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NPEAUCIIOBHE
OBIIEr0 PEAAKTOPA PYCCKOIO NMEPEBOIA

Mpl sBAsSieMCA CBHAETEJNSIMH BO3HUKHOBEHHSI HOBBIX OTpac/ed
GusHKE U Bce Gosee rIyGOKOro NMPOHHKHOBEHHS! ee BO Bce 00/1acTH
COBpPEMEHHON HayKH U TEXHHKH. BO3HHKaeT BONPOC: KaK NPH 3TOM
OPaBHJILHO IOCTABUTL Npenojasanue olbuleil GU3MKY, ABasiomiecd
OCHOBOH MHMPOBO33DEHHS M CIENHATbHBIX 3HaHUu OyAyLero y4esoro
U dmxeHepa? Uro JNeHCTBHTENBbHO BaX<HO MOHATbL H 3HaTh M ueM
MOXHO mNpeHeGpeun?

Bonpocel 06 yayuliledus npenogaBaHus o6ilero kypca (QH3HKH
4aCTO0 O6CYXKaloTCsl, OOHAKO TMPUHUMaeMble pelleHHsl OOLIUHC He
HAYT AaJjbille OYEPeSHOro U3MEHEHHA IIPOrpaMM.

IToneiTka paauKaJbHOTO pelieHHsl 3TOH NpoGJeMb Ownnia npen-
npussita B yuupepcutere r. bBepwksu (CIHA, Kaaudopnus), rie
B 1961 r. 6bin cO3maH cnelHaTbHBI KOMUTET U3 YYEHBIX, NOCTABUB-
HIMX CBOoell uenbw co3ftaHue yueGHuka HoBoro Ttumna. Ilepsuie aBa
TOMa 3TOrD yuyeOHUKA (MEXaHHKa, aJeKTPHUYECTBO H MarHeTH3M) RBI-
mau B 1965 r., cefluac 3aKOHUEHQ HM3JaHHe TPeX OCTAJbHBIX TOMOB
(BotHBI, KBaHTOBasi W craTHCTHueckast Gusnka). Tpu mHeGosbuine
KHHTH COZep:<aT ONHCaHHe TPUALATH ImecTH pabor Depkieesckoi
dusnueckoil n1abopaTopui, HAeHHO CBA3AHHOH C HOBBIM OOLHM Kyp-
com. Coamatenun DBepkieeBCKOro Kypca CTPeMHJ/HCh H3JOKHTL B
yueOHHKe KJACCHUECKYI0 (H3HKY, OpPraHHYECKH CBsI3aB €€ C OCHOB-
HLIMYM HAESMM CIelHajJbHOl TEOPHH OTHOCHTEJBHOCTH, KBAHTOBOH
(PH3UKHU U CTATHCTUKY, — U HUMEHHO B 3TOM-TO K 3aKJIOUeHLI OCHOB-
Hble JOCTOHHCTBA yueOHHKA.

Kypc npennasHauen He TOJBKO AJ51 GU3HKOB, HO H LIS 6yzlyumx
HIDKEHepOB, XHMHKKOB H OHosoroB. O6beM ero 3HAUHTEILHO HPEeBOC-
XO[HUT NPETEeH3UH faKe (PHU3NKOB M OCTABJSAET NOITOMY KakK MHperno-
JaBaTeJsio, TaK U CTYIeHTY GoJblIyio cBOOOLY B BLIGOpe MaTepHaJia.

Cienyer OTMeTHTb NPEKPACHYIO OpraHH3auuio Kypca. Ilpesoc-
XOLHble PHCYHKH, O0/IbLIOE KOJHYECTBO 3aau PasiudyHoH TPYIHO-
cTH (4acTo H3 CMeXHBIX ¢ PU3UKOH objacreil), onMcaHue KjaIaccCH-
9eCKHX ONBITOB M BBIIEPKKH H3 ODHIHHAJIBHLIX paGoT YBeJHUHBAIOT
LEHHOCTb M TNMPHBJEKATEJALHOCTb Kypca.

WunnyatieBa nepesoja Ha DYCCKHil si3biK DepKieeBckoro kypca
GU3MKM B 3HAUMTEJNbHOH cremeHu npuHamnexut npod. C. I'T. Kanuue.

Mur yBepensi, uto BepkneeBckuil Kypc ¢QU3HKH OKaxKeTcs HH-
TEPECHBIM M NOJe3HLIM LIMPOKOMY KPYry Y9YalliXcs H mpenoia-
BarteJel.

A. H. Hlasrvruxos



NPEJUCIIOBHE PEJAKTOPA NEPEBOJA I TOMA

BypHxoe pasBuThHe (U3HKH, Hal/atofaeMoe 3a DA NOCJEAHHX Jecs-
TUJIeTHH, €e YHUBePCaJbHOEe K PYKOBOAAWee IPOHUKHOBEHHE B CMEIKHbIE
¢ Hell W JaxKe Jajekne objacTH 3HaHMs (paguo-, reo-, arpo-, GHo-,
acTpohu3uKa, KOCMOJIOTHS, XUMHSI, MeIHlYHa, TeXHHKa, POH3BOACTBO
M T. JI.) IOCTABUJIO CPEIHIOI0 U 0COGEHHO BLICIIYIO HIKOJY BO BCEM MHpe
nepel cnoxHefme#r mpobOjeMoit HOBOH OpraHH3allMH NpeNnofaBaHus
3TOH HayKy.

JlBa ofcTosiTeNlbCTBA B NEPBYIO Ouepellb 3aTPYAHSAIOT ee pelieHHe.
C opfHO#l CTOpPOHBI, HaJW4He OTPOMHOTO MH(pOPMAIMOHHOTO MaTepurasa
H HeOOXOAHMOCTL TAKOTO €ro oréopa JJs IpenojaBaHHs ¥ H3LICKaHHs |
Takux GopM NMpenoiaBaHusi, KOTophle obecneyu,id Obl B 331aHHOE H OT-
HOCHTe/bHO KOPOTKOE BpeMsl AOCTaTOYHYIO MO MHpoTe H raybuHe H rap-
MOHHYECKYIO B LEJIOM NOATOTOBKY 10 obmeMy Kypcy ¢usuku. C apyroi
CTOPOHBI, JOHNOJHUTEJNBHYIO TPYAHOCTL IIPEACTABASET TOT TIJIyGOKHH
paspuiB, KOTODHI CyIlecTByeT BO MHOTHX cJydasix, KakK B 00.1aCTH
o0l11ero, TaK ¥ CHEIHaNbHOTO 06pa3oBaHus, MeX/y 3HAUEHHEM COBpe-
MeHHOH (DHM3MKH M YPOBHEM NOATOTOBKH IO HeH. ,

IlpoGreMa c10KHA U B TOM OTHOLIEHHH, 9TO pasfiessieTcss Ha psfg
3ajay, Kacalolmuxcsl pasHUHbIX BIIOB OOUIeH U crenyanbHOH npodec~
CHOHAJLHO, B TOM UHCJe MHXXeHepHOH, NOATrOTOBKH.

B cBfi3W ¢ BRILIEN3/I02KEHHBIM BIIOJHE MOHATHO TO, YTO BO BCEX Pas-
BUTHIX TocylapcrBax, B ToM 4dciae d v Hac B CCCP, Benytcs MOHCKH
HOBBIX NyTell IpenofaBatus (H3UKH. DTH IOHCKH KacaloTcs pa3paboTKu
HOBLIX YUeGHBIX IIAHOB, MPOTPaMM H OCODEHHO YUeGHUKOB U yUeOHBIX
nocobuii.

Kypc ¢usuku yHUBepcuTeTa B BepkiH mpeicTaB/sieT cob6of OHY
U3 TOMNLITOK PeIINTh 3a/auy paspaboTKH YHHBEPCUTETCKOro Kypca 00-
et $U3UKY, YAOBJETBOPAIOUIErO COBPEMEHHBIM TpeOOBAaHHSAM.

Yuusepcuter B Depkan sanumaer B CUIA ofHO u3 Begymux MecT
Kak BhIClIee yueGHOe 3aBe/lcHHe M Hay4HO-HCC/IeOBATENbCKHI LEHTP
cTpaHbl. 31O B NEPBYIO OYepelb OTHOCHTCST K TAaKOH HayKe, Kak COBpe-
MeHHast ¢usuxa. O6mIEH3BeCTHO, YTO HUMeHHO B DBepkiu 3a mocieauuts
nepHoi pa3BUTHA (GH3HKH Obll cAenaH pad PyHAAMEHTAaNbHBIX OTKpBI-
TH# 1 MeHHO B Bepkin paboraer nenas niesja BRIAAKOIIHXCH QHU3HKOB.

Koanexktus ¢usankoB Bo raaBe ¢ Yapabsom Kurresem, cosnabiumit
nsTuToMHBIE «Kype QusuKM», He HyXnaercs B peKoMeHnaunusx. Ilep-
BHIl TOM, collepxKamuil GU3UUecKHe OCHOBE MEXaHHKH, Bhle B 1965 r.
¥ cpasy ke Hawes npusHanHe kKak B CIIIA, tak u 8 Espore.

KHura oryeTnuBO pasfensercs Ha JBe YaCTH: KJAcCHYECKYIO U pe-
- IATHBUCTCKYI0, Manokenue, OHAKO, BejeTcs Tak, YTO YMTaTe]b elle
B II€PBOH YacTH BILIOTHYIO IOJBOIUTCH K H3YUEHHUIO ClIelHa bHONR TeODHH
OTHOCHT@/IbHOCTH (P eIATHBUCTCKOE H3MeHeHHe JUIUHBI, BpeMeHH, 3aKOH
E=mc?).

IlpuBneyeHHEI aBTOpaMM HJIIOCTDALMOHHBIE MaTepHal BechbMa
INHPOK 1O cBoeH TeMarHKe. Iloxany#, ofHOH H3 XapaKTepHHIX YepT
1 Toma siBsisieTcs TO, YTO B KaueCTBE WJLMIOCTPAUMH, NPHMEPOB H 3aja4

.
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(IIHPOKO HCHONBL3YIOTCA MaTepHaJsbl acTPOGU3HKH, aCTPOHOMHH, KOCMO-
JIOTHH, aTOMHOH M SilepHOH (H3UKH H B 3HAYHTENHLHO MeHbUIEH Mepe
OGBIYHBIA KJIACCHYECKHI HHBEHTAPb «TEOPETHUECKOH MeXxaHuKH». AB-
TOpBL He GOAITCS 3aTParUBarh camble NeJNHKaTHBIE U CAOKHbBE MPoG/IeMbl
COBpPeMeHHOH (H3NKH H HUTJE He YXOAAT.OT IPSMEIX OTBETOB HA HHUX.
Bo Muorux ciyuasix aenaercs 310 ¢ 6OBIIMM NeAaTOrHYECKHM MACTEp-
CTBOM M TakToM. UuraTesnb, HECOMHEHHO, HAiJeT MHOIO HHTEPECHOre,
HOBOIO H OpDHTHHA/JLHOTO KaK B MaHepe M3JIOXeHH§ MarTepuasna, TaK
¥ B HEM CaMOM.

UteHne KHHTH TpeOyer, OLHAKO, HEKOTOPOH NpelBapHTe/bHOM
TIOATOTOBKH 10 (pu3tke B 06beMe OOCTOSTENLHOTO CPEAHELIKOALHOTO
Kypca ¢usuxu. Ilo 3aMeicy aBTOpoOB, TakoH 6a30#l UMM NPUHAT (Kak
SICHO BUJHO 1O PSIAY CCBLIOK) Kypc (GH3HKH A CPefHeH KOJbI, LUH-
POKO HCNOJIb3yeMblil HelHe B AMepuke u EBpone, cospaunbiit Gosbiuof
rpynno#i ¢usukoB MaccauyceTcKoro TeXHOJOTHYECKOTO HHCTHTYTa *),

IlepeBox KHUTH, 32 peAKUMH MCKJIOYEHHSIMH, He JOCTABHJ IEPeBOJ-
ypkaM (PU3UKaAM II0 CIENHANBHOCTH) 0COBBIX TPYAHOCTEH.

PaGora 1o nepesoiy Owlia pacnpefeneHa CAEIYIOUMM 00pa3oM:
BBOAHble pasfenbl — A. C. Axmaros, ri1. 1—4 u 9—11 — A. 10. Ko-
weBHUK, [MI. 5—8 — M. M. Kycakos, . ra. 12—15 — . M. Toux-
CTOH. ,
Kuura B nepByio ouepelb ajpecoBaHa CTYAEHTAM YHHBEPCHTETOB,
aciiMpaHTaM M NperofaBaTesaM By30B. ABTOPBI CUHTAIOT, YTO H IOATO-
TOBKY HHXKEHEPOB 10 ofweMy Kypcy (DH3HKH CJaelyer BecTH No paspa-
60TaHHOMY UMM Y4eOHHKY (B COKpaLIeHHOM €ro BapHaHTe).

Hywmaercs, yro «Kypc dusukn», T. | npusseder unraTeqaei u APYrux
KaTeropuii, CTpeMsiiHXcsi 03HaKOMHTbCA ¢ (PH3HIECKHMH OCHOBaHHSIMH
MeXaHUKH B MX COBPEMEHHOM BecbMa KBaJH(HUHMPOBAHHOM M CTPOTOM
H3JIO}KEHHH H BCe 3Ke JOCTYNMHOM /8 MaJjo-MaJbCKH IIOATOTOBJIEHHOTO
yypTaress.

A. C. Axmamos

*) «Ousuka», nep. ¢ asnd, mog ped. A. C. Axmarosa, «Hayka», 1965,



U3 NPEIUCIOBUA K BEPKJIEEBCKOMY KYPCY SU3UKU

OpHoll u3 akrtyaabHefmHX npobsaeM, EO3HHKIIHX B HacTosilee
BpeMsi nepel YHHBEPCHTEeTaMH, siBJjdercs npobaeMa o6y4yeHHs CTyAeH-
TOB MJAaAWNX KypcoB., Hapsany ¢ TeM, YTo NpenoiaBaTeJhCKHE KOJIEK-
THB Bece GOJbLUE YBJEKaeTCs HCC/eA0BATENbCKOH paboToli, HauywHaer
BCe uatile TpoaBaAThes (Kax rosopus duiccod Cunuell XyK) «emyTHas
HEY/IOBJIETBOPEHHOCTL yueGHEIM IpoueccoM». BosHuKaromee 6raromaps
HCCJIe0BaTeNbCKoll paloTe N3MEHeHHe COJAEPIKAHHA H CTPYKTYpH 3Ha-
HUH cO371a€T BO MHOTHX 00J1aCTAX HAYKH HACTOATEIbHYIO HeoOX OIMOCTD
B frepecmotpe yueGHoro marepuaja. Pasymeercs, 310 ocoeHHO BepHo
B OTHOLIeHWH (pU3HUYECKHX HayK.

iTosTOMY MBI HCOBITHIBAEM UYBCTBO YJOBJIETBOPEHHS, cHadkKas rpe-
JHc/oBUeM Kypc QU3HKH ¥ J1a0OpaTOPHBIH PaKTHKYM, COCTABJIEHHBIH
yuusepcuteroM B Bepkiy. Kak naM Kaxercs, 3T0T Kype npencTaBiser
cofoli VJIauHHl nepecMOTp Yy4eOHOrO MarepuaJa, NpelHasHayaeMoro
JLIST CTYA@HTOB MJIAAIIUX KYPCOB, IEPECMOTP, OTPaXKaloILi i Te TPaHino3-
Hble TepeMeilll, KOTOpbie Npou3owin B GH3HKe 34 NOCJAENHUE CTO JIET.
B cocrasjenuit Kypca npUHHMa/M ydacTHe MHOrue dusMki, paboraio-
1l¥e B CaMbIX IlepefloBeIX obaacTax HecaenoBanusa. CocTaButensM Kypea
Gblia oKasaHa nojnep:kka Hanuonanbroro (hoHAa HayKH B BHIE CyOCH-
nuu, npejocrasaerHoli Kopnopaumn cayx6 obpasoBannsi. Kypc Gvui
YCHENIHO UCIbITAH B TEUeHHE HECKOJBKHX CEMECTPOB Ha MJalIIUX Kyp-
cax ¢usnyeckoro daxynaprera Kanudopuuiickoro yuusepcurera B bepk-
au. Kypc mpencraBasier coboit 3aMeTHOe JOCTHXKEHHe B obaactu obpa-
30BaHHs, U, KaK 1 Ha/leloCh, OH 6y eT IMPOKO HCIIOIb30BAH Ha npaKTHKe.

Kanngopuufickuit yHuBepcuTeT Gbla pajl CAYKHUTH MECTOM paBoTei
MEXKYHHBEPCHTETCKOH TPy, paspabarbiBaBlLied JAHHBI Kype H Ja-
6oparopHblil NpPaKTHKYM; YHHUBEPCUTET IOBOJEH H TeM, 4TO GoJiblUoe
YHCAO CTYAEHTOB Depk/aH J06pOBOILHO YYacTBOBAJNO B 1PaKTHYECKOH
nposepke Kypca. Boaburylo nmomomip okasaja HaMm (MHAHCOBasi 110-
Jepxkka Hauvonanbnoro dosja HaykH, corqacosanuas ¢ Kopnopanuefi
cayx6 obpasosarnfa. HaubGosee NPHATHbBIM ABJSETCH, €CTCCTECHHO,
ZKMBOH HHTepec K npobJjeMaM NperofaBaH:id, NPOABICHHBIA NOAARISAIO-
LIHM YHCJIOM PaGOTHHKOB YHUBEPCHUTETa, YUaCTBOBABLIMX B PeasiH3auuy
JaHHOH mporpaMMel. Tpaaunus «ydeHbIH — YUYHTeab» ABJIACTCA AaBHeH
H TIoYeTHOH; paboTa Hal HOBLIM (QH3HYECKHM KypPCOM M n126OpaTOPHBIM -
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NPaKTHKYMOM IOKa3blBaeT, YTO TPAAUIHSA 5Ta NO-NPEKHEMY YBa*KaeTCs
B KanudopHuiickoM yHHBepcurere.

JanHpifl yueGHUK IpeicTaB/sieT cofoi ABYXTOAMUHBEIA Kypc obuied
¢H3uKH, npefHAa3HAaYeHHbIH JJs1 CTYAEHTOB, CHEeUHAJH3HPYIOMHXCA
B 00J1aCTH HCCJ/IeN0BaTeIbCKONH paboThl, a TaKKe U AIs GYAYIIHX HHIKe-
HepoB. ABTOpPBI KeJaJH IpeJCTaBHTb KJACCHYECKYIO (HSHKY — Ha-
CKOJIbKO 3TO BOSMOXKHO — B TOM BHJE, B KaKOM OHA HCHOJBb3YeTcs
usuxamu-npodeccioHasamMu, paboTalOIUMHE Ha «NEpefHEM Kpae» HC-
c/aefoBaHud. MBI meTasuch €O34aTh KypC, KOTODHII bl aKIEHTHPO-
BaJl OCHOBHBIe IoJoXeHHs ¢usuku. Haiuefi ocofofi 3agaueit ObLIO
€CTeCTBEHHOE BBEeJEHHE B KypC KJACCHYECKOH ¢H3HKH niefl cne-
LHa/IbHOH TEOPHH OTHOCHTENBHOCTH, KBAHTOBOH (PH3HKH U CTATHUCTHUE-
CKOH (hUSHKH.

Kypc npennasnayaercs fas Jo0oro cTyAeHTa, H3yYaBIUEro (PU3HKY
B cpelHell mKoJe. MarteMaTHKa, BKJIIOUAIOILAs MaTeMaTHUeCKUH aHaJ/lus,
JOJHA TIPOXOJHUTLCS OJHOBPEMEHHO ¢ JaHHBIM KyDCOM.

B nacrosmee Bpemss B CHIA cospaercsi HeCKOMBKO HOBHIX KYDCOB
¢usnki. Mplc/Ib HamyucaTh HOBBIH Kypc (USHKH OBJ/aJicBaeT MHOTHMHU
yueHLIMH-(QU3HKAMH, C OJHOH CTOPOHH, OJarojaps ycnexam pPa3BUTHS
€CTeCTBEHHBIX H NIPHKJAAHBIX HAYK, C APYTOH CTOPOHLI, [OJ BJAHAHHEM
TOrO BO3DOCILIETO MHTEpeca K HayKe, KOTOPHI Tenepb CyHICCTBYeT
B cpellHel H BoICIeH HIKOoJe.

OcHoBHBIE HAEH JaHHOrO Kypca Oblin chopmyanposans @, Moppu-
coHoM ¥3 KopHessbckoro yuusepcutera u Y. KutreseMm Bo Bpemsi 06-
Cy:K/]eHHs, HMeBILero mecTo B Kouue 1961 r. Mpl nojp3oBanuch 1nox-
Iepxkoit IIxx. Mafica u ero xosser us Hanuonaabroro ¢oHza HayKi
u Y. Muwens, ToraamHero npejacefiatesst KOMHCCHH N0 MPeNoAaBaHHIO
(U3HKH B KOJIEIXKaX.

JI71s1 Beflenust paboTHl Ha [ePBLIX CTaAMAX Obl1 CO3J4aH HeOPHLHAND-
HBII KOMUTET, B KOTOpPHIH Biauase Bxoguau: J1. Anppapeu, ¥Y. @perrep,
Y, Kurreab, ¥. Haiir, ®. Moppucon, 3. Iapcean, M. Pynrepman
u [x. 3axapuac. Komurer Brepsble cofpasncs B mae 1962 r. B Bepkan,
B 3TO BpeMsl MM U Oblja HamecuyeHa IpeAsapHTeabHas NMPHHUMIHMAIBHO
HOBasT cxeMa NocTpoeHust Kypca ¢uauku. BBUAY 3aHATOCTH HEKOTOPhIX
4JIeHOB KOMHTETa ¢ro coctas Obl1 H3MeHeH B siHBape 1964 r., U HblHe
KOMHTET COCTOMT H3 aBTOPOB HacTosimero yyeOHukKa. Bruan apyrux
Y4acTHHKOB OTM€YeH B NPEIUCAOBUAX K OTAEJIBHBIM TOMAM.

IIpenBapute/bHbLIA NJIaH K €T0 KOHUEMIHH OKasa/aH 60JblIoe BJHA-
HHMe Ha OKOHYATeJbHYIO pa3paboTKy marepHasna Kypcd. Ilian packpsi-
_Baj B JeTajAX TeMbl ¥ HX COOTHOUICHHs, KOTOpLie, KaK Mbl IoJaraem,
JOJKHBL H MOTYT ObITh HpEMOAHECEeHb! CTYIEHTaM HadajbHBIX KYDPCOB,
CTeUHAMH3UPYIOHXC N0 HCCAeCBATeNBbCKOMY JHOO HHXKEeHEeDHOMY
npodiao, B Hamu HaMepeHHs HHKaK He BXOMIJIO cO3faBaTh Kypc,
npeiHasHayeHHbId JHIb A4 OJAPEHHBIX CTYAEHTOB HJH CTYJEHTOB,
OpoulefilldX NPeABapHTEeNbHYIO NOATOTOBKY. Mbl HaMepeBaiHCh Mpest-
CTaBUTb NPHHUHIBL (H3HKH C eJUHOA M HeoObIYHOH TOUKH 3peHHd,
H [IOTOMY OTJeJIbHbIE YACTH KYypPCca MOTYT IOKa3aTbC HOBBIMH HE TO/IbKO
CTYAEHTaM, HO M IIPEHOJaBaTte/isiM. .
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ITaTh TOMOB Kypca, BKJIOYAIOT C/1eAYIOHe pasiebl:

1. Mexanuka (Kurrens, Haiir, Pynepman).
I1. DaekrpuuectBo U MarHetuam (Ilapceas).
I11. Boanst (Kpaydopn).

IV. KsanroBas ¢usnka (Buxman).

V. Crarucruueckas ¢usuka (Pefid).

ABTOpH Ka:xaoro ToMa Gbliy CBOGOJAHBI BRIOHPATh CTHJIL H METOX
H3J10KEHHA, KOTOphIE Ka3aJHCch Haubosee MOIXOAAMMMY IS HX Opes-
Mera. [lepBoHauanbHas pa3paboTka JaHHOro Kypca npuseaa A. Ilopruca
K MBICJIH O CO3[aHHHM HOBOTO NpPAKTHKyMa IO KJaaccHyecKoit ¢uauke,
HbIHE M3BECTHOIO KaK DepkieeBckas ¢MsHdecKas Ja0opaTOPHH.

Moxer noxasaTbCfl, 4YTO B HalleM Kypce, H3JaramileM OCHOBHI
GU3¥KH, SKCIEPUMEHTY YJHeJeHO He0CTaToyHoe BHHMMaHue. [leso,
OJIHAKO, B TOM, YTO Ba:KHeHIlIMe SKCNEpPHMEHTH BLINOJHSAIOTCA B Ja-
0opaTopyHd, KoTopasi CO3laHa ChelHaJbHO A8 TOoro, uroObl JAOMoJ-
HUTb KYpC JIeKuui.

IO. Kommunc, 9. llapcean,

D. Kpaygopd-maaduwuii, P. Pelid,

Y. Haiim, M. Pydepman,

&. Moppucon, 3. Buxman,

A. Hopmuc, Y. Kummeav, npeicenarens

Bepran, Kanudopnus



NPEAUCIOBHE K 1 TOMY

Temoit atoro toMa bBepkieeBckoro Kypca (GusauKH #BJSETCS KJjac-
cHueckasi MexaHMka, Ham meron, He 6yAyud paAuKaabHLIM, OTJIHYAETCH,
OJlHaKO, OT MeTOJa MHOTHX Y4eOHHKOB B HECKOJILKHX 4CIleKTax:

I. BoiBose! crienuaJbHOH TEOPHH OTHOCHTENBHOCTH H3JO0XKEeHB Jie-
TanbHO, OCHOBHBIE PE3YJ/BTATHl 3TOH TEOPHH HMEIOT CYILIEeCTBEHHOE 3HA-
yeHye AJsi pa3spabOTKH TeMbl «DJE€KTPHUYECTBO W MarHeTHam» B T. 1I.

2. Mur ocofoe BHHMAaHHE YJeNNUJIH JBHKEHHIO 3apsiXKeHHHIX YacTHI]
B 3/IEKTPHYECKHX W MarHHTHBLIX NOJSIX. DTOT pasje 60rat HeCJOXKHEIMH
¥ B TO e BPeMs OYeHb Ba:KHBIMH NIPHJIOKEHHSIMH M HENMOCPeICTBEHHO
CBfI3aH C TeMH 3KCIEPUMEHTaM¥, KOTOPBle B CBOE BpeMs ObIIH OCyLIecT-
BsieHbl B Bepkaeenckoll ¢usngeckofi nabopaTopuH. ‘

3. Mnl crapajuch H3/0KUTh KypPC KJacCHYECKOH MeXaHHKH TaKHM
obpa3oM, yTob cTany SICHH MyTH, BedyllHe K APYTHM pasjenaM QU3HKH,
K acTPOHOMMH, reodusHKe W (HACKOJIBKO MBI CMOIJIH) K XMMHU H GHO-
¢H3HKe.

B sTOT pasgen BKJ/IOYEHO TakKe GOJIBIIOE YHC/JIO ACTPOHOMHUYECKHX
npodsaeM U NPpHMepOB.

4. Mbl nHTaNUCh paccMaTpUBaThH BOMPOCH TaK, KAK HX paccMarpu-
BaJio 66l 60/1BLIIHHCTBO GH3UKOB, HaJesch TeM CaMbIM NIPOGYAHTL y CTY-
JEHTOB KaK MOXHO paHblie CHOCOGHOCTH K CaMOCTOSITEIbHEIM METOJaM
Hay4HOI0 HCCJ/e0BaHNs U MbILLTeHHs1. Mpl yIensiiu 60JblIoe BHUMaHHe
OlleHKe IOPSAKA BeJHYHHE U aHa/MM3y pa3MepHocTel.

5. Mel nipenycemotpend (B Bufie Gojiee CJIOXKHBIX TeM B KOHIIE TJaB)
BaXKHBIA JONOJHUTENBHBIA MaTepuasn AJs Haubojee ONapeHHBIX CTY-
JIeHTOB.

IlepBuiii Bapuaut »TOro ToMa, HanucaHHwii M. Pynepmanom, 6blia
HCIIO/B30BaH 3KCIepUMEHTaJbHON CTyjAeHuecKol rpynmoil B Bepkiu
BecHott 1963 r. 3arem oH 6bi1 oTperakTHpoBad Y. KurreneM NpH NOMOUIH
Y. Hatira. Mul usB/jiek/a nmoabn3y U3 KpuTHueckKux 3amevanuii ®. Mop-
pucona, 3. [Napcenna, A. lenpmronsua, A. @puamana, A. Kaypmana,
Y. HupenGepra n apyrux. MHOXKeCTBO PHCYHKOB, KOTOPHIE COCTaBASIOT
HeoTbeM/IeMylo YacTb ToMa, Oblian co3fianbl 10. KommuucoM H OKOHua-
TesbHO odopMiiensl @. KynmepoM. Bropoifi BapmanT 3TOr0 TOMa OBLI
HCIOJ/Ib30BaH 9KCIIEPHMEHTANbHBIMH CTYIeHUeCKHMH IpynnaMy B bepxau
4 Mapunénne ocetbio 1963 r., a nocsie nepepaGoTKH —— CTaHAapPTHLIMH
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rpynnami, cocfosiumi us 230 cryzentoB B Bepkiu u 45 crysentos
B TexacckoM yuuBepcurere, BecHo#t 1964 r. XopoilHe OT3bIBBI CTYACH-
TOB, pasymeercsl, ObLIH OLILYTHMOH nozw,epxmoﬁ JUIsl TIOPSIAKOM YyCTaB-
wHx aBTopoB. IlepepaboranHblil BTOpoOH BapHaHT 6bl/1 BHOBb 3HAYHTENL-
HO- TIepecMoTpeH JertoM 1964 r.

Tom B uenom peuensuposas C. ITactepnak; sta penensus sBHJIAch
npmmHoﬁ 3HAUUTENBHOIO  yJAy4IIeHHs Tekcra. P. Maxk-@eppon,
X. Oranpan, A. ®envuiep, P. Kupuimas u Apyrue okazaJji HaM IIOMOIIb
B cocraB/eHUuH 3ajay; M. PoccMaH HOATOTOBHJA BCIOMOTATe/IbHBIE Ma-
Tepuajbl. 3a JUTEPATYPHYIO PeNaKLHIO Mbl BhIpazaeMm 06.1arofapHOCTb
T. MNapxuncony. Ilo Bonpocam reousuku Mel ¢ 67arOAAPHOCTBIO BbI-
cayuranu copetsl [3x. Bepxyrena, B. Bonra u k. Pefinonnaca; no
acrporomin — [1. Xomxka; no 6uopusnke — P. Buaanswmca, . Cren-
Ta, B. ®uannca n X. Yeumena. Me1 6narogapum TakxKe CBOHX MOMOII-
HHKOB 3a noffop yueOHBIX (GHJIbMOB, (boTOorpaduil, CHOCOK, OTBETOB
K 3ajlauaM, a TakKe 32 OPraHU3allMIo «0OpPATHOH CBSI3U» CO CTYAEHTAMH
H aCCHCTEHTaMH BO BPEMs TPETbero HCMBITaHHs MaTtepuasa ydeOHHKA.

Y. Kummeas, &¥. Halim, M. Pydepman



YKA3AHUS U1 NMPENOJABATEJIEN

MbI yMBIIIEHHO BKAIOYKAN B T. | Gosiblle MaTtepHasa Mo CPaBHEHHIO
¢ o6bluHbIM 00BeMOM 06A3aTeNbHBIX JeKUUH No ofweH ¢usnke ass
CTYJEeHTOB ItepBoro Kypca. B KanudopuufickoM yuusepcurere B bepkiu
coziepKaHue TOTO ToMa Hajaranock B 1963—1964 rr. B Tevenue ogHoro
ceMecTpa, COCTOSIBLIETO U3 15 Hellenb, PH TPex JEeKIHSIX H OLHOM Teope-
THYECKOM CEMHHAape B HeJe/I0, NPHYEM JeKIIHH U CEeMHEaphl HMeNH Ipo-
JnosxuTenbHoCTh 10 B0 MunyT: Hamumu cryfeHTamu Oblid nepBOKypC-
HHKH BTOPOTO CEMECTPA, NPOXOJAUBLIME B TeYeHHe MPEABIAYIIErO CEMeCT-
pa MaTeMaTHKY, Kypc KOTOpoil He Gblj CrelHaIbHO PACCUNTAH Ha H3JI0-
JKEHHE BCEX MATEMATHUECK X BOMPOCOB, HYXKHBIX JUIsl IIpPenofaBaHus
dusnku. Huxkecsenyionye coBeTs! Guisu cGOPMYNHPOBAHE B PE3Y/ibTaTe
HAILlero IIEPBOTO OMbITA NPENOAABaHHSA N0 3TOH Iporpamme, CONPOBOXK-
JIABIIIErOCS LIMPOKHM. OOLieHHeM MpenoiaBaTesell CO CTYILeHTaMHU.

BaxHoe yCJ/0BHe, onpelensiollee MJaH H3JOKeHHs! [ePBOH 4acTH
HAIlIEro Kypca, MOCBSIIIEBHOH MeXaHHKe, COCTOMT B TOM, UTO 8 9mod
yacmu Kypca 0oavcv Obins NOOPOOHO USYHEHbL A0PEHYess: npeobpasosa-
Hus npocmparcmea u epemernu (ea. 11) u umnyavca u snepeuu (ea. 12)
Kax Heobxo0umasn npednocoiika 04 USA0MCEHUS MeOpUU INeKMPULecnsa
u maeremusma 6 m. II. Ilo namemy MHEHHIO, NPOXOXKJIEHHe Kypca
JOJKHO JOCTHTHYTH M. 10 0 Toro, Kaxk HCTEKYT LBe TPETH BCEro y4el-
HOTO BpEMEeHH, Jaxe eC/]H JJIs 3TOr0 NPHIAETCA IPONYCTHTh KOE-4TO
H3 MaTepHaJsia, HaXoAsLIErocs B NPENLIAYIIHX TJaBax.

Hexoropsle TeMb! (HanpuMep, BOJHE H TEILI0Ta), OOBIYHO H3J1araeMbie
B NepBO# uacTu Kypca obiell ¢pusnku, GuH nepeHecens B 1T, 111 u V.
HomnosHenus K riaBaM, a TaK:Ke MaTeMaTHYeCKHe HOTOJHeHHs He ofsi-
3aTesbHbI, 3@ HCKJ/IOYEHMEM TeX cJjydaeB, TI/le OroBopeHc obpaTHoe.
BonpuinHCTBO CTyZeHTOB npouteT 3ameTkd «M3 ucTopun Qusnku,
He JIOXKHMIASICh CHeNUAIbHOrO YKa3aHUs NpernojaBaTels.

ITo HammM HaGJIONEHWAM 33 BOCHDHUSATHEM MaTepHala CTYJEHTaMH,
0COOEHHO BaXKHBIM 3JIEMEHTOM YCIIEIIHOTO MpEeNoJaBaHHsi 3TOTO Kypca
SIBJISIIOTCSL TEOpPeTHYeCKHe ceMHHaphl, BO3MOXHO, UTO exeHelesbiioe
NpoBefieHHe IBYX JeEKIME ¢ ABYMS CeMHHapaMH JJI Onpoca CTYNEeHTOB
oxaxercsl 6osee 3(peKTUBHBIM, UYEM CHCTEMA «TPH H ORHH», KOTOPOH
Mbl TIPHAEPKHUBAIMCh. JIEKIMH JOJ/RKHBI COMPOBOXKIATHCS JEMOHCTpa-
uusaMH, CryJeHTEl BBICKaSBIBAIOT MHEHHE, UYTO JIEKLUMH JOJ/DKHEI He
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OBTOPATH PacCykAeHHsI ydeOHHKA CJIOBO B CJIOBO, a U3J/Iarath. IpeiMer
JPYTMMH CJOBAMH, PasbsiCHATH H PE3OMHPOBATh MarepHasl.

[TpuMepH, 3ajaYu U AONOJHEHHA. B Texcre pas-
Gupaercss MHOTO npumepos; GONBIIMHCTBO U3 HUX HeOOXOMMMO [JIs H3J10-
JKeHus Kypca, H HX cJieflyer YHTaTh KaK 4acTh TeKcTa. B KOHIle Kaxkaok
rJ1aBH cojepXarcs 3ada4u, Ha3HayeHHe KOTOPLIX COCTOUT B TOM, YTOOHI
Jath CTYIEHTY BO3MOXKHOCTb INPAaKTHYECKH NPHUMEHHUTH Te OCHOBHEIE
HOJIOXKEHHS], KOTOphie pacCMaTPUBAJNCh B 5TOH ruape. OGHYHO B HavdaJje
KakJ0l IPYNIEl 3alad AaTcs GoJee jierkHe 3ajauu. K 3HauMTeNbHOM
YACTH 337124 JaHbl OTBEThl. J0noAnents K TJaBaM NoAo0paHsl Tak, 4To0kL
BBECTH GoJsiee YyCleBalollero CTyAEHTa B HOBble o6sactd (pusHuecKo
HAYKH HJIH KaK-TO HHaue HCHOJb30BATh METOAbI, H3J10XKEHHBIE B IVIABE,

MarteMatrunueckue gonoaHeHdusqa Hexkoropse raaes
COTPOBOXK/AIOTCA JONOJHUTEJAbHBIME JAaHHBIMHM 110 MareMaTHKe, Ha3Ha-
YeHHe KOTOPhIX — IOMOYb CTYJIEHTY pa3o0parbcst B MaTeMaTHYeCKHX
BOIIPOCAX, BOSHUKAIOIIUX B XO/le H3Y4eHHs UM (QU3HKH, HO eline He pa-
300paHHBIX B Kypcax MaTeMaTHKH. Mbl 6e3 KoneGaHHII PEKOMEHAYEM
CTYJIeHTAM TI0JIb30BATbCS MaTeMaTHYECKHUMH CIIPABOYHHKAMH, CTPeMSCh
TaxuM o6pa3oM YMEHBLIHTh 00beM CBEJEHHH 110 MaTeMaTHKe, JaBaeMbIX
B TEKCTe.

CBegflenus 3 uctropuu ¢usuku KoMHOruM riaBam
7. [ nawTcs HeGoJblINe 3aMeTKH IOA 3aroJoBKkaMu «M3 uctopuu dpusnkms.,
Hexoropbie U3 HUX NPEACTABJISIOT COGOH OTPBIBKH M3 OAHOH WU ABYX
OPHTHHAJBHBIX HAYUHBIX paboT, COEPKAUUX 1epBbie OTKPLITUS B AaH-
HO# obsacTu ¢usuku. [IpuBOAs 5TH OTPHIBKH, MBI HAMEPEBANHCH, IpeXKIe
BCEro, NOKa3aTh, HACKOJIBLKO SICHOCTb, SHEPTHS H CMEJOCTb MBICJAH Xa-
PAKTEPHBI 71 BeJUKHX OTKDHITHH M HccaeloBanui. Haubosee acHoit
paboToli B JaHHOI o6/1acTH OOLIYHO SABJAAETCA NEPBOMCTOUYHHUK, M MOXKeET
OKas3aThCsl, YTO OH OCTaeTcsd €JMHCTBEHHBIM MaTepHasoM, MO3BOJAIO-
IIIHM YHTATeNI0 YACHMTH cefe MOTHBBI HOBOTO MOAXOAA K H3yHaeMOMy
nipeaMery. CMesoCThb MBIIJIEHHS , TPOSABJsOLIAsAcA KaK OTCYTCTBHe 60f3-
HY BBeJEHHUS] HOBBIX HJieH, HTPaeT MCKIOUHTENbHO BaxKHYIO POJb B HC-
cJefoBaTeNbCKOl pabore. Jlpyras Hama nefib cocrodsa B TOM, YTOOHI
NOOYANThL CTYAeHTa K O3HAKOMJIEHHIO C ODHIHHAJIbHOH JIHTepaTypoi
o ¢dusuke.

T'naBa 1 (BBenenue). Dra riapa fBJsIeTCd COBCEM JETKOH A/ YTEHHUS.
Jononnenune «[Ipoctast acrponomusi CosiHEHHOH CHCTEMEBI» OCOGEHHO
HHTEPECHO [ CTYAEHTOB; €T0 MOXHO HCIOJAB30BaTh BMeCTO 3a1aq.
JlekTOp MOXKeT ¢ NoAb30H NpPOBecTH OGCYXIeHHe BONPOCOB NOpsJKa
BeJIMUMH, HauMHast ¢ atoMa M KoHuas BcesenHofl, -

I'nasa 2 (Bexropsl). Dra ryaBa Takxke HeTpyAHA J/1s1 NPENOaBaHUs.
B Hee BeesieHnl dopMyJBl A/ OPOH3BOAHBIX CHHYCa M KOCHHYCa, Tak
Kak OHH npHMeHsitorcl B TJ. 3. [lpenonasaremio caelyeT HJH LOTOBO-
puTbca ¢ Kadeapoli MaTeMaTHKH, 4TOOBI 3TH (OPMyJbl CBOEBPEMEHHO
OblIM OOBSICHEHBl CTYJEHTaM, WJIH 3Ke JaThb 3TO OOBsICHEHHE CaMoMy.
Ouenb moOJIe3HBl JIEKIHOHHBIE [IEMOHCTPALMH, H/IOCTPHPYIOLUIHE, YTO
CHJIBl H CKOPOCTH CKJIaJbIBAIOTCSi BEKTOPHO, a TAaKXKe IOKasblBalollye,
YTO TaKoe MOMEHT CHJIBL
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I'naga 3 (IlpuHumMn oTHocuTenbHOCTH [anmies). B MuHuMasbHOM
BapHaHTe NPOrpaMMEl He (0sA3aTe/]bHO H3/1araTh TEOPHIO YCKOpEHHs
Kopuonuca, paccMaTpuBaeMylo B JOMOJMHEHUH K 3Tofi raase. [Ipu aua-
JIM3€e YaCcTHOTO caydasi — CHJI, AeHCTBYIOIHX Ha MaTepHANbHYIO TOYKY,
NOKOSIIYIOCA OTHOCHTENBHO Bpallaromiefics CHCTeMbl OTcuera,— Hajo
BbIBECTH (POPMYJy LEHTPOCTPEMHTEILHOTO YCKOPEHHsI, KOTopast UCIOJIb-
3yercsl HHUMKE B HECKOJABKHX MECTax 3TOro TOMA. Xopomm{ JEMOHCTpa-
I{MOHHBIH OOBIT COCTOUT B TOM, YTO MeTa/LIHYECKHH LIAPUK MOTPYKaeT-
¢s1 B KDACKY U 3aTeM MpOeLUpyeTcs uepes BPaIIAOILHIACS JUCK ¢ OTBEp-
CTHAMY.

Inaa 4 (Ilpoctble 32724y HepeISITUBHCTCKOHM JHMHaMuK). XoOTs
paccMaTpuBaemMble 3JeCh BONPOCH 3/€MEHTApHBI, HeJb3sl TOPOMHTBCH,
uajarast 5Ty rsaBy. Ee MaTepuas BEI3BIBaET Y YaCTH CTYIEHTOB 3HAYH-
TebHble 3aTPYAHEHHS BPEMEHHOTO Xapakrepa, MOTOMY 4TO HM [OYTH
BIEPBblE NPUXOAHTCH NPHMEHATb MaTeMaTHKy K (u3uke, YOeluTeiib-
HBIM JIOBOJIOM B IT0/1b3Y PAHHETO H3JO0XKEHHS 3TOrC MaTepHala fBJASeTcs
€ro 3HaYeHue JJ/151 J1a6opaTopHLIX padoT ne ¢usuKe, IpoBOAUMEIX B Ka-
auopHuiAckoM yHuBepeutere. ITocKobKy B cpefHell mKoJe yXe H3y-
yaJoch JBHKEHHE Ted B IOJe CUJ THATOTEHUS, !'caedyem obpamumis
SHUMARUE CYOeHMO8 HA AHAA0UL MEXY STHM JBHIKEHUEM U IBUKEHUEM
3apSKEHHBIX YaCTHL [OJ AEHCTBHEM 3JEKTPHYECKHX H MATHHUTHBIX CHJI.
TepMuH «moJje» HAaBOAHT Ha CTYIEHTOB MAaHHUKY, MNOZOGHO TEPMHHY
«pO3ax» TIPU U3YYEHHH POJHOTO si3blKa. B MHHUMA/NbHOM BapHAaHTeE I1PO-
IpaMMBl 10 MeXaHHKe HeT HaJOOHOCTH OMepHpoBaTh ¢ KOMILIEKCHBIMHU
yHcaaMu. B eKiHOHHbBIE IEMOHCTPALMY MOXKHO BKJAIOYUHTE NPAMOSHHEH-
HOe YyCKOpeHHOe JBHXKEHHe, DaBHOMEpPHOe KPYroBoe [BHXKEHHE, BUIHL .
BOJIH (MOJIb3YACH MPOEKUHOHKBIM OCHMJIOrpadoM) U KaueHue KoJeca.

T'naBa 5 (Coxpanenue sxHeprun). Matepuas 3Toll r/1aBel COBEPIIEHHO
cTauapTHuifl, Pas/quune MeXAy BHEIIHUMH CHJAMH H CHJIaMH B3aHMO-
JIeHCTBHS, T. €. BHYTPEHHHMHU CHJIaMH, BHaya/le MOXKET BHI3BaTh HEKO-
TOpOe 3aMelIaTeNbCTBO, KOTOpOoe YCTPaHsaeTcs yTeM PelleHHs HeCKOJIb-
KHUX 3aj1a4 Ha Jiocke, B JeMOHCTpaluy BXOJAT MPYKHHBI U MasiTHHKH,
IlousiTne 00 wHTEerpaJje Mo KOHTYPY MOXKHO He JaBaTh.

I'naBa 6 (Coxpanenue ummyJ/bca *) 4 MOMeHTa MMOyJbca). 3ajayn
Ha yJap ¥ Ha JBMIKeHHe CNyTHHKA 3acJy>KHBAIOT NoAPoGHOro obcyxkae-
HHUs. MoHO BbiBecTH ypaBHeHMs Pesepdopna Aas paccesiHusi 4acTHI
(ux pemenyie nano B . 15). Ilpumepnl U3 acTpPOHOMHH 3aMHTEPECYIOT
Gonee J1I0GO3HATENBHBIX CTYAEHTOB, OAHAKO B MUHHMAJBHOH IpOTpaMMe
MX MOXHO He [aBaTb. B J€MOHCTpAUMH BXOLAT HTPYIICYHBIE PaKeThl,
GanaucTHYeCKH MasTHHK, CKaMbs JKyKOBCKOro.

T'nasa 7 (Tapmonuyeckuil ocuuaaatop). OueHb Ba)KHbI JUHEHHbLIE
33Ja4H U, B YACTHOCTH, 33J1a4a O BHIHYXKJEHHBIX KOJe0aHHAX rapMOHU-

*) Auramiickuit tepmua «momentums (angular momentum) no cBoeMy CMBICTY
MOXKeT 0603HaYaTh KN «KOJIHYECTBO IBHIKEHHS», HIH «HMIYJbe». [TocKOMBKY, OHAKO,
B aHIVIMHACKOM s3blKe HeT SKBHBaJIEHT2 TEDMMHY (KOJHMYECTBO XBHKEHMs» (BCe pexe
TNPHMEH5IeMOMY H 'y Hac), TO GbUIO NPHHSATO pellleHHe NPH MePeBOAe HACTOSIMeH KHHAIH
BCIOJY ITO/I30BAaTbCA TEPMHHOM <HMIYJbcy, ({1pus. ped.)
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4eCKOro ocuHsiTopa. Jlaxe B o6beMe MHHHMAJIbHOH NPOTPAMMbI HeoB-
XOJMMO Ppazo6paTh TepBHIfi W3 TpeX NPHMepOB HeJNHHEHHBLIX 3ajiay,
TIOTOMY YTO OH JaeT CTYAEHTaM IIOHSTHE O TOM, KaK OHH MOTYT OLIEHHTh
oumn6KH, 06YCNOBNeHHbIE JHHeapusanuell 3aaaun Q KoaeGaHHsIX MasT-
HHKa. TToHsATHE 0 cABHTE (ba3 IIPH BHIHYKIEHHBIX KONeGAHHAX TAPMOHH-
YeCKOTO OCUMJIISTOPa He cpasy .BOCHPHHHMAaeTcsi GOMBIUMHCTBOM CTY-
JIeHTOB. 3JeCh NOMOTaeT Xopollas JEKIHOHHAas JIeMOHCTPauHs. DJIeKT-
pHUECKNe aHAJOrHH MJIOXO BOCIPHHHMAIOTCS HA 3TOH CTafAMH Ipenoja-
BaHHA, U HX, MOXKeT ObITb, C/1€40BaJ/10 Obl OCTABHTb A/ J1aGOPaTOPHBIX
pabor. B ZeMOHCTpaMH BXOAAT rapMOHHYeCKHe KoseGaHHsT KaMepTo-
HOB (C/lelyeT YCHUJUTb UX, YTOObl 3BYK GBI XODOILUO CHABIILIEH, 4 TAKXKE
10Ka3aTb (OpMy BOJHBI Ha KpaHe); BLIHYKAEHHble KoJiebaHusA rpysa
Ha TpYXHHE, 3aJaBaeMble TeHepaTOpcM CHTHAAOB BBIHYIKACHHBIG
JeKTpUUeCKUe Koj1e0aHUs KOHTYpa, COCTOSIIIEr0 H3 CONIPOTHBJEHHS,
HWHIAYKTUBHOCTH U €MKOCTH; Nputop HpHHrcxeuMa KosneGaHud CB3aH-
HBIX OCHHJASITOPOB.

I'napa 8 (QnementapHas AuHaMHKa TBepALIX Tesl). B Kypc, npenona-
BaeMblil 110 MHHUMaJbHON MpOrpaMMe, 5Ty TJIaBy MOMXKHO He BKJIOUATH.
B JemoHcTpauuu BXONAT: THPCCKOMN, sAEPHBI MarHUTHBHIN pe3oHaHC
UJAH 3JeKTPOHHBIH TNapaMarHUTHBIH pe30HaHC U ONBITLI ¢ KOJeCoM H
OCBIO.

[naBa 9 (Cusmwl, ZeficTByIOIHMe MO 3aKOHY OGPAaTHBIX KBaApaTtoB).
3ajauy o IJIAHETHHIX OPOHTAX JerKo MOKHO H3JOXKHTL B TOM BHJE,
KakK OHa JaHa B TeKcTe. 3TO KJacCHueckas 3ajaya KJacCHUeCKOoH Mexa-
Hukd. Ee ciaelyer NMpONMycCTHTh, €CJIM VXK€ HCHOJb3OBAHBI JIBE TPETH
Bcero ydeGHoro BpeMeHH. B memoHcrpawuin Bxoast: onbit Kapenawiua;
JIBHXKEHHE MacChl Ha IPY2KHHE N0 TOPH3OHTAIBEOH TPAEKTOPUH C YMEHb-
LIAIOLIMMCS PAJIHyCOM; HILTIOCTPAIlMsl JUHAMHYECKOro METO/ia ONpefese-
HUST NOJIOKEHHS LEeHTPa Mace C IOMOIILIO BPAIleHHs TAHTeJH, Ipe/CTaB-
asioiefi coboit Mojeab cucTeMsl 3eMmass — JIyHa.

FnaBa 10 (Cxopoctb cBera). Jra ryiaBa NpeiHa3HauyeHa TIJ1aBHBIM
06pasoM ISl caMoCTOSITENbHOTO uTeHusa. He Hano yxensTs upe3MepHoe
BHUMaHHE obcyxnenuio adgekra Jonnepa. B sanavax penaercs yaape-
HHe Ha acTpoHoMHYecKHe sBJeHHA. llenecoofpasHO NPOAEMOHCTPH-
‘pOBaTh ONBIT MO ONpeJesNeHHI0 CKODOCTH CBeTa; eC/d BO3MOXKHO, TO
sdpext Homnepa no MéccGayspy; nmokasaTb HHTEphepOMeTp.

FnaBa 11 (Ilpeo6pasoBanne JlopeHna Ajasi JJIHHEL U BpeMeHH).
31a raaBa ocofeHHO BakHa. IlpenofaBaTh ee OKazaloCh HEOKHUAAHHO
Jerko. Crenyer yiejHuTh BpeMsi pelleHHIo psifia 3agad. Kparko namnom-
HHTe CKasaHHoe B I1. 3 (M . 4) o npeo6pa3oBaHHSIX KOOPAMHAT.
TlocTosiHHO noAuepKkuBaliTe UHBAPHAHTHOCTb BEJHUYMHBI ¢, Pasbepure
onnt Afieca u Crunyasana.

Inaga 12 (Penstueucrckass jAuHamuKa. VmMmyabc n aHeprus).
B ra. 12 u 18 naorcs nanGosiee BaKHBIE DPe3yJbTaThl CHEHHANbHON
TCOPHH OTHOCHTEJNbHOCTH. 3ameTKa «M3 ucropuu ¢u3HKU» O COOTHOILeE-
HHH MeXIy Maccoll U 3Heprueii He3aBHCHMa OT COIEPXKaHHSA IJIaBbl
n Jerko BocnpuHuMaercsi. O6cyauTe Ha ceMHHape YCTPOHCTBO OTKJO-
HSIIOMMX CHCTeM HJf NyYKOB 3aps2KEHHBIX YAaCTHIL H KCIIepHMEHTa/lb-
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Hble fleTa]H ONBITOB Dyxepepa 1o NONepeyHOMY HUMIYJbCy; HOKaXKHTE
JMano3uTHBB! CO CHHMKAMH NTy3LIDbKOBOH KaMephl.

[naBa 13 (Tlpocthie 3anaun pensiTHBHCTCKOH Aunamuku). Pac-
CMaTpHBaeMbie 3aJla4H HECJIOXKHBI, U HX -PellleHHe [OMOXKeT CTYAEHTY
OCBOMTBCS CO CHeHaNbHOM TeopHeH OTHOCHTEbHOCTH.

Iaapa 14 (Ilpunnun sxsupanentHoctH). OcobbIx TpyanocTell 371eCh
HeT. Of6cynuTe Ha ceMHHape Aetanu onbita [layuna u Pebku.

[Faapa 15 (Hactuin coBpeMendofl ¢usuku). Kparkoe ofcyxueHue
OCHOBHHEIX (DaKTOB O Hanbosée BaX<HBIX YaCTHLAX. T

O6 ax3amenax. HeobxonuMoO AaTb CTyACHTaM TOUYHbIE YKa-
3aHUS O TOM, Kakoll Mmartepuan Tpefyercs 3HaTh Ha 3KaaMeHaX; HHAYe
OHH MOT'YT pacTepsTbcs H3-3a OGMJIMS BCIIOMOTraTeJbHBIX AAHHEIX, NPH-
BeJleHHBIX B Tekcre. Hekotopele pasjienbl 5TOro Kypca MeHee 3HAKOMEL
CTYAEHTaM M MOTYT NoKasarbcs HM OoJee TPYAHLIMH, YeM BONpPOCHI,
TIPOXONMMEIE TAKIKE BO MHOTHUX 3/IeMEHTAaPHBIX Kypcax. ITo Ha0 yuecTb
Ha 3K3aMeHax, fejasa Gogblie ynop Ha NpOCThie, YeM Ha CJOXKHEIE H 3a-
IyTaHHBIE BONPOCH!, IOTOMY YTO Ja¥Ke 3K3aMeH HMeeT [e/bio ofydyeHue
¢usnKe, a He HCNLITAHRE COODPA3UTENBLHOCTH CTYAeHTa *).

YKA3AHKA VISl CTYJEHTOB

Ilepeniii roa usydenus (U3HMKH B BBICHICH IIKOJE SIBASIETCSH, MOXKA-
Jayfi, Haubosee TPyAHbLIM. B TeueHwe 3TOro rofa uanaraercsi ropasio:
GoJibille HOBBIX MJeH, NpeACcTaBAeHHI W METOAOB, YeM Ha NOC/IeLYIOUIHX
Kypcax. CTyJeHT, YeTKO YCBOUBILUHH OCHOBBI DU3HKH, H3J0KEHHbIE B 5TOM
NIEpBOM TOMe, Jiaxe ec/JH OH €lle He B COCTOSSHMH CBOGONHO IPHMEHSITH
HX B CJOXKHBIX CJYy4asix, MOXKET CYUTaTh, YTO OCTaBMJ M03aad cels
GOMBIIKHCTBO TPYAHOCTEH, BO3HHKAIOUIMX TNPH U3YYeHHH 3TOTO Mpef-
MeTa.

A 4YTo 1enaTb TOMy CTYIEHTY, KOTOPOMY TPYIHO JaeTcsi pelleHHe
337aY M [OHUMAHWE Pa3/JHYHBIX Pas3lesioB 3TOTO Kypca Jaxe moche
TOT'0, KaK OH [IPOUYMTA] TEKCT ABaxIbl? Bo-niepBriX, eMy Hal10 BEpHYThCH
K paHee NpPONAeHHOMY H BHOBbL [POYHTATH COOTBETCTBYIOUIHE MeCTa
B CBOEM LIKOJLHOM YueOHHKe (DU3HKH, a TaKxke yraypOjaeHHO npopabo-
TaTb YUYeOGHHK, BLINYUIGHHBIA KOMUTETOM COAEHCTBUS H3YUEHHIO .U~
3HKU **). 3areM, eMy TO/€3HO MOYUTATb KAKYIO-THO0 U3 MHOTHX KHUF
Ha ypoOBHe Kypca (U3HKH A5 BhICLIEH UIKOJBI, KOTOPHIE NPOILE U 3Je-
MeHTapHee, YeM Hall Kypc; ocofoe BHHMaHNe OH JOJ/KEH OOpATHTh Ha
ynpaKHeHHs, JaBaeMble B 9THX yueOHHKax.

*) Ilocaennnii Te3uc, No-BHAMMOMY, ABJSETCA CHOPHBIM, TaK KAK MHOTHE CUHe
TAIOT, 4TO cOyueHUe PH3HKe CKIaJBIBAETCS H3 BCECTOPOHHErO COACHCTBHS HAKOMICHHIO
3HAHUH H, 4TO He MeHee BaXKHO, Pa3BHTHIO Y CTY/IeHTOB (hH3HUeCKOro o6pasa MblLIeHH S,
KOTODHI#l MOXKHO Ha3BaTb CHeUH(HYCCKHM BHIOM «coobpasutesnpHocTHs. ([Tpum. ped.)

**) «Duspka», nep. ¢ anra, nold peda. A. C. Axmarosa, «Hayka», 1965.
(1pun. ped.)



CUCTEMA OBO3HAYEHUH

Enxvnanune Kaxnas opopmusiiasicss oTpacib HaYKH H TeXHHKH
HMeeT CBOH CIleIHaJ/IbHBIC eIMHMIbI /ISl BEJHYHH, KOTOPhIE 4acTo B Hell
Berpedatorcs. Ha 3anane CHIA npuBblvHON efuHuLeH ofbeMa A/ist HH-
XKeHepa-uppuraropa, ¢epmepa MJIH agBoKaTa fBJAETCH aKpo-QyT *).
Jasa cnennanucra no sjepHoH ¢usaHnKe IPHBBLIYHOH €MHHULEH ZHEPTHH
cnyXRUT Mas, WIH MUAAUOH 3AEKMPOH-60AbIM;, IJA XUMHUKA eNUHUUeH
SHEPTHH CAYKHT KUAOKQAOpUS, a JJ1s1 HHMKEHepa-sHepreTHKa — KuAo-
samm-uac. PU3UK-TEOPETHK 3aUaCTYIO CKameT mpocTo Tak: «Buibepem
CHCTEMY €IMHHIL TakMM o00pa3oM, 4TOOBl BeJHYMHA CKOPOCTH CBETa
paBHANack B Hell enuuuie». B xome paGoTel yueHBIl He TPaTHT MHOrQ
BpeMeHH Ha repepacyeT H3 OJHON CHCTeMBl eIMHHUIL B JPYTYIO; B CBOUX
pacderax OH yjensieT ropasfio 6o/ablie BHHMAHUA YTOUHEHHIO YHCIOBBIX
3HaueHHH KO>(p(HIHEHTOB M ONpejeseHHI0 3HAKOB cJaraeMelx. TOYHO
Tak Ke OH He OyJeT TPAaTUTL BpeMst Ha CIOPH OTHOCUTENLHO BHIGOpA
CHCTeMB! €IHMHHLL, TIOTOMY YTO TaKHe CIOpHl HUKOTAA He cocoGCTBOBAJH
Pa3BHTHIO HACTOAUIEH HAYKH.

®u3uky HCIIONB3YIOT AJisl paboThl H My6JaHKaLN# IVIaBHBIM 00pasoM
TPH cuCTEMB efnnull: rayccoBy cucreMy CUC, cucremy MKC n npakTi-
4ecKyio cHeremy. JI106of yueHEBIH M HHIKeHep, KOTOPEIH XO4eT HOJ1YUHTh
JOCTYN K HayuHOH JuTepaType no QusKke, JOJKEH OCBOHTLCH CO BCEMH
TpeMsl chcTeMaMu **),

B nacrosimneM Kypce npuMeHserca rayccoea cucrema epunun CI'C.
B naGopaTopHEIX paboTax HCIOJb3YIOTCS BCe TPH CHCTeMbl. DTO pelue-

*) 1 axpo-ghym papen 1233,5 #3. (Ilpum. ped.)

**)' Ha ocuoe cuctem egunuit MKC u npakrnueckoit paspaboTana MexXyHapoaHas
cuctema epunnn CH, yreepxkzaennas B 1960 r. X1 I'edepanbHo#l koHdepeHlueii no me-
paM u BecaM B peKoMmeHjoBaHHas, corjacro [OCT 9867-61, pns mpeanodruresbHOro
npumenennss B CCCP Bo Bcex 06/acTsiX HayKH, TeXHHKH, HADOZHOTO X03sificTBa, a
TaKKe NPH NpenofaBaHHH.

Komuccuet JOHECKO no cumBoiaMm, eIHHHIAM H HOMEHKJaType onyGiuKoBaHA
(«Symbols units and nomenclature in Physlcs» Ed. by UNESCO, Paris) 6poiuiopa,
B KOTODO# TIHATENLHO COGPaHH M PeKOMEHAOBaHb! IS HCHONB3OBAHHS B MEXZyHAPOX-
HOM NOpSIKe BCe OCHOBHEIE JaHHBIE IT0 CHMBOJIAM ¥ 0003HaueHH AM BeJIHUHH, DH3HYeCcKOH
TepMHHOJOTHH Ha aHIJHIACKOM B (PPAHIY3CKOM S3bIKAX, CHCTeMaM eJHHHI, H YHCJ/eH-
HBIM 3HaueHHsM QyHZaMeHTaJbHBIX (H3HUECKHMX KOHCTaHT. ([Ipum. ped.)
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HHe GBLIO efMHOTVIACHO NPHHATO aBTOPaMH, H OHO COOTBETCTBYeT Halle
HeJiM NpefCTaBUTh PU3HKY B TAKOM BHJIe, KaK OHa NpHMeHsiercd 6oJib-
IIMHCTBOM (M3UKOB. JIF0OOMY, KTO HMeeT Je/0 ¢ COBPeMEeHHHIMH (H3H-
YeCKHMH KypHaJaMH, fICHO, 4To rayccoBa cucrema CI'C ucnonpsyercs
B (PM3HUYECKHX CTAThsiX 3HAUUTENbHO Yalle, 4eM Jiobas Apyras cucTeMa
€IHAUL.

B HameM kypce U3UKH Mbl XOTHM, HaCKOJBKO BO3MOXKHO, ofJsier-
YT KaK HayYHHIM palOTHHKAM, TAK W HHIKeHepaM TPyl YTeHUs
(PHBHYECKHX XKYPHAJOB.

dusnueckue NOoCTOSHAHHEHEe B npuioxedun K stoMy
TOMY AaHa Tabsnla NpuOMIKeHHBIX 3HaueHHH (GH3HIeCKNX MOCTOSTHHBIX
M JIPYTUX HYXKHBIX YHCJOBHIX BeJMYHH. Dosee TouHble 3HAuenus busu-
YeCKHX MOCTOSHHLIX NpHBeAeHb! B XkypHate «Physics Today» («Cospe-
meHHasa ¢usnkar), 1964, deBpans, c1p. 48—49.

3uwaxu u 0603HavyvYeHHU 5. Boobue ropopst, Mbl CTPEMUJIUCE
IpUAEpKUBaThCH TeX 0603HaueHUH M COKpallleHHH HasBaHMH eNuHHL,
KOTOpble IPHHATH B JIuTepaType no ¢pusuke. OTHOCHTENbHO GOJIBIIMHCTBA
U3 HHUX HMeeTcsl MeXIYHapojHOe corviamleHde. B HEKOTOPHIX cilydasx
110 MeTOAHYECKUM cooGpaXKeHHAM OKa3aJ/och Henecoo0pasHbIM Hapy-
HIATh 3TO YCJOBHE.

Mrl ykasbiBaeM 37€ch CMBICA HECKOJIbKHX 3HAKOB, KOTOpbIE NpUMe-
HSAIOTCS BO BCeM Kypce 6e3 00bsCHeHHH:

pasHo,

[IOYTH PAaBHO,

TOX/ECTBEHHO PABHO,
NPONOPUHOHANBHO,

npubAN3UTEIbHO PaBHO,

" HMeeT TaKOH Ke MNOPAAOK BEJUYHHBL.

LS R

[IpuMeHeHHe 3HAKOB &, & H ~ He SABIAETCA OOWENPHHSITHIM,
HO JaHHble 3JieCb ONpeAeeHUs] JOBOJBHO IIMPOKO HCIOJB3YIOTCA
¢busnkaMi. AMepHKaHCKUH HHCTHTYT (H3UKU PEKOMEHAYET NPHMEHATD
3HaK &, gzxe Ipyrue MorJu Gbl HAIUCATh A WJIH 22,

3Huak 2& HJIH ) O3HAUAeT CYMMHPOBAHHUE BETUYHHEI, CTOAWeH CpaBa

J
or % 10 BCceM HHJeKCcaM OT j==1 0 j=N BKJIIOUHTe/bHO.
OO3HaYeHHe ) O3HAYaeT JBOMHOE CYMMHPOBaHHE 1O ABYM HHJEK-
iy
camiu j. :
O6o3nauenue 2’ HJIH 2 O3HayaeT CyMMHPOBaHHE IO BCeM 3Haye-
s ! [ .
- [ i¢j . .
HHSIM { M j, 3a HCKJIIOUEHHEM =],

ITopsanoxk BeaunuuHBH. [Tox 3THM BeIpaskeHneM Mbl OObIMHO-
HOfipasyMeBAeM «B Npefenqax OT KAHHOIO 3HAYeHHs J0 sHauyewwd, B 10
pa3 Goabineros. CBobonHas M 4eTKas OleHKa NOpsjKa BeJHYHHBI Xa-
PaKTepHa AJsA CTHAA paboThl M A3bIKa yYEHOro-QH3HKA. STO MCKJIIOUH-
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“TeJIbHO BaXkHasi npodeccHOHa/bHAS IPHBBIYKA, XOTA OHA YacTo MOBep-
raet .B pacrepssHHOCTh HAYHHAIOLIMX CTYAEHTOB. Mbl TOBOpDHM, HampH-
Mep, uto 10* — 370 nOpsAnoK BeauunHbl yncea 5500 u 25 000. IMopanok
BeJIHYHHBL MacCHl aJiekTpoHa B cucreme enunuil CI'C cocraBiser 10-27 ¢;
ee TouHoe 3HaueHue paBHO (0,910722-0,00002).10~27 2.

Huoria Mel roBopHM, YTO B pelleHHe 3aJaud BXOAST cJaraemeie
(1M pellleHHe TOJYYEHO C TOUHOCTBIO [0 CJaraeMblX 3TOTO MOPSAAKA
BEJHUYMHEL) NOPAAKA X2 Wil E, KakuM Obl HY GbLIO 3T0 KOJIYecTBO. D10
sanMceiBaercs TaK ke, Kax O(x®) uan O(E). Tlpu Takom cniecoGe BhIpa-
JKEHHsl [OApasyMeBaeTCst, YTO s ONPEAeNEHHBIX LeJeH MOMKHO
npeHeGpeusr B TOUHOM pELIEHHH CJaraeMblMH, COJepKallUMH Godgee
BBICOKHE CTelieHH (Hanpumep, x® uan £?) 3T0ro Ko4u4ecTBa, Nno CpasHe-
HHIO C TeMH CJaraeMplMH, KOTOpble COXPAHSIOTCSl B NPHOJANKEHHOM
PeIleHnH, ~



TTTABA I-
BBEILEHHE '

I.1. Oxpyxarwowuit Hac Mup

Oxpyxatomuii Mup npeacrapiasercs JIOAIM OrpOMHBIM H CJIONK-
HLIM. JTO CBOEro pola THTaHTCKasl apeHa, H4 KOTOPOH pPasbirpLi-
BaloTcsl coOBITHSL caMOro pasjnuHoro macmraba. Murepecno mosna-
KCMHTbCS! ¢ YMC/JAOBBIMY 3HAUEHHSMH HEKOTOPBIX BEJHUYHH, Xapakxre-
pusywomux Bceesennyio. Mul He 6yaen cefiuac nNoapoOHO OCTaHABIU-
BaTbCSl HAa J0KA3aTeJbCTBax W H3MEpeHHsIX, KOTOpble NO3BOJHJIH
OTpeaendTh Ha3bBaeMble 37ech yucsia. CaMoe 3aMeuaTeabHOe B 3THX
4HCAaX — 3TO TO, UTO MBI HX BOCGIHIE 3HaeM; He HMeeT pelialoliero
3HRYEHHS, 4TO HEKOTOpble U3 HHX MBI 3HAEM TOJAbKO HPHOIHAKEHHO.

Oepomnote pagmepor Beeaennoil. s actpoHoMuueckix Habg0Ae-
HUfl MBI 3aKJIOYaeM, 4To BesHuHHa nopsiaka 102 cum, uan 101° cre-
TOBBIX JIET, — 3TO XapaKTepHCTHuecKas AJAMHA, KOTOPYIO HECTPOro
H43BIBaiOT MHOTAa paanycoMm Bceeseuwnoil. s cpaBHenns ykaew,
uro paccroanue 3emuan ot Coanua passo 1,5-10'% cu, a paxuyc
3eman pasen 6,4-10% cu.

Yucao arosos 6 ussecTHol Has vwacTy Beeaennodl. Sinpa atomos
BCEX 3JEMEHTOR COCTOAT H3 UPOTOHOB I HEHTPOHOB. YUeHBIE Npeno-
Jararr, 4To ofmee UMCJA0 NPOTOHOB H HEHTPOHOB B M3BECTHOH HAM
uyacty Beenenuofl, onpeaesedHoe ¢ HETOYHOCTbIO, MOXKeT ObiTb, pas
B 100, umeer nopanok 1080, B cocras Cosaxna sxoaut okoso 1-1057
NPOTOHOB M HETPOHOB, 8 B COCTaB 3eMJaH — oKoao 4-10°. O6mee
YCJI0 NMPOTOHOB M HEUTPOHOB B HM3BeCTHOH HaM BcesieHHON gocra-
TOUHO JJIs1 Toro, utofu 06pasoBaTb okodo 10%9/10%5, 1. e. okoso 1022,
SBE3N ¢ Maccoil, paBHoil Macce Haniero CosHIA (3TO COCTaBJsIeT OMHY
TIECTYIO «MOJIS 3Be3»). YueHble CUUTAIOT, UTO OOJALIIAS YaCTh MACCHI
BceseHHOI—3TO Macca 3B€3/L H 4TO BCE H3BECTHDLIE 3BE3 (bl HMEIOT Mac-
cbl, Haxonsimuecs mexay 0,01—100-kpartnoit Mmaecoi nawero Contua.

)KLLSHb —naubosee car0cHoe asaenue 80 Beeaennoti. HenoBek, 0HO
H3 HanboJiee CJI0KHO YCTPOECHHBIX KHBBIX CYLIECTB, COCTOUT TPHMEPHO
ua 101¢ kneTor. Kietka npeacrasaseT co6oi ajeMeHTapPHYIO QU3HOJI0-
rHYeCKy10 fueiiKy, conepxamyito [02—10M atromos. B nio6yio kKneTky
J1060T0 KHBOTO OPraHH3Ma BXOAHT X0OTs Obl OfHA JJHHHAS MOJEKY/15p-
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gasg Huth JHK (nesoxcupmnbonyxiennoBoil kuciorel). Hutu JTHK
B KJIETKE SIBJISIFOTCS HOCHTEJISIMH BCeX XHMHUECKHX JAHHBIX, COCTABJISIO-
[IMX TeHeTHYecKyio HHGpopMauuio, HeoGXoaumylo A (GHOpMHpPOBaHHS
1[eJI0r0 OpTaHH3Ma uesloBeKa WM NTHuH, OGaKTepud WJH JiepeBa. B mo-
Jgeryte JHK, koropas cocrout ua 108—10'° atoMoB, TOuHOe B3auMHOE
pacnosioXKeHHe aTOMOB MOXKET H3MEHATbCS OT MHAMBHIAYYyMa K WHIHBH-
AyyMmy; Tem OGoJee, OHO BCerJa HM3MeHseTcsd NpH Iepexoje OT BHAA
K BuUgy *).

Hexupan maTepusi TakkKe cyliecTByeT Bo MHorux gopmax. Couera-
HHS IPOTOHOB, HEHTPOHOB U 3/IEKTPOHOB 0OPa3yIOT OKOJIO CTa pa3JiHy-
HBIX XHMHYECKHX 3JEMEHTOB H OKOJIO TBHICAYH H3BECTHBIX H3OTOINOB.
I1HAMBH LY A/bHBIE 3JEMEHTBl COSJHHAIOTCS B PA3AUYHBIX COOTHOILEHHAX,
ofpa3ys, MoxeT ObiTb, 10° usn GoJblile PasHbIX HIAEHTH(PHIMPOBAHHBLIX
XHUMHUYECKHX COeIHHEHHEH, H K 3TOMY UHCJAY MOXKHO JO0ABHUTH OTPOMHOE
KOJIHUECTBO JKHAKHX U TBEPALIX PacTBOPOB H CIIJIABOB Pas/iHYHOTO CO-
CTaBa, UMEIOWUX caMble pasHoob6pasuble QU3HUecKHe CBOHCTBA.

DKcnepUMeHTabHbIE HayKH IIPEIOCTAaBHIIN HaM BO3MOMKHOCTD II03HATh
BCE 3TH JaHHbIE O NPHPOJE: KJIACCHPUUUPOBATDH 3BE3JBl U ONPEIENHTD
HX Macchl, COCTaB, pacCTOSHHE JO HAC U CKOPOCTH; KJACCH(DHLIUPOBATH
BHJIBI XKHUBBIX CYHIECTB M paciiUpOBATh HX I'EHETHYECKHE COOTHOILEHHS;
CHHTE3UPOBATb HEOPraHHYeCKHe KPHCTaJIb, OHOXUMHUYECKHE BEIIECTBA
¥ HOBble XUMHUECKHE 3JIEMEHTHl, H3MEpPUTb YACTOTHl JHHHH CIHEKTPOB
HCTYCKaHHsi aTOMOB M MOJIeKYJl, Haxojduiuecs B wHTepBasie oT 100 no
10?° eiy; HakoHel, co34aTb B J1a0OpaTOPHBIX YCJIOBHAX HOBBIE 3JEMEH-
TapHbE YaCTHII.

OTH OrpoMHBIE YCIIEXH SKCIePHMEHTaNbHBIX HayK OBUIM JOCTHTHYTHE
YUEHBIMH C CAMBIMH PA3JIHUHBIMH UepTaMH XapakTepa: CpelH HHX ObLin
JIIOJK TepresuBble W HACTOHUMBEIE, NOTAJTHBHIE H H300peTaTesbHEIE,
SHEPrUYHbIE U YJau/JUBhIe; BCTPEYA/IHCh TAKKe JIIOAH C OrpaHHYEHHBIMHU
CTIOCOBGHOCTSIMH, HO HMMEIOIIMEe HCKYCHble PYKH. Hekoropnle H3 HEX
NpeNoYHTaNl IOJNb30BAThCs TOJBKO IPOCTHIME NpPHOOpaMu; Xpyrue
paspafoTany MM H3TOTOBHJIM NIPHOOPEHI, oOsajatoliue Goqblioi TOY-
HOCTBIO HJIM OIPOMHBIMH pasMepaMi, HJIH NpUOOPHI, OTAHYAIOLIHECs
cBoefi CJI0KHOCTBIO. TOIbKO HeMHOTHe ofIlHUe YyepThl 00beAnHAIOT 60/b-
LIMHCTBO 3THX JitoAeH: OHU GBI YECTHEHI Nepej| HayKoH H JeHCTBHTE/b-
HO BBIIOJHHJIH ONHMCaHHBIE UMH HaOJI0JleHHs, a pe3yJ/bTaThl CBoeH pa-
‘0oThl onmybJMKOBaAN B TakKoH QopMe, KOTOpas jana APYTHM HCCJIeloBa-
TeJAM BO3MOXKHOCTb ITOBTOPUTb UX ONBITH MM HaGJIOAEHHA.

Hrak, X0Tf OKpy:Kamiuii Hac MUP JeHCTBHTEJNBHO OTPOMEH H CJIO-
JKeH, HO [0 Mepe TOro, KaK pasBHBAJIHCh HayYHbE TEOPHH, MHOTHE €ro
‘0COOCHHOCTH CTa/M BEIFJASAETD J/15 HAc 3HAYHTENBLHO NPOLIE U IOHATHEE.
Mbl yxKe JOCTHIVIM NOHHMaHHsl GOJIBbLIOTO YHC/I3 NPHHUHMIIHAJALHBIX H
BaXKHBIX 3aKOHOB IpUpPOABI. B uacTHOCTH, O paje obiacTelt GpU3HYeCKOH

*) Tepmun 6ud MOXHO NPHGIHINTENBLHO ONPEAEIHTb TaK: ABa MHOXKeCTBa 0coGel
OTHOCATCA K Pa3/]HYHBIM BHJAM, eC/H MeXJYy HHMHM MOXHO HafiTH Kakue-JHOO mojda-
IoHecs ONHUCAHHIO Pa3aHyus (HJIH pas/iHuhe) H ec/IH OHHM He CKPEUIMBAOTCA B NPHPOX-
HBIX YCJI0BHsiX. Ha Hawell IvlaneTe ONHCAHB! H NOJYYH/H HaHMeHOBaHHA Gojee 106
GHOIOTHYECKHX BHIOB,
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HAYKH MOMHO CKasaTb, YTO Mbl TIOHHMaeM paccMaTpHBaeMble B HHX
apaednda. Hekotopsle U3 3THX pasjesoB GU3HKH TNepeYHCaAIOTC HHXKE.
Bmecte ¢ Teopuell OTHOCHTENBHOCTH H CTAaTHCTHYECKOH MeXaHHKOH HX
MOKHO OTHECTH K YHCJIY BeMH4aHIunX KOCTHXKEHHH 4es0BeuecKoro yma.

1. 3akoHp! KjaccHUecKOH MeXaHHKH, Hafnaraemeie B T. [, JAlOT HaM
BO3MOXHOCTb PACCYHTHIBATE C HCKJIIOUHTEJNbHOH TOUHOCTHIO JBHKEHHE
pasanunbix Tes1 CoqHeyHOA CHCTeMbl (BK/IIOYAS KOMETHl H acTepoHibl);
3HaHHE 3THX 3AKOHOB IOSBOJMJO NPEACKa3aTh CYHIECTBOBAHHE HOBBIX
IJIaHeT H OTKPHITb HX. DTM 3aKOHBE!I NIOACKA3LIBAIOT HaM, KaK MOIJIHK
o6pasoBaTbest 3BE3NBl M TaJaKTHKH, BMECTE C 3aKOHAMY H3JIYyYeHHS
OHH JAIOT Xopoilee oObsAcHeHHEe HaG/MONAeMOM CBA3SH MEXIY Maccof
H SPKOCTBIO 3Be3f. ACTPOHOMHUECKHe IPHMEHEHHs] 3aKOHOB KJIACCH-
YeCKOH MexaHWKH — 310 Hauboslee KpacHBHle, HO HE eJHHCTBEHHBIE
MPHAMEPH! UX YCIENIHOTO NpHMeHeHus. Mbl MOCTOSIHHO HCIMOMb3YeM 3TH
3aKOHbI B MMOBCEJHEBHON KH3HH ¥ B TEXHHYECKUX HAyKaX.

2. 3akoHnl KBaHTOBOH MeXaHuKHU (T. IV) naior odenb xopoulee npen-
cTaBJieHHe O XapakTepe siBJeHHil aToMHoro macmrafa. Ilisi mpocTeix
aTOMOB TIpeJICKa3anus, CleJaHHble Ha OCHOBAHHH 5THX 3aKOHOB, COIVia-
CYIOTCSl C ONBITHHIMH JAHHBIMH C TOYHOCTBIO A0 ONHOH CTOTHICSUYHOM,
a uHorga u Jayume. Ecam npuMeHsATb 3aKOHBl KBAHTOBOH MeXaHHKH
K KPYITHOMACIITAGHLIM 3eMHBIM HJIM KOCMHYECKHM SIBJEHHSIM, TO OHH
ORaXYTCA C OTVIHYHOH TOYHOCTBIO TOXKIECTBEHHEBIMHM 3aKOHAM KJacCH-
Yeckol MeXaHHKH. B NpHHIUNe KBaHTOBas MeXaHHKa NpelcTaBJseT
coB0l HAJEKHYIO TEOPETHIECKYIO OCHOBY AJIS1 BCEH XMMHH, METAJLJIOBE-
 IEHHS M 3HAYHMTE/IBbHOH YacTH GH3HKH, HO 3a4acTyIO Mbl He B COCTOSIHHH
JIOBECTH JIO KOHIIA pelleHHe ee YpaBHEHHH ¢ MOMOLIBIO yKe HMEIOUIHXCA
(usn jaxe 6oJiee COBEPIUEHHBIX) BBIYHCJIHUTETbHBIX MAIIHH.

B HekoTopblx o6aacTaX (GU3HKH NOYTH BCe 3a7ady NPEACTaBJRKIOTCA
B HACTOfIlEe BPeMsl HaCTOMBKO CJOKHBIMH, YTO NaXe HX TeOPETHUECKHH
aHanu3, OCHOBAHHbIH Ha OOMUX NPHHIMNAX KBAHTOBOR MeXaHHKH, OKa-
3bIBaeTCs yepecyyp TPYAHBIM.

3. 3aKOHBI KJIACCHUECKOH 3/EKTPORAHHAMHKH OTJHYHO OIHCHIBAIOT
BCe OCOOEHHOCTH 3JIEKTPUIECKHX M MAarHHTHBIX SIBJIEHUH, 33 HCKJ/IIOUE-
HUeM siBJIeHHHT aromHOro Macmrata. Knaccuueckas 3,1eKTPOAMHAMHKA
ABJSETCS TEOPETHUECKOH OCHOBOH 3JIEKTPOTEXHUKH U TeXHHKH CPEJCTB
CBs13U. 33KOHOMEPHOCTH 3JIEKTPHUECKMX W MarHUTHBIX $IBJEHUA aToM-
HOro MaciitaGa TOYHO ONHCHIBAIOTCS KBAHTOBOM 3/IEKTPOIMHAMUKOM.
Knaccuueckasi asnekrpofuHamMiaka usaaraerca B 7. 1I u [1]; nexoroprie
BOIPOCHl KBAHTOBOH 3JIEKTPOJINHAMHUKH 3aTparusarorcd B T. 1V, a Gosee
nonHoe oOCcyKIeHHE ee OTJIOXKUM 0 H3YUeHHs CHelHalbHOIO Kypca.

4. B xauecrBe Gosiee 4acTHOTO NpHMepa W3 Apyrofl obi1acTH HayKu
YKaxeM, 4TO B HacTosllee BpeMsl, 10-BHANMOMY, CTAHOBHTCS OHATHBIM
JleficTBHe reHeTHUECKOro KOJa, ¥ Mbl OGHApYKHJIH, YTO 3anac UHpopma-
UK B KJeTKe NMPOCTOI0 OpraHu3Ma MPeBOCXOAMT 3anac MHopMaunu
B JIYUIIHX. COBPEMEHHEIX CEPUAHBIX BBIYMC/IHTE/NBHHX MallMHAX. DTHMA
BONPOCAMU 3aHUMAETCH MOJIEKYJsipHas OHOJIOTHSA; €l0 YCTaHOBJEHO,
YTO B TeUEHME TMOYTH BCeH KU3HU Hallel [JIaHeThl KOAHPOBAHHUE TeHETH-
ueckoi uHpopmanuu B Monexysne JJHK nesukom Bemosnnsercs aunei-
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HOH 1OC/, €10BaTe/IbHOCTBIO YeThipeX PasJIHYHBIX MOJIEKYJAPHBIX TPYIII,
'AIBJIAIOMMXCA NPOM3BOIAHBIMH OPTaHHYeCKUX OCHOBaHMH a0eHuHa, mu-.
muna, eyonune v yumosurna (puc. 1.1). Bed renetnueckas nndopmanus
'B KJIETKe COJIEDKUTCA B TOM NOPSLKE, B KOTOPOM YEPERYIOTCS 3TH HyK-
JieoTHIHBIe ocHOBaHUS. Hac 3jech He HHTepecyioT uX xumuueckue Gop-
MYJIbl, U Mbl MOKeM 0603HaquTh HX coorBercrsento A, T, I' v [{. Baxuo -
TO, 4TO I1 pH SHO/IOrUYeCKOM BoctipousseneHnu moseky sl [JHK siement
A B crapoii, T.e. POIUTENBCKOH, HHTH MOMKeT YAOGHO IOMECTHTHCH
TOJILKO TIPOTHB 3JjeMeHTa T B HOBOH, JOYepHeH HHTH; MOZOGHO 3TOMY
aJieMeHT I MOxeT KOMOHHUPOBATHCH TOJb-
Ko ¢ snemeytom I]. Ecau Mbl nanuineM »
CTPOYKY NPOUZBOJbHbIC KOMOHHAUMHY YETh-
pex 6yks A, T, [, [, 10 NPUHUHN KOM-
/ Gupnposanus map A — T n [ — I paet
_ . HaM ompejie/leHHbIE OTHO3HAYHBIE VKA3aAHHUS
T O TOM, KaK Jo/kHA ObIThb HaMCaHa BTOpas

r T cTpoYKa:
4

TAUTAANOTTATLHTILAA
ATruQurrrAATAragrrorr
Puc. 1.1. CxemarHyeckoe H3o-

Sparenne uermpex myxacornn. 1 AKHe «cTpouxi» B MosexyJaax JIHK conep-

gﬁ)’;m‘ggﬂﬁgﬁ‘:‘{ﬁy’m “ﬁHQ?TOEBf »kat g0 10% snemeHTOB, 4 AJIST KJETKH cTOD

afgedut; T — THMuH; [ — ryaHun; CJA02KHOI'0 OpranusMa, KakK 4e€J/iOBCHeCKHH ,—-
U — nurosus. MOXKeT ObiTh, J0 10° 37eMeHTOB.

Ilo cBoemy xapaktepy (pM3HUECKHe 3aKOHBI M TE€OPeTHUECKHe C008-
paxeHHs, NpHBeJeHHbIe B THX mpHMepax (pHc. 1.2—1.6), oinuarorcs
OT HeNOCPEeICTBeHHbIX De3y/IbTaTeB 3KCMEepHMEHTabHEIX HabmoneHui.
3axoHsl, ofobuiaomue Haubosee CyeCTBEHHbE YepTht GOIbIIOro 9ucia
HaOMmofe U, 4AI0T HAaM BO3MGXKHOCTb YCITELIHO AS/aTh HEKOTOphie Npo-
THO3bl, OTPAHUYEHHBIE HA MPAKTHKE CJI0XKHOCTBIO H3Y4aeMBIX CHCTEM.
Yacro ¢H3nyecKHe 3aKOHBl HABOAAT HA MBICJAb O HOCTAaHOBKE HOBBIX,
M NIPUTOM HEOOBIMHBIX, ONLITOB. XOTA 3TH 3aKOHEl MOMHO CHOPMYJIH-
poBaTh B KOMIAaKTHOM BHAe *), HX NpHMeHeHHe HHOI'ZA Tpedyer AJjid-
TeJIbHOI'O MAaTeMATHYEeCKOT0 aHa/d3a M KPONOTJIMBBIX BLIMHCJIEHHH.

