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IIpennaraemerii cOOpHUK coaep:kuT cBbimre 2000 3azau ¢ yKasaHUAMH IJs pe-
IIeHusA HamboJjiee CIOKHBIX M3 HUX. J[0CTaTOYHO IIMPOKUI BEIOOD 3a7au KakK IIO Te-
MATHKe, TaK U II0 CTEeIIeHH TPYAHOCTHU JaeT BO3MOXKHOCTh MCIIOJB30BATh 3TOT 3a4a4-
HUK KaK IJId (QU3NYECKUX, TaK U IJA WHKEHEPHO-TEeXHUUYECKUX CIeINaJbHOCTEeHN
BY30B.

s ynoO6cTBa ¥ 9KOHOMUY BPEeMEHH ydallluxcs B HadYaJie KaXkKI0ro pasziea JaeT-
CcsI CBOJKA OCHOBHBIX ()OPMYJI Ha COOTBETCTBYIOIINI MaTepua. @PopMyJibl IpUBeEze-
HBI, KaK IIPaBUJIO, 0e3 MOAPOOHLIX IIOSACHEHUWH: IpeAmojiaraeTcsa, YTO CMBICT BXOMA-
WX B HUX BEJIWYUH yKe U3BECTEH CTYIEHTY, IPUCTYHAIOIIEeMy K peIllIeHW0 3ajad.
HOHCHeHI/IH AAHBbI JILIIb B TeéX ClIy4yadX, Kormga IIo TéM HWJIM MHBIM IIDUYMHaAM MOTYT
BO3HUKHYTH HEIODA3yMEHUA.

Bce ¢dopmysl B OCHOBHOM TEKCTE 1M OTBeTax npuBeneHbl B CU, 3a MCKJIIOUYEHUEM
gactu 5 (KBanTtoBasa dusuka), rae mcunosb3oBaHa u rayccoa cucrema (CI'C). Ucxon-
HBbI€ JaHHBbI€ 1 YHMCJIOBBbIE€ OTBETHI faHbl C Yy4€TOM TOYHOCTHN 3Ha‘IeHI/II'71 COOTBETCTBYIO-
IUX BEJUYWH ¥ NPABUJ AeHCTBUN HAJ NPUOIUKEHHBIMU UYNCJIAMU.

B KoHIle cOOPDHUKA JaHa CBOJKA OCHOBHBIX (PM3WUECKUX KOHCTAHT U CIIPABOYHEBIE
TaOJIUIIEI.

B sTOoM mM3aaHMM KOMIOHOBKaA MaTepHUasa OCTajlach IIPEKHEN: MeXaHUKa, JJIEKT-
poMar"HeTusaM, KoJjiebaHus U BOJIHBI, ONITHMKA, KBaHTOBadA (pu3MKa U (hU3UKa MaKpO-
cucreM. VIMEHHO Takoe pacHOJIOKE€HUEe — JIOTUYECKU II0CJIeLOBATEJIbHOE U CaMOCO-
IJIACOBAHHOE — OTBEYAeT COBPEMEHHOM KOHIENIIUY U3YyUEeHUA Kypca 001eil GusmKu
KakK GpyHIaMeHTaJbHON AUCIUILJINHBI M COOTBETCTBYET HOBOU IIpOrpaMMme II0 QU3UKEe
MunucrepcTBa o6pas3oBaHuA u HayKu PD.

3amenenbl aBe 3agaum (3.201 u 6.41), HeCKOJBKO M3MEHEHBI 3amauu 3.225,
3.226 u 3.231, ucupasiieHbl 3aMeUYeHHBIE OIIINOKM 1 onedaTKu. Ilepumoguueckas CH-
creMa djieMeHTOB U Tabiauna sjieMeHTapHBIX YaCTHUIL PACIIOJIOKEHEI Ha dops3anax.

ABTOp BecbMa Ipu3HAaTEJ€H BCEM YUTATEJSIM, KOTOPbIe COOOIIMUIYN CBOM 3aMeyda-
HUASA M TE€M CaMbIM CIOCOOCTBOBAJIM YJIYUIIEHHIO COOPHHKA.

. Uponos



Heckoabko COBETOB IIO PEIIeHNI0 3aaav

1. IIpesxne Bcero 03HAKOMBTECH C TAOJMUIIAMU IPUJTOXKEHUSA, TAK KaK DeIIeHUe
MHOTHX 3ajjau 0e3 HUX HeBO3MOKHO. Kpome Toro, comep kamiuiicsi B 3TuX Tabauiax
CIIpaBOYHEIN MaTepuaJj 3HAYUTEIHLHO 00JerduT Balry paboTy U COKOHOMUT BPEMSI.

2. IlpucTynas K pelIeHuIo 3aa4y, XOPOIlI0 BHUKHUTE B €€ CMBICJ M IIOCTAHOBKY
BOIIPOCOB. ¥ CTAHOBUTE, BCE JIX JAHHbBIE, HEOOXOAMMBIE [JIs PEIlleHUs 3aaa4uu, IIPUBe-
nensl. Hegocraromniyue faHHbIe MOYKHO HAWTH B TA0JAMUIIAX NMPUIOKeHUs1. Eciu mo3Bo-
JISIET XapaKTep 3aJaduu, 003aTeJbHO CAeJIaliTe CXeMaTUUYECKUN PUCYHOK, IIOSCHSIO-
IUHA ee CYIHOCTb, — 3TO BO MHOTHMX CJHyd4YasX Pe3KO o0jerdaer KakK IIOMCK pelle-
HUS, TAK M CAaMO peIlleHue.

3. Kaxxnayio 3agauy peraiite, KaK OpaBUJIO, B 001ieM Buze (T. €. B OYKBEHHBIX
0003HaUYEHUAX), UTOOBI MCKOMAs BeJIMYMHA OblJIa BhIpa)keHa uepe3 3aJJaHHbIE BEJIH-
uynHbl. Pellienue B 00IeM BHuIe NIPUAAET OKOHUYATEJIbHOMY Pe3yJBbTATy OCOOYIO IleH-
HOCTH, MO0 IO3BOJIAET YCTAHOBUTH OIpPEAEJEHHYI0O 3aKOHOMEDHOCTH, IIOKa3bIBalo-
Y0, KaK 3aBUCUT MCKOMas BEJIWYMHA OT 3aJaHHBIX BeauduH. Kpome Toro, oTeer,
THOJIYYEHHEIN B 00IIEM BHE, IIO3BOJIAET CYAUTH B 3HAUNTEJIHLHOMN CTEIIeHH O IIPABUJIb-
HOCTH CaMOro pelleHus (CM. CIENYIOIIUHA IIYHKT).

4. TlonyuuB pelieHHEe B OOIIEM BUAE, IIPOBEPHTE, HPABUJIBHYIO JU OHO HMMEET
pasmMepHOCTH. HeBepHas pa3MepPHOCTH €CTh SBHBIA IIPU3HAK OIIMOOYHOCTH peIlle-
HUA. Ecim BO3MOMKHO, MCCIEAYHATE INOBEAECHUWE PELICHUS B IIPENEeJbHBIX UYaCTHBIX
cayuasx. Hanpumep, Kakoil 661 BUJ HU MMEJIO BBEIDAXKEHUE JJIsI CUJIBI T'PAaBUTAIVIOH-
HOTO B3aVMOJEUCTBUA MEXKAY ABYMSA IPOTSKEHHBIMU TeJaMU, C YBeJIUUEHUEM pac-
CTOAHUS MEXKAY TeJaM¥ OHO HOJIKHO HEIIDEMEHHO NEePEXOAUTH B M3BECTHBIN 3aKOH
B3aUMOJEMCTBUSA TOYEUYHLIX MacC. B IDOTUBHOM CJIydyae MOYKHO Cpa3y YTBEDKAAThH:
pellieHre HEBEPHO.

5. [Ipucrynas K BBIYMCJICHUAM, IIOMHUTE, UTO YNCJIOBbIC 3HAUEHUA (PUSUUECKUX
BEJIMYMH SBJIAIOTCA IPUOAMKeHHBIMU. I[0aTOMY mpu pacueTax PYKOBOICTBYHTECH
OpaBUJIaMU OEWCTBUII ¢ NPUOJIUIKEHHBIMM YHCJIaMMU. B 4acTHOCTH, B IOJYUYE€HHOM
3HAYEHUM BBIUYMCICHHOM BeJINUYNHBI HYKHO COXPAHUTH MOCJEIHUM TOT 3HAK, €IUHU-
IIa KOTOPOTO €eIlle IIPEBHIIIAET MOTPENTHOCTh BBIUKCJIECHUM 9TOM BeJIUUYMHBI. Bee cie-
ayiomue nudpsl HaZ0 OTOPOCHUTE.

6. IlonryuuB UMCJIOBOII OTBET, OIIEHWTE ero mpaBaomnomo6HocTh. Takas oleHKa
MOXKET B PsAe CJIydyaeB O0OHAPYKUTH OIIMOOYHOCTH IIOJYUYEHHOrO peadyJjbrara. Tak,
HaIpuMep, JAJLHOCTEL II0JIETa OPOIIEHHOT0 YeJOBEKOM KaMHS He MOYKET OBITHL IIO-
pAnka 1 KM, CKOPOCTh TeJIa HE MOYKET OKas3aThcsA 0OJIbIIIe CKOPOCTU CBETA B BAKYyMe
u T. 1.



dunsnyeckmne oCcHOBbl MeXaHUKU

1.1. KuHeMmaTuka

e BeKTopbl 0003HAYEHBI JKUPHBIM IIpudToM (Ir, V, a), & X MOAYJHX — CBETJBIM
KypcuBHBIM ImpudTom (r, v, a).
e CpemHue BEKTOPHI CKOPOCTH M YCKOPEHUS TOYKMH:

V) = Ar/At, @) = Av/At, (1.1a)

rae Ar — mnepemelnenue (IpuUpalleHHe paguyca-BeKTopa).
e CKOpPOCTh M YCKODEHHE TOYKHU:

v = dr/dt, a = dv/dt. (1.16)
e YCKOpeHUe TOUKM B IPOEKIMAX HA KacaTeJbHYI0 U HOPMAaJIb K TDAEKTOPUU:
a,=dv/dt, a,=v’/R, (1.1B)
roe R — paamyc KpUBU3HBI TPAeKTOPHH B JaHHOU TOUYKE.

e IlyThb, NPONUAEHHBIN TOUYKOM:

s=Joa, (1.1r)
rge v — Moayﬂb CKOpPOCTHN TOYKH.
e YTIJIOBBEIE CKOPOCTh M YCKOpPpEHHE TBEepaoro TeJja.
o = de/dt, B = dw/dt. (1.1x)
[ J CBHSI: MEeXnay JIHHGfIHBIMPI " yrJIOBBIMHU BE€JINYMHAMMU:
v=[er], a,=0’R, a, =B,R, (1.1e)

e r — paguyc-BeKTOP pacCMaTPHUBAE€MOM TOUKM OTHOCHUTEJIHHO IIPOM3BOJBHOM TOY-
KM OCH BpallleHusi, R — paccTOAHME TOUKH OT OCH BpAIeHUS.

1.1. Karep, aBurasicb BHHU3 II0 peKe, 0OOTHAJ IJIOT B IIYHKTE A.
Yepea 1 = 60 MumH mocjie 3TOro OH NOBEpPHYJ 0OOpaTHO U 3aTeM
BCTPETHJI ILIOT Ha paccTtossHuu [ = 6,0 kM Hmoke nyHKkTa A. Halitu
CKOPOCTh TEeUeHHs, eCJId IPU ABUKEHUH B 000MX HaIIpaBJIEHUAX
MOTOP KaTepa paboTaJ B OJHOM peKHMe.

1.2. Bce 3Be3abl, B YaCTHOCTH M HeKoTopad 3Be3na N, yoaiasioT-
ca ot CoJHIIA CO CKOPOCTAMM, IIPOIOPIIMOHAJBHBIMH MX PaccTOsd-
HUIO N0 Hero. Kak OyJeT BBIMISAZETh 3Ta KapTHHA C «TOYKHU 3pe-
HUA» 3Be3abl N?



8 Yactes 1. PusnuecKye OCHOBHI MEXaHUKM

1.3. Touka mpoiina NOJOBUHY IIyTHA CO CKOPOCThIO V. Ha ocras-
melicd 4acTH IIYyTH OHA IIOJIOBMHY BPEMEHH JBUIrajlack CO CKOPO-
CTBIO V;, a IOCJIEJHUM y4acTOK IIPOIILIa CO CKOPOCTBIO V,. HaliTn
CPeOHIOI0 3a BCe BpeMA ABUIKEHHS CKOPOCTH TOUKH.

1.4. Touka aABU)KeTCS II0 IPAMOM B OgHY cTopoHY. Ha puec. 1.1
IIOKa3aH rpauk IpoiJeHHOT0 el0 YT S B 3aBICMOCTH OT BpeMe-
HU t. HaiiTu ¢ momoIpio 3TOoro rpaduka:

S, M a) CpegHIOI0 CKOPOCTh TOYKH 3a
2.0 BpeMs JIBUXKEHUS;
’ 0) MaKCHMaJIbHYI0 CKODOCTb;

B) MOMEHT BpeMeHHU t,, B KOTO-
pBIii MTrHOBEHHas CKOPOCTh paBHa
1,0 / CpeJHell CKOPOCTH 3a IlepBEIe i, ce-
KYHJ.

1.5. [Ise vactunpl, 1 u 2, OBU-
JKYTCHA C IOCTOAHHBIMHU CKOPOCTAMMU
Vv, 1 V,. IX paguychl-BeKTODHI B Ha-
JajgbHBII MOMEHT PaBHBI Iy U T,.
IIpy KakoM COOTHOIIIEHUU MEXKIYy
3TUMM 4YeTLIPbMSA BEeKTOpaMH dac-
TUIBI HUCIBITAIOT CTOJKHOBEHUE APYr C Apyrom?

.

0 10 20 t,c

Puc. 1.1

1.6. Kopabap ABM)KETCA IO 9KBATOPY Ha BOCTOK CO CKOPOCTBHIO
vy = 30 km/u. C roro-socroka moj yriaom ¢ = 60° x sKBaTOpy AyeT
BeTEpP CO CKOpocThI0 UV = 15 KM/u. HaliTu ckopocThr V' BeTpa OTHO-
CUTEJBbHO Kopabusg m yroy ¢ MeXAy 5KBaTOPOM M HaIlpaBJIEHUEM
BeTpa B CHCTEME OTCUeTa, CBA3AHHOU C KopabjeM.

1.7. ]IBa noBIa JOJXKHBI IIONIACTh U3 TOUYKU A Ha ogJHOM Oepery
pPeKu B IPSAMO IIPOTHBOIIOJIOXKHYIO TOUKYy B Ha apyrom bGepery.
11 9TOro OAWMH M3 HUX PENINJ IIePelJbITh peKy o npamoi AB,
IPYyTroi »ke — Bce BpeMs Jep)KaTh KypcC IepIeHAuKYJIAPHO K Teue-
HUIO, a paccToAHNEe, Ha KOTOPOEe ero CHeceT, IIPOUTU HEIIKOM IIO
Oepery co ckopocTrio u. IIpy Kakom 3HaueHUUu u oba IJIOBIA [O-
CTUTHYT TOYKH B 3a OAMHAKOBOE BPEMs, €CJIM CKOPOCTL TE€UEHUA
Vg = 2,0 KM/4 ¥ CKOPOCTBH Ka)XJOro ILJIOBIIA OTHOCUTEJIbHO BOJBI
v'=2,5 km/u?

1.8. Or GakeHa, KOTOpPBII HaXOAUTCSA Ha cepeauHe IINPOKOM
PeKu, OTOULIU ABe JIOAKU, A u B. Ob6e JIOAKMU cTaj ABUTATLCA II0
B3aMMHO NEepIEeHAUKYJIAPHBIM IIPAMBIM: JIOOKa A — BIOJIb pPeKH, a
Joaka B — momnepek. YaJauBHIINCh Ha OAUHAKOBOE PACCTOSHHE OT
0aKeHa, JIOAKM BepHYJINCH 3aTeM obpaTHo. HaliTu oTHOIlIeHHEe Bpe-
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MeH JBUKEeHUS JIOJOK T,/Tp, €CIM CKOPOCTb KaXXJOM JIOAKH OTHO-
CUTeJBHO BOAbI B M = 1,2 pasa 6GoJibIlle CKOPOCTH TeUeHUd.

1.9. Jlogxka IBMIKETCA OTHOCHUTEJNBLHO BOABLI CO CKOPOCTBHIO, B
n = 2,0 pasda MeHBIIIEM CKOPOCTH TeueHUs peKu. Ilog kakum yriiom
K HaIIpaBJIEHWIO TEeUEeHWA JOAKa NOJKHA JepKaTh KYpC, YTOOLI ee
CHECJIO TeUyeHHeM KaK MOXKHO MeHBIIe?

1.10. [/IBa Tesa OpocuJu OAHOBPEMEHHO U3 OJZHOM TOYKU:
OJHO — BEPTHKAJBHO BBEpPX, Apyroe — mnof yriom 3 = 60° K ropu-
soHTy. HauanpHada CKOPOCTE KaJoro rteaa v, = 25 m/c. Haiitn
paccToaHue MeXXAy TeaamMu uepe3 t = 1,70 c.

1.11. /IBa miapuka 6pocui OZHOBPEMEHHO M3 OOHON TOUYKU B
TOPU30HTAJILHOM HAaIIPaBJEHUHN B IIPOTHUBOIIOJIOKHBIE CTOPOHBI CO
cKkopoctamu v, = 3,0 m/c u v, = 4,0 m/c. HaliTu paccToaHue Mex Ay
IIIapuKaMid B MOMEHT, KOTZla UX CKOPOCTH OKaXyTCsA B3aUMHO IIep-
MeHAUKYJISIPHBEIMU.

1.12. Tpu TOUKM HaXOAATCA B BepIIMHAX PAaBHOCTOPOHHEIrO Tpe-
YIoJIbHUKA CO CTOPOHOM a. OHM HAUYMHAIOT OJHOBPEMEHHO JBUT'aTh-
CcA C IOCTOAHHOM II0 MOAYJI CKOPOCTBIO U, IPUYEM IIepBas TOYKa
BCE BpeMsd JIEPKUT Kypc Ha BTOPYIO, BTOpas — Ha TPEThIO, Tpe-
Thsi — Ha IIepBYyI0. Yepes CKOJBKO BPEeMEHU TOUKU BCTPETATCA?

1.13. Touka A aBUKeTcA PaBHOMEPHO CO CKOPOCTBIO U TaK, UTO
BEKTOP V BCe BpeMs «HalleJIleH» Ha TOUKy B, KoTopas IBUKETCA
NPAMOJIMHEMHO 1 PABHOMEPHO CO CKOPOCTBLIO U < v. B HauaJIbHBIN
MOMEHT V | u 1 paccToAHUE Me)XAy TouKaMu paBHO [. Uepesd CKOJb-
KO BpPEMEHM TOYKH BCTPETATCS?

1.14. Tloe3n pauHEl [ = 3560 M HAUMHAET ABUIaThCsA IO IPAMOMY
oyTu ¢ yckopeHueM a = 3,0 cm/c2. Uepes t = 30 ¢ mocJse Hauasa
IBU)KEHUS BKJIIOYHNJIHN IIPOYKEKTOP JIOKoMoTuBa (cobbiTue 1), a ue-
pe3 T = 60 c mocae 3TOr0 — CUTHAJBHYIO JIAMIIy B XBOCTE IOe3Ja
(cob6erTue 2). HaliTk paccTossHME MEXJY TOYKaMH, B KOTOPBIX IIPO-
HU30IIJIN 3TN COOBITUS, OTHOCUTEJBbHO MOJIOTHA Aoporu. Kak u ¢ Ka-
KON CKOpPOCTBIO JOJIKHA IlepeMelnaThcAd HeKoTopas K-cucreMma OT-
cuera, 4TOOBI 00a COOBITHS IIPOU3OIIJIN B Hell B OOHOM TOUKe?

1.15. Kabuna audTra, y KOTOPOi paccTosHHE OT II0Jia A0 IIOTOJI-
ka 2,7 M, HauajJa NOJHHMMAaThCA ¢ yckopeHueM 1,2 m/c2. Uepes
2,0 c mocJie HauaJia IIOoAbeMa C IIOTOJIKA KaOMHBI cTaJI NajgaTh OOJIT.
Haiiru:

a) BpeMA CBOOOTHOTO IajfeHUA OoJiTa;

0) mepemelrieHre W IIyTh 00JITA 3a BPpeMs CBOOOJHOIrO NMaJeHUA B
CHCTEeMEe OTCUeTa, CBA3AaHHON C IIaxToM JiudTa.
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1.16. [IBe wacTHUIBI JBUIKYTCA C IOCTOAHHBIMU CKOPOCTAMH U, U
U, IO JBYM B3aMMHO IIepIIeHAUKYJAPHBEIM IPAMBIM K TOYKe MX IIe-
peceueHuss O. B momeHT ¢ = 0 yacTUIIBI HAXOAUJINCH HA PACCTOTHUAX
I, ul, or Touku O. Yepes CKOJIBKO BpeMeHH IIOCJI€ 9TOI'0 PACCTOSHNE
MeXKJy YacTHUIlaMH CTAaHeT HauMeHbIMMM? YemMy OHO paBHO?

1.17. I3 nyukTa A, HaxoAsaIerocda Ha Iocce (puc. 1.2), Heo6xo-
IVMO 3a KpaTuaiilliee BpeMsd IIOIIaCTh Ha MalllMHE B MyHKT B, pac-
IIOJIOYKEHHBIN B I10JIe Ha paccTossHuu [ ot mocce. Ha Kakom paccro-
SIHUM OT TOUKU D cliefyeT CBepHYTH C IIIOCCe, €CJIX CKOPOCTh MaIlllu-
HBI II0 IIOJIIO B 1] pa3 MeHbIIe ee CKOPOCTH IO IIocce?

A C D Uy
O < 1
\\
0
N l 1l 2| 3] « 6| 7/ ¢t
\ -1
N B 2
Puc. 1.2 Puc. 1.3

1.18. Touka aBuKeTcA BAOJL ocu X CO CKOPOCTBHIO, IIPOEKIIHA
KOTOpPO# v, KaK (yHKIUS BpeMeHH ONHCHIBaeTcd rpaduKOM Ha
puc. 1.3. B momenT ¢t = 0 koopauHata Touku x = (0. MA306pa3ursp
IIpUMepHbIe rpaUKU 3aBUCUMOCTell yCKOPeHUd a,, KOOPAMHATHI X
M IPOHMJEHHOIro IyTH S OT BPEeMeHH.

1.19. 3a Bpemsa 1 = 10,0 ¢ TouKa IIpoIlLia IOJOBUHY OKPYsKHOCTHU
paguyca R = 160 cm. HaiTu 3a 3TO0 BpeMmd:

a) cpegHee 3HAUEHUE MOAYJSI CKOPOCTH;

0) MOAyJIb CpeIHEro BeKTopa CKOPOCTH;

B) MOJAYJb CPEJHEro BeKTopa IIOJIHOTO YCKOPEeHUdA, eCJU TaHTeH-
UajJbHOE YCKOPEeHMNE IIOCTOSHHO.

1.20. Paguyc-BeKTOp YacTHUIIBI MEeHAETCA CO BpeMeHeM ¢ IO 3a-
KoHY r = bt (1 — at), rae b — IOCTOAHHBIN BEKTOP, 0. — IOJIOKUTE-
JbHadA mocrosHHas. HaiTu:

a) CKOpPOCTh M YCKOPEHHEe YacTUIbl KaK (YyHKIUU t;

0) BpeMs, yepe3 KOTOpOe YacTHUIla BEPHETCA B UCXOAHYIO TOUKY,
U TNPONAEHHBIN IIPA 3TOM IIYTh.

1.21. B momenT ¢t = 0 yacTuna BBINLIA U3 HadajJa KOOPAWHAT B
IMOJIOKUTEJIbHOM HamnpaBieHuu ocu X. Ee CKOpocTh MeHsIeTCS CO
BpeMeHeM t Kak vV = v, (1 — t/1), rae v, — HadaJbHas CKOPOCThH, ee
monyae v, = 10,0 cm/c, 1 = 5,0 c. Hairu:

a) KOOpAWHATY X 4YacTuIlbl, Korza t = 6,0, 10 u 20 c;
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0) MOMEHTEI BpeMeHH, KOoTia YacTulia 0yJeT HaXOAUThCS Ha pac-
croaauu 10,0 cM oT Havaja KOOpPJAMHAT.

1.22. YacTuia ABUIKETCS B IIOJOKHUTEJILHOM HAIPaBJIEHUU OCU
X Tak, 4TO ee CKOPOCThL MEHAETCHA II0 3aKOHY U = ax, rae o — mo-
JIOJKUTeJbHAasA IMocTOAHHAA. B MoMenT ¢ = 0 yacTuia Haxoqujaachk B
Trouke x = 0. Hairu:

a) ee CKOPOCTh M YCKOPeHMHe KaK (PpYHKIMM BpPeMeHU;

0) cpegHIOI0 CKOPOCTH 3a BpeMsdA, B T€UeHHEe KOTOPOT'0 OHAa IIPOii-
JIeT IIepBble S METPOB ITyTH.

1.23. Touka ABUXKeTCHA, 3aMeJIAACH, II0 IPSAMOI ¢ YCKOPEeHUEeM,
MOJyJIb KOTOPOTO 3aBUCHUT OT €€ CKOPOCTHU U KaK a = a+/v, Ilie o —
IIOCTOsIHHAdA. B HavaJbHBI MOMEHT CKOPOCTh TOYKM paBHa v,. Ka-
KON IyTh OHA NPOMIET IO OCTAaHOBKM M 3a KaKoe BpeMs?

1.24. Touka JBU)KeTCA B ILJIOCKOCTHM XY IO 3aKOHYy X = i,
y=PBt?, rme o u B — HOJOXKHUTeIbHBEIE IOCTOAHHEIe. HaiiTh:

a) ypaBHeHHE TPaeKTOPUU TOUYKM y(x) U ee rpadux;

0) MOAYyJIM CKOPOCTH U YCKOPEHHA TOUYKM KaK (pyHKIuu t;

B) yroJ @ MeXXJy BEeKTOpaMHM a M V KaK (pyHKIuio t.

1.25. Touka ABUXKETCSA B IIJIOCKOCTH XY IIO0 3aKOHY X = A sin wft,
y=A(1-coswt), rie A U ® — NOJOKUTEIbHbIe TOCTOsIHHBIe. HaitTu:

a) IyTh S, IIPOXOAWMELIA TOYKO#l 3a BpeMsd T;

0) yroa MeXXIy CKOPOCTBIO M YCKOPEHHEM TOUYKH.

1.26. YacTumna ABUXKeTCA B IIJIOCKOCTU XY C IIOCTOAHHBIM YCKO-
peHueM a, IIPOTHBOIIOJIOMKHBIM IIOJIOKUTEJILHOMY HaIlpaBJIEHUIO
ocu Y. YpaBHeHMe TPaeKTOPHM YACTUILI MMeeT BHJI y = ax — Px2,
rfe o ¥ B — IOJ0KUTeNbHEIe NocTosAHHBIe. HaliTu cKkopocTs v, 4a-
CTHIIBI B HaydaJjie KOODPAUHAT.

1.27. HeboJpmioe Tejio OpocHUJIM IOA YIJIOM K TOPHM3OHTY C Hada-
JbHOM CKOPOCTBIO V. HamnTn:

a) mepeMereHre TejJa Kak (YHKIIUIO BpeMeHH, r(t);

0) cpefHUIT BEKTOP CKOPOCTHU 3a IIepPBbIe { CEKYHJ U 3a BCe BpeMd
IBUKEHUS.

1.28. Teso 6pocusy ¢ MOBEPXHOCTU 3€MJIH IIOJ YIJIOM O, K TOpH-
B0HTY C HayvaJbHOM CKOPOCTBIO V. Hamru:

a) BpeMdA IBUXKEHUS;

0) MaKCUMAaJbHYIO BBLICOTY IOABEMa ¥ TOPU30HTAJLHYIO AaJb-
HOCTBL IOJIeTa; IPM KaKOM O OHM paBHBI APYr APYTY;

B) ypaBHeHUe TpaeKTopuu y(x), rae y U x — IepeMelleHnus Teja
II0 BePTUKAJU ¥ TOPUBOHTAJJU COOTBETCTBEHHO.
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1.29. Iloxg KakuM yIJIOM K TOPM30HTY HaJ0 OPOCUTH IIIapHUK, UYTOOLI:

a) paguyc KpMBU3HBI HadyaJa ero TpaeKkTopuu ObLI B 11 = 8,0 pas
0oJibIlle, YeM B BepIIIUHE;

0) IIeHTP KPUBU3HBI BepPIIMHLI TPAEKTOPUMN HAXOAUJICS Ha 3€M-
HOH IIOBEPXHOCTH?

1.30. IITapuk mamaeT ¢ HyJIEBOH HAYAJILHOM CKOPOCTBHIO Ha IJIaf-
KYI0 HaKJIOHHYIO ILJIOCKOCTb, COCTABJISAIOIIYIO YIOJI 0. ¢ TOPU30HTOM.
IIposieTeB paccTosiHue A, OH YIPYro OTPasmicsa OT miIockoctu. Ha xa-
KOM PacCTOAHUU OT MeCTa MaJeHudA IIapuK OTPasUTCA BTOPOM pas?

1.31. IIlymka u meJp HaxXoAATCS Ha OJHOM YPOBHE Ha pPaccTod-
HuM 5,1 KM apyr oT aApyra. Yepes CKOJIbKO BpeMeHU CHaps[ C Haya-
JBbHOM cKopocThio 240 M/c mocTurHer meu?

1.32. /I3 nmyImKy BEIIYCTHUJIN IIOCJEJOBATEJBHO ABa cHapAga CO
CKOPOCTBIO Uy = 250 M/c: IepBEI# — 1IIOA yrioM 3, = 60° K ropusoH-
Ty, BTOPOM — MOJ yrioM 3, = 45° (a3UMyT OLUH U TOT ke). HaliTn
MHTepBaJ BPEeMEHH MeXKJIy BBICTpeJaMM, IIPA KOTOPOM CHAaPSALI
CTOJIKHYTCA APYT C APYIOM.

1.33. Bo3ayIIHBIN IIap HaUMHAEeT NOAHUMATBLCS C IIOBEPXHOCTU
demym. CKOpPOCTE ero mogbeMa IIOCTOSHHA M paBHa v,. Biarozapsa
BEeTPy Iap IpuoOpeTaeT IOpHM30HTAJBHYIO KOMIIOHEHTY CKOPOCTHU
v, = ay, Ije o. — IIOCTOAHHAadA, Yy — BbICOTA IoABeMa. HaliTu 3aBu-
CHMOCTH OT BBICOTHI IIOABEMA:

a) cHoca mapa x(y);

0) MOJIHOT0, TAHTeHIIUAJLHOTO ¥ HOPMAaJIbHOTO YCKOPEeHU Iapa.

1.34. YacTumna ABUKETCS B IIJIOCKOCTU XY CO CKOPOCTHIO V = ai +
+Bxj, rmei mj— opreiocet X u Y, o u B — IOJOKUTEJIbHBIE II0-
cTOAHHLIE. B HavaJ bHBII MOMEHT YacTHIla HaxXoJWJachk B Hadale
KoopauHat. Hantu:

a) ypaBHEHHE TPaeKTOPUU YacCTHUIIBI Y(X);

0) paguyc KpPHUBU3HBI TPAaeKTOPUU KaK (PYHKIUIO X.

1.35. Yactuma A aBUKeTCA B
ONHY CTOPOHY II0 TpaeKTopuu (puc.
1.4) ¢ TaHreHIMAJbLHLEIM YCKOPEHU-
eM a, = OT, Ije o — IOCTOIHHEINI
BE€KTOpP, COBHAJAIOIIUII II0 HAIIpaB-
JIeHUI0 ¢ ockl0 X, a T — OpT, CBA-
3aHHBIMA C HacTulleil A 1 HanpaBJIeHHBIA II0 KacaTeJbHON K TpaekK-
TOPHUU B CTOPOHY BO3pacTaHUs AYroBOil KoopAumHaAThI. HaliTu cKoO-
POCTh YacTUIBI KaK (PYHKIIUIO X, ecId B TouKe X = 0 ee CKOPOCTh
paBHa HYJIIO.

Puc. 14
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1.36. Touka ABM)KeTCA IO OKPYKHOCTH CO CKOPOCTRIO U = O, I'Ie
a = 0,50 m/c2. HaiiTu ee moJIHOe yCKOpeHHe B MOMEHT, KOrja oHa
npoiger n = 0,10 AJIUMHBI OKPY/KHOCTH IIOCJIEe HadyaJja JBUKEHUd.

1.37. Touka ABHXXeTCHA, 3aMeAJIAACH, II0 OKPYXHOCTHU paauyca R
TaK, YTO B KaXAbIl MOMEHT ee TaHI'eHI[MaJbHOE M HOpPMaJIbHOE
YCKOpPeHUs OJMHAKOBHBI II0 MoAyJa0. B momeHT ¢ = 0 cKOpOCTH TOU-
KU paBHa v,. HaliTu 3aBUCHMOCTB:

a) CKOpPOCTH TOYKH OT BPEMEHM M NPOMJAEHHOTO IIYTH S;

0) IOJIHOIrO YCKOPEHHUs TOUYKHU OT U HU 8.

1.38. Touka gBUKeTCA IO Ayre okpyKHocTu paauyca R. Ee cko-
POCTB U o© \/E, rge S — NOpolAeHHBIA OyTh. HallTm yrom mexnpy
BEKTOpaMU CKOPOCTH M IIOJITHOTO YCKOPEHUS KaK (PYHKIHIO S.

1.39. YacTuna gBuikeTcd IO Ayre oKpy»KHOCTH paguyca R 1o 3a-
KoHy | = A sin wt, rge | — cMmelieHre U3 HAYAJIbHOT'O IIOJIOXKEHUS,
OTCUHTBIBAaEMOE BIOJb AYTu, A U (0 — IOCTOsIHHbIe. HaiiTu mosiHoe
ycKkopenue dyacTulbl B Toukax [ = 0 u l = A, ecaim R = 100 cm,
A=80cmu =200 cl

1.40. YacTuna aBUXKeTCA II0 OKPYKHOCTH pasuyca R. B momeHT
t = 0 oHa Haxogujaach B Touke O, U Jajlee CKOPOCTh €e MEeHSEeTCs CO
BpeMeHeM Kak v, = ot — Bt2, rie o 1 B — IOJI0KUTeIbHbIE TOCTOSAH-
Hble. HaliTu MOAyJIb IIOJIHOTO YCKOPEHUA YaCTUIIbI B MOMEHT, KOT-
la OHa CHOBa OKa’KeTcsa B Touke O.

1.41. Touka ABUXKETCA IIO ILIOCKOCTU TaK, YTO €e TaHTeHIUAJIb-
HOe YCKODEeHME a_ = O, a HOpMaJbHOe yCKopeHUe a, = Bti, rae o u
B — mojsokuTesbHBIE OCTOSAHHBIe. B MoMeHT ¢t = 0 TouKa IIOKOH-
Jack. HaliTu pagumyc KpuBU3HBI R TpaeKTOPUHU TOYKHU U €e IOJHOe
YCKOpeHHe KaK (PYHKIUM HPOMAEHHOTO IIyTH S.

1.42. YacTtuna ABU>KeTCA PaBHOMEPHO CO CKOPOCTBIO U IO ILIOC-
Koi TpaekTopum y(x). Haiitu yckopeHue yacTunsl B Touke X = 0 u
paguyc KPUBUSHBI TPAeKTOPHU B 3TOM TOUKeE, €CJU TPAeKTOPUA:

a) napabosa y = ax?2; 6) samunc (x/a)? + (y/B)2 =1, rae o u p —
IIOCTOAHHEIE.

1.43. Yactumna A OIBUKETCS II0 OKPYKHOCTH pa- A

auyca R = 50 cMm Tak, UTO ee paguyc-BeKTOp I' OTHO-
curesnbHO Touku O (puc. 1.5) moBopaunBaeTcs ¢ 1O-
CTOAHHOH YIJIOBOH cKopocThio o = 0,40 pag/c. Of )
HaiitTu MomyJ/b CKOPOCTH YacCTUIbI, a TaKyKe MO-
IyJab ¥ HallpaBJIeHHEe ee IIOJTHOTO YCKOPeHUA.

1.44. Koaeco BpalaeTcd BOKPYI' HEMOJBUIK-

. Puc. 1.5
HOU OCH TaK, 4TO yTI'OJI (p €I'0 IIOBOPOTa 3aBUCHUT OT
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BpeMeHH Kak ¢ = BtZ, rae B = 0,20 pazn/c?. Haiitu mosHOE ycKope-
HHe a TOuKu A Ha 0001e Kojeca B MOMEHT ¢t = 2,5 ¢, eCJIi CKOPOCTh
TOUKU A B 3TOoT MOMeHT U =0,65 m/c.

1.45. CHapan BwLIeTeN co cKopocThio U = 320 M/c, caelaB BHYT-
pu crBoja n = 2,0 o6opora. auHa crBoJa [ = 2,0 m. Cuuras aBu-
JKeHUe CHapsiZa B CTBOJIE PAaBHOYCKOPEHHBLIM, HAaWTH €ro YIJIOBYIO
CKOPOCTh BpAaIlleHUSA BOKPYI' OCM B MOMEHT BELIETA.

1.46. MarauTHas JieHTa C KaTyIIKH IIPOTATUBAETCs Uepe3 3BY-
KOCHHMATEJb C IIOCTOAHHON CKOPOCThIO v. TosminHa JIeHThI paBHA A.
HaiiTu yriioByio CKOpOCTh KaTYIIK! KaK (QYHKIINIO BpeMeHH! ¢, eciu
B MoMeHT ¢ = 0 paguyc BHENIHErO CJ0A MarHUTHOM JIEHTEI paBeH R.

1.47. TBepmoe Tes0 BpalmaeTcs BOKPYT HEIIOABUYKHOM OCH IIO 3a-
KoHY ¢ = at — bt3, rme a = 6,0 pax/c, b = 2,0 pax/c3. Haiitu cpezn-
HUe 3HAaUeHUs YIJIOBOM CKOPOCTH M YIJIOBOTO YCKOPEHUSA 3a IIpoMe-
JKYTOK BpeMeHM oT ¢t = 0 70 OCTaHOBKH.

1.48. TBepaoe Tesl0o HAUMHAET BpallaThbCA BOKPYT HEIIOABUIKHOM
OCH ¢ YIVIOBBEIM yCKOpeHHeM B = at, rae o = 2,0-1072 pazg/c3. Uepes
CKOJIBKO BpPeMEeHM II0CJie Hadvajia BpaIleHUs BEeKTOpP IIOJHOTO YCKO-
peHUsA IIPOUBBOJILHOM TOUKHU TeJa OyZeT cocTaBiIATh yroa ¢ = 60° ¢
ee BeKTOpOM CKopocTu?

1.49. TBepaoe Tes0 BpaIiaeTcs, 3aMeAJIsAsACh, BOKPYT HEIIOABUK -
HO! OCH C YIJIOBBIM YCKOpeHueM [} oo Jo, rie ® — ero yrjoBas
cKopocTh. HaliTu cpefHIOI0 YIJIOBYIO CKOPOCTE TeJia 3a BpeMsd, B Te-
YyeHHe KOTOPOro OHO OyJeT BpalllaThCs, €CJU B HaUaJbHBI MOMEHT
ero yrjoBasd CKOpPOCTb OblIa paBHa .

1.50. TBepzoe Teyio BpamiaeTcd BOKPYI' HEIIOABU)KHOM OCH TakK,
YTO €ro yrjoBasd CKOPOCTh 3aBHCHUT OT yIJla IIOBOPOTA ( II0 3aKOHY
O = ®y — a, TIe O, 1 & — IOJ0XKUTeIbHbIe IOCTOAHHBIE. B MOMeHT
t=0 yron ¢ = 0. HaiiTu 3aBUCHUMOCTH OT BpPEeMEHU:

a) yrja moBOpOTAa;

0) yrJoBO# CKOPOCTH.

1.51. TBepaoe Tesl0o HAUMHAET BpallaThCs BOKPYT HEIIOABUXKHOM
OCH C YIJIOBBIM ycKopeHHeM B = B,cose, rae B, — IOCTOAHHBIN BeK-
TOP, (¢ — YT0JI IIOBOPOTa M3 HavYaJIbHOrO moJiokenud. Haiitu yriio-
BYIO CKODOCTBH TeJia B 3aBHCHUMOCTHU OT yrja ¢. VI300pa3uTth rpaduk
ATOM 3aBUCUMOCTHU.

1.52. Touka A HaxoauTca Ha o6o1e KoJjeca paguyca R = 0,50 M,
KOTOpOe KaTUuTcA 0e3 CKOJIb)KEeHUA II0 TOPU3OHTAJBLHON IOBEPXHO-
cTu co ckopocThio v = 1,00 m/c. Haiiru:

a) MOAyJIb U HaIlpaBJIeHHE YCKOPEHUS TOUKU A;
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0) DOJHBIN NYTH S, IPOXOAMMBIN TOUKOU A MeXXJy ABYMs IIOCJIe-
JOoBaTeJIbHLIMM MOMEHTaMU €e KaCaHUsS ITOBEPXHOCTH.

1.53. Illap paguyca R = 10,0 cm KaTuTcsa 6€3 CKOJIbKEHUS 10 I'0-
PHU30HTAJBHOHN IIJIOCKOCTH TaK, YTO €ro I[EeHTP ABHXKETCHA C IOCTOSIH-
HBEIM ycKopeHueM a = 2,50 cm/c2. Uepes t = 2,00 ¢ mocsie Hadasa
IBM)KEHHUS ero IoJIoXKeHue cooTBeTcTByeT puc. 1.6. HaiiTu:

a) ckopoctu ToueKk A u B;

0) yckopeHua Touek A u O.

1.54. [TunuHAPp KaTuUTCA 0€3 CKOJBL)KEeHUS
[I0 TOPU30HTAJbHOM IJOCKOCTH. Pagmyc mu-
JuHapa paBeH r. HaliTu paguychl KPUBU3HEI
TpaeKTopuii Touek A u B (puc. 1.6).

1.55. JIBa TBepABIX Tejia BpaIalOTCA BO-
KPYT B3aMMHO MEePHeHAUKYJIAPHBIX IIepeceKa-
IOIIUXCA OCed C IIOCTOAHHBIMHU YIJIOBBEIMU
CKopocTaAMH o, = 3,0 pazn/c u o, = 4,0 pag/c.
HaiiTu yrioByi0 CKOPOCTH U YIJIOBOE yCKOpe-
HUEe OJHOIO Tejla OTHOCHUTEJILHO APYTroro.

1.56. TBepmoe Teso BpaljaeTcsa ¢ YIJIOBOM CKOPOCTBIO ® = ati +
+ bt?j, rme a = 5,0 pazn/c?, i u j — optsl oceit X u Y. Haiitu yroxa o
MeJKAy BeKTOpaMU YIJIOBOT'O YCKOPEHHUA B U @ B MOMEHT, Korja 3 =
= 10,0 pax/c2.

1.57. Kpyribslii KOHyC ¢ yIJIoM IIoJiypac-
T™opa o = 30° m paamycoM OCHOBaHUSA
R=5,0 cMm KaTuTCA paBHOMEpPHO 0e3 CKOJIb-
JKeHUS 110 TOPU30HTAJBHOM IIJIOCKOCTH, KaK
IMoKa3aHo Ha puc. 1.7. BepmuHa KoHyca 3a-
KpellJlIeHa IMapHUPHO B TouKe O, KoTopad
HaXOAUTCS Ha OAHOM ypOBHe ¢ TouKou C —
IIEHTPOM OCHOBaHMHA KOHyca. CKopocTh TOU-
Ku C paBua v = 10,0 cm/c. HatiTu moxysu:

a) YIJIOBO# CKOPOCTH KOHyca; 0) YyIJIOBOT'O YCKOPEHUA KOHyca.

1.58. TBepmoe Teyi0o BpallaeTcsi C IIOCTOAHHON YIJIOBOH CKOpPO-
cTtei0 ®, = 0,50 pazx/c BOKpyr ropusoHTaabHoil ocu AB. B MmoMeHT
t= 0 ocy AB HavaJu MOBOPAaYMBATh BOKPYI' BEPTUKAJIU C IOCTOSH-
HBIM yIJIOBBIM ycKopeHueM 3, = 0,10 paz/c2. Haiitu Mmoxynu yrio-
BOM CKOPOCTH M YTIJIOBOTO yCKOpeHudA Teja uepesd t = 3,5 c.

A

Puc. 1.6

Puc. 1.7
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1.2. OcHOBHOE ypaBHEHHE AWHAMHUKH

e OCHOBHOe ypaBHeHHE AWUHAMUKHU (BTOpoil 3akoH HrIoTOHA):
dv
m —=F. (1.2a)
dt
e OJTO ’Ke ypaBHEHNE B IPOEKIUAX Ha KacaTeJbHYI0 M HOPMAaJb K TPAaeKTOPUU
TOYKH:
dv v?2

m——=F , m-—=F,.
dt R

(1.26)

e VYpaBHeHMEe NUHAMHKHN TOYKM B HemHepluaabHOU K -cumcreme oTcuera, KOTO-
pas BpaljaeTcs C IIOCTOSHHOM YIJIOBOM CKOPOCTBHIO () BOKPYTI HEINOABHKHOM OCH:

ma' =F + mo’R + 2m[v'®],

rge R — paaunyc-BeKTOp TOUKU OTHOCHUTEJILHO Oocu BparieHus K -cucreMsl.

1.59. Yactuna gBusKeTcA BAOJb ocu X IO 3aKOHY X = at? — B3,
rge o u 3 — IOJIOXKUTeJbHBIe IOCTOAHHBIe. B MomeHT ¢t = 0 cuia,
JeiicTByIOIad Ha 4YacTuiy, paBHa F,. Haitu sHayennsa F, cuibl B
TOYKaX IIOBOPOTAa M B MOMEHT, KOT/Ja YacTUIla OIATHL OKayKeTcs B
Touke x = 0.

1.60. Ha¥itTu mMonynb M HallpaBJIeHWE CUJIbI, JeMCTBYIOIEN Ha
YacTUIly Macchl m NPHU ee ABUKEHUM B IJIOCKOCTH XY IIO 3aKOHY
x = A sinwt, y = Bcos ot.

1.61. Ha riiagxoif ropr30HTaJIbHON IOBEPXHOCTH HAXOAATCS IBa
Opycka macc m; U m,, KOTOpPEIe coefunHeHEl HUTHIO. K Opyckam B
MOMEHT t = 0 NPUJIOKUJIN CHUJIBI, IPOTHUBOIIOJIOXKHO HaIlpaBJIeHHbIE
M 3aBUCAIME OT BpeMeHM Kak F, = ot u F, = a,t. Haitu, yepes
CKOJILKO BpeMeHN HUTh IIOPBETCS, €CJIM CUJIa HaTSaKeHus Ha pas-
PBIB paBHa F .

1.62. Aspocrat maccekl m = 250 Kr HauaJ OMycKaThCsd C yCKOpe-
aueM a = 0,20 m/c2. OnpenenuTs Maccy 6ajiiacTa, KOTOPHIH cleny-
eT cOpocuTh 3a OOPT, UTOOBI a’pPOCTAT MIOJYUMJ TaKoe Ke yCKope-
HUe, HO HallpaBJIeHHOe BBepX.

1.63. B ycranoBke (puc. 1.8) macchr Texa
PaBHBI M, M, U M,, MAacChl OJIOKa U HUTEH
NpeHeOpe)XMMO MaJibl U TPeHUsaA B OJIOKe
m, HeT. HaliTu yckopeHue a, ¢ KOTOPbIM OIyC-
KaeTcd TeJo My, U CUIy HATAXKeHUd HUTH,
CBA3LIBAIOIEN TeJla M, U M,, €CIA Koap-
¢dunueHT TpeHusa paBeH k.

m, mgy

//111777777777777777777777777

Puc. 1.8
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1.64. Ha HaKJIOHHYIO IIIOCKOCTbL, COCTaBJIs-
IOIIYI0 YyroJl O C TOPU30HTOM, IIOMECTUJIU ABa
opycka I u 2 (puc. 1.9). Maccel 6pycKOB m; u
My, K03((OUIINEHThI TPDEHUA MEXKIY IIOCKOCTBIO
u 3TUMU Opyckamu kB, u k,, nupudem k; > k,.
HaiiTu:

a) CHJIy B3aMMOJEHCTBUA MeXKAY OpycKaMu
P ABUKEHUU,;

0) yroa o, IpyM KOTOPOM CKOJIb)KEeHHUsS He OyIer.

1.65. HeboanI10e TeJM0 IyCTHJIM BBEPX II0 HAKJOHHOM IIJIOCKO-
CTH, COCTaBJIAIONIIEHN yroa o = 15° ¢ ropusoHTOM. HaiiTu Koadpduu-
€HT TPeHHUd, ecJii BpeMd MIoJbeMa TeJjia oKasajock B 1 = 2,0 pasa
MeHbIIle BpEMEHM CITyCKa.

1.66. IITait0y moMecTH/JI Ha HAKJIOHHYIO IIJIOCKOCTh, COCTABJIAIO-
myio yroa o = 10° ¢ ropusontTom. Eciu miaibe coobIuTs HEKOTO-
PYI0O HAaUaJbHYIO CKOPOCTH BBEPX IIO IIJIOCKOCTH, TO OHA IO OCTAaHOB-
KM IIPOXOJUT IIyTh S;; €CJM )Xe COOOIUThL Ty sKe HadalbHYIO CKO-
POCTh BHU3, TO MYTh A0 OCTAaHOBKU paBeH
S,. HaiiTu KospdunueHT TpeHUsd, 3Had,
uTo S,/8; = n = 4,0.

1.67. B ycranoBke (puc. 1.10) usBecr-
HBl YyroJd o ¥ Ko3(dpuiueHT TpeHUsa K
MeXJy TeJIOM m, U HAKJIOHHOH IIJIOCKO-
cThio. Maccel 6J10Ka 1 HUTH IIpeHeOpeKu-
MO MaJibl, TPeHuA B 0J0Ke HeT. BHauaie
ob6a Tesla HemoABM)KHBI. HaliTum oTHoOIIIe-
HHe MacC m,/m, INPA KOTOPOM TeJ0 M, HadHeT:

Puc. 1.10

a) omyckKarbcdA; 0) MOgHMMATHCA.

1.68. HakiaonHaa miockocts (cMm. puc. 1.10) cocraBaseTr yroa
a = 30° ¢ ropusornToM. OTHOIIEeHHe Macc Ted m,/m; =n = 2/3. Ko-
() PUIMEeHT TPeHUA MeXKAy TeJIOM m, U IIockocTeo k£ = 0,10. Mac-
cbI OJIOKa ¥ HUTHU IIpeHeOpe)xnumo Majbl. HaiiTu Monynbp u Halpas-
JIeHIe YCKOPeHUdA TeJa M,, eCJH CHCTeMa NPUILIa B ABUXKEHHEe U3
COCTOAHUA ITOKOS.

1.69. Ha riagkoii ropr30HTAJIBHOM IIJIOCKOCTH JIEXKHUT JOCKa Mac-
CBHI M, ¥ Ha Hell OPYCOK Macchl m,. K OpyCKy NPHIOKUIN TOPU30OHTA-
JBHYIO CHJY, YBEJIMYMBAIOIIYIOCA CO BpeMeHeM ¢ 1o 3akoHy F =at,
rfe oo — mocrogHHaA. HaliTu 3aBHCHMOCTH OT ¢ YCKOPEHUH JOCKHU a4
u OpycKa a,, ec1u Koa((PUINEeHT TPeHUud MeXXIy JOCKOH M OpyCKOM
paBeH k. M300pasuTh IpuMepHbIe I'padUKH STHUX 3aBHCHMOCTEMH.



18 Yacte 1. PusnuecKye OCHOBBI MEXaHUKM

1.70. Ha ropu3oHTaJIbHOM IIJIOCKOCTH HaXOAATCSA ABa TeJa: Opy-
COK W 3JIEKTPOMOTOp c OaTapeiikoir Ha moacraBke. Ha ochk 3jaeKTpo-
MOTOpa HaMOTaHa HHUTbL, CBOOONHBLIN KOHEI KOTOPOH COeguHEH C
opyckoMm. PaccTrosuue mMexxay o60MMH TejlaMU PaBHO [, KO3 PuIrm-
€HT TPeHMA MeXXIy TejlaMH U ILIOCKOoCcThbIO k. Ilocne BKIIOueHUA
MoTOopa OpycOoK, Macca KOTOPOrO BABOe OOJIbIIle MacChl JIPYTroro
TeJa, HavyaJl ABUTaThbCA C IMOCTOSHHBIM yCKOpeHHEeM a. Uepesa CKo-
JBKO BpeMeHHu o00a Tejla CTOJKHYTCS?

1.71. HeGosbItoe Tejmo m HaYMHAET CKOJB3UTh II0 HAKJOHHOM
IIJIOCKOCTH W3 TOYKH, PACIIOJIOXKEHHOM Hap
BepTUKaJIbHBLIM yrnopoM A (puc. 1.11). Koad-
(pUIIMEeHT TPeHNS MeXXKIY TeJIOM M HaKJOHHOM
miaockoctbio k = 0,140. IIpu kKakom 3Haue-
HAU yrJla O, BpeMs COCKaJIb3bIBAHUA OyIeT
HaVMEHBIIINM ?

1.72. IIla#by mosoKUJIM Ha HaAKJIOHHYIO

Puc. 1.11 ILIOCKOCT, M COOOIIMJIM HAaIpaBJIeHHYIO
BBePX HAYaJbHYIO CKOPOCTh V. Koadpduiu-
€HT TPeHUusd MeXXAy MIaiiboil M IIJIOCKOCTHIO

paBeH k. Ilpy KakoMmM 3HaueHMM yrIJia HaKJOHa o Imaiiba mpoijer
BBEpPX M0 IJIOCKOCTH HaMMeHbIllee paccTosiHue? YemMy OHO paBHO?

1.73. Bpycox mMacchl m TAHYT 3a HHATH TaK, UTO OH ABUXKETCH C

IIOCTOSTHHOM CKOPOCTBIO 10 I'OPU30HTAIBLHOMN

E IJIOCKOCTU C KO03p(PUIIMEeHTOM TpPeHUsaA £k

o (puc. 1.12). HajiTz yros o, mpm KOTOPOM

- HaTs)KeHHe HUTH MHUHUMAaJbHO. YeMy OHO

paBHO?

1.74. Huts nepeKumHyTa uepe3 JETKUHU

Puc. 1.12 Bpalaomuiica 6e3 TpeHua 6;10k. Ha ogHOM
KOHIIe HUTU NPUKPEIJIeH Irpys3 Macchkl M, a
II0 APYroi cBHUCAIONEHl YaCTH HUTU CKOJb-

3UT MY(PTOUKA MaCChI M C IOCTOSHHBIM YCKOPEHHEM a' OTHOCUTEJIb-
HO HUTU. HaliTu cuny TpeHusa, ¢ KOTOpoili HUTH AeHCTByeT Ha MyQd-
TOYKY.

m
L111111111771777777777777777777777

1.75. Yepes 610K, IPUKPEIJIEHHBIN K IIOTOJKY KaOWHBI Ju(Ta,
IlepeKUHyTa HUTh, K KOHIIaM KOTOPOIl IIPUBA3aHBI I'Py3bl Macc M,
u m,. KabuHa HaunHaeT NIOZHUMAThCA ¢ YyCKOPeHHUeEM a,. IIpene6pe-
rasg maccoi OJIoka, HaMTH:

a) YyCKOpeHHe Ipy3a m,; OTHOCUTEJbHO KaOWHEI;

0) cuay, ¢ KOTOpPo# OJIOK AeMCTByeT Ha IOTOJIOK KaOWHHEI.
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1.76. B cucreme, moxkasaHHOM Ha puC. My

1.13, maccel Ten paBHEI m, My, My, TPe-
HUA HeT, Macchbl OJIOKOB IIpeHeOpexxumo /7////771TTTTITTT
maJiel. HaiiTu yckopeHue Tena m;.

1.77. C KakuM MHUHUMAJLHBIM yCKOpe-
HUEM cJIeAyeT IIepeMeIlaTh B TOPU30HTAJIb-

HOM HampaBJeHuUu Opycok A (puc. 1.14), m, m
uyToOLI Tejsia I 1 2 He ABUTAJHCL OTHOCHUTE- 2
JbHO Hero? Maccel TeJl OAMHaKOBBI, K03(- Puc. 1.13

¢dbunueHT TpeHusa MexAy OpycKoM M o0omu-
MU TejqaMu paBeH k. Macchl 6/10Ka U HUTHU
IIpeHedpe’XuMO MaJibl, TPEHUS B OJIOKe HET.
1.78. TIpusme 1, Ha KOTOpOil HAXOAHUTCH A 2
Opycok 2 macchkl m, COOOIMUJIN BJEBO I'OpPU-
30HTaJbHOE ycKopeHue a (puc. 1.15). Ilpm
KaKOM MAaKCHMAaJbHOM 3HAYEeHHUH 3TOrO Puc. 1.14
yCKOpeHUs1 OpyCcOK OyaeT ocTaBaThCs eIle
HEIOABUXXHBIM OTHOCUTEJbHO IIPU3MBI, €CJIU
KO9(pPUIITUEHT TpeHusa MEXOy HUMU é
k < ctga? e
1.79. Ha ropmsoHTAJIbHOM HIOBEPXHOCTH ’
HaXoJuTCA npusma I Maccel m; C yrjoM o Puc. 1.15
(cm. puc. 1.15) u Ha Hell GPYCOK 2 MacChI m.,.
IIpeneOperasa TpeHUEM, HAWTU YCKOpPeHHUE
IIPU3MBEI.

THTTTTTTiiyiiiiiiiiiiies

1.80. Ha Tesio maccer m, jexxaimnee Ha IIaAKONM rOPHU30HTAJIbHOMN
IIJIOCKOCTU, B MOMeHT ¢t = () Hauaja JelicTBOBaTh CuJja, 3aBUCAIIAA
OT BpeMeHHu KaK F = kt, rge B — nocroanHasa. Hanpasiernue sTon
CUJIBI BCE BpeMsA COCTABJISET YroJ o ¢ ropus3oHTOM (cM. puc. 1.12).
Hairu:

a) CKOpPOCTH Tejla B MOMEHT OTPBIBA OT ILJIOCKOCTH;

0) OyTh, NPONAEHHBLIN TEJIOM K 3TOMY MOMEHTY.

1.81. K 6pycky Macchel m, JexkallleMy Ha IVIaJKOH IOpH30HTAaJb-
HOM IIJIOCKOCTH, MNPWJIOXKHJIM IIOCTOAHHYIO II0 MOJAYJIIO CHJIY
F =mg/3. B mpomecce ero NnNpaMOJIUHEHHOTO0 ABUKEHUA YIOJ O
MeXKJy HallpaBJIEHHWEM 3TOU CHJIbl M TOPU30OHTOM MEHSIOT II0 3aKO-
HY o = kS, raie kK — NOCTOAHHAdA, S — IIPOHUAEHHBIA OPYCKOM IIyTh
(13 HauaJIBbHOTO moJoKeHUsa). HaliTu cKkopocTh OpycKa KakK (PyHK-
UI0 yrJja d.
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1.82. He6GoabIioii miapukK IOABEIIeH K HUTH, BEePXHUI KOHEI]
KoTopoil B MoMeHT ¢t = () HadaJu nepeMeIaTbk. B mporiecce OBUKe-
HUA HUTH IIOBOPAYMBAETCA C IIOCTOSHHOH VYIJVIOBOH CKOPOCTBLIO
o = 0,85 paxg/c, a mapuK ABUIKETCA II0 TOPU30OHTAJIBLHOU IPSIMOM.
HaiiTu ckopocTh HIapyMkKa B MOMEHT, KOTJa yroJ Me)XAy HUTHIO U
BepTUKAaJbI0 3 = 45°.

1.83. Teso Mmacchkl m OPOCHUJIM IIOJ YIJIOM K T'OPU30HTY C HaYaJlb-
HOM CKOpOCThIO V. HaliTu npupamenne uMiyJbca Ap Teja 3a Iep-
BbIe { CeKYHJ OIBUKEHUA M MOJYJb IIpUpAaIleHnsa NMIIyJbCca TeJia 3a
BCe BpeMs IBUKEHUS.

1.84. Ha nokoginyioca 4acTUIy Macckl m B MOMeHT t = 0 Ha-
yaja OeHdCcTBOBaTh CUJa, 3aBUCAINAs OT BpeMeHH [ IO 3aKOHY
F = bt(t - t), rme b — moOCTOAHHBIN BEeKTOP, T — BpeMsdA, B Teue-
HUe KOTOpOoro AelicTByeT naHHasd cuja. Hanru:

a) MUMITYJIbC YaCTHUIILI II0CJe OKOHYAHUA OeNCTBUS CHUJIBI;

0) myTh, NPOMAEHHBIN YaCTHUIIE!l 3a BpeMA AeMCTBUS CUJIBI.

1.85. Yactunma maccel m B MOMeHT ¢t = 0 HaumHaeT ABUTraTbCHA
nox percrBueM cuiabl F =F, sinwt, rme Fy u o — mnocrosaHHbIe.
HaiiTu nyTh, NpoliieHHBIN YacTUIEl, B 3aBUcuMOCTHU OT t. MI300pa-
3UTh NPUMEPHBIA rpaduK 3TOM 3aBUCUMOCTH.

1.86. B momeHT ¢t = 0 wacTula MacChl m HAUYMHAET ABUTaTbCH
nox peucrBueMm cuiabl F =F, coswt, rme Fy u o — nocrosaHHbIe.
CKOJBKO BpeMeHHM HacTuUia OyJeT ABUraThbCsA OO IEPBOMl OCTAHOB-
Kku? Kaxkoil nmyTh oHa mpoijeT 3a 3To BpeMs? KakoBa MakcuMmaJb-
Had CKOPOCTH YaCTHUIIBI Ha 3TOM ITyTH?

1.87. B momenT t = 0 yacTuiie cooOIIUIN HAUYAJIBHYIO CKOPOCTh
Vy, ¥ OHa HadaJja ABUTAThCA IOJ AeHCTBHEM CHJIbI COIIPOTHUBIEHUSA
cpenbl, IIPONOPIIMOHAJBHON ee cKopocTtu Kak F = — rv. Hanrtu:

a) BpeMsdA JIBUMKEHUS YaCTHUIIbl II0J JeNCTBUEM 3TON CUJIbI;

0) CKOPOCTh YaCTHUIIbI B 3aBUCUMOCTH OT HIPOHUAEHHOTO €I0 IIyTH,
a Tak/Ke IOJIHBIN IIyTh JO OCTAHOBKH.

1.88. Ilyns, mpoOMB AOCKY TOJIIMUHBI A, U3MEHHJa CBOIO CKO-
pOCTh OT v, Ao v. HaiiTu BpemMsa ABMKEHUS IIyJM B JOCKe, CUHTAA
CHJIy CONPOTUBJIEHUS IIPONOPIMOHAJBHOU KBaApaTy CKOPOCTH.

1.89. HeGoubiroit 6pycCOK HauMHAaEeT CKOJB3UTH II0 HAKJOHHOM
IIJIOCKOCTU, COCTABJISIONIEN yroJ o ¢ ropudoHToM. KoadduiueHT
TPEeHUSA 3aBUCUT OT IIPOUAEHHOIO MyTH X II0 3aKOHY R = yX, Y — IIO-
croaHHadA. HaliTu nyTh, IpOMIeHHBIN OPYCKOM 10 OCTAHOBKH, U €TI0
MaKCHUMAaJIbHYI0O CKOPOCTD.
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1.90. Ha ropuzoHTaJIbHON IMOBEPXHOCTU C KO3((PUIIMEHTOM Tpe-
HUA k JeXUT Tejio Macchl m. B MmoMeHT t = 0 K HeMy IIPHJIOXKUINA
TOPH30HTAJNBHYIO CUJY, 3aBUCAIIYIO OT BpeMeHu Kak F = bt, rae
b — mocTroanHbBIN BeKTOp. HaliT 1yTh, IPOMAEHHBIN TE€JIOM 3a IIep-
Bble { CeKYHJ OEeHCTBUSA 5TON CHJIBI.

1.91. CamoseT genaer «MepTBYIO meTo» paguyca R = 500 m ¢
IIOCTOAHHOM CKOpocThIo U = 360 KkMm/4. HaliTu Bec JeTumKa Macchl
m = 70 Xr B HU)KHeM, BepXHed M cpeJHell TOYKax IeTJIH.

1.92. HeboJbI10# MIapyuK Macchl m, IIOABEINeHHBI Ha HUTH, OT-
BeJIX B CTOPOHY TaK, YTO HUTh 00pasoBaJjia IPsSIMOM yroJl ¢ BepTHUKa-
JbI0, U 3aTeM ornyctuau. Haiitu:

a) MOAYJb IIOJJHOTO YCKOPeHHUs NIapuKa W CHJY HaTIKeHUS
HUTH KaK (YHKIIHUIO yrjia ee OTKJOHEHUS OT BepPTUKAJU;

0) cuiy HaTAKeHUA HUTH B MOMEHT, KOrjJa BepTHKaJbHas CO-
CTaBJIAIONIAsA CKOPOCTH IIIapHMKa MaKCHUMAaJIbHAa;

B) YroJl OTKJIOHEHUA HUTU B MOMEHT, KOTJa II0JHOE YCKOpeHUe
IapuKa rOpu30HTAJIBHO.

1.93. Illapuk, moaBeIIeHHLIA HAa HUTHU, KauaeTcsd B BEPTHUKAJIb-
HOU IIJIOCKOCTHU TaK, YTO ero YCKOpeHus B KpailHeM U HUXKHeM IIO-
JIOKE€HUSAX PaBHBI II0 MOAYJIO APYr Apyry. HaliTu yroa oTKJOHE-
HUA HUTU B KpalHeM IIOJIOXKEeHUU.

1.94. IlogBemieHHBIN HA HUTU IIAPUK KadaeTCcA B BEePTUKAJb-
HOH IIJIOCKOCTHU TaK, YTO ero yCKOpeHHe B HUMXKHEM II0JIOKeHUU
a=4,0 m/c2. HaiiTu MOZyJb YCKOPeHUS IIapuKa B KpaiiHeM Io-
JIOKEeHUU.

1.95. HebGoubImoe Tesio A HauMHAET CKOJIB3UThL C BEPIIIUHELI IJIaj-
Kol cepsl paguyca R. HaiiTu yrosn MekXay BepTHKAJIbIO M pajuy-
COM-BEKTOPOM, XapaKTepUI3YIOIIUM IIOJIO)KeHUe TejJa A OTHOCHUTe-
JBHO IIeHTpa cepbl B MOMEHT OTPhIBa OT Hee, a TaKXXe CKOPOCTh
Teja B 3TOT MOMEHT.

1.96. IIpu6Gop (puc. 1.16, Bun
cBepxy) cocTouT u3 riankoro I'-o6pas-
HOT'O CTEepP KHfA, PACIOJI0’KEeHHOT0 B I'OpU-
30HTAJILHO! ILJIOCKOCTU, 1 My(PTOUKU A
MacChbl M, COEIUHEHHOU INPYKUHKOU C
Toukoil B. JKecTKocTh IPYyKMHKHU paBHA
%x. BcAa cuctema BpamiaeTcAa C IIOCTOAH-
HOM YIJIOBOM CKOPOCTBIO ® BOKPYT Bep-
TUKaAJbHON OCH, IIPOXOAAIIEeN uUepes
ToukKy O. HaliTu oTHocuTelbHOE YIJIU-

Puc. 1.16
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HeHHe NPYKMHKH. KaK 3aBHCHUT pe3yJbTaT OT HAIIpaBJIEHUS Bpa-
IIeHusa?

1.97. Besnocuneguct efeT 0 KPYIrJIOM rOPHU30HTAJIBHOM ILIOIIAJ-
Ke paguyca R. KoapduiimeHT TpeHUA 3aBUCUT TOJBLKO OT PacCTOs-
HUA r Ao nedTpa O miomaiku Kak k£ = kBy(1 — r/R), rae kB, — mocTo-
sHHada. HaliTu paguyc oKpy»KHOCTHU C IIEHTPOM B Touke O, 110 KOTO-
poii BEJIOCUIIEAUWCT MOXKEeT eXaTh C MaKCHUMAaJbHOH CKOPOCTBIO.
KakoBa sTa cKopocThb?

1.98. ABTOMaIIMHAa ABMKETCA C IIOCTOAHHBIM TaHTeHIIMAJIbHBIM
yckopenueMm a_ = 0,62 M/c? 110 TOPUB0HTAIbLHON IOBEePXHOCTH, OIU-
ceiBasa ayry paauyca R = 40 m. KoadduiineHT TpeHuA MeKAy KoJie-
caMU MalIMHBI U noBepxHOCThIO £ = 0,20. Kakoit nyTs npoiiger ma-
IMUHa 0e3 CKOJb)KEeHUs, eCJU B HadaJbHBII MOMEHT ee CKOPOCThb
paBHa HYJIIO?

1.99. ABToMaIlnHa ABUXKETCA PABHOMEPHO II0 TOPHU30HTAJILHOMY
yTH, uMeroueMy (GopMy cuHycouznbl y =b sin(x/a), rge b u o —
HEKOTOpLIe MOCTOAHHBIe. KoahdUIimeHT TpeHUs MeKIy KoJiecaMu
U goporoi paBeH k. IIpu KaKoil CKOPOCTH ABU)KEHMHE aBTOMAIINHBI
OyZeT NMpPOUCXOAUTH 0e3 CKOJIbXXeHUA?

1.100. ITenouka maccel m, oO6pa3ylolad OKPYKHOCTb paguyca R,
HajJieTa Ha IVIaJKUA KPyroBo¥ KOHyC C yIJIOM ItosypactBopa 3. Haii-
T CUJy HaTSKEeHUSA IeIIOYKHU, eCJIU OHa BpaIllaeTcs C IIOCTOSHHOM
YIJIOBOM CKOPOCTBIO  BOKPYTr BEPTHUKAJBHOM OCH, COBIAAIOIIeil C
OCBhI0O CHMMETPHH KOHYycA.

1.101. He6oasb1moe Teao A CKOJB3UT II0

\\\\ IJIagKOM TOPUBOHTAJBHOM IIOBEPXHOCTH

I~ \\\\ BIOJb BEPTUKAJIBHOM CTEHKH, HMeIOoIei

BUJI, Kak Ha puc. 1.17 (Bung cBepxy). 3a-
KpyIJIeHHadA YacTh TPAaeKTOPHUH Teja IIpej-
cTaBJsgeT coboi ayry ¢ yraom o = 60°. Haii-
TH CKOPOCTh TeJia B TOUKe 2, eCJId B TOUKe I
Vo = 6,5 M/C U KOO(P(PUIIMEHT TPeHUA MEXKIY
TeJIOM U BepTUKaJbHOM cTeHKou k = 0,25.

1.102. Yepes 3aKpeneHHbINA 0JIOK MepPeKUHYTa HUTh, K KOHIIAM
KOTOPO#l IPUKPEeIJIeHbl I'PYy3bl MacCcaMu m, U m,. MexAy HUTBHIO U
0JIOKOM MMeeTCs TPeHUe TaKoe, UTO HHUThL HAaUuMHAEeT CKOJBL3UTH II0
6JIOKy, Korga my/m; = m,. Haurn:

a) Koa(p(PUIIMEHT TPEeHUH;

0) yCKOpeHUe I'Dy30B, €CIHU My/my = 1N > 1,.
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1.103. YacTtuma mMaccel m [OBHXKETCS II0 BHYTPEHHEM TIJIaJgKoi
MMOBEPXHOCTH BepPTHKAJNBHOTO IMJIMHApPa paaumyca R. Haiitu cuay
JaBJIEHUS YaCTHUIIBI HA CTeHKY IIWJINHIPA, €CJIU B HAaYaJbHEIA MO-
MEHT ee CKOPOCTb PaBHa U, M COCTaBJsdeT yroJ O C TOPU30HTOM.

1.104. YacTuma Maccel m ABUXKeTcS B IJIOCKocTH P mon peicr-
BHEM IIOCTOSIHHOM o MoayJio cuibl F, KoTopas moBopaunBaeTcs B
BTOM ILJIOCKOCTH C IIOCTOAHHOM YIJIOBOM CKOPOCTHIO . B MOMEHT
t = 0 yacTuna noxkomisachk. HamTu:

a) MOAyJIb ee CKOPOCTHM B 3aBHCHUMOCTH OT BpeMEHWU;

0) IyTh, IPOXOAUMBIN UACTHUIIEN MeXXIy ABYMSA IIOCJIELOBATEJb-
HBIMHM OCTAaHOBKaMH, U CPEIHIOI CKOPOCThH Ha 9TOM ITYTH.

1.105. HebOoubiryio miaitby A 1o-
JOKUJIN Ha HaAKJOHHYIO IIJOCKOCT,
COCTAaBJIAIONIYIO YT0OJ O C TOPU30HTOM
(puc. 1.18), 1 coobiuiIn el HavYaIb-
HYI0O CKopocTb v,. HanTu 3saBucu-
MOCTh CKOPOCTH IIaiibbl oT yria o,
ecJu KoapdpunueHT TpeHuda k = tga u X /

B HayaJbHBIA MOMEHT ¢, = 7/2. Puc. 1.18

1.106. ITlenouky AJIUHBI [ IOMECTHJIN Ha TVIAAKYIO C(hepUUECKYIO
IIOBepPXHOCTh paauyca R Tak, 4ToO OOUH ee KOHeIl 3aKpeIljIeH Ha Bep-
muHe cpepbl. C KAKMM yCKOPEHMEM @ HaYHeT ABUTaThCA KaXKIbIA
dJIEMEHT IIEIOYKU, eCJIU ee BEpXHUU KOHeIl ocBo6oauTh? [auHa me-
nouku [ <nR/2.

1.107. He6GonbImi0€e TEJIO HIOMECTUJIN Ha BePUIMHY TVIAJKOTO IIapa
paguyca R. 3aTeM miapy cooONIIMJIM B IOPHM30HTAJLHOM HAaIllpaBJie-
HUHU IIOCTOAHHOE yCKOPeHWe a,, M TeJO0 Hauajao CKOJIb3UTh BHUS.
HaiiTn cKOpOCTHL Tejla OTHOCUTEJBLHO Illapa B MOMEHT OTpPHIBA.
CpaBHUTBL c pelneHueM 3azaum 1.95.

