C BOAOPOAOM,
(M + m))g paBHa cHIie TSKECTH BBITECHEHHOTO BO3/IyXa Ny,
oTCcrona

P = (Po/)(My = Vo M/V)= 0,15 MITa.

496. Ilycte ypoBeHb BOMABI B CTaKaHE HAXOAWTCH Ha
paccTositHuY /1 oT fgHa crakaHa (puc. 316). JaBieHue BO3- |— — — —
nyXa B cTakaHe OyAeT po+ pgh. Tax Kak faBjieHue py |— — — — A
COOTBETCTBYET NpUOMU3UTENBHO AaBieHnio 10-mMeTpoBoro
cron6a soawl, a h < H=0,1 M, TO pgh COCTaBIAET MeHee Puc. 316
1% aTMOC(EepHOTO AAaBJECHHS B BENWIMHON PgH MOXKHO
npeHeGpednb O CPAaBHEHWIO C Py, T.C. CUATATh, YTO AABJICHHE BO3AyXa B
crakaHe Hem3sMeHHO. Torna cormacHo 3akony I'eit-Jlroccaka V /T = V,/T,, rne
Vi=HS nV,=hS — pauanpaplli ¥ KOHEYHBI O0OLEMB! BO3IyXa B CTaKaHe,
orcrona h = HT»/T;, n o6beM Bomienied B cTakad BOAbI

V=(H-hS=HST - TIT, =49 cm’.

Ecnm ydecTh m3MeHEHHE [AaBICHUS BOMABl B CTaKaHE B 3aBACHMOCTH OT
paccrosinusi /i ¥ NPUMEHHTH OPH 3TOM OOBEAMHCHHBIH ra30BbIN 3aKOH!
PoHSIT, = (py + pgh)hS/T,, To ans h nony4urcst cnoxuas popMyra:

h=(py!2p8) 1+ 4HTypg/ poT, —1).

Boruncienue no sToit gopmyie naet V =50 cm’. 3ametum eure, 9TO ecnmnu
KOPEHb B 3TOM BBLIPaXeHHH Pa3loXHUTb Nno ¢opmyne 6uHoma HeloToHa U
orpaHuuuThest ByMs uneHamu: 1 + 2HT,pg/pyT, To Mbl nonyunm ans A
BbIpAXKEHHE, HallICHHOE paHee NIpH IIoMolly 3akoHa eii-JTroccaka.

497. CornacHO 3aKOHy ApxuMena MNOTPYXEHHBIA 10 KpaeB CTakaH
(cM. puc. 65a) nnaBaeT NPH YCIOBHUH, UTO CHIIA TAKECTH Mg, ACACTBYIOMAS HA
HETO, BMECTE C CHIION TsiKecTH pgV), NeHCTBYIOWEH Ha HATUTYIO B HETO BOAY,
paBHbBI cune Apxumena pgV, rne V = hS — o6beM crakana, Vy = = 1S/3 — o6bem
HalIUTOU B HETO BOABI (S — IIOIIAaAb €ro IONEpPevYHOro ceueHus). Taxkum
obpazom,

mg + 2pghS/3 = pghS; orciopa mg = pghS/3.

ITorpyskeHHBI BBEepX AHOM Ha rnyouHy f1 crakaH (cM. puc. 656) O6yjer
HAXOAUTHECA B PaBHOBECHH, ecnu cuna Apxmmena pgV,, rae V, — 06bem
CXXATOTrO B CTAaKaHE BO3[yXa. paBHA CHJE TIXKECTH mg, ACHCTBYIOUEH Ha
CTaKaH. YUHThIBAs BhIpasKeHue s mg, HaiifieM V, = hS/3. [laBneHne Bo3nyxa
B crakaHse p = py + pg(H —2h/3). Ucnonb3yst 06 beUHEHHbII ra30Bbli 32KOH:

pohS _ [py +pg(H —2h{3)1hS/3
Lo T, ’
nonyunaMm H = py(3T, — T)/pgT, + 2h/3 =154 m.
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§ 15. DirleMenTBI MOJIEKYIAPHOI (PUINKH

498. Macch! MONEKYN BOgOpopa u Kucxopoga my = 3,310~ xr u m, =
=35,3-1026kr,

499. m = popT/ngpTy = 3,33 - 10726k, rae Ty = 273 K, py = 0,1 MI1a.

500. ny = Ny/Vy, = 2,7 - 102 M~3 (mocrosimras Jlommuara).

501. n = N,To/kV, T = 1,83-102*M73, e Ty =273 K, Vg, = 22,41x
% 1073 M3*/MOTB — 06BEM, 3aHUMaEeMbIil OJIHEM MOJIEM HMJ€albHOI'O Ta3a Npu
HOPMAJIbHBIX YCITOBHSX.

502. B o6beme Vo, =22,41-1073 M3/MOIb COJIEPKATCS TIPU HOPMANBHBIX
YCNOBUSIX uHCiO MONekyn Ny = 6,02 - 1023 mosp~!. Tak Kak IpH OfHHX U TEX Ke
YCIOBHSIX UYHCTO fj MOJIEKYN B COCy[e NPONCPIHOHANLHO ero oGbeMmy,
TO no/v = Ng/Vy,. otciona ny = vN,4/Vy,. Vickomoe Bpems T = ny/n, =
= UNy/Viyun, = 8500 ner.

503. py = p, = 3npyT/Amny3T,, tne Ty =273 K u py = 0,1 MI1a.

504. Bo3apMeM OfMH MOJb 230Ta, KOTOPbHIH NP¥ HOPMANBHBIX YCIOBMAX
saHnMaeT o6beM Vi, = 22,41-107% m3/monb, a npu aBieHun p U TOH Xe
TeEMIepaType COTNacHo 3akoHy bBoims—Mapuorra 3aHumaer obbvem V =
=Vyuwo/p. B opHOM MOnE a3oTa COJEPKMTCA UHCIO MONEKYyn Ny =
= 6,02 - 10?? monp~!l. O6bem Kaxkpoit U3 HEX paBeH 7d 3/6, ¥ UX CyMMapHbiit
o6bem v = nd3N,4/6. Takum 06pa3oM, Ha 00bEM CAMUX MONEKYJ IPUXOJUTCS
MpH J2BJIEeHUH Py YacTh 06'beMa

UV = (Rd3NA/6V,) - 100 % = 0,038 %,

a IIpA JaBJICHUH p — JaCTh obneMa
U/VH = (Tcd3NAp/6V0upo) - 100 % =19 %.

505. Kaxpas Monexkyna 10 yaapa O CTeHKY HMEET UMIYJIbC MU, HAIpaB-
JeHHBIR K crenke. [Tocne abconoTHO ynpyroro yaapa HanpasieHUe CKOPOCTH
MOJIEKYTbI MeHsIeTcd Ha oOpaTtrOe. [103TOMY HMIYIIBC MOJIEKYJIBI IOCTE yjapa
CTAHOBHUTCS pPaBHbIM —mv. [Ipu 3TOM H3MeHEHHE
HMITYJIbCA KKAOH MOJIEKYIBI my — (—mv) = 2mu.

B TeueHme mpoMexXyTKa BpPEeMEeHH T O CTEHKY
yJAapsTcs BCe T€ MOJIEKYJbl, KOTOpBIE, HAaXOAsCh B
napanieyienuneje ¢ OCHOBaHHEM S W JUTHHON [ = VT,

Puc. 317 IBHTANHCh N0 HampaBNeHHIO K cTeHke (puc. 317).
O6BeM 3Toro mapannenenunefa V = Svt, U B HEM
HaxopuTces N = nSvuT ABHKYHMXCA K CTEHKE MOJEKyN. 3a NpoMeXyToK
BpeMeHH T IPOU30MIeT U3MEHEHNE UMITyhca N Molekys, pasHoe 2munSuTt.
[To sropomy 3akony HeloToHa 2munSvt = F1, rae F — cuna, pelicrpyronias Ha
MOJIEKyYJbl CO CTOPOHBI cTeHKN. COornacHo TpeTheMy 3akoHy HeroToHa TaKas
Xe CHna jeficTByeT Ha CTeHKy. TakuM obpasom, F '=2nmv2S u paBAEHAC
p=F/S =2nmv2. _ a IR

506. apnenne Ha creHky p = 2nmv? (cM. 3apauy 505), rae n — 4HCIO

MOJIEKYJ B eiiHHIe 00BEMa, JBIDKYIUXCS O HANPAaBJICHAIO K 3TOH CTEHKE.
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[TIo HanpaBNEeHUIO K KaXJOW rpaHd KyOmKa ABHXKETCH n = VN,/6 MOJexyn;
orcona p = VN,mv?/3 = 1,5 Ia.

507. Yucno MONEKyN, cOIepXailluxcsi B OJHOM MOJe rasa, paBHO IIO-
‘crositnHol ABoraapo N4. CormacHO ypaBHEHMIO COCTOSIHUSI KOJHMYECTBO rasa
v = pV/RT; orcrona

n=VN4V =pN4RT =2-10% v,

508. T = pVN4/nR = 301 K (cm. 3agauy 507).

509. p = npyT/npkVT, = 20 kI1a, roe py = 0,1 MIla, T, =273 K.

510.n=pN,/RT =3-10'0 »3

511. Macca ra3za m = nmy, €ro MOJIIsipHas Macca [l = npN,, e mg — Macea
OJIHOI MOJIEKYJIbI, # — YHCNO MOJIEKYT B JaHHOM 00heMe U N4 — YuCIo Mole-
KyJl B OHOM MoJle Ta3a (nocrosiHHas Asoragpo). [ToacraBus m u L B ypaBHe-
Hue cocrosHust pV = mRT/, naxopnuM p = nRT/N,V, T.e. npu NpoUYux paBHbIX
YCIOBHAX JlABJICHUE NMPONOPHUOHANBHO YUCAY YacTHll n. Ecnu 061 MOTEKYIBI
He pacnajanuch, To cornacHo 3akoHy Ulapns npu remneparype T, 661710 Obl
nasjieHne p, = p1T,/T,. Bcneacrue pacnajia KaxKao# MOJIEKYNIbl BOJOPOJa Ha
JBa aroMa NOJHOE YHCIO YacTHI yBelWumBaeTcs Bjasoe. Ilostomy npm
temneparype T, nasnenue 6yaet 2p, = 2pT,/T; = 40 KIla.

§ 16. Bayrpennsia sHeprusi ¥ paGora pacipeHns ra3os.
TenaoeMkKocThb

512. Ha nopuweHb AEHCTBYIOT CHIA TSXKECTH, CHJAa aTMocdepHOro
NaBJICHUS M3BHE U CHJIA aBNCHMA KUCIOpoaa N3HYTpH. [lepBhie B CUNBI BCe
BpeMsl OCTAOTCS NOCTOSHHBIMH. Tak KaK NOpUIEHb B JNHOOOW MOMEHT
HAXOJWUTCH B PABHOBECHH, TO BO BPEMsI HAarpeBaHMA KHUCIIOPOAA €ro JaBICHHAE D
OCTaeTcsl TakKe MOCTOSHHBIM. TakuMm oOpa3om MOKeT ObITh HaljcHa
yaeNbHas TEIJNOSMKOCTh KHCIOPOAAa IMPH NOCTOSHHOM [aBJCHHUH:
¢, = Q/mAT = 916 Ix/(xr - K).

PaGora pacumpenus npu nocrosHHoMm pasiennnm A = p(V, - Vy), rae V| u
V, — Ha9adbHBIA U KOHESUHbIH OO BEMBI ra3a. YpaBHEHHS COCTOAHUS ra3a o0 U
NoCie HarpeBaHus:

[)Vl = mRTl/M, sz = mRTz/l.l

BbrunTasi IEPBOE YPaBHEHNE W3 BTOPOTO, HAMIEM
p(Vo = V) = mR(T, - T/

rne To — Ty = AT — pa3HOCTb KOHEYHOU ¥ HadalibHOH TEMIIEPATyp; OTCIOAa
A =mR(T, - T/ = 2,59 k[Ix.

[MogBoguMoe KX ra3y KOJHMYECTBO TEIUIOTBI UJET Ha YBCAWYEHHE €TO
BHyTpeHHel aHeprun AU m Ha cosepienne paborel A: Q = AU + A; oTcrona
AU=0Q—-A=6,57 x[Ix.

513. V = mpy/(p1— p2)po = 29,2 1.
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514. YpaBHeHHst COCTOSHHS IO U NIOCIIE BBITTYCKaHMUs ra3a U3 OaioHa:
,V =nyRTN, pV=mRT/Y,

TJie n1| U nl, — MAcChl ra3a B OaljoHe, a p| U pr — NABICHHS Ta3a 40 U IOCTe
BLINYCKAHASI. Beruutasi OJHO ypaBHEHUE U3 APYrOro M YUUTHIBAs, YTO Am =
=my—nmyuAp = py— p,, umeeM VAp = AmRT/W; orcropa WRT = Am/VAp. C
ApYrofl CTOpPOHBI, MUIOTHOCTh Ta3a P; NPH [JABICHUH p( MOXKHO HAUTH U3
ypaBHEHHS COCTOSIHHUS:

Po = Pol/RT = poAm/VAp = 3,7 xr/m>.

515. Ap = py(ny — my)/Vpy = 68 x11a.

516. Ecnu ra3 HarpesaeTcsi IpH NIOCTOSIHHOM 06beMe, TO Ta3 He COBEPHIaeT
paGoTsl. [ToaToMy BCe NOABOIMMOE K a3y KONMIECTBO TEMIOTHI Q UNET Ha
YBEIWUEHUC €ro BHYTpeHHel sHeprum AU (cM. 3agauy 512): Q =
=AU = 6,57 x/Ix. YnenbHas TeNIOEMKOCTh KHCIOPOJia NPH MNOCTOSHHOM
obpeMe ¢y = O/mAT = AU/mAT = 657 [Ix/(xr - K).

517. VI3 ypaBHeHHs COCTOSIHMSL HaXxOlUM Maccy kucaopoja: n = UpV/RT =
= 4m3Uup/3RT, e V = 413/3 — o6beM mapa. YpaBHEHHS TEMTOBOTO GanaHca
JIIst OTKQUaHHOTO U 3AHOJIHEHHOI'O HIAPOR!

C{(T,~T)=dmy, (mc;+C T, — T)=An,,

e C} — TCJITOEMKOCTL OTKAaUYaHHOTO 1mrapa. HUckniouas u3 atux ypam{c}mﬁ
BETUIUHY C1 U yUATHIBAst BLIPpAXXCHUE [JI51 /71, NMOJYIUM YACILHYK) TCIIO-
CMKOCTh KHCJIOpOJTa:

¢ = 3Mmy— m)RT/ATp(T, - D = 670 Ix/(kr - K).

518. ¢ = QRT\/upV(T,—T}) = 660 Dx/(xr - K).

519. KonwuecrBo Temnorsl 0, coofmaeMoe raszy, HAeT Ha YBEJIWICHHE €TO
BHYTpeHHeH sHepruu AU m Ha coBeplieHHe razoM padotel: Q = AU + A. Ilpn
HOCTOSTHHOM J1aBiieHuH p pabora paciupenns raza A = p(V,— V), e Von V) —
KOHEYHDLIN 1 HaYaNBHBIA 00bEM ra3a. YpaBHEHHs COCTOSHMA Ta3a 0 M nocie
HarpeBaHust:

pV,=mRT,/u, pV,=mRT,)/u.

Boruuras nepsoe ypaBHeHWe H3 BTOpOro, Haugem p(V,— V) = mRAT/|. rae
AT =T, - T, — pa3HocTb KOHEUHOR ¥ HAYaJILHOR TeMueparyp rasa. B pesynbra-
Te O, = AU + mRAT/\L.

[Mpu nocrosuuoM o6beMe pabora pacmmpenus raza A = 0un Qy = AU.
CaepoBatenbho. Q,— Oy = mRAT/W.

YnenvHble TEMJIOEMKOCTHM NPH INOCTOSHHOM [ABIEHHH M NOCTOSAHHOM
obneme: ¢, = Q,/mAT, cy = Qy/mAT. Paspenus pasuocts (J,— Oy Ha mAT,
NOJIYYuM ¢, — ¢y = R/

TakuM o6pa3oM, CYIECTBYET pas3NutIie YACHBHLIX TEIDIOEMKOCTEN ra3oB,
HAXOAUIAXCS IPH NOCTOSHHOM [aBJIEHAN M NIPR HOCTOSHHOM oObeme. st
TBEPABLIX M XHJKHUX TEJ, BBHAY 3HAUHTENBHO MEHBIIETO Koo duuueHTa uxX
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06BEMHOTO pacIIMpeHns, B OONBIUMHCTBE CAYYaeB 3TOH pasHUICH MOXKHO
peHebpeyn.

520. BHyTpeHHss 9HEpTHs HACaNbHOTO ra3a NpejncrasisieT coboil KWHe-
THYECKYHO IHEPTHIO €ro MOJEKYJl, KOTOpas 3aBHCHT TOJBKO OT TeMIEPaTypbl
rasa, HO HE 3aBHCHT OT PacCTOSHHA MEXAY MOJIEKYNaM# |, CICHOBAaTEIbHO, OT
obbeMa rasza. I1pu H30TEepMHUYECKOM NpOLECCE HE M3MEHSIeTCsl TEMIEpaTypa,
NO3TOMY BHYTPEHHSsl 9HEPIHsl OCTAeTCsl MOCTOSHHOM. CleloBaTeNbHO. KOTH-
YECTBO TEIUIOTLI, coOBIjaeMoe rasy, AOMKHO ObITh paBHO paboTe, coBepia-
eMoti razoMm: Q = A =20 Ix.

521. Tak xak ras B quinHjpe TEIUION3OTUPOBAH, TO OH COBepIuaeT paboTy
TONBKO 3a cueT yMmeHblleHHs AU cpoeldl BHYTpeHHell oHeprum. Ilosromy
AU = A =4,47 x]Ixx. C npyroii CTOpOHBI, K COCTOAHHIO Ta3a C TOH XKe KOHETHON
TEMNEPATYpPOll MOXHO HpuiTd (cM. 3agady 519), ecnu yMEHBIINTH €ro
BHYTPCHHIOI) 3HEPIHIO Ha TY Ke BeNHINHY AU, OTHMMAEsI Y HETO KOJHIECTBO
tennorel Qy = mcy(T,~ T,) npu nocrosHHoMm ob6neme. Takum oOpaom,
AU = me (T, —Ty); orciona Ty — Ty — AU/mey = 263 K.

522. Ilpu u3sMeHeHUN TeMIepaTyphl Fa3a Ha OfHY U Ty K¢ BenuunHy AT
IpH DOCTOSHHOM 0O0GhbeMe W IpH IIOCTOSHHOM JaBJEHUH pPa3HOCTL KO-
anvecTs TennoTel Q,— Qv =mRAT/UW (cm. 3apauy 519); orciona Qy =
= Q,—mRAT/u= 0,2 MJTx.

523. Koanuecrso tennotsel Q = c¢mAT npu HarpeBaHHU BOJb! HACT HA
yBenuueHne AU ee BHYTpCHHEH 3HEPTHE M Hd COBEPUICHUE NPH TEHIOBOM
pacimupeHun BoAbl padorsl A = pgAV = pootVAT nporus cun armocdepHOro
nasnenus, rae V = 1073 M3 — nepponauanbubiii 06beM Bobl. [IpoBeist BbI-
uncieHus, nonyunm A = 0,2 /I, B To BpeMs Kak ¢ = 4,2 k[Ix, T.e. npu 06bIU-
HbIX ycmosux Q > A. [103TOMy MOXKHO CUMTATh, 9TO O = AU.

Onun Monb rasa cofgcp)ut N, monekyn (N4 = 6,02 - 102 mons™!). Bona
MAacchl 7 CONEPRUT i = mN 4/lL Monexyn. Takum oOpa3oM, Ha OJHY MONIEKYNy
IIPUXONTCS YBEJHUEHUE BHyTpeHHed aneprum AU, = AU/n = 1,26 - 10722 [Ix.

524. Q =2ucy Ty = 11,5 MIIx.

525. Q = mc AT = mc, Ty = 1.49 k]Ix.

526. YpaBHeHHUS COCTOsIHYA Ta3a 10 U [OCIE HArPEBaHUA:

piV=mRT /n, p,V =mRT,H/u,
Ifie | U pp — HAYANBHOE W KOHEUYHoe pmaBieHusA, 1| u T, — Havai bHast H

KOHEYHasl TeMIlepaTyapbl. /1 — Macca ra3a. Buludras nepsoe ypaBHeHHE U3
BTOpPOTO, HAUACM

VAp = V(py—py) = mR(T,— TH/u; otcropa T — T, = uVAp/mR.
Komu4ecTBo TenIoThI, COOOIIEHHOE Ta3y IPH NOCTOIHHOM 00bEME,
0 =mcy(T,—T;) = peyVApIR = 16,5 k.

527. A = mpyAT/poT, = 84,5 I, rme py = 0,1 MITa u Ty = 273 K —
HOpMaJIbHbIC JABJICHAE H TEMICPATYPA.
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528. [JaBnenne raza B [UIHHJPE OCTOSIHHO: p = pg + mg/S. PaGoTa paciu-
peHMs rasa IpH INOCTOSTHHOM faBieHun A = p(V,— V), rue V, — KOHEUHbIj
o6seM rasa. Ilo sakony I'eti-JTIroccaka V,/V, = T,/T}; orcrona

Vo=V /T, Vy -V, =T, ~T,)/ T, = AT /T,

TakuM o6pasoM, A = (py + mg/S)V|AT/IT, = 20 Ix.
529. I'pachux n3MeHEHUs1 COCTOSIHAS ra3a B KOOpAWHATAX P, V NIPHUBEJIEH Ha
puc. 318. YuacTok 1-2 — H30XOpHBIH IIpoLecc: TeMNEPaTypa YBEITHYABACTCS,
NPOMCXOAUT MNOIJIOLIEHHE TEILIOTHI, PaboThi

P ra3 He COBEpIIaeT. Y4acTok 2-3 — u3obapHoe
P, = const

pacimiupeHne. TeMnepaTypa yBEIHIHBACTCH
(m30TEpMa, HAa KOTOPOH JIEXKHUT TOUKa 3, COOT-
BETCTBYET OONBIIEN TEeMIIEpaType, YEM H30-
TepMa, Ha KOTOpPO# JNEXHUT TOUKa 2), NpOouc-
XOAUT MOTJIOUIEHAE TEIIOTHI, ra3 COBeplIaeT
pabory. Yuactoxk 3—4 — n30TepMUIECKOE pac-
MIMpEHNE: TeMIEPaTypa OCTAEeTCs NOCTOAHHOM,
NMPOMCXOAMT HOTNOIIEHAE TEIUIOTHI, Fa3 COBEP-

; b ) maet pabory. Ydacrok 4—1 — uzobapHOe cKa-

s f‘z’ZS_t B THE: TEMIIEpATypa YMEHbIIAETCs (M30TEPMA, Ha

KOTOPOH JIEKUT TOUKA 4, COOTBETCTBYET OONL-

o V' et Temneparype, 4eM u3oTepMa, Ha KOTOPOi
A4

Puc. 318 JIEXKHUT TOUKA 1), NPOHUCXOJUT BbIfECIECHHUE

TENNOTEI, pab0oTa — OTpHLATENbHAS.
I'pacdpuxu u3MeHEHHsT COCTOsIHAS ra3a B KoopauHarax p, T u V, T npusegeHsl

Ha puc. 319 n 320.

14 1%
,/'p1 = const 4.
2
§ 2 i
v 3 e
2 1
= 3
1 P = const
/
/' p,=const
/ll
7
0 T T
Puc. 319 Puc. 320

530. Ilpu nepexope MeXAy cocTosHEAMH 1 4 2 ra3 paGoThl HE COBEpIIA-
eT, TaK KaK ero o0beM He H3MeHsieTcd (MopmieHs HenopsmkeH). Ilpu nepe-
Xojie Mexay coctogHmsiME 2 u 3 pabora raza A =p,(V;—V,). Beanunnsi py,
V, u V; onpefieniioTcs U3 ypaBHEHHIl MpoueccoB — A30XopHoro (1-2): py/p, =
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=TIT, (V;=V,), n uzobapuoro (2-3): V,/V3 =T,/T, (p, = const); orciona
A =[J]V1(T3—T2)/T| = 100 H)K )

531. A = p(V - V') = po(V — m/p) = 167 X, rae py= 0,1 Mlla — nasnenne
HaCBIIIEHHOro BoAsiHOro napa npu ¢ = 100 °C, paBHOE HOPMATBHOMY aTMOC-
¢bepHOMY NaBieHNO, a V' — 06'beM CKOH/ICHCHPOBABIIEHCS BOJIBI.

532. BHyTpeHHss1 9HEPrus HiecallbHOro rasa IpPEeiCTaBisieT coO0H KHHe-
THYECKYH) 3HEPTHIO ero MoieKyln. OHa NpoNnopHHOHaNbHA €TO TEMIIEPATYpe |
YHCIY MONEKYJ. BHyTpEHHUE 9HEPTHH ra3a B [IEPBOM H BTOPOM MIUIMHAPAX
Uy =kviT,ulU, =kv,T, 1 ra3a B UUIHHApax MNOCIE CMEUIHBAHUs
U =k(vy + V)T, rie k — ko3 PUIUEHT NPONOPIHOHAIBHOCTH, 3aBHCAIIUI OT
NPHUPOJBI rasa, V| ¥ V) — KOXHIECTBa ra3a (B MOJSAX) B IEPBOM H BO BTOPOM
nuHipax. CoriacHo 3akoHy coxpaHeHust aHeprun Uy + U, = U, u, cienosa-
TenbHO, VT + v,T, = (V| + v,)T. M3 ypaBHeHI COCTOSHMS JIjisl Ta30B 10 CMe-
muBanus HaijaeM v = pV/RT, 1 v, = p)Vo/RT,. IIoACTABHB 3TH BhIpaXXKeHHs B
IMPEABIAYIIEE PABEHCTBO, NIOTYIHM

pVi | R+ Yy | R=(pyVi ) RT, + pyVy | RT))T.

Taxum o6pasom,
T=TT(pVi + pV) (P VT, + p O T) =366 K.

W3 ypaBHeHUst cocTOsHUSI Ans cMecH ra3oB p(V + Vi) = (g + n)RT, ncnions3ys
HaNj|eHHbIE paHEee BRIPAXKCHUS IS Vi, Vo U T, nonydum (cM. 3agady 442)

p=(p Vi + pVo) IV, +V,) =525 xlla.

§ 17. HachluieHHbIe M HeHACHIIIEHHbIE a5l

533. PaccmoTtpuMm xof m3oTepmbl T = const (puc. 321). Ilpn nogneme
HIOPILIHS 1aBICHHE HA XKHAKOCTb yObIBacT. OO0 BEM Ke XKHJKOCTH OT [aBIeHHUs
[OYTH HE 3aBUCHT (CKUJIKOCTH NPaKTHUECKH HecsKAMaeMbl). [TosTomy noka nop
MOPIITHEM HaXOJIUTCH TOJLKO KHKOCTD, YYACTOK @b HM30TEPMBI IIPAKTHIECKH
coBnajaer ¢ u3oxopoid. Koraa pgasieHme B IDUIHHApPE CTAHOBHTCS PaBHLIM
JlaBNEHUIO HACBIIEHHOTO Napa NpH TeM-
neparype T (aBleHHIO p),), B UHIUHApE P
KpOME XHJKOCTH IMOSIBISETCS HACBIIICHHbIH
nap. JaBineHMe HaCbIMIEHHOTO Mapa He
3aBUCHT OT ero obwema. Iloatomy mpu p,l
NanbHEHIIEM YBeNMYECHAN 00bEMA H30TEPMA
coBsnagaeT ¢ u3o6apoii (yuacTok bc) 10 Tex
Mop, MOKa BCA KHAKOCTH B LUUNUHIPE HE Pr
npesparurca B nap (npu o6wseme V). Ilpn
AalbHEHIIeM YyBeJHUeHHH oObeMma nap

1

1]

t

1

i
CTaHOBUTCA HEHACBIUICHHBIM, H 3aBHCHMOCTb () v, V. v
€ro AaBjcHUsL OT oObeMa NOANHHAETCS

3akoHy bouns—Mapuorra. Puc. 321
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Xop m3orepMbl T, = const Tako# e, HO, TaK KaK AABICHHUE ¥ ILIOTHOCTE,
HACBIIEHHOrO Napa Npy¥ 3TOH TeMiepaType OONbIIE, NONHOE HCNapeHue
KUJKOCTH IPOM30HIET NpU ob6beMe V, < V..

534. JlapneHue, OKa3bIBa€MOE NapOM Ha CTEHKHM COCYAQ, OOYCIIOBNEHO yJia-
paMM MOJIEKYN O CTEHKHN ¥ NPONOPIHOHATLHO KHHETHYECKON IHEPTHH MOJie-
KyJ B 9HCTYy MOJIEKYN B eguHunC oOnema (cM. 3apaqdy 506). Cpenusisi KuHe-
THYCCKas 3HEPTUs MOJICKYN Napa NPONOPUUOHANTBHA TeEMIIEpaType (CM. BBejie-
Hue X § 16), B TO BpeMs KaK YHCIO MOJEKYJ HACKIIEHHOrO Napa B eNHHIEe
of'beMa BO3pacTaeT NpH [IOBLIIICHUH TEMIIEPATYPhI.

Jlnnua abd na puc. 67 na yuactke ab coBnajaer ¢ 3aBHCHMOCTBIO JIaBie-
HHAst HACBINICHHOTO napa OT TeMIEPaTyphl, Ha yuacrke bd npejcrasusier coboil

OTPE30K MPAMOH, MPOXOJSHIeH Yepe3 Hauallo KOOP/AMHAT.
P Taxkoif xoj1 06 bACHAETCS TEM, UTO NIPH TeMriepaType Ty, Best

4 3 KUJKOCTD, OBIBINAS B COCYJe BMECTC C HACBICHHbLIM
napoMm. npeBpaTHiach, B nap. Jajnee xe NpOUCXOANT. CO-
riacHo 3akoHy lllapns, H30XopHOE yBEeNMHUCHUE JJaBlEHuUS.
JInnus abce npejcrabaseT coOON TaKOH XK€ IIPONECC, HO
| 1npu Gosbluel Macce XHUAKOCTH U napa B cocyae. TeMne-
patypa T, — xpuTHueckas Temneparypa. [oBopuTs o
napax npu TEMIEPATYPE BhIIE KPUTHYECKOM HET CMBICTA.

Piic. 322 [lostoMy BCe JUHHU OOPBIBAIOTCS IPHW 3TOH TeMIle-
patype.

535. Yuacrok 1-2 (puc. 322) — M30XOpHOE yBCAWUECHUE AABICHHUS OPH
HATPEBAHUM. YUacTOK 2—3 — H30TEPMHYCCKOE CXKAaTHE HEHACBHILEHHOrO 11apa
(MPOUCXOIUT COrNacHo 3akKoHy bolna—Mapnorra 10 HacChIIIEHHUs napa — 0
HAYANA €TO CKUXKEHMs). YUIacTOK 3—4 — u30TEPMHUECKOC CKATHE HACBIIEH-
HOT'O Napa (NPOUCXOAUT CXKUKCHUE, a JaBJICHHE OCTACTCS NOCTOSHHBLIM).

536. Uncno MOnekyn BewiccTBa NpH 3alaHHOH ero Macce He 3aBHUCHT OT
COCTOSIHMSL BEILICCTRA. CCH He MPOMCXOANT XUMIMecKHMX peakimii. Konnvecrso
BelecTsa (B MOJSIX), RMCIONIETO MACCy /1 1 MOJISIPHYIO Maccy W, V = mifl. Ogun
MOJTb BEIMIECTBA COEPXKUT Uucno MoJiekyn N,. CrneoBaTenbHO, Macca Belle-
CTBA N COACPXKUT YUCAO MONEKYT i = VN, = mN /1. Efqnauma Macch! BellecTsa
COMEPXKAT UHCIO MONEKYI 11, = N /L, UTO 711 IapOB PTYTH U BOADI laeT

™~

(=N =310 ke n, =N/, =3,3-10%8 ke

Hl
537. Ilpu remueparype ¢ = 4 °C n10THOCTL Bopei P, = 103 kr/m?. [TnoTHOCTD
napa p MOXHO HaliTH [1PH HOMOIIH YPaBHEHNUs! COCTOSIHHS
p = Up/RT; orcropa p,/p = pRTp = 1,6 - 105,
OnMH MONB BEIIECTBA COAEPXKUT umciao monexkyn Ny = 6,02 - 1023 monp™!
Epununa o6hema BEILIECTBA COAEPXKHT YHMCAO MOJel Vv = p/ll u, chnejposa-

TENBHO, YHCIO MoJekyld pN4/i. Ha xaxpyio MOIICKyJIX BOABI M napa
IPHXOIATCSE OO BEMBI

V,=u/p,N,=3-102m% V=p/pN,=RT/pN, =4,8-107% 3



538. Cornacuo ypaBHenuto cocrossuua pV = mRT/L mioTHOCTH razos n
MapoB NPH NOCTOAHHOW TeMIepaType APONOPHHOHAJLHBI UX [ABICHUIM.
IToatomy p,/p, = pi/p; = 0,45.

539. Macca napa, HeoGxoauMast [I71s1 HACBIIEHHs! 06 heMa KOTJIa NIPH TeMIIe-
parype T = 453 K, m, = pyV = 25,25 kr. Tak kak mg > m,, TO Bcs BOAa
npeBpaTHNach B HeHachlmcHHBIN nap. CnepoBaTenbHo, m =m, = 20 xr. U3
ypaBHEHMs! COCTOSIHYS HaXOuM Aasiienue: p = mRT/uV = 0,84 MI1a.

540. B cocynie 1o yBenmueHHs €ro 00beMa COAepKaica nap Macchl i =
= pgV = 8 r (06'beMOM, 3aHUMAaEMBIM BOJIOH, MOXHO npeHeOpeus). Macca BOjbI
g napa Obura m, + my = 20 r. [Ins HacermeHus ob6wema kV npu Toll Xe
TeMieparype HeobGxopmMma macca mapa my =pygkV =40 r. Tak Kkax
m, + ny < mg, TO MOCHe yBesauueHus o6beMa nap Oyaer HeHacslieHHLIM. Ero
MIOTHOCTB P = (m, + my)/kV. JaBaeHHe NpHM JaHHOW TeMmneparype
IPONOPHUOHANBHO NNOTHOCTH. [loaToMy p = pyp/py = po(m, + my/pekV =
= (0,55 kIla.

541. JaBneHue ocTaBajlOCh IMOCTOAHHBIM, MOKa N0J KOJOKOIOM
OBbIT HACBIUIEHHBIH nap, MAOTHOCTH KOTOporo p = Wp/RT. 3a Bpemsa T
OblT oTKauaH oGweM V =V.T, B KOTOpPOM cojep>Xalcs Hap MaccChl
m=pV=upV/RT=279r.

542. HacolineHHbIH map Maccsl mi NIPA JaBAEHUN p COTMACHO YPAaBHEHMIO
COCTOSIHUSL JIOJIKEH 3aHuMarh o6heM V = mRT/up. CregoBarensno, AV =
=V' -V =mRT/up -V = 0,29 M> (3HaK MHUHYC NOKA3BLIBAET. UTO OGBHEM
AOJKCH ObITh YMEHBIIEH).

543, p=— T | MITa,

nd*(T + Q/ mc)

544. [TaBnenue cMecn HACBIIEHHOTO fapa u reaust B Tpyoke p = po— pgh.
[To 3akony [JanbroHa 9TO JaBieHAe CKIaJbIBAETCS. U3 NapHaNbHBIX JlaBJICHII
napa W Tequs p; u py; OTCIONA Py = py— Py — pgh. VI3 ypaBHeHNs cocTosnus
Hal/IcM MACChI 11apa ¥ TeNTUs iy 1 1!

ny T =4,3-10"kr, nm, = Mo (Po — 1 —PsMYV =4,8-10"° xr.
T RT

545. Eciu 6b1 B qunuHApe ObI7 TONLKO HACLIINEHHBIA AP MACCHI /11 K BECD
OH CKOHJACHcHpoOBancs, To o00beM oOpa3opaBmielici BOABI (OKOIO
0,3 - 1073 M3) 611 6B Man no cpaBHeHuto ¢ o6vemom V' = Vik = 0,33 M,
OCTaBIIKAMCS NOJ MOPIIHEM nocie cxarus. [10aToMy MOKHO CUHTaTh, fITO BECL
00beM HWIHHJpA MOCHe CXKaTHd 3aHIAT CMEChIO mapa U as3oTa, HpHUEM
napuvaibHOE JaBiEHUE [apa p; BO BpEMsi CXKaTusl HE M3MeHHnocn. M3
YPaBHEHHUsI COCTOSHHS HAXONHM Macchl HACBIIIEHHOrO Napa [0 M [ocie
cxkarust: my = p VW /RT, m{ =p, V', /RT = p/Vu,/ kRT; orcioga Macca CKOH-
ACHCHPOBABILIErocs napa

Am=m, —m] = p,Vip;(k=1)/kRT =20 r.
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Macca azora my =m —my; = (mRT — p)V)/RT. 13 ypaBHEeHH COCTOAHuUs
HaXO[uM NapUuaIbHOE JABJICHAE a30Ta 0 CKATHSL:

Py =, RT 110,V =(mRT — p VU /U,V.

IaBreHune cMecH 1o CRATHS IO 3aKOHY JanbToHa
p=p+py =V, —u))+mRTY 1,V =272 xlla.

546. Bnaxupil map Macchl /1, OTAAeT KOAMYECTBA TENIOTHL Q| =
= cmyn(t, — ty,,) TPA OXJIaXACHUN BXOJSUIEN B €ro cocTaB BOJIbI A0 TeMe-
parypel KOHAeHcauun; Oy = ¢ nn, (1 — m)(f,— ty,,) OIpH OXIAXACHUA CYXOTO (3a
BBIYETOM Kallejib BOABI) apa j10 TOf e TeMneparypol; Qs = A, (1 — n) npu
KOHAeHcauu napa; Qg = m,(t,, — 0) Ipu oxiaxjaeHun oGpas3oBaBIeiics u3
napa BOAbI (BKJTOUasi W OLIBIIHE B HEM KalleNbKH) [0 TEeMIEPaTyPhl CMECH.
XoJonHas BOjla Maccel M [OJAYYAET KONWUYCCTBO TenitoThl Qs = cm( — 1),
CornacHo ypasHeHH10 Teminosoro 6ananca Q) + Q2 + Q3 + Qs = Os; orcioga
Macca XOJNOIHOH BOJILI, IPHXOSIIIAACS Ha eVMHULY Macchi napa,

m_fente, (- mlt, —ty) +ME—m)+ ey, —6) _ 24

c(0-1)

m,

547, m,, = mc(t — )/ = 0,37 Xr, Ta¢ tyy,, = 100 °C — TeMuepaTypa KuleHus
BOABI P 2TMOCEPHOM JIABITCHUH.

548. O6beMoM, KOTOPBIH 3aHUMAET B COCYJIE e, MOXHO npeHnedpeun. M3
YPaBHEHHsI COCTOSIHHSI HAl/IeM Macchl apa NpH Temieparypax f H iy

m, = Vpyw/ RT,, my, =Vp,u/RT,.
Macchbl HCTTapUBIIETOCs ¥ OCTaBLIETOCH bjia

RT, — 1V,
=,“—V P Dy nr, = m - m, AL bk
R\T, T ’ RT,

N, =y — iy

KonuuecTBo Temrorsl, HEOOXOMMOe: NS HCnapeHmst Ibaa, Q, = m,(r + A); ang
HarpesaHust napa, Q = myc(f— 1)); I8 HarpeBaHHUs OCTABIICrOCs JTbAa,
0, =mjc,(t, —1;). [loTHOE KOTUIECTBO TEITOTH

0,+0+0Q; =

:HM &_[)_] + MM.{_,?K;” (fz_fl):3’92 kJIx.

R T, T, RT,

549. [laBneHue HACBIMIEHHOTO Iapa NpH NOCTOAHHOH TeMIepaType HeE
3aBUCHT OT o6beMa. Ipu remuepatype t = 100 °C oHO paBHO HOpMAallbHOMY
arMmocthepHOMy aasienuto py = 0,1 MITa. Ilpu nzobapudeckoM ckaTiH pafoTa
A=pyVi=Vy)=1x]Ix.

550. Ilprx nepeMemieHHH NOPHIHA OO'bEM HUIMHJpAa H3IMEHMIICS HA
V,—V, = §l. Ilpn paBHOMepHOM yOLIBAHHA AaBJICHHS MOXKHO B3sTh B pacycT
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cpeaHee AaBieHue p = (p| + py)/2 ¥ UckaTh paGoTy, KaK NPU NOCTOAHHOM
JlaBIICHAM:

Si
A=p(Vy=W)=(py +pp) 5 =144 llx.

I'pacuk 3aBucuMocTH RaBneHHs oT oObeMma (puc. 323) npu paBHOMEPHOM
yObIBaHUM {aBJICHUsL OT p| [0 p, M300paxkaeTcs OTpe3KoM npsiMoil ab. Ilxo-
maab Tpanemuu C OCHOBaHMAMU aV | =
=p H bV, =p, u BoicoTol V,— V| = 5] uncneHuo
pasHa pabote A. P

S51.h=(p,—pr)lpg = 12,5 m.

552. p = up/RT = 0,091 xr/pm?, P
553. [110THOCTH HACBIMICHHOTO Mapa NpPU TEeM-
neparypet,= 20 °C p, = Wpo/RT,=17,3- 103 kr/m3. P2

Taxum obpasom, p; > py. IToaToMy npu oxnaxkpe-
HUYM IO TCMIEpaTyphl f, Hachimenne me oyger O Vi V, V
AOCTHTHYTO, KOHJICHCAIMsl HE HAYHETCS, U COfEp- Puc. 323

>KaHUe Napa B eiHuIe o0 beMa BO3[yXa OCTaHeTCs

IPEXRHAM, T.€. Py = P} = 0,005 xr/m3,

554. IIpu temneparype f, = 10 °C DIOTHOCTH HACBIMEHHOIO Iapa P, =
= up,/RT, =94 - 1073 xkr/m3. Takum obpazoMm, P, < p;. IlosTomy
IPH OXJIAXKACHUHN O TEMIIEPATYypPh! f, YacTh Napa CKOHACHcUpyeTcs, u abco-
JIOTHAs BIIaXKHOCTHh OYAET ONPEReNSIThCS IUIOTHOCTHIO HACKHIIICHHOIO Iapa
Py =94 1073 xkr/m3,

555. IIpu TeMueparype f) aGCoMOTHAsA BNaXKHOCTb BO3/lyXa 10 YMEHbIIIC-
Husl ero obbema P =f;p. Macca Bmarm B epmHune obbeMma cocyaa
HOCJIe CKAaTHS BO3AyXa (HE TONBLKO B BUJ|E Iapa, HO U B BHJE CKOH/ICH-
CHPOBABIIEHCS XKUJAKOCTH, €C/IH BOZHUKIIM YCJIOBHs [JIsE KOH/ICHCARHU) Py =
= kfip = 16,9 - 103 kr/m?. TIpu Temuepatype t, = 100 °C pasacHue HachilieH-
HOTO Mapa paBHO HOPMalXbHOMY aTMochepHOMy pasmeHuro p, = 0,1 MIla
# ero MIOTHOCTE Pg = Upy/RT, = 0,58 xr/m3. Tax xak py > Py, TO B cocyfie
GyAaeT HEeHACBINIEHHBIH Nap C OTHOCHTENBHOI BIaXHOCTHIO fp = Po/py =
= (kfipRT /upg) - 100 % =2.9%.

556.p" = (Wip — pRTILY/RT (W — U2) = 13,1 - 107 xr/m¥ f7 = (p'/py) <
x 100 % = 48,5 %.

557.m = (- f;)pV =208 r.

558. p = mfy/(f, — f1)V = 0,006 xr/m>.

559. IinoTHOCTL cyxoro Bo3ayxa p; = Wpe/RT. IIpu OTHOCHTENBHON BaXK-~
HOCTH f IUIOTHOCTD napa p’ = fpg = Wopo/RT, te p, — napunanpHOe JaBieHAC
napa; orciofa p, = fpgRT/|,. Tak xak paBieHue BIa’KHOTO BO3[yXa pg CKIa-
IBIBAETCS U3 NAaPUUANbHBIX {aBICHUIA BO3JyXa U [apa py H Dy, TO P| = pg— Py =
= po— fPoRT/W,. IlnorHOCTE BO3AYyxa (Oe3 mapa) mpu 3TOM NapUUATBHOM
[aBIICHHK

P

P” =W P/ RT =p;po ! RT — L, fpo /5.
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HHOTHOCTB BIIAXKHOTO Bosnyxa
Py =p +p" = po/ RT (1, /1y = 1)fpy-

OTHOIIEHNE MIOTHOCTE! BIIAXKHOTO H CYXOTO BO3AYXa
P2/pr=1=( =) fPoRT/[Liliopg = 0,987.

I’'maBa III

QIEKTPNYECTBO 1 MATHETU3M

§ 18. 3akon Kymona

560. Ilo 3akony Kynona ¢ =r VeF/k = 0,2 mxKn, tne k = l/4ng, =
=910 H - m¥KnZ

561. N = g/e = 6,25 - 103 31eKTpOHOB.

562.r=Ar2+V2)~ 1,71 m.

563. r<.\[klqg, | (T —mg) =18 cm.

564. ITonoxuTenbHbIC 3aPsAbl ¢ MOTYT ObITh PACHONOXKEHB! KaK 110 00e
CTrOPOHBI OT OTPHUATENBLHOrQ 3apsaja (), Tak U N0 OJHY CTOPOHY OT HEro.
OTHOUIeHHe CUIT B IEPBOM H BTOPOM CIyUasx:

17 8
S )
16 v 9 r
B op =2k 92,190,994 65,
2Ry g2
rae r — pacCTosdHHUE OT 3apsja Q o ONMRAUIIEro MOJOXKUTENbHOTO
3apsna g.