Y OCHOBHbIX (PM3HUECKHX 3aKOGHOB €CTh TaKas OCOGEHHOCTb: Te 3a-
KOHbI, CMBICJI KOTOPHIX Mbl )K€ BTIOJIHE TOHMMAEM, OTJIHYaAIOTCs 3aMeua-
TEJbHBIM H3FIUECTBOM M INpocTotoft *¥). 3710 yTBepiKAcHHE BOBCE He

*) Iepsast (pasa B anHOTAUHH Ha 060pOTE Cynepobaokkn Kuurd P. Pefinmana
«Teopna pyunamentanbibix npoueccos» (R. Feynm an, Theory of Fundamental
Processes, New York, 1961) racut: «3TH JeKUHH OXBATAT BCI@ QHIAKYY.

**) Boigawouguiics Quank-reopetuk Hupak mucan: «[lo-BHAMMOMY, eClH yu4eHBLH
HCXOJHT M3 CTPeMJleHdsl HOCTHCHYTh H3ALIECTBA CBOMX YpaBHEHHH H eqId O Jed-
CTBHTEIbHO 00JaJaeT SICHOH HHTYHULHEd, TO ITOT YeJOoBeK HAXOJHTCA Ha BEPHOM NyTH
K ycrmexy» (P. A, M. Dirac, Sci. American 208, 45 (1963)). )

Oanako, 32 HCKJIOYCHHEM TaKHX BeMuafiliiX YMOB Haulero BpeMenu, Kak Jiu-
wrefin uin Jupak 1 QoXHHA ZPYruXx, GoAbUHHCTEO QH3HKOB CHATAET, UTO MaTepHab-
HBIH MAP YCTPOEH CIIHILIKOM JIOMKHO, YTOBE! ONpaBAbIBA/IHCH TAKHE AepsHue 06o0ienH .
JLJist THICSY DIPOCTHIX CMePTHBIX HTOT METOJ, He BCerja NPHMEHHM, TaK KaK «sicHas HH-
TYHIHA? HeDaBHOMEPHO paclpellelieHa MEXAY JIOJbMH.
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O3Hayaer, YTO Bce GH3MKH JOMIKHBI TEDeCTaThb HCC/IE/0BaTh CJOXKHbIE
apaennst. Hanporus, Gpu3HueCKHe 3aKOHBI, KaK NPaBHJI0, ObUIH OTKPLITH B
HTOT'e KPONOT/INBOM H HCKYCHOH KCIIepUMeHTaNbHOM paboTh. CkasaHHOe

Co L@ oL OO0 QL A /4

7 s
A r 4. r I r A 4

Puc. 1.2. HykJeoTuan coefgMHsw0TCH ¢ 'rpynrnaMu Puc. 1.3. Ilenasn mosekyna JHK
caxapa €, KOTOpH€ B CBOIG OYepedb CBH3BIBAOTCA COCTOMT M3 ABoiiHo#l nenn B ¢Gopme
MeXAy coboli ¢ochatebiMH IpynnaMH @, ofpasys cnupaan. JBe OfHHOUYHBIE LENH coe-
Henb. : ARUSIOTCS  BOXOPOANLIMU  CBSI3SIMH
MeXJAY IpyNnaMH ajenuHa ¥ THMHHA
MM MEXJAY TpynnaMu TYaHHHA o

LHTO3HHA.

Yens 2

4 7 7
Puc. 1.4. Bcest reHeTHYecKadA HAGOPMa= Pue. 1.5. Korpa nponcxomutr AeseHue
IHsl B KJIeTKe 3aKJioueHa B TOM Nopsjike, KJeTKkH, kKaxpaass monekyda JHK pac-
B KOTOPOM YepelyIOTCH HYKJIEOTHJHEIE MENJAeTCn Ha JABe OTAEJbHbLIE IEIH.

OCHOBAHHSA.

Bbillle "03HAYaeT TOJIbKO, YTO 3CTETHUECKHE NOCTOHHCTBA YHE H3BECT-
HbIX (PM3HYECKHMX 33KOHOB ONDEJE/sIOT HallH OXHIAHHS B OTHOLIEHHH
(GopMbI  ellle  HEOTKPBITHIX = 3aKOHOB.
Mbl 6bli Obl  BechbMa  YAHBJICHH,
ecau O6p1 B OynymeM OblIH OTKPBITH },
HOBBIE FPUHIHIIHAJILHBIC NOI0KEHHS 7
(U3UYECKOH TEOpHH, KOTopble OBLIH
Obl HEYKJIOKHMH H HeCKJaJHBIMH
BLICKA3bIBAHUAMH [0 TOMY HJU HHOMY
Uens 2

npusnaky. Mel uMeeM OObIKHOBEHMe }-’ -
Ha3blBaTb THIOTE3Yy MpHUBAEKaTe b
HOH, ec/H OHa BHeJAeTcs NO Hpo-
CTOTEe H H3SIeCTBY U3 Oecuuc/eH-
HOTO MHOXECTSA KAMYUUXCH pa-  fue, Lo, Kowior sussuies s bop
3YMHBIMH, HO HEBEpPHBIX TEOPHHU. rocsi B KJETKe BeHmeCTBA, TaK YTO 0Gpa-

B 3TOM Kypce MBI HOCTapaeMCﬂ 3YKOTCs1 ABE CO?IBBI:HJE[H}I:IN})(‘HOBHE MOJIEK Y~
chopmyaupoBaTh paj (H3MYECKHX
32KOHOB TAKHM 00pasoM, 4To6kl MOAYEPKHYTh HX MPOCTOTY H H3SINECTBO.

Heny 7
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B xoze usnoxeHus Mbl MOMBITaEMCA TaKXKe JaThb NOUYBCTBOBaTb «BKYCH
Xopoue#l 3KCepPUMEHTANBHON QH3UKH, XOTH 3TO OYeHb TPYIHO CAEIATh
B yueOHHKe. ECTeCTBeHHBIM MeCTOM JAJIS 3aHATHH 3KCIEePHMEHTa/bHOM
(u3nKo# SBJETCS He YMTAJbHBIA 3aJ1, a HCCJefoBaTeNbcKas Jabopa-
TOpHSL. :

1.2. Teometpusi u d¢m3uka

SI3bIK (pU3UKH — 3TO MaTeMaTHYECKHH f3BIK, o0ecrneuBaloldi 3a-
MevaTeJbHYIO [IPOCTOTY H KOMIAKTHOCTb OIHCAHHA, HeOOXOmUMYIO JJist
TIPABHJIDHOTO H3JI0KeHHA (DH3UYECKUX 3aKOHOB M UX CJEACTBHH. DTOT
A3bIK HMeeT ocofble npaBuja. Eciu cregoBath uMm, 70 MOXHO Gyuer
JleJ1aTh TOJBKO NpPAaBUJIbHLIE YTBEPIKIEHHS, HalpHMep: KBaJpaTHHIA KO-
penb u3 2 pasen 1,414... uin sin 20=2 sin a cos o.

Mpr oKHBL CIEAHTD 32 TeM, 4TOObl He CMEIMBaTh TAKHE HCTHHEBI
€ TOYHBIMH YTBEPIKIEHHUSIMH OTHOCHTENBHO caMOro (pH3UYEeCKOoro Mupa.

Bonpoc, Kak MOXKHO YOeAHTBECS B TOM, UTO

A H3MePeHHOe OTHOLIEHHe IJIMHBI OKPYIKHO-

CTH K JuaMeTpy (H3HUECKOro Kpyra jef-

c p  CTBHTEJBHO DABHSETCH 3,14169..., apas-
€TCsl, CKOpee BONPOCOM 3KCIepHUMeHTa, a

He yMo3aKJioyeHusi. ['eoMeTpHYeCKHe H3-

z £ ~ MEpeHHsl HMeIoT 18 (U3HKH NpPHHIU-
THaJ/IbHOE 3Ha4yeHHe, U MBI JOJIKHBI peniaThb

a?+ p%=p?
= TaKue BOHPOCHl IO TOrO, KaK HPHUMEHSITb

Puc. 1.7, Toano au omucwsaor  €BKJIHAOBY HJIH KaKyIO-THGO APYTYIO Ieo-
DHIUUECKHI MHD AKCHOMBI €BKJIH~

Ronolt Teomerpms, Hs xoropwx ~ METPHIO IJI1 ONHCAHHSI OKPYIKaIOIEero Hac

B o Mowor pomare  MHpA. 210 6e3yC/IOBHO SIBJISIETCS BOIIPOCOM

TONIBKO OMBIT. o (u3uyeckux cpolicTBax Bcenenno#i: Mo-

JKeM JIH Mbl B (DH3HYECKHX H3MEpeHHAX

Tpennosarate, 4T0 CIPaBeJIHBE aKCHOMBI M Teopembl EBKanja?

He BraBasch B C/IOXKHble MaTeMaTHUYeCKHE BEIYMC/ICHUSA, Mbl MOXKEM
BbICK43aThb TOJbKO HECKOJbKO MPOCTHIX HCTUH 00 3KCIepUMEHTaJIbHO
OIpefe/qUMBIX CBOHCTBAX NpPOCTpaHCTBA.

Opno#i u3 Haubosee UIBECTHHIX TEOpPEM MaTeMaTHKHU SIBJISETCH Teo-
pema ITudaropa: B NpsIMOYroJbHOM TPeyroJbHUKE KBaApaT THIIOTEHY3bl
paBeH cyMMme KBaAPATOB MpUJETAlOMUX K HeH CTOPOH (KaTteToB)
(puc. 1.7). BemonHsiercs I 3Ta MaTeMaTHYeCKasl HCTHHA TaKXKe B pe-
anLHOM Mupe, H3ydaeMoM (U3HKOH? Moxer M OLiTh uHaye? ¥YMo3a-
KJIOUEHHH TYT HEZOCTAaTOYHO, H IJIA OTBeTa Mbl JOKHBI OGpPaTHTHCH
K onelTy. Mul npuseseM coobpaxeHHst, KOTOPble HOCAT HECKOJIbKO He-
NOJIHBIH XapakTep, TaK KakK MBI IIOKa He MOXeM N0Jib30BaThCsl MaTeMa-
‘THKOM TPEeXMepHOro IpOCTpaHCTBa, 00Jaialouiero KpHBHU3HOH.

Buauaje BooGpasiM, B KAKOM IHOJOKEHHH HAXOXUJIHCH OBl ABYMep-
Hble pasyMHble CYLIeCTBA, JKHBYIINe B Takoil DBcesleHHOH, KoTopas .
TIpefcTaBasieT cobofi moBepxHocTh mapa. Mx mareMaTukM morsH Obl
JaTb HM ONHCaHHe CBOHCTB IIPOCTPAHCTB C TpeMs H JaKe GOJIBIIKM
9HCJIOM H3MepeHHH, HO HM TaK e TPYAHO IPeACTaBUTb B CBOeM BOOG- '
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paXKEHHH TaKue BellH, KaK HaM — HapHCOBaThb cefe ueThipexMepHOe
npocTpaHcTBO. Kak OHHM MOTYT yCTAaHOBHTb, YTO JKHBYT Ha OBEPXHOCTH,
o6nanatomedl KpuBU3HOH? UToObl y6esuTbCS B 3TOM, HYXKHO IPOBEPUTD,
YTO J/Is1 AAHHOH INOBEPXHOCTH Tep AT CHIY XOTH Ohl HEKOTOPblE aKCHOMBI
FeOMeTpPUH Ha IVIOCKOCTH, a JJifl 3TOro Halo IKCIepHMEeHTaJIbHO yCTa-
HOBUTb, BEITOJIHSAIOTCS JIH ONpejeseH-
Hbi€ TEOPEMB! eBK/IHI0BOH reOMeTpHH.

DTU ABYMepHble Pa3yMHBIE CYIIE-
cTBa OYAyT TNpPOBOJHTEL  «IIPAMBIE»
JIMHUH KaK JIHHWH KpaTyafIliux pac-
CTOSHUA MeXIy JIOGHIMU JIBYMSI TOY-
KaMu B 1 C Ha TNOBEPXHOCTH lapa
(puc. 1.8). Mnl cyuranu Obl Takylo
aunHuio Ayrofi Gosbioro kpyra. Oxu
MOT'YyT CTPOHTb NPAMOYTOJbHLIE Tpe-
YFOJbHUKH M IIPOBEPATb HAa HUX, BbI- Jamenoit
NoJHsleTcA M Teopema Iludaropa. e
HJIH O4YeHb MAaJIEeHbKOIrO TpeyroJb- Puc. 1.8. Kparuafluee «npamonunnefinoes.
HHK2, KAXIAA M3 CTOPOH KOTOPOO  lyasosoh mosepxucern nponomie mo Ky oo
Mala [0 CPABHEHHIO C PANAYCOM SoTmioro, xpyre, | Coesuamouel ot
mapa, teopeMa - OyAeT BBIMOJIHATHCA nyTa P.
¢ 6oaplIof, HO He ¢ abCoMOTHOH .
TOYHOCTBIO; A5 GOJBLIOTO TPeYTro/bHHKA OOHAPYKHTCA 3HAYUTENBHOE
OTKJ/IOHEHHE OT 5TOH TeopeMbl.

Ecmnu B n C — touku Ha 3KBaTtope miapa, TO <IpAMaA» JHHHSA,
CcoefuHsIIONIas UX, fABAserca Ayrod BC skaropa (puc. 1.9). Kpatyai-
wuM nyteM u3 Touku C Ha 3KBaTope K ceBepHOMY moJuocy A sBasercs

Mepudians

aweangy

9

Puc. 1.9. JipymMepHbie CYLIeCTBA MOTJH Obl CTPOHTb TPEYIOJbHHKH € 3afaHHLIME BepUIHHAMH
A, B, C # oTpe3kaMH <«IpaMbIX» JHHHI B KauecTBe cTOpPoH. OHM Hamsu OB, YTO /IS Ma-
JIEHBKHX NDPSMOYTOJBHBIX TPEYTOJNLHUKOB a%+b% = ¢ H CyMMa YIJIOB TPeyTrOJbHHKA HEMHOTO
Gospuie 180° (a). Ecau_ 66 OHM paccMaTpHBann OGOJIbIUHE TPEYTOJbHMKH, TO CyMMa YIJ0B
Bce BoJiee npesbimana 6b 180° (6). 3nech Touku B H C HaxXOAATCS HA SKBATOpe, & Touka A —
nomoc fiapa, npuyeM o6a yria o u § npsimsie. OuenuaHO, uTO A+ b? 5% ¢2, noToMy uTO b=c.

JIMHUA TIOCTOSIHHOM JQJTOTHL (MepuiMaH), Iepecekaioumias sxksatop BC
non npsiMbIM yraoM. Kpargafimum nytem u3 A B B sBJsercs oTpe3ok
ApYyroro MepHinaHa, KOTOphIH Takxe nepecekaeT 3Kkpatop BC nop mps-
MbIM yraoM. Ilosydaercss npsMOYrO/bHBIA TPeyroJbHHK, B KOTOPOM
“b==¢. OueBHJHO, YTO Ha NOBePXHOCTH I[uapa TeopeMa I[luparopa me
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BLITIOJIHAETCS, TIOTOMY HTO c* He MOXKeT ObITh 31ech paBHO a*-+b? naJjee, '
CyMMa BHYTpeHHHX YIJIoB TpeyrombHuka ABC Bceraa Gospure 180°.

VisMepeHus, clenaHHble Ha HCKPHBJEHHOH NOBEPXHOCTH €€ ABYMEPHHI-

MH OOHTATeJSIMH, JAIOT HM BO3SMOMKHOCTb YOeAMTbCsl, YTO 9Ta MOBEpX-

HOCTH IeHCTBHTENbHO 00nafaeT KpPHBU3HOM,

OnHako 3TH of6HTaTeNy BCerxa MOrYT CKas3aTb, YTO 3aKOHBI I'eoMeT-
PHH HA IJIOCKOCTH TOYHO OMHCHIBAIOT MX JBYMEDHLIH MHp, a NpH4HHA
VKA3aHHOTO HECOOTBETCTBHA CBf-
3aHa co CBOfICTBAMH JIHHEeK, NpH-
MEHSIEMBIX /ISl M3MEpeHHs Kpar-
yafIllero paccTOSIHUA H Onpejelie-
HHs1 «npsAMofy sHHHK. OHH MOTYT
CKa3aTh, YTO METPOBHIE JHHEHKH
He UMEIOT [OCTOAHHOH AJMHHEL, &
pacTAruBaloTcs M CKHMaloTCA,
KOTAa uX NepeHoCHT B pasiuyHbie
MecTa IHoBepxHOCTH. To/bKO B
pesy/abraTe HeNpephBHbIX H3IMe-
peHHH, BBITOJHEHHBIX - PaA3JHIHbL-
Puc. 1.10. Fayce wusMepsit yrasl TPeyroJsb- MU .criocofaMyu H AdBLHINX OAHHAKO-~
HHKa, BEPUIHHBI KOTOPOro HaXOLHJHChE Ha I
BepiiMnax Tpex rop, H B npeiedax tounoctu  BBIM pe3yJbTar, CTAaHOBHTCA O4e-
O o aPY AT, OTHI0%e BHaHO, 4TO HaHGoJee NPOCTOe

0ObsICHEHHe HapYIIEHHS eBKJAMIO0-
BOH TeOMeTPHH 3aK/10498eTCs] B TOM, HTO MOBEPXHOCTb HMEeT KPHBH3HY,

AKCHOMBI reOMeTPHH HAa MJOCKOCTH He SBASIOTCH B ITOM UCKPHBJIECH-
HOM JABYMEPHOM MHpEe CaMOOYEBHIHBIMH HCTHHAMH; OHH BOOOLIe YiKe
He ABJISIOTCA HCTHHAMH. Mp! BHAHM, YTO BOMPOC O TOM, KaKOBa MCTHH-
Has reomerpus BcesenHol, npeacrasisier cofoil uznueckyo npobie-
My, TOAJEXalylo 3IKCIePHUMEHTaJbHOMY HceaenoBanuio, OnuchiBas
H3MepDeHHs, BBLIIOJHEHHble B HalieM COOCTBEHHOM TpeXMEPHOM MHpe,
Mbl OOBIUHO He 3a1aeM cebe BOIpoca O ToM, CIPaBel/IiBa JiH eBKJHI0BA
FeOMETPHA, IIOTOMY 4TO €BK/UJOBZ TeOMETPHS fBJSETCS HACTOJNBKO
XOpOWHM NPpHBIHKEeHHeM K reoMeTpuu BeesieHHof, 4TO MPH TpakTHYeC-
KHX M3MepeHHMAX He o6HADYHBAIOTCHA KaKue-iu00 OTKJIOHEHHS OT Hee.
D70 He 03HAUAET, YTO NPHMEHMMOCTh EBXKJIMI0BOH TeOMETPHH caMooye-
BUHA WM UTO T4 reOMETPHR COBEPUICHHO TOYHO BHUTONHAETCH B MUPO-
BoM npoctpancTBe. Besukuit marematuk XI1X B. Kapa @punpux Favee
BLICKA3aJs IMpefrionoxKeHne, 4To HeoOXOANMO TIpOBEPHTH OTCYTCTBHE
KpPHBH3HBI TPEXMEpPHOro MPOCTPAHCTBA, Cleaywollee W3 reomerpud Es-
KJHJa, H3Mepsid CyMMY BHYTPEHHHX YIVIOB 00JIbIIOrO TPEyroJdbHHKA
(puc. L 10)' OH MOHHMaJI, YTO €C/IH TPEXMEePHOe NPOCTPAHCTBO 06aajiaer
KPHBH3HOH, TO CyMMa YIVIOB JOCTaTOUHO OGOJBIIOTO TPeyroMbHUKA 10-
JHA 3aMeTHO omHYaThest oT 180°.

Taycc *) ucroapsoBan (1821—1823) reomesuueckne mpHGopbl A4
TOYHOrO H3MepeHus Tpeyro/bHUKA, OOPAa30BAHHOIO BEPIUHHAMU TOp

*)C. F. Gauss, Werke, vol. 9. Cm., B uacraocrs, ctp. 299, 300, 314 un 319,
Co6panne counnenuii I'aycca sBasteTcs 3aMedare/ibHLIM HPHMEPOM TOTO, KaK MHOro
MOXeT clesaTb LS HayKH ORapeHHHIH YeJIOBEK.
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Bpoken, Xoxexarex u Musens6epr B l'epmanuu. HauGosbiwas cropona
TpeyroiibHUKa uMena jauuy okono 100 xm. Msmepennsie BHyTpenuue
yrisl ObLIH paBHbL ,
86° 13’ 58,366"
£3° 6 45,642"
40° 39" 30,165"
Cymma 180° 00" 14,173" °

Mpl He Hawu B pabGorax aycca ykasanufl 10 MOBOIY ONEHKH TOY-
HOCTH 3THX 3HadeHuil; BepoATHO, NOC/JCIHHE ABa JECATHUHBIX 3HAKA
He ABJSIOTCS pocToBepHBLIMH. ITocKOMbKY Ha KamKaol M3 Tpex BepuIHH
reofiesuuyeckyue IPHUOOPHl YCTAHABIMUBAIHCh 110 MECTHOH IJIOCKOCTH
rOpU30HTA, 3TH TPH TOPH3OHTAJIbHBIE NJIOCKOCTH He ObLIH Mapajesb-
HbIMM. BLIYHC/EHHYIO TONPaBKy, Ha3BaHHYIO COEpHUECKUM H3GHITKOM
u pasryio 14,853 pyroBoit cexynpl, Hago BhIYECTb H3 NOJYUEHHOH CyM-
Mb yraios. HMenpasnennast cymma, paBuas 179°59°59, 320", otamuaercst
or 180° na 0,680 nyrosoii cexynuasl. I'aycc cuuran, uto 3Ta BEJHUH-
Ha HAXOAWTCA B IpeieiaX oUMO0K H3MepeHWuH, U ciejas BHIBOA, 4TO B
npejgesax TOYHOCTH 3THX H3MepeHHH MPOCTPAHCTBO SIBJIAETCH €BK-
JIHJOBBIM. ~ .

V3 npuBeieHHOr0 BRIE NPUMEPA GYEBHIHO, UTO eBKJII0BA I'eOMeT-
pHA AaeT NPaBH/bHOE ONHCAHHE CBOMCTB Ma/IeHbKOTO TPeyrolbHUKA Ha
OOLIKHOBEHHOH IBYMEpHOH CGHepHUYECKOA MOBEPXHOCTH, a OTKJOHEHUS
OT eBKJIMIOBOI TeOMETPUH CTAaHOBATCA Bce GoJee 3HAYMTENBHBLIMH 11O
Mepe yBesaHueHHs pasmepoB. s Toro utobb yGeauThes, YTO Hauie
TpexMepHoe hUSHYeCKOoe MPOCTPAHCTBO IeHCTBUTENLHO SIBJIAETCA TJI0C-
KHM, HaM HalO MPOU3BECTH M3MEepeHHs C OYeHb GO/bIIUMH TPeyroibHU-
KaMH, BepILIHHB KOTOPHIX 06pasoBaHbl 3eMell H ylasieHHbIMH 3Be3IaMH
wam faxe ranakrukamu. OfHaKo Mbl CTANTKHBAEMCH C TaKOH TP YIHOCTHIO:
Halle MoJIOKEHUE ONpEAeseTcs NoJoKeHeM 3eMIy, B Mbl ellie He HMe-
M BO3MOXKHOCTH NeDeJBUTraThcl B KOCMHYECKOM IIPOCTPAHCTBE ¢ Macil-
TabHBIMU JIHHefiKaMy, YTOOB M3MePsITh CTOPOHBI H YIVIBl aCTPOHOMHYEC-
KMX TpeyroyibHUKOB. Kak e Mbl MOXKEM IIPOBEPHTL CIPaBEUJINBOCTh
€BKJ/H/J0BOH [€OMETPHH B OTHOLIEHUH ONHCAHHS H3MEPEHUI B MUPOBOM
ApOCTpaHCTBe?

1.3. OueHKH KPHMBH3EBI MHPOBOrO MNPOCTPAHCTBA

Hannoie 0 Osuncenuu naavem. TlepBasi oueHka HIKHEro npeiena
BO3MOXHOH BeJJMUMHBI pajuyca KPHUBU3HBI JJsl Hamel BcejsenHolt Kak
5.10'7 cm cnenyer M3 B3aMMHOH COTJIACOBAHHOCTH AAHHBIX aCTPOHOMH-
geckux nHabmonenu#t BuyTpu Cosneunoit cucremsl. Hanpumep, nonoxe-
nus niaHeT Henrtyna u [lnyTona Gblin onpenesieHsl pacyeToM 10 TOTo,
KaK 3TH IJ1aHeThl ObLIH BU3YyaJbHO OOGHApYXKeHbl IPH HAOJMIONEHHHU B Te-
Jeckon. HeGospuive BO3MYLIEHHS OpPOUT YiKe U3BECTHBIX IJIAHET .
npusesu K oTKpeTaio Hentyna u Tlnyrona, npuyem gaktyuecky HafineH-
HbIE [10JIO}KEHHSA 3THX JBYX IJ1aHeT Oblii OYeHb OJIH3KH K pacCUUTAHHBIM.
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Mbl JIeTKO MOXeM NpeICTaBUTb, YTO JaxKe MasieHbKOe OTKJIOHEHHE OT
32KOHOB I'eOMeTPHH HapywuJjo Ol 310 coBnaaenne. Kpaiinsas niadera
Counneunoit cucreMel — 3710 ITnyton. Cpennuil paguyc op6utst Ilinyrona
paBex 610" cu; 61u3Koe COBMajeHHe MeXAy PACCUMTAHHBLIM H HalJIio-
JIeHHBIM TIOJIOXXEHHSIMH €r0 O3HayaeT, YTO PajuyC KPHBH3HHL MHPOBOTO
MPOCTPaHCTBA JI0/IKeH ObiTh He MeHblie 5- 1017 cu, C STHMH JaHHLIMH He
PacXOIHTCs ¥ JONYLIGHHE, YTO PafHyC KPHBU3HL paBeH GECKOHEYHOCTH,
T. €. YTO MHPOBOE NPOCTPAHCTBO fABJseTcs MIocKuM. O6cyxkuenue je-
TaJlefl YHCJOBOrO pacyeTra, naBuiero 3Hauenwe 5-10'7 cm, WIH TodHOE
OlpeJi6IeHHE TOrO, UTO NOHUMAETCS TOJ
| Vianewnas
" sseoia paluycoM KpHBH3HBEI TPEXMEpPHOro Mpo-
. CTPaHCTBA, YBeao Gbl HAc CJHIIKOM ja-
JIEKO B CTOPOHY OT ek, B atom tpya-
HOM CJ/1y4ae B KauecTRe [10JIe3HOH MOJleJH
ONSITh MOXKHO HCII0JIb30BATh ABYMEPHYIO
aHaJIoruIo ~— NOBEPXHOCTb L1apa.
TpuzoHomempuneckull — napasraxc.
Jpyroit meton mnpoBepkH Obi mpen-
goxed  Ulpapmmmapaom *).  Mexny
XBYMS HAGMIONEHUAMH , IPOH3BEICHHBIMH
¢ HuTepBaJoM B 6 MecslLEB, ITOJOKEHHE
. 3eman otHocuTe bHO CoMHIIA H3MeEHsIeT-
cs Ha 3-10'% cm, T. e. HA AJIMHY JUAMET-
w067 & pa ee opOutsl. ITpeanosoxum, 4T0 B 5TH
ECHES A MOMEHTa MBI HaBJTI0a/IH 32 KaKoH-To
3BE3NOH U M3Mepuau yraol o u P, xak
Jomas » noxasaso Ha puc. 1.11. Ecau npocrpan-
Puc. 1.11. Cxewa Wpapummmeaa, CTBO ABAAETCA MJIOCKHM, TO CyMMa YIJIOB
nokzawnaIouas, 1o & maockol no. a-+P Bcerna menbie 180°, Ho T4 CyMMa
aBeanl rl(r?g(?gl_pgz_x_eg)e/iaulo pazen  NpuGIMKAeTcs K 3HadeHuo 180°, ecin
3B€3Jly MOXKHO CUHTaThb OECKOHEUHO
yaaJsenHoll. [Mososuna otk/ionenus cymmbl a - or 180° HaseBaercs
napasyakcoM. OnHako IJs NpOCTpaHCTBA, obJjajaloillero KPHBH3HOH,
He off3arejbHO, uYTOOBI CymMa yrioB a-f Bceraa Obia  MeHb-
we 180°.

BepHeMcsi K HaiiuM JIByMEPHBIM acTPOHOMAaM, KHBYIIUM Ha HO-
BEPXHOCTH inapa, yroObl YBHAETb, KaK OHH MOTYT ONPEIeJHTb 110
H3MEpPEHHSM CyMMbl o, YTO HX HpPOCTPAHCTBO HMMEET KPUBH3HY
(puc. 1.12). ‘

M3 ykasaHHOro pacCyKieHUS OTHOCHTeNbHO TpeyroabHuka ABC
Mbl BuauM, wro o-+f=180°, korma sBesga orcrour or BC Ha uer-
BEPTb AJIHHB OKpYKHOCTH Gosiblnoro Kpyra. Ecin spesia Gauxke K BC,
10 0.-+P<<180°; ecam ona Haxomures Aajblue, To o-+P=>>180°. AcrpoHo-
MaM HaXO TOJbKO CMOTpeTb Ha Bce Gosee H Gosiee yjasleHHBIe 3Be3fHl,
uToGHl yGeauThCs, 4TO CyMMa YIVIOB craHoBHTCs Gosibie 180°. Te ke

S
/]

*) K. Schwarzschild, Vierteljahresschrift der astronomischen Gesell-
schaft 35, 337 (1900). '
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coobpaxkeHnus CIpaBel/iuBbl H BHYTDH HAllero TPeXMepHOro NpocT-
paHCTBa.

Mot He umeem Janreix HabAOOEHUA, COAACHO KOMOPbIM Cymma o--f3,
UBMEPERHAA acmpoHomMamu, ede-aubo cmarosurace Gbi 60avwe 180° mocae
TOTO, Kak Obila BBEIEHA COOTBRTCTBYIOWLAA TONPAaBKA Ha ABHKEHHE
3Be3jibl OTHOCHTEeJNbHO MLeHTpa Hamwed [lanaktukd. 3uawenus o-+f,
Menbmpe 180°, ucnoab3yiores AJs OUpeneseHust PaccTosHuil a0 G-
KAHIUX 3BE3j METOAOM TPHAHTYJIANMKH. 3HaueHust, MeHbinne 180°,
MOKHO HabmonaTh A1 3Be3d, PAcCTOSTHHA KOTOPHIX OT 3eMJH AOCTH-
raiort Beauuunbt 3+ 102° ¢ *), npenenbHoi a1
M3MepeHHA YTJO0B ¢ TNMOMOLIBI0 COBPEeMEHHBIX
resieckonoB, V3 3Toro paccy:KaeHus MOMKHO
HENOCPEACTBEHHO C/Ie1aTh BHIBOJ, YTO PaidyC
KPHBH3HB MHPOBOIO IPOCTPAHCTBA JOJIKEH
6uiThb Goablue 3-10%° cu; 4715 HEKOTOPBHIX TH-
NOB KPUBU3HLI TPOCTPAHCTBA HeOOXO0AUM HHOH
X0J paccyxaenuii ¥*). OKoHUaTe/1bHLIH OTBET
TJIaCUT, HYTO pPajHyC KPHBU3HBI, ONpefesieH-
Holfl TPHAHTYIALMEH, B JII000M Clydae JOJIKeH
66T Gosibie dem 6- 102 cu. Puc. 1.12. [das storo Tpe-

B Havase 970l r/iaBbl Mbl TOBOPWJIH, UTO ~ FrvhRuxa, v wowopore B

fomioe Mepideanst

n3 HabuofeHuH Gpla onpesie/ieHa XapakTepH-  1opa, w+p > 180°, uto Momer
cTHYecKas JJIMHA, CBfA3aHHas co BcesienHoH,
KoTopasi uMeer BesinuuHy nopsaka 102 cu,
uan 10 cBeroBuix ser. HauGosnee Gecxurpo-
CTHast MHTepIpETalyds 3ToH [JHHBE 3aKJIO-

HMETb MECTO TOJIBKO I[OTOMY,
4TO JBYMEPHOE <«IIPOCTPAHCT-
BO» I11apPOBOH  NIOBEPXHOCTH
oGmajaer KpuBuaHoii. INonoG-
HOE XKe DAaCCyXJAeHHe MOXKHO
NPUMEHUTh M K TPEXMEPHOMY
npocrpancrsy. Pazuyc xpH-

BH3HBl M300PaKeHHOrO 37eCh
ABYMEPHOTO MpPOCTPAHCTBA —
3TO Kak pa3 pajgHyc wapa.

yaeTcst B TOM, 4ToObl Ha3BaTh ee PajgHycoM
Bceenennoft #*#), JIpyras Bo3MOKHas HHTEp-
npeTalus — CYHTaTh ee PajglycoM KPHBH3HEI
MHPOBOTO TpocTpancTBa. KakoBO ke cTpoeHHe MHPOBOIO NPOCTpPaH-
¢TBa? 310 BONPOC KOCMOJOTHH; {IpeKpacHOe BBEJEHHE B 3Ty TEOPeTH-
UecKylo HayKy o KocMmoce jaercs B kHure boman (H. Bon di, Cos-
mology, 2nd ed., New York, 1960, Cambridge Univ. Press). Ml moxem
pe3loMHPOBaTh HalM NO3HAHHS B OTHOILEHHH PajHyca KPHBHU3HLI MHPO-
BOTO MPOCTPAHCTBA, KOHCTAaTHPYS, YTO OH He MOXeT GblThb MeHbUIe yeM
1028 cm 1 94TO MBI He 3HaeM, 00s1aaeT JIM MHPOBO® MPOCTPAHCTBO KPUBH3-
HO¥H B Maciytabe JJIHH, PEBLINAININX 9Ty BEeJHYNHY.

*) MoxHO BO3pa3HTh, YTO CaM 3TOT METOJ] H3MepeHUs PACCTOSHHE OCHOBAH Ha
NPENTIOJIOXKEHHH, YTO NPUMEHHMA eBKJIHI0Ba reoMeTphsi. ONHAKO HMEIOTCSA APYTHE Mes
TOABI ONpelesieH st pacCTOSIHUE, KOTOpble H3J1araloTCs B COBPEMEHHBIX KHHIAX 10 acTpo~
HOMUH.

**) lmeercs B BUJY TPeXMePHOe MPOCTPAHCTBO € TAKOH KPHBH3HON (Hanpumep,
BCIOAY OTPHLATE]BHON HJIN e H3MeHSIOmeHCs 1o 3HaKy), A KOTOPOro NOBEPXHOCTE.
Iapa yxe He siBjiAeTcs AByMepHoli aHasoruell. ([Ipum. ped.)

**¥) TepMMH «KPHBH3HA MHPOBOTO NPOCTDAHCTBA» BIIOJHE sced IO CMEICAY, R
€ro MOKHO CYHTATh ZOCTaTO4YHO cTporuM. UTo ke KacaeTcsl BHIpaXkeHHSI «pajHyC KpH-
BH3HH BceseHHO#», TO OHO XOTH H CBs3aHO € NPeACTABJEHHeM O KPHBH3HEe HpO-
CTPAHCTBa, STHMH KauecTBaMH He oé.nanaeT BBHJY CJIOKHOCTH NOHATHA «Bcenennasn».
(llpun. ped.)
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1.4. TFeomerpHs B MeHblueM Maciutabe

H3noxenHple Bblllle HaOJIOJAEHHS OTHOCATCS K CPefHeMy pamuycy
KPUBH3HBI MHPOBOI'O NPOCTPAHCTBA, U Ha HHX He BJAMSIOT UCKAXKeHHA,
KOTOpble, MNO-BHIUMOMY, MOXHO OOHApYXHTb B HENOCPEICTBCHHOH
6MM30CTH K OTAENbHBIM 3BesfgaM. OTH HCKaKeHHs] CO3IAT MeCTHbIE
HEOZHOPOJHOCTH I'€OMETPHHM MHPOBOrO NPOCTPAHCTBA, B CPELHEM ILIOC-
KOTO UM 061a/aioIero oyeHb MaJoil KpHBH3HOH. [laxke 1151 yacty npo-
crpancrsa, 6auskofl K Hamemy CoJHIY, OYeHb TPYAHO 3KCIIEDHMEH-
TaJIbHO O0HApYKUTh NOJ00HbIe HEOIHOPOAHOCTH. B pesynbTate TOUHBIX
H CJHOXKHBIX HaOJIOZeHUH NOJIOXKEeBUS 3Be3l, BUAUMBIX BOH3U Kpasi
CosHna BO BpeMs COJTHEYHOTO 3aT-
menus (puc. 1.13), 6p1710 ycTaHOB-
JIEHO, YTO CBETOBBiE JIYYH CJerKa
HCKPHBJISIIOTCS, KOTJja OHH IPOXO-
st s6ausu kpas CoaHna, M IO
AHAJIOTHH CJeNyeT NpernoJararb,
9TO OHM BCETJIA JOJIKHbl HCKPHUB-
Jaatbea  BOAM3M  JI0GOH  APYroH
CTOJIb 3Ke MaccHBHOH 3Be3nl. [Lisi
ny4a, Kacamwrerocst kpast Cosnua,
yros U3ruba odeHb MaJ H COCTaB-
aser toabko 1,757 (puc. 1.14).
Takum o6pasom, ecsin Obl MBI MOT-
JI1 BHJETb 3Be3Jbl IPH JHEBHOM
cBeTe, TO Té H3 HHX, KOTOpBIE
6ol Gl BHAHBEI OJTH3KO K Kparo
CosHua, Kazanuch Obl HaM JHILb
OUEHb MaJlO0 OTKJOHHBLUMMHCH OT
CBOHX HOPMAJIbHBIX IOJIOXKEHHI.

Puc. 1.13. ConHeuHoe 3armeHue 20 wuionas
1963 r. (Pomocnumox Kaumernwoy, O6cepea- 3ro o3Hayaer TOJBKO, UTO BOJIH3H

mopus Ipudum) CosHua CBeT JBHXKETCA [0 KpH-

BO#; caMo mo cefe 3TO ellle He O3HayaeT, YTO INPOCTPAHCTBO BO-
kpyr CosnHua ofsi3arenbHo oOianaer KpuBH3HOH. ToabKO MpoHsBens
BOausn nosepxHocTH CoJiHIA TOUHBIC H3MEDEHHs C MOMOULbIO MACIITa-
60B 13 pasHBIX MaTepHaJiOB, Mbl MOIVIH OBl HENOCPEACTBEHHO YCTaHO-
BHTb, YTO Haubosiee IIPABHJIBHOE M €CTECTBEHHOE OIHCaHHE 3TOro
SIBJIEHAS JRO/DKHO ObITh OCHOBAHO Ha IpENCTaBJdeHHHM O IPOCTPaHCTBe,
ofJsafamlieM KpHBH3HOH.

C npejcraB/ieHyeM O BO3MOXKHOCTH KPHBH3HBI POCTPAHCTBA COT/a-
cyercs ellle oiHa cepus Habmogenuil: opbura Mepkypus, GaHxadei
K CoJsHIly TIJIaHEThI, HEMHOI'O OTJIHYAETCS OT PACCYMTAHHOH TeopeTHyec-
KH Ha OCHOBAaHHHM HBIOTOHOBCKHX 34KOHOB BCEMHDHOIO TATOTEHUs H
IBHKEHHs, JlaXe ec/M B pacueThl OpOHTHI BBEACHBl COOTBETCTBYIOLLHE
HeOOo/bIIKE MO PABKH, CJEAYIOIHE U3 CIIeIHalbHOH TEOPHH OTHOCHTE/b-
HoctH (puc. 1.15). Morsio 66 3TO GBITH CNEACTBHEM KPHBH3HBI MHPOBOTO
npocrpancTsa BOu3u Cosnna? Jag oTBeTa Ha 3TOT BONPOC HAM HaJo

"8HaTh, KaKk [OBJMs/MA Obl BO3MOXMHAS KPHBU3HA HPOCTPAHCTBA Ha
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yDaBHEHHS JBHIKEHHS Mepxuypnﬂ, a ato Tpebyer GOJIbIIETO, Y4eM TOJb-
KO pellleHHe reoMeTpUYecKol 3ajgauH.

B psjge sameuarenbHbiX, H3AWHBIX cTatelt Ditnwrredtd (1917) usnoxna
TEOPHIO TSTOTEHHH H TeOMETPHH MHPOBOTO MpPOCTPAHCTBA, HA3BAHHYIO
ofuiel TeopHell OTHOCHTEJbHOCTH. DTa TEOPHA JaeT JABYM OINHCAHHBIM
SBJICHHAM OODbACHEHHe, KOJHYECTBEHHO COrJacyiouieecs ¢ pe3yJb-
TaTaMd HaOMONeHHHA. DTH SBJICHUS MPEACTaB/ISNIOT cOOOH NOKa eIHHCT-
BEeHHBIE NPsAMbIE NIOATBEPKACHUS eOMETPHYECKHX BHIBOJOB OCIIEH Teo-

puK OTHOCHTeJabHOCTH. HecMoTps Ha Takoe

Masioe KOJHYECTBO TMOATBePKIeHHUH, obumas

TEOPHS OTHOCHTEIBHOCTH IHMPOKO INpPH3HAHA
A% u3-3a CBOEH NPHHUHIHAJIBHOH IPOCTOTHL.
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Puc. 1.14. Tpuuunolt uaruba JauHHH, Puc. 1.15. Cxema Bpamenus op6utnl MepKypus,
no_ KOTopolf  pacnpocTpaHfAercs CBET, 06bACHAEMOr0 obulell TeOPHEN OTHOCHTENBbHOCTH.
saBasiercl pgeficraue npursxkenus ConH- IMsockocTs OPOHTH — 5TO MJIOCKOCTh PHCYHKA; €
1a, Kak Obo IpeackasaHo DHHMITEH- UeJIbIo HArISIAHOCTH CHJILHO IPeyBeJIHUeH SKCUEH-
HoM B 1917 r. W BCcKoOpe mocne 370- Tpucuter opSutel. Ecau 6 5TOro  BpameHus
ro TOATBEPKIAEHO HaGJIIOKeHU AIMH. He ObiJio, TO opGuTa MepXypHs NpeacTasasana
©=8.10—*% pad=1,75". 65l cOGOH HENOABHMXKHLI SJIMIC.

Ha ocHoBauuH pe3y/ibTaToB acTPOHOMHUYECKHMX HM3MEpPEHHH Mbl cie-
JlaJii BLIBOZ, YTO €BKJIHAOBA I'eOMeTpPHSI AAaeT HaM HCKJIOYHTEJNLHO XO-
polLee OIIHCaHHE H3MEepPEeHHH JVIMH, IJIoWajeld U yIJoB [0 MeHbllel Mepe
[0 Tex 1mop, NoKa Mbl He JOCTHTHEM OTPOMHBIX IJIHH, nopsaaka 1028 cu
H BBILIE. ~

Ilo cux mop HUYero He rOBOPHJIOCH O MPHUMEHHMOCTH €BKJMIO0BOH
TeOMeTDHH JJ/I51 OINHCAHHS ' OYeHb MaJeHbKHX KOH(QUIYypauu#H, cpas-
HHMBIX 110 BeJIHYMHe ¢ pa3mepamu aToma (1078 cu) win atoMHOro siapa
(10722 cx). Bompoc o ToM, cripaBe/iuBa JH 31eCh eBKJAUAOBA [eOMETPHS,
Hajo chopMyIHPOBATH CJAEAYIOMIMM 06pa3oM: MOXKeM JIH Mbl IIOJYUHUTh
IpaBHJILHOE NPEJCTaBJAEHHEe O BHYTPHATOMHOM MHpe M CO3AaTh 3dbek-
THBHYIO TeOPHIO, ONMHCHIBAIOIYIO 3TOT MUp, COXPaHsf NPEINoJoKEeHHEe
O BBIMOJIHKMOCTH aKCHOM eBKJIHJ0BOH reoMeTpuu? Ec/aH MOMKeM, TO HET
OCHOBaHHH MOABEPraTb COMHEHHIO MPHMEHHUMOCTb eBKJHIOBOH reomet-
PHH B KayecTBe J[OCT4TOYHO Xopoluuero npubamxenus. Mol yBUAuM
B T. IV, 4yTo TeopHus aTOMHBIX U BHYTPHATOMHBIX siBJEHHH, NO-BHAHMO-
MY, He IPUBOAHUT K napajoKcaM, NPenAaTCTBYIOIUM HalleMy TOHHMAaHHIO
3THX ABJeHHA. MHorie ¢akKThl elie OCTaloTCH HEMOHSATHHIMH, HO CpelH
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HUX HeT TAKHX, KOTOpBble NPHBOANJK Obl K NPOTHBOPEUHSIM H3-32 TIeo-
METPHUECKHX NPHYHH. I3 3TOM CMbICe eBKJIML0BA FeOMeTpHs BbIAEDKH-
BaeT 9KCIEePHMEHTAJNbHYIO NPOBEPKY MO MEHLINEH Mepe BILIOTh JIO pas-
MepoB nopanka 10713 cum.

1.5. MuBapHaHTHOCTH

Mpi MoxeM cOPMYJHPOBATh HEKOTODHIE CJEACTBHS 3IKCHEpPHMEH-
TaJbHO JOKa3aHHOTO YTBEDKAEHHS O TOM, YTO €BKJHAOBA TEOMETDPHS
IIpHMEHNMa K (PH3HYECKHIM SIBJESHUSM.

— 1

@) )

Pue. 1.16. o) UHBapuanTHOCTH MO OTHOMIEHHIO K lapaJjienvnomy nepedocy. [lepenoc mpen-

MeTa B JI060e APYyroe Mecro He H3MeHSIeT HY €ro pa3MmepoB, HH Qopmbl. 6) HennpapuanTHOCTB

TIO OTHOWIEHHIO K MapaieIbHOMY TIePEeHOCY B I'HIOTETHYeCkoM Mupe. IlepeHoc npexmeTa B
ApYyroe MecTo Mor bl BBI3BAThH H3MEHEHHE €r0 pasMepoB HJAH GOpMbL.

HHeapuanmHocms no omuouenuio & napaiseivromy neperocy. Tlog
STHM MBI MOpa3yMeBaeM, 4TO NPOCTPAHCTBO OJAHOPOAHO M YTO OHO He
H3MEeHSIETCS] 0T TOYKH K Touke. Ecan Tena nepememmaiorest 6e3 NoBopoTa,
T. €. OCTAI0TCA NapaJsiesIbHBIMH CBOEMY TIepPBOHAYANIBHOMY [OJI0XKEHHIO,
TO HX cBOHCTBa He usMmensitorcsi (puc. 1.16).

a

‘Puc, 1.17. a) MHBapHaHTHOCTH MO OTHOUIEHHIO K 1noBoPoTy. [loBopoT mpenaMera HE H3MEHSET
HH ero pasmepos, HH dopmbl. 6) HeHHBapHAHTHOCTb IO OTHOWIEHUIO K MOBOPOTY B THIIOTe-
THyeckoM mupe. [IoBopor mpeamera Mor Gpl BeI3BATb H3MEHEHHE €ro pasMepoB HJH (OpMSL,

HHusapuanmrocms no omroweruro K nosopomy. I3 onsita n3BectHo,
'YTO ¢ GOJIBIIOH CTeleHbI0 TOYHOCTH MPOCTPAHCTBO SIBJSIETCS] M30TPOI-
HBIM, TaK YTO BCE HANpaBJeHHd 3KBHBAJIEHTHbI U (DM3MUECKHe TeJsa He
‘U3MeHSoTCs NpH nosopote (pHc. 1.17). MoxHo . pencTaBuTh cebe nJoc-
Koe IIPOCTPAaHCTBO, He fABJAIOLleecsd H30TPONHLIM, HaNpUMEp Takoe
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{IPOCTPAHCTBO, B KOTOPOM CKOPOCTb CBET& B OJHOM HAllpaBJeHu# Orlia
6bl BABOe OoJsibllle, YeM B APYrOM HAllPaBJEHHH, HEepPneHIHKY/ISPHOM
x nepsomy. Her HUKaKHX NaHHBIX, YTO NOAOOHBIE SBJEHHS BO3MOXKHEL
B cBobonHoM mpocrpaHcTBe. OpHAKO CBOHCTBA MHOTHX KPHCTAJIOB
3aBHCAT OT HANpPaBJEHHA, T. €. 3TH KPHUCTAWIL SIBJAAIOTCS aHU30TPOII-
HBIMH.

WuBapuaHTHOCT NO OTHOWEHHIO K Napasjie/bHOMY NepeHocy IpH-
BOJUT K COXPAHEHHIO HMIYJ/bCA; HHBAPHAHTHOCTD IO OTHOIIEHHIO K [O-
BOPOTY IIPHXORHT K COXPAHEHHIO MOMEHTa HMIYJbca. JTH (U3HUECKHE
3aKoHbl ToRpoGHO paccmarpuBatores B 1. 3 U 6. Ilpencrasnenne o6
HMHBApUAHTHOCTU paccMaTpHBaeTcs TaKKe B I'Vl. 2 H B KOHIe V. 3.

3anaumu

1. Hasecmnasn nam wacmo Beeaennod. Vicnonn3yst datHble H3 TeKCTA [V1aBbl, BBIYHUC-
JINTH CJelyioulde BeJHYHHBL:

a) O6myio Maccy Hu3BecTHOH Ham uYacTh BcreseHHOH.

OTrBeT. ~10% e

6) CpelHIOIO TIIOTHOCTh BelieCTBa BO BceseHHOMH.

OtrBeT. ~10-2 2/cm3, uro coorBercTBYeT 100 BOROPORHBIM aTomam Ha 1 w3,

B) OrHolieHWe pajMyca H3BeCTHOH HaMm uacTH Bcenennoft x pajuycy nporoHa,
Ilpuusite paguyc nporona paBueim 10—1% cu, maccy npotona — pasHoit 1,7-10-24 2,

2. [Ipoxoocdenue cuenarom maroix paccmosnuit, Oupeneaurs BpeMsi, HeoGXoXuMOe
JAsl Toro, yto6bl CHTHAJ, PACPOCTPAHAIOMHHACA CO CKOPOCTBIO CBeTa, Npowesa pac-
CTOsSIHUE, paBHOe NUaMeTpy NPoToHA. [luameTp NMpoToHa NMPUHATh paBHbIM 2- 10713 cu,

3. Paccmosnue do Cupuyca. TTapaanakc 3Be3fsl — 3TO [OJOBHHA yI/ia, BepLid-
HOH KOTOpOTO §IBJslercss 3Be3[d, a CTOPOHBl COEAMHSIOT 3Ty BepIIMHY ¢ KpaHHUMU
Toukami opGuthl 3emin Bokpyr Comuna. Tlapannake Cupuyca paseu 0,3717. Haiitu
paccrosinHe Fo CHpHyca B caHTHMeTpax, CBETOBBIX rojax u mapcekax. (Cm. tabauiy
*PH3NYECKHX NOCTOSHHBIX.)

OT1Ber. 83-1018 cx; 8,8 cB. Jer; 2,7 mapcexa.

4. Pasmepor amomos. Tlonb3ysick 3HaueHHeM 4Yucna ABOragpo, NpPHBELEHHBIM
8 Tabnuue, U TPUOINKEeHHOH BenuyHHO! cpelHell NMJIOTHOCTH OGBIYHBIX TBEPABIX Tel,
HafiTn npubAWKEHHO CPefHUH AUaMeTp aroMa.

5. Yeoa, no0 komopoim eudxa JIyna. B sicHYIO TOrofly BO3bMHTE JHHEHKY C MHJI-
JTUMETPOBLIMH JEJIEHHsIMH U NpoienaiiTe CJeAyIOmMHMI ONbIT: Jep:Ka JHHEHKY Ha pac-
CTOSTHMY BBEITSIHYTOH PYKH, H3MePbTe OTPe30K, 3akpuiBaiomuil guamerp JIyHsi, a 3arem
‘H3MepbTe PacCTOsHKE OT JUHERKH AO Balllero rsasa. 3Has, 4To paguyc JyHHOH opGuTh!
pasen 3,8 1010 cu, onpenenure puamerp JIyHsL.

a) Eciu BB cMOrJIH mpojenaTh STOT ONBIT, TO KAKOB Obl1 pe3yJ/bTar?

6) Ecan mouemy-nn6o Heab3st GblI0 MPOW3BECTH H3MepeHMe, TO TI0 PaJHycy JyH-
Holl opOursl u paguycy camoit Jlyre (1,7-108 cu) paccumraiite yroa, nof KOTOPEIM
JlyHa BHEHA C HOBEPXHOCTH 3eMJH.

OrBert. 91073 pad.

B) Ilog xaxum yriom BufHa 3emasi ¢ moBepXHOCTH JIyHEI?

OrBeT. 3,4:10~2 pad.

r KomnronoBckas Anuda BoJaHBH. CoCraBuTh BHpakKeHHe LIs
‘BeJIMYHHE, HMeloulell pPa3MepHOCTE AJHHBI, HCIIONL3Ysl CKOPOCTh CBETAa ¢, MACCy HJIEKT-
pona m ¥ nocrosipnyto [1nauka h. Pasweprocts nocrosuton Iianka: [sneprua- Bpems]
-uin [macca- piuna®/Bpems]. OnpelesiuTh YUCIOBOE 3HAYECHHE STOH BENHYHHE! MO 3Ha-
‘YeHUSM ¢, m U R, JaHHBIM B Tabaune. DTa LAHHA UrPaeT BAXKHYI POJib B aTOMHOU u-
3HKe (ee OGbIYHO 0Go3HaualT yepe3 Ay).

Jonoaneuwne, MNpocras acrpoHomus ComHeuHodl CHCTEMB!

lBa acrpoHoma-moGHTeNIst NOCTaBUMIIH Iepell COGOil Uelb ONPele/HTh AHaMerp
‘1 maccy Connua. Hannexamum oGpasom o6nymaB sajiauy, ond NOHSJIH, YTO CHadala
HaJlo ONpPe&/IUTh HEKOTODbIC BCIOMOraTe/IbHble BeNHYHHbL
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Hx nepsoiil war — 3T0 onpefiejieHde paanyca .3eMiH, KOTOPOe OHHM IPOH3BOASAT,
yAaJHBWHCE APYT oT Apyra Ha 500 muab (8,05: 107 cx) noreorpaduyeckoMy MepuIHany
(T. e. MO NIMHHH TNOCTOSHHOH IOJTOTHY, NpPHUEM MJIsS OHNPEAETEHHS 3TOrO PacCTOSHHSE
MCNONB3YIOTCS TOuHble reorpaguuecke kapTol. HaGmopatesnn TOANepKHBAIOT MeXIY
coGoil CBSI3b C MOMOMIBIO KOPOTKUX paguoBoiH. IOxubifl naGmoaarenb S BHGHpaer

3Be3lly, KOTOpas B OfpelleJIeHHbI MOMEHT IIDOXOJIHT Yepe3 ero 3eHHT.
B rtor MoMenT, Korza BeIGpaHHAas 3Be3fia MPOXORHUT uepe3 3€HHMT IOKHOro Habuio-
matesis, OHa NepPeceKaeT TAKKE MePHAHaH CeBepHOro HaGmogareis N, HO BC/IeICTBHe

Lesepnsli
VA

Ky
V2 2

Puc. 1.18. Cser or ypRanenRo#
3Be34bl, HaXofsulelca B 3eHuTe,
rniocrynaer K Habawojarenio S no
aauun ZSO  (NMHHA  OT 3eHHTA
anst Sy, Ceer oT Toff ke 3Be3An!
nocrynaer K HaGmiopatento N 1o
auuug YN Y ZS0. Jluunas XNO
NpoBeAGHa OT 3eHHTa aas N. YN
u XNO nepecekaiorcs noj yriyiom

’ Aepudyay

KPHBH3HBl 3eMHOH TIOBEDXHOCTH IN€peceKaeT ero
HHXKe 3eHHTa 3Toro Habmogatens (puc. 1.18).

a) Ilokasatk, 4TO €c/u ceBepHblil HabmoLaTeNb
NoJy4aeT 3HadeHHe YIVIa MEXAY 3Be3Noll M 3eHHTOM
0=7,2°, To npm pacueTe NOJYYAETCH BeIHUHHA
paguyca 3eman 6,4- 108 cau.

O6a nabmoparenss CYHTAlOT, 4TO CJAERYIOLIAM
1eoOXOIHMEIM IUArOM SIBJSIETCSI H3MePeHHe CKOPOo-
cti obpauenus JIynbl no ee opGurTe BOKPYT LEHTpa
3emaH. OHH BBHIONHAIOT 3TC KOCBEHHBIM IyTEM,
oTMeuas MOMEHTL! BpeMeHHU, B KOTOpble 3aKPHIBAETCA
Jlynoli Kakasi-To ofpefiefleHHAas 3Be3la, BHINMas
C ABYX pa3qHYHBIX TOYeK 3eMHOH NOBEePXHOCTH.
UTo6bl yMeHBIWHTL TPYAHOCTH TeOMEeTPHYECKOro H
BooOllle MaTeMaTHYeCKOro pacuyera, OHH [enaiorT
Psii YTPOWAIOHNX TNPeANONoxKEenHil: CyuTaT, uTo
Jlyna u 3Besja HaxolsTcsl B ILIOCKOCTH SK/JIHITHKH
(T. e. B INIOCKOCTH, B KoTopol Haxoasrcsa Co/Hue H
op6HTa 3eMJiu); uYTO 3Be3Aa MPOXOAMT MPAMO To-
3agy JlyHbl, T. €. N0 ee 1nameTpy; YTo nabmoaeHHs
TIPOH3BOAATCS B IOJHOYL NPH NOJNHOAYHHH. B aTOM
pacueTe He YUYMTBIBAIOTCS TaKiKe KPHBH3HA 3emJH,

6. N — cepepHbit HabJofaTelb,
S — loXKHbHH HaGawoaarens, 0 —
LedTp 3eMJH.

BJMSiHHE TIPeJIOMJIeHNS CBeTa B atMocdepe H Apyrue
nonpaBkH. BaaunmHoe reomerpuueckoe pacmonoxe-
uue Jlyusl, 3eman u Connuansobpaxerosa puc.1.19.

[lapanitesbHple Jy4d CBera OT BecbMa JNafleKoll 3Be3fbl NPHHHMAIOTCS ABYMS
HabJ/oaTe/IAMH 03 u Og. 3anajnsiii Habmonateab O3 OTMeuaeT MOMEHT Ig (1), B KO-

TOphift 3Be3fia 3akpriBaercs JIyHON U 3aTeM MOMEHT /5 (2), B KOTOpbIH OHA CHOBA NOSIB-
asiercss u3-3a JIynei. [onoGubie ke orcuers iy (1) u fg (2) Npou3BOASTCA BOCTOUHBIM
Habmionarenem (puc. 1.20).

BUd mrocKpEmIL SKIUTIIEN

coory
Lem -
Sy o Comwya Lren
om Connya
TEMng W74 Semng —-——
-— Py A —— s
e —— L
~, - T —— o,
W [ 7 —r—
BB elowy nmoekocmy :
ol Syt SoKyE Sem y
@) 0}

Puc. 1.19. g) PakTHYECKOE OTHOCHTEJbHOE pacnoJioxenne 3emau, Jlyne u ConHna. 6) Hpea-
AU3NPOBAHHOE Aas YAOGCTBA paccym;\eﬂuﬁc OTHOCHTCJLHOe pacnosoxenue 3Zeman, JIyum w
OJIHLA,

6) Iloka3aTs, uto CKOpPOCTL JIYHBl OTHOCHTENBHO LEHTPa SeMJm olpeje/seTcs
M3 CJe[yIOIero COOTHOWIEHHS:

N
L=t ()



£ § — pacCTOsiHHe MexAy HaGNIONATeNsMHA, vo — JHHedHas CKODOCTD gabnionare-
neft, a tg (1) u ¢35 (1) Obutn ONpesesicHbl BrILE.

3nas ckopocTh JlyHbl, KaxIbili HAOMONATENL CMOXKET ONPENeNUTh AHAMETP Jlyunt
70 BeHUHHE NPOMEXKYTKA BPEMCHM, B TeueHue KOTOPOro Jlysa 3akpsiBaer 3Be3LY.

Sy ceemi Sy ceema !
o 366501 an 3863061

Jypa ) a——————m

4 3
9
Sy coema Sy ceema
o 36650 an 26630

(i ) we

Puc. 1.20. o) Tonoxenne JIyHsl H namomateneit Oz u Op B MoMeHtT f3 (I). [peanona-

raercsi, 4To 3Be3Zla GECKOHEUHO yHalieHa M MOSTOMY JIYYH CBETa OT Hee TMapajlebHbl -
HalpaBJjeHWe NBHXKeHHT JIyHbl; 2 — HalpaBJeHAC ABHMEHUA nabmonarenei, oGycJ0BJIEHHOIO
spawennem 3emuu). 0) B MoMeHT t3 (2) Jlyna nepeMecTusach B 5TO MoJiIoKeHUue, H CBET OT

3Be3Zbl ONSATH CTAHOBHTCS BHAeH HaGmosartesio 03, KOTOPhIA 32 TOT XKe MPOMEMYTOK BpEMEHH

flepemecTuJicsl H3-3a BpaulehHa 3eMJH B HOBOE TNOJIOKEHHE, TMOKA3aHHOE HaA pucynxe. ) Takum
e obpasom Habmiofarens Op nepecraer BUAETE 3BE3/Y B moment {g(1). 2) Hepes HEKOTO-
pHil MPOMEXYTOK BPEMECHH B MOMEHT tp(2) sra 3pe3ja onsTb CTAHOBHTCA BUAHA eMy .

B) [lokazaTh, uT0 auamerp JIyHbl paBed
2R = (v —0p) ((a—11).

t7ie f; W t, — COOTBETCTBYIOUIHE OTCUETHl BpeMeHH, MPOUIBEASHIbE TeM HIH APYrHM
nabmopareseM. .

r) Mcrnoawbaya 3Hauenue pafhyca 3emaH, ONpele/ieHHOE Bbille, U 3Had NMepHol ee
spallenusi, ONpeNeJHTL JIMHEHHYIO CKOpOCTb, ¢ KOTOpOH JBHMKETCH OTHOCHTE/b-
HO nenTpa 3emslH TOUKA ee NMOBEPXHOCTH, HAXOAAWAACA HA TpUAUATOH ceBepHOH mMa-
panneny.

OtrseT. 4,04:10% cm.



Tunuunbie peay/bTaTel Hab/0AeHHH, KOTOPHE MONJIH Obl OBITH MOMyUYeHBI ABYMS:
JIOOHTeNAMHA, TPHBEEHHl B cJefyiomell rabauue.

Ha6mopnenne t3 (1) 3 (2) ts (2)

Bpems, aun 0,0 95,6 117,7

1) Vlcnonbays stu Aanibie ¥ NOJYUYCHHBE Bbilie Pe3yJbTaTol, MOKHO NOKa3arh,.
uTO CKOPOCTH ABUMKeHHsA JIvHbl paBna 10,1-10% ca/cex, a nuamerp pasen 3,48 108 cu..

Onpene/HB OpGHTANBHYIO CKOPOCTH JIVHH, 1B aCTPOHOMAa-TIOGUTENs Cpasy Hc-
[OJb3YIOT W3BECTHYIO MM BeJHYHHY IepHoAa ofpalllenus ee no op6ure (2,36- 106 cex)
Wist onpeleleHHA pajHyca OpPGHTHL

¢) ITokasars, ¥TO uX HaGMIONEHHS TPHBOAAT K Pe3y/bTaTy, COracyiomeMmycs.
C NaHHBIME TOYHBIX usmepennii (3,8:1010 cu).

Ec/n cnyTHHK ZaHHOTO HeGeCHOTO Tea JBHKETCs 110 KPYTOBo# op6uTe, TO MOKHG
ZIOBOJIBHO MPOCTO ONpPeleuTh Maccy NpHTArHBawliero ero tena. [Tosbaysch sakoHoM
rsirotenHst Heotona F=GMy M ;1/r? anst cunbl DPUTSKEHHS Mexay 3emjedd u Jly-

HOH, Ml TNOKasmBaeM B . 3, uTo GMg=v3r=R?g, rie G — rpasurauuonHas
nocrosinHas, Mg — Macca 3eman, vy — ckopocts Jlynet, r—panuyc opGutst Jlyubi,
R — pamuyc 3emun, g -— YyCKODeHHe CHJIBI THKeCTH Ha TOBePXHOCTH 3eMiH
(980 cm/cex?). TlepBoe u3 NBYX NpHMBeJEHHBIX DAaBEHCTB IOJYHaeTCsi B pe3yJibTare
NPHpABHUBAHHS CHJBI NPHTAKEHHs LeHTpolexHol cute M jul/r, rae My — macca
JIyHe.
%) Paccunrats BesnyuHy Koucrautel GMg .
Tocsie 3HAYMTENLHBIX YCHARH Hawy JIOOHTeNH IPUXOAAT K BRIBOLY, UTO, TaK KaK
y HHX HeT ¢BeleHnH, ROCTATOUHBIX ANA BRIYHCACHHS MacChl 3eMJIH, UM HALO IPOH3BECTH
. gpyroii ombir. B mpeanpnoMm clyuyae onu
IO/MKHBl M3MEPHTH TPAaBHTALMOHHYIO HOCTO-
stuaylo G. Beuay Toro, uro 310 H3MepeHHe
JIOBOJIBHO TPYAHO BBHIOJNHHTB, OHH PeILAOT’

Hatmodamens

;/ B3aMeH HEro ONpeNesIHTh IMIOTHOCTL 3eMJIH.
! ] H3zyuas BelllecTBa, HaXOAAIIKeCS] HA NIOBEPX--

N, Jemad  f HOCTH, OHK NOAYYAIOT BeAWuMHY 5 2/cmd.
N bt Jpist 3) KakoBa 1o 3TuM JaHBHBIM NpPHOIH--
songye Feri 3uTenbHas Mmacca 3emau? Kaxoli owubke:

Puc. 1.21. Meron onpefencHud paccrosi-

nusa or 3eMaH jo CoJsiHpa ¢ TOMOLIBIO

yiK€ HSBECTHBIX JaHHBIX OTHOCHTENbLHO
op6uThl  JIYHBL.

B TIpOLeHTaX 3TC B JEeHCTBHTENbHOCTH COOT-

. BETCTBYeT?

w) HMcnoapsyss 3Ty npuGnusutennnyio
BeJIHUMHY M TOpelbyllHe  pe3yJbTarhl,

Onpefe]HTE TOPSJOK BeluyHHel  G.

3ateM ABa JAOGUTENS], NONB3YSACh H3BECTHBIMH UM JaHHBIMH OTHOCHTEJILHO OPGHTHL
JIynel, onpegenswr paccrosnue fo Connna, Kak MokasaHo Ha puc. 1.21. B mpanmbii
moment Bpemenu Consue, Jlyna u 3emast HAXOAATCH B TAKUX MOJOKEHUSX, 4TO Rpai
TeHH coBHajaer ¢ nuamerpom JIyHbl (KoTopas BuAna HaOaOAaTe/I0 Kak TOUHBIA HoJy-
Kpyr). B aToT MOMEHT HabJofaTe b ONIpefiessieT Yroa Mex Ay HaNpaBIeHHAMH K IeHTDY
Jlyuet 1 kK uenrpy Coanua.

K) Jas suavenus yraa o.==89°51" paccunrars paccrosuue or 3emau go Connua.

3Has paccrosinue or 3eman Ao Connua, ABa noburtens yOemJaloTCH, UTO TPeTHi:
sakon Kensepa (B JONONHEHHE K HBIOTOHOBCKHM OCHOBHLIM 32KOHAM IBHXKEHMS!) I03-
BoJsgeT UM paccuutarh maccy Cosnna (cm. «@usnkay, nep. ¢ aar. nog pen. A. C. Ax--
maroBa, «Hayka», 1965, crp. 464).

a1) Paccunrate maccy Connua.

Hakoren, fBa mo0utens, KOTOPEIM NOCYUACTVIMBHIOCE Habm0AaTE B 1963 r. noanoe:
coJiHeuHoe 3aTMEHHe, BCIOMBHAIOT, ¥TO Torka JIyHa noyTH ToyHo 3akpruia Bee ConHue.

M) Onpegenntt fuamerp Connna 2R - Ha OCHOBaNKHU CBEACHAH, H3IOXKEHHBIX BHILE,.
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Beinossenye Nof0GHBIX OnpefeeHnil C TPeneNbHOR TOYHOCTBIO TpebyeT GoabLIOTo
TPYAa NMO HAJAXKABAHUIO NMPUGOPOB, HaGJIOAEHHSM, MUX HHTEpIpeTallH, pacueTaM H
pa3paboTKe TEOPHH — BCe 3TO 3aHHMANO YMbl MHOTHX JIIOJell B TeueHHe CTOJIeTHH H
JIpeicTaB/sieT MHTepeC TaKike B Hawe BpeMdA. OJHAKO COOGpaKeHHS OTHOCHTENLHO

Punc. 1.22. lonyvenue CNEKTPOB SIICPHOTO MarHUT-

HOro pesoHainca: ofpasel ObICTPO BpaulaeTcsl MexAY

7OMOCAMH 3JIEKTPOMAruuTa, 4rofbl yCpeAHHTh MeCT-
Hble H3MCHEHMS MAarHHTHOTO TIOJd.

Puc. 1.23. Vcxkoputesn 9acTHL, BBICOKHX SHep-

rueil — 6asaTtpo B DBepknu. BHuay cnpasa —

MecTo BBOZa NpPOTOHOB. (Paduayuonnas aabo-
pamopus  um. Joypeuca)

"TOYHOCTH He IOMeWaNH JIOASM NPOHU3BOXUTH H3MEDEHHsI B HOBBIX 00JacTAX HAYKH.
Ecnn 66 QHSHKH IOKHAAIUCH, NMOKa OyAyT YCOBEpPIIEHCTBOBaHBI NPHOODHI, jamouiue
BBICOKYIO TOYHOCTH M3MepeHHH, oM BooGLle He Morau Gbl ABUraThcs Buepef. Kax-t1o
OblIO CKA3aHO, YTO MHOTHE CJIOKHBIE SKCHEPHMEeHTANbHbIE YCTAHOBKM sABJslotcsa Na-
MATHHKAMH IIOTePAHHOMY BpEMeNH.

41



Pue. 1.24. Boarmo#t paAnoTesecKon B

ApcTpannu. Juamerp uamm 64 . [pubop

HaxOAHTCS B YKpPOMHOH gosuHe B Hosom

JOxHoM Yaxabce B 320 ku k 3auany or Cua-

Hed. B sTOM yAaNleHHOM MeCTe BSJEKTpHYe-
CKHE NMOMEXH MHHHMAJbHEL

Puec. 1.25. Temeckon Xsitja, HanpapJeH-
Hbil B 3€HUT, BMA ¢ loTa, [inaMerp 3epkaja
5Toro Teaeckona 200 pgofimoB (5,08 ).
(Obcepsamopuu Maynm Buascon u ITaromap)

Puc. 1.26. Buj c60Ky Ha CIHPadbHYIO TY-
mannoeth NGC 4594 B cospesauu  [ernl.
CHHMOK CzeJlaH C NOMOUIBIO KBYXCOTAIO MO~
BOTC  TeNeckorla Xoshaa. (Obcepeamopuu
Maynum Buasvcon u [laromap)

42 .

Puc. 1.27. Cuymox uacTuil BUpyca TaGauHoit
MO3aHKH, I10JIyYeHHbIA B 3eKTPOHHOM MHKPO-
CKOIle ¢ yBeJHyeHHeM 70 000. 2TH maidouku
COCTOAT H3 NpPOTeHHAa H PHOOHYKJIEHHOBOIL
KHCJAOTH # TPOSBASIOT BpefHoe HHDEKINOHR~
Hoe geitcTBMe, ecsqM HaTepeTb MMM JIHCTH
pactennit TaGaka. PeHTreHOCTPYKTYpPHHI}
aHAJH3 T0Kas3piBaeT, YTO 4YaCTHLL BHpyca
HMeloT GOpMY CHHpaJH, COCTOSEH IPHMEDHO
H3 2000 BHTKOB, IIpHYeM BHTKH CHAPaJR
06pasoBaHB KaK NPOTEHHOM, Tak H PHOOHY-
Kaenrosoll Kucnoroil. (Jlabopamopusa eupycos
Kanrugopruiickoee yrusepcumema s Bepxau)



Puc. 1.28. Baexrpomarmur
€O CBEPXMOPOBOANULHMHE 06MO-
TKaMH,  paboTaoigufi  npu
HH3KOR TeMmepaType. 3t
OGMOTKH paccynNTaibl Ha No-
JIydeHMe MArHUTHOIO TOJS B
54 000 2c. Tako#t npubop
FBJISIETCS] CePAUEM COBpEMEeH-
Holl  j1a6opaToOpHH HH3KHX
TeMneparyp.

Puc. 1 29. SnekTponnnit MHKpockon CumeHca, paborawo-
WK TpH HanpskeHHu 50 — 100 «6 u Halowui paspenredie
no 10-7 cu. B coenuHenHBIX Apyr ¢ ApYyroM LUMAHHADAX,
MOKA3aHHbBIX HAa POTOCHUMKE, HaXOLAATCH MArHUTHLIE JHH.
36l VICTOUHHK 3JEKTPOHOB PaCIoJIoxeH CBEPXY, & yBeJu-
UEHHOE OKOHUATENbHOE H300PAaKeHUe 06BeKTAa MOKHO BHAETH
Ha GJIYyOpPeCUHDYIOMWEM 35KPaHEe B HHKHEH YacTH npuGopa.
Hast monyvennst GOoTOCHHMKOB wnazo moMelmats Goromna-
CTHHKH B 3TOH TIOCKOCTH. DOKYCHPOBKA MpPOU3BOAMTCS
TIOCPeICTBOM H3MEHEHHS CHJIbI TOKA B MATHUTHBIX JIHH3aX,
(JIabopamopus eupycos Kzgxutpopuuticrcozo yrusepcumema
8 epKau)



Puc. 1.30. Hoxer «Pefiugxepa» #a Jiyuy. 31 mons 1964 F, nocJje moJjera NPOACIKHTENb-

HOCTBIO 68 4acoB KocMHuecKHIl kopabab «Pelinngxep-7» pas36uicsa Npy NpuAyHeHHH. CHHMKH,

NOJYYEHHBIE B TeYeHHe NoCNeAHNX 10 MEHY T NoseTa, Korga «Peliujxep» npuéauxalucs K Jlyue

co ckopocteio 9600 xu/zac, nepeAaBaqHCch HA 3eMJI0 TEJACBHIAOHHLIM fepefaTuukom. HepHele:
OTMETKH H4 3THX CHHMKAaX Jal0OT BO3MOXHOCTb ONpPEJeJHTb MX MacwmiTal.

a) O6GuiHit BUJ INECTH TEeJEBH3MOHHBIX KaMep (ABYX IUMPOKOYTOJIBHBIX M UETHIPEX Y3KO-
YTOJbHEIX), YCTAHOBAEHHHX Ha «Pelinmkepe-7» ANa ChbeMKH NOBEPXHOCTH JIYHEHL.

6) ITocaedrue kadper. Cepxy — cesep. Bepxuutl cuumox. BricotTa 305 x. 210T Kaap Gula
NocaeHHM, NepefaHHbIM Kamepoit P-3 (hpokycHoe paccTosiHHe 25 MM, OTHOCHTENbHOE OTBEp-
crue 1:1) K ToMy MoMmeHTy, Kak «Pelimaxep-7» npuayuusics. KocMHueckdit Kopabnb pas-
GuJcs Npu nepejave Kaapa, B pe3yabTaTe STOI0 NPHEMHHK JaJ KAPTHHY IIYMOB, IOKa3aH-
Hylo ¢npaBa. IljomanbL pasMepamu 30X 18 u? cHsiTa Ha Kazpe c paspeweHneM, B 1000 pas:
JIYYLIMM, ueM TIpH HaGmoferuax ¢ 3eMau. Camnie MaleHbKUe KPATEPHl HMEIOT JHAMETP OKOJAO
90 cm B ray6buny oxkono 30 cm. Husernud chumorx. Bricota okoso 915 . CHHMOK, Ha KOTO-
poM TOKas3aHa nJoIaAL €O CTOPOHOH oOKoJg0 30 4, Own1 cuenan xamepoli P-1 (pokycHoe:
pacctosiHne 75 MM, OTHOCHTeJIbHOE OTBepCTHe 1:2) ¢ YACTHUHBIM Pa3JIOKEHHEeM H300parkeHus.
MHOrHe M3 NOKasaHHMX KpPaTepoB HMEIOT OKPYTJEHHBIE CKJOHE, B IPOTHBONOJONKHOCTD-

Gosiee KPYNHBIM JYHHBIM KpaTepam.

ITpubopst 048  ususeckux uccre0osarull

Ha ctp. 41—44 nokaszanbl (OTOCHUMEHM HeKOTOPHX NHPHGOPOB M YCTAHOBOK,.
npUMeHeHHe KOTODHIX 3HAYHTeJbHO CIOCOGCTBOBA/NO HPOrpeccy (U3MueCKHX Hayk
(puc. 1.22—1.30).



FTMTABA 2
BEKTOPDI

2.1. Tepmuubl ¥ nousiTHsi. BexkTopHas cucreMa 0603HAYEHMI

TepMHHOJIOrUS SABASETCA CYLILECTBEHHOH COCTABHOH YaCTbKd BCHKOH
HayuHoHl TeopuH. TpyAHO BbIPa3HUTh CJIOXKHBIC H aGCTpaKTHble MOHATHS
Ha sI3bIKe, HE MMEIOIIeM CJOB, COOTBETCTBYIOIUX STHM NOHATHSIM. [lo-
3TOMY 17181 BHIP@XKeHHUS HOBBIX HAYUHKIX MOHATUH CO3AAIOTCA M BBOAAT-
cA B fI3BIK HayKH HOBble TePMHHbBI; MHOTHE M3 HHX 06pasyloTcd OT KOp-
HeH CJOB KJaCCHYECKOIO I'PedyecKoro HWJH JATHHCKOro si3blka. HoBRif
TEPMHH MOXET NpHOOpecTH «IpaBa TPaKJAHCTBA» €pasy EO MHOMMX
COBPEMEHHBIX A3bIKaX, eC/JH OH YAOBJETBOpSET NOTPeGHOCTAM HayuHG-
ro obmenns. Takum o6pa3oM, PYCCKOMY CJIOBY 6eKmOp COOTBETCTBYET
anrauiickoe vector, dpanyackoe vecteur u Hemeukoe Vektor. Bexmo-
POM HABbIBAEMC KOAUMECTIBEHHASA XAPAKMEPUCIUKA, UMEIOWAS He MOAb-
KO YLCA0BYIO BEAUMURY, HO U HANPasAeHue. DTOT CMBICJ CJI0BA BEKTOP»
npejcTapiaser coboit obofiieHe ero MpexHero, HelHe yCTapeBuIero sHa-
YeHHs B aCTPOHOMHH, [Jie BEKTOPOM Ha3blBaJjCsl BOOOpaxKaeMblil MpAMo-
JIMHEHHBIH OTPe30K, COeNHMHAIOMMHA NJaHeTy, oOpaliaioulylocss BOKDPYT
LeHTpa U $oKyca JMHICA, C 3THM LEHTPOM HIH (HOKYCOM.

Cucrema o0o3HaueHH I BXOAUT COCTaBHOH 4acTbio B MareMaTHueCcKHi
A3BIK UM TIO3TOMY fBJISIeTCSI BAXKHOH NPHHANJIEKHOCTBIO MaTeMaTHKH.
BekTopras cucremMa 0003HAUEHHI HMeeT [Ba CYIIECTBEHHBIX NPEHMY-
IeCTBa.

1. ®opMyaHpOBKH (PU3HUCCKHX 3aKOHOB B BEKTOPHOH ¢opMme He
3aBHCAT OT BblOopa oceil koopauHar. BekropHas cucrema o6o3HaueHHI
npejcraBiser co60H TAKOH SI3bIK, B KOTOPOM (POPMYJHPOBKH HMEIOT
dusnueckoe conepxkanue jaxe Ge3 BBelleHUS CHUCTEMBbl KOOPAMHAT.

2. BekTtopHaa cucTeMa O0O3HAYeHUH ABJSETCA KOMIAKTHOH. MHo-
rie (usuyeCcKHe 3aKOHb! BBHIPAXKAIOTCS UYepe3 BEKTODHblE BeJTHYHHBL
B nipocToil U 0Go3puMod (opmMe, KOTOpas He COXpaHsiercd NOpH Bblpa-
JKEHHH UX 4yepe3 NPOeKUHH 3TUX BeJUYUH B KaKOH-1u6o cHCTeMe Ko-
OpJUHAT.

Mgur 6yjeM BblpaxkaTb 3aKOHH! (PM3UKH B BEKTOpHOH dopme, rie 3T1o
BO3MOKHO, XOTfl NpU pellieHMH 3afay Mbl yalle BCeTO NpeAnouHTaeM
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onepHpoBaTh C OIpeieIeHHON cHcTemoH Koopaunart. Hekoropole Gosee
CNOXKHBlEe 3aKOHBI, KOTOpble Henb3sl BBIPa3uTb B BeKTOpHOH opwme,
MOT'YT ObiTb COPMYJIHPOBAHEI B BH/e TeH30DHLIX COOTHOWEHHH. Tens30p
npejcTaB/sieT cobofl *06o0lleHHe BEKTOpa, BKJKYalolee BEKTOP Kak
YacTHBIH ciy4al. BeKTopHbIA aHAMH3 B €70 COBPEMEHHOM BHJlE ABJSIETCS
rJIaBHBIM 06pa30oM pe3y./ibTaToM OTHOCSIUMXCSA K KOHLY AeBATHAAaToOro
crosnetus pabor :xomya Buanapna I'n66ca u Onusepa Xesucaiina.
EIHHHYHEIM BEKTOpOM Ha3plBaeTcsl BEKTOD, a0COJIOTHAs BEJIMYHHA
KOTOpOro paeHa efuHulle *). EnnHuunpli BekTop B HampaB/ieHHH A

S

Puc. 2.1. a) BeKTop r BHIpa)kaeT MNOJIOXKEHHE TOYKH P OTHOCHTEJNBHO APYrodl To4kH O Kak
Hayana orcyera. §) BekTop —r paBeH 1O BeNHYHHE, HO TUPOTHBONONOKEH MO HANPaBJIEHUIO
BeKTOPY I. 8) BekTop 0,6 r HMeeT TO e HanpaBJeHHe, uYTO H BEKTOp r, a ero abcoyioTHAdA

BequunHa pasda 0,6 r. 2) BekTop r— 3TO €JHHHUYHHII BEKTOP B HampaBJeHHH r. 3aMeTbTe,
YTO I=rT.

MUILIETCS CO 3HAYKOM A A UYHTaercsl, KaK «eIHHHUHBI{ BEKTOD Hampas-
Jerds A» MM «A ¢ mamnoukoii». DTH NpaBHaa 0003HAYEHHSA MOMKHO
KPaTKO BBIPA3HUTh CJAEAYIOUTUM TOXKIECTBOM:

A= AA. (

T1pUMeHUMOCTb BEKTODOB 451 YA0OCTBa BLIpaxKeHHs (PU3HYECKHX
COOTHOLUEHHH B 3HAUHTENbHOH CTENEHH OCHOBBLIBAETCS HA TeOMeTpHH
Esxauna. Ilpu BbipaxeHun (pU3HYeCKHX 32KOHOB B BEKTOPHOH ¢opme
OOLIYHO TIPEAToJaraloT, YTO BLINOJAHAITCA BCE NIOJNOXKEHUS eBKJIUI0BOH
reomerpuu. Eciy ke reomeTpHs mpocTpaHCTBa He SIBJASIETCS €BKJIHIO-
BOH, TO onepanus c/10XeHHd JBYX BEKTOPOB MOMKET 0Ka3aTbCsl Helpoc-
Toli W HeonHo3HauHOH. [na npocTpanctsa, o61anaomero KphuBH3HOI,
cyuecTByeT Oosiee OOMHMHA MaTeMaTHUECKHH fA3bIK — 3TO MeTpHUEcKast
IuddepeHnHalbHass FeOMeTpHa, sA3blK OOleH TeOpHH OTHOCHTENbHOCTH,
T. e. Tolt 00n1acTu (PU3UKH, B KOTOPOH EBKJIH/IOBY TEOMETPHIO Y2Ke Helb3s
CUHTATb JIOCTATOYHO TOYHOH.

Mgl roBopHusH, 4TO BEKTOPp — 3TO KOJIHYeCTBeHHasl XapaKTepUCTH-
Ka, UMeIias He TONbKO 4YMCJOBYIO BeJWYHHY, HO M HanpasJjenue. 10
CBOHCTBO COBEpIIEHHO He CBA3AHO C KAaKOH-1H60 KOHKPETHOH cHCTeMOH

*) YcraHoBuM cielyoiue NpaBujia NPHMEHEHHs BEKTODHON CHCTeMbl 0603Ha-

. -
yeHnit. BektopHasi BennunHa o6osnauaercst GykBofl co cTpesiko# Haj el A. B ne-
yaTH 0603HaYEeHUA BEKTOPOB OOBIYHO HaGHPAIOTCA MXHUPHBIM IIPHQTOM. A6comorraaﬂ

Be/IMUNHA BEKTOPA NEYaTaeTCs KypCHBOM: A — 370 abconoTHAS BeJUYHHA BEKTOPa A
Bumecto A mHWIYT Takxke |A|
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koopAuHAT *). OAHAKO MBI YBHJHM, YTO HE BCE BEJIHUYHHLI, HMEOLIHE
YHCJIOBOE 3HAYEHHE ¥ HanpasJ/leHHe, 0653aTe/1bHO ABJAIOTCSA BEKTOPAMH.

[lo onpeneneHHIO CKAAADOM HA3GIBAEMICS MAKAA 6EAULUHA, KOMODPAA
He umeem HANDABACHUS 1 UMeem HUCA080e 3HOYMEHUe, He 3Q8UCALee OMm
cucmempt koopouram. Hanpumep, aGco/oTHas BeluYHHa BeKTOpa Npel-
crapJisieT co6oil cKanap. KoopauHata x HeMOABHKHON TOYKH — He CKa-
JAp, NOTOMY 4TO BCJHYMHA KOOPAMHATHL X 3aBHCHT OT HalpaBJIeHHS,
BBIGPAHHOIO A5t ocH x. Temneparypa T — 3TO CKaJifip, CKOPOCTb V —
3TO BEKTOP.

Pasercmso sexmopos. T1o onpenesenuio aBa Bektopa A u B pasasl,
€CIM OHH HMEIOT OJHHAKOBYIO abCOJIIOTHYIO BEJIHYMHY H OQMHAKOBOE
nanpasJgerue. He o6s3aresnbHo, yto0pl HauanbHaa ToUKa BekTopa Oblia
3aKpenJsieHa, XOTS BeKTOPOM MoxeT ObThb O0O3HaueHa BeJAWYHHA, OT-
HOCAIIASACA H K ONpese/ieHHOH TOYKE NPOCTPaHCTRA.

A
4 .

B
/
9 U 2 2
Puc. 2.2. a) Bektop A. 6) Bektop B. ¢) Bekrtopuas cymma A+B. &) Bexropnas cymma B+A
paBHa A+B

Mo3KHO CpaBHUBATL [Ba BEKTOPA, JlaKe €CJH OHH BHIPAXawT Gusu-
yecKyUe BeJMYMHBI, OIpejeseHHblE B PAasHBIX TOUYKAaX - IIPOCTPAHCTBRA
U B pasHble MOMEHTH BpeMeHH. Ecan Obl Mbl He MOIVIM YIACGCTOBEPHTHCS
HA OCHOBAHHH ONIBITA, YTO MOMKHO CUHTATb MPOCTPAHCTBO HEUCKPHBJIEH-
HBIM (3@ HCKJIOYEHHEM, MOXeT 6biTh, T€X CJy4yaeB, KOTRa pedb yjier 0o
OTPOMHBIX KOCMHUYECKHX DACCTOSIHUAX), TO Pe3yJbTaT CPABHEHHS JBYX
BEKTOPOB, HMEIOIIMX pAasjHuHble HayasbHble TOYKH, BO3MOMKHO, OKa-
3ajcst Ob HeoJHO3HAYHBIM (cM. «MaTemMaTudeckoe fOorMoJiHeHHe 1» B KOH-
e 3To# rJasbl).