1.108. MydpTouka A MOKeT CBOOOJHO CKOJIB3UTH BIOJIEL IJIaJKO-
ro CTePyKHs, UBOTHYTOTO B (hopMe MOJIYKOJIbIIA Pagu-
yca R (puc. 1.19). Cucremy npuBesin BO BpallleHUE C
MOCTOAHHOM YIJIOBOM CKOPOCTBIO (» BOKPYI' BepTUKA-
apHON ocm OO'. Haitu yroa 9, COOTBETCTBYIOIIUMI
YCTOMUYMBOMY IIOJIOXKEHUIO MY(TOUKHU.

1.109. BuHTOBKY HaBeJ Ha BEPTUKAJbHYIO UEPTY
MUIIIeH!, HaXOAAIIeMcA TOYHO B CEBEePHOM HaIlpaB-
JIeHUUu, u BbicTpeauau. IIpeHebperas comnmpoTHBJIE-
HUEeM BO3JyXa, HaliTH, Ha CKOJbKO CAHTUMETPOB U
B KaKyl0 CTOPOHY MyJis, IIOIaB B MUIINEHb, OTKJIO- Puc. 1.19
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HHUTCA OT 4YepThl. BeICTpeJs IIpPOM3BeJAeH B IOPU30HTAJIBLHOM Ha-
IIpaBjieHUM Ha mupote ¢ = 60°, ckopocTs nyau v = 900 m/c, pac-
crogHue Ao muineHu s = 1,0 xm.

1.110. Yenosexk maccel m = 60 Kr uger paBHOMEpPHO II0 mepude-
pUM rOPHU30HTAJIBHON KpyrJoi miatdgopmbl paguyca R = 3,0 M, Ko-
TOPYIO BpamialoT ¢ yIJI0BO# cKopocThio ® = 1,00 pax/c BOKpyr Bep-
THUKaJbHOM OCH, IIPOXOAAINEeN uepe3 ee HmeHTP. HaliTu ropusoHTa-
JBHYIO COCTaBJAIOIIYIO CUJIBbI, AEHCTBYIOIIEH Ha 4YejloOBeKa CO
CTOPOHBI ILIATGOPMBI, €CJH PEe3yJbTHUPYIOIas CHUJI MHepIuu, IIPHU-
JIOJKEeHHBIX K HEMY B CHCTeMe OTcUeTa «IaTdopmMa», paBHA HYJIIO.

1.111. IToeax maccer m = 2000 T ABHMKeTCA HA CeBEePHOM IIMPOTE
¢ = 60°. OnpenenuTs:

a) MOZyJIb 1 HallpaBJeHUe CUJIbl O0OKOBOIO JaBJIeHUSA I0oe3ha Ha pe-
JIbCBI, €CJIN OH JBUKETCSA BIOJIb MepUANAaHa CO CKOPOCTBIO U= 54 KM/4;

0) B KaKOM HalpaBJIEHNHU U C KAKON CKOPOCTBHIO JOJKEH OBLI ObI
JBUTATLCA M0E3], YTOObI Pe3yJIbTUPYIOIas CUJ MHEPIUU, JeHCTBY-
IOIUX Ha II0e3] B CUCTeMe OTcUeTa «3eMJIsd», Obljla paBHA HYJIIO.

1.112. T'nmagkuii ropu3oHTAJBHBIA AHCK BpaIIalOT C YIJIOBOH
CKOpOCThI0O ® = 5,0 pajx/c BOKpYr BepTUKaJbHON OCH, IIPOXOAAIIEH
yepes3 ero ImeHTp. B meHTpe AucKa MOMECTUJIM HeOOJIBIIYIO IHaidy
Macco m = 60 r 1 cooOIMIMJIMN el TOJTUYKOM T'OPHM30HTAJLHYIO CKO-
pocTh v, = 2,6 m/c. Haiitu moxyne cunel Kopuosuca, geicrsyrio-
el Ha maiidy B cucTeMe oTcuera «AMCK» uepesd t = 0,50 ¢ mocie
HayvaJjla ee JBU)KEHUS.

1.113. T'opu30oHTaAJBHLIA AUCK BpaIlaloT C YIJIOBOM CKOPOCTHIO
o= 6,0 pag/c BOKpPyr BepTUKaJbHOM OCH, MPOXOAAIIEN Uepe3 ero
neHTp. Ilo ogHOMY M3 AUaMeTPOB AUCKA ABUMKETCSA HeOOJIBIIIOE TeJIO
maccel m = 0,50 Kr ¢ MOCTOTHHOM OTHOCHUTEJBHO AMCKA CKOPOCTBHIO
v' = 50 cm/c. HaiiTu cuny, ¢ KOTOpPO# AUCK AeHCTBYeT Ha 3TO TeJO B
MOMEHT, KOrJa OHO HaxoauTcA Ha paccrosHuum r = 30 cMm oT ocu
BpaleHus.

1.114. Topu3oHTaJBLHO PAaCIIOJIOKEHHBINA I'JIafKuil cTep)keHb AB
BpallaioT ¢ yIJIOBO# cKopocThio ® = 2,00 pag/c BOKpYr BepTUKAJb-
HOHN ocu, nmpoxojsimneil yepe3 ero xKouern A. Ilo crep:xHI0 cBOOOIHO
CKOJB3UT My(dTouka Maccbkl m = 0,50 Kr, ABUKyIIasgcsa U3 TOUKU A
C HadYaJbHOU CKOpOCThIO U, = 1,00 m/c. HaiiTu nelicTByrOmIy0o Ha
mydpTouky cuay Kopumoauca (B cucteMe oTcueTa, CBA3aHHOU CO
CTep’KHEM) B MOMEHT, Korja My@dTouka oKasajgach Ha r = 50 cMm oT
ocU BpalieHusd.
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1.115. T'opusoHTaJNBLHBEIN AUCK pazuyca R BpamialmoT ¢ yrioBoOi
CKOPOCTBIO (® BOKPYTr HEIOABUKHOU BEPTUKAJBLHOM OCH, IIPOXO/Is-
el yepes ero Kpaii. Ilo mepugepun gucKka paBHOMEPHO OTHOCHUTE-
JIbHO Hero ABUXKETCS YacTUIla Macchl m. B MOMeHT, Korjga OoHa OKa-
3LIBaeTCA Ha MaKCHMaJbLHOM PAacCTOSHHH OT OCU BpallleHUs, pesy-
JbTUPYIOIIad CHAJ HHepnuu F__, NeWCTBYIOIIMX Ha YacTUIy B
cucTeMe OoTcueTa «IHUCK», obOpalmaercd B HyJab. HaiiTu:

a) yCKOpeHHe a' 4acTHUIbI OTHOCHUTEJIbHO IOUCKA;

0) saBuCUMOCTb F,. OT DPacCTOAHMUA A0 OCH BpaIlleHUAd.

1.116. Ha sxBaTope ¢ BeICOTHI & = 500 M Ha MOBEPXHOCTh 3eMJIA
nagaet Tejo (0e3 HavaJbHOH CKOPOCTH OTHOCHUTEJIbHO 3emuu). Ha
KaKoe pacCTOAHMNE U B KAKYI0O CTOPOHY OTKJIOHUTCS OT BepTUKAJIU
TeJO NPU IageHUuu?

1.3. 3aKoHBI COXpaHEHMA HUMIIYJIbCA, JHEPIrMM M MOMEHTa
HMITyJIbCA

e YpaBHEHNEe OBMKEHUS IEHTPAa MacC CHUCTEMBI:

dve _g (1.3a)

dt BHeI ?

rae F,... — Pe3yJbTHDyIOIMasd BCeX BHENIHUX CHJI.
e IlpupaleHue MMIyJbCA CUCTEMBI:

P - Py = | Fopopdt. (1.36)

BHeEII

= O

L] YpaBHeHne ANMHaAMHNKHX TeJia nepeMeHHoﬁ MaccChI:

dv dm
m—=F + —u, (1.38)
dt dt
rie U — CKOPOCTH OTHeJsgeMoro (IpHuCcOeIWHSIEeMOro) BellleCTBa OTHOCHUTEJIBHO pac-
CMaTpPUBAEMOr0 TeJIa.
e Pabora M MOIIHOCTH CHJIBI:
A=[Fdr=[Fds, P=Fv, (1.31)
rge dr — sjJeMeHTapHOE IIEPEMEINEHUE MOYKU NPusolceHus cuibl F.
e IlpupalieHve KMHETUYECKON SHEPTUU YACTUIIHI:
roge A — pabora gcex CHJ, AEUCTBYIOIIUX HA YaCTHUILY.
e YObBLIb NMOTEHIMAJNBLHON SHEPruy 4YacTHUIILI B IIOJIE:
U,-Uy,=4,, (1.3e)

roe A,, — pabora cunbl noas (cm).
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e CBsA3p MEXKOYy CHUJIOM M IOTEHIHNAJLHON SHEPTrUel YacTHUIILI B IIOJIE:
F,=-0U/dl, F=-VU. (1.3:x%)
o IIpupainmeHue HOJHON MEXaHWUYECKOMN JHEPrHMH UYACTHUIILI B II0OJIE:
EZ - El = Ac'rop > (1.33)

rae Ag,p, — PaboTa pea3ybTUPYIOLEl BCeX CMOPOHHUX CUTL, T. €. CUJ, He IIPUHAJJIE-
JKaIuX K CHJIaM JAaHHOTO IOJIA.
e IIpupareHue COOCTBEHHOU MEXaHWYECKON DHEPTUU CUCMEMbL:

+ AT

E0062 - Eco61 = ABHellI BHYTD ? (131/1)

cos» Ucos — COOCTBEHHas NOTEHIMATbHASA 9HEPIuUsA CHCTEMBI;

rne E,.; = K + U
. Auc
A, pem — DPaboTa Bcex BHEIIHUX cui; Ao — pabora BceX BHYTPEHHUX IMCCHIIA-

TUBHBIX CHJI (CHJI TPEHUA M COIPOTHBJIEHUS).
e IIpupalreHue IIOJHOM MEXaHUYECKOH SHEPrUM CHUCTEMEI B IIOJIE:

E,—E, =AS® 4 gme (1.3x)

BHeII BHYTp ?

rne E =E s+ U, om> Upnen — NOTEHIIMATBHAA DHEPIUA CUCTEMBI BO BHEIIIHEM II0JI€;

AP — paboTa BHEIIHUX CMOPOHHUX CHJI, T. €. CHJI, He IPUHAJIEKAIIUX K CAIaM

JaHHOTO IIOJIA.
e KuHeTmuecKas SHEPTUS CHUCTEMBI:

K=K +mv2/2, (1.31)

raoe K — ee KuHeTHMUecKas 9HEeprusa B CHCTEME II€EHTpa Macc.
L] Hpnpam;eHne MOMEHTa MMIIyJIbCa CHCTEMBI:

2
M, - M; = [ N dt. (1.3m)
1

e MoMEHT MMNyJIbCA CHCTEMBI:
M:M"‘[rc pl, (1.3n)

rae M — ee MOMEHT UMITyJIbCa B CUCTEME II€HTPa Macc (COOCTBEHHBIN MOMEHT MMITY-
Jbca), ' — Pajuyc-BeKTOP LIEHTpa MacC, P — HMIIYyJIbC CHUCTEMHEI.

1.117. Yepes 6JI0K, YKpEIJICHHLIA Ha IOTOJIKE KOMHATHI, Ilepe-
KUHYTa HATh, Ha KOHIIaX KOTOPOM IOABEIeHb] TeJa Macc m, U M.
Maccel 0JI0Ka M HUTH IIPeHeOpeKMMO MaJibl, TpeHusa HeT. Haitu

YCKOpeHHe IIeHTpa MacC 9TOM CHUCTEMBI.
1.118. 3amKkHyTasa memo4yka A Maccbl m =
9 = 0,36 Kr coeguHeHa HUTHIO C KOHIIOM BepTHU-
I KaJJbHOM OCH  IeHTPOOEeKHOM  MalllMHBI
: A (puc. 1.20) m Bpamaerca ¢ yIrJI0BOM CKOPO-
3 = cTbI0 ® = 35 paxn/c. IIpu aTOM HUTE cOCTaBJIs-
' eT yroa 3 = 45° ¢ Beprukaabio. HaiiTu paccro-

Puc. 1.20
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sSIHUEe OT IIeHTpa Macc IeIIOYKHU [0 OCH BpAIleHUdA, a TaKiKe CUIY
HaATS)KEeHUS HUTH.

1.119. Kpyrasrii konyc A maccel m = 3,2 KI' ¥ C YIJIOM IIOJIypac-
TBopa o = 10° KaTuTCcA paBHOMepHO 6e3 CKO-
Jb)KEeHUA 10 KPYIJIO KOHNYECKOH IIOBEPXHO-
ctu B Tak, uto ero BepmmuHa O ocraercs He-
noaBrokHOM (puc. 1.21). ITeHTp Macc KoHyca
A HaxoauTCcs Ha OJHOM YPOBHe C¢ TouKoil O u
orcTouT oT Hee Ha [ =17 cm. Ock KOHyCa JIBU- Puc. 1.21
JKeTcA C yrjoBoit ckopoctbio ® =1,0 paxg/c.

Haiitu cuny TpeHuUs IIOKOSA, OEMCTBYIOIIYI0O Ha KOHyC A.

1.120. MOTOIMKJINCT eJeT II0 BEPTUKAJbHON IHUJINHIPHUUECKOM
creHKe paazuyca R = 5,0 m. IleHTp Macc desloBeKa C MOTOIMKJIOM
pacmojioxkeH Ha [ = 0,8 m or creHKH. Koah(puiiueHT TpeHUSA MeX Iy
KojsecamMu U cTeHKou k = 0,34. C KaKoil MUHUMAJIbHON CKOPOCTBLIO
MOXKET eXaTh MOTOIUKJIMCT II0 TOPU30HTAJBHOM OKPYKHOCTHU?

1.121. Cucrema COCTOUT U3 ABYX IIAPUKOB MaccC m, 1 My, KOTOPBIE
COoeIUHEHBI MeXJy co00oil mpyKuHKo. B MomeHT ¢ = 0 mapukam co-
OOIITMJIM CKOPOCTH V; U V,, IIOCJIe Yero CHCTeMa Hadaja JBUraTbCA B
OZHOPOZHOM IIOJIe TdAKecTH 3emyn. HaliTu 3aBUCHMMOCTU OT BpeMeHU
UMITyJIbCA 3TOM CHCTEMBLI B IIPOIleCcCe ABUIKEHHUA M paguyca-BeKTopa
ee IIEHTpa MacC OTHOCUTEJIHLHO €ro HAYaJIbHOI'O II0JIOMKEHUH.

1.122. /Ise HeGosblIMe IIaWOBI Macc m; U m, CBA3AHLI HUTHIO
OJUHBI | 1 OBUXKYTCA II0 IJIaAKOM IJOCKOCTH. B HEKOTOpBIM MO-
MEHT CKOPOCTH OJHOM Iaiibbl paBHa HYJIO, a APYIrod v, IPUYEM ee
HallpaBJieHUEe NePHeHAUKYJAPHO HuUTU. HaliTu cuay HaTAXKeHUA
HUTU B 3TOT MOMEHT.

1.123. IlmoT maccel M ¢ 4eJIOBEKOM MAacCChl m IIOKOUTCS Ha IIO-
BepxHOCTH npyzaa. OTHOCUTEJNBHO IIJIOTa YEeJOBEeK COBepIlIaeT Iiepe-
merteHue 1’ co ckopoctbio V'(t) m ocraHaBiaumBaeTcA. IIpeneOperasa
COIIPOTUBJIEHUEM BOJbI, HAWTHU:

a) nepemeleHue 1 nmiora orHOcuTeNbHO Gepera;

0) rOPUBOHTAJNBHYIO COCTABJISIONIYI0 CHUJIbI, C KOTOPOM YeJIOBEK
IefiCTBOBaJI Ha ILJIOT B Ipollecce ABUIKEHUS.

1.124. Yepes 6JIOK NTepeKUHYTa BepeBKa, Ha OJHOM KOHIIe KOTO-
poii BUCHUT JIECTHUIIA C UEJIOBEKOM, a Ha APYroM — ypaBHOBeIIINBa-
orui rpy3 Maccel M. HenoBeK Macchl m COBEpPIINJI IIepeMelleHue
I' oTHOCUTENBHO JIECTHUIIBI BBEPX M OcTaHOBUJCA. IIpeHeOperas
MaccaMu 0JIOKa M BepeBKH, a TaK)Ke TpeHueM B ocu OJIOKa, HANTHU
nepememnienne |l menTpa macc 3TOH CHCTEMBI.
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1.125. Yactuna 1 cToJKHYJach C YacTHUIlel 2, B pe3yJabTaTe 4ero
BO3HHKJIA cocTaBHaA udacTulia. HaliTu ee CKOpPOCTh V U MOAYJb U,
ecau mMacca yactunsl 2 B 1 = 2,0 pasa Oosblne, ueM 4acTUIbI 1, a
X CKOPOCTHU Ilepe/i CTOJIKHOBeHUEeM Vv, = 2i + 3j u v, = 4i — 5j, rze
KOMIIOHEHThI cKopoctu B CHU.

1.126. CTBoJI myIIKX HampaBJIeH IoJ yryioM 3 = 45° K rOpu30H-
Ty. Korga xojieca myIIKH 3aKpeIllJieHbl, CKOPOCThL CHapsga, Macca
KOTOpOro B 1 = 50 pa3 MeHBbIIle MacChHl yIIKH, U, = 180 m/c. HaliTu
CKOPOCTh OYIIKHN cpa3y IIOoCJie BBICTpeJIa, eCJH KoJieca ee 0CBODO-
IUTh.

1.127. Ilymka maccel M HaumHaeT CBOOOJHO CKOJIB3UTL BHU3 IIO
TVIaIKOM IIJIOCKOCTH, COCTaBJIAIOIIEHl yroa o ¢ ropusoHntoM. Korza
IyIIIKa IIPOIJa IyTh [, IPOU3BEJIU BBICTPEJ, B pe3yJibTaTe KOTOPO-
I'0 CHapsAJ BBLIETEJ C UMITYJIbCOM P B NOPM30OHTAJILHOM HaIpaBJie-
HUM, a IIyIIKa ocTaHOBUJachk. IIpeHeOperass maccoii cHapsga, Hal-
TH IPOMOJIKUTEJIbHOCTh BEICTpeEJIA.

1.128. [Ise He6oabine Mydprouku macc m, = 0,10 xr u m, = 0,20 Kr
IBU)KYTCS HABCTpedy APYr APYry IO TVIAAKOMY TOPU30HTAJILHOMY
IIPOBOJY, N30THYTOMY B BHJl€ OKPY’KHOCTH, C IIOCTOSHHBIMU HOpPMaA-
JILHBIME yCKOpeHuaMH a, = 3,0 m/c? u a, = 9,0 m/c2. Haiitu HOpM™Ma-
JIbHOE YCKOpPEeHHE COCTaBHOII My(dThI, 00pa3oBaBIlIeiCA IIOCJIE CTOJK-
HOBEHUA.

1.129. B MoMeHT, Korja CKOPOCTBH IIaJaloIMero Tejla COCTaBUJIa
vy = 4,0 M/c, OHO pa3opBaIOCh Ha TPU OAMHAKOBBIX OCKOJKa. [lBa
OCKOJIKa pasJjIeTeJUCh B TOPHU30HTAJBHOM IJIOCKOCTH MOJ IIPSAMBIM
yIVIOM IPYr K APYTry CcO CKopocThio U = 5,0 m/c xakabiii. Hairu
CKOPOCTH TPEThEero OCKOJIKa cpa3y IIocJe pas3phIBa.

1.130. CHapsazn, BBINYIIEHHBIA CO CKOpocThIo Uy, = 100 M/c mopx
yIyioM o = 45° K TOpM30HTY, pa3dopBaJjicAd B BepxHeil Touke O Tpaek-
TOPUHU Ha ABa OAUHAKOBBIX OCKOJIKa. OOWH OCKOJIOK yIIajl Ha 3eMJIIO
oz, Toukoi O co cKopocThio v = 97 M/c. C KaKoil CKOPOCTBIO yIall
Ha 3eMJII0 BTOPOH OCKOJOK?

1.131. IIlai6a I, cKOJAB3UBIIAA IO IIIEPOXOBATON I'OPH30HTAJL-
HOM IMOBEPXHOCTHU, MCIbITAJA COyJapeHrue ¢ IMOKOUBIIeHcsa Manboi
2. Ilocne cTonKkHOBeHUA maiiba I oTCKOYMJIA IO NPAMBIM YIJIOM K
HaIlpaBJIEHUIO CBOEr0 IePBOHAYAJBHOTO ABUIKEHHUS U IPOIILJIa [0
OCTaHOBKHU IIyThb $; = 1,5 M, a maiitba 2 — nyTs s, = 4,0 m. HaliTn
CKOpOCTh InanoOnl I mepes CTOJKHOBEHUEM, ecau ee Mmacca B 1 = 1,5
pasa MeHbIIle Macchl Iaobl 2 1 KoaddunueHT Tpenud k= 0,17.
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1.132. Ilemouka maccel m = 1,00 xr u gaunsl [ = 1,40 m Bucur
Ha HUTH, Kacasich MOBEPXHOCTH CTOJIA CBOMM HUKHUM KoHIoM. Ilo-
cjie IMepeXKUraHud HUTHU IIelloYKa ynajga Ha crojg. HaliTu moaHbIN
HNMITYJLC, KOTOPLIA OHAa IIepenaJjia CTOJY.

1.133. IIBe omnHaAKOBLIE TeJe:KKU I 1 2, Ha Ka)KJ0N U3 KOTOPBIX
HaXOJQUTCS II0 OJHOMY YeJOBEKY, ABMIKYTCSA 0e3 TpeHMdA II0 MHEp-
VX HaBCTpeuy APYT APYTry IO IapaJjjelbHBIM peabcaMm. Korga re-
JEeXKKH IIOPABHAJMNCH, C KAXKA0N M3 HUX Ha JPYIYIO IEPeIpLITHYJI
YeJIOBEK — IMEePIeHIUKYIAPHO ABM)KEHUIO TejekeK. B pesyibrare
TeJexkKa I ocTaHOBUJIACh, a CKOPOCTEL TeJIe:KKM 2 crtaja v. Hairu
IIlepBOHaYaJIbHbIe CKOPOCTU TeJIeXKeK V; U V,, eClIM Macca KaKJo’
TeJeXKu (6e3 uesoBeka) M, a Macca KaXJIOro UeJOBEeKa m.

1.134. ]IBe oguHAKOBBIE TEJIEKKH IBM)KYTCA APYTr 3a APYrOM IO
nHepuyu (6e3 TpeHNUA) ¢ OAHOM M TOM »Ke CKOPOCThIO V. Ha 3axnein Te-
JIe’KKe HaXOOUTCS 4YeJIOBeK Macchl 7. B HEeKOTOPBLIM MOMEHT YeJIOBEK
IIPBITHYJI B MEPESHIO TEJEeXKKY CO CKOPOCTHIO U OTHOCUTEJIBHO CBOEM
TeJiesKKU. MiMess B BUZy, UTO Macca KayKJoM TeaeKKU paBHa M, HAUTHU
CKOPOCTH, C KOTOPBIMU OyAYyT ABUTATHCSA 00€ TEJEeKKH IIOCJIe ITOTO.

1.135. Ha kparo mokodiieiica TeJeXKH Maccbl M CTOAT ABa 4de-
JIOBEKa, Macca Ka)kJOoro M3 KOTOpPLIX paBHa m. IIpeHeOperas Tpe-
HUEeM, HAlTH CKOPOCTh TeJeKKH IIOCJe TOr0o, KaK oba deloBeKa
CIPBITHYT C OSHOM M TOH »Ke rOPpHU30HTAJbHON CKOPOCTHIO U OTHOCH-
TEJbHO TeJEeXKKHU:

a) OOJHOBpPEeMEeHHO; 0) ApPYyr 3a APYTOM.
B KakoM ciydae CKOpPOCTBH TeJIeXKKH OyaeT OoJbiie?

1.136. Pakera BbIIyCKaeT HeEIIPEPBLIBHYIO CTPYI0 rasa, MMeIO-
IIIYIO CKOPOCTh U OTHOCUTEJBHO paKeThl. Pacxon rasa paBeH U Kr/c.
IToxasaTh, 4YTO ypaBHEeHUE OBM)KEHUSA paKeThsl umeeT Bug ma = F —
uu, rae m — Macca pakeThl B JaHHBIII MOMEHT, a — ee YyCKOpeHUue,
F — BHemHas cua.

1.137. Pakera nJBUKeTCA B OTCYTCTBUE BHEIITHUX CHUJI, BEIITyCKAasd
HENIPePhIBHYIO CTPYIO r'ada CO CKOPOCTHIO U, IIOCTOAHHOM OTHOCHUTE-
JIbHO pakeTbl. HafiTu CKOPOCTh paKkeThl V B MOMEHT, KOT'Zla ee Macca
paBHa m, eclM B HadaJlbHBIA MOMEHT OHa MMeJa MacCy M, U ee
CKOpOCThH OblIa paBHa HYJIIO.

1.138. HaiiTu 3aK0H M3MEHEHUs MAacChl PaKeThl CO BpeMeHeM,
€CJI OHA ABUMXKETCA B OTCYTCTBHE BHEIIHUX CHUJI C IIOCTOAHHBIM
YCKOpPEHHEM @, CKOPOCTh HCTEeYEeHUA rasda OTHOCHUTEJIHHO PaKeThl
IIOCTOAHHA U PaBHA U, a ee Macca B Ha4yaJbHbIII MOMEHT paBHa M.
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1.139. Pakera Hauajia MOJHMMAThCA BEePTUKAJIbLHO BBePX B OJHO-
POJHOM IIOJIe CHUJI TssKecTu. HauvanbHasi Macca pakeThl (C TOILIH-
BOM) paBHa m,. CKOpOCTE ra3oBOi CTPyX OTHOCHUTEJIBbHO DaKeThbl
paBHa u. HaliTu cKOpoCTh paKkeThl B 3aBUCHUMOCTH OT €€ MacChl m U
BpeMeHU noagmnema t.

1.140. Pakera noaaep:KkuBaeTcsa B BO3JyXe Ha IOCTOAHHOM BBHI-
coTe, BeIOpachIBasgi BEePTHKAJLHO BHH3 CTPYIO rasa CO CKOPOCTBHIO
u=900 m/c. HaiiTu:

a) BpeMs, KOTOPOEe paKeTa MOJKET OCTAaBaThbCA B COCTOSHUMU IIO-
KOd, ecJid HavaJibHasg Macca TOILIMBA cocTaBiidgeT 1 = 25% ee mac-
cel (06e3 ToILIMBA);

6) maccy rasos (t), KOTOPYIO JOJIKHA €KeCeKyHJHO BBLIOpACHI-
BaThb paKeTa, YTOObI OCTaBaThCA Ha IIOCTOSHHOM BHICOTE, €CJIM Hada-
JbHad Macca pakKeThl (C TOIJIMBOM) DaBHa m.

1.141. Kocmuueckuii Kopabib MacChl m, ABUMKETCA B OTCYTCT-
BHe BHEIITHUX CHUJ CO CKOPOCTBIO V,. [l M3MeHeHNA HallpaBJIeHUA
IBUKEHUSA BKJIOUYWJIN PeaKTHUBHBIN JBUTATeNIb, KOTOPBIN CTaJ BBI-
OpachIBaTh CTPYIO ra3da ¢ IOCTOSHHOM OTHOCHUTEJIbHO KOpPabjsa CKO-
POCTBIO U, BCE BpeMs MePHEeHAUKYJIAPHOI HAIPaBJISHUIO IBUIKEHUA
KopabJuda. B KoHIIe paboThI ABUTaTEJIsI Macca KopabJda cTaja paBHOHU
m. Ha xakoil yrojs o M3MeHUJIOCh HalpaBJIeHWEe IBUXKEHUA Kopao-
JA 3a BpeMsa pabOThLI ABUTATEJISA?

1.142. TenesXkKa ¢ MeCKOM ABUMIKETCS II0 TOPM30HTAJIbHOM ILJIOC-
KOCTH IIOJ JeHcTBHMEM NOocTOsSsHHOU cuubl F, coHanmpaBiIeHHOH C ee
ckopocThbio. IIpu 3TOM mEecOK BBICHIIIAETCS Uepe3 OTBepCTHEe B JHE C
IIOCTOAHHON CKOpPOCTBhIO U Kr/c. HaiiTu ycKOpeHVe U CKODOCTH Te-
JIeXKKU B MOMEHT £, ecii B MOMeHT ¢ = 0 Tesle’KKa ¢ IIECKOM HMeJia
Maccy m, U ee CKOpPOCTh OblLIa paBHa HYJIO.

1.143. Ilnargopma Maccel m,
HauYMHAeT ABUTAaTbCA BIIPaBO IIOJ
IeHCTBUEM IOoCTOsIHHOM cuiabl F
(puc. 1.22). N3 HemogBUKHOTO
OyHKepa Ha Hee BBICHIIAETCS IIe-

7””9- ) o= cok. CKOpOCTh MOTrPY3KM IIOCTOAH-
1111111117777171777771777717777777777777771 Ha ¥ paBHA |l KT /c. HaiiTu 3aBucu-

MOCTH OT BpEeMEHU CKOPOCTH U
YCKOpeHus 1miaaTdopMBEI HIPHU IIO-
rpysKe.

1.144. Ilemouka AB AJUHBI | HaXOAUTCA B IJIaJKOU IOpU30HTA-
JBbHON TPYyOKe TaK, UTO YacTh ee JJUHBI I CBOOOJHO CBeIlIIBaeTCH,

Puc. 1.22
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Kacasfch CBOMM KOHIIOM B moBepxHOCTH cTo- A
aa (puc. 1.23). B HEeKOTOPBII MOMEHT KO- \

Hell A menouku ornyctuau. C Kakol CKOpo-

CTBLIO OH BBICKOUMT U3 TPYOKU? h

1.145. OgHOPOAHBIN IMJIMHAP HaXOIMT- B
cA Ha JBYX I'OPU3OHTAJLHBIX peJbcax (puc.
1.24). Ha Hero HamMoTaHa HHUTb, K KOHILY Puc. 1.23
KOTOPOH MNPHJIOKHJIMN IIOCTOAHHYyIO cuiay F. 7

Haittu pa6oty cunbel F 3a Bpemsa, B TeueHUe
KOTOpPOTO OCh IMJIMHApPaA IlepeMecTHach 06e3 (a)
CKOJIbJKEeHUSA Ha paccTodAHWe [, ecau cuJja:

a) ropusoHTaJbHaA (caydail a);

0) BepTuKaJbHaA (ciyuait 0). |

1.146. YacTtumna cosepiinia IepeMeleHue = —
II0 HEKOTOPO¥l TPaeKTOPHHU B IIJIOCKOCTU XY U3 Fy (0)
TOYKX I C pajuycoM-BEeKTOpPOM r, =i + 2j B
TOYKY 2 C pajuycoM-BeKTOpOM r, = 2i — 3j.
IIpu sToM Ha Hee AeHICTBOBAJIM HEKOTODhIE CHUJILI, OJHA M3 KOTOPBIX
F = 3i + 4j. Hantu pa6otry, KoTopyio cosepmuia cuiaa F. 3xecs ry,
ro u ¥ — B CH.

Puc. 1.24

1.147. HebGosbimaaga My@TouKka MacChl m =
= 0,15 Kr aBMI)KeTCA IO TIJIaAKOMY IIPOBOAY,
U30THYTOMY B TOPH30HTAJbHOM IIJIOCKOCTH B
BUJEe OYyI'M OKpPysKHOCTU paauyca R = 50 cm
(puc. 1.25, Bung ceepxy). B Touke I, rme cko-
pocTe My(TOouKu v, = 7,5 M/Cc, Ha Hee Hadaja
JeficTBOBATh IIOCTOAHHAA MOPU30OHTAJIbHAA CUJIa

F. Haiitu ckopocTs My(pTOUKMN B TOUKe 2, eCJia
F = 30 H.

Pue. 1.25

1.148. JIoxoMoTUB Macchkl m HadHWHaeT ABUIraTbCA CO CTAHIIUU
TaK, YTO €ero CKOPOCTh MeHsSeTCA IO 3aKOHYy U = o/ S§, e o, — IIo-
CTOAHHAA, S — NPoMAeHHBIN nyTh. HaliTu cymMapHyIo paboTy Bcex
CWJI, AeMCTBYIOIINX Ha JJOKOMOTHUB, 3a IepBbIe ¢ CEKYH] IIOcJe Ha-
yajia JBUKEHUA.

1.149. KuHeTuueckass >HEPrus 4YacTUILI, ABMIXKYIIeHcA IIO0
OKPY’KHOCTU pagmyca R, 3aBUCUT OT NPONUAEHHOIO IIyTH § II0 3aKO-
Hy K = as, rae o — nocrtossHHada. HaliTu MonyJib CUJIBI, AeMCTBYIO-
el Ha YacTUIly, B 3aBHCHMOCTH OT S.
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1.150. YacTuiel Mmaccel m IOIazaioT B 00JIaCcTh, I'le Ha HUX AeM-
CTByeT BCTpeuHas TopMmo3fAmlad cuia. ['siyomHa X IPOHMKHOBEHUA
YaCTHUIL B 3Ty 00JIaCTh 3aBUCUT OT UMIYJbCA P YaCTHUILl KaK X = dp,
rIe o. — 3aJaHHadA IoCcTOsTHHadA. HaliTm 3aBUCUMOCTE MOJIYJISI TOP-
MO3AINEeN CHUJIbI OT X.

1.151. He6oJsbIioe Teso MacChl m MeLJICHHO
BTaIllUJIX Ha TOPKY, AelicTByd cujoi F, KoTtopasa
B Ka)KJOM TOUYKe HaIlpaBJIeHa II0 KacaTeJbHOM K
TpaekTopuu (puc. 1.26). Haiitu paboty »sToOit
CUJIBI, €CJM BbICOTA I'OpPKU h, OIJWHA ee OCHOBAa-

Puc. 1.26 HUA | 1 Koap(puIiueHT TpeHUusa k.
1.152. Bpycok maccel m = 2,0 Kr MeaJIeHHO
MOAHAJJA II0 IIIepPOXOBaTOM HAKJOHHOM ILJIOCKOCTA Ha BBICOTY
h =51 cM nIpu MOMOIIM HUTH, NapaJlJIeJILHOM 3TOM ILIocKocTu. Ilpu
aToM coBepiuau padory A = 16,0 [»x. Ha BeicoTE £ HUTH OTIIYCTHJIN.
Haittu ckopocTh 6pycKa, JOCTUTIIEr0 IePBOHAYAJIBHOTO ITOJIOMKEHUA.

1.153. Illa#6a maccel m = 50 r cockaab3bIiBaeT 0e3 HaYaJIbHOM
CKOPOCTH II0 HaKJIOHHOH IIJIOCKOCTH, cocTaBJisiomieir yroa o = 30° c
TOPU30OHTOM, M, IIPOMJsS II0 TOPMBOHTAJNBLHOM IIJIOCKOCTH PaCCTOsI-
Hue [ = 50 cm, ocraHaBiuBaercA. HaliTu pabGoTy cuJ TpeHUA Ha
BCEM INyTH, CUUTAs BCIOAy Koadduiuent tpeuus k = 0,15.

1.154. K mebosbimoMmy OpycKy Maccel m = 50 r, JexkamemMy Ha
FOPU30HTAJBLHON IIJIOCKOCTH, IMPUJIOKUJIN IMOCTOSHHYIO TOPU30HTA-
apHyI0 cuay F = 0,10 H. Haiitu paboTy cuja TpeHus 3a BpeMs JBU-
’KeHusd OpycKa, ecau Kod(p(PUIIeHT TPeHUS 3aBUCUT OT IIPOHIeHHO-
ro OyTu X Kak kB = yx, rge y — IIOCTOAHHAad.

1.155. [IBa G6pycka mMacc m; U m,, COeJUHEHHEIe HeJedOpPMUpPO-
BaHHOU NPy KUHKOM, JIeoKaT Ha TOPU30HTAJBHOHN mIocKocTu. Koad-
(puneHT TpeHUa MeXay OpycKaMM M ILJIOCKOCTBLIO paBeH k. Kakyro
MUHUMAaJbHYIO IOCTOAHHYIO CUJIY HYKHO IIPUJIOKUTH B TOPU30HTA-
JLHOM HalIpaBJIeHU: K OpYyCKy MAaccCel m,, YTOOBI Apyroi OGpyCOK
CABUHYJICA C MecTa?

1.156. IIpamaa menouka maccel m = 50 r u AauHEI [ = 52 cM Je-
JKUT Ha IVIaJKOM IOpHM30HTAJBHOI ITOJYIIJIOCKOCTH Yy €€ I'PaHUIIbI C
JPYroil TOPM30HTAJBHOM IIOJIYIJIOCKOCTRIO, I'Zle KO3(P(PHUIIMEeHT Tpe-
HudA k = 0,22. Ilenouka pacmoJjiokeHa IIepHeHIUKYJISAPHO I'PaHUIE
paszeJjia moJayiaockocteil. Kakyio paboTy HE0O6XOAMMO COBEPIIHUTS,
4YTOOBI, JEeMCTBYS rOPA30HTAJBHON CUJIOM Ha KOHEIl IeOYKH, HaX0-
OANIUNCA Yy TPAHUIILI pasfesa, MeIdJeHHO IIepPeTalluThL BCIO IIeIoY-
Ky uepe3 3Ty TI'PaHUILY?
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1.157. Ilemouka maccer m = 0,80 Kr u anuub [ =1,5 M JeXuUT Ha
IIIEPOX0OBATOM CTOJI€ TAK, YTO ONMH €€ KOHeIl CBEIIMBAeTCd y ero
Kpasd. Ilemouka HauMHaeT caMa COCKaJIb3bIBaTh, KOT/a €€ CBeIlrBa-
IOIIasACA 4acTh cocTaBadeT | = 1/3 gauHb nenouku. Kakymo paboty
cOBepIIaT CHUJIbI TPEHUHdA, AEHCTBYIOIHE Ha IeIIOYKY, IPH ee II0JI-
HOM COCKaJIb3BIBAHUH CO CToJIa?

1.158. Teso macchkl m OPOCHJIM IIOJ YIJIOM O K TOPHU30HTY C Ha-
4aJabHOI CKOPOCTBIO V,. HailTu cpefHI0I0 MOIHOCTh, Pa3BUBAEMYIO
CHUJIOH TSMKECTH 3a BCE BpeMs IBMKEHUS TejJa, U MI'HOBEHHYIO
MOIITHOCTBh 3TO# CHMJBI KaK (PpYHKIIMIO BPEeMEHH.

1.159. YacTuma maccbl m IBUKETCS II0 OKPYKHOCTU pazuyca R
C HOPMAaJIBHBIM YCKOPEHHEM, KOTOpOoe MEHSEeTCS CO BpeMeHeM II0o
BaKOHy @, = at?, roe oo — nocToaHHaa. HaiiTu 3aBUCIMOCTD OT Bpe-
MEeHU MOIIIHOCTH BCE€X CHJI, AeHMCTBYIOIIMX Ha YacTUILy, a TaKiKe
cpeaHee 3HaUEHIE 3TOIl MOIIHOCTH 3a IIepPBLIE ¢ CEKYHJ IIocJIe Haua-
Jla OBUKEHUA.

1.160. Bpycok maccel m = 1,00 Kr HaxXoAUTCsA Ha TOPU30OHTAJb-
HOU MJIOCKOCTH ¢ Koa(puiueHToMm TpeHud £ = 0,27. B HeKOTOpBI#
MOMEHT eMy COOOIIMJIM HadaldbHYI0 CKOpOCThb Uy = 1,50 m/c. Haii-
T CPEJHIOI0 MOIIHOCTL CHJIBI TPEHHsS 3a BCe BPeMsS IBHIKEHUS
Opycka.

1.161. HebOosbmiomy Tesy Macchbl m, HaxXoAAIIeMycd Ha I'OpH-
B0HTAJIBHON IJIOCKOCTH, COOOIMUIN CKOpPOCTE U,. Kospdunuent
TPEHUA 3aBUCUT OT IIPOMJEHHOIO IIYTH S IO 3aKOHY kB = O.S, TIe oL —
nocroaHHasg. HaliTu MakcuMMaJIbHYI0O MI'HOBEHHYIO MOIITHOCTEL CHJIBI
TPEeHUA.

1.162. Kakyo MOIIHOCTh Pa3BMBAIOT ABUTaTeJlNd PaKeThl MACCHI
M, KoTopas HEIOABUXKHO BHCUT HaJ NOBEPXHOCTbIO 3eMJIH, €CJIU
CKOPOCTh HCTEUEeHUsS ra3oB paBHa u?

1.163. B cucreme orcuera, Bpallaolieiicsad BOKPYT HeIIOABUIKHOM
ocu ¢ o = 5,0 pax/c, aBUKeETCcsaA HebosbIIoe Tejio macckl m = 100 r.
Kakyio paboTy coBeplinja MeHTPoOeXHasA CuJjia MHEePIUHU IIpHU Iiepe-
MEIIeHNH 3TOr0 TeJa II0 IIPOM3BOJBLHOMY IIYTH U3 TOUYKU I B TOUKY
2, KOTOpbIe PacIlOJIoXKeHbl Ha paccToAHUAX r; = 30 cM, u ry =50 cm
OT OCU BpaIeHus?

1.164. Topm30oHTaAJIBHO pACIIOJOXXEHHBIA [OUCK BpalllaeTcsa C
o= 5,0 paxg/c BOKpyr cBoeil ocu. M3 IeHTpa AUCKa C HavyaJlbHOM
CKOpocThI0 v, = 2,00 M/c aBuKeTcAa HebGoJbInad IIaiida Macchl
m = 160 r. Ha paccrosauuu r = 50 ¢cM OT ocu ee CKOPOCTh OKasaJjach
paBHOM v = 3,00 Mm/c oTHOCcUTeabHO AucKa. HaliTu paboTy, KOTOPYIO
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COBepIIINJa IPU 3TOM CHJIa TPEHUS, AeHMCcTBYyIOIIas Ha I1aidy, B cu-
cTeMe OTcueTa «IHUCK».

1.165. Cucrema coCcTOMT M3 ABYX IIOCJEeJOBATEJIbHO COEIUHEH-
HBIX IIPY’KMHOK C KECTKOCTAMHU %; U %,. HaiiTu paboTy, KOTOPYIO
HeoOXOAMMO COBEpIINUTh, YTOOBI PACTAHYTH 3Ty cHcTeMy Ha Al.

1.166. Tesmo mMacchkl m HAYMHAIOT HOAHUMATh C IIOBEPXHOCTHU
3eMJIH, IPUIOXKUB K HeMy cuay F, KoTopyio M3MEHSIOT C BEICOTOM
nogbseMa y no 3akony F = 2(ay — 1)mg, rme a — mojokutejabHad
nocroaHHad. HaliTu paboTy aTOM CMJIBI M IpUpalleHue IIOTeHI[HAa-
JBbHOH SHEPruH TeJa B II0JIe TAXKECTH 3eMJIM Ha IIepPBOM IOJOBHHE
IIyTH HOJbeMa.

1.167. Yactuna aBukeTcsa BHoJb ocu X IIOJ JOeHCTBHEM CHJILI
nous F, = ax —Bx?, roe o = 8,0 H/m, B = 6,0 H/m2. Haiitu koopau-
HaTy X, TOUKH, B KOTOPOH NOTeHIMaIbHaA S9HEePTrUd YaCTUIbI TaKasd
’Ke, Kak B Touke x = 0.

1.168. Torkasa nenmouka Mmaccbl m = 25 r u gauHsl [ = 100 cMm Je-
JKUT Ha CToJie B BHJe HeOOoJbIIOoM KydKu. K ofHOMY M3 KOHIIOB Iie-
TIOYKY IIPUJIOYKUJIY HaIpaBJIeHHYIO BEePTUKAaJIbLHO BBepXx cuiry F = ay,
rae o = 0,47 H/m, y — BBICOTa NOAbEMa OT IMOBEPXHOCTHU CTOJIA.
HaiiTu cKopoCcTh MENOUYKM B MOMEHT OTPBLIBA €e HM)KHEro KOHIa OT
cToJIA.

1.169. IloreHnuanbHadA HEPTUA YaCTUILI B HEKOTOPOM IIOJIe
umeet Bug U = a/ r?2 —b/r, rie a © b — TOJIOXKUTEJIbHbLIE IOCTOAH-
Hble, ' — pacCcToAHHEe OT IeHTpa mnoaa. Haurtu:

a) sHadYeHUe Iy, COOTBETCTBYIOIlee PaBHOBECHOMY IIOJIOKEHUIO
YACTHUIILI; BBICHUTH, YCTOMYMBO JIX 3TO IIOJIOYKEHUE;

0) MakcuUMaJIbHOe 3HaUYeHHe CUJIbI NPUTAKEHHUsS; M300pasuTh
npuMepHble rpadpuku s3aBucumocrer U(r) u F,(r).

1.170. Yacruna maccel m = 4,0 r 1BUKeTCcs B JByYMepHOM II0Jie,
rfje ee HOTeHNuAanIbHad sHeprua U = axy u o = 0,19 mIIx/m2. B
touke 1 {3,0 m, 4,0 M} wacTumna mmesaa ckopocts v, = 3,0 m/c, a B
touke 2 {5,0 m, — 6,0 M} ckopocTs v, = 4,0 m/c. HaliTu pa6oty cTo-
POHHUX CHJI Ha IIyTH M3 TOYKU I B TOUKy 2.

1.171. Yactunma maccel m = 5,0 Mr JBUKeTCsA II0 OKPYKHOCTH
paguyca ry = 5,5 CM B IIeHTPaJIbHOM IIOJIe, T/le ee NOTeHIUaabHadA
DHEPTHUs 3aBHUCHUT OT PACCTOSHHSA [0 IeHTpa moiad kak U = urd, rae
x> 0. HaiiTu 3HaueHue 1, ecam Iepuoj obOpalieHUA UYaCTHUILI IO
OKpysKHOCTU cocrtaBiseT T = 10 mc.

1.172. YacTuna HaxogUTCA B IBYMEPHOM CHJIOBOM II0OJIe, TAE ee
HoTeHIMaJbHad sHeprua U =— axy, o= 6,0 Ix/m2. Haiitu Mozyab
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CUJIBI, JeMcTByIOIIell Ha yacTUIy B Touke, rae U = — 0,24 ]Ik u
BEKTOP CHJIBI COCTaBJAeT yrog 3 = 15° ¢ oprom ocu Y.

1.173. Heb6oawimnasa maiba A cocKkaab- A
3pIBaeT 0e3 HayaJbHOH CKOPOCTU C Bep-
IMUHBI TJIaJKON rOpKHU BeIcoTOU H, mMe-
IOIIell TOPU30OHTAJNbHBIA TpaMILIUH (puc. | H

1.27). IIpu KakKoii BeICOTe A TpaMILJIHHA 2 h s>«
Imaiba IpPOJETHUT HambOoJbIlee PacCTOsd- TII11717177777777777
Hue s? Yemy oHO paBHO? Puc. 1.27

1.174. HebGoabmioe Teso A HauyuWHAET A
CKOJIL3UTH C BELICOTHI £ II0 HAKJOHHOMY JKe€JIO-
0y, mepexoasAIneMy B MOJYOKPY/KHOCTb paguy-
ca h/2 (puc. 1.28). IlpeHebperasa TpeHUEM,
HAWTH CKOPOCTH TeJia B HAWBBICIIIEH TOYKE ero
TpaeKTopuu (Iocjie OTPLIBA OT »KeJjoba).

1.175. HeGonpmioil ImapuK Ha HUTHU OBU- Puc. 1.28
JKeTcs II0 OKPYKHOCTH B BEPTHUKAJBHOM ILIOC-

Koctu. HalTm maccy mapuka, ecid MaKCHUMaJIbHOe HaTAXXeHUe
HUTH Ha AF = 2,35 H OoJsbllle MUHUMAJBLHOTO.

1.176. Ha auTn aiauHbl | noaBerieH mapuk maccekl m. C Kakoi
HaMMEeHBIIIell CKOPOCTRHIO HAZ0 IIepeMellaTh TOUKY IIoJBeca B I'OpH-
30HTAJHLHOM HaNpaBJE€HHU, UYTOOBI IIIapHMK CTaJ JBUTAaThCA IIO
OKPY’KHOCTHU BOKPYT 3ToM Touku? KakoBa mmpu 3TOM cuJja HaTsKe-
HUA HUTHU B MOMEHT, KOrJa oHa OyJeT IIPOXOAUTH IOPHU30HTAJILHOE
moJioyKeHue?

1.177. He6Goapmoi mapuk Macckl m = 50 I mpuUKpeImJeH K
KOHIIYy yIIPYyrol HUTH, KECTKOCTb KoTopoi x» = 63 H/m. Huts c
IIapUKOM OTBeJIM B I'OPU30HTAJIbHOE IIOJIOXKeHUue, He AedopMu-
pydA HUTHU, ¥ OCTOPOXKHO OTIyCTUJIU. Korja HUTH MpoxoAujia Bep-
TUKaJbHOE IIOJIOKEeHUe, ee AJNHA OKasajachk [ = 1,5 M 1 cCKOpOCTBH
mapuka v = 3,0 m/c. HaiitTu cuny HaTAKeHUSA HUTU B 3TOM II0JIO-
JKeHUHU.

1.178. 'nmagkuit Jerkuil rOpU30HTAJBHEINA cTep:KeHb AB MOXKeT
BpamiatbcAa 0e3 TpeHUA BOKPYT BEPTUKAJBbHON OCU, IIPOXOIAIEiH
yepes3 ero kouen A. Ha crepxkHe HaxoguTca HeOoJbIIad My(dToUKa
Macchl M, CoeJUHeHHad NPYKUHKOHN AnuHEI [, ¢ KoHmoM A. HecrT-
KOCTb IIPYKUHKM paBHa %. Kakyio paboTy HaJlo COBEPIIUTh, YTOOLI
3Ty CHUCTEMY MEIJEHHO PACKPYTUTH OO YIJIOBOM CKOPOCTH ®?

1.179. Ha npy’XuHKe KECTKOCTU ¥ BHUCUT BePTUKAJBLHBIHA CTEp-
’KeHb, COCTOAINMNN M3 ABYX HepaBHBIX uacTeli. HuKHAA yacTh Mac-



36 Yactes 1. PusnuecKue OCHOBBI MEXaHUKHU

cel m oTopBajack. Ha KaKyio BBICOTY IIOJHUMETCS OCTAaBIIASICA
YacThb CTEePIKHA?

1.180. 'nagkas yupyrada HUTh OJUHBI | 1 JKeCTKOCTH ¥ IIOJBEIIIe-
Ha OJHUM KOHIIOM K ToukKe O. Ha HM)KHEM KOHIle UMeeTCs HeBeco-
MBIl yrop. I3 Touku O Haudajia majgaTh HeOoJbIasg My@dTa MacChl
m. Haitu:

a) MaKCcHUMaJIbHOE€ pacTsyKeHue HUTH,;

0) yObLIb MeXaHUUYECKON SHEePruu CUCTeMbl K MOMEHTY YCTaHOB-
JIeHUsI paBHOBecUs (M3-3a CONPOTHUBJIEHUS BO3AyXa).

1.181. Ha nmoacraBke Jexxkut rupsa maccel m = 1,00 xr, moase-
IIIeHHas Ha HeJe() OpPMUPOBAHHOH IIpy)KUHe »KecTKocTu »x = 80 H/mMm.
IMoscTaBKy HadalM ONMyCKaTh ¢ yckopeHueM a = 5,0 m/c?. IIpene-
Operas mMaccoy HNPYysKHHBI, HATH MaKCcHMaJbHOE PacTAKeHUe Ipy-
JKMHBI B 3TOM IIpOIlecce.

1.182. Heboabmrasa maiiba maccel m = 5,0 r HAUMHAET CKOJIb-
3UTh, €CJIM €e MOJIOKUTh Ha IIIepOXOBaTyI0 MOBEPXHOCTH ITOJIycge-
PEI Ha BeICOTE /; = 60 cM OT rOPU30HTAJLHOTO OCHOBaHUA MoJycde-
pul. IIpomoikas CKOJIBL3UTD, IIaiba OTpPhIBAeTCA OT ITOJIycephl Ha
BbICcOTE hy = 25 cm. HaliTu pabGoTy cuy TpeHHs, AeHCTBYIOIMUX Ha
maildy IIpyU ee COCKaJb3LIBAHUU.

% m 1.183. B cucreme (puc. 1.29) macca
Kakgoro opycka m = 0,50 Kr, »KeCTKOCTb
npyskuHsl x = 40 H/m, KoadduiiueHT Tpe-

m HUA MeXJy OpyCKOM U IIJIOCKOCTBIO

k = 0,20. Maccsel 6J10Ka 1 IPY>KUHBL IIpe-

Puc. 1.29 HeOpexxumMo MaJkbl. CucTema IpuUILIa B

JIBUKEeHUEe C HYJIeBOM HaYaJIbHOM CKOpO-

CTBIO IpM HeAedopMHUpPOBaHHOU npykmHe. HallTu MakcuMaJbHYIO
CKOPOCTE OPYCKOB.

772 1.184. Ha cToje j1eXuUT OPYyCOK Macchl m, COeau-

O HEeHHBIA ¢ HenmoABMKHOM Toukoi O (puc. 1.30) He-

A neopMUpPOBAaHHON YIpPYyrod HUTBHIO AJIUHEI [,. Ko-
a(ppUIIMEeHT TPeHuA Me)XKAy OPYCKOM M CTOJIOM K.

m Cros MeAJIeHHO IePeMEeCTHUJIM MO0 IIOJIy O IOJIOXKEe-
777];;7@_» HUA, IPA KOTOPOM OpPYCOK HAdal CKOJBL3UTh. IJTO
IIPOU3OIILJI0 B MOMEHT, KOrJla HUTh OTKJIOHHUJIACH OT

Puc. 1.30 BepTHKaau Ha yroa 9. Haiitu pabory, KoTopyio co-

BepIINJa K 3TOMY MOMEHTY CHJIa TPEHUsS IOKOod,
JIelCTByOINAasa Ha OPYCOK, B CUCTEME OTCUeTa, CBA3AHHOM C II0JIOM.
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1.185. YacTuma Macchl m JBUXKETCA CO CKOPOCTBIO U IO YIJIOM
0, K HOpMaJ¥ ILIOCKOCTH, pasfesnsdaiomei o01acT, B KOTOPBIX IIO-
TeHIIMaJIbHasda dHeprusa dacTunel pasHa U; u U,. Ilog Kakum yriaom
O, K HOpMaJu OHa OyJeT JBUTAThCA IIOCJIe IepecedeHus 3TOH ILIoC-
KocTtu? IIpu KakoM yCJIOBHM YacTHIlA He IIPOHUKHET BO BTOPYIO 00-
JIaCTh?

1.186. HuTts nepebpolieHa uyepes ragkue ro- 1o 9
PU3OHTAJIbHBEIE CTepKHU I 1 2, Ha ee KOHIaX U B Iﬂﬂl C
cepeluHe IIOABEIIEHBI OAMHAKOBOM MAacCChI I'DPY3bI
A, B, C (puc. 1.31). PaccToauue MeXXAy CTepPKHSA-
Mu paBHO [. B HekoToprwiii MmomeHT rpys C ocTto-
POKHO OTIIYCTHUJH, M CHUCTEeMa IIPHUIILJIAa B ABHUXKE-
Hue. Halitu ckopocths rpysda C B MOMEHT, Korzga
KMHeTHUYeCKas dHeprus CUCTEeMbl MaKCHUMaJIbHA, a Pnc. 1.31
TaK/Ke MaKCuMaJIbHOe nmepemelreHue rpysa C mpu
JIBU)KEHUN BHUS3.

1.187. B K-cucreme orcuetra BAOJL ocu X ABUIKYTCHA JBe UaCTH-
IIBI: OJJHA MacChl M, CO CKOPOCTBIO U,, APyrad Macchl m, CO CKOpO-
CTBIO V,. HaitTu:

a) ckopocTh K'-cucTeMbl OTCUEeTa, B KOTOPOM cyMMapHas KUHe-
THUYECKAasa 9HepPrus 3TUX YacTUI MHHUMAaJbHA;

0) cyMMapHYI0 KMHETUYECKYIO 9Hepruio 3Tux udacTtuil B K'-cuc-
TeMe.

1.188. Iloayuuts dopmyay (1.3).

1.189. Ha rmaakoii ropu3oHTaJbLHOM MOBEPXHOCTH HaAXOLATCSH
ABe HeOOoJIbIINe IIaildbl Macc m, U m,, COeAUHEHHEIe MeXy co00i
npy-kuHKoil. Illaiibam coobmuan HauaabHbIe CKOPOCTHU Uy U V,, Ha-
IIpaBJIEeHUA KOTOPBIX B3aMMHO INEPIEHIAUKYIAPHBI U JIeXKAT B I'OpHU-
30HTaJbHOHN MIJocKocTU. HaliTu MexaHMYeCKYIO D9HEepPTHUI0 3TOM CHC-
TeMBI B CHCTEMEe ee IleHTpa Macc.

1.190. Cucrema COCTOMT U3 IBYX MIADMKOB
Macc mq, U m,, COeJUHEeHHBIX MeXXAy co00i Hefe-
(bopMUpOBaHHOII NPYKUHKOM M PacCIIOJIOKEeH-
HBIX Ha OJHOM ypoBHe. B HEKOTOpPBIA MOMEHT
IIapuKaM COOOIMMJIM CKOPOCTH V; MUV, Puc. 1.32
(puc. 1.32). Haiitu:

a) MakcuMaJbHOe IIpupaIieHue NOoTeHINaJbHO! dHEPIUu CHUCTe-
MBI B IIOJI€ TSAXKECTU 3eMJIH;

0) coOCTBeHHYI0 MeXaHHMUYeCKyI0 dHepruio cucreMsnl E ., Korjga
ee IIeHTP MacC NOJHMUMETCA Ha MaKCHUMaJIbHYIO BBICOTY.

pm
=

Il
A B

m, m,
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1.191. Ha ri1agkoi# ropu30HTAJIBHOM IIJIOCKOCTU HAXOAATCS JBa
Opycka Macc m; U m,, COeAUHEHHble IPYXHMHKOH KECTKOCTH X%

g 1 y 9 (puc. 1.33). Bpycok 2 mepemMecTHJIU BJIEBO Ha
2 SEE5T He0OJIbIIIOe paccTosdHMe X M oTmnycTuau. Haii-
////////////////////////////// TH CKOPOCTH IIEHTpPa MAacC CHUCTEMBI IIOCJIe OT-

peiBa Opycka I OT CTEHKHM.

1.192. Ha riagxoii TOpM30HTAJBHON ILIOC-
KOCTH JIeXKaT JBa OAMHAKOBBIX OpyCKa, coeIMHEHHLIe HeaedhopMUpO-
BaHHOM IIPYXXMHKOH »KeCTKOCTU ¥ U NiauHEHI [,. Ha ogun u3 Gpyckos

x F HayaJ JeMCTBOBATh IOCTOAHHOM I'OPU30H-
T ///6/6//6//6//6//6// T TaJbHOM cwioit F (puc. 1.34). Haittu makcu-

MaJIbHO€ ¥ MHUHHMAJIbHOE PACCTOSHUE MeXK-
Iy OpycKaMu B Ipollecce MX IBUYKEHUS.

1.193. Cucrema COCTOMT M3 JBYX OJAMHAKOBBIX IMJINHIPHKOB,
Ka)KILIA Macchl M, MEeXXAY KOTOPBIMH HAXOAUTCA C)KaTasd NPy KUHA
(puc. 1.35). IInauHAPUKY CBA3aHBI HUTHIO, KOTOPYIO B HEKOTOPHIHA
MOMEHT Imepe)kuraioT. IIpm Kakmx s3HaueHUAX Al — HaYaIbHOM
CoKATUU IPYKUHKU — HIKHUHN IMWINHIPUK IIOACKOYUT IIOCJIE IIe-
peKXuraHud HUTU?

1.194. JleTeBiiasa ropu30HTAJBHO IIYJISI MacChl m IoIaja B TEJIO
Macchl M, KOTOpoe IIOABEIIIeHO Ha IBYX OJAMHAKOBBLIX HUTAX IJIUHBI
l (puc. 1.36), u 3acTpana B HeM. B peaysbTaTe HUTH OTKJIOHUJIUCH
Ha yroa 3. Cuuraa m < M, HalTu:

a) CKOPOCTh MNYyJHU Ilepe] IIONaJaHHEM B TeJO;

0) OTHOCHUTEJILHYIO JOJII0 IepBOHAUAJIBLHON KMHETUYECKOUN sHEep-
THHU IIyJW, KOTOpas IIepelllyia BO BHYTPEHHIOI YHEPTHUIO.

1.195. Ha rimagxoil ropu30HTAJIBHOM IIJIOCKOCTH HAXOLHUTCHA TEJIO
maccel M (puc. 1.37) u Ha HeM HebOosbItada maiba maccer m. Illaii-
0e coo0mnIu B ropu30HTAJIbHOM HallpaBJeHUM CKopocTh v. Ha Ka-
KYIO BBICOTY (II0 CPaBHEHHIO C IIePBOHAYAJIBHBIM YPOBHEM) OHA IIOJ-
HUMETCA IIocjJe OTphiBa OT Teja M? TpeHusa Her.

1.196. HeGosbiiaa miaitba macchkl m 06e3 HauyaJbHOM CKOPOCTHU
COCKaJIb3LIBAeT C IJIaJJKOM T'OPKHU BBICOTHI A ¥ IIOMajaeT Ha JOCKY

V/
m
—
m m Y,
7 R =

Puc. 1.35 Puc.1.36 Pue. 1.37

Puc. 1.33

Puc. 1.34




1.3. 3aKoHbI cOXpaHEHUsI MMIIYJIbCa, JHEPTUM M MOMEHTA MMIIYJIbCa 39

Maccel M, Je)Kamyio y OCHOBaHUS rop-

KM Ha IJIaAKOH IrOpM30OHTAJBLHOM ILIOC-

Koctu (puc. 1.38). BeieacrBue TpeHUA h

Me)XJy IIaiboil M JOCKOM Iaiiba Top- M
MO3UTCA ¥, HAaUMHAA C HeKOTOpOI‘f) MoO- Ly s
MEeHTa, ABHXKETCS BMECTe C JOCKO! KaK
eguHoe mesioe. Halitu cymmapHylo pa-
00Ty CcHJI TpeHUA B 3TOM IIpoIlecce.

1.197. Ha rnagkoii ropu30HTAJIBHON IIJIOCKOCTH JIEXKUT JOCKAa
AB paunbl | = 100 cM, Ha KoHIIe A KOTOPOM HaXOAUTCS HeboJbIIasd
maiiba. Macca gocku B 1 = 10 pas 6oJibllie Macchl 11aiibbr, K0ahhu-
IUEHT TpeHud Mexxkay aumMu k = 0,15, Kakyio HauyaJabHYIO CKOPOCTh
HaJI0 COOOIMUTE I1aiide B HanpaBJeHUU oT A K B, 4TOOBI 0OHA CMOTJIa
COCKOJIb3HYTh C OOCKH?

1.198. HajiiTu npupaimeHrne KHHEeTUYECKOH 9HePIruu CUCTEeMBbI 13
ABYX IIIapPUKOB MAacc m, U m, IpU UX abCOJIIOTHO HeYyIIpyroM coyza-
penun. [lo coymapeHMs CKOpPOCTH IIApPUKOB OBLIM V; U V,.

1.199. Yactuma A maccel m, IpoJieTeB BOJIMU3U APYroil MOKOUB-
Imelca yacTUNbl B, OTKJOHMWJIACHL HaA yroJa o. AMoyinbc yacTuUIbl A
70 B3aMMOJEeMCTBUA OBLI paBeH p,, IIOcje B3auMOJeCTBUA CTAJ P.
Haiitu maccy wvactunbl B, ecau cucreMa 3aMKHyTas.

1.200. B HeKoTOpBIII MOMEHT JBE OJUHA- v
KOBBEI€ YaCTHUIIbI, 00pas3yolnue 3aMKHYTYIO
CHCTeMY, HaXOJATCA Ha PACCTOAHUMU [, APYT
OT Apyra ¥ HNMEIOT CKOPOCTH U, Hampasie- .,
HHEe KOTOPBIX COCTABJISIET YI'OJI O, C IIPAMOMA,
ux coeguusaiome (puc. 1.39). Macca xax- Puc. 1.39
JOH YacTHUIILI M, CHJIA B3aMMHOI'O OTTAJIKHU-

BaHUA 3aBUCHUT OT PACCTOSHHUA r MeXXAy YacCTUIAMU KakK a/r2, rae
a — u3BecTHad IIOCTOTHHadA. HaliTum HamMeHbIllee paccTOsSHUE, Ha
KOTOpoe cOJMBATCA YaCTUIIHI.

1.201. 3aMKHyTasd cuUCTeMa COCTOUT U3 ABYX OJAMHAKOBBIX B3aMMO-
JeMCTBYIOIIUX YacTull. B HeKOTOpEI MOMEHT f, CKOPOCTh OJHOM Yac-
TUIBI PaBHA HYJIIO, a Apyro# v. Korga paccrosHue MexXIy 4acTUIIAMU
OKas3aJIOCh ONATh TAKMM JKe, KAaK M B MOMEHT %;, CKOPOCTb OJHOM W3
JaCTHIL cTaja paBHOH v;. YeMy paBHEI B 3TOT MOMEHT CKOPOCTB APY-
roMl YacTUIbl M YIoJ Me)XIy HaIpaBJICHUAMH UX IBUKEHUA?

1.202. 3amMmKHyTasa cucTeMa COCTOUT M3 ABYX OAMHAKOBEIX Uac-
TUILl, KOTOPBEIE JBUXKYTCA CO CKOPOCTAMM U; M VU, TakK, YTO YIOJI
MeJKIy HallpaBJeHUMAMHU uX IBU)KeHUs paBeH 0. Ilocie ympyroro

Puc. 1.38
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CTOJIKHOBEHUS CKOPOCTM YACTHUI| OKA3aJUCh DABHBEIMU V; U V.
Haiitu yron 0 Me)xay HamnmpaBJeHHUAMU HX pasJjieTa.

1.203. HacTuna mMaccel m, UCIBITaJa YIPYroe CTOJKHOBEHHUE C
IIOKOMBIIIEWCA 4dYacTUIled Macchl m,. Kakyio oTHOcuUTeIbHYIO
YacTh KUHETUYECKON SHEepruu IoTepsa HajleTaloliad JacTHUIlA,
ecJIu:

a) OHa OTCKOYMJA MOJ IIPAMBIM yIJIOM K CBOeMY IIepBOHAUAJb-
HOMY HAaIIpaBJICHUIO B KEHUS;

0) cTOIKHOBEHUE J1000BOE?

1.204. B pesyabsTaTe JJ060BOro CTOJIKHOBEHUS YaCTHUIILI I MacChl
m, ¢ IOKOUBIIelica yacTuiel 2 obe 4acTUIbI Pa3jeTeJlUCh B IPOTH-
BOIIOJIOJKHBIX HaIIpaBJIEHUAX C OAMHAKOBBIMHU cKopocTaAMu. HaiTn
Maccy 4YacTHuIllbl 2.

1.205. ITocsie ypyroro cTOJIKHOBEHUA YaCTHUILBI I C IOKOUBIIIEH-
cA yacTuieir 2 o6e 4acTUILI pasJieTeIMCh CUMMETPUYHO OTHOCHUTE-
JBHO IEePBOHAYAJLHOI'O HAINPABJEHUS IBM)KEHUS dYacTUNbl I, u
yroJ MeXXJIy UX HamnpapjaeHuaMu paszJera 0 = 60°. Haiitu oTHOIIE-
HUe MacC 9TUX YacTHIl.

1.206. Kakoii MUHMMAJbHON CKOPOCTBLIO JOJIKE€H 00JalaTh Hel-
TPOH, YTOOBLI IPY CTOJKHOBEHHUHU C IOKOUBIIMMCS AAPOM Macchkl M
YBEJIMUUTh €ro BHYTPEHHIOIO 3HEpruio Ha AE?

1.207. Illap, aBUraBHINICA HOCTYHATEJIbLHO, HCILITAJ YIIPYroe
coylapeHue ¢ APYruM, IOKOMBIIMMCS IIIapOM TOH ke Macchl. IIpu
cCoyapeH!U yroJ MeXXJy NPSAMOI, IPOXOAsAIIel yepes IeHTPHI IIa-
POB, ¥ HalpaBJeHHEM NepBOHAYAJLHOIO ABUKEHUA HAJIETAIOIIEro
mrapa okasaJjcad paBHBIM o = 45°. Cuuras miapbel rIafKUMU, HaUTHU
JIOJII0 | KMHETUUYECKO! SHEePruu HaJIeTaloIIero Inapa, KoTopad Iie-
pelLIa B IOTEHIIMAJbHYIO SHEPrUi0 B MOMEHT HaumboJjbleit aedop-
MaInuu.

1.208. Crapsan, jgeraimquii co ckopoctbio v = 500 M/c, pa3pbIBa-
eTcs Ha TPU OAMHAKOBBIX OCKOJIKA TaK, UTO KMHETHUUYECKad d9HePIrus
cuCTeMbl yBeauuuBaeTcda B 1 = 1,5 pasza. Kakyo mMakcumaibHYIO
CKOPOCTHL MOJKET UMETh OJAUH M3 OCKOJIKOB?

1.209. Yactuna 1, nmeBmiasa ckopocTs v = 10 Mm/c, ucneiTajaa Jo-
00BO€e CTOJIKHOBEHHE C IIOKOUBIIEMCcA yacTuie 2 Toi ke maccel. B
pe3yJbTaTe CTOJKHOBEHHS KUHETHYecKas dHeprus CUCTEMBI yMe-
HbIIUIach Ha 1 = 1,0% . HaiiTu Mozysp u HampaBiieHUe CKOPOCTH
yacTunbl I mocjie CTOJKHOBEHU.

1.210. YacTuma Macchbl m HCHBITAJa CTOJKHOBEHHE C IOKOUB-
melica yactuneil maccel M, B pe3yJbTaTe KOTOPOTO YacTUIlA M OT-
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KJOHMJach Ha yroa n/2, a dvactuma M OTCKOYMJA IIOJ YIJIOM
9 = 30° K mepBOHaAYaJILHOMY HAIPaBJEHUIO JBUKEHUA YACTHUIILI M.
Ha cKoOJIBKO IPOIEHTOB M KaK M3MEHHJaCh KMHETUUYECKasa d3Heprud
9TON CHUCTEMBI IIOCJIE CTOJKHOBEHUus, ecaum M/m = 5,07

1.211. 3aMKHyTas cucTeMa COCTOUT M3 ABYX YaCTHIL C MacCcaMH
my U My, ABUKYINUXCA IO IPAMBIM yIJIOM APYT K APYTY CO CKOPO-
CTAMM V; U U,. HailTu B cucTemMe MX IleHTpa Macc:

a) UMOYJbC Ka)XJIOU YaCTUIIBI;

0) CcyMMapHYI0 KMHETHYECKYI0 DHEPruio o0erx 4YacTHIl.

1.212. YacTtuna mMaccel m; UCIBITala yIpyroe coyjapeHue ¢ II0-
KOMBIIIECA YaCTUIed MacChl My, IpudeM m,>m,. Hautu maxcu-
MaJILHBIA YTroJI, Ha KOTOPBIA MOXKET OTKJOHUTLCA HaJieTalomiad Ja-
CTHUIla B pe3yJbTaTe COyJapeHUd.

1.213. Ha riiagkoil ropu30HTAJIBHON IIJIOCKOCTHU JIEXKAT TPHU OJM-
HakKoBble 1manosl A, B u C (puc. 1.40). IITai6e A coobiun CKO-

B POCTHL V, IIOCJIe Yero OHa MCHObITajla yIpyroe
A « coyJapeHue OJHOBPEMEHHO c Inaibamu B u
o C. PaccTroanue MeXy IIeHTPaMHU ITIOCJIeTHUX

v_ .
( ) ‘\:,'Q 0 coyzapeHuda OBLIO B M pa3 OoJibllle gua-

MeTpa Kakaou mianb6el. HaliTu cKopocTh

C N\ maii6er A mocie coypnapenusa. IIpu kKaxom
3HAUEHUM 1 IIaiba A mocJe coyJapeHUs OT-
CKOUYMT Has3aj; OCTAHOBUTCS; OyAeT ABUTaTh-
cA BHepexn?

1.214. MonekyJja HUcIbITajla CTOJKHOBEHHE C APYroM, IMOKOUB-
Imelca MoOJIeKyJoH Tol »Ke mMacchl. IlokasaTh, UTO yroJ MexxXJy Ha-
IIpaBJIE€HUAMHU pas3jieTa MOJIEKYJI:

a) paBeH 90°, eciu coygapeHue YIIpyroe;

06) otanueH ot 90°, ecam coymapeHue Heynpyroe.

1.215. K Touke, paguyc-BeKTOP KOTOPOil OTHOCUTEJILHO HaudaJa
koopauHaT O paBeH r = ai + bj, npuiokena cuna F = Ai + Bj, rae
a, b, A, B — mocroaHHbIle, i 1 j — opTel ocet X u Y. Haitu mo-
MeHT N u neuo [ cuawsl F orHocuTenbHO Touku O.

1.216. MoMeHT mMIyJabca YaCTUIbI OTHOCUTEJNBbHO TOUYKH O Me-
HfeTCA cO BpeMeHeM IIo 3akoHY M = a + bt2, roqe a u b — mocrodas-
HbIe BeKTOpEI, npuuyeM alb. Haiitu orHOcuTeAbHO TOUKM O MOMEHT
N cuisbl, gelicTByIONIIe Ha YaCTUILY, KOTJa yroJ MeXJAy BeKTopaMu
N u M oxkakercAd paBHBIM 45°.

1.217. IITapuk Maccbl m OpPOCHJIH IIOJ YIJIOM O K TOPH3OHTY C
HavyaJbHOM CKOPOCTEIO U,. HaliTu mMoAaysb MOMeHTa MMIyJbca Ia-

Puc. 1.40
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pUKa OTHOCHUTEJHLHO TOYKM OpPOCAaHHSA B 3aBUCHMOCTH OT BpPeMEHU

IBUKEeHUsA. BulumcauTs M B BeplIIMHE TpPaeKTOPUU, €CJu

m =130 r, o = 45° u v, = 25 m/c. ConpoTuBIeHNEM BO3AyXa IIpeHe-
Opeub.