565. O603HaIUM MOJYJTh CHIIL! OYKBOH F ¢ IBYMsl HHACKCAMH, IEPBbIH H3
KOTOPBIX IIOKAa3bIBAeT, HA KaKOH 3apsii ACHCTBYET CHIa, a BTOPOH —
CO CTOPOHBI KaKOro 3apsiia OHa JleHcTByeT (HanpuMep, Fy, — cuna, felHcTBYyIo-
1as Ha 3apsj ¢y CO CTOPOHBI 3apsiAa ¢;). Bo3bMeM B KadecTBe KOOpPAMHATHOM
ocu OX npsMylo, IPOXOASIIYIO Yepes 3apsan! ¢; U ¢, (puc. 324). 3a Havano
orcueta O npUMEM TOUKY, I'le HAXOMUTCH 3apsifl ¢, a 3a MOJOXUTETbHOE
HanpaBJIcHHE — HalpaBJICHHE OT 3apAfa ¢ K 3apsay q,. 3akoH KymnoHa
(B HamIeH# 3amHMCH) JacT BO3MOXHOCTb ONPEAENHTDL JHUIL MORYJITH BEKTOPA
CHIIBI, & 3HAK MPOEKIMHA BEKTOPa GY/IET, KAK OGRIYHO, MOTOKUTETBHBIM, €CITH
CHJAa HanpasJIeHa B MONOXMUTEIBHOM HanpasieHun ocd OX, u OTpULATEN bHBIM
B IPOTHBHOM clyuae.
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Ha xaxppIil u3 Tpex 3apajioB IEHCTBYIOT CO CTOPOHBI JIBYX JPYrHX MO [BE
cunel. [ paBHOBECHS HEOOXORAMO, UTOOBI 3TH ABE CHJILI ObUIH IPOTHBO-
MIOJTOXHBIMH NO HAIPaBJIEeHHIO. JIETKO BHAETH, UTO 3TO YCIOBHE BLINONHSAETCA
THIIB B Cllyvae, KOraa 3apsi ¢y HaxoguTcst Ha oclt OX MeX/y 3apsaaMi ¢ U ¢

I

q "! 2

Fy, O Fy Fo gy Fpp Fy Fy X

Puc. 324

H MMEET IPOTHBOIONOXKHBIA 10 CPaBHEHHIO C ¢ U ¢, 3HaK. IIycTh paccrosinue
MEKAY 3apsifiaMu g u g paBHo x (0 < x < 7). Torpa (puc. 324):
a) Ha ¢y JEHCTBYIOT CHJIIbI

For = kqog /x* w0 Fp = lkqoqo/(r — x)*;

6) Ha ¢ REUCTBYIOT CUIbI
Fig = lkgyqo/x? m Fyy = lkqqo/rl;
B) Ha ¢, ICUCTBYIOT CUJIbI
Fay = lkgagqo/(r=x) u Fay = tkgyq/r2.
[1pu paBHOBECHH BCEX TPEX 3aPAI0B:
a)—Fo1 +Fiu=0; 0)-Fp+Fio=0: B) Fy1—Fp=0.

YcrnoBHe a) IPUBOIMT K KBa{PaTHOMY YPaBHEHHIO OTHOCHTENBHO X:

o 2al el o

bg, I-1gy 1 lgyl-lgy !

[ns KOpHEH 3TOro ypaBHCHUS

—IqlliJIqll-IqQIr

tgy 1-lg, |

X2 =

BeINONHAIOTCH yenoBus: 0 < x), <7 B moGom cayuae; x; < 0 npu lg,! > g
Xy > r upu lg,l < igyl. Bropoii xopeHb AOJXKEH OBITH OTOPOIIEH, KakK HE
VAOBIAETBOPSIIOMIMI YCITOBHSIM paBHOBECHs. TaknM 06pa3oM,

Mg l-lgy 1-1gy
- a1\ g qy re1u

|q2 I‘-|ql|

Ycmosue 6) gaer lgoq iix? = lgiq,l/r¥ otcroma

lg, 122 o (g Tg,1-1q,1

2
lgo l= ) = 4 gKu1.
D=0 (Igy1-1g, 1)
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566. Kaxpblil 3apai ¢ B3aMMOREHCTBYET C ABYMS JPYTHMH 3apsiiaMu q,
PacCHoJOKEHHLIME Ha PACCTOAHMH a OT paccMaTrpusaeMoro (puc. 325). IMosTo-
My Ha No00H 3apsf AEHCTBYIOT IB€ paBHbIC 1O MORYMIO CHIbI F| = F) = kg?/q2,
PaBHopelcTByIOUIas 3THX CHJT (MPOEKIHsT BEKTOPHON CYMMbI 3THX CHI Ha
AMarOHalb MapanaeaorpaMma)

2 A
[2k cos
F = 2k? cos{a/2); orciona a=gq —E—O—SF(M =2,5cM.
2

567. Ha 3apsapn ¢, neficTBYIOT [BE paBHbIE IO MOAYIIO CHIJIBI CO CTOPO-
HbI 3aPANIOB 2 M ¢f3, & TAKXKe CHJAa €O CTOPOHbBI 3apsaaa g (puc. 326). Beuy

Puc. 325 Puc. 326

PaBEHCTBA 3apA0B ¢| = (3 = ¢3 = ¢ HOJYYAEM g =V3 q/3 =5,2 uKn. Ha 3apsp
(o AEHCTBYIOT TPH paBHbBIE IO MOAYTIO CHIBI, PABHOICHCTBYION[AS] KOTOPBIX
paBHa HYJO.

568. Kaxaniii 3apsf ¢ 83aUMOCHCTBYET € TPEMst APYTUME 3apIflaMi ¢, 1B
13 KOTOPBIX HaXO[sTCA Ha PACCTOSHUM ¢ OT paccMaTpHBAaeMOro, a O/fiH — Ha

PacCTOsIHHH I = a/cos O =24 (puc. 327). TTooromy na nr0601 3apsy JeHCTBY-

10T TpH CUNbl: Fy = Fa=kg*la* n Fy = qu/(\[ia)z. PaBHOJCHCTRYIOIAS STHUX CHII
(HpOEKIMY BEKTOPHOM CyMMbI 3THX CHJI Ha JHATOHANE KBAPATA)

F=2Fcoso+F, =~[2kq” / a* + kq* 124> =172 mxH

1 HANpaBJICHA MO AMArOHANN KBapaTa OT €ro NEeHTpa.
569. Ha 3apsp g, ACHCTBYIOT YeThIpE CHIIBI, HAPABICHHBIC NONApPHO
Nno ABYM [HMaroHamsiM kKpajparta (puc. 328) u paBHple mo Mopymo Fj =

=kqyq/r?t (r = a/\/a — NOJOBMHA AMaroHaxd Keajgpara). PasHopeicTeyromas
3THX CHJI

F = 4F, cos o= 8 kqyq cos ot/a® = 509 mxH,

N

rge o = 45° — yroa MeXJy IMaroHajibio U HAIIPABIEHHEM PDABHOJIEHCTBYOIICH.
570. Ilocne conpUKOCHOBEHHS MIapuka B ¢ mapukoM A 3apsj g nepe-
pacnpefenuTcs MeXAY IIapuKaMy [OPOBHY WM IIapuk B GypmerT mONHAMATLCS
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BBEPX. PaBHOBecne cunbl TsixkecTn M ekl Kynona Hacrynnt npu k(0,5¢)2/h? =
=mg; orcroaa h =9 cm.

Puc. 327 Puc. 328

571 g/m = 0*R3/klg,l = 15 mxKa/xr.

572. g = mNG/k = 0,774 uKn, rae G = 6,67 - 10°!" H - M?/kr? — rpaBura-
UMOHHAS TIOCTOAHHAS.

573. Cunbl B3aUMOACHCTBHS 3apsjioB B BaKyyMe H B KEPOCHHE
F=kqgug:/i? =144 MH u F, = kg,q,/er® = Fle = 0,72 MmH.

CretyeT OTMETUTD, UTO CHIIbI, PUIOXKEHHbIE K PA3IHUHBIM IO MORYIIO
3apANaM, PaBHBI IO MOAYJTIO M IPOTHBONONOXKHBI 110 Hanpapteuno. Ha osk3a-
MEHAX HEPEAKO OMAGAIOTCA. YTREPKAAA, UTO K BOIBIIEMY 3apANy NPHIOKEHA
G6nbIIas cuita. O NPOTUBOPEUHUT He TOJIBLKO 3aKOHY KyTOoHa. HO M TpeTheMy
3akony HeroTona.

5748 = Fyri/Fyrs = 2.

575.r, =N e =173 em.

576. [lo norpy:XeHust B KCPOCHH Ha WIApHKU AcHCTBYIOT (puc. 3294): cuna
TSKECTN #1g, CUTa HaTsKeHus HuTh T, clula KYJNOHOBCKOIO OTTaXKHBAaHHSI
F=kg*r’, the m—Macca WapHKa, ¢ - CTO 3apsiil U I — PACCTOSIHAE MEXIY

a o

Puc. 329

mrapukamu. I1pn paBHOBeCHH apHka CyMMBI NIPOCKIUMH CIJT HA BEPTHKAIBHOE
M FOPU3OHTANBHOE HANPAaBIECHAS: PaBHBI HYMIO (CM. BBeJicHRE K § 0):

Tcoso—mg=0, F-Tsina=0. ()
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Ilpn norpyxeHuu WapukoB B Kepocun cuna Kynowa F, = kg?/er?; cuna
Apxumena f=mgp, /0 1 HanpaBlieHa BBepX (puc. 3296). Ycnosue paBHOBecCHs
CHJI TENEPh NPUMET BH]]

Tecoso—(mg—-H=0, F,—T,sina=0. )

N3 (1) u (2) umeem
FIF, = mg/(f - mg); orciona p=¢p/(e—1)= 1,6 - 103 kr/m>.

577. € = p/(p — py) (cM. 3apiauy 576).
578. F = k\v/(q]2 +q,q, + q%)qg /r2 .

579. O603naunM 3apsiibi UEPE3 ¢4, ¢» ¥ ¢3. Torna no 3akouy Kyrona

2 2 2
Fro=kqqalria, Fis=kqigs/ris, Faz = kqaqalra.

Hcxmiodast U3 a3TUX YyPaBHEHUH ¢ U ¢,, HaljleM

_ fiats | Fiaby
q; = .
hiz kR,

580. Cuna p3aumopeiicTsua F = kq,q,/r? = 36 xH. DTa cuia JOBONBHO
BEJIMKA: OHd NPUONM3UTELHO PaBHA CHIIE, C KOTOPOH NPHTATHBACTCS K 3eMie
Teno Maccel n = 3600 Kr.

U
e

YS_

-
-7

Puc. 330 Puc. 331

581. Ha kax/blii miapuk AcHCTBYIOT: cuia HaTsxkeHus nutu T, cuma
TSIKECTH Mig W CHNAa KYJIOHOBCKOTO OTTankupanusi F = kq%r?, rae r = 2lsin o
(puc. 330). I1pu paBHOBecHH: HIapUKA CYMMBI IPOEKIHI CHIT HA BEPTUKAIBHOE U
TOPU30HTANLHOE HANPABJICHUA PaBHbI HYMIO (cM. 3ajjauy 576):

Tcoso—-mg=0, F-Tsina=0.

HckntounB U3 3THX ypaBHeHUH T W YIHTBIBAs BHIPAKEHUS U F | 1, IOITYIHM

m = kq? cos /412 sin? o= 6,3 T.

582. Ha nopgBmKHbIA miapuK JEeHCTBYIOT: CHJIA TIXECTH mg, CHia KyJo-
HOBCKOro orrankupanus F u cuna Harskenus wutm T (puc. 331). Hpn
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PABHOBECHHM MIApHUKA CYMMBI MPOCKUMH CHJI HA TOPHU3OHTANLHOE U BEPTH-
KaJIbHOE HAlPABIEHUs PaBHbI HYIIO:

Fcoso—Tsin200=0,
Fsina+ Tcos2a-mg=0.

Hcknrodas u3 3THX ypaBHEeHHH T, HAaXOAUM

tg2 o
F= g —mg.
cosOL+tg200 sinC

Hcnons3ys uzsecthyio popmyay ctg o = sin 20/(1 — cos 2al), nosnyuaem

1-cos2a
F=——m
sino
Kak Bupno n3 puc. 331, paccrosinue Mexay tapuxkamn 7 = 2/ sin o. Caejo-
BAaTENBLHO,
F=kq*Ir* =kg* 141%sin® a:
oTCIof1a

q= 2l\ﬁmglk)(1 —cos2a)sinQ, = l\/mg/k = 0,8 MrKu1.

583. 3apsiy miapuka ¢ NOMHOCTBIO NEpeiiAeT Ha BHEIIHIOI MNOBEPXHOCTH
cthepbl U pacnpelleTuTcs o HeH paBHOMEPHO.
INoaTOMY IOBEepXHOCTHAsl INIOTHOCTL 3apsja Ha
chepe

O = ¢/S = q/4 TR? = 0,1 MxKu/m2.

584. [1pu BHeceHMH HIapHKa C 3aPsiOM ¢ BHYTPD
npopopsuell cdepbl Ha BHEIUIHEH NMOBEPXHOCTH
cepbl MOSABIASIIOTCS HHAYUMPOBAHHBIC 3apsijibl
TOTO K& 3HaKa, UTO H 3apsj| ¢. @ HA BHYTPEHHEH —
IIPOTHBONOAOXHOro 31aka (puc. 332). IlopepxHo-
CTHasl IFIOTHOCTD 3apsijla Ha cepe

o = g/§ = g/4 TR? = 0,1 MxKu/m2.

Puc. 332

IIpu u3sMeEHEHNY OJTOXKEHNS ITAapUKa 3IeKTPHICCKOE NOJe BHYTPH chephl
OYAET MEHSTBCS, HO 3TO HE CKaXKETCsl Ha PacHpefleIcHHN 3apsjlob Ha BHELIHEH
IIOBEPXHOCTH c(PePbl U HX IIIOTHOCTEL OYIET PEXXHEH.

§ 19. DaekTpHueckoe moje

Hanpmfcer—mocmb ANEKMPUHECKO20 ROAA

585. HanpsikeHHOCTb 9MEKTPHYECKOrO IONS, CO3[AaBaeMas TOUCTHBIM

zapanom, E = kq/er?; orciona r = \ kq/eE = 2,1 m.
586. 3apsn g, HaxoadHiica B LeHTpe cepbl, HHIYIUPYST HA BHYTPEHHEH
MOoBepXHOCTU cephl 3apaj —¢, a Ha BHCIIHEH MOBEPXHOCTH — 3apsjl +q
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(cm. 3apavy 584). MHRyuupoBaHHbIe 3apsi/ibl BBULY CHMMETPHH pacnpefeieHp
PaBHOMEPHO. DNEKTPUUYECKOE NOJIe Y BHEIIHEH NMOBEPXHOCTH Chephl COBMa-
JIAeT C [OJIEM TOYEYHOTO 3apsifia, PABHOTO CYMMeE BCEX 3apsi/ioB (HAXOAALIErOCs
B LEHTPE ¥ MHAYHHPOBAHHBIX), T.€. C MIOJIEM TOUYEUHOro 3apsfaa ¢. Crenona-
TensHO, Ey = kg/R? = 2,25 kB/m.

3apspl, pacnpefeleHHbIE PaBHOMEPHO No cdepe, BHYTPU 3TOH cepnl
37EKTPUYECKOro nons He co3patoT. IToaromy BHYTpH cepnl none Oyper
CO3[aBaTbCs JNHIOb 3apsiiOM, MOMEHICHHBIM B ueHTpe. CrnegoBarTeXbho,
E, =kg/r? =9 xB/m.

587. HanpsxkeHHOCTh 3JeKTpHueckoro nojia E B TpeTbell BepmHe Tpe-
YrojibHUKa (B TOUKE A) ABIseTCs BEKTOPHOH CYMMOH HampspkeHHocred E| u
E,, co3papaeMbIX B 3TOH TOUKE HOJOXKATENBHBIM U OTPULIATENBHBIM 3apsfiaMil,
ITH HanpsKEHHOCTH PaBHbI 110 Mofymo: E| = E, = kg/a®, n HanpaBleHs! 1oy
yroom 200 = 120° npyr k gpyry. Pe3ynsTupytomas aTux HanpsisKeHHOCTEH pas-
na no mopyito E = 2k lgl cos o/a® = 40,5 B/m (puc. 333), mapanienbHa nTuHuHy,
COCJIMHSIOIEH 3apsi/ibl, ¥ HAIIPaRJICHA B CTOPOHY OTPHUATEILHOTO 3apsijia.

@ g2

Puc. 333 Puc. 334

588. HanpsisKeHHOCTE 3MEKTPHICCKOTO NOJIsl B UeTBEPTOH BepiunHe poMba
(B TOUKe A) ABIACTCA BEKTOPHOU CyMMOM Hanpsikenuocrei (puc. 334), cosna-
BAEMbBIX B 3TOH TOUKE 3apsapamu ¢, g, 1 Q: E =E| + E; + E;. [To Mopymo
HanpskeHHocTH £3 = kQ/a?, E| = E, = kq/a?, npuueM HanpaBiIcHHUs HANPS-
skeHHocTell E| u E, coCTaBIsIlOT ¢ HalpaBleHUEM HanpsxkeHHoctn E5 oan-
HaKoBBle yrabl O = 60°. Pe3yasTHpylonias HanpsskeHHOCTh HanpasieHa BAOJb
KOPOTKOM MaroHatd poM6a oOT 3apsiaa (J H paBHa [0 MOJYITIO

E =kQla* + 2k(q/a®) cos 0. = k (g + Q)/a’.

589. Hanpsxennocru anexktpuueckoro nong E,, E, u E;, co3faBaeMbie
3apsiflaMn ¢y, ¢, 1 O B 3aJaHHOM TOUKE, MMEIOT MOJYJIH, HalIcHHbIC B 3ajate
588, oHakO HalpsixkeHHOCTL E; HanpasieHa B IPOTUBONOIOXHYIO CTOPOHY,
T.e. k 3apsay Q. Takum o0Gpa3zoM, Hanpasyienns Hanpsskennocrel B, E, 1 E3
COCTaBNAOT MEXAYy coboit yrael 200 = 120° a) Ilpm IQ| < ¢ wmckomas
HanpsixeHHOCTh E = k (¢ ~ |Q)/a? n nanpasneHa Bpoib KOPOTKO# J[uaroHaju
poMmba ot 3apspa Q; 6) npu IQl = ¢ manpsixennocre E = 0; B) npu IQ1 > ¢q
HanpsikeHHOCTD E = k (IQ) — g)/a 2 w HanpasyicHa BIONb KOPOTKOM ZHATOHAJH
pomba K 3apsay Q. '
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' §90. HanpskKeHHOCTH 3NEKTPUUECKOTO Ot B IeHTpe poMba, co3aBaeMble
COOTBETCTBEHHO 3apSIaMU Gy, ¢, §3 U q4,

E, = 8kq /di, Ey=dkqold, Esy=dkqyds. Ey = 4kqald.
Hanps>xkeHHOCTH B HEHTpE poMba

E={(E,— E) +(E,—E) =

= (k1 dPd)(gs — g d} + (g, — gy 2d} =159KB/m.

Yron o MEXKAY HalpaBJIcHUEM ITOH HaNPAXKCHHOCTH U KOpOTKOfI JUAroHaJbLHO
pOMGZl OIIPCHACIIACTCA BBIPAXKCHUEM

teo = (E, - EVNE; — Ev) =(qy —q)) d3 /(qy — q3)di =1, T.e. o= 45°,

591. Ha mapux JIcHCTBYIOT: CHIIa TAXECTH nig, cuna F = gE co CTOpOHDI
3AEKTPUYIECKOTO 1078 ¥ ciila HaTsKeHus HuTu T (puc. 335). Ilpu paBHOBeCHH
ImapuKa CyMMBbI IPOEKIHI CUNl Ha BEPTUKAIIkL-

HOE M TOPHU3OHTAILHOE HANPABICHUS PaBHbI % F
HYITIO:
Tcoso—-mg=0, ~Tsino+qE=0;
orctofa tg o= gE/mg = 1, 1.e. 0. = 45°. mg
592. Ha mapux ACHCTBYIOT: chla TSKECTH F
mg u cuna F = gE co CropoHsl adexkTpHue-
CKOTO 1107151, HalpaBieHHast BBepX. Tak kak no
ycnosuto F > mg, TO IpH paBHOBECUN INapUK mg Z
OyneT HaXONUTLCSA y BEPXHETo KOHLA BepTH- Puc. 335 Puc. 336

KaIbLHO HAaTAHYTOH HUTH (puc. 336). PaBHo-

JeficTpytomas cuna F u mg, ecnn 651 Wapuk Obln cBOOOJEH, BBI3bIBANA Obl
yckopeune a = ¢gE/m — g, KoTopoe, Tak Xe Kak U yckopeHHe cBOOOIHOTO
nafgeHus: g, He 3aBUCHT OT HONOXKeHuus mrapuka. [1oaromMy nosefcHue mapuKa
OYIET ONMCHIBATBHCA TEMH Xe¢ (OpMYJiaMyl, UTO U NOBEACHHE IIAPHKA IOJ
AeHCTBHEM CHITbI TSAXKECTH 0€3 3MEKTPHUECKOTo oS (IpH NPOYHX PABHBIX
YCIOBUSX), €CINH TOJABKO B 3TUX (hopMyNax g 3aMeHHTh Ha a. B 1actrHOCTH,

Nlepyon KoneGanmil ImapuKa Ha HHTH
T=2nlla= 2r\(ml (gE — mg).

IMprn T = Ty RoAXHO BHINMONHATHECA ycaosne a = g. CrepoBaTeNbHO,
E =2mgl/q = 196 xB/m.

593. Ilpwm mHATUYMH OAHOPOJHOIO ITEKTPHUECKOTO IO ¢ HANPSKEH-
HOCTBIO E, HallpaBIIeHHOJ BHU3. IepHOJ KoneOanuit mapnka (cM. 3afaqy 592)
T = 2N ml/(mg + |glE). B oTcyTcTBEE 3meKTpauecKoro noms Ty = ZRW =
= 1,20 ¢. Jas nonoxuTeqsHOro 3apsana g neprop T, =1,10 ¢, a gaa orpu-
uarensHoro T, = 1,35 c. Takum 06pa3oM, H3MEHEHHs NIEPHONia B NEPBOM H
sropoM ciyuasx 6yayr T, —-Ty=-0,10cuT,-Ty=0,15¢.
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594. Ha wapux geficTBYIOT: cHJIa TsSXecTH nmg, cuna F = gE co cTopons:
3JMEKTPHUECKOro NoJsA H cuna HaTsKeHust HATH T (puc. 337). Bo3MOXHBI [1Ba
cIyuas: a) HanpsHKEHHOCTD [0 HalpaBJieHa BHU3; 6) HANPSXKEHHOCTL NOJs
HanpasJieHa BBepx. [Ipu paBHOBecHH IIapHKa

Tcosp=mgtqgEcosa, Tsinf=qEsina,
TJIc 3HAK IUIIOC OTHOCHTCSl K CHYUAl) a), a 3HAK MHHYC — K Cayudaio 6);

B - yrom mexay HanpasICHHEM HHTH U BepTHKanbto. VICKniowas u3 aTHx
aBHeHU {3, Hanem
H Haie

T= \/(mg)2 +2gmgE coso+ (qE)2 .
Mpuarom:a) T=287mH,6) T = 12,0 MH.

595. DaekTpoH B nojic ABMXKETCA paBHO3aMeaneHHo. [TpodneHHbIi nyTh 5 1
BPeMs £, 32 KOTOPOE OH NPOXOAHT 3TOT NyTb, OIPENENIOTC COOTHOCHUSIMHA
s=v2/2YE =237 om,

t=v /YE=47 Hc,

e y=-e/nm =176 - 10" Ku/kr ~ yjeasHbIil 3apsa 21eXTpoHa (OTHOIIEHHE
3apsaa IMEKTPOHA K €0 MAcce).

7

I
\1N§h\

Puc. 337 Pric. 338

596. Ha asexTpoH 0pm ero ABIDKCHUN MeXAY IUIaCTHHAMH KOHJACHCATOPa
aefcteyeT cuna F = ef co cTOPOHBI 3JE€KTPHUECKOrO NOJsi. DTa cUia Ha-
npaBicHa NEepNeHJUKYISPHO K IUIaCTHHAM B CTOPOHY, MNPOTHBONONOX-
HY}O HANpapBJIeHHIO HANPSDKEHHOCTH, TAaK Kak 3apsy] 2JIEKTPOHA OTPHLATEICH
(puc. 338). Cunoll TsKecTH mg, ACHCTBYIOMIEN Ha 9JEKTPOH, MOXKHO Ipe-
HeOpeun o cpaBHeHUIO ¢ cunolf F. Takum oGpa3oM, B HanpaBIeHHH, Napa-
JETBHOM IIIACTHHAM, 3TEKTPOH JBIXKETCS PABHOMEPHO CO CKOPOCTBIO U, HMEB-
IIefcsi y HEero A0 TOro, Kak OH BIETeN B KOHJEHCAaTOp, W IpoieraeT pac-
crosinne [ 3a BpeMs f = [/v. B HanpaBiieHn# Xe, e pIeHANKYIAPHOM K IUIACTH-
HaM, 3JTEKTPOH JBUXKETCS MOJ| ACHCTBHEM CHIBI F M, ClefOBaTENbHO, HMEET
yckopenne a = F/m = eE/m; 3a Bpemsl { OH CMeIIaeTcsl B 3TOM HanpaBleHAM HA
paccrosuue h = at’/2 = ¢eEl 22mv ?; orcropa '

v =IJeE/2mh =3,98-10"m/c,

k=mv?/2=eEl*4h=17,2-10""TIx.
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Tomenyuan. Paboma anexmpuueckux cun

597. Ilone BHe wWapa coBIajaeT C MOJNEM TOUEYHOTO 3apsila, PaBHO-
ro 3apsafy ¢ mapa M HNOMEIEHHOro B ero medHrpe. [loaTomy noreHumasn
B TOUKE, HAXOASAIEHCA HA paccTosiHud R + 7 OT ieHTpa wapa, Q, = kg/(R + r);
orcopa g = (R + r)@,./k. IloreHuuans Ha NOBEPXHOCTH wapa @ = kq/R =
=(R + e, /R =202 xB.

598. Ilyctb 3apsa B pajiyc KOKAOH KanelbKu pTyTH pasHbt ¢ u r. Torya
ee noreHpuan ¢ = kg/r. 3apag Oonsmoil kamnum Q = N¢g, u ecinu ce
panmyc papeH R, To ce norenmuan @ = kQ/R = kNg/R = NQir/R. O6BbeMbr
MaJNeHLKOU u Gonblion Kanenb v = 47wr /3 u V = 4nR /3 ceazausr Mexay
coboit cootHowenuem V = Nu. Creposareasno. r/R = 1/N ' y notenuwan
d = No/N 13 =pN23 0.

599. B pesynpraTe 2MeKTPOCTATHUECKON WHAYKIWH Ha BHCIUHEH W BHY-
TPCHHEH! NMOBEPXHOCTAX chephbl HOSIBSITCS paBHbIC MO MOJYIIO, HO IPOTHRO-
NOMOXHBLIC MO 3HAKY 3apsfsl (cM. 3anavy 584 u puc. 332). Bue cdepnl
MOTEHIHAJIRI AJEKTPHUCCKHX NONEH, cO3[aBacMbIX 3TUMI 3apaaaMy, B T000
TOYKE PABHBI 10 MOAYIIO # IPOTHBONOJIOXKHBI 110 3HaKy. [Toaromy norexnman
CYMMAapPHOTO OIS MHIYIHPOBAHHBIX 3apaj0B paBcH HYJ0. TakuM oOpa3oM,
OCTarOTCs JHUIB 10N, co3aaBaeMbie BHe cepn! 3apsitom BQ Ha ee no-
BEPXHOCTH H 3apsaaoM urapuka ¢. IloreHuman nepBoro 1ois B TOUKE yja-
JIEHHOM OT UeHTpa cepb! Ha paccToarue r, ¢ = kQ/r = kQ/10 R, a noTcHuman
BTOPOrO MOJ B TOH K€ TOYKE @, = kg/r = kg/10 R. Ilonanplit noren-
muans Q@ = @, + @, = k(Q+ ¢)/10R. Ilpu ¢ = +20 uKn ¢ =27 B; npn
¢ =-208Kn1 ¢=-9B,

600. Hanbosbmyo HanpsaskeHHOCTb 9NEKTPHICCKOE 110J1e HMCET Y HOBEPX-
nocru mapa: E = kg/eR 2. TloreHuyuan mapa ¢ = kg/eR; orctona ¢ = ER = 90 B.

601. 13 3akona Kynona onpejesnsaeM 3apsiibl IIAPUKOB: ¢ = N Fik. Bapsan ¢,
HaxoAIIMiAcAd Ha mIapuke paguyca R = D/2, co3aeT Ha MOBCPXHOCTH 3TOrO
HIapHKa NOTEHIHAN

(pl :ki:kﬁ—wzﬁvﬁ
R R D

B ToM Mecre, Tjie HaXOJUTCY 3TOT [IAPHK, 3apsj APYroro Hiapuka co3jacT
norenuuan ¢, = kq/r = \ kF. Takum 0o6pa3soM, MOTEHIHAN KaKOTO apHKa

2wJkF (D
<P=<p,+cpz=—~—rf(1+—

)=4,84 kB.
-

602. ITorenuman B leHTpe KBagpaTa paBeH anreOpaniccKoll cyMmMe NOTeH-
HANIOB, CO3/laBaeMbIX BCEMH 3apSfiaMH B 9TOH TOUKe:

O=0@,+Q, + Q3+ @, =(k/a)(q, +q, +q; +q,)=-180 B.

|73
o=
R



Hanps>KeHHOCTh [OMs B IEHTPE KBajpaTa fABIAETCS BEKTOPHOH CyM-
MOU HAanpssKeHHOCTEH, CO3JlaBaeMbIX KaX[bIM 3apAfoM B STOH TOuKe:
+1 9 E=E, +I:€2 + E;+ E;. Mopynn 2THX Hanps-
o O  3XEHHOCTEH

E =kq /la*>, E,=kg,/d",
E; =kq3/a2, E, =kq4/a2.

Yno6HO cHayana CnoOXHUThL NONapHO BEKTOPHI,
HanpasJIcHHbIE 110 OTHOH IMarOHANU B MPOTH-
BONONOXHbIE cTOpoHbI (puc. 339): E; + E;u
E, + E,. Ipu panubix 3apsax cymma E; + E; o
Monynto pasHa cymme E, + E,. ITosTomMy pe-
3yNBTHPYIOMIAs HanpssKeHHOCTh E HampaBsieHa
no OUCCEKTpUCe yria MEXKAY [WarOHANsAMM U
COCTaBJIAET C 3TUMU AMarOHaJsiMU YIIb! O = 45°. Ee mogyms E = 2545 B/m.
603. HanpsekeHHOCTY 3NeKTPHICCKOTO MONst B TOUKAX @ u b

Puc. 339

E, = kq/ru2 =600 xB/Mm, E,= kq/r,,2 =37,5 xkB/m.

IToreHunanbl B 9THX TOUKAX
©,=kq/r,=30 xB, ©,=kq/n,=7,5 kB.

Patora IEKTPUIECCKUX CUJT MPHU NTEPEMECHIICHIH 3apsana ¢y U3 TOYKH d B TOUKY b
A= qO((pa - (‘P/)) = kC]o‘I(l / e — 1/ I‘[,) =22,5 M/Ixk.

604. HanpsKeHHOCTH 3MEKTPHUECKOTO IOJs B TOUKAaX a M b paBHBI
E, = kq/r(,2 nkE,= kq/r,,z, rie r, U I, — PacCTOsAHUst TOYIEK @ U b OT 3apsifia q.

Toreunuanst B TOukax a v b pasuwl Q, = kg/r, = NkqE, n ¢, = kq/r, = N kqEpy;
orciofa pabora, HeoOXxoauMas ANsl HNEPEMENIEHHUs 3apsifa ¢y U3 TOYKH

@ B TOYKY b,
A= qO((pa —(ph) = qO\/E(\/ET—\/E:)

605. IIpr NpoxOXICHUN JIEKTPOHOM pa3HOCTH NoTeHuuanos V=1B
DNEKTPUYECCKHUE CHUIABI COBEPUIAIOT HaJ SJeKTpPOHOM pabory A = eV =
= 1,60 - 107! [Ix. DTa paGoTa paBHa KMHETHYECKON IHEPIUH, IPUOOpeTeHHOM
9eKTpoHoM, T.e. 1 aB = 1,60 - 10~'% [Ix. IMockonsky eV = mv?/2, ro v =

=\ 2eVim =593 km/c.

606. PaGoTa 2/eKTpHIeCKUX CHN PABHA M3MCHEHUEO KMHETHUECKON 9HEepIruH
snekTpona: eV = mv¥/2; orciopa v = \ 2eVim = 5930 km/c.

607. IMoTennyan Ha NMOBEPXHOCTH mapa @ = kq/R; oTciofa ero 3apsi
g = OR/k. TloreHuman Ha paccTOsHHM R + r OT UeHTpa mapa @, =
= kq/(R + 1) = 9R/(R + r). IIpu nepeHoce 3apsaa gy A3 TOUKH C IIOTEHIHATOM
¢, B 6ecKOHEUHOCTh paboTa INEKTPHUECKUX CUIL A = gy, = qoPR/(R + 1) =
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‘=1 Mx/JIx. Takywo xe paGoTy HEOOXOANMO COBEPIUHTE MPOTHB 3MEKTPHUECKUX
CHIl IPH HepeHoce 3apsjia ¢y u3 OECKOHEYHOCTH B TOUKY, HAXOJAIIYIOCH Ha
PACCTOSIHHH I' OT HOBEPXHOCTH I11apa.

608. ¢ = A(R + 1)/gyR =0,3 kB.

609. A = qo(Pp, ~ 9,) = kqoq(1/ry, — 1/rg) = 22,5 [Ix.

610. A = kqy(q, — gp)(1/d = 1N r?+d 2y =-0,36 MIx.

611. HaiigeM noreHInan, co3gaBaeMalit 3apsaioM ¢, HAXOASIAMCS HA KO-
e, B TOYKe A Ha OCH KOJBIA, PACIONOXKEHHOM HA PACCTOSIHIH X OT €ro lieHTpa

(puc. 340a) u, cregoBaTENbHO, HA PACCTOSIHUAX 7 =VR%2+x? or TOUEK,
mexanmx Ha Konblle. Pa3ofsemM KONBIO HA OTPE3KH, MAJIbIE 110 CPABHEHUIO C
paccrostHueM . Torna 3apaj Ag;, HaXONAIMIANACA Ha KaXKAOM OTpe3Ke (i — HOMep
OTpe3Ka), MOXHO paccMaTpuBaTh Kak TodeuHbid. OH co3faeT B TOUKE
A noreHnman @; = kAg,/r. [Torenuuan, co3gaBaemMblii B Touke A BceMH
OTpe3KaMu KONbIa (OTCTOAIAMHI OT 3TOH TOUKH Ha OJHO U TO X€ paccTosi-
Hue r), Oyaer

D=0, +Q,+Q;+...=(k/r)(Ag, + Ag, +Agy +...).

B ckoBEax CTOUT CyMMa 3apAfloB BCEX OTPE3KOB, T.€. 3aPA BCETO KONbIA §;
noatoMy @ = kq/r = kq/N R* + x%.

Motennuan @, nois B NHEHTPE HEPBOrO KOMbIA CKMAJbIBAETCH U3
IIOTEHIMANA, CO3AABAEMOTO 3aPA/IOM (|, HAXOIAIINMCS Ha MEPBOM KOJDIE, s
KOTOpOoro X = 0, U IOTEHIHMaNa, CO3/aBAEMOr0 3aPAOM ¢y, HAXOJAIIUMCS Ha

Ag;
q1 q2

Puc. 340

BTOPOM KOINBIIE, st KoToporo x = d (puc. 3406). AHanOruyHO HAXOAMUTCS
AOTCHIMAN B UEHTPE BTOPOTO KOJblA:

®, =k(q,/R+q,/NR* +d*), @, =k(gy/ R+q, /VR* +d*).

OKOHYaTeNbHO A7 pabOThl HIMEEM
A= go(®) - ®,) = kgo(q, —g2)(L/ R=1/YR* +d?).

612. Ecnn 3apsans! gg ¥ ¢ ORHOTO 3HaKa, TO YAAJNWUTH MAPUK OT KOJbIA B
- OECKOHEYHOCTh MOKHO, COOGIIMB €My OECKOHEUHO Manyro CKopocThb. Ecin xe
3HAKM 3apsjlOB pa3sHble, TO CyMMa KHHETHYECKOH M NOTEHUMAaNbHON 3Heprui
IapyKa B HEHTPE KONMbIA NOMKHA ObITh paBHa HYJIIO, TaK KaK OHA paBHA HYJIO
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B GecKoneTHOCTH: M2 + g@ = 0, rae ¢ = kg/R — noTeHI@an B HEHTPE KOMbHa
(cm. 3agaqy 611); orcropa v =  2kigagl/mR.
613.v= \/ 2keq/mR = 800 xM/c.

614. BayTpu KOHJcHCATOPa HMEETCS OJHOPOAHOE 3NEKTPHUECKOE IONE ¢
HAMpPKEHHOCTRIO E = V/d, nanipapinerHo# BepTuKannHo. [Tocne ypapa mapuxk
NpHOOpETAET 3apsijl TOTO KE 3HaKa, UTO M HUXKHSAS MIACTHHA KOHJCHCATOpA.
ITosTomy Ha HETo O6yAET AEHCTBOBATL CO CTOPOHBI 3NEKTPHUCCKOIO MO CUa
F = ¢qF = qV/d, nanpapnennas seepx. COrnacHo 3aKOHY COXPAHEHHST IHEPTHUN
H3MeHEHNEe 9HEepPriu PasHO paboTre BHEMIHUX CHT (B JJAHHOM CJlyyae — 3JICKTPH-
YECKMX). YUUTBIBad, UTO yAap aGCONIOTHO YNPyrufi ¥ 4TO B HAYaNbHBLIA u
KOHCYHBI MOMEHTBI MIapUK HMEECT JINIIb NOTCHUHANBHYHY IHCPTUIO B [OJNe

CHIIBI TSIPKECTH, NOMY UM
1% gHd
A=Fh=2"p= mg(h—H), orkymna h= _mere
d mgd —qV

615. CoriracHo 3aKOHY COXpaHEeHHUs HEPruu
mgh —(mu2 12+ mgH)=¢q4V,

rie gV — pabora anekrTpudeckux cuin, V = kq/H — kg/h — pa3zHOCTH NOTEHIAAIOB
TOYEK HAaYaJIBHOTO W KOHETHOTO NOJTOKEHNs BepXHero mapwuka. s onpefe-
nieHust 1 nonydaeM KBajipaTHOE ypaBHEHHC!

2 2 2
PRI L AT PN )
2g mgH mg
Penias ero, HaltaeMm
1 v kg’ e P g
hee| 4| |2 g
2\ 2g mgH 4\ 2g mgH mg

(3HaK IUIOC liepell KOPHEM COOTBETCTBOBaJ Obl MaKCHMalbHON BBICOTE,
JOCTUTHYTOH IIAPUKOM, ecH Obl OH MOJYYHT Ty >Ke HAaYalbHYIO CKOPOCTH,
HaNpaBIeHHYIO BBEPX).

2 2 2 2 2
616.h=l v ——k—q—+H + 1 E—+—kq—+H +

2
L kq”
2\ 2g mgH 4\ 2¢ mgH mg

617. Pabora, coBepiieHHas! HaJ] 3IEKTPOHOM NEKTPUICCKAM MOJIEM, HAET
HA VBEIUYCHAC KUHETHICCKOM SHEPTAH 9JICKTPOHA!

(9, —,)=my, /12— muj 2, 1
OTKYJA V
0, -0, = W2 - v})/2y=-22,7 B,
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rie Y — YAENbHBIA 3apsaj oNeKTpoHa. PasHOCTL MOTEHUMANOB OTPHUATENLHA.
Tak Kak 5AeKTPOH MMEET OTPHUATENLHBIA 3apsaf, TO CKOPOCTh 3NEKTPOHA
YBETUTIMBAETCS MPH €r0 ABISKCHAH B CTOPOHY BO3PACcTaHUA HOTEHIHANA.

618. 3a BpeMs nponeta ¢ = /v (cM. 3apady 596) 3NeKTPOH cMeWaeTcs B
HAIPaBJIICHUN JefICTBHs CUJIbI HA pACCTOSHHUE

h=at> 12=9WI*120°d =55 mm,

THe Y — yAeTbHBIH 3aps)] 31€KTPOHa.

619, Ha pputmEKY AefiCTBYIOT CHABI TsXKecTH mg u cmwina F = ¢(E; co
CTOPOHB! 3NCKTPHYECCKOTO MHOJIS, IA¢ ¢; — HAUYANBHBIA 3apsi NBLUIMHKHA H
E, =V,/d — HanpsXeHHOCTb 3JIEKTPHIECKOrO Nons B KoHfeHcaTope. Urobsl
IILUIMHKA MOTNa HaXOAUThCS B PABHOBECHH, BEPXHAS MJIACTHHA KOHACHCATOPA
JlOMKHA OBITH 3apsiXeHa oTpHilaTensHo. Ilpu papHOBeCHI

mg=F, wim mg =gV, /d; orcioga q, =mgd/V,.

Tak xak yMeHbUIEHHE 3apsja ObUIAHKH Ha g, = 1000 e paBHOCHNBHO
YBEITWUYEHHIO IOJOXHTENBHOTO 3apsila Ha ¢, TO HOBBIN 3aps)] NBITHHKH
¢r= ¢, + ¢y llpn paBHOBecum mg = ¢,V,/d, rpe V, — HOBas pas’HOCTH
IIOTCHIHAJIOB MEXKY IJAaCTHHAMHU. YUUTBbIBAs BbIPAKEHUS AN 7, ¢2 K ¢,
HaufieM

Vy, =mgd/ q, = mgVid [(mgd +1000eV,) = 5020 B.

Taxum 00pa3oM, pPasHOCTh NOTEHIMANIOB HYXHO H3MEHHUTb Ha V, -V, =
=—980 B (3HaK MHHYC OKa3bIBAET, IYTO €€ HY>KHO YMEHBUINTD, TAK KaK 3apsif
IBIIMHKYA YBETAIAIICS ).

620. BepxHsisl INacTHHA KOHJEHCATOPA JOKHA GhITH 3apsiKeHa MOJOXKNU-
renbHO. HOBBIA 3apaf NBIIMHKHE ¢, = ¢ — ¢g, TAE gy = 1000 ¢. TlosTomy
(cM. 3apauy 619)

V, = mgd/ q, = mgV,d /(mgd —1000eV,) = 7460 B.

Hanpsixenne Mexxay IiacTHHAMHE HYKHO yBennuuThb Ha V, — V| = 1460 B.
621. TIpm paBHOBecun

(4nr’ 1 3)pg =eV/d, orkyna r=3f3eV/4ngpd =7,6-10cm.
P y p

622. HanpsrpKeHHOCTDh 3MeKTPHYECKOTO NoJast B KoHjeHcaTope E = V/d.
Pa3HocTh NOTEHUMANOB MEXAY TOUYKAMH, I[i¢ PAaCHONOXEHBI 3apsijibl,
Vip =@, — ¢, = El = Vlld, rae ¢, — noTeHilnal B TOUKE PACHOIOXESHH 3apsja
+¢, a ¢, — NOTEHIHAN B TOUKE PACIOJOXKEHHS 3apsjla —q; NPA 3TOM @, > @y,
IIpn nmoBopoTe Nanouyk® 3AEKTPHUCCKAE CHIBI COBepIaldT paboTy no
HEPEHOCY 3apsiia —¢ U3 TOUKH a4 B TOUKY b U 3apsna +g U3 TOUKH b B TOUKY 4,
paBHYIO

A=—q(9, —9,)+a(Q, - 9,)=-29(0, —9,) =-2qIV/d =~6-10""" .
3HaK MI/IHyc O3HaAvYaAET, 4YTO pa60Ty HOJKHbI COBepmHTb BHECIHIHHUE CUJITBI.
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623. M =qgVlid=9-10"H - m.

624. V = ﬁ( kq? ): 460 «B.
q I

625. Ecnu g0 3aMblKaHMs [MapHK 2 UMeN 3apsf ¢, TO CyMMa 3apsjion
mapukoB 1 w 2 mocie 3aMpIKaHud ¢, + ¢, = q. [loTeHumanb! xe ux nocne
3aMBIKaHUs ONMHAKOBBL: O = kqy/R| = kg, /R,. CnenosatensHo, ¢, = ¢ 1R, /R,.
Tlocne 3amMpIkanus mMapukK 2 JEHCTBYET Ha WapHK 1 ¢ cunoi

mg = kq'q7 —kql R’ . OTKylla g =h mg Ry
h” h*R \ ok R,

Hawvampabii noTeHaN I1apuKa 2

4 1 R,
(pzk_qZZMqu‘LRL/__—h n gR _14;&_1276 ¥B.
R R, R, R, RR,

3./161('}71[7[[ HeCKaa eMKOCHIb

626. EMKOCTH IPOBOAAUIETO MIapa B KEPOCHHE U B raunepuHe | = 47e,e,R
u Cp = 4ngyeyR. Ux otaoutenne Cyf Ci= &, /g, = 28,1,
627. 3apsiy Ha ITacTHHE, 33PSKEHHON NONOXUATENBHO, ¢ = CV = 5 nKur.

628. v= "\ 2ycS/C = 1,03 - 107 M/c, rjae Y — YREABLHBIN 3apsig JJIeKTPOHA.