Caoxcernue gexmopos. Cymma ABYX BekTopoB A ¥ B ompepensierca
COIJIaCHO TeOMeTpHUeCKOMY NOCTPOGHMIO, MOKa3aHHOMY Ha puc. 2.2.
DT0 NOCTPOEHHE YaCTO HA3BIBAGTCH 3aKOHOM CJIOKEHHS BEKTODOB IO
npaBuJsy napaJssenorpamma. s onpenesenns cymmel A--B sextop B
nepenocHTCa NapaJsJesibHo caMoMy ceGe TakHM obpa3oM, 4Tobbl ero
Haya/bHAA TOYKA COBMAaja C KOHEYHOH Toukofl BekTopa A. Bextop,
MPOBEICHHHLIH OT Haya/J bHOH TOYKH A K KOHEeYHOH TOYKe BekTopa B,—
910 cymMMa BekTopoB A+ B. M3 puc. 2.2, ¢ n e caeayer, uro A B=
=B A, T. €. UTO C/IOXKEHHE BEKTOPOB KOMMYMAMUBHO.

BeuuTaHue BEKTOPOB onpeje/siercd, Kak I0OKa3aHO Ha puc. 2.3
u2.4. ‘

*) Mul npefnonaraeM, 4To BCeTAa MOXHO TOYHO yKa3aTb HampaBiieHHe BEKTOpa.
B HekoTOpHIX CAyuasix MBI MOXeEM ONpele/uTh 3TO HalpaBJleHHe OTHOCHTeJIbHO Jabo-
paTtopus, B JPYI'HX — OTHOCHTEIBLHO HENOABHXKHBIX 3Be3[.
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CnoxeHue BeKTOPOB VOBJETBOpAET cooTHOWeHHI0 A—+-(B--C)=
= (A~ B)+4C, Tak 4TOo MOXKHO CKa3aTbh, UTO CJOKeHHe BEKTOPOB acCo-
LUQMUBHO, T. €. ]I HEeTO BBIOJHsIeTCsl coyeraTeqbHbl 3akoH. Cymma
KOHEeYHOro YHCJa BEKTOPOB HE 3aBHCHT OT MOPSJIKA, B KOTOPOM OHH
cknagsiBaores. Ecau A —B =C, 1o, npubasiss x ofenM yactaM pa-
BeHcTBa 10 B, Mel mostyyaem A= B +-C. Bo Bcex ciyuafx MOXKHO ore-
pUPOBATb C CyMMaMH H Pa3HOCTSIMH BEKTOPOB TaK, KakK €ciu Obl 3TO
6pin uHcaa. Ecau kB — craasp, To

k(A --B)= kA - B, @)

TaK YTO MOXKHO CKa3aTb, YTO YMHOXKEHHe BeKTopa Ha cKanap ducmpuby-
MUBHO, T. €. 1JIs1 Hero BLINOJHAETCA pacHpelesUTesbHbBIH 3aKOH.

A
-B
B -8
Puc. 2.3. Bek- Pnc. 2.4. O6pasoBauue Puc. 2.5. CyMMa Tpex BeK-
Topul B 1 —B. pasHocTH A-B; Bpuu- ropos: A+B+C. Tiposepbre
TAHHE BEKTODOB. CaMOCTOATeNIBLHO, 4TO 3Ta CyM-

ma paBHa B+A+C.

Koeda ¢pusuueckasn seausmuna moxcem Ooimb 6bLPANCEHA BEKIMOPOM?
Mgl BBesIM BEKTOPHYIC CHCTeMY O00O3HaudeHHH 4151 ONHCAHMSA IIepeMelle-
HUfl B NpoCTpaHcTBe, He obsanawiieM Kpususuoit. [Tomumo nepemelie-
Hufl, UIMEIOTCS JpyTHe (HU3NUECKUe BEJNYUHLI, NOJUHHSIOUIAECH TEM XKe
3aKoHaMm npeolpasoBanus M obJajarolifie TeMHd ke CBOHCTBAMM HHBa-
PUAHTHOCTH, YTO K NepeMmellleHufl. Taxue BeJUUMHBl TaKKe MOMKHO
BbIPA3HTb BeKTOpaMH. YUTofGhl BesqMyuHA BhIPAKaaaCb BEKTOPOM, OHA
JIOJIZKHA YAOBJETBOPATH CJAEAVIOUMUM JABYM YCJAOBHAM:!

1. Jlns Hee po/mkeH coGMIOAATLCH 3aKOH CJIOKEHHS 1O NIPaBUIY
napaJaJejorpamMma.

2. Ee alcosioTHast BeJMYHHA M HamnpaBJeHHe He JOJXHBI 3aBHCETb
OT BBIOOpA CHCTEMbl KOOpPJHHAT.

Hugpepernyuposarue sexmopos. CKOpOCTb MaTepUaIbHOH TOUYKH
V — BEKTOp, YCKOpeHHe a Takke siBasercs BekropoM. CKOpocTb — 3T0
XapakTepHCTHKA H3MeHEHHsI MOJIOKEeHHs] MaTepHaJbHOH TOUKH CO Bpe-
meneM. [losoxkenne matephaibHOM TOUKM B A060H MOMEHT BpeMeHH
MOZKHO OIIPEAE/NTD C TOMOILILbIO BekTopa r(f), KOTOPhif COeAMHALT ¢ NaH-
HOHA TOUKOW ONpeieseHHYI0 HenoABHKHYIC Touky (), Ha3bIBaeMylo Ha-
yajoM orcuera. C TeUeHHEM BpeMeHH MaTepHalbHAasg TOUKA ABHIKETCH,
.4 BEKTOp, XapaKTepusyIOIIUH ee MOJIOXKEHHE, HU3MEHAETCs IO Hanmpas-
JIEHHIO U 10 BesnukHe (puc. 2.6). Pasnoctb mexny r(f:) u r(t,) — 310
PA3HOCTb JABYX BEKTOPOB:

Ar=r(t,)—r (), (3)
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H OHa cama siB/seTcs BeKTopoM. Ec/in BekTOp r MOXKHO paccMaTpHBath
Kak (QyHKIHIO (BeKTOPHYIO QYHKIHIO) OLHOH CKaJsIpHO! nepeMeHHOl f,
TO 3HaueHHe Ar GyjerT NOJHOCTHIO ONMpEAENEHO, KOrja M3BeCTHH o06a
3HaueHus f, u f,. Tak, Ha puc. 2.7,6 Ar — 310 X0paa P,P,. Otnowenue

Ar
At

SIBJIIETCA BEKTOPOM, KOJUIHHeapHBIM ¢ Xopiaoh P,P, (puc. 2.7,6), HO
yBeJHYeHHBIM N0 cpaBHenm:c ¢ neio B 1/Af pas. Ecin Af crpemurcs

Py Arr=ril)-115)

1)

i3
7 (1) )

g ) &

Puc. 2.6. a) IoJoxenne P; MaTepuajbHO¥ TOUKM OTHOCHTENBHO (PUKCHDOBAHHOrO Hawasa

OTCYETa B38AAETCS B MOMEHT BpeMeHH fy BeKTOpOM r (f(). 6) K MOMEHTY t; MarepHasnabHas

TOYKa DOCTHIIZ ToJoXKeHHS Pj. 6) BeKTOp Ar Tpencrapjser coloH pasHOCTb MEMAY f (£,)
ur(fy).

J

K HyJO, TO P, npubanxkaercs K Py, a Xopaa PP, B IpeieJie CTPeMHTCst
K KacateabHOll B Touke P,. Torga Bektop Ar/Af crpemurcs k dr/dt,
BEKTOPY, HANPaB/JeHHOMY 10 KacaTelbHOH K KPUBOH B Touke Py B Ty xe -

CTOPOHY, B KOTOPYIO YBEJHYHBAETCA
BJI0JIb KPHBOI nepeMeHHas f. ar
BekTop ’ 4i
4 lim A @ \ p
g = AL 4
db proo A d A
. 2 i
Ha3BIBAETCS NPOU3BOOHOL NO  pemeHu /
or r. [lo onpezesnenuo CKOPOCTb Mare- 5
T BHA
puasbHOH TOYKH pa 2 9
dr
= Puc. 2.7, a) Ar — 310 3 , -
V(t)— dt (5) AUHALOUWAS TOUYKH 33‘10 H‘(o;;)}:angé);

AGcontoTHas BeqHYMHAa U=|y| BeKkTOpa
CKODOCTY HA3BIBAETCA YHC/OBLIM 3Haye-
HHEM CKOPOCTH MaTepHAJbHOH TOYKH.
Uncsosoe 3gaueHne CKOPOCTH -— CKaJsp.

YckopeHue ToxKe npeicTanasger coboi
POCTBIO V TOUHO TaK e, KakK v CBf3aHa ¢
pezeneHHe YCKOpEeHHA:

dv d?r

a==

WA

TOPHH, ONHChIBaeMOR JaHHOIN wmaTe-
pHaJbHOR TOukoH. 6) Ecnu f,-f,=
At — 0, TO BeKTOD Ar/Af, KOA-
JudeapHbuli ¢ XopAoh P,;P,, cTpee
MHTCSl K BEKTOpYy cKopoctd dr/df,
KOJITMHEapHOMY € KacaTteJbHOH K
TPAaeKTOPHH B TOYKe P,.

BEKTOD; OHO CBSI32HC CO CKO-
r. Orciona caenyer takoe or-

- (6)

PaccMoTpuM BHAKYLIYIOCS MaTepHa/ibHYI0 Touky. Ilonoxenue ee
B8 JI000H MOMEHT BpeMeHH ¢ 3amaeTcs paidycoM-BeKTopoM r(f). Mui
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MOXEM HAallKCaTh:

r()y=r()r(2), (7)
rae ckansap r(f) — 3To JJMHA pajHyca-BeKTOpa, a Ar(t) — eJHHHYHBIHA
BeKTOp Hanpasjenusa r. CornacHo onpenesneHHIO NPOU3BOLHON BEKTOpa
r({) oHa paBHa

d d ~ : t. t ¢ t)y—r (¢ ¢
g}=g;[r(t)r(t)]=i§gl’(“)’(“Zt“ AULECHNTY

[NpeoGpasyem yuciuTeab Apobu H noﬁquM CeAYIOWee BhipaKeHHe:
d ~ e ~
[r () +% At] {r(t) + & At] —r ()T (t)=

-~ ur
_At<dt r—}-rdt) +(A)? =~ T dt . 9

B npegnesne npu Af— 0 npeneOperaeM Ioc/efHHM C1araeMbIM B Npasofi
YacTH U [oJydaeM

dr dr = dr
Vz—&—t—:—d't-"r'{—f'ﬂ. (10)

Jto npumep NpHMeHeHHs OOUIerc npasHaa AnddepeHUHPOBAHUS IIPO-
u3Benenus ckajsipa a(f) Ha Bextop b(?):

d da db

Bropoe cnaraemoe B npasofi uactu ypaenenus (10) Boipaxkaer usmene-
HMe HAIpapBJeHHs BeKTOpa f; MepBOe cJiaraemoe oéycnosﬂeHo H3Me-
HeHueM JJHHBl 7 3TOTO BeKTopa.

[Mpumep. Kpyrosoe aBHxeHHe 3TOT npuMmep Hc-
KJlOuuTeNBHO Barken! Haiua nesb — MOMyUHTb TOYHBIE BHIPAXKEHHS AJIs
BEKTOPOB CKOPOCTH H YCKOPEHHA MaTepHa/IbHOH TOYKH, ABHXKylieHcs
¢ TIGCTOSHRONA Mo abco/OTHOA BeJIHYHHE CKOPOCThIO 110 KPYIOBOH Tpa-
€KTOPHH NOCTOSHHOIO paauyca r. Kpyrosylo TpaeKTOpHIO MOMKHO ONH-
CaTb TAKHM ypaBHEHHEM:

r(t) =rr(¢), (12)

B KOTOpPOM afcoIOTHAA BeJHYHMHA f MOCTOAHHA, @ e UHUYHBIE BeKTop}
BpAlLaeTcsl OTHOCHTEJIBHO Hauaja OTCueTa C MOCTOSIHHOH CKOPOCTHIO.
Bripasum Taxkof enuHHYHBIH BEKTOp CJaelyHOWHM oGpasoM:

r ({)=xcos ol -y sin of, ‘ (13)
rme X U y— B3aHMHO MNepNEeHAHKYJSPHbE MOCTOSHHBIE €IUHHUHBIE
BEKTODBI, 4 ® — TOCTOSIHHAA BeJMUHHA, HaspBaeMasi yaa060tl yacmomot
HJTH (240806 CKOPOCMbIO IBHKEHH . DTa BeHUHHA H3MepsieTcs B pajia-
HaxX Ha eIHHUIY BpeMeHH. BeKTOp F BpalliaeTcs IPOTUB 4aCOBOH CTPeJIKH,
€CJiM BEJIMUMHA O NIOJIOXKUTEJIbHA, ¥ 38 BpeMs { TOBOPAUNBAETCS HA yroJ

®! pajuaH OTHOCHTEJbHO Hanpas/ieHHa x. HanomuuMm, uto B 360° co-
NEPKUTCA 27 pajuMaH. DTH YTBEP:KAEHHA OTHOCHTEJNBHO €IHHHYHOTO
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BEKTOpa T HEMOCPEACTBEHHO CJELYIOT M3 OMpele/eHUil TPHIOHOMETPH-
YeCKHX (DyHKUMH KOCHHYCA H CHHYCA. 3aMeTHM, 4To npu (=0 eInHuy-
HB(fl BEKTOp T HANpaBjieH BIOAb OCH X.

B kauecTBe H/JIOCTPalMK BO3bMEM TaKoe 3HaueHHe BPEMEHH, JJIs
KOTOporo ®f==1/,m paguas, T. e. yroja ! paseH 45°. Mmu 3naewm, uTO

cos 1/, m=-sinl/, w=1)/2/2, TaK uTO B 3TOM C/ydae
- T 5 o~
r-—.—VT— X+-1/72——y (14)

T. €. IpH ©f=1!/,7 e[UHAYHDI{ BEKTOD I HANpPAaBJeH OTHOCHTEIBHO OCH X
nox yrJiom 45°, OTCHHTaHHBIM NIPOTHB YacoBoil CTpetkd. B 6oaee nosa-
HUH MOMEHT BPEMEHH, /1 KOTOPOro yros wf=1/,m paguan (1.e. 90°),
Mbl moJsiyaum cos '/, m=0, sin 1/, n =1, Tak 4TO0

r=y. (15)
Tenepb eIWHUYHBI! BEKTOp HaNpaBJeH 1O OCH .

Jas Toro ytoOnl NOJYYHTbL 3HAYEHHE BEKTOPA CKOPOCTH MaTepHasb-
HOH TOYKH, ABIXKYLIEHCH MO OKPYKHOCTH, Mbl HCIO/NB3yeM QopMmyay
(10), vo nipu stom dr/dt =0, Tak KaK pagnyc r OKPYXKHOCTH [IOCTOSTHEH.
Torana u3 (12} u (13) cnenyer:

dr dr ~d ~d .
v—-aT_rW_r<xFt—cobwt+y-a—smwt>. (16)

OmnpenenuM NMpoH3BOAHKE OT CHHyCa M KOCHHyca. BernoMuEM U3 Kypcea
MaTeMaTHYeCKOr0 aHasu3a, 4To

d . . d . .
-5 Sin £ =cos¢, -7 Sino! = cos of, (17)
d d . .

—rCos = —sint, —7 Cos ot = — o sin of. (18)

Ecnu atn opMysbl He OblIM H3BeCTHBl BAM paree, NonpolyiTe ux Bbl~
BecTH *). : ‘

. o ' int . o
4 gin = lim sin ({4 A¢) smt: lim S0 cos Af+cos ¢ sin Af—sint

d AL ~0 Al At=0 At ’

*) Ipoussoanasn or sin ! no ¢ onpefensierca OCBIYHBIM CNOCOGOM, T. e
d
t

rfle Mbl HMCNOJAb3YEM H3BECTHOE TPHTOHOMETPHYUECKOE TOMKIECTBO:
sin (a-b)=sin a cos b--cos a sin b.
Ho u3 reoMerpuuyecKuX ONpefeleHHH KOCHHYCA H CHHYCa OYEBH[HO, 4TO

i ¢
sin A —1

lim cos Aft=1, lim -
Af-0 Ats0 Al

IMoncraasisi 3TH pesynabTaTsl B (GOPMYaY, MONYdYeHHYIO BHILE, HMeeM

d .
-ﬁsm t==cos {.

AHalOTHYHBIM CHOCOGOM YHTaTeJb MOXeT Noay4dTb dopmyay (18) mns ditcos f.
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C nowmoteio dopmya (17) u (18) moxuo nepenucars paBenctso (16)

B CJEIyIOLIeM BHJE:
’ dr . ~ ~

V=—r=r(—0sinof X+ 0cosof-y).

AG6coMIOTHAS BeJIHMHEA CKOPOCTH paBHa wr. B srom moxuo y6exurbes,

BHIUHCAHB ¥* (UCNONB3YSH OHpEe]EHHE * CKAJSIPHOTO [IPOH3BEACHUS

BEKTOPOB, JlAHHOE HHXe B ypaBHenuu (28), a Takke paBeHCTBO X-y=0):

(19)

VP =V.v=@%?(—sin ot X+ cosmt-&)-(—sin ®f -X -+ Cos wi~§r)=
=o?r?(sin? of + cos? of) = w?r2. (20)

31ech Mbl HCIIOJIb30BaNH TOXKAECTBO Sinfa--cos?a= 1. Takum ob6pasowm,
TIONYYEH BaxKHbifi Pe3yJibTaT, COrJIaCHO KOTOPOMY UYHCJIOBOE 3HA4EHHE
CKOPOCTH MaTepHaJ/IbHOH TOYKH [IPH PaBHOMEPHOM

KPYTOBOM JBHXKEHHH PaBHO
‘ﬂ V= Gr. 2h

YcKopeHHe IpH KPYrOBOM JBHMXEHHH MOXKHO
HalTH, npojudpepeHIpoBaB No { MPaByIo 4acThb
dopmyasr (19):

dv - . ~
Puc. 2.8. Marepuaibuas Aa=—=r(—w?coswl -x—n?sin wof - y). (22)
TouKa ABHMKETCA IO OK- dt
PYM¥HOCTH €JUHHYHOTO
paguyca ¢ yraoBoft cko-

pocthio ®. CKopocTh Ma-

TepHaJdbHOH TOUKH oOIpe-

AeJisercs no dopmyae

(19), a ee  yckopeHnue —
no dopmyse (22).

CpaeHuBasi 3107 pesyabtar ¢ (12) u (13), Mb
BHJMM, 4TO IIpaBas yacTh paBeHcTBa (22) pas-
Ha —o*r:

a= — o (cos 0t -X+sin ol -y) = —aor. (23)

CnenoBate/bHO, UYMCJIOBOE 3HaucHUe YCKOp€HHsA NpH paBHOMEPHOM
Kpyrosom ABHXEHHU paBHO

a= w'r,

(24)

npHYeM YCKOPeHHe HampaBJeHo, Kak —r, T. €. K LeHTpy kpyra. Iloa-
craBuB u3 (21) v= or, nepenuinem (24) B TaKOM BHIE:

a=2. (25)

D10 YCKOpPEeHNe Ha3bIBACTCA UEHMPOCMPEMUMENbHOIM YCKOPEeHUEeM, U3~
BeCTHLIM BaM U3 Kypca (HM3UKH CpeJHeH KoL
YrJsioBasi 4acToTa ¢ CBsi3aHa NPOCTOH 3aBHCHUMOCTBIO C OOBLIYHOMR

actorofi f. CorviacHo ypaBHeHHIO (13) BEKTOp I OMHCLIBAET 32 EIHHUILY
BpPEMEHH Yrol B ® PajyaH, T. €. YUCJIOBOE 3HAUCHHE ® PABHACTCS Bbi-
pa)keHHOH B pajyaHax BeJIMUMHe yIJia, OMHCAHHOrO 3a €AHHHLY Bpe-
menu. Ho ofpluHas yacrora f no onpenesieHHI0 paBHa 4HCJIy 06OpOTOB,
COBEepIIEHHBIX 3a eJUHMIYy BpeMeHH. [lockosbky npu onHoM oGopote
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ONHCHIBAETCA NOJHBIA yroJ, paBHbI 21 pajuaH, noayyaeM

2nf = . (26)

Ilepuod xpyrosoro ApixKenusa T onpejensiercsl Kak Bpems, B Tede-
HHe KoToporo cosepluaercst oiuH obopor. M3 ypaBuenus (13) suawo,
4TO OflMH 0oGopoT coBepuiaercs 3a Takoe Bpema T, uro 07T = 27, UIH

2m 1
T = =7

(0]

(27)

Jlns uasocTpauny NpUBEEM YHCIOBOH NPHMED, B KOTOPOM 4acTora
f paBua 60 o6/cex. Toraa nepuos pasen
1

_T_W 2= 0,017 cex,

a yrjoBas 4acroTa
= 2nf =~ 378 padjcex.

Ecau paguyc okpyxuoctd paBen 10 ¢m, TO JHHEHHAS CKOPOCTD ABHIKE-
HUsl paBHA
v=or 238710 ~ 3,8-10° (cnjcex).

¥Yckopenue B si06oit ToUKe 3TOH TPAEKTOPHH PaBHO
a=w%r ~ (3,8 10%)2-10 ~ 1,45. 10 (c/cex?).

B ri1. 3 paccmatpupaercs yuc/a0BOH MPHMEP, KOTOPBIH NMOKA3BIBAET, YTO
TOYKa, HAXOASIIAACH HA MOBEPXHOCTU 3e€MJIH Ha ee IKBATOpe, HMEET
yCKOpeHHe OKoJo 3,4 cam/cex? BCaeACTBYE BpallieHusl 3eM/IH BOKPYT OCH.

W3 onpenenenuil r, v 4 a ciiefyeT, YTO BCE 3TH BEIHYUHL SBJISIOTCA
pekTopamu. Cusia F, HanpsKeHHOCTDb 3JeKTpuyeckoro noas E u unayk-
LHsT MardH4THOTO moJjsi B Ttakike ABAAIOTCH BeKTOpamMu; 4Tobbl 10Ka3aTh
3TO, MBI JOJIKHB HA OCHOBAHHH ONBITHBIX AAHHBIX yOEAUTHCH, 4TO OHH
006/141a10T CBOUCTBAMH, HEOOXOJUMEIMH AJ15 BEKTODPOB.

Onmbit nokasbiBaer, uto cusia F= Ma, rae macca M — nocrosingeii
ckanap *), IlockoabKy a -— 3TO BEKTOp, CHJa TOXe J0/KHA ObiTh Bek-
TopoM. HanpsmeHHOCTb 31eKTPHYIECKOTO O/ ONpelensieTCa Kak cHia,
KoTopasi JefCTBYeT Ha HENO/JBHKHYIO YACTHILY C eJMHHYHBIM 3apslioM,
HaXOASIIYIOCH B 3JEeKTPHUUYECKOM MoJie; TakKuM o0pasoM, U HarpskKeH-
HOCTb 3JieKTpHueckoro rnoasi E no/mkHa Obith BeKTopoM, ONBITHBIM Iy Tem
YCTAHOBJIEHO, YTO MATHUTHBIE [T0JIS1 CKJIQBIBAIOTCS 110 3aKOHY CAGKEHHS
BEKTOPOB: COBMECTHOe JeHicTBHe NTOJICH C MarHHTHOH HHAYKuuel By » B,

*) Ecnu Macca M He noctosiHHa, TO

aM

(M v)= +M =7 Vi Ma.



B TOYHOCTH PABHOCH/BHO JEHCTBHIO OAHOTO MAUHHUTHOTO MOJA C HHAYK-
umeii B,-+B,, T.e. HHIyKLHA MarHuTHOro mois B Takxke sBasercs
BEKTOPOM.

He Bce BenHuMHBI, KOTOpbIe UMEIOT YHC/IOBOE 3HaUE€HHE U HaIpaBJe-
Hue, 06513aTesbHO ABJIAIOTCA BeKTopamu. Hanpumép, moBOpoTy TBEpJO-
L0 TeJa BOKDYT ONpejeseHHOH OCH, HENOABHXKHOH B MPOCTPAHCTBE,

9 8

Puc. 2.9. a) Hexoxnoe mosoxeHnHe KHUrn. 6) IlosoxeHHe KHHCH IOc/e nosopoTa Ha nt/2 pa-
AuaH Bokpyr ocH 1. ¢) TlosloxkeHHe KHHIH [10CJe NOCJIELYIOWEro NOBOpOTa Ha J/2 pajgMaH Bo-
Kpyr OcH 2. / — IepefHAA 4acTb OGJIOXKH; 2 — 3aAHsas 4acTb OGJIOKKH.

‘MOXKHO MPHIHCATh KaK YHCJOBOE 3HAYEHHE (BeNHUMHA YIJia HOBOPOTa),
Tak W HanpasjeHue (Hanparsaenue ocn). OnHAKO ABA TAKUX NOBOPOTA
He CKJIAAbIBAIOTCA COFJIACHO 3aKOHY CJOMKEHHS! BEKTOPOB, €CJH TOJBKO
yIJlbl IOBOPOTA He ABJAIOTCA GECKOHEUHO MaJbiMH. JTO JIETKO BUAETH,
KOI/a IBe OCH HepneH HKYJAApHbL IpyT K ApYry, a oba yria noBopora

z
7 <

Jey 7

a) V)] 8

Puc. 2.10. a) Hcxonnoe nosoxenue guuru. 6) [losnoxkenne KHHTH [I0C/e [0BOpOTa HA Jt/2
‘pafHaH BOKDyr ocH 2. 6) TlosokeHHe KHUrd HoCJde NOCJIEAYIOWEro IOBOPOTA Ha /2 pajHaH
BOKDYT ocy 1.

‘paBHbl 110 71/2 Kaxapldl. I1pegcraBum ceGe KakoH-aHGO [IpeaAMeT, HANPH-
mep kaury {(puc. 2.9, a). ITosopor (1) nepeBonut ee B mosoxkenue, no-
KasaHHoe Ha puc. 2.9, 6, a nocjenyomuA noBopoT (2) BOKPYr Apyroi
-OCH — B noJsioxeHne Ha puc. 2.9, 8. OfHAKO ec/H BepHYTb NpexMeT
B [IePBOHAYAJIbHOE [IOJIOKEHHE H CHayaJla POM3BeCTH OBopoT (2), a 3a-
TeM 1oBopoT (1), TO B KOHLE KOHIIOB 3TOT NPeAMET OKAXKETCH B MONOKE-
HHH, TOKa3aHHOM Ha puc. 2.10, 8. Opuenrauus npeamera Ha puc. 2.10, ¢
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OT/IH4aeTCA OT OpMeHTalHu Ha puc. 2.9, 6. OueBMaHO, 4TO 1Js 3THUX
[IOBOPOTOB He BHIIOJHAETCA 3aKOH KOMMYTaTHBHOCTH cioxeHusi. Ilo-
BOPOTHl Ha KOHEYHBI YroJ HEJb3fl BHIPA3HTh BEKTOPAMH, XOTS HX MOX-
HO OXapaKTepH30BaThb YHUCJOBLIM 3HAUeHHEM M HampaBieHHEM.

2.2. TMpousseaeHnsi Bektopos. CKajspHOE NPOU3BEICHHE
JABYX BEKTOPOB

HMspecTHb! ABa BHJa NPOH3BENEHUH ABYX BEKTOPOB, LIHPOKO HCIIOJb--
syemble B ¢Qusnke. J{asi ofonx BHJOB NPOH3BEAEHHH BEKTOPOB BhLLHOJ--
HAETCS  pachpefesuTe/bHbll  (IHCTPHOYTHBHLIH) 3akOH YMHOMEHHS:
npou3BesieHHe BekTopa A sa cymmy BektopoB B+ C paBHO cymme npous-
sefienit A Ha B n A na C OnHo B3 3THX NPOH3BENCHHUIT IBYX BEKTOPOB.

y.3

@)

Puc. 2.11. a) dns ofpasoBanus CKaJsAPHOTO TNpoH3BefNexHss A-B rnpubemem
BekTOpsl A H B K oOmell Havajbuofi TOuKe, 6) B (Acos8)=A-B.
8) A(BcosB)y=A.B. 3necs G6ykpoi ) of0O3HAUEH YION MEXIY BEKTO-
pamn A n B.

ApeacTasJasieT cobol cKaasap, APYFoe (TaK:Ke NPHMEHSIEMOE A5 MHOTHX
ueJef) sBAAETCs BeKTOpoM. B mpHHIMNE BO3MOXKHO aTh OlpejesieHHe
Onepalny yMHOMEHHA [BYX BEKTOPOB €lli¢ M JAPYTUMH CllocoGamy,
HO 3TH CNMocoObl HE TPHUMEHSIOTCR, TaK KaK HJIsl HHX He BLIUIOJHSercs
pacnpenesuTesibHbli 3akoH. Hanpumep, Heawbssi cuurTaTh, 4TO YMCIO
AB, T.e. ofbiuHOe wHc/0BOe npousseienne |A||B| abconoTHLIX Besu-
YUH BeKTOPOB A n B, ABJsiercs npousBeAeHHEM 3THX BEKTOPOB: JIETKO
3aMeTHTb, 4yTo eci D= B -+ C, To B obwewm cayuae AD £ AB + AC.
ITO OTCYTCTBHE JHCTPUOYTHBHOCTH jAeJiaeT 4Hca0 AB HENpHTORHBIM B
KauecTBe IPOH3BENCHHA BeKTopoB A u B.

o onpegenennio ckanapHoe NPOU3BENEHHE IBYX BEKTOPoB A 1 B —
9TO YHCJIO, TToJydaeMoe YMHOXeHneM abCOMIOTHOH BeJHYHHB A Ha a-
COJIIOTHYIO BeJIMYMHY B u Ha KOcHHyC yraia Me:KAy 3THMH BEKTOpaMu
(puc. 2.11). Onepanuus cransipHOrO YMHOMKEHMS IBYX BEKTOPOB 0603Ha-
YaEeTCHd TOUKOH MEXKAY CHMBOJNIAMH COMHOMKHUTEJeH:

A-B= ABcos(A, B). (28)

3neck cos(A, B) ofosnayaer KOCHHYC yraa MexAy BekropamMu A m B.
OueBuaHO, YTO ONpefeeHHe CKAJNIPHOIO IPOU3BEICHHS COBCEM He CBSI--
3aHO C CHCTEeMOi KOODAMHAT, T. €. CKaJsipHOe NIPOM3BejleHHe BEKTOPOB
npeacraBaser coboii ckansp. 3amerum, yro cos (A, B)=cos (B, A),



U 1103TOMY CKaJIsipHOE NPOU3BENAEHHE KOMMYTATHBHO!:
A-B=B.A. (29)

Ecan yroa, oGpasoBaHHbIl BeKTopamu A u B, Haxopurtcsi Mexny
/2 u 3n/2, 10 cos (A, B) u A B 6yayT orpunarensupiMu unciamu. Ecnu
A=B, 10 cos (A, B)=1u

A-B=A2=|A] (30)

Ecan A-B=0unpusrom A 5=0u B=0, To MBl TOBODUM, 4TO BEKTOp A
opmocoraser BeKTopy B uau nepneHauKyJasipeH Bektopy B. 3amerum,
uto cos (A, B) =A.B, Tak uro ckanapHoe IIPOU3BE/CHHUE ABYX eHHHY-
HBEIX BEKTOPOB B TOYHOCTH PaBHO KOCHHYCY yTJa MeXKAy HEMH. Besnuu-
Ha TpPOEKUHH BekTopa B Ha manpaBienue BekTopa A paBHa

Bcos(A, B) =BA.B=B-A, (31)

rae A — ejuHHYHBI] BexTOp HanpasJ/enus A. Ilpoexuust Bektopa A Ha
HanpasJaeRue BekTopa B pasna

Acos(A, By=A.B. (32)

He cymecrsyer jeficTBrsg, oOpaTHOrO CKaAfApDHOMY YMHOMKEHHIO
BeKTOpoB: ecaud A-X==0, TOo 3T0 ypaBHEHHE He MMEeT eIHHCTBEHHOTO
pewenns ana X. [eneHume Ha BeKTOp — 3TO He HMEOIIAas CMbICA,
HeonpesesieHHas onepanus.

PaccMOTpHM HEKOTOpHIe IPHMEHEHHS CKAJAPHLIX INPOH3BEIEHHH.

A
‘ C=A-B
B
Puc. 2.12. €. C=C?=(A-B) (A-B)= Puc. 2.13. D.D=D?=(A+B)-(A+B)=
=A2+B?-2A.-B=A%+B-2AB cos 0. = A*+B2+2AB cos 0.

1. Teopema rocurycos. Ilyctb A — B =C; Torga, B3sIB CKajsipHOE
TIpOM3BeJieHHe KasKAOH YaCTH 5TOTO PABEHCTBA Ha TAKYIO XK€ BEIHYHHY,
noJayyaem

(A—B)(A—B)=C.C, 33)

A? 1+ B*—2A.B=C?, (34)

YTO B TOYHOCTH COOTBETCTBYET O6U.L€H3B8CTHOMY TPHTOHOMETPHUYECKOMY
COOTHOUIEHHIO:

HJIH

A%+ B*—2AB cos (A, B)=C?. (35)




2. Hanpasasiowue —Kocuryce:. IlycTb X, y, Z-— TPH OPTOTO-
Ha/lbHBIX *) €IUHHYHBIX BEKTOpa, KOTOPBLIMH OIIPENesseTcs HpsIMO-
yroJbHas AeKapToBa cHcTeMa KoopauHaT. [TpowsposnbHbil BekTOp A
MOZKHO BBIPa3UThb CASAYIOUNM obpasom (puc. 2.14):

A=A-x)x+(A-y)y+(A-2)z (36)

Bennuuuel (A-x), (A-y) u (A-z) Ha3BIBAIOTCA COCTABJSIONIMMU BEKTOPA
A 1 wacro oGosHayatorcs coorsercTBeHHo Kax A, A, n A,. CoorHo-

menye (36) MOKHO NPOBEPHTD, IIOMHOXKHUB 00e €ro YacTH CKa/lgpHO Ha X

Puc. 2.14. g) Hanpasaswomue kocunycs A-2Z, Ay, A'X, noxkasamnbie B DHAe Ipoeknuil,
6) HanpaB/isiomue KOCHHYCH OTHOCSTCS K yKA3aHHBIM yIJiaM.

¥ MCIIOJb30BAB COOTHOLICHHS X-X = 1, x-y=0,x:z=0 (crexyouie u3
orpejie/ieRusl OPTOTOHAMLHBIX €IHHUYHBIX BeKTOpoB). I1pu 3TOM mONTY-
YUTCS TOMKJECTBO

Acx=Ax)(xX)+(A:y) (y-X) +(A-2)(z-)=A.X.  (37)

EnunnuHbiit BekTop A HanpaBjieHHs A MOKHO corviacHO (36) BBIpasuTh
TaK:

A=xcos(A, X)+ycos (A, y)+zcos(A, z). (38)

Tpu KocHHYyCa, BXOASIIHIE B 3TO PABEHCTBO, HA3LIBAIOTCH HANPAGAAIOU4UL-
MU KOCUMYCAMU BEKTOPA A WJIH HAIpAaBJSIONHMU KOCHHYCAMH BEKTOpa
A OTHOCHTEJIbHO OCHOBHBLIX €{HHHYHBIX BEKTODOB X, Y, Z NPAMOYIOJb-
HOH JEKapTOBOI CHCTEMBI KOOpAUHAT. B3AB CKaJjsipHOe IPOU3BEIeHHe
KaXIoH yacTu paBeHcTBa (38) Ha camoe cebs, MOJYYUM JAPYroe U3BeCT-
HOE COOTHOLIeHHe:

1=cos? (A, X)+cos? (A, y)-cos? (A, z). (39)

CyMMa KBaJlpaToB BceX TpeX HalpaBJsONMX KOCHHYCOB paBHA €jH-
HHUIE. :

3. ¥Ypasrenue naockocmu. O6o3HauuM dYepes N BeKTOp HOpManu
K paccMaTpHUBaeMOH IJIOCKOCTH, NMPOBEJEHHBIH H3 Hayaja KOOpAHHAT

*) C/10BO «OPTOTOHaJIbHBIEY YHNOTPeG/AseTCs B CMBICJE «B3aHMHO NEPIEHIHKY-
JISIpHEIE?,
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0, "e HaxogAUlerocd B 3710k MockoctH (puc. 2.15). [lyets r — BekTOp,
uaymai 3 Havasna KoopauHaT O B KakyiO-TO MPOHU3BOJILHYIO TOUKY
nyockoctd P. Ilpoekuus r Ha N no/mkHa GbITb paBHa aGCoOsIOTHOH Be-
JanuuHe N BekTopa HopMasu. Takum 06pas3oM, MJIOCKOCTb OMHCHIBAETCS

CJIe/lyIOIHM YPaBHEHHEM:
r-N=N:2 (40)

Uro6ut yOenuTbcs B PABHOCH/ABHOCTH ITOrO KOMAAKTHOIO COOTHOUICHHUS
OOBIYHOMY YPABHEHHIO TIJIOCKOCTH B aHANHTHYECKOH INeOMeTpHH, BhIipa-

3uM BeKTOpn! N U I COOTBETCTBEHHO Yepe3 HX cocrapistomue N, N
N,y x, y, 2B npAMOYroJbHOR aexap—
g . TOBOH CHUCTeME KOODAUHAT, ONpejesneH-
HOH OPTOTOHA/IBHBIMH € HHHYHBIMH BEK-
TOpaM# X, y, z. Toraa ypaBHenue (40)

4 r IPUHHMAET CJAEAYIOWHUHA BHAL:

(X + yy + z2)- (N x + N,y +
+Nz)=N3, (4])

70051
Puc. 2.15. YparHeHHe HJOCKOCTH; Nxx —1— N Y + sz = ]V2 (42)
N —BexTOp HOpMaJdd K nngcx;cm, Y
uAymad U3 Hayana oTcuera 0. aB- i o
nyeuéne 3TOl [JOCKOCTH: N-r:Np2. EC'HH k —€ANHHYHbIY BeKTOp B Ha-

ApaBJ/eHUH PACHPOCTPAHEHUA TJIOCKOH
9/1EKTPOMArHUTHOH BOJIHBL B CBOOOAHOM TPOCTPAHCTBE, TO (KAaK Mbl
yBunuM B T. IlI) BeKkTOpBl Hanmps:KeHHOCTH 3JeKTpUYecKoro noas E
U MargHTHOH HMHAyKUUM B fO/KHBI HaXoAMThCA

B MJIOCKOCTH, HOpMassHO# BekTOpy k (puc. 2.16).
2T0 reoMeTpHUECKOe YCJOBHE MbI MOXKEM BbIDa-
3HTb CJIEIYIOUIUMH COOTHOLUEHHSAMHU:

kK-E=0, k.-B=0. (43)

4. Mowmocms (paboma, cosepuiaemasn 6 edu-
wuyy spemenu). VI3 anemMentapHoro kypca Qusu-
KM (CM. Takxe IJI. 5) MBI y3HaeM, Yro paboTa, .. o ¢ o maacKod
KOTOpPYIO CHJla F COBEPLIACT B €AUHUILY BPEMEHH SJEKTPOMArHHTHON  BOJI-
o o Hbl, pacrnpocrpadswueics
HaJ 4acTHieH, ABHXKYUIEACH CO CKOPOCTBIO V, 5 croSommom  mpoctpati-

CTB€, BEKTODbI -
pasHa Fucos(F, v). B sToM BHIDaMEHMH Mbl 0% Terionh soberpinc,

TeNEepb y3HaeM CKajapHoe Npou3BeicHHe!: NepPNeHAUKYAADHE - K Ha-
NpaBJIeHHIO PaCpPOCTpaKe-
F.v. : uast k. Taxum o6pasom,

. k-E=k-B=0.

Eciu bl 0603HauuM MOHIHOCTh, T. €. paGoTy,
€OBepILaeMylo B eJMHHIY BpeMeHH, Kak mnpoussoaHyio dW/d¢, to

dW
ar =F.v. (44:)
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5. Ob6vemnan ckopocms. IlycTb S — BekTOp, HOPMaJbHBIH K TJIOC-
KOH IJIOIlaaKe, MMEIOWEH INJOMIaAb, PaBHYIO abCOMOTHON BeJHUYHHE:
S srtoro BekTOpa, a yepe3 v 0603HaYHM CKOPOCTb, C KOTOPOH JBHIKETCS.

St4)

Puc. 2.17. Pabora, koTOpylo CH- Pnc. 2.18. O3dnemHas CKoOpocTh

Ja F copepilaer B eZHHUNY Bpe- dVy/dt, T. e. CKOPOCTb, € KOTOPOIi

MEHH HajA MaTepHaJabHoil TOukKoii, nJaomagxka S, ABHXKYIAsNCA CO CKO-

ABHXYHeHCR €O CKOPOCTLIO V. pPOCTBLIO VvV, ONHCHIBaeT  00beM,

: OrpaHWYeHHbIl IUJAHHApHYECKONH
MOBEPXHOCTHIO.

3Ta nJomanka. Mel BUAHM, YTO 32 €IHHUILY BpeMeHH Haoiaaka S onn-
weT o6beM UUIUHApPA C OCHOBaBEHMEM S M JJIHHOH HaKJOHHOH 00pasyio-
me# v (puc. 2.18). O6bemuasi ckopocth dV/dt, TakuM o6pasoM, paBHa

dav .
d_t: S.v. (45)

2.3. BekTopHoe npoussejeHHe

B ¢usnKe wHpoKo NpHMeHseTCs H APYrol BHA NPOH3BEEHHSN ABYX
BEKTOPOB. JTO IpOM3BeleHNe SIBJSETCS BEKTOPOM, a He CKajisipoM,
HO BEKTODOM B HECKOJbKO OrpaHHueHHoM cMbicye. [lo onpepenenmio

C=A8sind

2

Puc. 2.19. a) BektopHoe npousseaedne C=AXB. 6) BekTOopHoe mpo-

ussefieHue BXA TNPOTHBONOMNOKHO Arro 3HaKy BeKTODHOMY TIipoH3Bejle-
Hnw AXB.

6eKMOPHOE Npousgederie— 3T0 BEKTOP, HOPMaJbHbLH K IJIOCKOCTH, 06pa-
30BaHHOH BEKTOPAMH-COMHOXHTeaAMU A u B, u umerowinii aGecomotnyio
BeauunHy AB|sin(A, B)| (puc. 2.19):

C=AXB=CAB]|sin (A, B)|. (46)
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BekTtopHoe npousBefeHye o603HaYaeTCs KPECTOM MEXIY CHMBOJAMH
comuoxutenefi: AXB *). Hanpassienue BekTopHOro npoussenenuss C
Mo YCTaHOBJEHHOMY COFJIALIEHHIO OIPELENSeTCA NPasuiom npasozo
surma (puc. 2.20): mpeacraBuM cebe, YTO BeKTOpP A, HaxoAsiIMACS Ha
NepBOM MecTe B NPOH3BEJICHHH, TTOBOPAYUBACTCS HA HAHMEHbHIHH yrod
Takum o0pasom, uToObl €ro HanpasJeHHe COBNAJO C HalpaBJeHHeM
BekTopa B; BekTOopHOe mpousBeneHHe C HampaBjeHO B Ty CTOPOHY,
B KOTOPYIO ABHTaJCA Obl BHHT C MpaBoil pe3bboil (T. €. cO CTAHAAPTHHIM
HarnpasJieHHeM pe3bObl), ecu 6bl TOJIOBKA BUHTA [TOBOPAYHBAJIACh B TOM
JK€ HalpaBJeHHH, YTO U BekTop A.

FREAR

Puc. 2.20. a) TlpaBuno npaBoro BHHTa; 6) TO e
npaBHJIO, BO B NPUMEHEHHH K TpaBoli pyKe.

ChopmyanpyeM HHa4Ye NPaBHJAO ONpejesieHHst HalmpaBJeHHs BEKTO-
pa C. CHayana cOBMeCTHM Haua/bHble TOUKH BekTOpoB A U B — 3ro
NO3BOJIUT ONpeleNuTh UX NJockocTb. Bexrop C mepnenaukyJ/asipeH K
3TOH TJOCKOCTH; 3TO 3HAUUT, YTO BeKTOpHOe npoussenenue AX B mep-
NeHAHKYJ/ISIPHO KaK K BeKTopy A, Tak 4 K Bekropy B. Ilosepuem A g0
coBMellleHusi ¢ HanpasjeHHeM B Ha MeHbIINE U3 ABYX BO3MOMKHBIX YTIJIOB
M 3aTHEM YeThlpe Na/blia NPaBoll pyKH B TOM HaIpPaBJEHHHU, B KOTOPOM
nosopauyuBaercs BeKTop A; Torza GoJbLIOH TaJjell MoKa)keT HaM, KyAa
Hanpassen BekTop C=AN B. 3ameruM, YTO B CHJIy 3TOrO COIJIALIEHHA
0 3Hake rpousseneHuss B)CA ABsserca BEeKTOPOM, PABHLIM 1O abCoO/IOT-
HOH BeJUUHHE U IIPQTHBOIOJOKHBIM 10 3HaKy BeKTopy AXB:

BXA=—AXB. (47)

Takum o6pa3oM, BeKTOpHOe NpOH3BejeHHe HeKoMMyTaTuBHO. M3 (47)
cnenyet, uto A A=0, T. e. 4To BeKTOpHOe NMpoOH3BeeHHe JO00TO BeK-
TOpa Ha camoro ce6a paBHO HYJO. /1A BEKTOPHOTrO NPOU3BEIEHHS BHI-
[IOJTHSIETCS PaclpefeHTeNbHbIA (QUCTPUOYTHBHbIH) 3aKOH: )

AX(B+£)=AXB+AXC. (48)

*) Uacro BekTOpHOE NPOH3BejeHHE 0603HANAETCH KBaJpaTHbIME ckoGkamu: [A B].
(ipun. ped.)
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Heckoabko rpoMosaikoe J0Ka3aTe1bCTBO 3TOIO TOXKAECTBA MOXKHO HAHTH
B JI0G0H KHHTE 110 BEKTOPHOMY aHAJH3Y UJIH aHAJHTHIECKOH TeOMETPHH.
Huixe MBI pacCMOTPUM HEKOTOPHIE NPUMEHEHHS BEKTODHBIX MPOH3-
BeeHu .
1. ITroujade naparseroepamna (puc. 2.21). Abcomornast BesHYHHA
BEKTODHOI'O NPOH3BEJEHUS ‘

|AX B|=AB|sin(A, B)| (49)

PaBHAETCH MJIOLIAJHM MapaJjsesnorpaMma co cTopoHami A u B (unu ynso-
eHHOW TJIOMANH TpeyroibHuKa co cropoHamu A u B). Hanpasnenue
BekTOpa AN B meprnesuxkyaspHO K IIOCKOCTH
nmapaJjieaorpamMmma, [03TOMY Mbl MOXKeM CHUTATh
AX B sexmopom nrowadu napadsesnorpamma.
TlockobKy MEI TPUOHCAAH OMpEJesIeHHbIE Ha-
ripassieHus cTopoam A u B, Bekrop mnJsomann
TaKKe Mosyuaer HampasJsenue. Mimerorca dusu-
yecKHe TPHJAOKEHHS, IJe YI0OHO NPHMNUCHIBATDL
NJIOLAAN ONpee/ieHHOe HalpaBJIeHHE.
2. Obvem napaasesenuneda. Cxransip

Puc, 2.21. Bextop nJo-

‘ (AXB) . C | == V (50) maau nlapaJtesiorpamMa

paBer C=AXB=AB X
X} sin 6] €.

npexcTaBager coboll o0beM NapaJdsesenunena ¢
naowaapio ocHoBanus AX B u 6okoBbiM peGpom C. Ecsn Tpu Bektopa
A, B 1 C niexxaT B 0Ol NJIOCKOCTH, TO 00beM 3TOrO NapanneJenunena

AxE
4
A 4
A4
Hmrewecms sexmapos A u B
Puc. 2.22. (AXB):-C paBHO mpousse- Pue, 2.23, A, B, C-Tpu Bekropa,
ZEHHIO MJOLLAAH OCHOBAHMS HA BLICO- BexTop AXB mnepneHaukyaspen K
Ty, T. €. paBHO 00meMy mapaJjiene- IJIOCKOCTH, 00PA30BAHHON BEeKTOpaAMH
nHnIexa. - A u B.

OyeT paBeH HYJIO; C/e0BATeLHO, TPH BEKTOpa KOMIJIAHAPHEL *) Toraa
¥ TOIBKO TorAa, Koraa (AX B).C=0.
Pacemarpuas puc. 2.22, MOXKHO YCTaHOBUTB, UTO

A-(BXC)=(AXB)-C, (6

T. €. 8 mpodﬂom CKANAPHOM npousee@eﬂuu BEKIMOPO8 MONCHO MeHAmb
MECINAMU  3HAKW CKAAIPHO20 U BEKMOPHO2O YMHONCEHUL, He U3SMEHAA

*) Tpu BekTOpa Ha3LIBAIOTCA KOMAJIAHADHBIMH, €CIH OHM JeXaT B OJHOH mJjo-
ckoctH. ([1pum. ped.) .
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eeautury npoussederusn. OpHako
A. (BXC)=—A-(CXB). - (82)

BesuurHa TPOHHOrO CKaJiipHOrO MPOM3BENEHHS HE H3MEHSeTCS MPH
UMKJIHYeCKOH NepecTaHOBKe NMOPAAKAa BEKTOPOB, HO MEHSET 3HakK, eC/H -
HapyIaeTcs UHKJAHYECKHH NOPAJNOK BeKTopoB. LluknuyecKuMH mnepe-
cranoBkamu 118 ABC 6ynyt BCA u CAB; anTHUHKIHYECKUMH TIEpecTa-
HoBKamu i ABC 6ynyr BAC, ACB u CBA.

3. Teopema curycog. PacCMOTPHM TpeyTOJbHHK H3 BEKTOPOB, OIpe-
Jensiemplx paseHcTBoM C=A-+-B, u nowmHoxuM BekTopHO Ha A ofe
YaCTH 3TOTO PABEHCTBA:

AXC=AXA-+AXB. (53)

Ho AXA=0, a aScosoTHble BeJIHUHHB! 00enx uacteil pasenctsa (53)
JIO/KHB! ObITh OJMHAKOBBLIMH, T. €.

AC |sin(A, C)|=AB]|sin(A, B)|, (54)
Hm
in (A, C in(A,B .
sin (B ) — sm(C ). (55)

T0 paBeHCTBO NpeacTapJsieT cOG0H TPHTOHOMETPHUECKYIO TEOpeMy CH-
HYCOB.

Hnocwocmb senmapos AXB i &

Snockacme sexmopos B u &

\
(AxB)xC )
Puc. 2.24., Bextop {AXB)XC nepnesfu- Pne. 2.25. Bexktop BXC mnepnen-
KyJig9ped K IJJOCKOCTH BEKTOPOB AXB u HHKYJAPEH K NJI0OCKOCTH BEKTOpPOB
C; OH JIEXKHT B NJIOCKOCTH BeKTOpoB A H B, BucC

4, Tpoiinele npoussederusn 6exmopos. BoamoHB Ba BHAA TPOHHBIX
NPOM3BENEHUH, ABJAIOIUXCA BEKTOpaMH. Bekrtop

(A-B)C ()

— 3T0 nonpocty npousBeienre Bektopa C Ha ckansp (A-B). Hpyroe
TpofiHOe [POU3BENEHHE HA3LIBAETCH MPOUHHIM BEKMOPHbIM NpOuU3sede-
Huem U VMEET CJAEAYIOUWHH BHA:

AX (BXC), (57)
T. €. OHO fBJAETCA BEKTOpOM, MNeprneHAHKyJspHbIM K A H K ‘BXC.
[Nockonbky BekTOp BY Cnepnesaukyasipes K N10CKOCTH, 06pa3oBaHHOM

pektopaMu B u C, To Bektop AX(B)C) no/mkeH HaAXOAHTBCS B MJ0C-
koctH BeKTopoB B u C. IlonoGHoe e paccyxaenue npuBOJHUT K TOMY, 4TO
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| mpou3BejeHue
(AXB)XC=CX(BXA) (58)

npeAcTaBisier co6of BeKTOp, JexkamMid B INIOCKOCTH, 06pasoBaHHOH
BekTopaMu A u B u neprnesnukynspuoét k C. Hcuo, yro (57) u (58) —-
5T0 pasHbie BEJHUYMHBI, T. €. TOJOXKEHHE CKOOOK HMeeT CYLIeCTBEHHOE
3HAUeHUE.

Mo:xHO BbIpasHTb TPOHOe BEKTOPHOE TPOH3BEACHUE KaK CYMMY ABY X
csaraeMbix:

A X (BXC)=B(A.-C)—C(A.B). (59)

JloKa3aTeNIbCTBO 9TOTO BAXKHOI'O COOTHOIIEHHS NPHBOAUTCH B PYKOBO-
CTBAX MO BEKTOPHOMY aHaJH3y.

5. Cunsa, OelcmBywujas HQ SAPANCEHHYIO YACMULY 8 MASHUIMHOM
nose. Cuna, geficTByloWas HA TOUEUHBIH 3JICKTPHYECKUN 3apsij B Mar-
HHTHOM §oJje ¢ HUHAyKudei B, nponopUHOHa/ibHA COCTaBJSIONLEH

Jlnacrocms senmapos A & BXE

Ax(BxE)

Puc. 2.26. Bektop AX{(BXC) mepnenpuxy- Puc, 2.27. Cuna, pefi-
JISIPeH K TJIOCKOCTH BeKTOpoB A W BXC; oH CTByOI[AS] HA [OJIO-
HaXOmMTCH B IJOCKOCTH BeKTOpoB B u C. MHUTENBHBIA 3apaj ¢ B
Ouesnano, urto AX(BXC) u (AXB)XC~3ro MArHHTHOM TIOJIe.

Pa3JJHUYHHE BEKTOPHI.

BekTopa B, mepmeHAMKYJAPHOH K CKOPOCTH V, C KOTOPOH [ABHXKETCS
3TOT 3apsj. DTO COOTHOLIEHHE JIETKO MOXKHO BBEIPA3HTh B (JOpPME BEKTOD-
HOTO [POH3BEIeHHA:

F= % v X B (B rayccosoii cucteMe enuHHY) (60)

WK
F=¢gv X B (B cucreme CH). ‘ (61)

31eck g — 3apsi]l YaCTHUEBL, @ ¢ — CKOPOCTh cBeTa (puc. 2.27).
10T 3aKOH JAeficTBUS CHJBI MonpobHO paccmarpusaercs B T. 1L

2.4. BekTophl B JEKapTOBOH cHCTeME KOOPAHHAT

Bupakenue (H3HUeCKUX 3aKOHOB B BEKTOPHOH dopme oTiHuaeTcs
UBSIeCTBOM H JIaKOHHYHOCTEI0. OHAKO B KOHEUHOM CUETE Mbl JIOJIKHBI
KOJIUYECTBEHHO OLGHUTH CJEeICTBHA TPHMEHEHHS 3THX 3aKOHOB K KOHK-
peTHuIM busHyeckHM ycsosusM. Ilpu 3ToM nosesHo nepefiTH oT BeKTo-
POB K Onpele/ieHHbIM CHCTEeMaM KOOPAHHAT, H3 KOTOphlX HauGosee
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yROOHOI ABAsercsl Aekaprosa cuctema. Ms-aa ceoeit ocofennoit mpoc-
TOTHl 3T@ CHCTEMa KOODJMHAT Yaile Bcero npumMensercs B ¢usuxe. Ona
onpenessieTc 3ajgaHueM Ji0060H TPOMKHM B3aHMHO MepreHIUKYJSpHLIX
€IMHHYHBIX BEKTOPOB X, Y U z. Ec/ii Mbl HX HanyileM Ha JOCKe, He YKa-
3aB CTPEJKaMH, YTO 3TO BEKTODHI, TO 3TO He NPHUBEJLT K HEI0Pa3yMEHHIO.
HekoToprie aBTOpEl NIpeanounTanT 0603HauaTh 3TH EIHHHYHLIE BEKTOPh)
uepes i, j u k. Hanpas/sieHue z OTHOCHTENIBHO X U y ONpefessieTcst npa-
BUJIOM [1paBOTO BHHTA, YKa3aHHLIM BLIle B CBA3H C OIpPENe/ICHUEM BeK-
TOpPHOro NpousBefenus. Coraacso 3Tomy npaBuIy

z=xXy. - (62)

Y¢a0BUMCH NOJB30BATLCS TOJNBLKO NMPABOBHHTOBBIMH CHCTEMAMH KO-
opaunar. Kax Mel coofmuaH 6bl Haule onpeiejieHHe NPaBoro BHHTA

N>

¢

P
z

A A2
Zz XY=z

’q=‘z"\’4‘2'+j/4y+é\,4£

Puc. 2.29

~ A A

Puc. 2.28. EARHNYHEIE BEKTOPHl X, ¥) Z

AeKapToBofi  OPTOroHaNbHOH CHCTEME
KOOPIMHAT.

Pa3yMHOMY cyulecTBY, Haxoaawemycs B apyroii Cosueunofl cucreme
namefi IanaxTuxu? MBl MoKeM 3TO ClesiaTb € TOMOLLbIO 110JIsIPH30BaH-
HBIX [0 KPYry pazHoBosiH *). Paguocurian zecer HudopMaluio, KoTo-
pasi cooflLaeT yaneHHOMY HaG/II0AaTe/n0, Kak Mbl 3a1a/H HANPABJIeH e
KPYroBofl NOJfpH3alKy PajiHOBOIH. JTOT YialeHHLH Habaionatenb
JIO/DKEH pacnosiaraTh JBYMS NPHEMHUKAMH, OJHH M3 KOTOPHIX pearu-
pyer Ha JaHHOe HaNpaBJCHHE KPYroBOH NMONAPU3AUMY CHTHAJA, & ApY-
roif — Ha ee NPOTHBONOJOXKHOe Hampassenue. [lonobuas ogrosHau-
HOCTb B ONpefeseHHM HanpapJeHHsl BpAUleHHs BeKTopa Heo6Xoauma
LJIst OBOro MeToja: Tak, HanpuMmep, NepBoHadadbHO 3eeMaH NPH aHa-
Ju3e CcrekTpanpHoro 3aghexta, BHOC/IELCTBHH HA3BAHHOTO addektom
3eemaHa, HENPaBUJBHO OINpeAEJNJi HaUpaBJeHHe KPYroeofl mossipusa-
IIHH CBeTa U H3-3a 3TOro clenan OWNO0UHLIA BHBOI, YTO B aTOMax Ko-
JAebIomHecs 3apaabl HMEIOT OJI0KUTeNbHbLH 3HaK *¥).

*) Kpyrosas mossipusauusi paccmarpusaercd 8 1. 111 («Bounb).

Ecnu gBa rapMOHHYECKHX KOJeGaHHS PaBHON aMIVIMTYRB!I COBepUIAOTCS B OfHOH
NJOCKOCTH 10 B3@HMHO HePIEHAMKYJISIPHBIM HANPABACHUAM (OCH X H Y) Op¥ PasHOCTH
a3, paBHOIl 71/2, TO pe3y/bTATOM HX C/IOXKEHHS SBASLETCA OKPYXKHOCT. ([Ipum. ped.)

**) Cu. P. Z e em a n, Philosophical Magazine, ser. 5, 43, 55 and 226 (1897).
Io nogo6roii ke npauune 11 noazn 1962 r. nepsas nepefaza co CIyTHHKA «TexbcTapy
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HHsapuarmrocmo seautiinbs A N0 OMHOWERLUIO K ROBOPOIMY CUCTEMDbE
omeuema,
JIioBoli BeKTOp A MOXKHO BHIPAsHTh Tak (puc. 2.29):

A=Ax-+Ay+A4,z. (63)

3nech A,, A,, A, — npoekuuy BekTopa A Ha COOTBETCTBYIONIHE KOOp-
jauHarnoie ocd. Takum o6pasoM,

A= A.x=Acos(A, x), (64)

i aHajoruyno aia A, H A,. Mpl Oynem usorja o6o3Havarb Bektop A
B BHe Tpokiku umcen (4,, 4,, A,). Lns kBajapara Bextopa A Mbi 11071y~
uaeM TaKoe PaBeHCTBO:

Ar= A% - A4 AL (65)

[Tpeanosnoxum, 4YTO Mbl OCTaBJsieM HampaBJeHHE BekTOpa A Heus-
MeHHBIM H IOBOpayMBaeM CHCTEMY OTCYeTa C OCSAMH KOODAHHAT BO-
Kpyr Hayana KOOpAHMHAT, MNOJYy-
yasl TPH 5TOM HOBYIO TPOHKY
OPTOTOHAJBLHBEIX €IHHHYHBIX BeK-
TopoB X', ¥, z*. B nosoii cucteme
KOOPJAMHAT COCTaBJAIOLIHE BeKTO-
pa A Gyayr pasubl Ay, Ay, Az

A=A x +A,y A 7. (66)

Herpyn#o npeactaButh cefe Ha-
npapJenue BekTopa A Heu3meH-
HBIM — MBI OCTaBJsIeM BekTop A
HENOJABHUKHLIM OTHOCHTEJBHO He- Puc. 2.30. BerTOp A MOMHO BBHIDA3HTb B CH-
CTeMe€ KOOpAMHAT X, Y, 2 HJU B CcHCTEME
MOJABHUKHBIX 3Be34 HJAH, YTO €ile KOOpAMHAT X7, ¥, 2’, NOAYueHHOH Hu3 x, u, 2
3 nyTeM IPOUSBOJBLHOrO NOBOPOTA. Mpl rono-
yaofuee, OTHOCHTEABHG 3TOH Ha- i wro A ABAACTCSH HHBAPHAHTHOH GOpPMOIL
neanaHHoﬂ CTpaHH[LbI. HoBaH CH- TI0 OTHOLICHHIO K IIOBOPOTY. 3to 03Havaer,
cTeMa oTcueTa [10BOPauuBaeTcsl Of- at0 AR+ Aj+ Al= AL+ AL+ AL,
HocHTenbHo crapoit. JoanHa orpes-
ka A nosikHa ObITh HE3ABHCHMOH OT OPHEHTAIIHH CHCTEMBI OTCHETa; CJle-
IOBaTeJNLHO, BeHuMHa A*, pacCunTaHHas HCXOAs H3 ypaBHenus (66),

JIOJKHA OLITh TOXAECTBEHHON Besmyune A* B ypasrenuu (65):
A A3 4+ A% = A% 4+ A3 AL (67)
ITO NMepBbil BCTPETHBLIMACA HaM NDHMED UHBAPUAHMHOL gopmer *).

CDOPMyJIa, BhRIpaxaroias aﬁcomomylo BEeJHHYUHY BEKTOpa, OJHA H Ta e
BO BC€X [AE€KapTOBBIX CHCTEMAX KOOPDAMHAT, OTIHYANUIUXCH APYyr oT

Znecioems 'y’

TVIOXO IIPUHHManach B AHIVIHH U3-32 «... o6patieHns Gassl Masiol coCTaBAAIOmell B an-
TeHHe, NPHUMHON KOTOPOTO GLUI0 HempaBMJIbHOE ONpelleieHue HANIPABJEHHS KPYTOBOM
nonsipusanuu papuosoan» («Tafime», 13 moas 1962 r., crp. 11).

*) Hupak nucal: «BelnyuHbl, COOTBETCTBYIOMME BAXKHBIM IOHATHSM B IpHpOIe,
ABJSIIOTCH HHBapHAHTAMH 3THX npeoGpa3oBanuil (Wi, B 6oftee oblneM ciyyae, <KBasH-
HHBAPHAHTAMHY, HIM BEIHUMHAMH, KOTODHIe MPeoGpa3yloTcs IO NPOCTHIM NPaBHAAM)»
(Il. A. M. I np a g, llpunuuns KBauntoBofi MexaHuky, Pusmarrus, 1960, crp. 12).

3 4. Kurrean u ap. 67
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Jpyra X€CTKHM NNOBOPOTOM oceit KoopAHHaT. CKaJIHpHOQ IIpou3BeaeHue

BEKTOPOB ~
, A-B=A,B,+AB, +A,B, (68)

npeacTaBaser coboft Apyrod nmpuMep HHBapHaHTHOH (GOPMBI, KaK 3TO
OUEBHJHO H3 €ro IeOMETPHYECKOTO OfpelesieHHs yepe3 IPOEKIHH.

BekTopHoe npousBejseHHe, KaK CJAEIYeT H3 €ro IeoMeTpUUYeCcKOro
onpeneneHus, NpeacTaBiser cofof ellle OIHY HHBAPHAHTHYIO (OPMY.
BeKTopHOEe IpOH3Be/IeHHE BBIPA’KAeTCs 4epe3 JeKapTOBbl KOOPJAHHATHL
CJeYIOIUM 00pa3oM:

AXB=(Ax+A,y+A4,2) X (B,x+B,y+B,2)=
= A,B, (XX )+ ABAX X 2)+ A,B(y X X) +
+ Asz(§x Z)+ Asz(Z X )E) —"' Asz(Ex 37)’ (69)

TIe MH Hcnosbsopaau cootHomwenve xXX=0 u T. n. Ho u3 onpenene-
HHA BEKTOPHOTO NPOU3BEAEHHS OUEBH/IHO, YTO-

xXy=2z, yXz=Xx, zXx=Y. (70)
3amerbTe, YTO B Ka)Kjoe NpOHU3BeLeHNe eNNHUYHbIE BEKTOPH BXOHAT
B NOPsIJIKe Xy2 WJIH B ero LHUK/IMYecKoll nepecraHoBke. EciM H3MeHHTDb

TNOpAINOK COMHOXKHTEJEH, TO MEHSIeTCst 3HaK NpousBeAeHNs, IIOTOMY
4TO TaKOEe H3MEHECHHE NPUBO-

z z JWT K TIEPECTAHOBKE, aHTH-
IIUKJHYECKOH  OTHOCHTEJb-
HO Xyz:
' ‘ yXx=—1z zXy=—X,
z\_/y Z\\_/y
& : Vi ‘

XX z=—y. (7]
C Y4€TOM 3THX COOTHOUIE-

Hui CTB -
Puc. 2.31. a) LukauvyeckHil mopsfoK xyz. 6) AurtH- paBEH 0 569) HPHHH
LUKAHYECKHR TTOPALOK Xy2. MadeT CAaeayIOUMH BHUA:

AXB=x(4,B,—A,B,)+Y (A,B,—A,B,)+z(A,B,—A,B,). (72)

OG6parure BHHMaHME, 4TO B NpaByio 4Yacth ¢opmyasl (72) Bxoasr co
3HAKOM ILJIIOC T cjlaraemble, B KOTOPHIX GYKBH X, &, 2 B 0GO3HAUCHHUAX
€JIMHHYHBIX BEKTOPOB M MHJEKcax npH A u B pacnosiokeHbl B IOPsijiKe
XYz MIH B €T0 LHMKJIMYECKOH IepecTaHOBKe; B MPOTHBONOJOXKHOM CJy-
yae, T.e. LA NEPECTAaHOBKM, AHTHUMKJHYECKOH OTHOCHTENBHO XYz,
nosny4yaercss MUHEyc. Ecsiil BBl 3HaKOMEI C OMpefeHTeISIMH, TO BhI JIETKO
MoXeTe NIPOBEPHTD, 4TO CeAylouas gopmyJa:

x 0y oz
AXB=1a, 4, 4,} (73)
’ X By Bz

aKBUBa/eHTHA GopMyae (72) H IIPUTOM Jierye 3aliOMHHAETCH,
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Mpumeps. Pasnuunsie dJeMeHTapHBEe e i-
CTBHA C BeKTOpaMu. PaccmoTpum cienyiomuit Bextop
(puc. 2.32):

A=3x+'y+2z.
a) Haiitu nauny sextopa A. Onpenesum A*:
A=A A=32412+22=14,
oTKyna ceayer, uto A=)/14 — 310 annHa BexTopa A.
6) KakoBa mauHa npoexiuuu BekTopa A Ha IJIOCKOCTBb xy? Bexrop,

ABJAsIOMHUiCA npoeKuneli A Ha NJAOCKOCTb Xy,— 3T0 3X--y; KBampar
IJIMHBI 3TOTO BeKTOopa paseH 3*--12=10.

/,l<//é/
g z
Pue. 2.32. Bektop A=3x+ Puc. 2.33. Bextop B maxozurca
= o3 B IJIOCKOCTH XY ¥ TEpUeHARKYJIs-
+Yy+4 2Z H €ro InpoekKnus Ha DEH K BEKTOPY A,

[JIOCKOCTh XY.

B) [locTponTth BeKTOp, JeKauluil B NJOCKOCTH Xy U NepleHAHKYyaap-
ueifi K BekTOpy A (pHc. 2.33). 3anuwem B Buje

B=B.x+ B,y
BexTOp B, obsanatouiuit ceoficreom A+ B=0, uau
(3X +y +22)+(B,x + B,y) =0.
Bruncnus ckasnApHoe MPoH3BeleHHe, HAXOAHM, 4TO
3B, + B, =0,

.

Hin
B,/B,= —3.

Hauna Bekropa B He onpenensercs ycaoBHAMH 3ajaud.
r) [Nocrpouts equnnynolii BekTop B. Ina storo sekropa Bi+Bj=1,
us
B2(1243%)=1=1082
CnenoBatenbHo,
Sl . 3 . x—3%
| b=y —v©Y= v
1) Haiitn ckansipHoe mpoussenenHe BekTopa A Ha BeKTop C=2x.
MoKHO HemocpeaCTBEHHO yOeiuTbCd, 4TO OHO paBHO 2:3=°6.
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¢) BripasnuTb BekTOopel A n € B cucreme OTCUeTa, TOJYUYEHHOH M3
CTapoil CHCTEMBI OTCYETa NOBOPOTOM Ha 71/2 110 9acOBOM CTpeJiKe, €C/M
CMOTPETh BJIO/Ib TONOKHTEILHOTO Hanpasienus ocy z. Hosbie ennnny-

Hbi€ BEKTOPLI X y Z CBsi3aHbl CO CTApbIMH X, y, Z CAeaYIMMY COOT-
HOWEHUAMH:

.Y - . -
X'=y, y=—Xx 2=z
Bce x 3aMeHsieM Ha —Y'; y 3ameHsieM Ha X', TakuM o6pasom,
A=x—3y +27z, C= -2y
k) Hafitn ckansapHoe nponspenenue Bektopos A+ C, Korga sTH Bek-
TOpBI BRIPaXKeHhl B (ITPHXOBAHHOH cucTeMe KoopanHat. Ilo pesysabratam

zr

’ —
I

Puc, 2.34. [Ipoexuns BeKTO- Puc, 2.35. LITpHXOBaHHAA CcUCTEMA OT-
> cuera x’, y’, 2/ -NOJIyveHA H3 HETPUXO-
a C= ekTOp A. * I
pa C= 2x wua P BaHHOfi CHCTEMH X, y, 2z TOBOPOTOM Ha
YFoJ 5T/2 BOKPYI OCH 2.

TIPeIBIAYINero NyHKTa noaydyuam (—3)-(—2)=6, TouHO Tak ke, Kak
¥ B HelUTPUXOBAHHOH CHCTEME.

3) Haiitun BekTopnoe npoussefenne AXC. B nemtprxosanso# cuc-
TeMe OHO PABHO

Xy z
31 2j=4y—2z
2 00

O6pasys ckansgpHele NPOU3BEJEHHS, MOKHO YOeIHTbCA, UTO ITOT BeK-
TOp NepHeHIHKYJsApeH Kak K A, Tak H K C.
u) Paccuntarb Bektop A — C (puc. 2.36).

-4

= _ [Tonyuaem
4 , A—C=(3—2) X+ y+2z=x-}+y-+ 2z
" 3annce B BHJAE BEKTOPHOTO NPOH3BENEHMUS
; oco0eHHO yA00Ha JJ5t BblPaXKeHHs! yIJIOBOH
Tz CKOPOCTH H YIJOBOIO YCKOPEHHA Bparaio-

meroecst Tena. Mel BHIeNH, YTO NOBOPOTH HA
KOHEUHBIH YToJl HE ABJIAKTCA BEKTOpPaMH, MO-
"TOMY 4TO JiBA TaKHUX MOBOPOTAa He IOAUUHSIOTCH 33KOHY CJIOXKEHHS
BekTopoB. Ho yrioBag ckopocTe, 1O oNpefeseHHIo, HOPeCTaB/SET
<000 1mpefies] OTHOWIEHHs! GECKOHEYHO MaJsoro yrJa IoBopora k Gec-
KOHEYHO MaJIOMy HHTepBaJy BpeMeHH, 32 KOTOpbIH NPOMCXOAUT 3TOT
nosopot. Ilopsgok, B KoTopoM coBepumiaioTCA JBa 6€CKOHEYHO MaJlbIX

Pue. 2.,36. Bektop A-C.
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f10BOpPOTa, He BJIHsET HA OKOHUATE/bHOE IMOJIOKEHHE HpeAMeTa, €CJIH
MCKJIIOYHTDb cJlaraemple TaKOTO Ke TMOpsAAKa MaJocTH, Kak KBaipar Be-
JAnupHb GeCKOHEYHO MaJblX HOBOPOTOB, 2 3TH CJaraeMble HCYE3AIOT
DIPH COOTBETCTBYIOILEM Tepexone K mpeneny. B oaxofi u3 nocsenyromnx
IJIaB MBI ROKa)€M 3TO M PAcCMOTPHM 3JEMEHTapHYI0 JNHAMHKY Bpa-
UAOMHXCA Tedl.

HHorga bl roBopuM 0 CKa/IsipHOH QYHKUHH IOJIOXKEHHs!, HanpHMep
o temneparype T(x, y, 2) B TOUKe (X, Y, 2) K&K O cKasaprom nose. Ilo-
JIOGHO 3TOMY O BEKTOpe, 3HaYeHHe KOTOPOro ABARETCH (yHKUMel 10J0-
JKEHHUS, HalpuMep O CKOpocTu V(X, ¥, Z) MaTepHalbHOR TOYKH, HAXOMs-
welics B Touke (X, Y, 2), Mbl TOBOPHM KaK O 6eKMOPHOM 1104e. BeKTopHBIH
aHajk3 B 3HAUUTE/IbHOH CBOEHl YacTH MOCBAILEH CKaNspHLIM H BEKTOD-
HBIM NOJIAM ¥ Iu(depeHIHaNbHBIM ONepalysaM HaJl BEKTOPAMH, NOAPO0-
HO paccmaTpuBaeMbim B T. [

2.5. YacTo npuMeHseMbie BEKTOPHbIE TOKIECTBA

A.B=A,B,+A,B,+4,B, (74)
AXB=x(A,B,—A,B)+y(A,B,—A,B,)+ 2(A,B,—A,B,), (T5)
(AXB)XC=(A.C)B—(B:C)A, (76)
AX(BXC)=(A-C)B—(A-B)C, (77)

(A X B)-(C X D)=(A-C) (B-D)—(A-D) (B-C), (78)

(AXB)X(CXD)=[A-(BXD)]C—[A-(BXC)]D, (79
AX[BX(CXD)]=(AXC)(B-D)—(AXD)(B-C).  (80)

3agauwu

[lpu pelueHuy npepnaraemblXx 3ajad DpPUMeHsHiTe BEeKTODHble METOIB, FAE 3TO
BO3MOXKHO.

1. Cocmasaswuue sexmopa. [locrapbre Ha Jucre Gymary ABe TOukKu, 0603HaybTE
#ux O u P (puc. 2.37). IIposenure orpe3ok ot O x P, 0603HAYHB ero KOHell CTPesKoii.

. —>

a) Hafitrm x w y — cocrasasiome Bexkropa OP Vi
(B cMm). .

6) [Tapannensro ocam Ha puc. 2.37 mpoBecTH Apy-
rylo napy oceil, Ipoxolsamux yepes TOUuKy O; KakoBsl
HOBBle COCTABJISAIOIHe 3T0r0 Bekropa x' # y'?

B) [MoBepHyTh BTOpYI0 Hapy ocelt Ha 30° mporus
4acoBOH CTPeNKH M HAWTH COCTaBJfloUiMe BeKTopa x”
# y' B HOBOH CHCTeMe KOOPAMHAT. .

2. Caooceriue eexmopos. [ToCTPOHTL pe3ysIBTATHL g
CTIeJIYIOI X ONepailuii CJIOKEHNsS] BEKTOPOB:

a) CnoxHuTh BEKTOP INHHOR 2 ¢M, HaANpaBAeHHEIR z
Ha BOCTOK, C BeKTOPOM IMHHOA 3 cM, HanpaBieHHBIM
Ha ceBepo-3anal.

6) Cioxutp Bektop AMuHOH 8 cm, HanpaBied-
Hbll Ha_ BOCTOK, C BEKTOPOM JiuHOi |2 cmM, HampaBneHHEIM Ha ceBepo-3amaf.

B) CpaBHHTE PeayJsibTaThl IYHKTOB a) H 6) ¥ cHOPMYIHPOBATE TeOpeMy O CJOMKe-
4HH JBYX BEKTOPOB, KDATHBIX ABYM IPYI'MM BeKTOpaM.

3. Vwmnooenue na cxarnp. Mycts A — BekTop naunofi 2,0 cau, nanpaBaeHHbIH
nog yraom 70° K BOCTOKY OT CeBepPHOrO HanpaB/ieHus, a B — Bekrop anunofi 3,5 cu,
#HanpasJeHHbill 10X yraom 130° K BOCTOKY OT ceBepHOro Hanpas/enus. [Ipu peiuenny
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no/b3yHTeCh TPAHCIOPTHPOM HJIH ClellHanbHOl Gymaro#, pasrpagsieHHOH B NONAPHEIX
KOOpJHHAaTax.

a) IMocTponTe BeKTOpPHl, YyKa3aHHbe BHILE, H elle [Ba BeKIopa, ylJIHHEHHbIE
B 2,5 pasa. .

6) YmHOXKUTL A Ha —2 1 B Ha -3 ¥ HaltTd CyMMY NOJAYUEHHLIX BEKTODOB.

O 1B eT. Bexrrop mnuno#t 9,4 cu, nanpasjensei nog yraoM 150° K BOCTOKY OF
CEeBEPHOTO HaNpaBAeHHA. : :

B) OTMmeTHTh TOuky, Haxonsuyiocss Ha 10 cm K ceBepy oT Hayala KOODAHHAT.
Hafiti Takue BeKTOpHl, KpaTHbie A W B, 4ToOH BeKTOpHAs CyMMa 5THX KpATHBHIX Oblia
BEKTOPOM, MAYUIHM M3 Hadajia KOOPIMHAT B OTMEUYeHHYIO TOYKY. '

4. Eodunuunewe sekmopot, a) HauepruTh BEKTOD eAHHHYHOH JJTHHBI, YMHOMXHTb €ro
Ha 4 ¥ HauePTHTbL HOBHII BEKTOP. .

6) Haueprute Apyro#f enuHuuHb BEKTOP, NEPUEHJAHKYIADPHBIA K MOCTPORHHOMY
BEKTOPY, HMelolleMy Luny 4 exudnupl. [TOMHOKHTL ero Ha —3 H COKHTB C BEKTOPOM
BJAUHON B 4 eJMHHLLL. -

B) [Toabsysice ocsiMH KOOPAMHAT, HANDABJIEHHBIMA BAOJbL €IHHHYHBIX BEKTOPOB,
HalTH X- U Y-COCTABJ/AIONKE CYMMEl BEKTODOB.

r) JlioGofi npou3BONbLALI BEKTOp Ha NJIOCKOCTH MOXHO BLIPASUTL B BUAE CYMMBE
onpelleJieHHsIX KPaTHbIX ABYX HellapaJlJielbHbX BeKTopoB. B uem cocrour ocoGoe
yI0OCTBO OPTOrOHANLHEIX (T. ¢. B3aHMHO NEpHeHIHKYASIPHBIX) eIMHAYHBIX BEeKTOPOBY
(Y K23 aHHue paccMOTPETh CKa/lSIPHOE TMPOH3BeJeHHE IBYX BEKTOPOB.)

5. Cransproe u eexmopHoe npouseedenus Osyx sexmopos. Ilawel IBa BeKTOpa:
a==3X-}-4y—b5z u b==—x-}- 2y -} 62. Paccunrars, N0/b3ysCh BEKTOPHLIMH METOAAMHS

a} [Jnuny ‘KaXZOTO BeKTOpa.

OtBer. a=V50; b=V 4l

6) Ckanspuoe mnpoussezenue a-b.

OrBer. —25.

B) YroAd MeXKAy BEKTOpaMmH.

Orsert. 123,5°.

r) Hanpapasiomye KOCHHYCHl KaXIOTO H3 BEKTOPOB.
&) Cymmy a+ b u passocts a—b.

OrBeT a+ b=2x+ 6y+z :
e) Berropuoe mpou3seneHHe a X b.

OrtBert. 34x-— [3y+ 10z.

6. Bexmopras aree6pa. IIBa BeKTOpa 3ajaHbl TaK, 4TO

a-tb=11x—y 152, a—b=—5%+11y492.

a) Halitn a u b.

6) [lonp3ysce BeKTOPHLIMH METOZAMH, HAWTH yroil MeXAy BeKTopamu a u (a--b).

7. Caoxceriue cxopocmedi. [THJI0T BefleT caMoeT K MYHKTY, Haxolsulemycs Ha 200 ke
K BOCTOKY OT MecTa B3jiera. Berep AyeT ¢ ceBepo-3anaja co CKOpocThio 30 xm/uac.
BbLIUHCABTE BEKTOD CKOPOCTH CaMOJIeTa OTHOCHTENBHO JBHXKYLIErOCs BO3LyXa, eCHH:
COrJIaCHO PACHMCAHHIO OH JOJIKEH JOCTHYL MeCcTa Ha3HaueHds 3a 40 muw.

OrBerT. v.—=(279£+2l§) KM/4ac; BEKTOP X HATPABJIEH Ha BOCTOK, BEKTOp y —
Ha CeBep.

8. Ob6pawerue oceti koopOuram. MOXKHO JIH NPEBPaTHTh NPAaBYIO CHCTEMY efH-
HUYHBIX KOODIAHWHATHBIX BEKTOPOB B JIEBYIO CHCTEMY, NMOMHOXKHB BCE TPH eJHHUYHEIX
BeKTOPa Ha OIMH ckKanap? Kakoe sto uncno?

9. Onepayuu ¢ sexmopamu;, omHocumervtvlii paduyc-gexmop. J{Be 4acTuup HCmy-
CKaloTCs OJHHM H TEM e HCTOYHHKOM, H K JaHHOMY MOMEHTY BpeMeHH OHH JOCTUL/IR
CHELYIOMHX [ONOKEHHH:

rp=4% -3y 482, ry=2% 410y} 5z.

a) M306pasuTb MOJIOXKEHHs 4aCTHIL M HalHCaTh BHIpaXedhe s NepeMelleHHs ©
yaCTHILBI 2 OTHOCHTENBHO acTHuupt 1.
OrBetr. ry=94; r,=11,3; r=7,9.
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6) TNonbaysice CKalsgpHBIM NPOH3BeIeHHEeM, HafiTH aGCOMOTHYIO BeJNHUHHY KaK-
fIOTO BeKTopa. -

B) BLIUHCHMTE yraibl MexKJAy BCeMH BO3MOXKHBIMK 1apaMH H3 3THX TpeX BEeKTODOB.

r) Buuscaute BenH4HHY NDPOEKUHH I HA Iy, -

OrBet. —1,2.

I) BoMUCIHTD BEKTOpHOE NponsBelenHe ry X r.

OrBer. —65x—4y+34z.

10. Haumenotuee paccmosnue mexcly dsyma mamepuaivroimu movkamy. [IBe ma-
TepHanbHbe TOYKH | 1 2 IBHKyTCS BAO/L OCRH X U Y COOTBETCTBEHHO CO CKOPOCTSAMH
vi==2X cat/cex u Vo=3y cmjcex. TIpy {==0 UX KOOPAHHBATE PABHHL: X, =3 cem, Yy =0;
x,=0, y,=—3 cm.

a) Hailitn BektOop r==ry—1r;, BBIPQKAIOWHUI NONOXKEHHE MaTepHANLHOH TOUKH 2
OTHOCHTeNILHO TOukH | Kak (QyHKIHIO BpeMeHH.

Otrset r=[3—20)x+(3—3)yl cn.

6) Korra ¥ rze paccrosnie MeXZYy STHMH MaTePUalbHBIME TOYKaMH SIBJSTCS
HaHMEHbBITHM?

Orsem #=1,15 cex.

11. Brympennue Ouneconaru kyba. Uemy paBen yros Mexay NBYMs NepeceKaio-
IUMHCA BHYTPEHHHMH Ruaronaismu Ky6a? (Baympennss Ouazonars coepuusier ase
BePIUMHBl ¥ TNPOXORMT BHYTpH KyGa. Jluarosaje rpand COeIHHseT [B¢ BePIUHHLI H
TMPOXOANT TO rpaHH Ky6a.)

12. Ycaosue nepnenduryaaprocmu sexmopos a u b, Jokasars, uto BekTOp a mep-
TeHJHKYJsIDEH K BekTopy b, ecan |a--bj=la—b]|.

13. ITaowade nosepxrocmu mempasdpa. PaccMoTpuTe TE€TPasap, BepulmHb! KOTO-
poro O, A, B, C uaxoasics COOTEETCTBEHHO B Hauajle KOOPAHHAT M Ha OCSX X, y, Z
(pazuyc-sexTop BepunHe A paseH a==a X B T. 1.). BulBeCTH BHIDAXKeHHe 114 1JI0MAAH
€70 TIOBEPXHOCTH, KOTOpas paBHA CymMMe IVIOMafell BCeX ero TPeyro/isHbX TpaHed.

14. O6sem napariesenuneda. Pebpa napasenenune/ia ONUCHBAIOTCA BEKTOPaMH
X2y, 4y v y+ 3z, uaymumu #3 mauana koopamnar. Haiitn ero oGbem.

OtrBer. 12

15. Pasrogecue cua. Tlycte Ba MaTepHaNbHYIO TOYKY OJHOBPEMEHHO JeHCTBYIOT
Tpu cuinl Fy, Fy u Fy. Pesynprupytomas cuna Fy, npeicrasasier cofolt 1pocTo Bek-
TOPHYIO CYMMY 9THX CuJl. MaTepualbHan TOUKa CUHTAETCst HaXOIsielicsl B pPaBHOBECHH,
ecan F=0.

a) Jlokasats, yto ecan F=0, T0 BekTODHI, u206paaioiliie 314 TpU CuJsl, o0pa-
3YIOT TPeyroJbHUK.

6) Ecnau, Kak cka3ano Boie, F, =0, To MoxeT /1 ObiThb, YyTOOK OAHH H3 BEeKTOpOB
HaXOoAMJICS BHE IUIOCKOCTH, OGDA30BAHHON ABYMS APYTHMH?

B) Marepuanbuas TouKa, HaxXoislascsa fof ReHcrBueM cuan B 10 », mampas-
JIeHHOH BHHM3 110 BEDTUKAJTH, H MOJBeLICHHAs Ha BepeBKe (HaTsaxKeHue 15 #), o6pasyio-
el ¢ BepTuKaibio yroa 0,1 pad, He MOXeT HaXOAUTBCS B paBHOBecHH. Kakas TpeTbs
CcHJ1a HeoOXoMMMa, YTOOH HOCTHIANIOCh pPaBHOBecHe? SIBJISETCA I OTBET OLHO3HAUHLIM ?

16. Paboma, cosepuennasn cusamu. Ha maTepuanbHylo TOUKY NPU ee mepemelle-
HHU u3 nosoxkenns: A(20; 15; 0) (cm) B monoxennn B(0; 0; 7) (cm) ogHOBpemeHHO JefcT=
BYIOT JBe MOCTOSIHHBIE CHJIBI :

~

F,=(Xx--2y +432z) dun
F,=(4x —5y —2 z) oun.

a) KakoBa pafora (B 3prax), coepiieHHast Haf MatepuansHofi Toukofi? CoBepiien-
nas pabota (oM. . 5) onpemensietcs Kak Fyor, rae Fp, — pesyJbTHpyiouas cuna
{agech Fy=F;-F,), a r — nepemeuienve maTepHalIbHOH TOUKH.