1.218. HeGoubiraa maiiba maccel m = 50 r HaUMHAET CKOJBb3UTh

C BepPIIUHBI IVIAJKON HAKJIOHHOU IIJIOCKOCTHU, BHI-

m cora Kotopoi#t A =100 cM u yros HakJIOHa K TOpH-
h 30HTY o = 15° (puc. 1.41). Ha¥itu mMomysb Mo-
0 o MeHTa UMIIyJibca INaibbl oTHOCHUTEJNIbHO ocu O,
NepHeHANKYJAPHONA MJIOCKOCTH PHUCYHKa, uepes

Puc. 1.41 t= 1,3 ¢ mocie Hauyaya JBUIKEHUA.

1.219. IIlait6a A macchl m, CKOJIb3s II0 TVIAJKOM I'OPH30HTAJIL-
HOM IIOBEPXHOCTHU CO CKOPOCTHIO U, UcibiTasa B Touke O (puc. 1.42,
A BU/JI CBEPXY) YIPyroe CTOJKHOBEHME C IJIaAKON He-
IMOABM)KHOM CTEHKOM. YT0JI Me)XJIy HallpaBJIeHUEM
JBU)KEHUS IIali0bl 1 HOPMAaJbI0O K CTEHKE pPaBeH d.

a w
- Havitu:

, a) TOYKH, OTHOCUTEJBbHO KOTOPBIX MOMEHT HM-
nyiabca M 1maiiObl ocTaeTcss IIOCTOAHHBIM B 3TOM
poIlecce;

Puc. 1.42 pont i

0) MoayJab IpUpaIIeHUs MOMEHTa WMIIyJibca
I1aii0bl OTHOCUTEJBHO TOUKHU O', KOTOpas HaXOJUT-

cs B IJIOCKOCTH ABU)KEHUA IaiiObl Ha paccTosaHuM [ oT Touku O.
1.220. BepTuKaJabHBIA IIUJINHAP YKPEILIeH Ha INIaJKOM ropu30H-
TaJbHO! IOBepxXHocTH. Ha MUIMHAP IJIOTHO HaMOTaHa HUTh, CBO-
OOZHBIM KOHEN, KOTOPOH coeqMHEH ¢ HeOOJBIIOM IIaidoir A mMacchl
m = 50 r (puc. 1.43, Bug cBepxy). Illaiib6e co-

/ / O0IIUJIM TOPU3OHTAJBHYIO CKOPOCTh, PaBHYIO
// ‘C v = 5,0 M/c, KaKk MOKas3aHo Ha pucyHke. Umes
7 B BUJY, YTO CHJIa HATSAXKEHUS HUTH, IPA KOTO-
PO HacTymaeT ee pasphiB, F, = 26 H, maniTn

Puc. 1.43

MOMEHT MMIyJbca IIaiibbl OTHOCUTEJIBHO BEP-
TUKaJbHO# ocu C 1ocjie paspbiBa HUTH.

1.221. HeGoabmioil ImapuK Macchl m, IIPUBSA3aHHBIA Ha HUTU
OJUHBI | K TmOTOJNKY B ToukKe O, ABUMKETCA IO TI'OPU30HTAJHLHOM
OKPYKHOCTH TaK, YTO HUTH BpalliaeTcd BOKPYT BEPTHUKAJIBLHON ocU
¢ MMOCTOSTHHOM YIJIOBOM CKOPOCTHIO ®. OTHOCHUTEJIBHO KaKUX TOUYEK
MOMEHT umItyjbca M Imapuka ocraetrcda nmoctroasHHbIM? Haiitu mo-
IyJb NIpUpAaIeHnss MOMEHTa UMITyJIibca IIIapuKa OTHOCUTEJILHO TOY-
K1 O 3a mosoBUHY obopora.
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1.222. [ITapuk Macchl m InagaerT 0e3 Ha4aJIbHON CKOPOCTHU C BbI-
COTHI h HaJl MOBEPXHOCTHIO 3eMJin. HaliT Moy b IpHUpaIIeHuA MO-
MeHTa MMITyJIbca IIIapuKa 3a BpeMsA IaJeHUs OTHOCUTEJILHO TOUKU
O cucTeMBl OTCUEeTa, ABUIKYIIEeMCcs IIOCTYIIaTeJIbHO CO CKOPOCThIO V
B r'OPHU30HTAJIHLHOM HalpaB/JieHUU. B MOMeHT HauaJjia IIaJeHUs TOoY-
Ka O coBmajaja ¢ IIapUKOM.

1.223. 'opu3oHTaNBHBIN TVIAAKUHA IUCK BPaIialOT C IMOCTOSHHOM
YIJIOBOM CKOPOCTBIO ® BOKPYTI' HENOABUIKHON BEepPTHUKAJBLHON OCH,
MIPOXOOAIEeN uepe3 ero meHTp — Touky O. W3 3TOM TOUKH B MO-
MeHT ¢ = 0 nycTuaM maiidy Macchl m CO CKOPOCTBIO v,. HaiTnu mo-
MEeHT uMIyJbca Ianosr M (t) orTHOcUTEJIbHO TOUuKKU O B cuCTEME OT-
cueTra, CBIBaHHOH! ¢ JUCKOM. ¥ 0eqUTHCS, YTO 9TOT MOMEHT UMIIYJIb-
ca o0ycJioBJeH jgeiicTBueM cuibl KopuoJmuca.

1.224. YacTuna ABUKETCSA 10 3aMKHYTOU TPaeKTOPUH B IleHTpa-
JIbHOM CHJIOBOM IIOJIE, T/le ee NOTeHIuaabHasA sHeprusa U = kr, kB —
MMOJIOYKUTEeJIbHAsA IOCTOSTHHAS, ' — PAaCCTOSSTHUE YaCTHUIIBI O IIeHTpa
nosia O. Haiitu maccy 4acTHIIBI, €CJIM HaUMeHbIIlee PacCTOAHUE ee
no Touku O paBHO ry, a CKOPOCTb Ha HambOJbIIIeM PACCTOAHUU OT
3TOM TOYKH U,.

1.225. HeGoubImoe Te0 ABUYKETCS 110 3aMKHYTON TPpaeKTOPUU B
IeHTpaJbHOM CHUJIOBOM IIOJIe, TAe ero IIOTeHIIUaJIbHasA SHeprusa Ipo-
IIOPIIMOHAJbHA KBaJpaTy PacCTOAHUA OO0 IeHTpa noJsa. HauMmeHb-
Illee PacCTOSHUE Teja [0 IeHTpa I0JiA PaBHO I, a HauboJiblllee — B
1 pas 6oabmie. HaliTu pagmnyc KpuBU3HBI TPAEKTOPUM TeJia B TOUKeE,
COOTBETCTBYIOIIEN 1.

1.226. HeOoabIimoil mapuk moaBecugu K Touke O Ha JIeTrKou
HUTU AJUHBI [. 3aTeM IIapUK OTBEJHU B CTOPOHY TaK, YTO HUTH OT-
KJIOHWJIach Ha yrojl 9 OT BepTUKAJIU, U COODOIMUIN eMy CKOPOCTH B
TOPU30HTAJILHOM HaNpaBJIeHUU IEPIeHAUKYJIAPHO BepTUKAJIbHOM
ILIOCKOCTU, B KOTOPO¥l paciojio’keHa HUTh. KaKyio HadaJIbHYIO
CKOPOCTb HAJO0 COOOIIUTH INIAapUKY, YTOOBI B IIpOIlecce ABUKEHUA
MaKCUMAaJbHBLIA YroJl OTKJIOHEHHUS HUTHU OT Bep-
TUKaJW OKasajicd paBHBIM 7/27

1.227. HeOosabiryo maiby IOMECTHJIN Ha
BHYTPEHHIOI0 TVIAAKYI0 IOBEPXHOCTh HEIIOJBUK-
HOT'O Kpyrioro Konyca (puc. 1.44) Ha BbICOTE h,
OT ero BepIINHBI ¥ COOOITUIN €l B TOPU30HTAJIb-
HOM HaIlpaBJIEHUM II0 KacaTeJbHOM K IIOBEPXHO-
CTH KOHyca CKOpocTh v;. Ha Kakxyio BeIicOTy #h,
(oT BepHIMHBI KOHYycCa) IIOAHUMETCS Iaiba? Puc. 1.44
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1.228. Ha riagxoii ropr30HTAJIBHON IIJIOCKOCTH JIBHKETCsS HebO-
JIBIIIOE TeJI0O MAacChl m, IPUBSA3aHHOE K

-z :_:; A N HUTHU, IPYrOoM KOHEIl KOTOPO#l BTATU-
N ‘< Q}??ﬁ’_,’—,% BaioT B oTBepctue O (puc. 1.45) ¢ mo-
s CTOSTHHOM CKopocThio. HaliTu cuiy Ha-

* F TAMKEHUA HUTHA B 3aBUCUMOCTH OT pac-
CTOSAHUA I TeJa OO0 OTBEPCTHS, €CIH

Puc. 1.45 IpA r = r, yrjiaoBas CKOPOCTb HHUTH

OblIa paBHa .

1.229. Ha maccuBHBLIN HEeNOABUKHBIM 0JI0K pagunyca R HamMoTaHa
HUTh, K CBOOOZHOMY KOHIIY KOTOPOH IIOJABEIIEeHO HEeOGOJBIIIOE TeJIO
Mmaccel m. B momenT ¢t = 0 cucremy mpegocTaBuUIM caMoul cebe, U
OHA NIpHUIILJIA B ABHM)KeHUe. HaliTu ee MOMEHT MMITYyJIbCA OTHOCHUTE-
JIBHO ocu 6JIOKa B 3aBUCUMOCTHU OT t.

1.230. Cucrema (puc. 1.46) cocTouUT U3 OJHOPOLHOTO
MaccuBHOro 0JioKa paguyca R = 150 MM, Ha KOTOpPBIA
HaMOTaHa HUThH C I'Py30M Ha KoHIe. HUTh mepeKuHyTa
Yyepes3 IVIaAKWH TOPU3OHTAJbHBIN cTep:keHb C, YKpell-

S JIeHHBIN B cTeHe. B moMmeHT ¢ = 0 rpy3 OTIyCTUJIN, U CHU-
cTeMa IIpHUIILJIa B ABM)KeHUe. HaliTu MOMeHT mMITyJbca
P C cUCTeMEI OTHOCcUTeJabHO ocu O 0JioKa uepes t = 4,0 ¢ mo-

m"m cjie HauvaJjla ABUXKEHUA, eCJH B IIpoliecce HliI/IHceHI/I&E
HUTh [JABUT Ha cTepKeHb C C IIOCTOAHHOM CHJIOH
Puc. 1.46 F=50H. ¥Yroan 3 = 60°.
1.231. OgHOpOAHEIN IIap Macchkl m u paguyca R Ha-
YMHAEeT CKAThIBAThCA 0e3 CKOJIb)XEHHS 10 HAaKJOHHOM IIJIOCKOCTH,
COCTaBJISIOIIEHA yroJ o ¢ TOPU30HTOM. HaliTu 3aBHCHMMOCTE OT Bpe-
MEHM MOMEHTa HMMIIyJhca Ilapa OTHOCHUTEJLHO TOUKM KacaHUsS B
HavaJbHEIA MOMeHT. Kak uaMeHUTCA pe3yJasTaT B ciaydae abCOJIOT-
HO TJIaZKOM HAKJIOHHOM IIJIOCKOCTH?

1.232. Cucrema yacTUIl UMeET CYMMAapPHLIA UMITYJIEC P U MOMEHT
uminyasca M orHocuTenbHO Touku O. HaliTu ee MOMEHT uMIIyJIibca
M' otHOcuTenbHO TOUuKH O', IOJIOKeHHE KOTOPOM IIO OTHOIIIEHUIO K
Touke O ompefenseTcsa paguyCcOM-BeKTOpPOM r,. B Kaxkom ciayuae
MOMEHT HMIIyJIbCa CHCTEMBI YacTUIl He OyJeT 3aBHCETh OT BEIOOpa
Touku O?

1.233. IToayuutes dopmyny (1.3H).

1.234. CucremMa COCTOUT U3 JBYX YacCTHIL Macc m, U m,. B Heko-
TOPBII MOMEHT MX PaJuyChbI-BEKTODHI I'; U Iy, & CKOPOCTH — COOT-
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BETCTBEHHO V; U V,. HaliTu co6CTBEHHEBIII MOMEHT MMIIyJIbCA CUCTe-
MBI B JaHHBI MOMEHT.

1.235. Illapuk mMaccel m, JBUTABIINIICA CO CKOPOCTBIO U, UCIIBI-
TaJl YyIpyroe JIo00Boe coyJapeHHEe ¢ OJHUM W3
IapUKOB IIOKOMBIIENCA KECTKOM TraHTeJHd, KaK m: m/2
nmoxkasaHo Ha puc. 1.47. Macca KaXJoro mapuka Vo
raHTeJ U paBHA m/2, pacCToAHUE MEXAY HUMU [.
IIpenebperas pasmMepaMu IIapUKOB, HaiTU COO-
CTBEHHBIM MOMEHT mMOyJibca M raHTeJau IIOCJIe Puc. 1.47
coyapeHHusi, T. €. MOMEHT UMIIyJIbca B IIOCTYIIa-

TeJbHO ABMIKYIIENCsS cHUCTeMe OTcCueTa, CBA3aH-
HOM C IIEHTPOM MAacC TaHTeJH.

1.236. Ha riaagkoil ropn30HTAJBHON IIJIOCKOCTH JIeyKaT JBe He-
OoJIbIIIMEe OAWMHAKOBBIE HIAMObI, Kakgasda Macchkl m. IIlaii0Owl coenmu-
HEHBbI JIETKOM HeJe(OPMUPOBAHHOM IIPYXMHKOM, AJIMHA KOTOPOM [
U KEeCTKOCTh ¥X. B HEKOTOpPBIM MOMEHT OLHOM W3 Iaibd cooOIuIu
CKOPOCTb U, B TOPHM30HTAJLHOM HaIllPaBI€HUU IepIeHIUKYJIAPHO
npy'xunHKe. HaliTu MakcuMaJbHOE OTHOCUTEJIbHOE VAJUHEHNE IPY-
JKMHKH B IIpoIiecce ABUKEHUA, €CJIU U3BECTHO, UYTO OHO 3HAUUTEJIb-
HO MEHBLIIle eJUHHUIILI.

m/2

1.4. BcemupHoOe TAroTeHHE
e 3aKOH BCEMUDPHOrO TATOTEHUS:

mim,

F = P

(1.4a)
r

e KBaapaTs! meprnogoB oOpaineHus miaaHeT BOKPYr COJIHIIa OTHOCATCS KaK KYObI
oonpmux moayoceir mx opobut (Kemaep):

T? o d°. (1.46)

e IloTeHIIMaJ IpaBUTAIIMOHHOTO IOJISI TOYEUYHOM MACCHI:

m
¢=-v - (1.48)

[ ] HepBaﬂ 1 BTOpasad KOCMHNUYECKHEe CKOPOCTH:
U, :—\’gR, Vg 201\/5. (1.41‘)

1.237. HekoTopasa mjaHeTa ABUMKETCSA IO OKPYKHOCTU BOKPYT
CoJsiHIIa cO CKOpPOCTBIO U = 34,9 KM/Cc (OTHOCUTEJIHHO I'eJIMOIEeHTPHU-
YyecKo# cucTeMul oTcuera). HaliTu mepuon oOpalleHuA 3TO# ILIaHe-
Tl BOKpPyr CoJiHIIa.
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1.238. Ilepuox ob6pamenusa IOnurepa Boxkpyr CosHna B 12 pas
0oJIBIIIE COOTBETCTBYIOIIEro mepuoja Aasa 3eMyu. CumTas opOUTEI
ILJIAaHEeT KPYTroBBIMH, HAWTHU:

a) BO CKOJIBKO pa3 paccrodaHue oT IOnurepa no CosaHIa IIpEBHI-
maetr paccrodHue oT 3emau o CouaHIa;

6) ckopocTh U ycKopeHue IOmurepa B reJuolleHTPUYECKON cHC-
TEeMe OTcuYeTa.

1.239. Hexoropaa niaHeTa ABMKeTcA BOKPYr CoJIHIA 110 3JIIHII-
Cy TaK, YTO MUHMMAaJbHOE pacCTOgHMe Mex Ay Hel u CosHIleM paB-
HO ry, & MaKCUMaJibHOe ry. HaliTu ¢ momomeio (1.46) nepuon obpa-
meHus ee BOKpyr CoiHna.

1.240. JIBa cnyTHUKA ABUKYTCA BOKPYTI 3EMJIM 110 KACAIOIUMCHA
TpaeKkTopuAM. OIVH CIIYTHUK JIBUXKETCS II0 OKPYXKHOCTH paauyca
r, IPpyroi — Mo 3JIUICY C IepuoAoM olpaleHud, B 1 pa3 00Jb-
UM, YeM y mnepBoro ciuytHuka. HaiiTu ¢ momoimbio (1.46) makcu-
MaJIbHOE PacCTOSTHNE MEXKAY BTOPBLIM CIIYTHUKOM U II€HTPOM 3€M-
JIH.

1.241. Heboubioe Tesio HaunHaeT nagathk Ha CoJIHIIE ¢ paccTos-
HUA, paBHOTO paguycy 3eMHOM opbuTwl. HaiiTu ¢ momomibio (1.40)
MIPOAOJIKUTEJLHOCTh NaJeHUud.

1.242. CnytHuk JIyHBI, ABUTaBIINICS II0 KPYroBoil opOouTe pa-
auyca r, mocJjie KpaTKOBPEMEHHOT'0 TOPMOYKEHUA CTaJ IBUTATHCA 110
AJIINIITUYECKON opOuTe, Kacarolelica nmoBepxHoctu JlyHwsl. HaiiTu
¢ nomomibio (1.46) BpeMs majeHuUsA cnyTHUKa Ha JIyHy.

1.243. IIpeacraBumMm cebe, YTO MBI co3zaau Mozaeab CoJlHEeUHOM
CHCTEMEI, B 1] Pa3 MEHBIIYI0O HATYPaJbHON BEeJIUUYMHBLI, HO U3 MaTe-
pHAaJIOB TOM »Ke caMOM cpefHel IJIOoTHOCTU, 4To y CosHIa u mia-
HeT. KaKk U3MeHATCA IIPU 9TOM IepuoAbl oOpalleHuA MOoJeJel Iia-
HeT II0 CBOMM opOuram?

1.244. JIBoiiHas 3Be3Ja — BTO CHUCTeMa U3 ABYX 3Be3[, ABUKY-
IIUXCA BOKPYI ee IleHTpa Macc. M3BecTHBI paccTosHue [ Mexay
KOMIIOHEHTaMH1 [OBOMHOU 3Be3Abl U mepuof T ee BpaimeHusa. Cuu-
Tad, YTO | He MeHAeTcdA, HAUTU MacCy CHCTEMBEI.

1.245. Il1aneTa Macchl m OBUXKETCA II0 3JIUIICY BOKpyr CosHIla
TaK, UYTO HaMMeHbIllee M HambOoJbIlllee paccTosHus ee or CouHIa
pPaBHBI COOTBETCTBEHHO 'y U ry. HaliTu MoMeHT mmmyJsbca M aToi
IIaHeThl OTHOCUTeJbHO IeHTpa CoJuHIA.

1.246. [loxkasaTh C IOMOIIbIO 3AaKOHOB COXPaHEHUA, UTO IOJHAA
MexaHnduecKasa sHeprua E miaHeTbl MacChl m, ABUXKYIIENCSA BO-
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Kpyr CoJIHIIa IO 3JIIMIICY, 3aBHUCHUT TOJBKO OT €ro OOJIBIIION IOJy-
ocu a. Haiitm 3aBucumocts E(a).

1.247. IIlnanera A OIBM)KETCA MO JIIUITUYECKON OpOUTE BOKPYT
Cosnna. B MoMeHT, Korja oHa HaxXxoguJach Ha PacCTOSHUM r, OT
CosnHna, ee CKOPOCTE PaBHAJNACH Uy U YTOJI MeXAYy PaJuyCOM-BEeKTO-
pOM r, 1 BeKTOPOM CKOPOCTH V, cocTaBian o. HaliTu mHamnbGonbiree
1 HauMeHbIIIee PacCTOAHUS, Ha KOTOphbIe yaansercda or CosHIla aTa
IJIaHeTa TPU CBOEM JIBUKEHUU.

1.248. Kocmuueckoe Teinlo A nOBU-
xKerea K Coaunmy C, umeda BAajaud OT
Hero CKOpPOCTh U, U NPUIleIbHEINA IIapa-
MeTp | — ILIeY0 BeKTOpa V, OTHOCHUTE-
abpHO 1neHtpa CosmHna (puc. 1.48). Haii-
T HaMeHbIIlee PacCTOsSHUEe, Ha KOTO-
poe 3To Tejio npubausuTca K CoaHIty.

1.249. YacTuma mMmaccbl m HaXOOUTCS
BHEe OJHOPOJHOTrO Imapa macckl M Ha
paccToAHUU r OT ero IeHrtpa. Hatitu:

a) IOTeHIaJbHYI0O 9HEePTUI0 I'PAaBUTAIIMOHHOIO B3aUMOAeHCTBUA
YaCTHIILI M IIIapa;

6) cuy, ¢ KOTOpOH Iap AeHCTBYeT Ha YacCTHUILY.

1.250. loxkasaTh, UTO cHJIa TATOTEHUA, JENCTBYIOIAsA HA YaCTHU-
ny A BHYTPHU OJZHOPOJHOIO c(epHUECKOr'o CJIOA BeIecTBa, paBHa
HYJIIO.

1.251. UmeeTca ogHOPOAHBIN I1ap Mmacckl M u paguyca R. Haii-
TH HaIPAKEeHHOCTh G U MOTEHIIUAJ (p TPAaBUTAI[MOHHOTO II0JIA 3TOr0
mapa Kak ()YHKIIUU pacCTOAHHUA I OT ero mneHtpa (mpu r < R u
r > R). Ns3o06pasuTts npuMepHble rpadukm zaBucumocteit G(r) u
o(r).

1.252. BEyTpU OZHOPOAHOTIO IIIapa IJIOTHOCTU p UMeeTcd chepu-
yecKas II0JIOCTh, IIEHTP KOTOPOil HaXOAWTCA Ha paccTosHuum 1 or
neHTpa mapa. Haiitu HanpskeHHOCTb G IIOJIA TATOTEHUS BHYTPU
IIOJIOCTH.

1.253. OxgHOopoaHBIN Iap mMeeT Maccy M u paguyc R. Haitu
JlaBJIeHVe p BHYTPM IIapa, o0ycJIOBJIEHHOe I'DaBUTAIIMOHHBIM CXKa-
THEM, KaK (DYHKIIMIO PacCTOAHUA r OoT ero neHtpa. OmeHUTHL p B
IeHTpe 3eMJIH, CUUTAA, UTO 3eMJIS ABJISAETCSI OJHOPOJHBIM IIIAPOM.

1.254. HaiiTu coGCTBEHHYIO IIOTEHIITMAJbHYIO SHEPTUIO I'PaBUTA-
IIMOHHOT'0 B3aMMOJeNCTBUA BeIlecTBa, 00pas3yIoIlero:

a) TOHKUH OJHOPOAHBIN c(hepruecKUi CJI0M Macchkl m 1 paguyca R;

Puc. 1.48
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0) OLHOPOAHBIN IIIap Macchkl m u paauyca R (Bocmosb3oBaThCs
oTBeTOM K 3amaue 1.251).

1.255. BeluncauTh OTHOIIIEHUE CIEAYIOIINX YCKOPEeHU: yCKope-
HUS G, BbIBEIBAEMOIO CUJION TATOTEeHUA Ha IIOBEPXHOCTU 3eMJIH;
YCKOPEeHUd a,, 00yCI0BICHHOTO EeHTPOOEKHOM CHUJIOM MHEPIUU Ha
9KBaTOpe 3eMJIU; YCKOPeHUA ag, COOOIMIaeMOro TejaM Ha 3eMlie
CoaHIieM.

1.256. Ha xakoii BbICOTe HaJ IOJIOCOM 3eMJH YCKOPEHHE CBO-
O6omHOTO mMajgeHusa yoObiBaeT Ha M = 1,0%? B n = 2,0 pasa?

1.257. Teny coobmuim Ha IOJ0Ce 3eMJIH CKOPOCTh U, HAIpaB-
JIEHHYIO BEPTHKAaJbHO BBEpPX. 3HadA paguyc 3eMJH M yCKOpeHHe
CBOOOJHOIO IaJieHUA Ha ee MOBEePXHOCTH, HAWTH BBICOTY, Ha KOTO-
pyI0 IIOZHUMAaETCsS TeJIo.

1.258. HaiiTu nmepuon obpaleHusA CIIyTHUKA, IBUMKYIIIETOCA BO-
KpPYTr' HEKOTOPOM IJIAHEThI BOJIM3U €€ MOBEPXHOCTH, €CJIU CPeIHSA
IJIOTHOCTh ILJIAaHeTHl p = 3,3 r/cmS.

1.259. CoyTHUK BBIBEJIM Ha KPYroBYIO OPOHTY CO CKOPOCTBIO U
HajJ noJirocoM 3emuau. HaliTu paccTosiHMe OT CIYTHHKA OO0 IIOBEPX-
HOCTH 3eMJIU.

1.260. CoyTHUK 3eMJIM Macchl m ABUXKETCHA II0 KPYroBoii opOu-
Te, paguyc KOTOPOM BABoe OoJjbllle paauyca 3emaun. Kaxoil momoJ-
HUTEJIbHBIA UMIIYJIBC M1 B KAKOM HAIIpaBJIeHUU cJiefyeT KpaTKOBpe-
MEHHO COOOIIUTHL CIIYTHUKY, UTOOBI IJIOCKOCTh €ro OpOHUTHI IIOBEP-
HyJlachb Ha yroJ o 0e3 M3MeHEHHsA paguyca opOUTHI?

1.261. BpiumciauTh pauyc KPYroBOW OpPOUTHI CTAIMOHAPHOTO
CIOYTHUKA 3eMJI, KOTOPBLIA OCTaeTCs HEMOABUIKHBIM OTHOCUTEJIbHO
ee moBepxHocTH. KakoBa ero CKoOpocTh B MHEPIIMAJLHOM cCHCTEMEe
OoTcueTa, CBSABAHHOW B AJAaHHBIA MOMEHT C IEHTPOM 3eMJIu?

1.262. Cucrema, KOTOpas COCTOUT U3 ABYX OJAMHAKOBBIX CIIYTHU-
KOB, COeIMHEeHHBIX TOHKUM TpOocoM JJUHEI [ = 150 M, gBMKeTCs 110
KpyroBoii opbure BOKpyr d3emau. Macca KaXIOro CIYyTHHKAa
m = 1000 kr, macca Tpoca HpeHeOpPeKMMO MaJia, PAcCCTOSHUE OT
IeHTpa 3eMJu 0 9TOM CUCTEMBI cocTaBideT N = 1,2 paguyca 3eM-
au. HaliTu cuay HaTAXeHUA Tpoca B MOMEHT, KOTJa TPOC HallpaB-
JIeH II0 paguycy 3eMJIu.

1.263. HaiiTu maccy 3eMiu, eclId COYTHHUK, OBUIKYIIHUNCA B €€
9KBATOPHAJBLHOM IIJIOCKOCTH C 3aIajia Ha BOCTOK II0 KPYTroBOii opOu-
te paguyca R = 2,00-10% kM, nodapigerca Haf HEKOTOPBIM IYHKTOM
Ha dKBaTope uepesd Kaxkawle T = 11,6 u.
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1.264. CnyTHUK IBUXKETCS B 9KBAaTOPHAJbHON IJIOCKOCTU 3eMJIU
c BOCTOKa Ha 3alaj II0 Kpyrosoii opoure paguyca R = 1,00-10% k™.
HaiiTu oTHOCHUTENBHO IIOBEPXHOCTH 3€MJIU:

a) CKOPOCTH CIIyTHHKAa; 0) ero yCcKopeHHe.

1.265. Kakyio cKOpoCcTh HEOOXOAMMO COOOIIHUTEL TeJy B TOPU30H-
TAJbHOM HAaIpaBJeHUU BOJJH3M MOBEPXHOCTH 3eMJIH y ee IO0JIIoca,
YTOOBI BBIBECTH €r0 Ha JJIIMITHYECKYIO OPOUTY C OOJIBIIOH IOJY-
oChIO a?

1.266. VckyccTBeHHBINM cIyTHUK JIYHBI ABUXKETCA II0 KPYTroOBOM
opbuTte, paguyc KOTopo# B 1 pas 6osblne paguyca JIyasl. Cuurad,
YyTO HEeOOJIbIIas CHUJIa COIPOTUBJIEHUS, UCILITHIBAEMAas CIIyTHUKOM
CO CTOPOHBI KOCMHUYECKON NBLIM, 3aBUCUT OT €r0 CKOPOCTH KakK
F = ow?, roe o — mocTosAHHAdA, HAWTU BpeMs JBUKeHHUA CIYTHUKA
0 maJeHus Ha MOBEPXHOCThb JIYHBEI.

1.267. BbIUMCINTEL IIEPBYIO M BTOPYI0 KOCMHUYECKHE CKOPOCTHU
I 3anycKoB ¢ JIyHabsl. CPaBHUTE C COOTBETCTBYIOII[MIMU CKOPOCTS-
MU I8 3eMJIH.

1.268. KocMmuueckuii KopabJub noajeraetr K JIyHe 1mo mapadoJiu-
YeCKON TpaeKTOPUM, IOUYTHU Kacalolleics ee IMOBEePXHOCTU. B Mo-
MEHT MaKCHUMaJIbHOTO cOJMmKeHus ¢ JIyHOM Ha KOpPOTKOe BpeMs
ObLJ BKJIIOUEH TOPMO3HOM ABUTraTesb, 1 KOpPaOJib mepelies Ha Kpy-
rosyo opbuty. HaliTu npupaimeHue MOAYJSI CKOPOCTH KopabJusa
P TOPMOKEHUU.

1.269. KocmuuecKkuii Kopabab BEIBEJIM Ha KPYroBYIO OpOUTY
BOJIM3M moBepxXHOCTH 3eMJau. KaKyo OONOJHUTEJNBHYIO CKO-
pOCTh B HaIIpaBJIEHUU €ro ABUKEHUA HeoOXO0AMMO KpaTKOBpe-
MEHHO COOOIIHUTE KOopabiio, YTOOLI OH CMOT IIPEOJO0JeTh 3eMHOe
TATOTEeHUE?

1.270. Kocmuueckuii Kopabjb ABUXKETCA BOKPYT 3eMJIU II0 KpPY-
roBoil opbuTe, paguyc KOTOpPoi B m = 2,5 pasa 0OoJbllle pajguyca
3emuu. Kakyo JONOJHUTENBHYIO CKOPOCTh HAaJ0 KPAaTKOBPEMEHHO
coOOITHUTHL KOPabJIlo B HAIIPABJIEHUU OT IleHTpa 3eMJIU II0 ee paauy-
Cy, 4TOOBI OH CMOT IIOKHHYTH IIOJIe TATOTeHUA 3eMJIu?

1.271. HaiiTu npubIMIKEeHHO TPEeThI0 KOCMHUYECKYIO CKOPOCTH
U3 — HaAWMEHBIIYI0 CKOPOCTh, KOTOPYI0 HeoO0XOJMMO COOOGIIUTH
TeJy OTHOCHUTEJbHO IIOBEPXHOCTH 3eMJIM, YTOOBI OHO MOIJIO IIOKH-
HyTh Co/IHeUHYIO cucTeMy. Bpaienuem 3eMJii BOKPYT ee OCH IIpe-
HeOpeub.
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1.5. lusaMuKa TBEpAOro TeJja

e YpaBHEHMEe JUHAMUKM TBEPAOTO TeJa, BPAIlAIOIIErocsi BOKPYT HEMOABUIKHOM
ocu 7Z:

IB,=N,, (1.5a)
rae N, — anrebpandecKas CyMMa MOMEHTOB BHEIITHUX CHUJ OTHOCUTEIHHO OCH Z.
e Teopema IllTeitHepa:
I =1I,+ md®. (1.56)

e Kunernueckas sHeprus TBEpPAOr0 Tejia, BpaIalollerocs BOKPYr HEIOABHK-
HOHM ocH:

K = Io%/2. (1.58)
e Pabora BHeIIHMX CUJI IPU IIOBOPOTE TBEPAOTO TeJa BOKPYT HEIOABUXKHOMN OCH:
A =[N, do. (1.5r)

e Kunmeruueckas 9HEpPrusa TBEPAOro TeJsa IIPU IIJIOCKOM IOBUMKEHUMN:
K=1I,0%/2+mv/2. (1.5m)

e CBs3b MEXKAY YIVIOBOM CKOPOCTBIO ' IIPEIeCCHU TMPOCKOIA, ero MOMEHTOM
umnyabca M, paBHbIM [®, 1 MOoMeHTOM N BHEIIHUX CHJI:

[@'M] = N. (1.5€)

i A 1.272. ToHKuU# OZHOPOOHBIN cTep)keHb AB
A maccel m = 1,0 Kr aBM)KeTCS NOCTyIIaTeJIbHO C

b yckopeHueM a = 2,0 m/c? mox meiicTBUeM CHII F,

Y » 4 F, (puc. 1.49). Paccroanue b = 20 cm, cuia

F, F,= 5,0 H. HaiiTu naunHy cTep:KHA.

1.273. OgHoponHubii map maccel m = 4,0 Kr
IBHKETCSA IOCTYIIATeJbHO II0 MOBEPXHOCTH CTOJIA
IIoJ AelcTBHEM IOCTOAHHOM cuiabl F, Kak mmokasa-

| B HO Ha puc. 1.50. ¥Yroax o = 45°, xospdpumueHT
rTpenus k = 0,20. Haiitu F 1 yckopeHue mapa.

Puc. 1.49

1.274. K Touke ¢ paamycoM-BEeKTOPOM
r, = ai npunoxena cuina F, = Aj, a K Touke
cr,=bj —cuna F, =Bi. 3gecbiu j — opThl
ocei1 X nY, Au B — nocroagHHble. HaliTu
IIJIeY0 PaBHOJEHCTBYIOIEH CHJIBI OTHOCHUTE-
JbHO Hadaja KOOpJUHAT.

Puc. 1.50
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1.275. OgHOpPOOHEIN KYOMK Maccel m = 2,5 Kr,
nanHa pebpa xoroporo [ = 100 MM, mmepememiaioT
BIpaBo, gedcrByda cuyoii F = 11 H (puc. 1.51).
Kosdpdpunuent tpeaua k = 0,15. Haiitu: !

. . TTT7T77777777

a) miedyo b paBHOAEHCTBYIOIIEH CHUJI HOPMAaJb-

HOTO [AaBJIEHUA OTHOCHUTEJIHLHO IIeHTpa KYyOUKa; Puc. 1.51

0) nmpu KakKoM 3HaueHuu F KyOuUK OymeT CKOJIb-
3UTHL HE OIPOKHUIBLIBASACH.

1.276. B HayaJlbHOM IIOJIOMKEHUHU CepeJrHa TI'OPHM30HTAJLHOTO
OLHOPOJHOI'O CTEPXKHS MAcChl M U AJHUHBI | HAXOAUTCA HaJ YIIOPOM

-
F

A (puc. 1.52). JleBrlili KOHeI] P
CTEpPIKHA Havalu MeJJIeHHO Td- . A % .
HYThL 3a HUTh. Kakyio paboty B
HaJ0 COBEPIIUTH, UYTOOBI CTEp- 7

JKeHb BBICKOUMJ M3-IOJ yIopa Puc. 1.52

B, eciu paccTogHUE MeEXIY
yrnopamMu A u B paBHO a 1 KO3((PUIMEHT TPEHUA MEXKIY CTePKHEM
u ynopamu k?

1.277. UmeeTcsa TOHKUI OJHOPOLHEIM CTepyKeHb MAcChl M U OJIH-
HbI [. HaliTy ero MOMEHT MHEePIIU OTHOCUTEJIbHO OCH, IPOXOASAIIen
yepes:

a) ero KOHeIl U IePNeHAUKYJSIPHON! CaMOMY CTEPIKHIO;

0) ero IEHTP U COCTaABJIAIOIIENH Yrojl O CO CTEeP)KHEM.

1.278. HaiiTu MOMEHT MHEPIUU TOHKOM OJHOPOJHOMN IIPSAMOYIO-
JIbHO! TJIACTUHKYW OTHOCHUTEJBHO OCHU, MPOXOAAIEN uepe3 OOHY U3
BePIINH MJACTUHKHU IIEPIEeHAUKYJISIPHO €€ IIJIOCKOCTH, €CJH CTOPO-
HBI IJIACTUHKM paBHBI @ M b, a ee Macca m.

1.279. Toukas ogHOpOgHAas ILIacTUHKa Macckl m = 0,60 Kr ume-
eT (popMy paBHOOEIPEHHOI0 MPSAMOYIOJBHOIO TpeyroJbHuKa. Haii-
TH €e MOMEHT MHEPINN OTHOCHUTEJBHO OCH, COBIAJAIOIIEH C OSJHUM
U3 KaTeToB, AJWHa KoToporo a = 200 M.

1.280. BpruucauThr MOMEHT HUHEpPIIUU:

a) MeJHOrO OZHOPOLHOTO AMCKa OTHOCHUTEJBHO €ro OCH, eCJH
ToJamniuHa gucka b = 2,0 mm m paguyc R = 100 mm;

0) OAHOPOJHOTO CILJIOIIHOTO KOHYCa OTHOCUTEJIBHO €r0 OCH, €CJIH
Macca KOHyca m u paguyc ocHOBaHUA R.

1.281. HaiiTu MOMEHT MHEPIMY TOHKOT'O IIPOBOJOYHOTO KOJIBIIA
pazuyca a ¥ Macchbl m OTHOCUTEJbHO OCH, COBIAJAIOIIE ¢ ero gua-
METpPOM.
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1.282. IlokasaTb, YTO AJIs TOHKOM IIJIACTUHKHU IIPOM3BOJIBHOM
¢dopMBI MMeeTCA cJelyIOIas CBA3b MEXXIY MOMEHTaMW MHEPIIUHN:
I, +1,=13, rae 1,2, 3 — Tpu B3aUMHO IIePIeHAUKYJIAPHEIE OCH,
MIPOXOAAIINE Yepe3 OJHY TOUKY, npuueM ocu I u 2 jexkaT B ILJIOC-
KOCTH ILJIACTUHKU.

Hcnonb3ysa aTy cBA3b, HAUTU MOMEHT MHEPIIUN TOHKOI'0 KPYyTIJIO-
ro0 OJHOPOJHOTO AHCKAa paamyca R um mMacchl m OTHOCHUTEJbHO OCH,
COBIIQJAIOINIEl ¢ OJHUM H3 ero AuaMeTpPOB.

1.283. MoMeHT WHepIUH Tejla OTHOCUTEJILHO B3aWMMHO IIapaJi-
nenbHbIX oceit 1 u 2 pasen I; = 1,00 rm2 u I, = 3,0 r'm2. Ocu 1 u 2
PacIIONIoKeHEl Ha paccToAHuAX X, = 100 MM u x, = 300 MM oT meHT-
pa macc C tena. HaiiTu MOMEHT MHEPIIIU 3TOTO TeJIa OTHOCUTEJIBHO
ocu, IIpoxonsaineil uepe3 ToukKy C m mapajieabHoM ocam I u 2.

1.284. OgHopoaHbIN AUCK pazuyca R mMeeT Kpyr-
abiii Beipes (puc. 1.53). Macca ocraBuieiica (3amTpu-
XOBaHHO#) YacTu AucCKa paBHa m. HaiiTu MoMeHT

IUKYJISPHOM IIJIOCKOCTH AVWCKA M IPOXOAAIIEH:
a) uepe3 ToukKy O;
Puc. 1.53 0) uepes ero IeHTP Macc.

1.285. Ucxons u3 ¢opmysbl Ajd MOMEHTa WHeEp-
UK OAHOPOAHOIO IMapa HaAWTHM MOMEHT HWHepPIUU
TOHKOTI'0 c(pepruUYecKoro CJ0sI Macckl m u paguyca R
OTHOCHUTEJIbHO OCH, IIPOXOAAINel uepe3 ero IEeHTp.

1.286. Ha crynenuarsiii 610K (puc. 1.54) Hamo-
TaHbBI B IIPOTHBOIIOJOKHBIX HAaIlpaBJIeHUAX [Be
HuTH. Ha KoHel, ofHOM HUTHU AEMCTBYIOT IIOCTOSH-
Holl cuiyou F, a K KOHIy ApPyroil HUTH NPUKPEINJeH
rpys maccel m. MsBectHbl paguycel R, u R, 6j10Ka 1
ero MOMEHT MHepIiuu I OTHOCHUTEJBLHO OCH Bpalle-
Husa. Tpeunsa Her. HaiiTu yriioBoe yckopenme 0J0Ka.

1.287. Ha ogHOPOAHBIN CIJIOIIHON IUJIMHAP Macckl M u paguy-

Puc. 1.54

/
yzzse ca R mJI0OTHO HaMOTaHa JierKkas HUThb, K KOHIY KOTO-
po¥l mpuKpemnyeH rpy3 maccel m (puc. 1.55). B mo-
M R meHT t = 0 cucTeMa npunuia B ABM)KeHue. IIpeHe-

Operas TpeHMEM B OCH DIWJIMHApPa, HaWUTH
3aBHCHMOCTL OT BpPEeMEHW:
a) MOAyJisl YIJIOBOM CKOPOCTH ITUJIWHIAPA;
m 0) KMHETUYEeCKOU Hepruu Bcell CHCTEMBI.

Puc. 1.55
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1.288. KoHIIBI TOHKMX HUTEH, IJOTHO HaAMOTAHHBIX Ha OCh pa-
auyca r paucka MakcBeilia, IPUKpEIJIEHbBI K T'OPU30HTAJbLHOM
mraHre. Korga auck pacKpydyuBaeTcCs, IITAHI'y IIOOHUMAIOT Tak,
YTO OUCK OCTaeTcs HeM3MEeHHO Ha OLHON M TOoH ke BbIcoTe. Macca
IVCKa C OChIO M, UX MOMEHT MHEPIINU OTHOCHUTEJIbLHO OCU CHUMMET-
puu I. HaiiTu ycKopeHHe HITaHTHU.

1.289. TopuzoHTaNbHBII TOHKUHN OJHOPOAHBIN cTepKeHb AB
Macchl m ¥ OJUHBI [ MOXKeT cBOOOJHO BpaIaThCsi BOKPYT BepTHUKaA-
JBHOH OCH, IIPOXOAAINEH uepesd ero KoHei, A. B HeKOTOpbI#I MOMEHT
Ha KoHell B Hauajia JeliCTBOBATh IIOCTOAHHAA cuia F, KoTopas Bce
BpeMs NepleHAUKYJsdpHa IIePBOHAUAJBHOMY IIOJIOKEHUIO IMOKOMB-
IIIerocsi CTEPKHS M HalpaBjJeHa B TOPU30HTAJBbHOM ILJIOCKOCTH.
HaiiT; yriioByio CKOPOCTBH CTEepPKHsA KaK (PYHKIIUIO ero yrja II0BO-
poTa ¢ W3 HAYaJbHOTO IIOJOYKEHUA.

1.290. T'opu3oHTaJILHO PAaCIIOJIOKEHHBIM TOHKHUH OJHOPOJHBINA
CTep»KeHb MaccChl m IOJABeIleH 3a KOHIbI Ha ABYX BepTUKAJbHBIX
HuUTax. HaliTu cuny HaTSAKeHUSA OOJHOM M3 HUTEM cpaly IIocjie mepe-
JKUTaHUA APYrol HUTU.

1.291. Tokuil OJHOPOSHBINA cTepiKeHb Maccel m = 0,50 Kr u giu-
HbI [ = 100 cM MOKeT BpalaThbCA B BePTUKAJIBHOM IIJIOCKOCTU BOKPYT
ocH, IPOXOAAINEeN depel3 caM CTepKeHb. MOMEHT MHEPIUNU CTEePKHS
OTHOCHUTEeJbHO ocH BpameHusa I = 0,115 kr-m2. CTepskeHb YCTaHOBIIN
B F'OPU30HTAJIHLHOM IIOJIOYKEHUU U OTITyCTUIM. I1ocse 3TOro oH IIpUIes:
B JBU)KEHME M OCTAaHOBWJICS B BEPTHUKAJBLHOM IToJoKeHuu. Haittu mo-
IyJb TOPMOS3AIIEr0 MOMEHTA CHUJI B OCH, CUMTAsA €ro IOCTOAHHBIM.

1.292. B ycranoBke (puc. 1.56) usBecTHBI Macca m
OJHOPOJHOTO CILJIOIIHOTO IIMJIWHApA, ero paguyc R u
Macchl Tell m,; U m,. CKOIbXEeHUA HUTU U TPEeHUdA B
ocu IWJIWHApPa HeT. HaliTu yriioBoe ycKopeHUe IIU-
JUHAPA U OTHOIIIEHUe CUJI HaTdxeHud F,/F, BepTuKa-
JBHBIX YYaCTKOB HUTH B IIpoIlecce ABUKeHUs. ¥ 0equ-
TbCH, 4TO0 F; = F, ipu m — 0.

1.293. B ycranoBke (puc. 1.57) u3BecTHEI Puc. 1.56

MAacChl TeJl M, U My, KOIQOUIMEHT TPeHUud K m,
MeXXJy TeJIOM m, U TOPU3OHTAJbHOM IOBEpX-
HOCTBHIO, a TaK)ke Macca OJoKa m, KOTODBIH
MOXKHO CUMTATh OOJHOPOAHBIM AUCKOM. CKOJIb-
JKeHus HUTU 1o 60Ky HeT. B MomeHT t = 0 m,
TeJI0O M, HauMHaeT onycKaThcdA. IIpeneGperas
TpeHueM B ocu OJIOKa, HAWTH:

P

Puc. 1.57
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a) yCKOpeHHe TeJjla M,;

0) paboTy cubl TPeHHUA, AeHCTBYIOIel Ha TeJo m,, 3a IepBuIe ¢
CeKyHJ IIocJe HadvajJa ABUKEeHUS.

1.294. OgHOPOIHEIA CTEepKeHb Macchl m MajaeT ¢ IpeHeOpeKu-
MO MaJIOl Ha4YaJbHOM CKOPOCTBHIO M3 BEPTHUKAJLHOTO IIOJIOMKEHUAd,
IIOBOpPaYMBafACh BOKPYT HeNOABMKHOM ocu O, mpoxonsAaimieil uyepes
ero HMKHUM KoHel. HaliTu ropu3oHTAJbHYIO U BePTUKAJIBHYIO CO-
CTaBJIAIOIINE CUJIBLI, C KOTOPOM ock O ZelcTBYeT Ha CTepPKeHb B I'o-
PU30HTAJBHOM IIOJOXKeHuu. TpeHus HeT.

1.295. OgHOPOAHBIN CILIOIIHON IIUJINHIAP pajuyca
R pacKpyTuJau BOKPYT €ro OCH A0 YIJIOBOM CKOPOCTH
W, ¥ 3aTeM nomecTuau B yroJ (puc. 1.58). Koadpdnu-
IIUEeHT TPeHUSI MEeXAy IMUJINHAPOM U CTeHKaMU paBeH
k. CKOJIBKO BpeMeHM IUJIUHAD OyaeT BpamiaTbCAd B
3TOM IIOJIOKEeHUuu?

1.296. B cucreme (puc. 1.59) ogHopogHomy auc-
Ky COOOIIMJIN YIJIOBYIO CKOPOCTh BOKPYT I'OPHU30HTA-
JbHOM ocu O, a 3aTeM OCTOPOYKHO ONYCTHUJIHM Ha HEro
KoHell A cTepXHA AB Tak, 4To OH 0oO0pa3oBaJl yroJI
9 = 45° c¢ BepTukaabio. TpeHHMe HUMeeTCA TOJBKO
MeKAy OUCKOM U CTEep)XHeM, KO3(PPUIIMEeHT TPeHUA
k =0,13. IlycTs n; u n, — 4ncaa 060POTOB JUCKA [0
OCTAHOBKH IIPU €ro BpaIl[eHUU 110 YaCOBOI CTpPEJIKe U
IIPOTUB IIPU OAMHAKOBOM HauaJlbHOU cCKopocTu. Haii-

Puc. 1.59 TH OTHOIIEHHE N,/n,.

1.297. OgHOpPOAHBIN AUCK pazuyca R pacKpyTHIA
JI0 YIJIOBOM CKOPOCTH (® M OCTOPOYKHO ITOJIOKMJIU HA T'OPU30HTAJb-
HYI0 moBepxHOCTh. CKOJIBKO BpeMeHM AUCK OyAeT BpalaTbCcs Ha
IIOBEPXHOCTU, €CJIU Kod3((UIIMeHT TpeHuA paBeH k?

1.298. Toukuii crepkeHb AB maccel m = 50 r JeXUT HaA ropu-
30HTAJIBHO! IJIOCKOCTH ¢ Koaddunuentom tpeHus k£ = 0,12. Crep-
JKeHb MOJKeT BpalllaThCs BOKPYT IVIaJKOH BepTHUKAJbHONU OCH, IIPO-
xomAmieil yepes ero KoHen A. Ilo KoHIy B mpousBejii KpaTKOBpe-
MEHHBIN yJap B FOPU30HTAJbHOM HAIIPaBJIEHUUN IEePHEHIUKYJIAPHO
crepkHI0O. UMnyabe cuabl yaapa J = 0,50 H-c. CkonbKo BpeMeHU
CTep:KeHb OyAeT BpamiaThbCs?

1.299. MaxoBUK ¢ Ha4aJbHOH YTJIOBOM CKOPOCTBIO (), HauMHAeT
TOPMO3UTLCS CHUJIAMM, MOMEHT KOTOPBIX OTHOCHUTEJILHO €ro OCH IIPO-
IMIOPIMOHAJIEH KBaJJpaTHOMY KOPHIO M3 ero yIJIoBo#l ckopoctu. HaiiTu
CPEeHIOI0 YIJIOBYIO CKOPOCTh MaXOBHKAa 3a BCe BpeMs TOPMOXKEHU.
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1.300. OgHOPOIHEI CILIOIIHON MUJINHAP paguyca R u
Maccel M MOXKeT CBOOOJHO BpaIlaThbCA BOKPYT' HeEIO-
IBU)KHON ropusoHTanbHOi ocu O (puc. 1.60). Ha mu- ﬂ
JUHAP B OAWH PAJ HaMOTAH TOHKHMH INHYP AJUHBI [ u
maccbkl m. HaliTu yrjioBoe yCKOpeHHe IIUJIHMHApPA B 3aBU- X
CHUMOCTHU OT JJUHBI X CBeIIMBalOIIeilicd YacTHd IIHypa.
CunTaTh, 4YTO IEHTP MacC HAMOTAHHOI YacTHU IIHypa Ha- Puc. 1.60
XOJUTCA Ha OCH ITUJIMHIpA.

1.301. OgHOPOAHBIN CTepKeHb OJUHEI [ MOXKET Bpa-
IIaThCA BOKPYT FOPU30HTAJBLHOM OCH, NEePIEHAUKYJIAP-
HOM CTEPyKHIO M IIPOXOAsAINell uepes3 OAWH U3 ero KOH-
noB (puc. 1.61). Cucremy paBHOMEPHO BpamiailT C yr- |
JIOBOM CKOPOCTBLIO (0 BOKPYT BepTUKaAJIbHOM ocu. HaiTu !
yroa 9.

1.302. T'opu30HTAJIBHO PACIOJIOKEHHEIN OJHOPOIHBIN
crep:xeHb AB maccel m = 1,40 xr u aaunsl [, = 100 cm
BpalrfaeTcAa CBOOOJHO BOKPYT HEIIOABM)KHOM BepPTHUKAJIbHOMN
ocu O0Q', npoxoasaireir yepe3 ero KoHen A. Touka A Haxo-
auTea mocepesuHe ocu OQ', namHa KoTtopoi I = 55 cm.
IIpu xakoM 3HaUYE€HUM YTIJIOBON CKOPOCTH CTEPXKHSA TIO-
PU30OHTaJbHAA COCTABJAIOIIAA CHJBI, AEHCTBYIOIIe Ha HUXHUN
KoHel ocu O0', 6yzer paBHa HyJai? KakoBa mpu 3ToOM ropu3OHTA-
JbHaAA COCTaBJAIOIIAA CHUJbI, AEHCTBYIOIIEl Ha BEPXHUHN KOHEI]
ocu?

1.303. CepenuHa OZHOPOJHOTO CTEPIK-
HS MacChl M M OJUHBI | }JKeCTKO coeJHeHa
C BEPTHUKAJbHON OCBIO TaK, UTO YI'OoJl MeXX-
oy crep:kHeM u ocbkio OO' paBeH 3 (puc.
1.62). Kornel ocu OO’ ykpenJeHBI B IOJ-
munHanKax. Cucrema BpamiaeTcsa 6e3 Tpe-
HUS C YIJIOBOM CKoOpocThio ». HamiTu:

a) MOAYJb MOMEHTa UMIIYJIbCa CTePIKHA
OTHOCUTEJBbHO TOUKM C 1 MOMEHT UMITYJb- A
ca OTHOCUTEJHLHO OCU BpAaIlleHHUs;

6) MOoyJbL MOMEHTa BHEIITHUX CHUJ, Jei- Puc. 1.62
cTByomux Ha ock OO' 1pu BpalleHUU.

1.304. 'nagkuit oqHOPOAHBIHN cTepkeHb AB Mmaccsl M M AJIUHBEI [
CBOOOJHO BpallaeTcd C YIJI0BOM CKOPOCTBIO O, B TOPU3OHTAIbHOM
IIJIOCKOCTHU BOKPYT HEIOABUYKHOM BepPTUKAJbLHOU OCU, IIPOXOAAIIEH
yepes ero KoHel A. VI3 Touku A HaUMHAET CKOJIB3UTEL II0 CTEPXKHIO

Puc. 1.61
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HebOoJbIIasgs MmydTra Macchkl m. HaliTu cKkopocTh v’ My(@TEI OTHOCHUTE-
JIBHO CTEPKHA B TOT MOMEHT, KOT/Jla OHa JOCTUTHET ero KoHIla B.

1.305. OgHOpOoaHAaA TOHKAasS KBaJpaTHadA IIJIaCTUHKA CO CTOPOHOM
l m maccet M MoOKeT CBOOOLHO BpalllaThCs BOKPYT HEIOABUKHOMU
BepTHUKAaJbHOM OCH, COBIIQJAIOIIEl ¢ OJHON M3 ee CTOPOH. B meHTp
IUIACTUHKY 10 HOPMaJIXM K HeM yIpyro yaapAeTcd IIIapuK Macchl m
co ckopocThio v. Haiiru:

a) CKOpOCThL IIapuKa V' cpasy IIocje yaapa;

0) rOPU30HTAJNIBHYIO COCTABJIAIOINIYIO PE3YyJIbTUPYIOIIEN CHUJIbI, C
KOTOpPOH OCh JeHCTByeT Ha IJIACTUHKY IIOCJIe yjhapa.

1.306. BepTukKaabHO PACHOJIOKEHHBIH OJHOPONHBIA CTEP)KEHb
mMaccbl M m AJuHBI [ MOXKeT BpalaTbCAd BOKPYI' CBOEr0 BEPXHETO
KOHIIa. B HM)KHUI KOHeIl CTeP)KHA II0NaJia, 3aCTPAB, TOPU30HTAJIb-
HO JIeTEeBIIIasl IYJIs MacChl m, B pe3yJbTaTe Yero CTepKeHb OTKJIO-
Hujacsa Ha yroa o. Cumraa m < M, HalTH:

a) CKOPOCTH JIeTEeBIIIeH IIyJIU;

0) nmpupaillieHre UMNOYJbCa CUCTEMBI «IyJA—CTepPsKeHb» 3a Bpe-
MA ylhapa; KaKoBa IIpUYMHA M3MEHEHUS 3TOr0 MMITYJIbCa;

B) HA KaKoe pPacCTOAHMNE X OT BePXHEro KOHIIA CTeP)KHA JOJKHA
IIoNacTh MyJisi, YTOOBI UMIIYJILC CUCTEMbI HE M3MEHUJICA B IIpPOIlecce
yaapa.

1.307. T'opu3oHTaJIbHO PACIOJIOXKEHHBIN OJHOPOAHBIN IUCK Mac-
cel M u pagumyca R cBOOOOHO BpalaeTcd BOKPYI' BePTHUKAJbLHON
ocu, IIPOXOonAIlnel uepe3 ero IeHTp. [ucKk mMeeT paguaJbHYyIO Ha-
IIPaBJIAIOIIYIO, BAOJbL KOTOPOHl MOXKET CKOJBL3UTh 0e3 TpeHus Hebo-
JbIIIOe TeJio Macchkl m. K Teny npuBsizaHa HUTH, NIPOINYyIleHHAS de-
pe3 IIoJIyI0 OCch AuCKa BHU3. IlepBoHada/JIbHO TeJO0O HAXOAWJIOCH Ha
Kpalo AMCKa U BCA CHUCTeMa Bpalajach ¢ yIJI0BOM CKOPOCTBIO 0.
3aTeM K HUM)KHEMY KOHIYy HUTH IIPUJIOKUIU cuiry F, ¢ IIOMOIIbIO
KOTOPOM TeJI0 MeIJIeHHO INOATAHYJU K ocH BpamieHuA. HaiTu:

a) YIJIOBYIO CKOPOCTh CHCTE€MBI B KOHEYHOM COCTOSAHUU;

0) paboTy, KOTOpyI0 coBepmiuja cuja F.

1.308. Henosex Maccel m; CTOUT Ha Kpal IOPU3OHTAJLHOTO OJ-
HOPOJHOI'0 JUCKa MacChl m, U paauyca R, KOTOPBIX MOKeT CBOOOJ-
HO BpalllaThCs BOKPYT HENMOABUIKHON BEePTHUKAJbHOM OCH, IIPOXOAA-
I1ey yepes ero NeHTpP. B HEKOTOPBIM MOMEHT YeJIOBeK HadaJl JBUTa-
ThCA II0 Kpalo JHCKa, COBEpPIINJ IlepeMellleHMe Ha yroa o
OTHOCUTEJBHO JUCKAa U ocTaHOBWJICA. IIpeHeOperasa pasmepaMu ue-
JIOBeKa, HaWTH yroJji, Ha KOTOPLIN IIOBEPHYJICA AUCK K MOMEHTY
OCTaHOBKHU UYeJIOBEKa.
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1.309. [Ia ropus3oHTaJBHBIX AUWCKA CBOOOJHO BpAaIllalOTCS BO-
KPYr' BEePTUKAJBHON OCH, IPOXOIAIIEH uepesd UX IeHTPbl. MoMeH-
Thl MHEPIIUY AUCKOB OTHOCHUTEJBHO 9TO0# ocu I u I,, yrioBble CKO-
pOCTH ©; U ©,. Ilocie mageHna BepxHero A¥CKa Ha HUMKHUHN 06a
JUCKa M3-3a TPeHUS MeXXJy HUMU HadaJd dyepe3 HeKOTOpPOoe BpeMsA
BpamiaTecAd KaK eauHoe Iesioe. HaiTu:

a) yCTaHOBUBIIYIOCS YIJIOBYI0 CKOPOCTH BpallleHUs AUCKOB;

0) paboTy, KOTOPYIO COBEPIIHNJIN IPH 3TOM CHJbI TPEHUA.

1.310. JIBymM OOMHaKOBOIO pajguyca IHC- I, I,
KaM cOoOOIINJIN OJHY M Ty Ke YIJIOBYIO CKO-
pocTe ®, (puc. 1.63), a 3aTeM uUX IpUBEIN B
COIIPUKOCHOBEHMNE, M CHCTeMa depe3 HEeKOTO-
poe BpeMsd IIPUIILIA B HOBOE YCTaHOBUBIIIEECH
cocTosiHMe IBUKeHUsi. Ocu [OUCKOB HEIO- Puc. 1.63
IBUXKHBI, TPEeHHUS B o0cAX HeT. MOMEHTEI
MHEPIMH AUCKOB OTHOCHUTEJLHO UX OCeM BpalleHus paBHEI I, u I,.
Haiiru:

a) ImpupalmieHue MOMEHTa HMMIIyJIbCa CHUCTEMBbI;

0) yObLIb ee MeXaHUYECKOM 3HEpTUMH.

1.311. [Iuck paaumyca a MOXKeT CBOOOOHO BpaIlaThbCA BOKPYT
CBOEM OCHM, OTHOCHUTEJHLHO KOTOPOH ero MOMEHT MHepnuu paseH I.
B momeHnT t = 0 guck HadaJaum o0JiydaTh IO HOPMaJu K ero IoBepx-
HOCTH PABHOMEPHBLIM IIOTOKOM YacTull — N YacTuIl B eIUHUILY Bpe-
meHu. Kaskpasa dacrtuma mmeer mMaccy m ¥ COOCTBEHHBIN MOMEHT
umiyJjgbca M, HanpaB/ieHHe KOTOPOTO COBIIaJaeT C HallpaBJeHUEM
IBUKeHUsa yacTul. CuuTasd, 4TO BCe YACTHUIILI 3aCTPEBAIOT B AUCKE,
HaWTH ero yrJoBYIO CKOPOCTh KaK (pyHKIUIO BpeMeHU (t), ecyiu
®(0) = 0. Usobpa3uTs nNpuMepHBIN rpaduk 3aBUCHUMOCTHA (1).

1.312. OgHOopomHBIMA AUCK paaumyca R M MaccChl m JIEXXUT Ha
IJIaIKOM ropru30HTAJIBHON moBepxXHocTU. Ha 60KOBYIO IIOBEPXHOCTh
JUCKa ILJIOTHO HaMOTaHa HUTL, K CBOOOAHOMY KOHIy K KOTOpOM
MIPUJIOXKUJIN IIOCTOTHHYIO ropusdoHTaabHYI0 cuiy F. Ilocie Hauaa
IBM)KEHUSA AUCKa Touka K mepemMecTusiack Ha paccrodHue [. Hairu
YIVIOBYIO CKOPOCTH AUCKA K 9TOMY MOMEHTY.

1.313. [IByXcTyneHYaTsI#l 610K pasuycoB R, u R, IIOJOXKUJIN Ha
IVIaJKyI0 TOPU30HTAJNBHYIO IOBepXHOCTh. Ha cTynmeHu 6Ji0Ka IJIOT-
HO HaMOTaHbl HUTHU, K KOHIIAM KOTOPBIX IPUJIOKUJIMN IIOCTOAHHEIE,
B3aMMHO IepneHAuKyiaapHele cuiael F, u F, (puc. 1.64, Bun
cBepxy). CKOJIBKO 000pOTOB COBEpPIIUT OJIOK 3a BpeMs, B TeUeHUE
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F, KOTOPOTO ero ock C mepeMecTHUTCS Ha pacCTOAHUE
[? Macca gamHOro 6Ji0Ka m, ero MOMEHT UHEepIIUU
%’ oTHOocurteabHo ocu C paBeH I.
1.314. OgHopoaHbeIl AucK paguyca R = 5,0 cwm,
BpaIaloIiNiicd BOKPYT CBOEH OCH C YIJIOBOM CKO-

F, pocTthio ® = 60 pax/c, majgaeT B BepTUKAJbLHOM IIO-
JOKeHNN Ha TOPH3OHTAJbLHYIO IIIePOXOBATYIO IIO-
Puc. 1.64 BEPXHOCTb M OTCKaKuBaeT mofg yriaoM 3 = 30° K

BepTUKAJIM, y>Ke He Bpallaschb. HallTu CKOpPOCTH
I1CKa cpa3y IIocJie OTCKaKWBaHUA.

1.315. OgHOpPOAHBIN IIap CKaThkIBaeTCA 0e3 CKOJIb)KEeHHs II0 Ha-
KJIOHHOM IIJIOCKOCTH, COCTaBJISAIONIEH yroJy o ¢ ropusonToMm. HaiiTu
YCKOpeHUe IeHTpa Illapa U 3HaueHue KOo3(p(PUIleHTa TPeHUusd, Ipu
KOTOPOM CKOJBL)XEHHA He Oyzer.

1.316. OgHopomHBIN mIap Macckl m = 5,0 Kr ckaTbIiBaeTcsa 0e3
CKOJIb)KEHMs II0 HAKJOHHOM IIIOCKOCTH, COCTABJAIOINEHA YyIoJI
o = 30° c ropuzoHTOM. HaliT KMHETUYECKYIO 9HEPTUIO IIIapa uyepes
t =1,6 c mocje Hauaja ABUXKEHUS.

1.317. OpguHopomusIil cTep)keHb AauHBI [ = 110 cM pacmososkeH
mox yraoM o = 60° K raagkoil rOpM30HTAJLHOM IIOBEPXHOCTHU, Ha
KOTOPYIO OH OIIMPAeTCsd CBOMM HIKHUM KoHIIOM. CTep)xeHb 0e3
TOJMYKa OoTIycTuau. HaliTu CKOpPOCTh BEpXHEro KOHIIA CTeP)KHA He-
IIOCPEeACTBEHHO IIepej] IaJeHUeM ero Ha IIOBEPXHOCTD.

1.318. Karymnika, MOMeHT MHEPIIUU KO-
TOPOM OTHOCHUTEJIBHO ee ocU paBeH I, cCKa-
ThIBaeTcsa 0e3 CKOJIbKEHUSA 10 HaKJIOHHOH
miaockoctu. Ilpoiigsa oT Havaa IBUIKEHUS
IIyTh S, OHA IpHoOpesa YIJI0BYI0 CKOPOCTh
o. HaliTu cuny TpeHUA NMOKOA, CUMTAA ee
OOMHAKOBON Ha BCEM IIyTH.

1.319. IlITapuk A ckaTbIiBaeTcA 6e3 CKO- Puc. 1.65
JbXXKeHusa ¢ ropku BeicoTel H = 50 cwm,

UMeoIlell TpaMILIUH BbICOTHI £ = 15 cm (puc. 1.65). C w
KaKOil CKOPOCTBIO IIIapUK yNaJeT Ha MOpHU30HTAJBHYIO
IIOBEPXHOCThH?

1.320. OgHOpOAHBIN MUIMHAP Macckl m = 8,0 Kr u
paguyca R = 1,3 cm (puc. 1.66) B momeHnT t = 0 Hauu-
HaeT OIyCKaThCA II0J JeHcTBUEeM CUJbI TaxkecTu. Haii-
TH:

a) yrJaoBoe YCKOpPeHue IWJIUHIPA;

Puc. 1.66
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0) 3aBHUCHUMOCTL OT BPeME€HU MT'HOBEHHON MOII[HOCTH, KOTOPYIO
pasBUBaeT CUJa TIAXKECTH.

1.321. Hutu HamMoTaHBI Ha KOHIIAX OJHOPOJLHOTO CILJIOIIHOIO IIH-
JuHaApa Maccbkl m. CBoOOLHEIE KOHIIBI HUTEH IPUKPENJIEHELI K II0-
TOJIKY KaOuHEI Ju@dTa. KabuHa Hauajia IOZHUMATBLCS C YCKOPeHUEeM
a,. Haiitu yckopenue a' muiauHApa OTHOCH-
TeJbHO KaOuHbl 1 cuay F, ¢ KoTopoil nu-
JUHIAP AeHcTByeT (Uuepe3 HUTU) Ha IIOTOJIOK.

1.322. Ha riaakoii HaKJOHHOM IIJIOCKO-
CTH, cocTaBJAOIeN yroua o = 30° ¢ ropusoH-
TOM, HaXOJHTCSA KaTyIIKa ¢ HUTKOM, CBOOO/I-
HBIA KOHEIl KOTopoil ykperuieH (puc. 1.67).
Macca panuo# xarymiku m= 200 r, ee mo-
MEHT HWHEepPIIUM OTHOCUTEJNLHO COOCTBEHHOH
ocu I = 0,45 r-M2, paguyc HAMOTAHHOTO CJIOA
HUTOK r = 3,0 cm. HaliTu ycKopeHHe OCH KaTyIIKH.

1.323. OgHOPOAHBINA CILJIOIIHON ITWMJIMHAP MAacChl m JIEKUT Ha
JIBYX TOPU3OHTAJBHBIX Opychax. Ha muiamHAp HaMOoTaHa HUTL, 3a
CBEIIMBAIONINICA KOHEI KOTOPO TAHYT C IIOCTOSHHOM, BEPTUKAJb-
HO HampaBjJeHHo# cuioit F (puc. 1.68). Haiitu 3Hauenus cuisbl F,
IIPU KOTOPLIX IUJINHAP OyAeT KaTUThCA 0e3 CKOJbKEeHHUs, eCIN KO-
a(ppunEeHT TpeHus paBeH k.

1.324. Ha ropuszoHTaJIbHOM III€POXOBATOM IIJIOCKOCTHU JICXKUT Ka-
TYIIKa HUTOK Macchkl m. Ee MOMeHT nHepIu OTHOCUTEJIIBLHO COOCT-
BeHHOM ocu I = ymR2, rge y — uwuciaoBOd Kosddunuent, R —
BHEIIIHU# paguyc KaTyIiKku. Paguyc HaMOTaHHOTO CJIOSI HUTOK pa-
BeH r. KaTymky 6e3 CKOJIb)KeHUS HauaJd TAHYTh 3a HAUTH C IIOCTO-
AHHOM cuiaou F, HanpaBieHHOM @O YIJIOM O K TOPU30HTY
(puc. 1.69). Haitru:

a) mpoeKnuio Ha ock X YCKOPEHUS OCH KAaTYIIKWU;

0) pabory cuabl F 3a mepBble ¢ CEeKYHJ IBUYKEHUS.

1.325. Cucrema (puc. 1.70) cocTouT u3 AByX OAMHAKOBEIX OJHO-

POAHBIX NNJINMHAPOB, Ha KOTOPbI€E CUMMETPNYHO HAMOTaHBbI AB€ JIeI'-
/

Puc. 1.67

F

Puc. 1.68 Puc. 1.69 Puc. 1.70
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Kue HUTU. HaliTu ycKOopeHMe OcH HUXKHEro IUJIXHIApa
B IIpoIlecce ABUKEHUA.

1.326. B cucreme (puc. 1.71) m3BecTHHI Macca m
rpysa A, macca M cryneHdyaToro O0Jioka B, MOMEHT

B nHepnuu I mociaesHero OTHOCUTEILHO ero OCH U Pajuy-
A cul ctyneHedt 6i1oxka R u 2R. Haitu ycKopeHue rpysa A.
Puc. 1.71 1.327. CoyonHo# OJHOPOSHBIA IMUINHAP A MAaccChl

m, MOXKeT CBOOOAHO BpalllaTbCA BOKPYT FOPHU30HTAJb-
HOH ocH, KOTOopad YKpeIlJleHa Ha IOJACTaB-
Ke B maccer m, (puc. 1.72). Ha nuaunaap
ILIOTHO HaMOTaHa HUTh, K KOHIY K KoTo-
POH IIPUJIOKHUJIN IIOCTOTHHYIO TOPU30HTA-
aApHyi0 cuay F. TpeHus MeXXay moicTaB-
KOH " ILIOCKOCThIO Her. Haiitu:

a) ycKopeHue Touku K;

0) KUHETUYECKYIO 9HEePTrHUI0 3TOM CUCTe-
MBI yepe3 ¢ CeKyHJ IIocJie Hauajia JBUKEHU.

1.328. Ha riagxoifi ropu3oOHTAJBHON IIJIOCKOCTH JIEXKHUT JOCKAa
Macchl m; ¥ Ha Hell OMHOPOAHBIN IIap Maccel m,. K mocke mpuio-
JKHMJIM MIOCTOSAHHYIO TOPU30HTAJbHYIO cuay F. C KakuMH YCKOPEeH!-
AMU OyAyT OBUTaThCS AOCKA U IEHTP IIIapa B OTCYTCTBHE CKOJbLXKE-
HUA MeXIY HUMH?

1.329. CrionrHoMy OgJHOPOSHOMY IIMJINHAPY MAaccChkl m U paguy-
ca R coobmiuam BpalleHle BOKPYT' €ro OCH C YIJIOBOM CKOPOCTBLIO
®,, 3aTe€M ero I0J0XXUIN GOKOBOU IIOBEPXHOCTHIO HAa TOPU3OHTAJIb-
HYIO ILIOCKOCTBL U IIpeJocTaBMJIU caMoMy cebe. Koadpdumuenrt tpe-
HUA paBeH k. Haiitu:

a) BpeMd, B TeueHHe KOTOPOT0 ABUKEHUe ITUJINHApPa OyJeT IIpo-
HCXOAUTHh CO CKOJIb)KEHHEM;

0) mosiHy10 paboTy CHUJIBI TPEHUS CKOJIb)XKEHUA.

1.330. OxgHOpPOAHBIN IIap paguyca r cKaTbIBaeTcs 6e3 CKOJIbXKe-
HUA C BepHIUHEI ceprl paguyca R. HaliTu yriaoByio CKOpPOCTh IIapa
ImocJje oTphiBa OoT chepbl. HauaibHada CKOPOCTH IIapa IIpeHeOpeKku-
MO MaJa.

1.331. CrtonmHo# OSJHOPOAHBIN MUJIMHAP pagzuyca R KaTUTCS II0
TOPU30HTAJBHONA ILIOCKOCTH, KOTOpas IIePeXOAUT B HAKJOHHYIO
IIJIOCKOCTh, COCTABJIAIOIIYI0O YroJ O C TOPU3OHTOM (II0J YKJIOH).
HaliTu MakcuManbHOe 3HaYeHHe CKOPOCTH U, IMJIMHADPA, IPU KOTO-
POM OH IepeiifieT Ha HaKJIOHHYIO ILIOCKOCTH ele 6e3 ckauka. CKo-
Jb)KEHUS HeT.

Puec. 1.72
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1.332. OgHopoaHEIH mIap maccel m = 5,0 Kr

n paauyca R = 5,0 cMm Katurca 6e3 CKOJbIKe-

HUSA II0 TOPUBOHTAJBHON IMOBepXHOCTU. Been-

CcTBUe JedopMaliiy B MECTe COIIPHMKOCHOBEHUS

Imapa M ILIOCKOCTHM Ha IIap IIPHU ABUYKEHUU

BIIPaBO OEeMCTBYeT paBHoAeMcTByMomiasa F cua

peaknuu (puc. 1.73). HaiiTu Mony1b MOMeHTa Puc. 1.73
cunabl F oTHocuTennHO menTpa O 1mapa, ecyu

I1ap, UMeBIIUHA B HEKOTOPBIA MOMEHT cKopocTh v = 1,00 m/c, mpo-
IIIeJI IIOCJIe 3TOT0 JO OCTAaHOBKH NyTh § = 2,5 M. MomeHnT cuibl F
CUMUTATH IIOCTOAHHBIM.