629. Kongencatop U3 TpeX IIaCTHH MOXKHO PACCMATPHBATL KaK JiBa ILTO-
CKHX BO37YIIHBIX KOHAEHCATOPA C EMKOCTBIO £)S/d KaKIbIi", COEIMHEHHBIX
napanneabHo (cM. puc. 77). IToaromy obmast eMKocTL (6€3 AMINCKTPHKA)
Cy=2g,5/d = 35,4 nd. Ilpu norpykeHun KOHJEHCATOpa B TJHUEPUH €roO
eMKOocTh C = eCy = 2¢y€ S/d = 200 ud.

630.C=C,/(n-1)=¢ye S/(n—1)d =31 ud.

63l.m=qElg=1q1Q/eyR?g=3Tr.

632. HanpssKeHHOCTb 3JIEKTPUIECKOTrO MOJA BHYTPH MIIOCKOrO KOHIECH-
caropa cBsi3aHa C 3apsaoM () Ha ero INaCTHHaX cooTHoueHueM E = Q/gy S
Ha mapux BHYTPH KOHJEHCATOpa JCHUCTBYIOT CHIA TSKECTH Mg, CAJIa
HaTskeHus HutH T wcuna F = gF co CTOPOHBI 2ACKTPHUYECKOTO [1ON
(cMm. puc. 335). Ilpu paBHOBEecHM IHapuKa B NPOCTPAHCTBE KOHj€HCATODPa
(eMm. 3apauy 591) gF = mg tg o, unu

qQ

— =mgtgq;, orctoga Q=
£,S

Mtga =5,2 mxKi.

* HanoMmuuMm, uTo B GONBLUTHHCTBE 3a7a4 OTHOCHTENbLHAS JHANEKTPUUECKas POHH-
UaeMOCThb CPEflbl, B TOM YHCIE M BO3ZYXa, PHHATA PAaBHOH eluHULE U B (OPMYNbHbIC
BbIPAXKEHUS HE BXOJHUT.
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633. Ecnu g u g, — 3apsiabl Ha IUTACTHHAX /10 M [OCHE NOTPYKEHHSA
KOHJIEHCATOPAa B KEPOCHH, TO

Ag=q, —q =€y(e~NCV =¢,(e-1SV/d =50 uKn.

634. 3apsan wa nnacTHHAX He u3MeHsieTcd, noatomy V = dV,/ed, =
= 100 B. .

635. Ilpu nepeMelleHUH INIACTHHBI eMKOCThH KOHJEHCATOpA B AAHHBIN
MOMEHT BPEMEHH OIIpeAeNaeTcs TOH YacTho IIIOMALY NIACTHH, 10 KOTOPOH
OHY MEPEeKpbIBAIOT APYr Apyra. B MoMeHTbl BpeMeHw f U ¢, wromanu S, =
=8y—vlt), S, =8y~ vity, rpe [ = 10 cM — ANHHA CTOPOHBI ITACTHHBI. B oTH
MOMEHTBI BpeMeHH KOHJleHcaTop uMeeT eMkocTu C =€,5,/d, Co =€, S, /d, a
3apsiIbl Ha ero MIacTHHAX

Bapsp, TPOTEKIIHI MO npOBdnaM 3a BpeMst At = t) — 1y,
Ag=gq, —q, =&4(8) =SV /d=¢yul(t, —1)V/d

IIpu stoMm tok [ = Ag/At = gqvl Vid = 32 HA.

636. OOmuit 3apsa NapalieNbHO COCJAMHEHHBLIX KOHJEHCATOPOB
q=(C,+Cy)V =0,6 MmxKn.

637.V =2V,/3=4B.

638.V = (C\Vy + CVIC + Cy) =40 B.

639. Cr = Ci(V, = VIV = V5) = 10 mxd.

640. 3apsiibl XOHAGHCATOPOB O WX coefuHeHusd g; = C 1V 1 g, = C,V,.
ITocne coeauHeHUs] Pa3HOUMCHHO 3apsKeHHBIX OOKIAJ0K KOHACHCATOPOB
obmumit 3apag g = lg, — ¢l = (Cy + C,)V mn 3apsin nepBoro KOHAEHCATOPA
g’y =C,V.rne V — pasHOCTb NOTEHIMAIOB MeX/y OOKNTagKaMy KOHACHCATOPOB
HOCIE COCMHECHUS; OTCIOA

(]I, = C| | C2V2 — Cl‘/l | /(Cl + Cz) =32 MxKn.

641. ITocne coenuHeHns pa3HOMMEHHBIX OOKIajfoK obmuit 3apsag g = CV
paBeH pa3HoCTH 3apanos ¢, = C,V; u ¢, = C,V, OTAeAbHBIX KOHICHCATOPOB, IIe
C = Cy + C, — obmiast eMKOCTh IOCNe coeiluHeHus. TakuM 06pa3oM,

(G+OV=CV -GV, g1 > a3
(G+CIV =GV, -V, g, <q,.
Petast 311 ypaBHEeHus, ONYYUM B HIEPBOM B BO BTOPOM CIyUasix
Ci=(Va+ VICY(V - V)= 11 Mx®, C;= (V- WVICH/(V, +V) =3 mxD.

642. 1o coepwHeHmsi 3apsifibl NEPBOr0O M BTOPOrO0 KOHJAEHCAaTOPOB
g; =I1C Vit u gy =1C,V,l. Tlocne coeguHeHHs pa3HOMMEHHBIX OOKIafoK o6
3apsp

—q1= |C2V2| - lCIVII =+ I(Cl + Cz)m
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JIBOMHOI 3HaK MBI 3[IECh IOCTaBHIIH IOTOMY, UTO 3apaHee He H3BECTHO, KaKOi
U3 3apsAJIOB, ¢, HIH ¢, GONbIIE; OTCIOJA
Vol = [IC, V(I £ ((C) + CHVIN/C.

Peuwienne co 3HaKOM MHHYC COOTBETCTBYET CNyvalo, KOTjla 3HaKH 3apsijloB Ha
IUTACTHHAX [EPBOr0 KOHACHCATOpA NMOCHe COSTHHEHNS IITaCTHH HE MEHSIOTCS,
a cO 3HAKOM ILTIOC — CITy4alo, KOrAa 3TH 3HAKH CTAHOBSTC oOpatHpiMu. Tak
Kak B HameM cryuae IC, V1 < I(C + C,)VI, a senuauna |V5) fomxua ObITH Beerga
HOJOXKUTEIBHOH, TO CYHIECTBYET JHILIL OJHO PEUIEHNE — CO 3HAKOM IuTtoc. B
pesynwrarte V5l = 350 B.

643. g = R‘([/(Rl + Rz), gy = R:)_C]/(R] + Rz)

644. CoepuHeHNE WapOB NPOBOAHUKOM 3KBHBAJNEHTHO NApalficibHOMY
COCUHEHHIO KOHteHcaTopoB. ITocne coearHeHuA

qi = Ci(q + g/C; + C2) = Ry(q)+ g)/(R| + Ry) = 1,9 1K,

@, = Colgy + qNCy + C2) = Rylqy + q)/(Ry + Ry) = 4,8 uKu.
645. 3apsjb! Ha Wapax [0 u [nocne CoefuHeHus ¢, = R 1@y, ¢ = Ryp, 0 ¢gf =

= R19, ¢; = Ry¢. O6umit noTeHIMAaN WapoB [OCTE COE/INHEHHUS ONPENCTHM U3

YCIOBHS COXpaHeHus 3apsga: ¢ = (@) + Ry@2)/(R| + R,). 3apsiib1 Ha nepBoM 1
BTOPOM IIapax Mocjie CoeJMHEeHUs

q] = Ri(Ry@; + Ry0)/(R) + Ry),
g5 = RoR 91 + Ry@)/(Ry + Ry).
[MOBEpPXHOCTHBIE IOTHOCTH 3apSOB HA MIAPaX

o1 =g IR =€y (Ry@) + Ro@)/R (R, + Ry) = 4,425 uKan/m2,
02 = €0 IR3 =€ (Ri0y + Ry@)/Ro(R, + Ry) = 8,85 nKi/.

646. 8= (Vo— VYV =T.

¢ 647. EMkocTb Tpex KOHfEeHcaropon 06e3
;

2 nuanexktpuka C| = 3C, = 3g,S/d = 832,5 nd.
% [Ipy 3anmogHCHWH [BYX KOHACHCATOPOB JH-
“ 9JIEKTPHKAMH €MKOCTh TPEX KOHJIEHCATOPOB
Cr=8Cp+eCy+ Cy=
=¢gy(g + &+ 1)S/d=2775 nd.
Co c 648. Eciin d — paccrosiniie MeXay IJTacTH-
1

Hamu u Cy — eMKOCTh KOHJieHcaTopa 0e3 H-
Puc. 341 9MeKTPUKa, TO Pa3HOCTbL NOTEHIHATIOB MEXIY
NJaCTHHAMH KOHIeHcaTopa (6e3 Au3IEKTpHKa)

V= Eyd w 3apan Ha nnactusax g = CyV = CyEyd. KonaeHcaTop, NONOBHHA KO-
TOPOTO 3aMONHEHa U3NEKTPHUKOM, MOKHO PaCCMAaTPHBATh KaK JiBa COCIMHEH-
HBIX NapajjieidbHO KoHpeHcaTopa (puc. 341), npuueM OfidH HE CONEPXKHUT
AM3eKTpHKa M UMeeT eMKocTs C; = Cy/2, a B pyroM Bce NMpOCTpaHCTBO
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MEXJY IJIACTHHAMM 3aI0JTHEHO KHINEKTPUKOM, B IO3TOMY €ro eMKocTb C) =
= eCy/2. Tlomnas eMKOCTb KOHJICHCATOPA, NOJNOBMHA KOTOPOTrO 3aHOJTHEHA
puanekTpukoM, C = C| + Cy = (€ + 1)Cy/2. IIpn OTKIIOYEHHOM HCTOYHUKE
TOKa 3apsil Ha NIACTHHAX COXpaHseTCs, I03TOMY Pa3HOCTb MOTEHUMANOB
MexXay niactuHamu V = g/C, ¥ HanpsiKEHHOCTb 3TEKTPUUECKOTO MONs B
MPOCTPAHCTBE MEXAY ITACTHHAMH, CBOGOJHOM OT RMSJIEKTpHKaA, £ = Vid =
=q/Cd=2Ey(e+ 1).

649. Ecnu V; n V, — HanpsiKeHUs Ha NePBOM M BTOPOM KOHJIEHCATOPAX, TO
V=V, +V,, a 3apsapl Ha HUX OAMHAKOBHI ¥ paBubl ¢ = C,;V| = C,V,; orcroga

Vl =C2V/(C] +C2)= 165 B, V2=C|V/(C] + C2)=55 B.

IIpm nocnepoBaTeIbHOM COeMHEHIHM KOHAEHCATOPOB Ha KOHACHCATOPE MEHb-
el eMKOCTH Hanpsi>KeHne Coubllle, YeM Ha KOHAeHcaTope GObliieil eMKOCTH.

650. HanpsikeHus Ha nepsoM u BTOpPOM KOHJeHcatopax V, =
=C,VI{C; +Cp)=600BuV,=CV/(C, +C,) =300 B (cm. 3apauy 649).
PaGorarh npu yKa3aHHOM B yCHOBHM 3afadH HanpsoKeHHH MpoGosi KOHOCH-
CaTOPOB HENb3sl, U0 NPOH30iiAeT NPo6OI NEPBOro, a 3aTeM M BTOPOro KOH-
JIEHCATOPOB.

651. IIpn u3MeHEHUH €MKOCTH NEepeMeHHOTo KoHjeHucatopa C, ot Cpy;, 10
Cax HAIPSDKEHHE Ha HEM V uzMensieTcst B mpefenax (cM. 3apauy 649)

Vmin = Clv/(Cl + Cmnx) =100 B, Vmax = Cl V/(Cl + Cmin) = 182 B.

T

2
652. C,, = -G iJ(C‘C‘) _€=)GG : Cp=6MKD u Cy =3 MD.
- 2 4 -G
653. IIpr nocnepoBaTeNbHOM COEJAUHEHHH KOHIEHCAaTOPOB HMeeM
1/Cy-1/Cy = 1/C, + 1/C5, npu napanienboM C — C| = C, + C3. U3 aTux
ypasHennil Haxopum C,C3 = CyC(C — CPAC, — Cy). Cornacno teopeme Buera
C, 1 C; [OIKHBI ObITH KOPHAMH KBaJ{PATHOTO YPaBHCHHS

Xz + (Cl = C).X + C()C](C - Cl)/(C] - C()) =0.

Pemras ero, naipeM x ;= C; = C3 = 2 Mx®. 3apsabl Ha BceX KOHAEHCATOpax
[PH [OCTIEOBATENLHOM COEIMHEHIN paBHbI MeXK/y CO0OIi:

q= C]Vl = C2V2 = C3V3; OTCrola Vz = CIVI/CZ =30 B,
V3 = CIVI/C:; = 30 B
654. I1pu nocnegoBaTeTbHOM COCAWHEHUH KOHAEHCATOPOB 3apsj KaXkJoro
KOHJICHCATOpa PaseH g, I03TOMY
Vl = (]/C] =30 B, V2 = []/C2 =15 B, V3 = q/C3 =6B.
Hanpsi>keHue UCTOYHHKA TOKA PABHO HONHOMY HAaNpPSKEHUIO Ha BCeX KOH-

peHcaropax: V=V, +V, + V3 =51 B. Tak Kak npu nociegoBaTellbHOM COeaH-
HEHAN I/C() = 1/C1 + l/C2 + 1/C3, TO

Co= C1C2C3/(C|C2 + C1C3 + C2C3) =59 nd.
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655. V| = C,G3VI(C\Cy + C1Cy + CoC3) = 20 B;
Vo =CCVIC Cy + CC3 + CyC3) =8 B;
V3 = CICZV/(C1C2 + C1C3 + C2C3) =4 B.

656. [Ipu nocnefoBaTeIHHOM COSJHHCHIH KOHCHCATOPOB 3apsj(bl Ha KOH-
AeHcaTOpax pasHBI. [lo IOrpy>XeHHs! ONHOTO M3 HHMX B AM3JIEKTPHK 3apsl Ha
KaKlOM KOHfIeHcaTope ¢y = CVy = CV/2; nocne NOrpyskeHust OJIHOr0 U3 HUX B
AUSNEKTPUK 3apsabl KOHIEHCATOPOB OyayT ¢ = CV| = eCV,. YuurelBast, 4TO
Vi +V, =V, umeem g = eCV/(1 + €). I3aMeneHue 3apsja Ha KOHJEHCATOPAX

g-—qo=C2e-1DV2 (1 +£)=167 nKa.

657. IlepBonavyanbHasi HANPSIKEHHOCTD JAEKTPHYECKOTO NOJS B KaXI0oM
koHpencatope E|=V/2d, rne d—paccrosHue MeXAy ITACTUHAMH KOHJEH-
catopa. [locne 3amosHeHHs! OLHOTO KOHACHCATOPA AHINEKTPUKOM HANps-
JKECHHOCTB 3MEKTPUUECKOTO monst B HeM K, = V/(e + 1)d. OrromeHue
HanpspkeHHocrelt E>/Ey = 2/(e + 1) =0,2.

658. ITocne OTKIMIOYEHNSsT KOHEHCATOPA OT HCTOYHHUKA TOKA U 3aNOJTHEHHA
€ro AM3NEKTPHKOM 3ap4j Ha HeM He uaMeHsiercs: ¢ = CV/2 = ¢CV,. Hanps-
>KEHHOCTB JIEKTPHUECKOTO I0JIst B KOHEHCATOPE, 3allOTHEHHOM AH3JICKTPH-
KoM, E, = V,/d = V/2ed. Ornomienne nanpspkenrocreit E/E, = 1/e = 1/9.

659. M3MeHeHnEe €MKOCTH COEAMHCHHBIX KoHpeHcaTopos AC = (e-1) X
xXC2(e+1)=1,7nd.

INY
S

SRR TR d

Puc. 342 Puc. 343

660. TTocne BBejeHUs [IIACTHHKM OOpPA30BANOCH [1Ba MOCIEOBATEIBHO
BKIIIOYEHHBIX KOHjeHcaTopa ¢ eMmkocTsmu Cy =4S/l n Cy = 4S/(d-1)
(puc. 342). Mx o611yr0 eMKOCTh ONIpeACINM H3 COOTHOILIICHUS

1 | 1 I d-I d 1
+ —_—

C, G C £S5 €S €S C

rae C ~ nepBoHaYanbHasi €MKOCTh KOHJeHcaTopa. Takum oOpasom, nocre
BBEJICHHUS IUTACTHHKH HPH JIF060M ee nostoxernu Cy = C.

661. Beenenue npoBojsile MNaCTUHKH MEXAY OOKIIalkaMH KOHieHcaTopa
APHBOAUT K OOPa30BAHMIO [BYX ITOCHEHOBATENHHO BKIIOUECHHBIX KOHJEHCA-
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TOPOB C PAcCTOSIHHAMY MeXJly oOOKnagkamu d, u d, n emxoctsimu C| = €,S/dy n
C, =¢yS/d,, tne dy + d, =d — d,, (puc. 343). Ux o611yr0 eMKOCTh HAXONHM W3
COOTHOUICHWMS

1 1 I d+d, d-d,

€05
—_——— —; orcopa Cy=——.
G ¢ G €S €S d-d,

Tlpu d,, = d/3 mmeem Cy = 3C/2, tne C =¢;S/d — nepronavanbpHas €MKOCTb
KOHJIEHCATOpA.

662. EMxocTH KOHJICHCATOpa [JO B [OCTe BHECCHUs! IPOBOSILEH NTACTHHKH
TOMMIMHLI d,, (cM. 3apauy 661) Cy=¢€,S/d u C =¢€,S/(d — d,). 3apsn KOHHREH-
caTopa, OTKIIKUEHHOTO OT MCTOYHHKA TOKa, He waMeHsiercs: g = CoVy = CV;
OTCIOfla pPa3HOCThb IOTEHI[HANOB MEXAY OOKNaJKaMH
KOHfIEHCATOpA NOCe BHECCHUS IPOBOJISIICH TLTACTHHKA d
V=CyWy/C=(d-d)Vyd=40B. dy dy dy

663. Eciy B KOHJIEHCATOP BBECTH TOHKYIO IIPOBOJSI- o
IO IJIACTHHKY, NapaiiIebHYIO ero oOKIagKaM, TO Ha
€€ MOBEPXHOCTH [OSBATCS PaBHBIE 3apsigbl NIPOTUBO-
HONOXKHOro 3Haka. [Ipm 3ToM anmeKTprUyecKoe Mmoje B O—d
KOHJIEHCATOPEe HE M3MEHHUTCS U eMKOCTh KOHJleHCATopa
ocTaHeTcs npexxHenr (cp. ¢ 3agaden 660). EmMxocTs
KOHJICHCATOPA C AN3NEKTPHICCKON MIACTUHKONW MOXKHO
HAWTH, HPEAINONOXKHUB, UYTO HA HOBEPXHOCTAX 3TOH
NJACTHHKHM HAHECEHB! TOHKHME NPOBOjsiiue cion. B
3TOM cjaydae o0Opa3yroTcs TPH IOCIEAOBATEIbHO
COEJMHCHHBIX KOHAeHcaTtopa ¢ eMmrocTamu C| = gyeSldy, C, = €yS/d,
1 Cy =€,8/d5, Tae d, v dy — paccTOsSIHISL MEKAY [TOBEPXHOCTAMH AN3IEKTPHYE-
CKOW NJIACTHHKH W OOKIankamu, npuieM d, + d; = d — d; (puc. 344). O6ias
CMKOCTE KOoHeHcaTopa C onpefeasieTcst 03 POpMyIbl

l—._.]_ L+~l_=_.1_.(ﬂ+d2 +d’%);
C C C C &S ~

Puc. 344

€
oTCro1a
_ £yES
ed+d(1—-¢) ‘

664.C = 8()818283S/(€]82 + £183+ 8283)d = 90 nd (CM. 3agavay 663)

665. TlpencraBuM KOHJEHCATOP C AMINCKTPHYECCKONR IIACTUHKOHN B BHfE
ABYX NApajICIbHO BKIIOUCHHBIX KOHACHCATOPOB, NMEPBBIH U3 KOTOPBIX HE
COJIEPKMT JUINEeKTpUKa u uMeeT eMKocTh Cy = Cy/2, rae C\ = gyS/d —
HePBOHAYANBHASL EMKOCTh KOH[IEHCATOPA, 2 BO BTOPOM ILTOMIaah OOGKIAKK
paBHa IJIOLIAAHN AUSNEKTpUUecKOi mmacTuuku S/2 (puc. 345a). 3aTeM BTOpOH
KOHJIEHCATOP INPEJCTABAM B BHJE ABYX INOCIE[OBATEILHO COCIMHEHEBIX KOH-
JCHCATOPOB, OfIMH U3 KOTOPBIX HE COACPKUT AUIICKTPHUKA W HMEeT EMKOCThb
Cy=Cy, a APYroif NONHOCTHIO 3ANOJHEH AUIJIEKTPUKOM M UMEET €MKOCTb
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C3 =eCy (puc. 3456). EMxkocTe 3THX ABYX KOHAeHcaTopoB (4 =
= CyC3/(Cy + C3) = eCy/(1 + €). EMKOCTb BceX Tpex KOHIEHCATOPOB
C=Cy+Cy=(1+38)Cy2(1 + ¢&). Ornowenne emrocreir C/Cy =
= (1 +3¢)/2(1 +&)=17/6.

3peck MBI CUHTAEM, UTO pa3Mepbl OOKIAAOK HAMHOTO GOJbLIE paccTos-
HAS MEXAY HAMH, ¥ HNO3TOMY npeHeOperaeM KpaeBbiMu 3ddexramu, T.e.
OTNHYMEM INEKTPAYECKOrO II0JI Ha Kpasix OOKMAJOK W HAINEKTPHUECKOM

Cy Gy

C; Cs GI ol ol

Puc. 345 Puc. 346

ILTACTHHKH OT ORHOPOAHOTO. B IPOTUBHOM cilydae eMKOCTh NIEPBOHAYMAIBHOTO
KOHJIEHCATOpa HE paBHA €MKOCTH TPEX KOHJEHCATOPOB, H300paskKeHHBIX Ha
puc. 3456.

666. C = C|C3/(C1 + C';) + C2C4/(C2 + Cy) =4,5 mxd.

667. Cxema BRITIOYCHHAS, NIPEJICTABICHHAS HA pUC. 82, 3KBUBAJICHTHA CXEME,
n300paxeHHol Ha puc. 346a. Beugy paBeHcTBa eMKOCTEH BCeX KOHJEHCA-
TOPOB PAa3HOCTb NOTEHIMANOB MEXKAYy TOUYKAMHU a4 U b paBHa HYIIO, KOH-
aeHcaTop C4 BCETAa He 3apsiXKeH, U cxeMa ynpoinaercs (puc. 3466). O6mas
€MKOCTH KOHJICHCATOPOB

C=C+ ClHCy + Cy) + CsCe/(Cs + Cq) = 2C,.

668. Vah =(C{V,~- C2V2)/(C1 + Cz) =-1,3B.

669. g = VC'?Cz(e = DHC, + C)Cy + €Cy) =30 uKa.

670. Bravase pa3HOCTh NOTEHLMANOB MeX/y OOKJIagKaMi KaxK[Oro KOH-
AeHcaropa Obuia V| =V/2, rae V — nanpsokenue ucrounuxka Toka. ITocie 3a-
NMOJTHEHHAST OHOTO M3 HHX AMaNeKTpukoM V = q/C + g/eC = g(€ + 1)/eC, rae
g—3apdan Ha Kaxpo# oOknapke, a q/C=Ve/(e+1)=V, u q/eC — pa3Ho-
CTH NOTCHIMAJOB MEXAy OOKMagkamMm A0 ¥ IOocie 3aNOJHEHWS KOHACH-
caTopa Au3NeKTpukoM. Tak Kak HaNpSKeHHOCTh JEKTPUYECKOTO MNOJs
B KOHJICHCATOpPE NPONOPHUOHANbHA Pa3sHOCTH NOTECHIHANOB MEXAY €ro
O0KJlaKaMH, TO OTHOIICHHEC HaNpSXEHHOCTEH [0 W Iocie 3aloJHECHHA
E\/E,=V1/V,= (e + 1)2e =5/8.

671. AF = Flilq. ;

672. Ilocne NOOKAIOYEHUS K HMCTOYHHKY TOKa 3apsj KaxJoro KOH-
AeHcaTOpa B NOCHeoBaTeNbHOM uenu amb pasen ¢ =C'V,rge C' =
= C{C3/(Cy + C3) — eMkOcTh Henu amb, a 3apan KaXjaoro KOHpeHcaToOpa B
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nocneaoBaTenbHOH uend anb pasel q” = C”’V, rue C” = CoC4/(Cy + C4) — eM-
KOCTh uenu anh. Pa3sHOCTh NOTEHUHMANOB MEXAY TOYKAMH @ W M paBHa
V' = ¢'IC| = C3V/C/ + C3); pa3HOCTH HOTEHIUATIOB MEXAY TOYKAMH d H /i paBHa
V" = q"|Cy = C4VI/(C5 + C,). Tlocne OTKIHOUEHUS OT UCTOYHHKA TOKA CXEMY
MOXXHO pacCMAaTpPUBAThL KakK JIBE NapanaielbHble LUeNH U3 NOCIefOBATEIbHO
BKJIOUEHHBIX KOHJieHCATOPOB (man u3 Cy u C, u mbn u3 C3 u Cy), 3apsiKEHHBIX
10 Pa3HOCTH NOTEHINANOR

Vo=V"-V'= G ___G Jy
C,+C, C +C;

ITpu 3aMpIkaEmn Kirova K pasHOCTb NOTEHIHMATIOB MEXKAY TOUKAMH h1 U N
CTAHOBUTCSl paBHOW Hymo. llenb man paspsikaeTcs, ¥ Uepe3 TOUKY g IpoTe-
kaet 3apsi ¢ = CV, e C = C,C,/(Cy + C,) — eMKOCTb 3TOH nenu. Takum
obpa3om,

q= GG G __ G |y SV k.
CG+C\G+C CG+G 3

673.C,=Cy=5Mk®; C,= C; =2 MxD.

674. OTHOCHTENBHO 3eMIM NNACTHHA d HWMEET NOTeHuHan @, = -V,
a mmacTtuHa b — noreHuuan ¢, = V. Pa3HOCTb MOTEHIMATOB MEXAY HHMU
©— ©, =2V, ¥ HaOpPsKEHHOCTb INERTpHdUecKoro nong E = (¢,— ¢, )/d =
=2V/d = 40 kB/m.

675. ¢ = v¥/8ynd = 833 uKn/M?2, rae ¥ = e/m = 1,76 - 10" Ka/kr — ypenbHbIl
3apsifi 9IEKTPOHA.

676. ITo 3aKOHY COXpaHEHHS IHEPTUH KONHUYECTBO TEILTOTHI, BRIICIUBINEECS
IIpH pa3psjike KOHACHCATOPAa, PABHO 3JEKTPUICCKOH SHEPIUH, 3alIaCEHHON B
kougencarope: O =W = ¢%2C = 0,25 [x. PazHOCTb MOTEHIHANOB MEXAY
obknafkaMu KoHaeHcaTopa o paspsaku V = ¢/C = 500 B.

677. DHeprus, 3anaceHHasl B n KoHjeHcaTopax, W = nCV?%2 = Q; orcona

Pa3HOCTBb NOTECHIAANOB V = N 20/nC = 500 B.

678. Emkocts mapa C = 4ngyR. Bed anekTpuyeckas 9HEPTHA 3aPAKEHHOTO
wapa nepeieT B Temnory: Q = C@?/2 = 2ng R@? = 25 MxJIxk.

679. DaxexTpHuecKas 3Heprus, sanacenHas lrapoM, W = ¢@/2, oTrkyna
g =2W/¢p = 0,4 MKn.

680. [To coepmHeHNs KOHAEHCATOPOB uX 3apsanbl g = C1V|, g, = C,V,, a nx
obmras sneprua Wy =C IV%/Z + C2V§/2. ITocne coegHeHNST KOHAEHCATOPOB UX
HOIHBIA 3apsif ¢ = ¢ + g = (Cy + Co)V, e V — pasHOCTb NOTEHIMAIOB MEXNY
BepXHEME OOKIanKamu u 3emieil; orciofa V = (C1V] + CoVp)/(Cy + C,). Tlocne
COEeMHEHUST BEPXHUX OOKIAOK KOHJEHCATOPOB HX obmas sHeprus W =
= (C; + CV22 = (C,V; + C3V)¥2(C, + C,). Boigenusiueecss KOIMIECTBO
TEIUIOTHI PABHO Pa3HOCTH HAYaNbHOM M KOHCUHOM 9HEPIHMA KOHJEHCATOPOB:

Q= Wy—W = CiCo(Vy = V)2(Cy + Cp) = 4.5 MIIx.
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Ipu V| = V, et nepexopa 3apsjoB, IOITOMY TEIIOTa He Bblfiedsercs. Ecnu
norenuuansl V| 1 V, EMEIOT OfIHHAKOBBIC 3HAKH, TO TECILIOTHI BBIJENAETCA

MeHblIe, YeM B ClIyYae PasHbIX 3HAKOB NOTEHLHAIOB.
681. Brienupieecss KONWIECTBO TEIUIOTH! PABHO Pa3HOCTH IHEPTHI KOH-

AEHCATOPOB [I0 | NocNe coeAnHeHns (cM. 3agauy 680):
Q = W()—— W= ClCz(Vl - V2)2/2(C1 + Cz) =0,5 mIIx.

§ 20. ITocrosaHHBIA 31EKTPHYECKHI TOK

3arkon Oma oan ywacmxa yenu. CORpomueaerIe NPOBOOHIKOS

682. Tok B nposopguuke [ = g/t. TlmorHOCTH TOKA j = [/S; oTcioga
J=q/tS =2 xAM2,

683. Lienwm penenns mxkanel npubopa Kak munnuamnepmerpa i =I/N =
=V/RN = 0,1 mA/nen.

684. Conporusienne npudopa R = V/I =2 xOm.

685. Conporusienne BOXLTMETPa HallieM M3 YCIOBWS, YTO PH OTKIOHEHNH
CTPEJKH Ha BCIO IIKANy HANpsDKEHUE Ha 3aKuMax npubopa pasro V), a TOK,
TEXyHHi depes npubop, paseu [y R = Vil = 2 xOm. Korpa xe BoabT™MeTp
nokaspiBaeT Hanpsaxeunue V, To uepes Hero Teder TOK [ = V/R =
= VIV =25 MA.

686.7 = [(R + Ry)/R = 27,5 MA.

687.V=¢qR/t=4B. :

688.V,=[R, =200B; V,=1IR,=120B; V;=IR; =04 B.

689. p = tRD%Y/4] = 0,017 MxOwm - M.

690. R = pm/yS? = 191 Om.

691. ]/ = nVD?/4pl = 0,236 A.

692. p = VS/Il = VrD?*/4]l = 5 MxOM - M.

693. V| =IR =S5,5;V/(51S5 + 5153 + 5,53) =6 B;

V2 = IR2 = S]S:;V/(S]SZ + SIS3 + S2S3) =3 B,
V3 = [R'; = S]SzV/(S].Sz + S]S3 + SzS3) = 2 B.

694. Ilpn rteMmneparypax f; H ¢, CONPOTHBICHHUA IPOBONOYKH R; =
= Ry(1 + aty)) u Ry = Ry(1 + aty), e Ry — ee conporunenue npu fy = 0 °C.
Hckomas temneparypa

t2 = [R2(1 + (Xl‘,) - Rl]/ﬂl = 48,3 OC.

695. t, = [V(1 + aty) — IRY/I& = 1910 °C.

Tocaedosamenbroe u nApanseabHoe COeOUHEHUR NPOBOOHUKOE.
Hobasounbie conpomugaerus u UyHmMbl

696. R = (V- V)l =25 Om.
697. Hanpsaxenue Ha conpotusieHuyu Vp=V - 2V,. Tlo 3akony Oma
Ix =IR; otcroga R =(V =2Vl =2,5 Om.
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698. Uepes BONBTMETpPHI NPOTEKAET ONUH M TOT ke TOK /. Tak Kak
BOJNILTMETP NOKAa3bIBAET HANPSDKEHHE HAa COGCTBEHHOM CONPOTUBIECHUH,
To [ = V,/R; u conpoTuBIEHUE BTOPOTO BOABTMETPa Ry = V,o/I = VR,V =
=2 kOwm.

699. 1, =I(Ry + R)/[Ry(1 + au) + R] = 23,6 MA.

700. IIpu TeMmmeparype ¢ oflee CONPOTHBJIEHHUE IOCIEA0BATEILHO
BKJIIOUCHHBIX YacTell NpOBOJHMKA C CONpoTUBIeHHMsMH R, m R, Oyner
R =R+ Ry=Ro(1 +0q) + Ry(l + 0f) = Ryg + Rag + (04 R + 0R0)t, e Ry
Ry — COUPOTHBNCHHA YrojabHOTO CTEPKHst U NPOBONOKHU mpu ty = O °C.
O6uiee CONpOTHBICHUE IIPOBOJIHUKA HE 3aBHCUT OT TEMNEpPaTypbl, €CIH
ARy + Ry = 0. B aTom cnyuae npu mro0oil Temneparype R = Ry + Ry.
W3 nocnepuux AByX ypaBHCHUM HailieM

Ry = pR/(0— o) = R/6 = 333 Om,
Rog =~ R0ty — 0y) = 5R/6 = 1667 OM.

701. CxeMBbI 3JMEKTPONPOBOJKH, [03BOJSIOIIHE BKIIOYATH U BBIKIIO-
YaTh NAMNOYKY B JOOOM KOHIE KOPHAOPA, I0Ka3aHbl Ha puc. 347. Y KOHIOB

TW—&Q ] ﬁﬂ ? ] I,

CeTtb

Do

Puc. 347

KOPUOpa yCTaHABJIMBAIOTCH [iBa nepekmouarens [1, u I1,, KaXneiil u3
KOTOPBIX UMEET JIBa MONOKEHASA. B 3aBECUMOCTH OT pacnoNOXXEeHHs BbIBOJOB
OT CETH MOXKET 0OKa3aThCs BLITOJHEE C TOUKM 3PCHUSI 9KOHOMUH NPOBOJOB
BapHaHT a Win 6.

702.1, = V/R = 0,6 A npu napannersHoOM coepuHenuy; [, = V/2R = 0,3 A npu
OCHeJOBATCIIBHOM COCTIHHEHUH.

703. IlycTh nNpu JAHHOM NOJIOXKEHUHW ABUXKKA CONPOTHUBICHHAE yUacTKa a.x
noTeHunoMeTpa pasHo 1, (eM. puc. 89). Torna obuee conpoTHBIEHNE 3TOTO
yIacTka W BONBTMETPA (OHH COEAMHEHBI MapanienbHO) R, = rua/(r,+7r), a
COMPOTHRJIEHUE OCTANBHO UacTH NOTeHHuoMeTpa xb paBHO Ry —r.. Takum
06pa3oM, NONHOE CONPOTURIICHAE MEKAY TOUKaMH a 1 b OyaeT

rr - rx(RO — ’j\")+ ROr

R=Ry-r.,+R, =Ry—r. +
0 * 07 re+r rtr
Tox B nenu / = V/R. Hanpstxenne Ha yuyacTKe ax
1% r.rv

V=R =—R =—*
* * R r.(Ry —r.)+ Ryr

Tak xaxk no ycnosuio Ry < r 1, KPOME TOTO, I, < R, TO NEPBLIM WIEHOM B
3HaMeHATENe MOXHO NpeHeGpeus MO CPAaBHEHHUIO CO BTOPBIM (NEpBBIH UIEH
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NpeAcTaBIsieT cO00H NMPOU3BENCHNAE BYX MalbIX BEIMUHH I' U Ry — ry, B TO
BpeMsl KaK BTOPOH — MPOU3BElCHUE Majoi BENMUMHBI Ry HAa Gonbwyio
Benuuuny r). Crneposarensro, V.= r V/R,, T.e. Hanpsxenue V nponop-
UHOHANBLHO CONPOTHBAEHMIO /. B CBOIO ouepenr conpoTuBneHue 1, POROP-
IJHOHAIBHO ANHUHE yIACTKA dX.

VSV
10fF---~-~==---~,
%
/o
/

0.5¢ o m

r/ 1
i i D
i
0 [}
Ry 1y
Puc. 348 Puc. 349

Ha puc. 348 comommast npsamasi NOKa3biBaeT 3aBUCHMOCTH V. OT i,
TITPHXNYHKTAPHASL JTHHUS — 3aBUCUMOCTL V. 0T 1, Rorfla Ry~ r, T.e. KOrga B
BLIpaXKeHUH A1st V Henb3g npeHeGpeus NEPBhIM WIeHOM B 3HaMeHaTene. Jra
3aBUCUMOCTD HE ABJSIETCS JTUHEHHON, OHAKO ¥ B 3TOM ciiyvae V, u3MeHseTcs B
npeaenax oT HyNsl A0 HallPsIKEHUst Ha KJIeMMaX HCTOUYHMKa V.

704, IInomann cevedus >1<eneBH01/1 W MeJIHOH uacrell nposona S, = nd*/4 u
Sy = (D2 — dM/4 (puc. 349). Ux conporusnerns Ry = p,l/S, u Ry = p,l/S,.
ConporuBnenune R GUMeTanrnmyuecKoro NpoBoOja HaXOAUTC 110 (opmyie

[apajyi€IbHOIrO COCAMHECHUS TPOBOAHUKOB!
4
=R AP0 _gj90m
R+ Ry, w[p, D" +(py—py)d’]

ConpoTHBICHHS XENE3HOTO U MEJHOTO NPOBOAOB AuaMeTpa D u anuuni [
« =4l py/mD?=0,61 OM, R, =4l p,/nD?=0,087 Om.

(Ry+Rg)(Ry + Ry + Ry + Rs)+(Ry + Ry + Rs)R,
Ry + Ry + Ry +Rs

706. IIpu nocrnegoBaTEIBHOM COEJWHEHHH ABYX HPOBOJHUKOB C CONpO-
THuBJNeHUAMH R, m R, ux obmee conporusiaeHue R = R, + R,, a npu na-
panneapHOM coeluHEHNH — R = R|R,/(R; + R,); orcrona RyR = RR,. CorsacHo
H3BECTHOMY CBONCTBY HPHUBEJEHHOrO KBaJApaTHOrO ypaBHEHHUs (Teopema
Buera) cyMMa KOPHEH 3TOr0 YpaBHEHHs paBHA BTOPOMY €ro KO3 (PUIHCHTY ¢
0oOpaTHBIM 3HaKOM, a IPOU3BECHUE KOPHEH — CBOGOAHOMY WICHY, T.e. Ry H R,
MOJKHBI GBITH KOPHAMH KBAJPATHOrO ypaBHenus 12 +pr+g=0cp=

=-Ruq=RyR; orciopa Ry, =(RE R> - 4RyR) /2. IlopxcraBuB 3HaueHUs Ry
R, HaligeM R =3 OMuR;=20OM (mmm R; =2 OMmu R, =3 Owm).

705. R= =70m.
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707. Toukyn NpHCOeJUHEHNs NONBOASAILUX NPOBOAOB IENST JJIUHY OKPYX-
HOCTH KOJbIa B OTHOIIEHHUH | : 2, T.e. OTCTOAT ApYT OT Apyra no jpyre Ha 120°.

708. Ry = VR\/UR, - V) =1xOMm.

709. Tok B o6weit uenu / =1/ +[,, rtne Iy ul, — TOKH, Texyume depes
aaMnouky # BoabrMmerp. Tak kKak V=1 R =R, 10, =V/Ryu Ry =V/I, =
= VI —1,) = VRy/(IR, — V) = 100 Om. IIpeneGperas
TokoMm [, = 1,25 MA no cpasHernnto ¢ [ = 0,5 A

. a ] b
NONy4YMM 1o npudImKeHHon dopmyne Ry = V/Ito xe o M O

3HA'IEHWE CONPOTUBIEHUA naMnouku: R = 100 Om. ] ]
710. TTokazanue BoapT™eTpa V =1R; = LR, rae [, R,

ul, — TOKH, TeKkyllHe Uepe3 COIPOTHBICHUE H ¢

sonsT™MeTp. O6uwmit rok /=1, +1,; orctopa Ry =V/I} = © M O

=V/(I = 1,) = VRyJ(IR, = V) = 20,16 Om. - —_—
Ecnu npereGpeus TOKOM [, 0 cpaBHEHHIO ¢ [, TO Puc. 350

HCKOMOe conporusinerue R =V /[ =200m. Oumnbdka
B onpepeneHnn R Gyaer

AR =R -R =VII-1)-VII=LV/I(I-1,)=1LY/Ll

Yuuresag, uro V/I = R w i/, = R{/R,, HalileM OTHOCHTENBbHY!O OINUOKY:
AR/R, =R’/ R, =0.008, T.e. 0,8 %.

711. BonsT™eTpsl ¢ conporupieHuamu R u 10R nokasniparoT Hanps-
skenmst V) =V/3 u V, = 10V/21; nosTomy pasHuua B NOKa3aHUAX BOJIBTMCTPOB
Vo=V =V/T.

712. HanpsiskeHust Ha n1epBofl ¥ BTOPOH TaMIouKax

% R VR®
v 2_&%:10,34}3, V= =054B.
4r°+6rR+ R © 4r°+6rR+R°
713. V, = Ll =80B.
R:y(R + R)+ RR,
T4, v, = RCRARV o0
4R R, + (R, + Ry)R
RQR+RV oo

27 4RR, + (R + RYR

715. DxpuBaneHTHbIE CXEMBI BKITIOUCHHS H300paxkensl Ha puc. 350. Conpo-
THBIIEHHSI PEOCTATOB

R, = 4R02— R pom, R = R Ro)ER, —R)

=200mMm,
2R, - R

R, =2R, =40 Om.

716. Becb npoBOJHUK UMEET CONPOTHBIECHUE R = nr, TTE I' — CONPOTHBIICHAE
KakJo# U3 /1 PaBHLIX YacTell npoBoinuka. [lpy mapannenbHOM COCAMHEHHM N
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OJMHAKOBBIX NPOBOJIHUKOB X obIiee conpoTuBieHue Ry = r/n. Uckmouas r,
nonyaum R/Ry = n?; it MOXeT GBITh JIHIIL HENbIM NOJTOXKATENBHBIM YHCTOM,
O6nBIINM efuHALB]. I103TOMY pellleHnst BOSMOXKHBI TONBKO B CIYYasX, KOraa
RIRy=4,9, 16, 25, 36,... B naurem cnyuae n = 36 /1 = 6.
717. Ha yuactkax Aa u hB (puc. 351), BBHAY paBEeHCTBAa COIPOTHUBIEHHI
pebep KyOa 1 MX OIMHAKOBOTO BKJIIOYEHNS, TOK | PABHOMEPHO pa3BeTBISIETCs
p 1O TpeM BETBAM M II03TOMY B KaxJlofl U3 HUX paBeH //3.
b Ha yuacrkax ab TOK paBeH //6, Tak Kak B KaxoOH TOUKe
a TOK BHOBE Pa3BETRIISIETCS NO ABYM pedpaM ¢ paBHLIMH
a CONPOTHBICHUAMU H BCe 3TH pebpa BKIIOUEHBI
A OWHAKOBO.
4 b Hanpspxenwne V,p = IR Mexay ToukaMu A u B ckna-
AbIBaeTcsi U3 HanpstkeHust Vi, = [r/3 Ha yuacTke Aaq,
HanpsikeHus: V,, = /r/6 Ha yuacTke ab W HanpsKeHus
Vg = Ir/3 va yuacrke bB: IR = [r/3 + Ir/6 + Ir/3 = 51r/6;
Puc. 351 oTcropa R = 51/6.
718. Eciu uCcTOYHUK TOKA MOJKIIIOUYEH K TOUYKAM ¢ H
d, TO HAnpsKEHUsl Ha yd4acTKax da M @b paBHLI, NMOCKOJBKY HPOBOJOKA
onHopouHa. CicaoBaTenbHO, Pa3BOCTh NOTEHINANOB MeXy TOUKAMH a u b
paBHa Hymto. Tox Ha 3TOM ywactke orcyrcTByeT. IloaTomy manuwume nawm
OTCYTCTBHE KOHTaKTa B TOUKE IepecedeHust NPOBOAHUKOB abh H cd 6e3-
pazmmuno. ConporusieHue R, TakuM o6pa3oM, NpefCTaBAseT co00H CoNpo-
THBJICHHE TPEX NapaNiieibHO BKIIOUCHHBIX IIPOBOJHNKOB: ¢d C CONPOTHUBIIEC-
HueM 2rR;, cad u chd ¢ oguHakoBbIME conpoTuBieHusMu wrk,. I3 cooTHoie-
Hus /R = 1/2rR; + 1/mrR; + 1/mrR; maxoguMm R = 21rR/(r + 4).
719. Al =3VI/R,L2L + 1) = 0,136 A.
720. 1 =5.
721. Conporusnenne R = 2,5 OM JOCTHraeTcs, KOrjja MPOBOAHUKH BKITIO-
YEHBI [0 CXeMe CMEINaHHOI'o coeJuHeHus (puc. 352).

Y
2

R, Ry

722, k = 4k ko/ 2k + k) = 0,4 Cwm.

723. Ins u3MepeHHsl BONLTMETPOM Oo0Jie€ BBICOKMX HANPSKEHHH, YeM
Te€, HA KOTOPBIE PacCUNTaHa IIKaja, HeOOXOAHMO BKITIOUHTE IIOCAENOBATECIBHO
€ BOJBTMETPOM f0OaBo4HOE conpoTmsnenme R, (puc. 353). Hanpsikenme
Ha 3TOM conporuBiecHuH V, =V — V,; nosroMmy conpoTmpieHue K, =
=(V-Vy/l=12xOm.