OrtBerT. —48 gpe.

6) [pennonioxuM, uTo AeHCTBYIOT Te e CHJBl, HO ABHKEeHHe coBepuaercs or B
& A. KakoBa B 510M cliyuae pa6oTa, coBepileHHasi HaJl MaTePUadbHOH TOUKOH?

17. Momerin cunst omrocumensto mouky. MoMent, win Bpaualomnfi MoMent, N
£UJIb OTHOCHTENIBHO ZaHHOH TOUKH onpegensercs Kak r)XF, rie r — Bexktop, ugymuii u3
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nanuofi TOWKM B TOUKy npuioxenus cunst F. ycrs cuna F=—3x+}y-5z npuao-
wena B Touke r=(7x+3y-+z)*). [Tomuure, uto F X r=—1 X F.

a) KakoB MOMEHT CHJIbI (B Our: cM) OTHOCHTENIBHO Hauana KOOpHHHaT? (Pe3ynbTar

PR ey

onpenesienusi N BblpasuTh B BHAe JHHefiHOH KOMOHHAUMH X, Y H Z.)

OreerT. 14x—38y--16z.

6) KaxoB MomenT cuanl oTHOCHTeabHO Toukn (0, 10, 0)?

OTrBerT. 36x—38y—14z.

18. Bowpancenue sexmoprozo npoussederus 8 eude onpedeaumens. 3averbTe, U4TG
BEIpaXeHue, passeprhiBaiomee AX B 10 COCTaBJ/ISIOMNM, COEPKHT claraeMble BUAZ
A;B; — B;A;. 210 kak pa3 npejcrasiser coboil onpefeauTent BTOPOro Nopsjka

A A
B; B,
a) Jlokazarb, uTO ecJli OllepHPOBATh C eNHHHYHBIME BEeKTODaMH, KaK € YHCJAMH, TO
X y z
AXB= 14, A, 4
B, B, B,
€) Ioka3saTh Janee, YTO
C, Cy C,
C-(AXBy=\| A, Ay A,
B, y B,

19. Hsuscenue no saxowy «cayqaiinotx 0ayscOaruils, MarepHanbHas TOuKa JBH-
sKeTcsa B MPOCTPAHCTRE M0 TPAEKTOPHU, KOTOPAN COCTOUT W3 N paBHHIX OTPE3KOB IHHOM
1o s kax b, OprHeHTalls KaxAOro OTPe3Ka COBEpPIIEHHO POM3BOILHA, H He CYLIECT-
ByeT KakoH-1uGo CBSI3H MEXAY HanpaBleHRAME JWOGHX IBYX OTpe3dros. CyMmapHOe

TiepeMerienue:
N
S= 2 S

i=1

Jlokasarh, 4TO NPH 3THX YCJOBHAX CPefHee KBaLpaTHUHOe CMCIIEHHE KOHeUHOro noJo-
" JKeHHs 2TOH TOUKH OTHOCHTEJBHO €e HauajJbHOIO TOJNOKEHHS paBHO <S%> = Ns?, rie
yepe3 < > o603HAYCHO CpejHee 3HaueHHe BeAMUHRHL. (Y K33 a H ¥ el NPeAnocso-
JeHHe, UTO HalpaBJeHde KaxkJoro OTpe3Ka He 3aBHCHT OT HalpaBJEHHS BCeX APYrux
OTPe3KOB, O3HAYAET, UTO <8;+s,> = 0 JJIst BCeX [ W j, 3a UCK/IIOUeHHeM § == J.)

Jonoauneunne 1. Bektopel ¥ cdiepuueckue nosispHbie . KOOPAHHATLI

B chepuueckux koopInnaTtax HOJIOXKeHMe TOUKH BLIPaXAaeTCH BeJHUHHAMH 7,
0, ¢, npuueM 7 — 3To aGCOMOTHAs BeJHUHHA BEKTODPA I, NMPOBEJEHHOrO M3 Hauana
KOOpJAHHAT K JAHHOH Touke; 0 — YTOJ MexAYy BEKTOPOM I i NOJSIPHOM OCbIO 2, a § —
YroJ MexIy OCHIO X H IpoeKUHeH BeKTOpa I Ha SKBAaTOPHANBHYK MJIOCKOCTD, T. €. Ha
naocKoeTs Xy (puc. 2.38). [Mpu s1om Beerza 0<< 0 <. [Tpoekius BeKTOpa r Ha mJo-
CKOCTB Xy MMeeT BeJHuuHY 7 sin 0. 3ameTrTe, 4TO JeKapTOBH KOOPAHHATHl TOYKH CBA~
3aHbl ¢ ee cepHUIECKMMH KOOPIMHATAMH CAeAYIOWHMH PABEHCTBAMH:

x=rsinBcos@; y=rsinfsin ¢; =cos 0. (81)

a) [Tycrs mepBast TOUKA 3anEMAaeT noJokenue ry = (r;, 0,, ¢}, @ Bropas Touka —
NONOKeEHNe Iy =(ry, 0y, @,). [TycTh 85— 2T0 yron Mex 1y BeKTOPaMU Iy U T,. Bripaxas
CKaJisspHOe NPOM3BeJleHHe ry«Ty=Cos Oy, uepes X, y, z, MOKHO NOKAa3aTh, 41O

" cos O;,=sin 0, sin 0, cos (¢, —@,) + cos 0, cos O, (82)

*} ox Toukoil r noxpaszymeBaeTcs TOUKa, HMelOWas B JaHHOH CHCTeme OTCYeT2
paxuyc-Bextop T, ([Tpum. ped.) .
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Tle Mbl BOCIOJb30BANHCL TPHIOHOMETPHYECKHM TOXKAECTBOM
€OS ((; — Pg) =C0S (; COS Py +8in ¢, sin @,. (83)

3Oro xopomnH npumep 3P(HeKTHBHOCTH BEKTOPHBIX MeTOAOB (monpoGyiiTte NOMY4HTh
topmyny (82) mpyrum cnocoGom!).

6) TlonoGubiM ke oOpa3soM, 06pasys BEeKTODHOE NpoH3BeleRHe ryXr,, Hailnure
cooTHOWeHHe 1A sin Op,.

LlunvHapHYecKHe TNOMSIPHBIE KOOPAHHATHL O, @, 2 ONPelessoTcs ClejyoWHMH KX
COOTHOLIEHHSIMHE € TPSIMOYTOJBbHBIME KOODAHHATAMH:

x=pcosgp, y=psing, z=2,
[Tpu ucnosn3oBaHuu IBYX M3MepeHHH KOODAHHATLI CBOAATCH TOMBKO K 0 U .

Jdononunenne 2. Kpucraaanyeckue pelleTkH M o0paTHas peluerka

HpeILHOJXOX{I/IM, 4TO OPOCTPAHCTBO BHYTPH onpeneﬂeﬂﬂoﬁ 06J1aCTH SBJISIETCS €B-
gauaoBbiM, Hae OPEANONONKEHNHE 03HaUaeT, UTO €CJH BCe NPSIAMEThI, Kax-1160 y4acrt-
ByOUIUe B TaHHOM OILITE HUJIH HaGJ'I[O)IeHHH, CMECTHTL MapaJesqbHO WX NepBOoHauadb-
HBIM [OJIOXKCHHUAM Ha BEJIUUYHHY OJIHOIO H TOrC XKe BCKTOpa nepeHoca t, To B pesyabrare
DTOr0 ONbITA HHUETO HC M3MEHUTCH. H09TOMy, Korja Mbl I'OBODHM, YTO 34KOHDLI (,1)H3I/IKH

r4
77
b /75
I 2
Z
Prc. 2.38. Puc. 2.39.

HMHBapHaHTHH! 10 OTHOLWEHHIO K JI06OMY NTapassienbHOMY Repexocy t, TO 3To 3HAUMT, UTO
Bce Tela, KaK-TO yuyacTBYWOULKMe B JAaHHOM OIbITe, JOJIKHbLI COBEpLIATh OAHHAKOBOE
nepemeltenye. Hanpumep, 3aKoHbl ABHAKEHUA MagTHHKA He OCTAHYTCA HHBAPHAHTHBIMH,
©CJIM [ePeHecTH TOT MasTHHK C YPOBHS MODS Ha BepLIMHY DBepecTa: Msl 3HaeM, 4TO
B pe3yJsbTarTe TAKOro NepeMellleHHs MasATHHKA OTHOCHTeNBHO OKPYKAIOMHX MPeAMETOB,
OCTABIIMXCS] HEIIOABHKHEIMH, H3MEHHUTCS er0 COOCTBEHHAS YacTOTa, TaK KaK H3MeHHTCsE
Be/IMYMHA YCKOPEHHs1 CHJBl TSIKECTH 4.

Kpucrana mnpeacrasisier cofoff pery/apHOe pacHosioKeHHe aTOMOB B IPOCT-
parctBe. ECTH MBbICJAEHHO NPEICTABHTH CeGsl RBHMKYLIHMHCA BHYTPH HENOOBUMHOSO
KpHCTaljia, TO MBI YBHAMM, UTO OKPYXKalOllas cpeja 3HAUHTEJBHO MeHSeTcsl OT
TOYKH X ToyKe. OKpyKalomail MHD, KAKHM OH NPeACTaBJscs Obl 3JIEKTPOHY, ABHKY-
IIeMyCsl BHYTDH HelOJBHMKHOIO KPHCTA/Ia, He oGJIalaeT N0 OTHOIIEHUIO K Tapajesbs
HOMY TNlepeHoCy *) TOfi NOAHOM MHBapMAaHTHOCTBLIO, KOTOpasl xapakrepHa IS MHpa BHe
KpHcTalja, B CBOGOAHOM mpocTpaHCTBe. B Kpucramie okpyxkaiomas cpela BOKpPYT
TOUKH r’ OyNer TakoH e, 4r0 H OKpyXKaiomas cpeAa BOKPYr TOUKH I, TOJBKO
B TOM CJIydae, eC/IH 3TH JBe TOUKHM HAXONSITCS APYT OT APYyra Ha PacCTOsIHHH, KPaTHOM
HepHOAdy TIOBTOPSIEMOCTH KPHCTaIHUECKON peLieTKH.

Io onpegenennio Mel Ha3blBaeM HACANBHBIM KPHCTANJIOM CHCTEMY, COCTOALLYIO H3
aTOMOB, PAaclOJIOKEHHBIX B KPHCTaNIMUeCKON pelueTke TakuM 00pasoM, 4TO CyHIeCT-
BYIOT TPH 8eKIMOPA 3JAeMEHMAPHOLX mpancaayuil a, b, ¢, obiajaoliue CleAyiomuM
CBOMCTBOM: PaCcHOJIOXKeHHe aTOMOB, eCJ/iH CMOTPETh Ha HEro H3 Jii060l TOUKH I, BRITJISIAHT
BO BCeX OTHOIIEHHAX OLMHAKOBLIM C PACMOJNOKEHHEM aTOMOB, HaOIOLaeMbIM H3 TOUKH

*) B kpucraanorpaduu Takoil napane/bubiii MepeHOC HA3bIBAETCH TPaHCIsauued.
{[Tpum. ped.)
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£’, cBf3aHHOH C TOUKOH T CJAEAYIOLIUM COOTHOLWIEHWEM:
r’=r-4na--nyb+nsc, 84y

rIe ny, Mg, Ny — NPOH3BOJILHBIE LieJIble YHCJAA. 3aMeThTe, 4TO &, b, € — 3TO He BeK-
TOPH! eAHHHYHOH NIHHBI; OGLIYHO OHH HMEIOT JJIUHY NOPAKKA Pa3sMepoB aTOMOB AJIit
HeMHOro Gonbiue. CuCTeMa BEKTODOB SJIeMEHTAPHBIX TPAHCHSIUHH Ha3blBAETCA NpUMU-
mugHotl, €A 110 6 Bl e [Be TOYKH T U I, U3 KOTOPHIX PACHOJIOKEHHE ATOMOB BbITVISIEHT
CCBEPUIEHHO ONHHAKOBEIM, MOTYT OBITH CBAI3aHEI COOTHOIGHHEM THNA (84) mpu coot-
BETCTByIOUeM BHIOOpEe LEABIX YHCEN Ny, My, Ng.

Takum ofpasoM, NPOCTPAHCTBO BHYTPH He-
NOABHKHOIO KpHCTalna ofJajaeT HHBAPHAHTHO-
CTBIO HE OTHOCHTEeJBbHO Joforo mapassieNbHOro:

nepeHoca, a TOJbKO OTHOCHTENBHO IapajseNbHBIX
HEPEHOCOB C/IeNYIOEr0 BUAA:
c 3 t=n,a-}nb-ng, (85)
TAe Ny, Hg, Mg — Heable YHC/Id. 3aKOHBl MEXaHHKH
a IU151 ABHJKEHHS 3JGKTPOHa BHYTPH HENOABHKHOTO

KpHUCTa//1a MOTYT CYLECTBEHHO OTJAHYATLESI OT T€X

Puc, 2.40. H3o6paxenyne nHe6ob-
ol 4acTH KPHCTAMIHYECKOH pe-
METKH € BEKTOPAMH 3JEeMEHTap-

TPOCTEIX 33KOHOB MeXaHWKH, KOTOPhIC BBIIOJHAOT-
csi B cBOGOLHOM NpoctpancTBe. 1 03HaKOM/ICHHSE
€ OCOGEHHOCTSIMH [BHXKEHHS 3JCKTPOHOB BHYTPH

HBIX  TpasHcaauuit a, b, ¢ B . .
“H3oGpamcHRoM | spech wacrmon ~ KPHCTALIA MOMHO DEKOMEHAOBATh KHATY Y. Kuar
ciyuae BeKTOpH a, b u ¢ oproro-  TeJs «BBefenne B QH3HKY TBepHOro Tesas (Pusmar-
HaJbHBI, HO 417l MHOTMX KpucTad-  ru3, 1963), copepxanue koTopofi OyleT BhonHe

708 a, b M ¢ HE OPTOTOHAMLHEL  pouaryo pay mocde M3yuenua T. IV 3Toro Kypea,

MOCBSIEHHOI0 KBAaHTOBOH (PH3HKe.

Yaie Bcero HpUMHTHBHBIE BEKTODPHI 3JIeMEHTAPHLIX TpaHeasuuil a, b, ¢ He opro-
roHaJbHBl. MareMaTHUeCKUH aHa/lHu3 sIBJIeHHI], CBSA3AHHBIX ¢ KPHCTANIMUECKHM COCTOs-
HUEeM, M, B YACTHOCTH, AHQPAKLUHH PEHTTeHOBCKUX JIyuell W 5/JeKTDOHOB B KPHCTa/JH-
YeCKHX pelleTKax CHAbHO yIpollaercss ¢ INomoilbio Beegennoro JIx. B. I'nm66ecom

o o] o} o] o]
o] o o
o) [o] > o]
© o] o]
o] (@]
b=7
- o]
a=2x
o " o (o]
o] o] o a=n&
Puc. 2.41 Tlpsmas xpHCcTaaaH- Puc. 2.42. Oopamaﬂ peweTka, Ans

Yeckas peluetka, Ads
a=2x ¥ b=y.

noHaTHss 06 obpaTHO# pelueTke.
BbIPaXKAlOTCSl 4epe3 NPHMHTUBHBIE BEKTOPLI

pewteTkn a*, b*, c¢*

KoTOpOH

KOTOPOH a*= mx # b*=2;y. Maec-
wra6 oTJAHyaeTcsl OT Maciutafa
puc. 2.41.

BekTopn * ssiemeHTapHEIX TPaHCAAUHE o6paTHON
3/1eMEHTaPHBIX

TPaHCAAUUA NPAMOH PpeIleTKH NOCPEACTBOM CJIeJYIOMIUX - 'YpaBHeHHH:

_ bXc cXa
a*_2n——————a X’ b*=2n —L2— THX’
_axb (86
c*=2n
a-(bX<c)’
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B 310 onpenenenue BBOMMTCS YAOOHBIH Koadduument 27, KOTOpPOro HeT B OOGLIYHOM
xpucranaorpabuyeckoM ONpelie/ieHHH, NaBaeMOM B aneMeuTaprxx PYKOBOJCTBAX.
IMpumeuaHue. Eunuusl aGCONIOTHOH BeJHYHHEI BEKTOPOB 3JeMEHTaPHBIX
TpaHcaAsUuil o6paTHON peleTkH — 3TO He eAHHUOH JUIMHH. ECiH IidHA BeKTOpOB a,
b, ¢ uamepsercss B CaHTHMETpPax, TO BeJHWYHHA BeKTopoB a*, b*, c* usmepsiercs B 06-
PaTHBIX CanTHMeTpax (cm~1).
a) ITokasare, uro a*-a=2mn, a*.-b=a* - c¢=0.
6) Ilyctb mns OBYMepHOHR KPHCTAJVIMYECKOH DelleTKH B COOTBETCIBYIOUIHX eXH-
HHIaX . .
a=—4x, b=y,

rie X M y — elUHHUYHBE BeKTOpPHl ocell IPSMOYrONbHBIX JEKapTOBLIX KOOPAHHAT.
Hso6pasute yacts pewerku. Haiaure a* u b* u n3o6pasure yacts 06paTHOM pelleTKH,
(Y Ka3aHHe: NycTb ¢=2, ec/IH 570 06NeruNT BaM COOTBETCTBYIOMUE ONpeieJdeH s
LN ABYMEPHOH pemieTkH. )

B) [na mpyroit mBymepHOH pelneTKn

- o~ T~ R
a=x, b=xcos g—{—ysm-ﬁn

Hso6pasnte yacTe pelerku; HafijiuTe BEKTOPH! 3JA€MEHTAPHBIX TpaHCAAUME o6paTHOM
pewerkn H n3obpasute o6parryio peweTky.
r) Ilokasarb, uto

e 2

V 3
rie V — 310 ofveM a- (b){c) siiemMeHTapHOH f4efiKW MPAMOH peweTkH, a V* — ofmem
a*: (b*)c*) anemenraproi siuefikn o6paTHoll pemeTkH. i BuiBoZa 3Tol Qopmy.inl
norpefyercss NPOM3BECTH IOBOJBHO KPONOT/MBBIE BBIKJIAIKH.

MartemMatrunyeckoe fonmoaHeHnue l. PaseHcTBO Bektopos B chepu-
4eCKOM MPOCTPAHCTBE

Haite ompepeneHue paBeHCTBA ABYX BeKTOPOB HCXOXHT H3 NDeANOJONKeHHs, 49TO
fIPOCTPAHCTBO #BJAAETCH eBKJKIOBhIM. B mpocrpanctse, ofmajamoieM KDPHBH3HOH,
HeJlb3s1 OJIHO3HAYHO MPOH3BECTH CPaBHEHHE JBYX BEKTOPOB, €CJH 3TH BEKTOPHI UMEIOT
pasnuuHble TOYKH NPHIOKeHHA. B KavecTBe mpuMepa pacCMOTPHM AByMEPHOE HCKDHB-
JIeHHOe NPOCTPAHCTBO, 06Pa30BaHHOe MNOBEPXHOCTHIO OOBLIKHOBEHHOTO TPEXMEPHOro
wapa. B 5ToM IPOCTPAHCTBE MEL IOMKHB CUMTATH CIPSMBIMK» JIMHHAMY AYTH GONBLIHX
KPYroB Wapa, NOTOMY YTO OHH NPeACTaBJSIOT co60H Kparuafilie PacCTOSHHA MEXIY
TOYKaMH *).

Ecau B TAKOM ABYMEPHOM NMPOCTPAHCTBE HaM HANO CPABHUTHL 1Ba BekTopa A n B,
TO Mbl JO/KHBEI ePEABHHYTE BEKTOD B, He MeHsist ero HANpaBJEHHS, TaKHM oGpasoM
4TOGH COBMECTHTB €r0 HaudaJbHYIO TOUKY C HaualbHoH Toukod Bekropa A. Ho uro
03HayaeT «He MeHsig ero HanpasJeHusi»? Cielys MeTOAY NOCTPOEHHs, NpPHMeHsBlle-
MyCsi B HEHCKDHBJIGHHOM IIPOCTPAHCTBE, Mbl IPOBOJMM <«IpPSIMYIO» JIHHUIO uepe3 O 4
u Op. 3aTeM Mbl TepemelllaeM BeKTOP B Tak, uToGHl ero HavaJdbHAs TOUKA NepemMenlanach
IO 3TOH «IPsAMOH» MO HANPABJEHHIO K HayaJbHOM TOUKe BeKTopa A, H JenaeM 5T0 TaKHM
o6pa3oM, uTo6El He MeHAJICS Yrosl MeAy BeKTopoM B u «upsivoit» sunuelt O040p
(puc. 2.43).

INocJie aToro Mul MOXKeM IPOBEPHTH Haul crocol cpaBHEHHs, CHauala lepeMecTHB
Hauaso Bekropa B B Touky O, cpaBuuB ero Tam ¢ BektopoM C, a 3arem nepememas B
BAOJBb «npsiMoity O¢O 4, uT06bI CPaBHUTH ero notoM ¢ A (puc. 2.44). Ho st zBa cnoco6a
cpasHeHnus B ¢ A fatot pasnuudble oTBeTl. [TycTh B JaHHOM 4acTHOM cilyyae 06a BeKTopa

*) Jlunna, xaxnblit orpe3ok Kotopoli MN sBasiercsi KparyafiiuM pacCTOSTHHEM
MeXIy ToukamH M n N, HashiBaeTCs B MaTeMaTHKe reolesuueckoll munueit. Tonbko
B €BKJIMJIOBOM IIPOCTDAHCTBE reoje3uyecKue JIHHHM BCerha $§IBJAIOTCA NPSMBIMH.
(ITpun. ped.)
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A u B neprenankyaspHpl K «upsmoil> 040p 1 103ToMy NapalielbHs MeXAy COO0H.
Bri6epem Bexktop C Tak, uTo6u OH 6bl1 napannened B B Tom cumbice, uro C v B ofpa-
3YIOT OLUHAKOBEIE YIVIK ¢ «npsimoii» OcOpg. Onnaxo U3 puc, 2.43 ICHO BHJHO, YTO BEKTOD
C e Gyler mapas/e/bHbIM BeKTOpy A, MOTOMY YTO OHH He 06pa3yloT PaBHHIX YIJIOB
¢ «npsaMoli», coeuusiomeli Oc u O4. WUTak, Mbl IPRINIH K NpOTHBOpeuHio; Bekrop B
napadjiesied BekTopy A, a Bextop C napannenex Bekropy B, no sextop C ue napanie-
Jen BeKTOpy A. IpH sTOM A1 Kaxofl nmapbl 6pasicst HankparTyaimuil NyTh CpaBHeHHA.
Ecau MH cHayana cpasuum B ¢ C, a satem C ¢ A, To mMul Hafifiem, 4TO BekTop B He
napajjejer BekTopy A. :

Puc. 2.43. Opue BO3MOXHLIH crnioco6 Puc. 2.44. 3pecs BekTOp B
. CpaBHEHUS HANPaBJEHHIl BEKTOPOB B nepeMeliaeTcsa ¢ LEJbIO CpaB-
M A 3aKJIOYaeTCH B HepeMelienun B HeHHs ¢ A BIOJNb MepH-
(HauHHafa € TOUKH OB) BAOJIb 3KBa- JnaHa, TOKa ero HavajdbHas
TOpa, HO IPH ITOM TaK, 4To BeKTOp B TouKa me momager B O, sa-
OCTaeTcs HaNnpaBJIeHHbM Ha O, TOKA TeM OH CMeDaeTcst B GOKOBOM
HauaJio BeKTOopa B He momajer B TOY- HanpaBle¢HHH EBHH3 [O 3KBA-

KY OA' TOpA.

B kauectBe ynpaxHeHHs onpeenure NIHHY CTOPOH chepHYECKOro TPeyroNbHHKA
0,050, ecnu npn napajjenbHOM Nepenoce BexTopa B chasana spoan aunun OgO,
a 3atem BRoab auBHH OcO 4 3TOT BekTOp B Oxasaics mepnesnHKYAsIPHLIM K BeKTOPY A.
IIpuMuTe JIHHY OKPYXKHOCTH GOMNBLIOrO Kpyra 3a eIUHHLY.

MartemMaTuueckoe fomoaneHune 2. O0obuweHHas BeKTOpHAA CHCTEMa
0Go3HayeHuit B JAEKAPTOBBIX KOOPAMHATAX

Onepauun ¢ BeKTOPHEIMHM BEIHUHHAMH H UX BRIpa)keHHe B OGBIUHON JeKapTOBOIX
CHCTeME KOOPAMHAT YIpOINAIOTCA 1OCPEACTBOM HEKOTODOro H3MeHeHHs! 06o3HAUEHHH.
HoBast encrema o6o3HaveHnii Mo3BOJsET JATh sIBHblE BRIPAXKEHHs VIS COCTABJSIOIHX
npou3Befiennii BeKTOpoB B GoJee KPaTKOM BHJE, 4eM 3TO OBUIO BLIBEAEHO BBILE,

OGosHauuM OCHOBHLIE eQHHHMYHBIE BEeKTODHEl [EKapTOBOH CHCTeMbl KOOPIMHAT
COOTBETCTBEHHO YePes ey, €,, € # BBeleM Oeapma-cumsoar Kponexepa §;;, o onpeneie-
HHIO paBHBIfi

1, ecmn i=j
5,-,5{ o A (87)

, ecam iFj,
The MBAeKcHl { M | mpuuuMaioT 3Havenus 1, 2, 3. Torga Belpaxenue BekTopa A
uepes €ro COCTABJSIIOUIKE B AeKAPTOBLIX KOOPZHHATAX NPHHHMAET CJAelyIOWHE BHA:

: 3
A= Ayje,+ A, €2+ Ag 33= 2 Age;. (88)

i=1

I'peveckas sarnaBmas GykBa X 03HauaeT, YTo HYXKHO NPOCYMMHPOBAaTh BENHUHHY,
CJIElyIOINYIO 32 3HAKOM 2, O WHTepBaly SHAaueHHH HHJEKCOB, YKA34HHOMY CHU3Y B
CBepxy 5To#f GykBbl. BBelem ycsoBue, 4To 5Ta GyKBa He NHINETCS, KOTKA CYMMHDO-
Banke CJelyeT NPOM3BOAHTH TONBKO MO NOBTODAIOMIEMYCS HHEEKCY, 0G03HAYEHHOMY
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rpeueckoit GyKBOH, T. e.

Ao, = ) A&;=A. (89)

Torna, HanpuMep, Ajas CKaNspHOTO NpPOH3BEICHHSI NOJdyyaeMm

3
AB=( 3 A¢; ZB e,\ 2 A; B,el ce= 2 A;B;=A,B,. (%0}
i=1 {, =1 i=1
I'Ipu 3TOM HCNOJIBIYETCA Cneuyxomee COOTHOUIEHHE!

e e=0;p ©1y
TakuM ke ofpasoM nonydaercs N
AB:C)=e,A,BC, 92)
3ameTHM Tenepb, YTO
81 (ézxga) 83 (elxez )=¢,- (€3X31)=1 (93)
e1 (esx € )—83 (er e1)-—A (61X63)~— (94)
el-(el)( ey ):el-(egx ;) =...=0, (95)

Ile MHOTOTOUKE B PaBeHCTBAX (95) orHocuTCSt K IPYrUM BO3MOXKHBIM NIPOH3BENEHHAM
BHIA € (e )(ek) COJIePXKALIIM 10 MeHblLiel Mepe JBa OJHHAKOBBIX HHIekca. Moxuo
0006IMHTb pPaBeHCTBa (93)——(95), BBeAsl HOBbIH CHMBOJ — men3op Jlesu— Yusuma €; s
N0 OnpelesieHHI0 paBHbL

1, ecnu HHAEKCHI CleAYIOT B HUKJHYECKOM DOpsAke,
&jp= q —l, ecau HHEEKCHl CAEAYIOT B AHTHUHKJHYECKOM nopsauxe,  (96)
0, ecan gjpa HHIEKCa OJAHHAKOBDI,

rle HHJAEKCH i, j, k npuHuMmanoT 3Hauenus 1, 2, 3. Lnkauueckuil NOPAROK — 3TO
nocaenopatenpsocty 123, 312, 231; auTnnHKANYIeCKHH NOPSJOK — 3TO IIOCNE0BATE b+
Hoctu 132, 321, 213. Pasencraa (93), (94) u (95) npUHUMAIOT CJAeRYIOWHHA BHL:

(X ep )=eyn (1 k=1, 2 3). 97)
KoMnoseHTs! BEKTOpPHOrO HPOM3BEACHHS B NeKapTOBHIX KOOPAMHATAX BBIPAKAIOTCH
CleylomHuM  o6pasom:
3
. AXB= Y e A;Br= ¢, A8, (98)
i, f, k=1
B kauecTBe ympamnenus Buuncaute (AX B)2, noabsyscs dopmyaoi (98).

Ha ucropuu ¢dusukn. Jx. B. 'nGée

Pacckas 0 MPOMCXOXKASHMH BEKTODHOIO aHajd3a LUTHPYeTCS NO . 7 KHHMW
JI. ®©. Yunepa «Jlxomya Buanapa [u66c. WUcropusi senuxoro yma» (Yale Univ.
Press, New Haven, Conn., 1962).

..BeposiTHO, TH66c cauwKoM XOpOoIIO NOHKMaJ 3HaueHHe CHCTEME! 06o3HavYeHu i,

KOI‘I[a oH nucan: «MIMEHHO COMHEHHS OTHOCHTEVIBHO NPEHMYILECTBA PA3IHUHBIX cHeTeM
0603HaueHN, yAepXKUBaBIIHe MEHS paHee OT KakKHX-AHO0 Ny6aukamuii 1o JaHHOMY
NpeAMETY H yAePHHBAIOLIKE MeHs TaKKe celuac oT Kakoi-1u60 opMbl OKOHYATENbHOK
NyGIUKaLKY, ... BLI3BANH Y MeHs OLULyHIEHHE, YTO B MOeM crocofe NpHMEHeHHS CHMBO-
JIOB KpoeTcs KaKasi-TO HeTOUHOCTh». I'HGGC BBea TOUKY U KpecT AJjst o003HauyeHHs cKa-
JISIPHOT'O H BEKTOPHOTO NIPOM3BeleHHi, 3HaueHne pa3paGoTKH BeKTOPHOTO aHaNH3a Hil-
JIIOCTPUPYeTCH crlellyiomet XapakTepucTHKOH, faHHOH camuM T'n66com: «Ecau a gocrur
KaKHX-TO. yCTIeX0B B MaTeMaTHueckKoil (pH3HKe, TO 3TO, KaK § JyMmalo, MPOH3OLLIO T10-
TOMYy, 4YTO sl CMOr IIpeofo/IeTh MaTeMaTHueCKHe TPYLHOCTH»,
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r1ABA 3
NMPUHUHWUN OTHOCHUTEJIbHOCTH TAJIHJIES

3.1. dopmynnposka 3akoHOB JBHkeHHs HbloToHA

Sra ryaBa B OCHOBHOM INOCBAIleHA 3aKoHaMm JBu:keHUs HwploTona,
KOTOpHIE YiKe H3YYaJHCh B Kypce cpenHedl wkoabl. ChopMyanpyem ux
cHauaJga s TeJ ¢ IOCTOSTHHOH MAacCoH.

[epswiil saxor Horomowa. Teno ocraeTcsi B COCTOAHHM NOKOSL WJHK
JBIKEHHSI ¢ NOCTOSTHHOH CKOPOCTHIO (6€3 yCKOpEHHs), €Cyid OHO Tpe-
JOCTaBJaeHo caMo cefe, T. €. Ha Hero He JEHCTBYIOT HHKAaKWe BHEIIHHE
CuJbl. DTO 0O3HAYaer:

a=0, korma F =0.

Bmopoii saxor Heromora. Pesyabrupylomias cusa, JeficrByiomias
Ha TeJIo, paBHA NMPOU3BENEHHIO MacChl 3TOTO Tesa Ha ero yCKOpeHHe:

" F = Ma.

Tpemuil sakorn Heromora. Ilpn B3aumosieficTsuu 1ByX Tes1 cusa Fy,,
JeHcTBYIOmIas Ha BTOpoe Teso (2) co cropoHel nepsoro (1), paBHa mo
BEJIMYMHE U NIPOTUBONONOXKHA 110 HanpaBaenuio cuie Fyy, nencmy}omen
Ha nepsoe Teso (1) co cropore! BTOporo (2):

Fm = _Fu'

HwmewTcs onpeeleHHble Mpeaetsl MPUMEHHMOCTH TPETbeTO 3aKOHA,
Mui suaem (o ueM ente 6y1em roBopuTh B ra1. 10), 4To Bee CHIHAJIBI H CHIILL
nepejanTcsa ¢ KOHeYHOH cKopocTbio. ONHAKO TPEeTHil 3aKOH COAEPIKHT
yTBepxkIeHne, uto cusaa Fi, paBHa N0 BeJIHUHHE H IPOTHBONOJNOXKHA
cuse Fo;, Korza o6e OHH H3MEDPSIOTCA 8 00UH U MOM Jce MOMeHM. DT0
TpeGoBaHHe NIPOTHBOPEUUT (PAKTY, 9TO AAHHOE Te/I0 BOCIPHUHUMAET jefi-
CTBHE CHJIBI, OKashlBaeMoe ADYFHM TeJIOM, He MrHO3eHHO, a uepe3 Ko-
HeyHBIH mpoMexxyToK BpeMeHH. Ilostomy Tperufi 3akon Hrbierona ne
BCerja fBJsIeTCS AOCTATOYHO XOPOIUHM NPHOJIHKEHHEM I paccMOTpe-
HHS CTOJKHOBeHH#l aToMoB. [l CTOJIKHOBEHHH Xe apToMoOuJed oH
6yZeT GuYeHb XOPOIUM NPHGIHKEHHEM, IOTOMY YTO IPOCKHTEILHOCTD
TaKOrO CTOJIKHOBEHHA BEJIHKA IO CPABHEHHIO C IPOMEXKYTKOM BpPEMEHH,
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HY2KHBIM JUISl TOrO, YTOGbI CBETOBOH CHTHAaJ MpOLIes BIOIb JJIHHH T10-
MATOTO aBTOMOOHJIi. DTOT NPOMEXKYTOK BPEMEHH HMeeT CJIeLyHOLIHH
IOPSI10K BEJIHYHHbIL:

Loy 20k 1070 cex

¢ 3107 cufcex T ’
rae L — pynua noMsaToro aBroMoGuas (3a 10~% cex aBTOMOGH/b, JBHIKY-
muitca co ckopoctsio 100 kmfuac, T. e. okoao 3-10% cm/cex, TpoOXOJAUT
okos1q 3-10-5 cm).

IlepBele fBa 3aKOHA JBHIKEHHS BBIOJHAIOTCA TOJIBKO TOT/Ad, KOraa
HabJI0eHIe BEASTCS B CHCTEMAX OTCYETa, ABMXKYIHUXCA 0e3 YCKOpeHHs,
DTo BUJAHO U3 HaUIEro IOBCEAHEBHOrO onkiTa. Hampuwmep, ecau cucrema
OTCUEeTa HEMOABHMKHO CBfI3aHa C BpaLlalouiefcs Kapyceabio, To B TaKol
cHcTeMe oTcyeTa yCKOPEHHe Tesa He PaBHO HYJIIO, KOrja Ha 3TO TeJso He
NIEHACTBYIOT CHJIBL. Bbl CMOKeTe HEOJBHXKHO CTOATh HA KapyCesaH, TOJb-
KO ecan OyaeTe OTTa/JKHBAaTBHCA OT 4ero-1ubo, coolfilas BaweMy Teady
cuny Mo?r o HanpaBAeHHIO K oc, rae M — Bauia mMacca, ® — yrJo-
Basi CKOPOCTh, & ¥ — pacCTOSHUE OT Bac 10 OCH BpaiieHua. Jpyrofi npu-
MEp — CHCTEMa OTCUETa, HENO/BHIKHO CBSI3aHHAs ¢ CaMo/eTOM, KOTO-
puii GolcTpo HabHpaeT CKOPOCTb NpH BaJjere, BJarozapsi yCKOpeHHIO
BaC MpPIXKHMAET Ha3ai K CHIEHBIO, & CHJIa, AeHCTBYIOULAs CO CTOPOHSHI
CIIMHKHM CHJIEHbS, YAepXKUBAaeT BaC B COCTOSIHUM NOKOS OTHOCHTEJNBHO
3TOH CHUCTEMHI,

Ecnn 6bf BBl HaXOAH/IUCH B COCTOSHHH DPaBHOMEPHOTO ABHZKEHHUS
HJIH [OKOSl OTHOCHTENLHO CHCTEMbl OTCYETa, He HMelolied yCKopeHma,
TO JJg 3TOro He TpeboBasoch Ol HUKako# cusbt. Ho ecnu Bbl xoTHTE
HaXOAUTBCSl B COCTOSIHHE IIOKOsI OTHOCHTEJNBHO CHCTeMBl OTCYera, [BH-
KyIleHcs: ¢ YCKOpeHHeM, TO Bbl JOJKHBl NPUJAraTh CHJIY HJIH HCHBITHL-
BaTh JefiCTBUE CHJIBI CO CTOPOHEI PYroro Teqa —— BaM HYXKHa BepeBKa,
yTO6bl YAepKATbCS, HIH CUAeHbe, YTOOH MPHKHMAThCS K Hemy. Cuibl,
aBTOMATHYECKH BO3HHKAIOUIME B CHCTEMax OTCYeTd, ABHXKYIIUXCA € yC-
KODEHHEM, HIPalOT BAXKHYIO posb B ¢H3HKe. OcobeHHO BaxKHO NOHATD
XapakTep CHJI, KOTOpHe NeHCTBYIOT B CHCTeMe OTCYeTa, CoBepiliaiollef
BpallatesbHoe ApikeHue, [losToMy nenecoofpasHo KpaTKO H3J0KHTH
3Jlech ellle pas 3TH BOHPOCH, KOTOpPbie YKe H3ydauuch B Kypce cpelHeil
IIKOJIBI. ’

Il p u M e p. Yaompayenmpugyea. Pe3yaprars T0r0, 4T0 TeJO Ha-
XOIUTCS B HEUHEPLHANbHOH CHCTEME OTCYeTa, MOTYT HMeTh OIpOMHOe
NpaKTHYeCKoe 3HayeHHe. PaccMOTpUM MOJIeKyJy, HaXOAAMYIOCH BO
B3BEIIEHHOM COCTOSIHMH B XKHIKOCTH, KOTOpas COAEpPKUTCA B MpobHpKe
yabrpatentpudyra. [Ipeinosoxum, 4To MoJieKyJa HAXONUTCS Ha pac-
crosguuu 10 cu OT ocH BpallieHHa H Y4TO LEHTPrdyra Bpalaerca co CKo-
pocteio 1000 o6/cex (60 000 06/mun). Torna yraoBasi CKOpOCTb paBHA

©=2n.1.10% 2 6. 10° padjcex,
a JHHeHHas CKOpOCTb
v=wr6-10°-10=6-10* cmjcex.
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Besuuuna yckopeHus Npu KPYroBOM IBHIKEHUH PaBHA ®2r (Mbl 3TC Bhl-
BeJu B IJI. 2):

a=0% = (6-10%)2.10 22 4.10% cm/cex?.

Ho yckopenue cHJIBI TSKECTH Ha MOBEPXHOCTH 3€MJIH COCTABJISIET BCETO'
980 cm/cex?, TaKk YTO OTHOLIEHHE YCKOPEHHS BPALIATEJbHOIO JBUKEHHS
K YCKOPEHHIO CHJBl TH2KECTH

S : , e paBHO

a

r 108 =
Taxum oOpasom, ycKopeHue B
yaeTpaterTpudyre B 400 000 pas
60JTbllie YCKOPEHHA CHJIBL TAXKe-
cTH (3TH Jl@HHBIE OTHOCSITCH K
yaAbTpaLeHTpU(yraM Tuia noxa-
3anHol ua puc. 3.1). Ha Bame-
UIeHHBIE B 2KHIKOCTH MOJIEKYJIbI
pacTBOPeHHOTo BelleCTBa, NA0M-
Hocmo (omHoulerile maccol K 06ve-
MYy) KOTOPHIX OTJIMYaeTcsi OT
IJIOTHOCTH OKPYXalolled KHI-
KOCTH, OyJeT JelicTBOBaTh B [PO-
OupKe yJabTPaUCHTPHPYTH OUeHb
Gosbmas UeHTpoGe:KHAA CHJA,
cTpeMsascad OTAeJNUTh HX OT
kuAkocTH. Ecau ke HX mJOT-
HOCTb PaBHA IJIOTHOCTH KUIKOH
cpeabl, TO OTHeseHHe He OyJaeT
IPOUCXOAHUTE. '
CorsacHO mepBOMY 3aKOHY
HrloTona BapemenHas MoJIeKyJaa
CTPEMHUTCA OCTAThCHl HETOABHNK-
. , HOH (MM JIBHTaTbCs 110 OPAMOR

Puc. 3.1. Porop yJasTpanenTpudyrn. 31a yant- C TIOCTOSTHHOH CKOPOCTDIO), €CJIH
DY TSt SO ROt xbi;  PACCMATDHBATL Ce JB3CHHE
1lcHTpOGEIKHOE  YCKODeHHe, IpeBblanIee OTHOCHTEJIEBHO .na60paTopHH (JIa—
VCKODEHHe CHJIb TAKECTH NOYTH B 300 000 pas. 60paTOpI/IH npeACTaBsier coboit
JIOCTAaTOYHO Xopormiee NpubiIu-

JKeHHe K CHCTeMe OTcyueTa, He HMetollefl ycKopeHHs). MosieKkyJa B yJb-
TpatenTpudyre Kak Gbl NPOTHBHTCS GelleHOMY BpauleHHIO ¢ GOJbLIOH
yIJIOBOH cKopocTblo. s mabmionatess, NOKOSIIEToCs OTHOCHTEJNBHO
potopa yJbTpaleHTpudyru, MoseKysaa pacTBOPEHHOTO BelliecTBa OyneT
BecTH cefa Tak, Kak ecau Obl Ha Hee jeficTBoBasia CHJla BEJMYMHON
Ma@?r, ctpemainascs OTTOJKHYTh ee OT OCH BpallleHHsI B CTOPOHY Hapy K-
HOU CTeHKH TpoGHPKH, BCTaBJAEHHOH B potop ueHTpudyru. Kak Besqnka
3Ta cuna? llpeanosoxum, 4TO MOJEKYJSPHEIN Bec PacTBOPEHHOrO Be-
mectBa pasen 100 000, 1. e. uTo Macca M MoOJIEKYJIBI 3TOTO BEIUECTBY.
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npu6ausutesbHo B 10° pas Gosblie MacCel MPOTOHA:
M 2= (10%)-(1,7-10-24) =< 2. 10719 ¢

(Tak Kax macca [pOoTOHA NPHONUKEHHO PaBHA OAHOM aTOMHOH €IHHHUE
Maccel — cM. TaOIHLY (H3MYECKHX NOCTOSIHHBIX B NPHJIOKEHHH K 3TO-
MY TOMY). »

CuJa, BhISHIBalOWAA YCKOPEHHE BpaUlaTe/IbHOTO IBHIKEHHs, PABHA

Ma = Mo®r 2= (2. 10719)-(4-10%) 2 8- 10~ dux,

T/le IOACTaBJiCHA BeJINYHHA YCKOPEeHUs, pacCUHTaHHAA BhIle. 3Ta CHJa,
cTpeMalaica OTTOJKHYTb MOJIEKYJy B CTOPOHY HapyXKHOH CTEHKH Npo-
OHpKH, HaspiBaeTca yedmpobexcrol cuaoi. JIBHXKEHHIO B CTOPOHY Ha-
PY:KHCH CTEHKH NPOTHUBOAEHCTBYET CHJA COMPOTHBJEHHS] CO CTOPOHLI
JKHAKOCTH, OKpyamwlleH Mosaekyny. [TockosnbKy Ha pasnuunbie BHILI
MOJIEKYJ JEACTBYIOT PA3HEBIe 110 BeNHUMHe UeHTPOOekKHble CHIBl H CHJIbI
CONPOTHBJCHHA, TO TAKHe MOJAeKYJbl OyAyT ABHIAThCAd B NpPOOHpKE
YABTPALEHTPUPYTH C PA3IHUHBIMH CKOPOCTSIMU B HalpaB/JeHHU OT OCH
Bpamenus. [loatomy yabTpanenTpudyrupoBanue spisiercs 3QpeKTUB-
HBIM METOJOM pa3jesIeHHA MOJEeKYJl pasHYHbIX BUJOB. MeToj y/ibTpa-
LeHTpU(YrupoBaHua Haufojee 4HaCTO IPHUMEHSETCS a5 pasjesieHus
GOJIbIIHX MOJIEKYJI, KOTOPhlE KaK pas NMpeicTaB/siiOT OrPOMHBLH HHTepee
J78 GUOJIOTHH, H, TAKUM 06pa3oM, BOMIPOC O TOM, IIOKOUTCS JIU MOJIEKY-
Jla OTHOCHUTEJBHO CHCTEMBl OTCUETa, HMeIoillell YCKOPEHHE UM He HMe-
fommel ero, OKasbiBAETCH BAXKHBIM AJAA OHOJOTHUECKHX M MEIUIHHCKUX
HCC/eOBAHUH.

3.2. UnepunaibHbie CHCTEMBI OTCUeTA

OCHOBHBIM 32KOHOM KJACCHUECKOH MEXaHHKH SIBASeTCS BTOPCH 3a-
ko Hruiorona:

d

rae F — cuna, a p= Mv-—umnysabc. DTOT 3aKOH BHIICJIHACTCHA, €C/IH
nabJiofarTesib HEMOJABHKEH OTHOCHTE/IBHO CHCTEMBl OTCUeTa, He HMeloIel]
yckopenus. Takas cucreMa OTCYeTa Ha3bIBAETCS UMEPUUAAbHOL cucme-
Moil omeuema. Iast Tena ¢ nocTossHHON Maccolt M mbl nojiyuaem
dv d?r

F=M TF=Mog= Ma, (2)
rie a — yckopenke. MHorna macca He sBJjsieTcst MOCTOSHHOHA; OHA He
NOCTOSIHHA, HalpUMep, Y UCKYCCTBEHHOrO CIYTHHKA, H3 JIBHTATeJs1 KO-
TOpOro BHIOPachIBAIOTCA NPOAYKTHL FOpeHHs, a Takke y Jioboro reda,
JBIKYIIEroCA CO CKOPOCTBIO B OGJIACTH PEAATHBHCTCKHX CKOpoOCTel
(1. e. ckopocTel, GIM3KHX K CKOPOCTH cBera). YpasHenue (1) mam (2)
MOXKHO paccMaTpHBATL Kak CTPOroe onpenesienue ucmunnoi *) cuast F,
KOoTopad NeHCTBYET Ha JIAaHHOe TeJO,

*) Cm. npumeyanue Ha crp. 102
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SIBasieTcst u moMeieHie 1a6OPaTOPHHU, HEMOJBHKHOE OTHOCHTEJIb-
HO 3eMHOH TOBEPXHOCTH, AOCTAaTOYHO XOpOLIEH UHEPUHAJIbHOH CHCTe-
Mot orcueta? Ecsu HeT, TO KaKylo NIONPaBKy HAJO BHECTH B YpaBHEHHE
F=Ma, uto6bl yuectp ycKopeHHe caMmoil Jabopatopuu? .

P-4
Zz"
M
r)
/0
z ~—~—
Fep 2 7
azé
Puec, 3.2, Bropoit 2akon  HbioToHA Puc, 3.3. Hanpuwmep, cuerema orcue-
FJIaCHT: Ta S’ (%', Yy, ) BpallaeTcs OTHOCH-
EnNa=Mace1 X yCKCPEHHe. TeJIBHO CHCTeMEl S (x, ¥, z). Marepu-
Ho oTHocHTeJbHO KaKOH  cHCTeMbl anbHasi TO4Ka M HMeeT pasJIHUHbIE
oTCUeTa HAAO olpeLeNdTh yCKODeHHe? YCKOpEeHH? B KaJOll U3 3THX CHCTEM

oTcueTa.

Jl1a mMHOTHX LeJsell 3emMJs ABIAETCS JOBOJBHO XOPOIINM NIPHGIUKe-
HUeM K MHeplHanbHOH cucreme orcuera. [Ipuynnof yekopennst nabopa-
TOPHH, HENOABHXHONA OTHOCHTEJIBHO 3eMJIH, ABJSETCS CYyTOUHOE Bpalie-
HHe 3eM/H BOKPYT ee OCH. DTO BpalieHHe CO3jaeT HeGOJIbIIoe yCKope-
Hye J1a0opaTOPHOH CHCTeMbl OTCYeTa, KOTOPHIM MOXKHO fipeHeGpedb He

z
S

z P4

’

24
Puc. 3.4. Cucrema orcuera S’ gasu- Puc. 3.5. CymecTByloT 1M HHep-
JKETCS TOCTYNaTellbHO ¢ YCKOPEHHBEM DHaJbHBIE CHCTEMB OTCY€TAa, OTHO-
2y OTHOCHTEJNBHO cHcTeMh S. Ycko- CHTEJHbHO KOTOPBIX MBI JIOJIXKHbl
peHHe MaTepHaNbHOH Toukd M pas- onpegeNsTb YCKOpeHHMe a, BXOASA-
JHYHO B KaxXAOH H3 I3THX CBCTEM mee B ypaBHerMe F=Ma? (S~
oTcuera. WHeplHaJibHAs CHCTeMa OTcuera.)

BO BCex cjayyasix. Touka, MOKOANIAsCA HAa IOBEPXHOCTH 3eMJlH Ha ee
SKBATOPE, NO/KHA HMETh LEHTPOCTPEMHTENIbHOE YCKODEHHE OTHOCH-
TeJBHO LEHTpa 3eMJH, paBHOE
v? :
a=—=0'R,. 3
Ra R3 ( )
3necb 0=2nf — yrnopas ckopocTb 3eman, a R, — paguyc 3emiH.
3emsis 3a OZHU CYTKH coBepiuaer ofopoT Ha 360°, T. e. Ha 27 paiuaH,
a B cyTKax okoJo 8,6- 104 cex. IlosToMy yrjioBasi CKOpocTb 3eMJIH paBHA
2n

® =W ~ 0,73' 10™¢ cex—1, (4)

N
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Tax kak R, ==6,4-10°% cu, 10 LEHTPOCTPEMHTEIbHOE YCKOPEHHE PaBHO
a~~(0,73-1074)2.(6,4- 10%) ~ 3,4 cm/cex?. (5)

310 npeacrasasier cobolt 66/bUIYI0 YaCTh TOH BEJAMUHHBI, HA KOTOPYIO
HabJII01aeMoe yCKOpeHne CHJlpl TAxkecTd Ha CeBepHOM MOJIOCE MpeBHila-
eT HabJsiofaeMoe YCKOPEeHHe CHJbI TsiKecTH Ha skmarope. OcranpHasi
GacTb H3MEHEHHS Beca HA 3eMHOH MOBEPXHOCTH, 3aBUCALIETO OT LIHPOTHI,
obycJioB/eHa ssunconjanbuoli opmoit 3emsn. IlosHoe mn3meHenue
BeJIHUMHEL g Ipu nepexoge ot CeepHoro (uiH KOxHoro) nosioca K sKBa-
TOPY cocTaBJasieT oKoao 5,2 cm/cex®. Jlo TOro, Kak INOABUJIUCH
HCKYCCTBEHHBIE CIYTHHKH, JAYYUIMM CI1OCOGOM OMpele/eHHsl CTelleHH
CIIIOCHYTOCTR 3€MJIH Y IIOI0COB ObIJIO HCC/de0BaHHe U3MeHeHHH yCKo-
PEHHS CHJIbI TSIXKECTH Ha TMOBEPXHOCTH 3eMJIH.

3HaueHHd £ HA PASAMYHBIX WHPOTAX

Feorpaduueckuil nysxr Uinpora | g, cm/cex?
CeBepHbill 1oJioc 90° ces. | 983,245
Tnetuep Kapask, [pednaugus 70° » 982,53
Pelikpasuk, HMcaanaus 64° » 982,27
Jlennurpag 60° » 981,93
IMapunxk 49° » 980,94
Heto-Plopk 41° » 980,27
Can-®paHuucko 38° » 979,96
Tononyny, TaBafickue octposa 21° » 978,95
Mouposust, Jlu6epus 6° » 978,16
[xakapra, Hngonesus 6° toxkH.| 978,18
Menn6ypu, AscTpaud 38° » 979,99

Huke B 310 ryiaBe yibl aajuM Gosiee CAOKHYIO (GOPMYJIHPOBKY BTO-
poro 3akoHa HbloToHa, NPHMEHUMYIO K CHCTEME OTCUETa, KOOpAHHATHbIE
OCH KOTODOH HENOABHKHO CBA3aHBI ¢ moBepxHoctbio 3emau. Oanako
4TOOLI 9TOT 3aKOH OblJi BepeH B MpocToll opMe, OnHCHBaeMoH ypaBHe-
HuamH (1) wau (2), Mol Q0AxHHO ROOCIMABARMS 8 IMUL YPACHEHUR YCKOPERUE
OMHOCUMEALHO MAKOL CUCITEeMbl OMCcHema, KOMopas cama He UMeem ycKo-
perusi.

Takas cucTema oTcueTa Ha3LiBaeTCs HHepLUaNbHOR UM TasiujeeBoH.
B cucteme orcuera, ABUKYLIEHCA ¢ YCKOpeHHeM, T. €. HeHHepHHa bHOH,
cuna F He paBHa Ma rjie a — YCKOpeHHe, Ha6moz13emoe OTHOCHTEJIbHO
HEMHEePLHUANbHOH CUCTEMEI.

YcraHoBusioch corJauleHie TOBOPUTL O CHCTeMe, CBSI3aHHON C He-
NIOABHMKHEIMH 3Be3JaMH, KaK O CTAaHJAPTHOH CHCTeMe OTCYeTd, He HMeEo-
el ycKOpeHHsl. YTBep:KAeHHe, UTO HEMOJBHXKHLIC 3Be3Jbl He HMEIoT
YCKOPEHHS, Heb3sl I0Ka3aTh, HCXOAA U3 HAUX (PaKTHUECKHX IKCIIePH-
MEHTAaJIbHBIX 3HaueHH#. HeBeposiTHo, 4ToObl Haluu TPHGOPBI CMOIVIH
OMNpENEINTh YCKOpeHHe y/aneHHoH 3Be3Abl HaH TPYNIH 3Be3], MeHbllee
yeMm 10-4 cm/cex?, paxe eciu Obl MbI NPOBOJMJIM TIATe/bHLEIE HAOMO-
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NIeHHs B TeyeHHe CTa JieT. [l1s npakTHUecKuX Lenefl yIo6HO OpUeHTHPO-
BaTh HanpaBJeHUs] OCEH KOOPAMHAT OTHOCHTENIbHO HEMOABUKHEIX 3BE3]I.
OnHako, KaK MBI YBHIUM HHXKe, MOXXHO HAHTH ONBITHBIM NyTeM H ApY-
I'yIO CHCTEMY OTCUETa, KOTOpasi TAKXkKe OKaxKeTcs He HMeEIoIeH yckope-
HHSI ¢ TOYHOCTBIO, YAOBJETBOPHTEJNBHON ISl IpaKTHUECKHX Heneil. [laxe
ecau Gbl 3eMas Oblia HENpPEPLIBHO OKPYKEHA COBEPIUEHHO Hempo3pay-
HBIM TYMaHOM, MBI GblnH Gbl B COCTOSIHHH 6e3 0co6bIX TpyAHOCTEH HaHTh
KaKylo-1H00 HHepUHaJbHYIO CHCTEMY OTCYETa.

Besnunna yckopenua 3eMJIH B ee JIBH:KeHHH o opGute Bokpyr CoJiH-
12 HAa NOPAJOK MeHbIE, YeM BEJMYHHA YCKOPEHHS M3-33 BpalleHHSR
3emmu. Tak kak | romez 3-107 cex, To yrsoBas uacrota obpalleHHs
3eman Bokpyr CosiHla paBHa

=

25 - ' -
WleO T cex™t. (6)
[Moncragus R=1,5-101% cm, mosyyaeMm LEHTPOCTPEMUTENbHOE YCKOpe-
HUe Jpuxenus 3eman no opGurte Bokpyr Connna:

a=0*R ~ (4-10714).(1,5- 10'?) & 0,6 cn/cex?. (7)

Besnunna yckopenua CojHla OTHOCHTesNbHO MeHTpa Hawefl a-
JIARTHKH *) He Oblia onpefeseHa sKcnepuMeHTa bHO. OfHAKO CKOPOCTh
npmkenusa CoJHLIA OTHOCHTesIbHO LEeHTpa ['asakTHKM ompejesndercs no
HCCJIENOBAHUIO JONJIEPOBCKOTO CIBHIa CIIEKTPaJIbHBIX JIMHHI Be/JHYH-
Ho#t nopsinka 3-107 cu/cex. Ecnn Connue ofpalaercs no Kpyroeol op-
GUTe BOKPYT OTCTOAIIEr0 OT HETO Ha pacCTOstHUH 0KoJ10 3+ 1022 cm ueHTpa
Fanaktuky, 10 yckopenue apm:keHHs CoJjiHLa BOKPYT 3Toro uentpa [a-
JIAKTHKH PaBHO

2 9.101
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D10 COBCEM HHYTOXKHAs BesqMYHHA. 3 pesysbratos Habsofenuil Ham
HeusBeCTHO, ABHKeTcst JH CoJlHIle CO 3HAYHTEJRHO BOJIbLIMM YCKOPEHHU-
€M, ueM 3Ta BeJIMUHHa, a TaKKe HEH3BEeCTHO, UMeeT JiH caM LeHTp I anak-
THKH CKOJIbKO-HHOYAb 3HAUHTeJbHOE YCKOpEeHHe. .

Mel 3HaeM U3 OIBITA, YTO Psij YTBEPKAECHUE, SBJAIOUNXCA BaxKHeH-
IUAMH AKCHOMaMH KJ/acCHYeCKOH MeXaHHMKH, BBIIOJHAETCS HCKJ/IOUH-
TEeJBHO XOPOILO0. 3TO C/aeAyIOIHe YeThipe YTBeDKACHHA:

1. TpocrpancTBO SIB/ISIETCS €BKJIMOBBIM,

2. TlpocTpaHCTBO H30TPONHO, T. €. e€r0 (H3nuecKHe CBOMCTBA OAU-
HAaKOBBEl BO BCeX HanpaBJjeHHsxX. B wacTHocTn, BesnumHa Macent M
B ypaBHeHHH F=/Ma He 3aBHCHT OT HanpaBJ/IeHUS ABHIKEHHUSA.

*) 3pe3abl He pasGpocaHbBl B Gecrnopsjike B KOCMHYECKOM InpocrpaHctBe. OHR
FPYNIOUPYIOTCS B GOMbIINE CUCTEMBI, pPasjesieHHble APYT OT IPYyra OrpOMHBIMH pacCTOsI-
HusaMu. Kaxnas cucrema coflepuT okoso 1010 3sesn. 3tu cucTeMbl Ha3BIBAKOTCS raJjak-
THKaMM; Ta U3 HUX, B KOTOpYIO BXoauT Haile CosHUe, H3BeCTHA KaK Halua ['anakTHKa.
Maeunnii [Tyt siBasercs uyactbio Hawed Tanaktiku. Camp ralakTHKM He pacnpeje-
JISIIOTCS COBEDIIEHHO NPOH3BOJILHO, TaK KaK UMeeTCA OnpejefieHHas TeHJeHLHs K 06-
paoBaHuiO cKomjieHHH raiakTHk. Hawa lanakThka NpHHAAMEXHT K CKOIUIEHHIO H3
19 cocraBHBIX yacTefl, KOTOpOe Ha3hiBaeTCsl JIOKaJbHOH Ipyniiol H o6pa3yeT CBA3aHHYIO
rpaBUTAllOHHBIM NPHTANKEHHEM 3aMKHYTYIO QUSHUYECKYIO CHCTEMY.
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3. HbloTOHOBB! 3aKOHBI ABHXKEHHS BHIIOJIHAIOTCS B HHEpLHa/IbHOM
cHcTeMe, ONpeeseHHol A1d Habmoaaress, HelIOABUKHO HAXOASAIEToCs
Ha 3emJie, eClld YYUTHIBATh TOJILKO yCKOPeHHe 3eMJH NPH ee BPALlEHHH.
BOKDYT OCH U NIpH ee JBHKeHHHU 1O opbute BoKpyr Cosuna.

4. Bcerga M A/ BCeX TeJ BBIIOJHAETCA 3aKOH BCEMHPHOIO TATOTe-
Husi Hplotrona. DT10T 3aKOH IVIACHT, YTO MeXIY JIOCHIMH ABYMSI MaTe-
pHa/JbHBIMH TOUKaMH ¢ Maccamu M, u M,, HaXOAAIUMUCS Ha paccTosi-
Hup R, pedictByer cusa npursixenns F=GM,M,/R?, rge G — nocro-
SIHHASl BeJUYHHA.

Bhi10 6bl 3aTPYAHUTENBHO OYeHb TOYHO IPOBEPHTH 3TH YTBEpKje-
BHs nooguHouke. HauGonbllas TOYHOCTH AOCTHUTAETCS IPH NPOBEpKE:
BCEro COUYETAHMA H3JOMKEHHBIX UETHIPEX YTBEPKAEHHH N0 Hab/IONCHHAM
3a gBuxKenneM nuiaHer CosHeuHofi cucremsl. HekoTopele npumepnt Ta-
KOl TOYHO[ NMPOBEPKH CHCTEMbl aKCHOM KJIaCCHYECKOH MEeXaHUKH pasOu-
patorcs B 3ameTkax «M3 uctopuu ¢u3nkU» B KOHUE IJI. 5.

Cunot 8 urepyuarvtolx cucmemax omcvema. Tanunedt chopmyanpo-
BaJ 3aKOH, YTO TEJO, HA KOTOPOE He JEHCTBYIOT CHJLI, UMEET I10CTOsH-
HYI0 ckopocts *). Mel BHAENH, 4TO 3TO YTBEPXKICHHE BEPHO TOJBKO-
B HHEepIMAaJIbHOH CHCTEMe OTCYeTa,— MO CYyILeCTBY, OHO COJEPIKHUT Onpe-
JieJIeHHEe WHEPIHAJIbHOA CHCTEMBI.

Jaunasi dopmysHpOBKa MOXKET NOKA3aThCsl COMHMTEJbHOH: OTKyJa
Mbl OyieM 3HaTb, 4TO HeT CHJ, JeHcTByOMHX Ha Teno? Cuasl MOryT
JeHCTBOBATb Ha Tesla He TOJbKO NPU HENOCPEACTBEHHOM CONPHKOCHO-
BEHHH TeJ1, HO OHM MOT'YT JeHCTBOBATL U Ha U30/HpOBaHHOE Teso. [pa-
BHTALIMOHHBIE HJIH 3JEKTpHYECKHE CMJbl MOTYT HIPaTh BAXKHYIO POJIb
Jaxe M TOTAa, Korna odeHb OJH3KO OT JAHHOTO Teja HeT APYTHX Tell.
Mul He MOyKeM GHITb YBEpeHbl B OTCYTCTBHH AEHCTBUSI CHJ TOJIBKO I10TO-
My, YTO HHKaKHe JpYTHe Teja He CONPHKACAOTCS HJIM HE HAXOAATCH
oyenb G143KO K JaHHOMY Tesy. Ho eciin Mbl a priori He MoxeM peluuts,
YTO KaKoe-TO JAHHOE Tel0 He TOABepXeHO JAeHCTBHIO CHJH, TO Y Hac
BO3HHKAeT TPYAHOCTb B (GJOPMYJHPOBKE CHCTEMBI 3aKOHOB JBHIKCHHS,
CBASHIBAKIIMX CHJBL ¢ yCKopeHHsiMH, HaM neoOxopuma cucrema orcue-
Ta, He UMEIOasi YCKOPEHUs, OTHOCHTEIBbHO KOTOPOH MBI MOXKEM H3Me-
psTh yckopenusi Ten. Cnoco® onpenesenus, Janupifl [anuneem pJs
TaKoH CHCTeMbl, OCHOBAH HA IPEAfOJIOKEHHH, YTO Y HAC €CTh KaKaa-To
He3aBHCHMas BO3MOXKHOCTb Y3HATb, YTO Ha 3TY CHCTEMY He JeHCTBYIOT-
Hukakne cuasl. ONHAKO 3TOH BO3MOXKHOCTH HET, MOTOMY YTO Halll KpH-
TepUH — HeT CUJbI, 3HAUHT, HET YCKopeHus — Tpebyer Kako#-To CHC-
TeMBl OTCYETa, OTHOCHTEJIbHO KOTOPOH C/ielyeT H3MEpPATh YCKOPEHHA...
H OIISITh MOBTOPAETCS TOT 2Ke KPYT pacCyzIeHHH.,

Onnaxo moJsioxenye He Ge3naj ek Ho, TaK KaK Mbl 3HaeM, YTO BEJHYH-~
Ha JI060H CHJIbI, AEHCTBYIOWEH MeXKAy ABYMs TesaMH, JOKHA JO0BOJb-
HO OLICTPO YMEHBILATLCA [O MePe YBeJHYEeHHS PacCTOSHHA MEXIY 3TH-
Mu Tenamd. Ecau 6bl CH/IBI He YMEHbIUAINCh JOCTATOYHO GHICTPO C yBe--
JINYEHUEM DPACCTOSTHUA MeXIY B3aUMOAEHCTBYIOUHMM TejaMH, TO Mbl
HHKOrJla HE CMOrJH Obl H30/HPOBATH B3aUMOIEHCTBHE IBYX TeJl OT

*) DTOT 3aKOH 4acTO HA3LIBAIOT NepBHIM 3aKOHOM HpioToHa.

- 85



‘B3aHMOJEHCTBHE HX CO BCEMH APYIMMH Tenamy Bo Beenenno#t. Benuun-
Ha BCeX M3BECTHBIX CHJI, NefiCTBYIOUIHX MeXKAy 4acTHUaMH, yObBaeT MO
KpafiHeli Mepe He MeHee GBICTPO, YeM IO 3aKOHY OOpaTHBIX KBaApaToOB.

° .
« * e
For :.—g Fiz
7 = Jpecmen 1
pedmem 7 Tednerr 2
. .« o®
P 3
. e o
' L]
67 F * . o . L o L
__________ :‘ 12 *
== .., " .
Lpedmem 7 Tlpeimem 2
2) 9

‘Puc. 3.6. IKcnepum enmaibHo ycmarnosaeno, YTO CHJA, C KOTODO# OAMH mNpeaMer HeHcTByeT

Ha Apyrofl, Bcerga OnICTPO yMeHbIIaeTcs [0 Mepe TOro, KaK 9TH NpeAMeTH pasfie/isieT BCe

~Boabluee paccronnue (a). CaeaoBarenbHo, €Cad NpeiMeT /| HAXOQHTCH JOCTaroyHo JRajeKo oT
BCeX APYyruX OPeAMETOB, TO Ha Hero He G6yAYyT AeHCTBOBATb HHKaKHe CHJb (6).

Z a=y Z

v = const Z = g
v
*
Lpedsem 7 Mpedmem 7

Z,
’ : K74 Z 4

a) 4

Puc. 3.7. ay Huepyuarvnan cucmema omedema—3TO TAKAR CHCTEMA OTCYETa, OTHOCHTENBHO

KOTOPOTl YCKODEeHHe Tesa, MOAOGHOro HpeiMeTy [ (HA KOTOPHHA He AeHCTBYIOT CHJIBI), PABHO

HyJq10. 0) B 4acTHOCTH, HMEIOTCSl TAKHEe HHeplHaJbHble CHCTEMBI OTCYETA, OTHOCHTENBHO KOTG-
pBIX npeaMeT / OCTAeTCA HENMOABHXKHBIM.

o
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"Puc. 3.8. Ecan S (x, y, 2)—uHepuMasbHasi CHCTeMa OTCYeTa, TO CHCTeMa oTcyera S’, Bpamato-

ylascs BOKPYT OCH 2z CHCTEMBI S, He Mooiern GHITB HHEpPLUHAaJBbHON (@) TaK KAK OTHOCHTENbHO

&ncrempl orcuera S’ mpeaMeT [ ABHIKETCS C yCKOPEHHEM (NIOTOMY HTO OH KaKeTCS ABHKYIIHM-
csi IO KPYTy), XOTA OH BecbMa yjaJieH OT BCeX APYTHX npexameros (6).

Mp1, Kak u BcsiIKoe JApyroe Tejlo Ha 3emse, HCOLITHIBAEM INPHTSKEHHE
IJ1aBHBIM 06pa3soM K UEHTPY 3eMJIH H TOJbKO B HHUYTOKHOH CTElNeHH —-
K KaKo#-/iH6o yAaneHHOH yacTu Bceesiennoii. Eciiu 6bl Mbl He onupasuch
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0 110J1, TO NoNy4HaH Gbl yckoperue 980 cu/cex® o HaNpaBIEHHIO K 11EHT-
py 3eman. Menee cunbHo Hac npuraruBaer CoJlHIlE; COTJIACHO ypaBHe-
HUI0 (7) MBI ABHXKEMCS C HanpaBJ/IeHHBIM K HeMy yckopernem 0,6 cu/cex?.
Ecnu pasymMHO olleHHMBAaTh BO3MOXKHYKO BEJHUHHY YCKODEHHs, TO CJie-
IyeT OXHJaTb, YTO Ha TeJNO, 3HAYUTENbHO YAAJCHHOE OT BCEX JAPYTHUX
TeJ, BeposATHO, He OYAYyT AeHCTBOBATb CHJIBL, H NOITOMY OHO He 6YJeT
UMeTb yeKopeHus. TunHuHas 3Be3ja yaajeHa oT GAMKANIINK COCCAHHX.
HeGeCHBIX Tesl Ha DPACCTOSHHE He MEHee

18 * . . * .
10%% cm *), ¥ DOITOMY CaeNlyeT OKUAAT, os (T S —
YTO OHA ‘MMEeT JIUIib MaJeHbKOE YCKO- . A
penste.” TakuMm o6pazoM, Mbl MPHIINH K .
YTBEPKAEHHIO, UTO C XOPOLUEH CTENeHbI0 . .
NpUOIHIKEHHS MOMKHO ONpPeNeTuTh CBsl- S,
33aHHYIO C HENOIBHXKHBIMH  3Be3JaMu I .

CHCTEMY KOODAMHAT KaK YAOOHYIO CH- - "\ \
CTEMY, He HMEIOIYI0 YCKOpEHHS, z Senng

Hartepecnoe obcyxnenue npobieMsl s

HaXOXKJEHNS CHCTEMBI OTCUETA, HE HME0-
el YCKOpeHHsl, COLEPIKUTCS B CTaThe
I1. B. Bpuukmena [Am J. Phys. 29,
32 (1961)). Bor Hekoropbsle OTPHIBKH H3
9TOH CTaThu:

«CucreMa M3 Tpex JKeCTKHX OpTOro-

Puc. 3.9. Hanpumep, OTHOCHTENLHO-
cucreMnl orcyera S’ {(x’, y’, 2’), HenoA~
BHKHO CBA3aHHOI ¢ 3eMuell, ynaJeH-
Hble 3Be3nbl, nogo6HO mnpexmery I,
ABHKYTCSl 110 KPYTFOBHIM TpPAEKTO-
pusivm. CHCTeMa OTCYeTa, HeHOABHKHO
cBsizaHHas ¢ 3emaell, He sBJdeTCH
HHepUHaJbHON, NOTOMY uTO 3eMas
ppaiaercsd BOKPyr cBoei ocd H oGpa-
maercss Bopyr ConHua,

Ha/JbHBIX OCeHl 06pasyer raju/ieeBy CH-

CTeMy oOTcYeTa, €CAM TP MACCHBHBIE YaCTHIbl, Ha KOTOPLIE HE
JHEeUCTBYIOT CHJIBI, HMEIOT MPOH3BOJIbHEIE NIPOEKUHH CKOPOCTEH Ha 3TH
TPU OCH U TPOJOJIMKAIOT ABHTATHCS € TOCTOAHHBIMA COCTaB/AAIUMYU CKO-
pocrefi Broab 3TuX oceii. Hawm 3emHbpie JabopaTopuH He 06pasyror

Lonye
Tamaninina
z)
" Prc, 3.10. SB/feTcs JH HHEPUHAJBLHOH CHCTEMA OTCUETA, HENOABH K HO CBi3annas ¢ CoaHuem?:
COJIHI.le TaKkxKe BpanjaeTcsi BOKPYr oCH I‘anaxmxn, HO, NO-BHANMOMY, YCKOpEeHHE 3TOro JABH-

KEHHS NOCTATOUHC Maso, TaKk YTO HM MOMKHO npenefpeus (a), M, INO-BHIHMOMY, Mbl MOXeM
Takxe npeHe6peub YCKOpeHHeM Haweill [aJakKTUKH OTHOCHTeJbHO APYLHX TaJakTHK (0).

TaKYyo CHCTEMY OTCHETA, HO H B HAlIUX JIa60p3TOpI/IHX MBI MOZKEM IIOCTPO--
HTbH HOILOéHYIO CucreMy OTCY€Ta, U3MEPUB, HACKOJIbBKO JBUXKEHHE TpeX.
NPOU3BOJIBHO HBﬁpaHHbIX MacC OTKJOHAETCA OT 3TOro Tpe6OBaHI/IH...

*) Hckaouenue -L zpofinbe 3Be3Abl.

.
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Y BBeisl 3TH OTKJOHEHHs B KAyeCTBE OTPUIATENBHBIX IIONPABOK B HALIH
yCJIOBHSA AJ$ rajuneeBoil cuctemsl orcyera. Ilpy stoM BoBce He Tpefy-
€TCst TIPOU3BOJHUTDL H3MepeHHs IOJ0KEHHH OTHOCHTEJbHO 3Be3l. MoxkHO
BIIOJIHE HAJEXHKHO ONHCATh JBHXKEHHE TeJsl, HCIOAb3Ys TaKHe Hellocpen-
CTBEHHO Hab/ionaeMble §BJEHHS, KaK BpalileHHe NJOCKOCTH KosebaHHi
masiTiuka DYKO OTHOCHTENBHO 3eMJM HJH OTKJIOHEHHE IIajaloulero
Tes1a OT HallpaBjenus oteeca. [larke eciiu onepaTop IEeHTpa yripaBaerus
paKeToll, BBIBOAS CNYTHHK Ha OPOHTY, HAXOAUT YAOOHBIM OPHEHTHPO-
Barthca N0 HabaogeruaM 3a [loaapHoit 3Be3nofl, 0UueBHAHO, YTO €ro npH-
60pbl JOKHBI 1aBaTh MOKA3aHHA OTHOCHTEJBHO 3€MHBIX OPUEHTHPOB. ..
B ranusieeBofl crucreMe oTcyera BpalialoEecs TeMO COXPAHSET TOJ0Ke-
HUe TJIOCKOCTH BpAIeHHS HEH3MEHHBIM OTHOCHTENBHO 3TOH CHCTEMB
OTCUETA MOCJE TOT0, KaK 3TO TeJI0 GbII0 IPHBEIEHO BO BpalleHHE H 3aTEM
H30JIPOBAHO OT JeHCTBHA CHUJI; C/IeLOBaTeJbHO, OHO COXPaHfeT HEH3-
MEHHBIM HaTpaBJeHHE OCH BpAILEHHSY.

3.3. AGcosI0THOE H OTHOCHTENILHOE YCKOpeHHe

HMrak, MOKHO HalTH HHEpPUHAJILHYIO CHCTEMY OTCYETa, T. €. TAKYIO
CUCTEMY OTCYeTa, B KOTOPOH ¢ oueHb 6o/buIoll ToYHOCTbIO cu/ia F pasHa
Ma. 210 MHOTO pa3 MOATBEDIKIEHO Ha omwiTe. Mpl YCTAHOBUJIH, YTO
B HHEpUUAJbHOHN cucTeMe OTcueTa BCe CHJbL, AEHCTBUEM KOTOPBIX 00bAC-
HfleTCs ABH2KEeHHe TajlakTHK, 3Be3], aTOMOB, 3JIEKTPOHOB U T. 1., obJa-
Ja10T TeM oBLIHM CBOHCTBOM, UTO BeMUHHA CHJIBL, JefCTBYIOLIEH Ha Teso,
06513aTeIbHO YMEHBIIAeTCs 110 Mepe TOro, Kak 3T0 TeJo YAaslsieTcst Bee
Jajblle W Janblie OT CBOHX coceneil. Mul yBuanM, 4TO eciu H36paThb
HeHHepUHaJJIbHYI0 CHCTEMY OTCYeTa, TO MOSBATCH KadCyuwjuecs CHJBI,
KOoTOopble He 06/1a1al0T 3THM CBOHCTBOM, T. €. OHH He 00yCJ/IOBJIE€HbI NpHU-
CYTCTBHEM ApYTHX TesJ BOJH3H JaHHOTO Teja.

CyinecTBoBaHye MHEDIHAJBHBIX CHCTEM OTCYeTa MPUBOAUT K CJOXK-
* HOMY BOIIPOCY, OCTawuieMycsl 0e3 OTBeTa: KaKoe BJHMSIHHUE OKa3hIBaeT
BCs I1podas Marepus Bo BcesieHHO# Ha ONBIT, IPOU3BOAUMEINA B Jabopa-
Topuy Ha 3emuie? [lpennosoxum, Hanmpumep, 9TO B KaKOH-TO MOMEHT
Bcell Matepuu BO BcesieHHOIl, 3a HCKJ/IOUEHHeM ToH ee yacTH, KoTopas
HAXOAUTCS B HENOCPEACTREeHHOH OJH30CcTH K Hawed 3emie, cooblUIeHO
Gosibiioe yckopenue a. Hacruna, naxoxdmascs Ha 3emse 1oj jaefct-
BHUEM CHJI, CYMMa KOTOPBIX pPaBHa HYJIO, HE HMeJa YCKOPEeHHS! OTHOCH-
TeJbHO HENOABHKHEIX 3Be3]. Koraa sTH 3Be3jnl CTAHYT JABHUIAThCH C yC-
KopeHHeM, To OyJAeT JIM 3Ta UacTHIA, BHadasle He HaXOAUBIIAACH TIOJ
JEACTBHEM CUJ, NMPOJOJIKATb JABHI'ATbCS 0€3 YCKOpeHHsI OTHOCHUTENbHO
JlaJieKHX 3Be3J], paHee He UMEBLIHX YCKOPEHHS, UJIH e U3MEHHUTCS Xa-
paKTep ee ABHXKEHUS OTHOCUTENbHO CBOEIO HENOCPENCTBEHHOIO OKpYXKe-
HuA? CylluecTBYeT /iU Pas3HYMe MeXAy VCKOPEHHLIM JIBHMKEHHeM 4acTH-
Lkl ¢ YCKOPEHHEM —+a U YCKODEeHHBLIM JBHXKEHHEM 3Be3Ji C yCKOpeHHeM
—a? Ecau urpaer poJsib TOJBKO OTHOCHTEJNBHOE YCKOPEHHE, TO OTBETOM
Ha,NoCeAHUE Bonpoc OyaeT Hem; ecu ke alcosoTHOe yCKopenHe, TO
-0TBeT Oyzer da. D10 NPUHIUNHANBHEI BOpOc, ocTaloliuiicss Ge3 oTeeTa,
HO €T0 HeJIErKO NOABEPTHYTh 3KCIEPHUMEHTANbHOMY HCC/IEAOBAHHIO.
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Hrroton o6pasHo copMy/ipoBas 3TOT BONPOC ¥ CBOI OTBET HA HETo.
TIpexncraBum cebe Benpo ¢ Bonod. Ecau Mel 6yieM BpamaTh BeAPO BOKPYI
BEPTHKAJBHON OCH, HEMOJIBHKHOH OTHOCHTENIBLHO 3Be3J], TO MOBEPXHOCTD:
BOJIbI TIpuMeT mapaboanueckKyro GopMy; ¢ 3THM Bce corsacsrest. [Ipearo-
JIOJKHM, OAHAKO, YTO BMECTO BpAlLeHHS BEAPa Mbl KaKUM-TO 00pa3oM
TIPUBEJIH 3BE3/bl BO BpallleHHe BOKPYT Beipa, TaK 4YTO OTHOCHTEILHOE
JBHKEHHE 0CTasl0Ch OHO 1 To :Ke. HbloToH cyuTasn, 4To ecau Gbl MBI Bpa-
asy 3Be3jbl, TO NOBEPXHOCTb BOJBI 0CTadack Onl miockofi. CorJacHo
3TOH TOUKe 3DEHUR, CYIUIECTBYET abcoaromMoe BpalileHue U abeoacmnoe
yckopenue. M3 onbira Mel He 3HAEM, MOMKHO JIH TIOJTHOCTBIO ONHCATH H CO-
TIOCTABHTH € pe3yJ/pTaTaMyl JIOKAJAbHBIX M3MEpeHH{ B jadopaToplid BCe
SIBJIEHHST, TPOUCXOAsINAE C BPALAIONIMMCA BeAPOM BOXLI, HUKAK HE OT-
HOCA MUX K 3Be3jiaM.

Ilpotusonosoxuas TOUKA 3PEHHSA O TOM, UTO UMEeH SHAUEHUE MOAbKO
YCKOpeHue OMHOCUMEAbHO HenoOsudicHbLX 3830, TIpelcTaBsaeT coboil Ii-
10Te3y, o6bUHO HaspiBaeMylo npunuunoM Maxa. XoTd He nueercsi HH
IKCTIePHMEHTANbHOTC TTOATBEPIKAEHHA, HH ONPOBEPKEHHS 5TOH TOUKH
3peHusl, HeKoTopule PH3UKW, BKJOYas DiiHiirefiHa, HAIH, 9TO 3TOT
npUHIuUN a priori mpeicraBaser uarepec. Jpyrue (QU3HKH NPUILPKH-
BalOTCS NIPOTHBOMOJOKHEOIO MHEHHUsI. DTOT BONPOC HMeeT 3HAYEHHE JJ/14
TEOPETHUECKOH KOCMOJIOTHH.

Ecau cuurath, 4To cpefuee ABHMKeHHE BCel ocTanbHON uyactu Bcee-
JIEHHOH BJINAET HA COCTOSHHE 000N O MHOUHON YaCTHLIb!, TO BO3HHKALT
uenLifl psij CBA3aHHBIX ¢ 3THM BONPOCOB, M NMyTeH K OTBeTY HA HUX 10Ka
He BuaHOo. MMeloTea sn kague-jiuGo Apyrue B3aUMHBIE CBA3H MEKIY
CBOMCTBAMH OJMHOYHOH YaCTHIBI W COCTOSTHHEM OCTaJbHOH yacTH Bce-
JIeHHOH? VlaMeBuTcsa JH 3apsij 2JeKTPOHa HJIH €ro Macca WIH 3Heprus
B3aHMOJEHCTBHA MEXKIY HYRJIOHAMH *), ecad Obl Kak-TO H3MeHWIHCb
qncsIo yactull Bo BceseHHOH ¥/M MJOTHOCTB HX pacrapegeneniis? o
HACTOSIErO BpeMeHN HeT OTBeTa Ha 3TOT MyyOoKuil BONpoc o COOTHULLIe-
HUH Mexay fna’dekcdl BcesenHoH W CBOACTBAMH OTHEJAbLHBIX YaCTHL.

3.4. AGcosoTHAaf ¥ OTHOCHTEJbHAsl CKOPOCTb-

Hwmeer nu abcosioTHasi CKOPOCTh KaKOH-HG0 (DU3HUYeCKHI CMBICT?
CorvyiacHO BCeM ONbBITAM, BBIMOJIHEHHBIM K HACTOSIIIEMY BpeMeHH, OTBET
JOJTZKeH ObiTh TaKOH: Hemt, He umeermn. Taxum c6pasoM, Mbl NPHILIK K QyH-
JAMEHTANbHON THUNOTe3e — APUHUUNY OmHocumeavrocmuy | aaures:

Ocrosrole 3aK0Hb! (huduKu 00UHAK080 Hopmyaupyomes 049
BCeX cCucmem OHlcuema, KOmopbie O08UNCYMCA ¢ NOCMOAHHOL
cKopocmeio (m. e. 6e3 ycKopeHus ) OMHOCUMeAbHo Opye dpyea.

CorslacHO 3TOMy NMpPHHUENY, HabioaaTesb, HAXOAdLLMACA B Kabune
6e3 OKOH, HEe MOMKET KCIEPHMEHTAJbHO ONMPENeHThb, NOKOUTCH JIW OH

*) Hyxsmon — 370 npoToH /K HeHTPOH; aHTHHYKJIOH — 5TO AHTHIPOTOH HWJIH
aHTHHEHTPOH.
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MM HaXOAHTCA B PaBHOMEPHOM IIPAMOJNHHEAHOM JABHKEHHH OTHOCH-
“TeJIBHO . HEIOABIKHBIX 3Be3J. TOJIbKO CMOTpSl B OKHO H HMesl, TakHM
-06pa3oM, BO3MOXKHOCTE CPABHHTBL CBOE JBHXKEHHE ¢ JABHMKEHHEM 3Be3f,
HabmonaTes1b MOXET CKasaTh, YTO OH HaXOAUTCS OTHOCHTENbHO HHX
B paBHOMEPHOM JBHXKeHHH. Jlaxe Torna om He MOr Oui pewinThb, 4mo
IBIDKETCA: OH caM HJH 3Be3fibl. IIPHHIIMDN OTHOCHTENTLHOCTH I ajiHJses
Obl/1 OJHHM H3 NEpPBBIX OCHOBHBIX NpPUHIHUNOB Qusukd. OH ABJIAJICT OC-
HOBHBIM i1 AaHHOU HbioToHoM kapruubl Bcesennoli. DToT npuHUMI
BbIJEPKAJ MHOTOKDATHYIO 9KCIEDHMEHTAJbHYIO MPOBEPKY H CJYXKHT
ceffyac OJHHM M3 KpaeyroJibHbIX KaMHeH Ans CneuuasbHOH TeopHH OT-
HOCHUTEJIbHOCTH. DTO HACTOJIBKO 3aMeyaTesnbHasl CBOell IpoCTOTOH I'u-
[I0Te34a, YTO ee cJjeoBaso Obl cepbe3HO PaccMaTpHBaTh, Aaxe ecaH Obl
OHa He Obl1a Tak oyeBuaHa, Kax Mbl yBHAUM B V1. 11, IpHHUHAI OTHOCH-
TeJqbHOCTH ['a/nnses nmoJHOCTBIO COIVIACYETCSl CO CrellHaJbHOH TeopHel
OTHOCHUTE/BHOCTH.

Kaxk Mbl MozkeM HpHMEHI/ITb 3TOT NPUHIUN? YTBEpIKAeHHE, YTO a6co-
JIIOTHAasA CKOPOCTb He HMeeT CMBIC/IAa B (pH3HKe, YACTHYHO OrpaHHUYHBAET
dopMy u conepakanue BCeX BH3MUECKHX 3aKOHOB, KK H3BECTHBIX, TAK
Y eille He OTKPHITHIX. Ec/M 3TOT MPUHIMN CpaBeiIMB, TO 3aKOHb! (DU3H-
KU JO/DKHBI ONMHAKOBO (GOPMYJHPOBATBCA Ads ABYX HalJopartesed,
JBHKYIIHXCA C PasjMUHBIMA CKOPOCTAMH, HO (€3 OTHOCHTEJNBLHOIO YCKO-
penua? Ilpennosoxum, uro 06a oHd HaABMIORAT KAKOE-TO OTAE/bHOE
ABJICHHE, HANPUMED CTOJIKHOBEHHe ABYX 4aCTHIL. M3-3a pasinyus cKo-
pocrelt Habmofareneil KaxApla AX JaeT onucaHHe HaGAO1AeMOro
AIBJICHHA, OTJIHYAIONIeeCs! OF ONHCAHNA, AaHHOro ApYrHM HabJronaTeneM.
Ha ocuopanuHM 3aKOHOB AU3HKH Mbl MOXeM NpeicKasatb, Kak B3auMo-
JEACTBYIOT TH yacTulpl, KaKoBBl GyAYyT Hab/oeHHs ORHOTO HAGJIOa-
Tesisl H, HaKOHeN, Kay TO Ke Bsanmonencmne YaCTHIL TPEACTaBASIeTCH
BTOpPOMY HalI01aTe 0.