1.333. Ha riagkoil ropu30oHTAIBLHON IIOBEPXHOCTH JIEKUT OILHO-
POIHBIM cTepKeHb Macckl m = 5,0 Kr u gauHb! [ = 90 cM. Ilo ogHOMY
13 KOHIIOB CTEP)KHA B IOPM30HTAJbHOM HaIpaBJIeHUU IIEPIEHIUKY-
JSPHO CTEpP:KHI0O IIPOM3BEJIN yHAap, HMIIYJbC CHJIBI KOTOPOTO
J = 3,0 H-c. HaiiTu cuyy, ¢ KOTOPOH OfHA IIOJOBHMHA CTEPXKHSA OyIeT
JEeCTBOBATh Ha JPYIyI0 B IIpoIlecce ABM)KEHMI.

1.334. Ncnoaba3ysa ycJoBHE IIPEeALIAYINeH 3aJaduu, HaHTH:

a) Ha KaKoe pacCTOosHIe IIePeMeCTUTCA IeHTP CTEPKHS 3a BpeMs
ero IIOJIHOroO 0060opoTa;

0) KUHETUUYECKYIO SHEPruio CTepP)XHA IIocje yhaapa.

1.335. Ha rnagkoii ropr30HTAJNbHON IIOBEPXHOCTH JIEXKUT OJHO-
POIHBIN cTep:KeHb Macchl m U AJUHBI [. Ha oguH 13 ero KOHIIOB Ha-
YaJI JefCTBOBATh IOCTOSHHOM, HAIIPaBJIE€HHON BCe BpeMA BEPTHUKA-
JbHO BBepx cuyiol F = mg. HalTu yriaoByI0 CKOPOCTb CTEPyKHA B
3aBUCUMOCTH OT yIJjla (¢ €ro II0BOpOTa.

1.336. OzHoponHEBI# cTep:keHb AB IIVHBL |,
2] ycTaHOBUJIM BEPTHUKAJILHO B YIJY, 00paso- A
BaHHOM TIJIaJKMMHU ILIOCKOCTAMHK. B HEKOTO- 7
PBI MOMEHT CTEpP:KHIO COOOIIUIM IIpeHebpe-
JKMMO MaJylo YIJIOBYIO CKOPOCTh, M OH HadaJl oL
ajaThb, CKOJb3dA II0 IJIOCKOCTAM, KaK IIOKa3sa- 7
HO Ha puc. 1.74. HaiiTu: Puc. 1.74

a) YIJIOBYI0 CKOPOCTH ® U YIJIOBOE yCKOpe-

HUe 3 cTep’KHA Kak QyHKIUU yria o, — A0 MOMEHTa OTPhIBa TOUKU
A OT IJIOCKOCTH;

0) Ipu KaKOM 3HaYeHUU yIJia O, CTep»KeHb OTOPBETCA OT BEepTH-
KaJbHOU CTEHKU.

1.337. OmHOPOOHBIN CTEpP)KEHb AJUHBI [, YKPENJeHHBIM OJHUM
KOHIIOM B IIIapHUPE, OTBEJU Ha YyroJ 3 OT BepTUKAJIU U COOOIIUIN




62 Yacte 1. PusnuecKye OCHOBBI MEXaHUKM

ero HYKHeMy KOHIy CKOPOCTB U, IepNeHAUKYIAPHO BePTUKAJIBLHON
IINIOCKOCTH, IIPOXOAdAIleil uepes cTepKeHb. IIp1 KaKoM MUHUMAJIb-
HOM 3HA4YeHHUU VU, CTeP:KeHb IIPU JaJbHeHIeM JBU)KeHWUHU IpOoijeT
yepes3 TOPU30HTAJIbBHOE II0JIOKeHue?

1.338. Ha riiagkoii mJ0CKOCTHU JeXKaT HeOoJIbIllasa IIaiida M TOH-
KUU OLHOPOJHBIN CTepPyKeHb AJIUHEI [, Macca KOTOPOTO B 1| pa3 60Jb-
mie macchl manobsl. Ilaiitbe cooOIIUIM CKOPOCTHL V B TOPU30OHTAJb-
HOM HAaIlpaBJIEHUN MNEepIEeHIUKYJIAPHO CTEepP)KHIO, IIOCJIe Yero oHa
HCObITajJIa YIPyroe coygapeHHe ¢ KOHIIOM cTpe)xkHda. Haltm cko-
POCTB U IleHTPa CTePKHA II0cjie CTOIKHOBeHuA. IIpu kakom 3Hade-
HUY T CKOPOCTH IIaiibbl IIOCJEe CTOJKHOBEHUS OyJeT paBHa HYJIIO?
W3MEHUT HaIpaBJieHHWe Ha ITPOTHBOIOJIOKHOE?

1.339. OpHOpPOOHEINA CTep:KeHb, HaJaBIINil B TOPU3OHTAJILHOM
IIOJIO’KEHUHU C BBICOTHI A, YIIPYro yAapuJcsa OJHUM KOHIIOM O Kpail
MAaCCHUBHON IJINTBI. HaliTM CKOPOCTH IIeHTpPa CTEPKHA cpasy IIocJie
yaapa.

1.340. Boauox maccel m = 0,50 Kr, och KOTOPOro HaKJIOHEHa
mox yraom 3 = 30° K BepTHKaJM, IpeleccUpyeT IO AeHCTBUEM
CUJBI TsXKecTu. MOMEHT MHEepIUM BOJYKA OTHOCHUTEJIBLHO €ro OCH
cumMerpuu I = 2,0 r-M2, yriioBag CKOPOCTh BpallleHUsA BOKPYT 9TOMH
ocu ® = 350 pan/c, paccTogHHEe OT TOUKH OMNOPBI IO IIeHTpa Macc
Bosuka [ = 10 cm. HaiiTu:

a) YIJIOBYIO CKOPOCTH IIpEIecCUM BOJIYKA;

0) MoAyJahp W HamIpaBJeHHe TOPUS0HTAJBHOM COCTaBJIAIOIIEH
CUJIBI peaKIiuM, OeHCTBYIOIeil Ha BOJYOK B TOYKE OIIOPHI.

1.341. Ha nmony KabuHBI JudTa, KOTOpasd HAaUMHAET IMOJHUMATh-

cdA ¢ IOCTOAHHLIM ycKopeHHeM a = 2,0 m/c?, ycra-
O HOBJEH THMPOCKOI — OJHOPOJHBIM AVICK pajguyca
R = 5,0 cm Ha KOHIe cTep:XHA AJUHBEL [ =10 cm
/ (puc. 1.75). JIpyroii KoHell CTEPKHA YKpEILIeH B
. maprupe O. THUPOCKON IIpemecCupPyeT C 4acTOTOM

Puc. 1.75 n =0,5006/c. IIpeHeOperasgs TpeHHWEM U MaccCOu
CTepPsKHsI, HAaUTHU COOCTBEHHYIO YIJIOBYIO CKOPOCTBH IVCKA.

1.342. Boauok, macca Kotoporo m = 1,0 Kr 1 MOMEHT UHEepPIUHA
OTHOCHUTEeJIbHO coOcTBeHHOH ocu I =4,0r-m2, Bpamaerca c
o = 320 pan/c. Ero Touka omopsl HaXOAUTCS Ha MIOACTaBKe, KOTO-
PYyIO IIepeMeIaloT B FOPHU30HTAJILHOM HAIIpaBJeHUU C YCKOPEHHEM
a= 3,0 m/c2. PaccrogHre MeKJy TOUYKOI OIOPHI M IEHTPOM MAace
Bosruka [ = 10 cm. Ha¥iT Moy 1 HampaBJjieHUE BEKTopa ' — yr-
JIOBO!I CKOPOCTH IIpeIeccur BOJYKA.
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1.343. Oguopoauslii map maccel m = 5,0 Kr u paguyca R = 6,0 cm
Bpaiaerca ¢ ® = 1250 pajs/c BOKpyr ropu30oHTAJIbLHOM OCH, IIPOXOAA-
el dyepes ero LEeHTP M YKPEILIEHHON B MOAIINIHUKAX IOACTABKHU.
Paccrosume mexxay nommumaukamu [ = 15 cm. ITogcrasky nmosopaum-
BalOT BOKPYT' BEPTUKAJILHOM ocu ¢ ' = 5,0 pax/c. Haiitu monyap u
HaIIpaBJeHHe TUPOCKOINUYECKUX CILI.

1.344. [Tuck maccel m = 5,0 Kr u paguyca R = 5,0 cm Bpaiaerca
c o = 330 paxn/c. PaccrossHMe MeXXAy NMOAINIUIIHUKAMHU, B KOTOPBIX
YKpeIllJIeHa OCh AUCKAa, [ = 15 cMm. Ock BEIHYKJAIOT COBEPIIIATEL I'ap-
MOHUYECKHEe KoJIeOaHMA BOKPYr TOPH30HTAJBHOM OCH, IPOXOMA-
el yepes IEHTP AUCKAa U IePHeHAUKYJIIPHOHA ero ocu, ¢ IepHuo-
gom T = 1,0 ¢ u ammurygou ¢, = 20°. HaiiTu MakcuMaabHOe 3Ha-
YyeHHe TUPOCKOMNUYECKUX CHJI, AEMCTBYIOI[MX Ha MOJIINIHUKM CO
CTOPOHLI OCH [JVCKA.

1.345. Kopabap gBHXKETCS CO CKOPOCThIO v = 36 KM/4 o myre
okpyskHOCTH paguyca R = 200 m. HaliTu MOMEHT Ir'MPOCKOIINYECKUX
CUJI, OJeMCTBYIOIINX Ha MOAIIMIHUKK CO CTOPOHBI Bajla C MaXOBU-
KOM, KOTOpPbIe MMEIOT MOMEHT WHEePIIMM OTHOCHUTEJIBHO OCHU Bpallie-
gua I = 3,8:103 xkr-m? u genaror n = 300 06/MuH. Och BpameHus
pacIriojio’keHa BIOJIb KopabJid.

1.346. JIoKOMOTHUB IPUBOAUTCSA B ABUKEHUE TypPOMHOM, OCh KOTO-
poil mapaJjiiaesibHa ocaAM KoJiec. HampaBieHume BpaineHUs TypPOUHBI
COBIIAJAEeT C HaIpaBJIeHNEM BpalleHusa KoJjec. MOMEHT WHEePIUU Po-
TOpa TYpPOMHEI OTHOCUTEJILHO cobcTBeHHOI ocu I = 240 xr-m2. Haiitu
00aBOYHYIO CUJIY HaBJIEHUS Ha PeJIbChbl, 00YCJIIOBJIEHHYIO T'MPOCKO-
IMMYEeCKUMHU CHJIaMU, KOTa JJOKOMOTUB HIET II0 3aKPYIJIEHUIO paau-
yca R = 250 M co ckopocThio v = 50 KM/u. PaccTosiHUE MeXKAY pesb-
camu [ =1,5 m. Typbuna genaer n = 1500 06/MuH.

1.6. Yupyrue nedopmManuu TBEpPAOro TeJja

e 3akon I'yka:
¢ =o/E, (1.6a)

rfje € — OTHOCHUTEJNbHOE yIJIWHEeHWEe, G — HanpsikeHue, E — moxayab IOHra.
e CBsA3b MEXKAY OTHOCHUTEJIBHBIM IOIIEPEYHBLIM CXKaTueM (pacTsiKeHueM) € U OT-
HOCHUTEJILHBIM IIPDOJOJILHBIM pacTsKeHumeM (C)KaTueMm) &:

g' = —peg, (1.66)

rge u — kKoadbdunuent Ilyaccona.
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e CBsaA3L MEeX Ay OTHOCUTEJIbHBIM CABUIOM Y U TAHTI'€HIIUAJBHBIM HAIIDAME-
HHUEeM T.

Yy = 1/G, (1.6B)
rne G — MoAyJb CABHUTA.
e Kosdpdumnuenr cxkumaemMocTu (MOAYJb BCECTOPOHHETO CoKATHS):
s Lo
Ty op . (1.6r)

e O0BbeMHasl IJOTHOCTL YHEPruUM YIOpyroi medopmaliuu:

u = Ec?/2, u=Gy%/2. (1.6x)

1.347. Kakoe maBjeHNe HEOOXOAMMO IIPHUJIOKUTE K TOPIAM CTa-
JIbHOTO ITMJIMHIAPA, YTOOBI AJMHA €r0 He M3MEHMJIACH IIPU IIOBBIIIE-
HuM Temiepatypbl Ha 100 °C?

1.348. Kakoe paBieHue uM3HyTPU (IIPU OTCYTCTBUH HaAPYKHOTO
IaBJEHUA) MOTYT BbIJEPKATh:

a) cTekJAHHadA TpPyOKa; 0) cTekJaAHHaA cdepuueckas Kojbda,
Y KOTOPBIX paguyc r =25 MM U TOJIIUHA cTeHOK Ar =1,0 mm?

1.349. TopusoHTaJIbLHO pAaCHOJJIOXKEHHBIN MEIHBIH CTep)KeHb
aauHbl [ = 1,0 M BpalaroT BOKPYTr' BEPTUKAJbHON OCH, IIPOXOAAIIEH
yepes ero cepeauny. IIpu xaxoil yacToTe BpamleHUA OH MOXKET pa-
30pBaThCA?

1.350. Koabnmo paamyca r = 25 c¢M, ciejlaHHOe U3 CBUHILOBOH
IIPOBOJIOKM, BpAaIllal0OT BOKPYI' HENOJABU)XKHOM BepPTUKAJBLHON OCH,
IIPOXOASAINEe UYepe3 ero IeHTP U IEePIeHAUKYJISIPHON IIJIOCKOCTH
KoJubna. IIpu Kakoi yacToTe 000POTOB 71 JaHHOE KOJILIIO MOXKET pa-
30pBaThCA?

1.351. CranpHaa mpoBojsioka auamerpa d = 1,0 MM HaTaHyTa B
TOPU30HTAJILHOM IOJIOKEHUM MEXKAy ABYMS 3aKMMaMM, Haxomd-
mumMuca Ha paccrosHuu [ = 2,0 m apyr ot apyra. K cepenuHe 1mpo-
BOJIOKU — Touke O — moaBecuiu rpy3 Maccel m = 0,25 Kr. Ha cko-
JbKO CAHTHMETPOB omycTuTcA Touka O?

1.352. OgHOpPOAHBIN YIIPYTrUil OPYCOK ABUXKETCS IO IJIaJKOM ro-
PHU30HTAJBHOM IJIOCKOCTH IIOJ JeWCTBUEM IIOCTOAHHOW cuibl F,
PaBHOMEPHO pacipefejgeHHONM mo Topiy. Ilmomanes Topma S, Mo-
nyab IOHra marepuana E. HaliTu oTHocuTenbHOE cokaTue 6pycka B
HalpaBJIeHUU JeMCTBUSA OAHHOMW CHJIBI.

1.353. ToHKMI OAJHOPOAHEINI MeOHBIN CTepP)KeHb AJUHBI [ 1 Mac-
ChI M PaBHOMEPHO BpaIlaeTcdA C YIJIOBOW CKOPOCTHIO B TOPU30HTA-
JBHOM IMJOCKOCTH BOKPYT BEPTUKAJBHOM OCH, IPOXOASAIIEH uepes
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OIVH U3 ero KoHIoB. HaiiTu cuiy HATAKeHUsS B CTEP)KHE B 3aBUCH-
MOCTH OT PACCTOAHUA r OO0 OCHU BpallleHUA, a TaKKe YIJIUHEHUe
CTEep KHI.

1.354. CooimrHO MeAHBINM MUJIWHAP AJUHEBI [ = 65 cM mmocraBu-
JI1 HAa TOPU30HTAJBbHYIO IIOBEPXHOCTH M CBEPXY MPUJIOKUJIN BEpPTU-
KaJbpHyI0 ckuMaromiyio cuay F = 1000 H, xoropasd paBHOMEPHO
pacipeneneHa 10 ero Topiy. Ha CKOJIbKO KyOMYECKUX MUJLJIMMET-
POB M3MeHHJICA 00beM HIuIuHIpa?

1.355. MegHEbIN cTep)KeHb AJIUHEI [ ITIOABECUJIN 3a OAUH KOHEIl K
notonky. HaiiTu:

a) yIJIUHeHVE CTepPXXHA IMOoJ JelcTBUEeM COOCTBEHHOT'O Beca;

0) oTHOCHUTeJIbHOE NIpUpalleHue ero oowema AV/V.

1.356. Bpycok u3 marepuaya ¢ moayJjaem IOura E u xoapdpuiiu-
eHToM IlyaccoHa | IIOABEpIJIM BCECTOPOHHEMY CXKaTUIO JaBJIEHUEM
p. Hairu:

a) OTHOCUTEJIbHOEe YMEeHbIIIeHUe ero oobeMa;

0) cBA3b MeXy K03(h(MUIMEHTOM CKUMAaeMOCTH [ U yIpyruMu
IIOCTOAHHBIMU E u p.

IToxazaTp, uTo kKOo3(Punuent IlyaccoHa | He MOXKET NPEBHI-
marte 1/2.

1.357. YcTaHOBUTH CBA3b MEXKAY KPYTAIIUM MoMeHTOM N u yr-
JIOM 3aKpydYUBaHUA @ AJIA:

a) TpyOBbl, Y KOTOPOH TOJIIMHA CTE€HOK Ar 3HAUUTEJHLHO MEHBIIIEe
pazuyca TpyOBbI;

0) CIJIOIIHOTO CTEPXKHS KPYIJIOTO CEeYeHUd.

Ux pauna I, paguyc r u Mmoayab caBura G U3BECTHEI.

1.358. BpruucauTs MOMEHT cuJ N, KOTOpPbIe BBLI3HIBAIOT 3aKpy-
YMBaHUE CTAJIbHOUN TPYyOR! AuuHb! [ = 3,0 M Ha yroa ¢ = 2,0° BOKpyr
ee OCH, eCJM BHYTPEeHHUH M BHEIIHU# AuaMeTphl TPYyObl pPaBHEI
d, =380 Mmm u d, = 50 mMM.

1.359. HaiiTiu HamOOJIBIIYIO MOIIIHOCTH, KOTOPYIO MOXKHO IIepe-
JaTh C IIOMOIILIO CTAJIbHOTO BaJjia, BpaIalOIerocsi BOKPYI CBoei
ocH ¢ yryioBo¥ ckopocTbio ® = 120 pan/c, ecau ero aiauHa [ = 200
cM, pagmyc r = 1,60 cM m JOomycTMMBIM yroj 3aKpydYuWBaHUA
o = 2,5°

1.360. OgHOpPOAHOE KOJBIIO MacChl m, UMeIoIiee BHEIITHUHA paau-
yC ry, IJIOTHO HacaXXxeHo Ha BaJ paguyca r,. Bay Bpamaror ¢ mocro-
SAHHBIM YIVIOBBIM yCKOpeHHeM [3 BOKpPyr ero ocu. HailTu MOMeHT
YIPYTUX CUJI Ae)opMalluy CABUTA B KOJIbIle B 3aBUCUMOCTH OT pac-
CTOSTHUS I' O OCU BpallleHud.



66 Yacts 1. PusnuecKkue 0CHOBBI MEXaHUKU

1.361. HaiiTu sHepruio yupyrou gedopMainiy CTaJbHOIO CTEPIK-
Hsa Macchkl m = 3,1 K, KOTOPEIA PacTAHYT TaK, UTO €0 OTHOCHUTEJIb-
Hoe yijuHeHue ¢ = 1,0 -1073.

1.362. CraipHON MUIMHIPUUECKUHN CTEPIKEHDb AJUHEI [ 1 paguny-
ca r HOABECHJIM OJHUM KOHIIOM K IIOTOJIKY.

a) Haiitu sHepruio U ynpyro#t gegpopmanuu CTepKHS.

6) BripasuTs U 4yepesd oTHOCUTEJILHOE YAJUHEHUE CTePKHA Al/l.

1.363. Kakyio paboTy He0OXOAMMO COBEPIIHNUTE, UYTOOLI CTAJILHYIO
moyjocy aauweel [ = 2,0 M, mupusasl A = 6,0 cM M TOJIIUHBI
0 = 2,0 MM coruyTh B KpyrJasiii 06pyu? IIpomecc nmpoucxoaur B IIpe-
JeJax yOpyrom aedopmaruu.

1.364. HaiiTu sHepruio yupyrou gedopmMany CTaJbHOTO CTEPIK-
HA, Y KOTOPOro OAMH KOHEeIl 3aKpeIllJieH, a APYrod 3aKpydyeH Ha
yroa ¢ = 6,0°. Iauna crepkHda [ = 1,0 M, ero paguyc r = 10 MmMm.

1.365. HaiiTu pacnpezesieHue IIJIOTHOCTU 3HEPrUU YIPYyroi ne-
¢dopmanuu B CTaJILHOM CTEpP2KHE B 3aBUCUMOCTH OT PACCTOSHUS I' 10
ero ocu. JlnuHa crep:kHA [, yrojql 3aKpyduBaHUA .

1.366. OnpegennTs MJIOTHOCTh dHEPrUU yIpyrou aedopmManuu B
IIpecHo Boze Ha ruayoume h = 1000 m.

1.7. MexaHMKa HeCKMMaeMOH KMIKOCTH

e OcHOBHOe ypaBHEHUE JUHAMHUKY UIEAJTBbHON KUAKoCcTU (ypaBHeHUE Jitiepa):
dv
p—=1Ff-Vp,
d¢ (1.7a)

rfie p — IJIOTHOCTH JKUAKOCTH, f — 00beMHas IJIOTHOCTH MACCOBBIX CHJI (B ciiydae
cuiabl Tskectu f = pg), Vp — rpaameHT naBieHUS.

e VYpaBHeHue BepHysiu. B cranimoHapHOM IMOTOKE MAEAJBHOM »KUAKOCTHA BIOJb
JI000H JMHUM TOKa

pv2/2 + pgh + p = const. (1.76)
e Cuna TpeHUA MEXKAY ABYMS CJIOAMHU KUITKOCTH:
Fp=n |dv/dz| S, (1.7B)

rie n — BA3SKOCTh *KUIKOCTU.
e dopmyaa Ilyaseitna. IIoToK KUAKOCTH Uepe3 NOIEPEYHOE CEUEHUE TPYOBI (B
3
eIWHHUIIAX M /C)

R4 -
Q :8—npll—p2’ (1.71)

rge R u | — paguyc u gauHa TpyObl, p; — Po — Pa3HOCTH AaBJIEHUM Ha ee KOHIIAX.
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e Yucno Peiinonbiaca, ompenesdolee XapaKTep TEYEHHsS BA3KON KHUIKOCTH:

Re = pvl/n, (1.7m)

rae | — HeKOTOpbI XapaKTepHLIH pasmep.
e dopmynaa Croxca. Cujia COIPOTHUBIEHUS BUMIKEHUIO IIapUKa PaguycoMm I B
BA3KON KHUIKOCTH:

F = 6nnrv. (1.7¢)

1.367. NgeansHas KUAKOCTh TeUET IO ILJIOCKOM
TpyOe OAMHAKOBOTO CEUEHMHA, PACIOJOKEHHON B I'O-
PHU30HTAJBHON IJIOCKOCTH M U30THYTOM, KaK IIoKasa-
HO Ha puc. 1.76 (Buzm cBepxy). IloTok cramuoHap-
HbIM. OQMHAKOBBI JI JABJIEHHUSA U CKOPOCTH JKUIKO-
ctu B Toukax I u 2?7 Kakoil Bug uMeloT JUHUHU TOKa? Puc. 1.76

1.368. IIBe MaHOMeTpPHYECKHE TPYOKHU
YCTAHOBJIEHBI HAa TOPU30HTAJILHOI TPyOe Ie-

PEMEHHOI'0 CeUeHHs B MecTaxX, I'/ie CeUeHUs

TPyObI paBHEI S; U S, (puc. 1.77). Ilo TpyGe

TeueT Boja. HaliTu 06beM BOJLI, IIPOTEKAIO- b/_\ —
IMUA B €IVWHUIY BpEeMEHH uepe3 CeueHHe S, S,
TPyOBbI, €CJIM Pa3HOCTL YPOBHEI BOJALI B Ma-
HOMETPUUYECKUX TpPyOKax paBHa Ah.

1.369. Tpybxa IIuto (puc. 1.78) ycraHOBJIeHA IO OCH Ta30IIPOBO-
Jla, IJIOIIAAbh BHYTPEHHEro ceueHns KoToporo paBHa S. IIpeneGperas
BSIBKOCTBIO, HAWTH 00'beM rasa, IIPOXOJAIIero ue-
pe3 ceueHNe TPYOLI B eIUHUILY BPEMEHM, €CJIA Pasd- \ _
HOCTHL YPOBHEH B KHUAKOCTHOM MAaHOMETPE PaBHA \ —s — )
Ah, a IIJIOTHOCTBH JKUIKOCTH U ra3a — COOTBETCT-
BEeHHO P, 4 P. Ah

1.370. BepTukaiabHad CTPYsA HUAeaTbHOH KUJ- A
KOCTH BBLITEKAeT M3 IOPU30HTAJBHOTO OTBEPCTUA
paguyca r, CO CKopocTbio v,. Hautum pamuyc Puc. 1.78
CTPYY Ha PacCTOSHUU A HUXKE OTBEPCTHUS.

1.371. UpgeanbHad XUOKOCTH TedYeT CTAIIHO-

HAPHBIM IIOTOKOM II0 HAKJIOHHOM IIOCKOCTH. I'JIyOMHa moToKa yMme-
HbIaetcd B 1 = 2,0 pasa Ha paccrosaHuu [. Ha kakom paccroauuu [’
riyObuHa moToka yMmeHbImuTca B 1’ = 4,0 pasa?

1.372. Ha cTojie CTOUT HNIMPOKUM IMUINHIPUUECKUIN COCYJ BBICO-
el h = 50 cm. Cocyn HanmoaHeH Bozou. IIpeHeOperas BsS3KOCTBIO,
HAWTH, Ha KaKOH BBICOTE OT JHa COCyJa CJeAyeT clAesJaTh HeDOJIb-

Puc. 1.77
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III0e OTBEPCTHE, YTOOBI CTPYs M3 HEro 01Jja B IIOBEPXHOCTHL CTOJIa Ha

MaKcHUMajlbHOe paccroanue [ . . oT cocysa. Uemy pasno [ . .7
1.373. Kakyio paboTy HeoOXOOHMMO COBEPIIUTH, UTOOLI, AEHCT-
e By IIOCTOSHHOM CHJIOM Ha TIIOPIIEHb
‘__;___—__——fls (puc. 1.79), BEIJABUTEL U3 TOPU30HTAILHO
:—_—:_I' T pacIoJIO’KeHHOTro IIUIMHAPA BCIO BOLY 3a
BpeMsa t? O6'beM BOABI B IIUJINHIPE PaBeH
Puc. 1.79 V, miomanb ceueHnuss OTBEPCTHUSA S, IIPH-
yeM S 3HAUNUTEJLHO MEHBLINe IJIOIIagu

nopinHA. TpeHNe M BA3KOCTH NPEeHEOPEKMMO MAaJIbI.

1.374. I3 oTBepCcTUsa B JHE BLICOKOTO IIMJIMHIPHUYECKOTO cocyaa
BBITEeKaeT Boja. Ilimomans ceueHus cocyza B 1 = 100 pas Goabiie
ceueHus oTBepcTusa. HaliTi yCKOpeHHe, ¢ KOTOPLIM IIepeMeIaeTca
YPOBEHb BOJLI B COCYZe.

1.375. lunuaapuyecKUi COCyZ BBICOTHI A C ILJIOIIAALI0O OCHOBA-
HuA S HaIlOJHEeH Bogoii. B fHe cocyza OTKPBLIM OTBEpCTHE ILIOIA-
IbI0 s < S. IIpeHebOperas BA3KOCTBIO BOJABI, OIPede/INTh, UepPe3 CKO-
JbKO BpPEeMEHM BCS BOJia BBITEUET U3 cCOCyHa.

1.376. TOHKOCTEeHHBIA NIUIMHIPUYECKHN COCYZ HIOTPY3UJIU B
UJeaIbHYI0 JKUAKOCTH 10 BepxXHero (OTKPHITOTO0) OCHOBaHUSA. B
HU)KHEM, 3aKPBITOM TOpIle, MMeEeTCA MaJjoe oTBepcTue. M3BeCTHBI
BBICOTa cocyza h, a TaKyKe OTHOIIIEHUE 1) IJIOIaAU CeYeHUA OTBEp-
CTUA K ILIOIIALU CeUeHUd cocyjla, npuueM 1 < 1. Ha¥iTu Bpema, 3a
KOTOpPOEe HAIIOJHUTCS COCY..

1.377. Topus3oHTAJIbHO pacIOJIO}KeHHas Tpyoxka AB nauHBI [
BpaIlaeTcsa ¢ MOCTOSHHON YIJIOBOIl CKOPOCTHIO ® BOKPYT HEIOJBUK -
HOM BepTuKaJabHou ocu OO0, mnpoxoadAmer dYepe3d KoHel, A

0] B (puc. 1.80). B Tpybke HaX0oauUT-
= = cAd uaeajJbHasd XKUIKOCTh. Ko-
A —_— | = Hen, A TpyOKH OTKPHIT, a B 3a-
- - KpPBITOM KOHIe B wuMeerca

%|>(D h oueHb MaJjioe oTBepcTue. Haii-
TH, C KAKO! CKOPOCTBHIO OTHOCH-
TeJbHO TPYOKU OyZeT BBITEKATh
JKHUIKOCTh B 3aBHCHMOCTH OT «BBICOTBHI» €e cToJ0a h.

1.378. IlokasaTh, UTO B ciiydyae CTAllMOHAPHOTO IIOTOKA HUJeasb-
HOM »KUJIKOCTH ypaBHeHUe (1.7a) npuBOOUT K ypaBHeHUIO BepHy.JI-
JIH.

1.379. C npoTHBOIIOJOKHBIX CTOPOH IIIMPOKOTO0 BEPTUKAJILHOTO
cocyZla, HaAIlOJJHEHHOT'O BOJOM, OTKPBLIM ABa OJMHAKOBBIX OTBEp-

Puc. 1.80
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cTudA, Kakjoe miomanbio S = 0,50 cm?. PaccTrogHue MeXxay HUMH
1o BeicoTe Ah = 51 cm. HaliTu pe3ysbTHUPYIOMIYIO CUJIY PeaKIUU
BBITEKAIOIIEel BOJbI.

1.380. B 00K0BOI#1 CTeHKe IINPOKOT0 IUJIMHIPHUYECKOTO BEPTU-
KaJIbHOTO cocyJa BBICOTHI 4 = 75 cM caejaHa y3Kad BepTUKaJbHadA
I1eJib, HUKHUN KOHeIl KOTOPOM ymnupaeTcs B OHO cocyza. IlimHa
meau [ = 50 cm, mmupuHa b = 1,0 MmM. 3aKpBIB IIEeJb, COCY HAIIOJI-
HUJIN Boao¥. HaiiTu pe3yabTHUPYIONIYIO CHJIY PeaKIUH BBITEKAalo-
el BOABLI HEIOCPeICTBEHHO IIOCJEe TOro, KaK IeJb OTKPBLIMU.

1.381. Boga Teuer co ckopocThbio v mo U-o6pasHoii TpyOKe, Je-
JKarieli B rOpU30HTaJbHON IIOCKOCTH. Ilnomiaas ceueHus Tpyoxku
S, paguyc 3akpyraeHusa R. Haiitu:

a) cyMMapHBIA UMITYJIbC BOJALI B 3aKPYIJIEHHON YacTU TPyOKU;

0) MOAyJIb CUJIBI, AEeHACTBYIOIIEM CO CTOPOHBLI TEKYIIei BOABLI Ha
CTeHKU HM30THYTOM YacTH TPYOKHU.

1.382. Boza BeITEeKaeT u3 OOJBIIIOro Oaka
II0 M30THYTOH IIOJ NPAMBIM yIJIOM TpyOKe,
BHYTpPeHHUHN pagumyc Kotopor r = 0,50 cm

il
1l
S~

Y

l

(puc. 1.81). [IiuHa TrOpM30HTAJBHOM dYacTd =_—|QO -
Tpy6ku [ = 22 cm. Pacxox Bogel @ = 0,50 ix/c. — i
HaiiTu MOMEHT cuJl peaKIIM{ BOJAbI Ha CTEHKU FN
aTO# TpyOKM OTHOCUTEJNBbHO TOUuKU O, 00ycI0B-
JIEHHBI TeueHHeM BOJbI. Puc. 1.81

1.383. Ceuenue cTBOJIA THAPOMOHUTO- 1
pa (puc. 1.82) menserca ot S; = 50 cm? 2
no S, = 5,0 cm?. HaiiTu Monynb M Ha- 2:
IIpaBJeHNe TOPHU30HTAJIBHON CHUJIBLI, BO3- W
HUKAaIoIlell B KpelJeHuu CcTBoJa (ceue- !

Puc. 1.82

Hue 1), eciM CKOPOCTh CTPYHW Ha BBIXOJE
vy = 25 M/c. BaskocTeio nmpeHeOpeys.

1.384. ITunuHAPUUYECKHUI cOCyZ C BOJOM BpAaIal0OT BOKPYI €ro
BEePTUKAJBbHOM OCH C YIJIOBOM CKoOpocThi0 . Haiitu:

a) ¢popmMy CBOOOZHOM IIOBEPXHOCTH BOJIBI;

0) pacmpeneseHue OaBJIeHUA BOABI Ha JHE COCyAa BIOJb €ro pa-
Auyca, eCclId JaBleHHe B IleHTpe JHa PaBHO p,.

1.385. ToHKUI TrOpHU3OHTAJBHBLIA AUCK
pazuyca R = 10 ¢cM pacnojioyKeH B ITUJINH-
JIPUYECKOH IIOJIOCTH C MAacJiOM, BS3KOCTH
kotoporo 1 = 8 mIla-c (puc. 1.83). 3azopsl
MeKJIy AWCKOM U TOPHU30HTAJBHBIMHU TOP-

NN

Puc. 1.83
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IIaMH IIOJIOCTH OAMHAKOBBI M paBHBEI A = 1,0 mMm. Haiitu momi-
HOCTBb, KOTOPYIO Pa3BUBAIOT CHJIbl BSA3KOCTH, HIeHCTBYIOIINE Ha
JUCK IIpH BpalmeHuu ero ¢ o = 60 paxn/c. KpaeBeiMmu agdpekramu
IIpeHeOpeyYs.

1.386. [InuHHBIN NUINHAD paguyca R, mepeMemaioT BJOJbL €T0
OCH C IOCTOSHHOM CKOPOCTBIO U, BHYTPU KOAKCHAJIbHOTO C HUM He-
IOABMYKHOI'O0 NUIUHAPaA paguyca R,. IIpocTpaHCTBO MeXIy IUJINH-
ApaMu 3aIl0JTHEHO BA3KOU KUAKOCTbIO. HaliT CKOPOCTH *KUAKOCTH
KaKk (DYHKIMIO PACCTOAHUS I OT OCHM IUJINHAPOB. TeueHme JiamMu-
HapHoe.

1.387. HugkocTh ¢ BABKOCTBIO 1 HaAXOAUTCA MEXAY IABYMA
OJIUHHBIMHE KOAaKCHaJIBHBIMHM LMWJIMHAPaMH ¢ paguycamu R, u R,,
npuuyeM R, < R,. BHyTpeHHUN IUINHAD HEIOABUKEH, a BHEIIHUA
BpaIIaloT C YIJIOBOM CKOPOCTBIO ®,. IIBHM)KeHHe YKUAKOCTHU JIaMH-
HapHoe. IMeda B BUAY, UTO CHJa TPEHUS, JEHCTBYIOIIAsaA Ha eIUHU-
Iy ILJIOIIAA¥ IIMJIMHIPUUYECKON II0OBEPXHOCTH pajguyca r, paBHa
c = nr (Ow/0r), HaniTU:

a) YIJIOBYIO CKOPOCTH BpaIlfalomIecsa KUIKOCTU KaK (PYHKIIUIO
pazguyca r;

0) MOMEHT CUJI TPeHUdA, HOeHCTBYIOIIUX Ha eJWHUNY IJJIUHBI
BHEIIIHEer0 IUJIUHIPA.

1.388. ITo Tpy6e paguyca R TeueT cTaliMOHAPHBIN IIOTOK BA3KOM
suaxoctu. Ha ocu TpyOnl ee ckopocTh paBHa v,. HaiiTu cKopocThb
JKUJKOCTH KaK (PYHKIIUIO PaCCTOSHHUS I' OT OCH TPYOHI.

1.389. Ilo Tpy6e aauub! [ 1 paguyca R TeueT cTariMOHAPHBIN I10-
TOK JKHUAKOCTHU, ILJIOTHOCTH KOTOPOTO p U BA3KOCTH 1. CKOPOCTH Te-
YeHHA JKUIKOCTH B3aBUCHUT OT PACCTOAHUA r A0 OCH TPYOBI Kak
v =vy(1 — r?/R?). Haiirn:

a) 00'beM "KHMJIKOCTH, MPOTEKAIOIINi Yyepe3 ceueHre TPYOhl erxe-
CeKYHJIHO;

0) KMHeTHYECKYIO SHEPruio JKUJIKOCTU B 00beMe TpPyOHI;

B) pPasHOCTHL JAaBJEHUI Ha KOHIAX TPYOHI.

1.390. JuaxocTh, MJIOTHOCTH KOTOPOM p M BABKOCTH 1), TeUeT
IIOCKMM CTaIlMOHAPHBIM IIOTOKOM II0 HaKJOHHOM IIJIOCKOCTH, CO-
CTaBJIAIOMIEN yroJ O ¢ ropm3oHTOM. ToJIIIMHA IIOTOKa paBHa h.
Haiitu 06beM KUIKOCTH, IPOTEKAIOINM 3a €eIUHUILY BPEMEeHU ue-
pes mollepevyHoe ceueHMe IIOTOKAa B pacueTe Ha eOUHUILY ero IIUpHU-
HBI.
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1.391. B cucreme (puc. 1.84)
U3 HIXPOKOT0 cocyna A 1mo TpyoO-
Ke BBITEKaeT BA3Kas KUIKOCTb,
ILUIOTHOCTH KoTopoii p = 1,0 r/cm3.
Hai'Tu cKOpoCTb BBITEKAaIOIIEHN
Xugxocta, ecim h; = 10 cm,
hy =20 cm u hgy = 35 cm. Paccro-
AHUA | OOMHAKOBEI.

1.392. Paguyc ceueHUs TPY-
0ompoBOoJJa MOHOTOHHO YMEHB-
IIaeTcd 10 3aKOHy r = rye ¥, rae o = 0,50 M1, x — paccrogHuUe OT
HaudaJia TpybonpoBoga. HaliTu oTHomenue uucesa PeliHoibaca B ce-
YEeHUAX, OTCTOAIIUX APYr OT Apyra Ha Ax = 3,2 M.

1.393. IIpu ABUKeHUM IIapUKa paguyca r; = 1,2 MM B ruiunepu-
He JJaMUHapHOe 00TeKaHMe HaOJIogaeTcsa IIPU CKOPOCTH IIapUKa,
He IIpeBBINIaONeil v; = 23 cm/c. IIpu KaKoil MUHUMaJIBLHOI CKOPO-
CTH U, IlIapa paguyca r, = 5,5 CM B BoJie 00TeKaHue cTaHeT TypOy-
JeHTHEIM? BsszKocTu riuiieprHa M BOJALI PaBHBI COOTBETCTBEHHO
n, = 1,89 Ila-c u n, = 1,1 mIla-c.

1.394. CBuHIOBLIN HIapUK pPaBHOMEPHO OIYCKAaeTCA B IIUIEPU-
He, BA3KOCTH Koroporo mn = 1,39 Ila.c. IIpu xakom HamboJbIIeM
JraMeTpe IIapuka ero oorexaHue eile JamMuHapHoe? Ilepexon kK
TypOyJIeHTHOMY oOTeKaHuIo cooTBercTByeT umciay Re = 0,5 (aTo
sHaueHue Re, Ipu KOTOpOM 3a XapaKTepPHBIA padMep B3AT AUAMETP
IIapuKa).

1.395. CranbpHo# mapuk auamerpa d = 3,0 MM oIlycKaeTcs C Hy-
JIeBOM HaYaJbHOU CKOPOCTHIO B IIPOBAHCKOM MacJie, BA3SKOCTb KOTO-
poro n = 90 mIla-c. Yepes CKOJIBKO BpEMEHU IIOCJIe Hauajia gBUKe-
HUS CKOPOCTh IIapUKa OyAeT OT/INYaThCA OT YCTAHOBUBIIIEroCsA 3HA-
yeHua Ha n = 1,0%7?

:|]|>|
|

1.8. PeaaruBucrcKkasga MeXaHUKA

® JIOpEHI_leBO COKpallleHne OJIMHBbI WU 3aMeJJIEHHnEe XOoJ4a ABMMKYIIIMUXCA 4YacCOB:

l=lgy1—-(v/c)?, At=A¢, (1.8a)
J1-(v/c)?

rae l, — coOcrBeHHad AJMHA, A, — COOCTBEHHOE BpeMdA ABMIKYIIMXCA YaCOB.
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e Ilpeo6pasoBanusi JlopeHna:

, x -Vt , , t- xV/c2
=T ¥y=1Y, t'= T (1.86)
V1 —=(V/e) V1-(V/e)
e llnrepBan S;, — WHBapHaHTHAsA BeJIWYMHA:
sty = c’tly — 1 =inv, (1.88)

rae t;, — IPOMEKYTOK BpeMeHHU MeXy cooblTuaMu I u 2, l;, — pacCcToOgHUE MEXKAY
TOYKAMM, T'€ IIPOUIOIMIIN ITU COOBITHUS.
e IIpeoOpasoBanme CKOpPOCTH:

L v, -V v, 1=(V/e)?

v, = v, = . 1.8r)
X 2 ? Yy 2 ( .
1-v,V/e 1-v,.V/e
e PelATUBUCTCKUII MMIIYJBC:
mv
p=m,vV=——, (1.8
.8m)
V1 -(v/c)?
m
rae m , = ——————— — DEeJATUBHUCTCKaA Macca, m — Macca (IIOKOA).
2
V1 —-(v/c)
® PeJsATUBHCTCKOE ypaBHEHUE NUHAMUKYU YaCTHUILHI:
dp/dt = F, (1.8¢)
rie p — PEIATUBUCTCKUN MMIYJIbC YACTHUIIHI.
e IlosHasa m KuHeTHMUYECKas JHEPTUU PEIATUBUCTCKOM YaCTHUIIBI:
E=mc =mc®+ K K= 2
=m,” =mc " =(m, — m)c”". (1.8:x)
e CBs3b MEXKIY SHEPruel M UMIIYJIBCOM PEJISITUBUCTCKOM YaCTHUIIBI:
2 2 2 2 4 2 2 2
E° - p°c"=m"c, p°c® =K (K + 2mc”). (1.83)

L J HpI/I PacCMOTPE€HHH CTOJIKHOBEHUA YaCTHUI] II0JIE3HO MCIIOJIb30BaTh MHBAPUAH-
THYIO BEJIUYUNHY:

E? - pzc2 = mzc4, (1.8n)

rae E v p — moJiHasi 9HEPTUSA ¥ UMIYJbC CUCTEMBI O CTOJIKHOBEHUSI, M — Macca 00-
pasoBaBIIeMCsa YacTUIBI (MM CHUCTEMBI).

1.396. Crep:xkeHb IBUKETCA B IIPOJOJBHOM HaIlpaBJEeHUHU C IIO-
CTOAHHON CKOPOCTBIO U OTHOCUTEJHHO MHEPIUAJbHON K-CHUCTEMBI
orcueTa. IIpy KakKoM 3HAUEHUM U AJUHA CTEP)KHA B 3TOH cCHCTEME
orcuera Oyzer Ha m = 0,50% MeHbIIe ero cOGCTBEHHOM AJIMHBI?

1.397. meeTcss NpAMOYTOJbHBIN TPEYTOJbHUK, ¥ KOTOPOTO Ka-
TeT @ = 5,00 M M yroa MexXJy STHUM KaTe€TOM M TI'HUIOTEHY30H
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o = 30°. Haiitu B cucteMe orcuera K', IBHKyIIeHCsI OTHOCUTEIBHO
3TOT'0 TPeyroJbHUKa co cKopocTbio v = 0,866¢ BIosb KaTeTa a:

a) COOTBETCTBYIOIIlee 3HAUEHHe yria o';

0) nauHy ' TMIIOTEHY3bI U ee OTHOIIIeHHe K COOCTBEHHOM AJINHE.

1.398. HaiiTu coOCTBEHHYIO AJHMHY CTEep KH#A, ecau B K-cucreme
oTcueTa ero CKopocTthb U = ¢/2, nauHa [ = 1,00 M 1 yros mexxay HUM
U HallpaBJIeHWEM IBUKeHUsaA 9 = 45°.

1.399. CrepkeHb ABM)KETCA PAaBHOMEPHO B IIPOJOJBHOM HaIpaB-
JIEHUU MHMO ABYX METOK A u B, pacmojio’KeHHBIX Ha PacCTOSHUU
Ax ppyr or apyra. CHauana B MOMEHT t{, HallpOTMB MeTKH A OKa-
3ajics IMepeIHUA KOHeIl CTeP’KHA. 3aTeM HAIIPpOTHUB MeTKu B B Mo-
MeHTHI t, U t3 OKa3aJIuch COOTBETCTBEHHO IepeJlHUM U 3aJHUNA KOH-
bl cTep:kHA. HaliTu ero co6CTBEHHYIO AJIHHY.

1.400. C Kako#l CKOpPOCTBIO ABUTAJINCL B K-cucreme oTcueTra
yachl, ecau 3a Bpemd t = 5,0 ¢ (B K-cucteMe) OHU OTCTAJIXA OT YacoOB
aToii cucteMesl Ha At = 0,10 c¢?

1.401. Crep:keHb mIpoJIETAe€T C IIOCTOSHHOM CKOPOCTBIO MUMO
MEeTKH, HeIoABU)XHOU B K-cucreme orcuera. Bpemsa mnpoJiera
At = 20 HC B K-cucreMe. B cucreme Ke oTcueTa, CBA3AaHHOM CO
CTepKHeM, MeTKa IBM)KEeTCs BJOJb Hero B TeueHue At' = 25 Hc.
Haiitu coOGCcTBEeHHYIO OJUHY CTEPyKHA.

1.402. Co6cTBEHHOE BpeMdA »KM3HU HEKOTOPOH HecTabuJIbLHOMU 4a-
ctunsl Aty = 10 Hc. Kakoil myTh IPOJIETUT 5Ta YacTHUIIA O paclaja
B JJabopaTOpHOM cHUCTeMe OTcUeTa, rae ee BpeMsa »Ku3Hu At = 20 Hc?

1.403. B K-cucteMe oTcueTa MIOOH, IBUKYIITUINCSA CO CKOPOCTHIO
v =0,990¢, mpoJieTes OT MecTa CBOEI0 POKJAEHUA A0 TOUKH pacrmaja
paccroanue [ = 3,0 km. OnpeneauTs:

a) coOCTBEHHOE BpeMsdA JKH3HU 3TOT0 MIOOHA;

0) paccToaHUe, KOTOpPOe IpoJieTes MI0OOH B K-cucteme oTcuera ¢
«€r0 TOYKH 3PEHUA».

1.404. JIBe yacTuIbl, IBUTaBIIUecs B JJaOOpPaTOPHON CUCTEME OT-
cueTa II0 OJHOM NMPSAMOM C OAUHAKOBOM CKOPOCTHIO U = 3c¢/4, moma-
JIX B HEeIIOABU)KHYIO MUIIIEHb C IIPOMEXYTKOM BpeMeHUu At = 50 Hc.
HaiiT; coOCTBEeHHOE pacCTOsSHUE MEKJy YacTHUIlaMHU 0 MonaJaHudA
B MUIIIEHb.

1.405. Crep)keHb IBUXKETCS BAOJIb JUHENKMN ¢ HEKOTOPOH IIOCTO-
STHHOM cKopocThbio. Ecam 3aduKcHpoBaTh IIOJIOMKeHHEe 000MX KOH-
IIOB JAHHOTO CTePsKHA OJHOBPEMEHHO B CHCTEME OTCUeTa, CBA3aH-
HOM C JIMHeHKOM#, TO pasHOCThL OTCYETOB IIO JHUHelKe Ax; = 4,0 M.
Ecnu ke moso)keHne 0001X KOHIOB 3a(DUKCHPOBATHL OZHOBPEMEHHO
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B CHCTEME OTCUeTa, CBA3aHHOMH CO CTepP’KHEM, TO Pa3HOCTL OTCUETOB
IO 3TOM Ke JuHeilKe Ax, = 9,0 M. HaiiTu co6cTBeHHYIO JIMHY CTep-
JKHA U ero CKOPOCTh OTHOCHUTEJBHO JUHEUKH.

1.406. [IBa cTepKHA OLWHAKOBOM COOCTBeHHOM MAJIMHEI [, NBU-
JKYyTCS HaBCTpPeUy APYr APYry HapaJlieJJbHO OO0IIell IoOpu30HTAJIb-
HOU ocu. B cucreme orcuera, CBA3aHHON C OJHHM N3 CTEpP)XKHEH,
IIPOMEXXYTOK BpPeMEHH MeyXJy MOMEHTAaMH COBIIQJeHUA JIEBBIX U
IIpaBBIX KOHIIOB CTEepP)KHeH oKasajica paBHBIM Af. KakoBa cKOpocTh
ONHOT'0 CTEP)KHS OTHOCHUTEJILHO APYyroro?

1.407. JIBe HecTaOMIbLHBLIE YAaCTUIBI ABUKYTCA B K-cucTeme OT-
cueTa II0 HEKOTOPOM NPSMOI B OJHOM HaIIPaBJIEHUHN CO CKOPOCTHIO
v = 0,990c. Paccroanue MeXIy HUMM B 39TOH CHCTeMe OTCUeTa
[ =120 m. B HeKOTOpPBINT MOMEHT 00€e YaCTHUIILI paclajuch OqJHOBpe-
MEHHO B CHCTeMe OTCUeTa, CBA3aHHOM ¢ HUMH. KaKoil IpoMeKyToOK
BpeMeHHN Me)XJy MOMEHTaMH paciaza o0emx dacTuil HaOJomaau B
K-cucreme? Kaxkaa uacTuiia pacmajach mosxke B K-cucreme?

1.408. Crep:xeHb AB, opueHTUPOBaHHBIN BHOJb ocu X K-cucre-
MBI OTCYETa, JBUIKETCS C IIOCTOAHHOM CKOPOCTBHIO U B IOJIOXKUTEJIb-
HOM HamnpasjgeHuu ocu X. IlepegHUM KOHIIOM CTepP)XHA SBJIAETCA
TouKa A, 3agHUM — Touka B. Hauru:

a) COOCTBEHHYIO JJIMHY CTEpPyKHs, €CIM B MOMEHT ¢, KOOpAMHATa
TOYKU A paBHa X,, 4 B MOMEHT t{z KOOpJUHAaTa TOUKU B paBHa Xg;

0) uepe3 KaKoil IIpOMEKYTOK BpeMeHH! Hajo 3aduKCHUpPOBaATh KO-
OpAMHATHI Hauajia ¥ KOHIIA CTep)KHA B K-cucreme, 4TOOLI pa3HOCTh
KOOpPAMHAT OKasajlaCh PaBHOM COOCTBEHHOM JIJIMHE CTEP KHA.

1.409. Crepxenb A'B’ 1BUXKeTCs C IIOCTOAHHON CKOPOCTHIO U OT-
A B HOocUTeJIbHO cTep:kHsA AB (puc. 1.85). O6a
o—x—o0—>V CTep’KHA HMEIT OAUHAKOBYIO COOCTBEHHYIO

:34=° AIUHY |y 1 Ha KOHIIaX KayKJoro U3 HUX ycTa-

B HOBJIEHBI CUHXPOHM3MPOBAHHBIE MEXKAY CO00M

Puc. 1.85 yacel: A ¢ Bu A' ¢ B'. Ilycteb MOMeHT, Korza

yackl B’ mopaBHAJIUCH C YacaMu A, B3AT 3a Ha-

YaJI0o OTCUeTa BpeMeHH B CHCTeMaX OTCUeTa, CBA3AHHEIX C KaKJIbIM
n3 crepskHeir. OnpenenanThb:

a) moxkasaHUA 4acoB B u B’ B MOMEHT, KOTJla OH! OKaXXyTcs Ha-
IIPOTUB JIPYT APYra;

06) To ke mya dacoB A u A'.

1.410. meroTcAa ABe Irpynnbl CUHXPOHU3UPOBAHHBLIX YacoB K u
K', nBroKymiuxcsa ogHa OTHOCHUTEJNBHO APYTOM CO CKOPOCTHIO U, KaK
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nokasano Ha puc. 1.86. Bossmem A v

3a HavaJ0 OTcYeTa BpeMeHU MO- e_@_@_e% K
MEHT, Korjga dackl A' oKaKyTcd

HanpoTuB dacoB A. M300pa3uth

A
B AW aNNWala
IPAMEPHOE PACIoNOokKeHne cTpe- {— ) @ AW K
Puec. 1

JIOK BCEX YacOB B 3TOT MOMEHT C
«TO4YKHu 3peHuda» K-ugacos; K'-ua-
COB.

1.411. K'-cucTeMa oTcUueTa IOBHKETCA B IIOJOXKHMTEJLHOM Ha-
npaBaeHuu ocu X K-cuCTeMBI CO CKOPOCTHIO V' OTHOCHUTEJIBHO IIO-
ciaenHeii. Ilycte B MOMeHT coBmajgeHuda Hadag kKoopauHat O um O
MMOKas3aHNSA YacoB 00eMX CHCTEeM B 3TUX TOUYKaxX paBHBI HyJio. Haii-
™1 B K-cucTeMe CKOPOCTEL X II€epeMeIleH!us TOUYKH, B KOTOPO#l II0Ka-
3aHHUS YacoB 00eMX CHCTEM OTcueTa OyAyT Bce BpeMs OAUHAKOBEI.
Yo6egursca, uto x <V.

1.412. B nByx TouKax K-cuCTeMbI IIPOMU3OIILIN COOBITHSA, pasje-
JIeHHBbIe IPpOMeXXYTKOM BpeMeHU At. IlIokasaTbh, UTO eCJId 3TU COOBI-
TUA IPUYNHHO CBA3aHLI B K -cucTeMe (HalrpuMep, BLICTPEJ U IIOIIa-
JaHue B MUIIEHb), TO OHU INPUYUHHO CBSBaHBLI U B JIOO0OU APyrou
nHepnuaiabHON K'-cucTreme oTcuera.

1.413. Ha pguarpamMMe mIpocTpaH-
cTBO — BpeMs (puc. 1.87) mokasaHsl
Tpu cobbiTua A, B u C, KoTophle
npousomran Ha ocu X HEKOTOpoOu
MHEepIaJIbHON CHCTEeMBI OTCUeTa.
HaiiTu:

a) IPOMEXYTOK BpeMeHU MeXIy
coOsITUAMU A 1 B B TO cucTeMe OT- 12345667 X,m
cueTa, rie ob6a COOBITHA IIPOU3OILIN Puc. 1.87
B OJHOM TOYKe;

0) paccTosTHUE MeXXIYy TOUKaMM, Ije IIpous3omnriu coobitusi A u C,
B TOH cHCTeMe OTcueTa, I'je OHU OJHOBPEMEHHHI.

1.414. B nuockoctu xy K-cucTeMbl OTCUETa ABUXKETCS YacTHUILA,
IIPOEKIIMNA CKOPOCTH KOTOPOM PaBHEI U, U Uy Haititu cxopocTs v’
aTOM yacTUIlbl B K'-cucTeMe, KOTOpas IepeMelaeTcsa CO CKOPOCTHIO
V otHOCuTenbHO K-cucTeMBI B IIOJIOXKUTEJIBHOM HAaIIpaBJIEHHU ee
ocu X.

1.415. J[IBe yacTUIBI ABUXKYTCS HABCTPEUY APYT APYTY CO CKOPO-
cramu v, = 0,50c u v, = 0,75¢ 10 OTHOIIEHHIO K J1abopaTOPHOM cuc-
TeMe oTcuera. Hantu:

ct, B

A

M
6
5
7
3
2
1
0
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a) CKOpPOCTh, C KOTOPO! yMEHBIIIAeTCS PacCTOSHUE MEXXKAy dac-
TUIIaMMX B J1abOpaTOPHOM CHCTEME OTCUEeTa;

0) OTHOCHUTEJIbHYIO CKOPOCTH YACTHII.

1.416. [IBa cTep:XHA OJUHAKOBOM COOCTBEHHOM AJUHEI [, NBU-
JKYTCA B IIPOJOJLHOM HaIpaBJ€HHM HABCTPEUy APYI APYry IapaJi-
JIeJIbHO OO0IIeil ocu ¢ OOHOM M TOH K€ CKOPOCTBIO U OTHOCUTEJIBHO
JJabopaToOpHOM CcHCTEeMBI OTcueTa. deMy paBHa IJIMHaA KaXIOTO
CTEP;KHA B CHCTEeMe OTCUeTa, CBA3AHHOM C APYIUM CTepKHeM?

1.417. ]IBe peIATUBUCTCKHE YACTHUIILI JBUIKYTCS IOJ IPAMBIM
YyIJIOM IAPYr K APYry B JabopaTOPHOM cHCTeMe OTcuUeTa, IpuYeM
OJlHa CO CKOPOCTBIO Vg, & Jpyrad CO CKOPOCTBIO V,. HaliTu ux orHO-
CHUTEJBHYIO CKOPOCTh.

1.418. HexkoTopasa HecTaOMJIbHAs YacTHUIA JBUXKETCS CO CKOPO-
cThio V' B K'-cucTeMe oTcueTa BAOJL ee ocu Y'. K'-cucTteMa B CBOIO
ouepelhb IepeMeIaeTcsa OTHOCUTENbHO K-CHUCTEeMEBI CO CKOPOCTRIO V'
B IOJIOKHUTeJbHOM HamnpasjeHuu ee ocu X. Ocu X' u X obeux cuc-
TeM OTCcUeTa COBIIAJAIOT, ocu Y' u Y mapaJjjeJbHbl APYyr APYTy.
HaiiTu nyTh, KOTOpPBIN dYacTHUIla HpPOJEeTUT B K-cucreMe, €CJHU ee
COOCTBEHHOE BpeMsA KU3HM DaBHO At.

1.419. Yactuna auxkercsa B K-cucTteMe CO CKOPOCTBIO U IIOA yT-
jgoM 3 K ocu X. HaiTu coorBercTByIomuii yroa B K'-cucreme, 1epe-
MeIaoileiicss co CKOpocThio V oTHocuTelbHO K-cucTeMBI B II0JIO-
JKUTEeJbHOM HamnpaBjeHuu ee ocu X, ecau ocu X u X' obenx cucrem
COBIAJAIOT.

' 1.420. Crep:xeHb AB OpUEHTH-
K K poBaH napaJaenbHo ocu X' K'-cuc-
Y| Y:—l TeMbl OTCUeTa M [OBM)KETCA B ITOM
I _ CHCTeMe CO CKOPOCTBIO U’ BIOJIb ee
ocu Y'. K'-cuctema B CBOIO ouepelb
' IBHXKETCS CO CKOPOCTBIO V OTHOCHU-
_____________ TeJbHO K-cHUCTeMbl, KaK IIOKa3aHO
Ha puc. 1.88. Haiitu yroax 3 mexnay
Puc. 1.88 crepxHEeM U ockio X B K-cucreme.

1.421. K'-cucTtemMa mepeMeliaeTcs C IIOCTOSIHHON CKOpocTbio V
oTHocuTeJdbHO K-cuctembl. HaliTu yckopeHue a’ vactunsl B K'-cuc-
TeMe, eciu B K-cucTeMe OHA ABUIXKETCSA CO CKOPOCTBIO U U yCKOpe-
HUEM a [0 IPAMOIH:

a) B HallpaBJeHHUU BeKTopa V;

0) nmepueHAUKYJAPHO BeKTOpy V.
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1.422. CraproBaBiiada ¢ 3eMJu BooOpakaeMass KocMHuUecKasi pa-
KeTa OBM)KeTcA ¢ yckopeHueMm a’' = 10g, ofUHAKOBEIM B KaKIOH
MHepIINaJIbHON CHCTeMe, MI'HOBEHHO COIIyTCTBYIOIeil pakere. Pas-
rOH IIPOJOJIXKAJICA II0 3eMHOMY BpemeHu T = 1,0 rox. Haiitu, Ha
CKOJILKO IIPOIIEHTOB OTJINYAETCA CKOPOCTh PAKETEI OT CKOPOCTH CBe-
Ta B KOHIle pasroHa. KakoB nmyThb, IPOUJEHHLIN PaKeTOH K 3TOMY
MOMEHTY ?

1.423. Ncnonab3ysa gaHHBIE NPEABIAYINEH 3amadu, OIpPelNeUTh

BpeMs pas3roHa paKeThl T, B CHCTeMe OTCYeTa, CBA3AaHHOU ¢ caMoi
T

pakeroii. ImeTs B BUAY, 4TO T, =H1 —(v/c)zdt, rnme T — BpeMsA
0

pasroHa B CHCTeMe 3eMJIH.

1.424. Bo CKOJIBKO pa3 peJATHBHCTCKAs Macca YacCTHUIIBI, CKO-
POCTBb KOTOPOM OoTJinyaeTcA OT cKkopoctu cBeta Ha | = 0,010%, mpe-
BBIIIIAET €e Maccy IIOKOA?

1.425. IlnoTHOCTE MOKOsAIEroca Teja paBHa p,. HailTu cko-
POCTb CHCTEMBI OTCUETAa OTHOCUTEJBbHO NAaHHOIO Tejla, B KOTOPOH
ero ILJIOTHOCTBL OyzZeT Ha M = 25% Oouslle p,.

1.426. IIpoTton aBuxkercda ¢ umiryjabcoMm p = 10,0 I'sB/c, roe ¢ —
CKOpPOCTh cBeTa. Ha CKOJIBKO IIPOIIEHTOB OTJIMYAETCA CKOPOCTH 3TO-
ro IMPOTOHA OT CKOPOCTH cBeTa?

1.427. HaiiTu CKOpPOCTB, IIPX KOTOPOM PEJSATUBUCTCKUI MMITYJIbC
yacTUIbI B 1 = 1,4 pasa IIpeBBIIIIaeT €e HBIOTOHOBCKUN HMITYJIBLC.

1.428. Kakyo paboTy HaJ0 COBEPIIUTH, UYTOOLI YBEJIUUYHUTEL CKO-
pocThb HacTuIkl ¢ Mmaccoir m ot 0,60¢ go 0,80¢c? CpaBHUTE IOJIyUYEH-
HBIM pes3yJbTaT CcO 3HAUeHHEeM, BBIUMCJIEHHBIM II0 HEpPeJIATHBHCT-
CKOU (opmy.re.

1.429. Ilpu KakKoi CKOPOCTHM KHHETUUYEeCKas SHEePrus YaCTUILLI
paBHa ee BHEPruu IIOKOA?

1.430. IIpy KaKuxX 3HAUYEHUSIX OTHOINEHUA KMHETHUYECKOM sHep-
TMH YacTUILI K €€ 9HePruy IOKOS OTHOCHUTEJbHAdA IOTPEeIIHOCTh
IIPU pacueTe ee CKOPOCTH II0 HEPEJSATUBUCTCKON (popMyJie He mpe-
BeImaer 1 = 0,010?

1.431. HaiiT; 3aBUCHUMOCTh MMIYJbCa YACTUIIBI C MAcCOM m OT
ee KMHETUYECKOM 9Hepruu. BBIUNUCIUTL UMIYJLC IIPOTOHA C KUHE-
Tuuyecko sHeprueirn 500 MaB.

1.432. HaiiTu CKOPOCTh YACTHUIILI, KUHETHUYECKAS 9HEePIrus KOTO-
poit K = 500 MsB u umnyiabsc p = 865 MsB/c, rme ¢ — cKopocTh
cBeTa.
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1.433. Ily4oK peIsATUBUCTCKHX YaCTHI] ¢ KMHETHYECKOH sHep-
rueii K mazaer Ha morJoIammiyio mMuiledb. Cujaa ToOKa B IIyYKe
paBHa I, 3apsajg M Macca KaXJOM 4YacTHUILI paBHEI ¢ 1 m. HalTtu
CUJy OABJIEHUS MyYKa Ha MUIIEHL U BBIJEJISIONIYIOCA B Hell MOIII-
HOCTb.

1.434. CKoJBKO 9Hepruu (B pacueTe Ha eIUHUILY Macchl) HE00XO0-
JIVMO 3aTPaTUTh, YTOOBI COOOIIUTEL II€PBOHAYANBLHO IIOKOUBIIEMYCS
KOCMHYECKOMY Kopabiio ckopocts v = 0,980c¢?

1.435. Yactuna maccel m B MoMeHT ¢ = ) HauMHaeT OBUIaTbCH
nmon medctBueM moctosHHOM cuabl F. HaliTu cKopocTh yacTUIBI U
MIPOMJAEHHBIN €0 IyTh B 3aBUCHUMOCTH OT BpeMeHH L.

1.436. YacTuma maccel m ABUXXKeTcd BHOJEL ocu X K-CHUCTEMBI

OTcueTa IO 3aKOHY X —Vd? +c?t? , Tme d — HeKoTopas IIOCTOSH-
Hafd, ¢ — CKOPOCTL cBeTa, t — BpeMmdA. HaliTu cuny, AelicTBYIOIIYIO
Ha 4YacTHIy B 3TOM CHCTEeMe OTCUYeTa.

1.437. Ucxops us ypaBHeHus (1.8e), maiiTu:

a) B KaKUX CcJaydadX YCKOPeHUe YacTUIILI COBIaJaeT II0 HaIlpaB-
JIEHUIO ¢ JelcTBylomieir Ha Hee cuiaou F;

0) K03(p(pUIMEeHTHI IPONOPHUOHAIBLHOCTH Mexay cuiaoir F u
yckoperueM a, korga F L vu F || v, rme v — cKopocTs 4acTHIEI.

1.438. PenAatuBucTCcKad dYacTHUIlA C HMIYJbCOM p U IIOJIHOU
sHeprueii E pBuskerca Brosb ocu X K-cucreMbl orcuera. Iloxa-
3aTh, 4T0 B K'-cucreme, ABUIKYIIIEHCA C IIOCTOAHHON CKOPOCTHIO V
OTHOCHUTEJIbHO K-CHUCTEeMEBI B IOJIOXKHUTEJILHOM HaIlpaBJIEHUUN ee OCU
X, UMNyJIbC U IIOJIHASA 3HEePrud AAaHHOM YACTHUILI OIIpeAesIaioTCs

dbopmynamu (B = V/e)
,  py—EV/c? g _E-P.V

Py = s ——
T i-p J1-p
1.439. 9Heprus ¢portoHa B K-cucreMe oTcueTa paBHa €. BocmoJib-
30BaBIINChE (POpMYyJIaMU HIpeoOpas3oBaHUs, NPUBEACHHBIMU B IIpe-
OBIAYINEeN 3agaue, HaAUTU dHepruio € storo ¢oroHa B K'-cucreme,
IepeMeIramIeiicsa co CKopocTrio V oTHocuTearHo K-cucTeMbl B Ha-
IIpaBJeHUN OBM)KeHus (porToHa. IIpm Kakom 3HaueHuUu V sHeprusa
g =¢/2?
1.440. TloxaszaTs, uto BeauunHa E? — p%c? ecTs uHBapuaHT, T. €.
MMeeT OJHO U TO JKe 3HaueHHe BO BCeX HMHEePIUAJBLHEIX CHCTEMAaXx
orcuera. KakKoBOo 3HaueHHEe 3TOro MHBapuaHTa?
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1.441. ]IBe uacTunbl, Kakjgasa Macchl m, JIETAT HaBCTPeUy APYT
JIpyry ¢ OAMHAKOBOM cKopocThio v. Ha¥liTu v, ecaim macca obpaso-
BaBIIIe¥Ccsa IPH CTOJKHOBEHUM YacTUIILI paBHa M.

1.442. HeiiTpoH ¢ KuHeTHYecKoil sHeprueit K = 2mc?, roe m —
ero macca, HajieTaeT Ha JAPyroi, Nokosamiuiicsa HeuTpoH. Haitu B
cucTeMe UX IIeHTpa Macc:

a) CYMMapHYI0 KUHETHYECKYI0 J3HEPTHUIO K HeATpOHOB;

0) UMOyJbC p KaKAOT0 HEHTpOHA.

1.443. PenaTuBHUCTCKaAd YacTHUIl[A MAacCChl M C KHHETHUYECKOM
sHeprueil K HaJjieTaeT Ha IIOKOSAIIYIOCA YaCTHUIy TOM ’Ke MaccChl.
HaiiTu Mmaccy ¥ CKOPOCTHL COCTAaBHOM YacCTHIIbI, 0OOpa3oBaBIIIeiicsa B
pes3yJbTaTe coyaapeHud.

1.444. KakoBa fnojkHa OBITh KMHETHUYECKas 3HEpPTruA IPOTOHA,
HaJIeTaIoIero Ha JpPyroi, MOKOAIMUNACA IPOTOH, UYTOOBI UX cyMMap-
Hasgd KUHeTHYecKas JHEPrus B CHCTeMe IIeHTpa Macc Oblja TakKas
’Ke, KaK y ABYX IPOTOHOB, ABMIKYIIUXCA HaBCTpeuy APYTr APYTY C
KHHeTHuuecKuMu sHepruamu K = 25,0 I'sB?

1.445. HenmoaBusKHasA YyacTHUIlA MacChl m pacHajaeTcs Ha TPU Ya-
CTHUIIBI MacC m;, My, mg. HaliTu HanGOIBIIyI0 IOJHYIO 9HEPruio,
KOTOPYIO MOYKeT MMeTh, HAIlpUMep, YacTHIIa M.

1.446. PenaTuBucCTCKaA pakKeTa BbIOpachIBaeT CTPYIO rasa c He-
PENATUBUCTCKON CKOPOCTHIO U, IIOCTOSHHON OTHOCUTEJIbHO PaKeThI.
HaiiT; 3aBUCHUMOCTB CKOPOCTH U PaKeThl OT ee MaccChl m, ecJu B Ha-
JaJbHBIA MOMEHT Macca paKeThl paBHa M.



dneKTpomMarHeTusm

2.1. IlocToaHHOE 3JIEKTPUYECKOEe II0Jie B BaKyyMme

L] HaIIpH)ReHHOCTB U IIOTEeHIIHaJ IIOJIA TOYEeYHOro 3apdaga q.

1 1
E :4n80 r%r’ (P:47t80 % (2.1a)
e CBaA3H MeXKJy HAIPAMKEHHOCTBHIO IOJIS U IOTEHIIMAJIOM:
E, =-0¢/dl, E =-Vo. (2.16)
e Teopema l'aycca m muprynsamnus Bexropa E:
$E dS = ¢ /¢, $E dr =0. (2.1)
e Ilorennuas m HaIPAYKEHHOCTH IOJIA TOYEUHOT'O JUIIOJSA C dJIEKTPUIECKUM MO-
MEHTOM p:
oo L P gL sy
dmgy rd 4mgy r (2.1r)
rage 9§ — yroja Mexay BEeKTOpaMu I u Pp.

e DHeprusa W OuIIONA P BO BHEIIHEM JJIEKTPUYECKOM IIojie ¥ MOoMeHT cua N,
IefCTBYIOIIUX Ha AUIIOJb:

W = - pE, N = [pE]. (2.1n)
e Cuna F, peiicTByromas Ha JUIIOJNb, U ee IIpoeKnus F,:
OE
F=p—, F,=p-VE,_,
ol (2.1e)
rae 0E/0l — mpousBogHaA BeKTOopa E 0 HampaBJeHUIO AUMOJIA.

2.1. HaiiTu oTHOIlIeHUEe 3JIeKTPUUYECKON M IpaBUTAIIMOHHOMN CHUJI
B3aUMOJENCTBUA MEXKJY ABYMS 3JeKTPOHaMM; JABYMSA IIPOTOHAMWU.
IIpy KakoM 3HaUeHUHU YAeJbHOTO 3apfAfa ¢/m YacTUIbI 3TU CHUJIBI
OyAyT paBHBIMU?

2.2. [IBa 0fMHAKOBBIX HEOOJIBIINX METAJIMYECKUX IIIapUKa C 3a-
palaMu ¢, ¥ ¢,, HaX0AACk Ha paccrogHuu [ = 200 MM gpyr oT Apyra,
IpUTATUBAIOTCA ¢ cuyoi Fy = 36 mH. Ilocie Toro, Kak Iapuku Ipu-
BeJIX B COIIPUKOCHOBEHUE M ONATH pa3Bejii Ha TO YK€ pacccTosHue [,
OHU CTaJM OTTAJKHBaThcA ¢ cuioi F = 64 mH. Haittu ¢, u g,.

2.3. [IBa noJIOKUTENbHBIX 3apAfa ¢; U ¢, HAXOJATCA B TOUKaX C
paguycaMu-BeKTOPaMu r; U ry. HaliTu oTpuIlaTeJbHBIN 3apafl g U
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pajuyc-BeKTOD Iy TOYKH, B KOTOPYIO €ro HaJ0 IIOMECTHUThb, YTOOBI
cujia, JelCTBYOIIasa Ha KaKJIbIA 13 9TUX TpexX 3apAloB, OblIa paB-
Ha HYJIO.

2.4. Tpu HeOOJBHINX OAMHAKOBO 3apSAKEeHHBIX IIapuKa MAacChl
m = 9,0 r moaBeIIeHLI K OAHON TOUKE Ha INEeJKOBBIX HUTAX AJIWHBI
l = 250 mm. HaiiTi 3apsag kasKgoro niapmuka, ecjau yriibl MeXKIy pa-
30IIeJIMNMUCA HUTAMHU paBHBI 20 = 60°.