320



724. ins usMmepeHus npubOpOM HAINPSIKEHHUH, He MPEBLIIAIOINKX V, He-
00XOMO NOCIEA0BATENLHO C HAM BKIIOYHTh TAKOE JOOABOYHOE CONPOTHUB-
nenne R, utobe1 V = I(R + R,), Tie / — MakCHManbHBIA TOK 4epe3 mpHOOD;
orcrofa R, = V/I - R = 30 xOm.

725. Ry = RV (V= Vo)/Vo(V - V) = 46,7 kOm.

726. I'opopckas ocBeTUTEIbHAS CETh IPEACTaBIsieT COGON HCTOUHHUK TOKA,
obnaganuil BHYTPEHHHAM CONPOTHBICHHEM, HAMHOTO MEHBUIAM CONpO-
tuBIcHEAsS BonbTMeTpa R. [losTomy Hanpsikenue V = 125 B, xoTopoe noka-
3bIBAJl BOJNBTMETP NPH HEMOCPENCTBEHHOM BKJIIOUCHHH B CETh, PaBHO Ha-
NPSKEHHI0 UCTOYHUKA TOKA. JTO 3HAYHUT, YTO OHO HE HU3MEHSETCS H TNpH
BKIIFOUEHHH BOJBTMETpPa B CeTh uepe3 conporurjicHue R . IToaromy V =
=I(R + Ry), tne I = Vy/R — TOK, TeKymuil depe3 BOJNLTMETP;, OTCIOMA
Ro=(V-VyRIVy=261 Om.

727. Tok, TeKyuwu#i uepe3 BOJILTMETP U A00aBOYHOE CONPOTUBJIEHHE,
I =Vy/R. Hanpsxende ucrounuka Ttoka V =I(R+R,) = (R + R)Vy/R =
=340 B.

728.V=1IR,R/(R + 2R + Ry).

729. IIns uzmepenus 6osee BLICOKHX TOKOB, YEM T€, Ha KOTOPbIE PaCCyH-
TaHa IIKaNa, NapajulelbHO TpHOOPY BKIIOUAETCS IIYHT C CONPOTHBIE-
uueMm R, = igZgNR/(I - ipN) = 50,5 OM; ans maMmepeHust HanpsKeHUH nocie-
[loBaTENLHO ¢ NpUOOPOM BKNOYAETCA J00aBoyHOE conpoTusnenne R, = (V —
—igNR)/igN = 199 OmMm, r1ge iV =1y —Tok, Tekymmid depe3 npubop mnpu
MaKCHUMAaJIbHOM OTKIJIOHEHHH CTpeNnKH, ifVR = Vi — R
HanpsKEHHE HA €ro KJIeMMax B 9TOM clydae (CM. / 1y
sajaun 723 u 730). S W=°

730. Ilpn BRINOYEHHY NapaiieabHo NpHOOpPY L Ry
uryaTa (puc. 354) Tox I JONKEH NENNTHCS Tak, —
4TOOB! Yepe3 MHJITHAMIIEPMETP NPOTEKaNl TOK /. Puc. 354
Yepes WIYHT [PU 3TOM TEYET TOK [y, T.e. [ =
=1y + I,,. Hanpsikenust Ha WyHTe H Ha MuInuaMnepMeTpe pasHbei: [pR = 1R ;
orcioga R, = IpR/(I — 1p) = 0,05 Om. UyscTBUTENBHOCTh NpHbOpa yMeHbIA-
eTes, a [eHa flefieHust npubopa yBenuunsaercs B n = I/l = 200 pas.

731 1,=VR I/[V(R, + R)—IR*] =3 A.

732. Tak Kak ITYHTBl NPUCOEHUHSIOTCS K FaTbBAHOMETPY NapalieIbHO, TO
YCIIOBHC PABEHCTBA HANPSKEHAN HA TANTLBAHOMETPE W Ha ITYHTaxX faeT

0,1IR = 0,9/R,, 0,01/R =0,99IR,, 0,001/R = 0,999/R3;

oTclofia
R =R/P9=30M, R,=R/99=273MOM, R;=R/999=271MOM.

733. HauGonbwmmumil TOK, NpoTekaomuid depe3 npubop, Iy = igN. Jasa us-
MEpEeHHs] TOKOB, 3HAUHMTENBbHO INPEBBINAIOLHMX TOK /o, HEOOXOAMMO Imapan-

NeNbHO MPUOOPY BKIFOYUTH MIYHT, CONPOTHBIEHHE KOTOPOTO R, 3HAYHTEIBHO
MEHbIIIe CONPOTHRIIEHNS MIILTHaMIiepMeTpa R (oM. 3aady 730):

Ry, = IoR/(I - Iy) = igNR/(I — ipN) = 5,125 Om.
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734. Tok, Tekyumii yepe3 myHT, [, =/ —I,. Ilagedns HanpsoKeHus
Ha WIYHTe H aMuepMeTpe pasHelL IR, = [oR; orcrona [y = IR, /(R + R,,)=2,7 A.
735.1=1Iy1 + 7D2R/4p]) = 12,9 A.

3axon Oma 0as noanoll (3amxHymoti) yenu

736. Hanpsisxenne Ha BHeITHeM conpoTubieHuH nenu V = IR. Tok B nenn
I=%/R+r)orconaR=V/I=60M,r=(€-V)/[=40m.

737. Mo 3axony Oma pus uenu I} =€/(R +r)ul, =€/(R/3 + r), rue
R — conporusneHne peocrara. MCKmounB u3 3THX ypaBHEHHUit R, Halimem
I, =31€/(€ + 21;r) = 1,125 A.

1
0 10 20 R, Om 0 10 20 R,Om
Puc. 355

738. Tok B nenu / = €/(R + r). HanpskeHune Ha 3aKMMax HCTOYHMKA TOKa
V=IR =%R/(R +r). [Ipu R = 0 4yepe3 HUCTOUHHK TEUYET TOK KOPOTKOTO
3ambIkaHuA [, = 6 A. C yeenmnuyeHneM R TOK CTpeMHTCS K HYMO (1O THNEp-
GonnueckoMy 3akoHy) (puc. 355a), a Hampsixenume crtpemurca k IC
€ = 15 B (puc. 3556).

739. Tok uenu Hakana [ = €/(R; + R, + r) = 65 MA.

740. Conporusienne HUTH Hakana R, = V/I. Tox Hakana npu HaTHIHA
HOIOIHATEIBHOTO conmpoTuBneHust Ry B uenu / = €/(R + R, + r); orciona
Ri=(&-V-In/I=740m.

741. R = Vr/(€ — V) — 4pl/nD? = 3,82 Om.

742. R = Vr/(€ —- V) = 2,95 kOm.

743. Hanpsi>xkenue Ha 3a’KMMaX MCTOYHMKA TOKA PAaBHO NaJeHHIO HaIpsi-
JKEeHUs Ha BHeumHeM conportusienuu nenu: V = IR, tne I = €/(R + r); orcioza
r=R(€-V)/V=40m.

744. Tok B uenu I = /(R + R, + r). Tlagenue HanmpsKcHHS Ha jammne U
nopsopsimx nposopax Vy = IRy n V, = IR;. VI3 aTHX ypaBHEHUI HAXOIHM

R, =W=2,IOM,

vl -~
v, =.%Rl'—‘;1?(R1+.Q =0,210Mm.

|
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745. Yepes kaxayio namny teder Tok [; = V/R| (puc. 356). Tox B ofmei
uemu I = nly = nV,/R,. Hanpsaxenne B mogsopsmumx nposoaax V, =IR, =
= nV|Ro/R,. HanpsixxeHue Ha 3aKAMax UCTOYHUKA TOKA ¥ ero DJIC.

V= Vl + V2 = Vl(l + nszRl) =293 B,
€=V+Ir=V(l+nR,+r)/R]=303B.

Puc. 356 Puc. 357

746.% = (R + r)Ed/R =5 B.
747. g = C € R/(R + r) = 10 mxKu1.
(RI2)Y(OR/I1+R) _7

(10R/11)(R/I2+R)
749. V' =€Vr{(€ér-VR) =44 B.
750. U3o6pa3um cxemy mHaue (puc. 357). 3aMeHHM CONPOTHBIIECHHS

pe3ucropoB Ry, R, u Ry conporuBnenueM Ry = R, + R,R3/(R, + R3). Torpa

MTONHOE CONPOTHBIEHAE 1IenH

- RyR, _ (RiRy + RiRy + RyRy)R, =5—60M
Ry+R, RR+(R +R)(Ry+Ry) 36

4 aMIIepMeTp NoKaxkeT TOK [ = €/R = 1,8 A.
751.1=34¢€/73R=0,1 A.

752. ITapenns HanpsikeHus Ha pe3ucropax Ry u R,, a Takke Ha Pe3HCTOpax
2R u 2R, NpONOPUHOHANLHBI X conpoTuBieHnsiM. [loaToMy nageHue Hanps-
SKeHHMs Ha pe3ucrope R paBHO HYJIO M TOK Uepe3 HETo He npoxoguT. Yepes
pesucTop R, Teuer ToK [ = E/(R| + R,).

753. IToxHoe conporuBiaeHne Hemnm R = Ry + R, + r, TAe CONPOTHBIECHASA
KANBI ¥ 00OTOYKY IO MECTA 3aMbIKaHHs
{ 4/

748. V1V, = /10.

R =P — =Py ——,
1=P1 S, P D
1 4]
R = —_—= —_—
2 =P S, P2 1'C(D22—d22)

Toxk B uenu I = ¢/R; orcroga
n(é-1Ir)

= 5 5 3 =2,18xm.
41lp, !/ Dy +p, (D; —dy)]
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754. Hanpsikenue Ha KoHfieHcaTrope V = €. D10 Xe HanpsskeHune Oyaer B
NEPBBIH MOMEHT IIOCHE 3aMBIKAHHs KIlO4a Ha pesucrope R;. [Mosromy
TEKYIIHil Yepe3 HETO B 3TOT MOMeHT TOK I = €/R.

755. IMocne Bkarouerus ncrounuka toka ¢ IJJC € koHpeHcaTopsl 3aps-
AATCs, W, KOrja TOK NPEKPATUTCs, BCE MX OOKIAfKH, COeJAHEHHbIE C pe3uc-
TOpOM R, 6yAyT ¥METH OIMHAKOBBIN NOTeHIHAN. KOHAEHCATOPBI ¢ eMKOCTAMH
C + C; u C + C, BKIIOYEHBI NOCNENOBATENBHO € ACTOYHUKOM TOKa. OOuiee
HanpskeHue Ha Hux V) + V, =€, a 3apsi #a Hux g = (C + C )V = (C + Cy)Vy;
OTCrOfIa

Vi=(C+CE/QRC+C1+Cy), Va=(C+CDE/RC+C +(Cy).

756. O6knagku koHfgeHcatopa C| 3aMKHYTBI 4epe3 pe3uctopbl R, u R,.
ITostoMy 3apsap Ha 3TOM KOHJieHcaTope ¢; = () (mocie npexpaleHns 3apsaKu
koHjeHcaTopoB C, u C3). Tak kak mocie 3apgaaku KOHJEHCATOPOB TOKHU B
cxeMe He IIPOTEeKaroT, TO HanpsKeHHUs! Ha KouaeHcaTopax C, n Cj paBubl €.
CnegoBaTenbHo, ¢ = C2€ u g3 = C5€.

757. Ilafgenue HanpsikeHHS Ha pe3ucrope R; 6yner V = g/C = IR3; orctopa
TOK, TEKYILHI Uepes3 9TOT pe3ucrop, / = g/CR;. ITomHoe conpoTusieHne Henn u
IIC ucrounuka ToKa

R= R1R2/(R] + Rz) +R3 +r,

g=ir=—1| R, p 128
CR,\ R + R,

758.€ = (q/C)(1 + 2R,/R|) = 110 B.

759. ConpoTrusieHHEe KOHJEHCATOpPa NOCTOSHHOMY TOKY OECKOHEUHO Be-
muko. [TosToMy mocne 3apsiiki KOHJICHCATOpa HO pe3ucropy R; TOK mpoTe-
KaTh He Oypger. He OymeT u majgeHus HanpsokeHus Ha TOM PE3UCTOPE.
CrepoBaTensHO, TOYKA a M BepXHsAs OOKIajaKa KOHjeHcaTtopa OynyT UMEThb
OMHAKOBBIN noreHnuan. Ilorenmuan xe Touku b OygeT paBeH INOTECHIHAY
HIXHel o6Kknajku KoupeHcaropa. Takum 06pa3oM, HalpsKEHHE HA KOHJIEH-
catope OygeT paBHO IAJiCHHIO HAIpsiKEHUS Ha pesucrope R,. Tok B uenu
I=%/(R, +Ry)nV=1IR,=%¢Ry/(R, + Ry); OTCrOofia 3apsil Ha KOHJIEHCATOPE
q=CV=CERR, +Ry.

ER,R3R,
RRyR; + RR3R, + RRyR, + RyRy R,

761. HanpsixeHus: Ha 3a’KMMax HCTOYHHMKA TOKA B IIEPBOM H BO BTOPOM
cnyuasix Vi =R nV,=1I,R/2. Tokn B ofmed uen:m B 3TUX Ciydasx
I1=¢/(R+r)uly,=%/(R/2 + r); orciofja

R=r(2Vy=V)/(Va=V;) =2 Om.

760, V =

(cM. 3apaay 759).

762. Majenne HaNpsKeHHs HA pe3ucTope R, (¥ Ha BombT™MeTpe) V = IRy
(puc. 358), rae Ry = RoR/(R, + R) — cONPOTHBIIEHUE NAPAJNIENBHO BKIIOYEHHBIX
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BONbTMeTpa U pesucTopa R,. Tok B o6meit uenu pasen / = €/(Ry + Ry + r).
Pernasi cOBMECTHO 3TH YPaBHERUs], IONYYUM
V(R +1r)R,

R= =2,05kOm.
(éRz —V(R( +R2 +r)

ToT ke pe3yiapTaT MOXKHO IIONYYHTh, pelliasi CACTeMY ypaBHeHHi

1=I()+12, V=10R, V=12R2, %=V+1R1+1r.

—O— =
. o
=4 ¢ d
R R, h R,
1
1 R R
€, 1 ! é,1 !
Puc. 358 Puc. 359 Puc. 360

763. B 5KBUBAJICHTHON CXEME PE3UCTOPBI R| COOTBETCTBYIOT MPOBOJIOKAM,
COCMHSIOIIMM 3JIEMEHT C KOJBIIOM, 2 PE3uCTOPBI R, — ABYM INOJIOBHHAM,
konsua (puc. 359). ITonHoe BHewHee conporueienne uemu R = 2R + Ry/2, e
Ry =pal/S uR, =pnalS. Tox B obweit uenn [ = €/(R + r). Paznocrs noren-
1[MAJI0B MEKJIY TOUKAMH ¢ U d

v IRy ¥R, €n

= =0,64B.
2 AR +Ry+2r 4+7m+2rS/pa

764. I,/ 1] = (R, + )R, [[RiR, + r(R, + Ry)]=11/16.
VIRR, + (R, + (2R + Ry)] _

RR;+ (R, +r)(R + Ry)

766. ConpoTuBieHne KaXjoi Iapsl NPOBOAHUKOB paBHO Ry/2. ITonnoe
BHEIIHEE CONPOTHBICHUE LIENH RO YAAJNEHHS OJHOrO M3 NPOBOAHHKOB R =
= 3Ry /2. ITo 3akony Oma st nonuo# nenn [ = 2l =€ /(R + r); orctopa DC
ucrounuka toka € =21y (Ry + r) = I3 (3Ry + 2r). Ilocie ypaneHus: OHOTO H3
NPOBOJHUKOB MOJNHOE BHEIIHEE CONPOTHBICHUE nenu Ry = 2Ry/2 + Ry = 2R,
Tok B o61eit uenn I, =€ /(R, + r). Yepes npoBoRHUK, ocrasilniicsa Oe3 napsl,
6yner uaru ToK [ =1y 3Ry + 2r)/(2Ry + 1) = 4 A, a uepe3 ocrajbHbIE
TIPOBOJHUKY OyayT UATH TOKU [, /2 =2 A.

T67.1, =R, /[(Ry+r) (R +R) + R R,] =198 A;

I;=%R,/[(R3+Fr) (R + Ry + Ry R)] =297 A;
768. BepxHusas naMiia ¥ mposoja, HAyiiMe K HeM, HauYMHasg OT MecTa

JIpHCOeuHEHNs! HIDKHe# namnbl (puc. 360), o6pa3yrOT NOCIENOBATEIBHYIO
g RETIOYKY ¢ comporHBiceHAEM Ry = Ry + R,. OTa nemodka cOeRuHeHa mnapal-

765. V = 16B.
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JIENIBHO € HIDKHEH JaMIoil um BMecTe ¢ Hell oOpa3syeT cOnpoTHBIeHHe R, =
=R3R, [(R3 +Ry)=(R{ +Ry) Ry /(2R + R,). TlonHoe BHEmHEe CONPOTHB-
JIEHAE Uenn

RyQ2R + Ry)+ (R + Ry)R,

R=R;+R, =
e 2R, +R,
‘Iepe3 HMCTOYHHMK TOKA TCUYET TOK
= € 2R, +R,) ~0.87 A,

TT+R, (r+R)CR +R)+ (R + R)R,

769. Ecmu € ur — DJIC u BHyTpeHHee CONPOTUBICHAE HCTOYHHKA TO-
kKa, 0 [} =8 /Ry +rynly,=%/(R, +r). I3 3TUX ypABHEHUH HMEEM I =
=(1R1 — LRy [, = 11) =3 Om, € =111, (Ry - Ry) [ (I, - 1,)= 40 B.

770. r=R\Ry (Vo= V)/ (ViR ~ V5R)) =1 Om.

771. Ilpu mopkmrOYEHHH K HCTOUWHHKY TOKa aMIepMeTpa 4epe3 Hero
tevet ToK [} =€ /(R + r), rne € — DJIC Garapen, a r — ee BHyTPEHHEE COMPO-
THBJICHHUE; NIPY NOAKIOYEHUN K MCTOUYHHMKY TOKa BOJIBTMETPA Uepe3 Hero
TeqyeT TOK I = €/ (R, + r), 4 BONBTMETP NOKa3biBacT Hanmpsikenue V = HR, =
=€R,/ (R, + r); otcroga

r=R,V-IiR)/ (iR~ V),
E=01V(R,—R)/(1Ry=V).

TOK KOPOTKOTO 3aMbIKaHus (IIPHA PaBHOM HYJTIO BHEITHEM CONPOTHBICHHH)
I,=%/r=1V®Ry~R,)/RyV —,R) =296 A.

_ER +R)-IRR,
IR +Ry)

773. Ilpu 3apsaxe akKKyMYJISITOP BKIIHOYAeTCsl HABCTPEUy MCTOYHHMKY TOKa.

Bo Bpems 3apsiiku TOK BHYTPH aKKyMyIsITOpa T€YET OT IOJOXUTEIBHOTO

nonoca K orpunarensaoMmy. Hanpsixenue cetu V=€ + /(R + r), rne I — Tox

3apagky; orcroa I = (V —~ ) /(R + r). HanpsskeHue Ha 3aXXuMax aKKyMyJIsTOpa

Va=Ir+&=Vr+%R)/(R+r)=275B.

772. r

—20m 1 =854
r

HocredosamenbHoe U NApaANeAbHOE COeOUHEHUR UCIMOYHUKOS MOKA.
Ipasuna Kupxeogha

774. NlockonbKy €, > 6, To TOK / GyfeT WjTH B HaNPABICHUN, YKAa3aHHOM
Ha puc. 118, npu 2TOM pa3sHOCTH NOTCHIHAIOB MEX/Y TOUKaMHu a U b.

V=%,+IR, =%, —IRy=(€,R; +&,Ry)/ (R, + Ry) =12 B.

775. TMockomnbky €, > €, To TOK / GylieT WITH B HANPABIECHAH, YKa3aHHOM
Ha puc. 119. ToxoM uepe3 BoapTMeTp NMpeHeGperaeM BBHAY TOTO, UTO €TI0
CONIPOTHBIEHAE BEIHKO [0 CPABHEHHIO C BHYTPEHHUMH CONPOTHBIEHUAME 3J1e-
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MeHTOB. [lafeHne HanpssKeHUs Ha BHYTPEHHHX CONPOTHBJICHUSAX 3EMEHTOB
AOIXKHO paBHAThCA pasHocTH J[IC aneMeHTOB, TaK KaK OHH BKIFOYEHBI
HaBCTpe4y Apyr Apyry: [ (ri+r;) =€y~ €y; orcrona [ = (€, ~€1)/(r1 + ry).
Pa3HOCTH IOTEHIMANIOB MeXK]y TOUKaMH| @ 1 b (moKa3aHMe BOJBTMETPA)

V= %1 +1Ir = (%] ry + %2)'1)/(1'1 + 1'2) =1,8B.
776.V = (%1 ry+ C(gz I'])/(l'] +ry) = -0,1 B; Vab =0 npu %1 rp= %2 r.

777. Tox B uenu I =2€ /(R + ry + 1) (puc. 361). HanpsixkeHns Ha 3axkKuMax
HeTOIHUKOB ToKa V=€ —[r uV, =% —Ir,. Pemias nepsole [Ba ypaBHEHHS

npu yernosun Vy = 0, nonyunm R =y —ry = 0,2 OM. Ycnosue
V, = 0 HeocyIIeCTBIMO, TaK KaK COBMECTHOE pellleHue NepBo-
TO U TPEThETO YPABHEHHH NPHUBOAUT K 3HaueHuto R < 0. 8,1

778. Tok B o6weit uenn [ = 2€ /(R + ry + ry), rie BHElUIHEE R
conporusienne nemu R = Ry R, /(R + Ry). Io ycnosuto 3agayuu 2, 1
HalpssKeHHEe Ha 3aXKuMax IepBoro aneMesTa V=€ -1Ir = 0;
OTCrO1a Puc. 361

ri=[RiRy+ (R +R)I/ (R + Rp) =2,4 Om.
779.R = Fy—ry, e R= R]R2R3 (R2R3 + R1R3 + R1R2) (cm. 3ajavgy 778).

780. Tox B obwe#t uenu / = 2% /(R + rq + ry), Ile BHELIHEE CONPOTHUBIEHHUE
Henu R = R1R,R3 (RRy + RR3 + RyR3). HanpsikeHus Ha 3aXXKMMax NepBOro u
BTOpPOTO FeHepaToOpOB

_ %[R]RzRS + (r2 - r])(R|R2 + R1R3 + R2R3)]

‘/] =%—]r1— =3By
RiR Ry +(ry+ r)(Ri Ry + RR; + RyRy)

Vo =B —Ir. = %[R1R2R3 +(r]—r2)(R]R2 +R]R3 +R2R3)] =372 B
2 2 R1R2R3 +(r]+r2)(R‘R2+R]R3+R2R3)

781. Tlo 3akony Oma ans noiaHo# Henu Toxk [ =€ /(R +r), rne € =€, +
+ €2+ €3 ur=r; +ry+r; HanpsokeHue Ha 323KMMax KaXjjOTO 3JIEMEHTa
paBrO pasHocTu J[IC n nafeHus HanpsDKeHUs Ha BHYTPEHHEM CONMPOTHUBIICHAN
37EMEHTA:

V]=%l—]l‘]= =],8B,
R+n+r+n

v, =%2_Ir2=%2(R+r]+r3)—(%’ +&5)r, ~0,3B,
R+r+n+rn

AR+r1+r2+r3

+ ‘Hanpgxenne Ha 3akumax O6aTaped 3JEMEHTOB PAaBHO MAaJeHMIO Hampsi-
KeHHsl Ha BHEIUIHeM compoTBieHmu nenu: V =V, +V, + V3 = 2 B. Hanps-
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SKEHHE Ha 3aXHMMaX TPEThEro INEeMeHTa 0Ka3ajJoChk OTPHIATENbHBIM, TAaK Kak
TOK OIIpefieNIsieTCS BCEMH CONPOTHBICHUSIME lend u cymmaproi D]JIC, a
NajcHue HanpAKeHUs Ha BHYTPEHHEM CONIPOTHBIICHNH 3 Gonbiie, yeM &s3.
782.V =IR =48 R,\R,/[R\R, + 4r (Ry + R;)] = 4,95 B.
783. Hanpsxenne sa 3axkumax Gatapen V = n¥€ - Inr. Caefosarensso,
n=V/(&é-1Ir)=100.
784.1=(V-né)/R+nr)=2,7A.
78S. Ilanenne HaNpsKEHHS HA PE3UCTOPE, €CNH TOKU TEKYT B HAIpaB-
TNEHUAX, YKa3aHHbIX Ha puc. 124, V =R =€, — I;r = €, — [,r.Yuurnisad, 9ro
[ =1, + I,, Haxogum
I=(€,+€)/(2R+1r)=0,1A,
ILi=[(R+1rN&, —RE)/r(2R +r)=-025 A,
L=[R+rNE -RE]T/r2R+r1r)=035A.

BaMeTPIM, 4yT10 /; < 0. DTO 3HAYUT, YTO HaNpaBleHNe TOKa /| NPOTUBONONOXKHO
1 1
yKa3aHHOMY Ha pHC. 124,

Puc. 362 Puc. 363 Puc. 364

786. Bri6paB HamnpaBlieHHs TOKOB, yKa3aHHble Ha pHc. 362, cocraBuM
ypaBuenus Kupxroda. dmsa y3ma b umeem /| + I, — [ = 0; nna koHTypa abef
(o6xon 1o wacosoi crperake) [y ry + IR =€, n ansa KoHTypa hcde (06xof
NpOTHUB YacoBoil crpetkn) I, r, + IR = €,. VI3 3Tux ypaBHEHHIT HalieM

[= (%] Fy+ %2 )‘1)/[R(r1 + 7‘2) + I'Q] =0,53 A.

787. BHyTpeHHee CONpOTUBIEHHE NEMEHTOB Iy =71+ r/2 = 3r/2. Conpo-
THBJICHHE NapailejbHO BKIIOUEHHBIX Pe3ucTOpoB Rp=R; R,/ (R + Ry).
O6mas 3JC anementos é; = 2€. CorimacHo 3akoHy Oma [Jist TOTHOH Henu

V=%()—1(R0+ "0) =2%¢ —I[Rl RZ/(RI +R2) +3r/2] = 2,48 B.

788. BriGepeM HanpaBiieHust TOKOB I, I, u I3 yepes pesucropsi Ry, R, u R3,
yka3anubele Ha puc. 363. Torpa /3 =/, + /,. PasHocTs MOTEeHOHATOB MEXIY
ToukaMu a u b 6yger pasHa €, —1R1 =83 - I3R; =%, + L,R,. Ecau I; = 0, TO
Iy =-1,€, + 1R, = €31 €3 =%, I,R,. Uckmouas I;, HaxopuM €5 = (¥R, +
+%2R1)/(R1 +R2). )

789. PaccMoTpuM Ty ke cxemy Ge3 BoasTMeTpa (puc. 364). M3 3akona Oma
aas nomuo#t uenu HaxopuM I = 3€ /3r =€ /r. Vi3 3akona OMa jua ygacTka
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nena MeXAY TOUKaMu a u b nonyuuM V,p, = —Ir + € = 0. IlogkmoyeHue
BOJILMETPA K TOYKAM, pa3HOCTb NOTEHIMATIOB MEXK/y KOTOPBIMH PaBHa HYINIO,
HAYETO HE MOXET H3MeHHUTD B liend. JloaTroMy BonsTMeTp OyieT NOKa3bIBaTh
HaIpspKeHHe, PAaBHOE HYJIO.

Puc. 365 Puc. 366

790. ITopkiIOYMM HCTOYHHK TOKA K BBIBOJAM 4 M b M BbiOepeM Hanpas-
JeHds TOKOB, yKa3aHHble Ha puc. 365. ns y3na e umeem [ = [y + 1. IIpn
06x0/ie KOHTYPOB aefb u ecdf 10 1acoOBOH cTpesKe NONyIAM

1(R1+R3) +[2R2='—c£, [OR()—12R2=((€().

Ucnonb3ys yenosue I = 0, HaxoguM € = —Ey(R| + R3)/Ry. 3HaK MHUHYC MOKa-
3bIBAET, YTO MOJIOCH! HCTOYHHUKA TOKA HAa pHc. 365 HY*XKHO IIOMEHATh MECTaMHU.
791. 5 =2R/5=20M,1,=R/5=10Mm.
792. Ilpm mapaniieibHOM COCAMHEHHH [BYX 3JE€MEHTOB BHYTPCHHEE
conporusierye 1 I]IC pasuel r/2 1 €; npu nNoCIEAOBATENLHOM COSUHEHNU
onn pasubl 2r u 2%. Yepes pe3ucrop R npu 9TOM TEKyT TOKH

L=%/(R+r[2),1,=28/(R+2-)=6/(R/2+T).

Orcroga BUAHO, 49T0 [, > 1, ecnu R/2 +r <R +7/2, Te. ecnu r <R. Tlo
YCIOBHIO 3ajjauH B IIEPBOM clyuyae R = r; clegoBaTEeNbHO, TOKM IIpH Mapal-
JeTHHOM | NMOCIeJOBAaTeLHOM COEJUHEHHSIX OQUHAKOBbI. Bo BrOpoM ciyuae
Ry > r. IToaToMy TOK 60JIblIIe NPU NOCIEAOBATEILHOM COCTHHEHU.
G (Ry+r)+E (R +1) _ o kn
Ri+Ry+n+r,

794. BbiGepeM HallpaBieHusl TOKOB, yKa3aHHble Ha puc. 366. Hns y3na b
nmeeM [ — I} — I, = 0. IIpu o6xofe KOHTYpOB abef ¥ bcde 10 4acoBOH cTpeNKe
HOJyYHM

793.q=C

]27'2+IR=<(€)2, 11"1—12}'2=%1—C(g2.
W3 3THX ypaBHEHME HaXOOAM
%]r2+%2r1 I _%I(R"'rz)“%zR

R(ry+ry)+nr, P R(n+r)+nr,

I = €,(R+1r)—%,R
2 R(ri+r))+nr, )
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Toxk [ = 0 Torpga, Korga U3MEHEHa NONSIPHOCTH BKIIOUEHUS ONHOIO M3
3JIEMEHTOB H, KPOME TOTO, BBIIOJHEHO ycioBue 8 ry =€, ry. Tok I} = 0 npn
€1 =R€,/(R+r1),aTok [, =0npu €, =RE€,/(R + ry). Tokn I, u I, aMmetor
HampaBlIeHUsl, yKasaHHble Ha puc. 366, ecnu RE,/(R +ry)) <€, <
< (R + ry)é,/R. Oun mensior cBoe Hanpasiexue npu €; < R€, /(R + ry) unu
€y <RE, /(R + ).

795. IIpu n(R ~r)=R — r. Ecniu R = r, TO 4NCIIO 9N1EMEHTOB NPOU3BONBHO;
ecu R # r, 3aJlaya He uMeeT pemrenus (n = 1).

796. Vi /V,=(nR +r)/(R + nr) = 2,33, rae V| — nokasaHae BONbTMeTpA MpH
MOC/IeOBATEILHOM COCTHHEHUH 3JIEMEHTOB, V, — IIPH napaniicjbHOM.

797. Al =n(n—1)R -1NE€/R +nr)(nR +r)=4 A.

798. O6uiee uncio anemenroB N = nm (puc. 367). Tok Bo BHeuHen uenn
I'=n€ /(R + nr/m), rae r/m— BHYTPEHHee COIPOTHBJICHHE TCPYNNbI M3 M

HapaIeIbHO COCIUHEHHBIX 3IEMECHTOB, a nr/m —
n BHYTpPEHHEE CONPOTHBIICHNE N TPYIII, COCMHEH-
o HBIX IOCTefoBaTelbHO. MakcuManbHasi MOIII-
HOCTB (CM. 3ajayvy 848) oTAaeTcs BO BHEUHIONW
O—E&E Lels IPU PaBEeHCTBE CONPOTHBIEHUS R BHY-
m  TpeHHEMy CONPOTHUBICHHUIO OaTapeH JIEMEHTOB
nrim, Te. R =nrim = n?r/N; orcroga n =
=VRN/r=20,m = N/n = 30. Ilpu a2ToM 4epe3

gl conpoTuBneHne R reueT Tox [ =46 A.
Puc. 367 799. Ilpm mocneaoBaTEIBLHOM COEUHCHUN
gepes BCe aKKyMYISITOPbI OaTapen TeUeT ORUH |
TOT XE TOK, MO3TOMY BC€ OHU Pa3ps/sTCi B TEUYCHHE OJHOTO M TOTO KE
BpeMeHu. CiefloBaTeNbHO, EMKOCTH GaTapen OyACT paBHA €MKOCTH KaXKAOro

akkymynaropa: Q1 =0y =80 A - u.

IIpw napanienabHOM COEJMHEHUM 7 aKKYMYJISITOPOB Yepe3 KaKAbli U3 HUX
Teuer 1/n wacTh OGIIEro TOKA; IIO3TOMY IIPH TOM K€ Pa3psifHOM TOKe B 00l
uenu Gatapes GyfeT paspsakarhbecst B A pa3 QOJIbIIC, YeM OfVH aKKyMYJSITOD,
T.€. eMKOCTb GaTapeH B 7 pa3 0OJbIIe eMKOCTH OTAENBbHOTO aKKyMyJasTopa:
Q,=nQy=240 A - u.

3aMeTnm, OjHaKko, uro 3Heprusa W =€ It = €0, ornaBaemas Garapeeil B
Uenb, ¥ OpM NOCHAeJOBATENIBHOM H IIPH NapaljelibHOM COSJUHEHHH 1 aK-
KYMYJISITOPOB B 1 pa3 GoJiblIe 9HEPTHH, OTAABAEMON OHAM aKKyMYJSITOPOM.
3TO NpOUCXORUT IOTOMY, UTO IPH NOciefoBarensHoM coegumHenun D]IC,
Oatapen B n pa3 6onpiie 3JIC OfHOro aKKyMyJIsTOpa, a NP NapanielbHOM
coenunennn DJC Gatapeun ocraeTcs TOH Xe, YTO M AN KaXK[OTo aKKyMy-
asTOpa, HO () YBENMMYUBACTCS B 1 pas.

800. Kaxpas rpynna M3 OATH aKKyMyJISTOPOB, BKIIOYEHHBIX HOCHE-
AOoBaTeNbHO, UMeeT eMKocThb Of = Qp = 64 A -4 (cm. 3agauy 799). Tpn
NapajIeTbHO BKIIOYEHHBIC TPYNIbl HaloT OOIIyI0 €MKOCTb Gatapen O, =
=30y=192A - u

801.V = IR, (R2 + R3)/R% =2B.
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802. CocrasnsieM ypasuenuss Kupxroda B COOTBETCTBHM ¢ HANPABIECHUSAMH
TOKOB, YKa3aHHbIMK Ha puc. 133: Iy + I, - I; =0 pna yana b; I3 — 1, — 15 = 0 nna
y3na h; Is—1; —Is = 0 qna y3na f; upm atoM I ry + Isrs = €, — €, nis KOHTYpa
abfg (o6xop no 4acoBo# crpenke), I, (ry + r3) + 144 = — €, anst xoutypa bhedh
(o6xon npotuB wacoBoil cTpenkn) u Iyry — lgrg —I5rs = 0 gns koHuTypa hdef
(06xop no 4acoBol cTpenke). Pemrast 3Ty cicreMy ypaBHEHHH € YYETOM, UTO
BCE CONPOTHUBIICHNUA OJMHAKOBbI H paBHbI R = 10 OM, nonyuam

L (86, —76)/ 13R=0,19A, I,=—(& +4%,)/13R=-0,17 A,
Li=(7%, - 11%)/ 13R=0,02A, I,=(2%,-5€,)/13R=-005 A,
Is=(5%,-6€)/13R=007A, Is=(,—~36)/13R=-0,12 A.

OTpunarenbHble 3HAYEHUS] TOKOB /5, /4 1 I 11OKa3bIBAIOT, YTO NPHU JIAHHBIX
3J1C HCTOYHHKOB ¥ CONPOTHBIEHUAX PE3UCTOPOB ITU TOKH TEKYT B CTOPOHBI,
NPOTHBONOJOXKHBIC YKAa3aHHBIM Ha puc. 133.

§ 21. Pagora u MomHOCTEL TOKA. 3aKkon [Dxoynsa-J/lenna

803. 3anacennas aneprusa W = € I1; eMKocTh akkyMyisiTopa Q = IT; oTciofa
W=¢Q =4,81rBr-ua= 1,73 MJIx.

804. 3apsp, mpowemumii mo NpoBOmHHKY, ¢ =[Tt=V1/R = 24 Kn.
[Ipoussenensas npu atoMm paGora A = V21 /R = 288 [Ix.

805. Cuurast, UTO HEprus, BLIACISOMIASICS B MPOBOAHUKE IIPH IIPOXOXK-
ACHHMH TOKA, NONHOCTBHIO HICT HA HATPEBAHHE BOMLI, mMeeM qV = cm(t, — 1), e
i ¥ t, — HavaJbHasi ¥ KOHEUYHAs TEMIICPATyphl BOMBI; OTCIOfla U3MEHEHHE
TeMIepaTypsl BOgpl At = th — t; = gV/iem = 2,4 K.

806. IIpu ByX mapajijielbHO BKIIOYCHHBIX B CETh INIHTKAX TOK B OOIIEH
uenu /; = 2N/V =83 A. Tox I = 12,5 A, norpeGasieMblit KaMHHOM, GOJNBIIIE,
yeM [|; MO3TOMY HENb3d PydaThesd 33 TO, UTO IPEAOXPAHHUTEND, BBIAEPKH-
BAIOIINI TOK IPH BKIIIOUEHUHN ITATOK, HE EpEeropuT NPH BKIIOYEHUA KaMUHa.

807. Tok B mposojax, HAyIUX OT reHeparopa, I = N/V, a nnotaocrs
ToKa j = I/§; oTciofia IIomann cedenns mpoBofos S = N/jV = 6,7 - 103 mm2.

808.N =17 (V-IR)=16kBr.

809. Cuurasi, 4TO BCs JIEKTPHUECKAs IHEPIrHd 3aTPAYMBAETCA HA HCHa-
penme Boxbl, noxyuumM 2 R = Am/T; otcropa I = \/W =194 A.

810. ITo zakony [Ixoyns-Jenna @ = V21 /R, rue R = pl/S — conporusienne
IPOBOJIOKHY, [ — ee JUTHHA; oTciofa [ = VZS‘E/pQ =324 M.

811./=nD?V?1/4pQ =102 M.

812. ITonyyeHHOE KOTMYECTBO TEMIOTHI HACT HA HATPEBAHAE BOLBLI M COCYNIA
¢'marpesaresieM, moaromy NT = cm(t, — t;) + C(t, — t), THE 1] ¥ t, — HAYAIbHASL X
KOHEYHAsd TEMIIEpaTypa Boibl. VI3MeHeHHe TeMIepaTyphbl BOALI

At=t,—-t1=Nt/(cm+ C)=24K.
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813. DOnekrpuueckas SHEpPrus, HAyU|as Ha HarpeBanue BoOAbl, W =
=nNT=cm(t, - ), rie m = pV = 2 Kr — Macca BOJibL, 1, = 100 °C — KoHeuHas
TeMIlepaTypa Bofsl; orcrofa N = cm(t, — t) /Nt = 800 Br.

814. Bpems HarpeBaHHS oNpefleisieTCs U3 YPaBHEHHT TEIUTOBOTO GanmaHca
(tr=0°C):

T = [c,mu(tg— 1)) + rmy, + cmy(t — 1)} /MmN =348 c.

815.1 = (V-Vy)VyrD?/4pN = 19,2 M, re Vi, = 127 B.
816. OTHOWIEHNE BBIZEIAEMBIX Ha peocraTe MoLHocTel Ny /N = 4/3.
817. Ins mopaym BOJB! HA BBLICOTY /1 HEOGXOAUMA MOIHOCTH

No=(AU + AT) /Tt =pV gh+ pV? /2.
KIIJ ycranoBkn

2
n=No PVl o Vi 10556 e.n=556%.
NN 252

818. MomHocTh, HEOOXOOUMAs JIIS IBUKECHHS Noe3aa, paBHa Ny = Fl/t =
= Fv=nN; orciona F = NN/v =48 xH.

819. Toxmn, muymue yepe3 06e NPOBOIOKH, COEJIMHEHHbBIE MOCIEOBATENb-
HO, OAMHaKOBbl u paBHbl /. Ilpu 9TOM B NPOBONOKAx 3a BpeMs T BbIjie-
ASIOTCA KommdecTBa TemioThl Oy = IPRytu Qs =12Ryt, tne R, = pl/S, R, =
= P,l/S — conpoTUBIEHANS XKeJIe3HOH U MEAHON MPOBONOK, [ ¥ § — UX JJIUHA U
Iomanb ceyeHusi. OTHOUIEHHE KOJUUICCTB TEIUIOTHI IPH NOCAENOBATEIEHOM
coeguaennn 0,/Q, = Ri/R, = p,/p, = 7,06.

ITpu napannenrbHOM COSAMHEHHH TOKH B XKEIE3HOHA M MEJHOI IPOBOJIOKAX
Iy =VIRyul,=VIR,, rae V — naupsixkenne B ceTH. B aTom cniygae 3a BpeMst T B
IPOBOIIOKAX BIEMSIIOTCS KOMecTsa TemioTsl Qf = V21/ RuQ = vit/ R,.
Wx orHowenne O/ Qs = R, / Ry =p, /p; =0,14.

820.0,/Q, =R, /Ry =p,/p,; =0,14.

821. 1, = 91, = 6 MuH, Tax Kak Q = 3V21, /R = V?1,/3R.

822.R=V?/N=72Om.

823. Ins marpesBaHHs BOAbI A0 TeMmuepaTypsl kuneHus t = 100 °C
HEeOBXOIIMO KONUIECTBO TEIIOTHI ) = cm(t — ty), rie m = pV = 2 Xr — Macca
BOAbl B uaWHEKe. [IpH BKIIOUCHWH OJHOTO HarpesBaTeliss ero MOIHOCTH
Ny =1V, rae I — Tok, TeKymuil yepe3 Hero, # V — HanpaxeHue cetd. B atom
cIyyae Ha HAarpeBaHWe BOJbI MAET 4acCTh TEIUTOTHI, BbIesieMON Harpesa-
teneM, @ =MNT;; orcioga BpeMs HarpeBaHUs BOABl OJHUM HarpeBaTejeM

= Q/NMN; =cm(t - tg) IMN| = 56 mun.

Hpn HapanielbHOM BKITFOUEHHH JIBYX HArPEBATENEH, KaK H IPH BKIIOUCHIN
OJIHOTO H3 HUX, HA KaXJIOM HarpemaTelne OyfeT Hanpsikenue cetu V. Cuepfo-
BaTENbHO, B KAXXAOM U3 HUX OYET BBIAEIATHCH Ta XK€ MOIIHOCTH Nj 1 obImias
MOIHOCTb OyaeT Ny = 2N ; oTciofja BpeMsi HarPEBaHAs BOJbI ABYMs Harpesa-
TETIMA Ty = Q /NN, =T,/ 2 = 28 MuH. u!
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Ilpu nocnegosaTenbHOM BKIIOYEHHH HarpeBaTeleil oGmHN TOK depes
Hux OypeT paseH //2. ITosToMy o6iiasi MOIHOCTDb, BBIJIENiSeMast B HHX,
N3 =1V /2 = N, /2. CrenoBaTenbHO, BpeMsl HarpeBaHUs BOJIbl B 9TOM Cliyyae
T3 =0 /MN3; =21 = 14952 mun.

824, I1pu nocnenoBaTeTbHOM COETHHEHUH CEKIUE T3 = T + T, = 50 MuH; npu
napayjie IbHOM COEAUHEHNH CeKIMH Ty = T1To/ (T; + To) = 8 MHH.

825. Ucnone3yst 3akon [Ixoyns—JleHua N = V? /Ry = V;/ R,, HaxopguM

2 2
RZ/RI = V2 /V] =3,4.

826. Mommocrts namnel N = [V = V2/R, tnie I — Tok, TeKylIuil uepe3 namny,

R — ee conpoTuBIeHUE; OTCIOAA AJIsl IEPBOU U BTOPOY TaMIl HIMEEM
Ry =VZ/N;=3600mM, I;=N;/V=033A;
R2=V2/N2= 192 OM, 12=N2/V=0,63 A.

827.N,=ViN,/V: = 84 Br.

828. Korpa namma sratouena, N = V2/R, rae R = Ry(1 + oif) — conpoTus-
JIGHHEe HUTH ropsame# namnb! u Ry = R/10 — conpOoTHBNCHAE HUTH JIAMIIbI IPHA
TEeMIepaType fy; OTCIONa

o=(R-Ry)/Ryt=45-103K", Ry=V? 10N = 14,4 Om.

829. Ry =V2(1 + arg)/N(1 + o) = 42,8 Om.
830. ConpoTuBneHns: TamMnbl ¥ IpoBofoB Ry = VZ/N u R, =p - 21/S. Tok,
TeKYIIAH [0 JIVHUH, U NaJIeHIe HANPSKEHNs Ha JIaMIle PaBHbI

I=¢/(R+Ry), V=R|€/(R| +R)).
IIpn NOAKNIOYEHNN BTOPOH JaMIbl CONPOTHBJICHUE JIBYX JlaMI paBHO R/2.
[ToaToMy TOK, TeKyIIMI N0 TUHAY, U NIajleHUe HANIPSKEHNs Ha TAMIIaX PaBHbI
, € ,_ €R /2
RI/2+R,’ R/2+R,’

V3MEcHEHHE HANIPSKEHHS Ha JTAMIIE
_ ERR, _
(R + Ry))(R +2Ry)

AV=V'-V=

~ 2pISNEV?
(2pIN + SV )(4pIN + SV?)