Takum ofpasom/ GopMyaHpOBKAa 3aKoHOB (U3MKH AJAA BTOPOro
HabnionaTenn Moxey ObITh BbiBe/IeHa U3 HX (opMyJaHPOBKH AU NEPBOTO
Hab/oaTe/ NOCPEACTBOM JABYX PAas3/MUHBIX CIOCOGOB pacCyxIeHus.-
IlepBElfi B3 HHX — |[3TO THIOTe3a, 4TO 06e GOPMYTHPOBKH OIHHAKOBHL.
Hpyrofi cnocof — Met MoKeM cPOPMYAHPOBATE 3TU 33KOHB! /1S BTOPOro
HabJ/ojaTeNsA, INpeAcKa3aB, KakOBB JAO/UKHb! ObITh Pe3yJbTaThl ero
HaGJofeHu Haj SIBJEHUSIMM, KOTOpble ObIH ONUCaHbl ¢ MOMOULBIO 3a-
KOHOB (DU3HKH, cHOpMYJHPOBAHHBIX AJs Nepsoro Habmiogarens. as
BCEX H3BECTHHIX HaM (HU3MYeCKUX 3axonoB oba cnocoba JaloT OfUHAKO-
Bble pe3yJbTaThl. Mbl HAYHEM Halll aHAJIH3 C TOTO, YTO YCTAHOBHM HEKO-
TOphie dMIMpHUEcKHe 0COOSHHOCTH XapaKTepa OfHCAHHA OJHOIO M TOTrO
e (U3HYEeCKOro .SIBJIeHUS ABYMs HaGJIOfATe/IsIMH, OAHH H3 KOTOPBIX
JBUKETCH OTHOCHTENILHO APYTOro ¢ MOCTOAHHON CKOPOCTHIO.

3.5. MpeoGpazosanue TIajauaes

Ecsn bl npoananusupyem, xak gpa Habmonarteas H3MepsioT NaH-
HBIE HHTePBAJIBI ANMHDl M BDEMEHHU, TO Mbl CMOKEM CPABHHTD PE3Y/IbTaTHl
U3MEPEHHA ADYTHX (U3HYeCKHX BEJIHYHH, NDOMUSBEJIEHHBIX ITHMH

‘
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HabmonarensiMi, OGo3HauuM 4epes S Kakyio-anG0 HHepUMATBHYIO fe-
KapTOBY CHCTEMY KOOpAMHAT, a uepe3 S'— JPYrylo HHepUHANbHYIO Je-
KapTOBY CHCTEMY KOOPAMHAT, IBHXKYILYIOCS CO CKOPOCTbi0 V OTHOCH-
TeJ1bHO NepBo#. [1yctb ocn x', i, 2" cuctemer S’ Hanpap/eHbl napaJJesb-
HO OCSIM X, Y, 2 cucteMpl S (puc. 3.11). Buibepem 2TH ocu TakK, 4ToObt
BekTop V Obll HampaBJjeH napaJjenbHO OocH X. Mbl XOTHM CpaBHUTH
M3MepEeHHs] BPEMEHH M PacCTOSHHUH, clesaHHble Hab/lonaTeseM, HENoL-
BIKHBIM OTHOCHTEJBbHO cucTems S,
C TakHMH JXe H3MepeHHsIMH, BHINOJ-
HEHHBIMH HabJsojaTtesieM, NOKOSIIHMCA
oTHocHTesibHO — cuctemel  S.  Touabko
OIBITHBIM MYyTEM MOMKHO OKOHYaTe/IbHO
pelnTb, KakoB OyleT pe3yJbTaT Cpas-
HEHHS. ’

Ecan kaxianii U3 AByX HabmionaTe-
Jell pacriosiaraeT OOJBIIKM YHCJAOM Ya-
COB C COBEpLIEHHO OJAWHAKOBLIM XOAOM,  Pue. 3.11. Mycrs S — anepudannnas

. CHCTEMa OTCYeTa, a CUCTeMa A4 JABH-
TO OHH MOTYT NPOH3BECTH CJCAYIOUIHH  xeTcs oTHOCHTENLHO CHCTEMH S € NO-
onuit. Ilycrh chauana wabmozaTenp B SToaunofl cxopocriio V.. Toraa ci-
cucreMe S pacrpeseuT CBOH Yachl BIOb wHaTbHO.
OCU X M YCTAHOBHT HX BCE€ Ha OJHO H
TO K€ BpeMsi. DTO BOBCE HE TaK YK [1POCTO OCYULECTBHTh, HO MbI OTJIOKHM
aHaJIu3 TOro, Kak cJefyeT TOYHO BBIIONHHTD 3TH H3MepeHHs, 10 TeX 1op,
noka B ra. 11 ne 6yjer paccMOTpeH aHaJIOTHYHbIN ONHT € TOUKH 3PEHHS

z,z"

Puc. 3.12. OT/NOKHM OTPE3KHM DPABHOH JJMHB IO OCHM X; Y, 2 CHCTeMb OTCuera S (a) H HO

ocsim x’, Y, 2’ cucTemnl orcuera S’ (6). Torma, cornacuo npeofpasosanuio I'annnes, pabaio-

RaTesto B CHCTeMe S JJIHHBI OTPE3KOB B CHCTeMe S’ NMpeJCTaBJAIOTCH HeM3MeHHLIMH, XOTS cH-
crema S’ aABuHKeTCH (8).

CHenHaNbHON TEOPUH OTHOCHTEIbHOCTH. O1HAKO ecan Mbl 6y1eM npubau-
JKEHHO CYUTaTh CKOPOCTh cBeTa GecKOHewHO 00Jbloi *), TO HajO TOJb-
KO IOCMOTPETb Ha BCe 4ackl, 4TOGbl YJOCTOBEPHTLCS, YTO BCE HX Ha-
- yaJibHble TIOKa3aHUs OjHHAKOBH. Temepb Mbl MOXKeM CpPaBHHBATb MOKa-
3aHHA 4acoB B cHereMe S’ ¢ okasauusiMu vacos 1, 2, 3, ... B cucreme S,

*)} B nporuBHOM cayyae MOXKHO [POCTHIM CITOCOGOM YCOBEPLIEHCTBOBATB 3Ty Ole-
panuio orcuera, BBes NMONPABKY Ha BpeMs, HeoGXoAHMoe LIS TOro, YTobhl H30Gpa-
AeHHe YIaJeHHOrO NpeAMera AOCTHIIO Halux riia3. Yacer, yianennsie Ha [ cu, 6yayT
Ka3aTbCsl HaGMIOAATEIO0 OTCTAIOWIMMH OT YacoB, PACIOJIOMXEHHLIX HENOCPeACTBEHHO
paLoM G HuM, Ha I/c cex, rae c=3-101° cm/cer — cKopoctt cBera.
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“KOr/a 4acel B S’ N1poXoJsT MHMO KaxKIBIX uacoB B chcteMme S. Ecnu Ta-
KOH OIBIT OpPHAETCS MPOM3BOAUTH C PeabHBIMH MaKpOCKOMHYECKUMH
yacaMmH, TO 10 YHCTO TeXHHYECKUM IIPHYMHAM MBI JOJIKHBI OTPaHHUHTD
CKOpOCTDb jpHKenHs V cucremsl S’ BeqMynHOH nopsiaka 10° cm/cex, T. e.
MopfaKa CKOPOCTH THITHYHOIO HCKYCCTBEHHOTO CITyTHHKa. IlpH TakoMm
yeaosuu V/el, n onpIT MOATBEpKAAET, YTO €C/HM yachl B cucTeme S’
YCTaHOBJIEHD! OAHHAKOBO ¢ YacaMy |, TO HX NMOKa3aHusl OyAyT OFUHAKO-
BBl U C IOKa3aHUAMH 4acoB 2, 3, 4, ... C To TOYHOCTBIO, C KOTOPOH Mb
MOXKeM H3MepATh *) B TaKUX YCJIOBHUSX, MOXKHO YCTAHOBHTD, UTO

I'=t. (9

310 03Hauaer, YTo pPe3ysbTAThl OTCYETOB BPEMEHH, BHITOJHEHHBIX B CHC-
Teme S’, paBHBI pe3y/bTaTam OTCUETOB BpeMeHH B cucreme S. 3gechb ¢
O3HayaeT BpeMst coObITHSI B cHCTeMe S, a ¢'— BpeMsl cOOBbITHA B CHCTe-
ume S,

Puc. 3.13. a) PaccrauM BAO/IL OCH Xx uepes HHTEpBasbl JIHHOH L CHHXDOHH3HDOBaHHbBIE
qacsl Co’- C1,H T. A.; HeNOABHIKHBIE OTHOCHTeJIbHO cHCTeMBbl oTcdetra S. 6) Ecau Takue xe

YHachkl Co « CI H T. JI. MBl PACCTABUM TAKXKe HENOABHKHO OTHOCHTEJNHHO CHCTEeMbl oOTcyeTta S’;

TO, corsacHo upeobpasopanuio Tanunes, HaGAOAATENIO B cHCTeMe S 9TH 4achl [IPEACTABIAIOTCA
CHHXPOHH3HPOBAHHBIMH MeXAY coloif m ¢ wacamu Cy, C, u T. A.

Kak mbl yBuaum B ra1. 11, 3T0 yTBep:KIeHUe He SIBJASIETCS] HH Camo-
OQUEBHJHBIM, HH TOYHO BBINOJHANIIMMCH A BceX ckopocreit V. Mu
MOXKeM TaKxKe ONpeAeIHTb OTHOCHTEIbHBIE Pa3sMEphl HENOABHKHOK H
JBHKylIefics MeTpoBol suHefikH. MBI XOTHM 3HaTh, KaKOH Kayuiuiics
pasmep Asis Hab/liofatesst B cucteMe S HMeeT MeTpoBasi JIHHeHKa, [o-
Kosimasics B cucreme S’. Tlpoctofi crnoco6 onpene/inTh 3T0 3aKa04aeTcs
TaKKe B HCIOJb30BAHHM YaCOB JI/isl PErMCTPALUU MOJOKEHUs 06ouX
KOHLOB ABM:KYLIeHCA METDOBOH JIMHEHKH, MPOH3BOAUMOH OJIHOBpPEMEH-
HO, T. €. [IPY OJTHOM H TOM >K€ NOKa3aHUH YacoB, HAXOMSAIUXCS B CHCTE-

*) CorslacHO TeOPHH OTHOCHTEIbHOCTH, NPH ckopocTd V=108 cu/cex Bennununl ¢
H ! JOJI2KHBI OTVINYATHCA TOJIbKO Ha ONHY JBYXMHUJLIHAPJHYIO YaCTh, MeHbIUE YeM Ha 1 cex
3a 50 sier. Xors B HacTOslIlee BpeMsl MOKHO H3TOTOBHTD Hackl C TAKMM CTAGHJbBHBIM XO-
IIOM, NOKa ellle HeT BO3MOXKHOCTH 3alYCTHTb CIYTHHK C YaCAMH, ABHKYWIHICH CO CKO-
poctbio nopaaka 108 cu/cex, Ha CTOMb NPOAOKHTENBHOE BPEMSi, KOTOpoe HeoGX0duMO
AP -aT0r0 H3mepeHus. Pasenctso ¢'=1 gas V<€c=3-1019 cu/cex npencrannger coboi
MPOCTYIO IKCTPaNo/ALUHIO ONLITHLIX AAHHBIX H JO HAaCTOALIEro BpPeMeHH He NMPOBEPSAIOCH
TOUHBIMH H3MEpEHUSIMH. .
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Me S y nepennero H 3ajHero KOHUOB 3TOH JIMHEHKH. DKCIepHMEHTANbHO
MBI Haxoaum *), uro

L'=L (10)
npu ycaosuH, Korga V <Lc.

Mel moxkeM BrIpasuTb pasencrsa (9) u (10) B dopwme npeobpasosanus,
CBSI3LIBAIONIET0 KOOPAHHATH X', ', 2' # BpeMs {', H3MEDEHHBIE B CHCTE-
Me S’, ¢ KOOpAWHATAMH X, Y/, 2 U BpeMeHeM {, H3MePeHHbIMH B CHCTeME S.
Cucrema S’ IBHKETCS CO CKOPOCTBIO VX OTHOCHTENBHO CUCTEMEl OTCHETa
S. TlpeanonoxuM, uto npu t=0Takxke U {'=0 u 4T0 B 3TOT MOMEHT
coBmanator mHavana koopauuat O u O'. Ecau Mmbl BeiGepem coBeplieHHO
OJIMHAKOBEIE MacmTalbl IJHHBL, TO TOJYYHM CJIelyIOUHe ypaBHeHHs
1peo6pa3oBaHus:

t=t; x=x+Vt, y=y, z=2. (1)

Dro npeobpazoBanue Ha3sIBaeTcst npeobpasosaruen aruaen (puc. 3.14).
HenocpeacrBennsiM caenctasueM ypaBHeHu# (l11) sBnsercs 3akoH
CJIOKEHUS] CKOpOCTeH:

m = HY =i, (D

HJH B BEKTOPHOH Qopme:
v=v'4V, (13)

TAe v'— CKOpPOCTb, H3MepeHHas B CH-
creMe S, a v — CKOpOCTBb, H3MepeHHast
B cucreMe S. IIpeobGpasopatine, o6paTHoe

1o oTHOWweHHIO K (13): Puc 3.14. r (¢, y. z. t)=r" (x~V1,
Yy, 2, 1). CnefoBaTe/bHO, Mbl MOKeM
v =vy—V, BLIDA3HTbL TpeoGpa3zopakue Tlannges

OoT S K S’ ¥ ofparHo TakuMu opmy-
Ecau conocrasurh onpeaeaenue (11) e
Ca pen x'=x-Vt, 2=z,

npeobpazoBauus [asuies Mexay cu- V=g et
creMaMi S U S’ ¢ OCHOBHBIM [1OCTY.J1a-

TOM O TOM, YTO 3aKOHBI GHU3UKH, ONPEe/ieHHBIE B 3TUX cucTeMax S u S,
JOJIKHBL GBITh TOMKIECTBEHHE, TO MBI MOXKEM C/IeJ1aTh CAELYIONIHA BLIBOJL:

OcHosHole 3aKCHLL (u3uUKL  00UHAKOBO (HOPMYALPYIOMCS
0an mobbix 08Yx cucmem OMCHema, CBASAHHbLX nPeodpaso-
sanuem aaunen.

DTOT BLIBOJ HOCHT HeCKO/IbKO OoJiee YacTHBIH XapaKkTep, ueM Haiue
TipexkHee ofllee YTBePKACHHe, YTO 3aKOHBl (H3HKH HOpPMYJAHPYIOTCS

*) Takoli sKcnepUMeHT He BHIIOJHAJCS C OOJNBUION TOYHOCTHIO, H YBEPEHHOCTD
8 ToM, uto L'=L npu V < ¢, ocHOBLIBAETCS IVIABHBIM 06DA30M Ha KAUECTBEHHBIX OMNbIT-
HBIX JAHHBIX, NPOCTOTE THIOTe3H ¥ TOM (aKTe, YTO 3TO NPelAHONOKeHHe He NPUBOAAT
K KaKHM-A#060 NapajlokcaM HJH HeCcOOTBETCTBHUSIM.
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" COBEPIIEHHO OJHHAKOBO /IS BCEX CHCTeM OTCYeTa, JBHXKYLIMXCS C ITO-
CTOSTHHOH CKOPOCTBIO OJHA OTHOCHTENLHO ApYyrofi. Bosee yacTHuIH Xa-
pakTep 3TOro BLIBOJAA CBA3aH, HAIPUMep, € JOMOJHHTENbHHIM JOMYyllie-
HueM, 410 {=1. B rai. 1] MBI yBRIMM, UTO 3TO JOmyleHHe HALO Oymer
BHJIOM3MEHHTb,

OcCHOBHON NPUHLUUI HHBAPHAHTHOCTH (U3HYECKHX 3aKOHOB CIipa-
BeJJIMB BCErJia, HO COOTBETCTBYIOIIHE eMYy TOUHBIE ypaBHEHHS npeobpa-
30BaHHS KOOPAMHAT M BPEMEHH — 3TO YpPaBHEHHS npeo6pasoBaHHﬂ
Jlopenua, a me ypasnenus (11).

CrenanHoe 3jech npeanosoxeHHe o6 HHBADUAHTHOCTH 3aKOHOB
(u3NKM oTHOCUTEAbHO Npeabpa3oBanna (11) osHauaer, 4TO OHH AOJKHBL
HMeTb B TOYHOCTH OJMHAKOBBII BUJ, OYAyYH 3alHCAHL B IUTPUXOBAHHLIX
M B HEIUTPUXOBAHHBIX I€PEMEHHBIX, KaK, HanpuMep, ypasHenus (16) —
(18), mpuBosuMbIe HUKE. DTO Tpeéoaa}me HaJlaraet Onpeje/eHHOe orpa-
HHYEHHE Ha BO3MOKHYIO (bopmy (bU3HUECKHX 3aKOHOB.

M3 coorHowenust v=v’+V, rae V — oTHOCHTE/IbHAS CKOPOCTb ABYX
CHCTEM OTCueTa, CJeAyeT, YTo

Av=AvV, (14)

T. €, H3MEHeHHe CKOPOCTH OJAHOTO M TOrQ XKe Tesa, HabuIiofaeMoe B CHC-
TeMe S, PaBHO H3MEHEHHIO erc CKOpocTH, HalmaonaeMomy B cucreme S'.
Kak S, tak u §’— uHeplnasbHble CHCTEMB OTcuera. HamomHHUM, 4YTO
Mbl IPEAIONIOKHUIAH, UTO CKOPOCTh V HEe MeHseTCsa co BpemeHeMm. Tak Kak
At=AYl, 10 0TCI012 CAEAYET, YTO YCKOPEHHSs, HabJ0aeMbie B CHCTEMaX
orcuera S u §’, paBHB MeXay coboii:

__Av__ AV
a==_r=a. (15)

Kak npeo6pasyercss BennuuHa cuibl-F mpn nepexoze or S k S'?
YrBepxaenue, 4To 3aKOHL (PU3UKH HMEIOT OJMHAKOBLIH BUA B LUTPHXO-
BAaHHLIX W HEITPUXOBAHHBIX MEPEMEHHBIX, O3HauaeT, YTo

= Ma’ (16)

F=Ma (17)

IIpH YCJIOBHH, uTO Macca M He 3aBHCHT OT CKOPOCTH. Ho me1 nokasadu,
BbIBOAA opMyay (15), uto a’= a; C/Ie/10BATENBHO,

F— Ma'—F", (18)

T. €. B 00eHX cHCTeMaX OTCHeTa CHJIa HMEeT OJHHAKOBYIO BeJHUYHHY:
F=F'. Mul n0puxoguM K BbIBOAY, YTO eC/IH AJIsl ONpene/eHud CHJbl HC-
noJb3yerca coorHomienne F=Ma, To Bo BceX HHeDLUHAJIbHBIX CHCTeMax
oTcyeta  Ha6/IOJATe/IM [OJYYaT OAMHAKOBbie NaHHBIE 00 aGCOMOTHOM
BeJIMYKHE W HANpaBJeHUH CHIH F, HE3aBUCHMO OT OTHOCHTENbHBIX CKO-
pocTell THX CHCTeM OTcyera. ,
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3.6. CoxpaHeHMe HMMYyJbca

Cpenu ¢usnyecKuX 3aKOHOB, COTJIACYOIHMXCA C NPHHLUUIOM OTHO-
cutenbHocTH [anunesi, ocoGeHHOE 3HaUeHHE HMEIOT 3aKOHB! COX paHeHU st
HMITYJbCa, COXpPAHEeHUs Macchl H COXPaHEHHUS S3HePrHH. DTH 3aKOHHI yKe
3HAKOMEI BaM IO LIKOJAbHOMY Kypcy (H3MKH, TAe OHH (OpMYJHPOBa-
Jich 6e3 KaKo#-ubo CBA3M C MPHHIMIOM OTHOCHTENbHOCTH. COrJacHO
3aKOHY COXpaHeHHs PHEPrHH, NoJHafA 3Heprus Bcesemnoll mocrosinua,
He3aBHCHMO OT BpeMeHH *). PaccMaTpuBas 5TH 3aKOHBI C TOUKH 3peHHS
MIPUHIHTA OTHOCHTEJIBHOCTH, Mbl He OTKDOEM HHYEro CBEepX TOro, 4TO
Mbl y2ke 3HaeM. OfHAKO Mbl BBIUTP&EM B OTHOLUICHHH NOHUMAHUS SBJE-
HHI, U 9TO IIOMOXKeT HaM O0OOIIHTL 3aKOH COXDAHEHHS HMIYJ/bCa HA
Pe/IATHBUCTCKHE YCIOBHS, MUt KOTOPBIX cooTHouweHne F=Ma yxe ne
SIB/IIETCST TOYHBIM 3aKOHOM npuponpl. Hame#d koneuno#t nesbto Gyzer
HaXOXJeHHe 3KBUBAJEHTOB 3aKOHOB COXPAHEHHS MacChl, 3HEPTHH HU
HMITy/IbCa B YCJAOBUAX JIBUKEHHS C PEVISITHBHCTCKHMH CKOPOCTSIMH,
T. €. CO CKOPOCTSIMH, CPaBHHMBIMH CO CKOPOCTBIO CBETa C.

B mpuMenennu K yaapy AByX Tedq, 1 u 2, 3aKOH COXpaHEHHST UMITYJIbCa
TJIACHT, YTO CYMMa HMIYJ/bCOB IOC/IE YAapa paBHA CyMMe HMIIYJIbCOB
Io yjaapa:

p: + P, =p1 -+ Pa, ' (19)

40 yxapa mocse ypapa

rj€e, O ONpene/Ie U0, UMHYJbC P Tesa Maccoll M pasen
p=Mv. (20)

Ml mpeamosnaraemM, 4To yap coBepliaeTcs B YCJAOBHAX, KOTAa Ha ofa Te-
Jia He IleﬁCTByIOT BHEUIHHE CHJIBI. yﬂap MOKeT GBITh HJIH YIIpYTruM, HJIH
HEeYyIpyruMm,. HpI/I yIOpyroM yjape BCi KHHETHUECKasd 3HEpPrus CTaJlKH-
BAIOUIUXCS YaCTHIl COXPAHAETCHA MocJe yaapa KakK KHHeTHYeCKasa IHep-
THs1 TeX 3Ke yacTHil. [Ipu Heympyrom yjaape yacTb KHHETHYeCKOI sHep-
T'HY CTaJKHBAIOMIMXCs YaCTHUL HePeXOIUT IIoC/e yrapa B KaKoii-n1u60
BH BHYMpeHrHell 3HepriHy Bo3GYXKAEHHOIO COCTOSIHUS (Hanpumep, B Terl-
JIOTY) OAHOH UM GoJsee yacTull. Baxuo yGeIHMTbCS, YTO 3aKOH COXpa-
HeHHA HMITyJbCa MOXKHO IIDUMEHATD AaXKe K Heynpyeomy ynapy.
B NPpUMEHEHUH K YA2pPY JABYX Te€JI 3aKOH COXPaHEHHA Maccol IJacuT,
4TO CyMMa Macc MocJie yAapa paBHa CyMMe Mace 10 yaapa:
Mi+M,=M,+M,. 21

10 yaapa nocse ypapa

B ra. 12 ypaBrenns (19) u (21) 6yayr obobuieHsl A5 cjyuasi YaCTHII,
JBIKYIIUXCSA C PENSITHBUCTCKUMHU CKOPOCTSIMH.

Tloxa npeanesnoxum, 4To B Ipolecce yaapa Macca KaX/J0Hd YacTHIb!
coxpaHsieTcsd Heu3MeHHoH. Mbl nanuM cefiyac jBa pas/iMYHbIX BEIBOJA

*) IlpaBusbHee cOPMYJIHPOBATH STH 3aKOHBL CIEAYIOMHM 06pa30M: «I10JIHAS SHEpP-
THS 3aMKHYTOH CHCTeMEI IIOCTOSTHHA» H «I0JIHAsSl Macca 3aMKHYTOH CHCTEMBI HOCTOSTHHAY.
Tpu s1om nox samxrymod cucmenod IMeeTcst B BHAY JI06ast COBOKYMHOCTb (bH3HYec-
KHX TeJ, KOTOpEle He B3aMMOJEHCTBYIOT ¢ MarepHell, He BXOAMAILEH B 5TY CHCTEMY.
(Hpum. ped.)
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3aKOHa COXpaHeHusl UMnyJabca. [lepBriit BLIBOA OCHOBBIBaeTCH Ha mpef-
MOJI0KEHHH O HbIOMOHOBCKUX cuAax. BTopoll BRIBOJ, SABJSIOLIHHACS Goslee
CTpOruM M Gosee oOLIHM, OCHOBLIBAETCS HA NPUAYUNE OMHOCUIMEAbHOCHIL
Faaunres u 3aK0He cOXparerus Hepeutl.

[TepBr# BH BoO A CoxpaHenwe HUMIY/bCa He SIBJSIETCSt 00s1-
3aTe/IbHBIM CJIeACTBHEM OAHOIO ToMbKO ypaBHenuss F=Ma. B atom
BbIBOAE MBI JIOTIOJHHTENbHO NpeAno/araeM, uTo CHJAbI MEXIy UYacTHila-
MH — 3TO CHJIBI CITEIIHaJbHOTO XapaKTepa, Ha3blBaeMble HbIOMOHOBCKU-
Mli, J/1S1 KOTOPHIX BBINOJIHAETCA TpeTui 3akou Hpiorona. Ilo onpesene-
HUIO HBIOTOHOBCKHE CHJIBl 06/1aal0T TeM CBOHCTBOM, uTo cuna Fy,,
KoTopoi yactuia | feficTByeT Ha 4acTHILy 2, paBHa 10 BEJUYHUHE H NIPO-
THBOINOJIOZKHA 110 HanpapJenuto cune F,q, geficTBylomei co cTopoust
4aCTHIB! 2 Ha wacTHiy 1:

Fi,=—F,. (22)

M3 Broporo saxona Heotona caenyer, uro B Teuenne m060ro Gecko-
HEUHO MaJioro MpoMEKYTKa BpeMenu Al

AN o A A
-~ F=M. 52, Fu=MT" (23)

2

o T Ho F,,=—F,;, H, Takum 06pa3om, Mbl
7o noayyaem H3 (22) u (23) 3akoH coxpane-
e’ -~ HUA HMITYJbCA:
/’\ M, AV, -+ M,Av, =0, (24)
o+ 4

I

Puc. 2.15. Ecnn gBa ABHIK YIIHXCH = v M. .
ToYeUuHBbIX 3aPAxa ¢, H §» 1IPOXOAAT (M1v1 + M2V2)Ha‘l \M1 1 + 2 z)xon
odeHb OJU3KO APYT K APYry, TO HX (25)
TPAEKTOPHH OTKJOHAIOTCS OT TepBO-

nayaJdbHbIX UpﬂMOﬂPlHeﬁHbIX TpaeKk- o .
ropuf. Tipu taxom coymapenun co- D JIOOOA MOMEHT CYMMa HMMIY.JbCOB

KPaHsieTeA CyMMapHbIE HMOYJbBC, HO /\/11‘/1_1_/\/12‘,2 IBYX CTaJKHBaloUIHxcs
CitJipl He SABJSIOTCH HBLIOTOHOBCKHMM.

OTKJIOHEHHE OT HBIOTOHOBCKOI'®O B3aH - YJacTULl COoXpaHAeTcsd TIOCTOSIHHOH npu

{CTBMS MIpaeT BAXKHYI POJb B o
'1;1602?((\11131'{351)(, Koprua YACTHH B! ABU X YT~ yCJOBHH, 4YTO CHJABl HX B3aUMOIECHCT

csl ovenk  GhICTPO, BUSl SBJISIOTCS HBIOTOHOBCKHMH.
| — nepBoHavasbHas ~ TPAaEKTODPHI;
2 —p(baKTHlxeCKaﬂ TPaeKTOPH;I. Opnnaxo IIpocroe AOonyuleHne O Hbo-

TOHOBCKOM XapaKkTepe CHJ 4acTo He
BolnoJIHAETcd B TouHOCTH. Flo BCce Xe 3aKOH COXpaHeHHS HMITyJjbca
SIBJISICTCS TOYHBIM 3aKOHOM. B JefcTBHTE/NBHOCTH B3auMOJeflCTBHe Hac-
iy 1 1 2 ne MoxkeT OLITh MPHOBEHHBIM, TIOTOMY YTO JAEHCTBHE CHJ Tepe«
jaercs He ¢ GecKOHeYHO GOJblIOH, a ¢ KOHEUHOH CKOPOCTbIO, He IIpeBhl-
watonied ckopocts cseta (ra. 10). Takum ofpasom, B n:06od MoMeHT
cnaa Fy, MOXKeT GHITh H HE paBHa B ToUHOCTH —F,;. MBI MOXKEM 0:KUaaTh,
YTO CyMMa MMIIYJbCOB mocse yjaapa OyAeT paBHa CyMMe HauaJsibHBIX
UMIIYJ/IbCOB TOJIBKO I10C/I€ TOTO, KaK HMIYJbCH YaCTHH JOCTHTHYT CBO-
WX KOHeUHbIX 3HaueHdnid. He csenyeT ocHOBbIBaTh NOKa3aTesbCTBO 3a-
KOHA COXPAHEHHs] HMIYJbCA Ha CIElHaJbHOM JONYUIEHHH O HbIOTOHOB-
CKUX cusiax. JIJisl HBIOTOHOBCKHX CHJ CyMMa MMIyJbCOB CTPOrO coxXpa-
HseTCA B J060H MOMEHT BpeMeHHM, JaxKe B TeHEeHHE CaMoro Ipolecca
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yaapa. Ho ans peanbueix dusuuecKux cuJl, AeHCTBYIOUIHX HE MTHOBEH-
HO, NOJDKHBI CYyUIeCTBOBATh TAKHE CTaJWH TECHOrO B3aHMOAEHCTBH S
JABYX UaCTHII, B TeUEHHE KOTOPHIX HE COXpaHseTCs CYMMapHLIH HMIYJbC.
Bropo# BuBoOA Ilpy 3TOM BEIBOZE MBI HCXONMM M3 Npeamno-
JIOJKEHHMH O BhINOJHEHUH IIPHHLMIA OTHOCHTENLHOCTH [anunes, a Takxke
O BHIIIOJHEHHH 3aKOHOB COXPaHEHHs 3HepTHH M Macchl. PaccMOTpuM fBe
cBoGofHbEIe YacTHLBE! 1 U 2, KOTOpHIE BHAYa/Je HMEIOT CKOPOCTH Vi H V.
ITpennosoxuM, YTO UX HadajbHbie (M KOHEUHBIE) NOJOXKEHHSA 3HAuH-
TeJIbHO pasjeseHbl B IIPOCTPAHCTBE, TaK YTO B NEPHOJAHI A0 Hayajaa H
Ioc/ie OKOHYaHHUS YAapa YacTHLL! He B3aUMOAEHCTBYIOT. M3 1KO/ILHOTO
Kypca Gusuky (Wid H3 TJI. 5) U3BECTHO, YTO IO Hayaja yaapa KHHeTH-
yecKas HeprHs 4acTHIl paBHa
1 M 2 I 2
5 Mo} + 5 M. (26)

Tenepr mycTb MeKAY YaCTHUAMH IIPOH3OHAET yaAap; 3TOT yaap He o6s-
3aTe/IbHO NOJIKEeH ObiTh ynpyruM. KuHeTHueckasl sHeprus nocie yaapa
paBua

1 1

& M@} -+ M3, (27)

rjle W, U W,— CKOPOCTH IIOCJEe yiapa, olpefeseHHble yepe3 TakoH 11po-
MEXKYTOK BPEMEHH, YTO YacTHIibl yxKe OOJblie He B3aUMOJEHCTBYIOT.
/i3 3akoHa COXpaHEHHA DHEPTHU CJAELYET, YTO

5 M0t 5 Mot = Mot Mok + Ae, (28)
rae Ae (koTopoe MOMKeT ObIThb HJH IOJNOKHTEJNBHBIM, WIH OTPHIATE/Nb-
HBIM) — 3TO HM3MEHEHHE 3SHEPTHH BHYTPEHHEr'o BO3GYMKAEHHS 4YaCTHIL
B pe3yJibTare ynapa. BHyTpeHHee BO30y:KACHHE MOMKeT NpeACTaBJATH
cofo#l BpaleHHe HJIH BHYTPEHHHE KoaeOaHUsA; OHO MOXKeT 3aKJII04aThes
B BO30YK/IeHHH CBSI3a1iHOI0 3JIEKTPOHA [OCPEICTBOM [IePEXOAa €ro ¢ Hu3-
KOTo 3HEpreTHYeCKOro ypoBHs Ha 6oisee Bricoku#. Ilpu ynpyrom yupape
Ae=0, HO NpH TaKOM pacCyXJeHHH HAM He CJeAyeT OrpaHHYMBATBLCH
yOpyruMi yiaapamu *). Mel 3fech MPeAnoNOXKHIH, YTO MAacChl 4acTHIL
M, n M, ocralorca nocse yaapa 6e3 u3MeHeHHH.

Tenepb paccMOTpHM AJIsi 3TOTO yAapa NojpoOHble ke COOTHOLIEHHS
B INTPUXOBAHHOH CHCTEME OTCYeTa, ABUKYLIEHCS C MOCTOSHHOH CKO-
pocThio V. OTHOCHTENLHO IIEPBOHAUAJbHON HEIUTPHMXOBAHHOH CHCTEME
orcueta. Of03HAUNM Yepe3 vy, v, HadasbHEE CKOPOCTH, a yepes Wy, W,—
KOHEYHBle CKOPOCTH HYacTUIL B IUTPUXOBaHHOH cucreme orcueta. Mol

*) [Ipu HeynpyroM yjape BOBCe He HapyuiaeTcs 34KOH COXPaHEHHs SHEPTHH, a
IIPOMCXOJHT TOJILKO TepepacripefelieHue ee: YOrb KMHETHYeCKOH SHEPIrHH MeXaHuye-
¢XOro IBHKeHHs! Tell NEPEXOLUT B SHEPTHIO BO3CYXJEHUH B BHJe BPAN|aTe/bHOrO Hiln
KOJe6aTeNbHOrO JABHKEHHS HX COCTaBHBIX HacTell WK B ApYrie GOpME SHEPrHH BHYT-
penHero apmxenus. Takoe BHyTpeHHee JBHKEHHE YaCTO Ha3BIBAIOT MENA0Mod Wl Ten-
JIOBLIM HBUXeHHeM (CM. T. V).
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HMeeM, COIJIaCHO IpaBHJY CJIOKCHHSA CKOpOCTe[';I,

vi=v;—V, v,=v,—V,
W, =w,—V, w’;=v32—-v.} (29)

Boipaxkenue 3aKOHAa COXPaHEHHs] SHEPTUH B IITPHXOBAHHOMR CHCTeMe
HMeeT CIAeAYIOIHUi BUL:

3 M, )+ M, (03) =5 M, @)+ M, @)+ Ae.  (30)

Mul npeanoJsaraeM, 4To 3Heprus Bo3OyxkjaeHust Ae He MeHsieTcsl NpH
nepeMeHe CHCTeMBI OTCUETa. 3TO COorJiacyercs ¢ ONLITOM.

3aKOH COXpaHEeHHs] SHEPTHH JOJ/KeH OhITh MHBaPHAHTHHIM IO OTHO-
wennio K npeoGpasoBanuio anunes. CrenoBartenbHO, KaK B LITPUXO-
BaHHOM, TaK ¥ B HEINTPUXOBAHHOM CHCTEMax OTcYeTa HayasbHasi KVHe-
THYECKAas] SHePTUA JOJ/DKHA ObIThb PaBHA CyMMe KOHEYHOH KHHETHYEeCKOH
SHEpTHH U SHepTHH BHYTPeHHero Bo3OyxieHHsi Ae. 31O 03Hayaer, 4ToO
JOJKHBL BHIIOMHATBCA Kak ypaBHeHue (28), tak m ypasrenue (30).
MOXHO Bbipa3HTb 3aKOH COXPaHEHHSA 3HEPTHH B IITPHXOBAHHOH CHCTeMe
orcyera, nogcrasus B (30) ypaBHeHus npeoOpasoBanus (29) u 3aMeTHs,
uro (v;)*=0v3—2v,-V--V2 u 1. 1., Tax uro ypaBuenue (30) npumer cJe-
fyouu# BHA:

5 M, (@ —2v, VAV 5 M, (vg—évz.v+vz>=
=1 M, @ — 2w,V V) g M, (@ — 2w, - V4 V2) - Ae. (31)

3ameTuM, 4TO csaraemele ¢ V? cokpaijalotced B NpaBod U JIEBOf YacTAX.
Coordomenne (31) npeBpamiaercs B ypaBHeHue (28) — 3aKOH coxpaHe-
HHs SHEPTHH B HEIUTPHXOBAaHHOH CHCTEMe OTCYeTa — TOJbKO HPH YCJIO-
BHH, 9TO B (31) COKPAIIAIOTCS CKa/ispHbIe NPOH3BEJCHUS, T. €. UTO

(M, + Movo)-V = (MW, + M,w,). V (32)

Vpapnenne (32) 10/KHO BHIIOMHATBCA A5 JoGoro 3Hauenus V. Cie-
JIOBaTebHO, ero ofllee peineHHe TaKoBO, 4TO

My, +Myv,=Mw,+ M,w,. . (33)

1o npescTaBisieT co00H KaK pa3 3aKOK COXPAHERUA UMNYAbCA.
PesiomupyeM u3siokenHoe. Mpl HCXOZMJ/IH M3 YTBEpPXKJAECHHS O BHI-
NOJIHHMOCTY 3aKOHOB COXPaHEHHS 3HEPIHH H COXPAaHEHHs Macchl HEH
yAape, a jajiee Mbl IPEATOJIOKHUIIH, YTO STH 3AKOHEI BBIIOJIHSAIOTCS B JIIO-
60ll WHepHIHaNbHOH cHcTeMe oTcueTa. Takum 00pa3oM, Mbl HCXOAHJH
TaK:Ke W3 NPEeANOJNOXKEHH s, UTO BBIIOMHAETCS NPHHIMI OTHOCUTENBHCC-
Td ["annnes. Mbl HalIK, YTO 3TH 3aKOHBI MOT'YT BEIIOJIHATLCS B. pa3jing-
HBIX HHEpPHHAJBHBLIX CHCTEMax MOAbKO B TOM CJydae, €C/M IIpH ylape
COXPaHseTCsi CyMMapHbI#i HMIYJ/IbC. Mbl HE HCNIO/IB30BaJM 32KOH COXpa-
HEHHs] MacChl B €TI0 Hauéonee obweit ¢popme. Ecay npu yjape npoucxo-
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BUT Kako#-To oOMeH MacC, Tak 4TO IOCJe yAapa Macca dacTHus M,
crana pasHo#t M,, a Macca yacTuibl M, crana pasHoit M,, HO Npu 3TOM

M +M,=M;+M,, T0 Te ke camble BHIKIAAKH, KOTOPbE IPHMEHANHCh
BHILIE, TAKXKe MOIJIH Obl NPHMEHATbCS MPH BHIBOLE 3aKOHA COXPaHEHHS
HMITyJbca. DTO HIMOCTPHPYETCA NPHBOJHMBIM HHXKE NPUMEPOM.

\

3.7. XdMHuecKHe peakuun

IlokaxeM, 4To npH XUMHYECKOH peakUHH, 3aKJ/IOYaloueiics B nepe-
rpYNIUpOBKE WM o6MeHe MeCTaMH aTOMOB PEarupyKOIHX BellecTB, CO-
XpaHsAeTCs MOJNHBIH HMIYJBC, €CJIH TOJABKO BHINOJHAETCH 3aKOH COXpa-
Henusl Maccol. IlpennonaraeM, 9TO BHEIIHHE CHJIBI HE JEHCTBYIOT.

a Uy 8_”’;” a (e 4 %}EE-V

Ao yinpa o yiapa

Wy
o &
%0 . &Ulqg’y

Tocre yopa llocre yozpa
Puc. 3.16. [locne ypnapa, copeplatomerocsl MexxJy ‘aToMOM A # MoJiekyJoft

BC, ocraioren arom B u mosmekyna AC, Ifpollecc coymapeHHs pacCMaTpHBaeT-
Cfl OTHOCHTEJIbHO IBYX PasJIMYHLIX CHCTeM OTCueTa.

HyCTb 9Ta peakiHs ONMHChIBAETCA CJACRYIOUIUM YpaBHEHHEM:
A+BC— B+AC, (34)

rae uepes BC oGo3naueHa MonekyJa, coctosias us aroma B u aroma C.
B xozne peakunu atom C npucoenunserca K atoMmy A, obpasys moseky-
ay AC.

Onpenensis BeJHYMHBI CKOPOCTefi OTHOCHTEJBHO KaKOH-JH00 HHep-
IHaJbHOH CHCTEMEI OTCYETa, MOXKHO HaNHCATb 3aKOH COXpaHEHHs SHep-
THH B CJIEAYIOUWIEM BHIE:

1 1 [ P 1
7MAU,§ +5 (M Mc) v = 5 Mpws + 5 (Ma+ Mc) Wac + Ae.

b (33)
3nech Ae npencrasasier coGoli CyMMy BCeX H3MEHEHHH SHEPTHH XHMH-
YecKHX CBSi3eH B MOJIEKYJiaX, NPHHHMAIOWKX y4acTHe B peaklun. B apy-

rofi MHEpUMAJbHOA CHCTEME OTCYeTa, ABHXKYUEACS OTHOCHTENbHO Mep-
BOH CO CKOpOCTbiO V, MOMHO HamHCcaTb YypaBHellHe 3TOro 3aKOHa,
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3aMeHHB V5 Ha VA—V H T. I.:
5 Ma (va=V)'+ 5 (Mp + Mc) (Vec— V) =
1
=5 Mg (Ws —V)* - (Ma + Mc) (Wac— V) +Ae.  (30)
PaspepHyB BhIpaxeHHs Qs KBaApaToB CKOGOK, MBI YBHIHM, YTO ypaB-
Henusi (35) u (36) paBHOCH/BHBL, €C/IH
Mava +(Mp +Mc)vec=Mpwp +(Ma +Mc)wac.  (37)
D10 COOTHOWEHHEe TOUHO COBIajaer ¢ (GopMYJHPOBKOH 3aKOHa coxpa-
HEHHS HMITyJabCa.
Il p uMep. Cmoakroserue maxcesoli u aeekol wacmuy. PaccMmor-

PUM YOPYTHH yjap NpH CTOJKHOBEHHH THAXKEJNOH YacTHLLI, HMeIOUlel
maccy M, ¢ nerxoft gactuief, Macca KOTOpoH

v,
0——*“"”’ paBra m. Ilyers jpo ynapa Jerkast dacruua
4o yiapa Oblla HenmojBMKHa. HawasnbHadg CKOpocTb

p , TAKENOH YACTHIbI PABHA V,=U,X, & €€ KOHEeU-
Y@= wan cxopocts pasma w, (puc. 3.17). Ecan
.-

Sl JAHHBIH yjaap NPOUCXOAUT TaK, YTO Jerkas

\\’.”\* 4acTHIlA HAUYHHAeT [BHUraTtbCs Brepef B Ha-

% paBJeHUH X, TO KaKoBa GyJeT ee CKOpoCTb

facne yoepa nocse yrapa w,? Kaxasi gosst suepruyl Tsxe-

Pre. 3.17.° JIof yactHibl OyJer IOTepsiHA €10 IIPH TOM
yaape?

CorsiacHO 3aKOHY COXDaHEHHs HMIyJabca, IOC/Te yAapa KOHeWHas
CKOPOCTDb TAKeJIOH YaCTHIBI He MOXKeT HMeTb COCTaBJ/AKLIeH B HAanpas-
JEHHH Y, TaK 4TO

Mo X = Mw X+ mw, X, (38)
WK
Mu, = Mw_+mw,. (39)

U3 3akoHa coxpaHeHHsI 3HEPTHH c/leiyer (TaK Kak st ynpyroro yaapa
Ae=0):
1

3 Mo} = o Mw? -+ muw} . (40)

Hcnonbsysi ypaBuenue (39), MoxKHO nepernHcath ypasaenHe (40) B cie-
JyIOLIeM BHJE:

{ 2m m? 1 1 '

M (w‘i—}—M-wTw,[—}—m—zwﬁ)=—§Mw§+-§-mwf,. (41)

Ecin m <€ M, To MOXKHO He YUHTBIBATb B CKOOKAaX c/araeMoe mopsjika
m?*M?, TaK 4to (41) IpHBOAUTCS K TAKOMY COOTHOIIEHHIO:

w0, & mw}, (42)

win ‘ ‘
W, & 2w, (43)
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CrienoBaTelbHO, Jerkas 4acTHIA HaulMHaeT ABHTATbCS CO CKOPOCThIO,
NpHG/IU3HTENBHO BBOe GoJbliel, 4eM CKOPOCTb TAKEIOH YaCTHIE HoC-
J1e yaapa. [lanee, noxacraBnss w, u3 (43) B ypaBHenue (39), nosnydaem

Mv, = Mw, +2mw,, (44)
HJIH ‘
Av Up— W 2m
w =T =W (45)

Hcnonpsys ypaBrenue (45), MOXKHO OIPEEIHTD JOJIO JHEPIUH TSKEMOH
YaCTULLI, NOTePAHHYIO IIPH yaape:

1 2
A (7 M"T) _ Mooy 28w dm
—;—Mv;‘f — Mo? Ur M (46)

Jpyrue npuMepsl NPHUMEHEHHs 3aKOHA COXPaHEHHs MMIIYJbCa pas-
fGuparorcsi B 1. 6.

3.8, Cuibi MHepuuH

Mut 3HaeM, 4TO B HHepHHaJIbHOﬁ CHCTEME OTCYETa, COIJIaCHO BTOPOMY

3axony HeloroHa,
F=Ma,, (47)

TJ€e cJeBa B ypaBHeHHe BXOAMT NpuJoXeHHast cuna F, a cnpaBa uepes
a, ofo3HayeHo YycKopeHWe, HabjiojfaeMoe B HHEPHHAJBHOH CcHcTeMe

Bedpo
HEnodoUMHT

Puc. 3.18. IIpumep «bhuKTHB- Puc. 3.19. Korpa Puec. 3.20. Beapo uenof-
HBIX» CMJ — CHJ HHeplUHH, BeJpO Bpall aer- BUKHO OTHOCHTEJLHO Bpa=
KOTOPB€ BO3HHUKAKT B HEUHED- ca OTHOCHTEJIbHO ma}omeﬁm CHCTEMBI OT-
UHaJbHBIX CHCTEMaX oTcye- HHEPLHAJAbHON CH- cyera S’. Ho nosepxHOCTH
Ta&. KOTZJa BeAPO HENOABHIKHO cTeMBl OTCYETa S, BOJbl BCe-TaKH HMeEeT (bop-
OTHOCHTENEHO HHeplHaabHOR NMOBEPXHOCTH BOZBI My napaboaongal B He-
CHCTEMBI OTCUeTa S, TI10BEPX- npunumaer GopMy vHepuHanbHol CHCTeMe
HOCTBH BOJBI MJockasi. Ilpen- napafosnouia. oTcyera S’ Ha Bony pAel-
oJjiaraeTes, 4TO cucreMa S He CTBYyeT [eHTpobexHas
obnafnaeT yCKOpeHHeM OTHO~ CHJIa HHEPHHH.

CHTEJBbHO YJAAJeHHBIX 3Be3f.

orcyera. Macca M npunumaercs nocrosiHHOH. Bekrop a, cHaGXeH HH-
JEKCOM «H» — HauaabHOH GYKBOH csioBa unepyuaretoii. Mpl 3HaeM,
4TO ypaBHeHHe (47) B ToM BHJE, KaK OHO HAIMCAHO, He BBINOJHSAETCS
JJ151 HeHHepUHAaAbHOK CHCTEMbl OTCHeTa, HAaIPUMEp A CHCTEMBI OTCHeTa,
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Bpaulaomeiicas BMecTe ¢ 3emJell, Tak Kak B Hero He BXONHT BeJHUH-
Ha a,— YCKOPeHHe HEHHePUHAaJbHOH CHCTEMBl OTCYETa OTHOCHTEIbHO
HHEepUHaNbHOH cHcTembl. Ecim a — 3T0 ycKopeHHe Tesia, M3MepeHHOE:
B HeMHepUHaJbHOH CHCTEME OTCUeTa, TO a-+a,=a,, WiH

F=M(a+a,). (48)

Ecau mbi npoeodum onbimbpt 8 HeuHepUUAAbHOL cucmeme omcdema, Mo,
COCIMasAnn YypasHeHue, xapaxmepusytoujee Oelicmsue cubt, mvl 8ce20a:
00A3a1meAbHO GOANCHb YHUMbIBAmb YCKOpeHue 3moll cucmembt a,. ViMes
JIeJI0 ¢ HeHHEPIHAJIbHOH CHCTEMOH oTcYeTa, yacto OhiBaeT yA06HO BMeC-
TO ao BBOAUTD BeJIMUKHY Fo, onpesesieHHyI0 TaKUM 06pa3oM, YToGkl ypaB-
HeHUue (48) MpHHAJNO CJAENVIOIIHA BUI:

F+F,= Ma, (49

TJe B&JAHYHHA

F,=—Ma, : (50p

HA3BIBACTC PUKMUBHOU CUAOI WM CUAOE uHepyuu, B OTJIHYME OT HC-
THHHOH cusn F ¥).

Ilo ompenenennio cujia HHepUMH paBHAa 1O abGCOJIOTHOH BesuyHHe
H POTHBONOJIOXKHA HO HaNpaBJeHHIO IPOH3BEJEHHIO MacChl Ha yCKoOpe-
HHE HEHHepLMAJbHOH CHCTEMbl; OHA NPOCTO BLHIPAXKAET BJHSHHE YCKO-
penHna camofi HEHHepIHaibHON CHCTEMbI OTCUETA HAa XapaKTep ABYXKeHHA
OTHOCHTE/JIbHO 3TOH CHCTEMBI; 3TO Ta BeJH4YHHA, KOTOPYIO Ham Hajio:

*) Bokpyr MOHSATHS cHJ HHEPLUH 4acTO BO3HHKAIOT pa3Horjacua. OpHako Goab-
LIMHCTBY CHELHAJIACTOB, NO-BHIMMOMY, SICHO, 4TO C 3THMH Pa3HOIJIaCHSIMH He CBSI3aHO
HuKakoi ¢usnueckod npoGnembi, a peub HAET O HeJOPASYMEHHSIX, BO3HUKAIOWUX B
pesyJibTaTe HEUeTKOl TEpMHHOJIOTHH, 3 HHOTLA H BCJAEACTBHE HENPABHABHOH TPAaKTOBKH
JaHHBEIX ONBITA.

LeutpoBexuble CHAN HHEPUMH HHOTAA HasuiBaloT QukTHBHBIMUH. MHorke cmeuu-
aJMCThl CYUTAKOT, YTO 3TO HENPaBHJIBHO WJH 1O KpaiHed Mepe cnopHo. TepMmuH «uK-
THBHAs CHNa» («KaXKYyLLasiCsa CHIA» H T. 11.) BPSA JIH MOXHO CUHTAaTh YAAUHLIM, OTOMY
uro cuta Fy MmeeT coBepuienHo onpefefieHHbH (H3HYeCKHI CMBICJ: OHA CYLIECTBYET
TOJbKO JUisl HaGMIOAATeNs, JKECTKO CBA3aHHOIO C HEHHepPLHAJIbHOH CHCTEMOH oTcyera.

ITpexzae ueM NpHMEHSATH TEPMUH «QHKTHBHAA CHJIa», CAENO0BAJO OBl TOYHO YCTAHO-
BHTb HOHSTHE QPHKTUBHOH CHJIBL. DTOMY MOHSTHIO, OAHAKO, MOXHO NMPHIHCHBATL Pa3-
JIAYHBI CMBICI, W TIO3TOMY OHO OCTaeTcs cropHeiM. B cymuocTs rosops, Bonpoc o pe-
a/bHOCTH M/ UKTHBHOCTY CHJ HHEPIHH BO3HHKaeT II0TOMY, YTO, pacCMaTpHBasi CHJIbL
HHEDUUH, Mbl He MOXEM yKa3aTbh BTOpOe TeJO, YYacTBYiOUlee BO B3aUMOJEHCTBHH, NPH
KOTODOM BO3HHKAIOT CHJIEI HHepUHH. Mul He MoXeM, OfHAKO, CYUHTaTh HCKJIOUEHHBIM:
IPEJIIONOXKEHHE O TOM, YTO STHM BTOPHIM TEJIOM SBJASETCS BCS COBOKYITHOCTb HeGeCHBIX
Ten Bcenennofi. 3a 3THM HCKJIOYE€HHeM, CHJL! HHEDUHH BO BCEM OCTaJbHOM NOXOGHEL
OGEIYHBIM, «peaJbHBIM» CHJIaM: OHH COCOGHEI coo0aTh YCKOpeHHe, coBepliaTh padory,.
MBI CKJIQJBIBAEM 5TH CHJIbl C APYTHMH CHJIaMH, KOTODHIE CUHTaeM «pealbHBIMH?, H N0~
JIyyaeMm ofInyi0 pe3yAbTHPYIOILYIO H T. 4. KpoMe Toro, ¢ Touku apeHust obuiell TeopHHm
OTHOCHTEJIbHOCTH CHJIbI HHEPLMH SKBHBAJIEHTHHI CHJlaM Tsirotenns (cM. KHuru C. D. Xaii-
KHHa «PlisHueckHe OCHOBH MeXaHHKH», @usMatrus, 1963, 1 «Cuiinl HHepuuH», «Hayka»,
2-e w3k, 1967), (IIpum. ped.) '
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-qipu6aBHTh K HCTHHHON cusie F, 9To6bl HX CyMMa cTasia paBHOH BeJHYH-
se Ma, Habarodaemoli 8 HeurepyuaaoHold cucmeme omcuema. OnHaKo
8 ¢u3MKe Bce QUKTHBHOE BHIMVIAAHT 3aNyTaHHBIM, HO BBl BCErla MOXKETe
pewath J06YyI0 3ajady, obpalasck K ypaBHeHHIO (48) U He Mo/MbL3ysCh
TIOHATHEM O CHJIE UHEpIHH.

IT p u Me p. Axcesepomemp. Ilpeanooxum, uro K Macce M B Ha-
TpaBJeHHH X CO CTOPOHBl PACTSHYTOH IPYXKHHBI IPHJOKEHA CHJA,
pasnas F,=—Cx, rae C — nocrosinHas. IIpencraBuM ceGe HeHHepuu-
AJIbHYIO CHCTEMY OTCHETA C YCKOPEHHEM Q==X TaK:Ke B HaNPaBJIeHUH X.
Eciu npyxuHa HemoABHKHA OTHOCHTEJNbHO TaKOH HEHHeplHaJbHOH
CHCTEMBI OTCHETA, TO B 3TOH CHCTEME ee YCKOPEHHE a PaBHO HYJIIO H ypaB-
Henue F=M(a+a,) nepexonur B ypaBHenue F,=Ma,, a ypaBHeHHe
F-{-Fo=Ma npuBoaurcsi K cJaeiyiolleMy BHAY:

Fy+Fou=0. (51)
CrieoBaTe/1bHO, ~
—Cx+F,,=0, —Cx—Ma,=0, (52)
M
x=— 2 (53)

‘CMellienne X NpONOPIHOHANBHO YCKOPEHUIO @y HEHHEPLHANbHOH CHUCTe-
Mbl. HeunepnumanbHo#t cHcTeMOH MOXKeT GbITh, HanmpHMeEp, camoJseT HJIH
aBToMeOHIb. Kak Mbl BuAuMM, ypaBHeHHe (D3) OMMChIBaeT NPHHIUMI
paboTsl akcearepomempa, T. e. 1pubGopa, B KOTOPOM K NPYKHHE NPHKpeNn-
JieHa Macca M, Moryuiasi nepeMeliatbCst TONBKO B OfHOM HanpaBJ/eHHH.
YckopeHnne a, HeHMHepUHaJbHOH CHCTeMBI OTCYeTa H3MepseTcs No cMe-
1IeHHIO X 3TOH MAacchl.

I1p uwmep. Lenmpobexcras cura u yeHmpocmpemumenrbHoe ycxo-
Perue 8 pasHomepro spawjaiouielica cucmeme omcdema. XOTs HHXKE Mbl
fopc6Ho paszbepeM Bpallamllyecss CHCTEMBI OTCUeTd, LeJeCcoo6pasHo
yxe cefiluac o6CYJMTL ONMH NPOCTOH M paclpoOCTPaHEHHBIH IpHMep.
Paccmorpum marepuanbhylo Touky M, NOKOSIIYIOCA OTHOCHTEJNBHO
‘HEHHepPUHMaJbHOH CHCTEMBI OTCYeTa, TaK 4YTO B 3TOH CHCTeMe ee yCKope-
#1e a = (. Cama ke HeHHepIUaJbHas CHCTEMA OTCYETa PaBHOMEPHO Bpa-
1I{aeTCst BOKPYT OCH, HENOABHKHOHA OTHOCHTENBHO HHEPLUHUAIbHON CHCTe-
bl orcyera. Kak Owl1o nokasaro B IVI. 2, yCKOpeHHe AaHHOH TOUKH OT-
HOCHTEJIbHO WHepLHa/IbHOH CHCTEeMBl OTCYETa PaBHO

- A= —0%, (54)

T]le BEKTOp @ HanpaBJ/eH NepIeHAUKY/IPHO K OCH BPALIEHHUs M MAET OT
STOH OCH K AaHHOH Touke. 31ech HCNOJb3yerca GykBa @ A1s o6o3Have-
HHS JBYMEDHOTO aHAJOTa pajHyca-BeKTOpa f, ONpeie/AIoHIero INoJoc-
2KeHHe TOYKHM B TPEXMEPHOM NPOCTPaHCTBE.

YpaBHenueMm (54) onpenensercss OOLIEH3BECTHOE YEHMPOCTMpeMmU-
IMmesbHoe ycRoperue. MarepHasibHYIO TOUKY MOKHO YAEPKaTh B -TIOKOe
OTHOCHTE/IbHO Bpaliaiomencss CHCTeMbl oTcdeTa, HalpHUMep, C [IOMOIIbIO
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pacTSIHyTOM NPYXKHHEL. YCJIOBHE, YTO B HEHHePLHaJLHOA CHCTeMe OT-
cyera a=0, NPUBOAWT, corsiacHo ypasHeHuio (49), k cuenywolemy co-
OTHOMIEHHIO:
F = —F,= Ma,= — Maw?p. (b5)

B 3TOM Caiyyae cujia HHEPUHH HOCHT Ha3BaHHE yermpoOescHot cubl uHep-
yuu; oua paBHa Fo=Ma®?p ¥ Hanpasjena or ocd. B jaHHOM npumepe
UeHTPOGeKHAs CHJIA MHEPLUHH YDaBHOBEWHBAeTCA yYNpYrod CHJIOH
IPYAKHHBI, TAK YTO OTHOCHTEJIbHO Bpalllaiouielicsi HennepuuanbHoi cuc-
TeMBI OTCYETA YCKOpeHHe 06pallaeTcs
B HYJb (B 5TOH CHCTeMe OTCUeTa Ma-
TepUaNbHad TOUKA HENOJBUIKHA).

Ecnn, nanpumep, M=100 ¢, p=
=10 cm, a cucreMa oTcyeTa Bpala-
erca co ckopocrbio 100 o6/cex, TO
KakoBa OylleT BeJHYHHa LEHTpobex-
Ho#l cuan? Ilomyuaewm:

F0=Mﬁ)zp=.—-“
=(102) (2. 100)? (10) dun ~

Puc. 3.21. LeHTpoCTpPEeMHTENbHOE YCKO-
penue. Ecau Touka P [BUKeTcs Tmo
OKPDYXHOCTH pajHyCOM @ C IOCTOSIHHOM
1o BeJHUYHHE CKOPOCThIO ¥, TO yCKOpE-
HHE a TOUKM P Bcerja HaIpaBJIEHO K
HEeHTPY OKpyxHocTH O. AGcoaiorHast
BeJIHUHHA a paBHa a=p?/Q=@?%Q, rie
o=dp/di=v/9. Uro6e yOGeauThcs B
9TOM,  HaZO BCIIOMHHTB, 4YTO  BEKTOp
a= lim(Av/A¢) Bcerna HanpasJeH K TOY-

~4.108 Oun.

ITpumep. Onoumes 6 c60600H0
nadarowen augpme. Tlycrb  yckope-
HHE JBIDKEHHs HeHHepHHAaJbHOH CH-
cTeMbl (cBoGozZHO mapatomero audray
paBHO

-+ 0

~
Ke 0, a ero abCoJOTHAN BeJIKYHHA a, = ——gl ’

(56)

; Av “ -
a= lm I'g = rjie eJMHHYHbIM BEKTOD Z HANpaBJen
i LSNAQ_ LA BEPTHKAJNbHO BBEPX OT HOBEPXHOCTH
= 1 ——— 1 —
Afmo BF T arm o AT 3eMdd, a g — yCKOpEeHUe CUALI TH-

JKeCTH, COOTBeTCIBYIOilee CBOOOX-
HOMY NaleHHI0 Tela MojX JefCTBHEM
cobcTBeHHoro Beca. CorJsiacHO ypas-
HeHuio (50) cua MHepHMH, AeHCTBYIOlAA HAa MaTepUaJbHYIO TOuky M
B 3TOH HEHMHEPUHAJbHOH CHCTEMe OTCYeTa, paBHa

Fo=—Ma,=Mgz. (87)
TNomemmennsifi B udTe He3aKpemJeHHBIH MpeAMET HAXOAMTCH NOJ, Aek-

CTBHEM CYMMBI CACAYIOIHX CHJ: CHJBI TsiroTeHHsi F=—Mgz u cujbl

uHepuud Fo=Mgz, TaK uto pesysbTupyloLas Kaxyiliascs cuna, aefcr-
BylOIlasl Ha 3TOT NMpeAMET B HEHHepIUANbHOH CHCTEME OTCueTa, CBH3aH-
HOH €O €BOGOZHO MajalMUM JudTOM, paBHA HYJIO:

F,+F =0. (38)

CiengBaTesibHO, OTHOCHTEIBHO HEHHEPIHANBHON CHCTEME! OoTCYeTa TeJIo
He WMeeT yCKOpeHus, DTO SIBJCHHE HOCHT XapaKTep <«HEBECOMOCTH».
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Fean TeNo He MMeNO HauaJlbHOA CKOPOCTH OTHOCHTENIBHO JH(Ta, TO
OHO Ka)KeTcsi NMapsilliM B MPOCTPAaHCTBE.

I1puwuep. Masmuux Pyxo. MasTauk PyKo npencraiser coGoit
npubop, Aenalouli HAMVIAIHbIM BpalleHHe 3emn; ¢ ero NoMOLIbI0 MOXK-
HO JOKa3aTb, UTO 3emis He ABAETC HHePLUUAIbHOA CHCTEMO! OTCueTa.

Puc. 3.22. MasrtHuk ®yKo, YCTAHOBJEGHHLHHE B mra6-kBap-
Tupe Oprannsauun OObefHHEHHBIX Hauuit 5 Hoo-Hlopke.
IlIap, KOTODPHI BHAEH CJe€Bd, MO30J0UYEH H BECHT 91 xI". On
TIOABeNIeH K TIOTOJKY H HAXOAHTCA HAa BBICOTE 7,6 M Bag
ToToM BecTHGOAs. Tpoc u3 Hep:kabeoulel CTajH I03BO-
aseT eMy cBoGoAHO KOJe6aTsCs B A06G0H BEpTARAJILHOL
naocKocTH. STot map koseSaercss HeNocpeACTBeHHO HAl
MeTaJJIHYeCK HM KOJIbI,OM JHAMETPOM OKOJIO 1,8 #, OXHATEIM
Haf mosoM. OH HenpepbiBHO KadaeTcsl, KdK MasiTHUK, a
IIJI0CKOCTb €ro KauaHMH Me[AJeHHO IOBOpaYHBAeTCsl N0 4a-
CoBOfL CcTpesiKe, H, TAKHM 06pa3oM, NoJjyuaeTes HarILHOE
NOATBEpKACHUE BpAlleHHsT 3EMJIH. Tlonumit Kpyr coBep-
waeTcs NpHOGIAN3NTeNbHO 3a 36 wacos 45 muuyT. Ha mape
HAlHCAHO BHCKA3LBaHHE [OJJAHACKoH Kopojiesn MOsna-
HBEI} «3TO YHOBOJBCTBHE — JKHTH CErOJHA H 3aBTpa».
(®omo OOH)

OnHCHBAEMBIN ONLIT GEUT BepBhie Ny6anuno npousseser Pyko B 1851 r.
Tox GosbikM Kymosiom napu:xckoro [lafreona Ha Tpoce JJIHHOH OKOJIO
70 x Gpi1a NoaBelena macca B 28 k2. Kpernsienne BepXHEro Tpoca roseo-
JisieT MasfTHHKY CBOGOXHO KauaThCsl B JIOOOM HArpaBJeHHH. Tlepuon
KoJieGauus MasTHHKA TaKOH A/JHHBI COCTaB/AAGT OKOJIO 17 cex (cM. 1. 7).
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Ha nony nox kynosnom 6rliia coopyeHa Kpyropasi orpaja paauycom
OKOJIO 3 M, IPHUYEM IIEHTP OKPYIKHOCTH HAXOAUJICA HA ONHOH BEPTHKAMH
C TOYKO# mojiBeca MaATHHKA. BHyTpH 3TOH orpazsl 6Ll HachilaH I1€COK,
a MasfiTHHK OKAHUHBAJICH CHHU3Y MeTa/IJIHUECKHM OCTPHEM, KOTOpPOE NPH:
KaxJOM KauaHd¥- IPOUEPUYHBAJIO CJej Ha Iecke.

INpu asuTebHOM HaOJIOAEHHH GbIIO BHIHO, KaK IVIOCKOCTh KauaHH
MasiTHHKA MOBOPaYyHBaJach MO HANpPaBJEHHIO 4acOBOH CTPE/IKH, eClH
CMOTpeTb CBepxXy. 3a Yac IJIOCKOCTb KauaHHi NoBepHysach Gojiee yem
Ha 11°. Tlosnslit o6opoT coBepiuascs NpH-
MepHo 3a 32 yaca. Ilpn oxHoM KoneGaHHK
3Ta TJIOCKOCTb [MOBOpadMBajach Ha 3 Mma
1O OKPYXKHOCTH.,

Ilouemy NpPOMCXOAMT BpalleHHe IJIO-
CKoCcTH Kauanufi MmaatHuka? Ecam  Osl
Hypema onbit ®yko mnpoussoauscss Ha CeBepHOM:
7 noJsitoce 3eMAH, To Mbl Morau Obl cpasy
yBHJETb, YTO 3Ta MJIOCKOCTb 'OCTAETCH He-
HOABHKHON OTHOCHTEJNbHO MHEpHHAJbHON
CHCTEMbI OTCUeTa, 8 3eMas T0L MafsTHUKOM:
Bpalaercs, CoBepuIas OfiMH 060pOT 328 KaxK-
nvle 24 4, Ecnu cmotpers cBepxy (ckaxe,.
Pre. 333 Mamsunk Do o c TNonspuo# 3Be3ner) Ha CeBepHbIH NOJIOC,.

PR yKo, P23 10 BpalleHHe 3eMJH COBepluaercs NpOTHB:

MEpBl KOTOPOro CHJILHQ IpeyBe- -
JHMEHE OTHOCHTEALHO DAasMEPOB  YACOBOH CTPEJIKH, TaK UYTO HabJiogaresio
BCMJIH, CXeMaTHYeCKH HNOKa3saH

npnﬁnn}imenbno na wupore Ha- HA 3eMile, 336paBmeMyc51 Ha JeCTHULY ¥y
u . -

BKon umeor pamsye r. Paceron. ~CEBEPHOrO  moJioca, Kasanoch Gbl, 4TO
HHE OT seMFolt oCH X0 ReHTpa  QTHOCHTEJbHO HETO MJIOCKOCTb JBHXKEHHSA

Kauauuil MasiTHHKA PaBHO R cos . &
H3-3a Bpamenuss 3eMJH I0XKHas MasgsTHHKA BpamaETca 110 4aCOBOH CTpeJIKe‘
CTOpPOHa K ra ¢ 0O - Y
Saopor 65131?;)% emepmon cTopo: WNHeM (1 GoJlee CI0XKHBIM 151 aHANH34)
Hb (OTHOCHTesbHO MHepUuanbHOd  MPEACTABJACTCA MOJOXKEHHE B TOM CJlydae,
CHCTEMBI OTCYETAa). o

Korza Mel nokuHeM CeBepHBIE ToJioC, H

TOrZa y3Ke NepHoJ nosiHoro oboporta 6yzer
AnvHHee. PaccMOTpHM OTHOCHTE/IbHBIE CKOPOCTH KpaHHHX, CEBEPHOR
H I0XKHOH, TOUEK Kpyra ¢ IleCKoM, HMeloulero pajguyc r (puc. 3.23)-
IOxHass TOuKa HaXONMTCsA jasiblle OT OCH BpalleHHs 3eMJH, H I0-
5TOMYy OHa OyneT IlepeMellaThesi B NPOCTPAHCTBe *GHICTpee, YeM:
ceBepHas Touka. Ecin 0603HaYHTh Yepes ® YIVIOBYIO CKOPOCTh BpallleHH s
3emsu, a yeped R — paguyc 3eMmJiH, TO CKOPOCTb IBHMKEHHs LEHTpa
Kpyra c neckoM paBHa ®R cos ¢, rae ¢ — wHpora Ilapuxka (48°51
CeB. [IHPOTHI), OTCYUTHIBAEMasi OT skBaTopa 3emsid. Kak MOXKHO BHAETH
Ha puc. 3.23, camas ceBepHasi TOYKAa KPyra JBHKETCH CO CKOPOCTBIO:

['iit}ﬂ/:’b/,lf o Magfﬂ’,"yg‘
-

Fisamgy

N
N
o

]

Kol s
e &

V.= ®R cos ¢ —wr sin g, ‘ (58a)
a caMmas I10KHasi TOUYKa — CO CKOPOCTBIO
v,{-—- @R cos ¢ - o7 sin ¢, (586)
PasnocTb MeXxJy KaXAoR H3 5THX CKOpOCTell M CKOPOCTBIO LEHTPa
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Kpyra paBHa
Av=or sin ¢. (588)

Ecay MasTHHK 6bla1 BhIBEIEH U3 COCTOSIHHS IIOKOSI B LEHTpe KPYyra ToJu-
KOM B IIJIOCKOCTH CeBep — IOT, TO COCTaBJIfIONIaA ero CKOpPOCTH B Ha-
{IpaBJIeHHH BOCTOK — 3arnaj Bcerja 6yaer To# ke caMo, YTO | B LIEHTpPe
Kpyra. ,

Jlnuna OKpy:KHOCTH Kpyra paBHa 2mr, Tak yTo Bpems T MOJHOrO
-000pOTa MJIOCKOCTH JBHIKEHHS MAafTHHKA IDH YCJIOBHH, YTO BeJHUYHHA
Av 1ocTosiHHA 1151 BCEfl OKPYIKHOCTH, PaBHO

y=—t 2 (), S (8D)
wrsing@  sing@
Ha sksatope sin ¢=0 u Bpemsa T, o6pamaercs B 6eCKOHeHHOCTD.

UTo npou3oiiieT, KOrAa IJIOCKOCTb JBIXKEHUS MAasTHHKA COBIAJET
¢ IJIOCKOCTBIO BOCTOK — 3allafi, NpOXOAfllell uepe3 LEHTP Kpyra?
Ilouemy BesmunHa Av [oJ1:KHA OCTaBaTbCS 3/1€Ch TAKOH XKe, UTO U B IJI0C-
KOCTH ceBep — I0r? ITO Jlerye NpeicTaBUTb cebe, eC/iH MPOU3BECTH CJle-
JOYIOmKA onbIT ¢ Tyio0ycom. BosbMHTe KycodeK KapTOHAa MM IAOTHOH
6yMmaru u Jiepxure ero okoso raodyca. Ilycrs ox moutu kacaercs rio-
6yca B Touke, Iie o6o3HaueH [TapHk, U HAXOAUTCSA B [IJIOCKOCTH BOCTOK—
3anaj, pacrnosarasch IO HOpPMaJH K IIOBEpPXHOCTH IJofyca. Hampas-
JIeHHe HOpPMaJ/H K [IOBEPXHOCTH IJiofyca — 3T0 JIHHHS, B KOTOPOH pac-
nosioxeH Tpoc MasTHHKa. OnuoH pyKo#l Iep:KuTe KycoueK KapToOHa,
‘yT06Bl €ro MJOCKOCTb Oblia HENOABHXKHOH, H OJHOBPEMEHHO ApYroi
PYKOH MejieHHO Bpamlafite ryio0yc. 3aMeTbTe, YTO OAHH KOHEL OTpes3-
'Ka, KOTOPBIM KapTOH MOYTH CONPHKacaercsl ¢ rjo6ycoM, KaXKeTcsi JBH-
2KYIOIMMCS Ha 10T, a APYroH KOHell KaxKeTcsl JBHXKYLIMMCA Ha ceBep.
Kak pesysibTar Takoro HaOJIIOJEBHS WM KaK HTOT NOAPOOHOro Teope-
‘THYECKOTO aHa/IM3a ToJy4aercd Ta ke BedMuuHa Av, 4To M HallleHHas
BBIILIE: JIeACTBHUTEIBHO, MJIOCKOCTD JBHKEHHST MasiTHHKA I0BOPAauYHBaeTCA
‘OTHOCHTEJIBHO KOJblla Orpajisl Ha nosy [laHTeoHa ¢ yIVIoBOH CKOPOCTBIO
‘@ sin @, rie ® — 3TO yIJIoBasg CKOPOCTh BpAllleHUsl 3eMd, a ¢ — LiM-
pora. MaTemartHuecKuil aHaH3 YpaBHeHUH JBUKEeHUS MasTHHKA PyKo
TIPUBOJUTCS BO MHOTMX YyueOHMKax I10 TeOpeTHYeCKOH MeXaHHKe 1Jsd
BBICLIEH UIKOJHL,

3.9. 3akon BcemupHoro TaAroreHusi HpioToHa

C ueJbio MOArOTOBKH K H3YYEHHIO NOCJAEAYIOMIUX I1aB KeJaTesbHO
'PaccMOTpeTb 3aKOH BCEMHPHOIO TATOTEHHA. DTOT 3aKOH IJIACHT, YTO
Kaxkaas Macca M, IpHTATHBaeTcst K KaxaoH ppyrodl macce M, o Bee-
JICHHO# ¢ CHJIOH, paBHOH

. GM M, ~
F = —-——r;—-——-—l', (59)
Tge r — BeKkrtop, unymui or M, Kk M,, a G — nocrosiHHadA, HMeOWast
sennyuny 6,67-1078 Juu-cm?/et, uau 6,67-10711 n-m?/ke?. Cuta Bee-
MHDPHOIO TATOTEHHA —— LEHTpaJbHAasA CHJA: OHA HANpaB/€HA N0 JIUHHH,
e
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COeNMHSIOIeH JiBe MaTepHasibHbie TOUKH. B yueOHHKAX s cpemHeis
IUKOJIbI OOBIYHO OMHCHIBAIOTCH CMOCOGH ONpefeneHHA YHCJOBOH BeJiu-
yunel G. M3 HEX KiaccHueckuM siBisiercst onbit KapeHaua.
DKCnepUMeHTaNbHO H3BECTHO TaKXKe, YTO ¢ OOJbIIOH TOYHOCTBIO
rpaBHTallHOHHAsl Macca TeJia paBHa €ro HHEePTHOH Macce, T. €. BeJIHUHHA
Maccel M, KoTopas BXOAMT B IPHBEAEHHOE BbIlle YpaBHEHHE IJifl CHJIBL
BCEMHPHOI'O TATOTEHHS, paBHA BeJMYMHE MacChl TOrO K€ Tesa, BXOAd-
ueft B ypaBHeHHe BToporo 3akoHa Hpiotona: F=AMa. 3to paBeHctso
Gyzner obcyxnateesi B 1. 14, Macca, BXoAdumas B ypaBHeHHe 3aKOHA
BCEMHPHOTO  TSATOTEHHUS, HA3bIBAETCSH

z4z£ ’ Y/ 2pasumayuOHHOL maccoi, a macca, BXO-
(o - jamas Bo BTopo#t 3akoH HreioTona, Ha-
20y abiBaeTcsl uHepmuol maccoti. Knaccuye-
- CKHE OIBITH, INIOATBEpAUBIINE paBeH-
§ + ctB0 0fenx Macc, OBIJIH BBITOJHEHb
:.ﬁ’” N DreelleM; HeAaBHO NMOACOHLIA e ObIT
N %o 6ul1  nponsBegen Jafikom (Scientific
S af American 205, 84 (XII, 1961)). Onerr
s DTBella TaKXKe OMHChIBaeTcst B 1. 14,
o I1puwmep. Chymruk Ha Kpyzoeoit
30 op6ume. TlpencrasuMm cebe COYTHHE,
2 ofpamatomuiics 1o Kpyrosoit opGuTe,

i 1 1 1 1 1 i - o
7 IRz 2Ry 3Ry 4Ry 5K; GRy 7R, - KOHIEHTPHYECKOH H KOMIJIAHADHOH C

Patye gpfim coymmme skBaTopoM 3emau. Ilpu kakoMm paauy-
Prc, 3.24. Tlepiion oSpautennn ce r opGuThl CIyTHUK OyJeT NMpeacTaB-
=27/() HCKYCCTBEHHOI'O CIYTHHKa, 1 A -
onmenaaiomers  Kpyronyioaptny  JIATBCST HEMOJBIKHBLIM 1/ Hab/o4a
BOKpYr 3emsu. OTor rpaduk mno- TeJfl,  IOKOSIIEroc  OTHOCHTEJILHO

cTpoeH 1o yparHeHHIO (61). ) )

3eman? Mpbl npennmonaraeMm, uTo Ha-

fpabJleHHe JBHXKEHHS CHYTHHKA 10 opbHTe — TO K€, YTO H Hamlpa-
BJIeHHe BpallleHns 3eMJIH.

st KpyroBoii OpOMTHl CHJIa TPUTSKEHHS papHa MO BeJHYHHE H
NPOTHUBOIOJIOKHA 110 HAallpaBJIEHHIO IEHTPOOeKHOH cuJle:

GMy M,

72

= M 0%, (60)

rae Mz — macca 3emsu, a M — wmacca cnyThuka. IlpeoGpasyem ypas-
HerHe (60) caepyromuMm obGpasom:

_ GMz  GMRT* o1

T S TEmE (61)
rae T — nepuox (puc. 3.24)..B nameii yacTHOH 3aj1a4e Mbl XOTHM TOJY-
YHTb ]V OPOUTHl CIYTHHKA BEJHYHHY ©, PaBHYIO YIVIOBOH CKOPOCTH
©3 BpallieHHs 3eMIH BOKPYr ee OCH. YIJoBas CKOPOCTB BpalleHKs
3eM# paBHa

2 1
03 = g = 13- 107% cex. (62)



Ilpu stom, ecin o=z, T0 H3 (61) caenyer:

r = L8 :?,:)1'(55-’;3' 107) om® A~ 75 10%7 cad, (63)
WIH
r~4,2.10° cu. , (64)

Pamuyc 3eman pasen 6,38-10% cu. Paccrosimue (64), rpy6o rosops,
COCTaBJISIeT OfHY ACCATYIO PACCTOSIHAA X0 -JIyHBL.

3agauwu

1. Cropocmo Osuscerus 3emau soxpye Cosnya. a) KakoBa ckopocTs, ¢ KoTopoft
LeHTp 3emsu gemxerca 1o opbure Bokpyr Connna? (Cunrars opbuty xpyrosoit. Paguyc
opOuTEl NpHBEJeH B Talaule (QH3UUECKHX NOCTOSHHBIX B IPHIOKEHHH K STOMY TOMY.)

Otset. 3,0-108 cm/cex.

6) KakoBo oTHOWEHHe 3TOH CKOPOCTH K CKOPOCTH CBeTa?

OrBerT. 10-4,

2. Cropocms spaujamenvrozo Osusicenus. Kakoa cxopocts, ¢ KOTopoll TouKa Ha
9KBaTOpe NOBEPXHOCTH 3eMAH IBHKETCS OTHOCHTENBHO LEHTpPa 3eMJH?

OtBer. 4,7-10% cm/cex.

3. Iladaroujee meno. Maccupioe Te10 6pomweHo ¢ BulcoTsl 100 #. CKombko Mpoiiger
BPeMeHHU, [I0KA OHO JOCTHPHET MOBEPXHOCTH 3emuu ¥)?

4. Ycxopenue npu xpyeosom Osuoweruu. a) KaKOBO HEHTPOCTPEMHTENLHOE YCKOpE-
Hue (B cam/cex?) Tena ¢ maccolt M=1 xe=1000 e, nBHKYIErocsa N0 KPyry pajaycom
R=100 cm c yrjoBoil cxopocTelo ®0=10 cex—1?

Otsert. 1-10% cmfcex?.

6) KakoBa npn sToM HeHTpoGexknas cuia (B LuHax)?

OtserT. 1-107 Qun.

5. Yeaosas wacmoma u nepuod. Kamepton kojebnercs ¢ uactorofl f, pasuofi 60 ay.

a) KaxoBa yrsopas uacrota ero xoJeGauuii © (B pad/cex)? 3amerbTe, UTO Mbl
MOZeM FOBOPUTH 00 YIVIOBOH yacTOTe B CBsI3H C JIIOOBIM NEPHOLMUECKHM KoJeGaHueM,
a He TOJIBKO B CBSI3H C JBUIKEHHEM IO OKPYKHOCTH.

6) Kaxkor nepuog ero konebaunit T (B cex)? ([Tepuon — aro Bpems, 3a KoTopoe
coBepliaeTcst TOJHBIH LHKJT IBHIKEHHS.) -

6. Ycxopenue 3emau. Tlpennonoxun, uto Bcs 3emis NOKPHITA CI0EM HENpo3pau-
HBIX 00J1aK0B. OMHIIUTe OMbIT, HA OCHOBAHHH KOTOPOro MOMKHO 6bL70 Gbl OZHO3HAYHO
onpeneauTh (HMest B BUAY, UTO YCKOPeHHOe ABHIKEeHHe MOKeT OblTh KaK BpallaTelbHbIM,
TaK M IOCTYNAaTeJbHBIM), SIBJAsSETCS JH 3eM/s UHepHHaIBbHOH CHCTeMOH OTCuera.

7. Tpaexmopus OBUICEHUS OMHOCUMEAbHO PA3AUUHbLX cucmenm omcuermna. Hekoro-
peifi mpeamer npu ¢=0 HayHHaeT IBHKeHHe B NOPU3OHTANILHOM HalpaBJEHHH CO CKO-
pocteio 1000 cm/cex OTHOCHTENIBHO CHCTEMBI OTCUETa, KOTopas B CBOIO 0Yepelb B TOT Ke
MOMeHT =0 HaumHaeT JBUKeHHe C NOBEPXHOCTH 3eMJH Ge3 HaualbHOR CKOPOCTH H G
YCKOpeHHeM, HalpaBJeHHLIM BeDPTHKaNbHO BBepX H paBHbIM 300 cat/cex?.

a) KaxoBbl ypaBHeHHS! TPaeKTOPUH 3TOro npeimera x= f(#), y="F(f) OTHOCHTEILHO
TaKoH HHepUHAaJbHOH CHCTEMB! OTCUeTa, HAyallo. KOOPAWHAT KOTOPOH HEMOIBHMKHO H
HaXOJHTCs Ha MOBEPXHOCTH 3eMIH B HavyalbHOH TOuke ABHXKEHHS (Bpallenne 3eMad He
YUHTHIBaTb) ?

6) H306pasure TpaeKTOpHH 3TOro npeiMeTa B ofenx CHCTeMax OTCYeTa.

8. Ycxopernue npu kpyeosom Osusceruu. Teno IBHKeTCS IO OKPYXKHOCTH C IIO-
CTOSIHHOH 10 BeJIHYHHE CKOPOCTHIO U=50 cm/cex. BeKTOp CKOPOCTH V U3MeHseT Hallpas-
qaeHue Ha 30° 3a 2 cex.

a) Haiitu aGconoTHYIO BesHYHHY BeKTOpa H3MEHEHHs CKopocTH Av. .

6) Haiitu aGcosmoTHYIO BeNHUMHY CpelHero YCKOPeHHS B TeueHHe 3TOro npome-
XYTKa BpEMEHH.

" B) HaiiT nenTpocTpeMHTeNbHOE YCKOPEHHE 3TOrO PaBHOMEPHOTO KPYroBOro jJBH-
KeHus?
OrBert. 13,1 cmlcex?.

*) HonycTuts, uTo najeHHe sBasercs cBoGOLHEM, ({Tpus, ped.)
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9. Llenmpoberxcras cura unepyuu, TeNo, HENOXBHKHOE OTHOCHTE/NBHO MOBEPX-
HOCTH [/1aBETH], Macca H PajHyC KOTODO! COOTBETCTBEHHO PaBHHI Macce H paguycy
3eMiH, HMeeT Ha SKBaTOpe YCKOpeHHe CHJBI TSKeCTH, paBHOe Hymo. KakoBa npogon-
KHTEJBLHOCTb CYTOK Ha 3TOH TuiaHere?

OrBer. 1,3 4. :

10, HeobxoBumvie ycaosus ydapa. IiBe YacTHIE HAXOAATCS B CleAYIOWHX Hayalab-
HBIX TIONOXKEHHAX: X=5 cm, y=0 u x,=0, y,=10 CM, TpHUEM CKOPOCTE NepBo# ua-
cruun vi=—4: 104 x cm/cex, a CKOpPOCTb BTOPOH
YACTHIH V, UMeeT HampaeJaenne —y (puc. 3.25).

a) KakoBa nomxHa GBITb BeJIMUHHA V,, YTOGH!
MeXAY STHMH YaCTHUAMH NPOH30IWEN YHap?

OTBer. 810y cmicex.

6) KakoBa BenHyMHa OTHOCHTENBLHOH CKOpO-
CTH Voru? o

OTBeT. 4:104Q2y—x) cm/cex.

. B) Onpenennts ofWwuit Kputepuil, BhHIpaxamo-
Puc. 3.25. mul Heo6XONNMOe YCJIOBHe IJsi yjAapa IBYX mare-
PHANLHBIX TOUEK 4Yepe3 HX PajuyChi-BEKTODHI Iy Iy
H CKOPOCTH Vj, V.

11. Kunemamurka yoapa. CoyzapsioTcs JABE yacTHLL! (MAaTepHANBHLIC TOUKH),
KOTOpEIE MOTYT ABHIaTbCS TOJBKO B FOPH3OHTA/IbHOI ILIOCKOCTH. Hava/nbHble faHHble:
M;=85 2, M,=200 e, v;==6,4x cm/cex, Vy=(—6,7x — 2,0y) cm/cex.

a) Hafitu cxopoctb LeHTpa Macc. ITosoxkeHnne nentpa mace onpefensiercs Kak

R, . — Myry -+ Mor,
tem My+M,
OTKyJa NOJyyaeTcs CKOPOCTh LEHTpa Macc:
i Myvy--Myv,

~ ~
OtrBert. (—2,3x— 1,4y) c#/cex.
6) Haiity oOwWwui HMIyJbC.
OrBert. (—796x — 400y) e-cm/cex.
B) Haifitu ckopoct# 0GeMX 4YacTHll OTHOCHTGNBHO CHCTEMEI OTCueTa, B KOTOpO#
LEHTP MacC OCTAeTCsl HEMOABHMKHBIM.

OrBet Vvi=(9,2%+1,4y) cmfcex,
v'2=(—3,9§ — 0,6y) cm/cex.

~ ~

{lycre nocie yuapa [w;|=9,2 cu/cex, wy= —4,4x11,9y) cujcex.

r) KakoBo HanpaBlieHHE CKODOCTH W;?

Ortsert. Ilog yrioMm — 84° OTHOCHTEJIBHO OCH X.

n) KakoBa BelHuHHA OTHOCHTe/IBHON CKOPOCTH Worg=W;—W,?