2.5. JIBa HeOOJBIINX OJAMHAKOBO 3apAKEHHBIX IMapHKa MacCChl
m = 5,0 r moABenmIeHLEI K OJHOM TOYKe Ha IIEeJKOBLIX HHUTSIX, oOpa-
3YIOIMNX MEXXIYy co00¥ MaJbIi yroa 9, M HaxXoOATCA Ha OJHOM
ypoBHe. HaliTu ckopocTs yTeuku 3apaza dg/d¢ ¢ Kaxaoro mapuka
B MOMEHT, Korjga 9 = 5,0°, ecJiu CKOPOCTh COJIM)KEeHUS IIaPUKOB II0-
cTossiHHa M paBHa v = 0,55 mMmMm/c.

2.6. Tpu HeOONBIINX IIaPHUKa, KaXXKJAbIM Maccel m = 6,0 r u ¢ 3a-
pagom q = 1,0 mxKi, coegnHeHBI IIEJIKOBBIMM HUTAMU, 00pasyd
PaABHOCTOPOHHHUM TPEYTOJLHUK cO cTopoHOoi [ = 200 mMm. OgHY HUTH
nepesxkryau. HaliTu ycKopeHMe cpegHeEro IapuiKa cpasy IIOCJie 9TO-
ro. Cun TaXKecTH HeT.

2.7. Toukoe mpoBOJIOYHOE KOJbIO paauyca R = 100 MM umeeT
aneKTpuueckuil 3apan q = 50 mxKa. KakoBo Oyzaer nmpupamieHue
CUJILI, PACTATHUBAIOIIEH IIPOBOJIOKY, €CJM B IIeHTPe KOJbIla IIOoMec-
TUTh TOYEUHBIN 3apan q, = 7,0 MkKa?

2.8. ITonoxkurenbHBIN ToueuHBIA 3apan 50 MkKa HaxomuTcs Ha
ILIOCKOCTH XY B TOYKE C PaJiiycoOM-BEKTOPOM r, = 2i + 3j, rae i u
j — optel oceit X u Y. HaliTu HanpAXKeHHOCTL 3JIEKTPUYECKOTO
IOJIA U ee MOAYJb B TOUKE C paguycoM-BeKTopoM r = 8i — 5j. 3gech
ro X r JaHBl B MeTpax.

2.9. B BepminHax KBajpara ¢ auaroHauabio 2/ = 100 mm HaxogAT-
cA OOUHaKOBBIe IO MoayJaio (¢ = 2,5 MKKu) Toueunsie 3apsaabl, 3Ha-
KM KOTODPBIX IIpM 00X0J€e KBaJpaTa pPacIlOJIO}KeHBI B mopAjake +, +,
—, —. Ha¥iTu Hanpsa)keHHOCTh E 3JeKTPHUUECKOro II0Jisd B TOUKe, OT-
cTodAIed Ha paccTosgHUe X = 50 MM OT IeHTpa KBaJpaTa U pacioJo-
JKeHHOM CHMMETPHYHO OTHOCHUTEJLHO €ro BepIIINH.

2.10. Touxkuit crepxkeab AB paunbl [ = 100 cm umeer 3apan
q = 37 aKJn, pacnpezesleHHBIM TakK, UTO €ro JMHENHAasA IIJIOTHOCTh
IIPOIIOPIIMOHAJIbHA KBaJApaTy paccToAHUA oT KoHua A. Haiitu Ha-
MPAXKEHHOCTh 3JIEKTPUUYECKOro II0JII B TOUYKe A.

2.11. Toukoe moaykoJblo paguyca R = 20 cM 3apsKeHO paBHO-
MepHO BapagoMm ¢q = 0,70 sKa. Haiitu moaysnsr HanpaKeHHOCTU
3JIEKTPUYECKOTO IIOJIA B I[eHTPEe KPUBUBHEI 3TOT0 IMOJYKOJIbIIA.
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2.12. Koapno paguyca R u3 TOHKOM IPOBOJIOKM MMeET 3apsf, ¢.
HaiiT Moaysb HAIIPAXKEHHOCTH 3JIEKTPHUYECKOTO II0JISI Ha OCH KO-
JbIla KaK (pyHKIUIO paccToaHusd [ 1o ero nenrpa. Ucciaenoats E(l)
npu [ > R. OupenennuTh MaKCUMaJbHOE 3HaAUE€HHE HAIPSAKEHHOCTU
1 COOTBETCTBYyIOIIee paccrosHue [. M306pa3uTh IpuUMepHBIHA I'pa-
bur pysxknuu E(I).

2.13. ITonyOecKOHeUHBLIA KPYIJIBIA IUIUHAP pazuyca R 3aps-
’KeH paBHOMEPHO II0 IIOBEPXHOCTHU TaK, UTO HA eQUHUILY €ro JJINHBI
NpUXoguTCsa 3apAn A. HalTu HanpsaKeHHOCTh 3JIEKTPUYECKOTO
IIOJIT B IIEHTPE OCHOBaHUA IUJIHUHIPA.

2.14. HaiiTu HaIpAKEHHOCTL 3JIEKTPHUYECKOTO IIOJA B IEHTPEe
OCHOBaHMA MOJIyc(ephl, 3apAKeHHOM pPaBHOMEPHO C IIOBEPXHOCT-
HOM MIoTHOCTBIO ¢ = 60 HKI/M2.

2.15. IInocKocTh ¢ KPYIJIBIM OTBEpPCTHEM paaumyca R paBHOMeEp-
HO 3aps’KeHa ¢ IMOBEPXHOCTHOHM IJIOTHOCTBHIO . HaliTu HampsAKeH-
HOCTL E 3JIeKTpHYECKOro II0JII Ha OCH OTBEepCTHUS KaK (PYHKITHIO
paccroaHua [ 1o ero meHrtpa.

2.16. CucreMa COCTOUT M3 TOHKOT'O 3apPsAKEeHHOT'0 IIPOBOJIOYHOT'O
KoJIbIla pagumyca R 1 oYeHb AJMHHOW pPaBHOMEPHO B3apsaKeHHOMH
HUTH, PACIOJOXKEHHOM II0 OCH KOJIbIIa TaK, YTO OAUH U3 €e KOHIIOB
COBIIaZlaeT ¢ eHTpoM KoJblla. Ilociennee nmeer 3apan q. Ha enu-
HUIY OJUHBI HUTU IIPUXOOUTCA 3apAn A. HaiTu cuiay B3auMomei-
CTBUS KOJbIIA U HUTH.

2.17. ToHKOe HEeImpoBOAIee KOJIbI0 paauyca R 3apsaKeHo ¢ JIH-
HelHOI MJIOTHOCTBIO A = A,COS ¢, Ihe A, — IOCTOSHHAadA, ¢ — as3u-
MyTaJbHBIX yroJy. HaliTu Moayip HaIIpAXKE€HHOCTHU 3JI€KTPUUYECKOTO
TIOJISA:

a) B IIeHTpe KOJIbIIa;

0) Ha ocu KOJIbIla B 3aBUCHUMOCTH OT PACCTOSHUSA X O €ro IeHT-
pa. HcciaemoBaTh mojiyueHHOE BhIpaskKeHue npu x > R.

2.18. Haxogamuiicsa B BaKyyMe TOHKHM NPAMOI CTep:KeHb IJIN-
Hbl 2a 3apA’KeH DPaBHOMEpHO 3apafoMm q. Halitm mMomyap Hanpd-
KEHHOCTH 3JIEKTPUUYECKOTO IIOJIA KaK (PYHKIIUIO PAcCTOAHUS I' OT
IIeHTPa CTEpP’KHA A0 TOYKM IIPAMOWM,

a) MepIeHAUKYJIAPHON CTEPXKHIO M IIPOXOAAIIEN Uepes ero IeHTp;

0) coBmajampIIeil ¢ OChI0 CTEpP)KHsA, €CJu I > a.

HccrnenoBaTh mosiydeHHbIE BBIPAXKEHUS IPU I > 4.

2.19. InuHHaA npAMas PAaBHOMEPHO 3apsiKeHHasd HUTh UMeeT
3apAng A Ha efWHUITY AJUHBI. HaliTi MOay b M HallpaBJIeHUE DJIEKT-
PUYECKOT0 MOJIA B TOUKE, KOTOpPas OTCTOUT OT HUTU HA PacCTOAHUE
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Y ¥ HaXOOUTCA Ha IEePHEeHAVKYJApe K HUTHU, IIPOXOASAIIEM dYepes
OJVH U3 ee KOHIIOB.

2.20. PaBHOMEpHO 3apsAKeHHAasA HUTh, HA €IUHUITY AJUHEI KOTO-
poOM NPUXOAUTCA 3apal A, UMeeT KOH(pU-
rypamuy, IoKasannble Ha puc. 2.1. Pagu-
yCc 3akpyryieHusa R 3HAUYMTEJIbHO MEHBIIe

IJIUHBI HUTH. BOCIIOJIB30BaBIINCEH PE3YJIb- O 0
TATOM peIleHWs peAblayIied sazaum, -1 R
HaAWTH MOAYJb HANPSIKEHHOCTH 3JEKTPU- a) 0)
YyecKoro oA B Touke O Ajad KOHPUrypa- Puc. 2.1

nuit a u 6.

2.21. Cepa paguyca r 3apsrkeHa C IIOBEPXHOCTHOM ILJIOTHOCTBLIO
C = ar, rJje a — IIOCTOAHHBLI BEKTOD, I' — PaguyC-BEKTOP TOUYKHU
chepbl OTHOCUTEJBHO ee IeHTpa. HaliTu HanpAKeHHOCTh dJIeKTpPU-
YeCKOro II0JA B IIeHTpe cgepHl.

2.22. IloBepxHOCTHaAs IJIOTHOCTHL 3apsaja Ha cdepe paguyca R
3aBHUCHUT OT IOJAPHOIO yria § Kak c = G, COS 3, Ifie 6, — IIOJIOMXKHU-
TeJbHadA NocTosAHHAsA. IloKkasaTh, UTO TaKOe paclpejesieHre 3apana
MOJKHO NIPEeACTaBUTL KaK Pe3yJbTaT MaJoro CABUIa OTHOCHUTEJILHO
ApyTr Apyra JBYX paBHOMEDPHO 3apsaKeHHBIX wapos pazuyca R, 3a-
pPAABl KOTOPBIX OOWHAKOBBI II0 MOAYJIO M IIPOTHBOIIOJIOXKHEI IIO
3HaKy. BocIosib30BaBIIUCHL 3TUM IIpe[CTaBJIeHMEM, HaliTM Hamlpd-
KeHHOCTh 3JIEKTPHUUYECKOTO IOJA BHYTPH JaHHOU cQepsl.

2.23. HaliTu HanpaXeHHOCTh 3JIEKTPHUUYECKOT'0 IIOJISI B IIEHTpPE
mapa pazuyca R, oObeMHasda IJIOTHOCTH 3apAka KOTOpPOro p = ar,
rge a — MOCTOAHHBIA BEKTOpP, I' — paJuyCc-BeKTODP OTHOCHUTEJIbHO
IleHTpa IIapa.

2.24. IIpocTpaHCTBO MEXAY ABYMSA IJIOCKOCTAMM, OTCTOAINUMHU
IPyT OT Apyra Ha paccTodHue 2a, 3al0JHEHO 3apsajoM, o0beMHadA
ILIOTHOCTh KOTOPOI'O 3aBHUCHUT TOJBKO OT KOOPAWHATHI X OCH, IIep-
MEeHJUKYJAPDHON 3TUM IJIOCKOCTAM, KaK p = 0X, I'le 0. — IIOCTOAH-
Hasa. Hauvamo koopamuar (x = 0) HaxoguTcsa IocepefuHE MEXKIY
9TUMHU ILJIOCKOCTAMU. HaliTu 3aBUCHUMOCTH OT X HANPAXKEHHOCTU
3JIEKTPUYECKOro II0Js, TouHee E (x) u E(x). M306pasuTs uxX npu-
MepHbIe Trpadpuru.

2.25. JIBe nAJauHHBIE IIapaJljejibHble HUTH PaBHOMEPHO 3apsiKe-
Hbl, KaXXJad ¢ JUHeMHOoH miIoTHocThio A = 0,50 MkKi/Mm. Paccros-
HUe MeXxXay Hutamu [ = 45 cm. HaliTn MmakcuMaibHOe 3HaUEeHUe Ha-
NIPAXKEHHOCTH 3JIEKTPUUYECKOT0 II0JIA B IIJIOCKOCTA CUMMETPUM 3TOM
CHUCTEMBI.
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2.26. JIBe cKpeluBaIoOIIecs B3aMHO IePIEeHANKYJISPHbIe HUTHU
0eCKOHEUHON AJIMHBLI 3apAKeHbl PaBHOMEDPHO C JUHEWHOM IIJIOTHO-
cteio A. HaiiTu cuny ux B3auMOIeNCTBUA.

2.27. BecxkoHeuHO [IJWHHAA IUJIUHIPHUYECKas IIOBEPXHOCThH
KPYIJIOTO CeueHUs 3apsarKeHa paBHOMEPHO IO AJIMHEe C IIOBEePXHOCT-
HOH INIOTHOCTBIO G = G,COS ¢, TZie ¢ — IOJAPHBIN yroJ HUJINHADPH-
YeCcKOU CHMCTeMbI KOOPAMHAT, OCh Z KOTOPOM COBIIAJIaeT C OChIO JaH-
HOU noBepxHocTu. HaliTm Moayap 1 HanpaBJeHNe HAIIPAXKEHHOCTU
3JIEKTPUYECKOTO IIOJIA Ha ocu Z.

2.28. I'panu moJsioro Ky0a 3apAKeHBl pABHOMEPHO C ITIOBEPXHOCT-
HOM IIJIOTHOCTBHIO o. HaliTu cuny, KoTopas AeHCTBYeT Ha KaXAYIO
rpaHb CO CTOPOHBI:

a) TOUEUHOT'0 3apAla ¢, eCJIyd ero IOMeCTHUThL B IIEeHTP Kyo0a;

0) ocTaJbHBIX T'paHeil, ecau pedbpo Kyba paBHO [.

2.29. ImeeTca aKCHaAJIBHO-CHMMETPUYHOE 3JIeKTPUUYECKOe IIoJIe,
HaANPSAKEeHHOCTh KOTOPOT'O 3aBUCUT OT PACCTOAHUSA I 10 €T0 OCHU KaK
E = ar/r?, roe a — nocrogHHaa. HaiiTu 3apaj BHYTpH cdephl pagu-
yca R ¢ IIEHTpOM Ha OCH 3TOT'0 IIOJISA.

2.30. Hanps:xeHHOCTDh 3JieKTpudecKoro mouas E = arr, roe a —
IIOCTOSAHHAsA, ' — PacCTOAHUE OT IleHTpa moJsa. HaiiTu mIoTHOCTB
3apanoB p(r), co3maroIux 3TO IOJIe.

2.31. Illap paguyca R uMeeT IOJIOXKUTEJILHLINA 3apsal, 00beMHasd
IJIOTHOCTHh KOTOPOT'O 3aBUCUT TOJBKO OT PACCTOAHUSA I' IO €ro IeHT-
pa Kak p = py(1 — r/R), rae p, — nocroanHasa. IIpenebperasa Bausa-
HHUEeM BelllecTBa Ilapa, HaWTH:

a) MOJyJIb HAIIPAKEHHOCTH 9JIEKTPUUYECKOTO II0JIsI BHYTPU U BHE
mapa Kak (pyHKIIUIO T

0) MaKcuMaJIbHOe 3HaueHue MOy A HalpsKeHHocTd E - 1 co-
OTBETCTBYyIOIIlee eMy 3HadeHUe r,,.

2.32. Cucrema cocTouT U3 Itapa paguyca R, 3apaxXeHoro chepuue-
CKHU-CUMMETPUYHO, ¥ OKPY’KaIOIIel cpelbl, 3allOJJHEHHON 3apAloM C
00'beMHOM IJIOTHOCTBIO p = O/7, Te 0. — IIOCTOAHHAsA, I — PacCTOd-
HUe OT IleHTpa Iiapa. IIpeHeOperasi BIUSTHHMEM BeIlleCcTBa, HAWTHU 3a-
pAn 1Iapa, IpH KOTOPOM MOAYJIb HANPAKEHHOCTU 3JIEKTPUYECKOTO
II0JIA BHE IlIapa He 3aBUCHUT OT r. YeMy paBHa 3Ta HAIPAKEHHOCTD?

2.33. BuyTpu miapa, 3apAKeHHOTO PaBHOMEPHO C 00BeMHOU
ILJIOTHOCTBHIO P, MMeeTcda cdepuueckada mnoJsocTh. IleHTp mosiocTu
cCMeIlleH OTHOCUTEJBbHO IIeHTpa Illapa Ha paccrodaHue a. IIpenebpe-
rad BJIUAHUEM BeIlleCTBa IIapa, HaWTHU HaNpSaKeHHOCTh E mouada
BHYTPU IIOJIOCTH.
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2.34. HaiiTu Hanps»KeHHOCTh E 3JIeKTPUUYECKO-

r'o I0JIA B 00JIacTH IIepeceueHns ABYX IIapoB, pPaB- . ﬁ
HOMEPHO 3allOJTHEHHBLIX Pa3sHOMMEHHBLIMU II0 3HA- '
Ky 3apagaMu ¢ 00beMHOM ILJIOTHOCTBIO p M —p,

€CJIM pacCTOsSHNEe MeXXKJy IeHTpaMU IIIapoB PaBHO

a (puc. 2.2).

2.35. Tpu ogMHAKOBBIX IIapHKa, PaCIOJIO}KEeHHLIE B BEpPIIHHAX
PaBHOCTOPOHHET'0 TPeyroJbHUKA CO CTOPOHOH a, COEAUHEHBI APYT C
JIPYyroM HUTAMHU. 3apsaj U Macca KajsKJoro Ilapuka pPaBHBI ¢ U m.
Opny us HuTed nepexkriau. HaiTu MakcUMaJbHYIO CKOPOCTh CpeJ-
Hero mapuka. CuJ TAXKeCTH HeT.

2.36. ImeroTca JBa TOHKMUX IIPOBOJIOUHBIX KOJIbIla pagumyca R
Ka’KkJoe, OCH KOTOPBIX COBNAZAIOT. 3apAAbl KOJIell PaBHBI ¢ U —(.
HaliTu pa3sHOCTL HOTEHIIMAJIOB MeXKAy IIeHTpaMM KOJeIl, OTCTOA-
ITAMU IPYT OT Apyra Ha paccrosHue [, eciu R =30 cm, [ = 52 cm u
q = 0,40 mxKi.

2.37. BeckoHeuHO AJUHHAA IIpAMas HUTH 3aps’KeHa paBHOMeEp-
HO ¢ JUHeHHOH mIoTHocThi0O A = 0,40 mMxKia/m. Beruucauts pas-
HOCTB IIOTEHIIMAJOB ToueK I u 2, ecjii ToOUKa 2 HAXOAUTCA HaJbIIle
OT HUTU, YeM ToukKa I, B n = 2,0 pasa.

2.38. Torkoe Kosbro paguyca R = 25 cm umeer 3apsaz q = 5,0 mxKu,
HepaBHOMEPHO paclipelejIeHHLIN o KoJbly. HaiTu paboTy ajieKTpu-
YeCKUX CWJ IIpU IlepeMeleHnM TouewyHoro 3apaza ¢’ = 1,0 mxKn us
IIeHTPa KOJIbIIA IO IIPOM3BOJILHOMY IYTH B TOUKY, HAXOIAIIYIOCSA Ha
ocHl KoJiblla Ha paccrosgHum [ = 50 cM OT ero IeHTpa.

2.39. Kpyriasa ToHKad IJIacTUHKAa pagunyca R paBHOMepHO 3apd-
’KeHa C IIOBEePXHOCTHOM ILIOTHOCTBIO o. HaliTm moTreHmuan u Mo-
IyJab HaAIPAXKEHHOCTH 3JEKTPUYECKOro IIOJA Ha OCH ILJIaCTUHKMU
KaK (PYHKIIUIO paccToAHUSA [ OoT ee IieHTpa. PaccMoTpeTh TakKke
caiyaan [ > 0 u Il > R.

2.40. KonndyecKkasa IIOBepXHOCTL C OCHOBaHHMeM paamyca R paB-
HOMEPHO 3apfAKeHa ¢ MOBePXHOCTHOM ILIOTHOCThIO 6. HaliTu moTeH-
IajJ B BepIINHEe KOHyca.

2.41. HaiitTu noTeHIuaJ Ha Kpal TOHKOro ANWCKa pajauyca
R = 20 cMm, 10 KOTOPOMY pPaBHOMEPHO paclipelesieH 3apfAjl ¢ IIoBep-
XHOCTHOH maoTHOCTRIO G = 0,25 MKKx/M2.

2.42. 3apajn g pacupefesieH paBHOMEPHO II0 00beMy IlIapa pajgu-
yca R. IIpenebperas BIusSSHUEM BelllecTBa IIapa, HAWNTU IIOTEHIIAJ:

a) B IeHTpe IIapa;

0) BHYTpPHU IIapa KaK (pyHKIUIO PAaCCTOSAHUA r OT €ro IeHTpa.

Puc. 2.2
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2.43. Ha¥iTn Hanps>KeHHOCTH 3JIEKTPUUYECKOT0 II0JIA, IIOTeHITAJI
KOTOPOTO MMeeT BUJ (p = ar, rjie a — IIOCTOSIHHBIN BEKTOp, I — pa-
INyC-BEKTOP TOUYKHU IIOJIA.

2.44. OmnpenennTh HANPSAXKEHHOCTh 3JEKTPUUYECKOTO II0JfA, IIO-
TeHII1aJ KOTOPOT'0 3aBHUCHUT OT KOOpPAMHAT X, Y IO 3aKOHY:

a) ¢ = a(x* — y%); 6) ¢ = axy,
rge a — IocTossHHasA. M300pa3uTh IIPUMEPHBIN BUJ 3TUX IIOJIEH C
noMmoinbo JuHUMA BeKTopa E (B miaockoctu xy).

2.45. TloreHmuaJ  3JeKTPHUYECKOr0 IIOJA  MMeEeT  BHUJ
¢ = a(xy — 22), rme oo — mocTogHHaA. HaliTu IpoeKIMIoO HaIpsH-
JKEHHOCTH 3JIEKTPUUECKOro mojasa B Touke M {2, 1, —3} Ha Hampas-
Jenne BeKTopa a = i + 3k.

S 2.46. IIoxa3aTh, YTO MOTEHIIMAJ HOJISA OUIOJA C

9 BJIEKTPUUYECKUM MOMEHTOM P (puc. 2.3) MOXKeT ObITh
r IpejCcTaBieH Kak ¢ = pr/4ng,rs, rme r — pagu-

p yc-BeKTOop. HaiiTm ¢ moMoIbio 3TOro BBIPA*KE€HUS
MOJyJIb HaANIPSAXKEHHOCTU 3JIeKTPUYECKOT'0 IOJIS AU-

Puc. 2.3 moJiAd Kak (pyHKIuUio r 1 3I.

2.47. TouyeuyHBIN 3JIEKTPUYECKUIN AUIOJb C MOMEHTOM P HaxXo-
JUTCA BO BHEIITHEM OZHOPOJHOM 3JIEKTDPUUYECKOM II0Jie, HAIIPAYKEH-
HOCTB KoToporo pasHa E,, npuuem p ™ E,. B aTom cnydae oxHa u3s
SKBUIIOTEHIINAJNBHLIX TOBEPXHOCTEH, OXBATBHLIBAIOIINX AUIIOJb, AB-
asgercsa cpepoiui. Haitu ee pazuyc.

2.48. ]IBe napaJjiejibHble TOHKVME HUTHU pPaBHOMEp-

Z)

g HO 3apfAKeHbl ¢ JUHENHON IIJIOTHOCTHIO A U —A. Pac-
+ r cTostHUe Me)kay HutAMHU [. HaiiTu moreHmuan u Mo-
l AyJb HAIPSIXEHHOCTH 3JIEKTPUYECKOro II0JIA Ha pac-
B cTostHUU r > | mox yriiom 3 K BekTopy 1 (puc. 2.4).

Puc. 2.4 2.49. HaiiTu s1eKTpUYECKHHA MOMEHT p TOHKOI'O

CTEP)XKHSA OJUHBI [, INHeHAas IIJIOTHOCTD 3apAia KOTo-
poTr0o 3aBUCUT OT PacCCTOAHUSA X OO0 OJHOTO M3 ero KOHIIOB Kak
A=a(2x — l), Toe a — TOJOXKUTeJbHAA IIOCTOAHHAA.

2.50. Cucrema cocrout us 3apsaga q > 0, paBHOMepHO pacnpeze-
JIEHHOTO II0 MOJIYOKPYsKHOCTH pajguyca a, B IIeHTpe KOTOpOil HaXo-
JUTCA TOYEeUHBIN 3apan —q (puc. 2.5). Haittu:

X a) 3JIeKTPUYECKUM OUMOJBLHBIM MOMEHT 3TOMN CHC-
TEeMBI;

q 0) MOAyJIb HAIIPSAXKEHHOCTH 3JIEKTPUUYECKOTO II0JIS

Ha oCcunu X CHCTEMBbI Ha pPacCTOAHHHU r > a OT Hee.
Puc. 2.5
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2.51. JIBa KoaKcHaJBHBIX KOJIbIla paguyca R Xf
Y3 TOHKOM! IIPOBOJIOKM HAXOJATCA Ha MajoM pac- q '

croaauu | ngpyr ot apyra (I < R) u umeroT 3apsd- @
ael ¢ u —q. Haiitu norTennuan u HanpaseHHOCTs (S
9JIEKTPUYIECKOTO IIOJIA HA OCH CHCTEMHI KaK QyH- —g

Knuu KoopaumHaTel X (puc. 2.6). M306pasutsb
IpUMepHbIe rpa@uKu 3TUX 3aBucumocrten. Hc-
clenoBaTh 9TM (PYHKIuH mpu |x| > R.

2.52. Kaxkyio paboTy IpPOTHUB CUJI 3JIEKTpHUUEe- _/@/

CKOTIO IIOJId HagoO COBEPIIUTE, YTOOLI IIepeHecTHn :/_F
AUIIOJNIb C JJIEKTPUYECKHMM MOMEHTOM p H3 IIO- 1 2

Puc. 2.6

_—
noskeHuMs I, Te HANPAXKEHHOCTh MOJA paBHA
E,, B monoxeHue 2 ¢ HaIpAXeHHOCTbIO K, Puc. 2.7
(puc. 2.7)?

2.53. [Iunoyb ¢ 3JIeKTPUYECKUM MOMEHTOM P HaXOAUTCA Ha pac-
CTOSHUU ' OT AJUHHOH IIPAMOM HHUTHU, 3apAKEHHOM paBHOMEPHO C
JuHelHON 1miaoTHocThbiIo A. Haiitu cuay F, ngelicTBymoomiyo Ha OU-
II0JIb, €CJIA BEKTOP P OPMEHTHPOBAaH:

a) BIOJb HUTU;

0) Mo paamycy-BEeKTOpY T;

B) IEpIEeHANKYJISAPHO HUTHU W paJuyCcy-BeKTOpPY .

2.54. HaiiTu cuiy B3auMOAeHCTBUA IBYX MOJEKYJ BOAbI, OTCTO-
AIMUX APYT oT Apyra Ha [l = 10 HM, ecu UX 3JIEeKTPUUYECKHEe MOMEH-
ThI PACIIOJIOXKEeHBI BAOJb OLHOM U TOU Ke npaAMoi. MoMeHT KaxXJaou
MoJsieKyasl p = 0,62:1072% Ki-Mm.

2.55. HaiiTu moTeHmuag CHEAYIOIIUX 3JEKTPUUYECKUX IIOJIeH:

a) E = a(yi + xj);

6) E = 2axyi + a(x? - y?)j;

B) E = ayi + (ax + bz)j + byk.

3neck a u b — mocrosaHHbIE, i, j, K — opTheI oceit X, Y, Z.

2.56. IToTenmuaa mojda B HEKOTOPO# 00JacTH IPOCTPaHCTBA 3a-
BHCHT TOJBKO OT KOOPAMHATHI X Kak ¢ = —ax3 + b, rme a u b — He-
KOoTophble IIOCcTOAHHBIEe. HaliTu pacupeneseHue o60bEeMHOTO 3apsana
p(x).

2.57. Mexny nByMA OOJIBIINMU IIapajIeJbHBIMU IIACTHHAMM, OT-
CTOAIIMMHU APYTI OT Apyra Ha paccTodHue d, HaXOAUTCA PaBHOMEPHO
pacipelieIeHHbIN 00'beMHBIN 3apAf. PasHOCTb MOTEHIIMAJIOB ILIACTHUH
paBHa A@. IIpy KakoMm 3HaYeHUM O0'HLEMHOM IIJIOTHOCTU p 3apsga Ha-
MIPAXKEHHOCTDL II0JIs BOJIM3M OSHOM W3 ILIaCTUH OyJeT paBHaA HYJIIO?
KakoBa OyzeT npu 3TOM HAIPSIKEHHOCTD IIOJISA Y APYTOM ILJIaCTUHBI?
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2.58. IloTeHIIaJ MoJsd BHYTPHU 3apsAKEeHHOIO IIapa 3aBUCUT TO-
JBKO OT PACCTOAHHUSA J0 €ro IeHTpa Kak ¢ = ar® + b, rme a u b — mo-
croauHble. HaliTu pacupenesnenre o6beMHOTO 3apAfa p(r) BHyTpHU
mrapa.

2.2. IIpoBOAHMKN M AMIJICKTPUKH
B 3JICKTPUYECKOM II0JIe

e HanpsaKeHHOCTb 3JIEKTPUYECKOT0 IOJISA y IIOBEPXHOCTH IPOBOAHUKA B BaKyy-

Me:
E, = o/¢,. (2.2a)
e IloToK monsipmsoBaHHOCTH P uepe3 3aMKHYTYI0 IOBEDXHOCTb:
— !
P ds = ¢, (2.26)
rae q¢' — anrebpamuecKas CyMMa CBA3AHHBIX 3aPA0B BHYTPU 9TOM IOBEPXHOCTH.

e BexrTop D (amekTpmuecKoe cmelenune) u Teopema l'aycca A HEro:

D = ¢E + P, $Dds =q, (2.25)

rge ¢ — anrebpamdyecKkas CyMMa CTOPDOHHUX 3aps0B BHYTPHU 3aMKHYTOM IIOBEPXHO-
CTH.
e YcJIOBUS Ha rpaHulle pasfiesa ABYX AUIJIEKTPUKOB:

Py, — Py, = -0, Dy, — Dy, = o, Ey = E,, (2.2r)

rie 6’ ¥ G — MOBEPXHOCTHBIE IJIOTHOCTH CBA3AHHBIX M CTOPOHHUX 3apANOB, a OPT
HOpMaJIM N HanpaBjeH U3 cpeasl I B cpeny 2.
e JliAd M30TPOUHBIX AUBJIEKTPUKOB:

P = »g)E, D = ggyE, e=1+xn. (2.2n)

e B CJIiydyae U30TPOITHOI'O OAHOPOAHOI'O AUIJIEKTPHUKA, 3allOJTHAIOIIEro BCe IIPO-
CTPaAHCTBO MEXAY 9KBHUIIOTEHIIMAJBHBIMHN IIOBEPXHOCTAMM:

E = Ey/c. (2.2e)

2.59. HeboapI10o#1 mapuK BUCUT HAJ TOPU3OHTAJILHON IIPOBOIA-
el IJIOCKOCTBIO Ha H30JIMPYIOINEN YIPYyrol HUTHU YKECTKOCTH .
ITocne Toro, Kaxk IapuK 3apAgWJN, OH OIYCTHUJICA Ha X CM, U €ro
paccTosiHME OT IIPOBOAAINEN IIJIOCKOCTU CTaj0 paBHBIM [. HaiiTu 3a-
pAn Iapuka.

2.60. DJeKTpoH BBLIETEJ II0 HOPMAaJH C IIJIOCKOH IIOBEPXHOCTH
IIPOBOAHMKA B BaKyyM, TIJe CO3JaHO OJHOPOAHOE YCKOpSAIoIIee
dJIeKTpUUEecKoe moJjie ¢ HanpskeHHocThio E = 100 B/m. Umesa B
BUJY CUJBI 3JIEKTPAUYECKOr0 M300pakeHus, HaliTH, Ha KaKOM pac-
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CTOAHUH [ OT ITIOBEePXHOCTH IPOBOJHNKA CKOPOCTH 3JIeKTPOHA MUHU-
MaJIbHA.

2.61. Toueunsrit 3apan ¢ = 100 MK HaxoauTcA Ha pacCTOSHUU
l = 1,5 cm or npoBojsAmiei miaockoctTu. Kakyio paboTy Haao coBep-
IIIUTH IIPOTUB 3JIEKTPUUYECKUX CUJI, UTOOBI MEeJJeHHO yIaJUTh 3TOT
3apsa] Ha OYeHb OOJIBIIIOE pacCTOAHHE OT ILJIOCKOCTHU?

2.62. [IBa TOUueUHBIX 3apAla, ¢ U —¢, PACIOJIOXKEHBI Ha PacCTOsI-
HUM | Ipyr OoT Apyra U Ha OAUHAKOBOM PacCTOAHUU [/2 OT IIpoBOAA-
IIe¥ ILJIOCKOCTH C OZHOM CTOPOHBI OT Hee. HaliTu MonyJb 3JIeKTpH-
YeCKOM CHUJIBI, JeHCTBYIOIIe! HAa KaKAbIN 3apsan.

2.63. Tpu pa3sHOMMEHHBIX TOUYEUHBIX 3apdAla qr____?_q
pacmoJIo’KeHbl B BepIIMHAX KBajpaTa C AuaroHa- A | 0 :
apio | = 50 cM, xKaK moKaszaHO Ha puc. 2.8, rae | |
Touka O — IeHTp KBajgpara, AOB — mpamoii e "Iq

yroJji, o0pa3oBaHHBIM ABYMS NPOBOSAIIUMH IIO-
aymiaockoctaMu. Haitu cuny, JeHACTBYIONIYIO Ha B
dapan —q, ecau ¢ = 11 mxKu. Puc. 2.8

2.64. Toueunsrit 3apag q = 2,00 mxKa maxo-

OUTCA MEXJy ABYMS IPOBOAANIMMY B3aMMHO HEepPIEeHIUKYJIAPHBI-
MM IIOJIVILIOCKOCTAMU. PaccTossHUE OT 3apAha [0 KakJI0U MOJYILIO-
ckoctu | = 5,0 cm. HaiTu Moayab CUJIBI, AeHMCTBYIOIEHN Ha 3apsy.

2.65. ToueyHBIA AUNOJBL C 3JEKTPUYECKMM MOMEHTOM P HaXo-
JOUTCA HA paccTOAHUU [ oT mpoBojsAmiel miaockoctu. Halitu cuiy,
IeNCTBYIOIIYIO HAa AUIOJb, €CJU BEKTOP P NEPIeHAUKYJISAPeH ILIOC-
KOCTH.

2.66. ToueuHsIl 3aApAL ¢ HAXOAUTCA HAa PACCTOIHUM | OT IPOBO-
nsameir miaockoctu. OnpeneauTh IMOBEPXHOCTHYIO IIJIOTHOCTh 3aps-
OB, MHAYIIMPOBAHHBIX HAa IIJIOCKOCTH, KaK (DYHKIIUIO PACCTOAHUS I
OT OCHOBaHHUA IepPIEeHAUKYJApPa, OINYIIeHHOr0 U3 3apdAja Ha IIJIoC-
KOCTb.

2.67. IIpamasa OeCKOHEUYHO AJMHHAA HUTHL NMEET 3apsal A Ha eau-
HUILy AJUHBI U PacIIOJIOJKeHa MNapaJljIeJJbHO IIPOBOAAIIEH IIJIOCKO-
cTu Ha paccroaHuu [ or Hee. HaurTu:

a) MOAYJb CHJIBI, AeHCTBYIOIIel Ha €IUHUIY AJUHBLI HUTH;

0) pacnpefejieHHe IIOBEPXHOCTHOM IIJIOTHOCTH 3apana o(x) Ha
ILJIOCKOCTHU (3eCh X — PacCTOAHMUE OT IPSIMOM Ha ILJIOCKOCTU, TJe G
MaKCHUMaJIbHO).

2.68. Ouens AJIMHHAS HUTH PAacCIoOJIOKeHa IIePIeHAUKYJISIPHO
IIPOBOAAIIEHN IIJIOCKOCTHM M He OOXOAUT OO0 Hee Ha paccTodaHue [.
Hurhb 3aps’KeHa paBHOMEPHO C JHHEMHON NIJIOTHOCTBIO A. IlycTh
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Touka O — cjeg HUTHU Ha IJIOCKOoCcTH. HalTu MOBEPXHOCTHYIO ILJIOT-
HOCTh 3apfAja Ha IIJIOCKOCTU:

a) B Touke O;

0) B 3aBHCHMOCTH OT pacCTOAHUA r no Touku O.

2.69. Tonkoe IMPOBOJIOYHOE KOJIBIO paauyca R = 7,5 cm umeeT
dapazg q = 5,2 mxKa. Koibo pacnosioskeHo mmapaJiejbHO IIPOBOAS-
ITeH IJ0CKOCTH Ha paccToaHuu [ = 6,0 cm ot Hee. HaliTu moBepxHO-
CTHYIO ILIOTHOCTL 3apffla B TOYKE ILIOCKOCTH, PaCIIOJIOKEHHOM
CUMMETPUYHO OTHOCHUTEJIBHO KOJbIIA.

2.70. HaiiTu moTeHIUaJ He3apsAKeHHON NOpoBoAsAalneil cdepsl,
BHe KOTOpoii Ha paccTtodaHuu [ = 30 ¢cM OT ee IeHTpPa HAXOAUTCA TO-
yeuHbI 3apaAg q = 0,50 mxKi.

2.71. 3apan q = 2,5 uKu pacnpeneseH HepaBHOMEPHO II0 TOHKO-
My KoJabIly paguyca R = 7,5 cm. Ha paccroaauu [l = 100 MM oT 11eH-
Tpa KOJIbIIa Ha €ro OCH PAacCIIOJIO}KeH IIeHTP IPOBOAAINell He3apd-
’KeHHOHU cdepnl. HaliTu ee moTeHmuaJ.

2.72. ToueuHbl Bapax q = 3,4 HKJ1 HaxoauTcA Ha pacCTOSHUU
r=2,5 cm or nenrpa O He3apsAKEHHOT0 C(hepHUUeCKOro CJIOA IIPO-
BOJHHKAa, paguycel kotroporo R, = 5,0 cm u R, = 8,0 cm. Haiitu mo-
TeHIIMaJ B Touke O.

2.73. CucremMa COCTOUT U3 ABYX KOHIIEHTPUUYECKUX IIPOBOAAIIUX
chep. Ha BHyYTpeHHeH cdepe paguyca a HaXOAUTCS IOJOXKHUTEJIb-
HBI 3apan q,. Kaxoit sapang g, ciaegyeT IIOMeCTUTh Ha BHEIIHIOIO
chepy pazuyca b, UTOOBI IIOTEHIIMAJI BHYTPEHHEN c@ephl cTaJ
¢ = 0?7 Kak OyzeTr 3aBuceTh IPU 3TOM ( OT PACCTOAHUA r IO IeHTpa
cucteMbl? M300pasuTh IpuUMepHBINI rpaduk o(r).

2.74. YeTpipe 00JIBIIINE METAJJINUYECKHE IJIACTUHBI PaCIIOJIOXKe-
Hbl Ha MaJIOM PacCTOAHUU d IPyr OT Apyra
[ 2 3 (puc. 2.9). BHemHMe IIJTaCTUHBI COeAUHEHBI

MIPOBOAHUKOM, a Ha BHYTPEHHUHE ILIACTUHBI
Puc. 2.9 ImoJaHa pas3HOCTh moTeHnuaoB A¢@. Haiitu:
a) HAIPAXKEHHOCTb 3JEKTPUUYECKOTrO II0JIA

MeXXOy IIJIaCTUHaAMU;
0) cyMMapHBI# 3apAL Ha eJUHUINY IJIOMIaAU KaXKI0M IIJIAaCTUHEI.
2.75. Mexay ILIaCTUHAMU HaAKOPOTKO 3aMKHYTOTO ILJIOCKOTO

———————  KOH/IeHCATOpPa HaXOJUTCA MeTaJJMYecKas ILIac-

{ L d TuHa c 3apazoM ¢ (puc. 2.10). IlnacTury nepeme-

ctTuam Ha paccrosuue . Kaxkoit sapan Ag mpomren

IIPY 9TOM IO 3aKOpPauYMBAIOIIEMy IIPOBOJHUKY?

PaccrosHue mMe)xay IacTUHaAMM KOHJIeHcaTopa d.

Puc. 2.10
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2.76. JIBe mmpoBoasAImue IIJI0CKOCTA I u 2 pacIoJIOXKeHBI Ha pac-
cTosaHUU [ Apyr oT aApyra. Mexxay HUMU Ha PacCTOAHHUU X OT ILJIOC-
KocTu 1 HaxoAuUTcA TOYEeUHBLIN 3apan q. Haitu 3apAnbl, HaBeJeH-
Hble Ha Ka)XJOM M3 IIJIOCKOCTEI.

2.77. HaliTu 3JeKTPUUYECKYIO CHJIY, KOTOPYIO HCIBITBIBAET 3a-
pAn, NPUXOLANIUNCA Ha E€IUHUIY IIOBEPXHOCTU IIPOM3BOJILHOT'O
IPOBOJHUKA, B TOUKe, rae ¢ = 46 mMxKa/m2.

2.78. Merannnueckuii mapuk paguyca R = 1,5 cMm umeer 3apdAn
q = 10 mxKxa. HaiiTu Mmozysb pe3yJbTHUPYIOIEN CUJIbI, KOTOPas Jeu-
CTBYeT Ha 3apsl, PACIOJJIOKeHHBI Ha OTHOM IIOJIOBHHE IIIapHKa.

2.79. HesapaKeHHBIN IIPOBOAANINI IIap paguyca R momecTHIun
BO BHeIIIHEe OJHOPOJHOEe 3JIEKTPUYEeCKoe II0Jie, B pe3yJbTaTe 4Yero
Ha IIOBePXHOCTH IIapa IOSBUJICA MHIAYIIMPOBAHHLINA 3aps] ¢ IOBEP-
XHOCTHOM ILIOTHOCTBIO G = G, COS 8, rie 6, — IOCTOAHHadA, § — II0-
JAPHBIN yroj. HaliTu Moayas pe3yJbTUPYIOIMIEN 3JIeKTPUUYeCKOM
CHJIBI, KOTOpas AeMCTBYyeT Ha Bech MHAYIIMPOBAHHBIN 3apsl OJHOTO
3HaKa.

2.80. HaiiTu sHepruio ynpyroro JUIOJA ¢ MOJAPHU30BaHHOCTHIO [3
(p = BgyE) Bo BHeIIIHEM 2JIEKTPUYECKOM I10JI€ C HAIIPSAXKEHHOCTEIO K.

2.81. HenonsspHaAa MoOJeKyJia C MOJAPU3YEeMOCTHIO 3 HAXOAUTCA
Ha OOJIBIIIOM PacCTOAHUU [ OT MOJAPHOM MOJIEKYJEI C 3JIEKTpUUe-
CKIM MOMeHTOM p. HaliTu MoAyJb CHUJILI B3aUMOAEHCTBUA 3TUX MO-
JIeKYJI, eCJN BeKTODP P OPMEHTHUPOBAH BAOJIb IMPSAMOM, IIPOXOAAINEN
yepe3 00e MOJIEKYJIBI.

2.82. Ha ocu TOHKOT0O paBHOMEPHO 3apsAKeHHOI'0 KOoJIbIla paguy-
ca R HaxoauTcsa HemoJsapHas MoJieKyJsna. Ha KakoM pacCcTOAHUU X
OT IIeHTpa KoJIbIla MoAyJb cuabl F, melicTBylomieil Ha JaHHYIO MO-
JIeKYJIY:

a) paBeH HyJI0; 0) MMeT MaKcHUMaJIbHOe 3HaueHue?

N300pasuTe NpUMepHBEINM rpaduk saBucumoctu F (x).

2.83. ToueuHslil CTOPOHHUI 3apAk ¢ HAXOAUTCA B IIEHTPE IIIapa
13 OJHOPOJHOIO AUAJEKTPHUKA C IIPOHHUIlaeMocThio €. HaliTu mossa-
pus3oBaHHOCTh P Kak (pyHKIIUIO pajuyca-BeKTOpa r OTHOCHUTEJbHO
IeHTpa IIapa, a TaKyKe CBA3aHHBIN 3apAk q' BHYyTpU cdepbl, paguyc
KOTOpPOH MeHbIIle pajuyca IIapa.

2.84. ToyeyHBIN CTOPOHHUU 3apAf ¢ HaXOLUTCA B IIEHTpE OUI-
JIEKTPUYECKOro IlIapa pajuyca a ¢ IPOHUIaeMOCTRIO g,. ITlap okpy-
)XeH 0e3rpaHUYHBIM AMBJIEeKTPUKOM C IIDOHUIIAEMOCTBIO &,. HaiiTu
MIOBEPXHOCTHYIO IIJIOTHOCTh CBSIBaHHBIX 3apAA0B Ha I'PaHUIle pasze-
Jla 3TUX OUIJIEKTPHUKOB.
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2.85. IlokasaTs, 4YTO Ha I'PAHUIE OJHOPOAHOIO AMIJIEKTPHUKA C
IIPOBOJHUKOM IIOBEPXHOCTHAA ILJIOTHOCThL CBA3aHHBIX 3apALOB
o=-c(e—-1)/¢g, Tme ¢ — AUBIEKTPUUECKAs IIPOHUIAEMOCTb, C —
IIOBEPXHOCTHAS IIJIOTHOCTH 3apsAA0B Ha IIPOBOJHUKE.

2.86. IIpoBOoAHMK NIPOM3BOJILHON (POPMBI, HMEIOIIUNA 3apsan
q = 2,5 MKkKJ, oKkpyXeH cj10eM OZHOPOLHOT'O AUSJEKTPHUKA C IPO-
HumnaeMocTtsio € = 5,0. HaliTu cymMMapHBIe IIOBePXHOCTHBIE CBS3aH-
Hble 3apAAbl Ha BHYTPeHHEN U HAPY KHOU IIOBEPXHOCTAX AUIJIEKT-
pHUKa.

2.87. B HexoTOpOi#l TOuKe A BHYTPU OLHOPOJHOTO AUIJIEKTPHUKA
C IUBJIEKTPUYECKOH IIPOHUIEMOCTHIO € = 2,5 IIJIOTHOCTHL CTOPOHHE-
ro sapazna p = 50 mKxa/m3. Haiitu B 2T0#i TOUKe IJIOTHOCTH CBA3aH-
HBIX 3apAfOB.

2.88. OgHOPOAHEIN AUBJIEKTPUK HMeeT BUJ chepUUYecKOro CJIOA
paguycoB a u b, npuueMm a < b. I306pa3uTs npuMepHble rpaduKu
MOZYJA HAIPAXKEHHOCTU 3JEeKTPUUeCKoro nouasa E u nmoreHnmuasaa ¢
KaK (GYHKIUHA pacCTOAHUA I OT I[eHTPa CUCTEMBI, €CJIU JUAJIeKTPUK
MMeeT IMOJIOXKUTEJNbHBIA CTOPOHHUM 3apdAj, paclpeleeHHBIN paB-
HOMEPHO:

a) 110 BHYTPeHHEN NOBEPXHOCTH CJOsA; 0) Mo o0beMy CJIOA.

2.89. B6imusu Touku A (puc. 2.11) rpaHu-

n Obl pasfejia CTEKJO0 — BaKyyM HaNpAXKeH-

Olo E, moCcTL »IEeKTpMYeCKOro moJass B BaKyyMe

~ A E,=10,0 B/M, npuueM yroJ MexXAy BEKTO-
7, pom E, m HOpMaJbI0O N K rpaHuUIEe paszea
e o, = 30°. HaiiTu HanpsaXeHHOCTL E monsa B

// CTeKJie BOJIM3Y TOUKHU A, YroJl o MEeXIy BeK-
Topamu E m n, a TakKe IIOBePXHOCTHYIO

Puc. 2.11 IJIOTHOCTh CBA3aHHBIX 3apAfOB B TOYKe A.

2.90. [IusjIeKTPUK C IPOHUIIAEMOCTHIO € 'PAHUYUT C BAKYYMOM.
Ha ero moBepxHOCTH MMEIOTCSA CTOPOHHUE 3apAAbI C IIJIOTHOCTBLIO G.
Y 1IoBepxXHOCTHU AUIJIEKTPUKA B BAKYyMe HAIIPAKEHHOCTE 3JIEKTPH-
YyecKoro moJd paBHa E, npuuem BeKTOp E cocraBisgeTr Takou yroJua 3
C HOPMAJIbIO K MMOBEPXHOCTU pasieiia, uTo JuHUU BeKTopa E He Tep-
AT U3JoMa IIPU Iepexoje rpaHUIlbl paszgena. Haiitu yroax 3. Ka-
KOB JOJI)KE€H OBITHL 3HAK G?

2.91. V njgockodl NOBEPXHOCTH OAHOPOAHOI'O AMABJEKTPHUKA C
IIPOHUIIAEMOCTBIO € HAIPSAKEHHOCTh 3JEeKTPUUECKOrO II0JIsI B BaKy-
yMe paBHa E,, npudem BekTop E, cocTaBaser yroia 8 ¢ HopMalbio K
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IIOBEePXHOCTU AudjJeKTpuKa (puc. 2.12). E,
Cuurasd 1mojie BHYTPU U BHE AUBJIEKTPUKA ——
OJHOPOIAHBLIM, HaWTH:

a) moToK BeKTopa E uepes chepy pa- I | ——>—1
nuyca R ¢ eHTpOM Ha IIOBEPXHOCTH OUD- \ R\ /

JIEKTPUKA; \ €

0) MuUpPKyaAnuio Bektopa D mo KoHTY-
py I' pnune! [ (cM. puc. 2.12), IJI0CKOCTH Puc. 2.12
KOTOPOr0 IEePIEeHANKYJISIPHA IIOBEPXHO-

CTH AU2JIEKTPHKa U NapajielbHa BeKTOpy E,.

2.92. BeckoHeuHO OoJIbIIAsA IIJIACTUHA U3 OJHOPOJHOIO AUIJIEKT-
pUKa ¢ IPOHUITAEMOCTBIO € 3apAKeHa PaBHOMEPHO CTOPOHHUM 3a-
pALOM ¢ 00'b€MHOM IIJIOTHOCTHIO p. Tonmuua miaactunsl 2d. HaiiTu:

a) MOAYJb HAIIPAKEHHOCTH 3JEKTPUUECKOTO II0JISI M IOTeHIIHAJ
KaK (YHKIIUM PAcCTOAHUA [ OT cepeAUHBI IJIACTUHBI (IIOTEHIIHAJ B
cepenuHe maacTUHEL @ = 0); B34AB och X NepHeHAUKYJIAPHO IJIACTHU-
He, 1300pa3suUThL IIpUMepHBIe TIpadUKH 3aBHUCHUMOCTEN IIPOEKIIHNHU
E (x) n morennuana @(x);

0) TIOBEPXHOCTHYIO 1 00'beMHYIO IIJIOTHOCTU CBSI3aHHOTO 3apsja.

2.93. CropoHHHE 3apAIbl PaBHOMEPHO paclpeleeHbl ¢ 00beM-
HO¥ ILIOTHOCTBIO p > 0 mo mapy pazuyca R u3 OJHOPOLHOTO M3OT-
POIHOTO AUABJIEKTPUKA C IIPOHUIaeMocThio €. HailiTu:

a) MOJyJIb HAINPAXKEHHOCTH 3JIeKTPUUYECKOTO IOJA KaK (PYHK-
IIUIO PACCTOSIHUSA I OT IIeHTpa Iapa; m300pasuTh IIpUMepHBIE I'pa-
¢duku saBucumocreir E(r) u o(r);

0) 00'beMHYIO 1 IOBEPXHOCTHYIO IIJIOTHOCTH CBA3aHHBIX 3apAH0B.

2.94. Kpyrasiii 1usjieKTpUYeCKU JUCK paguyca R v TOJMITUHBI d
MIOJIAPU30BaH cCmamuyecKku Tak, YTO IOJAPU30BaHHOCTh, paBHas P,
BCIOJly OZMHAKOBaA 1 BeKTOp P je)XuT B 1m1ockocTu aucka. Haitu Ha-
NpAXKeHHOCTE E 9JIeKTPUUYEeCcKOoro II0Jid B I[eHTPe AUCKA, ecau d < R.

2.95. IIpu HEeKOTOPBIX YCJIOBUAX MOJSIPU30BAHHOCTEL Oe3rpaHMUY-
HON He3apAXKeHHOM IIJIaCTUHBI U3 [AUIJIEKTPUKA UNMeeT BUJ
P = Py (1 — x%/d?), rge P, — BeKTOp, NePIEHAVKYISAPHbIN IJIACTH-
He, X — pPacCTOsIHHUEe OT CepPeAUHBbI IJACTHUHEI, d — ee IIOJIYTOJIII!-
Ha. HaliTu HanpsKeHHOCTh 3JEKTPUUYECKOro II0JII BHYTPHU IJacTHU-
Hbl ¥ PasHOCTh IIOTEHIIMAJIOB MEXXJYy €€ IOBEepPXHOCTAMH.

2.96. IlepBoHaYaJIbHO MPOCTPAHCTBO MEXKAY OOKJaAKaMM ILIOC-
KOTr0o KOHJIeHCcaTopa 3al0JJHeHO BO3AYXOM U HAIPSAKEHHOCTH 3JIEKT-
PHYECKOTI0 NoJIA B 3a30pe paBHa E,. 3aTeM II0OJOBUHY 3a30pa, Kak
IMoKaszaHo Ha puc. 2.13, 3aIOJHUJIN OJHOPOAHBIM AUIJIEKTPUKOM C
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1 2 €

2 €

Puc. 2.13 Puc. 2.14 Puc. 2.15

npoHUuIaeMocTbio €. Haiitu moxyaum BekTopoB E m D B 06eux uyac-
Tax 3a3opa (I um 2), eciu IIpU BBEJEHUU AUDJIEKTPHUKA:

a) HaIpsAKeHUe MeXXAy OOKJaAKaMu He MEeHSJIOCH;

0) 3apaabl Ha OOKJAaAKaX OCTaBaJNUCh HEU3MEHHBIMU.

2.97. PemuTs npefbIAYINYIO 3aZady C TEM OTJIUYMEM, UTO JU3-
JeKTPUKOM 3aloJHUJIN IIOJOBHUHY 3a30pa, KaK IIOKasaHO Ha
puc. 2.14.

2.98. IlosoBuMHaA IIpOCTpPaHCTBA MeXXAYy OOKJagKaMu cdepude-
CKOT0 KOHJeHcaTopa 3amojHeHa (puc. 2.15) o4fHOPOAHBIM AU3JIEKT-
PUKOM C IIPOHHUIIAEMOCTBHIO €. 3apAh KoHAeHcaTopa . Haiitu mo-
IyJb HAIPAXKEHHOCTH 3JIEKTPHMUYECKOIO IIOJA MEXXAy OOKJIagKaMK
Kak (YHKIIMIO PACCTOAHUHS I OT IleHTpa KOHJIeHcaTopa.

2.99. BHyTpu mapa u3 OJHOPOJAHOT'O AU3JEKTPUKA C IPOHUIae-
MocThbIo € = 5,00 co3zaH0 OZHOPOAHOE 3JIEKTPUUYECKOe II0Jie HaIlps-
skeaHoctu E = 100 B/m. Paguyc mapa R = 3,0 cm. Haittu makcu-
MaJIbHYI0 IIOBEPXHOCTHYIO IIJIOTHOCTH CBA3aHHBIX 3apsal0OB M II0JI-
HBIM CBA3aHHBIN 3apAh OSHOIO 3HaKa.

2.100. Toueunsl#i 3apAf ¢ HAXOAUTCA B BaKyyMe Ha pPacCTOIHUU
[ oT MJIOCKOM MOBEPXHOCTH OJHOPOLHOTO AUAJEKTPUKA, 3aIll0JHSIIO-
II[ero Bce IOJYIpPOoCTpaHCTBO. IIpoHMIIaeMOCTh AUIJIEKTPUKA E.
Haiiru:

a) IOBEPXHOCTHYIO IIJIOTHOCTh CBA3aHHBIX 3apAJOB KaK (DYHK-
IIUI0 PaCCTOSHUA I OT TOUEUHOIO 3apdAja q;

0) cyMMapHBIA 3apsAj Ha MOBEPXHOCTH AUAJIEKTPUKA.

2.101. Bocnosp30BaBIINCH YCJIOBMEM M PEIIeHNEM MIpeabIayIeit
3aauyy, HalTHU MOAYJb CHJIBI, NEHCTBYIOIIEel Ha 3apfAf ¢ CO CTOPO-
Hbl CBA3AHHBIX 3apsAJ0B Ha IOBEPXHOCTH IMAJIEKTPUKA.

2.102. ToueuHbI#l 3apAl ¢ HAXOAUTCA HA IIJIOCKOCTU, OTAEJISAIO-
el BaKyyM oT 0e3rpaHMYHOI0 OJHOPOAHOT'O M30TPOIHOTO AUIJIEK-
TPHUKa ¢ NpoHUIaeMocThio €. Haitu moayau BekTopoB D u E u mo-
TEeHIIUaJ ¢ KaK (PYHKIIUU PacCTOAHUA I' OT 3apAja q.

2.103. Heb6oupmioil IpoBOAAIMN IIApUK, MMEOIIUNA 3apan ¢,
HaXOJUTCA B OAJHOPOAHOM H30TPOIHOM AUIJIEKTPHUKE C IIPOHUIAE-
MOCTBIO € Ha PacCTOAHUM [ oT 0e3rpaHUYHOM IJIOCKOCTH, OTHEJISIO-
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mied AU3JEKTPUK OT BaKyymMa. HaliTu mMOBepPXHOCTHYIO IIJIOTHOCTD
CBA3aHHBIX 3apAJOB Ha I'PAaHUIE JUIJEKTPUK — BaKyyM KaK (pyHK-
IO PACCTOAHUSA r OT Imapuka. McciaenoBaTh NOJYyUYEeHHBIN Pe3yJIb-
rat npu I — 0.

2.104. ITonryupocTpaHCTBO, 3al0JHEHHOE OJHOPOAHBIM M30TPOII-
HBIM JIH3JEKTPHUKOM C IPOHMUIIAEMOCTBIO €, OrPAHMYEHO IIPOBOMA-
e miaockocThio. Ha paccTosHuM [ OT 3TO# IIJIOCKOCTU B AU3JIEKT-
PUKe HaXOAUTCA HeOOJBIION MeTaJJIMYeCKHil HIapuK, MMEIOIIUHi
3apaz q. HaiiTu moBepXHOCTHYIO MIJIOTHOCTH CBA3AHHBIX 3apALO0B Ha
TPaHUIlE C IIPOBOAAINENH MJIOCKOCTBHIO KaK (PYHKIIUIO PACCTOSHUSA I
OT IIIapHKa.

2.105. IlnacTuHKaA TOJMIMHBI A M3 OSHOPOTHOTO CMaAMmMuiecKu
MMOJIAPM30BAaHHOIO AUAJEKTPHUKA HAaXOAUTCA BHYTPH ILIOCKOIO KOH-
JleHcaTopa, OOKJaJAKM KOTOpPOTO COoenu-

HEeHbI MeXXay coboil mpoBogHuKoMm. Ilo-

JAPU30BAHHOCTb AWYJEKTPUKa paBHa P | | \P | 1h d
(puc. 2.16). Paccroanue Mexxgy oOKJIaz-

KaMu KoHZeHcaTopa d. HailiTu BeKTOpEI Puc. 2.16

E u D BHyTpM ¥ BHe ILIACTHUHBI.

2.106. [OIuHHBIN AUBJIEKTPUYECKUN IIUJIUHAP KPYIJIOTO ceue-
HUSA IIOJIAPU30BaH TakK, 4TO BeKTOp P = ar, rage oo — MIOJOXKUTEJIb-
Had IOCTOAHHASA, r — paccTodgHue oT ocu. HaiiTu 06'beMHYIO ILIOT-
HOCTH p' CBA3aHHBIX 3apAJ0B KaK (yHKIIUIO PACCTOAHUA I' OT OCH.

2.107. [IusieKkTpuyecKU MIap MOJAPU30BaH OAJHOPOLHO U CMa-
muyecku. Ero nonapusoBanHocTh paBHa P. Imeda B Buay, 4To mak
MMOJIAPM30BaHHBIN IIIap MOYKHO IIPEACTABUTHh KaK pPe3yJbTaT MaJioro
CABUIa BCEX MOJIOKUTEJbHBIX 3aPAN0B IUAJIEKTPUKA OTHOCUTEJIBHO
BCEX OTPUIIATEJbHBLIX 3apAN0B:

a) HaliTU HaNpAKeHHOoCcTh E mossa BHyTpu Iapa;

0) MoKasaTh, YTO II0JIe BHE IlIapa ABJAETCA II0JIeM AUIIOJA U IIO-
TeHIUAJ IOoJA ¢ = por/4nsor3, rae p, — 9JeKTPUYECKUN MOMEHT
mapa, r — pacCTOAHUE OT ero IeHTpa.

2.108. B ogropogHOe ayieKTpudecKoe noJe E, momecTunau omgHo-
POAHBIN AU3JeKTpUdYecKUU map. IIpu sTux yciloBuAX LUIJIEKTPUK
noaapusyetrca ogHopoaHo. Halitu manpsaxkeHHocTh E mosnsa BHyTpu
mapa U IMOoJISPU30BAHHOCTE P AWaJIeKTpHUKa, IPOHUIIAEeMOCTh KOTO-
poro €. Bocmosb3oBaThCcs pes3yJbTaTOM NpPeAbIAYINEed 3amadu.

2.109. [IBa ogMHAKOBBIX HEOOJBIINX OJHOMMEHHO 3apsaKeHHBIX
mIapyuKa IoJABeIlleHbl Ha N30JIMPYIOIINX HUATAX PAaBHOU AJIUHEI K OJ-
HOol TouKe. IIpu 3anostHeHUU OKpysKaloliell cpeibl KeEPOCMHOM YyTI'0JI



96 Yactp 2. 9JIeKTPOMAarHeTU3M

pacxo)KIeHnsA HUTel He m3MeHMJIcsA. HaliTu nJIOTHOCTE MaTepuaJa
IITapUKOB.

2.110. Ha paccTosHUU r OT TOUYEUHOTrO 3apdAja ¢ PAacIoJIOXKeH
TOHKHUHN OUCK W3 AUIJIEKTPHKA C IIPOHUIAeMOCThIO €. O0beM AUCKa
V, ero och mpoxomut uepesd 3apan ¢q. Cumras, 4To paguyc AUCKa
3HAUNTEJBLHO MEHBIIIe I, OIEHUTL CHJIYy, AEHCTBYIOIIYIO Ha JIHCK.

2.3. IJIeKTPOEeMKOCTh. JHEPIUA IJIEKTPHMIECKOIO ITOJIA

[ ] EMROCTI: IIJIOCKOIr0 KOHJOeHcaTopa:
C = egpS/d. (2.3a)
[ ] BHepI‘I/IH BBaPIMOIIefICTBHH CHACTEMBI TOYEUYUHBIX BapH,ZIOB:
_1
W =524:9;. (2.36)

e IlosHasA sJMeKTpUUECKAs dHEPIUs CHUCTEMBI C HEIIPEPLIBHBEIM pacIpeieieHrueM
3apazna:

w =%I(ppdV.

(2.38)
o JlonHasa sieKTpUYeCKad DHEPTUSA JBYX 3apAXKEHHBIX TeJ:
rae W, u W, — cobGcTBeHHBIe 3Hepruu Tena, W, — 5Heprus B3aUMOAENCTBUA.
e OHeprus 3apsAKeHHOT0 KOHJeHcaTopa:
U q¢®> cUu?
W = q = q = .
2 2C 2 (2.3m)
e II/IOTHOCTE BHEPTrUU 3JIEKTPUYECKOIr0 IOJA:
b= ED egyE 2
2 2 (2.3¢)

2.111. HaiiTu eMKOCThL IIapoOBOT'0 IIPOBOAHUKA pajguyca
R, = 100 MM, OKPY>XeHHOI'0 IIPUJIETalIIUM K HeMy KOHIleHTpHUdYe-
CKUM CJIOEM JIM3JEeKTPUKa IpoHUIaeMocTu € = 6,0 m HapyXHOro
paguyca R, = 200 mm.

2.112. K manps:xenuio U = 100 B moaxIounamn mocjaesoBaTe Ib-
HO JBa OJMHAKOBBLIX KOHJIEHcaTopa, KaXAblil eMKocTu C = 40 nd.
3aTeM OOWH M3 HUX 3allOJHUJIN JIUIJIEKTPUKOM IIPOHUIIAEMOCTHU
e = 3,0. Bo CKOJIBKO pa3 yMEHBIINJIACh HANIPAXKEHHOCTL 3JIEKTPU-
YeCKOro moJiA B 3TOoM KoHAeHcatope? Kakoit sapanx mpoiiaerT B
nemu?
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2.113. IIpocTpaHCTBO MEXXAy OOKJaAKaMHU IIJIOCKOTO KOHIEeHca-
TOpa 3aI0JHEHO II0CJEeJ0BATEJIbHO ABYMA AUIJIEKTPUUECKHUMHU CJIO-
AMu 1 u 2 TONUHLL d; U d, 1 IPOHUIIAEMOCTH &; U &,. Ilmomans
KakJo¥M oOKJagku paBHa S. Haiitu:

a) eMKOCTh KOHJIeHCATOopa;

0) IIJIOTHOCTH G’ CBSIBaHHBIX 3apAJOB Ha I'PaHHUIlE pasziesa CJIOEB,
ecJU HaNOpsiKeHHe Ha KoHAeHcaTope paBHO U U 3JIeKTpHUUYECKOe
IoJie HaIpaBJeHO OT cjos I K cJyoio 2.

2.114. 3a3op MexIy OOKJIaAKaMHU IIJIOCKOTO KOHJEeHcaTopa 3a-
IIOJIHEH OUA3JIEeKTPHUKOM, IPOHUIIAEMOCTh KOTOPOTO MEHAETCA B IIep-
MeHAUKYJAPHOM OOKJIaJZKaM HaIpaBJIe€eHHHM — pacTeT JHUHEHHO OT
€, A0 &,. Ilmomane Kakg0M OOKJIALKU S, paCCTOAHNE MeXKIy HUMU
l. Ha#iTu:

a) eMKOCTh KOHJIeHCAaTopa;

0) 00'beMHYIO IJIOTHOCTEL CBA3AHHBIX 3apAJOB KaK (PYHKIIUIO €,
ecJIiz 3apal KoHAeHcaTopa ¢ u nmoJie E B HeM HanmpaBJIeHO B CTOPOHY
BO3pacTaHUs E.

2.115. HaiiTu eMKOCTL c(hepruecKOoro KOHJIEHCATOpa, PaguyChl
00KJIaJOK KOTOpOTIo a u b, mpuuem a < b, ecIu IPOCTPAHCTBO MEXK-
Iy OOKJaJKaM! 3aIl0OJTHEHO AUAJIEKTPUKOM:

a) IIPOHUIIAEMOCTH E&;

0) IPOHUITaeMOCTh KOTOPOI'0 3aBUCHUT OT PACCTOAHUA I JO IIeHT-
pa KOHIeHcaTopa KakK &€ = o/r, rie o — IOCTOSHHAas.

2.116. To ke, 4TO U B IpeALIAYyIIEeH 3agaue, HO KOHAEHCATOP ITU-
JUHIAPUYECKUN NJUHBI [ 1 B MyHKTe 0) r — pacCcTOsTHUE 0 OCH CHC-
TeMbl. KpaeBeiMu agpeKTaMu npeHeOpeUb.

2.117. HaiiTu eMKOCTh c(heprUUeCcKOT0 KOHJEeHcaTopa, paguyChl
BHYTPeHHE!l M BHeIIHeN OOKJaJOK KOTOPOro paBHEI a u b, eciu
IIPOCTPAHCTBO MEXKAYy OOKJIaJKaMH 3alloJHEeHO HAaIIOJIOBUHY (CM.
puc. 2.15) ogHOPOAHBIM AMBJIEKTPUKOM IPOHUIIAEMOCTHU €.

2.118. /IBa AJIWHHBIX IPAMBIX IIPOBOJA OAWHAKOBOIO pajmyca
CeueHUusd a PacIoJoKeHbI B BO3JyXe IlapaJjljieJIbHO ApPYyTr aApyry. Pac-
CTOAHMNE MEXJIy UX ocaMu paBHO b. HaliTu B3auMHYI0 eMKOCTE IIPO-
BoZioB C; Ha eJUHUIly UX JJIMHBI IPU YCJIOBUM 4 < b. Beruuciauts
C,, ectn a = 1,00 mm 1 b = 50 mm.

2.119. [iuHHBIM NOPAMON NOPOBOJ PACIIOJIOXKEH IIapaJieslJbHO
MIPOBOAAIIEHN IIJIOCKOCTH. Paguyc ceueHUs IIPOBOJA a4, PACCTOAHUE
MeJKJy OChIO IIPOBOJA U IIPOBOASAIIEN IJIOCKOCTRIO b. HaiiTu B3auM-
HYIO eMKOCTB 3TOH CHCTEeMbl Ha eJUHUILY AJUHBI IIPOBOAA IIPU YCJIO-
BUH a < b.
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2.120. HaiiTu B3aMMHYIO0O €MKOCTEL CHUCTEMBI M3 JIBYX OJMHAKO-
BBIX METa/LIMYECKUX IIIapuKOB pajuyca @, pacTOSHUE MeXXIy IeHT-
paMu KoTopheIX b, mpuueM a < b. Cucrema HaxoguTCA B OZHOPOJ-
HOM JAU3JIEKTPUKE NPOHHUIIAEMOCTH E.

2.121. OnpeneauTh B3aMMHYI0O €MKOCTL CHCTE€MbI, KOTOpas CO-
CTOUT M3 METAJJINYECKOIo IIapuKa pajuyca a ¥ IPOBOAAIIEH ILJIoC-
KOCTH, OTCTOSIIEH OT IleHTpa IIapuKa Ha paccTosdHue [, Ipu ycJo-
BN a < [.

2.122. HaliTu eMKOCTh CHCTEMEBLI OJMHAKOBBIX KOHIEHCATOPOB
MeXXay ToukaMu A m B, KoTopas IIOKa3aHa:

a) Ha puc. 2.17;

0) Ha puc. 2.18.

C, A -
-, BRI

Puc. 2.17 Puc. 2.18

2.123. YeTslpe ogMHAKOBBIE MeTaJJIHMUYECKHE IIJIACTUHEI PacIIo-
JIOKeHBI B Bo3ayxe Ha paccrosHuum d = 1,00 mm apyr or apyra.
IInomanp Kaxnoi miaacTuasl S = 220 cm2. HaiiTu eMKoOCTh cucTe-
MBI MEXXJY TouKaMu A m B, ecJu ILIACTHHBI COeAUHEHELI TaK, KakK
IIOKa3aHo:

{ oA { 0 A

o B °B

Puec. 2.19 Puc. 2.20

a) Ha puc. 2.19; 6) ma puc. 2.20.

2.124. Konzgencarop emxoctu C, = 1,0 Mk® BbIZepXUBaeT Ha-
npsxxeHue He Oonee U; = 6,0 kB, a KoHzeHcaTop eMKOCTH
C, = 2,0 MK® — He 6osee U, = 4,0 kB. Kakoe HanpaXeHne MOXeT
BBIJIEPIKATh CHCTEMAa M3 9TUX JBYX KOHAEHCATOPOB IIPU IIOCJIEL0BA-

TeJILHOM COeLUHEeHUHn?

2.125. B cxeme (puc. 2.21) maitu

C, i |

©
|
J_ J_ J_ PasHOCTb IOTEHIIMAJIOB MeXJy TOYKa-
C. mMu A u B, ecau 9J1C € =110 B u oTHo-
T T B menune emrocreit C,/Cy = n = 2,0.

Pue. 2.21
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2.126. HaiiTu eMKOCTh 6eCKOHUHOM o—] }QAL_{ |Q,_| |Q_ L

Ileny, KoTopas o0pa3oBaHa IIOBTOPEHUEM
OZHOT'O M TOTO )K€ 3Be€Ha M3 JBYX OJHHA- =

KOBBIX KOHAEHCATOPOB, KaXKJbIil eMKOCTH 1—0 ¢ ¢
C (puc. 2.22). © ' -
Puc. 2.22

2.127. B HekoTopo#l menu mMeercs ydacTok AB (puc. 2.23).
91C £=10 B, C; = 1,0 mx®P, C, = 2,0 A z B
MK® 1 DPa3HOCTb IOTEHIUAJIOB @, — Qg = —
5,0 B. HailiTu Hanps'KeHHe Ha KaKIOM G, C,
KOHJIeHCcaTope. Puc. 2.23

2.128. B cxeme (puc. 2.24) HaiTu Ha-
IIpaBJIEeHNE 3JIEKTPUUECKOrO I0JA B KOHAEHCATOPAaX U HAIPAKEeHUA
Ha HUX, ecau &, =10B,&,=15B, C; =4,0 Mk® u C, = 6,0 Mmx®.

2.129. HaiiTu pasHOCTBb IOTEHIIUAIOB @, — Pp MEXKAYy TOUKaMu A
u B cucrembl, MOKa3aHHOM:

a) Ha puc. 2.25; 6) Ha puc. 2.26.

e a4 G a4 G
1 || | _L 1
B
&= =& |ao—| IT T Cs
1 1 A |——|
e, & &' B 4
Puc. 2.24 Puc. 2.25 Puc. 2.26

2.130. Kongencarop emxoctu C; = 1,0 Mx®, 3apAXeHHBIA [0
Hanpsxkeaus U = 110 B, noax/ounan mapajjaejbHO K KOHIIAM CH-
CTEeMBLI M3 JBYX IIOCJIEJOBATEJIbHO COEJMHEHHBIX KOHJEHCATOPOB,
eMKOCTH KOTOpeiX C, = 2,0 MKDP u C; = 3,0 MmKk®P. Kaxon sapan
IIPOTEUET IIPHA 9TOM II0 COEAMHUTEJLHBIM IIPOBOAAM?