3Hak MHHYC IIOKa3bIBA€T, YTO HPpH BKIIOUECHHH BTOpOfI JJaMIIbl IIAJCHHC
HallpsAXKEHUA Ha nepBoﬁ YMCHBIITIAETCA.

« 831 I=8S(éJR/N —R)/2p=114 xm.

¢ 832. V=200/p/ = 120 ks.

- 833, HanpsixkeHue Ha 3aXKMMaxX MCTOUHHMKA TokKa V=V, + Vy, tne V, u
V, — najieHus HanpsDKEHHS HA HATPY3KE M Ha IPOBOJaxX JHHHH. MOIIHOCTS,
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BbIieNsieMast Ha Harpyske, N| = 2N = [V,. Ilorepr MomHocTH B NuHAM N, =
=0,1N; = 0,2N =[V,; orcropa Vy = 2N/I, V, = 02N/l a V =2 2N/l = 33 B,

834.R = V¥12,IN = 9,3 Om.

835. Tox B nuuunm / = N/V. Tlorepu mMommocty B mana N, = I2R = N2R/V2,
Momuocts snektponeun Ny = N - Ny = N — N?R/V? = 5,64 xBr.

836. N =%€*R R} /[(R, + R))(R+r)+ R R,]* =267 Br.

837. Tok B nenu I = €/(R + r). Konn4ecTBO TENNOTHI, BLIAEISIEMOE BO
BHENIHEN Uenu B euauly Bpemenn, Qr = 2R = €2R/(R + r)? =~ 8 IIx/c.

838. ITonuas MomHOCTSL 3neMenTa N = I2(R + 1), rie [ — Tox B neny. Taxk kak
I=V/R,toN=VXR +r)/R?=13,5 Br.

839. Buyrpu Gatapeu TepsieTcs MowmHOcTh N = 122r, rjle ¥ — BHYTPEHHEE
conporusnenne 6arapen. Ecomu € — 3JIC Garapen, To no 3akony Oma ais
NOJNHOM HENH B IepBOM H BTOPOM caydasx € =[{(Ry +r) u € =I,(R, + r);
OTCIOJIA

r=(,Ry = LR)I(I, = 1,), N=1I3(I,R, — ,R)/(I, - I,) =12 Br.

_MNh =N _ NI =N
Ly (1 = 1y) Ll (1 = 1y)
841. KII]] - a0 oTHOWIeHHE MONe3HOH paboThl (MOUHOCTH) KO BCEH

3aTpadyeHHON pabore (IIOJNHOIH MOMHOCTH). IToJe3HO! MOIMHOCThIO B JTAHHOM

ciydae siBJsieTcA MOIIHOCTD, BbljensdemMast Ha Harpyske, Ny =1V, rne I — Tok B

yenu. Tak kax 3]IC € no onpeyeneHnIo npecTapsieT co00i NOTHYIO paboTy,

COBEpPITAaEeMYI0 HCTOYHHKOM TOKA P HEPEMCIIEHHH [0 1ENU ¢AUHMTHOTO

3apsifia, a B €AMHALY BpeMEHHM Yepe3 CedYCHHE NMPOBOJHUKA IPOXOTUT 3apsif,

YHCIICHHO PaBHBIM /, TO MOJHAas MOIIHOCTb UCTOYHMKA TOKa paBHa N, = €/.

Takum o6pasom. KIIMI cxemsr =N, /N, = V/€ = 0,8, T.e. 1 = 80%.

842. 1 =RiRy/[R Ry + H(Ry + Rp] = 0,74, T.e. y = 74 % (cM. 3amauy 841).

843. KIIJ] cxemsl ©| = V/% (cm. 3agauy 841). Tak kak V=/Ru ¥ =
=IR+rN=V+Ir,tonN=RIR+r=(&-INE=V/E.

844. KI1[I cxembr M = V/& (cM. 3ajjaay 841), rue V = IR — HanpspKkeHue Ha
3a3KMMax HCTOUHUKA; orcrofa I =Né/R = 2,86 A.

845.r =R\Ry/(Ry—2R;) =7 Om.

846.m =2IR[€=0,78, .e. N =78 %; r = (n€ — 2IR)/nl = 1,2 Om.

847. Ilonnast MouHOCTB, noTpebiasieMast MmoTopoM, Ny =V = 1,8 xBr. Ha
HarpeBaHune 0OMOTOK TepsieTcs MomHocTh N, = 2R, ITonesHast MOIHOCTH
N =N{=N,=I(V-IR). KIII moropa n = N/N{ = (V -1IR)/V=0,875, T.e.
M =87,5%. 3nech HE YUTEHBI NOTEPH MOIHOCTH, BOSHHKAOUIAE BCJIEACTBHE
HarpeBaHHs CEPJICTHUKOB SKOPS ¥ CTATOpPa BUXPEBBIMH TOKaMH M BCICICTBHE

TPCHHS B HOIITNITHAKAX.
848. Tok B uenu / = €/(R + r). MouHocTs, BhIjienseMas BO BHEIHHEH HEIH,

N =I?R =%62R/(R + r)?. MomHOCTB, BRIENAeMas BHYTPH HCTOYHHAKA TOKY,
Ny =EZr/(R + r)2. Tlonuasi MOIHOCTE e
N=N1+N2=1<5 =%2/(R+r)_ Y

840. r =0,20M, € =12 B.
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N3 puc. 368 BugHO, uTO C yBenuyeHueM R MOIMHOCTH N, BbIAeisieMasi BO
BHEITHEHN L[ENH, CHAaYana BO3pacraeT, a 3aTeM yMeHblnaeTcs. UTo6bl HalTH
CONpPOTHBIIEHUE R, PN KOTOPOM BBIENSCTCS MaKCHMaJIbHAsA NOJNIE3HAsT MOIII-
HOCTB, PACCMOTPHM 3aBUCHMOCTH N| OT TOKa [

Ny =N-N,=TI€- I

Tpu6GaBuB K 9TOMY BbIpaXXeHHWIO M OTHSAB OT HETO BeqwunHy €2/4r, MOXHO
npeacrasuThb Ny B BHfiE

Ny =€Y4r — r(I —6/2ry%;

OTCIOJia CNEJYET, YTO MaKCUMaJibHas MOJe3Has MOMHOCTh Ny = €%/4r Boie-
nsietcs npu Toke [ =€/2r, T.e. ipu R = r. B arom cnyuae KIII n =NyN =05,
T.e. N = 50 %. Momnroctu N, u N ¢ yBenude-
HHEeM R MOHOTOHHO ymenbmatorcs. ITpu
9TOM OBICTpEE YMEHBITaeTCs MOIMHOCTL Ny,  [0g
BEIlesIsieMasi BHYTpH UcTouHnKa. [ToaTomy ¢
poctoM R KIIJI Bospacraer.

N, Br

W3 rpacuka 3aBucumoctn N ot R BUHO N
TaKXKe, YTO OflHA W Ta e Nojie3Hasl MOII- 50 —Nz
HOCTH MOXKET OBITh NONY4YEHA NPU ABYX Nob-=
3HavYeHUIX R, OJHO U3 KOTOpbIX OoublIe, a 0 N,

)
]
]
Ipyroe MeHBIIE /. —
849. Ecnu 6 — O]IC ucrounuka TOKa, TO ros 10 R, Om
yepe3 CONpOTHBICHHEe R, TedeT TOK [; = Puc. 368
=6/(R| + r) ¥ BO BHEIITHEH LEIH BbIICISIETCS

mommocts N = 2R, = €2R,/(R, + )% Yepes conpoTnsienne R, Teuer ToK [, =
= @/(R, + r) ¥ BO BHEIIHEH 1SN BBIJEISETCS MOUIHOCTL N =122R2 =€R,/(R, +
+ r)%; oTclopa s onpefesieHns R| MoAydaeM KBApaTHOE ypaBHEHHE!

2, .2
R-BE R0
R2

Peums ero, HaiieM R = 0,625 OM i R; = R, = 10 OM (cM. 3apauy 848).

850. 0»/0 =2(R + r)H(R + 2r)? = 1,62.

851. N /Ny = (R + 2r)%/(2R + r)2 = 1,56.

852.n=Ir/(€I-N)=5.

853. N{/Ny= (R + 2r)¥/(2R + )2 = 9/16; 66nbas MOUHOCTh — OIPHU Ia-
panIeNbHOM COeIUHEHUH.

854. TIpoexuua CHUJIbI TSKECTH B HANPABJICHUHU IBMXCHUS F = mgsino =
A mgtgo =0,0lmg wmenbuie cannl conporusnenus f=0,03mg. ITosTomy
MOTOp coBepllaeT paGoTy IPOTHB PaBHORCHCTBYIOMEH 3THX cuil. 3a BpeMa T
ata pabora A = (f— F)ut = nIV1, rae I — Tok, TeKyImui yepe3 MOTOP; OTCIONA
[=0,02mgumV =245 A.
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855. ITpu Hanps>KeHHM Ha 3aKMMax MCTOYHHKA TOKa V M CHJIe TOKA B IHHUU
I momHoCTh uctounnka IV = I?R + N; orciofa TOK B THHUH

1=(1/2R)(V £/V? —4NR).

JiBa 3HaUYeHWS TOKa COOTBETCTBYIOT JBYM BO3MOXHBIM CONPOTHBIECHHUSIM
Harpy3KH, IIPH KOTOPBIX HA Harpy3Ke BbIJENAETCS OfHA M Ta K€ MOIIHOCTD
(cM. 3apauy 848). 3HaK MHHYC Nepe]] KOPHEM COOTBETCTBYET MEHBLLIEMY TOKY,
a CIeJOBaTEIbHO, ¥ MEHBIUINM IIOTESPSAM MONIHOCTH B JINHUU.

INagenne HanpsXXeHUs ¥ NOTEPH MOITHOCTH B JINHAN

V/=IR=(1/2)(V+\V? - 4NR),

N’ =1V’ =(1/2R)(V* —=2NR+ Vy/V? —4NR).

KII[] nepenaun (OTHOLIEHNE MOIMHOCTH, NOTPebIsieMOH yCTAaHOBKOM, K MOLII-
N IV-N _Vv-V' 1

HOCTH, OT/IaBa€MOM UCTOYHUKOM B THHHIO)
[1,2
~l1+ V;MVR .
v 'A% Vv 2 Vv

n =

ITpu V = V| = 6200 B napgenne HanpsokKeHHA U MOTEPU MOINHOCTH B JIMHUN
V'=50 B (unu 6150 B) u N'=508 Bt (unu 7,6 MBr); KIIJI nepepaun
N =99,8 % (unu 0,8 %). lludps! B ckoOKax COOTBETCTBYIOT OONBIIEMY 3Ha-
yeHHlo Toka. Ilpu V =V, = 620 B mog xopHeM nosydaeTcss OTpHIATEIBHOE
YHCNO. JTO 3HAYAT, YTO NMPH CONPOTUBIECHUH THHHA R =5 OM B oTOM caydae
HENB3S NONYYATHh TPeOyEeMYyKO MOIIHOCTH HHM NPH KaKOM 3HAa4YEHHM COMpO-
THBJIEHHS HArpy3KH.

856.R=(V-VyVy/N=2000m; [=RS/p=V-VpV,S/Np =100 m.

857.N = 2€%/9r = 16 Br.

858. I3 ycnoBus R1/R; = R,/R4 cnefgyeT, 4TO TOK uepe3 pe3ucTtop Rs He
upet. ITo3TOMY NmOJMHOE CONpOTHBIEHHWE R LeNH CKIajblBaeTcs M3 CONpO-
THBJIEHHUH ABYX NapalllelbHEIX Henodex Ry, R; n R3, Ry ¥ BHYTPEHHETO CONMPO-
THBIICHHUS 3JIEMEHTA I:

R= (R + Ry)(Ry +R4)+r'
R+Ry+R;+Ry

CxeMa norpebigeT MOITHOCTh
_ g E2(R, + Ry + Ry + Ry)

= =36 Br.
R (R+R)(Ry+R)+(R+R,+ Ry +Ry)r

859. N = 8€%/3R.

860. Yepe3 namnouky ponxeH teub ToK / = N/V, rie V — HoMrHanBbHOE
HaNpsXeHAe, T.e. 4-BONBTOBbIE JAaMNOYKH PacCUMTaHbl Ha TOK 0,5 A,
a 8-ponbToBbIE — Ha TOK 0,25 A. CneoBaTelnbHO, HEOOXOUMO CMEIHAHHOE
BKJIIOUEHHE: NOCTIENOBATENBHO C AECATHIO 4-BONTBTOBBIME JIAMIIOTUKAME HYXKHO
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BKJIIOYHTh MAapaiNeNbHO APYr APYTY ABE ONUHAKOBBIE IPYIILI 8-BOJIBTOBBIX
samnouek. ITagenne Hanps:xeHus Ha JONOTHUTEIBHBIX FPYNIaX 8-BOMBTOBLIX
namnouex 6ypet Vo —m V), a uucno naMnodex B 06eHX Ipynnax J0MKHO ObIThH
1y = 2(V() — I’llvl)/v"z =20.

861. r=.RR, =6 Om.

862. N\ =2N/3; N, = N/3.

863. IToTepu mourHOCTH B nogpoAsAmux nposogax N = 0,04N,. Tok B Hux

=/ _ _

I =~N/R.Ilajenue Hanpskenus Ha Harpy3ke V| = Ny /1= Ny+/R/ N. ITape-
HHE HalpsXKEHHs Ha NOJBOJANIUX npoBogax V, = IR =+ RN. Hanpsxenne Ha
3a’KUMAaX HCTOUYHHKA

V=V, +V, =(Ny+NWRIN =208 B.

864. O6umnii 3apsiji Ha COEAUHEHHBIX OOKIANKaX ¢ = ¢ — ¢». EMKOCTB 00pa-
3oBaBierocs Koufencatopa C = Cy + Co. DHeprus, 3anaceHHas B KOHIACHCATO-
pax 10 U [0Ce COe/IMHCHHS,

W, =gl 12C,+q312C,, W, =(q, —q,)* 1 2(C, + C,).
Ha pezncrope BBIJIETHUJIOCH KOMHUYUYECTBO TENNOTHI
0=W -W, =(¢q,C, —¢,C, ) 12C,C,(C + ().

865. Ilpu pasomkHyTOM Kitoue K koHAeHcaTopsl C; u C; HMEIOT 3apsifibl ¢;
HanpsikeHust Ha HEX V| = ¢g/C u V, = ¢/2C, npuuem V| + V, = €; orciona
¢=2C¥/3,V,=28/3nV,=%/3. AHanornuHo HaxOQUM 3apsAabl U HANPSIKEHHs
Ha KonpieHcaTopax Cy 1 Cy; ¢'=CE€/3, V3 =2%/3 uV,=€/3. Tak kax V| = V3,
HOTEHIHATB! OGKNAOK KOHJEHCATOPOB, NPUCOEANHEHHBIX K KOy, OjUHA-
koBbl. IIpH 3aMbIKaHHy KilOYa HEYero He u3Mensiercs. Ilonnas sxeprus 6ara-
pen KOHAEHCaTOPOB paBHa CyMMe HEPIuil, 3aNlaCeHHbIX B KaX/0M U3 HUX:

gl/l—+ﬂ2_+q'vg+q'v4 - C%?‘.
2 2 2 2 2

W:

§ 22. dnexrpoaus. 3akonslr Papanes

866. k = /Fz=2,39 1077 xr/K.

867.t=m/kl =2 u.

868. Cornacuo oOGbeguHeHHOMY 3akoHy Papapest m = W1t/Fz = Aq/F, rne
A =/z,aq=It; orciopa F = Ag/m = 9,65 - 10* Kn/Monb.

869. MoHn! B pacTBOpE 3JEKTPOIHTA HECYT Ha cefe YHCIO IIEMEHTapHBIX
3apA0B, PABHOE BANICHTHOCTH z. [IpU BBIIEIEHUN MACCHI BEIIECTBA, YACIECHHO
PaBHOH €ro XHMHUUECKOMY 3KBHBAJEHTY, Yepe3 pAacTBOP IPOXONHT 3apsif,
YHCHEHHO pasHbIA nocrosuuon dapanes, r.e. F = zNy= N, e¢. CnegoBarensHo,
aJIeMEHTapHBI 3apsig e = F/N4 = 1,60 - 10" Ka.
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870. ITo sropomy 3akony Papaaest nmeeM ky = W,/Fzy u ky = 1,/Fz,; oTciopa
IEKTPOXUMHYECKUI IKBUBANEHT 30N10Ta ky = k1z1My/2ol; = 6,8 - 1077 kr/Kor.

871. Tok B Bannax / = jS. I[lo nepBoMy 3akoHy dapajesi Macchl Bbife-
JHUBIIMXCA INPH dNeKTponu3de BemecTB my = kjSt =238 1, my = k,jST =
=21,6T1, m3=kyST=805T.

872.j = yifkt = 124 A/M2.

873. 1o nepromy 3akony Papapes m = k[T, rue / - TOK B Hen#; OTClofa
I'=mlkt=1,6 A, re. B nOKa3aHue aMNEepMETpPa Haj® BHECTH MNONDPABKY
Al=1-1,=0,1 A.

874. ITo nepBomy 3akony Papanes m = kIt, rae / — Tox B uenu. TouHoe
3HAUCHHE NAICHASl HaNpsDKeHUs Ha conpormeieHmu V= [R = mRfkt =497 B.
PazHocTh MeX[y NOKa3aHUEM BOJBTMETPA W TOYHEIM 3HAUCHUEM IaJicHus
HampspkeHnst AV =V -V, =-1,03 B.

875. Tonmmuua cnost d = WH/FzynS = 58 MxMm.

876. B nepBoii BaHHE KeJ€30 ABYXBAJEHTHO (z; = 2), BO BTOpOH — Tpex-
BaJIeHTHO (2 = 3). [TosTOMY npu NPOXOXKACHUH Uepe3 PacTBOPhI OMHAKOBBIX
3apsilOB BBIJIEISIFOTCH PAa3IMIHbIC MacChl JKeJIe3a Ha KaToflax: B NEpPBOM BaHHE
my = Wuq/zF =2793 kr, BO BTOpOH BaHHE My = W, q/7,F = 18,62 xr. Tak kak
BAMCHTHOCTh aTOMOB XJ0pa z = 1, TO HAa aHOAE KaX/[O0H BaHHBI BbEICISIETCS
Macca xiopa m = \,g/zF = 35,357 kr.

878. V=W, m/q= kW, =108 B.
879. KII[I ycranoskyn n =I/VT/W = Vq/W, rire ¢ — 3apsp, npomenmui 1epes
BaHHY. Macca BbIfienuBieiics mMeau nt = kq; OT-

! ctoa m = knW/V = (0,445 xr.

4 880. Cpepumit Tok [ = (I, + [,)/2. 3apsap, nporek-

) wui gepes pacrsop, ¢ = It = (/| + [5)t/2 = 20 Kn.
HaxoxneHue 3apsifna rpaduiuecKUM IYTEM NOKa-

0 . e 3aHO Ha puc. 369. Ha rpacduke 3aBUCUMOCTH TOKA

OT BPEMCHH 3alITPHXOBaHKAs NIOWA/b YHCIECHHO
Pric. 369 paBHa 3apsany. Macca Meau, BhIIENUBHICHCA Ha
karone, m= kg =k(I; + I,)1/2 = 6,56 mr.
881.m=k(V-€)/R=95r.
882. r = pVu/kRIt =312 K, tne R = 8,31 Ix/(mons - K) — razosas no-
CTOSIHHAS.
883- W.?JII = VZW],,,/V] .

§ 23. MarautHoOe noJjie ToKa.
JNeKTPOMATHUTHAN HHAYKLHSA

884. B = \yH; orcropa H = B/\yy = >1,59 MA/m.
88S5. B = nouH = poin/l = 62,8 T, _
886. 1 = B/jiyH = 5000. e
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887. Ha npsamMoil NpOBORHUK C TOKOM, PACIONOXEHHbI NEPNEHAUKYIAP-
HO K JIMHHAM HMHAYKUMH B OJHOPOJHOM MAarHMTHOM HOIE, NeACTBYeT CHia
F = BIl = 0,1 MH. Hanpasnense cuibl ofipeicaeTcs NPaBHIOM
neBoit pykH (puc. 370)".

888. Ha npoBOgHHK JEHCTBYIOT: JBE OJ{HHAKOBBLIE CHJIBI
HaTsXKeHHs] HuTed T, cuna TaxecTd mg U cuna F = Bllsino co F
CTOPOHBI MATHUTHOTO MO, Tlle L — YOl MEX/Y Halpaslie-

HHUAMH TOKa / U MArHUTHOH MHAyKuuM B (B HameM ciydae Puc. 370
o = 90° u sino = 1). ITogpasymeBaeTcs, 9TO HanpaBICHAS TOKA U

MATrHUTHOYW HHJyKUHH TAKOBBI, UTO cuna F HanpasieHa BHU3 (cM. puc. 140). B
NPOTHBHOM CJIy4yae CUJIbl HATSAXKEHNS HUTEH NOpU NPONYCKaHWM TOKa He
BO3paCTaIOT, & YMEHBUIAIOTCA, X HUTH He OOOPBYTCSL.

Ecnu npoBopuuk Haxopurcs B paBHoBecuu, to 27 — mg — F = 0; orcroga
T =(mg + F)/2. Ins pa3pbia OfHOH U3 HATEH HEOOXOJHMO BbINOJTHEHHE
ycrnosusi

T=(mg+F)2=Mg,

uiu
1= (2M-m)g/Bl=3A.

889. Eciu npoBOAHHK pacloONOXeH NEepNeHANKYIAPHO K HalpaBIEHHIO
MarHuTHOH HMHAyKmuu, To F = Bll, rne | — TOK B NpPOBOJHHUKE; OTCIOA
[=F/Bl=15A.

890. Ha npoBojHuEK IefICTBYIOT: CHJIbI HaTSKCHUS ABYX HHUTed T, cuia
TsKecTH mg W cuna F=BIl co croponsl MarHuTHOro nons (puc. 371).
IIpy paBHOBecuu IPOBOJHHKA CYMMBI MPOCK-
HU# cun (C yUeTOM HX 3HAKOB) Ha BEPTHKAJIBHOE
U rOpU3OHTAJbLHOE HANpPABJICHHUS PaBHBI HYJIO:
mg—-Tcoso=0, F-Tsina =0; orcrofa tgo =
= F/mg = Bllimg = 1. 1.e. a0 = 45°.

891. H =112nr=4 A/M, B = uyH = pnol2nr =
=5 mxTh.

892. Bokpyr 6eCKOHEIHO JIIMHHOTO IPSIMOJIAHEH-
HOTO NIPOBOAHMKA, IO KOTOPOMY TeYeT TOK /q, oOpa- \
3yeTcst MarHATHOE 1OJIe, HANPSKEHHOCTH KOTOPOTO Puc. 371
Ha paccTOAHMH I OT IpoBoaumKa H = I,/21r, a maAYyK-
mas B = wouH = ugul,/2nr. Ipu aToMm BekTope! H n B HanpaBijieHbl OfHUHAKOBO
M JeXAaT B INIOCKOCTH, NEPHEHANKYISIPHOA K NpoBOaHuKy. Ha oTpe3ok BTO-
pOro NpoBOJHHKA AJTHHBI /, 10 KOTOPOMY TEYeT TOK /;, MArHUTHOE MOJE
aeficrByeT ¢ cunoii F = Bl,/sin o, rae oL — yrosr Mexjly HalpaBJIcHUAMHA OTPe3Ka
IIPOBOAHMKA M MarHUTHOM MHyKunH. Tak Kak BTOpOH NPOBOJHUK NMapasileleH
nepsomy, To & = 90° u sino = 1. Takum obpasoM, F = Uyl l,I2nr; orcrona

* KpyXoOK ¢ KPEecTHKOM O3HAUAET, 4TO TOK HANpPaBIEH OT UMTATENs nepneH-
RUKYJISPHO K IIIOCKOCTH PHCYHKA, B KOTOPOH fexXar sekroppt Bu F.
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Wo = 2nFr/ull,l. Hopcrasus 3navenns I, =1l,=1A,l=1m, F=2-10"7 H,
W =1 (qust BaKyyMa), HaiigeM L = 47 - 107 Tu/m.

893. F; = F/l = uy/*2nr = 0,1 H (cm. 3apaay 892).

894. Ha puc. 372 noka3aHO HanpaBlcHUE MarHATHOH HMHAYKUHAH H IO-
JIOXKeHUe ITomAagky B oboux cnyvasx. 1o omnpenereHuio MarHUTHBIH I1OTOK
P = BScos, rae O — yroi MeXay HOpMainbio N K
Ly IUTOIN@AKE W HaNpaBICHHEM MarHUTHOUN MHIYKIHH

" B. B nepsom cnydae & =0, cosa=1u P =BS =
= 1,25 MBO0; Bo BTOpOM cnydae O = @ (yriasl ¢
S B3aMMHO NEPNEHMKYIAPHLIMA CTOPOHAMH) H
@ = BScos ¢ =625 MmxBO.

RN Z 895. B = poui = 6,28 Tm; ® = BScoso= BS =
= 12,56 mMB6.

896. L = nAD/(I, — 1)) = 125 m[n.

Puc. 372 897.%¢ =—(B,— B|)S/At = 1,6 MB.
898. © = €Ar/n= 1 MBG.
899. HauanbHblil MarHHTHBIN NOTOK uepe3 pamky @ = BScoso, rje

B

S=a’\3/4 - MIOMAib PaMKH U B = [{yHf — MaTHUTHas HHAYKUHs. KoHeUHbId
MaruuTHeIR NOTOK @, = 0. MIsMeneHre MarHuTHOro notoka A® = &®, - d, =
=—-BScos 0. D1C wHgyKIIUYU

__AD \BuoazHcos(x.

At 4A:
oTCra

V3o H cosa
900. B = €At/a’cos 0. = 0,1 Th.
901, [= 2= AP S AR5 kA
R RAt R At

902. g = -€At/R = —-AD/R = ,HS/R = 0,1 MKn.

903. OOC camomupykuun € = —LAI/At, tne Al =1,—-1;; orcropa
L=-—8At)(I,-1)=25TH.

904. D1C nupykuyn € = —-AD/At, rie AD = BAS = BluAt — MATHUTHBI OTOK
gepes mnomags AS, “sameraeMyio” HpOBOA-
HUKOM 3a BpeMs At (puc. 373). Onyckas 3HaK
MUHYC, HalipeM € = Blu=1 B.

905. KpbLibst caMosieTa 3a BpeMs Ar “3ame-
TaroT” nuomaab AS = [uAt, MarHUTHBIA HOTOK
yepes 3Ty momans paBeH AD = Bcos aAS,

Puc. 373 rie B cos 0 = B — BepTHKalbHas COCTABIISIO-

1jasi MHAYKUHH 3€MHOTO MAar’HuTHOIQ HOJs

(0L — yron MexAy BepPTHKAJbIO H HaPAaBJICHHEM MATHHTHOH HHyKuum). Pas-
HOCTb NOTEHIHATOB V MeXJy KOHIIaMH KpbuTheB camoiera paBra JJC €,

EA 1/2
a-—-Z(———t——j =10 cm.
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HHIIyI{PIpyCMOﬁ B METAJUIMUECKHUX KPLUIBAX H KOPIYCC caMojieTa NpU €ro
JABHXKCHUH B MArHUTHOM IIOJIE Bemu:

V=% = A®/Ar = Bylv= 0,15 B.
906. Imomians, “3aMeTaeMas’ 3a BpeMst Af IPOBOJHUKOM, CKOPOCTh KOTO-
poro v HampaBJeHa II0f YITIOM Ol K CAMOMY IIPOBOJIHUKY, IIPEACTABIAET co6oil

DAt

Puc. 375

wromags napamienorpamMma (puc. 374): AS = [vAtsin 0. MareuTHpiif noTOK
yepes aty miromans A® = BAS. Pa3snocte noreHuuanos V Mexay KOHIaMH
nposopuuka pasia J]IC €, nuayunpyeMoi B 3TOM NPOBOJHHUKE:

V =€ = A®/At = Blusin o; orcrona v = V/Blsino = 1 m/c.

907. ] = €/R = Bylv/R = 10 MKA.

908. Iloka pamMka HaxOfWTCs B OONACTH, II€¢ MMEETCS MAarHATHOE MOJIE,
MaTrHUTHBIA NTOTOK Y€pPEe3 IOBEPXHOCTh, OTPAHAYESHHYIO PAMKOM, IPH [BU-
>KeHun paMku He m3Mensiercs. I[loaromy [1C mHAyKUMN B paMKe HE BO3HH-
kaeT. ITocie TOro Kak OjlHa M3 CTOPOH PAaMKH BbIIUIA 3a TPAHHIY NOJS
(puc. 375), MAarHUTHBLIA NOTOK UYepe3 MOBEPXHOCTH, OTPAHMUECHHYI) PAMKOH,
Oyper U3MEHSThCS. 3a BpeMs Af paMKa [EePEMELIAETCsl Ha PacCTOSHME VAL
¥ YacTh MJIOMIANM PAMKH, KOTOPYIO HNEPECEeKaeT MarHUTHOE HOJE, YMCHb-
uraercs Ha BemuurHy AS = Jv At. MarHHTHBIA 1I0TOK 3a 9TO BpPEMs U3MEHAETCS
Ha Benuunny A® = -BAS = -Blv At. Ungynupyemas B pamke IJIC € =
= —~A®/At = Blv, u o pamke nporeuer Tok / = €/R = Blv /R = 2 mxA. Korpa
paMka BbIAEeT M3 o0MacTH, e AMeeTcst MaruuTHoe noie, DC ungyxuun
CHOBA CTaHET PaBHOHU HYJIO.

2 32
909. O, = S—(é—b—’J =1 uJlx/c.
R\ At

910. I =ulB/2R,([+vt).

911. R = BY?y/F = 0,625 Om.

912. TIpu nnaBHOM M3MEHEHHH MArHMTHOHA MHAYKUHH B paMKe HHIyUH-
pyerca OJIC € = AD/At, rie AD — H3MeHEeHHEe MAaTHUTHOTO NIOTOKA, At — BpeMs,
B TeYEeHHE KOTOPOro MPOUCXOXUNO0 3TO u3MeHeHue. Tok B pamke [ = €/R =
= AD/RAt. 3apsj, NpOTEKHE MO LENu 3a BPeMd At, q = 1At = A®/R. Ha-
YallbHBIA NOTOK MarHuTHOM wmuaykumm @, = BSn. [Ipu m3MeHEHHH Hampa-
BJIEHHS MArHHTHOrO IONS Ha O6paTHOE MAarHATHBIA IIOTOK M3MCHSET 3HAaK.
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I109TOMY KOHEUHbI MarHUTHBINA NOTOK @, = —BSn. i3aMeHeHUEe MaTHHTHOTO
noroka AP = ®, — @, =2BSn. TakuM o6pasoM, ¢ =2BSn/R = 1 mxKn.

913. g = BSD/2p (cm. 3apauy 912).

914. Cymma I]JIC ucrounnka toka n JJIC, uHfynUpyeMoit B uena npu
PaBHOMEPHOM M3MEHEHHH TOKa, paBHa € + LAI/At. Tok u3MeHseTCst N0 3aKOHY
I = Iy— (Al/Ane, toe Iy = €/R. ConpoTuBieHue UeNH B TFOG0H MOMEHT BPEMEHH

B+ LA/ At
" C€/R-(AI/ AN

B MoMeHT BpeMenn t = 2 ¢ uckoMoe conporuBieHue R, = 1,75 Om.

915. PaccMoTpuM KOHTYPBI c¢md W cnd, mmouwiagd Xotopeix S = nDY8
(puc. 376). MarHuTHBIC IOTOKH YePE3 KaXAbIH KOHTYP
B MOMEHTBI BPEMCHH 11 U I OyayT

®, = BS =ky,nD? /8, ®, = B,S = kt,nD" /8.

OJC wmHAYKUMM B KaXJOM KOHType (IOCKOJBKY
MardHuTHOE II0JIeé MEHSETCs paBHOMEpHO) § =
= (®y— DDty 1;) = krD?/8.
ITycte 3[1C MHAYKIHMHM BBI3BIBAET B KOHTYpax
Puc. 376 TOKH, HallpaBJIeHHs KOTOPBIX IIOKa3aHbl Ha puc. 376.
B3ss nanpasieHue 00xoga KOHTYPOB NPOTHB 1acOBOM
CTpelKH U NpuMeHUB npasuia Kupxrodga, nomyunm

rae R = R,D — conporusnenue nposoguuka cd, Ry = RjtD/2 — conpornsnenus
NpoBOAHHKOB c¢md v cnd. Pemas atu ypaBHeHus, Hadipem [; =0,/ =
=1,="¢/R, = kD/4R,.

916. HanpaBneHust cun, AeHCTBYIONNX HA PAMKY C TOKOM CO CTOPOHBI
MarHATHOTO IONsA, ONPEAeNatOTCd NpaBMaoM leBoH pyku (puc. 377a). Ha

F; d F3
A )
YA 4

(o8]
Ol 03

[ n L r

F% k| asing.
¥ Yr, FY 6

Puc. 377

CTOpOHBI paMku ck u dl peiicrytor cunsi F| u F), HanpaBieHHbIe IPOTHBO-
NOJIOKHO NO OfHOH npsMod. OHH He co3faloT MoMeHTa cuin. Ha croponsl
pamku cd u kl peicrByror cunwl F3 = F, =1Ba. Oam oOpasyroT mapy,
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CO3HAIOIIYI0O MOMEHT CHUJI M, paBHBIN NPOH3BENCHUIO OJHOM W3 3THX CHJ HA
pPaccTosiHAE MEXKJy JIMHHUAMH, IO KOTOPBIM OHH Hanpasienbl. Kak BujgHo u3
puc. 3776, Ha KOTOpPOM IIOKAa3aH BHJ PaMKH CO CTOPOHBI ck, 3TO paccTOsHHE
pasHO ¢ sin o. Takum 06pa3oM, M = Fa sin o = IBa? sin o0 = 50 1H - m.

917. O6mas D[C, unaynupyeMas B paMKe [P JBHKCHHH B OJHOPOIHOM
MarHATHOM MOJIe, paBHA HYJIO, TAK KaK PaBHO HYJIO U3MeHEeHHe MarHUTHOTO
NOTOKa uepe3 IJIOMAAb, OTPAaHMYCHHYIO paMKOH. I1oaTOMY paBeH HYIIO B TOK
B paMKe.

O6myro 3]C, HHAyHUIpYyEMYIO B paMKeE, MOXHO paccCMaTpPHBAaThb TaKXe
kak cymmy D C, HHAYyIEPYEMBIX B Ka’KAO# 13 CTOPOH paMku. Ecin ckopocrb
JBM3KEeHHsI IPOBOJHHUKA COCTABISIET Yroad ¢ C CAMHUM NPOBOAHHKOM, a JIH-
HUH VHIYKIMA IOJS NEPNEeHANKYISIPHbI K HAIPABIEHUSAM IIPOBOJIHUKA W €T0
ckopoct, TOo uHAymupyemas B HeM OJJIC € =Blusin @ (cM. 3amauy 906).
ITosromy DJC B cTropoHaxX paMKH ae U bc He BO3HHKatOT. B

croponé ab Bozuukaet I[AC €, = Bly. B croponax ed n cd /,/\ ®
so3umkarotr IJC €, = Blyusin ¢; u €, = Blou sin ¢,. Tak X \\\t\
Kax [; sin @ + [, sin @, = [y, To monHast IC B cToponax /§’ §A§§§
ed u cd 6yner €, + €, = Blyv, 1.e. pasHa no moaymo 3[1C 7

B CTOpOHE ab, HO UMeeT ¢ HEeH NPOTHUBOIONOXHOE (1pH
00x0jie [0 KOHTYPY) HallpaBJICHHE; NOITOMY TOKA B PAMKE
He BO3ZHHKAET.

918. 3a Bpems A¢ MPOBOJHHUK, Bpallasich C YINOBOU CKOPOCTBLIO (®, NO-
BEPHETCH Ha yrod @ = WA! 1 “3aMeTeT” CEKTOp. MIOM@A)b KOTOporo AS =
= @r/2 = or2Ay/2 (puc. 378). MarauTHBIR NOTOK Yepe3 5Ty nuomans # IJC
HHIYKUHHA

Puc. 378

A® = BAS = Bor’Atf2, € = AD/At = Bor?/2;
orciofia @ = 2€/Br? =75 pan/c.

§ 24. IlepeMeHHbIl 3JICKTPHIECCKHI TOK

919. a) ® = d;sin wr = BS sin (2rnt); 6) ® = P sin (W + Q) =
= @, sin(wr + 30°), rge Oy = 2 MB6. OTcuet HavyanbHOM a3sl (Y NPOU3BOJUTCS
OT rOPHU30HTANBHOM ITOCKOCTH B CTOPOHY BPAIEHUS paMKH.

920. PamMka, 3aHHMAaBIIAas B HAYAJTBHBIA MOMEHT BPEMEHU FOPH30HTANTLHOE
MONOXEHHUE, BPAIAsICh C YIIOBOH CKOPOCTBIO ® = 27/2, B MOMEHT BPEMCHH !
OyfEeT COCTaBISITH C TOPU3OHTANBHOH MIIOCKOCTBIO yrou Mt = 2nnt (puc. 379). B
TeUEeHHUEe NOCISAYIOMEro OYeHb MaJoro MPOMEXYTKa BpeMeHHu Af OHa IOBEP-
HeTcs elle Ha Manbiil yron WAz, IlycTs cropoHa pamku, napannensHas ocu OO,
pPABHA a ¥ CTOPOHA PaMKW, [IepNeHANKYIsApHAs K OcH, paBHa h. 3a Bpems At
IIPOBOJHUK PAaMKH cd NEPEMECTUTCA B NOJIOXKEHUE ¢’d’ 1 “3aMeTreT” NMPH ITOM
mnowans AS = a(b/2)wAt = SWAL2, rae S = ab — nnomasb paMKi. MarHuTHBIHA
[IOTOK Yepe3 IOoWaNb, “3aMeTaeMyto”’ NpoBONHUKOM cd, AD = BAS cos a, rge
Ol — yROJI MEXJy HOPMAJIbIO 1 K IUNTOCKOCTH cc'd’d ¥ HanpaBneHueM MarHuTHOM
uHAYRuun B. ,
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Ecnu npoMexXyTOK BpeMeHH Af OUeHDb Mali, TO YIOJl O IPAKTHIECKH PABEH
yriy f, Tak KaK HanpapJIcHHE HOPMaTH /1 MaJIO OTIHYAETCS OT HANPABJIEHHS
CTOpPOHBI paMKH kd, a BEKTOp B No yCIOBHIO HANPABIEH TOPH3OHTAJILHO.
Takum oOpasoMm, AP = (1/2)BSwA? cos ®f. CenoBaTelbHO, B MOMCHT BpeMe-
HU ¢ B ipoBofiHEKE cd mHaynupyercst DJIC €, = AD/Ar = (1/2)BSw cos wr.

V.B
Vob -
10 !
voi2f
504 /
1
() 1 ! 1 L
T/12 T2 T ¢
—5F
10+
Puc. 379 Puc. 380

Bekrop B nmapasiieneH IJTOCKOCTSM, B KOTOPBIX NPU BPALICHUM PaMKH
ABIXKYTCS npoBoaHUKM kd u [c. [TosToMy uepes “3ameraeMble” STUMH IPO-
BOJHUKAaMU TITOWA MArHUTHBIH IOTOK paBel Hymto 1 3JC He Bo3HHKaeT. B
IPOBOJHUKE dd, KaK JEeTKO BueTh, uHpyuupyercst AC €,, paBaas no Mopy-
a0 ‘€, HO HanpaBIeHHas Tak, YTO NpH 00Xofie 1o KOHTYpy paMku 3th I3C
cknanpiBatorcs. B pesynbrare cymmapras 3 C, uHaynupyemas B pamke,

€ =2¢, =BSwcos wt.

Hawm6onsmee 3Hauerne D]1C npuHEMaeT B Te MOMEHTBI BPEMEHH, KOTfa
€OSs (M MaKCUMaIeH, T.e. paseH epnHute. [Tosromy amnmuryna 3JC

%, = BS® = 21tnBS = 0,614 B.

[Ipu yBenuueHnd 4yacTOTH! BpalllEHWsI PaMKH B TpH pasa amnnuryaa IIC
TaKKe YBeJIMIUTCS B TpH pasa, T.e. €] = 1,884 B.

921. @\ = €y/2nn = 48 MBG6 (cm. 3agauy 920).

922, n = %y/2rnwBS = § 06/c (cM. 3apauy 920).

923. Kpyrosas uacrora Toka ® = 2n/T = 628 ¢!, yacrora ToKa f =
= 1/T = 100 Tu. B moMmenr BpeMeHu ¢ = T/12 MrHoBeHHOe 3HadYcHHE

HANPSAXCHHUsA
V=Y sin(wt+£) =V sin(E—t—%E) =V, sin = = ig—VO;
6 T 6 6 2

orciopa V, =2V/ V3=11,6B.T pacduK 3aBHCHMOCTH HANPSKEHUA OT BpDEGMEHH
npefcTasieH Ha puc. 380. ¢
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924. MHAyKTHBHOE COMNPOTHBICHHE KaTymwk# X; = OL, rme @ = 2nf —

Kpyrosas uacrora Toka. Ammnurypa toka Iy = Vy/X,; orciopa L =
= Vy/2nfly= 0,051 I'n.

925, L =X, /2nf= 0,080 Tw; I, =V,/X, =~2V,/X, =0,28A.

926. ITonnoe conporusnenue Z = \/ R>+ (oL -1/ 0C )2 . Momnocrs

2
- > Vo R —=0,5Br; thZ(M‘__M:_&OQ’
2[R” + (L - l‘/ 0C)7| R

T.c. ©=-72°40"
927. MHpyKTHBHOE CONPOTUBICHUE X; = L, eMKOCTHOE CONPOTHUBICHHE

Xc = 1/oC 1 nonHoe CcONpOTHUBIECHHE Z = \/R2 +((1)L—l/(x)C)2, rae
® = 27f — kpyrosas uacrora Toka. Ilpu f; = 50 T (w= 3,14 - 102c™)

X, =157 Om, X = 318 xOM, Z = 3,33 kOwm;
npu f5, = 10 kg (0 = 6,28 - 10*¢™")
X; =314kOM. X= 159 0M,Z =314 kOmM.

928. Vi, = IyX = 14T/2rC = 0,7 kB.
2V
929, J, = Y _ ____‘/_17__
Z A\}Rz +1/0°C?

930. f =2V} - I§R* /21l L = 61T

30. f
931. ITonHOE CONPOTHUBIICHAE LENH

=1L4A.

X =loL - 1/aCl = 2rfL - 1/2xfCI.

W3 ycnoBusi, 9TO NPH YACTOTE fy NOJHOE CONPOTHBICHUE IIENH PAaBHO HYIIO,
umeeM 2ntfyl = 1/2nfC; orcropa fy = 1/2r LC =711 T'u.

932. Vi, = n€, =420 B, rae n = 2nf, /R = 12nfyRC (cm. 3anaqy 931).

933. B uenu nocrositHeoro Toka [ = V/R = 2 A. lHIYKTHBHOE CONPOTHR-
nenwe conenomga X, = 0L = 2nfL = 5 kOM. AMniauTyaa HamnpsXeHus

Vo = V2 V,. Tak kak R <€ X, TO aMIITATYHa NePEMEHHOrO TOKa
Iy = Vo ! X, =~2V, 120fL = 5,6 MA.

934. Monaocts N = (I3Vy/2) cos @; orctoga cos ¢ = 2N/, = 0,8.
935. DddpexrusHbIi TOK [, =15/ 2. KONHYECTBO TEMTOTHI, BHIASIIEMOE
neunto, Q = IZRt= I} RT/2 = 3,96 M.

936. m = V.f'c(l +0zy)/ rR(1+ou) =51, rae t = 100 °C — Temnepatypa Kure-
HHSL BOJBI.
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937. B cetn ¢ 3¢ppeKTABHLIM HanpsiKeHHEeM V, aMIUTUTyHa HanpsiKeHns
Vo= «/fvd IIpunrnMas HauanbHyHO (pa3y HANPSKEHHS PaBHOH HYINIO, 3aNMM-
IIeM 3aKOH H3MEHCHHS HANPSKEeHHUs C TCUESHAEM BPEMEHH:

. 2n
V=Vysinwr=V, sm—;t,

3askuraHus (rallleHs1) JTaMIIb! IPOUCXOAAT B MOMCHTEI BpEMEHH ¢, (f),), Korja
MIHOBEHHOE HaNpsiXKEHHE B CETH PaBHO HANPSXKEHUIO 3aKuranusa (puc. 381):

KBk

Y, 2,

HamMeHblnee HONOXUTENBHOC 3HAUEHHE, KOTOPOE MOXKET UMETH BEIMUNHA
2mt,/T, crosuias noj 3HaKoM cuHyca, cocrasiasger 60° = /3. B obmiem cryJyae

. 27
Vv, = ; oTcropa [sin——t,, =0,867.

. 2n
V() sin Ttm

2nt, /T = mn £ ®/3,

rne m =0, 1, 2, ... CiegoBarensHo,

t,=mT[2 £ T/6.

3Haxk 1mic 3/J€Ch COOTBETCTBYET MOMEHTAM 3AKUTAHUs JIaMIIbI (Haﬂpﬂ)KCHHC
B OTH MOMEHTBI BO3pacTacT O MOI(y.TIIO), a 3HaK MHHYC — MOMCHTaM TralucHus

14 V}

V.) -~ —r_—
| Vo
]
!
]
3
]

2T/3 57/6 / €
TI6 T/3 T2 ity i1

1
]
]
¥ ! 1 1

!