Ortser. (5,4x — 11y) cm/cex.

e) KaxoBbl HayaJbHOE W KOHEYHOE 3HAUEHMA CyMMapHOH KHHETHYECKOH 3Heprau
B CHCTeMe OTCYeTa, HellOABHKHON OTHOCHTEABbHO J1aGOpaTOPHH, H B CHCTEME OTCYera,
HerNoABHKHOH OTHOCHTE/IBHO IIeHTPa Macc? SIBJsercs AM ylap YIPYrHM HIH HEyIPyTHM
fIpH YKa3aHHRIX 3HAUEHHSX Vi, Vy, Wy, Wy? .

12, HeyngyeuﬁAydap. DBa tena (My=2 e, My=>5 &) uMeloT cKOpocTH V= 10X
cmfcer, voa=(3x1Dy) cm/cex HemocpeXCTBEHHO Nepej yZapoM, B peaysbTrare KOTOPOro
OHH JIBHTAIOTCA falblle KaK OJHO IeJoe.

a) KakoBa ckopocTb LleHTpa Macc (ompefe/ieHHe HeHTpa Macc.cM. B 3afaue 11)?

6) KakoB KOHeYHHl HMAYJILC 3THX ABYX Tell OTHOCHT/ILHO J1a60paTOPHOH CHCTEMBI
orcyera?

B) KakoB HX KOHe4HLIl HMITYJIbC B CHCTEME OTCUeTa, HelMOABHXKHOH OTHOCHTEIBLHO
teHTpa Macce )

r) KakoBo oTHOmeHKEe KOHEUHOH KHHETHYCCKOH IHEPIHH K HaYalbHOR?
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13. Msuscenue 6 reunepyuasbHoix cucmemax omcuema. [1Be HeHHepumadbHbie
CHCTeMH oTcueTa S’ H S” coBnajaloT B MOMeHT f=0 ¢ HHepLMaNBLHON CHCTeMOH S.
B s10T MOMeHT cucTeMa S” o6nafiaeT HauadbHOR CKOPOCTLHIO Uy BAOJL OCH X, @ CHCTEMA
S’ we geuxkercd. [Ipu ¢=0 oe crcteMbl oTcuera S’ ¥ S” NOAYYAOT OAHHAKOBOE YCKO-
peBHe a BIOAL ocH x (puc. 3.26).

a) Kak mensiorcs nonoxenns O’ n O” oTHocHTENBHO O B 33BHCHMOCTH OT BPEMERH?

6) Ykas3arb, KaK NOJOXKEHHA X', X" MaTepHaJbHOH TOUKH B CHCTeMaX OTCYeTa
S’,S" cBsisaBW C ce NOMOXEHHeM X B CHCTeMe oTcyeTa S. o

B) Hamucars OTHOCHTeNbHO CHCTeMBbl oTcueTa S ypas- & ‘f s
HEHHE IBYKEHHS MaTepHaJbHON TOuKW, Haxoswedics mox |¥ 1y iy”
neficTereM nocrosiHuolt cuanl F. IIpeo6pasosars 310 ypas- !
fienne nas cuctem S’ u 8”. IlosBasiorcs au B npeoGpa-
30BAaHHLIX YDABHEHHAX CHJIBI MHEPIHHU?

r) Byayr nu nprioxkeHHast CHla H CHJIa MHepIMH
COOTBETCTBEHHO OJMHAKOBEIMH B O0eHX JIBHKYIIHXCS CH-
creMax orcyera? KakoBa cKOpocTh cHCTeMB! S” OTHOCH- 2
TebHO CHCTeMBl S'P

M) YTo MOMXKHO CKa3aTb O NPHJIOKEHHHX CHJIAX H
CHJaX HHepUHH B OGeHX cHCTeMaX B oOmeM CJyyae, KOrla JBe HeHHepLHalb-
Hble CHCTEMB! OTCYETA JBUKYTCHA C MOCTOSIHHOH OTHOCHTeNBLHOH CKOPOCTHIO?

14. I pasumayuonroe npumsscerue mexcdy Semaed u JIynoi. Paccunrath (B AuHax)
CUy TAroTeHHsn Mexay 3emuedl u Jlyno#l. O TBeT. 2-10% Jun.

15, Op6uma cnymuuxa. okasars, yto nepuon T o6pamenus COyTHHKA N0 KpY-
roBoil oOp6uTe, PacHONOKEHHOH HENOCPeACTBEHHO Hal 9SKBAaTOPOM ONHOPOAHOM
TUIaHeThl, WMetoled GopMy 1apa ¢ IIOTHOCTBIO P, 3aBHCUT TOJNBKO OT IVIOTHOCTH 3TOH
nnaHersl (BbIBECTH ypaBHEHHe).

2
.
;
i

JonoaHen e CKOPOCTb H YCKOPEHHE BO BPALAOUKXCS CHCTEMAX KOOPAHHAT *)

PaccMotpiM  IBHKeHMe OTHOCHTEJBHO HEHHEDUMANLHOHR CHCTeMbl OTCYETa, Bpa-
maloliecs ¢ NOCTOAHHOMA YIVIOBOH CKOPOCTBIO @ BOKDYT OCH z HHEPHHAJIbHOH CHCTEMb
orcyera. [locranoBka 3Toff 3agaun o6ycnoBreHa TeM (akToM, uro 3em/as Bpailaercs,

H TO3TOMY CHCTEMa OTCYeTa, 3aKpelsicHHasi OTHO-
\& | CHTE/IBHO NOBEDXHOCTH 3eMJIH, He #BJsSercsl HHep-
\ nyajbHOH cucTeMofi. PaccMmatpuBas JABHKeHHe OT-
\ HOCHTEJILHO CHCTEMbl OTCUETa, HEeMOABHIKHO CBA3aH-
\ HOM C NOBEPXHOCTBIO 3eMsH, Hallo BBECTH HOMOJ-
N 7 ey A HHTeJIbHHIE cjaraeMble B ypaBHenue F=Ma, uTobnt
\ - yuecTb yCKopeHHe 5TOH cucCTeMwl oTcueta. [lomumo
Y\ ’jZJ; yXe W3BeCTHOr0 HaM IEHTPOCTPEMHTENBHOTO YCKO~
= z,  PeHHS Mbl OGHADYKHM NDH aHaTu3e HaNHYHE YCKO~
penusi Koproanca, KOTOpoe MIrpaeT BaXKHYIO POJb
Puc. 3.27. NpH ZBUXeHHH GOMbLIHX NMOTOKOB MOPCKHX BOX H
BO3jlyxa *¥),

Mo:KHO BLIBECTH NPOCTOE COOTHOIIEHHE MEXKAY KOODAHHATaMH (Xg, Yy, 25) TOUKH P,
onpejleJleHHEIMH OTHOCHTeJILHO Bpamialouleiicss CHCTeMel OTCYeTa, ¥ KOOpAMHATaMi
(X4, Yy 24) TOH K€ TOUKH OTHOCHTEJILHO MHEPUHAJLHON CHCTeMBl, AHAJIH3HPYS TeoMeT~

PUYECKHE COOTHOLICHHA MEKAY KOOPAMHATAaMH (puc. 3.28), Ml BHIHM, YTO e
X, = X5 €OS @f — yy sin 0, (65a)
Yu=xp sin ot 4y cos w?, (656)
2y =2p. ‘ (658)

*) SroT pasjien ¢ NOCAEAYIOWUMY STHIO TPHMEPAMH MOKHO He IPOXORHTH B KyD-
ce No MHHEHMaJBHON Iporpamme. :
**) OHo TaKxKe HrpaeT PoJb NPH JBHKEHHH PeuHbX BOJ (oIMbIBalHe Geperop per
B CEBEPHOM MOMYLIAPUH — 3aNafHBIX, B I0XKHOM — BOCTOUHBIX). [leficrBHIO yCKope-
nusa Kopnonuca nopsepraiorcsi Bce Tesa, INBHXKYINHECS OTHOCHTENBHO BpaLlalo-
melics cucTeMul Koopiuuar, (llpum.. ped.)
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COOTHOWICHHS MEXJY COCTABAAIOUWHMH CKOPOCTH B JIBYX CHCTEMaX OTCHETd M bl
HaxOJUM NOCPENCTBOM Au(pbepeHUMPOBAHHS ypaBHeHu# (65) o BpemenH (413 3KOHO-
MHH MeCTa Mb! 3fiech 0603HauaeM JHdxpepeHUHPOBAHKE 1O BPeMEHH TOYKOH Hal fudpde-
pennupyeMolf BelHUHHOH; TakuM obpasoM, x==dx/di==v,; x=d?x/d{*==v, = dv,/dl).
Tloamyuaem

Xy== X COS 0f — Xy $in f — g, sin 0f 4~ 0y, cos wf, (662)
Ya= ¥g Sin ©f 4 @1, c0s f -+ Y5 cos 0f — 0y, sin of, (666)
Zy= zp. {668)

Pazn TIPOCTOTH! MBI NIPHHAJIH BeJlPl‘{HHy @ TNOCTOSIHHOH, ﬂﬂﬂ MaTepHaJIbHOH TO4YKH,

HENOZBWXKHOH OTHOCHTEJBbHO BPALIAIOMEHC CHCTEMBl OTCYETA (Xg=0p=2,=0), ypaB-
HeHns1 (66) nMpUHEMaT caenylomull BHA:

2y, 2

Xy =— 0¥ Sin ©f — @y, cos of, ©7)
Uy =00y COS Of — @Yy sin OF.

TNonoGupiv 06pasoM Mal ToTydaeM YPABHEHHS
IJIsL MaTepHalbROH TOUKH, HENONBHIKHOH OTHO-
CHTe/IBHO HHepI.maJIbHOH CHCTEMBI  OTCUeTa
(xryrz =0):

xp—0yy=0, Yp+0xy=0, 25=0. (68)

Cocrapsiomue YCKOpPeHHsT ONpelesiorTcs
nuddepenuuponanneM ypaBHeHuft (66) no Bpe-
MeHH:

Pue. 3.28. TTonoxenne Toukn P MoXx-

HO ONHCATh KOODAHHATAMY Xy, Yy Zn Xyg= Xy COS wt—?wa sin wf — w2x, cos wf —
HHepuHa.ﬂbHOH CuCTeMbl oTCUEeTa HJH

KOODIMHATAMA Xy, Yp, 25 _BPANAl-  — ysin 0f — 204, cos of L @y, sin of, (692)
weficsi CHCTeMBl oTcdeTa., Bpamenue yB Ye + Ys (
coBepllaeTcsi BOKPYT OCH 2. yn_ *p sin @f | QOJxB cos wf — w2xy sin wf
Hy =Xy COS OF — Yy Sin 0F, cos ©f — 20y, sin of — wly, cos wf, (696
Yy =Xy 8in 0f+yy cos wf, + Ye Yo Y ( )
Zy=2g. -—ZB (698)

3ameTM, ¥TO AJSI MaTepHaIbHOM TOUKM, HeMOIBMKHOA OTHOCHTEJNBHO BpAIAIO-
uiefics cHCTeMBl OTCueTa, ypaBHeHHs (69) NPHBOAATCA ¢ IOMOLLBIO COOTHOLIEHHMIT - (65)
K CJelyloueMy BHAY:

Xg== — @2 (Xz COS Of — Yy Sin ) = — @x,, (70a)
Yu= — 0?2 (x5 sin 0 4 yy cos )= —w?y,. (706)

Ypasrenus (70) Bepakalotcst B BeKTOPHOH dopme TakuM obpasom:
ay=—w?py, @

rae éll,l—_l'x,I — 3TO YCKOPQHPIG MaTepHaJleOPI TOUKH OTHOCHTEJIBHO HHepHHaJIbHOH CH-

CTEMBl OTCUeTa, apﬂ———xnxu—!—y“yﬂ (cM. ypaBHenne (54)). YpaBuenne (71) npeacrasisier
cofoit (popmyny IJs1 onpeliesleHHs OOBIYHOTO ILEHTPOCTPEMHTeNILHOIO YCKOPEHHU.

B ypasrennax (69) comepkarcst NPUHUMNHANABHBE (GU3HYECKUE Pe3yALTATHL
Ilenecoo6pa3Ho NMepeBeCTH STH ypaBHEHHS B BeKTOPHYIO dopmy. ITocse KpomoOT/NHBEX
anre6paudeckux npeoOpa3oBaHHH, KOTOpHle Mbl BOCHPOH3BOJHM HHKe, HOJdyyaercd
CNeAyIONNH BaXKHHIH pesyabTat:

ay == ap + 20XV + oX(oXr)
YckopenHe B unep-  Ycxopeline BO Bpa- Ycxopenue LlenTpocTpeMu- (72)
UHaAbROA CHCTeMe maieica cucTeMe Kopuoauca TeJbHOE YyCKOpeHHe
oTcyeTa oTcuera
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I'€ HHJEKCOM «B» 0603HaueHbl yCKOpeHHe, CKOPOCTh H PafHyc-BeKTODP BO Bpamlaomefics
CHCTeMe OTCueTa. YTJIOBasi CKOPOCTh ¢) NPHHATA NocTostHHOX. [ToX RonofHHTeNbHBIMH
c/laraeMbIMH TIpaBOf 4acTH NpHBeJEeHbl WX OOBLIYHBIE HA3BAHHS.

. ~
MowxHo y6enturbest, uTo ypaBHeHHe (72) nepeiifieT B ypasreHHs (69), eclH =0Z;
B35B NpOeKUUH 00edXx yacted ypaBHeHHs (72) Ha och Xx,, NONyYaeM

(au)xu=(as)xﬂ+ 2 (0 X Vo), 00X (0 X15)l, . (72a)

B ypaBuenuu (72a) criennanbuble RHIEKCH MOKA3LIBAOT, 4TO 6PYTCH HPOCKLUHH BEKTO-
poB Ha ock x,. Hanpumep, npoekuus BeKTopa ag Ha Och Xy PaBHa

(@p)x, = ¥y COs OF — Y5 sin o, (726)

TNOTOMY TG BCe BeKTOpH, BhPAKEHHEE Yepe3 BeMHUHHL BO BPAWAlomlelics CHCTeMe

OTCYeTa, BOIKHB IPOSHKPOBATHCS Ha HATIPAB/IEHHE X, OJHHAKOBBEIM 0Gpa3oM. Y paBHe-
HHe (65a) NokaskiBaer, KaK NpoelupyeTcs Ha HANPABJEHKE Xy, BEKTOP Iy, H Mbl CJICAyeM

Zg

@

<

Puc. 3.29. Vckopenne Kopnonnca o Bpa-
uarnouiefics  cuereMe KoOpAauHAT. Bpamato-

/

Zg K74

Pyuc. 3.30. Opyro#t npamep, oT-
Hocsimtuiicst K yckopeduio Kopuo-

u{agcAd cHcTeMa (Xp, Yp, 2p) 3aKpeIrjeHa He-
TIOABHXKHO Ha 3eMJie; YrJoBasi CKOPOCTh ®
napaJnJedibia ocu 2zp. [IpemeT, ABHKYUIHACS
BEPTHKAJAbHO BBEpPX OT TOUKH P Ha NOBepX-
HOCTH 3eMJH, HMeeT HA4aJbLHYO CKOPOCTh V.
VYckopeuue Kopuosuca 2@ X v HampanieHo

nuca. Ecau npeaMer P Haxogut-
cfl Ha 3KBATOPE H HMEEeT OTHOCH-
TENbHO TIOBEPXHOCTH 3eMaH CKO-
POCTh V, KaCaTeNbHYI0O K 3KBd-
TOPY, TO AONOJHHTENLHO K YCKO-
PeHHIO CUJBl TSXECTH g OH Gyner

HMeTb YCKOPeHHe, HanpaBjeHHOe

K LeHTpY 3eMJiM M HMelliee Be-

JUYHHY 20v. A uto Oyner, ecad

CKODOCTh V HanpaBJeHa Ha 3a-
najg, a He HA BOCTOK?

710 KacaTeNbHOH K JHMHHH IWHPOTH (mapa-
Jlesln), Mpoxojsuleil uepes P, KakK NoKasaHo
Ha cxeme; N —CemepHnilt nomoc. Ecian 6ol
npeaMer cBoGOAHO T1afaN € KaKOH-TO BBICOTHI
Haj TOBEPXHOCTHLIO 3eMJH, TO YCKODEeHHe
Kopuosuca OGeyto 6l HalpaBJeHo B IPO-
THBOIIOJIOKHYIO cTOpOoHY. Ilouemy?

710 TOMY e NMYTH, TPOeUHDPYS Ha HANPABJIEHHE X, BEKTOP ay. DT0 IPHBOANT HAC K ypas-
genuio (726). Bropoe cnaraemoe npaBoii yacTH ypasHenusi (72a) npeoGpasyerca Tak:

2 (@ X V)x, =2 0y, (Vp)z, —20z, (Vg)y, = —20 (5 sin of + gy cos wf),  (728)
rlie Mbl UCIIOAB3OBAH PABEHCTBO (=0 ZHzA H MPOeLUPOBANH Vy HA HANPABJEHUE OCH ¥y,
Monb3ysick ypaBHennem (656). Ilocnenree ciaraemoe npasoit wacte (72a) pasHo
[oX(@Xrg)l,=—0 (0 Xrg),, =—0? (), =—0? (x; C0s of —yy sin wf). (72r)
CknaneiBasg mowienso (726), (728) u (72r), mbl monydaeM cJexyioulee ypaBHeHHe,
CoBHajaolnee ¢ ypaBHeHHWeMm (69a):

Xy = (Ap)x, — 20 (Va)y, — OF (Fp),, =X; COS ©F — g Sin 0f — 20k, sin 0f —
— 20y, €08 Of —wlr, COS Of + 0, sin wf.  (73)

DTHM NOATBEPIKAATCSH, YTO BeKTOPHOe ypapHeHue (72) paBHOCHIBHO ypaBHeHHsM (69)

ISl COCTABJISIOUWHX,
Ypasuenus (69) # (72) umetor BaxkHoe 3Hauenne. ORHM CBA3LIBAIOT YCKOPEHHE ag,
Ha0moJlaeMoe BO Bpallialoujeicss CHCTeMe oICYeTa, C YCKOpeHHeM a, OTHOCHTeNbHO
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HHEePLHANbHOH cHCTeMbl oTcyeTa. JIas Toro yro6bl NpUMeHsTh BTOpO# 3akox HrloToHa,
HaMm HYXXHa BeJMuHHA a,. Bce ciaraemble npaBoft yacTH ypaBHeHHsl (72) COCTOST H3
BeJIMYKH, HaG/liolaeMbIX BO Bpamaouleficss cHcTeMe oTcyera. [lepBoe ciaraemoe ay —
YCKOpPEeHHe OTHOCHTEJIbHO Bpaljaloieficst CHCTeMBbl OTCYeTa; Bropoe ciaraemoe 26X vy
HaspiBaeTcsl yckoperuem Kopuoauca; tpeThe claraemoe Y (@Xrg) — 310 06bYHOE
LIeHTPOCTPEMHTENbHOE YCKOPEHHe MaTePHaNbHOH TOUKH, ABHKYUIEHCS 10 OKPYX¥HOCTH.
C He/ibiC YIpOLeHAS MBI HCKMOUHJY ciiaraemoe (de/d?))r,, KoTopoe nosiBHIoChH G,

ecaH Obl NPH JIBHXKEHHH H3MEHSJIACh YIVIOBas CKOPOCTh .
Cymmapnasn cuna nuepouu Fo I pasRomepHoro Bpawenus (@==0) onpenensercs

no dopmyaam (50) u (72): u3 ypasuenns Fo=-—Ma, Mbl nonyuaem

Fo=—2Ma X vg—Ma X (o Xry) (74)

Kopuosaucopa Henrpobexnas

CHJ1IA HHEPpUHR CHJla HHEPUHH
LlentpoGexHas cuia WHEPUHMM YiKe H3BECTHA HaM; eC/H MaTephasibHasl TGUKA HemloJ-
BHXXHa OTHOCHTe/BHO Bpaliaiomefics cucremsl orcuera (vq,=0), T0o 3Ta HeHTPoOeKHAS
. CHNa sIBJISIETCS €AHHCTBEHHON CHJION MHEpHHH.

z Mbl mMOXeM TiepenucaTh BHpaKeHHe IS IeH-
cls TPOGEKHON CHJIBI MHEPLMH B TAaKOM BHJE:
—Me X (@ X 0)=Ma?p, (74a)

rie P — BEKTOP, INPOBEJCHHbIl OT OCH Bpaile-
HHS K JAHHOH TOYKe NEPIeHAMKYJSPHO K 2TOH
4 OCH. 3TO COBNAJaeT C HalUM IIPEXKHHM Onpe-
neJieHHeM LEeHTPOGexKHOH CHJIbI HHEPLUH IO

‘( dopmyae (55).

(@l Kopnoascopa cuila — 3T0 CUJIA HHEPLHH,
7 KOTOpasl JefiCTBYyeT Ha MarepHaibHYIO TOUKY
3 TONBKO B TOM CJyyae, KOTA2 OHA JBHIKETCH

OTHOCHTEJbHO BpallaloILeHicss CHCTEMB! OTCYeTa.
ITpuwmep. Pasromeproe npamoruxeiinoe
Puc. 3.31. ] —HauajbHas TOYKa IBH-  QgudiceHUe 8 UMEPYUOAbHOL CUCmeMe OMmcHema.
mennn; 2 Tgouka Taneand ma Tes0 JBUKETCS OTHOCHMTENBLHO MHEPLIHANbHOH
CHCTEMH! OTCYeTa PaBHOMEPHO W NPAMOJHHEHHO

10 TPAEKTOPHH, 33AaHHOM C/lelyIOlHME YpaBHEHHAMH: .
, Xag=Uet, Yu=0, z,=0. (75)
Kako#t Gyger >Ta TpaeKTOpHs B CHCTEME OTCYeTa, Bpamamiledcs NPOTHB 4acoBoi
CTpeJiKH BOKPYT OCH 2, C NOCTOSHHON YF/10BOH cKopocThio 0P IlofcTaBaas xy, ¥y, z,

us (75) B (65), moayuaem
Uyl =X COS Wl —yg sin ©f,

0=1x, sin wf 4 yz cos wi, (76)

0=z,
Peinast cucremy ypasHeru#i (76), HaxoXum i
Xp=0,f COS @I, yYg=—1vptsinwt, 2zz=0. 77

ITp uwme p. Coobodnoe nadenne mes ¢ bawnu. TlycTe Kakoe-To TeJO, HaXORHB-
eecs B HayalbHEIHA MOMeHT f=0 B Touke (xg, 0, 0) B-COCTOSIHHH MOKOSI OTHOCHTEJIbHO
3eman (vy=0), crano nagare Noj AefcTBHeM CHJIL TsecTd. ITycTh sTa HcxonHas
TOYKa JBHKEHHsS] PACMONOKEHA HeNOCPENCTBEHHO Hall 9KBATOPOM 3eMJH, a Hauallo
KOOpJIHHAT Bpallawllelicss CHCTEMB OTCY€TA Xp, Yp, Zg HAXOAUTCS B IEHTPe 3eMJIH.
Ocb 2y coBnajaer ¢ ochbio BpameHus: 3eman. TpeGyercsl paccynTaTh OpAUMHATY Yy TOH
TOUKH Ha TOBEPXHOCTH 3eMAH, KyjAa ymajeT 3TO Teso.

HcrunHoe ycKopenne Tesla OTHGCHTENLHO HHeDHHANBHOH CHCTeMBl OTCUeTa (YCKO-
PeHHe CHJIBI TSXECTH) HMeeT BeJIHUHHY g M HalpaBJeHHe — Xp, T. €. OHO HaNpaBJeHO
IIPOTHBOIOJIOKHO HAYaJbHOMY IIOJIOKEHHIO OCH X, BPAMAIOUWENCss CHCTEMBbL OTCUETa,
HenOIBHXKHOM OTHOCHTeNbHO 3eman. Cuna TaKeCTH, JefiCTBYIOMIas Ha TeJIO, He HMeer
COCTaBAgIoLlell B HanpaBaenHd Yg. IlosTomy, eca B3aTh IpoeKUEH - 00eHx uacTel
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ypaBheHus (72) Ha HANPaBJEHHE Yy, TO NONYUHTCA CAefyiomee COOTHOEHHE:
0=:'jn+203x.5—’m2yn{ (78)

B KOTOPOM MOXHO HOJCTaBHTb Xp=—g{ BO BTOpOE CJ1araeMoe H ONYCTHTb TPeTbe CMa-
raemoe —®2yp, OTOMY YTO B Haya/IbHBIH MOMEHT Yy PaBHO HyJo. B pesynbrare mony-
yaeTcst

Vo208t Uy == 0gt?, (79)

a HCKOMOe CMelIeHHe Y, DPaBHO

. .
Yp o wgts, (80)

Ono HanpasieHo K BocToky. IIpu Hameym BhiGope ocelf KOOpAHHAT yrijoBasi CKOPOCTb
BpallleHHs] 3eMJIM @ TOJOXKHTEJIbHA,

3ro cMelieHHe HeTPyAHO Habmopars. [lycrs HavanbHasg TOYKa HAXOAMTCH HA
Bepxywke Gawinu Beicotofi 100 # Hax mosepxHocTeio 3emyu. Torma Mbl nodyyaem 3
1

5 gt2 nns cBOGOOHOTO MNajeHHs Tena:

_ 2Ax, _ 2:10¢

12 ~

g 103

OTKyZa cliefyer corylacno ypasrenuio (80) (ec/in NoACTaBUTH B Hero £3 H yIVIOBYIO CKO-
pocth Bpaumenusi 3eman ©~s0,7-10-4 cex—1):

(10-%)-(103)-(102) cu
3

Iopymaiite, KakuM o6pasoM MOKHO ObiJIo Gbl ONpPeNeHTH MPOXOASAILLYIO uepes

BepXywKy GauHH HCTHHHYIO .BepTHKaJlb, OTHOCHTENBHO KOTODOH Hab/iofaeTcs cme-
lenue HA PAacCTOSHUE Yg.

COOTHOIIEHHST AXpDe —

cexk? ~ 20 cex?, 81

Yp == % ogt? ~ ~ 3 om. (82)

Zz ' Z, Zg
- [packimopisy

{ #,
TDrERTIUR _sshez= ; O
ik A
Zy s Yy
Y

Puc. 3.32. a) MaTepuaJbiass TOYKa M JBHXKeTCA OTHOCHTEJbHO DPaBHOMEpHO Bpatlawolgeitcst
CHCTEMH OTCYETa B NJOCKOCTH Xpys NO TNpSAMOA JHHHH, IlepeceKamled oCb BpaileHHsd.
6) JBHxeHHe TOH ke TOYKM M OTHOCHTE/JbHO HHEPLHUAJbHOW CHCTEMHl OTCYETA.

I1 pumep. Pasnomeproe npamoruneiinoe Osusicenue 60 spaujatoujedica cucmeme
omecuema. Kakaa Heo6Xo4HMa CHJIa, YTOGH! MO ee JeficTBHeM Teslo Macchi M ABHraNioch
OTHOCHTENLHO CHCTEMBI OTCYeTa, PABHOMEPHO Bpamaioueics BOKPYr HeKOTOPOH OCH,
€ TIOCTOSIHHOM CKOPOCTbIO, HalpaBieHHOH MO NpAMOH JHHHH, NePIeHJHKY/sPHOR
K 3TOH OCH?

CooTHoLleHNe MeXAY YCKOpeHHsMU:

az=a,+20 X vz 0 X (0 X15). 83)

o ycnoBusaM 3afaud ay==0 U Vy=0UoPy, Flie Py — €AMHHYHBIA BEKTOD, POBEJICHHEL OF
OCH BpalleHus K JaHHOH MaTepHaIbHON TOUKe H NepHEeHJMKYJSAPHBE K STOH ocH.
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Torxa, eciin 0603HAUUTE Yepes py eIMHAYKLI BEKTOp, HanpaBJeHHblfl N0 KacaTelbHOM}
K OKpYMHOCTH, TO

a,=200)P— 02lPy (84)
H

F = 2M 005 — M2yl ps. (85)

Takum ofpasoM, I/ TOro yToObl XapakTep JIBHIKEHHS COOTBETCTBOBA/ MOCTaB-
JIEHHBIM YCJIOBHSIM, HeOOXONWMBI: NMOCTOSIHHAS NO BeJAHYHHe CHJa, HanpaB/eHHAas Mo
KacaTeqbHOH K OKDYMKHOCTH, H oObluHAS HEHTPOCTPEMHTeJbHasi cunia, obpallieHHas
BHYTPb 10 paiuycy Py, T. €. NePHNEHIMKYJASPHO K OCH BpalleHHs.

ITp uwep. Honpasra k g Ha Oeticmesue yenmpobesicrott cuavt. TIycrs gy — Kaxy-
Ileecst YCKOPEHHe CHJIBI TSIZKECTH Ha 3KBAaTope, onpele/leHHoe B CHCTEME OTCueTa, Bpa-
maromeiics Bvecte ¢ 3emaell. UeMy paBHa MCTHHHAasA BeJHUMHA YCKODEHHSI CHJIBI Td-
WECTH gy Tocje BBeleHHS MONpaBKH Ha LEHTPOGEKHYIO CHY HHEPLHHP

Puc. 3.33. Atmochepnniit Buxpr pbausn Hosoil Wornauguu, cdoro-
rpa¢pupoBaHHOl ¢ HcKyccTBenHoro cnyrHuka «Tafipoc-VI» 29 wmas
1963 r. (Pomo d-pa P. Suneepa)

Ecan enunuYHBIA BEKTOp Zy HaNpaBJeH BBePX HOPMAIBHO K [IOBEPXHOCTH 3eM/TH,
TO AN ONpejesieHHst YCKOPEHHS! gy BO Bpamlaioulelics CHCTeMe OTCYeTa MBI NOJydach
cjellyiolllee  ypaBHEHHE:

Fy+ Fo=— Mg, 7, ‘ (86)
Ho Fo=—May, rae ap=—w?2p, TaK 4TO0 B TOT MOMEHT, Koria EB, z, 1 6 COBIAJaloT,
(Fy)oy=—Mgy=—M (g~} 0%) (87)

Ha sxBarope p=R, H, cjelloBaTeJLHO,
gu=4gy+?R. (88)

I1puwmep. Hanpassenue sempos. HeolHHaKCBOE HarpeBaHue 3eMHOfl aTMoc-
(ephl B 3KBaTOpUANIBHON K NMOJNSIPHOH 30HaX NPHBOJNT K BO3HHKHOBEHHIO NOPH30HTAb-
HOTO Tepenajfa RaBJeHHsi BIOJIb MEPHIHaHOB; OIHAKO OCHOBHAs COCTaBJsoMAs CKO-
POCTH BeTPOB HanpaB/leHa BAOJb Napaljenefl. D10 obbacHseTCs BpallieHHeM 3eMJIH.
Kak nokasaTk, YT0 yCTaHOBHBLIEECSt IBMXK€HHE HEBS3KOro rasa BAOJbL NOBEPXHOCTH
3eMau coBepliaeTcs NapaneyibHO H30GapaM (JHHHAM NOCTOSHHOrO armocdepHoro
JaBieHus)? KakoBo GyZeT paclpefelieHie BeTPOB BOKDPYI MeCTHOH 30HBI BRICOKOTO
aTmocdepHOro JaBJeHHs (@HTHIHKJOHA) B CeBEPHOM NOJNYIIAPHH?P
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Cuna, oGycnoBieHHas TpajHeHTOM JaBJeHHs], ReficTBYeT B HaNpaBJeHHH C ceBepa
Ka 10r NePIeHAHKYAAPHO K H3oGapaM. Baarozapa Bpaiennio 3eMan NOTOK C ceBepa
Ha 10T mphoGpeTaeT OTHOCHTEBHO Bpallaolleficss 3eMIU COCTABASIOWLYIO B HaNpasJe-
HMM € BOCTOKa Ha 3amall. DTy 3aJauy MOXKHO Cpa3y NOHSATh, COTIOCTABUE ee ¢ JaHHBIM
Bblllle aHAAH30M JBHXKEHHS MasTHHKa Pyko.

B cepeproM noaywaphH BeTphl KYIOT BOKDYT 30HBI BLICOKOTG aTMoc(epHOro
NiaBJIeHHus TIO HANpaBJIEHMIO YacoBOM CTPeKM, TaK KaK BO3AYX, ABHMKYILHECH palH-
a7bHO OT LEHTpPA 9TOH 30HB!, OTKJIOHSETCH BIPABO, €CAH CMOTPETh BAOJb €ro Hanpasyie-
HHS JBUIKEHHSA.

Maremaruueckoe fonoauedue l. Jnddepeduuposanne npousseieHui
BEKTOPOB

B rn. 2 mpl paccMartpuBady AupdepeHLUEpPOBaHHe BEKTOPOB, B YaCTHOCTH, HAMOM-
HHM, YTO €CJIH

r=xX 44y -+ 2z, (89)
TO

. A eaea
r=xx4yy-+zz (90)
DIPH YCJIOBHY, YTO HaNpaBleHHST OCHOBHBIX KOOPAWHATHHIX BEKTOPOB MOCTOSIHHEL.
Teneps BHIBefleM CJefyIOlICe COOTHOWEHHE:

—%—(AXB):AXB+AXB. on
O6osnaunm A(H)X B(f) uepes P(f) n paccmoTpnM clepylollee Bhipamehne:
P({+-ADN—P()=A(t-+AHXB (t+At)—A (t) XB({) >
o= [A(t)+—i—tA— At} X { (t)—{————- At] — A XB({)=

dA dB . | dA dB
= At [ETXB+AXE?] 4~ (A?) [Et—-)(-d—f] . 92
Orciofa CchaepyeT:
P tim DEHEAD=P O 3 g AxE. (93y
Al~0 At
[omuKTe, YTO B BEKTODHBIX NPOH3BEJEHHSIX BAKEH MNOPSILOK COMHOKUTENCH.
[TonoGuniM ke crnoco6oM MOXKHO JOKas3aTh:

dt (A-B)=A.B4-A.B. (94)
MaTtemMaTnueckKoe JonoJdHeHHe 2, YrjoBas CKOPOCTb KaK BeKTOPHA#
BETHYHHA

B ra. 2 MBI BHYEJH, 4TO NOBOPOTH Ha KOHEUHBIH yroa He ABJAMIOTCH BEKTOpauu,
NOTOMY 4TO HPH CJAOKEHUH JIBYX TAKHX NOBOPOTOB HE COXPAHAIOTCA CBOHCTBA C/IOKEHIIsA
BEKTOPOB. Jta TPYJHOCTE HE BOSHHKAET NpH INepexoje K npeleny And GeCKOBeUHO
MaJibiX NTOBOPOTOB, TAK KaK NOPAJLOK, B KOTOPOM NPOU3BOAATCS JBa GEeCKOHEUHO MabiX
NOoBOpPOTA, HE BANAET HA KOHeyHoe NOJOXKeHNe NpeamMera (38 HCKJIIOUEeHHEeM Caaraembix
OJHOrO nNOpAAKAa MajoCTH C KBaApaToM Be/IHYHHDI GeCKOHEYHO Masibix HOEOpOTOB a
3TH CJaraemeic B ﬂpe}le.ﬂe HC‘{GS&}OT) Ecau TIOBEPHYTH TEJO HA 66CKOH€'~IHO MaJIbii yroa

Ay BOKpPYT OCH €, U Ha GeCKOBEYHO MaJIbiil yro/ Ay BOKPYT OCH €5, TO TIPH JOCTATOUHO
mMalux Ag; u Ag, nocaeloBaTenbHOCTs, B KOTOPOH COBepUIAKOTCS 3TH NMOBOPOTHI, He
BJIASET HA PE3YJbTAT (Mbi IpeAnosaraen, 1o 06e OcH MPOXOLAT gepes OGLLYI0 TOUKY).
CyuecTByeT OJHH MOBOPOT BOKPYT OCH €3 Ha yros Agg, KoTopsifl B tpefede As GeCKo-
HedHO Mansix A paBHOCHJEH CymMme NOBOopoToB 1 ¥ 2. 3ToT NMoBOPOT ompejensercs
CJe[lylIOllMM BEKTODHLIM ypaBHeHHeM (puc. 3.34):

AQs ey = AP, € + APy &y (95)
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Ecnn 51H GecKoHeYHO MaJible MOBOPOTH! COBEPIIAIOTCS 3a GeCKOHEUHO Maloe Bpems
Atf, To Mbl MOXKeM IaThb cJeflyioulee ONpele/eHHe BEKTOPY YI/IOBGH CKOpOCTH:

o= lim =22 (96)

NPHYEM @3=@;T ®5. DTHM PaBEeHCTBOM ONpeJe/IfETCsT BEKTOP YIVIOBOH CKODPOCTH,
HanpasJ/eHHbIH BJIONL MTHOBEHHOH OCH BpalleHHst H HMelouuil aGCOMIOTHYIO BETHUHHY,
BHIPAXKEHHYIO B Daluasax Ha eRHHHIY BPeMeHH.

Yro6bl OnpelesuTs HanpasfieHHe BpalleHHs (T. €. HanmpasjeHHe &), Mbl OMATH
NPHMEHUM ITPaBHJIO NpaBOH PYKH: Korja deThpe
naapiia TpaBoil PYKH OXBarkiBalOT OCb B Ha-
OpaBJeHHH BpalleHHsl, GOJbWOH Najell I[0Ka-
3blBaeT HalpaB/eHHe BekTopa . CKODOCTH JIi0-'
6oil GMKCHDOBAHHOH TOYKH Bpallaloulerocss TBep-
ZOro Tea MOXKHO TPOCTO BHIPa3HTh Yepe3 YIVIOBYIO
ckopocTb @. OxapakrepuayeMm MNOJIOXKeHHe NaHHOH
TOYKH TBepJOro Tena B JabopaTOPHOM cHCTeMme OT-
CyeTa PagHyCcoOM-BeKTOPOM I, NIPOBEAEHHBIM H3 TOU-
Kn O, Haxoidmefics Ha ocu BpauleHus. Yepes ma-
JbH TPOMEXKYTOK BPeMEHH TOH Xe TOYKe H3-3a
BpamleHua Tena OyfeT COOTBETCTBOBATH JpYyroir
panuyc-BeKTOp, a ee CKOpPoCTb V=f O6yJeT HMeTh
CleRyIOULy0 a6COMIOTHYIO BeJHYHHY: ‘

o As  dep _ ;
U~A11tr20 -AT—P—J—PI(’H——\TH@[SWG,

©7)

rie 6 — noaspusiit yron mexay o ur. Hampasie-
HHe CKOPOCTH V NepNeHJHKY/SIPHO K @ H K r. Best
a1a MEQOPMALUA COAEPKHUTCH B CJEAYIOIEM BEKTOPHOM YpaBHEHHH:

dr
. v'_'—zi_t-:mxrr (98)

OTHOCSUIEMCS K 060 GHKCHPOBAHHON TOUKe BpALIAIOErocs TBEPHOro Teda.

Puc. 3.34.

U3 uctopun ¢usnku, OnbiT ¢ KHAKOCTHIO BO BPAILAOINEMC COCYAe H NMpPeACTaBACHHS
HpioToHa 06 a6GCOMOTHOM B OTHOCHTEJNbHOM [BHIKEHHH

Huke MPHBOIMTCA OTPLIBOK M3 «MaTeMaTHUeCKHX Haua/l HaTypaibHON Quiioco-
¢uu» HeloToHa, BrepBhle onyGiHKOBAaHHBIX B 1686 r.*),

«[1posiB/iEHHS, KOTOPHIMH Pa3JIHyaloTcst aGCOMIOTHOE M OTHOCHTENIBHOE JBHKEHHS,
COCTOAT B CHJIAX CTPeMJICHHS YRAIHTECS OT OCH BpAIlaTe/IbHOIO IBHKEHHs, HO0 B YHCTO
OTHOCHTEJIbHOM BpAILATe/IbHOM JBHIKEHHH 3TH CHJBI DaBHHl HYJIO; B HCTHHHOM 3Ke H
a6CoJIIOTHOM OHH GoJiblie HJIH MeHbile, C000Pa3HO KOJHYECTBY NBHKEHHS. .

Ecad Ha jIMHHOH HUTH TIOABECHTH COCYJ M, Bpaulas ero, 3aKPyTHTb HHTH, NOKa
OHa He CTAHET COBCeM KECTKOH, 3aTeM HaNOJNHHTh COCYA BOXOR M, YHAepikKaB cliepBa
BMecTe ¢ BOJO#l B NIOKOe, MYCTHTh, TO HOJ JeHCTBHeM MNOABJsHOmeHCs CHIBL COCYT Had-
HeT BPALAThesl H 310 BpaieHHe OyAeT NOJJePHKHBAThCSA AOCTATOUHO JOJIr0 PacKpyuyH-
panreM HuTH. CrepBa NOBEpXHOCTb BOJALL OyJleT OCTaBaThesl IIOCKOH, Kak ObLIO 1O
JBUXKEHHSI COCyfa. 3areM CHJIOf, IIOCTEMNeHHO jeficTByomel Ha BOALY, COCYJ 3aCTaBUT
W ee yuyacTBOBaTb B CBOeM BpauleHHH. [To mMepe BoapacTanus BpalleHHsl Boja GyAer
TIOCTENIeHHO OTCTYNaTh OT CePelMHBl COCY/]a H BO3BHILATLCS 110 KPAasM ero, MpHHHMast
pranylo $opMy NOBEpXHOCTH (s cam 3TO mpoboBas [e/arTh)...

Brauase, KorZla OTHOCHTeJEHOE JBHKEHHe BOZHI B cocyle Oblio HauboJbluee, OHO
COBEpLIEHHO He BHLIBAJIO CTPEMJICHHS YAAJIUTECS OT OCH — BOJA He CTPEMHJIAch K OK-

*} Pycckuii nepeson akan. A. H. Kpuuiosa, «HM3pectus Hukoslaebekoli MopcKof
akanemuu», 1915, Buin, 4, crp. 33—35. ([Ipun. ped.) )
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PYHOCTH ¥ He NOBBIIIAJACH YV CTEHOK COCYIa, NOBEPXHOCTb 0CTABaslach IJIOCKOA H ee
HCTHHHOE BpallaTejbHoe JIBUIKEHHe eillé He HaYHHANOCh. 3aTeM, KOIfla OTHOCHTeNILHOE
ZBWKEHHE YMEHBUIHJIOCH, NOBHILIEHHE BOIL y CTEHOK COCyHa OBHADYXKHBAIO CTPEMJIe-
HYe YHaJUMTbCSt OT OCH, M 3TO CTpeMJeHHe MOKA3HIBaA0 TOCTENeHHO BO3pacTaioliee
HCTHHHOE BpallaTesibHOE IBHXKEHHE, H KOIJa OHO CTal0 HaHGOJBIIHM, BORA yCTaHO-
BWIaCk B T0KOe OTHOCHTEJNbHO COCYIA...

PacriosHanye HCTHHHBIX NBHKEHHH OTAeJBHBIX TeT K TOYHOE HX pasrpaHHyeHHe OT
KaXYLUIUXCSl BeCbMa TPYAHO, HGO 4acTH TOTO HENOABHIKHOrO NPOCTPaHeTBa, O KOTOPOM
TOBOPHJIOCH M B KOTOPOM COBEDIIAKOTCS MCTHHHbE ABHXKEHHS TeJ, He OllyWaloTCsl Ha-
wuMH yyBerBamu. OZHAKO 3TO Jesio He Briosine Ge3najexkHo. OCHOBAHHS ANs CYXASHH
MOXKHO 3aHMCTBOBATb YACTHIO U3 KaYWUXCs JBUKEHHH, NPeACTaBJSIOMUX PA3HOCTH
HCTHHHBIX, YacThIO H3 CHJ, MPEACTAB/SIONINX NPHYNHBl U NPOSIBICHHS] UCTHHHEIX JBH-
wenuit. Tak, ec/1n 1Ba wapa, CoeflMHEHHBIE HHTHIO Ha AAHHOM APYT OT Apyra paccrosi-
HHH, OyAyT O6pallaThCs OKOJO HX OOUIErO LEHTPa TSXKECTH, TO 1O HATSXKEHHIO HHTH
MOXKHO GyJIeT- y3HaTh CTpeMJIeHHe apoB K YAaseHHIO OT OCH BDAILICHHS H M0 HeMmy
BBHIYHC/NTL HX YIVIOBYIO CKOpOCTb. EC/H 3aTeM Ha NPOTHBONOJOKHBEIE CTOPOHBI LIAPOB.
3aCTA@BUTh TAK NefCTBOBATL PaBHbIE CHJIL!, YTOOBLl ORM MJIH YCKOPAJH, WIH 3aMeAJIsINd
Bpalllate/ibHOE JIBUKEHHE, TO 1O YBENHYMBIIEMYCS WM [0 YMEHBINKBIIEMYCS Hars-
KEHHIO HUTH MOKeT OblThb OGHADYZKEHO yBeJHYEeHWE WM YMeHbIIeHHe CKODOCTH IBH-
JKeHHusl, a TakuM o6pa3oM MOXKHO 6yAeT HAlTH Te CTOPOHH LIAPOB, K XKOTOPHIM HAlo
TPUIOKUTH CUJBI, YTOGHI YBEJHUYEHHE CKOPOCTH IBHIKEHUs CTaJIo HAuGOJBLIHM, T. €.
HaliTH Te CTOPOHHI IAPOB, KOTOpble OGPAIIEHD! 10 HANPABJIEHHIO ABHXKEHHS WJIH 1O
HanpaBieHno, emy ofpartomy. Kora TH nepefiHde H 3ajHHe CTOPOHHE OyAyT Hafl-
IeHbl, TO U JABH:KeHHe GYIeT BHOJHE ONpeleseHo.

Taxum 06pa3zoM MOr/Io Gbl GhiTh ONIPEAETIEHO KOJIHYECTBO W HaNPaB/IeHHe KpyTroBoro
IBUKEeHHs] BHYTPH OTPOMHOrO NYCTOrO NPOCTPAHCTBA, e He CYNIeCTBOBANIO Gbl HHKA-
KHX BHEWHHKX, ROCTYIHBIX 4YBCTBAM NPH3HAKOB, K KOTOPBIM MOXHO Obl10 6bl OTHOCHTE
TIOJIOXEHUs IIAPOB...»



T/TABA 4
MPOCTbIE 3AJAYU HEPEJATUBUCTCKOM JAHMHAMHMKH

Ora rjaBa MOCBSIIIEHA TpPeM BOIPOCAM: JUHAMHUKE MaTepHasIbHOH
TOYKH, OCHOBBI KOTOPOH H3ydaaHChb B Kypce (PM3UKH CpeiHeH ILKOJbI,
NpUMEHEHHIO 3/eMeHTOB MaTeMaTHUYeCKOTo aHajH3a K (H3HKe U IIpHMe-
HEHHIO HauaJ/l BEKTOPHOIO HCUMCJIEHHS, H3JOXEeHHBIX B I1. 2. Mul cocra-
BHM U pelliuM YpaBHEHHs ABHKEHHS JJA HEKOTOPBIX NPOCTHIX CJIY4aes,
HMMEOIKX OTHOUIeHHE K TEOpuH JafopaTopHuX palGoT no dusuke. Itd
yPaBHEHUS] OMHCHIBAIOT JBHXKEHHE 3apsKeHHBIX YacTHL B OJHOPOAHBIX
3JIeKTPUYEeCKNX U MATHUTHBIX MOJSX, T. €. SBJe-
HUS, HalleAllHe HCKJIIOUHTENbHO LIHPOKOE MpuU-
MEHeHue B 3KClepuMenrTanbuol ¢usuke. I'nasa
3aKAHUMBAETCH NOAPOOHEIM aHaMHI30M PASIHYHBIX
npeobpa3oBaHUl OT OAHOH CHCTEMBl OTCHETa K
JApyro#.

Me1 ocHOBBIBaeMCst Ha NPEAINIOJIONKEHUH, YTO
CKOPOCTb MaTepuabHON TOUKH (YACTHIIEI) BCerna

gL

Puc. 4.1. HepeaarusucT-
CKasl MeXaHHKa AdeT TodY-
HOe ONHCAHHC [BHXEHHS
MaTepHaJIbHO! TOUKH CO
CKOPOCTBIO U, €CJH MBbl
MO’KeM npeHeGpeub pasHO-
‘eteio mexay 1/VT—o%/c?
u 1. DykBol ¢ oGo3HaueHa
CKOpPOCTb cpeTa.

BO MHOTO pa3 MeHbIle CKOPOCTH CBeTd; 3TO
O3HayaeT, 4TO B JAHHOA rIJiape Mbl pasbupaem
TOJBKO HEPEJATHBHCTCKHUE 3a/1a4M U NPOU3BOANM
TOJIBKO HePe/ATHBHCTCKHE IpeoGpa3oBaHusA CHC-
TeM orcyera. [lonmyuenuble 3gech pe3yJsbTaThl
NpaBUJIbHBI TP TOM YC/I0BHH, 4To u<Zc. Buaus-
HHE CIIellHa/IbHOH TeOpHH OTHOCHTENBHOCTH Ha
3TH pPe3yJbTaThl OYJAeT JeTajJbHO PACCMOTPEHO B

. 12 1 13. Mpl cunraeM TakiXe, 4TO AJifl H3Y-
yaeMbIX SIBJIEHHI 3aKOHBI KJACCHYECKOH MeXaHHMKU IPeJCTaBJAT CO-
-Gofi jocTatoyHO Xxopoluee npubaHxenne K Gojsee OOUHM 3aKOHaM
KBaHTOBOH (U3MKH, KOTOPBIM IOCBsLIeH T. IV,

-4.1. Cuna, neficTByloiasi Ha 3apsIKEHHYI0 “acTHLY.
FayccoBa cucrema eaMHMIL

CorsracHo ri1. 3 BTOpO# 3axkoH HbloTOHa BbIpa)Kaercs C/ELYIOMHM

"ypaBHEHHEM!
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€CJIN MBL cunTaeM Maccy M noctosinHo#. B gusuke n3BecTHO MHOXKECTBO:
pPasMYHBIX CHJI: CHJIBl BCEMHUDHOTO TSTOTEHHS, 3JEKTPOCTaTHYECKHE
CHJIBI, MaTHUTHHIE CHJIBL, a TAKXKe pasHble AlepHblE CHJIbl, OYeHb HHTEH-
CHBHBIE, HO AEHCTBYIOUIHE HAa KOPOTKHX PacCTOSIHUSIX. DJeMeHTapHast
MeXaHHKa OKaXKeTCfli COBCEM HEMHTEePeCHOH, €C/JH OTpPaHHYHTBCA IPH
€e M3y4YeHHH PAcCMOTPEHHEM IDHMEPOB AEHCTBHS CHUJ BCEMHDHOTO TH-
rotens. Kak 3gech, Tak H B J260paTopHBIX paboTax Mbl PacCMOTPUM
3a/lauH, CBSI3aHHbIE C JEHCTBHEM 3JIEKTPHYECKMX W MATHUTHBIX CHJ Ha
3apaxeHHple yactHubl. s yerpanenus npoGesia B 3HAHHAXK Aydlle BCe-
ro NIpoyecTb O MarHHTHBEIX H 3JEKTPHYECKUX CHJIaX B BallleM [IKOJbHOM
yueOHHKe HJIH B yueGHHKe, BHIMYIIEHHOM KOMUTETOM COEHCTBHSI H3Y-
YeHHI0 (U3HKH *), Te TJiaBH, KOTOPLle IOCBSIICHBEI 3J€KTPUYECTBY U
MarHeTH3MY.

Jsis cpaBHenns 1efCTBUA 3/1eKTPHYECKHX M MarHUTHBEIX CHJI C JefcT-
BHEM CHJIbl TSKECTH HAJO BCIOMHHTb, YTO Ha MarepHafibHYIO TOUYKY
Maccoi M, HaxojsILyIOCS Yy NOBEPXHOCTH 3eMJH, JeHCTBYeT CHJa TH-
JKeCTH, paBHas F=—Mgz, rie Z — eIMHHYHHI BEKTOp, HallpaBJIeHHBIH
OoT LeHTpa 3emsad, BCIOMHHTE TaKKe, 4YTO OJHOMMEHHBIE TOUEUHELIE
3JIEKTpUYeCKHe 3apsAibl, corjacHo 3akoHy KyJsiona, oTTajikuBaioTcs
IPYT OT Apyra ¢ cusofl, o6paTHO NPONOPIHOHAJIBHON KBaApaTy paccTos-
HHMS MEXAY HUMH ¥ HampaBJeHHOH BIOJIb JWHHH, COeAHHAIOLIEH 3apsi-

bl. Besuuwna sto#t cHAB paBHa

F=2f, )
Tle §; H §,— BeJHUYHHBl 3apSIoB. YpaBHeHHe (2) BHIpa)KaeT 3aKOH
KyJsiona B rayccosofl cucteme ennuuil. MmMeHHO B TakoMm Buje oH Oyner
NPHMEHSITBCST BO BCEM HalleM Kypce.

C momouiblo ypaBHeHHsa (2) ompenesisieTcsl pasMepHOCTh 3JEKTDH-
yeckoro sapsja. Hpoussenenue ¢,q, JOMAKHO HMETD TY 2Ke PasMEPHOCTh,
yto u r2F, 1. e. [em]?- [Qun] win [nonnal?- [maccal- [xnunal/[Bpemsl2.
CnenosatenbHo,

[q]? = [macca]- [nmna)®/[Bpemsa)?,

TaK YTO Pa3MEPHOCTb BEJIHYHHBI 3apAna
[q] = [macca]'/z- [ nnuna)’/:/[Bpems].

Mzl BaguM, uto B cucreme CI'C ssekTpruecKui 3apsi U3Mepsercs B e11-
HUIIAX C pasMepHOCTBIO &7z-cm'’2-cex™ . Tlpo J1Ba paBHBEIX TOUEYHBIX
3apsja, KOTOpLie OTTAIKHBAIOT APYT APYra C CHJIOH B OJHY JMHY, KOT1a
OHM HaXOJASITCS Ha PACCTOSHUH B OJMH CAHTHMETP, MOXHO CKa3aTh, 9TO
OHUM HMEIOT BeNH4UHY 3apsafa 1 &Ye-cm™/z-cex™l.

Ho Ttaxywo HeykIOXKyI0 pasMepHOCTb eJHHHMILI 3apfAja Heylo0HO
HH [IPOMBHOCHTDb, HU IHCaTh, TAK YTO 5TY €UHHIY NPEINOYHTAIOT Ha-
3BIBATh 3JIEKTPOCTATHUYECKOH eauHuIEeH 3apdna CI'Cy,. 9ro osnauaer,
YTO JBa PaBHLIX TOUEYHEIX 3apsia, KaXIbifl B OXHY e;mnuuy Crey,,
OTTAa/JKHBAIOT JpYr Apyra C CHJOH B OIHY AWHY, KOria paccmﬂ}me

*) «Pusuka», nep. ¢ auryL. noa ped. A. C. Axmarosa, «Haykas, 1965.
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MEXIy HHMH DaBHO OJHOMY CAHTHMETpY. Ezmﬂnua CI'C9y— ato0 enu-
HHILA 9JIEKTPOCTaTHYECKOTO 3apsizia B rayccosoli cucreme enunun CI'C *).
MoKHO TaKKe CKa3aTh, UTO 9TO eHHHUIIA 3J1eKTPUIECKOro 3aps/a B 3JIeK-
TPOCTaTHUECKOH cHCTeMe efMHHIL.

3apsn g, npotoHa oGo3Hauaercs 3iech M jajiblie BO BCeM Kypce
cuMBoJ/IoM e: e=4,8022-1071° exn. CI'CI,. Mu1 nasbiBaem e saemenmap-
HbiM 3apAdom. DKCIepUMEHTaNbHO noxasaﬂo, uTO 3apAf g, 3JEKTPOHaA
paBeH —e.

W3 ypaBuenus (2) caenyer, 4TO BeJHYHHA CHJIbI, JeHCTBYIOLIEH
MeXIY JBYMsI IPOTOHAMH, HAXOJAAWUMHCS Ha paccTossHUH 10712 cp ApyT
OT jpyra, paBHa \

(4,8-10-10 ex. CI'COq)? 23.10-20 dun H
o (10=1% e = T0=% =2,3.10° Oun. (3)

Mexny AByMs NpoTOHaMH JeHCTBYeT cuJsia OTTalKMBaHMsA. BesnuHHa
CHJIbl, JeACTBYIOMEH MEKAY IPOTOHOM H 3JIEKTPOHOM, OTCTOALUMH APYT
OT Jipyra Ha To ke paccrosiHde 10712 cu, TaKkxKe onpejessieTcsl H3 pac-
yera (3), HO 9T0 GYIeT yiKe CHJla IPUTAKEHUSA, IOTOMY 4TO sapsmbx HMe-
10T NPOTHBONOJIOXKHBIE 3HAKH.

Ouenns yno6HO, 0COGEHHO IIPH pelIEHHH 337a4 CO CJIOXKHBIM pacro-
JIOXKEHHEM MHOTHX 3apaJiOB, ONpeiesaTh CHMY, AeHCTBYIOULYIO Ha €fH-
HUYHBIA NOJIOXKUTENbHBIA 3apAL. I[Jm 9TOTO TIPEACTaBUM cebe MOMOXKH-
TesbHbIA TpoOHbIH 3apsj Benuuunoit B 1 en. CI'CY,. Tlpennonoxum,
JaJsiee, 4TO 3TOT MPOOHBIH 3apfAj MOXKHO nepeMemaTb B IPOCTPAHCTBE
OT TOYKH K TOYKE, OCTaBJ/fAs BCE OCTAJbHBIE 3apAlbl HEHNOJBHIKHBIMH,
a cuJa, JeHCTBYIOIAs Ha NPOOHbLIH 3apsj, MOXeT ObiTbh H3MepeHa B Jiio-
6ol 3allaHHOH TOYKe; H3MEPEHHE JOJKHO NPOH3BOXUTBCA B YCJIOBHUSX,
KOIZla NpoGHBIA 3apsiil HEMOJBHKHO HAXONUTCH B AaHHOH Touke. Kak
u Jobasi cusa, u3MepseMas €uaa, JeHCTBYWLlas Ha €NHHHYHBIA [10J10-
JKHTEJbHLIA 3apsifi, ABASETCA BEKTOPHOH BeJNHYMHON; OHa HA3bIBaeTCd
HANPANEHHOCMbIO 3AeKmpuseckoeo nois E B faHHOH TouKe.

PasmepHocTh eauHMlbl E — 3TO cuJla, NPHXOASILAACA HA eJHHHUY-
ubifi 3apsn. Cuia uamepsiercs B AHHAX, a 3apai — B exunruax CI'CI,
TAK YTO pPa3MepHOCTb JIEKTPOCTATHYECKOH eJHHMUB HanpsKEeHHOCTH
SJIEKTPHYECKOTO liosil — 370 auna Ha eaununy CICI,. OGprno pas-
MEPHOCTb €JVHHIbI HANPSMKEHHOCTH JIEKTPHYECKOI'O IOJIS BBIPAXKAlOT
nHaye. Mbl onpenensieM eIHHHLY HalpsiXEHHOCTH 3JIEKTPHYECKOrO
1019 KaK TaKylo BeJHYHHY:

| eaunnua norentnana CIrCd 1 Oun
oM enununa sapaga Crea °*

31echb BBeJieHa Pa3MepHOCTb ¢IAMHHIbI HANPSIXKEHHOCTH, PaBHAS eXHHHLE
noreruyana CI'CO Ha cantHMerp, HOTOMY uTO (KakK Mbl IOAPOGHO y3Ha-
eM B IVl. 5) nenecoo6pa3Ho AaTh CHellHa/JbHOEe Ha3BaHHe (eQHHHIA IIO-
tenunasna CI'C3) exuHHLEe NpPOM3BENEHHS 3JIEKTPHUECKOH HanpsixKeH-

*) VMes B BHAY CTYNEHTOB, paHee He BCTPEUABLIMXCS C TayCCOBOH CHCTEMOH elu-
HHL, MBI HHXe IOAPOGHO pasGHpaeM STH eXHHHLH Ha psle NPHMEPOB. :
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HocTH Ha aauuy. Ecin egusuia sToro npousseleHHsl Ha3LIBaeTCs efH-
Hulell notenunana CI'CY, To epvHMLA HanpsKEHHOCTH MOJyYaeT pas-
MepHocTh: enunnua norennpaina CICa/em (en. CI'C3,/cu). Mui morsin
6p1 oBoliTHCh ¥ 63 crenyalbHbX HauMEeHOBAHUH /ISt eAMHHL JIEKTPH-
4eckoro 3apfifla M HanpAXKeHHOCTH, Ho yaobHee, Koria ond ectb. Cie-
LyeT BCeTJa IOMHHTb, 4TO ToueuHbi 3apsaz eennuunofl B 1 exn. CICOq
CO3RaeT Ha PacCTofsHHH 1 CM 3JeKTpHUeCKoe NoJie HAlpKEeHHOCThIO
B 1 ex. CI'CO,/cm.

MoxHO TOCTPOUTD TPEXMEPHYIO CXEMY 3JIEKTPHUECKOTO Mo/, CO3-
JAHHOT'O CHCTEMOH HEINOABHIKHEIX 3apsifioB. KaXmoH Touke mpocTpaHCT-
Ba Mbl IPHUIIUCHIBAEM BeKTOP, HMEIOMIUH
abCoNOTHYI0 BeJIMUHHY H HanpasJeHue  f
HANPSAMEHHOCTH 3JIEKTPHYECKOro M0
E. Moxer ObiTh, Oyner scCHee, ecad
CKa3aTh, YTO MBI TIPUIIHCEIBAEM KaxkKIoi
TOUKe TPOHKY 4HCeJ, MpeACTaB/AIOMNX
coBofi BeJHYHHEl COCTaBJSAIOMIKUX 3TOrO
BEKTOpa Ex’ Ey, Ez' Takas cxema Hasbl- lc’ﬂc.4.2.Hanp;ix(§gHoc-rb 3JIeKTpHYE~
BaeTcs BEKTODHBIM TIOJIEM. . P ARy COM.BOKTOROM F S4psTOM O . as

IlpennonoxumM, YTO B HEKOTOPO# ua- xMﬁ“‘“”ggp%;OjZe, ;agfg‘wco“-ﬂe*"
CTH TNIPOCTPAHCTBA HMeETcs 3JeKTpHye- . .

CKOe 1oJie, XapaKTepH3yeMoe BeKTOPOM Tr=rg EAS
HanpskeHsoctd E. Torza moxno Hanu- P—1ouKa RAGMOAEHHS.

cartb, 4TO CcuJa, AeHCTBYOUaA B KaKOi-

TO TOUKE JAHHOH 4YacTH [IPOCTPAaHCTBA Ha JioGoH 3JeKTpUYeCcKui
3apsi BEJIMYHHOH ¢, paBHa

F =gE. (4)

3neck F 3aBHCHT OT TOTO, B KAKOH TOUKe HAXOAUTCA 3apsiA ¢, IOTOMY 4TO
E cienyer Gpatb nnda s1ofi Touku. Ecau nosne E cospaercsi oguHOUHBIM
3apanoM Q, HaXONALLKMCS B TOUKE C PAJAHYCOM-BEKTOPOM [, TO COrJIAc-
HO ypaBHeHHIO (2) MBI MOXeM HamhcaThb, 4To BekTop E B sito6oft Touke
C PajHyCOM-BEKTOPOM T paBeH

E (r)=|r—_%T5.—(r-—rQ). (5)

3necb B 3HaMeHaTese HaXOHMTCSl KyO BeNHMUMHEL | r—Tg |, IOTOMY 4TO
B YHMC/IHTENb BXOAMT BEKTOp C aGCOMIOTHOH BeaMunHOH |r—rg|. Ecau
[IOMECTHTb Haua/o KOOPAMHAT B TOUKY, I1€ HaxomuTes 3apan Q, 1o ro=
=0, ¥ MOXKHO nepenucaTb ypaBHeHHe (5) B cJeyioleM BHAE:

E(=-—2r=X%. (6)

3nech B NMPaBYIO YacTb BXOJMT EIUHHYHBIA BEKTOp f, HAIpPaBJEHHBIM
H3 HavaJa KOODAHHAT B Ty TOUKY C paJHyCOM-BEKTOPOM I, B KOTOPOi’
H3Mepsierca BejHuMHA HanpaAmeHHocTH. Ilonb3ysice ypaBheHuem (6),
MOXHO OINpeAeJIHTb CHJy, AeHCTBYIOILYIO Ha 3apsaj ¢, Haxoasmuiics
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‘B TO4YKe C pajlyCOM-BEKTOPOM r:
F (1) =qE () =137, | M

H 3TO CoIyIacyeTcst ¢ ypaBHeHHeM (2).
2JIeKTpoCTaTHUeCKasl CHJIa

Fan = qE (8)

— 3TO Ta COCTaBJsfIOMIas BCeH CHJIBI, JEHCTBYIOWEH Ha 3apsny ¢, KOTO-
pas BO3HHKaeT M3-3a JeHCTBHS 3JIEKTPHYECKOro noad. Ecau sapsiy He-
NOJBIKEH OTHOCHUTEJNbHO HAOMIOAaTeNs, TO MOXKeT OBITh, YTO HA 3TOT
3apsij He JAefiCTBYIOT HUKAKHe JpYrHe CUJH (MBI He TOBOPUM O AEHCTBHH
CHJI TACOTEHHsI, IOTOMY YTO OHH OOHIUHO OueHb C/1a0bl MO CPABHEHHIO
< 3J1eKTpocTaruyeckumu cunamu). Ho econ npoGHbIf 3apan uiu 3apsn g
IBHXKETCA, TO, KaK IKCIEPUMEHTAJbHO YCTa-

HOBJIGHO, MOXKeT ObITh €llie OZHA COCTABJIIO-

mmas cuasl, AeHACTBYWOIEH Ha 3apsan. ITo 10-

Fove MOJIHUTE/IbHAS CHJA NPAMO NPONOPLUHOHAIbHA

CKOpPOCTH V, C KOTOPOH 3apsij JBHXETCH OT-
HOCHTE/IbHO HalJsiofaTessl, €CJaU JABHXKEHHE
COBEpILIAeTCss ¢ HOCTOSHHOH CKOpOCThio. I3
OIbiTa M3BECTHO, YTO IJ1 3TOH HOMOJHUTE/b-

v HOHM NHHAMMYECKOH HJH MAarHHTHOH CHJILI MBI
7 MOXKeM HAIlHCaTh CJefyIoulee ypaBHeHHe:
Vs
_ 9
Fmar—?va’ (9)
Puc. 4.3, Fyar=-L vXB. rje ¢ — CKOpPOCTb CBeTa, V — CKOPOCThb JBH-
&

JKeHHA 3apsla, a B — BekTopHasm BesuuH-

HAa, Ha3blBaeMas HHAYKUHUEH MarHUTHOTO MOJist
{puc. 4.3). C nomowpio ypaBuenus (9) MOXKHO JaTh oHpejelieHue BeJU-
yunel B. 3rot Bonpoc nogpobuo obeyxaaerca B T. 1I, a wa ganHom sra-
e rnosisjleHue ¢ B ypaBaeHHH (9) CBsI3aHO TOJBKO C YI0GCTBOM OMpeje-
JICHHS] MarHMTHOH MHAYKUMM B; mpM TakoMm onpefesieHvHd Benuuuua B
HMeeT TY K€ DPa3MepHOCTb, YTO M HANpPSKEHHOCTb 3JEKTPHUYECKOro
nosst E. Mel monyunsau ojuHaKkoBble pasmepHocTH A B u A E umen-

HO NOTOMY, 4YTO pazfenunu v Ha c¢. Cuna —Cq- v X B, neficTByiomas Ha

3JeKTPHUECKHH 3apsig B MarHMTHOM IloJ€,— 3T0 Ta CHJa, KoTopas
3aCTaBJ/IsSIeT JBUTAThCsA IPOBOJ C TOKOM B MAarHHTHOM IIOJie, IepreH/u-
KYJAPHOM K IpoBony. Jad efuHHOB HHAYKIHH MarHUTHOTO [IOJISI HMe-
erca B rayccopodi cucreMe exunun, CI'C crneumasbHoe HasBaHUE:
eayce (ec).

Onpefe/uM BeJHYMHY CHJEBI, [EACTBYIOIIEH HA 3JEKTPOH, IBHXKY-
winiics B MaraHTHOM none ¢ ueaykuueil 10 000 ec, KoTopoe MOXeT OHITD
€031aHO HeGOJIbIINM J1a00opaTOPHLIM 3JEKTPOMAarHHTOM. Eciu cxopocTb
aJeKkTpoHa paBHa 3-10° cm/cex u HanpapjeHa HePIEHAHKYJASAPHO K HH-
IYKUMY MarHUTHOro movist B, To corsacHo ypasHenuro (9) BesMUHHA
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5TOH CHJIBI PaBHA

F=(4,8:1071° en. CTCq )~ 1o sy (1+ 104 20) = 4,8.10* dun.

W3 npuBeneHHOro pacyeTa BHAHO, YTO HHAYKLHMSA MarHHTHOIO HOJS
uMeer pasMeproctb: [cuunal/[3apsal, Kak M HanpsKeHHOCTb 3J€KTpH-
geckoro noJst. OnHaxko yio6HO HMeTb OTAe/IbHOe Ha3BaHHE JJIs eQHHUILb]
MHAYKUMH MAarHUTHOTO IIOJIE — M BOT IIOYEMY MBI FOBOPHUM «Iayccy»
1J1st MarHuTHoro noas u «epuuuua CIC,/cm» anst snekTpuuecKoro
noJjs.

HCTOYHHKOM MarsguTHOTO MOJsE MOXKeT OBITh IETys ¢ TOKOM, COJie-
HOWJ WJH NOCTOSIHHBIA Maraut. MarauTHas cuna F . Hanpasaena no
HOpPMaJH K IJIOCKOCTH, 00pa3oBaHHOH BekTopaMil v 1 B. Huxe B 3700
IJaBe Mbl IOKaXKeM, 4TO 3apsKeHHasd YacTHUa, ABMKYHIAACH TOJABKO
B MArHHTHOM II0Jie, OYIeT OMHCHIBATh OKPYKHOCTb (MM, B Gosiee oflem
cydae, CUpasb) BOKPYT OCH, 06pa3yeMOH HanpaBJcHHEM MarHUTHOTQ
nossi. Tlponenas Jsa6opaTopHBIH OINBIT, JIETKO MOXKHO YOEIUThCH, YTO
MarHMTHOE MoJie, HalpaBJ/eHHOe MepNeHJUKYASPHO K JABHKEHHIO JIeKT-
poHHOro nIyd4ka B TpyOKe ocumiorpada, OTKJOHHT 3TOT MYYOK B Ha-
TIpaBJeHHH, TIEPIIEHANKYJISPHOM KaK K V, Tak U K B. Maruuruas cuia,
COJIEHOHJBl U MarHHUTH MOAPoOHO pasbuparorcs B T. II.

PesysbTHpyrowas cuia, AeHcTBYIOIAS HA PABHOMEPHO ABHIKYILYIO-
€51 YacTHIy C 3apsalOM ¢, TpeicTap/seT co00H CYMMY 3/1eKTpOCTaTHYeC-
KO¥ ¥ MarsuTHOH cuJ (8) u (9). Ira pe3yAbTUPYIOWIAA CHJ/A HIH TONBKO
ofHa cusa (9) HaswiBaercsa cusof JlopeHua:

F=gE+-LvXB. (10)

Msorye noJioxkeHHs! (GU3UKH BLIBOAATCA M3 YPaBHEHHS BTOPOIG 3aKOHA
Hpiotona F=AMa, npumensieMoro coBMecTHo ¢ ypasHeHueM (10), u 3ua-
YHTEbHASE 4acTb HUCTOPHH (DH3HKH CBA3aHA CO CIOCOGAMHM, KOTODBIMH
Oblii YCTAHOBJIEHB! H ITOATBEPXKJAEHb! 3TH ypaBHeHHs. To, 4To Mbl Ha-
nucand 3jech ypaBHeHde (l10) kak 3KcIepUMEHTAJbHBIA (DakT, BOBCE
He ocBOOOXKJaeT Hac OT HeoOXOAHMOCTH TMIyGOKO IPOAaHAJH3UPOBATH
ero B T. II. -

B a70#i Ts1aBe MBI IpeArIoJaraeM, 4To KHHETHYECKAs SHEPIHs YacTH-
Ut paBHa !/,Mv?, u pasbupaeM TOJbKO TaKUe 381341, B KOTOPHIX 3JEKT-
pHUYecKoe U MarHUTHOE IIOJs OJHOPOXHH! (FOX CJIOBOM O A H O P O f-
HBl # MBI OApa3yMeBaeM — HE 3aBHCAUIHH OT ITOOKEHUS YACTHILBI,
TIOJL CJIOBOM I O C T O 51 H H bl I — HE 3aBUCALIME OT BpeMeHH Hab.TIO-
Jenns). O6cyxaeHHe 3/1eKTPOCTaTHIECKOrO NMOTEHIHAMA H HAIlPsKeHH S
MEl OTKJ/IaAbIBaeM J0 TIJ1. 5.

Ham notpefyiorcss ciepyiomye 4YHCJOBblE BeNHUMHBI: CKOPOCTh
cBeTa

¢=2,9979. 10 cum/cex,

Macca 3JeKTpoHa m

m=0,9107-10-27 ¢,
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macca nporoHa M,
M,=1,6724.10"% e,

Onepupysa c cuaoit Jlopenna (10), Mbl BeipaxkaeM B rayccoBo# CHC-
TeMe elMHHL F B aunax, E B ex. CI'C3,/cu, v B cm/cex u B B rayccax.
J/is nepeBoia YHCJOBHIX 3HAUeHWH 3THX BEJHUHH H3 JHHHI[ CHCTEMBI
CH (wmu MKCA) B exunuunt cucreMbl CI'C npumensiioresi caeayroLine
TniepecyeTHble MHOKUTENH: BeJHYMHa F B AHHAX NOJydaercs yMHOMKe-
HueM Ha 10° Beuunnel F B HbioTOHaX; BenuunHa E Bex. CI'CI,/cu mo-
JydaerTcsi yMHOXKeHHeM BeJIMuuHbl E B 6/m UM B Rk Ha 108/cex/,- 1074,
Ecnn ke BenuuuHa E nana B /cm, TO 1151 NepeBoJa B €(MHHILI CHCTEMB
CI'C Hago yMHOXUTb ee Ha 3Hauende na 10%/c=<1/300. Beswuuna B
B rayccax MOJy4aeTcsi yMHOMXEHHeM 3TOH BeJHYHHEl B Bebepax/m?
(B Tecnna) Ha 104, He caenyer 3alyMblBaThCsA HaJl YHCJIOBLIMU 3HaYeHHs-
MH TIPHBEIEHHBIX IePeCYeTHHIX MHOKHTENEeH, HX TOMNbKO Haj0 IpHMe-
HSITh, IJie 3T0 HeoOXoAMMO.

4.2. 3apsmeHHas 4acTHOA B OAHOPOAHOM MOCTOSHHOM
2JEKTPHYECKOM MO

Cuna, neficTByIOLIas HAa 4aCTHLY € 3apAJOM ¢ B Maccoit M B aneKTpH-
yeckoM nosie E, 0JlHOpOAHOM B IpocTpancTBe U IOCTOSIHHOM BO BPEMEHH,
onpenessercs CAENYIOUHM COOTHOLIEHHEM:

F=Ma=gE. (11)

Hs (11) chreayer ypaBHeHHe A/ ONpefejeHH YCKODEHHA 3apsiKeH-
HOH YacTHUH:
= =LE (12)
JToT pesyJibTaT OUEHDb NOXOXK Ha YDaBHEHHE JBHXKEHHst MaTepHANLHOH
TOYKH B OJHOPOAHOM IDABHTALHOKHOM NOJE y MOBEPXHOCTH 3eMJIH:
=—Mgz, Tie Z — eIUHUYHBIH BEKTOD, HANpPABJEHHBIH HapyXKy OT
uentpa 3emiH. ¥YpaBHEHHe ABHIKEHHsS B IDAaBHTALHOHHOM NOJIE HMeeT
Big Ma=—Mgz, unn a=—gz. Ecin Bam cHavana GyjeT TPyAHO Ha-
[JISIHO TIPEICTaBHTh ce0e JBHKEHHE 3aPSIKEHHOR UACTHUBI B 3/1EKTPH-
YeCcKOM 110J1e, BOoOpasHuTe BMECTO 3TOTO JIBUIKEHHE MATEDHAJbHOH TOUKH
B TPaBHTAlLMOHHOM IIOJIe, JefCTBYIOIEM B TOM XK€ HanpaeJeHHH. [IBH-
JKeHHe B TPaBHTALMOHHOM ToJie YxKe ObLIO HCUEPIBIBaolLle pa3o0paHo
B IIKOJIbHOM Kypce (HSHKH.
BrimonnuB HHTErpHpOBaHHEe, MOXKHO [OKa3aTh, YTO YypaBHEHHe
(12) umeer caenytomee ofliee pemexme:

r(t)__ t2+v0t +r,. (13)
Hanomnum npasuio audepeHunposanus:

2 tn=ntrr, (14)
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BosuuKaeT ectecTBeHHBI Bopoc: OTKyzAa GepyTtcs B peweHHu (13)
ciaraemsle Vol r,? O4eBHIHO, UTO BHIpaXKeHHE

F(f) = - 12 (15)

camo ynosseTBopsier ypasHeHuio (12). Mbl HasciBaem ypasuenue (12)
Ougpgpeperyuarbrbim ypasHeruem, NOTOMY UTO B 3TO YPaBHEHHE BXOAMT
NPOH3BOJHAS, B JaHHOM CJIy4ae BTOpas MPOU3BOJHASA OT I 10 BpeMeHH f.
Coraacro ypasnenuio (15) r=0 npu {=0. Ho u3 nuddepenunansuoro
ypasHenus (12) BoBce He cenyer, 4TO B MoMeHT =0 yacTHua J0/KHA

/] v=/udt=0t+v,
11 a:%f T v
/00
9 9

\/ S=fvdt=Jat? v,t+ 5
Puc. 4.4. a) Yacruua, HaXOXNWAsCA B

< OAHOPOJHOM  3JIeKTpHYecKoM noae E,
HMeeT NOCTOAHHOE ycKopeHue a. 6) Ee
CKOPOCTb JIHHEeHHO BO3pacTaeT B 3aBH-

174 L —- CHMOCTH OT BPEMEeHH, a BeJHYHHa mepe-

MEUleHHs s npeAcTasaser cofod ksaapa-
5) THUHYI0 QYHKLHIO BpeMeHH (8).

HAXOAMTHC B Hauaje  KOOPAMHAT. 3apslKEHHAT YaCTHLIA MOXKeT
6LITh B JIO60M HAYaJbHOM NOJOXKEHHH o UTOOH NMOJYYHMTH JaHHOE
HAYasbHOE TOJIOKEHHE, Mbl BBOAHM B PelleHHe JJIs I TOCTOSTHHOE cJla-
raemMoe ry:

F(f) =g 241, (16)
TTocKOMIbKY Tre— MOCTOSIHHAA BeJIHYHHE, -MBl MOXEM MNpuUGaBHTL ee
K pelenuio, a auddepeHunansbHoe ypasHeHue (12) Bce-raku GyneT
BBIOJTHATHCS .

Cxkopoctb v nojydaercsl Auddepenunpopanrem r no spemenu. Ecnu
6bl T onpenessioch U3 ypabHenus (16), To MBI moNyuH/IH OBl A8 CKO-
POCTH cJjlefyioliee ypaBHEHHE:

dr d qE - \_ B )
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T. €. CKopocTb obpaiuasack Out B HYJb npu {==0. Onnako u3 auddepen-
nuajpHoro ypaeHenus (12) He caefyer Takxke, 4TO CKOPOCTb JOJ/KHA
6biTh paBHa HyJio npu f=0; CKOpPOCTb MOXKeT HMeTb Jio6oe 3afaHHOEe
HayalbHOE 3HAaUeHHe Vy. MBI YUHTEIBAaeM 5Ty 3aJlaHHYI0 HauasbHYIO
CcKopocTh, H06aBiassl caaraeMoe vof k pewenuio (16) nns r. BeeaeHue
5TOrO CJIaraeMoro He NpOTUBOpPeuMT JuddepeHira bHOMY YPaBHEHHIO, .
a TaxkKe He H3MeHSeT HayaJbHOIO MOJOXKEHHs YaCTHIb, NMOTOMY 4TO
voi=0 npu {=0. Ciaraemoe v,! YyIOBJIETBOpSeT HauaJbHOMY YCJO-
BHIO 11 CKOPOCTH, H Tenepb r 3ajaerca ypasrernueM (13), ua Koroporo
CJIeNYeT:

d d E ,. E
v(t):_a;=ﬁ(-2—%—tz+vot+ro)z—%l—t—}—vo. (18)

Met BUANM, 4TO V=V, pH {=0, 4o 1 TpeboBanock. Pemenne (13) yaos-
JetBopAeT AuddepeHIHaTLHOMY ypaBHeHNIO (12) U HauasbHbim wnu epa-
HUMHBIM YCAOBUAM JITISI TIONIOKEHNS U CKOPOCTH 3apSKEeHHOH YaCTHIILL.

ITp umep. Yckoperrnoe Osuicerue RPOMOHA 8 HANPABACHUU 34€K-
mpuueckoeo noas. Ilycte B TeuenHe opHoH Hamocekynuel (1079 cex)
NPOTOH YCKOPAETCH, HAUHHAS C COCTOAHHS [IOKOS, 3J1eKTPHUECKUM T10/1EM
- panpsikenHoctbio  E, =1 en. CI'CO,/cu. Kakopa ero koneynast cko-
pocTh?

CkopocTh 4acTHIbL onpenensercs 3 ypasaenus (18):

di
LR YR (19)

JUIs Haiell 3ajlauy 3TO BEKTOPHOE ypaBHeHHe *) CBOAUTCA K Caefylouiell
CHCTEMe YHCJIOBBIX yDaBHEHUH:

e
v, (=77 Eit, v,=0,=0, (20)
HNOTOMY 4TO MBI HMeeM ycjoBHe, uTo v==0 npu {=0. CaenosareibHo,
Koneunasi ckopoctb npy = 107? cex npubamKeHHO paBHa

(5-10~10 en. CI'CAq)-(1 ex. CICI,/cm) 1079 cex

v, & RIEE ~ 3-10° cmfcex. (21)

Mp1 ipuHsIIE Maccy npoToHa npuOIMKeHHO paBHO#H 2+ 1072 2, 3amerbTe,
gro (1 en. CIC3) (1 en. CI'Co/em)=1 Oun=1 e-cm/cex?.

[Mpumep. Y CKOPeHHOe Bauicerte IAEKMPOHA 8 HANPABACHUY SACKM-
puHeckoe0 noas. DJEKTPOH, KOTOPHIA BHayaie Obl1 HElOABUMKHLIM,
yCKOpsieTcsl Ha TMYTH B 1 ca 3/1eKTpUUYECKHM IIOJIEM HaIPsIKEeHHOCTBIO
1 ex. CI'C3,/cu. KakoBa KoHeYHasi CKOPOCTb 3JEKTPOHA?

*) Ypaenenne (19) — BexTopHoe; ecin E=(Ey, 0, 0), a v,=0, T0 oHO cBOAHMTCH
K TpeM YHCJOBHM YPaBHEHHSM OTHOCHTEJIBHO COCTaBJSIOHX:

e dy . dz

=7 sty =0, ZZ=0.

@M
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INoxcraBuB B ypaBHenue (18) sapsan sjnekrpoHa —e U ero maccy m,
noJiy4aeM

v ()=——Et, x()=—=E (22)

Ham Hano uckmouMTbh { M BBIpA3HTh U, KakK (PyHKOHIO oT x. ¥Yno0HO
CHayaJsa HaiiTi BeIpa)keKHe A1 U2, a 3aTeM Npeo6pasoBaTh €ro, HemoJb-

3yst BTopyio (opmyay (22):

2 2 2
= (SE) = (2 E) (5 B 0) = — 2 B
2.5.10-10

~ —g=z— 1 L ew?jeex® & 107° - 10%7 cm?jee® ~ 10%* cm?/cex®.  (23)
Orciona cnenyer, YyTo KOHeuHasi CKOPOCTb 3/eKTPOHA paBHa
[v,.| =~ 10° cmjcex. (24)

U3 puc. 4.1, npuBefenHoro B Hadasne 3Toil IJIaBHl, BUIHO, YTO JJIsi MHO-
THX NMPaKTHYECKHX liesedl MOKHO CYMTATbh 3Ty CKOPOCTb HEpPessSTHBUCT-
ckofi (¢ TouHocThiO 1%).

+ + + 4+
% v
_____ oy
g
| e———————|
- - - - Ux
Puc. 4.5. OTKJAOHEHHE 3JieK- Puc. 4.6. Bekrop ckopocTtn v=§vz+ §vy:
TPOHHOTO TYyuYKa [OfepeuHbM vy
3JEKTPHYECKHM TOJEM. 9=arctgo—'-v
T

I1p uMe p. Yckoperue 8 Hanpasieruu, REPReHOUKYAAPHOM K HA-
yaavHol ckopocmu wacmuy. Ilpoiins yepes yckopsiounee mode E, (cM.
NpefbIAYINHE NIpUMEp), IYYOK 3JCKTPOHOB NONAJAeT B 30HY AAMHOM
L=1 cu, rge feficTByeT monepeuHo HaNpap/eHHOE OTKJOHSIOULEE 3JIeK-
Tpuueckoe none HanpsxenHocreio E,=—0,1 ex. CI'Co,/cm. Kaxkoi
YIoJl ¢ OChIO X 06pa3yeT CKOPOCTh NyuKa 3JIeKTPOHOB, [POILENIIero aTy
30HY IOIEPEeUuHOro OTKJIOHEHUA?

Beuay Toro, 4to Temepb HeT COCTaBJISOUIEN HANPSKEHHOCTH HOJSA
IO OCH X, COCTaBJISIIONIAsA CKOPOCTH BJOJb STOH OCH OCTaHeTCs NOCTOSH-
Hoil. Bpemsi T, B TeueHHE KOTOPOIO 3JEKTPOH OyJeT HaXOHUTLCS B 30HE
JEHCTBHST OTKJIOHSIIOIIErO TOJS, ONpeLeNsieTcsl H3 YpaBHEHHs:

vt=L (25)
Had, ecan v,=10° cm/cex,

v= L 1070 cex. (26)

X

CKOpOCTb B MonepeyHoM HallpapJ/ICHHH, npuoépeTeHHaﬂ 3a 3TO Bpems,
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onpenenaercs Tak:

5.10—10 1 —p 7
T~ o=z 107 10-° cajeex = 5- 107 emjeex. (27)

e
v,=——FEt1x
m
. ¥Yroa 8, koTophiil o6pasyer ¢ OCbIO X BEKTOP KOHEYHOH CKOPOCTH, MOKHO
onpenejHTh U3 pasenctsa tg8=uv,/v,, T. e.

6 —arctg - ~ arctg X" = arctg 0,05. (28)
X

Jlna Maselx 3HAYeHHE yria 0 Mbl MOKeM HMCIOJIb30BaTh NPUG/IHKEHHOe
PaBEHCTBO
Osxarctg 0, (29)

rae 0 Bulpaxkeno B paguanax. Ms (28) caenyer, uro 00,05 pad.

Onpenenns 4yuc/IOBOE 3HAYCHHE CJEAYIOLIEr0 CJAaraeMoro B pasJo-
XKeHud arctg x, Mbl MOXKeM OLEHHTb BeJHUHUHY OWMOKHM H3-32 IpHMEHe-
HUsl npubHkeHHOro paBeHcTBa (29). B MaTeMaTHueCKHX CIpaBOYHH-
Kax *) jaercsi pas/oKeHHe TPHUTOHOMETDMYECKHX (YHKUHH B PHABL
B gacrrocTH, crenytomee passoxenue arctg x B psag:

arctgx:x—%-{—)%—f;—{—..., (30)

BbINOJIHAETCH HPH x2<1.

[pu x=0,05 cnaraemoe x¥/3, KOTOpOE MeHbille OCHOBHOT'O CJ1aTaEMOT0
x B x%3 pasa, cocrasaser (0,05)%/32<1072 pomo ero, uau 0,1%. 1y
OLIMOKY MOXHO He YYUTHIBATh, €CJIH OHA MeHblle, YeM 3KCIepHMeHTalb-
Hast omMOKa npd u3Meperuu 0. [l Masiblx yrioB DPHMEHHMBI TaK:Ke
caepyomue npuOJIHKeHHble paBeHcrBa: sin 6=0 u cos 02=<1—02/2.