2.131. Kakue 3apsaabl IPOTEKYyT IIOCJIE
3aMBIKaHUA KJaioua K B cxeme (puc. 2.27) K/ ”C1
yepe3 ceuenuda I m 2 B HaIpaBJIeHUAX, J_ J_ 1

& C, -

YKa3aHHBIX CTpeJKaMu? »
2.132. B cxeme (puc. 2.28) & = 60 B, | ’ - &

C,=2,0 Mk® u C, = 3,0 Mmx®P. HaliTu 3a-

pPAILI, KOTOPLIE IIPOTEKYT IOCJEe 3aMbIKa- 1 2

HusA Kaoua K depesd ceueHuda I u 2 B Ha- Puc. 2.27
IIpaBJeHUAX, YKa3aHHBLIX CTPEJIKaMMU.
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Do

>
|—<

|

Puec. 2.28 Puc. 2.29

2.133. HaiiTu eMKoOCTb CXeMbI, IIOKa3aHHON Ha puc. 2.29, Mex-
oy ToukamMu A u B.
2.134. Tpu »dJeKTpPoHa, HaAXOAUBIINXCA Ha PaCCTOSHUU
a =10,0 MM apyr or Aapyra, HadyajJu CHMMETPHUUYHO pasjieTaThCHA
ImoJ, JelcTBMEeM B3aMHOTI0 OTTaJKuBaHudA. HaliTu mx mMakcuMab-
HbIe CKOPOCTH.
2.135. OmnpeneauTs CyM-

qr“"lq qr“",_q qr“",q MAapHYIO BHEePTUI0 B3auMO/el-
| | | | | | CTBUA TOYEUHBLIX 3apAMO0B,
qé-—-—+q —qi————bq —qé————4—q DACIOJIOXKEHHEIX B BEpPIIMHAX

KBaJpaTa CO CTOPOHOM a B CH-
cTeMaX, KOTOphbIe IIOKAa3aHBI
Ha puc. 2.30.

2.136. ToHKUM CcTep’KeHb AJUHBI [ paclmoJio’KeH II0 OC TOHKOTO
KoJIbIlla pazuyca R Tak, 4TO OJMH ero KOHeIl COBIAJaeT C IeHTPOM
O xonbna. Kosblo u cTepKeHb MMEIOT 3apAALL ¢, U ¢, IpUYEeM JIH-
HellHas IJIOTHOCTL 3apsAla Ha CTep’KHe U3MeHseTCs BAOJIb Hero Jiu-
HellHO, HaumHasd ¢ HyJad B Touke O. HaiiTu sIeKTprUUecKyio sHep-
THUIO B3aMMOJEMCTBUA KOJbIIA CO CTEpPKHEM.

2.137. ToueuHbIll 3apAk ¢ HAXOAUTCA Ha PACCTOSHUM [ OT IPOBO-
asamie miaockoctu. Hawntu:

Puc. 2.30

a) YHEePruio B3aUMOAEHCTBUSA 3TOr0 3apdAja C 3apsagaMu, UHAY-
IV POBAaHHLIMU Ha ILJIOCKOCTU;

0) cCOOCTBEHHYIO 3HEPTUIO 3apALOB Ha ILJIOCKOCTH.

2.138. Il1ockuit KOHAEHCATOP, ILJIOIIAAb KaXKI0N IJIaCTUHBI KO-
Toporo S = 200 cm? u paccTogHue Mexay HUMH d = 5,0 MM, IToMec-
TUJX BO BHEIIHee OJHOPOAHOE BJJIEKTPUYEeCKOoe IIojie C
E = 1,30 xkB/cMm, nepneHANKYJAAPHOE IJIaCTUHAM. 3aTeM ILIACTUHBI
3aMKHYJM IIPOBOLJHUKOM, IIOCJIE Yero NPOBOAHUK yOpasu U KOH-
JeHcaTop mepeBepHysn Ha 180° BoKpyr ocu, ImepreHAUKYJIAPHOMN
HalpaBJIeHUIO IoJiss. HaliTu coBepIIeHHYIO IPHU 3TOM paboTy IIpo-
TUB BJIEKTPUYECKUX CHJI.
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2.139. Kongencarop emxoctu C; = 1,0 Mk®, 3apaKeHHBINA 10
Hanps:xkeHusa U = 300 B, nogkaounin napajjieJbHO K He3apsaKeH-
HOMY KoHJeHcaTopy eMKocTu C, = 2,0 MmKk®. HaiiTu npupaimeHnue
BJIEKTPUUYECKON DSHEePruy CHUCTEMbI K MOMEHTY .

yCTaHOBJIeHUA paBHOBecus. OObACHUTE IIOMTY- | J_ |
YeHHBbIN pe3yJbTar. - ¢ C —C
2.140. CKOJBKO TeIJIOThI BBIJEJIUTCS IIPU
NepekJIuYeHnn Kiaoua K u3 mojgoxxkeHus I B | 1
HOJIOJKeHMe 2 B LeNH, IMOKa3aHHOM: 1 2
a) Ha puc. 2.31; 6) Ha puc. 2.32. 1|
2.141. CucremMa COCTOUT M3 ABYX KOHIIEHT- &
PUYECKUX TOHKHX MeTaJJIMYeCKUX 000JI0UeK Puc. 2.31
¢ paguycamMu R, u R, 1 COOTBETCTBYIOIMMU C K
3apAfaMu ¢, 1 q,. HailTu cob6cTBeHHYIO 9HED- —| |—?—>§
ruto W, u W, Kaxaoi o00JI0YKH, 3HEPTHUIO P
B3auMogeiicteua W, 000704eK U IOJHYIO
3JIEKTPUUECKYI0 sHepruio W cucTeMbl. - —
2.142. Bapan q pacrupefeleH paBHOMEPHO & &,
mo oobemy mapa paazuyca R. Cuuras npoHU- Puc. 2.82

IIaeMoCTh € = 1, HaWTH:

a) CoOOCTBEHHYIO 3JIEKTPHUECKYI0 3HEpruio Iapa;

0) oTHOIIeHUe 3Hepruu W, BHyTpu mapa K sHepruu W, B OKpy-
JKaloIeM IIPOCTPaHCTBeE.

2.143. Toueunsiii 3apag q = 3,0 mkKa HaxoguTca B meHTpe Ia-
pOBOrO CJIO U3 OJHOPOAHOIO JAUWAJEKTPUKA IMPOHUIIAEMOCTH
€ =3,0. BrHyTpemHuii paauyc caosa a =250 MM, BHEIIHUH
b = 500 mm. HaiiTu 3JI€eKTPHUUYECKYIO DHEPruio B JAaHHOM CJOe€.

2.144. HaiiTu 5Hepruio 3JIeKTPUUYECKOT0 IOJIA TOUEUHOT'0 3apAia
g B IyCTOM HOJIYIPOCTPAHCTBE, KOTOPOEe OIPAaHUYEHO ILJIOCKOCTHIO,
OTCTOAIIEN Ha paccToAHHE a OT 3apdAja.

2.145. ChepruecKkyro 060j0uKy pasuyca R;, paBHOMEpDHO 3apd-
KeHHYIO 3apdaJioM ¢, pacliupuiau go paguyca R,. Haiitu pabory,
COBEPIIEHHYIO IIPH 3TOM 3JIEKTPUUYECKUMMU CHJIaMU.

2.146. B nenrpe chepuueckoi 060JI04KM, pPABHOMEPHO 3apsKeHHOMN
sapagoM g = 5,0 MmkKu, pacnonoxen TodeuHslii 3apaz g, = 1,50 MmxK.
Haiitu paboTy 5JeKTpHMYEeCKUX CHUJI IIPU PacCIIMPEeHUN OOO0JOUYKU —
yBelIMuyeHUn ee paguyca oT R; =50 mm go R, =100 mm.

2.147. Chepuueckasa o60J0UKa 3apsarKeHa paBHOMEPHO ¢ IIOBep-
XHOCTHO# IJIOCTHOCTBIO G. BOCHOJB30BaBIINCHL 3aKOHOM COXpaHe-
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HUA 9HEPIruy, HAMTH MOAYJIb 9JIEKTPUUYECKOM CHUJIBI Ha €SUHUILY IIO0-
BEPXHOCTH ODOJIOUKH.

2.148. ToueuHbI} 3apAn ¢ HaxoauTcA B neHTpe O chepruecKoro
He3apsAKeHHOT0 IIPOBOAAIINErO CJIOS C MaJIbIM OTBEPCTHEM BHO0JIb
paguyca. BHyTpeHHU#I ¥ BHENIHUHA pagUycChl CJI0s PAaBHBI COOTBET-
cTBeHHO a u b. Kakyio paboTy HaJ0 COBEPIINTHL IPOTUB 3JIEKTPUUe-
CKUX CHJI, UTOOBI MeJJIEHHO mepeHecTH 3apAn q us Touku O Ha Oec-
KOHEUYHOCTh?

2.149. NmeeTca IJIOCKHII BO3AYNIHBIA KOHIEHCATOP, ILJIOIIALbL
KayKJI0i 00KJIagKM KoToporo paBHa S. Kakyio paboTy IpOTHUB 3JIeK-
TPUUYECKUX CHUJ HaJ0 COBEPIINTh, UTOOBI YBEJUUYUTH PaCCTOAHUHE
MeXKAy OOKJIaZKaMH OT X, [0 Xy, €CJIM IIPU 3TOM IOJJep:KUBaTh He-
U3MEHHBIM:

a) sapdAj] KOHJeHcaTopa (¢;

0) Hamps)KeHMe Ha KoHAeHcaTope U?

2.150. BHyTpHM IJIOCKOro KOHAEHcaTopa HAaXOAUTCS IIapaJijielb-
Had oOKJIaJKaM IlJJacTHUHAa, TOJIIIUHA KoTopo# cocraBiser N = 0,60
paccToAHUA MeXXIy oOKJaaKamMu. EMKoCTh KOHZeHcaTopa B OTCYT-
ctBue maactuHbl C = 20 u®. KoHaeHcaTop cHavajia IMOAKJIIOUYNINA K
HCTOUYHUKY mocTossHHOT0 Hanpsaxxenus U = 200 B, 3arem oTKI0UYn-
JIX ¥ TIOCJIE 3TOTr0 MEAJIEHHO M3BJIEKJH IIJIaCTUHY U3 3a3opa. HaiTu
paboTy, COBEPIIEHHYIO IIPOTHUB 3JIEKTPUUYECKUX CHUJI IIPU U3BJIEeUe-
HUY ILJIACTHUHBI, €CJH OHa:

a) MeraJiudyecKasd; 0) CTeKJSIHHad.

2.151. IInockuii KOHZEHCATOP, PACCTOSIHME MEKJYy IJIacCTHHAMU
Kotoporo d = 1,0 MM, OIIyCTUJIN B TOPHU30HTAJIBHOM IIOJIOXKEHUU B
BOJY, KOTOpas IeJUKOM 3aIloJIHUJA ero. 3aTeM KOHIeHCATOp IOJ-
KJIOUNJIN K IocTossHHOMY HanpskeHuo U = 500 B. Haiitu npupa-
II[eHNe AaBJEeHUSA BOAbLI B KOHJAEHCATOPE.

2.152. Ilnmockuii KOHIEHCATOP PACIOJ0KEeH MOPU30HTAJIbHO TaK,
YTO OJHA ero IJIaCTMHA HaXOAHUTCS HaJ IIOBEePXHOCTBIO JKHUIKOCTH,
Jpyrasgd — IIOA ee MOBEPXHOCThIO. [WajieKTpuuecKadA NPOHUIIae-
MOCTB KHUIKOCTH €, €e IJIOTHOCTD p. Ha KaKyio BbICOTY IOLAHUMETCA
YPOBEHb *KUAKOCTH B KOHAEHCATOPE IIOCJIe COOOIIeHNA ero ILIacTU-
HaM 3apfAja C IOBEPXHOCTHOM IIJIOTHOCTBIO G?

2.153. B nmuauHApUYECKNI KOHAEHCATODP BBOAAT AJMHHBIA ITU-
JUHAPUYECKUN CJION OMAJIEKTPUKA IIPOHUIIAEeMOCTH €, 3alOJHAIO-
IIUH IPaKTUYEeCKU Bech 3a30p MeXxay oOkaankamu. CpegHuil pajgu-
yc oOkJIazox R, 3aszop mMexnay Humu d, npuueM d < R. OOKJIagxu
KOHJeHCaTopa IIOAKJIOYEeHbI K MCTOYHHUKY IIOCTOSSHHOTO HAIIpAXKe-
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Husa U. HaliTu MoayJb 5JIEKTPUYECKON CHJIbI, BTATUBAIOINEN IUI-
JIeKTPUK B KOHJIEHCATOP.

2.154. KonzeHcaTop COCTOUT M3 ABYX HENOABUIKHBIX ILJIACTUH,
nMeIoIux GopMy moJayKpyra paguyca R, 1 pacIloJIOXKeHHOH MeXIy
HUMM NOABUXKHOM ILJIACTHUHBI N3 OUIJIEKTPUKA
IIPOHUIIAEMOCTHU €, KOTOpas MOXKEeT CBODOOIHO
nmoBopaumBaThbcsa BOKpyr ocu O (puc. 2.33). Tour-
ITHA MOABM)KHOM IIJIAaCTHUHEI d, UTO IIpaKTHUe-
CKM PaBHO PACCTOAHUIO MEXKJY HENOABUKHBIMU
mi1actTuHaMu. KongeHcaTop MoagepKUBaIOT IPHU
IMocTOTHHOM Hanps:xkenuu U. Hayitu mopmyib Puc. 2.33
MOMEHTA CHUJI OTHOCHUTEJbHO ocu O, neicTBYIO-

X Ha NOABUXKHYIO ILIaCTHUHY B IIOJIOMKEHUMH,
IIOKa3aHHOM Ha PHCYHKe.

2.4. dJIeKTPUYECKUH TOK

e 3akoH OmMa OJs1 HEOAHOPOAHOrO yYacTKa IIelu:
I=U.y/R= (9, — 93 + &15)/R, (2.4a)

rage U,, — nafeHue HaANPs'KeHUA Ha AAHHOM ydYacTKe.
e 3axkon Oma B guddepeHIIMaAIbLHON (hopme:

j=o(E + E), (2.46)
rge E° — HaImpsAyXeHHOCTH IOJISA CTOPOHHUX CHII.
e IIpaBuia Kupxroda:
21, =0, 2R, = 2&,- (2.43)

e MoimmHocTs TOKa P u TemioBass MOIIHOCTL @:
P=UI = (¢, — ¢ + &I, Q = RI°. (2.4r)
[ ] y,[[eJII:HaH MOIITHOCTH TOKa Pyzl U yaeJibHasg TeIlJiIoBasd MOIIHOCTB TOKa Qyn:
P, =iE+E), Q,=pi (2.4m)
e IlmoTHOCTE TOKa B MeTaJje:
j = enu, (2.4e)

rge U — CpeaHAA CKOPOCTH HOCHUTEJIEH.
e Yucio MOHOB, PEeKOMOMHHPYIOIINX 3a €IUHUIlY BPEMEHU B eIUHUIIE 00beMa
rasa:

n,=rn?, (2.4x%)

rae r — Ko3(PUIIMEHT pPeKOMOMHAIIWH.
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2.155. [InvHHBIA paBHOMEDHO 3apAKEeHHBIA II0 IOBEPXHOCTU
OUInHAP paguyca a = 1,0 cM aBHXKeTcA cO cKopocThio U = 10 Mm/c
BIOJIb CBoel ocu. HampsA)KeHHOCTH 3JIEKTPUUYECKOTO II0JIS HeIlo-
CPeACTBEHHO y IoBepxHocTU nuauHapa E = 0,9 kB/cm. Haiitu Tok,
00yCJIOBJIEHHBIA MeXaHWUYEeCKUM IIepeHOCOM 3apsza.

2.156. Bosaymiaelii IUIXHIPUUYECKHN KOHJAEHCATOP, IIOIKJIIO-
YeHHBINM K MCTOYHMKY HanpsxeHus U = 200 B, morpy:kaioT B Bep-
TUKAJbHOM IOJIO’KEHUU B COCYJ C AUCTUJIMPOBAHHOU BOJOM CO CKO-
pocteio U = 5,0 MM/c. 3azop MexAy OOKJIagZKaMu KOHJIeHcaTopa
d = 2,0 MM, cpenguuil pagumyc ookgagoxk r = 50 mm. mea B Bupy,
yTo d < r, HaTH TOK, TEKYIIUH II0 IIPOBOASAIINMM IPOBOLAM.

2.157. HaiiTu conpoTUBJIEHHE IIPOBOJOYHOIO0 KapKaca, NHMeIoIIe-
ro ¢opmy Kyba (puc. 2.34), mpu BKJIIOUEHUUN €ro B IIeNlb MEXIY
TOUYKaMU:

a) 1—7; ©0) 1—2; B) 1—3.

ConpoTuBjeHHEe KaXJIOoro pebOpa KapKaca paBHO R.

2.158. IIpu Kakom conpoTuBieHun R B nenouke (puc. 2.35) co-
IIPOTUBJIEHUE MEXKAY TOUuKaMu A 1 B He 3aBHUCUT OT YHCJA A4eeK?

g 7 2R 2R 2R 2R
2 3 A —-
5 8 R|| R|| R R R,
1 4 Be -
Puc. 2.34 Puec. 2.35

2.159. Ha puc. 2.36 nokazaHa 0eckoHeuHas Ilelb, 0Opa3oBaH-
Had IIOBTOPEHMEM OJHOIO M TOro Ke 3BeHa — COIIPOTUBJIEHUH
R, =4,0Om u R, = 3,0 Om. HaiiTu conpoTuBiieHNe MeXAy TOUYKa-
mMu A u B.

2.160. NmeeTca Oe3rpaHUYHaA IIPOBOJIOYHAA CETKa C KBaJapar-
HpIMU sueiikamu (puc. 2.37). ConmpoTuBIieHNE KaXXJOr0 IPOBOIH-
Ka MeXXay cocelHMMH ysnamu paBHO R,. Haiitu conporusnenue R
BTOM CeTKHU MexXAy ToukKaMu A u B. YkazaHue: Bocnmoas3oBaTsca
NPUHIIUIAMUA CUMMETPUH U CYNEepIIO3UIIUH.

Ry Ry Ry R,
Ao—] — — —
Al |B
R, R, R,
Be -

Puc. 2.36 Puc. 2.37
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2.161. OgHOopomHasa caabo0 HMPOBOAAINAA cpela C YAEJIbHBIM CO-
IIPOTUBJIEHUEM P 3aI0JHAET IIPOCTPAHCTBO MEXKAY ABYMsS KOoaKcHa-
JBbHBIMH HJEaJIbHO MPOBOAAIIMMMN TOHKMMM IWJIUHIApaMu. Pagmy-
CHI IIUJINHAPOB a U b, nmpuueM a < b, AIMHA KaXAOro mMUIXHApAa [.
IIpenebperasi KpaeBeIMU 3¢ heKTaMu, HaliTU COIIPOTUBJIEHUE CPEIbI
MEXXKAYy IHUJINHIPaMHU.

2.162. MeTanandecKuii Iap paguyca a OKpy»KeH KOHIIeHTpuJe-
CKOI TOHKO! MeTaJIInuecKOoi 000JiI0uKo# paguyca b. IIpocTpaHCcTBO
MeXXAY 9TUMM 3JIEKTPoJaMU 3all0JIHEHO OJHOPOAHOM cjabo IIpoBO-
AAImed cpeflofl ¢ yAeJabHBIM colpoTuBjieHHueM p. HaiiTu compoTus-
JIeHIe MEXK3JIEKTPOAHOTO0 IPOME)KYyTKa. PaccMOTpeTh TaKiKe CIy-
yait b — oo.

2.163. IIpocTpaHCTBO MEXKAY ABYMS IIPOBOSAITMMU KOHIIEHTPH-
YeCKUMU chepaMu, paguychbl KOTOPLIX a 1 b (a < b), 3aI0JTHEHO Of-
HOPOJHOM cJyab0o IIpoBoAsAIeil cpenoii. EMKOCTHL Takoil CHCTEMBI
paBHa C. HaiiTu yaelbHOEe COIPOTHBJIEHMNE CPEeIbl, €CJIU Pas3HOCTh
MIOTEHITUAJIOB MeXAy cdepaMu, OTKJIIUEHHLIMU OT BHEIIIHero Ha-
IpAKEeHUA, YMEHbIIaeTcsa B 1 pa3 3a BpeMsa At.

2.164. [IBa MeTaJIMYeCKUX IIapyuKa OAUHAKOBOI'O paauyca a Ha-
XOOATCA B OJHOPOAHOM cJj1ab0 IPOBOAAIIEH cpelie C YAEJBLHBIM CO-
npotuBJaeHueM p. HaiiTu conmpoTuBiIeHMe CpeAbl MeXXAYy IIapuKaMu
IIPX YCJIOBUM, UTO PACCTOAHMNE MEXKAY HUMU 3HAYNTEJILHO OOJIBIIIE a.

2.165. MeTtajutmuecKuil IIapyK pagryca @ HaXOAWUTCS HA PacCTOs-
HUuY | oT 6Ge3rpaHMYHOM HIeaJbHO ITPOBOAMAINEM IIocKocTu. IIpo-
CTPAHCTBO BOKDPYT IIapMKa 3aIl0JTHEHO OJHOPOAHOM €J1ab0 IMPOBOASIIEH
cpenoyl ¢ yZeJbHBIM COIIpoTUBJIeHMeM p. Hantu ana caydada a < [

a) ILJIOTHOCTh TOKA y IPOBOAAINEH IIJIOCKOCTH KaK (PYHKIIUIO
PaccTOAHUSA I OT IapUKa, eCJN Pa3HOCTh IIOTEHIIUAJJIOB MEXXKAY IIa-
PUKOM M ILJIOCKOCThIO paBHa U;

0) cOmpoTHBJIeHHE Cpelbl MEXXIAy IIapUKOM H IIJIOCKOCTBIO.

2.166. [IBa IIMHHBIX IIapaJjlIeJIbHBIX IIPOBOJAa HaXOAATCA B cJa-
00 mpoBoAAIel cpelie ¢ YAeJIbLHBIM COIPOTUBIEeHUEM p. PaccToanue
MEeKJy OCSAMH IIPOBOJOB [, pagumyc ceueHUSA KasKIOro IIPoOBoJa a.
Haiitu ana caydaa a < [:

a) JIOTHOCTh TOKa B TOUKe, paBHOYJAAJIEHHON OT Ooceil IIpOBOJOB
Ha paccTOAHUE I', €CJU Pa3HOCTh IOTEHIIUAJIOB MEXXJy IIPOBOJaMU
paBHa U;

0) COIIpOTHBJIEHWE cpelabl HAa eIUHHUIY IJUHBI IIPOBOJOB.

2.167. 3a3op Mexxay OOKJIagKaMHU IIJIOCKOTO KOHJEeHcaTopa 3a-
IIOJIHEH CTEKJIOM C YAeJAbHBIM conpoTuBjeHueM p = 100 'Om-m. Em-
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KocTh KoHAeHcaTopa C = 4,0 H®. HailiTu TOK yTeuKHu uepes3 KOHIEH-
caTop mpu Iojzade Ha Hero HanpsixkeHuda U = 2,0 xB.

2.168. /Isa mpoBOAHMKA I POM3BOJBHON (POPMBI HAXOOATCA B
0e3rpaHMYHON OJHOPOIHOM cJaab0 NMPOBOASAIINEH cpede C yIAeJbHBIM
CONIPOTUBJIEHNEM P U AWIJIEKTPUUECKONU NpOoHUIlaeMocThIo £. HaliTu
3HaueHUe npousBenenus RC nasa naHHOU cucTeMbl, rae R — compo-
THUBJIEHWE CPeIbl MEeXXJy IpoBoAHUKaMu, C — B3amMHasd €MKOCThb
IIPOBOSHUKOB IIPHM HAJHWUYNU CPEIBI.

2.169. IIpoBOJHUK C yAEeJIbHBIM COIPOTUBJIEHHUEM p TPAHUUYUT C
IV3JIEKTPUKOM IIPOHUIIAEMOCTH €. B Touke A y IIOBEepPXHOCTH IIPOBO/I-
HUKa dJIEKTPUYecKas MHAYKIUA paBHa D, npuueM BeKTop D Hampas-
JIEH OT IMIPOBOJHUKA U COCTABJISET YIroJI 0. C HOPMAJBIO K IIOBEPXHOCTH.
HaiiT; 1IOBepXHOCTHYIO ILIOTHOCTEL 3apsJOB Ha IIPOBOJHUKE BOJIM3HU
TOYKA A M ILIOTHOCTh TOKa B IPOBOJHMKE BOJIM3U 3TOH TOUKH.

2.170. 3a3op Mexay ILIaCTHHaAMHU ILIOCKOT'O KOHJAeHcaTopa 3a-
IIOJTHEH HEeOJHOPOJAHOMN cJyiab0o IIPOBOAAIIEH cpemoi, yaeabHas IPO-
BOJAMMOCTBL KOTOPOU M3MEHAETCS B HalpaBJIeHUU, IePIeHIUKYJIAP-
HOM IJJacTMHaM, II0 JUHEMHOMY 3aKoHy oT o; = 1,0 nCm/Mm 1o
oy = 2,0 nCm/Mm. ILmomane Kaxmoil miacTuHel S = 230 cM2, mIupu-
Ha 3asopa d = 2,0 mm. HaliTu TOK uepe3 KOHAeHCATOp IIPU HaIPs-
keHuun Ha Hem U = 300 B.

2.171. TlokasaThb, UTO 3aKOH IIPEJOMJIEHUA JUHUHA IIOCTOSHHOTO
TOKa Ha TIpaHUlle pasdejla ABYX MPOBOAAINUX Cpel HUMeeT BUJ
tgo,/tga, = 05/0,, Te G; U Gy — IPOBOAUMOCTH CPEI, Oy U Oy —
YIVIBI MEXKAY JUHUAMU TOKAa M HOPMAaJIbIO K IIOBEPXHOCTH paszesa
JaHHBIX Cpen.

2.172. JIBa MUINHAPHUYECKUX IPOBOJHUKA OLUHAKOBOIO ceue-
HHUA, HO C YJAeJIbHBIMHU COINPOTHUBIEHUAMU p; = 84 HOM'M u
ps = 50 HOM-M mpuxaTel TOpIaMu APYT K Apyry. Haiitu 3apsan Ha
rpaHuIle pasjeja JaHHBIX IPOBOJHUKOB, €CJIM B HaIlpaBJIeHUU OT
npoBogHUKA I K NpoBOAHUKY 2 TeueT TOK I = 50 A.

2.173. YaenpHass IIPOBOAMMOCTE CpPeIbl M3MEHSETCS TOJbKO
BIoNAb ocu X 1O 3aKOHYy G = o,/(1 + oax), rae o, = 22 HC™M/M,
a=5,010* m 1. HaliTt mI0THOCTHL M3OBITOYHOrO Bapdafa CPenbI
IpU IPOTEeKaHUM TOKa ILIOTHOCTHIO j = 1,00 A/M? B IOJIOXKUTEND-
HOM HampaBjeHuu ocu X.

2.174. 3a30op Mexay OOKJaJKaMH ILJIOCKOIO KOHJIeHcaTopa 3a-
IIOJIHEH IIOCJIeIOBATEeJIbHO ABYMS AUAJIEKTPUUECKUMU ciroamMu I u 2
TOJIIUHON d; U d, C IPOHUIAEMOCTAMHU €; U €, U YyJeJbHBIMU CO-
IPOTUBIEHUAMHU p; U p,. KoHAEHCATOp HaXOAUTCA IIOJ IIOCTOSH-
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HBIM Hamnps:keHueM U, mpuuyeM 3JIEKTPUUYECKOe II0Jie HallpaBJEHO
oT cjaosa 1 kK cioo 2. HaiTu 6 — IOBEPXHOCTHYIO IJIOTHOCTH CTO-
POHHUX 3apsaA0B Ha TpPaHUIlE pasfelia AUIJEKTPUUECKUX CJI0EB U
ycloBue, npu Kotopom o = 0.

2.175. Mexny nnactuHamu 1 1 2 IJIOCKOTO KOHAEHCAaTOpa HaXo-
IUTCA HeOOHOPOAHadA cyiabo mpoBojAIias cpena. Ee nusjgeKTpuue-
CKas IIPOHUIIAeMOCTh U YJEeJbHOE COIIPOTHBJIEHUE M3MEHSIOTCA OT
3HaUeHUN €, p; Yy IIaCTUHBI | N0 3HAUEHUH &,, P, Y IJIACTUHBI 2.
KoHpeHcaTop NMOAKJIIOUEH K IIOCTOSHHOMY HAIPAKEHUIO, M uepe3
Hero TeueT YCTAaHOBHUBINMMCA TOK I OT ILTAacTHUHBI I K IIJIacTuUHe 2.
HaiiTu cymMMapHBIA CTOPDOHHUI 3apsj B JaHHOU cpee.

2.176. InuHHLIA IPOBOAHUK KPYIJIOTO CEUEHHUS paguyca a cle-
JIJaH 13 MaTepuaJia, yJleJbHOe COIIPOTUBJIEHNE KOTOPOT'0 3aBUCUT TO-
JBKO OT PACCTOSHMA r 0 OCH IIPOBOJHUKA II0 3aKOHY p = o/r2, rae
o — mnoctoaHHasaA. Hantu:

a) CONPOTUBJIEHNE €IWHUILI AJWHLEI TaKOT'0 IIPOBOJHUKA;

0) HanpsAKeHHOCTh B3JEKTPUUYECKOTr0o II0JIAd B IIPOBOAHUKE, IIPU
KOTOpPOH II0 HeMy OyaeT IIpOTEeKaTh TOK 1.

2.177. Koupencarop eMkoctTu C = 400 n1® mopakaoouuIN depes
conpotuBjaeHrue R = 650 OM K MCTOYHUKY IIOCTOSHHOI'O HaINpsaKe-
Hua U,. Yepes CKOJBKO BpeMeHM HaIps)KeHHe Ha KOHZeHcaTope
crager U = 0,90U,?

2.178. KongeHcaTop, 3all0JJHEHHBIN IU3JIeKTPUKOM C IIPOHUIIAE-
MocThIO € = 2,1, Tepsaer 3a BpeMda T = 3,0 MUH IOJOBUHY COOOIIEH-
HOro emy 3apaga. Cuumrad, 4YTO yTeuKa 3apAja IIPOUCXOAUT TOJBKO
yepesd AUAJEKTPUUECKYIO IPOKJIAAKy, HalTH ee yJesIbHOe COIIPO-
THUBJIEHUE.

2.179. llens cocTouT 3 ucTouyHUKa nocroaHHon I C & u noce-
JIOBaTEeJbHO IIOAKJIIOUEeHHBIX K HEMY COIIPOTUBJIEHNA R 1 KOHAeHCa-
Topa eMKocTu C. BHyTpeHHee COIIPDOTHBJIEHHE HMCTOUHHKA IIpeHe-
OpexxuMo MaJyio. B momeHT ¢ = 0 eMKOCTHL KOHAEeHcaTopa OBICTPO
(ckaukoM) yMeHBIIUIM B 1 pa3. HaliTu TOK B menu Kak GyHKIUIO
BpeMeHU f{.

2.180. AMnepMmeTp U BOJIBTMETP MOAKJIIOUUJIN IIOCJIe40BaTEILHO
K 6atapee ¢ IIIC & = 6,0 B. Eciiu napajyiaeibHO BOJBTMETPY MOJ-
KJIOUYUTh HEKOTOpPOE€ CONPOTHBJIEHHE, TO II0OKa3aHHEe BOJLTMETPa
yMeHbIIaeTca B | = 2,0 pasa, a IokadaHUe aMIlepMeTpa BO CTOJBLKO
JKe pas yBeamuuBaeTcA. HaliTu moxkasaHue BOJLTMeETpPA IOCJIE IIOJ-
KJIOYEeHUS CONPOTHUBJIEHUS.
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il lléﬁ 2.181. HaiiTu pas3HOCTL IOTEHIIUAJIOB
— ol ¢, — ¢, MexaAy TOUKaMM I UM 2 CXeMbl
19 492 (puc. 2.38), ecau R, = 10 Om, R, = 20 Owm,
. - &, =5Budé&,=2,0B. BayrpeaHue comnpo-
g" T‘ THUBJIEHUA UCTOYHNKOB TOKAa IIPEeHEOPEKMMO

2 2 MaJIbl.
Puc. 2.38 2.182. JIBa mocjemoBaTeJbLHO COeOUHEH-

HBIX OAWHAKOBBIX HcTouHUKa IIC mmeroT
pasIudYHble BHyTPEHHMUE COIPOTHUBJIEHuA R, u R,, npudyem R, > R,.
Ha¥iTu BHemrHee collpoTuBJIEeHNE R, IPpU KOTOPOM Pa3HOCTH IIOTEH-
II1aJIOB Ha KJeMMaX OJHOTO M3 MCTOUYHUKOB (KaAKOro UMeHHO?) paB-
Ha HYJIIO.
A 2.183. B nenu (puc. 2.39) 9/1C 1CTOYHUKOB M PO-
\("“’y MOPIIUOHAJBHLI UX BHYTPEHHUM COIIPOTHBJIEHUAM:
r /&_ & = oR, oo — mocrossiuHasg. COIpPOTHUBIIEHNE IIPOBO-
OB IIpeHeOpekmmo MaJso. Havru:
]_ a) TOK B IleNwu;
0) pa3sHOCTH IIOTEHIIUAJIOB MEXKAY TOUYKON A u
TOUKON B.

B

Puc. 2.39
2.184. Pesuctop ¢ conpoTuBjgeHueM R u Heu-
HelfHOe COIIPOTHBJIEHNE, BOJIbT-aMIIepHas XapaKTepPUCTUKAa KOTOPO-
ro U =a+/I, rie a — mOCTOSTHHAS, COEAUHEHBI [OCAEI0BATEIbHO 1
IIOAKJIIOUEeHbl K HanpsaskeHuio U,. Haitu Tok B 1enwu.
2.185. Ha puc. 2.40 nmokasaHa BOJbLT-aMIIepHadA XapaKTEPUCTU-
UB Ka paspsAgHOTr0 IPOMEXXYyTKa AYroBOTO pas-

| pana. HalitTu mMakcumMaJbHOE CONPOTHUBJIE-
80 \ HUe pe3ucTopa, COeJUHEeHHOT0 IIocjiefoBaTe-
- \ JBHO C OyTro#, IIPA KOTOPOM AyTa ele OyaeT
70 \ ropeTh, €CJH 3Ty CHUCTEeMY IOAKJIIOUUTL K
RN Hanpsasxenuio U, = 85 B.
60 AN 2.186. B cxeme (puc. 2.41) &, = 1,0 B,
N \

0O 5 10 I,A peHHUe COIPOTHUBJIEHUA UCTOUHUKOB IIpeHe-
Opexxumo MmMajyibl. HaliTu pasHOCTh IIOTEHIIU-
ajoB ¢, — @p MeX Ty OOKIaAKaMU KOHJeHca-
Topa C.

2.187. B cxewme (puc. 2.42) £ = 5,0 B, R, = 4,0 Om, R, = 6,0 Om.
BryTpenHee conporuBiaenue ucrounuka R = 0,10 Om. HaiiTu Toku,
TeKyll[ie 4epe3 CONPOTUBIeHUsS R, u R,.

Puc. 2.40
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g R, R,
— - .
0
a C Rl RO
Lo Oy —
A''B x |
gz R, R Iil —
1| 1 —] ? —
Puc. 2.41 Puc. 2.42 Puc. 2.43

2.188. C nmomoipio norenmuomerpa (puc. 2.43) MOXKHO MEHATH
Hanps)xeHue U, momaBaeMoe Ha HEKOTOPLIA IPuOOP ¢ COIIPOTHBJIE-
HueM R. IToTrernuomeTp nmeeT JJauHy l, conpoTusienue R, u Haxo-
nutca nop HanpsxxenueMm U,. Haiitu saBucumocts U(x). Mccaeno-
BaTh OT/JEJBHO ciyda R > R,.

2.189. Haiitu 3/IC m BHyTpeHHee COIPOTUBJIEHUE HNCTOUYHUKA,
SKBUBAJIEHTHOTO ABYM IIapallIeJIbHO COEIUHEHHBIM 3JIEMEHTaM C
IIC &, u &€, 1 BHYTPeHHUMHU CONpPOTHUBJIeHUAMU R, u R,.

2.190. Ha¥iTu 3HaueHWe M HaIpaBJIeHHE TOKa depes pPe3ucTop C
conporuByeHueM R B cxeme (puc. 2.44), ecrm &; = 1,56 B, &, = 3,7 B,
R, =10 Om, R, = 20 Om, R = 5,0 Om. BayTpeHHUEe COIPOTUBIEHUA
MCTOYHUKOB IIPEeHeOPEeKMMO MaJkl.

2.191. B cxeme (puc. 2.45) &, = 1,6 B, &, = 2,0 B, &3 = 2,5 B,
R, =10 Om, R, = 20 Om, R; = 30 OM. BuyTpeHHNE COIPOTHUBIICHUA
HCTOYHUKOB IIpeHeOpeskuMo Majbl. Hantu:

a) TOK 4epe3 Pe3uCTOP € CONPOTHUBJIeHHEM Rq;

0) pasHOCTb IIOTEHIUAJIOB ¢, — (@p MexIy Toukamu A u B.

R2 | g2 I g; Rl
_: | I | I :I_
R &, R,
- 1 At———_ 1B
1 R g; R,
- — 11
Puc. 2.44 Puc. 2.45

2.192. HaiiTu TOK uepe3 pPes3uCTOp C COIIPOTUBJIeHUEM R B cxeme
(puc. 2.46). BEyTpeHHUe COIIPOTUBJIEHUA HCTOUHUKOB IIpeHeOpe-
JKMMO MaJIbl.
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R, C
 — . AHB
R, | & i
| I ||_ gz
2 (Jnom] o) |2
%
e
1]
Puc. 2.46 Puc. 2.47

2.193. HaiiT pa3HOCTEL IIOTEHITMAJIOB @, — Pp MEXKIy OOKJIagKa-
Mu KoHzaeHcaTopa C cxembl (puc. 2.47). BHyTpeHHUE COIPOTHUBJIE-
HUA HMCTOYHUKOB IIPEeHeOpPeKMMO MaJbl.

2.194. HalitTu TOoK depes pesuctop R, ydacTka nenu (puc. 2.48),
ecau B, = 10 Om, R, = 20 Om, R; = 30 OM u moTeHnuaisl Touex I,
2, 3 paBHHl @; =10 B, ¢, = 6 B, 953 = 5 B.

2.195. Mexny Toukamu A u B nenu (puc. 2.49) noaaepKnBamT
HanpsaxxkeHue U = 20 B. HaiiTu TOK u ero HampaBJeHHE B y4acTKe
1—2, ecitu Ry = 5,0 Om u R, = 10 Om.

R, LI LI
1 B o 4 A ' B
R + y |
’ R, R,
— —
3 2
Puc. 2.48 Puc. 2.49

2.196. B cxeme (puc. 2.50) HaliTU CONPOTUBJIEHUE MEXKAY TOY-
xkaMu A u B, ecim R, = 100 Om u R, = 50 Om.

2.197. HaiiTu 3aBUCMOCTb OT BpeMEH! HANIPAKEHUSI Ha KOHJEH-
carope C (puc. 2.51) nocae 3aMbIKanusa B MoMeHT ¢t = 0 Kiroua K.

2.198. CKOJIBKO TEIJIOTHI BHIAEJUJIOCH B CIIMPAJIM C COIIPOTHBJIE-
HueM R = 75 OM npu nNpoxoXKJIeHUMN uepeld Hee KOJUUYeCcTBa dJIEKT-
pudectBa ¢ = 100 K, ecau Tox B cunmpaau:

a) JIUHeHHO yObIBaJ 10 HyJsa B TeueHue At = 50 c;

0) MOHOTOHHO YyOBIBaJ JO0 HYJA TaK, YTO UYepe3d KaKIble
At = 2,0 ¢ oH yMeHbIIAJICA BABOE?

2.199. K uCTOYHUKY IIOCTOAHHOTO HANPSAXKEHUA C BHYTPEHHUM
CONPOTHUBJIeHNEeM R, NOJKJIOUMJIM TPHU OAMHAKOBBIX pe3UCTOpA,
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R, R,
e s I P K
A — R, —B &
- R C=—=
—  +——_ 1} R
R, R, 1
Puc. 2.50 Puc. 2.51
KaKJbIi compoTuBjgeHueMm R, coegunHeH-
R I-L R R I—L HBIX MeXXJy co0oii, Kak IIOKa3aHO Ha pHC.
2.52. Ilpu kKakom 3HaueHuu R TemaoBas
MOII[HOCTh, BBIAeJIIeMas Ha 3TOM ydacTKe,
MaKcuMaJabHa?
Puc. 2.52

2.200. Y6emuTnbcs, UTO paclpeneiieHue
TOKA B IapaJlIeJIbHO COeIWHEHHBIX pPe3u-
CTopax ¢ conpoTusjeHuAMu R; n R, cooTBeTCTByeT MUHMMYMY BBHI-
JeJs1eMOM Ha 3TOM ydYacCTKe TeILJIOBOM MOII[HOCTH.

2.201. Axkxkymyaarop ¢ JC & = 2,6 B, 3aMKHYTEIII Ha BHeEIITHEe
conpoTuBJeHue, gaet ToKk I = 1,0 A. IIpu sTom pa3HOCTh IIOTEHIHA-
JoB Mexxay ero noaocamu U = 2,0 B. HaiiTu TenjaoByi0 MOIIHOCTb,
BBIJIEJIAEMYIO B aKKYMYJIATOpPE, ¥ MOIIHOCTH, KOTOPYIO Pa3BHUBAIOT
B HEM 3JIEKTPHUYECKHE CHJILI.

2.202. 9/1eKTPOMOTOP IOCTOAHHOIO TOKA IIOAKJIIOUNIN K HaIPs-
)keHno U. ConporuByieHne oOMOTKM AKopA paBHO R. IIpum kaxom
TOKe uepe3 OOMOTKY IIOJie3Has MOIIHOCTH MOTopa OyJeT MaKcuUMa-
apHON? Yemy onHa paBHa? Kakos mpu stom KIIII mortopa?

9 2.203. Jlamnouky, mapaJjjieJbHO COeIUHEeH-
LA HYI0 C Pe3UCTOPOM, COIIPOTHUBJIEHHE KOTOPOTO

R = 2,0 Om, nogkaounIn K uCTOUYHUKY ¢ IIC
1 &€ = 15 B 1 BHYTPeHHUM COIIpOTUBJIeHHUEM R, =
= 3,0 Om. HaiiTu MOIITHOCTH, BBIAEISIEMYIO Ha

0 246 UB JIaMIIOYKe, ecnun 3aBHCHUMOCTH TOKa OT Haflpﬁ-

JKeHsl Ha Hell MMeeT BHJ, IIOKa3aHHBIM Ha
Puc. 2.53 puc. 2.53.
2.204. B cxeme (puc. 2.54) R, = 20 Om n
R, = 30 Om. IIpu xaxom compoTuBjeHMu R BbllensdeMas Ha HeM
TeILJIOBasg MOIITHOCTh NPaAKTHUUYECKH He OyJeT 3aBHCETh OT MaJIbIX
N3MeHEeHUu#l 9Toro conporunBjeHus? Hampsa'keHune Mexkay TOUKaMU
A u B mocTossHHOe.
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Puec. 2.54 Puc. 2.55 Puc. 2.56

2.205. B cxeme (puc. 2.55) usBectsrl R, R,, &, u &,. Bayrpen-
HUEe COIIPOTHUBJIEHUA HMCTOYHWKOB IpeHeOpe)kmMo Masbl. IIpu Ka-
KOM COIIpOTHBJeHNU R BhIfenAeMas Ha HEM TeIJIOBad MOIIHOCTh
MakcuMmaabHa? Yemy omHa paBHA?

2.206. Koagencarop emkoctu C = 5,00 MK®P MOAKJIIOUYNIN K HC-
TouHUKY noctosaaHou IJIC & = 200 B (puc. 2.56). 3aTrem mepeK.JIio-
yaTeab K nepeBesu ¢ KoHTakTa I Ha KoHTakT 2. HaliTu KonmuecT-
BO TEIJIOThI, BBIJEJUBIIIEECS Ha pPE3UCTOPe C CONPOTHUBJIEHUEM
R, = 500 Om, ecau R, = 330 Owm.

2.207. Mexny oOKJaAKaMU ILIOCKOIO KOHJEHcaTopa IIOMeIleHa
ImapaIieJJbHO UM MeTa/INYecKasd IJIAaCTHHKA, TOJIIMHA KOTOPOM
cocraBidgeT n = 0,60 3azopa mexay obkaagkamMu. EMKOCTE KOHIEH-
caTopa B orcyTcTBHue ILIacTUHKY C = 20 H®. KoHIeHCATOpP MOAKJIIO-
YUJIU K UCTOYHUKY ITOCTOsTHHOro HamnpsxxkeHusa U = 100 B u miaac-
TUHKY M3BJEKJU U3 KOHAeHcaTtopa. Hauru:

a) IIpupaleHue 3HEepPruM KOoHIAeHcaTopa;

0) MexaHMUYECKYI0 paboTy, COBEpIIEHHYI0 IPOTUB 3JIeKTpUUe-
CKUX CHUJI IIPY M3BJIEYEHUU ILJIACTUHKU.

2.208. CreknaHHaAA IJaCTUHKA IIEJIMKOM 3aII0OJIHAET 3a30p MeXX-
Iy OOKJIafKaMM IIJIOCKOTO KOHIEeHCaTopa, eMKOCTh KOTOPOT'O B OT-
cyrcrBue miaactTuHKU C = 20 H®. KoHaeHCcaTOp MOAKJIIOUYUIN K MC-
TOUYHHUKY HocTosHHOro HanpsikeHuda U = 100 B u ninacTuUHKY HU3B-
JeKJu u3 3a3opa. HaliTu npupalieHue 3HEPruu
KOHJeHcCaTopa U MeXaHHUYeCKylo paboTy, coBep-
IIIEHHYIO IIPOTUB 3JIEKTPUUYECKUX CHJI IIPU M3BJIeUe-
HUU TJIACTUHKU.

2.209. IlunuHApUUYECKUN KOHIAEHCATOD, IIOJ-
|y KIIOYeHHBI K MCTOYHUKY IOCTOSHHOTO HAIPAXe-
—————-— Hua U, KacaeTcd CBOUM TOPIIOM IOBEPXHOCTHU BOJLI

— 7 (puc. 2.57). PaccrosHue d Mexay OOKJIaZKaMu
Puc. 2.57

A
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KOHAEeHcaTopa 3HAUUTEJNIbHO MeHbIIIe UX cpegHero pagmyca. HaiTu
BBICOTY A, Ha KOTOPOM YCTaHOBUTCA YPOBEHb BOABI MEXKIY OOKJIaJ-
KaMHu KoHAeHcaTopa. KanuIIsapHBIMHA SBJIEHUAMH IIpeHeOpeus.

2.210. Pagunychel 00KJIagOK c(hepHUEcKOro KOHAeHcATOpa PaBHBI
a u b, npuueMm a < b. IIpocTpaHcTBO MeXKAY OOKJIagKaMM 3aIl0JIHe-
HO OJHOPOSHBLIM BeI[ECTBOM AHIJIEKTPHUUYECKON IIPOHUIIAEMOCTH &
C YAEeJbHBIM conpoTuBjeHUeM p. IlepBoHauasbHO KOHAEHCATODP HeE
dapsaKeH. B momeHT ¢t = 0 BHyYTpeHHe#l O0OKJIaJKe COOOIUIN 3apsp
qo- Hamrn:

a) 3aKOH M3MEHEeHHs BO BpPeMEHU 3apfAja Ha BHYTPeHHeH 00-
KJIaJKe;

0) KOJIMUYeCTBO TEeIJIOThI, BLIJAEJHUBINEHCA IIPU PAacCTeKaHUU 3aps-
za.

2.211. Ooknagkam koHaeHcaTopa eMKocTu C = 2,00 MK®P c0006-
IMUIA PasHOMMeHHBbIe 3apanbl ¢, = 1,00 mKa. 3arem oOKnagku
3aMKHYyJIHN udepes3 compoTtuBiaeHue R = 5,0 MOwm. HaiiTu:

a) 3apAl, NPOIIeIINHA Yepe3 3TO conpoTuBiieHue 3a T = 2,00 c;

0) KOJIMYECTBO TEIJIOThI, BEIJEJIUBIIEICSI B COIPOTUBJICHUH 3a TO

’Ke BpeMd. R
2.212. B cxeme, mokasaHHOH Ha puc. 2.58, {1
OJWH KOHJEHCATOp 3apAANJIM A0 HanpsxxeHud U, Lo o
u B MmoMeHT t = 0 3amkHyau kKJiaou K. Hayru:
a) TOK B Ilenu KaK (PyHKIUIO BpeMeHu I(t); 7{
0) KOJIMYEeCTBO BBIJEJIUBIIENCS TEILJIOTHI, 3HAMA
I(t). Puc. 2.58

2.213. Karymka paguyca r = 25 cMm, coaepkamiasa [ = 500 m ToH-
KOro MEJIHOTO IIpOBOJa, BpaIaeTcd ¢ VYIJIOBOM CKOPOCTBIO
o = 300 pag/c BOKpPyr cBoei ocu. Uepe3 CKOJBL3AIME KOHTAKTHI
KaTyIlIKa NOAKJIUeHa K OalINCTUUYeCKOMY rajlbBaHoMmeTrpy. O0iiee
comnporuBiaeHue Bced nenu R = 21 Om. HaiiTu yaenbHBI# 3apsans HO-
cuTesieil TOKa B MeJU, €CJU IIPU PE3KOM 3aTOpPMa’KMBaHUU KaTyIII-
KU 4epe3 rajbBaHoMeTp npoxoxua zapanx q = 10 K.

2.214. HaiiTu cyMMapHBII UMIIYJIbC 3JJEKTPOHOB B IIPSIMOM IIPO-
Boje aauHbel [ = 1000 m ¢ Tokom I = 70 A.

2.215. ITo npamomy megHomy npoBoay ajauHBI [ = 1000 M u ce-
yenuda S = 1,0 mm? TeueT mocrosHHBIHM TOK I = 4,5 A. Cunras, 4To
Ha Ka)XIbIA aTOM MeIN NPUXOAUTCA OAWH CBOOOIHBIN 3JIEKTPOH,
HalTu:

a) BpeMsd, 3a KOTOPOe 3JIEKTPOH IIepeMeCTHUJICS OT OJHOI'0 KOHIla
IIpoBOJa IO APYTIOro;
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0) CyMMYy 3JIEKTPUYECKUX CUJI, JeMCTBYIOIIUX HA BCe CBOOOIHBIE
BJIEKTPOHBLI B JaHHOM IIPOBOJE.

2.216. OgHOPOAHEIA MYYOK IIPOTOHOB, YCKOPEHHBIA Pa3HOCTHIO
noteHnuantoB U = 600 kB, umeeT Kpyrioe cedueHue pajguyca
r = 5,0 mm. HaliTu Hanps:KeHHOCTh 3JIEKTPUUYECKOro IOJIA Ha IIO-
BEPXHOCTH IIyYKa U Pa3HOCTH MOTEHIIUAJIOB MEyKJYy IIOBEPXHOCTHIO
U ochi0 myuka mmpu Toxke I = 50 MA.

2.217. JIBe OoJibllivie MapaJjijieJbHbIEe IJIACTUHLI HAXOOATCA B Ba-
KyyMme. OfHa U3 MJIACTUH CIYXKUT KaTOAOM — HCTOUYHUKOM 3JIEKT-
POHOB, HadaJIbHAA CKOPOCTh KOTOPBIX NpeHeOpekKnMo MaJja. JJIeK-
TPOHHLIA IIOTOK, HAIPABJEHHBIA K MNPOTHUBOIOJOXKHOHN ILJIACTHUHE,
co3ZaeT B IIPOCTPaHCTBe 00'beMHBIN 3apsfAl, BCJeICTBUE Yero IOTeH-
IaJ B 3a30pe MeKAY IJacTUHAMU MeHseTcd II0 3aKOoHy ¢ = ax?/3,
e a — I0JOKHUTeJbHadA IOCTOAHHAA, X — PacCTOSHHE OT KaToja.
HaiiTu:

a) IJIOTHOCTh IIPOCTPaHCTBEHHOro 3apsaga p(x);

0) ILIOTHOCTH TOKA.

2.218. Bo3ayx Mexay ABYMd IIapaJjeJbHBIN IIJIJACTUHAMU, OT-
CTOSIIIUMU APYT OT ApPyra Ha paccTosHue d = 20 MM, HOHUBUPYIOT
PEeHTreHOBCKUM usjaydeHuem. Iliaomags Ka)XAON IIJIaCTUHBI
S =500 cm?. HaiiTHm KOHIEHTpPALIUIO IIOJOXXUTEJIbHBIX HOHOB,
ecau npu HanpskeHuu U = 100 B mexxay miaacTuHaAMU HUIET TOK
I = 3,0 MKA, 3HAaUMTEJbHO MEHBIINM TOKa HachIeHusa. IloaBuix-
HOCThL MOHOB BO3Ayxa ug = 1,37 CM2/ Bc)uuy, =1,91 CM2/ (B-c).

2.219. I'a3 HOHUBUPYIOT HENOCPEACTBEHHO Y IIOBEPXHOCTHU ILJIOC-

Koro ajekTpoga I (puc. 2.59), orcTodAIiero ot 3JeK-
: 2 TpozAa 2 Ha paccTosHue [. Mexay 3JeKTpogaMu IIpPU-
| JIOKUWJIN IIepeMeHHOe HalpsaKeHue, U3MeHAIoIeecs
: co BpeMeHeM t 1o 3akoHy U = U, sin ot. YMeHbI1aa

YacToTy ®, OOHApPYKWUJIU, YTO TajJbBaHOMETp G IO-
o[Jo KasbIBaeT TOK TOJBbKO IIPU ® < 0y, IJe 0, — HEeKOTO-
pas TrpaHMYHas uYacToTa. HalTu NTOABUIKHOCTH
MOHOB, JOCTUTalOIIUX IIpA 3TUX  YCJIOBHUAX
aJeKTposa 2.

2.220. Boaayx mMexxay AByMs OJM3KO PaCIIOJIOXKEHHBIMU IJIaCTU-
HaMM PaBHOMEPHO HMOHU3UPYIOT YJILTPA(PHOJETOBBIM H3JIYUYEHUEM.
O0BeM Bo3Ayxa MexxAy ILtactuHamu V = 500 cm3, HabmoomaeMbli
TOK Haceimenusa I = 0,48 mMxA. Hairu:

a) YHCJ0 IIap MOHOB, CO3JaBaeMbIX MOHH3aTOPOM 3a €NUHUILY
BpeMeHU B eJUHUIIEe 00beMa;

Puc. 2.59
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0) paBHOBECHYIO KOHII€HTPAII1IO IIap MOHOB, eCJId KO3(PUIueHT
peKoMOMHAI MOHOB Bo3ayxa r = 1,67-107% cm3/c.

2.221. [InuTenbHO AeHCTBOBABIINHA MOHM3AaTOp, CO3LaBaBIINMA 3a
eIUHUILYy BPpeMeHM B eIWHHIle 00'beMa BO3JyXa UYMCJIO IIap MOHOB
ﬁi :3,5-109 em S -c_l, OBl BBEIKJIOUeH. CunTasdg, 4TO eIUHCTBEH-
HBIM IIPOIIECCOM IIOTEPH MOHOB B BO3AyXe SABJISAETCA PEKOMOMHAIIMSA
c koaddunuentom r = 1,67-107° cm3/c, HaiiTu, yepes KaKoe BpeMd
IocJie BBIKJIOUEHNS MOHN3aTOpa KOHIIEHTPAIud MOHOB YMEHBIITHT-
ca B n = 2,0 pasa.

2.222. IInockuil BO3AYNIHBIN KOHAEHCATOP, PACCTOSHUE MEXKIY
IJIacTUHaAMU KoToporo d = 5,0 mMm, 3apaauau ao U = 90 B u oTKio-
YMJIM OT MCTOYHMKA HalpsiKeHuA. HaiiTu Bpems, 3a KOTOpoe Ha-
IpsAXKeHre Ha KOHJeHcaTope ymeHbmuTcA Ha Mm = 1,0%, umesa B
BUIY, UTO B BO3JyXe IIPU OOLIYHLIX YCJIIOBUSAX B cpeJHEM oOpasyer-
cd 3a eOIUHUIYy BpeMeHM B eIuHHuIle o0beMa 4YMNCJIO0 IIap HMOHOB
n, =50 cm 3 .¢! u uro nannoe HaIpAKeHHe COOTBETCTBYET TOKY
HaCBIIEeHU .

2.223. Mexxay aByMs IJIOCKMMM ILIaCTHHaAMM KOHIeHcaTopa,
OTCTOSAIIMMHU APYT OT Apyra Ha paccrosauue d, Haxoaurcs ras. OgHa
U3 IJIaCTMH 3MUTTHUDPYeT eXeCeKyHIHO V, 3JeKTPOHOB, KOTOPEIE,
IBUTAsICh B 3JIGKTPUUYECKOM IIOJIe, MOHU3UPYIOT MOJIEKYJbI rasa
TaK, YTO KaXXJbIHA 9JICKTPOH CO3JaeT Ha eIUHUIle NJIUHBI IIYTHU O HO-
BBIX 3JIEKTPOHOB (M MOHOB). HaliTu 3JIeKTPOHHBIM TOK Yy IIPOTHBO-
IIOJIO’KHOM ILJIACTHUHBI, IIpeHeOperad HOHUBAIMeM MOJIEKYJ rasa
MOHAMU.

2.224. T'az mexxay IIacTUHAMH KOHAEHcCAaTOpPa, OTCTOAINMMU
IPYyr OT Apyra Ha paccTodHue d, pABHOMEPHO MOHU3UPYIOT yJIbTpPa-
(b10JIETOBBIM M3JIyYeHHEM TaK, YTO €KEeCEeKYHIHO B eAUHUIE 00be-
Ma CO3[aeTcA N ; 3JeKTPoHOB. IlocieqHue, ABUTasCh B dJeKTpUUE-
CKOM IIOJIe KOHJeHCaTOopa, MOHM3UPYIOT MOJEKYJbI rasa, IIpuiyeM
Ka'KAbIN 9JIEKTPOH CO3JaeT Ha eJUHHIE AJUHBI CBOEro IIyTH O HO-
BBIX 3JIEKTPOHOB (1 moHOB). IIpeHeOperas moHHM3amuell MOHaAMU,
HaUTHU MIJOTHOCTH 3JEKTPOHHOIO TOKAa Yy ILJIACTHUHBI ¢ OOJIBIIUM IIO-
TeHIIaJOM.
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2.5. IlocrogsaHoe MarauTHOe moJge. MarseTMmKu

e MarHuTHOE€ IIOJI€ TOYEUHOro 3ApANA ¢, ABUKYIIErocsi C HEPeJSTUBUCTCKOMN
CKOPOCTBIO V:

Ho g[vr]
B:ﬁ S (2.5a)

3akon Buo-Casapa:

Ko [ir] o I[dl, r]
dB =——=4dV, dB=—————.
4 3 4t  p3 (2.56)

e ITupkynanus BekTopa B (B Bakyyme) m Teopema [aycca:

§Bdr=p,I, $BdS =o0.

(2.58)
e Cuna JlopeHna:
F=qE + ¢q[vB] . (2.51)
e Cuma Awmmnepa:
dF = [jB]dV, dF = I[dl, B]. (2.5nm)
e Cmysa m MOMEHT CWJ, AEeHCTBYIOIMe HAa MAarHUTHBIN AUNOJNBL P, = ISn:
¥ =pn Z_S’ N = [PuBl, (2.5¢)
rae 0B/on — mpousBogHas BeKTopa B II0 HampaBJIeHUIO AUIIOJA.

e OieMeHTapHas paboTa aMIIEPOBLIX CHJI IIPH IIEPEMEIEHNH KOHTYpa C TOKOM:

0A = 1dd. (2.5x)
o IlupkynAnua HaMarHudeHHOCTHU J:
padr =1, (2.53)
roe I' — TOK HamMaraumdeHus (MOJEKYJSAPHBIA TOK).
e Bextop H m ero nmupryadanusa:
H=B/u,-J, $Hdr =1, (2.5u)
rge I — anrebpandyeckasi CyMMa MaKPOCKOIMYECKUX TOKOB.
e YcJIOBUS Ha rpaHulle pasjesia JBYX MarHeTUKOB:
B,, = By, H, =H,. (2.5x)
e J[1s1 MarHeTmKoB, Yy KoTopeix J = yH:
B = ppoH, p=1+7y. (2.51)

2.225. ToueuHBIHA 3apand ABMXKETCS co cKopocThbio v = 900 m/c. B
HEKOTOPBIA MOMEHT B TOYKe P HanpsaXKeHHOCTb IOJIA 3TOT0 3apsla
E =600 B/m, a mexxay BekTopamu E u v yroa o = 30°. Haiit mHIYK-
10 B MarHuTHOro moJiag JAHHOIO 3apsfa B TOUKe P B 3TOT MOMEHT.
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2.226. Ilo xkpyropomy BuUTKy paamyca R = 100 MM 13 TOHKOrO
mmpoBoja nupkyaupyetr 7ok I = 1,00 A. HaiiTu MarHuTHy0 UHIYK-
IUIO:

a) B IIEHTPe BUTKA;

6) Ha ocu BUTKa Ha paccrogsHuu x = 100 MM oT ero meHrpa.

2.227. Koabipo paguyca R = 50 MM U3 TOHKOT'O IIPOBOJA COTHYJIU
110 AUaMEeTpPy oA NPAMBIM yriioM. HaliTu MarHuTHyO UHAYKIIUIO B
IeHTPe KPUBU3HBI IOJYKOJIEI IIpu Toke I = 2,25 A.

2.228. Tok I TeueT 110 IJIOCKOMY KOHTYpPY, IIOKa-
3aHHOMY Ha puc. 2.60, rae r = ry(1 + ¢). Haittu mar-

HUTHYI0O MHAYKIUI0O B B Touke O. o

2.229. Tok I TeueT 110 TOHKOMY IPOBOJHUKY, KO-
TOPBLIA MMeeT BHJ IIPAaBUJIBHOIO 71-YIrOJbLHHUKA, BIIH-
CaHHOT'0 B OKPY’KHOCTL pazuyca R. Hailitu marHur-
HYIO0O UHAYKIINIO B IIEHTPe HJAHHOTrO KOHTypa. Mccie-
JIOoBaTh cJydail n —» oo.

2.230. HaiiTu MarHuTHYIO MHAYKIIUIO B IIEHTPEe KOHTYypa, UMeEIO-
IIero BUJ NPAMOYTOJbHUKA, €CJIU ero auaroHaab d = 16 cMm, yroa
Mexxkny aumaroHamsamu ¢ = 30° u Toxk I = 5,0 A.

2.231. Tok I = 5,0 A TeueT 10 TOHKOMY 3aMKHYTO- I
My DpoBOAHUKY (puc. 2.61). Pagunyc uzoruyroit uactu
R = 120 MM, yroa 2¢ = 90°. HaiiTu MarsHuTHyIO WH-

IykIuio B Touke O. D

2.232. HaliTyu MHAYKIUIO MAarHUTHOTO IIOJISI B TOY-
Ke O KOHTypa ¢ TOKOM I, KOTOpBI! IIOKa3aH:

a) Ha puc. 2.62; paguycel a u b, a TakKe yroi @
U3BECTHEI;

0) ma puc. 2.63; paguyc @ U cCTOpPoHa b WU3BECTHHI.

2.233. Toxk I Teuer BAOJIb AJIUHHON TOHKOCTEHHOU TPYyOBbl pagny-
ca R, uMerlolier 1o Bcell AJIMHE IIPOAOJIBHYIO IIPpOpe3b IMUPUHEL A.
HaiiTu nHAYKIINMIO MAarHUTHOTO IIOJIS BHYTPU TPYyOBI, ecau h < R.

Puc. 2.60

Puc. 2.61

b

Puc. 2.62 Puc. 2.63
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0] 2.234. Toxk I = 11,0 A TeueTr 10 JJIMHHOMY IIPSIMO-
R My INIPOBOJHHKY, CeUeHHe KOTOpOro mmeeT (opmy
TOHKOTO IIOJYKOJIbIIa paauyca R = 5,0 cm (puc. 2.64).

HaiiTu marauTHyo MHAYKIOUO Ha ocu O.
Puc. 2.64
2.235. OmpenenuTh MATHHTHYIO HWHIYKIIUIO B

Touke O, ecJu IIPOBOAHUK C TOKOM I mMeeT BUJ, IIOKa3aHHBIN:
a) Ha puc. 2.65; 6) Ha puc. 2.66; B) Ha puc. 2.67.

Puc. 2.65 Puc. 2.66 Puec. 2.67

Pagunyc m30rHyTO#l 4acTM IIPOBOJHUKA paBeH R, nmpsaMoJnHeMn-
Hble YYaCTKM IIPOBOJHUKA OYEHb IJIMHHEIE.
2.236. JIMVHHBIA IIPOBOAHUK ¢ TOKOM I m3or-
I HyT, Kak mokaszaHo Ha puc. 2.68. Paccroanue a
n3BecTHO. HaliTm MarHUTHYI0 WHIYKIIHIO:
a) B Touke I; 6) B Touke 2.
2.237. InuHHBIA IPOBOAHUK ¢ TOKOM I = 5,0 A
] WMBOTHYT IIOJ NPAMBIM yrjaoM. HaliTum MarHuTHYIO
UHIYKIUIO B TOUKe, KOTOpadA OTCTOUT OT ILJIOCKO-
CTH IIPOBOAHMKA Ha [ = 35 ¢cM M HaxXoAUTCA Ha
NepHeHANKYJaApe, NPOXOAAIIEeM dYepe3 TOUKY uarubda.
2.238. [IMvHHBIA IPOBOA C TOKOM [/ MB3OTHYT IIOJ IIPAMBIM yI-
aoM. HaliTu MarHuTHyI0 MHAYKIHUIO B TOYKax I
U 2, HaXOOAIUXCA Ha OMCCEKTpHCEe ITOT0 yrIjia

Puc. 2.68

I o1 Ha paccToAHUU [ oT TouKm maruba (puc. 2.69).
/l/ 2.239. HaiiTu MarauTHyI0 UHAYKIIAIO B TOUKE
; O, ecau npoBoAHUK ¢ TOKoM I = 8,0 A umeer
% BUJ, IMOKa3aHHBIN:
29 a) Ha puc. 2.70; 0) Ha puc. 2.71.
Puc. 2.69 Paguyc wum30orHyTOM  YacTH  IIPOBOJHUKA

R=100 MM, npsaMoJuHeHbIE YYaCTKU IIPOBOJ-
HUKa OYeHb IJHUHHEBIE.

2.240. Toxk I TeueT Mo AJIMHHBIM IPAMBIM NPOBOLJHUKAM, KOTO-
pble MOAKJIIOUEHBLI K JBYM TOYKaM OJHOPOJAHOT'O IIPOBOAHUKA, UMe-
IOIIEero BUJ OKpysKHocTu pazuyca R (puc. 2.72). Haiitu marsur-
HYI0 MHAYKIMIO B IIEHTPEe KOJIbIA.
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Puc. 2.70 Puc. 2.71 Puc. 2.72

2.241. OnpenenuTh MHAYKIIUIO MArHUTHOTO IIOJSA TOKAa, PaBHO-
MEpHO pacIlpelejIeHHOTO:

a) II0 IIJIOCKOCTH C JIMHEHHOM ILJIOTHOCTBIO i

0) 0 ABYM mapaJlyIeJIbHBIM IIJIOCKOCTAM C JIUHEMHBIMHU IIJIOTHO-
ctaMu i u —i.

2.242. OgHOPOOHBLIA TOK IMJIOTHOCTH j Te€UeT BHYTPU HEOTPaHMU-
YeHHOU IJIACTHUHBI TOJNIMUHBI 2d IapajijieIbHO ee IIOBEePXHOCTH.
IIpeneOperasa BJINSAHNUEM BeIeCTBa IIJIACTUHBI, HAWTU HHAYKIIHIO
MAarHUTHOI'O MOJIA 9TOT0 TOKA KaK (DYHKIIUIO PACCTOAHUA X OT CpeJ-
Hell IJIOCKOCTH IIJIaCTHUHBI.

2.243. IlocTosaHHBIN TOK I TeueT IO JJIMHHOMY IIPOBOAY M JIajiee
pacTexkaeTcs paguaJbHO-CUMMETPUYHO II0 IPOBOASAINEN IIJIOCKOCTH,
MepHeHANKYJAPHON npoBoay. HaliTu MHAYKIINIO MAarHUTHOTO I10JIS
BO BCEX TOYKaX IIPOCTPaHCTBA.

2.244. Tox I TedueT IO AJUHHOMY IIPOBOAY U
3aTeM pacTeKaeTcs paBHOMEpPHO II0 BCeM HallpaB-
JEHUSIM B OJZHOPOAHON TIPOBOAAINEH cpene Y7
(puc. 2.73). IlpeneOperas BJIUAHUEM BeIleCTBa
cpeabl, HaWTHM WHAYKIUI0O MATHUTHOTO IIOJSA B
TOuKe A, oTcrodAmnieir or Touku O Ha paccToAHUE I
moa yrjiom 3.

2.245. NmeeTca KPyroBol BUTOK C TOKOM 1.
Haiitu nHTerpan JB ,dx BIOJB OocH BUTKa B IIpe-
gejgax OT —oo A0 -+oo. Puc. 2.73

2.246. IIo npsmomy IIpOBOAY, PaJgUlyC CeUeHUA
KoToporo R, TeueT INOCTOAHHBIA TOK IJIOTHOCTH j. IIpeHeOperas
BJIMAHIEM BelllecCTBa IIPOBOJA, HAUTH MHAYKIINIO MATHUTHOTO IOJI
ATOTO TOKAa B TOYKeE, IIOJIOJKEeHHE KOTOPOU OTHOCUTEJILHO OCH IIPOBO-
Jla oIlpeessdeTcsa pPaguycoOM-BEKTODPOM T.

2.247. BHyTpU AJUHHOTO IPSIMOI'0 IPOBOJAa KPYIJIOTO CEUEHUA
nMeeTcs AJUHHAA Kpyrjasd DUIMHAPUYEeCKadA IIOJIOCTh, OCh KOTO-
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PO mapaJjiieJbHa OCH IIPOBOJA M CMeIlleHa OTHOCHUTEJBLHO IIOCJIe]-
He#t Ha paccrodanue 1. ITo npoBoay TeueT MOCTOSAHHBIA TOK ILJIOTHO-
cta j. IIpeneOperas BJAMAHMEM BellleCTBa IIPOBOJAa, HAUTU MHAYK-
IO MarHUTHOI'O IIOJII BHYTPH IIOJIOCTH.

2.248. HaiiTu IJOTHOCTh TOKa KaK (DYHKIIUIO PACCTOAHHUS I' OT
OCH aKCHAJbHO-CHMMETPUYHOI'0 IIapajljIeJIbHOTO IIOTOKA 3JIEKTPO-
HOB, €CJI1 MHAYKIIUA MAarHUTHOTO II0JIS BHYTPU IMOTOKa B = br*, rae
b 1 00 — TOJOKUTEJIbHbIe IIOCTOSHHBIE.

2.249. OgHOCJIOMHBIN COJIEeHOU NMeeT OJINHY [, paguyc ceueHus
R u umcJji0 BUTKOB Ha eAWHUIY AJUHBI n. HaliTu MHAYKOUIO Mar-
HUTHOTO IIOJIA B IIeHTPe COJIEHOna, eCJU TOK B 0OMOTKe paBeH 1.

2.250. JIMuHHBINA COJIEHOU] UMeeT pajuyc ceueHus R 1 n BUTKOB
Ha eguHuUNy AauHbl. Ilo Hemy TedueT nmocTossHHBIN TOK I. HaiiTu uH-
OAYKIINI0O MarHUTHOTO IOJIA Ha OCHM KaK (pyHKIUIO KOOPAMHATHI X,
OTCUMTBIBAEMOM BIOJIb OCH COJIEHOHUJA OT ero rtopia. M300pasuth
NPUMEPHBIA rpaduK 3aBUCHMMOCTH HHIAYKIMKN B OT OTHOIIEHUA
x/R.

2.251. OOMOTKO#1 IOJIMHHOTO COJICHOMJAa C PaAuyCcOM CeUYeHHs
R= 2,5 cM cIyXUT TOHKAas JIEHTa-IIPOBOAHUK INUPUHEI A = 5,0 cMm,
HaMOTaHHas B OAUWH CJOI NpPaKTUUYECKH BILIOTHYIO. I1o JIeHTe TeueT
™K I = 5,0 A. HaiiTu MHAYKINIO MAarHUTHOTO II0JIA BHYTPU M BHE
cojieHOMJa KaK (PYHKIUNIO PACCTOAHUSA I OT €ro OcH.

2.252. Ha jepeBAHHBLIA TOPOHJ MAaJIOTO IIOIEPEUYHOTO CEUeHUs
HaMOTaHO paBHOMepHO N = 2,5-102 BUTKOB IpoBoZa, II0 KOTOPOMY
TedeT TOK /. HaliTu oTHOIlleHMe 1| MarHUTHON HHAYKIUU BHYTPHU
TOpOoHuZa K MHAYKIIUU B e€ro IleHTpe.

2.253. Toxk I = 10 A TeueT nmo AJIMHHOMY IIPAMOMY IIPOBOLHUKY
KpyrJyoro ceuenusa. IIpeHeOperass BIUAHUEM BeIlleCcTBa IPOBOJAHMU-
Ka, HaliTu MarHUTHBIN IIOTOK Yepe3 O4HY 13 II0JOBUH OCEBOTO ceue-
HUSA IIPOBOAHHKA B pacueTe Ha eIUHUILY ero IJUHBI.

2.254. NImeeTca AJUHHBIN cojsieHOMs ¢ TokoM I. Ilmommanes ero
IIONePEeYHOT0 CeUYeHUs S, YMCJI0 BUTKOB Ha €IUHUIY IAJUHBI N.
HailiTu MarHUTHBIM IIOTOK dYepe3 Topell COJIEHOUIA.

2.255. Ha puc. 2.74 noxkasaH KOJbII€BOM COJIEHOUJ MPSAMOYI0JIb-

HOTO ceueHuda. HaliTu MarHUTHBIA IIOTOK

yepe3 3TO CedYeHHe, eCJU TOK B OOMOTKe
“h I=1,7 A, nmomHoe uuciyo ButTkoB N = 1000,
Y OoTHOIIleHHe BHEIIHEero JuaMeTpa K BHYTPEH-

Hemy M = 1,6 u Tommuua h = 5,0 cwm.