1

1

H
O T/4 T/23T/I4 T t
Puc. 381 Puc. 382

JaMibl (HanpsixeHue yObIBaeT MO MOJymMio). B yacTHOCTH, nepBas BCIbIIIKA
NPOUCXORUT NpH fy = T/6 u nepsoe ramenne — nputy =T/2-T/6=T/3.
Takum 00pa30M, IHTENLHOCTD Benbiuku At =1 —t3 =T /6 =3,3Mmc.

BcnpImKky U ralieHust NPOUCXOMST B TeUEHHE KAKNON NONTOBUHBI II€PHOAA;
CIIENOBATENBHO, YacToTa Benbiiiek n = 2/T = 100.

938. AMITATYAA NEPEMEHHOTO HANpPSXKEHHs! Ha BBIXOJC aBTOTpaHcGop-
maTopa V(= +/2V,. DTO HanpsKEHHE C TCUCHHEM BPEMEHM U3MEHSETCS 10
3akony V= Vj sin (2nfr). HanpsskeHne MeXAy 2JeKTpPOJaMH JlaMIiibl;V,y =
= &+ = ‘(‘é+x/§V,3 sin (2nft) (rpacdhuK 3aBHCHMOCTH 3TOTO HaNpsKeHHA oT
BPEMEHH IPUBEieH Ha puc. 382). ' 3
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. IIpu sin (2rft) = 1 HanpsixkeHue V, NpUHEMaeT HauOOJNbIIee 3HAUCHHUE
V) max =%+«/§V3 =100 B. Ilpxu sin (2nft) = —1 HanpsxeHue V, npuHEMaeT

HaMMeHbllee 3HaueHue Voni, = € —«/iVa =20B, te. Voquax > Vi B Vo min < Ve

Taxum o6Gpa3oM, HanpsKEHHE Ha JIEKTPOJAX JIAMITbl CTAHOBUTCS GoJblire
HaTIPSKEHNS 3aXXUTaHus JIALTb OJHH pa3 B TEUCHHE EPHONA, IO3TOMY YacToTa
BCIIBIIIEK HEOHOBOM IaMIlbl paBHa yacrore Toka f = 200 I'u.

939, MourHoCTh, IOABOAMMAS K NMEPBUYHOM OGMOTKe (3aTpaticHHasl MOII-
HocTh), Nq = I,V,. MomHocTh, OTgaBaeMasi BTOPHYHOH OOMOTKO# HAarpyske
(nonesnast MowHOCTY), N, = [,V,. KIIJ Tpancdopmaropa

N=Ny/N, =LV, 1V, =0,95, T.e.n=95 %.

940. Nupyuupyemas Bo Bropuunoit ooMorke I[C € = V /k. Hanpsixenne
Ha ee 3axuMax V, =€ - Ir=V /k~Ir=215B.

941. Mupyuupyemas Bo Bropuunoit ooMoTke JJIC pomxHa GbITh paBHa
HANPsIKEHUIO HaKaa V) M NajIeHI O HANPSKEHHS Ha CONPOTHBICHAM OOMOTKH
Ir. TIo3TOMY OTHOIIEHHE YHCET BHTKOB B OOMOTKax wy/w; = (V, + Ir)/Vy;
orctofia wy = (V, + Iryw,/V) = 400.

942. Uuayuupyemas Bo BropuuHoil oomorke DC €, =V, + [,r. Koad-
¢uneHT TpanchopMannyu TpaHcoOpMaTOpa

Tok B nepBuuHO#l oOMOTKE HaxomauM u3 ycnosusa Vil =€,/,. KIIJ

TpaHcopMaTopa (OTHOIIEHHE MOITHOCTH HA 3aXMMaX BTOPAYHON OOMOTKH K
MOLIHOCTH, NOTpebsieMOl NEPBUYHON 0OMOTKOMH)

N=Voly IV, =Vy 1€, =V, [(Vy + I,r) = 0,91, T.e.n=91%.
943.V, =V /k—Ir=6B,R=Vyl =V \/kl -r=12Om.

944. Amnnuryaa HampaxeHwst Vg = \/V,%) +2VjoVyo cOos@q + szo =155B;
tg ¢ = Vo sin Qp/(Vi + Vi cos @g) = 0,34, T.e. ¢ = 19°

§ 25. DneKTpOMArHUTHDIE KOJI€0aHUA U BOJIHBI

945. IlpeneGperasi M3JyYCHUEM 3JIEKTPOMATrHUTHON SHEPTHA B MPOCTPAH-
CTBO, MOKHO CIHTATh, UTO BCSl 3aNacCEHHAs B KOHACHCATOPE SHEPTHs NepeiifeT
B Tenory, T.e. @ = W = ¢3/2C = 5 mIIx.

946. DnekTpHuecKas IHEPrusi B KOHTYpE MakKcMMaidbHa B T€ MOMEHTBI
BpeMeHH, KOTla KOHIRCHCATOP MONHOCTHIO 3apAXeH U TOK B KOHType paBeH
rymo. Ee snauenne W= CVO2 /2= CV,f =0,1mMx]Ix, rne Vp = «/fVa — aMIUTH-
TyJa HanpspKeHHs. Ha KOHJeHcaTope. DTa 3HEprus paBHa INOJHOH 3HEpTHM
KOHTYpa: B Te e MOMEHTBI BPEMEHH, KOTrjla KOHAEHCATOD NOTHOCThIO
paspsbKeH U [0 KaTyIlKe NAeT HauGOMbUIN TOK, BHYTPH KaTYIIKA 00pa3yeTcs
HauGONbIIIEE MAaTHUTHOE 1I07IE, T.e. KOHTYp o0NajaeT MaKCHMAaIbHOH MArHHUT-
Holt sHeprueil. Ecmu cyMTaTh, YTO NOTEPH IHEPIHH B KOHTYPE 3a NMEPHUO]
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KoyieOaHuH NpeHeOPEXNMO Manbl, TO IO 3aKOHY COXPAHEHHS YHEPTUH MaKCH-
MalTbHasi MarHUTHas 9HEPrUs paBHa MaKCUMAJbHON 3N€KTPHIECKON.

947.11lepuon konebauuit T =2nvLC =2nr\ne L/d =1,26Mkc; T'=
=2nJLC" =2nr\nesel/d = 2,51 mxe.

948. 1,/ fy =y1+1/n=10l.

949. fi =1/2nJLCy, f, =1/2nJL(Cy+C); orciopa emkocth O =
=Co(fi2 - )1 17 =15mxd.

950. Yacrors! konebGanuit Konrypa f, =1/2n,/L,C, f, =1/2n/L,C; orcio-
fla moxydaeM, YTO MHAYKTHBHOCTB KAaTYIUKHM JONXKHA MEHSTBCS OT L) =
=1/41>Cf? =16MH o L, =1/4n°Cf} = 10MIh.

951. dl/d2 = ()\/2/7\,])2 = 64

952. I'paHuuHBle 3HAUECHHMS YACTOT AHMAaNa3oHa f; = c/A; U fr = ¢/A,, THE
¢ =3-10% M/c — CKOpPOCTH pACHPOCTPaHEHMS 3JEKTPOMATHUTHBIX BOJH B
Bakyyme. B pesynbrare nonyunm f; = 300 I'Tn, 5, =30 I'T'u.

953. A = ¢/f=0,1 um.

954. 0Ot My =c/fi=3xMpao My =c/fr=11,6 m.

955. Yacrora 3/MeKTPOMarHuTHBIX Konebauui = 1/2n+/ LC, piiuHa BOTHBI
A=clf=¢-2r+ LC. Tloacrasiissi YUCIOBBIC IAHHBIE, HMEEM

f=222MT, A =134wm f=16 My, Ay =196m.

Taxum oOpa3zoM, JUana3oH paJHONPUACMHHKA NepeKpbIBacT HHTEPBAN YacToT
Af = 22216 MI'y u uHTepBaj LIUH BOIH Ak = 13,4-19,6 M.

956. L =c/ f=c-2nJLC =1,88kM; f=c/A=0,159 MI'Ly.

957. f = fyvn =36l

958, A = 2mcy CEAL/ Al = 2450 m.

959. f =1/2m,JL(C, + C;) = 53kT1; o =2nf =1/JL(C, + C,)=13,33 %
x10° ¢™'s T=2mJL(C, +C,) = 18,8 Mre; A = (T = 2nc \[L(C| + C,) = 5650 m.

960. f = % =60MIy; L = %(ﬁ—c)z =352 ulh.

961. A = ¢T = 2ncofegeSL/d = 2350 m.

962. Ilepuop kone6anmit Kourypa T =27+ LC, rae C — eMKOCTh KOHJCH-

2
1
caropa. Jumna Bonue! A = ¢T; orcropaC = —(L) =507 nd.
L\2nc

963. [nanason nauH BONH orpanumyued A, =cT, =2nc/LC, 1 Ay =cT, =
=2nc,LC, =6mc JLC,, e c¢=3-10%M/c—ckopocrs pacnpocTpaHeHus
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3JIEKTpOMarHuTHLIX BOJNH, Ty 1 T, — HanMeHpIHH K HanOGONBIIHA HEPHOABI
KONneOaHui KOHTypa, L — MHAYKTHBHOCTb KAaTYIIKH KOHTYpa; OTCIOfa A, =
= 3%, = 9 M. TakaM 06pa30oM, AXANMa30H JUIMH BOITH KOHTYPa OTPAHHYEH A, =
=3MuEA=9M.

964. C5/C, = (My/c)* =2,25.

965. Yacrora xoneGaHuil 31eKTPOMAarHITHOH BONHBI pH Nepexoje u3
ONHON cpefbl B APYIYIO HE M3MEHSCTCS, MO3TOMY NPU CKOPOCTH pacnpo-
CTPaHEHHs (¢, MMHA BONHBI A = ¢p/fy = 200 M.

I'mapa 1V
OIITUKA

§ 26. BoianoBbie ¢ KBAHTOBBIE CBOHCTBA CBETA

966. H = (vt + I, — )/l - ) = 8,5 M (puc. 383).

967. Victounuk OyjeT BuAcH B TpyOy, eclim 32 §x
spems t = 2l/c npoxoxpaenus ceetoM nytu ABOCD
IIpH3Ma ycreeT NoBepHyThes Ha 1/8, 2/8, 3/8, ...,
BoOOIe, Ha k/8 wacte mnoanHoro ofopora.
IMToatomy H

2 _ 1k

C C
— 2. oTkyaav =k — = 528k I'u, uf
vy oToh 16/ B

¢ h h

raick=1,2,3,.. Ll

968. B Bakyyme A; = ¢/v = 400 umM, B anMase > J
A=, /V=c/nv =162 um, Puc. 383

969. n = ch/he = 1.5.

970. e = hv =he/d =4 - 107" Ix.

971. & = hel(A,,, + K) = 250 1w

972. Ilo 3akony DitHmureiina v = A, + mv %2 = A,,,,; CIENOBaTEILHO,
oroaddekT HabMOgRETCA NPH acTOTE V = A, /h =5 - 10 T,

§ 27. OTpaxkenue u npejJomMieHHe CBeTA
Ha IJIOCKOH rpanune

973./=RH/h =3 M.

974. D = d(H/h + 1) = 13 cM B 000HX cHyYasx.

975. Touka S u ee n3o0paxenns S" u S” B 3epKanax JieskatT Ha OKPY>KHOCTH
panmyca h ¢ neHTpoM B Touke A (puc. 384). OueBuano, uTo yron S’AS” B nBa
pa3a Gonblue yrna ¥ = (M, Ha KOTOpBIH NMOBEpHynock 3epkajno. Ilosromy
[=2hsinyu

: o arcsin(//2h) _
(o)

20 ¢
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976. cos ¢ = (> —al — a?)2a1a, = 0; ¢ = /2.

977. a) Jly4 Bo3Bpam@aeTca K HCTOYHUKY, ONACAB IIPABHTbHBIA TPEYTrONLHAK
{puc. 385). ITosroMy yranl najienus siyda Ha 3epkana o = 30°, yrawl
CKONBXKEeHHs Y = 60° u TpeyronbHuk ABC — mpaBHIbHBIH, T.€. YyrON MEXIY
3epKanaM @ =y = 60°.

Puc. 384 Puc. 385

6) YUToOb! BO3BPATHTHCS K HCTOYHHKY 1O MPOHAEHHOMY IIYTH, YU JOJXKEH
yIacTh Ha BTOPOE 3€PKAJIO IIEPHEHIUKYISIPHO K €ro noepxuocru (puc. 386).
ITosToMy TpeyronsHuk ABC — NpssMOYrONBHBIH # yroi ¢ = 30°.

%S 978. Ecin o — yron najieHus Jyda Ha 3epKaio 1o
[OBOPOTA 3€pKana, TO YLONl OTPaXKEHUS TaKXKe PABEH
Ol YTOI MEXJly NaflafolIAM ¥ OTPak€HHBIM Jy4yaMu
pasen 20.. [locne nopopora 3epkana yroia nmageHus
CTan paBeH O + Y, yrojl OTpaxKeHHsi TaKXe CTal
paBeH O + W, a Yrol MeXAy 1ajalonyM M OTpa-
>KEHHBIM JIy4yaMu cTaj paseH 2(0 + ). Hapgaromui
JTyY ocraics HENOABUXHBIM; CIIEOBATENbHO, OTpa-
>KEHHBIH Nyd NOBEPHYJICA Ha yron U = 2(0 + ) — 20 =
=2y = 54°.

979. L =2/tg 60° = 3,46 m.

980. Ecam 00 — yrox najeHdsi gyda Ha HEpPBOE
3epkano, 8 — Ha sropoe (puc. 387), To ¥ = 20 + 28
(kak BHemrHu#t yron tpeyronsenka ABC). Kpome
— TOro, U3 Tpeyroiasuuka OBC umeeM

O+ @2-3)+(M2-0)=";

orctofa ¥ = 2(0 + 8) = 29, T.¢. yron ¥ He 3aBHCHT OT
Puc. 386 yriia najeHus ay4a.
981. ITocne ABYX OTpaxkeHHWi OT 3epKai nyd HIeT
IO HANPABJIEHHIO, COCTABIAIOILEMY YTONl 2¢) C HanpaBJIeHHEeM Nafalomiero JyJa
(em. 3agauy 980). DToT yron He 3aBUCHT OT MONOXKEHAN 3€PKall B [IOTOMY: HE
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H3MEHsIETCS NpH BX BpaleHud. OTpaskeHHbIH y4, He OBOPAYUBAAChH, Iepe-
MEIIaeTcA NapamienbHo camoMy cebe. Mckomsrit yron ¥ = 0.

982. Xon nyued B nmpu3aMe noxasad Ha puc. 388. Yron nagenus nyda Ha
nocepe6peHHyto rpaib BC paseH yray ¢ = £ ABC npusMb!l (3TH yrilbl UMEOT

Puc. 387 Puc. 388

B3aMMHO TEPIEHAUKYISIPHbIE CTOPOHBbI). OUeBUIHO, UTO yroa NajcHUs Ha
HenocepeOpennyro rpaib AB suyrpm npuimet L DEF = £ SDE =2¢ (kKak
BHYTPEHHHE HaKpecT NeXalne NpH HapajieNbHbIX NpsiMbix SD u EF u
cekyumeit DF). Ha pucyHke m3o0paKeH ciyuai, KOrga 9TOT yron Gonelie
NpefenbHOro. U1l NaHHOTO copTa crekia. Ipm atom L EAC = L FEP =2¢
(KaK yrnisbl C B3aUMHO HEepPNEHARKYISIPHBIMA cropoHamn). Tak kak £ ABC +
+/ BAC+ £ ACB=m, TO

£ ABC=¢=36°, L EAC =/ ACB =2¢=72°.

E : Puc. 389

983. OGoznauuM gepe3 P 1 & yrubl, KOTOpbLIE COCTAaBIAET Jyd, HAY-
I## BHYTPH OPYW3MBbI, C NEpHEeHUKyIsipamMu K rpansMm (puc. 389a). Cymma
yrios TpeyronsHuka AKC paBHa T, a CyMMa yriIoB derbipexyronbHuka ABCK
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pasHa 2%, npudyeM £ BAK = £ BCK = /2. CaepoBarensto, ¢ = + 8. B 1o xe
BpeMst U — BHEUIHHI yroy Tpeyroiabuuka ADC, nosroMy & = (o —B) + (y—8) =
=0 +vY~-¢. HckoMmbrii yron ¢ = o + 7y -0 =n/4. IloctpoeHue xopa
Jdyda B NpH3ME, NOKAa3aHHOE Ha puc. 3806, NpHBOAUT K peIICHUIO @ =
=y+9%-0=5r/12.

ITu peumeHMs NONYYESHb! JHIIL NPH IOMOIIH FeOMETPUIECKHUX YCIOBHUIL.
OnHako OHOBPEMEHHO C 9TUMH YCIIOBISIME IOJKHBI BBINONHATHLCS U 3aKOHbI
npenoMieHus. B yactHocTH, BO BTOPOM ciydae yroj MajeHHs Ha BTOPYIO
rpaHb npu3Mel & = @ + B > @. Tak Kak 10KA3aTeNb IPENTOMIEHUS cTeKIa n > |
u sin §/sin Y= 1/n, To sin y> sin & u y> ¢. [locnegHee HepaBeHCTBO IPOTUBO-
peunT 3HaueHUsIM Y = 4n/12 u ¢ = St/12; n03TOMY BTOpPOE pEIUeHHUE CleyeT

OTOPOCHTb.
984. n =sin o/sin B=c/c,, r.e. n= 1,4 ¢, =c/n=2,14- 10% m/c.
985. sin ® = sin @ (ncos(p— |—n? sinz(p) = 0,25; 9 = 14°30°, nubo

O = arcsin (1 sin @) — @ = 14°30".
986. v = (1/2) [1/2 + y + arcsin (n sin )] = (1/2) (90° + 20° + 60°) = 85°.

I11<112 I’l2<l11
o o oL 9
n n W
N T2 A
a o
Puc. 390

987. Tlo saxony npeénomsenus sin of sin § = ny/n;. Kpome roro, o +
+ 7/2 + § = n (puc. 390); orcrona sin B = cos O, H, clefOBaTENBLHO, Lg O =
= my/ny, O = arctg (ny/n;).

988. n=sino/sin(90° — ) =sina /1 —sin” o = 1,33.

989. tg oo =r/h, R =r + H tg B, sin o/ sin B = n (puc. 391); orcropa

R= r(l + HInh? + ri(n? —1)).

MagcuMaTbHBIM PAfAyC TEHHU R, = 1 + H/ Vn?P-1=7m Oyper npu h = 0.

990. r=R-H/Vn*—1=573m.
991. Brimenmm# U3 MIACTAHKHE JIy4Y HapaljiefieH NajarolieMy, NO3TOMY
hfcos B = bfsin (ot — B) (puc. 392). Tak kaxk sin o/sin f = n, To

b n? —sin o

h=
sinoc(\/n2 ~sin® o —«/1 —sin® OL)

=4,2 cM.
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992.1:[—"“’55———1 dsino;.
1—n’sin’a

o

Q*S \ \\_B

TN B\ .

of © h B~
B b

H <
R R}.\ A

Puc. 391 Puc. 392

993. Xop nyuedt B npu3Me nokasad Ha puc. 393. Tak kak  — BHEIIHUHA yroi
pasHOGejpenHoro rpeyronsuuka ADC, 1o ® =2(o— ). Cymma yrnos rpe-
yrompuuka ABC pasa @ + 2(n/2 ~ B) = &, T.e. ¢ = 2J3. TTo 3aKOHY NpenOMICHHUs
sin o/sin B = n1; orcroa

= sin[(0+@)/2]  [1—cos(+ @) ~13
sin(@/2) | —cos@ o

Puc. 393 Puc. 394

994. Xop nyueit B npu3Me nokasaH Ha puc. 394, Tak kak yrom Mexuy
NepIEeHUKYISpaMu K IpaHsaM paBeH ©, To £ ACB = 2(B — ¢). B TpeyronbHuKe
ABC cymMa yrnos

m2+8)+2PB-P)+@2-P)=m;

oTCIOopa
d=2¢-P. 1)
Hckomprii yron ¥ ecTh BHEIHUN yron TpeyronbHuka ADB. TToaTomy
V=m2-)+(m/2+Y)=m+7y-—0. (2)
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3anncas €1I€ 3aKOHBbI NPETOMNECHUA

sin o/sin B = n, sin &fsiny= U/n, 3)

MONyYdM CHcTeMy ypasaeHuii (1) — (3), u3 KoTopo¥ cienyer

sin ¥ =sin O(\/l —(sin 20+ n? —sin® o - cos2@sin 0()2) -
—cos oc(sin 20~ n* —sin® o0 —cos 2@sin (x)

IMoncrapus @ = /6 u o = ©/4, HaxoUM

Si“ﬂ=(”4)(‘/§‘/5—3'lz +4/3v20% =1 +1-+/342n? -—1),

Ecmu 11=+/2, T0 1erko NoKasark, UTo Ha nocepeOpeHHyIO rPaHb MPA3MBI B
Touke C nyd gafaeT NEPIEeHUKYISIPHO K IPaHH; CIE0BATENBHO, OTPasKEHHBIN
yY HOWMAET 10 myTH najatrowero. Y3 nonyuennolt ¢hopMynni B 3TOM ciyuae
caeayet sin 0 =0n O =x. Ecnu xxe n = 141 touHo, to sin § = 0,0059, r.c.
MCKOMBIH yron ornmuaercs ot 180° npubimanrensHo Ha 20

B o
\\/Q‘B
¢ BNC-L
\\\\ ny
h hNE
h/cosp 8 A
ajy N
. nz \\\
o~ D ] 0 YL / \\\
\‘m ~
<7 N
Puc. 395 Puc. 396

995. Ilycry nyu nagaeT Ha rpanbs A B nof yriiom o (puc. 395), u npenomis-
etcd nox yriom B. ITo 3akoHy npenoMiIeHns

sin o/sin B = n. e))

CooTBeTCTBEHHO
sin &/sin Y= 1/n. @
Yron ¥ — suewHui yron tpeyronpuuka ADC. [Toromy

B =(o—B)+ (y=9). 3
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Hanee, £ AKC =Tt - @; cliegoBaTENLHO,
o=p+38. 4

Pemas cucremy ypaHenuit (1)—(4) u y4uThiBasi, UTO IpPHU MaNbIX yriax
OTHOIIEHHE CUHYCOB MOXHO 3aMCHHMTL OTHOUICHHEM YIJIOB. DOJYIUM 0O =
=(n-1ep=4°

996. Xop nyua nokasad Ha puc. 396. O4UeBUAHO, UTO

/= h

sin(ot — B) + Lsin(o. — ).
B
Kpowme toro, sin ofsin B = ny, sin B/sin y= ny/n;; orcroaa

. ol
1 { frcos «/nf —Sin” o —cos
~h+ = ,

L|sina \[n]z —sin o L)
I
f
i+t oy—tgio -1 h 1 1+g’a . i J
n2\/l+tg2a Lih  tgo Yt +igta)y-1g o )

IipaByio wacTsb, rje Bce BEJIUUMHBI U3BECTHBI, 0003HAaUUM uepe3 A (A =
= (),497). Takum 0Opa3oM, IPUXOAUM K KBaAPaTHOMY YPaBHEHHIO

1+tg2a(l- ADnd —24m — i+ tg? o =0,
peIHeHHe KOTOpOFO
Ax(1- A o+

(1= A2W1+1e

”2 =

onpepenser ABa 3HaUECHHS #;. Tak KakK MOKa3aTe/b NPEJOMIICHHUS NOMOXH-
TeneH, To 1y = 1,55.
997. 3 puc. 397 umeem ! = 2/ 1gP. TTo 3akoHy npenoMieHus

sina/sin3 = n; orcropa l=2hsin0(/\/n2 —sina =97 cm.

998. o = arcsin(nl/ ITEINE ) ~ 28°.

999. Xop nydveil B muIacTHHKe NOKa3aH Ha puc. 398. Yron ABC B npsimo-
yroarsHOM Tpeyronbuuke ACB paBeH O, noaromy AB =l/cos . C apyroi
CTOPOHBI, U3 TpeyronsHuka ADB BunHO, yT0 AB = 2d tg §. Yroel o u B cBs-
3aHb] 32KOHOM IpeNoMIeHH: sin o/sin B = n. Peillas 51w ypaBHeHHs, NOTYYUM

d 2
n=sino l+(2—l—cosa) =1,8.
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1000. ¢ = oi; L = 2nd/ \n? —sin’ a.

7y N
! I
o,
A B
B
h B B
d
al8 BB
D
e i/
Puc. 397 Puc. 398

1001. Ing onpeneneHust KaxkyUerocss MECTOMONOXCHUS TOYKH NOCTPOUM
ABA Jy4Ya, UCXOASAIMINX U3 TOUKH M HONajarolux B ria3 HaOmoparens. Ilycrs
OfMH M3 JyueH IePHeHNKYIAPEH K IOBEPXHOCTH IIIACTHHKY, BTOPON najaer
Ha II0BEPXHOCTb INTACTHHKH MO YIIIOM O, IIPENOMISETCS TOJ YIiIoM B n nona-
paeT B ria3 Habmrogarelst, KOTOPOMY KaXeTcs, YTO TOUKA HAXONMUTCH Ha
NEPECCUCHNN TPONOJIKEHHRI yde Ha PAacCTOSHIY [ OT MOBEPXHOCTH HIIACTHH-
kut. M3 puc. 399 sunno, uro ! tg P = d tg o orcrona tg afig B = //d. Tlo 3akony
npenoMaerus sin o/sin = 1/n. s Mannix yraos o u  AeBbIe 4acTh HOCTENl-
HAX ypaBHEHUH MOXHO CUHTATL OJWHAKOBBIMM; CIEJOBATEIBLHO, PABHBLI #
npasble vacTy, T.¢. d = nl = 8 cm.

d B

o
=="1 >

1%

Puc. 399 Puc. 400

1002. Ha6aropatens BUguT M300paxkeHnde B TOUKe S’ NepecedeHns ABYX
ONMU3KHUX JIyUeH, BhILENUMX U3 S H OTPA3UBIUMXCH OT 3aJHEH MOBEPXHOCTH
niactueky (puc. 400). JIyu SBC, nepneHguKyJapHbIA K NIACTHMHKE, MOCTHE
oTpaxkeHus npoxogut uepes S. Jlyd, magaromuii Ha IIACTHHKY HOJ MajbIM
YIJIOM O, BBIXOJQHT 13 Hee B TOUKe A Ha paccrosaun AB =1ltg o + 2d tg B or
ocu. B 1o xe Bpemsa AB = (L —[) tg o.. Beagy mamocrs yriios o u 3 3aK0H
[peTOMIICHA MOXHO 3anucath B BHAe sin ofsin B = n = tg o/tg B. Pemus
cucreMy ypasHeHu#, HaigeM L = 2(/ + dfn) = 4,5 cm.

1003. Konen crepkHsi HaxojfuTcst Ha rnybune H = I sin &, rae / — gnmHa
NMOTPY>KEHHON YaCTH CTEpXKHA. BeaepcTBue nperoMiIeHus aydeil Ha NOBEPX-
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HOCTH XHJAKOCTH HaOMIOfaTelb BUAUT KOHEIN CTCpXHA Ha Trny6uHEe A =
=l cos atg (o — B) (puc. 401). st HAGMIORATENS, CMOTPAIIETO B BEPTHKATb-
HOM HanpaBJIeHUH, YIIb]l NajieHus O U NPEeJOMIEHHAS Y Majibl, 103ToMy H = nh
(cMm. 3apmavy 1001), unm tg o = n tg (o ~ B). Pemas a10 ypaBHeHue OTHO-
cHTenbHO B, nonyunm (n — 1)/tg B = tg o + nftg o

Y

Puc. 401

Yron B GygeT MakCHUMaabHBIM NIPH TAKOM yIae O, IPH KOTOPOM CyMMa,
CTOAIIAsl B NpaBoil JacTH, OyjeT MAHIMAaNbHON. Tak Kak IPOU3BelcHUE ITHX
CllaraeMbIX €CTb YHCJIO IIOCTOSHHOEC, TO OYEBHIHO, UTO MAHMMAJIbHASL CyMMa
FOCTHTAETCS NIPU PABEHCTBE caraeMbIx. CIefoBaTeIbHO,

tgo=ntga; o= arctgx/r;.

1004. MpenomuBumcey Ha rpaHd AB NpHU3MBI, TyY He OTKJOHSIETCA OT
nepneHaukyaapa (puc. 402); nmosroMy yronm maaeHus Jayua Ha rpaHb AC
(B npu3Me) cocrasnsger O = 60°. Yroia, nof KOTOPHIM Jyu OJKEH ObLI Obl
BBIHTH, IPEJIOMUBINUCH HA IpaHu A C, MOXHO HaHTH HO 3aKOHY MPEJOMIIEHUS
sin o/sin B = 1/n. TIpu o0 = 60° u n = 1,5 yron B He umeeT gefCTBUTENBLHBIX
3gavyeHns. CienoBaTeIbHO, Ha TpaHd AC NPOUCXOANHT NOJHOE OTPAKEHHE U
JyY BBIXOOUT Uepes rpanb BC nepneHAUKYIspHO K Hel. Mckomblit yron EOP =
=0 =60°.

1005. S = th2/(n? — 1) = 1256 cm2.

1006. [>(2H-h)/ nt 1= 32,3m. Yactn pHa, Haxopsamuecs Ha pac-
CTOSTHUSIX Onmuxke 32,3 M, IITOXO BUAHBI BOJOJIA3y, TaK KaK JYy4YH OT 3THX HacTel
IONAajatoT B €ro rias Hocjie OTPakeHUsl OT YIacTKa HOBEPXHOCTH BOJIBI, Yepes3
KOTOPBIN JOCTHraeT BOJOJa3a JHEBHOM CBET.

1007. JIyun mcTOYHMKA, MONAfAONINE HA [TOBEPXHOCTh MOJ YIJIOM, Ipe-
BBIMIAIOIIAM YroJl NOJHOTO OTPaXXCHHsA, HE BBIXOAAT B BO3AYyX. IlTosromy

R=H/\n*-1=36m

1008. a) h = 1,5 cM, ecian riay6WHa NOrPYXKEHH HCTOUHMKA OGoOJjblue
1,5 cM; 6) HA NOBEPXHOCTH, €CIHM INyOMHA NOTPY>KEHHsl HCTOUHUKA MEHbIIE
1,5 cm.
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1009. R=hvVn>—1=8,9cm.

1010. Yron B npemomneHus nydeil Ha nepBoil rpanu (puc. 403)
onpepensietcs U3 ypasHeHus sin(f/2)/sin B = n, orkypa sin B = 1/n, T.e. B ~
MpeAEAbHBIH Yol NOJIHOro oTpaXkeHus. [IJig HONHOro OTpaXkeHusi Ha BTOPOH

Puc. 403 Puc. 404

rpasd JOMXHO GbiTh & = B. OuesupHo, uro @ =P + §; cleOBATENBHO,
MPHHAMAaJBbHBIH IIPETOMASIOUIMI YroJl Npu3Msl @ = 20, uin

sin@ =sin2B = 2sinPcosPp=2vn® —1/n? =0,976;

orcrona ¢ = 77°20".

1011. Beixoa nyua u3 BTOpPOH I'DaHM HEBO3MOXKEH, €CIIM YroJ NaJeHus
Ha 9Ty TPaHb O Goublle WAH PaBeH APEAENBHOMY YIJy HOJHOIO OTpaxe-
Husa. CrneposarenbHO, sin o = 1/n. Kpome Toro, xak sugHo u3 puc. 404,
© =P + 3 usin ofsin B = n; orcrona

sin{ = nsing@ 1-sin’a —ncos@sino < sin(p«jn2 —1 —cos@=0,7435;

cllefoBaTENLHO, O = 48°,
1012.sin 3= 0,3; 9= 17°30".

§ 28. ®oTomerpus

1013. Crensl 1 110J KOMHATB! BHIHBI I3 TOYKH, HAXOLAU[EHCS HA IOTONKE,
I0J] TETECHBIM YITOM (0 = 27 cp; no3Ttomy © =71w = 1256 am.

1014. ®ororpaguueckoe AelcTBHE CBeTa MOXKHO CUHTATL NPONOPIHO-
HaNLHBIM CBETOBON 3Hepruu, nonasmell Ha ¢doTobyMmary 3a Bpems 3KC-
MO3UIUU. DTa IHEPTHA B CBOIQ OUEPEAb MPOIOPIMOHANLHA POU3BEECHHIO
ocsemernocty ¢oro6yMarn Ha Bpems. [loaTomy, fiist TOTO YTOGBI NONYIATH
OJMHAKOBBIE CHUMKH, HEOOXOIUMO JJOOHUTHLCS BBINIONHEHNS] PaBEHCTBA .

2
—ILt =-Ilt ; oTcrofa t =—I'— n t,=27c.
h 12 Y 22 2 2 Lin :
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1015. Ilyctws ry wry — paccTosiHUs OT 9KpaHa go Jamm. Ilo ycrnosuro
L/ =12/r22 U ry + 1y = r; OTCIOa
I =11 -5+l
r,=-——-———1 2 p=1m, r2=————2 12 ,20,8m
-1 -1
1~ 12 171
Bropoi KopeHb XKaXA0ro KBapaTHOI'O YPaBHCHUS HE COOTBETCTBYET YCIOBH-

SM 3a/laud, COIVIACHO KOTOPBIM 9KPaH JOJKEH GBbITh PACHONOXEH MEXMIY
JaMIIaMHu.

1016. ;= r\/'IT/(\/Z:t«/ﬂg ). 3HaK MHHYC COOTBETCTBYET CNydalo, KOrja

00e TaMIbl OCBEHAI0T OFHY H TY K€ CTOpOHY JHCTa: ri=9 M. Ecan xe aucr
pacnoyioxked MeXIy JaMnami, To r; = 1 m.

1017. E=1/d*V1-sin® o =3 nx.
1018. £ /E, =(1+a?/2h%)®? = 3,1.
1019. Ecnu npuHsATHL HATH JaMIbl 32 TOYEY-

HBIA UCTOYHUK cBeTa (puc. 405), TO OcBEUICH-
HOCTH BEPXa U HU3a KHHUTH

Icosa _ Ising
E = 22

Tcosp  Isin(@/2)

» E2 = 2 = 5 .
l /

PaccrosiHue OT HCTOYHHKA [0 HH3a KHUTH Puc. 405

r =2l cos(@/2) (3pecp mcnoab3oBaHa TeopeMa o

BHEIIHEM Yyrile TPeyroNbHHKa H YYTEHO, YTO 3TOT TPEYrOIbHUK PaBHO-

OelpeHHbIi); OTCIoAa
sin(Q/2)

I
By~ Ey = | sing -
1T lz{sm(‘) 4c0s2(9/2)

1020. Ecnm cuna cBeTa MCTOYHMKA OffHA M Ta K€ IO BCEM HANPAaBICHUSM, TO
MOMHBIA cBeTOBOM NoTOK ® = 4nE(12 + h2)32/h = 25 130 nk.
1021. Yuyacrok npeacrasisier co6oii Kpyr pafinyca r, Ha TPaHUIIaX KOTOPOIO
E = Ih{(h? + r?)*2. [Inowanp Kpyra
S =12 =n[({h/E)?? - k2] = 1055 m2.

1022, S =r(Ih)* '3 (E?P - E5%1%) = 942 M2

1023. E,(Icosocl)/r,2 = (I cos’ OLI)/hz,EZ = (I cos® ap)/ b2, rne h -
BpicoTa (poHapa Haj 3emiueit, /—cunra cseta conaps; orcofa E, =

}z 155 nx.

= E|(cosdl, /cos )’ = 80 sk, *

1024. HawMeHpmiass OCBEUMIEHHOCTHL mosa E; h o B
Habmogaercss B TOYKaxX INoaa BOJH3HM CTEHBI, d
HaXMEHBINAA OCBEUEHHOCTE CTeHbI £y HMEET MECTO Puc. 406
B TOUKaX BONH3M nomna (puc. 406):

IcosP Ih Icosa 1d/?2

= = . E = = .
P ad? 14 (B +d? 47 2ot adb 4 (WP +dP 14
ITo ycnoswuro 3apayuu F,/E| = n; orciofa BpicoTa 3ana h =df2n =75 M.
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1025. OcBemeHHOCTH CepefirHbl CTOJNAa OT IEepBOH M BTOPOH JNaMil:
E =1/ K E, =1/ h% OCBEIEHHOCTH Kpas CTONIa B ABYX CI1yYasx:
f* , Iih , Lk,
VTR AT T v dT 4
ITo ycnosuto 3apauu £y = E,; oTciona

172

3/2

E L +d* 14 (ank +1,d?
E} Lk +d* 147\ 4Lh + L,d?

/7]

/ 1026. CyMMapHasi OCBEIIEHHOCTHL B MCKOMBIX
Toukax (puc. 407)

Puc. 407
E=Iihy K+ 12 + Ly /(0% + 122,

rae /; ul, — cunel cBeTa TMepBOM W BTOPOH mamu. Eciu MOMEHSITH TaMirbl
MeCTaMH, TO CyMMapHasi OCBEIIICHHOCTD B TEX e TOYKaX

E"= Lk 1%+ B2 + Ly 117 + R332
ITo ycnosuto 3agayun E = E'; C1eioBaTEILHO,
=1 PR32 4 1232 2 216w
1027. OcBemeHHOCTE Kaxkaoi u3 cropon E = 3//a = 30 nk.
1028. 1 =3y3(n-1) =52 xn,

1029. E = Ik /(1% + h?Y'? + Thy 117 + B3)*'? = 14,26 nx (puc. 407).
/ 1030. OcBenieHHOCTD IEHTPA CTONIA €CTh CyMMa
*, * OCBEIIIEHHOCTEH, CO3MaBaeMbIX KaxXKIOH JaMnoi B
otpeabHocTH (puc. 408). Ecan cron pacnonoxeH
h MOy, OJHON U3 jiaMil, TO

¢ 1 1 cosc h
E =— >+ —=——, Te COSO= e,
Puc. 408 h™ A"+l h 41
Ecnu cTos pacnonoxkeH nocepefute MeKAY JaMIIaMu, TO
2Icosf h

2

=—0—— . r1he COSP = ——meo.
n+(1/2)° JhE+(112)?

OTHONICHHE OCBENIEHHOCTEN

E 1 2V h

L= h2+— '—3+'—T—'2—3—/§' = 1,54.
E, 2 4 B (kP +1%) ,
2yhoh*

1031 /= —-=00"
[h2 +% 142

~ 820 k.
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1032. BeejileHue IUIOCKOTO 3epKajia PaBHOCHIBHO MOSBIEHHIO HOBOTO
HCTOYHHKA §’, SBIAIOWIErocs M300paxKeHHWEM HMCTOYHHMKA S B 3epKane
(puc. 409). Mcrounuk S’ MMeeT Ty XKe CUITy CBeTa /, Tak Kak NpH OTPaKEHHH OT

Puc. 409 Puc. 410

ITOCKOro 3epkana TEeICeCHBIN YroJj, B KOTOPOM PacCnpoOCTPaHsICTCs CBETOBad
QHEPrus, HC U3MEHACTCA X NOTEPH SHEPTUH OTCYTCTBYIOT. OCBCIIIEHHOCTI/I npu
HaJIMIMH 3€pKajla u 6e3 Hero:

E, =1/a* + (] cos’a)/a®(1 + cos o0)?, E,=1/d2

OTnomenue ocsentennocrel E / Ey, = 34272 =1,12.
1033. Ocpemennocts E =[/a? + I/(a + 2b)? MOXHO CUHTATL OFHOH ¥ TO

K€ BO BCeX TOUYKaX KapTumuwl (cM. 3agauy 1032). CseroBoil noTtoxk ® =
=FES = 3,75 nm.

I 1
1034, E=—=|1+ —+———
12 [ [1+(4d? 11%)P'?
1035. Muumoe u3obpaxkenrne S’ MCTOUHUKA B 3epKaie BD HaxomurTcs Ha
paccrosauuu | oT axpana BC (puc. 410). OcBEEHHOCTD B TOUKE A

E =1/a? + (I cos o))/l

Bestnmuunb! [ 1 COs O HAXOJSTCS U3 TEOMETPUIECKHUX co0OpaskeHH:

:|z20,3 JIK.

12 =(2a)? +a* — 4a” cos(m — @) = a*(5+ 4 cos @),

sinot/2a=sin(m—@)/{, cosa=(1+2cos)/5+4cos¢.

B pesynsTaTe noayuaem

EZLz I+ l+2COS(pz/z =1+ 1—M/E%/z _12‘“1’“%'
(5+4coso) (5+2\/§)’ a a

a

§ 29. Cihepnueckue 3epkana

1036. Pagnyc kpuBm3Hb! cdepuueckoro sepkana R = 2F. Ilo Teopeme

Indaropa (a/2)? + b2 = R? (puc. 411); otcropa b=+4F? ~a’/4 =1,26 m.
1037. 1/d + 1/f=1/F.Ilo ycnosmio f=d, T.e. d =2 M.
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1038. 1/d + 1/f= 1/F =2/R, r.e. R = 2dff(d + ) = 0,8 m.
1039. 1/d + 1/f = 1/F; H/h = fld, wa H = Fhi(d - F) = 022 m.
1040. R = 2d/(k + 1) = 19,2 cm.

1041. k = fid, 1/d + 1/f=1/F, f~d =a, 1.e. F = ka/(k2~ 1) = 0,4 M.
1042, k = 3. ’

Puc. 411 Puc. 412

1043. f = Fd/(d - F) = 2R/3; u3o6paskeHue JeHCTBATEIBHOE.

JI71s noCcTpoeH s MOXKHO MCIIONB30BaTh ABA JIy4ua, UCXOAMIINE M3 TOUKH S
(puc. 412). JIya SP upger BOONL IMAaBHOH ONTHYECKOH OCH 3€pKaja U Mocle
OTpakeHUs UAET BHOJL TOH K& ocu. [IJisl NOCTpOeHUs XOfa MOCie OTPaskCHHs
NPOM3BONBHOTO Jyda SA nmpoBefeM HOOOYHYiO onruieckyi ock BC If SA.
Orpaxensblit myd ADS’ npoiiger depe3 Touky D nepeceuenus noGovHON
ontuyeckoi ocu BC ¢ ¢okanbHoil mnockocteio FD. B Touke S’ Ha nepe-
CeveHuy OTpakeHHbIX Jydel PS’ u AS' monyumrces gedcTBATENBbHOE H300pa-
>KEHUE HCTOYHUKA S.

1044. Ecnu 6p1 Touka O Gbliia HCTOYHHKOM CBETa, TO ToyKa O sBIsLnach
Ob1 ero uzobpaxenueM. CrneroBaTenbHO, OO0 MyY, yHABIIUY Ha 3epKano U3
Touku O, ocie orpaxkeHusd NpoUAeT uepes
touky O’. IIpoBefieM noGOYHYIO ONTHYE-
ckyto ock OF | BO' n coeguauM TOukM E H
O’ (puc. 413). Hcnonp3ys cBOHCTBO oOpa-
THMOCTH Ny4de#d, OyAeM CYHUTaTh, YTO Ha
3ePKaJIo NAflafoT NapajuienbHble nyun OF u
DB, xoTOpbie NOCIe OTPaXeHus OT 3epKajia
cxonaTca B ToYKe M, nexameidl Ha ¢o-
KaNbHOHU MIOCKOCTH 3epkana. OnycTus M3 TOYKH M NEPNEHAHKYNApP Ha
[aBHYIO ONTHYECKYH) OCh, OIPENIENINM NONOXKeHne ¢okyca F.

1045. IlepBonauansHOe yBenuuenue ki = f/d, npudem 1/d + 1/f = 1/F. Ecnn
npegMeT u ero n3oOpaxeHne MepeMEeCTHIIACh HA PacCTOsIHUE X, TO 1/(d + x) +
+ 1/(f— x) = 1/F. HoBoe yBenmueHue ky = (f — x)/(d + x); orcroga ky = 1/k; = 0,21
x=f-d, 1.e. npegmeT 1 u306pakeHUE TOMEHAITACH MECTAMH.

1046. F = k]kza/(kz - k]) =35cMm.

1047. F = k]kzd/(k2 - k]) = 2,5 CM.

1048. Ecnn mpeameT pacnonoxeH jaibiue ¢okyca 3epkana, To a =d - F,
b=f-Fmn cdopmyna zepkana umeer Bup 1/d + 1/ff=1/F. Ecim xe npegMer

BX

Puc. 413
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pacnoJioXeH MeX1y 3epkaloM H ero ¢okycoM, To a=F ~-d, b=f+ F u
¢dopMyna 3epkana 3anucbiBaeTcsas B Buje l/d — 1/f= 1/F. OGe cucremsl
ypaBHeHul fatoT k = fld = /b/a =1,5.

* 1049. Ecnu 651 cBeTAINAsACH TOUKA NPHHAANEXKANAa HEKOTOPOMY NMpPEAMETY,

PaclONOXEHHOMY NEPNEHIUKYIAPHO K TIIABHOH ONTHUYECKOH OCH 3epKaia, OH
uzobpaxaicst 661 ¢ yBennueHneM k=L/l=fld. B

cnydae JeHCTBHTENBHOrO n300paxkenus 1/d + 1/f= | A B§

= 1/F=2/RuR=2Ld/(L+]) =12 m. B cryuae M o

MHUMOro wusobGpaxenuss l/d- lff=1/F=2/Rn —° 7P

R=2Ld/(L-)=2wm. §
1050. Kpaitauit nya AB myuka, OTPa3suBUIACL OT £

3epKajia U Npouas depes (poKyc, NONajacT Ha 9KPaH
B TOUKY £, mexaryio Ha TpPaHHIE CBETIOrO Kpyra
(puc. 414). 113 nogo6ua TpeyronbHUKOB BFP u EFM
creayer

Puc. 414

df2) : F=(D/2): (a~F), orkyga D =d(a - F)/F = 0,1 m.