4.3. 3apsixeHHas 4acTHUA B ouﬂopouﬂom nepeMeHHOM
9JICKTPHUECKOM MOJie —

[lycrb
E =xE, =xE!sinof, (31)

rae @ =2nf — yrJoBas 4acrora, a E{— aMninTyJa BeKTopa HanmpsiKeH-
HOCTH 3JieKTpuyeckoro noasi. Yacto 3nayor Hysp (0) npu Oykse E ne
IULIETCS, eCJH 9TO He IPHBOAHT K Hegopasymenuto. CorsacHo (12)
ypaBHeHHe JBHKEHUA 3apAKCHHOH YacTHUBI NDUMET B 3TOM CJaydae
CJlelyIOIHH BHA!

: d%x
dfr

Ipu pewennu audxbepeHIHANbHBIX YpaBHeHUHA Mbl acTo OyieM IOJb30-

.9 9 i
=41 Ex= 51 Evsinot. (32)

*) 3pece asropnt pekoMenaywot kuury H. B. D wight, Tables of integrals
and other mathematical data, 4th ed., Macmillan, New York, 1961 (pycckufi nepe-
Bof: I'. b, A Bafir, Tabnauusl MHTErpajoB M Apyrde MaremMaTHueckKHe (pOPMYJIH,
nep. ¢ aHIL NoX pel. K. A. CemenpsieBa, 2-e usll., «Hayka», 1966) kak MaTeMaTHue-
ckuii cnpaBousuk K KHury: Handbook of Chemistry a. Physics (Chemical Rubber
Publishing Company) KaK CIPaBOYHHK NO XUMHH H (u3HKe.

Y3 oteuecrBenHoU JUTEPATYpHl MOXHO yKasaTb, Hampamep, M. 5. Brroga
cx u i, CipaBoyHHK no Bhiclmedl mateMartuke, «Haykay, 1964. (IIpum. ped.)
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BaTbCsl IHMPOKO NPHMEHHUMBIM METOHOM Iipo6 M OWu6OK, MCXOAA IPH
3TOM M3 NOHHUMAaHHS (QU3HYECKOro CMbic/ia fBjeHUs. Bynem HckaTb pe-
[weHue ypaBHeHHd (32) B cienyiollleM BHIE *):

X (1) = x, sin of -+ vt + x,. (33)
ITponuddepennnposap (33) nBaab,, HAXOIUM
%: — w2, sin f. (34)

IlpousBonHble CHHYCa H KOCHHYCa OHpeﬂe./’IﬂEOTCH no gopMyaam:

d
sinB =cos B, sin = —sin 6,

de dG’
d .
75 €08 0= —sin0, dez cos 8 = —cos 0.

CrenoBartesbHo, (33) npejicraBasieT coGofi pelileHHe YPaBHEHHs IBHKe-
Hust (32) Npu TOM YCJOBHH, UTO

— 0¥, sin of = % £9 sin wt, (35)
EY '
X, = —‘%4755; (36)
[Toxacrasaasa (36) B (33), nonyqaeM C/eyIONHH pe3ynbTar:
x(t) = L X, (37)
CKopoCTb 4acTHLbl paBHA
0
0, (£) =% — — 4B o5 ot 1 1, (38)

*) 3ecb MBI BCTpeuaeMcsl ¢ OJHHM H3 OOMUX MNPHEMOB pelleHHsT (H3HYECKHX
3ajla4 — HaXOXJeHHeM pelleHHs IupdepeHIHATbHOrO YPaBHEHHUS, YIOBAETBOPAIOLIETO
8aJaHHLIM HayaJbHBIM YCJAOBHSM. 3TO CBOEro poja HCKYCCTBO, B KOTOPOM BAaXKHYIO
poJIb HI'PAIOT MHTYHTHBHbLIE NpeAnosoxeHus. MHoraa nomorator u crporo chopmy.au-
poBaHHbIE MaTeMaTHYeCKHe NpaBu/a, HO o6blYHO (PH3UK cnpaluuBaeT cebq: «UTo Morao
661 npousoiiTu?» wian «Hero ete MoxHO GblTIO Gbl OxUAaTh?» [loayuuB pelwenine, HAAO
NMOACTaBUTh MNpeArnosaraeMblil pesyJjbraT B HCXOLHOe YypaBHeHHe, 4TOOn yCelHTbCd,
SIBJISIETCS JIL BTOT Pe3YJ/bTaT MPaBUJIbHBIM. EcH e HCXOXHBIe MPEINONOKEHUS OKa-
3a/JHCh HEBEPHBIMH, TO HaJO0 NeJaTh HOBBIE MONEITKH. PasyMHoe nOCTpoeHHE Npeirno-
JIoKeHUH nomoraer cOepedb BpeMs, HO HHOIJA Jaxe HeBepPHble NMPEANONONKEHHS MOTYT
HaBeCTH Ha NPABW/IBHBI NMYTh pELIeHHS 3afaud.

CorsiacHO ypaBHeHHIO (32) ycKoperue 3apsKEHHON HaCTHLBI AOIIKHO GbITh CHHYCO-
HIaJbHOM QyHKUHeH BpeMeHH, ec/id AeHCTBYIOMAS CH/IA H3MEHSETCH MO CHHYQOHIAJb~
HoMY 3aKoHY. [TocKo/NbKY yCKOpeHHe MMeeT KosefaTesbHBIH Xapakrep, HepemelieHHe
HOJI2KHO GBITh XOT 6Bl YaCTHUHO KoseGaTesbHEIM. [0 3TOl npHUHHe MBI BBOAHM B ypas-
HeHHe (33) ciaraemoe, NPOMOPLUHOHANBHOE sin ©f uan cos wf. Mer BeiGHpaeM sin wf,
MOTOMY 4TO JBa noc/efoBaTesbHelX AudxhepeHupoBanus QYHKLHH CHHYCA JAIOT ONSITh
cunyc. Craraemoe x, Hallo BHECTH KaK HauasbHOe cMemieHHe. [TocKonbKY MBI OJIKHBI
npejycMOTPETh TaKKe HauaJbHYI0 CKOPOCTh, TO MBI Jo6aBJisieM ciaaraeMoe vyf, KoTopoe
JlaeT BOSMOXXHOCTb Y4YecTb JA06Yi0 BeTHYHHY HaualbHOH CKOPOCTH, B TOM GHC]E HYJe-
Byio. Cnaraemoe vyl OCTaeTCA W MO3XKe, KaK MOCTOAHHAS CKOPOCTb, HAJIOXEHHas Ha
CKOpOCTb, BeJUYHHA KOTOpOR KoneGaercsi. EguHcTBeHHO BO3MOXHOHR (opMOH 3TO-
ro cjaraeMoro sBJsieTcsi Uyf; GoJiee BhiCOKasl creneHb [ He corslacyercs ¢ (32). :

[Tpumedanne M3 ypasnenusa (38) sugHo, 4To A1 3TOrO NpHMEpa, B OTIIH-
qHe OT PaCcCMOTPEHHBIX paHee, ckopocrb npy {==0 He paBHa OLHOH TONBKO BETHYHHE Uq.
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OTKyJa cjenyer, uyro npu (=0

| o
v, (0)=—%% 40,

(39)

He nago cMemuparbh enuyuny 0,(0), paBHYIO CKOPOCTH YaCTHLB! HpH

M 7[—
)1,
(e
\/ \/ il —»
_/_ ’
(yw)”’
Y 1 i I
T Zr Jn 4n im
w2, wE—
(oe)
i
I
Znl-
. ”A
I [ { 1 H
r Zdr Jdm 4r sx
N l‘) -
Puc, 4.7, Ecam 3apsg g HaXoRHTCSl B

BAEKTPHYCCKOM TI0JIe
-~ .
E=XEY sinof, 0

Hanpsa2KEeHHOCThIO

az=—;‘7—4— EY sin ot
o
qES
vy (1)Y= 1\ ag dx:—-m cos Wi +vy.

Ecnu v, (0)=0, TO

0B
= e
HJIH
t)= qu 1 ¢
g )_Mm (I —cos w?}, ..
“Torpa
x(H = \vg(f)di=
gE}

= e S (1— cos wf) di+x (0).

Ecau takxke x {0)=0, To
0

qu q
*()= -7

; _4_E%,
sin w? +Mco X

t=0, ¢ BeNHYUHOH U,, NPEACTABJIAIO-
mefl coGoi NOCTOAHHYIO, NOABHpae-
Myl0 A48 TOro, 4rofbl HauasabHas
ckopocThb v,.(0) nmpuobpena 3anaHHoe
3HaYeHue.

Ecin Mbl mpuMeMm  HayasbHYIO
CKOPOCTb YaCTHIEL paBHOPI HYJIO, TO
NONYYHM

— qu
7 Mo

v (40)
IMopcraHoBKAa 3TOrO BHIPAXKEHUSA B
(37) IpUBOAUT K CJefyIOLIEMY COOT-
HOLLIEHHIO!

x(f) = —3Ex

qE
o sin wt—}—

MU

Hawmu nosyueH Heckos1bKo Heoxu/1aH-
HBIff pe3yJbTaT: eCad HayaJgbHOe
ycioBHe HMeer BHA v,==0 npu (=0,
TO JIBUXKEHHE YaCTHIbl CJaraercs U3
KosleGaHHA H INOCTYNaTeNMbHOIO JIBH-
JKeHHUs, COBEePIIAEMOro B OJHOM H TOM
2Ke HalpaB/JeHHH C JIOCTOSIHHOH CKO-
poctelo  gEY M (puc. 4.7). 210
IIPOUCXOAKT MOTOMY, YTO B JAaHHOH
4yacTHOH 3ajaye CKOPOCTb YacCTHIBI
HUKOTJa He U3MeHseT 3Haka, Hacri-
11a HEIPePhIBHO INepeMeniaercs B Ofl-
HOM U TOM XKe HanpapJieHUH. 3aMeTb-
Te, YTO AJs 3TOH 3ajauu Up He P aB-
Ho v, (f=0), HO X, paBHO x({=0).

4.4. 3apsiKeHHasi yacTHA
B NOCTOSSHHOM MATHHTHOM IoJie

YpaBHeHue ABMIKEHHS YaCTHIBI,
umewomeii maccy M u 3apsg g, B
TIOCTOSSHHOM ~ MAarHUTHOM foje ¢

uHAYKuHel B umeer cienytomu Bun;

dqr dv
Map=Mg=
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<vXB. (42)



ﬂYCTb HHAYKIHST MAarHUTHOI'O NOJIA HalpaBJieHa BAOJAb OCH 2.
B =zB. (43)

‘Orciofa ciefyeT COrVIaCHO NMPABHJY ONPEIeJIEHHs COCTABJAIHMX BeK-
‘TOPHOTO MPOH3BEAEHUS:

[vXB],=v,B, [vXB],=—u.B, [vXB],=0, (44)
#, TakuM 06pa3oM, ypaBHeHHe (42) NPUBOAUTCA K CJAEAYIOWEH CHCTEME
JubdepeHIHa bHbIX YpaBHEeHHE:

v,=4-09,B, v,=-—3-0B, U,=0. (45)

My BHMM, YTO OCTaeTCsl MOCTOSAHHOM COCTABJAAKLLAA CKOPOCTH, MapaJ-
JieJTbHasi OCH, BAOJb KOTOpPOH HaNpaBJeHO MarHUTHOE IoJe, T. €. OCH 2.
MoxHO HenocpenCcTBEHHO 06GHAPYXKHUTb U APYTYIO 0COGEHHOCTb HAHHOTO
JIBIJKCHHUSI: OCTaeTcAd INOCTOSIHHOHM TaKxkKe KHHETHUECKas SHePLHs

K =5 Mo* =5 Mvsv, (46)

TaK Kak
dK M- . . q o
d7=7(v.v+v-v)=Mv.v=Mv.(mvx3>=o, (47)
TIOTOMY UYTO BeKTOpHOe NpousBeienue vX B mepnengukyaspno x v,
‘ClIeloBaTENIbHO, MACHUMHOE NOAE HE UBMEHACI. KUHEMUYECKYD dHEpeuo
c80600r0t wacmuypt. Bynem uckaTb pelieHue *) cuctembl ypaBHEHHH
JBuxeHus (4b) B caepywolleM BHJE:

v, (f)=v,sinwt, v, (f)=uv,coswf. (48)
210 — ypaBHEHUS Kpyrosoro jpikenusi. M3 HHX criepyer:
dv, y dvy i y
g =00 cosol,  —r=—ov sinef, (49)

1 IocJle MOACTAHOBKH peileHult (48) cucrema ypaBHenuii (45) npuHumaer
CJAeRYIOIHH BUA!

qB
®U, COS @f = = 0; COS of,
(50)
—ov, sinof = —Bsinet
t Mc ’
YpaBuenus (50) TOXKAECTBEHHO BLINOJNHAIOTCA IIPH YCJIOBHH, UTO
(0] =m = 0 (51)

2

*) Vi3 ypapHenus (47) caefyer, 4TO KHHeTHUecKas 3Heprua K MOCTOsiHHA; Mbl
JOTXHB OTCIOla c/le1aTh BBIBOJ, YTO BEJHYHHA |v] TaKke HOCTosHHA. DTOT pedyJ/bTar
¥ HAaBOAUT Ha MBICIb HCIPoGOBATh pellleHHe, BHIpaxKalollee PABHOMEDPHOE KPYroBoe
JBUXKEHHE, MPH KOTOPOM COCTAB/SIONIHE CKOPOCTH IO OCAM X H Y M3MEHSIOTCS {10 cH-
HYCOHaIbHOMY 33KOHY C PasHOCThIO a3 11/2. Y [o6HO BEIpasuTs poés gB/Me s Buje
OJHOH HOCTOSIHHOH, HMEIOWEH PasMepHOCTb BpeMeHH B MHHYC HEPBOH CTCHEHH; STY
Pa3MePHOCTb JIEFKO MOXHO OOHADYKHTh, NOJB3yACh ypaBHeHHsMu (45). Mbl mpegno-
JlaraeM, 4TO pelleHHe 3aJlayd NPeACTABJIseT coGoi BpallaTeNbHoe NABHXKEHUE, YIJoBask
CKOPOCTb KOTOPOT'O KaK-TO CBSI3aHa C 9TOH IOCTOSHHOM,
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a M3 3TOr0 COOTHOLLEHHs oNpelesieTca TaK Ha3blBaeMas YUKAOMPOHHAS

4acmoma (UK 2UPOCKONUYECKAs 4aCmOma) o, T. €. YacToTa JBHKEeHHS

3apsxKeHHOHN YacTHILI B MAarHHTHOM ntoJie. ¥YpasHeHus (50) ynosJserso-
PAIOTCS NIPH JM06OM 3HAYEHHH U;. ’

MoXHO BBIBECTH ypaBHEHUE /151 IHKJIOTPOHHON 4acTOThl TaKXke 3Je-

MeHTapHbIM criocoboM. HanpassieHHas BHYTPb TPaeKTOPHH HYaCTHILH

MarHuTHaa cuna qBuv,/c co3naeT LHEHTPOCTPeMHTENbHOe (HanpaBJ/eHHOE

BHYTpb) yCKOpeHHe, Heo6XoiuMoe 115

KpPYTOBOTO JIBHXKEHHA 3TOH 4acTHLHI.

BennuuiHa  UEHTPOCTPEMUTENBHOIO

B
< e ‘ A@@l
a% :Eg&@g A, \
7 g
~—

v 7y
Purc. 4.8. Monoxurenbunfi 3apsg Puc. 4.9. Ionomuteabuuil sapsap ¢
q, HABHXYIMiACS ¢ HayaJapHoll ONHCHIBAET B GAHOPOAHOM MarHHTHOM
CKOPOCTHIO V, TIEPIIEHANKYNIAPHOR nosne ¢ wHAYKnuelt B cnupant ¢ mo-
K MHAYKUHE B ofnopoaHOro mar- cTosiHHBIM waroM. Ilpu stom v, T. e,
HHTHOTO T0Jisl, ONHCHIBAET OKPYXK- napanaJienbHas B cocraBasromas cko-
HOCTb paguycoM g=cMv/gB ¢ no- POCTH 3apsjia, OCTAETCS IMOCTOSIHHOM.

CTOsTHHOH 1O aGCOIOTHOH BeENH-
YHHE CKOPOCTLIO U.

2
yCKOpeHHsl paBHa v3/r, HIH ®.r, IOTOMY 4T0 @, 7r=0,. Cje0BaTe/IbHO,

gBy; 9
— M(J)uf, (52)
OTKyJa noJjydaeM
gB
(l)u = ME .

Kakoll BHI vMeeT 3Ta TpaekTopusa? VMameHeHre NOJOKEHHA YACTHILE
B 3aBHCHMOCTH OT BPEMEHH MOXKHO ONPEAE/IHTb, HHTErPUPYS ypaBHEHHS
(48), NoO/IOXHB B HHUX ® PABHBIM O:

x(t)=1x,—pcos (Dui=xo———(§—1cos 0,t, (53)
0

y()=y, +psin wut=y0+£1: sin o, ¢, (54)

2(t)=2z,4uv,t. (55)

Mgl BHAKM, YTO NPOEKUHS TPAGKTOPHH YaCTHIbI HA IJIOCKOCTD Xy Mpel-
cTapasier co60H OKPYXKHOCTbL C HEHTPOM B TOUKe Xq, Yo. Paamyc atoik
OKPYXKHOCTH paBeH "
Uy [ Ul )
=%, B - 08
Paauyc p uHOr1a HasblBaeTCs eupoCKONU4ecKUM Paduycom WIH yuKao-
mpoHKoim paduycom. TpaeKTopHs 3TOH YaCTHUBI NPEACTaBJSET cOGOMH
CHpaJb, 0Cb KOTOpOH Hanmpas/ieHa NapasJiebHO MATHHTHOH HHAYKIHH
B; cocTaBJafollas CKOPOCTM YacTHUbI, napanjenbHas B, ocraercs
NOCTOSHHOI.
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3ameTHMm crenyiollee:

Bp =L, (57)

rie Muv,— 310 UMIyAbC yYacTHUBI B IJIOCKOCTH, NepNeHAUKYIAPHON
K B. D10 BaxHOE COOTHOIIEHHE; B OAHOH 3 MOCAEAYIOMHX IJIAB MBI

Piuc. 4.10. Tlonyuennasi B BOAOPORHON Ny3HPHKOBOH Kamepe hoTorpadus Tpaek-

TOPHH HJIEKTPOHA, ABHKYIIErocs ¢ GO/bUION CKOPOCTHIO B MAarHMTHOM ToJIe.

ONEeKTPOH BXOAMT B IOJe 3PeHHs BHH3Y cJeBa. Tepss CBOIO SHEPruio HA

HOHH3AUHIO BOAOPOAHBIX MOJIEKYJ, 3JEKTPOH 3aMensasier ABHXeHue, Korpga

YMEHbIIAeTCS1 CKOPOCTH 9JIEKTPOHA, YMEHbUIaeTcsl H PAAHYC KDHBH3HBI €ro Tpa-

€KTODHH B MarHuTHoM mnose. Iloatomy Tpaekrtopus umeer dGopmy cuupanu.
‘ (Paduayuonras rabopamopus um. Jloypenca)

YBUAHM, YTO OHO BHIMIOJIHACTCA H B PEJIATHBUCTCKOH 06J1aCTH CKOpOCTeH,
€C/IH BMeCTO Mu, NIOJCTaBUTb B HETO PENIATUBUCTCKUH uMnyJbe p. [Toa-

TOMY MOXKHO NIPHMEHSITh COOTHOLIeHHeE (57) [/15 onpe/iesIeHns] HMIYJ/IbCOB
YaCTHUI[ C OYEHb BBICOKOH aHeprHei.

4.5. PasmepHocTtn

Bceeraa uenecoo6passo npoBepuTth, UTo pasMepHOCTH O0eHX uacrefi
NOJIY4EHHOI0 OKOHYATETbHOTO YPABHEHHS OJMHAKOBEL. D10 Jerkuil crno-
co6 0oGHapYXHTb NPHHUMNHAMbHbIE OWHMOKU. [lnd npaBol HacTu
ypaBuenusi (57) mmeeM

e[ fl-[)
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rae T — Bpems, a L — pymna. KBajgpaTHble CKOOKH O3HaYamwT pas-
MEpPHOCTb 3aK/JIOUeHHOH B HUX BeJUYMHEL /151 JIeBOM 4acTH ypaBHe-

nus (57) — ; s
o= [£wr= 2]

NIOTOMY YTO COTIVIacHO ypaBHenHuio (9), onpenensirouemy cuny Jlopenua,
HHAYKUHSA B HMeerT B rayccoBoOfl cHETeMe eIHHHI pasMepHOCTb CHJIHI,
JesienHoll Ha 3apsin. Kak rokaswiBalor paBesctsa (58) u (59), obe uactu
ypaBHeHHs (D7) HMEIOT OIMHAKOBYIO Pa3MepHOCTD.

ITp uwmep. Iupockonuueckaa 4acmoma. KaxkoBa TI'HPOCKOIIHYEC-
Kasl 4aCTOTa 3JIEKTPOHa B MarHUTHOM ToJle ¢ uuaykuueit 10 kec (1104 ec)?
(Beuunua unnykuuu 10--15 kec THNHYHA 1151 MATHATHBIX ITOJeH OObIU-
HBIX J1a0OpaTOPHBIX 3JE€KTPOMATHHTOB C XKENE3HBIM CEPIEYHHKOM.)

CoratacHo dopmyae (51) nonyuaem

eB __ (5:10-19)-(10%) _1 . 510"
Oy = & 10~7.(3.[gt0y CEX 17
(10-27).(3- 1019) ~310-1

YacroTa nepuojuueckKoro fBHxkeHus, o603HayaeMas Kak f,, paBHa

fu——— 3.10%° ey, (61)

ce/c'1 ~ 2-101t cex~t. (60)

U el COOTBECTCTBYCT Ciaeaymouian AJubHa SJ'IEKTPOMaPHI/ITHOI?K BOJIHLL B CBO~
60,1HOM NPOCTPAHCTBE:

. ¢ 3.1010
xu—ENWCMNICM- (62)
Fupockonuyueckasn yacrora o, (p) NPOTOHA OTHOCHTCA K HPOCKOMH-
YeCKo# YacToTe 3/1eKTPOHA B TOM K€ CaMOM MarHHUTHOM IoJge, Kax 1/1836,
T. €. TaK e, KaK Macca 3JeKTpoHa K Macce npotoHa. B MarHuTHOM noJie
¢ unpykuuesi 10 xkec rupockonmuueckass 4acTora NpPoOTOHA paBHa

@y (p)=mm—pwu(e) ~221?S3 cex—t ~ 10° cex-1. (63)

Hanpas/eHre Kpyrosoro IBHXeHHS 3JEKTPOHA B MATHUTHOM IIOJie IPO-
THBONOJ/I0XHO HaNPaBJIeHHIO IBHKEHUS [1POTOHA, IOTOMY YTO HX 3ap /bl
HMeIOT IIPOTHBOIOJIOKHBEIE 3HAKH.

[1puwep. lupockonuseckud paduyc. Kakor pajuyc TpaekTopHH
3JIeKTPOHA, JBHKYILETroCH B LHKJOTPOHE €O ckopocthio 108 cm/cex B nuo-
CKOCTH, NEePNeHIUKYJISPHOA K BEKTOpY MAarHuTHOH HMHAyKUuH B, Be-
JIHYHHA KoToporo paeHa 10 xec?

Ipumensia ypasnenns (56) n (60), noayunm caefyromyno BeJHIHHY
THPOCKONMYECKOTO pajuyca:

_ 01 108
p 2 1011

I'upockonnyeckuii pam{yc TPOTOHA, ABHXAKYLLETOCH € TOH 2Ke CKOPOCTBIO,.
Gosbwe B M, /m pas'

~(5:10-4.(2. 1) cu ~ 1 cm. (65)

5 (m ~ 5104 cm. (64)
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4.6. MarnutHas ¢okycHpoBka npH moeopoTe Ha yroa 180°

[TpencraBum cebe NMyyoK 3apsiKEHMHIX YACTHL, NMONAJAOUUHA B Ty
4acTb NPOCTPAHCTBA, [Ae ACHCTBYET OTHOPOLHOE MarHHTHOE [oJe C HH-
Aykuuefi B, nanpaBjieHHOM NEPNEHAMKY/IAPHO K JABHXKEHHIO MydKa.
YacTuupl GyayT OTK/IOHATHCA, H PaAMyChl KPHEM3HBEI X TPaeKTOPHIX
MOXHO ONPeAeaUTh U3 cooTHOWenust Bp=(c/q)Muv,, rae v, — cocrapas-

10IIasi HX CKOPOCTH B IJIOCKOCTH, NepIieH-
HukyaspHoit Kk B. Ecin wmel mecnenyem
NY40K B KAKOH-TO MOMEHT, HallpUMep [ocJe
nosopora Ha 180°, To o6Hapy:KHM, 4TO OH
paccessicsl B IJIOCKOCTM JBHXKeHHA (T. e.
B IJIOCKOCTH 4epTexa Ha puc. 4.11), notomy
YTO Y Pa3HBIX YACTHIL C PA3HBIMH MaccaMy
A CKOPOCTAMH OYIYT pas/uuHbl H PAAHYCH
KPHBU3HBI TPAEKTOPHH.

Ha npunuune nosopora B OZHOPOJHOM
MarHUTHOM HOJI€ OCHOBAHO AeHCTBHE cenek-
mopa umnyabcos — npuéopa, B KOTOPOM
obpasyercsa My4OK YacTHH C [OYTH OAHHA-
KOBBIMU HMIYyJ/IbCAMH NPH YCJIOBMH, UTO
OJAUHAKOBHL 3apAJbl ¢ BCEX 4acTHIL.

IlpenMylecTBO HCNO/Ib30BAHHA TOBO-
pora uMenHo Ha 180° cocrouT B TOM,

_ AN

V4

Puc. 4.11. [elicTBue MarHHTHOTO
noJis KaK CenekTopa HMIYJALCOB
(moKa3aH Ny4oK HOHOB C pas/iuu-
HHIMH  EMOYJAbCamMH P). ] —o06-
JACThb OAHOPORHOFO MAarHUTHOrO
noJs, BekTop B nepneHAKRKYyJsi~
PeH K IIJIOCKOCTH DUCYHKE;
[l —o6aacTh, rae MHAYKIHA Mar-
HHTHOPO NOJA paBHa HYJAO.

YTO YacCTHUIbl € OJAMHAKOBbLIMH IO abCco/TIIOTHON  BeIMYUHe UMYy Ab=
€aMH, NOCTyMNalou{He BO BXOJHYIO [I€/b MO HECKOJbKO pas/HYHLIMH

/7

Puc. 4.12. DoKycHpoBKa Myuka. HOHOB B

Puec,

4.13.

Cxema, noxassiamouias

WAarHdTHOM noJie NpPH NoBOpPoTe Ha 180°.
HoHpl ¢ UMUYJibCaMH, PABHBIMH 110 BeJIHUHHE,
HO pA3JIHYAIOIMMHCA N0 HaNpaBAeHHIO, (o-
KYCHUPYIOTCcS, Nonajad IOYTH B OJHY TOYKY.
Ily4yoK COCTOHT M3 HOHOB, MMEIOUIMX OAWHA-
KOBYI0 a0COJNIOTHYIO BEeJHUHHY EMIIyabca |P),
‘HO | NIOCTyHaloUlMX B I(eJdb NOA DPa3HBIMH
yraamu. “f ~o61acTh OZHOPOJHOI'O MArHHT-
HOro NMoJ §1; BeKTop B nepnesHpukynfapes K
TJIOCKOCTH pHCcYHKa; [] —ofnacTh, The HH-
AYKILHS MarHATHOTO NoOJAA paBHA HYJIO.

yrJjiaMH, rocie noBopora Ha 180°
onuH obuwui dokyc.

noApo6HOCTH POKYCHPOBKH B CesleK-
Tope CKOPOCTCH C MOBOPOTOM NY4Ka

Ha 180°. [-—TpaeKTopUsi YacTHILLI,

BXoAsiimed nox yraom 6=0; 2 —1pa-

eKTODUA 4YaCTHIB, BXOASIiEH 1OA

yraoM 8 = 0; 3 —UeHTD KPHBH3HBEL

TPAeKTODHH qace'muba, BXoAAuel npx
= 0,

20 (1 —cos 0) == f2,

IpoXoasaT HpI/IéJ'II’IZSI/ITeJIbHO qepes
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Pacuer TouHOCTH QOKYCHPOBKH NpejcraB/ifeT cofoH YHCTO reomer-
pHuecKy0 3ajauy. PaccMOTpHM TpaeKTOpHIO HacTHHBI, NpPOXOAALEH
yepes BXOLHYIO ieab MOA yrioM 6 K uaeanbuoll Tpaektopuu (puc. 4.13).
Paccrosinne Mexkay BXOAHOH IIEJBIO H TOYKOH, B KOTOPOH 3Ta Tpaek-

TODHA IepeceyeT MOBEPXHOCTb MMILEHH, PaBHO JJIHHE XOpAb Kpyra
¢ paguycoM p. PasHocTb JJIHH nuaMeTpa H XOpAbl paBHa
2p—C =2p (1 —cos ) =~ pb?, (66}

rae JJist Majablx 0 Mbl OrpaH’4YHJAMCh NEPBbLIMKA ABYMsA CjaaraemMbIMH pas-
JIO2KEHHSA KOCHHYCa B CTeneHHOH pan.

62 | 04
—sta—
KOTOpOe NMPUBOJHTCA B MATEMATHUECKHX CNIPaBOYHHMKAX. Ecan mbl npu-
MeM B KauecTse Mephl HeTKOCTH yrioBoil QOKYCHPOBKH CJ/EAYIOLLYIO

cosf=1 (67)

BEJIHUUHY: ‘
20—C 2
o —6 (68)
Z To Aas 6=0,1 nosnydaeM Takoe ee
3HayeHHe:
20—C
PQP ~ 51073, (69)

Sra BenuynHa Bblpamaer (OKyCH-
pywloulee geHCTBHe CeJIEKTOpa HM-
NYJIbCOB.

[
Jempoiicmes

4.7. NpHHUHUN yCKOpeHHUs
3apsiKeHHBIX YacTHL B HMKJIOTPOHE

Puc. 4.14. Bunx B paspese 0GHYHOrO uim- B OéquHOM HHK‘HOTpOHe 3apﬂ'

JIOTPOHA HM3KHX 3HEprHi, COCTOSINErO H3
HCTOYHHKA HOHOB S, NONBIX YCKOPSIOUHX
9JIEKTPOROB B dopme D-o6pasHBIX koOJel
(D4, D,) B OTKJOHSIOWEr0o yCTpoHCTRA.
Becp npuGop HaxoaHTCd B OAHOPONHOM
BEPTHKaJIbHOM MAarHMTHOM TIIOJIe, BEKTOD
HHAYKIHH KOTOpOro B ‘HanpaBJjieH BHHS3.
ITnockocTh TPAaeKTOPHH YaCTHLH TOPH-

JKeHHBle YaCTHLE! ABMIKYTCS B IOCTO-
SHHOM MaTHHTHOM MOJIe IO TIOYTH
CIUpaJibHEIM OpOHTaM, KaK 3TO OH-
¢aHo B oTphiBKe «H3 ucropuu ¢usu-
Ky», TNPHBOAMMOM B KOHLE IVIaBHL.

30HTaJbHA H HAXOAKTCS NOCEPEANHE MEX-
ay D-o6pasHbIMH KoAbHaMH. Y cCKOpHO-
fiee  BLICOKOUYACTOTHOE BNEKTPHYLCKOR
H0JIE NPHJAOKEHO B NPOMEXKYTKE MEXAY
D-06pa3HbIMH  KOJIbILAMH.

ITocie kaxjoro mnoJdyobopora ya-
CTHIB YCKOPSIOTCH 3MEKTPUYECKHUM
1oJieM, H3MEHSAIOMHUMCS M0 3aKOHY
Koebanuit. [Hag nepuomuueckoro
YCKOpPEHUS! Heo6XOJAMMO, YTOOb! 4acTOTa 3JeKTPHYECKOro MnoJst Oblia
CTPOTO paBHa UHKJOTPOHHON WacToTe YCKOPAEMBIX 4aCTHIL.
LIukN0TpOHHAA YacTOTa NPOTOHOB B MarHHTHOM NoOJe C HHAYKIUeH
10 xec paBna
eB . _
My ™

(5-10-10).104

8 prem
(@-10-).(3.1019) 1.10° cex-1,

cek~l x~

o, =

(70)

Wi f,=0,/2n~10 Mey. o Tex nop, noka CKOPOCTb YaCTHIIL OCTAET-
Csl HepeJNATHBUCTCKOH, 5Ta YaCToTa HE 3aBHCHT OT HEPrHH YaCTHILHL,
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Ilpu kaxaoM o60poTe 4acTHUA NOJYyYaeT SHEPTHi0 OT MHepeMeH-
HOTO 3JIeKTpH4ecKoro nojs. Ilo Mepe yBeqHYeHHS 3HEPTHH HacCTH-
ULl yBesMuuBaercsl H 3GpeKTHBHBIH pajHyC ee TPaeKTOPHH, TAK Kak

2EIM
pz_”__:]_/__/__“_, (71)

®y Wy

rae uyepes E ofosnauena sueprus. [Ipesenpmas sHeprusi npotoHa c

qg+-

%’
T
X
Ny

_ po

Jnuna samkst, m
3

i I ! 1 I i !
g 2 4 £ 88 1w 12 #
Maziumnas uriyryus, rec

Puc. 4.15. VYcnosus pesoHaHca B NepPBOM LHKJOTPOHe (JAUaMeTp
279 mm)., Ilo ocH OpRMHAT OTJIOKEHa BEJHYHHA AJAHHH BOJHBI
B BAKYyMe BbLICOKOUACTOTHOTO Hanpsi:KeHHd, MOJABaeMoro Ha YcKO-
psomue sJaeKTpoAbl. KpHBHIE MOCTPOECHbI [0 TEOPETHYECKHM CO-

oTHoweHusAM AJas HoHoB H+ n H;‘; KPY*KH COOTBETCTBYIOT 9KC~

nepuMeHTasbHHM JaHHBM (Jloypenc u JluBuurcrod, Phys. Rev.
40, 19 (1932)).

HEPeJIATHBHCTCKON CKOPOCTBIO B IMOCTOSIHHOM MarHHTHOM MoJe orpe-
JeJAeTcs  BeJMYHHOH BHEIIHero pajuyca LHMKJAOTPOHA [, @ TpH
o, =108 cex™ u r,;=50 cm nonydaeM, yTo U=w,r, ~5-10° cM/cex, unn

1 _ - _
E=- Mu* = (10-24)-(5-10°)* spz = 25-107° spe. (72)

Ha npakrtuke a5t 06bIMHONO UHKJIOTPOHA 3TY CKOPOCTb MOXKHO CUHTATh
HEpPeJISITHBUCTCKOH.

3anaum

B HuwMmanue: Bcerda ykaswsafite B OTBeTe €QMHHILI H3MepeHHs; OTBeT Ge3
[MHHL, HM3MepEeHHs — 3TO BOOOIIe He OTBET.

1. Cuaa, Oeflcmsytouiasn Ha nPOmMon & saexmpuseckom nose. KakoBa BeyuHa CHIbL
(B nuHaX), neficTByIollell HAa IPOTOH C 3apSAAOM € B MIEKTPHYECKOM I0JIe, HANPSAKEH-
HocTh KoToporo E=100 exa. CICAv/cm?

OTtBer. 4,8:10-8 Jdun.

2. Cuaa, Oedcmsyrowas Ha npomox™8 mozdumrom nose. KakoBa Beauuusa (B
AUHAX) U HANPaBJIeHHE CHJIbI, HeHCTBYIONeH Ha TPOTOH C 3apsiioM e B MarHHTHOM TIOJIE,
HHIYKIHS Kotoporo B paBra 100 ec ¥ Hanpas/eHa BAOJMb OCH 2, NPU CAEIYIOMIHX yC-
JIOBHAX:

a) Korga npoTtoH HeNOABH:KEH?

OrBeT Hyas.

~

6) Korja mpotoH ZBHKETCS BAOJB OCH X CO CKOPOCTBbIO V==108x ca/cex?

Oreer. —1,6:-10~1% Jun.

3. Kunemuueckas snepaus asexmpona. a) KakoBbl 3HaUeHHS! HMIYJIbCA (B 2+ cM/ceK)
#i KHHETHYECKOH - SHEPTUH (B 5Prax) 3/eKTPOHA CO CKOPocThio V=10%x ca/cex (Bemom-
HHTDb, YTO KWHeTHYecKasl HePrusd yacTuupl ¢ Maccoil M pasna 1/,Mu?)?
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6) DNEKTPOH YCKOPAETCS, HAuMHAas OT COCTOSHUR TIOKOS, 3MEKTPHYECKMM NONeM:
B 0,01 en. CI'COy/cn. KakoBa (B 3prax) KoHeuHasi KHHETHYECKas SHEPTUSA 3TOTO 3/MEKT-
poHa, Korja OH mpoilzer nyth 5 cm?

OrBeT. 2,4-10-1 gpe, .

4. Ce0600roe dsusicerue saexmpona. I1pu =0 ckopocrs snekTpona v=108x cu/cer,
4 ero pamuyc-sekrop r==100y c#u; onpeieJutb €ro pamuyc-Bekrop IpH (=0,1 cex.
BHewHue CHJBI OTCYTCTBYIOT.

Orsert. (107x-F 10%y) cm.

5. ¥ckopennoe Osudiceriie 2/EKMPOHA 8 3AeKkmpuueckom nose. JlanHole — Te xe,.
uTO B 3ajaye 4 11pu (=0, Ho JeficTByeT ewle snexTpHyeckoe noje E=10-2 ex. CI'CI/cm;.
ONpeJeNNTh PajHyc-BeKTOD H BEKTOp CKOPOCTH NPH f=1-10-8 cex.

6. Ycrxopenroe OsudceHue saekmpona 8 MOEHUMHOM nofe. Jlanubie — Te ke, 4TC.
B 3agaue 4 npu {=0, HO B3TOM caydae B=100z e, a E=0.

a) OnpefiesinTh pafuyc-BeKTOp HpH f==1-10-8 cex.

6) Haiita pextopnl ummyanca npH /=0 u npu {=1.10"8 cex; ykaszarp nx a6co-
JIOTHYIO BeJHUYHHY W HanpasJ/eHHe.

7. Jaexmputeckoe noje, ypasHoseliusaowee noae 3eMHoe0 npumsamerus. Kakesa
BeJIHYAHA HalPsKeHHOCTH MJIEKTPHYECKOro NoJs, CoOGLIAIOIEro 3eKTPOHY YCKOpEHHe,
paBuoe 980 cmfcex, T. €. yCKOPEHHE CHJILL THKECTH?

Otsert. 1,86-10-1% en. CICO/ca.

8. Omnotuenue saexmpocmamuseckorl U epasuinayUuoHHot cun mexncOy Osyms daexm-
poramu. BeqnuiHa SMeKTPOCTATHUECKOH CHIBI MEXKAY JBYMS SJIEKTPOHAMH DaBHa e2/r?;
BeJIHUMHA IPaBHTALMOHHONA Cujbl pasHa Gm?/r2, rie G = 6,67-10~8 dun-cm?/22. Ka-
KOB IOPSJOK BeJHUHHBI OTHOLIEHHSI SJEKTPOCTATHYECKOH H rpaBHUTALHOHHOH CHJ:
MeXIY IBYMS 3JeKTPOHaMH?

OTBeT. 1042

9. Bsaumno nepnenOuxyasprete saexmputeckoe u mazrumeoe nois (cMm. dononde-
uue 1). 3apsskeHHas yacTHUA JBHKeTCS B HANPAaBJICHHH X B IPOCTPAHCTBE, I/ie HMEETCst
3/eKTpHYecKoe Nose £y 1 NepreriuKyIapHoe K.

N HeMy MarsuTHoe noje B,. Ilp# KaxoMm ycJaoBHR
iy pe3y/abTHDYIOLLAs CHIa, JeficTBYIOMlAs Ha 3Ty
£ ] yacTHuy, paBHsercsi Hymw0? [lokaxnte BekTo-
— ——= pot v, E, B Harpapuke. KakoBa fomxHa GHITB
,  Beauwuuna vy, ecan E, =10 ea. CICd/cm, &
L‘J B,=300 ec?
Pue. 4.16. OtBeT uve=I-10% cu/cex.

10, Omxaonerue sapaxceHHOL 4acmuybl Mexc-
0y naacmusamu  KowOewcamopa., Yactuna ¢

3apanoMm # Maccoll M, aMelonlas  HauvaJlbHYIO CKOPOCTh UgX, MOoNajaeT B 3JICKT-
q )

puyeckoe noje —Ey. IlpeanonoxumM, 4to 3To neJie OJHOPORHO, T. €. YTO BeJHYHHA
HanpsukenHoctd E ojuHakoBa BO Bcex TOYKAax MPOCTPAHCTBA MeXAY MJIaCTHHAMK
AauHOH L (32 ucKmoyeHHeM HeGOJBLINX H3MEHEHHH y KpaeB [JacTHH, YeM MbE
npeHe6peraem).

a) Kakue cuabl IefiCTBYIOT COOTBETCTBEHHO B HalPaBJeHHAX X U y?

OtBer. Fyu=0; Fy=-—¢FL.

6) bygner nu cuna, IENCTBYIOUlasA B HaNpaBJeHHH Y, BAHSTL HA COCTABJSIOHIYIO
CKOpPOCTH B HampaBJeHHH x?

B) HanucaTh pemenust uid vy U Uy H NOJIHOE BEKTOPHOE BhIpANKEHHE MIa V()
B BHJe (YHKLHI BpeMeHH.

OTBerT.

~ gE ~
v({) = vox—;lw—— 1y.

r) Bui6pas Toyky BxoJa yacTHIBI B IoJe KOHAGHCAaTOpa 3a Haualo KOOPAMHAT,
BLIDA3HTh PajUyC-BeKTOD WaCTHLH KakK GYHKUHWIO BPEMEHH, B TeyeHHE KOTOPOro OHa:
HAaXOJUTCA MEXKAY MJIaCTHHAMM. ’

11. IIpodoarcerue npededyweii sadauu. Hality chefyiomue BeJIHYMHBI, €CAW 4a-
CTHIIa, O KOTOPOH roBopusoch B 3ajaue 10,— 3TO JEKTPOH C HAualdbHOH SHeprHelk
1010 9p2, HanpsxKeHHOCTH JeKTPHUecKoro noas pasHa 0,01 en. CI'CA,/cm, a L=2 cu:
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a) BeKTOop CKOPOCTH B MOMEHT, KOIJA 3/7eKTPOH BEIXOJHT H3 NPOCTPAHCTBA MEXKAY
NacTHHAMY. R

6) ¥Yroa (v, X) B MOMEHT BbIXOAA YaCTHIL U3 MPOCTPAHCTBA MEKAY IVIACTHHAMH.

B) Touky nepecedyeHHs] OCH X C HanmpaBJIeHHeM ABIKEHHS YacTHIB!, BhIXOASILEl
U3 TPOCTPAHCTBA MEXKAY MJIaCTHHAMH.

12. Juaexmpuneckoe noae moueuroeo sapada. Hanpsxennoers E anekTpuueckoro
NoJg Ha PACCTOSIHUH 7 OT TOUEUHOrO 3apaJa g MMeeT B rayCcoBOl CuCTeMe efHHHIL Be-
JHYMHY ¢/r? i BanpaBJeHa NO PafuyCy HapyXy, €CId ¢ MOJOKHTENLHO, H BHYTPb,
€CJIH ¢ OTPUHATEIBHO.

a) Hanucars Bektophoe Boipamenne aaa E.

6) B roury A (1, 2, 3)*) nomemen 3apan g==2e, pasHblil 3apsily ABYX NPOTOHOB.
Haiiti nanpskennocts saekTpuyeckoro nosis B Touke B (4, 5, 10). Eannunest anunst
ABJISIeTCsl CaHTHMETp.

13. Bpema npobeea uoros. [1yuok ogHOBaNeHTHBX MOHOB uesust Cs+ yckopsercs,
HAyHHasl OT COCTOSIHHSA MOKOA, 3AeKTphueckuM nojiem B | e1. CTCD, /en, neficTByomum
Ha paccrosiuny 0,33 cu, 0 nocae 3Toro npoxodut 1 am 3a 87- 109 cex B BakyyMme, rie
OTCYTCTBYET 3JIeKTDHUECKOe MoJe.

a) Mcxoma u3 3THX ZaHHBIX, ONpellesIUTh BEJNMYHHY Macchl wona Cs+,

OrBer. 2,410-22¢

CpaBHHTE OTBET CO 3HAYEHHEM, KOTOpPoe Bhl Haliflere B Tabnuue, CIpaBoYnuKe HAR
yueGHHKe MO XMMHH.

6) Kakoe norpeGoBasnoce Obl Bpemsi, uTo0bl IPH 3THX XKe YCIOBUAX mpoler mpo-
ToHa ObL1 pasen | mm?

OrBeT. 7,2:10~% cex.

B) To ke — nns JehiTpona (JeATpoH — 3TO YaCTHIA, COCToOsILAs H3 IPOTOHA H
Hefitpona, My ==3,2- 10~ %¢).

r) MoxXHO JIM B 5TOM ONbITE OTIHYHTL ZENTPOH OT anbga-vacTHup? 3apay o-ua-
CTHUBl paBeH Z2e.

14. Sapancennve wacmuysi 8 00HOPOOHOM MOEHUMNOM nOAe. DNeKTPOH H NPOTOH
YCKOPSIIOTCA 3MeKTPHYECKUM [T0JIeM HANPsIKeHHOCTHIO B 1 ex. CI'C3,/cx, pelicTByio-
muM Ha nporsxenu 10 ca; 3arem onM mnona-
ZAI0T B ONHOPOLHOE MATHHTHOE MoJie ¢ HHIYK-
uuest 10 000 ec, pefictsyiomlee B JIOCKOCTH,
NepreHAnKy/ISPHON K 3JEKTPHUeCKOMY MOJIO.

a) KaroBa UHKIOTPOHHAA 4acToTa Kamlol
YaCTHUBI?

6) KakoB pazmyc KpyroBoil opOHTH Kaix-
O# uacTuim?

Orser Re=1810"2 cu; Ry=0,77 cm.

15. Maenumnuote mononosu. MarHutHble
MOHOMOJN WK CBOGOAHBIE MarHUTHBIE MOJIOCH
HUKOrAa (IO HacTosieroc BpemeHM) He Habao-
lNanuch SKCOepHMeHTanRbHO. [Hpak Jokasad,
YTO WHTEHCHBHOCTH CBOGOJHOTO MarHuTHOro no/oca (0Go3Havaemasi 0GBIUHO uepe3 g),
€CJIH TaKOBOH CYHIeCTBYeT, JO/MKHA OblTh HeJbIM KPATHLIM INPOHSBENEHHUS BEJHUMHED

1 ke 137 . .
. E-z- HJIu —— Ha I-)JJeMeHTaprIH SJeKTPUUYCCKUHN 3apﬂ,11 . ECJ]H MBI HpHMEM 9T0 LIeJ10e

e

Puc. 4.17.

2 2
YHCI0 PAaBHHIM e[MHHLE, TO
g——-—é— . f—zc ce3,3-10-8 en. CI'C3q .

Mbl npefnonaraeM, 4To eCJH MarHHTHBIE MOHONOJM MOIYT BO3HHMKATh MPH CTOJIKHOBe-
HUSX YaCTHI[ BEICOKHX 3Hepruil, To GyAyT OOpa30BLIBATLCS paBHble KOJHUECTBA ce-
BEPHBIX M IOKHBIX MOHOTOMEH.

a) Kakora Besnunna cuanl (B Aunax ) F=gB, pefictayiomed ua noxosmufics mo-
Homnose upaka B margutHOoM nNode B=5:10% oc?

OrserT. 1,6:10~3 Qun.

*) QGosnauenne A (1, 2, 3) o3navaer TouKy A ¢ JEKAPTOBLIMH KOOPAHHATaMR
cooTBercTBeHHO 1, 2 ® 3,
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6) CpaBHHTL 3Ty CHAY C 3JeKTpHUecKoll cunoli F—=¢E, pefictyrouteit Ha noxos-
IHMACS TPOTOH B 3/leKTpHYecKoM noje E=>5- 104 ¢/cm. He 3a6ynrte nepesectu E B efi-
Hunpl cHeTembl CI'CO (E =< 5-104/300 ex. CI'CI,/cm).

OrserT. 8,0-10-8 OJun. i ’

16. Omxkaonerue ny4xa saekmpornos magrumHbim nosem. OTKNOHEHHE ITyYKa 3JIeKT-
POHOB B 3/JeKTPOHHO-TyYeBOH TPyO6Ke MOMEeT IPOH3BOAMTBCH KaK MAarHHTHBIM, TaK
H 3JIGKTPOCTATHYECKHM NosieM. [TycTh NyuoK 3meKTpPOHOB, HMeIOWHX 3Hepruio W, mo-
cTynaer B o6nacthb, Ilie CYIECTBYeT MoNepeuHoe OAHOPORHOE MaTHHTHOE MoJie ¢ HHAY K-
uiell B (kpaeBniMH 3(rbekramu mpenebperaeM).

a) Ilokasarp, uto (cm. puc. 4.17)

[ V=T

TIpUYeM X — PacCTOsIHUE OT TOYKH, e 3JeKTPOH BXOJMT B MarduTHOe NoJe, A0 TOUKH,
[Jie 5J1EKTPOH BBIXOKHT M3 HEro, a r — PajuyC KPHBH3HL! TPAGKTOPHH 3JIEKTPOHA B IO~ .
MepeyHoM MarHHTHOM moJe. PaluycoM KDHBH3HLI Ha3blBAeTCsl PANMHYC Kpyra, COfpH-
KACAIOWErocs: ¢ ACKPUBJIEHHOH 4acThIO TPaeKTOpHH (T. e. HanbGoNee GIH3KO TpuJeralo-
uero X #elt).

6) Ecnu R — pajuyc NOBEPXHOCTA MarHMTHHIX NOJIOCOB, TO X £= 2R korja r > R.
Tonk3ysick pasnoxenHeM B psj no ¢gopmyJae 6rHoma HbloToHa, KoxasaTe, 4TO OpH
atoM yA2R?/r.

17. Yckoperiue 3apsocenroix vacmuty 6 yuxaiompore. [IpeAnonoXuM, 4To B HUKJOT-
pone B=zB u

E,=Ecos wgt, Ey=——E sin w,f, E,=0,

npuueM BesuyuHa E mocTosiHHa (B pealbHOM IMKJIOTPOHE 3JEKTPHUECKOe TIoJe He SB-
JisieTCs NPOCTPAaHCTBEHHO OAHOPOXHBIM). OueBHIHO, UTO IPH STHX YCJIOBHAX BEeKTOp
HanpsKEHHOCTH 3JEKTPHYECKOTO TOJS ONNCHBAET KPYT, BpanlasAch ¢ yriaoBoH CKo-
pocteio . IToKasaTb, YTO JBHXKEHHE 3aPSIKEHHOH UaCTHIB ONpelesserTcd CAelylo-
LHMH YPaBHEHUSIMH:

2
i

y(t)= quEZ (w,f cos wyt—sin wf),

o

x(H)= 9E (o4t sin @yt -+ cos oy t—1),
®

ecqH B MoMeHT ! = 0 3Ta yacTHIa HaXoJHJach B Hayale KOOpDAHHAT, a €€ CKOpOCTh
paBHAJACh HYJO. I/Isoﬁpa3mb TIE€PBBIE HECKOJNBKO HHKJOB HBHXEHHA YaCTHIHL.

Honoauenne l. JBHXenne NPpOTOHA BO B3aHMHO NEPNEHXHKYNAPHLIX
NEKTPHYECKOM H MArHHTHOM IOJAX

-

ATy BaxHYO 3a%a4y MOXKHO JOBOJILHO Jerko pewmnts. [1ycrs B=Bz; ecau nose E
nepreHIMKyAspho K B, To U3 ypaBrenus cunbl Jlopenua (10) ¥ onpenenenus oy, cor-
JIacHO ypaBuenHto (51), Mbl mMosyyaeM CAeRyIONlMe yPaBHEHHMSI ABHXKEHHs NPOTOHA:

e . e .
vx-—_-—m—; Ey+ o4y, vyz-M—p Ey— o0y, v, =0, (73)

rae oy =eB/Mjc. UnIyKUKA MarHHTHOrO NIOAS Napasienbig ocH 2. Crcrema ypapennft
(73) Jonmyckaer cllellylollee ¥ a CT H 0 € pelneHue, umelomiee HanGoslee PocToit BUA,
€CJIH HalPaBHTh OCh X MapasJieNbHO HAalPAXKEHHOCTH 3JeKTPHYECKOTo 1o, T. e. TaK,

yrobet E—xE:

v,=—"m, Ux=0, uv;==const. (74)
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Mu! moXxeM RailiTH 3TO peluenne, eclin 3alainm ceGe BOIIPOC, UMEETCA JIH TaKoe 4aCcTHOe

penienne cucremb! ypasHennfi (73), ana Koroporo v==0, T.e. DBHXEHHE YaCTHLUHI NIPO-
uCXonuT Ge3 yckopeHuss. B 3TOM clydae coueTaHHe B3aHMHO NEPNEHAHKYJSADHBIX
3MEKTPHUECKOr0 H MarHHTHOFO ToJiell HefiCTBYeT KaK CeJIGKTOp CKOPOCTH, OTOHpas

1
‘Z'I

9

Puc. 4.18. a) lNpeacrasum ceGe MOJOKHTENbHBIA 3apAd g, HaXOASIMHACA NpPH

t=0 B HavaJe KOOPAKMHAT ¥ He HMEKWINMA HavajpHOH ckopoctH. Ha aToT 3a-

PAA AeHCTBYIOT B3aHMHO TIEPHEHJMWKYJASIDHblE MOJA: 5JeKTpHuYeckoe E H

marnutHoe B. (Cuctema orcueta S.) 6) HuavanbHoe ycKopeHnue 3TOro sapsga ¢
paBHo a=qE/M.

YaCTHULI CO CKOPOCTBIO Uy, onpefieNiseMol U3 ypaBHenuil (74); 9TH 4acTHULI NPOXOLST
yepe3 npubGop Ge3 oTkionenui. PaccMoTpenne yacTHOro peienus (74) naBoAAT HAC Ha

Puc. 4.19. a) Kak Toabko 3apag ¢ npuoGpereT cKOPOCTb B HampabieHnu E, Ha HEro cradey
JefictBoBaTh cusa F=(g/c) v X B. Beneacrsue 5TOr0 TpaeKTOpHA 3apAfa HCKpHBJsAETCS B Ha-
npaBJeHHu (—y). 6) 3apsik ¢ B KOHUe KOHLOB NONafaeT B ToukKy P Ha oCH Y, THE €ro cKo-
pocTb ofpalgaeTcsd B HY/Nb. 3aTeM OH HayHHaeT HOBBLIX NepHOJ ABH:KeHHWA. 6) TPaeKTOpH:I 3a-
psja q TPeACTaBASieT CoG0l OGHIYHYI0 NHAKJIOHAY (€C/HH B HaualbHOM IOJOKEHHUH OH ObLI
HenoABKKeH), H 3apsl ¢ ABHIKETCH CO cpefHeil cCKOpocThio V, HanpasaeHHoit Bripaso; V=cE/B.

MBICAb HCKATh oflllee pelueHde CHCTeMbl NuQxpepeHumnanbHsIXx yparenuil (73) B cae-
AylolleM BHAE:
cE

=0, v O=nO—F%. (75)
INoxacrasasia (75) B (73), noayuaem
hx'—’_wuny’ ﬁyz — Oy My 76)

Cucrema ypasnennft (76) papnocuibna chcreme (45), peinenue koTopoH NpuBeleHO
Brie. [lostomy

Ug (£)==v, sin wyt, (77a)
cE

vy (t) =v; cos mut—? s (776)

v, (t)=const. (778)

JIBHXeHHe TIPOTOHa, ONHCHIBaEMOe CHCTeMOH ypaBHemu#t (77), Gyler Kpyro-
BbiM (WJIH IBHMKEHHeM N0 CHHPANM, eCiln U,70) B CHCTeMe OICYeTa, ABHKYIUEHCS B
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HanpapieHnn y co Caedyioulell NOCTOSHHON CKOPOCTHIO:

V:(O, ——%i, 0>. ‘ (78)

B sToil pBMKYyIelicst cHCTeMe OTCYETa NPOTOH BejeT cels Tak, Kak ecJu Gbl Ha Hero
eficTBOBANO MATHMTHQE TOJie, 4 S7EKTPUUECKOe TOJe PaBHAAOCH Hymo. CpaBhuTe
(78) ¢ (74).

M puwsep. Anaroeus ¢ yuxroudoli. [iBixenne NpoTona OTHOCHTENBHO J1abopa-
TOPHOH CHCTeMBI OTCYeTa NMOLOGHO ABHMKEHHIO TOYKH Ha OKPYMXKHOCTH KoJjleca, KaTslle-
rocst 6e3 CKOJIbKeHUs B HalpaBJieHuH ¥ (T. e.

oF HIBHKEHHIO TMO OObIYHOH UHKJIOHAE), €CaHd
=% paccrosuue
7 M
VE.JE:(E) (.2_” __c)' (79
p 4 @y B 9B

npofijennoe 3a mepuop 29/®y, paBHO AAHHE
okpyxHoctH 2mp. CorsacHo (57) srta miuHa
OKPYXKHOCTH paBHA

o

o My,
2np=2mn 4B (80)

B

[MpupaBuuBas npasble yacTH ypaBHeHHH (79)
u (80), nosyuyaem :

:

2nctEM 2meMo

nepenucath Kak V=v;. 3tOT pe3yJsrar,

NoJIyueHHBIH  AJIs1 ABUMKEHHs1 3apsiKeHHOH

y  YaCTHIBl C HayajJbHOH CKOPOCTBIO, paBlOH

HYJIO, B TOYHOCTH COOTBETCTBYET YCJOBHIO

NBUXKEHHsS TOUKH Ha OKDYXKHOCTH NDH Ka-

Puc. 4.20. Oﬁbl'*Haﬂﬂ WHKJIOMAG ONHCEI-  yeHHH 6e3 cKoabxkeHHfl. OAHAKO TONLKO B

B i o 4o 0X0"  wacTHOM Clyuae, KorAa uy=CE/B, ofe peau-

«KATUTCS® TIO NPAMON. qUHBE Uy(f) 1 Uy(f) MOryT GBiTb PaBHBL HYJO

. B OJHH H TOT jKe MOMeHT BpemeHH. Ta Touka

xoneca, KOTOpass Kacaercsi MJIOCKOCTH, HBJseTCss NpH KaueHud ©0e3 CKOJbKeHUS
€JHHCTBEHHOH ero TOYKOM, HEeNONBHKHOH B NAaHHBIH MOMEHT.

e B @1
/——®‘V HJAH
"4 cE
F=n (&)
v Ho V=cE/B, tax uro ycnoBue (82) MOXHO
4

Honoaunenne 2. MNpeoGpazoBanud CHCTEM OTCHETa

Koraa pas6upanace 3aaua o TpacKTOpUH NPOTOHA *) BO B3aUMHO TlePIICHAHKY JIsip-
HbIX IEKTPAYECKOM W MarHUTHOM TOJSIX, MBI BHAEJIH, YTO ONKCAHME ero JBUKEeHHS
‘OKa3blBa/I0Ch 0COOEHHO IPOCTHIM, eCJIH BHIGPaTh CHCTeMY OTCYeTa, JBHXKYHLYIoCsd C IIo-
CTOIHHOH CKOPOCTBIO

. v:(o, —-CBE, 0) @)

OTHOCHTEJILHO J1a60paTopHOil CHCTeMbl orcyeTa [eM. ypasrenme (78)]. s nabmoga-
TeJis1, CBA3AHHOIO C 3TOH HOBOH CHCTEMON OTCYeTa, YacTHIla JBUKETCS M0 CHHPAJH, a B

*) IIpoToH GBI B3T KaK NpuMep YaCTHIbLI TONLKO 4J18 TOrO, YTOGE! onpefe/ieHHEIM
of6paszoM BLIOpaTh 3HaK 3apsiid.

144



CHCTEME OTCueTa, HMe}OXIJ.eﬁ HOCTOﬂHHle CKOpPOCTD, paBHylo
cE
vz(o, —£, vz), 84)

JIBH3KeHHe HaGMIoaeTCsl KaK KPYroBoe IBUKEHHE ¢ IOCTOAHHON aGconioTHOH BeHYHHOl
CKOpOCTH. Mbt npuGaBuiy 31ech K (83) CKOpOCTb BJOJIb OCH 2 (T. €. BJOJIb HANPaBIeHHS
BekTOopa B), paBHyw0 MOCTOSIHHON COCTABJAIOMEN CKOPOCTH YacTHIE B 3TOM HanpasJe-
uuu, [epeiins x ABHKyuiefics CHCTeMe OTCUETa, Mbl CHIBHO YNIPOCTHIN ONHCAHHE ABH-
JKEeHHs yacTHOpl, B jaGopaTtopHO# cHCTeMe OTCHYETa NPOEKUHS TPAeKTOPHH 4acTHLBI Ha
IJIOCKOCTh XY ABJfAETCS UAK/IOUZOH — OOLIKHOBEHHOH, Y/VIMHEHHOH HJIM YKOPOUEeH-
HO *), B 3aBHCHMOCTH OT Toro, 6yJeT qi# cE/B paBHO, MeHblle HH GOMbie NPOEKITH
Uy CKOPOCTH YaCTHIBI Ha IIOCKOCTh xy. Takast cHcTemMa oTcuera, B KOTOPOIl IBHIKeHHe
sIBAseTCs KPYTOBLIM, OYEBHIHO, NPeACTaB/sieT co6oilt Haumfosee NMpUrogHyl CHCTEMY
07151 aHanu3a 3TOro IBHKEHUA.

ITpeobpasosarue cucmemsl OMCHeMaA, OMHOCUMEAbHO KOMOPOL Mol Habawdaem npo-
yece, S6AAMCs 00HUM U3 Hauboaee IPPEKMUBHOLX NDUEMOS MEOPEMULEcK020 QHAAUSA,

1z’ ,
7 { s

4%
@) 4
Puc. 4.21. a) Bynem Ha6GnonaTh ABHXKeHHe 3apAja ¢ OTHOCHTeJbHO CHCTeMbl oTcyera S’, mo-
JYyueHHO# M3 cHcTeMBl S npeoOpasopanueM Taaunes. 6) OTHOCHTENLHO CHCTEMBl OoTCuera S’

3apaj ¢ ABHXKETCH CO CKOPOCTBIO V HO OKPYKHOCTH € PajgHycoM R= EZE

3oM, B cucTeMe oTcueta S’ mode E=0 M Ha 3apAXEHHYIO YaCTHIY NeACTBYeT TOJIbKO MATHHT-
Hoe noJe B.

8) Takum oGpa-

npumersemvix 8 (pusuxe. Puanyeckas CYMHOCTL M NPHHUHMNHANLHAS NPOCTOTa HpO-
1lecca 3ayacTyr OOHAPYKHBAIOTCH TOJNLKO NOCJAe MOAXOAAHIEro npeo6pa3oBaHHS CH-
creMsl oTcuera. OGBIYHO Mpeo6pa3oBaHye CBOLHTCH K IPOCTOMY IePeHOCY CHCTEME! OT-
cuera. CTyJeHT BCTPeTHT TPYZHOCTH, TOJIBKO ecan OH 3a6yleT, UTG HMeHHO Halo mpe-
06pasoBaTh: onucaHue sABJeHMS *¥) Wik CHCTEMY OTCYeTa, OTHOCHTENLHO KOTOPOH Mbl
HabmozaeM sBjenue. [louTH Beerga, NpUCTYNAs K aHANU3Y sBJeHUs, #a00 npousgecmu
npeobpasosarue cucmems omedema. I1polecc HJIH SBJEHNE COBEPLIACTCS HE3aBHCHMO OT
CHCTEeMB! OTCHETa: KOFJa MeHSIeTCs CHCTeMa OTCYeTa, MeHsSIeTCS TOJIbKO O MKW C a H h e
9TOro NpoLecca OTHOCHTENBHO CHCTeMbl oTcueTa. B rii. 3 moapobuo ofcyxuanock, 4rd
HMeeTCsi B BUAY NpH npeopasoBanuu cucteMul orcyera. Ceffuac ke Mbl pasbepem Heko-
‘TOpble TeXHHUYECKHe NpHeMbl ANg Nopfopa HPOCTHIX NpeoGpasoBanuil.

PaccMoTpHM KOHKpeTHBI IIpUMep TOTO, KaK MOXKHO H3MEHHTH ONHCAHHe NPoLecca
TIOCPEACTBOM H3MeHeHMs CHCTeMbl oTcyera. B ofeM BHAe HBMKeHHE 3apsKeHHOH
YacTHLB! BO B3aWMHQ NePIeHAHKYASPHEIX 3JeKTPHYECKOM W MArHHTHOM NOJSAX ONpe-

*} Obbikrosernan yukiouda — 3T0 KPHBasi, ONACHIBAEMAs TOYKOH HA OKPYKHOCTH
Kpyra, KaTsIIEerocs Io NMpAMON JIMHUH; YOAUHEHHOA YUKA0UOQ ONUCHIBAETCS TOYKOII,
Haxojsilelcs Ha NPOZOKEHHH pajuyca BHe OKPYIKHOCTH, @ YKOPOHeHHAS yuxaouda
OIHCHLIBAETCSA TOUKOH, Jexailell Ha pajinyce, HO BHYTPH OKDYKHOCTH.

**) CoBceM JIerKo OnpelleNluTh, KOTAa HYMXKHO Npeo6pa3oBaTh OnmucaHMe SBJEHHA
{npouiecca); HanpHMep, KOTAd Mbl TOBOPHM: <H3MeHHM 3HAK BCEX 3apsioB, 3aMEHHB ¢
Ha —e», MM M3MEHHM HalpaBJeHHe BCeX MaFHHTHBLIX HOJeH. Ha o6paTHoe, 3aMeHHB
B na —B», My «u3MeHuM HampaBieHHe BCeX ckopocTefl Ha OGpaTHOE, 3aMEHHB V
Ha —v».
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Ieyiserca  ypaBHenusmH (77):

Uy (£)=v, sin ogyt, ‘ (85a)
v, (f)="v; cos mut—% , (856)
v, ({)=const =uv,. = (858)

310 — IBHXEHHE OTHOCHTENBHO J1a0OPaTOPHOH CHCTEMbl OTCYETA, T. €. OTHOCHTEJLHO
CHCTeMBl OTCUETa, B KOTOPO# HEeMOABHKHB! MArHHTH! H KOHAEHCATOPHI, CO3AAI0IHE OIS
E u B.
Tenepb 3ameHHM CHCTeMY OTCUY€Ta Ha JIPYTYIO CHCTeMY, ABHXKYULYIOCS C IIOCTOSIH-
HOll CKOPOCTBIO OTHOCHTE/IBHO 1a00paTopHH H HaXoAsAWuXCs B Hell npuGopos. [Tepeiiem
K CHCTeMe OTCYeTa, uMetoiledl ckopoctb (84) oTHocHTesbHO nabopatopuu. B obpiunol
BeKTOpHOH cHcreme 0G03HaueHHH ypaBHeHHe (84) sanumerca Tax:
cE A ~
V=—9+oa (86)

Mg npernonaraem, yro V/c <€ 1, T. e. paccmatpuBaeMas 3aJaya siBJsieTCs HepessiTH-
BHCTCKOH. ’

[Npexkne -Bcero Ham HeOGXOJHMO BBECTH YeTKYI0 CHCTeMy o06o3Hauenuli, uToGhHl
BCerja 3HaTh, O KaKoi CHCTeMe OTCUeTa FOBOPHTCA. EC/H HYXHO nepeiiTu OT CKOPOCTH
YaCTHIB! V', H3MEPEHHOH B ABHIKYIIEHCS CHCTeMe OTCuerd, K CKODOCTH v, M3MepeHHON
B Ja6opaTtopHOH cucTeme oTcyeTa, Mbl npubasiasgem V K v':

V4 V=v. (87)

Herpyano sacHo npelcTaBiTh cebe, ¢ KAKMM 3HAKOM BXOAHT BeKTop V B pasenctBo (87),

[peanonoxum, YTO YacTHLA HENOABHXKHA OTHOCHTENLHO NBHXKYIIEHCS CHCTEMBI OT-

cyera; Toraa v'=0. Ho npu nabawfenus B naboparophofl cucreme oTcyeTa YacTHLA

MMeeT, COTJacHO ypaBHeHHIO (87), ckopocTb V IBHxKyLIeiiCsl CHCTeMBl OTCYeTd. DT0T

Crocol NpoBepKH NoJe3ed NPH YTOUHEHHHM 3HAKOB B ypaBHEHWAX NpeoGpasoBaHUs.
[Mpumenus Kk ypaBHeHusiM (85) mpeo6pasosanue (87), nosyuaem

vy (t) =vy sin ayt, (88a)
vy (1) =0, cos w,t, (886)
v (£) =0, (888)

CrenyeT o6paTuTh BHHMAHHE Ha TO, 4TO B BEJHUHHAX Uy U T, . IITPHXAMH CHAGHKEHHI
Kak v, Tak H x. OflHaKo NPy 3ameHe CUCTeM OTCYeTa He 6bIIO NOBOPOTA, H OCH X', y', 2/
COOTBETCTBEHHO TNapaijenbHbl OCAM X, Y, 2. ¥YpaBrenus (88) OnHCHIBAIOT KPyroBoe
IBHXKEHHE C TOYHO TaKoil Ke YIJI0BOH uacToTol ®,, Kak ec1u Obl B IBIXKYylleHcs CH-
creMe OTCUeTa HA YacTHLy JeHiCTBOBAJNO TOJNbKO MarnuTHoe mose. B 1. II mbl Gynem
yacto 06palarsesl K CBOMCTBAM 3/1EKTPHYECKOTO M MarHHTHOTO NoJiell B IBUKYLIUXCS
cHCTeMax oTcyera.

PaccMoTpuM  JIOMONTHHTENBHO ‘TakKKe KOOPAWHATH vacTHUE. [Ipoumuterpupyem
cucreMy ypasuennii (85), uToGhl NONYYHTh YPABHEHHS] TPAeKTOPHH YaCTHILI B Jabopa-
TOPHOH CHCTEMe OTCYeTa:

% () =%y — L cos wyt, © (89a)
Oy
y ()=t -+ sin ot —L 4, (896)
. (o B
z(t)=2z¢+0,t. (898)

Jnst nosiyuenns! ypaBHEHHE TPAGKTOPHH B IBHXYefics CHCTEME OTCYETa MWHTErPHpYeM
ypastenua (88):

x (f) =%, —%; cos oy, ) (90a)
¥ ()= yo +%L— sin oyt (906)
2’ () =2, : (908)
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B mTpuxoBaHHOM CHCTeMe OTCYeTa TPaeKTOPHs YaCTHUL! npeAcTaBAsieT coéou OKpYX-
HOCTb C PafHycoM P = /@, . UTo6bl ONpenenTh 3aBHCHMOCTE Xq, Yo, 2o OT Xo, 0, 20,
HaM Halo 3HaTh paccromme MeXAy Hauadamu KoopAuHat O’ u O ABYX CHCTEM OTCUYETa
npu ¢{=0. Ecau npu {= 0 Hauana KOOpAMHAT COBMAJAIOT, TO

(xov !/0: Zo)z(xm Yo, 20)'
Mzl paccMoTpesn OHH H TOT Ke npoliecc B IBYX CHCTemax oTcyera. B naboparop-
HOIT CHCTeMe oTcueTa MPOTOH, HAXONAUMHACA NOJ AeHCTBHEM B3aHMHO HepreHHKyaAP-
HuiXx nojeit E u B, IBHXeTCs Mo CI0MKHOM LHKJIOHAANBHOH opbuTe, onperesisieMoH
CJeLyIOIUM ypaBHEHHeM:

,Zt;~—e5+—vx3 @1

B cucreme orcuera, 0603HaueHHON OZHHM WTPHXOM, KoTopas ABHKeTcs ¢ HLaHHOH
MOCTOAHHO! CKOPOCTHI0 V OTHOCUTEBHO J1a00PaTOPHOH CHCTEMbI OTCYeTa, OMHCAHHE
IBHKEHHA NPOTOHA BLIMVIALHT TaK, Kax ecoid Obl Ha Hero NeHCTBOBAJIO TOALKO MarHHUT-
HOE TfoJIe:
dzr’ e
M —_— V’ B’. 92
de? ¢ X ©2)

[Ipit 3TOM MBI TPENOJIOKHAM, UTO B HEPENSITHBUCTCKOH obaacth ckopocreil B'=B.
Martemarnueckoe pfonoauedue KomuaekcHsie uncaa

MaremartuuecKkasi TPAKTOBKa K0/1e6aTeNbHBIX NPOLECCOB # OCOGEHHO MPOIeCCoB,
MPOUCKOASIUHX B LeMsAX MEePeMeHHOro TOKa, YIPOULAeTCs, eC/lH MONb30BATHCH KOMII-
JIGKCHBIMH uHciaMH. KommekcHoe uMClo — 3TO TaKoe 4HC/IO

z=a-ib, (93)

rie a u b — o6bIynble BEUIECTBEHHble YHCAA, a { — KBaJparTHblll KOPeHb U3 MHHYC e€IH-~
HUIIbL:

=YV =1, i#2=—1. (94
BemecrBennas gacTb z ofo3Hasaercs Kak Re (2) 4 pasna a. Kosdduument npu is
-2
—
I 1 7=+
|
{
L :
m(z)=y !
) |
_? 17 L1 1 -2 }
- - 4 7 .2 J
i=y~7 =,
) P V=7 e B2/ $~>I

Puc. 4.22. BelecTseHHble quCAa  YHOGHO Puc. 4.23. KomnaexcHoe qucio z=x+1Ly
" H300paxaTbh TOYKaMH HAa FOPH3OHTANBHOHN OCH u306paXKaeTc TOYKOH Ha «KOMIJIEKCHOF»
(a), a MHUMble YHCJIa—TOYKaMH Ha BePTHKAJb- MJIOCKOCTH HJIH MJOCKOCTH 2. 3aMETHM,
Ho#t ocu (6). yTo TOUKa, H3oGpaxatouad yuciao +i,
HAaXONHTCS OT Havasja KOOPAMHAT Ha pac-

CTOAHMH +1 B Hanpas/jeuus y.

MHHMOH d4acTe z o6o3Hauaercsi Kak Im (2) 1 paBeH b. 3TO 3aBHCHT OT COIVIaLIEHHS:
MBbE TOBOPHM, 4TO Im (z) == b, ¥ He HYXHO roBopHTh, uTO Im (2) = ib. Takum obpasom,

z=Re (2) + i Im (2).
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Caoxcume [B3a KOMIJIEKCHBIX UYHCHA — 3TO 3HAUHT odpasosarb qHCI0

2y 2o =(ay+iby) +(ag+ibg) = (ay -+ az) 4- 7 (b, + by). (95)
Hepemnoncums IBA KOMIUIEKCHBIX YHC/IA — 5TO 3HAYMT 06PasoBaTh YHUCIAO
2129 == (a1 +iby) (@y -+ iby) = @10 -+ iay by |- i@y 11201 bs. (96}
IToacraBuB i2=—1, noayuaem
2129 = (1,83 — b;1b3) 3 i (@105 + asb,). (97)

pu Jesexuu KOMIIEKCHBIX YHCEA MBI OGBITHO CTPeMHMCST TaK MpeofpasoBaTh yacT-
Hoe, uTOOBI ero 3HaMeHaTeJb GBI BEHIECTBEHHBIM:

L2 a,+iby :(a1+ iby) (az—‘ibz):(a102 - bybs) 40 (@b —a;b,) . (98)
2y aytiby  (ag-f- iby) (aa—iby) as--b3
[Tpy uamenennu 3Haka nepel i B JJI060M KOMIIIEKCHOM UHC/IE Z [OJ1yYaeTcs YHCIO
2*, Komnaexcro conpsircenroe ¢ panueM, Ecnu 2 = a-+ ib, 10
*=a—ib, 99y

Hpou3se}1eﬂue KOMIIEKCHOTO 4HC/a Ha 4YUC/I0, CONPSXEHHOS ¢ HHUM, ABJSETCA NOJO-
HUTE/bHLIM BCIUICCTBEHHLIM YHCAOM

22% =2 - b2, (100)
[To onpefenednio MOAY/b YHCIA 2 PaBeh
lz|=V 22" =V @ F b~

314 onpefleleHUs CTAHOBATCS Goslee HATMISJHBIMU, €C/IH MBI IPEJCTABHM KOMIIEKC-
HO® YHCJIO 2 == X - iy reomeTpruecky. [TycTk och X GyzeT BelleCTBEHHOMN 0ChIO, a OCh §f —
MHHMOH ocwio. Toraa |z | Gyler paBeH pacCTOSIHKIO OT Hayajga Koopiuuat O 10 TOUKE

Z=Ttiy z z

7 | (e\=ya772

% .

2 =r-~iy 4

Puc. 4.24. KoMNNEKCHO CONPAKEHHLIM Puc. 4.25. AGcousioTHas BeJH4Y4HA

YHCAY 2=x-iy SBJSETCS UYHCJIO | 2| KOMMJIEKCHOI'O 4YHCJA COOTBETCT-
Pr=x—1y. ByeT PacCTOSAHHIO OT HayasJa KoopHu-

OueBujHO, 4TO | 2 |=|2*], HaT o TOYKH 2. CorsacHo Tteopeme

[udaropa |z|=Vx*+y°.

2z, a Re (2) u Im (2) — »10 Npoekuuy orpeska Oz Ha ofe och (cM. puc. 4.23). [Tpu rpa-
(bryeCKOM TIpefcTaBleHHH BUIHO, 4TO CJIOXKEHHE KOMINIEKCHHIX YHCes cOBepilaercs No
TIpaBUIY NapajlielorpamMma; 5TOT BLIBOJA NOATBEp:KAdeTCs aHanuThyecku. KoMmiaeke-
Hble YHC/1a 06/1aJal0T HEKOTOPLIMH CBOHCTBAMH BEKTOPOB B ABYMEPHOM IIpOCTPaBCTBe,

OGoznauum yepes @ yrosa Mexay oTpeskom Oz U BelleCTBeHHOH ochlo (puc. 4.27).
Toraa Mbl MOXeEM NPEICTaBHTH JM060e KOMIJIEKCHOE YHCJIO Z = X ~F iy B TAKOM BHAE:

z=|z|(cos ¢-}isin @), (101}
rie
x=|z|cosg u y=|z|sing. (102)

Beenem clelyomee BaxKHOE COOTHOLUCHHE, CBHSIblBalOLlLee [IOKa3are/ibHY 10 (pyHKLU/IlO,
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Zy z*
Y, Z
Piuc. 4.26. Cnoxende KOMOJEKCHBIX 4Hces

eCIH 2y =X +iYyy H 23=X+1iY,,

10 2=21+23= (X3 +25) +1 (U1 +4)

Y6eaurtecs, 4TO 3TO NOATBEPKAAETCS rpadHKOM (a@).
CJioXKeHHe BeKTOPOB. BEKTOPH TOXKE CKJIaZbLIBAIOTCS IO IIPABUAY «COCTABASOIAA C COCTAB.
asowmei» (6). ClefoBaTeJbHO, €CJH INPABHJAO HapaJjJeJorpaMMa BINOJHACTCS AJAA CIOKEHHS
BEKTOPOB, TO OHO BHINIOJIHSIETCS TAKIKE H AJSA CJOXKEHHUs KOMIJIEKCHBX uucen (6). Hanpuwmep,
24 2*=2X, T. €. PaBHO BEUIECTBEHHOMY 4HCAY (2). IIoROGHHIM 2Ke 06pasoM BBIYHTAHUHE KOM-
IJIGKCHBIX YHCEJ JIETKO BHIOMIHAETCH € MOMOIIBIO NpaBuaa HapaJnaenorpamma (d). Hanpuwmep,
z—2¥=2ly, T. . paBHoO MHHMOMY yucay (e).
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JKOCHHYC H CHHYC H JOKashiBaeMmoe pa3/lOMeHHeM 3THX TpeX (YHKUUNl B CTeNeHHHIE
Ppas: \

ef?=cos @i sin @. (103)
Torpa moxHo mepenucars ypaeuenue (101) takum oGpasom:
z=|z e . (104)

-Mui HasbiBaem § apaymenmom z, a | 2| — mo0yaes z. 31a hopma 3anucH ocobeHHo YAoGHa
JUTSl BBIDAXKEeHHS! aMIIMTY bl B Basbl KoJeGannil. YMHOKEHHE U JesleHHe KOMIJIEKCHBIX
"QHCE/i BBIMVIALHT Telleph [OPA3io TMpolie:

21za=|2, || 23] & O+, (105)
ﬁ_:_l_ﬁl_ & (@1=®s) (106)
z; |z,

Dopmyet (105) u (106) ouens yno6usl ans ancnossix pacueto. Ms rpaduueckoro npea-
CTaBJIeHHsT KOMIUIEKCHOTO YHC/Aa B BHJAE BEKTOPAa BHAHO, UTO YMHOMEHHME Ha ApYroe
KOMILIEKCHOE YHCJI0 PABHOCH/IBHO PAacTsKeHHIO BeKTopa ¢ NoBoporom ero. Pesyabrar
'YMHOMXEHHSI He 3aBMCHT OT NOPSIKA 3THX ONepalui.

7
T=resp z=re¥
]
l k/
! z=c¥
i
izl=r [ Lsing
y=rsing) 14
; cosp
@ i 4
1
V4 7
@) ]
Puc. 4.27. [lonsapuas dopMa 3anucH KOMIJAEKCHBIX Pue. 4.28. B yacTHOCTH, ecan
yucen. M3 rpaduka (@) AcHO, uro 2=x+iy=r (COS QP+ |z[=r=1, To uncno z usobpa-

+isin@). [TockombKy cos@ +isin p=¢’?, To mMb Moxem HAeTCH TOYKON HA OKDYIKHO-
sanucaTh A1060e KOMIJVIEKCHOE YHCJIO B 10AApHOU hopme CTH ejMHHYHOro paguyca. Ilo-
nApHas dopMa 3arHCH OUYEHb

(6): z=ret?, yaoGHa.

TouKH KOMIVIEKCHON IUIOCKOCTH 2z = X -+ [y, #306paxKanillie KOMIVIEKCHbIE YHCIIa
-C MOAYJIeM, paBHbiM eluHuue (|z|=1), HaXORATCA Ha OKPYKHOCTH eAHHHIHOrO PalHyca
€ HeHTPOM B Hauale KOopJuHAT. Takue KOMIUIEKCHble YHCJAA MOTYT GbITb BBIPaXKeHb
topmydao# (103). [Toawsysice dopmynamu (103) u (105), Mbl MOXKeM BbIBECTH ypaBHEHHE
Myaspa: . .
(cos @41 sin @)t =(e!?)r=e!"?=cos ngp-|isin ne, (107)
KOTOpOE J4eT HaM HeMOCPENCTBEHHO YPaBHeHUA JVIsl CHHYCa H KOCHHYCA KPATHBIX YIJIOB,
-€CJTH OTJAEJbHO IPHPABHATE APYT APYTY BelleCTBEHHbIe H MHHUMBIE YacTH U3 BbIPAKEHUH

-cleBa M Clpasa.
I1puwmep. BuBelem ypabrenust gust sin 2¢ u cos 2¢. HUs ypasnenus Myaspa

ZIoNy4yaeM 0pd n=2 ‘
(ei%)2 =(cos P ~-i sin @)2==¢2®==cos 2p-i sin 2¢, (108)
HIH ) .
cos? ¢—sin® @--2i sin ¢ cos p=cos 2¢-}isin 2¢. (109)
{lpupaBuuBas BeileCTBEHHHIE M MHHMEIE 4acTH BblpaxeHHH, coefunenusix B (109)
SHaKOM DaBeHCTBA, MOJYYaeM C/eyiOllHe De3yJIbTarTsi:

cos? p—sin? = cos 20, : (110)

2 sin @ cos p=sin 2¢. (111)
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C nomoupio ypaBHeHHs: MyaBpa MOMXHO TONYYHTb €CTECTBEHHHIM H JIETKHM [yTem
3HAUHTENLHYIO YacTb TPHUTOHOMETPHYECKHX TOXKJECTB.

B xauectBe ynpaxuenus ucnoabsyiite ypaprenue (103) ans BhiBoia CJeRYIOMIHX
BAXHBIX TOXIECTB:

i ~i ip_—e—i
cosws-‘wL;—f, sin q)z—wT,e-?. (112)

[Ipu paBencTBe ABYX KOMIVIEKCHBIX 4YHCEJ IOJKHBI ObITb B OTAENBHOCTH PaBHHE
APYT BPYTY MX BeleCTBEHHLIC H MHHMBIE JacTH. TToak3yack 9THM CBOHCTBOM, Mbl MOXKeM
BbIPasuTh PYHKIMIO KoMeGanuil P = coS 0/ KaK BEILLECTBEHHYIO YaCThb KOMIIEKCHOH
oyrxunn P = e—! a no oxonyanun npeoGpa3oBannil ONATL OTLEHTL BellleCTBEHHYIC

Z-z%=2ising
. \,
z=g% N )
N z=£%
AN 1
7 N |
B N\ !
P | frrrt= .
=260 @ 1 /
|
7 i
Fr=p? w -d
2%
2 o
Puc. 4.29. a) Kaxk Muw Bugeau Bhile, 2+2*=2x. Clef0oBaTe bHO, ei'?+e_i'F=2cos®. HIR
fo, ,—1i
cos = [ +; ¢

6) TIlopoGHbIM e o6pa3oM z—z*=2jy, Tak 4TO
ei?—e-i"P

sin p= 57

4acTh. Mbl MOXKeM CBOGOAHO AesaTh 3TO, €CJI¥ B NpeoGpa3sOBaHHA He BXOAAT NPOH3Be~
JIeHus! KOMILJIEKCHBIX YHCeJl, T. €. €CJIM YPaBHEHHs B KOMIVIEKCHBIX YHCNaX JHHeHHHI.
Ho ¢ npousBellenusiMi HeOGXOANUMO ONEPHPOBATHL OYEHb OCTOPOXKHO. [IpeRnonoxim,
4TQ HaC UHTepecyeT TDPOH3BEACHHE XXy JIBYX BeHIECTBEHHHIX BeJuyuH. Ecay Mol

HanumeMm .
21=x1+1y1r 22:x2+iy2» (113)

TO BeLLeCTBECHHAs YaCThb NPOU3BEICHHA 3THX KOMIIJIEKCHBIX UHCena GyneT

Re (2129) =x1%3 — Y14, (114)-
T.e.OHAHE P aBHa NPOU3BEACHHIO BEIECTBEHHEIX yacTell COMHOX HTesell:
Re (2;) Re (z5) = x1x,. (115}

Xora cucTema 3alHCH B BHAE KOMIIIEKCHBIX BeJIMYHH OYeHb YI0GHA TPH PElueHHB
AuHefinbiX AudpepeHIMaIbHBIX yYPaBHEHHH M NPH aHalH3e NPOLECCOB B JIHHEHHBIX
HensX, NpHUMeHss ee, clellyeT cOGMIONATh OCTOPOKHOCTb, €C/IH PACCYHTHIBAIOTCS G-
JINHeliHbIe KOJUUECTBA, KaK, HampuMmep, TNOIVIOLUEHHe 3HEPruM ¥ NOTOK sHepruu. [lo-
YKa3aHHOH NPHuUKHE B DYKOBOJCTBe IO J1abopaTopHbiM paGoTaM K 3TOMY KYpCYy OTHO-
CHTEJIbHO DelKO YNOTPeGJSIOTCS KOMIJIeKCHbie yucia. OfHAaKO Ge3 KOMIVIEKCHBIX.
BeJJMUNH KBaHTOBas (U3HKa BHIJAAZeJa Obl JIOBOJHHO IPOMO3ZKO.