Puc. 2.74
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2.256. HaiiTu MarHuTHBI MOMEHT TOHKOTO KPYrOBOI'O BHTKAa C
TOKOM, ecau paamyc BUTKa R = 100 MM ¥ MHAYKIMA MaArHUTHOTO
moasa B ero meHrtpe B = 6,0 mkTi.

2.257. BeIYnuCJIUTh MAarHUTHBLIA MOMEHT
TOHKOTO IIPOBOAHUKA ¢ ToKoM I = 0,8 A,
IDIOTHO HaABUTOrO Ha IIOJOBHHY TOpa
(puc. 2.75). JuameTp ceueHUs TOpa
d=5,0 cm, unciao ButkoB N = 500.

2.258. Toukuit npoBoh (c m3oisaIueir) ob6pasyeT
ILIOCKYIO crupasib 13 N = 100 mJI0THO pacmoJiosKeH-
HBIX BUTKOB, II0 KOTOPBIM TedeT TOK I = 8 MA. Pa-
JUyChl BHYTPEHHEr0o 1 BHEITHEro BUTKOB (puc. 2.76)
paBHBI a = 50 mMm, b = 100 mm. HaiiTu:

a) MHAYKINWI0 B MarHuTHOTO II0JIA B IIEHTPE CIIU-
paau; °

0) MarHMTHBIA MOMEHT CIHpaJy IIPU JAaHHOM Puc. 2.76
TOKe.

2.259. PaBHOMEpHO 3apsyKeHHOEe 3apAJOM ¢ TOHKOe HEIPOBOAS-
Imee KOJIBI[0 MAacChl M BpalllaeTcs ¢ 00JBIINON YIJIOBOM CKOPOCTBLIO
BOKPYT CBOEM OCH BO BHEITHEM OJHOPOAHOM MATHHTHOM IIOJIe C UH-
ayknue B. HaiiTu yriaoByr0 CKOPOCTh IIpeIeccu o', eCJu OCh KO-
JbIla COCTaBJIsSeT HEKOTOPLIM yroJ ¢ BeKTopoM B.

2.260. HempoBoasauiuii TOHKH# AUCK pagumyca R, paBHOMepHO
3apAKEeHHBIA C OJHON CTOPOHBI C IIOBEPXHOCTHOM ILJIOTHOCTBIO G,
BpaIaeTcs BOKPYTI CBOEH OCHU C YIJIOBOM CKopocThio . Hairwu:

a) MHAYKIINI0O MArHUTHOTO IIOJIA B IIeHTpe ONCKA;

0) MarHUTHBII MOMEHT [JHCKA.

2.261. HenpoBogsaiaa cgepa paguyca R = 50 MM, 3apsskeHHas
pPaBHOMEPHO € IOBEPXHOCTHOI ILIoTHOocThi0 6 = 10,0 MxKa/m2, Bpa-
IIJaeTCsA C YIVIOBOM CKOPOCTHIO ® = 70 paja/c BOKPYT OCH, IIPOXOAAIIEHN
yepesd ee HeHTp. HaliTu MarHuTHy0 MHAYKIUWIO B IIeHTpe cdepshl.

2.262. 3apan ¢ paBHOMEPHO pacupezejeH 1o 060beMy OZHOPOZ-
HOTI'O IlIapa Macchl m MW pagmyca R, KOTOpPBLIA BpallaeTcsi BOKPYT
ocH, IIPOXOAAINEeN uepes3 ero IeHTP, C YIJIOBOM CKopocTio . HaiTu
COOTBETCTBYIOIITHNI MArHUTHBIM MOMEHT M €ro OTHOIIIEHHE K MeXa-
HUYECKOMY MOMEHTY.

2.263. [JIMHHBIN AU3JIEKTPUUYECKUHN ITUJINHAD paguyca R craTu-
YeCKHM NOJAPU30BAaH TaK, UTO BO BCEX €ro TOYKaxX II0JSIPH30BaH-
HOCTh P co r, rme r — paccrodanue ot ocu. llunuHApP npuBeam BO

Puc. 2.75
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BpallleHre BOKPYT ero OCH C YIJIOBOM CKOpPOCThIO ®. HaliTu MHAYK-
U0 MarHUTHOTO IIOJII HAa OCHU IIMJIHMHApA.

2.264. JIBa mpoToHAa ABUKYTCA IIapaJijieIbHO APYT APYTY C OOU-
HaKoBOi#1 ckopocThio v = 300 Kkm/c. HaliTu oTHOIIIEHNE CUJI MarHUT-
HOT'O U 3JIEKTPUYECKOI'0 B3aMMOJEMCTBUSA JAaHHBIX IIPOTOHOB.

2.265. HaiiTu Mmoay/b ¥ HalpaBJeHNE CHUJIBI,
JIeHCTBYIOIIel HA eJUHUIY OJIUHBI TOHKOTI'O IIPO-

A BogHUKa ¢ TokoM I = 8,0 A B Touke O, ecau
0 IIPOBOAHUK H30THYT, KaK IIOKa3aHO:
Puc. 2.77 a) Ha puc. 2.77, u paguyc B3aKpyIJIeHUS
- R =10 cm;
A 0) Ha puc. 2.78, u paccTosgHUE MEXIY IJHIH-
0 l HBIMH IIapaJjljieIbHBIMU APYT APYIy ydYacTKaMH
S | npoBogHuKa [ = 20 cwm.
2.266. /IBa OJIMHHBIX NIPAMBIX B3aUMHO IIep-
Puc. 2.78

NEeHAUKYJISAPHBIX IIPOBOJA OTCTOAT APYT OT APY-
ra Ha paccTodgHue a. B KaXJoM IpoBoJe TedeTr
ToKk I. HaliTu MakcuMaJbHOEe 3HAUeHHE CHJbI
AMnepa Ha eIWHHIY IJUHBI IIPOBOJA B 3TOM CHCTEME.

2.267. Karymky ¢ Tokom I = 10 MA momMecTUs B OOJHOPOJLHOE
MarHuTHOE II0Jie TaK, UTO e€e OCh COBIIaJia C HallpaBJI€HMHEM II0JIA.
O6MOTKa KaTYIIKM OJHOCJONHAA M3 MeJHOIO IIPOBOJA AUAMETPOM
d =0,10 MM, pagunyc BUTKOB R = 30 mMm. IIpu KakoMm 3HaAUYeHUU HMH-
JYKIIMM BHEIIIHEro II0JIA OOMOTKAa KaTYIIKKM MOXKET OBITHL pas3opBa-
Ha?

2.268. Conenous ¢ ToKoM I ¥ YMCJIOM BHUTKOB 71 HA €IMHUILY IJIM-
Hbl HAXOOUTCS B aKCHUAJIbHO-CUMMETPUYHOM MATHUTHOM IIOJIE, OCh
CUMMETPUH KOTOPOro COBIAJaeT C OChI0 cojeHomzaa. HaliTu moaysb
CHJIBLI, JEMCTBYIOINIE Ha COJIEHON], €CJIM MAarHUTHEIE IIOTOKY, BXO/ -
I U BBEIXOJAIIUNA 4Yepe3 TOPLEI COJIEHOMJA, paBHBI @, u D,.

2.269. HNmeercAa MOJIUHHBIA COJIEHOHJ, YV KOTOPOrO pajguyc
R=30 MM U 4YMcJIO BUTKOB Ha eguHUIy AauHbl n = 20 cm L. C Ka-
KO MarHMTHOM CHUJIOM OJHAa IIOJJOBHMHA 3TOT'0 COJIEHOHJAa NEeHCTBYET
Ha APYryio IOJIOBHHY, €CJu TOK B cojeHouze I = 1,3 A?

2.270. MenHBII TPOBOL ceueHUEeM S = 2,5 MM?, COTHYTBIH B BUJE
TPeX CTOPOH KBajpaTa, MOKET II0BOPAaYNBAThECS BOKPYT TOPU30HTA-
abHOU ocu OO0’ (puc. 2.79). IIpoBoxg HaXoAUTCS B OJHOPOLHOM BEpP-
TUKAJIbHO HAaIIpaBJIEHHOM MAaArHuTHoM Iiojie. Ha¥liTu MHAYKIUIO
IOJIA, €CJIU IIPU IIPONYCKAaHUM II0 JaHHOMY IIpoBoay Toka I = 16 A
yroJ OTKJIOHeHuUs 9 = 20°.
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Puc. 2.79 Puc. 2.80 Puc. 2.81

2.271. 3aMKHYTBIH KOHTYP C TOKOM I HaXOAWTCS B IOJIe OJIMH-
HOT'O IIPAMOI0O IIPOBOJHUKA ¢ TOKOM I[,. IllocKoCT:L KOHTypa Iiep-
MeHAUKYJApHA NPAMOMY NPOBOAHUKY. HaliTu MoMeHT cuya Amie-
pa, OeHCTBYIOIIUX Ha 3aMKHYTBHIA KOHTYP, €CJIM OH UMeeT BUI:

a) kak Ha puc. 2.80; ©0) Kak Ha puc. 2.81.

Heob6xomumble pasmMepbl CHUCTEMBI YKas3aHBI Ha DPHUCYHKe.

2.272. YKpeleHHYI0O Ha KOHIIe KOPOMBICJIa BECOB HeOOJIBIIIYIO
KarymKy K c¢ umcaom BuUTKOB N = 200
IIOMECTHJIM B 3a30p MeXXAy II0JI0caMU
marauTa (puc. 2.82). Ilnomans ceueHUA 2
katymku S = 1,0 cm?, aiuna mwreua OA Kmm.;
kKopomeicaa [ = 30 cm. B orcyTcTBHE TOKaA
yepe3 KAaTYIIKy BeChbl ypaBHOBEIIIEHBI. S
IIociie Toro Kak yepes KaTYIIKy IYCTUJIU
TOK I = 22 MA, IJIs BOCCTAaHOBJIEHUA pPaB- Puc. 2.82
HOBEeCHUA IIPUIILIIOCHE HM3MEHHUTh TIpPy3 Ha
yaire BecoB Ha Am = 60 mr. HaiiTu MHAYKIINIO MAarHUTHOTO IIOJIS B
MecTe HaXOXKIeHUS KaTyIIKH.

2.273. KBagparuasa pamka ¢ Tokom I = 0,90 A pacmojio’keHa B
OOHOM ILJIOCKOCTH C JJUHHBIM IIPAMBIM IIPOBOAHUKOM, II0 KOTOPO-
My TeuetT TOK I, = 5,0 A. Cropona pamku a = 8,0 cm. IIpoxogamas
yepes cepenHbI IIPOTUBOMIOJIOMKHBIX CTOPOH OCh PAMKH MapaJjljielb-
Ha IIPOBOJY ¥ OTCTOUT OT Hero Ha paccTosgHUe, KOoTopoe B n = 1,5
pasa OoJbllle cTOpOHBI paMkKu. Haitu:

a) aMIepoBy CHUJy, OeMCTBYIOIIYI0O Ha PaMKY;

0) MexaHHMUYECKYI0 paboTy, KOTOPYIO HYXKHO COBEPIIUTH IIPU
MeJJIEHHOM IIOBOPOTe PaMKU BOKPYr ee ocu Ha 180°.

2.274. JIpa nmapaJieJbHBIX JJIUHHBIX IPoBoAa ¢ TokoMm I = 6,0 A
B Ka)XJoM (TOKM HAIIpaBJIE€HBLI B OJHY CTOPOHY) YIaJUJIUA APYT OT
Ipyra Tak, 4TO paccTosgHHe MeXXJy HUMH cTajo B n = 2,0 pasa
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OoJibIlIe mepBOHaYaJabHOro. Kakyio paboTy Ha eqUHUIY OJUHBI IIPO-
BOJZIOB COBEpPIIMUJM IIPA 3TOM CUJIbl AMmIiepa?

2.275. JIBa IIMHHBIX HapaJliIeJbHBIX IIPOBOJA C IIPEHEeOPEeKMMO
MaJIbIM COIIPOTHBJIEHMEM C OJHOT'O KOHIIA 3aMKHYThI Ha COIIPOTHB-
JeHue R, a ¢ Apyroro KoHIa IOAKJIIOUEHbl K MCTOUHUKY IIOCTOSH-
HOT'O HaIlpsa)XKeHUdA. PaccToaHMe MeXJy ocsaMU IIPOBOJLOB B 1 = 20
pa3 OoJibllle paguyca cedeHus Kaxkgoro npoBoga. IIpm kakom R
cujla B3aUMOJAEHCTBUA MEXKIy IIpOBOJaMH OOpaTHUTCS B HYJb?

2.276. ITocroannuslii Tok I = 14 A TedeT m0o AIMHHOMY IIPAMOMY
IIPOBOAHUKY, CeUeHHe KOTOPOro mMeeT (POPMY TOHKOT'O HOJYKOJIb-
nma paguyca R = 5,0 cm. Takoil ’Ke TOK TeueT B IIPOTHBOIIOJIOKHOM
HampaBJIeHHU II0 TOHKOMY IIPOBOOHUKY, PacIOJOKEeHHOMY Ha
«ocHu» ImepBoro npoBogHuka (Touka O Ha puc. 2.64). Haiitu cuny
MarHuTHOTO B3aMMOJEMCTBUSA NaHHBIX IIPOBOAHMKOB Ha €IUHUILY
UX IJIUHBI.

2.277. BHyTpu AJMHHOTO IMUJINHAPUYECKOTO COCya pajguyca a
rapaJjJjiejibHO ero OCY pacIoJIOXKeH IMPOBOASAIIUMN CTep)KeHb pajguyca
b c ToHKO# m3oaAnuel. PaccTosgHue MeXXIy OCAMU CTEPyKHA M CO-
cyza paBHO [. Cocyn 3amoJIHMJIMU 3JIEKTPOJIUTOM M IIYCTHUJIX BAOJb
ocu ToK I, Bo3BpalaoIuicsa oopaTHo mo crep:kHI0. HaliTu Mmonyib
M HallpaBJIeHMEe MAarHUTHOM CHUJLI, JeHCTBYIOIel Ha eIUHUIY JJIH-
HBbI CTEPyKHA.

a 5T 2.278. Ilo aByM AJUHHBIM TOHKUM IIapaJljejb-
—-~ HBIM TIPOBOAJHUKAM, BHJ KOTOPBIX IIOKa3aH Ha
puc. 2.83, TeKyT nocTosgHHBIe TOKU I u I,. Paccrosa-
HUe MeXXJy IPOBOAHUKAMH @, IIMPHUHA IIPABOTO IIPO-
BoguHuKa b. mes B Buay, 4To o0a MPOBOAHUKA JIe-
U sxaT B OJHOM IIIOCKOCTH, HAWTH CUJIY MATHUTHOTO
Puc. 2.83 B3aMMOJENCTBUA MeKAYy HUMU B pacueTe Ha eJUHU-
ny UX AJUHBI.
2.279. CucremMa cocTOoUT M3 ABYX HapaliIeJbHBIX
APYyT OPYTY ILIOCKOCTEM C TOKaMH, KOTOpPBIE CO3JAal0T MEeXXAY IIJI0C-
KOCTAMM OJZHOPOAHOE MarHuTHOe IoJjie ¢ MHAYKInuein B. BHe aToi
obJylacT MarHuTHOE IIoJie OTCyTcTByeT. HallTu MarHUTHYIO CHIY,
IeHCTBYIOIIYI0O Ha eOUHUILY IIOBEPXHOCTU KaXIOH IIJIOCKOCTH.

2.280. IIpoBogAIyI0 IMJIOCKOCTH C TOKOM IIOMECTHJIM BO BHEII-
Hee OJHOPOJHOE MAarHuTHoOe IoJie. B pesyjbraTe MHAYKIUA Mar-
HUTHOTO II0JIA C OGHOM CTOPOHEI IIOCKOCTH OKasajack B, a ¢ aApy-
roil cTopoHsl B,. HaiiTu MarauTHyI1o CUly, JelCTBYIOIIYIO Ha eJu-
HUIYy IIOBEPXHOCTH IIJIOCKOCTH B CJy4YasX, IIOKa3aHHBIX Ha

I A I,
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B, B, B, B, B, B,

AAA A A YYYVYY

a) 0) 8)
Puc. 2.84

puc. 2.84. BLIACHUTH, Kyia HAIIPABJEH TOK B IIJIOCKOCTH B KaXJOM
caydae.
2.281. B sj1eKTpoMarHUTHOM HAacoce IJA IepeKadyKU pacIlIaB-
JIEHHOT'O MeTaJlJla YYaCTOK TPYOBI C MeTaJlJIOM
HaXOJUTCA B OJHOPOAHOM MATHHUTHOM IIOJIEe C
nHAyKIueir B (puc. 2.85). Uepes aToT yuac-
TOK TPYOBI B IIEPIEHANKYJIIPHOM BeKTOpPY B 1 I
ocH TPYyOBLI HallpaBJIeHWU IIPOIYCKAIOT PaBHO- PP
MEpHO pacnpefegeHHbIH TOK I. Haittm m3ber- 1’22?
TOYHOE JaBJIeHHE, CcO3JaBaeMOe HacoCOM IIpU
B=0,10Ta, I =100 A ua = 2,0 cm. Puc. 2.85
2.282. Bposs AJIUHHOIO TOHKOCTEHHOI'O KPYIJIOTO IIMJIXHApPA pa-
muyca R = 5,0 cm TeueT ToK I = 50 A. Kakoe gaBiieHue HUCIIBITELIBA-
IOT CTeHKHU IUJIuHIpa?

B

N}
A

2.283. Kakoe gaBieHHe UCHOBITBIBaeT OOKOBad IIOBEPXHOCTH
IJIUHHOTO IPSAMOIrO COJeHouza, cojep:kaimero n = 20 BUTKOB/CM,
Korga 1mo Hemy TeueT TokK I = 20 A?

2.284. Toxk I TeueT 110 AJUHHOMY OJHOCJOMHOMY COJIEHOUIY, pa-
JIuyc cedyeHHs Kotoporo R = 5,5 cm. Uumcio BUTKOB Ha €IUHUILY
IJIUHBI cosleHouza n = 15 cm 1. HaliTu npefie TbHYIO CHIIY TOKA, IIPU
KOTOPOI MOXKET HAaCTYIHUTh Pa3pbIB OOMOTKM, €CJH IIpeeabHas Ha-
rpyska Ha paspbiB IPoBoJIoOKM oomoTku F = 100 H.

2.285. Il1ockuit KOHIEHCATOP, ILIOIIAAb KaXXJOH IJIaCTUHEI KO-
TOPOT0 S U pacCTOAHUE MeXKAY HUMHU d, IOMECTUJIHN B IIOTOK IIPOBO-
oAmei JKUAKOCTHU € YAeJbHBIM COIPOTUBJIeHUEM p. JKUIKOCTE ABU-
JKeTCs CO CKOPOCTBIO U IapaJuleJibHO macTuHaM. Cucrema Haxo-
IUTCA B OJHOPOSHOM MATHHTHOM IIOJIe ¢ MHAYKIMell B, mpuuem
BeKTOp B mapaJjjesieH mjaacTUHAM M NepPHEeHANKYJAPEH HalpaBJe-
HUIO IIoTOKa. IlimacTuHBI KOHAeHcaTOpa 3aMKHYJIM Ha BHEIIHee CO-
npotuBjaeHue R. Kakas momiHocTh P BhIZEJIsIeTCA Ha 3TOM COIIPO-
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ruBjaeHnn? Ilpu xkakom R moimHOCTh P MmakcumaanHa? Uemy paBHa
Pmarcc'

2.286. Bponmp MegHOro NPSAMOro IIPOBOAHUKA paguyca
R =5,0 mMm Teuer ToK I = 50 A. HaiiTm pasHOCTH IOTEHIIHAJIOB
MeJKJy OChI0 IPOBOJHMKA M €ro IIOBepXHOCThIO. KoHIeHTpamusa
9JIeKTPOHOB IIPOBOAZMMOCTH y Meau n = 0,9-1023 cm3.

2.287. IIpu usmepenuu apdexra Xojaa B HAaTPUEBOM IIPOBOJTHU-
Ke HalpsKeHHOCTh IONepevHoro IoJis okasanach E = 5,0 MkB/cMm
IpPH ILIOTHOCTH ToKa j = 200 A/cM? ¥ MHAYKIIMY MArHUTHOTO IOJIA
B = 1,00 Txn. HaliTt KOHIIEHTPAIUIO 3JEKTPOHOB IIPOBOAUMOCTH U
ee OTHOIIeHHEe K KOHIIEHTpaIluUM aTOMOB B JaHHOM IIPOBOJHUKE.

2.288. HaiiTu noABUIKHOCTH 3JEKTPOHOB IIPOBOAMMOCTH B ME[-
HOM IIPOBOJHUKE, €CJIU NpU maMepeHUM adpekta XoJjia B MAardHur-
HOM noJie ¢ uHAYKnuen B = 100 mTy HanpAXKeHHOCTh MOIIEPeYHOI0
AJIEKTPUYECKOTO IIOJII Yy JaHHOTO IIPOBOAHHMKA OKasajlach B
n = 3,1.103 pas MeHbIle HAIPAXKEHHOCTH IPOLOJILHOTO 3JeKTpUUe-
CKOT'O IIOJIA.

2.289. Heb6osbI11101 BUTOK C TOKOM HaXOAWUTCSA Ha PACCTOAHUU I
OT AJIMHHOT'O IMPSMOTO IPOBOAHUKA ¢ TOKOM I. MarHUTHBIA MOMEHT
BUTKa paBeH p,. HaiiTu MoAy/b M HalmpaBjleHHE CHJbI, AEHMCTBYIO-
el Ha BUTOK, €CJIM BEKTOp P, :

a) mapaJjijaejieH IIPAMOMY IPOBOLHUKY;

0) HampaBJIeH II0 paJuyCcy-BEeKTOpPY T;

B) COBIIaJlaeT N0 HANpPaBJIEHWIO C MArHUTHBIM II0jiIeM Toka I B
MeCcTe pPacIIOJIO}KeHUS BUTKA.

2.290. HeGosbirasa KaTyIIKa C TOKOM, MMeEIOIasd MarHUTHBIN
MOMEHT P, , HaXOJUTCA Ha OCU KPyroBoro BUTKa pajauyca R, 1o xo-
Topomy TedeT TOK I. HaiiTm mMomyinb cuiabl, OJeHCTBYIOIIeM Ha Ka-
TYIIKY, €CJIM ee PACCTOAHME OT IleHTPa BUTKa PaBHO X, a BEKTOD P,
COBIIaJlaeT II0 HaAIIPaBJEHUIO C OChI0 BHUTKA.

2.291. Haiitu cuiy B3auMOAeHCTBUA ABYX KaTylIeK ¢ MarHHUT-
HBIMU MOMeHTamu p,,, = 4,0 MA-m? u p, = 6,0 MA-M?, eciiz ux ocu
JeXaT Ha OJHOU IIPpAMON M pacCTOAHHE MeXXAYy KaTyIIKaMU
l = 20 cMm 3HAaUUTEJNIbHO IIPEBBINIAET UX JIMHEMHBbIE pa3Mephl.

2.292. IlocTOAHHBIN MaArHUT uUMeeT (POPMY AOCTATOUYHO TOHKOTO
IVICKa, HaAMarHu4eHHOTo BAO0JIb ero ocu. Paguyc aucka R = 1,0 cwm.
OneHuTh 3HAUEHUWE MOJIEKYJAPHOro Toka I', Tekyimiero mo o6ony
IVCKa, eCJIi UHAYKINUSA MarHUTHOIO IIOJIS Ha OCHU AWCKa B TOYKe,
orcroaAme Ha x = 10 cMm oT meHTpa, cocraBasger B = 30 mkTa.



2.5. IlocToaaHoe MaruuTHoe 1moJge. MargseTugu 127

2.293. UHAYKIIMA MarHUTHOTO M0JIA B BaKyyMe BOJM3H ILJIOCKOM
IIOBEPXHOCTHU OJHOPOJHOTO M30TPOITHOTO MarLHeTuka paBHa B, npu-
yeM BeKTOpP B cocTaBiseTr yroJ o ¢ HOpMaJbio K IIoBepxHocTu. Mar-
HUTHadA NPOHUIIAeMOCTh Mar"Hetuka p. Haiitm mEayknuio B' mar-
HUTHOIO IIOJI B MarHeTHKe BOJIM3U IIOBEPXHOCTH.

2.294. aayKnusa MarHuTHOTO IIOJIA B
BaKyyMe BOJIM3U ILJIOCKON IOBEPXHOCTH B

Mar{eTuka pasHa B, u BekTop B cocras- g _ -~ T~ ]

JISIleT yroj 3 ¢ HOPMaJIbi0 N K IIOBEPXHO- // nfS \\ i _'I‘

ctu (puc. 2.86). MarHuTHasa IpPOHHUIAe- — 7 i :

MOCTb Mar"Hetuka p. Hamru: \\ R\’ —
a) noTtoxk BexkTopa H uepe3 IoBepx- ~S— - H

HOCTBH cpepbl S pazuyca R, 11eHTp KOTO-

PO JIEKUT Ha MOBEPXHOCTH MarHeTHKa; Puc. 2.86

0) nMUpKyJAUIi0 BeKTopa B 1mo KBaj-
paTHOMY KOHTYpPY I' co cTopoHO# [, paciojio)2keHHOMY, KaK II0OKa3a-
HO Ha pHCYHKe.

2.295. IlocTossHHBIN TOK I TedyeT BIOJL AJMHHOTO IIMJINHIpPHYE-
CKOT0 NPOBOJa KpyrJoro ceueHusa. IIpoBox caenaH u3 mmapaMarte-
TAKa C BOCIPpUMMUYMBOCTHIO ). Hauntu:

a) IIOBePXHOCTHBIA MOJIEKYJAPHBIA TOK I

6) 06BEMHBIN MOJIEKYJIAPHEIH TOK 1.

Kak sTu TOKM HampaBJIeHbl APYr' OTHOCUTEJLHO apyra?

2.296. I1uHHBIN coJIeHOUJ 3all0JHEH HEeOJHOPOAHBLIM IIapaMar-
HETHUKOM, BOCIIPUUMUYUBOCTbE KOTOPOT'O 3aBUCUT TOJBKO OT PacCTOsI-
HUS I 0 OCH COJIeHOMJa KakK Y = ar?, rie a — nocrogaHasa. Ha ocu
COJIeHOMJa MHAYKIIMA MarHUTHOIO IIoadA paBHa B,. HanTn 3aBucu-
MOCTBL OT I

a) HaMarHM4YeHHOCTH MarHeTuka J(r);

0) ILJIOTHOCTU MOJIEKYJAPHOro TOoKa j'(r) B MarHeTHKe.

2.297. JInuHHBIA CcoJeHOUZ C
TOKOM HAIIOJIOBMHY B3allOJIHeH IIa- _' _____ I R
pamarsetTukoMm (puc. 2.87). N3006- X
pasuTh NpPUMEpPHbIe TpapuKU HH-
ayknuu B, HanpsxeHHocTu H u
HaMarHU4YeHHOCTH J Ha ocHu coJe-
HOUJa B 3aBUCHUMOCTH OT X.

2.298. IIpamoit 6eCKOHEYHO AJUHHEBIA IPOBOLHUK ¢ TOKOM I Je-
JKUT B IIJIOCKOCTH pasjiea IBYX HEIPOBOAAIIUX cpel C MAarHUTHBI-
MU IIPDOHUIIAEMOCTSAMHU W; U U,. HailTu mEAYKnIUi0 B MarHuTHOIO

!
.
II0B ?

Puc. 2.87
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II0JII BO BCeM IIPOCTPAHCTBE B 3aBUCHMOCTHU OT PACCTOAHUS I' JIO
npoBoja. sBecTHO, 4YTO JUHUU B ABIAIOTCA OKPY’KHOCTAMHU C IIeH-
TPOM Ha OCH IIPOBOSHUKA.

2.299. Kpyrosoii KOHTYpP ¢ TOKOM JIEKUT Ha IJOCKOH IIOBEPXHO-
CTH MarHeTHKa ¢ npoHunaemocthbio |. Haiitu nagyknuio B maraur-
HOT'O IIOJIS B HEKOTOPOM TOYKE Ha OCH KOHTYpPa, €CJIH B OTCYTCTBUE
MarHeTHKa MHAYKIUA B 3TOM TouKe paBHa B,. O606muTs mnosydex-
HBIA pe3yJIbTAT Ha BCe II0JIe.

2.300. 3BecTHO, UTO BHYTPHU IlIapa, HAMarHM4YeHHOT'O OJHOPO/I-
HO ¥ CTaTUYEeCKHU, HAIIPpAKeHHOCTbh MarHuTHoro nojada H' = -J/3, rae
J — HaMaramueHHOCTL. MIMesa B By 3TO COOTHOIIIeHUE, HAlITH WH-
OIYKIINI0O MArHUTHOTO IIOJIS B IIape M3 OJHOPOAHOTO MarHeTHKa C
IIPOHUIIAEMOCTHIO |, IIOMEIeHHOTO0 BO BHeIIIHee OJHOPOJHOEe Mar-
HUTHOe II0JIe ¢ nHAYKnuei B, (Ipu 3TOM IIap HAMarHUTUTCH OLHO-
POIHO).

2.301. NmeeTcsa OecKOHeUHadA IJIaCTHUHA U3 OJHOPOJHOTIO (heppo-
MarHeTUKa ¢ HaMarHudeHHoOCThIO J. Haiitu BekTopsl B 1 H BHyTDH
1 BHe ILJIACTHUHBI, €CJIM BeKTOp J HampaBJIeH OTHOCUTEJILHO IIOBEPX-
HOCTH TILJIaCTHUHBI:

a) IMepneHAuKYJISpHO; 0) mapaJljesbHO.

2.302. Ha mocTOAHHBIA MarHuT, MMEIOIIUN (POPMYy TOHKOIO ITU-
JUHApa AJauHBl [ = 15 cm, HamoTanu paBHoMepHo N = 300 BUTKOB
npoBoga. Ilpu nmponyckanuu mo Hemy Toka I = 3,0 A 1moJje BHe Mar-
HUTa ncyeso. Haiitu KosprnurusHyio cuily H, MaTepruaja MarHuTa.

2.303. IlocTossHHBIII MarHUT MMeeT BHJ KOJIbIIa ¢ Y3KHUM 3a30-
poM Me:xknay mosaiocamu. CpegHuit nuametp Koabla d = 20 cm. Iu-
puHa 3asopa b = 2,0 MM, MHAYKIIUA MarHUTHOIO IIOJI B 3a30pe
B = 40 mTa. IIpenebperas pacceasHMEM MarHUTHOIO II0JISI Ha KpadaXxX
3a30pa, HAUTU MOAYJb HANPAXKEHHOCTH MarHUTHOIO IIOJII BHYTPH
MarHHuTa.

2.304. IlocToOAHHBIA MarHUT UMeeT BUJ KOJIb-
J “/ la C yY3KUM IIOIIEPeYHBIM 3a30POM IIMPHUHEI
J, b = 2,5 mm. Cpeguuit paguyc Koaslia a = 5,0 cMm.
OcraTouHad HaMarHMYeHHOCThL MaTepuaJja Mar-
HuTa J, = 1000 KA/M, ero KospuuTHBHAA CHJa
H, = 25 kA/m. Cuurad, 4To 3aBUCHMOCTDb J(H)
Ha y4yacTkKe oT H, mo myna (puc. 2.88) aBngercsa
/ H, O H iuHefiHOH M paccesHUs MArHUTHOTO TOJNA HAa
KpadAx 3a3opa HeT, HalTH MHAYKIIUI0O MarHUTHO-

Puc. 2.88 ro moJsa B 3asope.
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2.305. Ha xejie3HOM cepIeYHUKE B BHJE TOPa CO CPEIHUM pau-
ycoMm R = 250 MM mmeeTca oomoTKa ¢ unciaoMm BuTKoB N = 1000. B
cepAeuyHUKe cJejiaHa IollepedHad npopeshb mupuHsl b = 1,00 mm.
ITpu Toxe I = 0,85 A uepe3 0OMOTKY MHAYKIISA MArHUTHOTO IIOJIA B
3azope B = 0,75 Ta. IIpenebperas paccesstHIEM MAaArHUTHOTO II0JISA
Ha KpasxX 3a30opa, HaAaWTH MarHUTHYIO IIPOHHIIAEMOCTHL JKeJjie3a B
9TUX YCJIOBUAX.

2.306. Ha puc 2.89 noxkaszaHa OCHOBHAsl KpuBas HaMarHU4HBa-
HUS TeXHUYECKH UYNCTOro »Kejes3a. IIoCTpOUTH C IOMOIIBIO 3TOTO
rpamka KPUBYIO 3aBHCHUMOCTU MArHUTHOW IIPOHUIIAEMOCTH |l OT
HanpakeHHocTu H marHutHoro moJsa. Ilpum kakom sHaueHuu H
MakcuManabHO? Yemy paBHO .7

B, Tx
1,5 !
o
1,0
J
OcHoBHasA KpuBadA HaMarHNYNBaHUS

0,5 TeXHUUYEeCKUN YUCTOr'O JKeJjes3a

/

0 0,1 0,2 0,3 0,4 0,5 0,6 H, xA/M

Puc. 2.89

2.307. ToHKoOe KejJe3HOe KOJbII0O CO CPeJHUM AUaMeTPOM
d= 50 cm Hecer Ha cebe oOMOoTKY M3 N = 800 BUTKOB ¢ TOKOM
I=3,0 A. B Koiblle umMeeTcs IIOIepeYHadA IIPOpPe3b IIUPUHBI
b = 2,0 mm. IIpeneOperasa paccesHMEM MarHUTHOTO IIOJIA Ha Kpaax
3a30pa, HAWTHU C IIOMOINBLIO puc. 2.89 MarHUTHYIO IIPOHUIAEMOCThb
JKeje3a B 9THUX YCJIOBHUAX.
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2.308. II1uHHBIN TOHKUN CTep)KeHb U3 IapaMarHeTuKa C BOC-
MIPUMMYMBOCTBIO ¥ U ILJIOLIAaAbIO IIONIEPEYHOr0 CeYeHUd S pacioJio-
JKeH BJOJIb OCH KATYHIKU ¢ TOKOM. OZMH KOHeIl CTePKHA HaXOIUT-
cA B IIEHTPE KaTYIIKH, I'le MHAYKIINSI MarHUTHOTO II0JIsI paBHa B,
a Ipyroi KoHer — B 00JacTu, rie MarHUTHOE II0Jie IIPaKTUYEeCKU
orcyTcTByerT. C KaKoi CHJIOM KaTyIIKa IOeMCTBYeT Ha CTepPKeHb?

2.309. B ycranoske (puc. 2.90) usmepsior ¢ I1o-
MOIILIO BECOB CHJY, C KOTOPOM NapaMarHUTHBIA
mapuk ob6bema V = 41 mm3 npuraruBaerca K IoJIio-
cy oJjgektpoMarHuta M. HMHAYKUINUA MarsuTHOTO
II0JIT Ha OCH IIOJIOCHOTO HAKOHEUHHKA 3aBHCHUT OT
BBICOTHI X Kak B = B, exp(—ax?), rge B, = 1,50 T,
a= 100 m 2. Haiitnu:
M a) Ha KakKoil BeICOTe X,, HaZl0 IOMECTUTH IIapUK,
yTOOBI CHJIa MPUTAKEHUA OblIa MaKCHUMAaJbHOI;
0) MAarHUTHYI0 BOCIIPUMMUYUBOCTL IIapaMarHeTH-
Ka, eCIM MaKCuUMaJibHad cujaa npurdxenua F .= 160 mxH.

2.310. HeGoupIoit mapuk o6bemMa V u3 mapaMarHeTuKa ¢ Mar-
HUTHOM BOCHPUUMUYUBOCTBIO ¥ MEAJIEHHO IIEPEMECTUJIX BJOJb OCU
KaTyIIKJ ¢ TOKOM U3 TOUYKH, I'le MHAYKIIUA MarHUTHOIO II0JIS paB-
Ha B, B obsacTh, rie MarHUTHOE II0Jie IIPaKTUYECKU OTCYTCTBYET.
Kakyio mpu 3TOM COBEpPIIMJIN PadOTy IPOTHB MATHUTHBIX CHJI?
2.311. [ITHHBIA OIPAMOMH COJIEHOUZ, COAEpPIKallluil n BUTKOB Ha

[ eAMHHUIY QJIMHEI, IOTPY3UIH HAIIOJOBMHY B IapaMar-
/-\\ HUTHYIO JXKHUAKOCTh (puc. 2.91). HaiiTu MarHUTHYIO
— CuJy, OeHMCTBYIOIIYIO Ha eIUHUILY IIOBEPXHOCTHU JKU/I-

N~ """ KOCTHU, €CJIM ee MarHUTHas BOCIPHMNMYHBOCTL PaBHAa
_______ ¥ 1 4depes cojeHouz teuer ToK I. Kyzna sra cuna Ha-
ImpaBJjieHa?

2.312. KpyroBoii BUTOK paguyca a ¢ TOKoMm I pac-
IMOJIOYKEH IIapaJjljieJIbHO ILJIOCKOM IIOBEPXHOCTHU CBEPXIIPOBOLHUKA
Ha pacctrosaHuu [ or Hero. HaliTu ¢ momMomisio MeToga 3epKajJbHBIX
M300pakeHuil MarHUTHYIO MHIAYKIIUIO B IIeHTPe BUTKA.

2.313. ToHKUHA HpAMOM IIPOBOJA ¢ TOKOM I pacmojio’KeH Haj
IIJIOCKOM IIOBEPXHOCTHIO CBEPXIIPOBOAHMKA HA PACCTOAHUU A OT IIO-
caengHero. HaiTu ¢ moMoIb10 MeToia 3epKaJIbHBIX N300paKeHun:

a) JUHEMHYIO IJIOTHOCTh TOKA Ha IOBEPXHOCTHU CBEPXIIPOBOAHMU-
Ka KaK (yHKIIUIO PacCTOAHUSA I' OT IIPOBOJA;

0) MarHUTHYIO CHUJYy, AeHMCTBYIOIIYIO Ha €IUHUILY AJIUHBI IIPOBO-

za.

Puc. 2.90

Pue. 2.91
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2.6. d1eKTpOMArHMTHAS MHIYKIIMA.
YpaBaenusa Makcseiaaa

e 3aKOH JJIEKTPOMArHuUTHON MHAyKnuu Papanpes:

&, =—dd/dt. (2.6a)
e B ciyuae conmeHouzma m Topouza:
D =NP,, (2.60)
rge N — d4uciao BUTKOB, P, — MarHuTHBIA IIOTOK Yepe3 KaXIblil BUTOK.
e MHIYKTUBHOCTL COJICHOUZA:
L = ppn’v. (2.68)

e CoOcTBeHHasd 9HePrus TOKA M B3aMMHasA DHEPIrusd ABYX TOKOB:
W = LI?/2, Wiy = Ly, (2.6r)
e O0beMHasI IJIOTHOCTH JHEPruy MAarHvuTHOI'O IIOJIA:
w = B%/2up, = BH/2. (2.61)
e JInOTHOCTE TOKa CMeEIeHHUA:
Jou = OD/0t. (2.6¢)
e VYpaBueHusa MakcBeina B guddepeHnuaabHOM Ghopme
Vx E =- 0B/dt, V-B =0,
VxH=j+ dD/ot, V-D = p, (2.6x)

rge V x =rot (porop) u V - = div (guBeprenuus).
e Il10THOCTH IIOTOKA BJIEKTPOMArHuUTHOUN sHepruu (BeKTop IloMiHTMHra) M 006B-
eMHas ILJIOTHOCTh YHEPruU 3JI€KTPOMATrHUTHOIO IIOJIA:

II = [EH], w = ED/2 + BH/2. (2.63)

e dopmyabl IpeoOpasoBaHMsS IoJieii npu Iepexoze oT K-cucremMbl oTcueTa K
ABMIKYIIeiicA 110 OTHOIIEHUIO K HeM CO CKOpOCThIO Vv, K'-cucreme.
Ilpn vy < ¢

E'= E + [v,B], B'= B - [v,E]/c%. (2.61)
B obmem cayuae
Ej =E), Bj| =B,
E, +[voB] B, —[v,E]/c®

E| =

B/ =

J-(o/e)? N-o/e)? (2.65)

rjge cuMBOJIaM¥ | ¥ | OTMedeHBI COCTABIAIONIME TOel, MapaelbHble U MepIeHN-
KYJAPHBIE BEKTOPY V.
e VHBapuaHTHI 9JI€KTPOMATHUTHOTO IIOJISA:

EB = inv, E% - ¢®B? = inv. (2.60)
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2.314. KoHTYp HaxoguTCA B OJHOPOJAHOM Mar-
HUTHOM moJie ¢ uHAYKnuei B (puc. 2.92). Bepx-
HIOI0 YaCTh KOHTYypa — IIPOBOJ B BHJE IIOJIYOK-
PYKHOCTH paguyca @ — BpaIIaloT ¢ IIOCTOAHHOM
YIJIOBOM CKOPOCTBIO ® BOKPYT ocu OO0'. B MOMeHT

Puc. 2.92 t = 0 MAarHUTHBIN IIOTOK Uepe3 KOHTYpP MaKcHUMa-
apHBIA. Haiitm 3JIC MHAYKIUM B KOHType Kak
(dyHKIUIO BpeMeHHU t.

2.315. IIpoBoz, uMeromuii ¢opmy napabossl y = kx?, Haxo-
IUTCA B OAHOPOAHOM MArHHTHOM I1oJie ¢ mHAYKINue B (puc. 2.93).
M3 BepmimHBI napa6ojbsl B MOMeHT ¢ = () HauaJid mepeMeIrnaTh Iepe-
MbIuKy 12. Hatitu 3JIC nuayKIuu B o6pasoBaBIlleMcs KOHTYpe KaK

byHKIIUIO Yy, ecau NIepeMBIYKY IIepeMeIaloT:

a) ¢ MOCTOAHHOM CKOPOCTBIO V;

0) ¢ IOCTOSAHHLIM YCKOpPeHHeM a, npuyeM B MoMeHT t = 0 cKo-
pOCTh IIepeMBbIUKU ObLIa paBHa HYJIIO.

Y

B
\ ® I - r - :x== a -
1 2

W

Y

Puc. 2.93 Puc. 2.94 Puc. 2.95

2.316. MeTannuueckuil UCK paguyca a = 25 ¢M BpaIaioT ¢ II0-
CTOAHHO# yryioBoii cKopocThio ® = 130 pan/c BoKpyr ero ocu. Haii-
TH PA3HOCTH IIOTEHI[MAJJIOB MEXKAY IIEHTPOM B 00040M AUCKa, eCJIH:

a) BHEIIIHer0 MarHUTHOIO IIOJIA HeT;

0) umMeeTcs IepHeHAUKYJSAPHOE OUCKY BHEIIHee OJHOPOIHOE
MarHuTHoe moJjie ¢ uaaykmnueir B = 5,0 mTi.

2.317. InuHHLINA npaMoii TPoBOAHUK ¢ ToKkoM I u II-o6pasHbIi
IIPOBOAHUK C IOABM)KHON IIEPEMBIYKOM pAacIOJIOXKEeHbl B OJHOM
mirockocTu (puc. 2.94). IlepeMbIuKky, AJamMHaA KOTOpPOH [, mepemela-
IOT BIIPABO C IIOCTOAHHOU cKopocThio v. Haitm 3C mHAYKIuUM B
KOHType KaK (pyHKIUIO pPacCTOSHUSA I.

2.318. KBagpaTHada paMKa CO CTOPOHOM a ¥ AJUHHBIA IPAMOM
IIPOBOJ ¢ TOKOM I HaXOoAATCSA B OAHOM miaockocTu (puc. 2.95). Pam-
Ky IIOCTyIIaTeJbHO IIepeMeIlaloT BIPABO C IMOCTOSHHOM CKOPOCTHIO
v. HatiTu 9J1C uHAYKIIUY B paMKe KaK (GYHKIIUIO PACCTOSIHUA X.
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2.319. Ilo aBYM rIagKMM BEePTHKAJBHBIM IIPOBOJAM, _&I_
OTCTOAIIMM APYr OT APyra Ha paccTodgHUe [, CKOJIb3UT
IIOJ, NeHCTBHUEM CHJIBI TSXKECTH IIPOBOJHUK-IIEPEMBIUKA oB

Maccel m. BBepxXy HpoBoJa 3aMKHYTHI Ha COIPOTHBJIE-

n N
H1e R (puc. 2.96). Cucrema HaxXoAuUTCA B OJHOPOITHOM ‘
MarsiTHOM II0Jie ¢ MHAYKINuel B, neplIeHAUKYJIAPHOM

IIJIOCKOCTH, B KOTOPOM IlepeMeliaeTcda mepeMeluka. Ilpe-
HeOperas COIPOTHUBJIEHMEM IIPOBOJOB, II€PEMBIYKH U
CKOJIB3ANIINX KOHTAKTOB, a TaK)Xe MArHUTHBIM II0JIeM MHIYKIIUOH-
HOIO TOKa, HAUTH yCTAHOBUBIIYIOCSA CKOPOCTH II€PEMBIYKH.

2.320. CucreMa OTJIMUYaETCs OT PAaCCMOTPEHHOI B IpelbIAyIIei
dagaue (cMm. puc. 2.96) qumip TeM, YTO BMECTO COIIPOTUBJIEHUA R K
KOHITaM BEePTHUKAJBHEIX IIPOBOJOB MOJAKJIIOUEH KOHAEHCATOP €MKO-
ctu C. HaliTu ycKopeHue IIepeMbBIUKH.

Puec. 2.96

2.321. B cucreme, paccMoTpeHHOM B 3amaue 2.314 (cwm.
puc. 2.92), conmpoTuBjeHue KoHTypa paBHOo R. IIpeHeOperas mar-
HUTHBIM [0JIEM MHAYKIIMOHHOTO TOKa, HAWTH CPEJHIOI 3a IePUOJ
BpaIllleHUsA TeILJIOBYI0 MOIIHOCTHL B KOHTYpe.

2.322. KpyroBoii KOHTYpP, UMEIOIIUH ILJIOIIAAL S 1 COIPOTHUBJIE-
HUe R, BpaljailoT ¢ IIOCTOSHHOM YIJIOBOM CKOPOCTBIO (O BOKPYI €ro
JraMeTpa, KOTOPBIN NEepIeHAUKYJIApPeH OJHOPOAHOMY MATrHUTHOMY
noJiro ¢ uHayKnueit B. IIpeneOperasgd MarHUTHBIM II0JIeM UHIAYKIIU-
OHHOTO TOKa, HaliTu, KaKUM MoMeHTOM cuJjbl N(t) Hamo aelcTBO-
BaTh Ha KOHTYP B 3THUX ycJ0BUAX. B MmomeHT t = 0 IJIOCKOCTH KOH-
Typa IepHneHAUKYJIIpHa HaIPaBJIeHUI0O MarHUTHOTO IIOJI.

2.323. Mexxay moJiocaMH 3JIEKTPOMAarHuTa HaXOOUTCSA HebOJIb-
mad KaTyIIKa, OCb KOTOPOI COBMIAaJaeT ¢ HallpaBJIeHHUEeM MarHUTHO-
ro nosd. Ilnomazns momepeyHoro cedeHusa Karymku S = 3,0 Mm2,
ypcyio BUTKOB N = 60. IIpu nmoBopore karymku Ha 180° Bokpyr ee
JraMeTpa uyepes IMOAKJIIOUEeHHBIA K Hell 0a/IINCTUYEeCKUN rajbBaHO-
MeTp npoTekaet 3apdaf q = 4,5 MmxKa. Halitu nuHAYKIIUI0O MATHUTHO-
ro I0OJII MeXXJY IOJIO0CaMM, €CJIM COIIPOTHB-

JleHVe 3JeKTpuuecKoil menu R = 40 Om. b

-% - O
2.324. KBajgpaTHasi IIPOBOJIOYHAsS paMKa ———
CO CTOPOHOM @ U IPAMOII IPOBOJHUK C IIOCTO- a |
AHHBIM TOKOM I Jje)xaT B oZHOHM miockoctu 14 :
(puc. 2.97). ComporuBieHue pamku R. Ee a (—),— -
nmoBepHyau Ha 180° Bokpyr ocu OO’, orcTos-

Puc. 2.97
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e OT IIPOBOJHUKA C TOKOM Ha paccrosHue b. HaiitTu KosmuecTBO
3JIEKTPUUYECTBA, IPOTEKIIee B paMKe.
N 2.325. Ha paccroaHuax a u b oT JJIUH-

R | “b HOT'0 MIPAMOT0 IIPOBOAHUKA C IOCTOSHHBIM
v TOKOM [, pacmoJIoKeHBI JABa INapasieb-

> al HBIX €My IIPOBOJZla, 3aMKHYTBIX Ha OJHOM

- KoHIle conpotuBieHueM R (puc. 2.98). Ilo

Iy IpoBogaM 6e3 TpeHUA IepeMelaloT C II0-

Puc. 2.98 CTOSSHHOM CKOPOCTBIO U CTepKeHb-IIepe-

MBIUKYy. IIpeHeOperad CcONpPOTUBJIEHUEM
IIPOBOZOB M CTEPKHSA, a TAK)Ke MAarHUTHBIM II0JIeM UHAYKIIMOHHOTO
TOKa, HalTH:
a) MHAYKIIMOHHLII TOK B CTEpIKHE;
0) cuay, HYsKHYIO IJs IOAAepPsKaHUS IIOCTOAHCTBA CKOPOCTH.
2.326. CrepskeHb 12 MacChl m CKOJIB3UT 0e3 TPeHUA 10 IBYM
JJIMHHBIM peJbcaM, PacIlOJIOXKEeHHBIM Ha PACCTOAHUU [ APYT OT APY-
1 ra (puc. 2.99). Ha 1eBoM KOHIIE peJIbChI 3aM-
0 KHYTBHI compoTtuBiaeHuem R. Cucrema Haxo-

R Uo p AUTCA B BEPTHKAILHOM OJHODOJHOM Mar-
® HATHOM IIOoJIe ¢ HMHAYKIueir B. B MoMmeHT
) t =0 cTep)XHIO COOOMIMJIM BIpPaBO Hadalb-
HYIO CKOPOCTb V,. IIpeHeOperasa conmpoTuse-
Puc. 2.99

HUEM PeJIbCOB M CTEPIKHfA, a TaKiKe MarHHT-
HBIM IIOJIEM HMHAYKIIMOHHOI'O TOKa, HANTH:
a) paccTodHUHe, IPOHJeHHOEe CTEepP)XHeM [0 OCTaHOBKU;
0) KOJINYECTBO TEILJIOThI, BBIJEJIEHHON IIPY 5TOM HAa COIPOTHBJIE-
HUU.
2.327. ITo I1-o6pasHOMY IIPOBOAHUKY, PACIOJOKEHHOMY B I'OPH-
30HTAJIbHOH! IIJIOCKOCTH, MOJKET CKOJBL3UTh 0e3 TPEeHUA IMepeMbIuKa
12 (puc. 2.100). Ona umeer anuRny l, maccy m u

1 conporuBjeHue R. Bca cucrtema HaxoguTcs B

B BEPTUKAJbHOM OJHOPOAHOM MArHHUTHOM IIOJIE C
® RI—F naayknueir B. B momeHT ¢ = 0 Ha mepeMbIUKY
LY cTajlyd AeMCTBOBATHL NHOCTOAHHOM TIOPU30HTAJIb-

2 HOH cuyoil F, u mepeMbIuKa HauaJjia IIepeMerlra-

Puc. 2.100 ThCs BIpaBo. HaiTM CKOPOCTH II€ePEeMBIUYKU KaK

(yHKIHIO BpemMeHM. MarsuTHoe II0Ji€ HHIYK-
IIMOHHOT'0 TOKa U collpoTuBjJeHUue II-o6pasHOTro
IIPOBOAHUKA IIPEeHEeOPEeKMMO MaJbI.
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2.328. Ilnockuit koHTYp (pumc. 2.101), umero-
I BUJ JBYX KBaJApaToB CO CTOPOHaAMMU b
a=20cm u b =10 cm, HaXoaAUTCA B OJHOPOJHOM
MarHuTHOM II0Jie, IePHEeHAUKYJAPHOM €ro ILJIOC-

KoctTu. MHAYKINIO IIOJS MEHAIOT II0 B3aKOHY

B = Bysinot, rae By = 10 MmTa u o = 100 ¢ 1. Haii- Puc. 2.101

T aMILIATYAy MHAYKIIMOHHOIO TOKa B KOHTYpe,

ecJI¥ COIIPOTUBJIEHWE eUHUIIbI AJuHEL ero p = 50 MOM/M. Maraur-
HBIM II0JIEM 3TOrO TOKa IpeHeOpedb.

2.329. I1nockadA cuupaJb ¢ O0JBIINM YUCJIOM BUTKOB N, IIJIOTHO
IIPUJIEraloluX APYyr K APYry, HaXOAUTCA B OJHOPOJAHOM MAarHUT-
HOM IoJie, NEePHEeHAUKYJAPHOM IJIOCKOoCcTH cunupaau. HapykHbII
paguyc BUTKOB CIIMpPaJU paBeH a. MHAYKIIUA MOJA U3MEeHseTCs BO
BpeMeHHU 110 3aKOHy B = Bsinwt, rae B, 1 ® — nocroansle. HalTu
amMniauTygHoe 3HaueHrne IJIC MHAYKIVMM B CIIMpaJIU.

2.330. II-00pa3HbIii IPOBOAJHUK HaXOOUTCA B OJHOPOJHOM Mar-
HUTHOM II0JIe, IePHeHANKYJAPHOM IIJIOCKOCTH IPOBOJAHUKA U M3Me-
HAIOW[EMCA CO CKOopocTbio B = 0,10 Tn/c. Boons mapaJjiebHBIX
CTOPOH 3TOT'0 NPOBOAHHKA IIepeMeIaloT IIOKOWUBIIHUMICS IIPOBO/J-
HUK-IIePeMBIUKY ¢ ycKopeHHeM a = 10 cm/c?. J[n1uHaA IepeMbIUYKU
l = 20 cm. Haiitu 9JIC uaayKIIuM B KOHType uepes t = 2,0 ¢ mocJe
Hauvajla nmepeMelleHus, ecau B MoMeHT ¢t = 0 miaoimaabk KOHTypa Hu
MHIYKIHASA MarHUTHOT'O IIOJII PaBHBI HYJIO.

2.331. BHyTpHM IJUHHOTO COJIEHOUJA HaXOAUTCS KaTylnka us N
BHTKOB C ILJIOINAAbIO IIOIIepevHoro ceuenus S. KaTymky mosopauu-
BaIOT C IIOCTOSTHHOM YIJIOBOM CKOPOCTBIO (0 BOKPYTI OCH, COBIIaJalo0-
el ¢ ee JMaMeTPOM U NMePHNeHAUKYJISAPHON ocu coyieHouma. Hanitu
IC MHAYKIUM B KaTyIIKe, €CJId WHAYKIUA MArHUTHOTO IIOJISA B
COJIEHOHJle MeHAEeTCA CO BpeMeHeM KaK B = B sinwt u B MOMEHT
t =0 och KaTyIIKU COBIIaJajla C OChIO COJIEHOMJIA.

2.332. B 111HHOM COJIEHOUJE C PaAUyCOM CEUEHUS 4@ U YHCJIOM
BUTKOB 7 Ha €IUHUIY AJUHBI U3MEHSIOT TOK C IIOCTOSHHON CKOPO-
cteio [ A/c. HaiiTu HanmpsAXeHHOCTh BHUXPEBOT'0 3JIEKTPUUECKOIO
IMOJIsI KaK (PYHKIIUIO PACCTOAHUA r OT ocu cojieHouzaa. M1300pasuth
IPUMEPHBIN rpaduK dTOM 3aBUCHUMOCTH.

2.333. Ha pauHHBIN coJeHOUJ, MMEIOIIUN AuaMeTp CeYeHUud
d = 5 cm u cogepskamuii n = 20 BUTKOB Ha 1 ¢M AJIMHEI, IIJIOTHO Ha-
IeT KPyroBoif BUTOK M3 MeJHOro IpoBoja ceueHumeM S = 1,0 mm2.
HaiiTu TOK B BUTKe, €CJM TOK B OOMOTKE COJIEHOHJa YBEJIUYNBAIOT
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C IIOCTOSHHOM CKOPOCTBLIO I A/c. MarHUTHBIM IIO0JIEM WHIYKIIMOH-
HOTO TOKa IIpeHeOpeub.

2.334. Henposogsdaiiee TOHKOE KOJIBIIO MacChkl m, MMeIOIee 3a-
pPAL g, MOXXeT CBOOOJHO BpallaThCsA BOKPYT cBoeil ocu. B MoMeHT
t = 0 BKJIIOUNJIN OJHOPOJAHOE MATrHHUTHOE II0Je, IepPIeHINKYIAPHOoe
ILIOCKOCTU KoJbIla. MHAYKIIMA oA Hadaja HapacTaTh II0 HEKOTO-
pomy 3axkoHy B(¢). HaliTu yrioByio CKOPOCTH ® KOJbIIAa KaK (PYHK-
nuo B.

2.335. MarHUTHBIHN IIOTOK Yepe3 HEeIMOABUIKHBIA KOHTYP C COIIPO-
THBJIeHNeM R wnu3sMeHseTcd B TeueHMEe BpeMeHH T II0 3aKOHY
@D = at(t — t). HaliTu KOJIUUECTBO TEIJIOTHI, BHIAEJEHHON B KOHTYypE
3a 3TO BpeMsa. MarHuUTHBIM I0OJIeM HUHAYKIIMOHHOTO TOKAa IIpeHe-
Opeus.

2.336. B cepesuHe NIMHHOI'O COJIEHOMAA HAXOIUTCA KOaKCHAb-
HO€ KOJIBI[0 IMPAMOYTOJBHOIO CeUeHNA M3 IIPOBOAAIIEr0 MaTepHaJia
C YIAeJbHBIM collpoTuBJIeHUEM p. Toammua Koabna A, ero BHyTpeH-
HUH M BHEHNIHUMN paguychl a 1 b. UHAYKIIMI0O MAarHUTHOTO IIOJISI CO-
JIeHOUJa U3MEHSIOT CO BpeMeHeM 10 3aKoHy B = ¢, rge B — mocTo-
AHHas. HaliTu MHAYKIMOHHBI TOK B KOJbIle, IIpeHeOperas ero
MarHUTHBIM IIOJIEM.

2.337. CKOJIbKO MEeTPOB TOHKOT'O IIPOBOJA HAJ0 B3ATh AJIA U3IO0-
TOBJIE€HUA coJieHouAa JauHbl [, = 100 cM ¢ MHAYKTUBHOCTBIO
L=1,0 mI'a, ecau guaMeTp cedeHHA COJIEHOMIA 3HAUHTEJIBHO Me-
HBIIIE ero AJUHBI?

2.338. HaiiTu MHIYKTHBHOCTL COJIEHOMJA IJUHEI [, OOMOTKOMH
KOTOPOT'O ABJAETCSA MeIHAs IIPOBOJIOKa Macchkl m. CoOImpoTHUBIEHUE
oomoTku R. JluaMeTp cojieHOUJa 3HAUUTEJIHLHO MEHBIIIe eT0 AJIUHBI.

2.339. Karymky nagyktuBHocT L = 300 MI'H ¢ conpoTuBIeHH-
eM R = 140 MOM moAKJIIOUNIN K IIOCTOSHHOMY HaIpsskeHuio. Ye-
pe3 CKOJbKO BpPeMEHHM TOK 4Yepes KaTyIIKy gocTurHer mn = 50%
YCTaHOBUBIIIErOCA 3HAUEHMUS?

2.340. BuluncianThk IOCTOAHHYIO BPeMEHH T COJEHOMJA IJINHBI
l =100 cMm, numMeromIero OJHOCJIOMHYI0O OOMOTKY M3 MEeJHOT'0 IIPOBOa
maccel m = 1,0 kr. IIpegnonaraercs, 4To JuaMeTp Ce€UYEHUS COJIEHO-
nJa 3HAUYNUTEJbHO MEHbIIEe ero AJUHBI.

IIpumeuanue. IloctoaaHasa Bpemenu T = L/R, rae L — UHAYK-
TUBHOCTb, B — aKTHUBHOE COIPOTHUBJIEHUE.

2.341. HailiTu MHAYKTUBHOCTh €QUHUIIBI AJUHBI Kabead, mpen-
CTaBJIAIOIIET0 COOOM OBAa TOHKOCTEHHBLIX KOAKCHUAJbHBIX METAaJLJIU-
YeCKUX ITUINHJIpPa, €CJU paguyc BHEIIHEro mujauHapa B n = 3,6
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pasa OoJibllle BHYTpPeHHero. MAarLuTHYI0 HIPOHMUIIAEMOCTH CPeabI
MeXXAYy IMJINHAPAMH CUUTATh PaBHOH eIMHUIE.

2.342. OnpenennTh MHAYKTUBHOCTE TOPOMIAJLHOIO COJIEHOHIA
n3 N BUTKOB, BHYTPeHHUH paJuyc KOTOPOT'O paBeH b, a molmepevyHoe
ceueHne mMeeT (opMy KBajapara co cTopoHoil a. IIpocTpamcTBO
BHYTPU COJICHONJAa 3all0JJHEHO IMapaMardHeTMKOM ¢ MArHHTHOM IIPO-
HUIIaeMOCTBIO |L.

2.343. BeIuncauTh MHAYKTUBHOCTDL €/11-
HUILI JOJIWUHBI JBYXIPOBOJHOM JIEHTOUHOM
auaun  (puc. 2.102), eciu paccTodgHUe
MEXXJOy JIEHTaMH h 3HauYMTEeJbHO MEHLIIe
UX IMupuHLI b, a umMmeHHo b/h = 50.

2.344. HaiiTiu MHAYKTUBHOCTDb €IMHUIIEI
IJIVHBI ABYXIPOBOJHOM JIMHUM, €CIU Palu- Puc. 2.102
yC Ka’KJOoro IIPpOBOJAa B 1| pa3 MeHbIIIe pac-

CTOSHUA MeXXay ux ocaMu. IloreM BHYTpH IIPOBOJIOB IpeHeOpeUb,
MArHHNTHYIO IIPOHUIIA€MOCTEL BCIOZY CUMTATh PaBHOW eAUHHIIE U
n<l.

2.345. Koaswno paaumyca a = 50 MM uM3 TOHKOH IIPOBOJIOKM HH-
nyktuBHocTU L = 0,26 MKI'H moMecTuJI B OJHOPOJAHOE MarHUTHOE
nmojge ¢ mHAyKnuern B = 0,50 MmTa Tak, 4TO ero miIoCKOCTh cTaJjia
MePIEeHANKYJIAPHON HaAIIPaBJICHUIO IMOJA. 3aTeM KOJIBI0 OXJIaguJIN
JI0 CBEPXIIPOBOJSAIIEI0 COCTOSHUSA M BBIKJIIOUNJINM MaArHUTHOE IIOJIE.
Hayitu Tox B KoJbIle.

2.346. CeepxmpoBosAIiee KPyrioe KOJbIO paguyca a, IMeIolee
HMHAYKTUBHOCTL L, HaXOAUTCSA B OJHOPOJHOM MArHHUTHOM IIOJIe C
uHAYyKIueir B. IlimocKocTs KoJibIla IIapaJijeabHa BeKTopy B, u Tok
B KOJIbII€ PaBeH HYJII0. 3aTeM IILJIOCKOCTHL KOJbIla IMoBepHYy I Ha 90°
B IIOJIOXKEeHUe, IepHeHAUKYJApPHoe moJio. HaiTu:

a) TOK B KOJbIIe IIOCJIE IIOBOPOTA;

0) paboTy, COBepIIeHHYIO IIPU 3TOM.

2.347. Tok I, = 1,9 A TeueT 110 JIMHHOMY 3aMKHYTOMY CBepX-
IIpoBoAsAIeMy coaeHouny. HafiTu Tok B coJeHOH e IIocje TOro, KakK
ero pacTAHYJIU, YBEJWYUB AJUHY Ha 1N = 5%.

2.348. 3aMKHyTasa Ilelb COCTOUT M3 II0CJIENOBATEJIbHO BKJIIOYEH-
HOro ucTouHMKa nocrossHHoi AJC & u apoccesss MHIYKTUBHOCTH L.
AKTHUBHOe COIpPOTHUBJIeHUEe Bceil nennu paBHO R. B momeHT ¢ = 0 uH-
OYKTUBHOCTD Jpoccesid CKAYKOM yMeHbIIUJIU B 1 pasd. HaiiTu TOK B
menu Kak (PYHKIIMI0O BpeMeHHU ft.

b
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YrkaszaHue: IIpu ckaukooOpa3sHOM M3MEHEHUU MHIYKTHBHOCTH
MMOJIHBIM MarHUTHBIM IIOTOK (IIOTOKOCIIENJIEHME) OCTaeTCa HeUu3MeH-
HBIM.

K 2.349. HaiiTu 3aKOH U3MeHEHUA BO BpEeMEHU
/ ’ TOKa, TEKYIIero yepe3 MHAYKTUBHOCTL L B cxe-

Mme (puc. 2.103) mocyie 3aMbIKaHUA KJaoda K B
& R L% momeHT t = 0.

R 2.350. B cxeme (puc. 2.104) usBectnr IIC
& UCTOYHUKA, CONPOTUBJIeHNE R 1 MHAYKTUBHO-
Puc. 2.103 cTu Karyiuek L; u L,. BHyTpeHHee COIIpOTHUBIIe-
HUe WCTOYHUKA U COIIPOTHUBJIIEHUA KAaTYIIEeK
L, npeHeOpe)xumMo MaJsibl. HaiiTu ycTaHOBUBIINECS

00 TOKM B KaTyIIKaXxX II0cje 3aMbIKaHUA KJoda K.
L, 2.351. [IBa AJMHHBIX KOAKCHAJbHBIX COJIEHO-
| G- N | uja comepiar n, U n, BUTKOB Ha eJUHUILY JJIU-

\K Hbl. BHyTpeHHUI COJIEHOH[, WUMEIOIUN IJIO-
_|g| I:IR | magb IIOIIEePeYHOr'0 ceueHudA S, 3al0oJHEH Mar-
HETUKOM I poHunaemoctu (. HaiiTu B3amMHYIO

Puc. 2.104 UHIYKTHUBHOCTh COJICHOUZOB B pacueTe Ha eJu-

HUIY UX OJIUHEI.
2.352. BrulumciauTh B3aMMHYI0O HWHIYKTHB-
HOCTh OJIMHHOIO IIPAMOIO IIPOBOJA U NPAMOYTOJbHOM pPaMKH CO
cTopoHaMu a 1 b. PaMKa u npaMoii IpoBoJ JieXKaT B OAHOHM IIJIOCKO-
CTH, IpUUYeM OJIMKaimIas K IIPOBOAY CTOPOHA paMKHU AJUHBI b ma-
pajejibHAa IIPOBOAY M OTCTOUT OT HEro Ha paccrodaHue [.

2.353. OnpenenuTh B3aMMHYI0O HHIAYKTHUBHOCTHL TOPOUAAJIBHOM
KaTYIIKU U IIPOXOASAIIEro o ee 0c 6eCKOHEUYHOro IPAMOTO IIPOBO-
na. Karymka mMeer NpAMOYrojibHOe ceueHUe, ee BHYTPEeHHUU pa-
Inyc a, BHemHuM b. [[ImHaA CTOPOHBI IIOIIEPEYHOT'0 CEUeHUsS TOopa,
napaJijieJIbHOM IpoBoAy, paBHa h. Yucio BUTKOB Karymku N. Cuc-
TeMa HaXOAUTCA B OLHODPOJHOM MAarHeTUKe IPOHUIIA€MOCTHU L.

b 2.354. Ha noBepxHOCTH TOpa KBaApaTHOTO

a CeueHusA PaBHOMEPHO HaBUTO N, BUTKOB TOHKOM

npoBoJoku. Ha aTy oOMOTKY B CBOIO Ouepenb

HaBUTO N, BHUTKOB, KaK IIOKa3aHO Ha pHC.

]\']l N 2.105. BHyTpeHHU! U BHENIHUU paguychl Topa

2 ! paBHBI a 1 b. HaliTu B3auMHYI0 MHAYKTUBHOCTD
006enx 0OMOTOK.

|
Puc. 2.105
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2.355. ]IBa KOHIIEHTPUYECKMX TOHKHX INIPOBONHUKA B (opme
OKPY’KHOCTel ¢ paguycaMu a u b jiexkaT B ogJHOM ILIOCKocTu. Mes
B BHUJY, YTO a < b, HauTu:

a) UX B3aMMHYIO WHIYKTHUBHOCTE;

0) MAarHUTHBIA IIOTOK Yepe3 IIOBePXHOCTh, HATSIHYTYIO Ha BHEIII-
HUM IIPOBOAHUK, €CJIM II0 BHYTPEeHHEMY IIPOBOAHUKY TedueT TOK 1.

2.356. [IBa oquHAaKOBBIX KOHTYpa B BHJe PABHOCTOPOHHUX Tpey-
rOJbLHUKOB (13 TOHKUX IIPOBOJIOB C M30JIAIIMEl) OZHON CTOPOHOM CO-
BMeEII[eHELI, a PACCTOAHNE MEyKJIY IIPOTHUBOIIOJOXKHLEIMY BepIINHAMU
PaBHO CTOPOHE TPEYyroJbHUKOB. NHAYKTUBHOCTE KaXJAOr0 KOHTypa
L. HaiTnu ux B3aMMHYI0 MHIYKTHUBHOCT.

2.357. Tok I TeueT 110 paMKe B BHe KBaj-
PaTHOro KOHTypa cO cTOpoHOM a. Haiitu mar-
HUTHBIA IIOTOK 4Yepe3 IOJYILIOCKOCTL P
(puc. 2.106), rparuna kortopor OO’ orcToUT P Ya
oT OJMIKaMIlIell CTOPOHLI PaMKM Ha PacCTos-
Hue b. Ilonynaockocte P M paMKa Jie)xaT B b a
OOHOU IIJIOCKOCTH.

YkaszaHue: Bocmoinb3oBaTbcs TeopeMou 0
B3aMMHOCTU: L;, = L. Puc. 2.106

2.358. lImeeTcss TOHKOE KOJBIIO Paguyca a@ C
TokoM I. HaiTu MHAYKIIWIO MAarHUTHOTO IIOJIA B IIIOCKOCTH KOJIbIIa
B TOUKe, HaXOJAIIelCcA Ha PACCTOAHUU I OT €ro IIeHTpa, ecjiu ' > a.

2.359. HeG6oubIIoil IHUINHIPUUYECKUH
marautT M (puc. 2.107) HaxoguTCA B II€H-

Tpe TOHKOM KaTyIIKU paguyca a, COCTOA- v‘@
e u3 N BuTKOB. Karymika nogkJouyeHa

K OammuctuyecKkoMy rajbBaHoMeTpy G. Puc. 2.107
ConpoTtusienue Bcel 1enu paBHo R. Haii-

T MarHATHBLIZ MOMEHT MarHuTa, ecJid IPU ero yJajJeHun U3 KaTyIIl-
KU Yepe3 rajJbBAHOMETP IIPOIILJIO KOJIMYECTBO 3JIEKTPUUECTBA (.

2.360. HaiiT npubankeHHYI0 GOPMYJIy AJA B3aMMHON MHIYK-
TUBHOCTH ABYX TOHKHMX BUTKOB OJMHAKOBOI'0O paguyca @, €CJu OCH
BUTKOB COBIIaJalOT, a UX IeHTPLI HAXOAATCA APYT OT Apyra Ha pac-
croauuu [, mpuuem [ > a.

2.361. UmeroTcsa ABa HEIMOABUIKHBIX KOHTypa C B3aMMHOM WH-
OYKTUBHOCTBIO L, ,. B 01HOM 13 KOHTYpPOB HavyaJu U3MEHATH TOK IIO
3akoHy I, = at, rie o — mocToAHHadA, t — BpeMd. HaiiTu 3aKoH us-
MeHeHUA TOKa [,(t) B ApyroM KOHType, MHIYKTUBHOCTh KOTOPOI'O
L, n conporusnenue R.

O'

Y~
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L,R 2.362. Karymka naagyktuBHocT L = 2,0 MkI'H
n conpotuBgeHua R = 1,0 Om mopkJaioueHa K HcC-
_ —5 | Tounuky nocrosaHHo# IIC & = 3,0 B (puc. 2.108).
ITapaniaensrHO KaTyIIKe BKJIOUYEHO COIIPOTHUBJIE-

—cK 1 HUe R, = 2,0 Om. HaiiTu KOIM4YeCTBO TENJIOTHI,
& KOTopasi BBIJEJUTCS B KaTYIIKe IIOCJEe Pa3MBIKAa-
Puc. 2.108 HuA Kiawoua K. BHyTpeHHee CONPOTHUBJIEHUE WHC-

TOYHHKA IIPEeHeOpeKNMO MaJio.
2.363. Toxk I TeueT MO AIMHHOMY IPSAMOMY IIPOBOJHUKY KPYTIJIO-
r'o ceYeHUsI ¢ MarHUTHOM IPOHUIlaeMOCThIO L. HaliTu sHepruio mar-
HUTHOT'O II0JII BHYTPHX IIPOBOJA B pacueTe Ha eJUHUIY €ro JJINHBI.

2.364. Ha Top u3 HepeppomarHeruka Hamorano N = 500 BUTKOB
nmpoBoga. HalTm 5Heprui0 MarHUTHOTO IIOJIsSI, €CJOM IIPU TOKe
I =2,0 A MarHUTHBIA IHIOTOK UYepe3 IIONEPEYHOE CeUYeHHe Topa
& = 1,0 mBo.

2.365. Hene3HBIN CepIeYHUK, UMEIOIIUN (opMy TOpa C KpyT-
JIBIM ceueHueM pajauyca a = 3,0 cm, HeceT Ha cebe OOMOTKY u3
N = 1000 BuTkoOB, Mo KoTopoii TeueT Tok I = 1,0 A. Cpenguuii pagu-
yc Topa b = 32 cm. OueHUTH ¢ mMoMOIIbI0 puc. 2.89 MarHuTHyIO
9HEPruio B ceplAedYHHKe.

2.366. ToHKOe KOJBI[0 U3 MarHeTHukKa C ILJIOIaAbI0 IIOIIePEYHOT0
ceuenud S = 5,0 cm? umeer cpepHuii guamerp d = 30 cM U HeceT Ha
cebe oomoTky 3 N = 800 BuTKoB. B KoJiblle chejlaHa IollepedyHast
npopesb MupuHel b = 2,0 mM. IIpu HeKOTOpPOM TOKe B 0OOMOTKE Mar-
HUTHasA IpoHuIaemoctb Maruetuka | = 1400. IIpenebperasa pacce-
SSHUeM IIOJI Ha Kpasx 3a3opa, HauTwu:

a) OTHOIIEeHNe MarHWTHO! SHEPrUUd B 3a30pe M MaTHETHUKE;

0) MHOAYKTUBHOCTb CHUCTEMEI.