1051. be3 3epkana HCTOUHMK C CHJIOH cBeTa [ co3pjaeT Ha sKpaHe, yja-
JIEHHOM OT HEro Ha paccTosHue r, ocsemeHnocts E = I/r?. Tlpn Hanuunu
3epKajia K CBETOBOH SHEPTUH, HAYIICH OT MCTOUHHKA, fOGABIAETCS IHEPTUS
ayuedl, NPUXONAIMX K 9KPaHy IOcle OTpaxeHHus oT 3epkana. Tak kak aTH
JYYM MOXKHO CUHTATH MapajyielbHBIME, TO cBeTOBOM notok &P, naparonmii Ha
nnowaaKy S aKpaHa Mocie OTPaskCHUst OT 3epKala, GyjJeT TaKuM e, Kak U
MOTOK, NaflatouHil Ha TaKYIO Xe MIIomafKy S 3epkana. O6mas oCBEIMEHHOCTh
TUTONIAfKK S 3KpaHa P HANUIAY 3epKana

2
E, =E+2=E+-I—(2=E+ I57F =—]2—+L2.
N S S r F
Otrromwenne ocsetentocreit EJE = 1 + (r/F)? = 106,

1052. Ha 3kpane, HOCTaBIEHHOM NEPNEHAUKYIISPHO K JIydy NPOXEKTOPA
6yaeT cBeTIOe MATHO, OCBEUEHHOCTh KOTOPOro Ky paBHa OCBEILEHHOCTH pe-
dbnexTopa. Mcrounux pacnonoxed B Gokyce pediextopa, nosromy Eq = 1/F2.

2
CpeT najaeT Ha 3eMII0 NOJ YrIOM O, AJIs KOTOPOro cosau=h/I* +h?;
CIIE0BATEIBHO,

E = Eycoso=Ih! F*NI* + h* =7500 m.

1053. 1/d ~ 1/f=2/R; otciona d = fR/(2f+ R) = 0,43 m.
1054. IIpsimoe m3obpaskeHue B BOTHYTOM 3EPKAJE SIBISECTCS MHHMBIM.
Hcxkomoe paccrosinae OnpenensieTcss CHCTEMOH ypaBHEHHI

1/d—1/)f=2/R, fld=k; orciopa d=R(k—1)/2k=45 cm.

1055. 1/d £ 1/f= 2/R, k = f/d. 3HaK mII0C COOTBETCTBYET AEHCTBUTENLHOMY
n3o6paxkeHuio, MuHyc — MunMoMmy. Otciofia R = 2kd/(k £ 1), T.e. R = 36 cM na
ReicTRUTENbHOrO n30o0pakeHus u R = 50,4 cM ans MEAMOTO.
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1056. YBenuueHHoe M300paXkeHHE MOXET ObITh JEHCTBHTENBHLIM HITH
MHAMBIM. B 9THX crygasix COOTBETCTBEHHO OMKHBI ObITh BLIIOIHEHBI COOT-
HOIIIEHHS

1/d+ 1f=2/R. fld=k f-d=a,
1/d-1f=2/R, fld=k, f+d=a.

O6e cucTeMbl ypaBHeHHH atoT R = 2ka/(k? — 1) = 24 cm.

1057. Ceetxnplil Kpyr Ha 3KpaHE NOJNYYAETCs M3-3a OTPasKeHus nyded
sepkanoM (puc. 415). Tak kak csersmasca TOuKa S pacnonoxeHa Onmxe
¢dokyca, JAyUH MOXHO CUHTATH HCXOJSIIHMHA
13 MHUMOI'O MCTOUHHKA — U300pakeHust S’ TOUKu S.
Ilo dopmyne chepuueckoro zepkana 1/d — 1/f=
= 1/F, rne d = F/2. [Imamerp 3epkana [ =
= 2ftg O{, AMaMETP CBETIOr0 Kpyra Ha 3KpaHe
L =2(f+2F) tg o; orcroga L/l = 3.

1058. ¥YBenuueHHOe MHAMOE M300pakeHHE JAeT
BOTHYTOE 3¢pKalo. IIpa 3TOM JOMXKHLI BLIOMHSTE-
Csl COOTHOILICHUS

Vd-1f=2R, fld=k, f+d=a;

orcrona R = 2ka/(k? - 1) =2 m.

1059. Ecnu 65l cBeTAmasca TOUKA NPUHA/UIEKATA HEKOTOPOMY IIPEMETY,
pacnonoXeHHOMY NEpNeHAUKYIAPHO K TJIABHOM ONTHYECKO! OCH 3epKaja, OH
usobpaxanca O6bl ¢ yBenmueHueM k = L/l = f/d. Tak xaxk l/d — lff =
=1/F,tok=F/(F-d)=L/l=25.

1060. PaccrosiHue MexXay MHHMbIME H300pa-
skeHusamu ucrou”ukos / = 0,75R.

1061. Ecnu CA = R — papuyc KpHBU3HBI 3epKa-
na (paguyc mapa), a BA = r — paguyc BBIEMKH
(puc. 416), To paccTOsIHHAE OT PHCYHKa (IIpeaMe-
Ta) RO 3epkana BP = d onpegenuTcst U3 TEOpEMbI
Iudaropa (R — d)? + r2 = R2. Yeenuuenue k = f/d,
npuueM 1/d — 1/f= 2/R. Tak Kak 1o ycioBHIO

/R =08, 10k =[241 = (r/ R —11"' =5.

1062. JIyuy, wpymmit mo papmycy 3epkana,
oTpaxaeTrcsi N0 ToMmy Xe papmycy. ITostomy
[OJIOXEHAE ONTHYECKOro LeHTpa 3epkana C

¥ o ’ .
! HaliileM, COeJHHUB TOYKH S ¥ S’ M NPOJOIKUB
N JUHAKO O HEPECEYEHHUs C INIABHOH ONTHYECKOH
[]
]
[}
[}

Puc. 415

ocblo (puc. 417). JIyd, oTpaxkeHHBIH OT 3epKana B
ero noiatoce P, cocrasiseT ¢ ocbio OO’ Takoi Xe

yromn, Kak u ay4 mafarommi. OTnoXHB OTpe-
Puc. 416 30K OQ, paBHBIN pa3Mepy IPERMETA, 1O JPYTyto
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CTOPOHY OCH ¥ COe{uHHB TOYKM O 1 §’, Haiinem nomoc P 3epkana. [Tomoxenne
tokyca F onpepennm, nposeas nyd SM | OO’ u coeunus Touku S’ u M.

1063. MuuMoe n3o6paxeHue B c(PepHUECKOM 3epKalle HaxO[HTCA Ha pac-
crossuun r| = (R — d) - 2d/(R — 2d) ot 4yenoseka u mMmeer pa3mep H,; =
= Rh/(R - 2d), rne h - pasmep paccmaTpuBaeMoii feranu (puc. 418). B nmockom
3epkane (R — o) umeeM r,=2d u H,=h. N306paxkenne B cepriIecKOM

YV
A(Pldp

H ™A T
P N

Puc. 417 Puc. 418

3epka’ie YesoBeK HabmolaeT Noy yrioM @y, IpuieM tg ¢ = Hy/ry, B IIITOCKOM —
HOJl YTIIOM @y, IIPHYEM tg @y = H, /1. YrnoBoe yBennuerne k = tg @1/ tg @y;
orcroga R = kd I(k - 1) =0,6 m.

1064. [Ins nocrpoeHnst yIoGHO MCIONB30BATH JYUHd, IPOXOAALIUE UEpes
okyc u uyepe3 ONTHUECKHH LEHTP 3epKajia, a TakxKe Jyd, NapaiajelbHbIA
[JNIaBHOH onTHyeckod ocu (puc. 419).

Touky S cxoxaeHHs Nydeld B OTCyTCTBHE
3epKajla MOXHO paccMaTpuBaTh Kak

MHEMBI HCTOUHHK, a paccTodHue | 3TO’ ‘ -

TOUKH OT OCH — KaK pa3Mep MHHMOTO T, /
s

npepmera, cofepxarmero Touky S. Torna { et *5

o =T=
L — pa3mep [eHCTBETENLHOTO H306paxe- S% ‘-K{\

HHA 3TOrO NPEJMETA, a §’ — H3oOpaxkeHue
touku S. M3 popmyst — 1/d + 1/f = 1/F u Puc. 419
Jfid = L/l maxopum [ = FLI(F — f) = 0,25 m.

1065. Touky nepecevcHus Jydel, IPOAOJKEHHBIX 3@ 3€pPKalio, MOXHO
paccMaTpuBaTh KaK MHHMBIN Hcrounmk. Tak xak —1/d + 1/f = 1/F, to
f=Fdid+ F)=75cm.

1066. R = 2F = 8d = 1,6 M (cM. 3aauy 1065).

1067. ®oxkycHOe paccTOsiHUe ONMPERCNIeTC U3 CHCTEM ypaBHEHUN

Vd+1/f=1/F, |f-Fl=a.
Ecnu n3o6paxeHne TOYKU pacnoioXeHO OMIKe K 3epKany, 4eM (POKyC, TO

f— F = —a; ecnu e M300paxkeHue TOUYKH PacCIOIOXKEHO lanblie okyca, TO
J—F = +a. Ileppas cucreMa ypaBHEHHH faeT

Fy=al2%+a’/4-ad, Te. F=12 cM, F,=8 oM.
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W3 BTOpO# cuCTeMbl ypaBHEHHI HMEEM

P}A=—a/2i\/a2/4+ad, Te. F;=4 cM, F, =-24 cMm.

B nocnepHeM ciiyuae 3epKajio OKa3bIBACTCH BBIIYKIIBIM.

1068. Jlamnouka § pacnonoxena Gumxe K 3epkany, uem Gokyc, ee
n3obpakenne S’ HaXOAWTCS Ha paccTOSHMU f 3a 3epkanom (puc. 420), U3
opmynnr 1/d ~ 1/f = 2/R nonyyaeMm f = Rd/(R — 2d). Vizobpaxenne naMnouxka

Puc. 420 Puc. 421

MOKHO PaccMaTpUBaTh KaK j00aBOYHBIA MCTOYHIK, CO3JAIOUNUA HA TOBEPX-
HOCTH 3epKajla Ty € OCBEIeHHOCTb, 4TO 1 naminouka. [TosroMy cra cera /
3TOro WCTOUHUKA CBs3aHA C CHJIOH CBeTa NaMNOYKH [/, COOTHOIICHHEM
1f2=1y/d% orcropa I = If2/d?> = 41,. OcBeleHHOCTb dKpaHa, HAXOAALIEroCs
Ha paccTosHWA R OT 3epkana,

E =1/R+f) +1,(R—d)? =321/9R*, te. I=9ER*/32.
WckoMast oCBeIlleHHOCTD
E, =1/QR+ f)* + 1, (2R —d)* =333E, /1225~ 0.272FE, .

1069. [Ins nocrpoenms HeoOXOAMMO HaiTH XOA MrOOBIX ABYX Nyuel,
HexopAmux 13 Touky S (puc. 421). JIya SP, oTpa3uBmuck, njieT BAOJIH IMAaBHOH
ontryecko ocu. Urobp! ONpefeNnTs HanpasieHHe NPOU3BOIBHOTO Jydya SK
[10CNe OTPAXKEHMSA OT 3epKala, NpoBefieM NOGOUHYIO onTH4ecKyto ock CNIISK.
Yepes Touky A nepecedeHus NOOOYHOH OcH ¢ (DOKANBHON ILIIOCKOCTBHIO
NOMXRBO npoitn npopomkenne AK orpaxennoro nyda KR. Vizobpaskenne
TOYKH S HaXOAMUTCA B TOUKE S’ IepecedcHHs NPOJOKCHHE OTPaKECHHbBIX TyUeH
PD u KR. N306paskeHue OyAeT MHAMBIM, TaK KaK JY4H PacXONsTCs.

1070. Ons seinyknoro 3epkana 1/d + 1/f = -1/F, rne F = R/2. VickoMoe
paccrosiune f = ~Rd /(R + 2d) = — 0,65 M. 3HaK MUHyC O3HadYaeT, UTO H30-
OpakeHue npegMeTa NOTyIaeTCss MENMBIM.

1071. YuureiBas, 9TO BBIIYKIJIOE 3€PKANO faeT MHHMOE H300paskeHmne
HCTOUHHKA, HMEEM

1/d-1/f=-1/F;, orcropa d=fFI(F—-f)=18 M.

1072. d = fRIR - 2f) = 30 om. ~ “
1073.k = fid = Fid + F) = 1/4. '
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1074. H = Rh/(R + 2d) = 3 mm.

1075. [Ins nocTpoeHns nons3yeMcs JTyuaMH, NapaiielbHbIMH ONTHIECKOM
OCH, 2 TAK3KE TYYaMH, TPOIOMKEHIST KOTOPBIX IIPOXOIAT uepe3 (hOKyC 3epKana
NIR uyepe3 ero ontuyeckud ueHTp (pmc. 422). Tak xax 1/d - 1/f = -1/F,
k=L/l=fid=1/2,tod=(}/k-1)f=02m.

1076.d = (n-1)F = (n— 1R =04 m.

1077.R =2d =2 m.

1078.a =d + f = 2dQ2d + D/(4d + I) = 0,34 m.

Puc. 423

1079. Ecnn 6nvoxaitinuil K 3epKajly KOHEI[ KapaHjiailla HaXOANTCs! OT HEro
HA PACCTOSIHWHU d{, JaNbHUKA — HA PACCTOSHUHM dy, TO

A O N O IO E R

d fi F & f, F
Peurus aTy cHCTeMy ypaBHEHHH, NONYIHM

_ KA+ KIS - K)ARL - +16)
200+ fi - o) '

3Haky MHHYC COOTBETCTBYeT 3HaueHme F = 12 cM, nmpu KOTOpOM Mpep-
MET HE MOXET OBITh JIefiCTBUTENLHEIM, TakK Kak d < 0. IIpu 3Hake mmoc F =
=120 cM.

1080. Cuuras, 9yro nyd NA NpHHAANEXHAT NyUKy NydeH, CXOFAINHEXCH K
TOUKE A, MOXHO NPUHATH 3Ty TOYKY 33 MHUMBIA NCTOYHMK (puc. 423). Touka
B Oyper Torpa QeHCTBUTENBbHBIM M300paskeHHEM HMCTOYHHKA. Paccrosnue
AP = d, paccrosuue BP = f. I3 opmyns! 3eprana — 1/d + 1/f=-1/F n
yenosus d + f = | Haxogum

d= F+%—i /F2 +% =0,25F-(7%5).

Topures Tonbko 3Hauenwe d = 0,5F, tak Kak npu d = 3F nyd nocie otpa-

SKEHHs1 He ePECeKAET TIaBHYIO ONTHIECKYIO OCh.
1081. Ucrounuk MHHMBIA, M3006pa’keHne JACHCTBUTENBHOE, TAaK UTO

R =2F = 2fd/(f - d) = 1,2 m (cM. 3afauy 1080).

F
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1082. U3 dopmynsl —1/d + 1/f = —1/F nmeem d = fF/(f + F) = 0,4 m.
1083. Tax kak d — paccTOsIHHE OT JHH3bI O MHUMOIO HCTOYHHKA, TO
¢hopMyna BBLIIYKIIOrO 3epKajia UIMEET BHf
—1/d + 1)f=-1/F =-2/R .

Ilepen unenom 1/f, copepXalluM HEH3BECTHOE PAcCCTOSHHE OT 3epkKana
1O TOUKH NEPEceeHns JyUe, CTaBAM 3HaK Iuitoc. Ecu nocite oTpaxeHus or
3epKajia NMepecekyTcs He caMy JYUH, a HX

| p MHUMBIE ITPOJIOJIKCHU, 3HAUCHHE [ TOTyUnT-
\\

1 ______ o C% OTPHUATCIBHLIM. Ecnm Xxe oTpakeHHbie

d b ¢ .- JAyYH CXOJSTCS, TO 3HAauYeHue f NOoJyuuTcs

- T C o
/ka/‘? R ’ NONOXHUTENBHBIM., B HameMm cryuae f =

T ' = Rd/(R - 2d) =-0,28 M, T.e. OoTpaKeHHbIC
Puc. 424 JYUN PACXOATCS TAK, YTO MX HPOJOIKEHUSA
IepecekaloTcs B TOYUKE, HaXOsiUIeHcs Ha

paccrosiHu f = 28 ¢M 3a 3epKaioM.

1084. B panHoM ciydae Kak HCTOUHUK, TaK H H300pa’keHHUE SIBISIIOTCSH
MHHMBIMH, IIO3TOMY (POpPMYJia BLIIYKIOTO 3¢pKajia IMEET BUJ

=1/d - 1/f=-1/F; orcropa F =fd/(f+d)=0,32m.

1085. Orpaxennble Ayun HAYT NYIKOM, PACXORAIIAMCS Kak Obl H3 hoKyca
3epkaia, paclojOXEHHOIO OT 3epKana Ha paccroauun F = R/2. V3 nopobws
TpeyronbHuKa creayet (puc. 424)

D_a+R/2 _ 2a+R

2
— , OTKyja R=—id—:64 cM.
d R/2 R D-d

1086. R = 2ad/(D — d) = 20 cm.

§ 30. Tonkne NHH3BI

1087.d = fliL =75 m.
1088. D = 1/h + 1/(H - h) = 1,5 noTp.

1089. a =l( F +d] =8 oM.
2\ f-F
1090. Onrtiueckuii HeHTP MuH3LI O JEXUT Ha MEepPecedeHrud npsMon SS’c
[JIaBHOW ONTHYecKoi ockio. IIpoBopst 3areM npsimele SB u S'B’, napanjienbHble
ocH, COEJMHUM TOYKY S ¢ Toukoi B’, a
TOUKY S’ ¢ TOUYKOW B ¥ NPONOIIKUM IPSIMBIE
SB’u §'B no nepecedenns ¢ 0cblo. B Toukax
' r o _F nepecevYeHHss JTeXaT (POKYChbl JHH3BI
(puc. 425-428).

s H3noxeHHBI cnoco6 onpepereHus
B; *  ONTHYECKOTO UEHTPA NHH3BI U €€ (POKYCOB
OCHOBaH Ha U3BECTHOM METO/IE NOCTPOCHUA
Puc. 425 n300paxkeHus TOUKH € IOMOINBIO TPEX

L f %
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Jy4ed: ayya, NapaniebHOro ITaBHOH ONTHYECKOH OCH, Jy4a, HAYIIETO Yepes
LUEHTP JIMH3BI, H JIy4ya, npoxojsamero depe3 ¢okyc. B cayqasx 1) — 3) nuuza
cobupalomas, B ciyuae 4) — paccenBaromas. B ciyuasnx 1) u 4) n3o6paxkeHue
MHHMOE, B Clly4asx 2) ¥ 3) — AeHCTBHTEABHOE.

Puc. 427

Puc. 428 Puc. 429

1091. Tlonoxenue QOKYCOB MOXHO HAWTH, ONYCTHB HA TIABHYIO ONTH-
YECKYI0 OChb HEPHCHAUKYNSAPBl H3 TOYEK IepecedYeHMs: C JaHHBIM NYYOM
NOOOYHEIX ONTHIECKAX OCEH, NapaielbHBIX NMAafaloWIeMy H NPECIOMICHHOMY
nydam (puc. 429).

1092. At = dAl/F(v, — v,) sin A= 8,5 mc.

1093.a=f-F=FY(d-F)=98 cm.

1094. B pesynbTaTe NpOXOXJECHHSI 4Yepe3 IJIaCTHHKY CBETOBOH NIy, CO-
CTaBISAIOUIAN C ONTHYECKOH OChbIO yron o (puc. 430), cMeniaeTcs napaiaieldbHo

h

Ta—]

Puc. 430

camMoMy ce0e Ha paccTosuue b, onpefenseMoe U3 ypaBHEHHH
sino/sinB=n, b=hsin(e—B)/cosP,
(cM. 3agagy 991). Touka nepeceueHnst Ky4eH NOCHE NPOXOXKAECHASL NIaCTHHKH

CMECTHTCS HA PacCTOSHUE
a=b/sino=h(l-tgf/tga)=hi(n~1)/n.
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3nech YITEHO, YTO NPH BBLINOJIHEHUH YCIOBUS Sin O = tg O BHHIONHSIETCS TaKke
sin B = tg B. Ha Takoe paccrosuue a HajO NEPEABUHYTH OO6BHLEKTHB POTO-
annapara.

1095. Bo3moxHsbl iBa ciaydvast. a) Ecny paccTosiHEe d OT AHH3BI A0 9KpaHa
GonblIe paccTosHus f OT JUH3BI JO N300pakeHns S’ HCTOYHUKA S, Jy4YH Naja-
JOT Ha 9KPaH pacxofsmuMcs nydkoM (puc. 431, a). Y3 nogobus Tpeyrois-

A 2 A 2
£/> s ]c ;E/N\C' ______ E
g |\w/'5 ______

B S 4T d Bl 4 f-d
l_d d f
a 6
Puc. 431

HUKOB ABS’u CDS’ HaxopuMm f/(d — f) = n. Mcnonb3ys ¢GopMyry JIHH3BI
1/d + 1/f = 1/F, noayuuM F = nd/(2n + 1) =4 cm.

6) Ecnu paccrosnue d OT NHH3BI O 9KpaHAa MEHBIIE PAcCCTOSIHHA f A0
nzo6paxKeHus, Ty4y Najal0T HA 9KPaH CXofsimuMcs nyukoM (puc. 431, 6). U3
nopobus TpeyronbHUKOB ABS’ u CDS’ naxonuM f/(f — d) = n. Mcnonw3yst cHOBa
popmyny mmnu3el 1/d + 1/f = 1/F, nonyunM F = nd/(2n - 1) = 6,7 cm.

1096. ITepBoHayanbHOE PacCTOSTHUE OT JIMH3BI A0 oKpaHa f = Fd/(d - F).
[Mocie TOro kKak SKpaH MNEPEMECTHNIN HA pPAacCTOsHHE g, M300pakeHue

a

N/'/I\'\

H g

B
Puc. 432 Puc. 433

ACTOYHHKA PACIUIBINOCH B Kpyrioe nsitHo GH nmu DE (puc. 432). U3 nopoGust
Tpeyronbiukos ABC, GHC u DEC cnepyer 2r/2R = f/a, orkypa R =
=ar(d-F)/Fd =15 cMm.

1097. U3 dopmyas! nuusel 1/d + 1/a = 1/F u nopoGusi TpeyrojibHUKOB
(puc. 433) nmeem

2r/d=2R/(d+ a), oTkyna R=ar/F=0,08 M.

1098. R = dr/(d - F)=4,5.cMm. ‘
1099, Yeennuenue k = L/l = fld, oTkyna f Ld/l = 10 M.
1100. H = h(fiIF — 1) =1 cm. -
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1101 F = fI(L + 1) = 15,4 em.

1102. L = 1/ID? =5 m. Yeemnuenne k = 1/ID = 50; A=ka=2M B =
=kb=3m.

1103. Ysenuuenue k = 1/3. Paccrosiiue MeXay JTHH30MH U NPEIMETOM HYKHO
YBENWUHTH HA BeymanHy a = (1 — k)/kD = 0,25 m.

1104. CornacHo dopwmyrne nunsei 1/d + 1/f = 1/F, rne F — dokycHoe
paccrosiine JduH3bI # d = F + a (10 ycnoButo). Ysenuuenue k = f/d; orcroga
f=kk+ 1)a=36cm.

1105. Ectm A — ammnutypa xkoneGaHUN JHH3bl WM HCTOYHHKA, TO
Ay/A = (f + d)/d u A)/JA = fld. Kpome Toro, 1/d + 1/f = 1/F; orciopa d =
= A F/A, = 0,64 M.

1106. k = 4.

1107. 1/d + 1/f = L/F, k = fid, orkyna f = (k + 1)F = 5,1 m.

1108. 1/H + )f=1/F, k= 1/H =25 - 10"% orcropa F = Hk/(1 + k) = 0,5 m.

1109. B MOMEHT BpeMeHH ! CBOOOIHO NaAIONHH IpEeJMET HMEET CKOPOCTh
v = gt. 3a Manbld NPOMEXYTOK BpeMeHH At OH npolifer paccrosHue Al = vAt,
n300pakeHNe NPeaMeTa NPOHET 3a TO Xe BpeMst paccTosHue AL = VAt, e
V = at. OueBHIHO,

AL/IAl=fld, 1/d+1/f=1/F,;
oTcrofa
=adlla+g)=0,1 M.

1110. Jns nocrpoenust n300pakeHUs KaXKAON U3 TOUEK AOCTATOUHO OIpe-
NeNUTH X0/ MOOBIX ABYX JIyUeil, MCXOJSIIIMX U3 TOUKH, IOCNE NPENTOMIIEHUS B
nuH3e (puc. 434).

S a_F 4
¥ I —o. L
o i’ L
0¥ 5
1
Puc. 434 Puc. 435

1111. U3 dopmynsr nunssl 1/d + 1/f = 1/F HaiineM paccrosiHue f =
=Fd/(d — Fy=3F,a3arem ysenuuenne k = fid = F/(d - F) =2. IIpeamer,
n306pakeHNEe W ONTHYECKUI IEHTP JTUH3bI BCEr[a PACIOJIOXKEHBI Ha OJHOMN
NpPSMOH, NO3TOMY H306pakeHUE ABMXKETCA IO OKPYKHOCTH BIBOE GONBIIErO
panuyca ¢ BABOe Gonbined ckopocthio: V = k v = 6 cM/c. [Ipeamer u n3obpa-
>KEHHE HaXOATCA B AUaMETPaNbHO IPOTHBONOIOXHBIX TOUYKAX OKPY>KHOCTEH,
TaK YTO CKOPOCTH U V HallpaBJIeHbI B IPOTHBOIIOIOXHbBIC CTOPOHBI.

1112, Paccrosuue f OT MHH3BI IO IKpaHa onpeaensercs no ¢popMyne JTHH3bI
1/d + 1/f = 1/F. Ilpu cMelleHrH JTAH3B1 BHU3 H300pakeHNe TAKXKE CKONb3UT
BHH3 N0 3KkpaHy (puc. 435). I3 nogobus Tpeyronsuuka ASB u 0,50, cnenyeT
uro L/l = (d + f)/d; nostomy L = ld/(d ~ F) = 4,5 cm. .
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1113. R/r = fld. I3 popmynsi nun3el 1/d + 1/f = D umeem f= (R + r)/rD.
-~ 1114. I3 ypasuenutt 1/d + 1/f = 1/Fuk = fld natigem k = fIF — 1 = 15.

1115. To cmeiuemm npegMeta dy = d, f; = d 1, cnegoBaTensHO, o GopMy-
ne nuau3bl F = d/2 = 0,25 M. YBeauuenue &, = f /d; = 1. Ilocne cMemenns npej-
MeTa dy=d—auk, =f,/d;. Ilpumenss ¢popmyny nuusel 1/d, + 1/f, = 1/F,
MOJNYYUM

ky=Fl(dy—Fy=F/(d—a-F)=d/(d-2a)=5.

1116. d = F(1 +h/H). Tlo ycnoBuio pa3Mep m3obpaxkenuss H < 36 MM;
crenoBsaTenbHo, d = 255 oM.

1117. N306paxenne HCYE3HET, €CHHU HU OJIUH Ty, HCXONSALINHA U3 TOYKH, He
nonageT Ha nuH3y (puc. 436). Torna r/a = l/(d — a). Kpome Toro,

L f 1 1 1 rFf
—=>=, —+—=—; Orcloja a=————=8 M.
I d d f F LF+rf—rF
d f d
a Py
| 7 L
} /
u Fl *, 21
L
F L
A\ 4
Puc. 436 Puc. 437

1118. Paccrosiume Al = vAt, Ha KOTOpPOE NEPEMECTUTCS aBTOMOOHINL 3a
BpeMs IKCNO3UIAKN, U paccTosinne AL, Ha KOTOpOe IEepEeMECTHTCs 3a TO XKe
BpeMs ero u300paskeHue, cBsi3anbl cooTHomenneM AL/Al = fid. Kpome rtoro,
1/d + 1/f = 1/F. Ilo ycnoButo AL < a. PemnB gaHHYyIO cuCTEeMy YPaBHEHHUH H
HepaBeHCTs, nonyunM At < g (d— F) / v F = 5 mc.

1119, ®opmyna aun3sl 1/d + 1/f = 1/F no3Bonser HalTH pacCTOAHHE f, HA
KOTOPOM M300paXkeHne HaXOQUTCsA OT THH3bI. Kaxkias 13 pa3uBUHYTBIX YyacTel
JTHH3BI IEHCTBYET KakK LieJiad JInH3a, IJIABHas ONTHYECKas OCh KOTOPOH OTCTO-
UT OT UCTOYHHUKA Ha paccrosinuu [. CleposaTenbHO, KaXyoe U3 H300pakeHui
OTCTOMT OT 2TOR ocH Ha paccrosuuu L = If/d (puc. 437). UckoMoe paccrosinie
S=2L+2l=Ildi(d-F)=6cMm.

1120, YsenuueHueM M306pakcHUsA Ha30BeM, KakK OOBIYHO, OTHOUIEHHME
JTHHEHHOTO pa3Mepa H300paxeHHs K pasmepy npeamera: k = L/l = (f; —
— f2)/(dy — dy). Nlpumenus aBaxabl dopmyny JauH3bL 1/d; + 1/fi = 1/F n
t/d, + 1/f, = /F, nonyaam k = F%/(d, — F){(d,~ F) = 4.

1121. Ilpepmer, pacnoNoXeHHBIH BIOND INIABHOH ONTHYECKOH OCH, H30-
Gpaxadercs ¢ yBenmueHueM k = F2/(d; — F)(d, — F) (cM. 3agauy 1120). O6bekT,
HaXOMMIIMIACA Ha paccrosHuu d;, u306paxkaerci ¢ yBeamaenueM ky = F/(d, — F),
Ha paccTOsiHUM d) — ¢ yBenudeHueM kp = F/(d, — F) (cM. 3agaay 1115). Crnepo-
BaTenbHO; k = kik,. el
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1122. L = kAkBI.

1123. O6o3naunM a =d + f. Tak kak F = fd/(f + d) n Nfd < (f+ d)/2,
10 a = fdIF < (f + d)’/AF = a%/4F; orcrona a = 4F. CnepoBaTenbto, dyi, =
=4F. Ipuatomd=f=2F.

1124. 1/d + 1/f = 1/F, d + f = a; orciopa

2 + 2 —
=8 |C g BES o _ag @ 25TIS,
2 4 8 2 4 8

Takum 06pa3oM, BOBMOKHBEI [IBA PEILECHAA:
dy=5F, fi=1,25F n dy=125F, f,=5F.

Hanvumne 3THX [ABYX pelIeHHi CleyeT U3 CBOUCTBA OGPATHMOCTH CBETOBbIX
JIyUen: HCTOUYHHK MOXHO 3aMEHHTH H300paxkeHHeM, a m3oOpakeHue —
HCTOYHMKOM, H3MEHNB HAaNpPaBIEHUs JIyUei Ha IPOTHBONOTOXHbIE.

112S. [Ins mepBOro u BTOPOTO NOJIOXKEHUH THH3bI IMEEM

AL U AP B N
d f F

, dy+ fh=a.
4 f F ht+fHh=a

ITo ycnosuio ldy —dil = b. VI3 nepBpIX 4UETHIPEX YPaBHEHUH CIEAYET, YTO
dy ¥ fi, Tak Ke Kak W d; U f,, NOJNXHBI SIBIATHCS KOPHIMH ypaBHCHHS
2—x+aF=0,te.

2 2
a a a_. |a
d1=f2=5i1 T—CIF, d2=fl =5+1{7—(IF

(BTOpOE NIOJIOKEHHE IMH3DI ECTh OOpaIeHHoe nepBoe). CrefjoBaTenbHo,
h? = 4(a¥4 — aF), unu F = (a® - b?)/4a =09 m.

1126. b = \ a® — 4aF (cm. 3agagy 1125).
1127. ¥Ypenuuenue B nepsoMm ciuyuae H/h = f|/d,, Bo sropom H,/h =
= fo/d,. TlpuMeHssi [BaXXHbl (POPMYINy NHH3bI, NONYYUM f| =d, uf, =d;

(cM. 3apauy 1124). IepeMHOXas NONyYeHHbIE YpaBHEHHUs, HaltneM h = \ H H,.
1128. Vicnons3ys ABaxkAb! (GOPMYIy JHH3bI X AaHHBIE O PACCTOSIHMAX a U b
(cM. 3apaunm 1124, 1125), nony4dum

di=f=05(@xbh), dy=f =05 F b).

Pa3zmep u3obpaskennst B nepBoM ciyvae If;/d;, Bo BTropoM caydae Ilf>/d;, tne
! — pasmep npegMera. OTHOUIEHHE pa3sMepOB H300pakeHHH

n=fidyldif, = (a F bf(at by, T.e. k=004, k,=25.

1129, IlycTh HOJOXEHAS JTAH3bI OTCTOAT APYT OT APYra Ha pacCTOSHHH b.
Bocnons3osaBHIuch pemiesusaMu 3agay 1125 u 1128, nonyunm

(a+b) a—b) =n, F=(a®-b")4a=aln/(\h+1) =02m.
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1130. b= a(«/E ~1)/(k + 1) =0,4 M (cM. 3anaum 1125, 1128).
131 F=+ab=0,2m, k=(ab+b)/(ab+a)=b/a=2.

1132. F = (szz - H]d])/(Hz - H]) = 11,3 CM.
1133. F = HHb/(Hy — Hy))h = 9 cm.
1134. 151 OCHOBHOTO PACONIOKEHUS

1d+ 1f=1JF, d+f=a, fld=*.

IMocne nepeMeiieHAS KPAHA U JTHH3bI
Vd + 1y =1F.dy+fy=a+b, fildi=k,.

Iocne nepeMeieHns 9KpaHa ¥ UCTOUHHKA
Vdy+ 1= 1F, dy+fa=a+b+c, H=f+b, fold, =k,

Orcroga

A+ kVa+b +Ja(l—k)* + b(1+k)>

k= ~9,14,
(+ka+b —ya(l—k)? +b(1 +k)?
2
kz:éQiEL+k=9
ak

1135. Ecam paccMaTpuBaTh NpefMET 4epe3 JYIy, TO Yrol 3peHHs @
ONpefeNsAeTCs U3 ypaBHeHud tg ¢ = h/d = H[f, tne h m H — pa3MepsI npegmeTta
u H300paxkeHus. Tak Kak MHUMOe H300paskeHHEe NOMXKHO NEeXXAaTh OT JIUH3bI,
NMPUCTABICHAON BIVIOTHYIO K Iia3y, Ha PacCTOSHHHU f = d, TO u3 (opmy-
ae1 auH3bl 1/d — 1/f = D nonyuaem, uro dp/(1 + Ddy) < d < 1/D. Ecnn pac-
CMaTpHBaTh npegMeT 0e3 JNYIbl, TO YroX 3peHHs (; HaXOguTcs Nno (opmyie
tg @, = h/dy. YBeauuenue nymnel k = tg @,/tg ¢, = do/d; cnenosarenbHo,
Ddy<=k=Ddy+1l,umn2<k=<3.

1136. JIyna pnaetr ysenuueHue k| = dy/F npenMeTa, nexamero B ee poxanb-
HOM mmockoct# (cM. 3agady 1135). Ecnm ucnons3osaTh €€ B pond 06 bEKTHBA
IPOEKIHOHHOTO (OHaps, TO OHa RAET yBeIHmucHEE k, = f/d. VI3o6paxkenue
Ha 9KpaHe — AeHCTBATENLHOE, nostomy 1/d + 1/f= 1/F. CnegoBatensHo, d =
= (kz + 1)d()/k2k1 = 5,5 CM.

1137. Ilo dopmyne nuu3ssel 1/d — 1/f = 1/F, rae d = a — b — paccrosiHue OT
npepMeTa Ao aymsel, f=dy— b — paccTOsHAE OT JAYNbl JO H300pakeHHs.
ITpepMeT, HAXOMAIMACS Ha PACCTOSHMY dj), FJIa3 BURUT MOJ YITIOM @, KOTOPBIi
omnpefensieTcs W3 paBeHCTBa tg O = h/dy, rae h — pasmep npeamera. Ecnu
npegMeT paccMaTpHBATh Yepes3 JYIY, TO Yroll 3peHHs @, ONpeRelNsseTcs Mo
dopmyne tg @, = h/(a — b). YBenuuernue k = tg P,/tg ©, = do/(a ~ b). Caepio-
BaTEJBHO,

LG ) PP R S
“b+F do-b F
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1138. YBenuueHnoe uzobpaskeHne MOXKET ObITh AEHCTBHTEILHBIM HIH
MHHMBbIM:

1/d+ 1/f=D, fld=k; orcioga d= (k£ 1)/kD.
Ons nonyueHus NeHCTBUTENBLHOTO H300pakeHHS NPENMET HYKHO MOMecC-

THATH nepen JIMH30W Ha paccTossHun d] = 0,3 M, MHEMOTO — Ha PacCTOAHAN
d;z = 0,2 M.

Puc. 438 Puc. 439

1139. Kax BupHO 13 puc. 438, r = ftg o.. Paccrosirue f oT nuH3bI [0 H300pa-
SKEeHHUsT ICTOYHHKA OIlpefensercs no dhopmyne auH3el 1/d — 1/f= 1/F, oTkyna

F=rdf(r—dtgo)=74cMm.

1140. U3 ypaBueuw#i 1/d — 1/f = 1/F nf=rf/tg &, e f — paccrosiHEE
MeKIly JTHH30H H N300paxkeHneM HCTOYHMKA, cledyeT, 4To d = rF/(2F tg o +
+r)y=2cM.

1141. Korga MCTOUYHHK HaXONHTCS B (pOKyce JIMH3bI, HA 3KpaH MagaroT
napanieibHble NYyUd ¥ NSTHO HMEET Pajiuyc, paBHbIi pafmycy » nuH3bl. Ecnn
HCTOYHUK YAANATh OT JIMH3BI, TO NATHO OyNeT CHaJala YMEHBUIATLCH, a 3aTeEM
YBETMYHUBATHLCA [0 NpeXHHUX pa3sMepoB. CneqoBaTeNhHO, HCTOUYHHK HYXKHO
mpubnuxaThk K nuH3e. [1ycTh TpebGyeMble pa3sMepsl SITHO HMEET, KOrfa HCTOY-
HUK S HaXONWTCS HA paccTOSHMH d OT nuH3bl. IIpym aTOoM nyum oT m306pa-
KeHus S” MCTOUHHKA, IPOXONSINIe Yepes Kpast THH3bI, HAYT K KpasM MATHA 10
npsiMbIM JTHHMAM (pHc. 439). Torna noMXHbBI BbI-
MONHATHCSA COOTHOIIEHHS

a=F-d, 1/d-1[f=1/F, (f+b)2rn=f2r;

orciopa a = FX(n— 1)/[b+ F(n—1)] =2 cm.

1142, [Ina HaxOXMNeHHS XORa IPOU3BOJb-
HOTO ny4a SA MOCIE NpeloOMICHHs B JHH3E He-
o6xoauMo HaWTH TOYKy B mepecedyeHus Io-
6ouHoi onTHueckoit ocu CB Il SA ¢ doxkann-
HOM MIAOCKOCTBIO NHH3BI (puc. 440). I'ma3, pacnojOXeHHbIH 3a JTUH30H,
YBURHT MHHEMOe H3006paxeHHe S’ B TOUKe NEPECEYEHHHA NPONOTIKECHHN
nyuaeit OF n AB.

Puc. 440
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1143, ITpopoiKNB [aHHBbIE JYUIH O HX [EPECEUYCHHMs, MONYYHM H300pa-
xeHue S’ ceTsmeics Toukd (puc. 441). CoelMHUM NONYICHHYIO TOYKY S’ C
ONTHIECKUM [MeHTpOM JuH3bI O. JIyu BF nocne

*so P npejyoMieHuss uAeT uepe3 (POKYC; 3HAYHT, [0

2-Ts IpeNoMIIEHAs] OH LIeJl MapajljIeNbHO TI'J1aBHOU
\\* .

NJo F ontrueckoit ocu. [Tposenem SB Il OF. Uckomas

N \ TOYka S MeXHUT Ha nepeceueHun OS" u BS.
\L\ 1144, Tak xak H300paXcHHE MHHUMOE, TO
\ 1/d - 1/f= 1/F; orcropa d = fF/(f + F) = 0,2 m.
1145. F = fd/(f - d) = 0,6 m.
Prc. 441 1146. 13 dopmyant nuuswt 1/d — 1/f = 1/F, rne
f=F,umeemd=F/2.
1147. F = akf(k - 12 =40 cm.
1148. ITo ycnosuto a = d; + d, n d| = nd,. 1306paxkeHue nepBoro UCTou-
HUKa — IefiCTBATENIbHOE, N300paskeHne BTOporo — MaAMoe. TloaTomy

ld, + 1fi=1/F=D, 1/dy~1/f=1/F=D,

rie fi u f, — paccrosums OT nMH3BI 0 wu3oOpaxenmi. Ilo ycnosmiwo
- fol = b.

B cnyuae, ecnu n3o6paxkeHHe NEPBOTO MCTOUHMKA HAXOQUTCA Aaliblile OT
NUH3BI, YeM H300paxkeHne BTOpPOro, T.e. f| —f, = b, noxy4yaem st d, KBaj-

paTHOE ypaBHEHUE
nD2 —~ Db)d? + (Db —D)(n+1)dy ~b = 0.

Pemag ero, naxopum

(1= DbYn+1)++/(1= Db)*(n - 1)* + 4n
2nD(2 - Db)

=5 M

a=(n+"d, =(n+1)

(oTpHIIaTeAbHBIA KOPEHbL HE HMEET CMBICHA).

B cnyuae, ecnu f, — f; = b, dopMyny gns a nonyduM, NIOMeHsB 3HaK b Ha
o6partHbiid. B pesynsrate 6ygem umers a = 7,17 M (3HaueHne a = 1,16 M He
YROBJIETBOPSET YCAOBHUIO 3a]aUH, TaK KaK [IPH 9TOM H300pasKeHHsI HCTOYHHKOB
HaXOJATCS 110 pa3Hble CTOPOHBI OT THH3BI).

1149. F = 2d(b - d)/b =9 cm.

1150. [ns muHuMoro wm3obpaxeuus 1/d - 1/f=D;, orkypa D, =
= (f—d)/fd = —0,3 pnrp (nmH3a paccemBaromas). 3HaK miatoc nepen D B
cbopMyne MUH3BI NOCTABIEH NOTOMY, YTO ONTHYECKAs CHJIA JTHH3bI — BEJTHYHHA
HeuspecTHas. [ IefiCTBUTETEHOTO H300pakeHUs

1/d + 1/f=D,, orkyaa D, =(f+ d)/fd = 0,5 nnrp

(nuH3a cobuparonas).
1151. OTHomIeHHe PacCTOSIHAN OT W300pakeHHust TOYKH H OT CaMOi TOUKH

[0 raaBHOH ontmueckod ocu L/l = fld. B cnyyae peficTBHTENBHOTO H300pa-
xenus 1/d+ Yf=1/Fud=fF(f-F)=-36 cM, | =LF/(f—F) =-15 cM, T.e. Ha
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JMHH3Y NMafaroT Ny4d, KOTOPble B OTCYTCTBME JIMH3BI COMIHCh OBI B TOUKE,
OTCTOSALEH OT NMH3BI HAa 36 cM U OT ock Ha 15 cm. MlcTounuk momydaeTcs
MHHMBIM, 4TO IIPOTHUBOPEYAT YCIIOBHIO 3afgauy. B cnydae MHEMOro msoGpa-
xeuus 1/d - 1f=1/Fud=fF/f+ F)=T72cm, I=LF/(f+ F)=3 cMm.

1152. ¥Ysenuuenue k = f/d, roge f — paccTosiHHe OT NHH3BI O m306pa-
keHua. B chmywae peficrBurenbHoro m3obpaxewus 1l/d+ 1[f=1/F n
F = kd/(k + 1) =9 cM; B ciy4ae MHEMOTO H300pa-

serns 1/d— 1f= 1/F uF = kd/(k - 1) = 11 cm. —Y
1153. Ecnu d — paccrosinme or npeamera fo  Fozl :\ 2ry |2r,
AYH3BI, a f — OT NUH3bI O H300paxkeHus, TO B ——»—‘;-\
ciy4dae IeHCTBUTETBbHOIO U300paKeHUs A
N
Vd+1/f=1/F, Hh=fld u d=F +b. . o N
2r |2ryoz=oF
B cnyuae MauMoro n3o0OpaxeHus -~ -~
Vd—1f=1/F, Hlh=fid u d=F —b. v
Puc. 442

O06e cucremn! ypasHeHuit garort [ = Fhib =4 cm.

1154. BepiuyHa KOHyca CIYyXKMT MHHMBIM UCTOYHUKOM, HAXOMSIINMCS Ha
paccrosuuu d = F ot nuH3bl. CornacHo popMyse TUH3bI

-1d+1/f=1/F=D,

orkyaa f=1/2D = 0,1 m.

1155. b =f2/(F —f)=12,5 cm.

1156. 113 nopoGHBIX TPEYTONBHAKOB UMeeM (pHc. 442).

rofry = (a+ F)F, rfry =I(F — a)/F|,

FJie @ — pacCTOSsIHME OT JIMH3bI 10 2KpaHa. 3HaK MOAY/s IOCTaBIeH sl TOTO,
yTOOBI yUeCTh BO3MOXHBIHA cnyyail g > F. PemdB cucreMy ypaBHEHMH, nomy-
upM 13 = 2r; — il =3 em.

1157. r4 = 2r| ~ ry = 6 cM, ecnM paccTosHuE
OT JHH3bI /IO 3KpaHa MEHbIIE (POKYCHOTO
paccrosHusl, I3 = 2ry +ry = 10 oM, ecnm 3TO
paccrosinae Gonbie (HOKYCHOTO.