2.367. KoakcuaabHBIA Ka0eJab COCTOUT U3 BHYTPEHHET'O CILIOIII-
HOT'O IIPOBOJHUKA paguyca a U HapysKHOUM IPOBOAAINEH TOHKOCTEH-
HOM TpyOKm pamgumyca b. HaliTu MHAYKTHUBHOCTL €AUHUILBI JJINHBI
KabeJd IJA TOKOB JOCTATOYHO MaJIO YaCcTOTHI, IPM KOTOPOM pac-
npeaejieHe TOKa 10 CeUeHUIO0 BHYTPEHHETro IIPOBOAHUKA IIPaKTUUe-
CcKU paBHOMepHO. Marepmuan kKabejls HeMarHUTHBIN.

2.368. [InuHBIA MUJINHADP paguyca a U3 HeMarHUTHOT'O MaTepua-
Jla, 3apAKeHHBI paBHOMEPHO II0 IIOBEePXHOCTH, BPaIllaeTCsA BOKPYT
CBOell ocu C YIJIOBON CKOpocThbi0 . HaliTu sHepruio MarHUTHOIO
II0JISI Ha €IMHUIY AJUHBI IIMJINHIPA, €CJIU JUHEeNHaA IIJIOTHOCTh 3a-
paga IUJIMHAPA paBHA A.
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2.369. IIpu Kakoii HAIPAKEHHOCTH JJIEKTPUUECKOIO IOJIA B Ba-
KyyMe IIJIOTHOCTL 9HEPTHUH 9TOrO II0JA OyJeT TaKkoM JKe, KaK y Mar-
HUTHOTO IIoJsa ¢ mHAyKIuedn B = 1,0 Ta?

2.370. ToHKOe paBHOMEPHO B3aps’KeHHOe KOJIbII0 pajguyca
a = 10 cm BpamaeTca BOKPYI' CBOEHl OCHM C YIVIOBOM CKOPOCTBLIO
o = 100 pag/c. HaiiTu oTHOIIIeHNEe IIJIOTHOCTEH 9HEePruu MarHUTHO-
o U 3JIEKTPUYECKOTO II0JIeil Ha OCH KOJIbIla B TOUKE, OTCTOSIIEH OT
ero IeHTpa Ha paccTodaHue [l = a.

2.371. Vicxona 3 BEIPAYKEHUA IJIS IMJIOTHOCTA MAarHUTHOM 9Hep-
THMH, II0OKasaTh, YTO paboTa, 3aTpaunBaeMas Ha HaMarHWYWBaHUeE
eIUHUIILI o0'beMa Ilapa- WM AuamMarHetuxka, A = —JB/2.

2.372. ]IBe ofMHAKOBBIE KaTYIIIKW, Ka)KJasd MHAYKTHUBHOCTH L,
COeIUHSAIOT a) MocJieloBaTeJbHO, 0) mapajiaeabHo. CuuTas B3auM-
HYI0O MHIYKTUBHOCTL KATyIIeK IIPeHeOpe)KMMO MaJjioil, HAWTHU WH-
IYKTHUBHOCTL CHCTEMEI B O000MX CJIydYasdX.

2.373. JIBe ofuHAKOBBIE KaTYIIIKU, Ka)KJasd UHAYKTUBHOCTU L,
COeIMHEHEI IIOCJIeA0BaTeJILHO U PACIOJIOKEeHBI TaK OJU3KO APYr K
IPYIy, YTO MATHUTHBIA IOTOK OJHOM KATYIIKH IIOJHOCTBLIO IIPOHU-
3LIBaeT APYIyIo, YyCHJIMNBaA ee IOoTOK. HaliThn MHAYKTHUBHOCTEL CHCTE-
MBI M3 9THUX ABYX KaTyIIeK.

2.374. JIBa cojieHOUa OAMHAKOBOM JJIUHBI U IIOUTU OJAUHAKOBO-
ro ceueHUA BCTaBJEHBI OOWH B apyroi. HaliTu mx B3aMMHYIO WH-
AYKTHUBHOCTb, €CJIM UX HMHAYKTUBHOCTH DaBHBI L; M L,.

2.375. JIBa OOMHAKOBBIX KOAKCHUAJBHBIX KPYTOBBIX BUTKa U3
CBEPXIIPOBOAHUKA, KaXKIbI MHAYKTUBHOCTH L, pacmojoKeHbl Ha
0OJIBIIIOM PAcCTOAHUU APYT OT Apyra. B Ka)JIoM BUTKe B OJHOM U
TOM K€ HampaBJieHuHu TedeT ToK I. BuTku 3aTem coBmecTuau. Haii-
TH:

a) pe3yJbTUDPYIOIIUA TOK I’ B Ka)XJIOM BUTKE;

0) npupalieHue MarHUTHOU 9HEPTrUM CUCTEMEI.

2.376. IloxkazaTh, YTO MAarHUTHas 5SHEPrusa B3aUMOJEHCTBUSI
IBYX KOHTYPOB C TOKAMH B BaKyyMe MOJKeT OBITHL IIpeAcTaBJIeHa
Kak W, =ﬁJ.B1B2dV, rae B, u B, — MHAYKIMM MarHuTHOTO

ImoJiA B ajieMeHTe o0bema dV, co3maBaemMble OTIEJIbHO TOKAMU OJHO-
ro M APyroro KOHTYPOB.

2.377. B gByx KpPyIVIBIX KOHTypax ¢ paguycaMu a U b TeKyT
TOKU I, u I,. IleHTpBl KOHTYPOB COBIAJAIOT, a YroJl MeXAy UX ocd-
Mu paBeH 3. HaliTu sHepruio B3auUMOLEMCTBUA KOHTYPOB, €CJIA
a<b.
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2.378. IIpocTpaHCTBO MeXKAy ABYMs KOHIIEHTPUUYECKUMU MeTaJI-
JUYEeCKUMH chepaMm 3aIlOJITHEHO CJIa00 IIPOBOASAIIEN cpeloil ¢ yue-
JIbHBIM COIIPDOTHBJIEHUEM p U AUIJIEKTPUUECKON IIPOHUIAEMOCTHIO
€. B HeKOTOpBHII MOMEHT 3apsj] Ha BHYTPeHHeil cdepe paBeH (.
Haiiru:

a) CBA3bL MEKJYy BEKTOpaMHM IIJIOTHOCTEH TOKOB CMEIIEeHUSA U
IIPOBOAMMOCTH B Ka)KJOM TOUKE CpeIbl;

0) TOK CMeIlleHUs B JaHHBIA MOMEHT 4epe3 IIPOM3BOJILHYIO IIO-
BEPXHOCTL B CpeZie, OXBaThIBAIOIIYI0O BHYTPEHHIO cdepy.

2.379. IInockuiit KoHgEeHCAaTOP 00pa30BaH ABYMA OUCKaMU, MEXK-
Iy KOTOPBIMHM HaxXOAWUTCA ONHOPOOAHaA caabo mpoBoAsImad cpeza.
KonzeHcaTop 3apagun M OTKJIIOUYNIN OT MCTOUHNKA HAIIPAXKEHUA.
IIpeneOperada kKpaeBbIMH 3(ddeKTaMu, IoKasaTb, YTO MAaTrHUTHOE
IIoJie BHYTPU KOHAEHCATOpPa OTCYTCTBYET.

2.380. Ilnockuii BO3AYIIHBIHA KOHIEHCATOP, ILJIOIIAAb KaKIOu
maacTuHE KoToporo S = 100 cM2, BKJIOUEeH IIOCJIefOBATEJbHO B
IleIlb IIePEMEHHOT0 ToKa. HaliTu aMIInTyay HanpsaKeHHOCTH 3JIeK-
TPUYECKOTO II0JIS B KOHJEHcaTope, €CJH aMILIUTYyAa CUHYCOUAJIb-
HOT'O TOKa B IpoBoAAmux mnposojgax I, = 1,0 MA u yacToTa TOKa
o=1,6107 c1.

2.381. ITpocTpaHCTBO MEXKAY OOKJAAKaMM IIJIOCKOTO KOHIEHCA-
TOpa, UMEIIMUMU (POPMYy KPYIJVIBIX AMCKOB, 3aII0JHEHO OJHOPOJ-
HOH cJj1a00 NIpPOBOLAIINEH cpelfoil ¢ YAeJIbHOH IIPOBOAMMOCTBIO G U
JIU3JEeKTPUYECKOM IMPOHUIAeMOCThIO €. PaccTossHIEe MeXXKIy OOKJIa-
kKamu d. IIpeneOperas KpaeBbIMU 3(pdeKTaMu, HaUTU HaIPAKEH-
HOCTh MATrHUTHOTO IOJIA MEXXJy OOKJaJAKaMH Ha PacCTOAHUHU I OT
X OCH, eCJM Ha KOHJEeHCATOp IIOJaHO IIepeMeHHOe HAaIlIpsKeHue
U=U, cosont.

2.382. [IuHHBINA NPAMOI COJIEHOUJ MMeeT N BUTKOB Ha €IUHU-
ny puauHel. 1Io Hemy TeueT mepeMeHHEBIN TOK I =1, sin wt. Halitu
IIOTHOCTHh TOKAa CMeIleH!Us KaK (pYHKIUIO PACCTOSAHUSA I OT OCH CO-
JeHoupa. Pagmyc ceueHusa cosieHounaa R.

2.383. Toueunslit 3apan ¢ ABUMKETCA C HEPEJIATUBUCTCKON CKO-
pocTei0 V = const. HaiiTu niaoTHOCTE TOKa cMeIlleHUdA j, B TOUKe,
HaxogdAmelca Ha pPacCTOAHUM I OT 3apdAna Ha IPAMOM:

a) coBIajaIleil ¢ TpaeKTopuel 3apdAjna;

0) mepIeHIUKYJIAPHON TPaeKTOPUHU U IIPOXOAAIINEeHN yepes3 3apss.

2.384. JIBe yacTuIibl, Macca KaKJoi M3 KOTOPOil paBHAa m, a 3a-
PAALI ¢ 1 —q, ABUXKYTCA IOJ AeHCTBHEM 3JeKTPUUYECKOT0 IIPUTIMKE-
HUA 110 OKPY’KHOCTH TaK, YTO COEAUHSAIOIIAA UX IIpAMasd Bpaliaer-
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cs C YIJIOBOM CKOpPOCThIO . HaliTM IJIOTHOCTHL TOKa CMEIIeHUS B
IIeHTpe 9TON CHUCTEMBI.

2.385. ToueuHslit 3apA] ¢ ABUXKETCA C Hepe-
JSAITUBUCTCKOM CKOPOCTHIO V = const. BasaB mup-
Kyaanmuio Bexktopa H 1o  OKpyXHOCTH
(puc. 2.109), maittu H B Touke A KakK (yHK-
IIUIO paguyca-BeKTopa r ¥ CKOPOCTH V 3apsza.

2.386. JloxkasaThb C NIOMOIILI0O YpPaBHEHUIt
Maxkcseina, 4TO: Puc. 2.109

a) mepeMeHHOe BO BpeMeH! MarHUTHOE II0JIe
He MOYKeT CYIIEeCTBOBATHL 0€3 3JIEKTPUUECKOTO
I1OJIS;

0) OLHOPOIOHOE 3JIEKTPUYECKOE II0JiIe He MOJKET CYIIeCTBOBATH
Py HAJWYNN II€ePeMEHHOI'0 BO BpeMEHH MATHHTHOT'O IIOJISA.

2.387. IlokasaTb, UTO 13 ypaBHeHU MakcBeJia ciaeayeT 3aKOH
COXpaHeHUA 3JIEKTpUIecKoro s3apsaga: V *j= — 0Op/ot.

2.388. ITokazaTrs, uTo ypaBHeHus MakcBessna V x E =— 0B/0t n
V : B = 0 aBIAOTCA COBMECTUMBIMHU, T. €. IIEPBOE U3 HUX HE IIPO-
TUBOPEYUT BTOPOMY.

2.389. B HekoTopoi#l 00JIaCTHM MHEPIIUAJIBbHOM CHCTEMBI OTCUeTa
MMeeTCA Bpalaloleecd C YIJIOBOM CKOPOCTHIO () MArHUTHOE IOJIe,
UHAYKIUA KoToporo paBHa B. Haiitu V x E B aToil obiacTu Kak
(yHKIIMI0O BEeKTOPOB  u B.

2.390. B uHepnuanbHOi K-cucTeMe oTcueTa MMEETCA OTHOPOJ-
HOe YNCTO MarHuTHoe moJjie ¢ mHAyKnuer B. HaliTu HanpsaKeH-
HOCTBH 3dJIEKTpHUUecKoro moJjsa B K'-cucreme, KoTopasa ABUMKETCS C
HEPeJATUBUCTCKON CKOPOCTBIO V OTHOCHUTEJNbHO K-cHMCTeMBbI, IIPH-
yeMm v | B. [lna pemieHusa 3Toro BoIpoca pacCMOTPeTh CHUJIbI, JeHCT-
BYIOII[I€ HA BOooOpa’KaeMbIil 3apsaj B 00erX cUCTeMaX OTCUeTa B MO-
MEHT, KOrJa CKOpPOCTh 3ap#ana B K'-cucTeMe paBHa HYJIO.

2.391. Boubmiaa miacTuHa U3 HeeppOMarHuT- B
HOT'0 MeTaJljla ABUXKEeTCs cO CKopocThio U = 90 cm/c

B OJHOPOZHOM MArHMTHOM IIOJle C WHAYKIMeH
B = 50 mTxn, xak nokasano Ha puc. 2.110. Haiitu :—>
IIOBEPXHOCTHYIO IIJIOTHOCTH 3JE€KTPUYECKUX 3apsd- S
JI0B, BO3HUKAIOUIUX Ha ILJIaCTHMHE BCJIEACTBUE e€e

Puc. 2.110

IBU)KEHUA.

2.392. Bosblnasa ImjacTHHaA U3 OJHOPOLHOTO AM3JIEKTPUKA IIPO-
HUIAeMOCTHU € JBUXKETCHA C IOCTOAHHON HEPeJATHUBUCTCKON CKOPO-
CTHIO V B OJHOPOJHOM MArHHTHOM II0Jie C MHAYKIuel B, Kak moka-
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3aHO Ha puc. 2.110. HaiiTu nmoiapus3oBaHHOCT:E P OUsJIeKTPUKaA U
IIOBEPXHOCTHYIO ILJIOTHOCTh G CBA3AHHBIX 3apsaLOB.

2.393. JIMuHHBIA CILJIOIITHONW aJIOMUHUEBBIN IIUJIUHAP paguyca
a= 5,0 cMm BpalalT BOKPYI' €ro OCM B OJHOPOAHOM MATHHUTHOM
moae ¢ mHAYKnuedr B = 10 mTa. YrioBad cKoOpocTh BpalleHHUs
o = 45 pan/c, npuuem ®1TB. IIpeneGperas MAarHUTHBIM IIOJIEM
BO3HUKAWOIIUX 3apAL0B, HAUTH MX O0BEMHYIO M IIOBEPXHOCTHYIO
ILJIOTHOCTH.

2.394. InuHHLIA TUJINHADP pajuyca a U3 AUIJIEKTPUKA IIPOHU-
IIaeMOCTH € BpaIlaeTcs C IIOCTOAHHOMN YIJIOBOM CKOPOCTHIO ® BOKPYT
CBOel ocu BO BHENITHEM OJHODPOJAHOM MAarHUTHOM II0JIe C MHAYKIIUeHn
B, npuuem oTTB. Haiiru:

a) MOJIAPU30BAHHOCTh AUAJIEKTPUKA KaK (PYHKIIUIO PACCTOAHUA
oT ocu muiaumHApa, P(r);

0) MOBePXHOCTHLIA CBA3aHHBIN 3apad A Ha eQUHUITY OJIUHBI IU-
JIUHIpA.

2.395. HepenaATUBUCTCKUHN TOUYEUHBLINA 3apsaf ¢ ABUMKETCA C IIO-
CTOAHHOM cKopocThio v. HaliTu ¢ momoinpio (opmMys npeobpasoBa-
HUSA II0JIeM MHAYKINI0 B MarHUTHOIrO II0JIA 3TOr0 3apsla B TOUYKe,
II0JIOJKEeHNEe KOTOPOM OTHOCHUTEJILHO 3apsdafa omnpenedeTca paguy-
COM-BEKTOpPOM T.

2.396. ITokasaTe ¢ momomisio opmyJa (2.6u): ecau B mHepIua-
JbHOM K-cucTeMe oTcueTa MMeeTCs TOJbKO 9JIEKTPUUYECKOe UJIU TO-
JIbKO MarHuTHOE II0Jie, TO B JI0O0M Apyroil mHepnuaabHOU K'-cuc-
TeMe OyAyT CYIIeCTBOBATh KaK JJIEKTPUUECKOe, TaK U MarHUTHOE
IIoJie OJHOBPEMEHHO, IIpAYeM E 1B

2.397. Hmeerca AIUHHBIA NOPAMOM IIPOBOJHHUK C TOKOM
I =1,0 A. Haiitu 3apsan A’ Ha eJUHUIY AJUHBI IIPOBOJHUKA 1 COOT-
BETCTBYIOIIle YUCJIO 3JIEKTPOHOB, 00ecIeurBaIOIIUX 3TOT 3apAnd, B
CHCTeMe OTcueTa, ABUIKYIeCcsa CO CKOpoCcThIo v, = 1,0 Mm/c BHOIB
NIPOBOAHMKA B HalpaBJeHUU ToKa I.

2.398. B unepnuananHoil K-cucteMe UMeTCA TOJLKO 3JIEKTPUUE-
cKoe moJsie ¢ HanpsaxxenHocTwso E = a(xi + yj)/(x? + y?), rae a — mo-
cToAHHAaA, i 1 j — opTheI oceit X u Y. Haiitu unayxknuio B’ maraur-
Horo noJisa B K'-cucreMe, KoTopas ABUKETCA OTHOCUTeJNbHO K-cuc-
TEeMBI C HePEeJATUBUCTCKON MOCTOAHHOM cKopocThio VvV = vk, k — opr
ocu Z. Cuurathb, YTO OCh Z' coBHajaeT ¢ ockio Z. Kakoil Bua nMeeT
nose B'?

2.399. Yo6enurnscda, uto opmysbl npeodpasoBanusd (2.6u) cieny-
10T u3 popmyxn (2.6K) npu v, < c.
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2.400. B uHepnuanabHoii K-cucreMe MMeeTCA TOJBKO OTHOPOJ-
HOe 3JIEKTPUUYecKoe IIojie ¢ HanpsaKeHHocThio E = 8 kB/m. Haiitu
MOJyJIb M HaIlpaBJIEHUE:

a) Bexktopa E; 06) BexTopa B’

B K'-cucreme, ABMXKYIIENCA II0 OTHOIIEHUIO K K-cucreMme ¢ IIOCTO-
SSHHOM CKOpPOCTBhIO V mox yriaom o = 45° K BekTopy E. CkopocTsb
K'-cucremnr = 0,60 ckopoctu cBera.

2.401. Pemuth 3azauy, OTJNYAIONIYIOCA OT IPEALIAYINEH JIUIIb
TeM, 4TO0 B K-cucreme mMeeTcA He 3JEKTPUUECKOe, a MArHuTHOE
moje ¢ mHAyKnueir B = 0,8 Ti.

2.402. Y6enuTnscs ¢ mMOMOIIbIO (hopmy mpeobpasoBanus (2.6K) B
MHBAPHUAHTHOCTH CJIEAYIOIINX BEJINYNH:

a) EB; 6) E2 — ¢2B2.

2.403. B nnepnuaabHOoi K-cucTreMe OTCUETa MMEIOTCS JBa OJHO-
POAHBIX B3aMMHO IIEPIEHAUKYJIAPHBIX MOJISA: 3JeKTpUUecKoe Hallps-
)keaHoct E = 40 xB/M u maruuTtHoe ¢ mHAyKnueir B = 0,20 mTa.
Haittu HanpsxeHHocTh E' (Miu nHAYKIUIO B') mona B Tou K'-cucre-
Me OTcueTa, IrJe HalOJoJaeTcda TOJbKO OAHO IIoje (3JIeKTPUUEecKoe
WJIX MarHUTHOE).

YrkazaHue. Bocrosb3oBaThCsi MHBapUAHTaAMHU IIOJIA.

2.404. Touyeunsl¥ 3apAf ¢ ABUKETCA PAaBHOMEPHO U IPAMOJIM-
HeNHO C PeJATUBUCTCKON CKOPOCTHIO, COCTABJIAIOIIEHN [3-4acTh CKO-
poctu cBeta (B = v/c). HaiitTu HanpakeHHOCTh E 3J€eKTpHUUYECKOT0
IIOJIA 3TOTO 3apsja B TOUKe, PaJuyc-BeKTOP KOTOPOM OTHOCHUTEJIBHO
3apAlla paBeH r M COCTaBJIIeT yrojl 9 ¢ BEKTOPOM €ro CKOPOCTH.

2.7. JIBuikeHNe 3apPAKEHHBIX YACTHIL
B 3JIEKTPHMYECKOM M MATHHTHOM IIOJAX

e Cuna Jlopenma:
F = gE +q[VB]. (2.7a)
e YpaBHEHHE [ABM)KEHUSA PEJIATUBUCTCKON YACTHUIIBI:
d mv
4 e
(2.706)
e Ilepwon oOpameHus 3apAKEHHOM YaCTUIBI B OHOPOAHOM MAarHUTHOM IIOJIE:
T = 2nm,/qB, (2.7B)

rae m, — PeJATUBUCTCKAadg Macca dacTunbl, m, =m /1 —(v/ c)2 .
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e BeraTponHOe yCJI0OBHE — YCJIOBHE ABMKEHUS 3JIEKTPOHA IO KPYTOBOII opOuTe
B OeraTpoue:

B, =+ B, (2.77)

rae Bo — HMHAYKIHUSA MArHUTHOTO IIOJISA Ha opOute, (B) — cpejaHee 3HaUYeHNE UHIYK-
WY BHYTPH OPOUTHI.

2.405. B momeHT ¢t = 0 13 04HOH NJIACTHHBI IIJIOCKOT'O0 KOHAEHCA-
TOPa BbLJIETEJI 9JIEKTPOH C MPeHeOpeXKMMO MaJIOM CKOpocThIo. Merx-
Iy ILJacTHHAMM IIPHUJIOYKEHO yCKopsmoliee HanpskeHue U = &t, rae
e = 100 B/c. Paccrossaue mexkay miaactuHamu [ = 5,0 cm. C Kakoi
CKOPOCTBLIO 3JIEKTPOH HOAJETHUT K IIPOTHBOIIOJJIOKHON IJaacTuHe?

2.406. IIpoToH, YCKOPEHHBIA pas3HOCThIO moTeHIuajaoB U, moima-
naerT B MoMeHT t = 0 B OJHOPOAHOE 3JEKTPHUYECKOe II0JIe IIJIOCKOTO
KOHAeHcaTopa, AJHHA ILIACTMH KOTOPOro B HaIpaBJeHUU IBUKe-
HuA paBHa [. HanpsiKeHHOCTh IIOJIA MEHsIeTCS BO BpPeMEHH Kak
E = ¢t, rne ¢ — nocroaHHada. CunuTad NPOTOH HEPEJIATHUBUCTCKUM,
HaWTH yroJ MeXXJy HalpaBJeHUSMH €ero IBHKEHHUS OO0 M IIocJie
mpoJjera KoHAeHcaTopa. KpaeBwiMu adgdgekTaMu npeHeOpeUb.

2.407. Yactuna ¢ yAaeJabHBIM 3apAIOM ¢/m OBUXKETCS IIPAMOJIU-
HEHHO IOoJ JeiicTBUEeM 3JeKTpudeckKoro nons E = E, — ex, rae € —
IIOJIOKUTEeJbHAA MMOCTOAHHAS, X — PacCTOAHHE OT TOYKU, B KOTO-
poil uacTuIla IepBOHAUAJbHO IOKomjaach. HailiTu paccrosaHue,
IpoHJeHHOe YacCTUIlell 0 OCTAaHOBKU.

2.408. OeKTpPOoH HAUYMHAET ABUIaThbCA B OJHOPOILHOM 3JIEKTPH-
yecKoM mnoJie HanpsikeHHocTd E = 10 kB/cm. Uepe3 cKOJIBKO Bpe-
MEeHM IIocJIie Hauajla ABUKEeHUA KHMHEeTHYecKas SHeprusd 3JIeKTPOoHa
CTaHET PaBHOM ero HepPruu II0KOoA?

2.409. PenaTuBucTcKuil IpoTOH B MoMeHT ¢t = 0 BJeTes co CKoO-
POCTBIO V, B 0071aCThb, I'/le MMeeTCA IIollepeYHOoe OJHOPOJHOe 3JIEeKT-
pudeckoe moJie Hanps:xeHHoctu E, npuuem v, L E. Haittu 3aBucu-
MOCTBH OT BpeMeHH yrJjia 3 MeXIy CKOPOCTBLIO V IIPOTOHA U IIepBOHA-
YaJbHBIM HAIIpaBJIE€HUEM ero ABUKEeHMUS.

2.410. IIpoToH, YCKOPEHHELIA Pa3HOCTHIO
B noteHnuagoB U = 500 kB, npoJseTaer mome-
® /( peYHoe OJHOPOAHOe MArHUTHOEe IIoJie C WH-

o .
— L —  npyxknwmeinnt B = 0,51 Ta. Toamuua obactu ¢
d mojsieMm d = 10 cm (puc. 2.111). Haiitu yroa
0. OTKJIOHEHHUS IIPOTOHA OT IIepPBOHAYAJIBHO-
ro HaIpaBJeHUS IBUKEHUS.

Puc. 2.111
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YX 2.418. N3 mauanma koopmumuat O oOjacTu, rae
EAB CO3JaHBI OSJHOPOALHEIE MapaJliieJbHbIe OCH Y 3JEKT-
pUUYecKoe 1 MarHUTHOE II0JIS ¢ HAIPSAXKeHHOCThIoO E
0 U»Q_ u nHaykiue B (puc. 2.113), BeleTaeT B HalpaB-
X JneHum ocu X HepeJATHBHUCTCKaA YACTHIIA C yIelIb-
7 HBIM 3apAafoM ¢/m W HadalbHOM CKOPOCTBIO Uj.

Haiiru:

Puc. 2.113

a) KOOpAMHATY Y, YaCTHUILI B MOMEHT, KOTrja
OHa n-u pas3 IepecedeT OCh Y,

0) yroJs o MeXXIy CKOPOCThIO YaCTHUIIbI ¥ OChIO Y B 3TOT MOMEHT.

2.419. Y3Kuil Iy40K OJMHAKOBBLIX MOHOB C YIAEJBHBIM 3apsaaoM
q/m, UMeIOIIUX pas3jINYHbIe CKOPOCTU, BXOAUT B ToukKe O (cMm.
puc. 2.113) B obaacTh, rae co3gaHBI OJHOPOAHLIE NapaJieslIbHBIE
3JIEKTpUYEecKoe U MarHUTHOe II0JISI ¢ HalIPpAKeHHOCThI0 E 1 MHAYK-
nueit B. HanpaBineHnue nyuka B Touke O coBnagaet ¢ ockio X. Ha
paccToaHuu | oT Touku O HaXOAUTCA ILIOCKUM 9KpaH, OPUEHTUPO-
BaHHBIN IepHeHAUKYyJApHO ocu X. HaiiTu ypaBHeHUe cjea MOHOB
Ha sKpaHe. IIokasaTh, 4TO Ipu 2 < [ 3TO — ypaBHEeHUE I1apaboJIbI.

2.42(0. ITy4oK HEpeJATUBHCTCKUX IIPOTOHOB IIPOXOAUT, HE OT-
KJIOHASCH, yepe3 006Ji1acTh, B KOTOPOX CO34aHBLI OJHOPOAHLIE IIOIe-
peYHble B3aUMHO NepIeHANKYJIAPHbIE 3JIEKTPUUECKOe 1 MarHuTHoe
nonda ¢ E =120 kB/m u B = 50 mTu. 3arem nydyok momazaer Ha 3a-
3eMJIEHHYIO MuIleHb. HaliTu cuiy, ¢ KOTOpPOM IIy4YOK AeHCTBYyeT Ha
MUIIIeHb, ecau TOK B nyuke I = 0,80 MA.

2.421. HepenAaTUBUCTCKUE IPOTOHBI ABUMKYTCA IIPAMOJHUHEMHO
B 00J1acTH, e co3gaHbl OJHOPOAHLIE B3AMMHO NEePIeHANKYJIAPHEIe
aJeKTpudyecKoe 1 MarauTHoe noja ¢ E = 4,0 kB/m u B = 50 mTa.
TpaeKTopus NPOTOHOB JIEKUT B IIJIOCKocTH X2z (puc. 2.114) u co-
craBisger yroa ¢ = 30° ¢ ocrio X. HaiiTu mar BUHTOBOU JTUHUM, 110
KOTOpPO# OyAyT ABUTaThCA IIPOTOHBI IIOCJE BBLIKJIIOUEHUSA DJIEKTPU-
YeCKOIr'o IOJA.

Puec. 2.115
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2.422. TIy4yoK HepPeJATHUBUCTCKUX 3apAXKEeHHBIX YACTHIL IIPOXO-
IUT, He OTKJIOHASCH, uepe3 obJsiacTh A (puc. 2.115), B KoTopoi co-
3IaHbI IIOIIEpeYHbIe B3AUMHO NIePIeHANKYJIAPHBIE 3JIeKTPUUecKoe U
Mar"iTHOE IO0JISI ¢ HallpsKeHHOoCcThIo £ u naayknueir B. Ecau mar-
HUTHOE II0Jie BBIKJIOUUNTB, CJel IIyUYKa Ha 3KpaHe J cMeIaeTcs Ha
Ax. 3Had paccToAHUA a U b, HalTU yAeJbHBIN 3apAL q/m 4acTHIL.

2.423. Yactuna ¢ yaeJbHBIM 3apAfoM q/m IBU- Y
JKeTcs B 00J1acTH, T'lle cO3JaHbl OJHOPOAHBLIE B3aIM-

HO IepHeHIUKYJAPHbIE 3JIeKTPUUYEecCKOoe M MarHur- E
HOe MOoJIsI ¢ Hampsi)KeHHocThblo E m mHAayKnmueinr B 0
(puc. 2.116). B momeHT t = 0 yacTUIla HaX0AUJIach B X
B Touke O M uMeJia HYJIeByl0 cKopocThb. Halitu niasa
HePeJATUBUCTCKOTO CJIydYas: A

a) 3aKOH ABU)KeHUA vacTuIlbl x(t) u y(t); Kakoi Prc. 2.116

BUJ MMeeT TPaeKTOpUsd;

0) AJIMHY ydYacTKa TPaeKTOPUM MeXXAYy IABYMsA OJMKaNIINMU
TOYKaMl, B KOTOPBIX CKOPOCTh YAaCTHUILI OoOpallaeTcsa B HYJIb;

B) cpeqHee 3HauUeHHE IIPOEKIIMU CKOPOCTHU UYaCTHUIIBI Ha och X
(apeiioByI0 CKOPOCTBH).

2.424. CucremMa COCTOUT M3 AJUHHOTO NUJIMHAPUUECKOTO aHOLA
paguyca a 1 KOaKCHAJbHOTO C HUM IHUJIMHIPUUYECKOTO KaToja pa-
auyca b (b < a). Ha ocu cucrtemMbl nMeeTcsA HUTH C TOKOM HakaJa I,
CO3AIOIINM B OKPYJKAaIOII[eM IIPOCTPaHCTBe MarHuTHoe noje. Haii-
T HAUMEHBIIYI0 PasHOCTh IIOTEHIIMAJIOB MEXKIY KaToAOM M aHO-
JIIOM, IIPA KOTOPOH TepMO3JEKTPOHBI, MOKHUAAIOIINEe KaTold 0e3 Ha-
YaJbHOM CKOPOCTH, HAUHYT JOCTUTaTh aHOJA.

2.425. MargseTpoH — 3TO IIpuUOOpP, COCTOAIIUN M3 HUTH HaKaJa
pazuyca a M KOaKCHaJbHOIro MUJIMHIPUYECKOro aHoja pazuyca b,
KOTOphIE HAXOAATCA B OJHOPOAHOM MATHMTHOM IIOJIe, IapaJljielb-
HOM HUTHU. MeXJ1y HUTBIO U aHOAOM IIPUJIOKEeHa YCKOPAIoIasi pas-
HOCTh morTeHnuajoB U. HaliTum 3HadveHMe MHAYKIIMM MATrHUTHOTO
I10JIsI, IIPY KOTOPOM 3JIEKTPOHBI, BbLJIETAIOIME C HYJEBON HadaJlb-
HOI CKOPOCTBIO M3 HUTHU, OYAYT AOCTUraTh aHOJA.

2.426. 3apa'keHHad YacTHUIA C YeJbHBIM 3apAAO0M ¢/m HadUHAa-
eT ABUraThbCcsA B 00JiacTH, T'Ae CO3AaHbI OJHOPOAHBLIE B3aMHO IIEp-
MIeHAUKYJISAPHbIE 3JIEKTPUUYECKOe M MarHuTHoe mojda. MarHutHoe
I10Jie TIOCTOAHHO M UMeeT MHAYINIO B, sjIeKTpUUecKoe Ke MeHAeT-
cd BO BpeMeHHU Kak E = E coswt, rae o = gB/m. Haiitu nisa Hepe-
JIATUBUCTCKOTO cJydad 3aKOH JBU)KeHUA dacTuis! x(t) u y(t), ecau
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B MoMeHT ¢t = 0 oHa Haxoauiaachk B Touke O (cMm. puc. 2.116). Kakoit
IIPUIMEPHO BHUJ MMeEeT TPAeKTOPHUA YaCTUILI?

2.427. Yacrora reaeparopa mukjgorpora v = 10 MI'n. Haiitu ad-
(beKTUBHOE yCKOpAIOIee HaIpAKeHHe Ha ero AyaHTaX, IIPA KOTO-
POM PaCCTOSTHME MEXKIYy COCEIHUMU TPAEeKTOPUSMU IIPOTOHOB paau-
yca r = 0,5 m He mMensbine, ueM Ar = 1,0 cwm.

2.428. IIpoTOHBI YCKOPAIOTCA B ITMKJOTpPoHe. MaKcuMaJbHBIN
paguyc KpuUBUB3HBI UX TpaexkTopuu r = 50 cm. Hayru:

a) KHHETUUYECKYIO 3HEPTHUI0 IIPOTOHOB B KOHIIE YCKOPEHUA, €CJIH
MHAYKIUSA MaArHUTHOTO MOJsd B IukJorpone B = 1,0 Ti;

0) MUHMMAaJbHYIO YacTOTy I'eHepaTopa IIMKJOTPOHA, IPU KOTO-
poii B KOHIIEe YCKOPEHHS IIPOTOHBI OYAyT MMETh KHUHETHYECKYIO
smepruro K = 20 Mb»sB.

2.429. OgHOKpaTHO MOHHU3HPOBaHHBIe MOHBI He' ycKopsamT B
IUKJOTPOHE TaK, UTO MaKCHUMAaJbHBIN paguyc opouTel r = 60 cMm.
Yactrora renepatropa nukJjgorpoHa v = 10,0 MI'nm, »sddexkTBHOE
ycKopsomiee Hanpsxkenue mexay nyauramu U = 50 xB. IIpeneope-
rasg 3a30poM MeXKAy OyaHTaMu, HaWTuH:

a) IIOJIHOe BpeMs IIpoIecca YCKOPeHHs HOHA;

0) npubau)KeHHOe 3HaUeHue MYyTH, IPOMJIeHHOT0 NOHOM 3a BeCh
IUKJ YCKODPEHUS.

2.430. Tax xak mepuop oOpallleH!Us 3JIEKTPOHOB B OJHOPOJSHOM
MATrHUTHOM II0JI€ C POCTOM HEpPruu OBICTPO YBEJIUUYUBAETCH, ITUK-

JIOTPOH OKa3bIBaeTCA HENPUTOAHBIM IJIA

UX YCKOPeHUA. ITOT HeJOCTATOK yCTPaHs-

erca B mukpompone (puc. 2.117), raoe us-

MeHeHHte Ilepuoja obpalfeHusd 3JIeKTpPOHa

AT npenaloT KpaTHBIM IIEePUOAY YCKOPSIO-

mero mojasa T,. CKOIBKO pa3 3JIEKTPOHY

He0o0X0AMMO NPOUTH Uepe3 YCKOPAIOIUMA

Pue. 2.117 IPOMEXYTOK MHUKPOTPOHA, UTOOBLI IIPHUOO-

pectu sHepruio W =4,6 MaB, ecan

AT =T, uaayknusa MarHuTHoro noiasa B = 107 mMTa u dacrora
yckopsomiero moada v = 3000 MI'?

2.431. YToOBI B IMKJOTPOHE HE BO3HUKAJIA PACCTPOIIKa, CBA3aH-
Hada ¢ U3MeHeHHEM Ileproja oopalfeHnusa YacTHUIbI IIPY BO3pacTaHUU
ee 9Hepruu, MeAJIeHHO U3MEHSAIOT (MOAYJIUPYIOT) YaCTOTY YCKOPSIO-
miero nojad. Ilo KakoMy 3aKOHY HaJ0 M3MEHSATH 9Ty 4dacToTy o(t),
ecJIM MHAYKIINA MardiTHOTO II0JIsI paBHa B 1 yacTHuIla IpuobpeTaer
3a oguH oOopoT sHepruio AW? 3apsajn yacTuibl ¢, Macca m.



2.7. IBuxeHue 3apAKEeHHBIX YACTHUIL B JJIEKTPUYECKOM M MAarHMTHOM mojasax 151

2.432. YacTuna c yAeJabHBIM 3apAfoM ¢/m HaXOAUTCSA BHYTPU
COJIEHOMa KPYIJIOTO CeYeHUs Ha PacCTOAHUU I' OT ero ocu. B o0-
MOTK€ BKJIIOUMJIM TOK, U MHAYKIIMA MArHUTHOTO IIOJIS CTaJia paB-
Holi B. HaiiTu CKOpOCTH YacTUIIBI M PAgyC KPUBU3HBI €€ TPaeKTO-
puu, ecJau 3a BpeMs HapacTaHUsS TOKa B COJIEHOUJE ee CMeIleHUue
IpeHeOpeKuMO MaAaJIo.

2.433. B GeTaTpoHe MAarHUTHLINA IIOTOK BHYTPU PaBHOBECHOM Op-
OuThI paguyca r = 25 ¢cM Bo3pacTaeT 3a BpeMs YCKOPEHUs IIPaKTHU-
YeCKH C IIOCTOAHHOM CKOPOCTHIO o =5,0 B6/c. Ilpu aToM 3JIeKTpPO-
HbI npuobperaioT sHepruio W = 25 M»sB. HailiTu uuciio o60poTOB,
COBEPIIIEHHBIX 9JIEKTPOHOM 3a BPEMs YCKOPEHUs, U COOTBETCTBYIO-
Iee 3HaUeHWe IIPOUAEHHOTO0 UM ITyTH.

2.434. IlokazaTb, UYTO 3JIEKTPOHEI B O0eTaTpoHe OYAYT ABUTaThCS
10 KPyroBo¥ opOHUTEe MOCTOAHHOT'O pagwyca NpPU YCIOBUU, UTO HH-
OIYKIIUSI MarHUTHOTO IIOJA Ha OpOuUTe paBHA IIOJOBHUHE CPEIHEro
3HAYEeHUA MHAYKIIUY II0JIS BHYTPU OPOUTHI (OeTaTpOHHOE yCJIOBHE).

2.435. HaiiTu ¢ moMoIbI0 6€eTaTPOHHOI'O YCJIOBUA PaguyC KPyro-
BOM OpOUTHI 3JIEKTPOHA, 3HASA 3aBUCHMMOCTh MHAYKIIUU MarHUTHOT'O
IIOJISI OT PACCTOSHUA r A0 OCH II0Jis. PaccMOTpeTh STOT BOIIPOC Ha
npumepe nous B = B, — ar?, rae By 1 a — TOJ0KUTEIbHBIE TIOCTO-
STHHBIE.

2.436. IlokasaTh Cc IIOMOIIbI0 OETATPOHHOIO YCJIOBHUS, UTO Ha-
MPAXKEHHOCTbh BUXPEBOTO 3JIEKTPUYECKOTO II0JIsI B OeTaTpoHe MMeeT
BKCTPEMYM Ha paBHOBECHOU opoOurTe.

2.437. B GeraTpoHe MHAYKIIMSA MArHHTHOT'O IOJIA Ha paBHOBEC-
HOl opbute paguyca r = 20 cMm usmeHnsiercsa 3a Bpemda At = 1,0 mc
MIPaKTUUYECKU C IIOCTOAHHOM CKOPOCTBIO OT Hyada Ao B = 0,40 Ta.
HaiiTu sHepruio, npuodpeTaeMyio 3JIEKTPOHOM 3a KaKIbIil 000pPOT.

2.438. MHOYKIISA MarHUTHOTO IIOJII B OeTaTpoHe Ha paBHOBEC-
HOM opbuTe paguyca r U3MeHAETCA 3a BpeMs YCKOPEHUS OT HYJIA 0
B npakTuuecKu ¢ IOCTOAHHON CKOopocThio. CunTasa HaUyaJbHYIO CKO-
POCTH 3JIEKTPOHA PaBHOM HYJIO, HANTHU:

a) PHepruio, IPUOOPEeTEHHYIO 3JIEKTPOHOM 3a 3TO BpeMsd;

0) cooTBeTCTBYIOIee 3HAUEHNE IIPONJAEHHOT0 9JIEKTPOHOM ITyTH,
ecJiIi BpeMd YCKOpPeHUS paBHO At.



Koneb6aHusi n BOsHbLI

3.1. MexauunuecKkue KoJae0aHUA

e YpaBHEHUE rapMOHHUYECKUX KOJIEOAHMH M ero pelleHue:
X+ (o(z,x=0, x =a cos(wyt + a), (3.1a)

rae ®, — coOCTBeHHas 4JacToTa KoJieOaHMil.
e VpaBHeHME 3aTyXaloIIux KoJieOaHUI U ero peIlieHue:

X+ 2Px + (ogx =0, X = aoe_m cos(ot + a), (3.16)
rae B — kKoadb@dUIUEHT 3aTyXaHUsS, ® — YaCTOTA 3aTyXAaIOIIUX KoJIeOaHMIii:
o =yop - B*. (3.1m)
e JlorapudmMuuecKkuili JeKpeMeHT 3aTyXaHUsS A U JOOPOTHOCTHL Q:
A =BT, Q=mn/\, (3.1r)
rie T =2n/® — mepuoj 3aTyXamoIMuX KoJeOaHWU.

e YpaBHEHWE BBIHYKJIEHHBIX KOJIEOAHUWH M €ro yCTAaHOBUBIIIEECS DEIIEHUE:

X+ 2Bx + w§x=f0 cos ot, x =a cos(wt — @), (3.1x)
rae
fo 2Bw
a = . tge=— (3.1e)
\/(mg—w2)2+4B2m2 0y — o

L] MaRCI/IMyM aMIIJINTYyAbl CMEILEHNA OAOCTHUIraeTCA IIPpU

2 2
Wpeg = YW — 2P (3.1x)

3.1. Touka coBepIiiaerT Koje0aHUSA BAOJL ochd X II0 3aKOHY
x = A cos(wt —n/4). Iloctpoutrh NIpUMepHbIe I'padUKU:

a) cMellleHUdA X, IPOEKIIUN CKOPOCTH U, U NPOEKIUU YCKOPEeHUA
a, Kak QyHKIUNA BpeMeHH i;

0) npoeKnU# CKOpocTH U, (X) U ycKopeHUs a,(x).

3.2. Hexoropasa Touka JIBUKeTCSA BAOJb ocu X II0 3aKOHY
x=A sinz((ot —n/4). Haviru:

a) aMILIUTYAy U IIepuoj KojebaHuil; n3oo6pasutk rpadpur x(t);
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0) NIPOEKIUI0 CKOPOCTH U, KaK (PYHKIIMIO KOOPAMHATEL X; M300-
pasuTh rpaduk v,(x).

3.3. Touka coBepIllaeT rapMOHHUYECKHE KOJIe0aHUS II0 3aKOHY
x = Acos ot + Bsin ot, rme A, B 1 ® — nocroaHHsie. HaliTu amm-
JUTYLY G 3TUX KOJebaHUii.

3.4. YacTuia cosepIiaeT rapMOHNYECKHNE KO0JIeOaHUsA BIOJIb OCH
X okoJo moJio)keHHs paBHoBecusa x = 0 c¢ wactotoit w=4,00 ¢t
B HeKOTOpBI MOMEHT KOOpPAMHATA YacTULEI X, =25,0 cM U ee cKo-
pocTh U, o =100 cm/c. HaliTu KoopguHATy X U CKOPOCTE U, YacCTH-
bl uepe3 t =2,40 ¢ mocsie 3TOr0 MOMEHTA.

3.5. HaiiTu KpyroByio 4YacTOTy M aMILIUTYAy TI'apMOHUYECKHX
KoJle0aHUI YacCTHUIIBI, €CJU Ha PACCTOAHMUAX X, U X, OT IOJIOKEHUSA
paBHOBeCHA ee CKOPOCTh paBHa V; M D,.

3.6. Touka coBepIllaeT rapMOHUYECKHUEe KoJiebaHUA BIOJIb HEKO-
Topoi npamoi ¢ nepuoaom T =0,60 ¢ u ammurygoit a =10,0 cm.
HaiiTu cpenHIOI0 CKOPOCTHL TOUKH 3a BpeMs, B TeUeHHE KOTOPOIo
OHa NPOXOIUT NYyTh a/2:

a) U3 KpaulHero II0JIOXKEeHUS;

0) U3 IIOJIO’KeHUsA pPaBHOBECUA.

3.7. Haiitu rpadpuueckm amMmiautyny A KojebaHUM, KOTOpHIe
BO3BHUKAIOT NPU CJOKEHUU CJIEeAYIOUINX KoJIeOaHWMU:

a) x; =3cos(wt +n/3), x5, =8 sin(wt + n/6);

6) x; =3coswt, x5, =5cos(wt +mn/4), x3 =6 sin wt.

3.8. Touka yuyacTByeT OJHOBPEMEHHO B ABYX KOJIeOaHUAX OTHO-
ro HallpaBJIEHUA: X; =aCOS Wl U Xy =acos2wt. HaliTu makcuma-
JBHYI0 CKOPOCTh TOYKH.

3.9. Ilpu ciokeHUM ABYX TapMOHHYECKUX KOJI€OAHUH OJHOTO
HAIIpaBJIeHUSA pPe3yJbTHUDPYIOIllee KoJiebaHMe TOYKH WMeeT BHJ
x =acos(2,1t) -cos(50,0t), rne t — B ceKyHmax. HaliTu Kpyroebie
YaCTOThI CKJIAJALIBa€MbIX KoOJIe0aHUII M mIepuoj OuneHuM.

3.10. «3aiiuuk» KoJiebJjieTcA rapMOHUYECKN C HEKOTOPON Heus-
MEHHOUM 4aCTOTOM OTHOCHUTEJbHO IIKAaJbl, KOTOpPasd B CBOIO oUuepenb
cOoBepIllaeT rapMOHMYECKHe KoJiebaHHs II0 OTHONIEHUWIO K CTEHKE.
O6a kKosebaHUSA IIPOUCXOAAT BAOJIb OLHOTO UM TOTO ’Ke HallpaBJe-
Hud. IIpn yacrorax KosebaHuil mKane! v, = 20 I'm u v, = 22 I'y, vac-
TOTa OMeHUM 3alluMKa OTHOCUTEJbLHO CTEHKHU OKa3bIBaeTcA OAMHA-
KoBoi. IIpu Kakoit yacTore ¥’ KoJjieOaHMH IIKaJBLI YacToTa OMeHUH
3afiluMKa cTaHeT BABOe OOJIbIlIe?

3.11. Touka pgBUXKeTCHA B IIJIOCKOCTH XY II0 B3aKOHY
x =Asinwt, y =Bcoswt, rne A, B, ® — nocroaaable. HaiiTu:
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a) ypaBHeHHME TPaeKTOPHUU TOYKHU y(Xx) U HalpaBJIeHUE ee JBUXKe-
HUA II0 9TOM TpaeKTOpHUU;

0) yCKOpeHHe a TOYKH B 3aBHCHMOCTHU OT €e paJuyca-BeKTopa r
OTHOCUTEJbHO Hauaja KOOpPJAWHAT.

3.12. HaiiTu ypaBHeHUe TpaeKTopuu y(x) TOUKU, €CJIU OHA ABU-
JKeTcs II0 3aKOHY:

a) x =asinwt, y =asin2ont;

06) x =asinwt, Yy =acos2nt.

M300pa3utTh nNpuMepHble rpaduKU 3THUX TPAeKTOPU.

3.13. Yactuma Macchkl m HaXOJUTCSA B OJHOMEPHOM CHJIOBOM
ImoJie, rae ee IOTEHIHAJbHAS 9HEPrus 3aBUCUT OT KOOPAUHATHI X
Kak U(x) =Uy(1 —cosax), U, n a — nocroannsie. HaliTu mepuon
MaJIbIX KOJIe0aHUM YacTUIIBI OKOJIO IIOJIOXKEHUA PaBHOBECHA.

3.14. ToT »Xe BOIIpocC, YTO U B NPeABLIAYINEH 3ajaue, HO IOTEHI[H-
albHas sHeprud uMmeet Bun U(x) :a/x2 -b/x, roe a u b — mouJo-
JKUTeJIbHBIE TOCTOSHHEIE.

3.15. HaiiTu mepmoj MaJybIX IIOIIEPEUYHBLIX KOJIeOaHUH ImapuKa
Maccel m = 40 r, YKpeILIeHHOro Ha cepeluHe HATAHYTOM CTPYHEI
anauHebl [ = 1,0 M. Cuny HaTAXKEHUSA CTPYHBI CUUTATh OCTOSHHOM U
paBHOM F = 10 H. Maccoil cTpyHBI 1 CUJIaMU TAXKECTU IIpeHeOpeUb.

3.16. OmpenenuTh mepUOJ MaJbIX KoJeOaHUM IapuKa, II0JBe-
IIeHHOTO Ha HepacTAXMNMON HUTH AJuHLI [ = 20 cM, ecJu OH Haxo-
JUTCA B AAealbHOM "KUAKOCTU, IJIOTHOCTH KOTOpoi B n = 3,0 pasa
i 2/, ~MEHbIIIe IIJIOTHOCTH IIapuKa.

3.17. JIBa MmaTeMaTH4YeCKUX MasATHUKA, KaXK-
obiii gauHbI [ = 50 ¢cM 1 maccsl m = 45 r, coegu-

! !  mHemm npyskumHKOH# xecTKocThbi0 ¥ = 0,66 H/M
” (puc. 3.1). IIpu paBHOBecuU MaATHUKM 3aHUMA-
QussTssSSn @ m 10T BePTUKATIbHOE MOJIOMKeHue. HaiitTu nepuon

MaJIbIX KOJeOaHWil 3THUX MAaSATHUKOB, €CJIU UuX
KO0JIe0aHUSI MPOUCXOLAT B BEPTUKAJBbHOU IIJIOC-
. KOCTH B IPOTHUBOINIOJIOKHBIE CTOPOHBI (B IIPOTH-
Bo(asze).

3.18. Illapuk moaBecu I Ha HUTHU OJUHBI | K
ToukKke O CTeHKH, COCTaBJIAIOIIeN HeOOoJbIION
yroJ o ¢ BepTuKagbio (puc. 3.2). 3aTreM HUTH C
IIIapXKOM OTKJIOHKMJIM Ha HeOOJIBIION yroJ 3 > o
u ornyctuau. Cuumrada yjgap IIapukKa O CTEHKY
yIPpYTruUM, HaliTH Iepuoj KoJieObaHUM TaKOro Ma-
Puc. 3.2 ATHHKA.

Puec. 3.1
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3.19. HenmogBu»kHOE TeJ0, MOABEIIeHHOE Ha NPYKUHKE, YBEJU-
yuBaeT ee AauHyY Ha Al = 40 mMm. HaliTu nmepuos MajbIX BePTUKAJIb-
HBIX KoJsiebaHUM TeJia.

3.20. UneanbpHasa KUIKOCTh 06beMa V =16 cm® maau- L
Ta B U30THYTYIO TPYOKy (puc. 3.3) C ILIOIIaAbI0 CeUeHUA 3__
kaHana S = 0,50 cm?. Haiitu nepuos MasbIx Kojebauuit ]
JKUJIKOCTH. =

3.21. To ke, UTO ¥ B HpeAbIAyIeN 3ajgadye, HO OJHO ‘-\..J—
KoJiIeHO TPyOKu (cM. puc. 3.3) cocraBiaser yroa 9 =30° —_—
C BePTHUKAJIBIO. Puc. 3.3

3.22. BpIumcauTh IEPUOJ MaJbIX KoJeOaHUM apeo- 3

metpa (puc. 3.4), KOTOPOMY COOOIIUJIN HEOGOJIBIION TOJI-
YOK B BepPTHUKaJbHOM HampaBiaeHuu. Macca apeomerpa
m = 50 r, paguyc ero Tpyoku r = 3,2 MM, ILUIOTHOCTHL - _—. }—_:

skupkocta p = 1,00 r/cm3. CoIpOTHUBIEHUE KUIKOCTH - — ]
npeHeOpeKuMO MaJo. ---V---
3.23. Kak u BO CKOJILKO pa3 M3MEHHTCHA 4yacToTa Bep-
TUKaJbHBIX KOJIeOaHUI IIIapuKa, BUCSAIIEro HA IBYX OJU-
HaKOBBIX NPY’KUHKAaX, €CJIU HUX IIocCJedOoBaTeJIbHOEe Coe-
IVHEHNe 3aMEeHUTh IlapaJljieIbHbIM?
3.24. FKoHnOeI HeZeOpPMHUPOBAHHON NPYKHUHBI KECTKOCTU
x = 13 H/m 3akpemnaeHbl. B Touke, oTCTOSAINE OT OAHOTO M3 KOH-
IIOB IIPYXKMHBI Ha M =1/3 ee IJUHBI, YKpPeNnuJIu HEeOOJIBIIOE TEeJO
Maccel m = 25 r. HaliTu nepuos MaJIbIX IIPOJOJIBHBIX KOJieOaHUM
naHHOro Teja. CHUIBI TAXKECTH HET.
3.25. OmnpemenuTh IepuOJ MaJbIX %, m %
MIPOAOJBHBIX KOJIeOaHUM Tejla MacChl m
B cucreme (puc. 3.5), €CIU XKEeCTKOCTU 7777770 /7777777 770777077
IPY’KUHOK PaBHBI ¥; U X,, & TPeHUe Puc. 3.5
npeHedpe;xuMo MaJjio. B moJsoxxkeHuUm
paBHOBeCUSA MOYKHO CUHTATh, YTO IIPYy-
JKUHKU He Je(opMHpPOBaHBEI. 1
3.26. HaiiTu mepuos MaJIbIX BEePTHUKAJIbHBIX KoJieba-
HUH Tejla MacChl m B cCHUCTeMe, IIOKas3aHHO Ha puc. 3.6.
JHecTKOCTH NPYKMHOK ¥y U X,. 2
3.27. OZHOPOOHEIN CTEPIKEHDb IOJOMKUJIN Ha JBa OBICT-
po Bpamalomuxcsa 0JI0Ka, KaK IIOKasaHO Ha puc. 3.7.
PaccrosHue mexay ocamu 0J10KoB | = 20 cMm, Koapumnu-
eHT TPeHuA MeXXJy cTep:kHeM u Osoxkamu k = 0,18. Ilo-

2

~

Puc. 3.6
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L | |
S 7\ Ka3aTh, UTO CTEP)KeHb OyJeT COBepIIaTh
rapMoHndYeckue KoJuebanus. Hantu mx
g g IIepUO/.
Puc. 3.7 3.28. NIMeeTCcsa IIOTOK YaCTHUI] MaCChI

m, KOTOphIe ABUXKYTCA C OANHAKOBOM
CKOPOCTBIO U M IIapaJjijieJbHO HeKoTopou ocu OQ'. 3a IJIOCKOCTBIO
P, nepunengukyasapHoii ocu OO’, yacTHUIIbI IIOIAAAIOT B 00J1aCTh, TIe
Ha HUX AeHCTByeT cujia, HalnpaBJeHHasaA K ocu OO’ u mpomopoHa-
JIbHAA PacCTOAHUIO N0 3TOM ocu: F .= —xur, rge » — M3BeCcTHad IIO-
croaHHasaA. HaliTu HamMeHbIIlee paccTosgHue [ oT miaockoctu P nmo
TouKH Ha ocum OQ’', KoTopylo OyAyT IlepeceKaTh BCE UACTHUIIBI.

3.29. HeboibImoil 6pyCOK HAaUYMHAET CKOJb3UTH II0 HAKJOHHOM
ILIOCKOCTU, COCTABJSMONIIEN yroj o ¢ ropusontoM. KoadbdunueHT
TPEeHUA 3aBUCUT OT NPOUIEHHOIO IIYTHU S IO 3aKOHY k = as, rae a —
nocrosiHHas. HaliTu BpeMsa ABUKeHUsA OpYyCKa.

3.30. UpeanbHas JKUAKOCTh, 3aIOJHAIONIAS BePTUKAJbLHLINA yUa-
CTOK AJUHBI [ TOoHKOUN L-06pasHoil TpyOKH, B MoMeHT ¢ = 0 HaunHa-
eT IIepeTeKaTh B AJUHHBIA IrOpU30HTAJbHBEIN yuacToK. HaliTu 3aBu-
CHMOCTb OT BpeMeHU t BBICOTHI /i YPOBHA KUJKOCTUA U BpeMd i, 3a
KOTOpOe OHa BBIT€UET M3 BEPTHKAJLHOTO ydacTKa.

3.31. IIpencraBum cebe IaxTy, IMIPOHU3BLIBAIOIIYI0O 3E€MJIIO IIO ee
ocu BpameHus. Cuurasa 3eMJ0 3a OJHOPOAHBLIA IIap U IIpeHeOpe-
ras COIPOTHUBJIEHHEM BO3JyXa, HaWTH:

a) ypaBHeHUe ABM)KEHUA TeJja, yIaBIIero B IIaXTY;

0) BpeMsi, KOTOpOe IOHAAOOHTCS 3TOMY TeJy, UTOOBI JOCTUUL
IIPOTUBOIIOJIOXKHOTO0 KOHIIA IMaXThI;

B) CKOPOCTBH TeJja B IIeHTpe 3eMJIU.

3.32. HaiiTn mepuojs MaJIbIX KoJeO0aHHII MaTeMaTHYeCKOro Ma-
ATHUKA OJUHBI [, eCIM ero Touka I1oJBeca ABUXKETCS OTHOCUTEJIIbHO
IIOBEPXHOCTU 3eMJIM C IIOCTOAHHBIM YCKOPEHHEM a TaK, UTO YTIOJI
MeXXJy BeKTOpaMH a U g paBeH f.

3.33. Ha riagxkuii ropu3oHTaJbHBIN cTep)KeHb AB Hazera Hebo-
Jblllagd My@Touka Macckl m = 50 r, KoTopas coeIuHeHa ¢ KOHIIOM A
CTepP)KHA NPYKUHKOMN KecTKocTH ¥ = 50 H/m. CrepskeHb BpaIamoT
C IOCTOSTHHOM yrJyIoBO# ckopocThio ® =10,0 pax/c BOKpPyr BepTHKA-
JBHOM OCH, IIPOXOoAdAInei uepes ero Kouen A. Haiitu nepuox T ma-
JBIX KoJebaHUN My(pTOUKU.

3.34. B ycranoBke (Ha puc. 3.8) mydpra M maccet m = 0,20 Kr
3aKpeIlieHa MeXXJy ABYMsA OOUHAKOBBIMM INPYKHUHKaMMU, CyMMap-
HafA KecTKOCTh KoTophiX x = 20 H/Mm. MydTa 6e3 TpeHUSA MOXKET
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CKOJIB3UTH II0 TOPU30OHTAJIBHOMY CTEPKHIO A M B
AB. YcTaHOBKa BpalllaeTcs C IIOCTOSHHOHU
YIJIOBOM CKOPOCTBIO ® = 4,4 paja/c BOKPYT
BePTUKAJbLHOMA OCH, IIPOXOLAIIEH uepes
cepeauny crep)xkHsa. HaliTu mepuos Mmajbix
KosaebaHuil mydThl. IIpu KakoM 3HaUeHUU
o KojebaHu#T MydThHI He Oyzer?

3.35. [locka c JiekaIiuM Ha Hell OpYCKOM COBepIIIaeT rOpU30HTa-
JbHBbIe TapMOHUUYECKMHEe KojiebaHusa ¢ ammiautygou a = 10 cm. Haii-
T KO3((PUIIUEHT TPEHUA MEXKAY HOCKON M OPYCKOM, €CJIU IoCJel-
HUH HauYMHaeT CKOJBL3UTH IIO JOCKe, KOTJa ee IIepuoj KoJgebaHuA
MmeHbiie T = 1,0 c.

3.36. HaiiTu 3aBMCHMOCTL OT BPEMEHM yIJia OTKJIOHEHUSA MaTe-
MaTHUYeCKOTro MaATHUKAa AJIUHBI 80 ¢cM, ecJIM B HaYaJIbHbIA MOMEHT
MaATHUK:

a) OTKJOHUJIU Ha yroa 3,0° m 6e3 TONUYKA OTIYCTUJIU;

0) HaxXoAWJICS B COCTOAHUHU DPaBHOBECUS U €r0 HUIKHEMY KOHILY
COOOIIIUIN TOPMBOHTAJNbHYIO cKopocTh 0,22 m/c;

B) OTKJOHUJIU Ha 3,0° M ero HUIKHEMY KOHIIY COOOIIUJIHN CKO-
pocth 0,22 M/c, HampaB/JIeHHYIO K IIOJOXKEHUIO PaBHOBECHUS.

Puc. 3.8

3.37. Teso A maccet my = 1,00 kr u Teno B mac- 4 I]]
CBI M, = 4,10 Kr coelMHEHBI MeXJy COO0U IPYXKHU-
HoU (puc. 3.9). Temo A coBepiraeT cBOOOLHEIE Bep-
TUKaJbHbIE TADMOHUYECKYE KOJeO0aHUSA C aMILIUTY-
moit a =1,6 cM u uactoroii ® = 25 ¢ l. Haiitu
HanOoJIbIlIee ¥ HaMMeHbIllee 3HAUEeHUSA CUJIBI JTaBJe-
HUS 9TON CHCTEMBLI HAa OIOPHYIO ILNIOCKOCTB. Puc. 3.9

B

SILII777777. 2

3.38. Jlocka, Ha KOTOPOM JIEKUT TEJIO MaccChl m,

HauMHAeT B MOMeHT ¢ = () ABUTaThCA BEPTUKAJILHO BBEPX 10 3aKOHY
y =a(l —cos ot), TAe y — cMellleHHe U3 HAYAJIBbHOTO IIOJIOKEHUS,
o =11 ¢!, Haiitu:

a) MUHUMAaJbHYIO aMILIATYAy KoJiebaHUS HOCKH, IPU KOTOPOH
TeJIO HaYHEeT OTCTaBaTh OT Hee;

0) aMILIUTyAy KoJe0aHUA NOCKHU, IPU KOTOPOM TEJO MOACKOUHUT
Ha BBICOTY A = 50 cM OTHOCUTEJHLHO HAYaJbHOTO IIOJIOXKEHHUA (B MO-
meHT t = 0).

3.39. K HepacTaHyToO#l NpysKHHE, BEPXHUH KOHEI] KOTOPOil 3a-
KpeIlIeH, IIOABeCUJI 1 B MOMEHT ¢ = (0 OTIIYCTHUJIM TEJIO MacChl m.
KecTtrkocTs npysKuHBI %. HaiiTu:
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a) 3aKOH ABU)KeHUA Tejya y(t), rie y — ero cMelleHue U3 Haya-
JIBHOTO TIOJIOKEHUA;

0) MakKcUMaJIbHOe ¥ MUHHMAJbHOE HATAKEHUS IIPY>KUHBI.

3.40. Bpycok macchl m, HaxogAIuiicd Ha IJIaJKOH IOpPHM30HTA-
JIbHOM IIOBEPXHOCTU, COeAVWHEH CO CTEeHKON IrOpU30HTAJIbHOMN IIpY-
KMHOM KEeCTKOCTU X M HaXOAUTCA B MOKoe. HaumHasa ¢ HEKOTOPOTo
MOMEHTa Ha OPYCOK HauaJu AeHCTBOBATL BJOJb IIPYKUHBI IIOCTO-
ssHHO# cuoit F. HaiiTu npoiileHHLINA IIYTh U BpeMs JIBH)KEHUSI Opy-
CKa J0 IEepPBOil OCTAaHOBKMH.

3.41. Yactuma Macchl m JBUXKETCA IIOA OEeMCTBHEM CHJIBI
F = —amr, roge o — moJIOKUTeIbHASA IIOCTOAHHAA, I — PaJuycC-BeK-
TOP YacCTHIIBI OTHOCHTEJNBbHO Hauajla KoopauHaT. HaliTu TpaeKTo-
pUIO ee JBUKEHUS, €CJIM B Ha4aJbHBIN MOMEHT I =rji I CKOPOCTb
V=vyj, Tme i u j — oprel oceit X u Y.

3.42. Bpycok mMacckl m HaxXOOUTCA Ha IVIaJKON IOPHU30HTAJbHOM
moBepxHoctu. K HeMy IpuKpeleHa Jerkas NpyKHHa JKeCTKOCTH
%. CBOOOIHBIN KOHEIl IPYKUHBI HavyaJld IIepeMellaTh B TOPU30HTa-
JBHOM HaIpaBJeHUU BJOJb NPYKUHBI C HEKOTOPOM NOCTOSHHOM
CKOPOCThI0. Yepes CKOJIBKO BpEMEHM HAJ0 OCTAHOBUTL 3TOT KOHEI]
IIPY’KUHBI, YTOOBI IIOCJI€ OCTAHOBKM OPYCOK He KoJjebaJycsa?

3.43. Teso Macchkl m BHUCHUT Ha IPYIKUHE, IPUKPEIJIEHHON K IIO-
TOJKY KabuHbl JudTa. JKectkocTs npykuHsl x. B MmomenT ¢t = 0 ka-
OuHa HayaJjia IOZHUMATBLCA C YCKopeHueM a. HaliTu 3aKOH ABUKe-
HUa rpysa y(t) orHocuTeabHO KabuHbI audra, ecau y(0) = 0 u
y(0) =0. PaccmoTpeTh ABa ciaydas:

a) a = const;

6) a = at, TIe 0. — IOoCTOAHHAad.

3.44. Teno maccel m = 0,50 Kr BUCUT Ha PE3NHOBOM IIIHYpE C KO-
apdpunuenTom ynpyroctu x = 50 H/m. HaiiTu makcumanabHOE pac-
CTOAHME, HA KOTOPOE MOXKHO OTTAHYTH BHU3 TEJIO, UTOOBI ero KoJe-
O0aHuA eme O6bLIM ObI rapMOHMYeCKUMU. KakoBa mpu 3TOM sHeprusa
KoJsiebaHUM Tesa?

m Dj 3.45. Teso Maccel m yHajao C BBICOTHI £ Ha YaIllKy
i NPYKUHHBIX BecoB (puc. 3.10). Macch!l yaliky U IpyKu-
h| HBI IpeHEeOpPE)XMMO MaJbl, JKECTKOCTh ITociaenHel x. Ilpu-
JIUITHYB K YalllKe, TeJI0 HAaUMHaeT coBeplIaTh rapMoOHUYe-
CKUe KoJieOaHUA B BepTHKaAJbLHOM HampaBiaeHuu. Haitu
aMILUIUTYAy KoJie0aHUM M UX SHEepPruio.

4 3.46. B ycioBuAX mpeAbIAyINel 3aJauyd Macca YaIlKK
Puc. 3.10 paBHa M. HaliTu aMiintTyny KojebaHUM B 9TOM cJydae.




3.1. MexannuecKue KojeObaHusa 159

3.47. Ha HUTH BUCAT ABa OJWHAKOBLIX INIapuka (OOUH IOJ APY-
T'MM), COeIMHEeHHbIe MeXXIy co00M mpyskmHOM. Macca KaXaoro Ima-
pUKa m, pacTsKeHUe IIPYKUHKU paBHO ee AJuHe [ B HegedopMu-
poBaHHOM cocToAHuu. Huth mepexkrau. HaiiTu cKopocTh IeHTpa
Macc 3TON CHCTEeMBI B MOMEHT, KOTJa AJUHA NPYKUHKU MepPBBIA
pa3 cTaHeT paBHOM [.

3.48. YacTuma maccbl m OBUXKETCS B IUIOCKOCTU XY IIOH JeWCT-
BHEM CHJIBI, 3aBHUCAIIEil OT cKopocTu mo 3akoHy F =a(yi - xj), rae
a — TIOJIOYKUTeJbHAaA IIOCTOAHHAaA, i M1 j — opThI oceit X u Y. B Ha-
yaJbHBIH MOMeHT t = 0 wacTuma Haxogujaach B TouKe x =y =0 u
MeJjla CKOPOCTE V, B HallpaBjleHuH opTa j. HaliTu 3aKoH ABMXKeHUsA
vyactunbl x(t), y(t), a TakKe ypaBHeHUE ee TPAeKTOPHUU.

3.49. OgHOPOAHBIN CTEep)KeHb AJIUHBI [ coBepIIaeT MaJjible KoJe-
0aHUS BOKPYT T'OPU30HTAJIBHON OCH, IEePHEHAUKYIAPHON CTEePyKHIO
U IIPOXOAsINel uepe3 ero BepxHUil kKoHer. HaliTu mepuon KoJeba-
Hui. TpeHUA HeT.

3.50. MaTemaTuyeCKuil MaATHUK AJUHEL [, = 40 cM U TOHKUMH
ONHOPOAHBLIA cTep:KeHb AJUHBI [ = 60 cM coBepIIalOT CHHXPOHHO
MaJble KoJieOaHMA BOKPYI TOPM30HTAJbHOM ocu. HaliTu
paccTossHHME OT IIeHTpa CTepPKHS 0 3TON OCH.

3.51. HaiiTu KpyroByio 4YacTOTy MaJbIX KoJeOaHUMi
TOHKOT'O OJHOPOJHOTO CTepP’KHA MacChl m U OJIUHBI [ BO-
KPyT IOPM30HTAJbHOM OCH, IIPOXOAAINel uepesd TOuky O
(puc. 3.11). JFKecTkocTh IPYKUHBI X. B moJ0KeHUM paB-
HOBECUS CTEep’KeHb BEepTHKAaJICH.

3.52. OmHOPOAHBIN CTEP)KEHb MacChl M COBEPIIAET
MaJible KOJIe0aHUsA BOKPYTI IOPU30HTAJLHON OCH, IIPOXO-
namieir uepes Tourky O (puc. 3.12). IIpaBrbiii KoHeI cTep-
KHA IIOABEIIeH Ha MNPY’KUHE KEeCTKOCTH X.
HaiitTu nepuon KoJyeOaHUM CTEepKHA, €CJU B
IMOJIO’KeHUY paBHOBECHS OH T'OPU3OHTAJIEH.

3.53. OgHOPOAHBIN CTepKEeHb MAacChI
m = 1,5 Kr, BUCAIIIUN Ha ABYX OJMHAKOBBIX Hg- »
TaX aiauHbl [ = 90 cm (puc. 3.13), moBepHYJIN
Ha MaJIbIii YroJ BOKPYI' BepPTHKAJIbHON OCH,
npoxoadameil uepes ero cepeguny C. IIpu atom | alll
HUTH OTKJIOHHJIHCH Ha yroja o= 5,0°. 3arem \ ,'/
cTep:KeHb ormyctuu. Hantu: - |

a) mepuoj KoJieOaHUii; =

0) sHepruio KoJebaHUM CTEepKH.

o

Puc. 3.12
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A“‘ 3.54. T'opm3oHTAJNLHEIA OJZHOPOSHBIN IHCK
Macchl m U paguyca R yKpeIlleH Ha KOHIIE TOH-
Koro crep:xkHA AO (puc. 3.14). IIpu moBopoTte
JVICKa Ha yroJ ¢ BoKpyr ocu AO Ha Hero JeucT-
ByeT MOMEHT ynpyrux cuia N,=— ko, rne
k — mnocroamHasa. HaliTu aMIIUTyny MaJbIX
KPYTUJBHBIX KOJEOAHUIl 1 UX dHEPruio, €CJU B
HavyaJIbHBIA MOMEHT OUCK OTKJIOHUJIM Ha YroJl
Qo ¥ COOOIIMJIN eMy YIJIOBYI0O CKOPOCTB Q.

3.55. OmHOpPOAHEIA CTepKeHb MacChkl M u
IJUHBI | coBepIllaeT MaJikle KoOJe0aHUA BOKPYI' T'OPH30HTAJLHOM
ocu, IpoXoAAIlell uepe3 ero BepXHUM KoHel. HaiiTu cpegHion 3a
mepuos KoJjebaHUsA KMHETUYECKYI0 SHEepruio CTepPKHA, ecJIM B Ha-
YaJbHBI MOMEHT €ro OTKJOHWJIU OT BEPTUKAJIU Ha Yyroa 3, U coob-
IMUJIA €My YIJOBYIO CKOPOCTB 9.

3.56. PuszuuecKuilt MaATHUK YCTAHOBUJIMU TaK, YTO €ro IeHTP Ts-
’KeCTH OKasaJIiCd HaJ TOUYKOM moaBeca. M3 3TOro IIOJIOXKEHUSI MasT-
HUK HauvaJl ABUTAThCA K IOJOKEHUIO YCTOMUYMBOT'O PaBHOBECUA, KO-
TOpPO€e OH IIPOIIEJ C YIJIOBOM CKOpPOCThIO . HaliTu mepmoa MaJibIx
KoJie0aHUM 3TOr0 MasTHUKA.

3.57. ®dusnyecKUil MasSTHUK COBepIIaeT MaJjble KOoJeOaHUA BO-

KPYT TOpU30HTaJbHOU ocu O ¢ wacrorou w; = 15,0 c¢”l. Ecau B mo-
JIOJKEHUY pa