1158. Jnst paccenBaromei muH3e! 1/d — 1/f =
= -1/F = D. Tlo ycnosuto 3agauu f = df2. Cne- f
JIOBaTENbHO, CBETAUIASCA TOUKA PACHONIOXEHA ‘ y
OT JMH3BI Ha paccTosiuuu d = F =-1/D = 0,2 M.

1159. Io cdopmyne muuswr 1/d — 1/f = —1/F = Bya d
= D. W3 puc. 443 pustno, yroa=figou H +a = o
=ft1g B; orcrona tgP =tgo —H/d -HD = 1, A
T.e. B =45°, Puc. 443

1160. JIyx SO mpoxogur dyepe3 THH3Y, HE
W3MEHsAsl HallpaBieHus (pnc 444). 3naHue XOfa ABYX Jy4eil, ACXONAIUX U3
TOUKH S, O3BOJAET HATH ee m3o0paxenue S'. JIya SK nocne npeoMieHus
nofifer no HanpasireHuto KP Tak, YTO NPOXOIKEHHE 3TOro .nyqa npoupeT
yepes TOUKY .
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1161. IIposepeM noGouHyro onTHYECKyto och nuH3bI MON Il AB u ¢o-
KaJbHYI0 nockocth nuH3b1 MF (puc. 445). Ilpogomxenne BM npenomneH-

Puc. 444 Puc. 445

Horo ay4a BC npoxonut uepes Touky M nepecedeHns poKanbHON ITOCKOCTH
¢ NoBOTHOM onTHYecKoi ocklo. Croco6 OCHOBAH Ha TOM, UITO NapajieiIbHbIN
IYyYOK JIy9eH, OOUH U3 KOTOPBIX MOXHO CYHTaTh COBHIANAIONIAM C HODOTHOHN
ONTHYECKOH OCBIO, NIOCNE NPEIOMIICHHS HET TaK, UTO NPOROIKEHud JIyuel
cobmparoTcs B TOUKe, Tekanieldl Ha (POKaJbHON HTOCKOCTH THH3BI.

1162. f=Fd/(F + d)=0,1 m; H=hF/(F + d) = 0,02 M,

1163. Ina nByX noNoOKeHUI HCTOYHUKA HMEEM

1/d, - \f, = =\JF, Vdy— 1fy=-1/F,

rae fi 1 f; — paccTOSIHAA OT JMH3bI 10 H300paXeHul B NEpPBOM M BTOPOM CNy-
yasix. [To ycnmosuto fi — f, = /. CucreMa ypaBHEHU#! NIPUBORHT K KBaApATHOMY
YPaBHEHHIO

(dy —dy— HF? - U(d, + dy)F - ld\d, =0,

peuieHne KOTOporo faeT
_ld +dy)+ JUdy —d))[(d, —dy) +4dyd,]

F 0,6 m

(BTOpOH KOPEHb COOTBETCTBYET COOMPAOIIEH JTHH3E).

1164. Jlyu nepeceveT riaBHylO ONTHYECKYIO OChb B TOYKE, OTCTOALIEH Ha
paccrosiHnu d OT IJIOCKOCTH, B KOTOPOH Haxopmnack nuH3a. CormacHo ¢op-
MyJie JHH3bI

-1/d+ 1/f=-1/F, te. d=fF/{f+F)=54cm.

1165. Touka cxoxKpneHus TydeH B OTCYTCTBHE JTHH3b! (MHAMBIA MCTOUHHK)
JEXKUT Ha PACCTOSIHUH d OT LIUPMBI, IPAYEM

R/(d—b)=ri/d (npu b <d)umua R/(b —~d) =r/d (npu d < b).

IIo ¢opmyne nuu3bl ~1/d + 1/b = 1/F (nepen unenom 1/F GepeM nomnoxu-
TeNbHBIA 3HAK, TaK Kak F sBiseTcs HEM3BECTHBIM). Peurasi nosyueHHyIO ¢CHCTe-
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My, HagifieM F =% rb/R = £ 25 cm. 3Hak mWioc coOTBETCTBYET cnydaro b < d
1 YKa3bIBacT HA TO, YTO B OTBEPCTHE HY*KHO BCTABUTh COOUPAIOLIYIO (TONOXKH-
TENbHYI0) THH3Y, 3HAK MUHYC — PaCCEUBAIOMIYIO (OTPHLATENLHYIO).

1166. Touka A urpaer posib MHEMOTO HCTOUHHKA,
Touka B — mHEMOro m3obpaxenus (puc. 446),
noatomMy no c¢opmyine auussl —1/d — 1)f = — 1/F.
Cornacuo yciaoBuio 3agauu f+d =1nfild =m/n,
OTCIONA

l
“mintnim+2

1167. 1 = [-9F(F — L) £ 3FN 8F2 + (F — L)2}/4(2F -
- L). OrpunatenbHbIH KOPEHD HEe IMEET CMBICIa, 103ToMy [ = 12 cm.

1168. Jlun3a moxeT ObITHL coOmparomedl UMM paccempalonei. B ciyuae
coGuparolel TMH3bI BEPIINHA S CBETOBOTO KOHYCA B OTCYTCTBHE JIMH3BI (MHH-
MBIl HCTOYHHK) JEXUT 3a IKPAaHOM Ha paccrosiuuu d; = rif(r — R) ot oTBep-
crus (puc. 447), a npu HanTMYUK AMH3BI TOUKA S CXOXKAeHus nTydeil (n306pa-
SKeHHne) HaxofuTcst Ha paccrosHuy fi = rl/(r + R). ITo popmyne THH3BI

—-1/d, + l/fy = 1/F; orcropa F{=rlf2R=17.5 cm.

B cnyuae pacceusaromieit nun3s1 (puc. 448).
dy=rlf(r +R), Lb=rif(r—R), ~Ydy+ 1/f, =-1/F,.

CnepoBatenbho, Fy =rif2R = 17,5 cMm.

R A s S >s-
/’J/\ —————————— - -

Puc. 447 Puc. 448

0,1 m.

Puc. 446

1169. Onrnyeckas cuna NTUH3bI B BO3JYXE ¥ B BOJIE COOTBETCTBEHHO

D:(_"c_r_l) L i LI L+_]_;
n R] Rz F n, Rl R2

D(n. —n,)
1170. ®oxycuoe paccrosiHue F BO3AYIIIHOHN JNH3bI B CTEKJIE ONpEJenaeTcs
no gopmyie

orciofa F = =0,8M.

1- .
i = L_] l = Moy ; orciopa F= R =-30 cM,
F \n R n.,R 1-n, x

(v cr
T.C. THH3a pacceuBaloas.
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1171. dokycHoe paccrosHue F BO3RYUIHOM THH3BI B CTEKJIE ONpEAENIETCA

1 1
BbIpaKCHHEM ]; = [n— - l)(% + —Is) . ITo popmyie muH3BI

or

l; orcioga f = Rdne, =-8,57 cmM,
F 2d(1~-n.)— Rn,

I 1
J— + J—
d f
T.€. H306paKeHiHe MHAMOE.

1172.a=F-F= R Ry(ny —my)
(R, + Ry }ny —D(n, - 1)

1173. Ucnone3ysa hopmysty JTUH3BI, IMEEM

= 1,062 cm.

1 1 1 1
—+—=(n, —1)) —+— 1 — BBO3AYXE,
d f R R

1 n,, 1 1
——= & |} —+—| - BXUIKOCTH,
F \n, R R

L VR HUR +1/d+1/f
* 1/R +1/R,~1/F

=1,66.

1174. B Bospyxe F,/F, = (ny— 1}/(n;— 1 =1,4. B Boue F',/F’; =
= (ny — )y — n,) =22,
1175. Ecnu 661 #3 JIMH3bI NYY BXOAMI B BO3AYX, TO OH OPETOMASICH Obl
noj yrioM By 1 Bbnuen O6bI M3 JHH3bI Ha PACCTOSHEH | OT €€ ONTHYECKOH OcH
(puc. 449). 151 TakOrO NMyua

sino/sinB, =1/n,,,

By =1/ F,.

Ecnn u3 uH3b1 1YY BXOAHT B BOJY, TO

sino/sinB, =n,/n,, tgh,=I/F,.

C yueToM 3Toro Haxojum

sinB,/sinB,=n, u K =n,F =133 oM.

1176. Mopckas 3Be3ja kaxeTcs ¢ororpady
Haxofsluelcss Ha pacctrodaHuuM h = H/n, ot
MOBEPXHOCTH BOJbl, T.e. Ha PaCCTOSHUH

Pric. 449 d =1+ h or o6bekTHBa (cM. 3ajauy 1001). ITo

¢dopmyne numswer 1/d + 1/f = 1/F. U306pa-

KeHHe OyjeT MeHbile npeaMera B k = d/f pas; cnegoBaTeNbHO, k =
= (In,+ H)/Fn-1=19. ,

1177. I3 kaxn0id Touku ¢ororpacdupyeMoro npegMeta o6beKTHB QOTO-
.anAapaTa BHIEH IIO]| TENECHBIM YITIOM A® = S/d 2, rie d — pacCTosiHEE OT Hpef-
. MeTa A0 o0 beKTHBa, S — MIoHmIafb MMH3bI 06 bekTHBa. CBETOBOH NOTOK OT
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npegMera, MPOHAKAIOMAH BRYTPE (hOTOoanmapara, nponopmronanen naomagn
npeaMera S| ¥ TENeCHOMY yriy Am:

(D=bS]A(D,

rae b — k03¢ PUIUEHT NPONOPLUUOHATBHOCTH. DTOT CBETOBOH MOTOK pacinpe-
aenseTcs no mromagd u3zodpaxenus S;. IloaToMy ocBeleHHOCThL M300pa-
KEHUs

E=®/S, =bSA0/S, = bS,S/S,d” =bS/ f?,

ITe f — paccTosHAE OT 00BEKTHBA 10 H300paxenus, a Sy /Sy =d 2 /f2.
TIpu cbeMKe TpaBlopsl u3faneka f; = F, IpH cheMKe XKe feTaledl B HATy-
panbHylo BesnnunHy f> = 2F. [IoaTOMY OTHOIIEHHE OCBEIIEHHOCTEN

B _BSIF_f _4F
E, bSIf} fP F

T.€. OCBCIHCHHOCTL YMCHBINIUTACH B 4 pasa. Bo cronsko xe pas3 caepyeT yBe-
JUYUTH BpPCEMA IKCIO3MIHUH, ITOOBI MHTEHCHBHOCTD NOYECPHECHUA (bOTO—
NITAaCTHHKHU OCTallaChb npexmeﬁ.

§ 31. OnTnyeckue CHCTEMBI

1178. JIyuu, npomeaiye NepByio JTHH3Y, AafAyT u3oOpaxeHue (IeficTBH-
TENBHOE WM MHUMOE) Ha PACCTOSHUH g OT JNHUH3BI, onpejeiseMoM hopMynoi
muH3e! 1/d £ 1/a = £ 1/F;. DT0 u306pakeBHue CIYKHT HCTOUYHHKOM (MHAMBIM
MU JEeHCTBUTENBHBIM) JUIsl BTOPO# NHUH3LI, T.e. £ 1/a + l/f = 1/F,. Ona
sameHstowe mn3bl 1/d + 1/f = D. CpaBHHBasg cyMMYy NIEPBBIX IBYX ypaBHEHHIA
¢ TpeThuM, yoexnaemcs, uro D = +1/F| + 1/F,, T.e. onTHYeCKasi CHla JTUH3EL,
3aMEHSFOLIEN CHCTEMY IIPUCTABJICHHBIX BINIOTHYIO JIWH3, paBHa anreOpanue-
CKOM CyMMe ONTHYECKAX CHJ 3THX JIHH3,

Tak kak paccyXpeHHe MOXHO HPOJOJIXKUTb, IPUCTABUB K [ABYXJIHWH30BOH
CHCTEME TPETHIO THH3Y, TO Pe3yIbTaT MOXET OBbITh PAclpOCTpaHEeH Ha inioboe
qucno nuH3. PopMyna 3epkana Mo CTPYKTYPE U CMbICIY COBIajaeT ¢ (hopmy-
JO¥ NIMH3BI, TOITOMY CIENaHHbIN BHIBOJ| KACAETCS TAKXKE ONTHYECKUX CHCTEM,
comepXalux 3epKana (IpucTaBIeHHble BILIOTHYIO K JIHH3e). 31ech, ONHAKO,
HEOGXOMIMO HMETh B BH/Y, UTO OTPA3UBIINCEH OT 3¢pKajla, Iy elle pa3 MOXET
NPORTH Yepe3 IMH3Y, KOTOPYIO B 9TOM ClyJae NPHUACTCS YIUTHIBATH JBaXbl.

1179. F e IF cogup = 2.

1180. 1/d + U/f = 1/F + V/F,, wma F,=dfF | /(fF\ +dF\—-df) =54 cM
(cM. 3apauy 1178).

1181. Cuctema paBHOCHILHA JIBYM CIIOXKEHHBIM BMecTe nun3aM ¢ D = 1/F =
= (n — 1)/R xaXjas, MOCKONBKY ONTHYECKas CHja MIOCKOTO 3epKajla paBHa
Hymo. Ontudeckas cana cacTeMsl D = 2D, = 2(n - 1)/R

1182. f = Fd/(2d - F)=9 cm. : !

1183. Ina Henocepeﬁpeﬂnon auuzel =1/d + 1/fy = ~1/F. I'Iocepeﬁpemrylo
JIMH3Y MOXKHO PacCMaTPHUBATH KaK CHCTEMY, COCTOSIIYIO ‘K3 TPEX “¢IHOXEHHBIX
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BMECTE KOMIIOHEHTOB: paccemBaromiedl nuH3bl ¢ D = —~1/F, BhINyRIOrO
3epkana ¢ Dy = —2/R u paccempatomiett nuH3bl ¢ Dy = — 1/F, Onrudeckas cuna
Takoi cucreMbl D = Dy + Dy + Dy = - 2(1/R + 1/F), noatoMy g nocepeGpeH-
HOMI JTUH3bI

o1 2fiRd _

a7 OTCION Sy = e dRT RS

1184. Paccrosinue ot cBeTAIIEHCS TOYKH O BOTHYTOro 3epkana a = R —d.
Paccrosiune f oT B300paskeHust TOUKH 0 BOTHYTOT'O 3¢pKaia ONpegessaeTcs no
¢opmyne 3epkana l/a + 1/f = 2/R. Paccrosinue oT 9TOr0 H306pa>keHus 10
IIOCKOTO 3epKaia b = R — f. Bropoe nzobpaxeHnue, jaBaeMoe INOCKHM 3epKa-
TOM, HAXOJUTCA MO APYTYI0 CTOPOHY MIIOCKOTO 3¢pKana Ha TaKOM Ke pac-
crostHur b or Hero. ClenoBaTeIbHO, PaCCTOSHHE OT BTOPOT'O H300pakeHUs IO

BOTHYTOro 3epkama ¢ = R + b; orcropaa

/A N ¢ = R(R - 3d)/(R - 2d) = 30 cm. Bropoe u3o-
= D ¥ c OpaxkeHHe HaXOAUTCH B (POKyce BOTHYTOTO

T — > 3epKada.
-« N 1185. B orcyrcreue 3epkaiia JMH3a fana
\E Ob1 m300pakeHne HcTouHmka B Touke C Ha

B paccTodHuu f, oupefenseMom U3 (hOpPMYIIbI

Puc. 450 muH3el 1/d + 1/f = 1/F (puc. 450). Yrobs1 nyun

nocie BTOPUYHOIO TPENOMIEHHS B JIHH3E

[T NapajleNIbHbIM [MYYKOM, OHH JOJKHBI NOCIE OTPaXKEHHs OT 3epKaia

colituck B ¢oxyce auH3bl. TpeyronsHukn ABC u DEF nopo6Hbl. Creno-

BatensHo, l/L = E/f, orciona | = (d — F)L /d. TIo ycnosuto 3ajaun d = 2F,
noatomy / = L/2.

1186. M3o6paxeHne cBeud, jaBaeMoe JHH30M, OTCTOMT OT Hee Ha pac-
CTOSIHHY f, a OT 3epKana — Ha paccTosiHud b + f. I306paskeHue B INTOCKOM
3epKaJie pacloyiOXeHO 10 APYTYIO CTOPOHY 3€pKaja Ha TOM XK€ PacCTOSHAN
b + f u, cnegoBaTenbHO, Ha paccTOAHUU 2b + f oT nuu3bl. JIyun, Kak 661 HCXO-

ASIIFE U3 3TOTO N300pakeHus, CHOBa MPOXOMST Yepe3 K3y, 06pasys n3obpa-
SKCHUE Ha paccTosiHuu a ot Hee. VI3 dhopMyn nuH3bI 1)1 nepBOro # BTOPOro

u3oOpaxenusi 1/d - V/f = /F u 1/(2b + f) + 1/a = 1/F nMeem
a = F[2b(d - F)- Fdl/[2b(d — F)+ F(F - 2d)] =60 cM.

1187. Paccrositane f oT auH3BI 10 H300paXkeHUs: UCTOIHHKA, [aBAEMOro
JTHH30i, onpeaensercs dopMmynol 1/d — 1/f = —1/F. 1o usobpaxenue pacno-
JIOXXEHO HA pacCTOsHMHU f + b nepep 3epkajnoM. MHEHMoOe H300pakeHue B
3epKajle HaXO[MTCs Ha TAaKOM 3K€ PacCTOsHHH 3a 3epkarom. O6umiee pac-
CTOSIHHE

Ca=(d+b)+(f+b)=d+2b+FA/(F+d)=31 oM.

1188. Tax xak f< F», To Ha 3epKaio HagaeT cxopsmmiics nydok. Ecna Obt
3epKaja He OblJIo, TO BEPIIMHA 3TOTO IlyYKa Haxoguiuach Obl HA PACCTOAHHE 'F)
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OT JIMH3bI U, CIe]lOBATeILHO, Ha pacctosnmu d = F; — b ot 3epkana (puc. 451).
Ilo dopmyne zepkana —-1/d + 1{f = 1/F,; orciona

F=b+ fF,I(F,—f)=40 cMm.
1189. Jlyum coGuparoTcs B TOUKE, I pacloNOKEeH HCTOYHAK, ECITHA N00OH

JqyY, HRYIMAA OT HCTOYHHUKA, NPOHAs depe3 AUH3Y, NajaeT Ha 3epKajo Mo ero
pajuycy 4 oTpaxaercs o TOMy Xe HanpapleHmto. JIMH3a mpm 2TOM MOXKer

V

Puc. 451 Puc. 452

ObITH pacronoxena onwxe (puc. 452) nnn panvuwe (puc. 453) onrmueckoro
uenTpa C 3epkana:

1 1 1 1 1 1

—~—=—, b+f=R wmu —+—~=—, b-f=F.

d f F d f F
O6¢ cucremp! ypasaenuii gaot d = F(R — b)/(F + R — b). Tak Kak o yclnoBHO
UCTOYHHK JIEHCTBUTENBHBIN, TO pelIEeHAE BO3MOXKHO NG B ciaydasix h < R
unua F + R <b.

Jlyum cobuparorcs B TOUKE, INIC PACHOJNOXKEH HCTOYHHK, TAKKE B chAydae,

€CJTH UCTOYHHMK HaXOJMTC HA TAKOM PACCTOSIHUM b OT JIMH3bI, YTO JIMH3A JAET

/ \ b \ \
_ A \f\\g . N
b=d
A 'd f
Puc. 453 Puc. 454

ero n3o0paxkeHrue Ha caMoM 3epkaie (puc. 454), t.e. 1/d + 1/b = 1/F, orxyna
d = Fbl(b — F). B aroMm ciiyuae HeOOXORUMO, ITOOBI BBINONHSIOCH YCIOBHE
h>F. ‘

1190. Jaunnyo 3agauy, Kak OGBIYHO, MOXKHO IPEACTaBUTh KaK COBOKYII-
HOCTh TPEX 3ajlatl, pacCMaTPUBAEMBIX NOCNEOBATEILHO.

1) McTouHNK pacnojioxXeH Ha paccTOSHUM d OT JHH3B! C (DOKYCHBIM
paccrosiueM F. Ero u3o6paxkeHne HAXOJUTCS HAa PACCTOSHUHM f; OT JIMH3BI
(pHc. 455). ,
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2) 3o u3obpaxkeHHe HAXONHTCA HAa PACCTOSHHUHU d, OT 3epKaNa d CIYXHT
IS HEero efiCTBHTENLHLIM HCTOUHAKOM. Ero miaoGpaxkenue nomayyaercs Ha
paccTostHuH f> OT 3epkana (puc. 456).

N S
. /

L 4 [ d, £

7777

Puc. 455 Puc. 456

3) Tak xax JAy4YH O BBIXOAE M3 JHH3BI HAYT NYYKOM, NapajielbHbIM
[NTaBHOM ONTHYECKOH OCH, TO H300pakeHHUE, JaBAEMOe 3ePKAJIOM, CIYXKHT AJis
JIHH3B] JeHCTBHTENLHBIM HCTOUYHHKOM, PACHOIOXEH-

Ve
< HBIM OT Hee Ha paccTosnmu ds = F (puc. 457). Cnepo-
ds BaTEJbLHO,
1/d-11f=1/F, 1/d,—1/f, =-2/R,
h dy=fi+b, dy=f,+b=F;
Puc. 457

OTCrOfga
R=2(Fd+ Fb~bd)(F-b)/[2(Fd + Fb—bd)- F*]=21 cMm.

1191, Paccrosnue f| OT JTHH3BI O IEPBOro M300pakeHUs] UCTOYHUKA, Ja-
BAEMOTO JIHH30#, YROBIAETBOpsAET ypaBHeHnto 1/d + 1/f; = 1/F. Bropoe n3zobpa-
KeHUe NONyYaeTcs B 3epKajie Ha pacCTOSHHH f, OT Hero, npudeM 1/(a — f;) —
—1/f =—2/R. HakoHeu, pans TpeTberc M300pakeHHs, AaBAEMOro JIHH30H,
ROIKHO BBINONHATBCA ycnoBue 1/(a + f2) + 1/d = 1/F. VI3 nepBoro ypaBHeHHs
cucTeMbl HaxopuM f| = Fd/(d — F). Vickniouus f, U3 OByX ApPYIHX ypaBHEHMIA,
NOTyIHM KBaPATHOE YPaBHEHHE

a®> ~(2f;-Ra+f2 -Rf,=0; orcropa a=f,—R/2tR/2.

Pewrenne co 3uakoM MuHYC faetT d = Fd/(d - F)— R = 6 cm. B atom ciyuae
Jy4yH, BbILICIUINE W3 JIMH3bI, HAJaloT Ha IOBEPXHOCTH 3epKajla neplieHau-
KYJIAPHO, a IepBoe H300paXeHne, JaBaeMoe IMH30M, COBNAJAET C ONTHYECKUM
UEeHTPOM 3epkana. PeureHue cO 3HAKOM IUTIOC NPHUBOAMT K GodbUIeMy
3Hauennio: a = f| = 30 cm. IIpm 5TOM H306pakecHME COBIAAET C MOJIOCOM
3epka’a.

1192. U3 ycrnoBus 3ajavu CHeyeT, YTO nepefHuil hoKyC THH3bI COBIAJAET C
ONTHYICCKAM HEHTPOM 3€pKaja, T.e. IHH3a PacnoNoXeHa OT 3epKajia Ha pac-
crosiuuu R — Fy, rie R = 2F, — papayc KpHBH3HBI 3epKana (puc. 458, BepxHss
nonoBuHa). M3o06paxkeHue MCTOUHHKA, IOMEIWEHHOTO B (POKyce pacCeHBaro-
HIei TUH3b1, NOJAYYAETCS Ha paccTodHud fi = F /2 oT auussl (cM. 3agatdy 1146)
U, ClefoBaTeNbHO, Ha paccrosanuu d, = R — F, /2 ot 3epkana. Dto u3obpa-
JKEHAE CTyXHT [eHCTBHTENbHLIM HCTOYHHKOM s 3epkana. [TosTomy, ecnu

384



6b1 Ty4H He NPOXONWIH BTOPOH pa3 uepes m«may, TO OHM coGRpanucey 6pl Ha
PacCTOsIHIH f, OT 3epKana, IpuueM
1.1 _1 Fd, _(4F-F)F

—+—=—, uwm f,=
o fH kK b-FK  2K-

OTpa3uBmimiicss OT 3epKaja CXONSIIMNACS MyYOK BCTPEUYAET IHH3Y, PACIONO-
SKEHHYIO Ha paccTossHum dy = f, — (R — Fy) = (3F, - F\)F /(2F, — F) OoT TOUKH
CXOXKJICHH JTyUeH; N03ITOMY

111 Fdy _ (K -F)F

———t = W fp = =
da fi  F F—d; B

ITo ycnosuro 3apauu F| < 2F,, noatomy f3 < 0. 3TO 3HAYUT, 9TO, BHIAAL U3
JIMH3BI, JIYUH PacXO[STCA, 2 TOUKH [EPEeCceyeHUss HX [POJOIKCHHUI JIEeKAT
MEXJy 3€pKaJOM ¥ JIMH30M Ha paccrosHuy f3 = —(3F, — F)F{ [F, =-32 cM ot
TUH3BI (puC. 458, HIDKHASL NOJNIOBUHA).

Z
0 C
—0 >
* a b
(d
Puc. 458 Puc. 459

1193. Jna nepsoro yuacrka umeeM 1/(R — a) + 1/(2R + ¢) = 2/R, pnsa BTO-
poro —1/c + 1/(R — b) = 2/R (puc. 459); orctopa a = Rb/(4b — R). Ecnu b =3R/4,
To a = 3R/8; ecim b = -3R/4, T0 a = 3R/16.

1194. Ecnu 6bl 3agHedl JHH3BI He ObLIO, H300paskeHHWe YAaTeHHOTO
HCTOYHHKA MONYyYHiIock Obl B (hOKaNbHON ITOCKOCTH NMEpefHeH IMH3bI. DTO
H300paxkeHHE CIYXHUT AMsl 3aJHEH JIMH3BI MHHMBIM HCTOYHHKOM. Pacuerni
AAIOT B HEPBOM H BTOPOM CIYUasIX

1-bD, 1 1-bD, 7

=————=—M, —_— =M
f D,+D,-bDD, 13 /= D,+D,—bD,D, 65

1195. Ha paccrostaun d = (b — F5)F, /(b — F, — F1) = 30 cM nepen nepsoit
TUH30H uaH Ha paccrosdHud d = (b — F1)F, /(b — F - F,) =60 cM 3a BTOpO#
JIMH30M.

1196. Uso6paxkenne, co3jaBaeMoe MePBOH THH3ON, HAXOAATCA Ha pac-
CTOSIHUY fi OT Hee U UMeeT BbicoTy Ly =k, [ = (f1 /dl) I, tne k; — yBenumuenme
nepBoi IuH3b1. OT BTOPO# JHH3bI OHO HAXONUTCSA HA paCCTosmnn dz =l-fiuB
CBOKO OYepelb CHYXHT s Hee npeameTom. HM3obpaxenue, cosfiaBaeMoe
BTOPOH JHH3O0H, HaXOJHTCA HA PACCTOSAHAM f, OT HEE H HMEET BBHICOTY
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Ly=ky Ly =(f/dy) Ly, TRE k7 — yBenmuyeHHe BTOpoH amH3bl. I10 dopmyne
JIHH3BI
Ud +1/ fi=1/F, ldy,+1/f,=1/F,.

Pemast nonyyeHHyl0o CHCTEMY YpaBHEHHII, HaHjeM
fr = RKlbd, - R)- Fd1I(b-K)d - F)-Fd1=2 wm,
L, =kkl = FRLI(b-F)(d - FK)-dFK]=32 cM.

1197. a=[P2F - (d + b)(b - 2F)d)/[F(2d - F) - bh(d - F)] = 0,35 ™M
(cMm. 3apauy 1196).

1198. Cwm. 3agauy 1196 n noctpoenne Ha puc. 462. MHNMOE HM306pakeHne
HAXOJUTCSL OT BTOPOH JIMH3bI HA PACCTOSHUA

f = Fy(bd ~ bF, — Fd) /[(Fy - b)(d — F)+ Fd]=18 .
Yeenuuenue k = F| F, [[(Fy - b)(d - F;) + F1d} =20.

1199. [IpeaMeT pacnoyioXeH B (POKANBHOH INIOCKOCTH NEPBOH JTHH3BI;
CIIEJOBATENBLHO, NYYH, MAYIHIHME OT KaKOH-

2 N
“““““““ . b0 TOYKH NpeAaMeTa, MO BBIXOAE H3
é N JUH3BI UAYT HapajlelbHbIM IyukoM. Ecnn
! 3 £ ! BTOpas IHH3a PacnonoXkeHa Ha pacCTOSTHHN
F, F, ;fj b < (a; + ay)F; /2] oT nepBoil TUH3EI, TAE a;
d ; " a; — AMaMETPBI JIMH3, TO KAXK/AbIH U3 TaKNX

napajnielbHbIX NYYKOB, NPOMHAs BTOPYIO
Puc. 460 JIWH3Y, AAcT H300paXeHHe COOTBETCTBYIO-
mer TOYKH npeaMera B (HOKaNbHOMU
ITOCKOCTH BTOPOIl MuH3bl. V13 nogo6ust TpeyronbsHUKOB cienyer (puc. 460),
ITO
I/F=L/F,, orkyma L=IF,/F =3 cM.

IMocrpoenue xona nydel sicio u3 puc. 460. M3o6paxkenue nosydaercs
geficrBaTeNbHBIM. ETOo MOXHO Ha®nropaTh, IIOMECTHB ria3 Ha COOTBET-
CTBYIOIIIEM PACCTOSIHHU 3a BTOPOii JIMH301.

1200. f = F[b(d - F) — Fd}/[(b— F)(d - F) - Fd] = 3 M (cM. 3ajiauy 1196).

1201. 3apnss ¢oKadbpHAas IJIOCKOCTh NEPBOi THH3BI JOJKHA COBMNAfaTh C
nepepsen poKaIBLHOM ITOCKOCThIO BTOPOH MMH3BI, TO3TOMY b = F| + F; = 8cm.
3afavy MOKHO pPEelIUTh TAKXKE, IPUMEHsIs 00myto hopMyay (cM. 3aga4dy 1194),
B KOTOPO# HYKHO IOJOXKHTH [ — oo.

1202. Ecnu nepBoif Ha NyTH NydKa CTOHT cOOMpalromiasl JHH3a, TO A
JOCTHXKEHHS XKeNaeMOro pe3ynbTaTa OKHbBI COBNAfaTh 3afHAc (OKANIbHbIE
wiockocty gun3. Ecy Xe NepBoit CTOUT paccewBarolias THH3a, TO KOIKHBI
COBIajaTh Nepennue pokalpHbIe MIOCKOCTH. MckoMoe paccTosiHHe b =
= F; —F, =4 cM B o6oux cnyvasx. [Ipu F < F, 3a1a4a He AMeeT penieHis.

Fy(b-FR)
F,+b-R

1203. a= F; — =6 cM.
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1204. 3a pacceuBarollel TMH30{ NYYOK TakXke napanneinbHbli. Ero
puamerp D, =D F, [Fy =4 MM,

1205. McTouHuK CliefyeT NOMECTHTD Niepef] coGuparomeit TMH30# Ha TAaKOM
paccTosiHuu d, ITOOB! CXORAIMACA NYIOK JTyYed mMen BEPIUXAHY B TOYKE HA
3aiaeit POKANLHON MIIOCKOCTH paccemBaromel mun3el. [1o ¢hopMysIe THH3bI
1/d + 1/(F + b)= 1/F, orkyna d = F(F + b)/b = 36 cm.

IMocTpoenne xopa nydedn sicno u3 pHuc. 461. Touka §’ asnsercs nU300pa-
SKEHHEM HCTOUHMKA S B cOOHpalolledl NHH3e, H, ClejoBaTeAbLHO, Yepe3 Hee
ROJKHBI HPOHTH MPOJOJIXKEHAs BCEX Nydel,

BhIIeNIINX U3 coOupatomelt nun3bl. Cpegu g éé
9THX Jy4cH BBIOMpaeM TOT, KTOPBIH HAET *
uepe3 ONTHUCCKUH LEHTP pacceuBaromieit
nuH3b1. Bee ocranbHbIE JTyud, MPOMIEAIIHe CH- F
cremy, OyIyT napamiebHbl BbIOpaHHOMY.

1206. Ecnu cBeTsmascs TOUKAa Pacloio-
>K€Ha CO CTOPOHBI paccenBalomiedl IUH3bI, TO
d=F,(Fy—b)/(F|—F,+b)=28 cM (TouKa pac- Puc. 461
nojiokeHa B POKyce pacCeMBaKOIEH JTHH3BI).
Ecin cersamascs TouKa pacnolioXeHa Co CTOPOHbI COORparouiel THH3bI, TO

d=[b(F, +b)+ FER1/IF ~ Fy +b)=41 cM.

|174

1207.a=d+ b+ Fo(Fid+ Fib+ bd)/[(b-Fy)d+ F))+ F,d] =68 cm.

1208. B Tteneckone ¢okanbHas IIOCKOCTh OOBEKTHBA COBHANAET C
dokanbHOW NIOCKOCTHIO OKyisipa. IlapammenbHpIdl My4oK Jyded, OpoHas
TaKyH CHCTEMY JIHH3, OCTaeTCsl NapalUIeNIbHbIM, HO COCTABNIAET yXKe JpYyrod
yron ¢ ocelo TpyObl. YroBoe yBemnuueHue Teieckona k = Fy [F;. OTpe3ok
JUTHHBI [ MEXXY ABYMsI IPKUME HCTOYHHKAMH T71a3 BUIAT NOX yrioM ¢ = J/r. Ilo
YCIOBHIO 3afiauu k@ = @q; orctona | = QuF, JF| =475 m.

1209. Onuna tpy6er Tamunes | = Fy — F,, ee yBenuuenue k = Fy /F,. [lo
yenosmio 3agaun TpyOa Kennepa gomKHa UMeTb Ty Xe AnuHy [ = F3 + F4 1
Takoe e yBenmienue k = F3 /[F4. CnegoBaTebHO,

heh g s ew, R=A7D

, F,=4 cm.
F+F F+F

1210. Oxkynsp nepeqBUHYIIHK Ha paccTosHue a = F2/(d - F) = 1 cM jasnblue OT
00BEeKTHBA.

1211. Ecnu Tpy6a npegHa3HaydeHa sl HaGMIOfNECHUS yAaleHHbIX PeaMETOB,
TO PacCTOSIHUE MEXNY ee OOBEKTHBOM M OKyIsipoM d = Fy + F,, a yBenmuueHne
Tpy6B1 k = F| /F, rae F| u ) — dOKycHbIe paccTosHus O0BLEKTHBA U OKYJIspa.
pu namaunu guadpparmel 1/d + 1/f = 1/F,, upnaewm fid = L/I; orcropa k = I/L.

1212. 1 = dy Fy [(dp + F3) + Fy = 31 em.

1213. YpenuueHue MEKpOCKONa Ky =k k3, 06’beKTHBa ky = fld. IIo dpopmy-
ne awmasel 1/d + 1/f = 1/F; orciopa F =k d/ky + ky. Tak xaK d = 5 cm,
ToF =4,5cMm. '
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1214. Yeemuuenne MAKpockona k = kik,; s o6 beKkTHBa ky = f /d; (puc.
462), npuueM d; u f; cBs3aHbl cooTHOomeHneM 1/d; + 1/f; = 1/F,. YBenuueuue
okynsipa k, = dg /dy, tne d, =1~ f;. Pewins

A . .
A b CHCTeMy MSITH YpaBHEHHH, HaueM k, = (d, +
+ kF)/(-F)=8.
For Ha pnc. 462 n3obpaxen cinyuail, xorja

OKOHYATENLHOE H300pakeHne HaXOAUTC Ha
paccTosiHEM dy OT nuH3bl OKyisipa. Ecim xe
ria3 Habmrofarens HE HaNpsiXeEH, TO U3 OKY-
aspa JOJNKHB! BBIXOAMUTEH NapaljlcibHbIC
nyuku ayded. B stom cnyvae dr =1 —f; = F»,
rae £, — (OKycHOe paccTOsSHHEe OKYyJsipa.
Chucrema ypaBHEHHH U peIIEHHE OCTAaKTCA
Puc. 462 TIPEXHUMY.

1215. VYpenwuenue MuUKpOcKona k =
=908dy/FF,,0=1-F,—-F, — nnuna tybyca MuKpOCKoOIa; orcioga F, =
= (- Fy) dy[(kFy + dpy) = 2,45 mm.

1216. [ns veranpsixeHHOTO 1a3a k = (I — F1 — F») dy/F{ F2 =95 (cM. 3a-
nagy 1215). Ecnu Xe OKOHYaTeJdbHOE H300paXeHHE pacCMaTpHUBAcTCH C
PACCTOSHNIS HAMIYYIIero 3pEeHHs, TO

k=(=F~F)dy/RF+(~F)/F =120,

1217. YBennuenne o6bektuna ky = Fy /[(d - F;) (em. 3agaay 1115), okynspa
ky = dy [F, (cM. 3agady 1136). YBenuueHne MEKPOCKOIIA B PACCTOSIHUE MEX/Y
OO'BEKTHBOM H OKYJISIPOM

Ld"—~=150, ;= fid +F =143 cM.
(d-F)F, d-HK

k:klkz =

Ecnu rna3s paccmaTpuBaeT n306pakeHUE ¢ pacCTOSHUA dyy, TO ky = dy [Fy + 1
(cM. 3apauy 1135) u
Fd Ry

k=FI(d0+F‘2)=]80, l: +"_"‘="13’47 CM.
d=F)F, d=F dy+F,

1218. 13 dpopmyns! nun3el 1/(a + Fy) + 1/f; = 1/F| noxy4yaem ysenuuenue
o6bekTusa ky = f/(a + Fy) = F| /a; ysemuuenne okymspa k, = dy /F,. YBenn-
yeHue MHKpockona k = ky ky, = F dy faF, =200; nnuna TyGyca MHKpO-
ckoma 8= f, —F, =F’/a=8 cm.

1219. ¥YsenuueHue Mukpockona k = Fy dy /(d - F1)F, (cm. 3apauy 1217);
orciopa F = kdF, [(dy + kF,) = 6 MM.

1220. Fy = &dy /kF, = 0,5 oM.

1221. Korja yenoBexk paccMaTpuBaeT 6e3 OUKOB NPEIMET, HAXONAUIMIACT Ha

pacCTOSHUH OMIDKHErO IPEfena aKKOMOJAUWH, TO MBIIIIbI, YIpaBisIOUIHe
NpeTOMISIIONEH CHCTEMOM €ro Tlia3a, Haubolnee HanpsikeHsl. Ecnn 3aMenuTs
ria3 3KBHBAJIEHTHOM JIMH30M C 9KpPAaHOM (CETYATKOI), TO MOXHO BOCHOJb-
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30BaThca oOBIYHON Gopmynoi 1/d; + 1/f; = D,, rpe f; ~ ray6una raasa
(paccTosiume OT MTHH3bI, KOTOPO# MOXKHO 3aMEHUTD NPETOMISIONIYIO CHCTEMY
rimasa, fo 9KpaHa). PaccMaTpuBas TOT K€ IpeJMeT B OUKaX, YeJOBeK IO
YCIOBHIO 3a/la'H HANPATAET MBIIIIbI 71238 TAK XE, KaK U 6e3 0YKOB, I0ITOMY
Hd'y + 1ffy = Dy + Dy OTcrofia Gnuknmii npefien akKOMOJAIMA Ta3a, Boopy-
KeHHOro oukaMi, d'; = dj /(1 + Do di) = 0,33 M.

AHaNOTMYHO AN JaNbHEro Ipefiefia akKkoMojaumuu (Haubomemiee pac-
cmafieHue Mblm riasa) umeeM 1/d, + 1/f; = D,, rae rnybuna rnasa f, n
onTuveckad cuia riasa [;, sooOuie rosopsi, Apyrue. Ecnu ke UenoBeK Haje-
HET OUKH, TO

1/d;+1/f,=D,+D,

OUK?

otkyna d; =d, /(1+D

OUK

d2)=1 M.

1222. st rnaza 6e€3 OUKOB U C OUKAMY UMEeM
Yd+1/f=D n Vdy+1/f=D + D,

orctopa D, = 1/dy— 1/d = ~1 porp. IIpoiijis Takyro NuH3y, 1y4d OT NpPEMeTa,
HaxOJSIIErOocs Ha pacCTossHum dy = 25 cM, WyT Tak, Kak eciau Obl OHH
HCXOJAIN W3 TOUEK, OTCTOSINUX Ha paccTosHuN d = 20 cM OT ryasa.

1223. Ilo ycnosmio 3aaaun d = 20 cM ecThb JajdbHUi npeges akKOMOanuu
rnasza. [ToaToMy B oukax NOMKHBI OBITH MCIOIL30AHBI TAKKHE JTHH3BI, NPOHas
KOTOpbIe HapajielbHbie Ny4n OT GECKOHEUHO YJaleHHBIX NPEJMETOB Ka3a-
JTHCH ObI HCXOASIIIIMME U3 TOUEK, OTCTOSININX HA paccTostHun d = 20 cm. Tak kax
9TH TOUKH JeXaT B POKAIBHON ITOCKOCTH JINH3GI, TO ONTHYECKAs CHITa OYKOB
Do ==1/d = =5 parp.

1224. McnpaBuTb HEJOCTAaTKH 3PEHUS JAHHOIO UENOBEKa — 3HAYHUT
HponyucaTh eMy Takue OUKH, YTOObI, HalleB HX, OH MOT UeTKO BHHAETH Mpe/l-
METbl, HaXOQsIuecs Ha paccTOSHUM He Onmxe dj = 25 cM, a Takxke Gecko-
HCYHO YyjalieHHble NpeaMeThl. sl JOCTHMXKEHHSI NMEepBOil HEIU YETOBEKY
HYXHBI OUKH C ONTHYeCKo# cunoit D, = 1/dy— 1/d| =6 gntp (cM. 3a-
nmaugy 1222). Torpna HamGojiee pajieKkue MPEIMETbl, KOTOpPbIE CMOXET BH-
JAeTh 3TOT YeNnoBeK, OYAYT HAXOAMTLCS OT HErO0 Ha PACCTOSHWH d'y =
=dy /(1 + Dy dp) = 0,5 M (cM. 3amavy 1221). CregoBaTensbHO, A TOTO YTOOBI
BHAETh OYE€Hb JANEKHE NPEAMEThI, YCIOBEKY HYXKHBI APYTHe OUYKH C ONTH-
qeckOl cunoi Do, = —1/d, = -8 noTp (cM. 3agauy 1223). Hajes ux, OH cMO-
JKeT BUAETH IPefIMEThI, Haxoasmpecd He 6mmxke d') = dy /(1 + Doy d1) = 0,5 M.

Takum o6pa3oM, gaHHBIA YENOBEK [ONKEH HMETh OYKH C OfTH-
YeCKOM cunon Dy =—6 antp (“anst 61uM3u”) U OUKHM C ONTHUYECKOH CUNON
Dyoux =~8 putp (“Ans fanu’”’) WM OYKH, Y KOTOPBIX HUXKHSS 9acTh KaX/0ro
CTEKJIa M3TOTOBJIEHA B BUJEC JNUH3bl C ONTHYECKOH cunoit Dy, a BEpX-
HSIA — B BUJI€ JMH3bI C ONTHYECKOH cunol Dy, (Tak Ha3biBaembie “‘Guco-
KanbHbIE” OUYKH).

1225. D, = 1/dy— 1/d = 2,75 nurp (cM. 3agauy 1222).



NPUITOXEHUA

1. ®ynpamenranbible (u3HIECKHE KOHCTAHTHI

T'paBUTauMOHHAas NOCTOSIHHAS

YckopeHue cBoGOIHOTO MajicHAS
(HOpMarnbHOE)

CkopocTb cBeTa B BaKyyMe

MarsuTHast MOCTOSTHHAS

DnexTpUdecKas MOCTOsIHHAs

Macca nokos 31eKTpoHa

Macca nokost npoToHa

DneMeHTapHbIil 3apsin

OTHOlLEHHE 3apsafa 3IEKTPOHA K
ero mMacce

IMocrosuHas Tlnanka

ITocrosinnas Aporagpo

IMocrosxyas BonbuMana

MonspHas ra3oBag OCTOSIHHast

IMTocrosnnas dapages

O6'beM MONS HAEATLHOTO ra3a
NPH HOPMAIIbHbIX YCIOBUSX
(Py=101 325 TTa, Ty = 273,15 K)

= 6,6720- 10! H - M%/kr?

9,80665 m/c?

2,99792458 - 108 m/c
47 - 1077 Tr/m = 12,5663706144

= 8,85418782 - 10712 ®d/m
= 9,109534 - 10-3! kv

1,6726485 - 10727 kr
1,6021892 - 10719 Kn
1,7588047 - 101! Ku/kr

6,626176 - 10734 Ix - ¢
6,022045 - 1023 momp™!

= 1,380662 - 1023 /K

8,31441 Ox/(Mmons - K)

= 96,48456 - 103 Kn/mons

22,41383 - 1073 M?/monb

- 1077 Tu/m

II. Muoxurein B NPACTaBKH AIn oOpasoBaHusA
AECATHYHBIX KPATHBIX M MOJABHLIX €JMHHMII W HX HAHMeHOBAHHH

[Mpucraska ITpucraska
Muoxu- Muoxu-
Tenb HaNMe- 0603Ha- TEL HauMeHOBaHHe | o6Go3Havenne
HOBaHUE YCHUE
1018 IKCO 3 10! Aeuu I
1015 nera 0 102 CaHTH c
1012 Tepa T 1073 MUITH M
107 rura r 10-6 MHKPO MK
106 Mera M 107 HaHO H
103 KWIO K 10712 MHKO n
10? TexTo r 10713 temro &
10! geka ma 1018 arro a
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