[1p nwe p. Haliti peaysibrar c/ioxkenna nByx KoJeGaHuil, ONHCLIBaEMBIX YpaBHe-
HUAMH ) == COS @ HPy== c0s (@ 1 Aw)?. B KoMIZIekcHOR (opMe, IPUMEHSS TOKASCTBO
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6,11:/4___}/7{(/”) giﬂkzzi
( ez / ¢ ( \?’
a) g) |

g 7 &

Puc. 4.30. PaccmMoTpHM KOMIJIEKCHBIE YHC/a, H30GpaxcaeMble TOUKAMH Ha OKPYXIHOCTH efH-

/— gt(21t+¢)= g’i’
prayd

-
\
1

N
’/

mn 7
HUYHOrO paguyca. a) ¢=0; 6) o= 8) ¢=3; 2) p=m. 0) Teneps @=2m. Msl BepHyIHCH
K HCXOZHOH Touxe. e) JJa sHaYeHHH ¢ > 2 MH NOJyUYaeM
Llgtem _ le
i

Takum ob6pasoM, e ? ABiAeTca nepuoduteckod pynxyued ¢ nepuodosn 2.

727, =1,13 "%

Puc. 4.31. Ecau

z,=r,el'*’l
B
z,:r,ei'??.
10 z=2y2,=rrpet 1 F2),

gl

iy

/=t

Pt : 27

a) g) . 8

Puc. 4.32. a) 3nech B KauecTBE IPHMEPA IIOKA3aHBl MOCAEOBATENLHBIE CTEleHH YHCIA z:g"‘x’
(OKPYXHOCTb €AUHHYHOrO paguyca). 6) JIpyroit mpumep: Tpu KopHsi AByudexa f[(2)=23-1 u
8) TP KODHA JBYy4JeHa [(2)=2%+1, IIpoBepbTe 5T ABa npuMepa.
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(112), noayuaem
,lpl_l_lpz:__e—ia)t_i_e—-i(m+Am)t____[et’(Amt/2)+e-—i(Au)t/2)] e HO+A0/2)f
=2 cos (Awt/2) et (@+A0/2) ¢ (116
CaefioBaredibho,
Ao

cos @t - cos (0 -+ Aw) t=Re (P, ;) =2 cos AT(Otcés (m—{— 5 >t. (117)

Ecan ornowenne Aw/o mMano no cpasHenmio ¢ eaunuiledl (Aw/o < 1), To B pesy/vrate
CJIOKEHHS 9THX IBYX KoJeOaHufl monyuaeTcss MOAYJIHPOBaHHOe KoJeGaHKe, OCHOBHAs!
YacTOTa KOTOPOTO NPHOMKEHHO paBHA ®, 4 aMIUIMTYAA OTHOCHTENBHO MelJleH-
HO HM3MeHseTCsi ¢ uacToTol  Aw/2.

ITpumep. Pacemorpum cucremy Iud-
(epeHlMaNbHEX  ypaBHEHRH .
. giot
Up=0yly, y=—0yU (118) : "
OTa cucreMa ONHCHIBaeT JBHXKEHHE 3apsiKeH- @E\ Zooswt
HOfl 4acTHUEl B OJHOPOAHOM MarHHTHOM MNoJe, va
HanpaBjeHHOM BJRoAb ocH 2. [loMroxuM BTO- ~wf | 4
poe n3 ypaBmennii (118) ma —i n npu6aBum /4
K nepBoMy. Mbi nosyuum . o-iwt
U — 0y = 0y (0 +vy). (119) i

Tlo onpenenenuio
pen Puc. 4.33. KomNhlekcHble ygcaa
vt =vy iv v =0, —IU,. 120 HMIPalT BaXHYIO POJIb B TEOPUH KOJIC
x+ i d y ( ) Gauuii: kKoJsebaHHe BUOA COSW®WI MOXK-
Torpa ypasnenue (119) npunuMaer Takod BHI:  HO BLIPA3HTH KaK JHHEHHYIO KOM-
GHHALHIO ABYX KOMIJIEKCHBIX nepe-

dv‘ . MEHHBIX KOTOPbIM COOTBETCTBYIOT
= iog-, (121) ; b 4

ar BEKTOPH OAMHAKOBOH [JIHHBI, Bpa-
awuniyecs B NPOTHBOIOJOXKHBIX
H BMeeT Cleflyioliee pelueHue: HANpaBACHIAX:
(@t +0) cosar=tore it
v-=A¢ u'TY (122) 3

rie A 0 @ — nocrosHHble BeauuuHbl. OTRe/SA BelleCTBEHHBIE W MHUMBIE 9YACTH,
noyysaem
vgy=Re (v=)= A cos (0yf+ @),
_ : (123)
vy=—Im (v7)=—Asin (oyf - ¢). i

3ajaun Ha KOMIIIEKCHBIE 4HCJa.

1. a) Ecan 2 = 5+ 3i, a 2z, = 5i, 10 yemy paBuo 2; -+ z,? 6) Uemy pasno z,2,?
* * *
B) Yemy paBHO 2, + zl? r) Uemy paBHO 2, — 21? %) Yemy paBHO 22, ?
2. Bripasute Bce oTBETH K sajaue | B nossproil ¢opume: z=|z|e?.

- 1L
3. Hokasars, uro Y t:-—l—j—__z—, go3sedst ofe 4aCTH paBEHCTBA B KBajpar,

4. Yemy paBeH KBajparHHY KOpeHb H3 uyHcaa z=4- 9i?

H3 ncropun ¢usukn. Hsobpetenne HUKIOTPOHA

Tlo cBoemy npuHIUNY AeficTBHsA GONBIUMHCTBO COBPEMEHHBIX yCKOpUTesel qacTun
BLICOKMX SHEpPTHHl NPOHCXONHT OT MEPBOTC NUKJOTPOHA AJsi MPoToHOB Ha 1 Mas, no-
crpoeHHoro Jloypetcom u JluBunreronoM B bepran. Mies wMKAOTPOHA NPHHALIEKHAT
Jloypency; ee OCHOBHbiE MOJOXeHHs OBNIM BRepBhle ONyG/NKoBaHu! JIOypeHcOM H
Annedpcenom B GopMe Gecempl, KPaTKO H3JNOXKEHHON B xKypHade «Scienee» («<Haykay) 72,
376—377(1930). IlepBoie sKCnepAMeHTAIbHBIE PE3Y.IbTaThl GhlTH Oy 6aHKoBans B 19321,
B H3AUHOR CTaTwbe, HameuatadHoil B «Physical Reviews» («Pusnueckoe oGo3peHuer),
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ocnoBHOM (H3HUECKOM JXKypHaje AMepHKaHCKOro (usnyeckoro obmecrsa. s
OnyGARKOBAHHA CTaTedl B 3TOM KypHAJe TpeGyeTca 1aBaTb K HHM COLEPKaTeJbHHE
pesoMe, OJHAKO HEMHOTHE H3 TAKHX pe3lOMe HACTOJABbKO FCHO BRIPAXAIOT CYLIHOCTb

\! : 2
2-2,+2, _
o

9
Z %
/l'
% zd=—~£ :\z

g

~

e

Z: A =%t
z\,f

Puc. 4.34. d) B kauecTBe APYroro npuMepa BO3bMEM [iBa KOMIJICKCHBIX TNepeMeHHbIX!
zl=ei(co—A0)/2)t u 2=l (@+A0/2)E
®OTopule coBnafaioT mo ¢ase npu [=0. OAHAKO BEKTOP, COOTBETCIBYIOUWIHH 2z,, BpaljaeTcs
6bicTpee, 4eM BEKTOD, COOTBeTcTBylommMit 2z;. 6) Tio Mepe BoapacTaHus BpeMeHM BCe 60abile

YBeJqHYHBACTCS PA3HOCTh (a3 MEXAY 2y H 2,. X cymme 2=2,+2, COOTBETCTBYET BEKTOD, Bpa-
WAUMACA € YaCTOTOH ®: .

z:z"eiu’t. '

8) AMDAHTYZAa STOTO BEKTOPa 2, H3MEHAeTCA co BpemeHeM. &) Koraz Awf=m, noayuaem z,=0.
d) TakuM 06pa3oM, Tak Kak -

2=z +ze=el (O—AW/2) E i (0+A0/2) f=g (cos —A%) elot

TOJTy4aeM

Awt
2y=2 cos 5 -

A
CaegoparesbRo, eClH © D> Aw, 70 rpaduk Re (2)=2 cos ——2(0—{ BHIPJISIAHT TaK.

Oru6aomasn=2 cos —AQ£ 4
paGoTel, KaKk pestoMe 3TOH KJjaccuueckoH cratou Jloypenca u JIuBHHCCTOHA, HAUYAO
KOTOpOH NPHBOAMTCH 8JeCh BMeCTe C JIBYMsl PHCYHKamu opurunana. IIpopeccop Jlu-
BHHICTOH pafoTaeT B HACTOsiIlee BpeMsi B MaccaqyceTCKOM TeXHOJOTHYECKOM HHCTH-
TyTe, mpodeccop Jloypenc ymep B 1958 r.
TlepBoxauanbio MCNOAL3OBABUIMIACH Martut Auamerpom 279 MM DOYTH cpasy
OKa3aJICH C/AHIIKOM Ma/JIeHbKUM JJIs1 IPUMEHEHHs B YCKOPHTENAX; OH GBI PEKOHCTPYH~
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poBaH H 10 HACTOSLIETO BPEMEHH NPHMEHAETCH B BepKJlPl AAsa passiMyHbIX HCcCcaejoBa-
TeJbCKHX ueneii. C aTAM MarHuToM, B 4aCTHOCTH, Guliu NpOoBeIeHbl NMEPBLIE YCNCINHLIS:
ONBITHl N0 UHUKJOTPOHHOMY pe30CHaHCy HocuTeneh 3apaja B KpHCTannax.

Puc. 4.35. Oany u3 nepBuiX UHKJIOTPOHOB.

Hurepecuniii 0630p paHHHX 3TaNOB MCTOPHH [OPHMEHeHHs IHKJIOTPOHOB GBI
cfienan Jloypencom B ero peun no ciyuaio nonydenuss HoGenesckoit npemun (B c6op-
uuke «Les Prix Nobel en 1951», Stockholm, 1952, Imprimerie Royale).

Hayano crarbu B «®@n3uueckom o6o3pernn» (Tom 40, Buinyck oT 1 anpeas 1932 r.):

NIOJYYEHHE OBJIANAIOIIHWX BBICOKHMMH CKOPOCT MU JIETKHMX MOHOB
BE3 NPUMEHEHHSA BBICOKU X HAIIPSI)XEHUH

Spuect O. Jloypenc u M. Crennn JIMBHHICTOH,

Kanndopunlicknll ynnsepcurer
(nonyuedo 20 deppana 1932 1.)

PeswomMme

Paspa6orka cnocoGoB noayueHns BHICOKOCKOPOCTHHIX HOHOB, OCOOEHHO NPOTOHOB
H HOHOB reJinn, O6NajalomlnX KuHeTHyecKol snepruell Goablue | MAH. 3J€KTPOH-BOABT,
no3BoJKIa Obl CHIBHO 0GJIETYNTE H3yueHue aTOMHBEIX SIEP, NOTOMY YTO TaKue GhiCTpo
JBYXKYIHMECS YacTHUbl nanGoJee NPHIOAHB! AAs BO30YxJenus siep. Ilpsmol merox
yCKOpenus HOHOB TpeGyeMoli PasHOCTBIO NOTEHIMANOB cO3AaeT GO/NbluME 3KCIepHMeH-
TaNbHBE TPYJAHOCTH, CBSI3aHHEIE € HeOOXOARMOCTBIO NOJYYEHHS OUeHb CHABHHX MEKT-
pHuecKHX nojefi. B nacrosuell crarbe H3naraetcs MeTOHA, B KOTOPOM 3TH TPYHHQCTH
06XOAATCS NOCPENCTBOM NpOLECCA MHOIOKPATHOIO YCKOPEBHS HOHOB 10 BEHICOKHX
cKopocTell, Re TpeOylomero npuMeHeNs BHICOKHX HaNpsKeHUH. STOT METOL COCTOHT
B caenyromem. Ilonykpyrasie nojbie nIacTHHB, NOXOXHe Ha AyaHThl 3JeKTPOMeTpa,
yCTaHOBJICHH B BaKyyMe B OAHOPOZHOM MarHWTHOM NoJie, IepreHIHKY N5 PHOM IIIOCKOCTH
3THX NJAcTHH, TaKHM 06pasoM, YTO KX AMaMeTpalibHble Kpas HaXOAATCH GAHSKO Apyr
K npyry. K aTum nnactunam, cayxamum 24eKTpofaMH, NOJBOAMTCH KoaeGmiomeecst
HalpAXKEHHE BBLICOKOH YaCTOTH, co3jaouiee Kosebaomeecs 3JEKTPHYECKoe TMose
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B 3a30pe MeXJy MX JHamMeTpanbHBIMH KpasaMH. B peayabrate 3Toro B TeueHHe ONHOR
TOJIOBHHB! NIEPHOJa 3JEKTPHYECKOe NoJle YCKOPSeT MOHBbI, 06pa30BaBlIHecs B JHAMET-
paibHOM 8230Pe W HalpaB/SIONLKECs BO BHYTPEHHIO NOJIOCT OAHOTO W3 3JEKTPOJOB,
Tle NON JeHCTBMEM MAarHMTHOTO TOJISi OHM IBHXYTCS 1O KPYrOBbIM TPaeKTOPHAM H
B KOHIle KOHIOB ONSATH NONAfaloT B 3a30P MEXKIY 3JEKTPOJaMH. MarmuTHOe mNoJe 3a-
NaeTca TakuM oOpasoM, 4TOGH BpeMs, HeoOXOJHMMOe ISt HPOXOXKEEHHA MONYOKPYHK-
HOCTH TIO TPaeKTOPMH BHYTPH 3J€KTPOAOB, PABHAJOCH IOJAYNEPHOLY KoJeGaHRi,
BesecTBre 3T0r0, KOTZAA MOHBI BO3BDATATCS B 3a30D MeXAY 3/1EKTPOAAMH, SJEKTPH-
YecKoe IIOJle H3MEHMT CBOe HaNpaBjeHHe, H, TAKHM 06PasoM, HOHLI, BXOAsS BHYTPb
AIPYTOTO 3MEKTPOJA, MPHOGPETYT ellie OXHO NpHpalleHHe cKOpocTH. ITocKoAbKy pa-
ZNYCHl TPaeKTOPUH BHYTPH 3JeKTPOROB NPOMOPLUHOHANBHE CKOPOCTAM HOHOB, BpeMs,
HeoGXORNMOe JVIl TIPOXOXKACHUS TAKHM HOHOM TOJYOKPYXKHOCTH, He 34aBHCHT OT €ro
ckopocTy. ITosToMy, eC/lH HOHBl 3aTPauMBAIOT TOYHO NOJOBHHY NEpHOAA Ha NEPBYIO
TIOJIOBHHY CBOETO 060pOTa, TO OHH OYIYT ABUTATLCA H Aalblle B TAKOM JKe DEXHME H,
TaKuM 06pasoM, 6yIyT ONKCHBATL CIIHPab C NepUOAOM OOpalleHHUs!, PABHBIM [EPHORY
KosleGaHuil 3JeKTPHYECKOro MoJid, A0 TeX NOp, NOKa OHH He JOCTHTHYT HAPYMKHOTO
kpas npuopa. VX KHHeTHUecKHe SHEPIHH MO OKOHYAHHK NPOLECCa YCKOPeHHs GyxyT
GoJlbllle SHEPIHH, COOTBETCTBYIOIIEH HANPSXKEHHIO, NPHIOKEHHOMY K 3JIeKTPOJaM, BO
CTOJILKO Da3, CKOJBKO OHH COBEPILHJK NEPeXOIOB OT OJHOTO 3JEKTPoja K APYromy.
3ToT MeToR NpeAHasHaueH JaBHbIM 00pa3oM LA YCKOPEHHS JIETKHX HOHOB, H B IIPO-
BelleHHBX ONBTax ocofoe BHHMaHHe YAENAJ0Ch IOJNYYEHHIO IPOTOHOB, 06/1aa0muX
BBICOKHMH CKOPOCTSIMH, IIOTOMY YTO IIPeNNoJaralock, YTO TOJABKO NPOTOHb! NPHMOHbE
st SKCIIepHMEHTANILHBIX HccaelloBanuil aToMHbIX sfep. IIpu npHMeHeHHH MarHuTa
¢ IUIOIAAKaMK IOJIIOCOB, HMeloWMy mHamerp 11 mioiimoB *), Gbul mosyueH B Baky-
ymHuol TpyGxe ToX cuiofi 109 an3 mportoHoB, ofnanaBmux smHepraeit 1,22+ 108 ss,
NpHYEM MaKCHMaJbHOe NPHIOKEHHOe HaNpsiKeHHe PaBHANOCH ToabKo 4000 6. Paspa-
GoTaHHBIA 5KCIepHMEHTANbHBIA MeTo] 06J1ajaeT ABYMS 0COGEHHOCTSIMH, KOTOPbIE B 3Ha-
YUTeJBHON CTeneHM ofecleun/iH ycoeX ero npumenesus. Bo-mepBuix, cyumectsyer ¢o-
KyCHpYyiolilee JefiCTBHe 3/IEKTPHMYECKOro H MarHHTHOTO NoJell, NpeAoXpaHsiollee or
HOTEPH 3HAUMTENLHOrO YHC/Ia HOHOB B IIPOIeCCe HX YCKOpeHHusi. BeslefcTBue 3T0r0 cuna
TOKd BBHICOKOCKOPOCTHBLIX HOHOB, IOJIYYaeMOro 5THM KOCBEHHBIM CNOCOGOM, CpaBHHMA
C CHJIaMH TOKOB, OGHIYHO IOJNYYaeMblX MeTOJaMH NPSIMOTO YCKOPEHHS C NPHMEHEHHeM
BHICOKOTO hamnpsixeHusi. Bosee Toro, gokycupyroilee felicTBHe NpHBOAHT K 06pasoBa-
HHIO OYeHb Y3KUX MOHHBIX NYYKOB (C IHAMETPOM INONEPEYHOrO CeueHust mMeHee 1 ma),
SIBJISIOLLUXCS HieaNbHEIMH JJIsl 3KCMePHMEHTAILHOTO H3YYeHHS [POLECCOB MeKaToM~
HBIX CTO/MKHOBeuuit. [0pa3fo MeHbllee 3HAUEHHWE MMeeT BTOPAas OCOGEHHOCTh METOHA,
3aK/I0YaIoasicst B IPHMEHEHHUI! IPOCTOre U BecbMa 3(p@PeKTHBHOTO crnocofa KOPPEeKTH-
POBKM MarHUTHOTO M0JS1 BIOJb TPAeKTOPHH HOHOB. DTO JIaeT BO3MOXKHOCTH JIErKO J0-
Gutbest sddextuBrofi paboThl npHOOpa C OYeHb BLICOKMM Koa(dHIMeHTOM YCHJEHHS
(T. e. OTHOLIEHHEM KOHEUHOI'0 SKBHBAJEHTHOIO HAIPSKEHHS] YCKOPEHHBIX HOHOB K HPH-
JIOXKEHHOMY HaNpsKeHH0). BeJlecTBHE HA/I0KEHHOTO ONUCHBAEMBIH METOJ YXKe Ha ero
HBIHeWHEeH CTalil Pa3BUTHS NpefCTaBasgeT Co0i BhICOKOHAAEIKHBIR i 3KCIePUMEHT AN b~
HO yAOGHBII CMOCOG MOTyUYEHHST BEICOKOCKOPOCTHBIX HOHOB, TPeGYIOUHH OTHOCHTEIbHO
CKpoMHOro JaGoparopHoro ocHamesns. Dosee Toro, nposepesHble ONBITHI IIOKA3bI-
BalOT, uTO 3TOT KOCBEHHBIH METOJ MHOTOKDAaTHOTO YCKOPEHHSi yike ceHuyaC CO3Laer
peanbHYI BO3MOXKHOCTD JJIst NOYYeHHA B J1a60PaTOPHBIX YCJOBHSAX [IPOTOHOB C KHHE-
THYeCKMMH SHeprusivu cBhilie 107 38, C 3Toft nesibio B Hallell aGopaTopH¥ MOHTH-
pyeTcss Marsut ¢ IVomlaiKaMmH TIOJIOCOB AuamerpoM 114 cm. )

"Bpenenue

Kanaccnueckue onwitel Pesepdopaa ¢ corpyzuukamu 1) u IToze 2) no uckyccrBeHHOR
DaJlHOAKTHBHOCTH, a TaKke ONBITEl DoTe  Bexkepa 3) mo Bo36GyxIeHHIO SIepPHOTO
H3Ny4YeHUs TOATBePIKAAIOT TOUKY 3PEHHsI O TOM, YTO aTOMHOE SIZPO HOZHAETCS TEM Ke
O6ULHM MeTOJaM MCCJIELOBAaHHsI, KOTOPEIe TaK YCIelTHO IPAMEHSIJINCh JJIsl onpefeslernst

*) 279 mu. (Hpum. ped.)

1) Cm. ra1. 10 monorpadun Pesepbopra, Uensuka n Dinca «Hanyyenue pafuoax-
THUBHBIX BeIECTBY. '

2) H. P ose, Zeitschr. fiir Physik 64, 1 (1930).

3) W.Bothe, H. Becker, Zeitschr. fiir Physik 66, 1289 (1930).
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{xeMa, MOKa3bBawas NPUHUHI SKCIePUMEHTaJLHOr0 METOJ2 MHOILOKPATHOrO YCKOPEHUSR
HOHOB, I —K IeHepaTopy KOJeBGaHHH BHICOKOH YACTOTH, 2— pacCKaJenHana HUTb

~7ije

Cxema YCTAaHOBKY A/S MHOIOKDAaTHOrO YCKODEGHHA HOHOB. I-~COCHUHEHHS MeAb~— CTEKJO
§ <« BakyyMHHH HACOC, 3~— BOJOPOJ; 4 — OKONIKO, 5 — OTKJAOHSOWHH TNOTEHIHAA, 6 — 3JeKTpo-
MeTp. '



BreslepHBIX CBOfCTB aToMa. PeaynpTathl 3THX pafoT NOKas3biBAIOT, 4TO OCOGEHHO M0- .
Jle3HBl MCC/IefOBARNA fePHBIX NePeXofloB, HCKYCCTBEHHO BO3GYxAeHHHIX B Jaboparo-
puu. TaxnM ofpasom, wHpoKas paspaCoTKa MeTONOB BO3GYKIEHHMSI aTOMHBIX sijep
npeAcTaBasieT CO60H OueHh BHTEPeCHYIO 3ajlauy; ee peilleHHe, BEDOSTHO, SIBUTCS KJIO-
49OM K HOBOMY MHUDY fIBJIEHHH, MHPY aTOMHOro sipa.

Ho Bce 310 HacTOJIBKO &Ke TPYAHO, HACKONbKO HHTEDECHO, TaK KaK aTOMHOe PO
CONpPOTHBJSETCS TaKHUM IKCIePHMEHTaNbHEIM aTaKaM, NPOTHBOMOCTABSISI UM KPeNKylo
CTeHY BLICOXHX SHEPIHil CBsA3H. ¥ POBHH BHYTDHANEDHOH SHEPIHH WHPOKO PasfeseHbl

- IpyT OT APYyra, H, KaK CJEICTBHE STOrO, MPOUECCH SAEPHOTO BO3GYXICHHA CBA3AHH
€ OrPOMHBIME KOJINYECTBAMH SHEPrufl — MHIIHOHAMH 3J1eKTDOH-BOJBT.

IostoMy npeAcTaBifieT MHTepeC HCClelCBanbe HauboJee MHOroOGeINaomMHX CHo-
co60B BO30YXKICHHA aTOMHBIX siep. MMetoTcs IBa OCHOBHBIX MeTOma: BO3GYXKIeHHe
B pe3yJ/ibTarte NOMVIOWIEHHS] H3TYueHH s (raMMa-H3yueHnsa) 1 Bo306yxIeHHe ¢ NOMOLLBIO
HENOCPeACTBEHHBIX CTOJKHOBEHHH 4aCTHL BBICOKMX 3HePTrHfl ¢ aTOMHLIMH SApamu.

[To noBogy mepBOro MeTola MOMXKHO CKa3aTh, UTO HeAaBHHe 3KCHEPHMEHTAJbHbE
neenefoBaHuA 1), 2) MorJIouweH}st raMMa-1u3JyUeHis BelleCTBOM NOKa3biBAOT s Gojee
TSKEJBIX 3JIEMEHTOB H3MEHEHHs B 3aBHCHMOCTH OT aTOMHOTO HOMepa, M 5Td (aKThl
CBHJETEJIECTBYIOT O HaJHYHU JOBOJBHO 3HAUHTEILHOIO B3aUMOAEHCTBHSA C fApaMu. Bee
3TO HA4BOAHT H& MBIC/Ib, YTO BO3GYHXAeHHE fllep NOCPEACTBOM MOTJIOHIEHHA H3TYdYeHUd,
MOXKeT ObiTh, He SABASETCSl PeJKUM NNPOLECCOM Y UTO MO3TOMY pazpaboTka cnocoba 1o-
JydeHHsT MOUIHBIX HCKYCCTBEHHBIX HCTOUHHKOB raMMa-H3/JydueHHs C pa3JTHYHbIMH LJH-
HaMM BOJH Morya Ob MMeTh 3HAUUTENbHYI0 UEHHOCTh A4 SAEPHBIX WCC/eJOBaHHI.
B nawelt naloparopus, KakK # B APYFHX MecTaX, CTaBiTCA TaKue paloThl.

Ognaxo B peayaprare pabor Peseppopia W Apyrux aBTOpOB, UHTHPOBABILUXCS
BBILIE, METOX COyAapeHull npejcrabisiercs Aaxe Gosee mepcnerTusubiM. OcHoBomona-
ralouife MCCReJOBAHHS 3TUX aBTOPOB JOJIXHbBI BCerjla pacCMaTpHBATbCs KaK AelcT-
BHTEJILHO KPYIHble SKCMePUMEHTaNbHble JOCTHMXEHHs, NOTOMY YTO B HHX Obuli NOJY-
YeHH! opelefeHHbIe B BAaKHbe JaHHLE O BeChbMa PelKNX sIePHbIX poLeccax, Bo36yXK-
JIeHHBIX HCKJ/IOUMTENbHO caalbiMH  NyuKamMH OoMmOapAMpYIOUMX —4acTHL — anbda-
YaCTHIL OT P4fiMOaKTHBHKEIX HCTOUHANKOB. Bodee Toro, u 370 Kak pa3s cjelyer 31ech nol-
yepKHyTb, WX pafoTa MNOPa3nTeNbHO FCHO NOKa3ala...*)

G. Beck, Naturwiss. 18, 896 (1930).
2) C. Y. Chao, Phys. Rev. 36, 1519 (1930).
*) Ha stom 3akanunBaercs oTpuiBOK M3 cratbi . O. Jloypenca u M. C. Jlusuur-
croua. ([Tpum. ped.)
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FJIABA 5
COXPAHEHUE JHEPIuH

5.1. 3akoHbl coxpaHeHMsi B HPHPOAE

B npupoge cyumecrsyeT HECKOIBLKO 3aKOHOB COXPAaHEHHS; HEKOTOPLIE
U3 HMX CJIeIyeT CYHTATh TOUHBIMH, APYIrHe — NpHOIHKeHHBIME. O6bYHO
3aKOHBl COXPaHEHHf SBJSIOTCA CJEACTBHEM CBOHCTB CHMMETPHH BO
Bceenenno#i. CyliecTBYIOT 3aKOHB COXpaHEHHs] SHEPTHM, HMIYJbCa,
MOMEHTa HMIyJibCa, 3apaja, 4Hcia GapHOHOB (IPOTOHOB, HEATPOHOB
U TAMKEJBIX 3/eMEeHTAPHBIX 4acTHL), CTPAHHOCTH ¥ PAas3/HYHBIX APYTHX
BEJIMYHUH.

B s1ofi rnaBe Mbl pacCMOTPUM 3aKOH COXPAaHEHHS 3HEPTHH, a B CJie-
ILYIOUIUX [JaBax — 3aKOHBl COXPaHEHHS HMIYJbCA U MOMEHTa HM-
nyabca. Hpuuewm cefiuac mer 6yaeM paccMaTpHBaTh 9TOT 3aKOH AJR HEpe-
JISTUBUCTCKOH o00sacTH, B KOTOpOH CnpaBeliuBpl IIPeoGpazoBaHMs
Tanunes, cCKOpoCTH OYeHb MaJbl MO CPAaBHEHHIO CO CKOPOCTBIO CBeTa
W Macca He 3aBHCHT OT cKopocTH. B ra1. 12, nocsie Toro Kak Mbl No3Haxo-
MHMcst ¢ ipeoOpa3oBanteM JIOpEHL@ H ¢ OCHOBaMH CIELHANLHON TeOpHU
OTHOCHTEJBHOCTH, Mbl PACCMOTPHM 32KOHBI COXPAHEHUSA SHEPTHH, UM-
nyJbca H MOMEHTA HMIyJbca AJIS PeISTHBHCTCKOH OG/IacTH.

Ecnn B kakofi-uubByab 3azaue H3BECTHb BCE MPUJIOKEHHBIE CHJIBI,
H Mbl 00/ajaeM JIOCTATOUHBIMHM 3HAHHSIMH, a TaKXKe paclosaraeM
BBIYUCJUTENbHLIME MAlUHHAMH, ACHCTBYIOWIMMH C HeOOXOAMMOH CKO-
POCTBIO X HMEIOUIMMH HaJIeKally1o MaMATh AJIf TOTO, YTOObl BHIYHCIHTD
TPAEKTOPUH BCEX YaCTHL, TO M3 3aKOHOB COXPAHEHUS Mbl HE MOJYYUM
HUKaKo# jononnutenbHofl mudopMaunu. ONHAKO 3aKOHBI COXpaHeHHUs
NIpeACTaBAsaioT cofoff MoliHOe OpyAHe, KOTOPHIM TMOBCELHEBHO MOJb-
syores ¢u3uku. IlodeMy xe 3aKOHBI COXPAHEHHS SBJIAKTCA CTOJb
MOLIHLIM OpyJHeM?

1. 3akoHBl COXPaHEHHA He 3aBHCAT OT BHUAA TPAEKTOPUH M OT Xa-
pakrtepa jneHcTBYIOWHX cHJ. [109TOMYy 3aKOHBI COXpaHEHHR TO3BOJSIOT
IIoJIygaTh BechbMa OOIIMe H CYLIeCTBEHHbIE BHIBOALL H3 YDaBHEHHMH IBH-
xkeHua. MHorna M3 3aKoHa COXpaHeHHsl BBITEKaeT, YTO YTO-TO OKasbi-
BaeTcst HeBO3MOXKHBIM. Mbl, HanpuMep, He TpPAaTHM IONYCTYy BPeMs Ha
paspaboTKy KOHCTPYKUHH BEYHOTO ABHraTeNR, NpeAcTaBasoulero cobof
KaKylo-HUOYyAb 3aMKHYTYHO CHCTEMY, COCTOSIILYI0 H3 MEeXaHHYeCKUX
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B 3/eKTPHYECKHX KOMIIOHEHTOR, HJM Ha NpPOEKTHPOBaHHE CNYTHHKA,
IPHBOJHUMOrO B JBHXKCHHE OJHHUMH JIMIIb BHYTPEHHHMH CHJIAMH.

2. 3axkoHBl COXpaHeHUS MOryT ObITb HCHNOJb30BAHBL Jake B TeX
cayyasix, KOTAQ CHJbBI HEH3BECTHH; TaK, B YaCTHOCTH, OGCTOHT JenC
B (pu3HKe 3JeMEeHTapHbIX YacTHIL.

3. 3akoHbl cOXpaHeHUs! TeCHO CBA3AaHH ¢ HHBapHaHTHOCTBIO. Yacto
DU HCC/IENOBAHHM HOBBIX U ellle He MOHSITHBIX sIBJIEHHH 3aKOHbLI COXpa-
HEHUS] SIBISIOTCA CAMBIM [ODA3HTENBHHIM H3 BCeX M3BECTHBHIX HaM
¢dusnuecknx ¢akToB. OHHM MOLYT MNPHUBOIUTE K COOTBETCTBYIOLIMM
IpeACTaBIeHHAM 00 HHBapHAHTHOCTH. B 1. 3 Mbl BHAeaH, 4TO 3aKOH
COXPaHEeHHs HMIyJbca MOT pacCcMaTpPHBATLCS KakK HENOCPEICTBEHHOe
CJIeJCTBHE W3 INpHHIHUNA HHBapHaHTHOCTH [anmmes.

4. Jaxke B Tex c/ayuasX, KOTAa CHJa B TOYHOCTH H3BECTHA, 3aKOH
COXPAHEHHsl MOXKET OKasaTb CYLIECTBEHHYIO INOMOULb NpPH pPelleHHH
3agay o JBMKeHHU yacTuil. /s pelleHus HOBBIX 3a1ad GOMBLIAHCTBO
(H3UKOB CJleAyeT pa3 HaBCeTAa YCTAaHOBJIEHHOMY IOPSJKY: [pexje
BCETO OJMIH 32 JAPYTHM IPHMEHAIOTCA COOTBETCTBYIOIHE 3aKOHBI COXpa-
HeHHfl, U TOJNBKO NOCJE ITOTO, €CIH B 3ajaue HHYero He YNYILEHO,
NepexolsT K pelleHHio Au(xpepeHIHa bHEIX YpaBHeHHH, KCIO/ab30Ba-
HHIO BAPUAIMOHHOIO IPHHIKIA WIH METOAa BO3MYLIEHUH, NPUMEHCHHUIO
BBIYHCJ/IUTEJNbHBIX MAIUHH H JPYTHX CPeACTB, HMEIOWUXCHA B HalleM
pacnopsiKEeHHH HJIH M0Jaraloress Ha WHTyHIuo. B ri. 7 # 9 Mel HCnOAb-
3yeM TaKHM TyTeM 3aKOHbl COXPaHEHHS 3HEPrHU W HMIyJbCa.

5.2. OnpeneneHne NOHATHH

3aKoH coXpaHeHHSl 3HepPTHH BKJOYaeT B ce0a MOHATHA KHHETH-
yecKoldl ¥ NOTEHUHAJLHOH SHEprHH, a TaKXke NoHsATHe paboTel. 2tH
TIOHSITHS, KOTOPBIE MO2KHO YCBOUTb Ha MPOCTOM NIpHMepe, B AaJbelilleM
Mbl 06cynuM Gosee noapobHo. CHayuana Mbl pacCMOTPHM CHJBI U JBH-
JKEHHE TOJbKO B OJHOM H3MEPEHHMH. 3TO CYLIECTBEHHO YIPOCTHT JE/O0.
Hekotopsle BONpOCH B 3TOH ryiaBe GYAyT OGCY:KAATbCA JBAXK/ABI, HO
TaKoe HOBTODEHHE OKAXKETCS! TOJBKO IIOJIE3HBIM.

Pacemotpum uacthuy maccofi M, IBHXKyHIVIOCS B MEXKrasaKTH-
YeCKOM IIPOCTPAHCTBE H CBOOOAHYIO OT BCeX BHEIUHHX BO3ACHCTBHE.
21y vactuuy Mbl Oyaem Haba07aTh B HHEPUHAJbLHOH CHCTEME KOOp-
nunart. [Tyctb B MomeHT Bpement /== 0 K yacTuue npuioxena cuaaF .,
NOCTOSIHHAA 10 BEIHUYMHE H HalPaBACHHIO, COBIALAIOLIEMY C IOJCKH-
TeJbHBIM HanpasjaenHeM ock X. Tlox neficTBHEM NPHJIOKEHHOH CHJIBI
yactuila 6yner yckopsitees. Ilpu £>> 0 nBukeHye ONKUCHIBAETCS BTOPHIM
sakosoM HrloTona:

Fapua = M. (1)

Ckopoctb B MoMeHT ¢ OyJer paBHa
t

v(l):&iédt:vo—i——li“M—E‘i‘- t, 2)

0

—
2



TAe U,— HavdaJbHasd CKOPOCTb, HANPABJEHHAS TO OCH X. 3aMeTHM,
uto (2) MOXKHO 3anucarb B BHIE

]'lpH.Vlt = Mo (t)_MUo (23)

IlpaBas uactb 3TOro paBeHcTBA INpeACTaBJAeT coloifl H3MEHEHHE
HMIYJ/Ibca YacTHLbI 3a NPOMeKYTOK BpeMeHH oT 0 jno #; JeBasi yactb
Ha3biBAeTCs HMIYJbCOM CHJIBI 332 TOT Ke NMPOMEXKYTOK BpeMEHH. ¥ paB-
HeHHe (2a) TOBOPUT HAM O TOM, YTO H3MeHEHHE HMIIyJbCa PaBHO MM-
nyanscy cujbl. Ecan HayanbHOe MOJIOXKEHHE YaCTHIbI XapaKTepH3yercs
KOOPJHHATOH X,, TO ee IONOXKEHHE B MOMEHT BpeMeHH ¢ OyjeT ompe-
JIenaTseA Tak:
2
2= (0 ()dt = o+t g T2, (3)

0
4TO TOJAyyaeTcsd B pe3y/bTate WUUTerpupoBaHus ypasnenus (2). Pe-
was (2) OTHOCHTENBHO f, HAXOAUM

t=-M_ w_u,). 4)

anxm

Tloacrapasa Teneps (4) B (3), nmoayuaem

M o 1
X — K= e (00— ) + (UP— 200, + Uf)=
Fﬂplfl.‘l 2 ’L[Ipl/l.‘l
—_ ! M 2 2
—7m(0 — ), ®)
OTKYyZa
1 1
5 MO —5 MOE=F - (X — %) (6)

Ecuin Besnuunny 1/,M0? Mel Ha30BeM KuHemuueckol snepaueti YacTHIIE,

TO JieBas 4acTb (6) OyaeT npeacTaBasaTh co60H H3MeHenne KUHETHUECKOH
SHEPTHH. DTO M3MEHEHHE BbI3BIBAETCS CHAOH F,.. Ha NYyTH (X—Xo).
OueBnaHO, Mbl MO}KGM Tenephb Jath ONMpeie/eHHe pa60Te, Ha3BaB ITPO-
ussesenne F, . -(x—x,) pabomoil, cosepiuaemold cuioii, npurodicenHoi
K uacmuye. V3 3tux onpedeaenudi W u3 ypaBHeHHS (6) C/IelyeT, YTO
pabora, coBepluaemas NPHAOKEHHOH CHJIOH, pPaBHA H3MEHEHHIO KHIe-
- THUECKOH 3HEeprHH yacTHUB. Bce 3To oTHocHTCS K 00sacTH onpepese-
Hui. OHaKo 1OA0GHEIE ONpEIe/deHHsT MOJe3Hbl, H OHH COIMAaCyTCH
co BrOpeIM 3akoHoM HploToHa. ToBopst o pabote, Bcerga cijenyer mom-
HUTB, YTO paboma cosepuiaemcs HeKomopou cuaol.

Ecan M=20 ¢ u v=100 cm/cex, TO KHHeTHYECKAs! SHEPIUSA
K=1,Mv®=1],-20 &.10% cu?/cex? = 1-10° 2.cm?/cex? = 1. 10° ape. (7)
9pe npeacrasasier cofoll exunnuy >Hepruu B cucreme enuuun CI'C.
Ecnu cuna B 100 Oun nefictyer wa nytu B 10% cu, 1o

F -xy)=10% dun-10° cm=10° Jun-cm= 10° gpe. )]

npax” (x
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O0un spe pasen pabome, cosepuwiaemoli cuaoti 8 00Hy OuHy, Oelicmesy-
rowjerl na nymu 8 o0ux canmumemp. PaGora ¥MeeT pasMepHOCTDb

[pabora]~[cuna]- [paccroanue] ~ [macca] - [yckopenue] - [paccrosisne]~
~ [M —TL—L] ~ [ML2T=2]~[steprus).

B cucreme MKC enusuieii paGoTel siBisieTcst Oxcoy4s, paBHBIL padore,
copepuiaeMoit CHJIOH B OJMH HBIOTOH, JeHCTByIOUIER Ha NYTH B OIHH
metp. Jlas Toro 4ToObl NEpeBeCcTH JKOYJH B 3DPTH, HYXKHO BEJIHUUHY
paboThl, BEIpaxKeHHO! B JUKOYJAAX; YMHOXHUTb Ha 107, s Toro uto6ol
TIePeBeCTH HBIOTOHbl B JHMHDBI, HYXXHO BEJIHYHHY CHJIbI, BbIparKeHHOI
B HBIOTOHAX, YMHOMXHTHb Ha 10°.

Pue. 5.1. K macce M, umaxogsimjefics B co- Puc, 5.2. Jna rtoro urobm mox-
CTOSIHHH TTOKOsl HA ITOBEPXHOCTH 3eMJIH, NpPH- HATH Maccy M C MOCTOSIHHOIL CKO-
JIO’KEHbl ARE PaBHbIE TO BeNUYHHE U IIPOTH- POCTbIO, HYKHO TIPHJOMKHUTL CHITY
BOIMOJOXKHO HaNpaBJeHHBIC CHJIbI FG—quIa annn=+Mg'

TAXeCTH, IIPpUTSCHBAOIasl] TeJ0 K 3eMae, H
Fs—cvma, OKa3biBawllasl faBJ/ieHHe Ha TeENO

€O CTOPOHEl NOBEPXHOCTH 3EMJH.

[Ipeanonoxum Ternepb, uTO HacTHUA HJAH Kakoe-HHOYAb TeJO Ha-
XOAMTCSl HE B MEKIaJaKTHYECKOM MPOCTPAHCTBE, a Ha BLICOTE /I OT
NOBEPXHOCTH 3eMaH (Xp="h, v,==0). Torza Ha 31O Teso AeHCTBYeT 1O
HanpaBJeHHIO K 3emae cusa TskecTH F,;=—Mg. Ilox pefictenem stoi
CHJIBI TeJI0 MajaeT Mo HANpaBJIEHHIO K IOBEPXHOCTH 3emdn. Pabora,
cosepuiaenan  curold  msxcecrni, paBHa MPHPALICHHI0 KHHETHHECKOH
SHEPTHH TeJa:

W=Fg (x—xp), (9)
HJIH Ha moBepxXHOCTH 3emuH (x=0):
W = (—Mg) (0—h) = Mgh = 5 Mo*— 5 Mop =5 Me?,  (10)

IIe ¥ — CKOPOCTb, MpuodpeTaemasi TeJOM, AOCTHIAIOMIHM MOBEPXHOCTH
3eMJIM, H U,— HayajJbHasi CKOpPOCTb (B 3TOM 4acTHOM ciyyae Up,=0).
Ha ocnobanuu ypaBuenust (10) MBI MOXeM CKasaTb, YTO Ha BhICOTe A
Teq0 06aRaeT ROmMeHyualIbHol sHepeued, pasaoll Mgh (1. e. BO3MOX-
HOCTBIO COBEPINHUTH paGoTy HJIM NpHOGPECTH KHHETHYECKYIO SHEPTrHIo),
OTHOCHUTE/ILHO TIOBEPXHOCTH 3eMJH.

Yro npous3ofifeT ¢ NOTEHHHAJbHOH 3Hepruefi, KOrja 4acTHlla H3
COCTOSIHHA MOKOSI HA ITOBEPXHOCTH 3eMaH (puc. 5.1) nmognumerca Ha
BpicoTy h? Il Toro 4robsl TeJO NOAHAJIOCH HA KAKYIO-TO BBEICOTY, MBI
ROJKHBL NPHIOKHTB K HeMy cuny Foo..(=—F;), HanpaBiennyo
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BBEPX (puc.‘ 5.2). B stom cayuae x,=0. Ilpn stom mee cogepuicem Han
TesloM paboTy, paBHYIO

W=anlm(x—x0)=(Mg) (h)\= Mgh, (11)

H coofllaeM 3TOMy Tejly IOTeHLHaJbHYIO 3Hepruio Mgh, KoTopo#,

Kak ObUIO yKasaHO panee, OHO ofnajaeT Ha Bhicote i (puc. 5.3).
3amerum, uTo pabora, coBepiuaeMas CHJIOH TAXKECTH Haj NajaloluiM

TEJIOM H BhlpaxaeMas cootHoulenueM (10), paBra paGote, KOTOPYIO MBI

coBepllaeM NpPOTHB CHJbI THAXKECTH, TMOAHU-

Mast Te 1o BBepx. Jta paboTa BLIPAXKAETCS]

cootHomenueM (11). /
PasmepHoCTs NOTEHIHAJILHON 3HEPTUH

COBNAJAET C Pa3MEPHOCTbIO KHHETHUECKOH T M

SHeprUH: 1
[F1-[L]=[M] - [L2}/[T?]. N\mem

—103 — 102

Ecau F"PW‘_ 10% dun h=102 cm, TO Puc. 5.3. PafoTa, KOTOPYyIO HY»X-

NNOTEHLHAJbHAA 9HEPTHA 6y11eT paBHa =mo coxja\z:pmmb, 'noéblhno;mmb
ace Ha BBICOT N aBHa

107 Qun-100 cn =10° Qun-cn =10° spe. WIFM LR 1, PR

Mu 6ylleM 0603HaYaTh IIOTEHIIHAJbHYIO noTeHuuasbias sneprua U maccel
M  yBeaHUHBARTCA Ha BEJHUYHHY

3Hepruro cumsoom U, Mgh.

M3 ypaBuenus (10) BugHo, 4TO mMOTECH-

uaJgbHas SHeprugd Mg/’l MOXKET IOJTHOCTBIO HPEBpaIU,aTbCH B KHHETHUE-

CKYIO 3Hepruio. Msl JOMKHE BCETAa YKasblBaTb Ty TOYKY, K KOTOpPOH

OTHOCHUTCSA NOTeHUHaJ/lbHasA SHEPrid. BGJII/ILH‘;Ha HOTEHL[HHJIBHOﬁ SHEPrun

BBeleHA C «ByXra/Jtepckofi» 1eablo, T.e. JJs ydeTa, B 3TOM NpuMepe

V] M Vid
z ' N,
\ /
EANNN N

Puc. 5.4, Ecam OTIYCTHTb WapHK Macs Puc. 5.5. HenocpeAcTBeHHO nepen,
cel M, To mnoTeHuMajbHas 3Heprus U TE€M, KaK LApUK YAaPHTCH O I10-
YMEHbIIHTCS, @ KUHETHYeCKas sHeprus K BEDXHOCTb, BCSA MOTeHUHANbHASR
YBeJHYHTCH, HO HX CyMMa OCTaHeTCs 9HEpPrus, KoTopoii oH ofyajan Ha
nocrosdHoll. Ha shicote ¥ U(x)=Mgx u BbHICOTE A, NPEBPATHUTCA B KHHETH-

[ YECKYIO SHEPIHIO.
K(x)=T Moz=Mg (h~x).

MBI IIOKa3a/1d, 4To Hama «OyXraJirepus» He HDHBOAMT K IPOTHBOpe-
yusM. ll3MeHeHHe MOTEHNIHAJbHOH SHEPTHH HMEET OIpeleseHHbIH (u-
 3HYECKHH CMBIC/ M MOKa3blBaeT HaM, KaKas ee 4acTh NEPEeXOIHUT B KH-
HETHYECKYIO HEpTHIO.

Ecau n3 (10) mMpl OyzseM onpefensitb CKOPOCTb U, IIPHYEM HE TY,
KoTopasi 1pHoGpeTaercst NpH MaJeHuH C BHICOTH A1, a8 CKOPOCTh, IIPHOG-
PETEHHYIO NpH NaJEHHH € BBICOTH (h—x) (puc. 5.4), TO IO aHaJOrVH
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¢ ypasHenueM (10) Mbl MOXeM Hamucarth
-—Mv2 Mg (h—x), (12)

unu
+ Mo+ Mgr = Mgh=E, (13)

rae E — mocrosuHas BeauunHa, paBHad Mgh. Tak kax E npencras-
JsieT co0oH MOCTOSTHHYIO BeJIMUHHY, TO ypaBHeHHe (13) BeIpaxKaer 3aKox
COXPAHEHUS dHepelu:

E=K+U=
= KUHeTHUecKasl 3Heprus - NOTCHLHANbHAs 3Heprus = const =
= I0oJIHasl HEepPrus.

B coornomenuu (13) unen Mgx npencrasaser cofoli HOTEHIUAIBHYIO
sHepruio, obpamaponlyiocd B Hyab npu x=0, Bennuuna E o3nagaer
MOJHYIO HEPTHIO, KOTopast A H30JHPOBAHHOH CHCTEMBI COXpaHseT
NOCTOAHHOE 3HaueHHe BO BPEMEHH.

Unorpa ynoGuo HasoiBaTh Beawunny E=K-U, 1. e. cymMy KuHe-
THUECKOH M IOTEHIHANbHOH 3HepruM, (QyHKUMeH sHeprud. Kunern-
geckas sHeprus K pasua */,Mo? [lorenunasbras sHeprusi 3aBHCHT OT
aeficteyomefl cunbl. IloTeHnnanbuas 3Heprus obJajaer BeChMa Bax-

HBIM CBOICTBOM, BBIPAXKAIOLHMCA B TOM, YTO —SF dx=U, um

F=—%, (14)
rae ' — cuna, geficTByONIasl Ha YacTHILY U SIBJASIOLASCA Pe3y/bTaToOM
BHYTPEHHHX B3aUMOJEHCTBHH, TaKHX, KAK 3JeKTpPUYeCKHe WJH TPaBH-
TalUOHHBle B3auMmogeilcTBus. (B paccMoTpennom Beiie npumepe U=
=Mgx u F=F;=—Mg))

Ilepeiinem Tenepp x Gosee neTalbHOMY M OOMEMY pPacCMOTPEHHIO
BCEX 3THX NOHATHIL.

5.3. CoxpaneHue 3HEPrHU

34KOH COXpaHEHHs IHEPTHH YTBEPIKIAET, YTO JVis CHCTEMBI YACTHIL,
B3auUMOJIefiCTBHE MeXJYy KOTOPBIMM HEABHO *) 3aBHCHUT OT BpPEMEHH,
HI0AHAA SHepeus CUCmembl NOCMOAHHA. DTOT Pe3yJbTAT MBI CUHTaeM
JOCTOBEPHO YCTAHOBJIEHHBIM 3KCIEPHMEHTaJbHHIM (akToM. Ecau Bh-
paskatTbesl TOYHee, TO 3TOT 3aKOH TOBOPHUT HAM O TOM, YTO CYLLECTBYeET
pekoropast ckajispHast ¢GyHKuus [rakast, Kak dysruus 1/,Mo?--Mgx
B (13)] monoxkenust ¥ CKOPOCTH YacCTHIl, KOTOpasi He H3MEHSETCH CO
BpEMeHeM NPH YCJIOBHH, YTO B TCUGHHE PAcCMATPHBAEMOro NPOMEKYTKA
BpeMeHH BHeUIHee B3aHMOAEHCTBHE SABHO He H3Mensercsi. Hanpuwmep,
D/ieMeHTapHbIH 3apsAj e He JOJ/KEeH H3MeHATbcs co BpemeneM. [lomumo

tT *) PaccMatpuBaeMasl CHCTE€MAa COCTOMT M3 4aCTHIL, KaK Obl 3aCTBIBLIMX Ha MECTE;
JoTJia Mpo CHJIY, saBHCHmylo OT BPEMEHH, FOBOPAT, UTO TaKasl CH/IA 5 B H O 3aBHCHT
OT BpeMeHH, :

i8¢ ‘



Z, 7 t]
bpemsa

.

Puc. 5.6. 3aBHenmMocTbs paGoThl, NPOHS-
BOAUMOIl CTYZAEHTOM IIPH NOAHSITHH aBTO-
MOGHJIST JOMKPATOM AJNS CMEHbl WMHEBI, OT
Bpemenn. (PaGora, Beobxodumas maasa
NOAHATHR HeGONBIIOrO aBTOMOGHAA Mac-
coit B 1000 xe Ha BmlcoTy 10 cM pam-
Ha F=Mgh == (10%.1032)-(103csm/cex?) X
X(10 em)=101° 5p2.) Iipu sToM pabota
TEepexXofHT B TOTEHIHAJbHYIO SHEPrHIo
CHJT TSIXKECTH.
I — paGoTa, NUPOU3BOANMAA CTYJEHTOM;
2 — joTeHnHaJAbHAH 3HEpPrHd (rpaBHTA-

IUOHHAS).
R
S
§
Ny
4 t
Bpems 7

Pure. 5.8, 3aBUCUMOCTE BHICO-
Tel OT BPEeMEHH LJs TeJsa, na-
Zawulero Ha seMJmwo.

N
\\
\ 7 -
\
i
]
"z
1
1
1
123 %
Lpems

Puc. 5.7. JJoMKpAaT COCKOUYNJ, H ABTOMO-
6uab mnagaer  BHuU3. IloteHnuanbHas
SHePrust IPeBpaInaeTcss B KHHETHUYECKYIO
sHepruw. ITocsge TOro, Kar aBTOMOGHIB
KOCHYJICH 3eMJIM, KUHeTHUeCKas SHePrausd
fnpeBpaTH/ach B TeNJIO B 2aMOPTH3aTOPax,
NPYXKHHAX W MIHHAX.
| — NOoTeHIHaNBHAs 3Heprus (rpasura-
#HOHHafA); 2 — KHHeTHYecKkasg SHeprus.

%
Lpems

Puc. 5.9. 3aBHCHMOCTb HOTEHUHUAME»
HOH H KHMHETHYeCKOH# 3HEPrHH OT Bpe-
MeuH. IlosiHasi sBeprHs NPeACTaB.IAET
coGoil ITOCTOAHHYIO BEJNHYHHY, paB-
HYIO CYMMe KHHeTHYeCKOH H TOTeHIH-
aJbHOH SHEPrHH.
/ « TIOTERHANbLHASA JHeprus; 2 —
KHHEeTHYeCKasi SHEpPrud.
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(OYHKLUH 3HEPIHH CYLIECTBYIOT TaKxke H Jpyrde ¢GYHKUHH, KOTOpbie
COXPAHSAIOT NMOCTOSIHHOE 3HAYeHHe B YCJIOBUAX, O KOTOPHIX TOJbKO 4TO
6bi10 ckasano. ([lpyrue Takue (QYHKUMH Mbl pacCMOTpUM B TIvl. 6,
B KOTOPO# peub MOHJET 0 COXPaHeHHH HMITYJbCa H MOMEHTa HMIyJbCa.)
OHeprusl NpeicTaBiisieT CO00H CKalsAPHYIO BEJHYHHY, COXPaHSIOULYIO
NIOCTOSIHHOE 3HaueHHe NpH ABHKeHuH. Korpa mbl roBOpHM O BHEIIHEM
B3aUMOJIEiICTBHH, TO HMEEM B BHJY; 4YTO B TeueHHE PaCCMaTPHBaeMOro
NIPOMEKYTKA BpeMeHU (H3HUeCKHe 3aKOHBl M 3HAYEHHS OCHOBHBIX
($hU3UUeCKUX NOCTOAHHBIX (TaKUX, KaK g, € AU M) He U3MEHSIOTCA.

OrtMmeruM elile pa3, 4TO 3aKOHBI COXPaHEHHS caMH MO cebe He AT
HaM HHUKakKoHd HOBoOH MH(opMAIMH JI0 CPaBHEHHIO C TOH, KOTOPAs MOXKET
GBITh IIONy4YeHA U3 ypaBHeHHs nsHxenna F=Ma.

OcHOBHas 3ajiada COCTOHT B TOM, YTOGbl HaHTH TaKoe BLIDAKEHHE
4N OYHKUUH SHEpPTHH, KOTopoe Obl He 3aBHCE]I0 OT BPEMEHHM H KOTO-
poe Ol HAXOZMJIOCH B corsiacHu ¢ ypaBuerueM F=Ma. Tak, nanpumep,
BblpaXKeHue

d d dK
L E=g(K+U)=—-—F,=0

aHaJOTHYHO COoOTHOWeHHI0 F,=Ma, D10 MOXHO NPOBEPUTL, BOC-
noab30BaBILKCh (13), oTKyJaa caeiyer, 4To
dv dx do dv
Mg=Moo=M G o =M

Sto — dyHnamenTanbHaA 3ajaya KJacCHUECKOH MeXaHHKH, M ee mpa-
BHJILHOE pelUeHHe MOXKeT ObITh IIOJYYEHO HECKOIbKHMH cnocofamu,
HEKOTOpDble U3 KOTOPHIX BecbMa H3ALIHEL Tak, B 4aCTHOCTH, (OPMYJH-
POBKa 3ajjad MeXaHHKH ¢ NoMmolbio ¢yHKunH amMuiabTona (ramuaibTo-
HUAH) T03BO/IAET HHTEPHPETHPOBATH HX Ha A3biKe KBAHTOBOH Mexa-
Hukd. OnHako B Hayase Kypca HaM HyJKHee IIPOCTOE H HEIoCpeacT-
BeHHOE H3J/10KeHHe, 4eM OOWHOCTh TaMHJIbTOHOBBIX H JIarPaHKeBHIX
thopMy/IHPOBOK, OOCBIYHO H3JaraeMelx B Oojee HO3AHHX Kypcax *).

Paboma. Mpl onpeznensiem pabory W, coBepiiaeMylo HOCTOSHHOH
cuyoft F NpPUJIOKEHHOH K yacTule Ha IyTH Ar, KaK NPOU3BeJeHHe

W =F - Ar=F Arcos (F ., Ar), (15)

COTJIaCHO OIIpefesIeHHI0, KOTopoe ObLIO JAHO Bblie cooTHoweHueM (6).
Has ynobersa B ABYX ciaeaylomux naparpagpax smecto F .. Mbi Gyaem
itycatb npocro .

- Ilpemnosnoxum, uyro .f He NOCTOSIHHA, & 3aBHCHUT OT I, T. €. ABJSETCH
¢dynxuuedi nonoxenust i(r). Eciu Bech nyTh Moxer ObiThb pasbut Ha N
NPAMOJHHEAHBIX OTPE3KOB H B Ipefesax KaXJOoro TaKoro OTpe3Ka
cury f(r) MOXKHO CYMTATh MOCTOSIHHOM, TO MBI MOXKEM HAafUCaTh

W=1f(@) Ar;-1(r,) Ar,} ... +-f(ry)-Ary Elﬁj f(r;)-Ar;, (16)
- =1 ,

npux?

*) PelneHye NarpaHKeBRIX ypaBHeHuHl ABHXKeHus TpeGyer 3HAKOMCTBa C HEKOTO-
PEIMM OCHOBHBIMH BHIBOJAaMH BAPHAUMOHHOIO HCUHC/IEHHH; NOSTOMY cCefidac MHl He
6ynem 3aHUMATLCA 3THM BOIIPOCOM,
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TJle CHMBOJ ) O3HauyaeT CyMMHpOBaHHE 110 BCeM OTpe3KaM. DTO COOT-
HOLIEeHHe BHINOJTHSATCS CTPOro JIMIIb B Ipefee, s 6eCKOHETHO MaJbIX
nepemerenuii dr, Tak KaK KPHBOJHHEHHBIH MyTh HE MOXeT GhiTh pa3GuT
Ha KOHEYHOEe HUCJO MPSAMOJNHHEHHBIX oTpe3koB. llpenen

B

lim 31 (r,)-Ar;= { f(r)edr (17)
e ]

Ar T,

npeacTaBiaser cofoli uHTerpas oT npoekuun [(r) Ha Hanpab/eHHe
BHYTPH IepemelleHus dr. DTOT HHTeTpaJl Ha3bIBACTCS AUHEUHbIM UH-
meeparom Qyukyuu § or toukn A po toukn B. Pabora, cosepmaemas
TIPUJIOXKEHHOH CHJIOH Ha BCeM IlepeMeIlleHHH, ONMpPeeNseTcs COOTHOLIe-
HHeM

B
W (A— By= | Fyppyedr. (18)
A

5.4. Kunetnueckasi sseprus

BepHewmcs Tenepb K CBOGOAHOHR YaCTHIE B MEKIaJaKTUIECKOM IPOCT-
paucrse. HannmeM ypaBuenue (6)

1 1
5 Mzﬂ——;Mv?, = F pun (X—X,)

B Gosiee obiell GopMe, BK/IIOUUB B HETO MPUJIOKEHHYIO CHIY, H3MEHAIO-
niyiocsi MO Hampasjenuio U mo Beauuuse. [loactasus B (18) BMecto

Fooun €€ 3HaueHue FHPM=M\}, NOJIYYHM CJASAYIOUlEe BhIparKeHHe
15 paboTel, cOBepIIaeMOH IPHJIOKEHHOA CHJIOH:
¢ d
. v
W(A——»B):Mg o dr. (19)
Haunee, Tax KakT
de=2 gt —vat, (20)
HaXOJUM, YTO 5
W (A — B)=MS(£§-}L.V) dt. @)
A .
{IpunuMast Bo BHHMaHHe, UTO
d d dv
02=7(v-v)=2-d—t--v, (22)

df d
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HOJTYyIUM

g_ (v?) dt = S d (v?) =0vy— qu.- (23)

Dl

JIEME

IMoxcrasasis sto BeipaxenHe B (21), IPHXOAUM K CJIELYIOLEMY BaKHOMY
pesyabTary Aansi CBOGOAHOH YaCTHIBL:

B
W (A= B)= [ Fpuyedr = Mol — Mo3. (24)
A

3710 ypaBHeHHe INpeicTaBJssieT co0ol obofuienne ypapHeuus (6),
Beanuuny

K =4 M (25)

MBI OVeM Ha3blBaTh KuHemuHieckoll snepaueli 1 0603HauaTh CHMBOJIOM K.
W3 (24) Mpl BUAMM, YTO HaIM onpefeseHuss pabOThl U KHHETHYECKOMH
aHepruy 0671a1al0T TeM CBOHCTBOM, UTO paboma, cosepuiaemas Had cso-
60010 wacmuuetl npPoOU3BOA6HOL NPUAONEHHOL CUAOL, PABHA USMEHEHIIO
KUHemu4ecKol sHepauu 4acmuybt: '

W(A— B)=Kz—K,. (252)

I1pumep. Cooboonoe naderue. a) Ecnm ock x HampabJ/eHa mep-
NeHAUKYJ/ISPHO K NOBEPXHOCTH 3€MJH BBepX, TO cusa TsaxecTH F,=
=—MgX, TJe g — YCKOpeHHe CHJBI TSMKECTH, paBHOe TPHOIU3H-
TesbHo 980 cmfcex?. Brruncaum paboty, COBEpPUIAEMYIO CHUJION TAKECTH
npu najennn Maccwl B 100 e ¢ Boicoter 10 cm.

B srtom cayuae

r;=0, rg=—10x, Ar=rp—r, = —10x.
Ha (15) cnepyer, uTo pabora, coBepliaeMast CHJON TSXKECTH, DaBHa
W =Fg+ Ar = (— Mgx)-(— 10x) &~ (102) (10%) (10)x-X = 10¢ spe.

B a1OM npHMepe CHJia TSXKECTH HIpaeT poJib CHJIbL Fripus

6) Ecau yactuna, o KoTopoll mwia peus B a), MEpPBOHAYANBHO Ha-
XOANJach B MOKOe, TO 4YeMy OYAYT PaBHBl ee KHHETHUYECKAs 3IHEPrus
U CKOPOCTb B KOHIE AECATOrO CAHTHMETpA IYTH MajeHus?

HauanbHoe 3Hauenne kuHeTHdeckoil sHeprun K ,=0. Kowneupoe
3naueHHe Ky, B cooTBercTBHH ¢ (2ba), paBHOo paGote, coBepiuaeMoi
CHJIOH TAXECTH Haj, uacTHIeH:

KB:-% Mo2 ~ 10° ape, (26)

OTKyJa /st U HaxXomuMm vp~2-10% ape/100 2~2-10% cm?/cex®. Dror
pe3yJspTaT coBNajaeT C TeM, KOTOPHLIH MBI NOJY4YHM, €CJH BOCIOJb-
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3yeMcsl /leMeHTapHbIM COOTHOIIEHHEM v? == 2gh, B KOTOpOM yCKGpEHHe
TIOCTOSIHHO M HayaJsbHasl CKOPOCTb DaBHA HYJIIO:

0t =2-10% cmjcex®- 10 cm =~ 2-10% cm?/cex?.
ITo coBNAJeHHEe MOXKET HJ/IIOCTPHPOBATh BLICKA3AHHYK BhIle HIEIO
O TOM, UTO Pe3y./bTaThl, NOJYYEHHBIE C IIOMOLIBIO 3aKOHA COXPAHEHHS,

JOJKHBL COBIagaTh ¢ BHIBOJAMH, II0J1yHaeMbIMH H3 ypaBHeHI/If;I JABH~-
wenusa, B pacCMOTpEHHOM cCJaydae, I[MPUMEHAA 3aKOH COXPaHEeHHS

A
Py O i i
2 F

PR T Y

F——| 4z

5

Pue. 5.10. Hesecomas NpyKnHa cBA34aHa
¢ Maccoli M. Ecau npyxHHA pacTaHYTa
Ha MaJayio BeTHYHHY AX, TO BO3HHKaeT BOC~
CTaHaBJIMBAIOLIA SCH cugta F=-C Ax,
zeiicTeyolias Ha maccy M B HampasJe-
HUM, TIOKasaHHoM cTpeakoit. 3pece C
03HayaeT CHJIOBYIO TOCTOSIHHYO TIPYXKHHBL

Puc. 5.11. Ecau npyxHHa c:xKaTa Ha Be-
JUYHHY — AX, TO B Heli BO3HHKaeT BOC-
craHapauBaowasn cuaa — C(— Ax)=C Ax,
AelficTBylOmWaa Ha Maccy M B HampaBae-
HUH, YKa3aHHOM CTPeJIKOfi,
a) Tlpy:xuHa B paBHOBecHH. §) IIpyKHHa
cxKara.

a) Tlpyxuua B paBHoBecuu. 6) Ilpy-
KHHA DPacTAHYTa.

SHEPryH, Mbl HOJYYHM TOT ¥Ke PesyJasTar, uTo U NPH HCIO/Ib3OBAHUH
COOTHOILIEHHST v*=2gh, NonydaeMoro U3 ypasHeHus jpuxenus F=AMa.
YTO Ha YaCTHIy AeHCTBYeT JHHeHHAsA BOCCTaHABJAMBAIOAS CHJA B Ha-
npasjieHdd ocH x. JIuHeliHOH BoccTaHaBaWBaloWeld cHAOH MBI OyieM
HYIO BeJHYHHE CMelleHHs, H3Mepsemoro |
OT HEKOTOPOH H HHOH TOUKH, U Jieli-

eKOTopoil GHKCHPOBAHHOH TOUKH, H Jed- ~ K—C{xw’)
cMmelends. Ecau Mel mpuMeM aTy (QUKCH-
POBaHHYIO TOYKY 3a HauaJjo, TO @\Z’_"

F=—Cxx, wm F,=—Cx, (27)
; ] Y Puc. 5.12. BoccraHaBJamMBalpIiast
JIH4HHA, HasbIBAEMad CUA0B0L MOCIMOAHKOW. — Due B-12 Bocerarsbiuaoiiar
ITo CcooTHOLIEHHe BhipaxkaeT 3akoH ['yka.

JIHYHHe CMCU{EeHH 5.

Kasi CHJIa MOXeT BO3HHKATh B PacTAHYTOH
uan cxatoll npyxune (puc. 5.10—5.12). a5 Gonplinx yOpyrux cMmelle-
CTeleHH X, Kak 3T0 OyJer clenaHo B . 7. 3HAK CHJBL JO/KEH OBITh
TAaKUM, 4TOOBbl YaCTHIIA BCETJa IIPUTArdBasach K TOUKe, [IPMHATOH 3a

ITpuwme p. Jluneinas soccmanasausarowas cuia. Ilpeanosnoxnu,
HA3bIBATE CHJY, MPSIMO MPONOPLHUOHAJ/B- .
CTBYIOLULYI0 B HANpaBJEHHH yMEHbIICHHUS
rie C — Hekoropas MONOKHUTEIbHASA Be-

HH OT X, NPONOPIHOHAJLHA Be-

Jnst nocraToutHo Manpix cMeienu#t Ax Ta-
HUA MBI JOJIKHBL 106aBHTb B (27) 4eHbl, cofepxkaiiue 6osee BHICOKHE
Hauaso orcuera (x=0).
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I) Ilycte k yactuile, nNpHKpeNnJieHHOH K MNpPYXHHe, NPHJIOXKCHS
BHELUHAA CHJa, KOTOpas nepeMelliaeT 3Ty YacTHIY U3 TOYKH C KGOpAH-
HaTOl X; B TOUKY C KOOpAHHATOH x,. UeMmy paBHa paboTa, coBepliaemMas
CHJIOH, NPUJIOXEHHOH K 4YacTHIe Ha 3TOM NyTH?

B sToMm ciiyuae cuita, AeficTByIOmas Ha 4acTHIy, fBJsAeTca QyHKIueH
noJoxenusi. [1js Toro uTo6bt BHUHCANTb pafoTy, COBePLIAEMYio IIpH-
JIOXKEHHOH CHJIOH, MBI HCIIOJIb3YeM ONMpeaesIeHHe, CodepKalleecsi B COOT-

Howenun (18) aas F, ,,=—F=Cxx:

W (x, — x,) :5anuﬂ.dr=chdx= LC@—s). (@)

(3necw anm npeacrasasier coboh cuay, NPH/IOKEHHYIO KeM-MO0 IPOTHB
CHJIBI CaMOH TIPYXKHHBI, a He My CHJIY, C KOTOpoli cama NpyxkKuua AefcT-
ByeT Ha Maccy. Macca He npuofperaer KHHETHUECKYIO SHEPTHIO, €CiIH

I3 M
o RUN0 \

A M
o IR

V4 1/=.€(-Z'2_-Z})2

Zy

Puc. 5.13. Huas toro utofm pacrsiHyTh Puc. 5.14. Copepmas paboTy, Bbl yBeJsd-
(a) unu cxath (6) NPYXHUHY, BB JOJIXKHEI yHBaeTe NOTEHLHAJbHYIO 3SHEPrHIo CH-

TNIPUJIOXKHTL CHJIY B HalpaBJeHUH, NPOTH- cTeMbl NIPYXHHA — Macca. Jra  CHCTEMa,
BOTOJIO)KHOM HanNpaBJieHHIO  JeHCTBHA cMeniasicb M3 TOJOXKEeHHS] PAaBHOBECHS
BoCcTaHaBJuBawilell cunepl. Ilpn cMmente- Ha LeJUYHHY Ax=x-—x, 1npuobpeTaer
HHM NOPYXXHHB H3 IIOJOXKEeHHd paBHOBe- TOTEHLUHANLHYIO SHEPTHIO
CHsT X, Ha Bennqnﬂﬁy Ax Bbl coBepliaere . |
paootry = E. 5 C 2
%o+ Ax U 3 C (Ax) (Xx—x4)%

W= S C(x—xﬂdx:-%—C(Ax)z.

X1

Ha Hee JEHCTBYIOT JB€ paBHbLIE U [POTHBONOJOKHO HalpaB/cHHbIS
cusbel.) Ecan npuHATH HauasibHYIO TOYKY € KOODAMHATOH Xi3a Haualo
oTcueTa H MOJNOXKHTE X;=0, To u3 (28) caexyer, uTo

- W (Xmax — 0) = Ca2. (29)

ITO oveHb BAXKHLIH pe3yJsbTar: pabora, coBepliaeMasl HaJ CHCTEMOH
NpPHJOKEHHOH  CHJIOH, IPONOPLHOHAMbHa KBajgparTy  CMCLICHHSH
(puc. 5.13—5.16).

2) Yacrthua Maccol M TOKOWTCA B NOJOXKEHHH X, H 34aTEM OT-
nyckaerca. Kakoa OyleT ee KMHeTHUeCKas SHEPrHs, KOrAa oHa Jo-
. CTHI'HET Hadaja orcueTa? :
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Mgl mosyuHsiM OTBET HENOCPEACTBEHHO H3 (24): pafora, coBepliae-
Mafg HOPpYXHHOU TIpPH NepeMellleHHH Macchi M U3 TOJOKEHHs
Xmax B TIOJIOXKEHHE, COOTBETCTBYIOLlee Hayasly OTCUeTa, paBHa

W (max — 0) = 5 Mo, (30)

TaK Kak NPH X=X, v==0, I0TOMY 9TO B 3TOM NOJIO}KEHHUH MbI CIUTAEM,
YTO YaCTHLIa HAXOUMTCSl B COCTOSHHMHU mokos. Korzia wacriina npoXOmut

0 s _ f
N ) é% ”"I’”
N R T

Puc. 5.15. Ecau cHcTeMa NpyKHHA — Puc. 5.16. Ilpn x=x;, U=0u K (x)=
Macca pacTsiyTa Ha BeJHYHHY Ax H 3a- _ 1 s B

TeM OTHYINeHa, TO cHavyana U yMeHb- = ~ € (Ax)?, Kax 5T0 MOKA3aHO HA Pu-
maetcd, a K yBeJuuuBaercd. CYHEKe.

Yyepes Hadaso OTCYeTa, ee CKOPOCTb ¥; MOXeT ObITh HalleHa U3 COOT-
HOIIEHU

5 Cxt = 4 M?, (31)

B KOTOpOM IIpaBasi yacTh NpencrapsseT coboh KHHETHYECKYIO SHEPIHIO
yacTullpl B noJgoxenunu x=0.

3) Kakcopa cBS3b MeXay CKOPOCTBIO YacTHULI B Hadaje OTCuera
U MAKCHMAJIbHBIM 3HAUCHUEM CMEIICHHUS Xy, P

Hs (31) Haxomgum

C
Ui =7 Xhax (32)
HiIn
= = ' (33
U == M Xmax- b )

Mowyrocms. MotHocts P mpescraBisieT coBoH CKOPOCTh Iepefayu
SHepruu. Mpt onpefenwsn paboTy, COBEPHIAGMYIC CHJIOH, IIPHJIOMKEH-
HOH K uacrile Ha nyTH Ar Kak IpOM3BeleHHe

AW =F " Ar. (34)
CKOpOCTb, ¢ KOTOpo#l cHsa coBepiuiaer pafoTy, paBHA
AV _p L Ar (35)

At T T WPRIC A4S
B npezene, npu A0, Mbl mosydaeM 115 MOIIHOCTH

daw dr ‘
W=FHPHH.E7=FHDHJI.V' (36)

P:
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Ecan MOmHOCTb 3aBHCHT OT BpeMeHH, T. e. P=P (f), To paboTy MOKHO
BBIPA3HTh CJIEAYIOMHM 00pasoM: .

5

W (t, — )=\ P (t)dt.

4

B cucreme CI'C edunuyeri moujHocmu sasasemes spe 8 cekyndy. B cu-
creme MKC enuuniell MOMHOCTH SBJAETCA JXKOYJab B CEKYHAY, 3Ta
eIMHMIA HasbBaercst eammom. s Toro utoOul HAHUTH MOULHOCTH
B ape/cex, HYXKHO MOIHCCTh, BbIpAXKeHHYIO B BaTTaX, YMHOXHTL Ha 107.
Ecnu e MOMWEHOCTD JaHa B JIOMIAAWHLIX CHJAAX, TO JJIA TOro, YTOObI
BHIPA3UTh €€ B BATTax, HYXKHO YMHOMXKHUTb YHC/IO JIOWIQJUHBIX CHJI
npubausuTesNbHO Ha 746.

Koncepsamusroie cuavt. Cuia HasbBaeTCA KOHCEPBAMUBHOL, ecnH
pab6ora W (A— B), coBepuiaeMasi cHiofi Ipd INepeMelleHHH YacTHIBI
u3 A B B, He 3aBHCHT OT IyTH, 10 KOTO-
poMy uactuia nepememiaercs us A B B.
DTO WIIOCTPHPYETCSl YpaBHEHHEM (24).
Takum o0pasom, Tak kak W (A — B)=
= —W (B— A), Mbl BHIHM, UYTO €CJIH
YaCTHLA JABHKETCS [0 3aMKHYTOMY NYTH,
to pafora, coBepulaeMass KOHCEPBATHB-
HOH CuJIOH, paBHa HYJIO.

Mbr sierko MoxkeM y6elUTbCA B TOM,
YTO [EHTpasibHas CHJa fABJASETcs KOH-
cepBaTuBHOHA. llenTpanbHaa cusa, nefi-
CTBYIOIlASl MEXKAY JABYMS dYacTHLaMH,
npejacrasasier cofofl cusmy, BeJIHUHHa
i KOTOpPOH 3aBHCHT TOJILKO OT paccTos-

HUSI MeXIY YACcTHIAMH K HampabJeHHe
Puc. 5.17. KOTOPOH coBNazaeT ¢ JIMHHeH, COeAHHsIIO-
ueit o0e vacruupl. Ha puc. 5.17 1en-
TpaJbHasA CHJa Hampap/jena oT UeHTpa (WJiH K LEHTPY), paclofo-
xkeHHoro B Touke O. Ha aTom xe pucynke nsobpaxensl gsa nytd 1 u 2,
coepunsiome ToukH A n B. TIyHKTHPHBIMH JHHUSIMH H300parkeHbl
NyTH OKpyxHOCTeHl ¢ LeHTpoM B Toyke (. PaccMOTpHM BeJnuyHHBE
(Fi-dry) u (F;-dr,) a5 OTpe3KoB nmyTefl, 3aKJIOYEHHBIX MEXKIY TYHKTHP-
HBIMH JyramMH OKpyxHocTell. Kax Jerko ybeiuTbcsd, npoHu3BeneHue
F.dr=F dr cos 0 pasno npoexuun F na dr wian dr ua F. Benuuunes
F,u F, paBHB Mexay co6oit Ha 000MX OTpe3KaX NyTeH, TaK KaK OHU
pacroJioXKeHsl Ha OJAHHAKOBEIX PacCTOSIHUAX OT Touku O; TNpPOEKUHH
dr cos 0 orpe3koB nyTell Ha COOTBETCTBYIONINE BeKTOPH! F Takke paBHsI,
[IOTOMY YTO PACCTOSHHE MEXJY OKPYXKHOCTAMH, H3MepeHHOe II0 Ha-
npap/esuio Fy, paBHO paccTosiHuIO, H3MEPEHHOMY M0 HarpasJeHuo F,.
IToatoMy Ha paccMaTpHBaeMblXx OTpe3kax nyTeH

g == r+ar

(Fy-dr,) = (F,-dr,). (37)
172



Taxoe paccyxieHHe MOXeT OBITb INOBTOPEHO IJisi BCEX CpPaBHH-

BaeMBIX MexJy coCoft oTpe3koB OOOMX IyTel, H 1103TOMY
B

B
SF-dr———§F-dr. (38)
A

ITo nyts I Tlo nyru 2

CHJIBEl, AJsT KO

B

W(A— B)={F.dr .. (39)
A
He 3aBHCHT OT IIYTH, HAa3blBAIOTCA KOHcepsamusHoimu cuiamu. Ilas
KOHCEPBATHBHBIX CHJI paboTa 1O 3aMKHYTOMY IYTH paBHa HYJIO.

IlpeanosoxkuM, 4TO cujia 3aBHCHT OT CKOPOCTH, € KOTOPOH INpo-
X0AuTCs NyTb (HAUpHMED, CHJa, C KOTOPOH MarHuTHoe IHoJje XeficTByeT
Ha 3apAXKEeHHYI0 4YacTHUy, 34BHCHT OT cKopocTH). Moxer sn Takas
CHJla CUMTATbCsl KOHCepBaTHBHOH? M3 ckasawHoOro Boillle clefyeT, YTo
BCe HauOoJee BaKHLIE OCHOBHBIE CHJIBI, 3aBHCSIIHE OT CKOPOCTH, SB-
JIAI0TCA KOHCEPBAaTHBHBIMH, TaK KaK HX HalpaBJeHue nepneHouxy-
ASPHO HANPABJICHHIO JBUXKEHUS YaCTHHBEl M IIO3TOMY [POH3BeiCHHE
F.dr paBHo Hymio. Br Moxere yGeqHThCA B TOM Ha HpPHMEpE CHJIBI
Jloperna (cM. 1. 4), KoTOpas INPONOPIHOHAJIBHZ IIPOH3BENEHHIO
v B. B 710 e BpeMs CUJ/IB! TPEHHUS, HE OTHOCALLNECS K YHUCAY OCHOBHBIX
CHJl, XOTSl H 3aBHCAT OT CKOPOCTH, HO He SIBAAIOTCHA KOHCEpBATUBHBIMH.

Bce name ofcyxieHHe npeanoJaraer, 4ro pedb HAGT O CuAax,
Oeticmeyrowyux mexdy Osyma mesamu. IT0 OYeHb BaXKHOE IIPEANONOKe-
HUE, MeXIy TeM CTYACHTaM, U3YYalOmiKM 3TOT Kypc, B UX janbHeiimed
HCC/Ie0BaTeIbCKoll padoTe MpHAETCs HUMeTh JeJso ¢ CHJIaMH, LeHCTBYIo-
IIMMH MEXKJAY HECKOJbKUMH TesdaMH. PaccMorpenne 3Toro Bompoca,
BKJIOYAIOmlee U cayyall jBYX TeJ, MPHBOAHTCH BO BTOPOM TOME.

U3 onblTa ™Mbl 3Haem, uto padora W (A — B) ue 3aBHCHT OT NyTH
JJ1 TPAaBHTALHOHHBIX H 3JEKTPOCTAaTHUECKHX CcHJ., Takod pesyJabrar,
B YaCTHOCTH, IOJIYUEH JJIS1 CHJ B3aUMOJEHCTBHS MeXAY 3/J1€MeHTaDHbIMH
YaCTHIAMH M3 ONBITOB IO HX pAacCessHHIO; [/ I'paBHTAlMOHHBIX CHJI
3TOT pe3yJbTaT BRITEKAET U3 BO3MOMKHOCTH TIPaBHJIBHOIO MpPeACKa3aHus
JIBH:KE€HHA MJaHeT ¥ JIyHbl, 0 49eM pacckaswiBaercs B pasgene «Ms3
HCTOPUM (U3HKHM». MEl 3HaeM Takke, 4To 3eMJs COBepulHaa OKOJO
4-10? nosHEIX 0GopoToB BOKpYT CovHia 6e3 CKOMbKO-HUGYAb 3aMETHOT O
H3MeHEeHHs pacCcTofiHUA A0 Hero. lIoCTOAHCTBO 3TOro pacCTOSIHHSA
JIOKa3biBAETCS [€OJOTHYECKHMH IAHHBIMH O TeMIlepaType NOBEePXHOCTH
Semsn. Ilo 3THM reosornueckuM FaHHBIM BO3pPacT 3eMJAH OLEHHBAETCS
npubausutesabio B 10° jer. OfHAaKO 3TH JaHHBIE HE MOTYT CUHTATbCS
JOCTATOYHO HAJEXHLIMH, MOTOMY YTO MHOTOYHC/AEHHEIE (DAKTOpH,
U B TOM uHc/e BHGpoch! BeutectBa Ha CoJHIe, OKA3bIBAIOT BIHAHHE HA
TemnepaTypy 3emnd. [lanbHelinne npuMepsl paccMaTpHBAIOTCA B pas-
jese «M3 ucropun GH3HKH» B KOHLE IJIABHL.

Paccmorpum Gosee nopoGHO BOIPOC O HMEHTPAIbHBIX H HEUEHTPaJb-
HbIX cHaaX. IIpu paccMoTpeHuH CHJI, JEHCTBYIOUIHX MEXKAY ABYMS 4a-
CTHLAMH, CJIeLyeT pas3/uyaTh JBe BO3MOXKHOCTH: 1) dacTuubl o0aajaiotr
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TOJNBKO TeMH KOOPAMHATAMH, KOTODHIe ONpPENendioT HX TOJOXKeHHe;
2) oxna wuau ofe  YacCTHIBl 06/Mafal0T <PU3HYECKHMH OCAMH Bpa-
menusi. B mepsoM ciydae peub MOKeT MATH TOJNbKO O LEHTPasbHOR
CHJle, TOrAa KaK BO BTOPOM CJydae, €CJH Mbl FOBODUM: YacCTHLA JABH-
xered o A Kk B — 3Toro, 04HaKo, HEAOCTAaTOYHO H Mbl JOJDKHBI ele
yKa3aTh, YTO OCb 3aKpelJieHa OTHOCHTEJIbHO 4ero-TO B TOM XK€ HailpaB-
JleHnd. Maruut B BHAe CcTepxHa ob/anaeT GH3HYeCKH pPasJHUNMOIN
OCBIO: €C/IM MBI OylieM JBHraTh LieJHKOM BeCh MATHHT IO 3aMKHYTOMY
NyTH B OJHOPOAHOM MArHHTHOM II0JI€, TO, TePeMellasi MaTHHT, Mbl HJH
COBEpUINM OnpefereHHylo paboTy, WM He COBEpUIMM ee coBceM. Ecau
pACMoJIOKeHHe MarHuTa ¥ OPMEeHTHPOBKA B Hauaje M B KoHue OyayT
OJXHHAKOBBI, TO HAKAKOH paboTel Mbl He COBepmuM. Ecau xe
pacrno/oxkeHHe OyJeT TeM € caMmbiM, HO OPHEHTHDOBKA IDYro#, TO
Gyner coBeplleHa omnpejenenHad pabora (npu 3tom pafora MOKeT
HMETb KaK IOJIOKHTEJbHBIH, TaK U OTpULATE/NbHBIH 3HAK).

Cuapl TpeHusi, CTPOTO TOBOpS, He ABJAIOTCS KOHCEPBAaTUBHBIMIL.
JIBa Tesa MOTYT UCHHITATbh HEYNPYTOe CTONKHOBEHHE, NpPU KOTOPOM
HX KHHETHUECKasi SHEPTHSI PACCEMBAETCS B 9THX Telax W NMpeBpaiiaercs -
B Teo.

Camo coGoit pasymeeTcs, UTo B TOM CJydae, KOTIa OCHOB HE €
CHJIHl KOHCEepBATHBHBI, TO H BCe IBHXKEHHs JOJKHbI ObITb KOHCEpBa-
TUBHEl, €CJAM TOJbKO INPOAHaJU3NUPOBATh HX JIOCTATOUHO JETaJbHO.
[TosTOMy y4eT TpeHHs — 3TO, B CYILHOCTH, OyXranTepCcKui ydyeT:
ecaH Kakaf-TO 4acTbh HEPTHH yXOIMT B Oecrose3Holl aisd Hac ¢opme,
TO MBEl MOXKEM Ha3Batb 370 TpenueM. [lpn obcyxnenun B 1. 3 3akoHa
COXpAHEHHS HMIYJbCa MBI DPacCMOTpDEJNH Heympyroe CTOJKHOBEHHE
aByx uacrui. Ilpu 3ToM KHHeTHUeCKas 3IHEprHs He coxXpaHasaa Io-
CTOSIHHOIO 3HAYEHHS; HO MBbl JONYCTH/JHM, YTO CyMMa KHHETHUECKOR
3HepTHH W BHyTpeHHeM 3Hepruy ofenx 4acTHI, KOTOPYIO MBI Ha3bIBaJIH
noJiHoll 3mepruell, coxpassasia NMOCTOSTHHOE 3HAY€HHe, YTO COOTBETCT-
BYeT BCeM H3BeCTHBIM HaM SKCIeDUMEHTAJIbHBIM (axTam.

5.5. TlorenunanbHasi aHeprus

Mbl BHEJH, YTO C IOMOIIBIO COOTBETCTBYIOUIMM 006pasoM IMPHJIO-
JKeHHOH cuubt Fp .. MOXKHO ypaBHOBeCHTb sio0ble ADyrHe CHJBI (Ha-
npuMep, CHJY TSKeCTH), JeHCTBYIOLIHe Ha YacTHUY, TaK, YTOOH B 5TOM
TIpoLecce 4acTHIpl He NpHoOpeTand Obl KHHETHUEGCKYIO 3HEpTHIO.

Kax yxe 6p10 cKasaHo, B TakKux caydasx pabora, cosepiiaeMasi
IpH TepeMellleHHH YacTHIbl, IEPEXONHUT B ee IOTeHIHANbHYIO SHEPTHIO.
Mpl, Hanpumep, NPHHUMAeM, YTG Pa3HOCTh IMOTEHIHAJNbHBIX JHEPTHH
YacTHiel B Teukax B m A paBua paore, COBepIIAEMOH NPUIONKEHHOH
CUJION Haj 9TOH YacTHUeH NpH ee nepeMelleHuy 3 4 B B:

B
UB) —U(A)=W (A — B)= | Fyp-dr. (40)
’ A
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Puc. 5.18. Boja ua Bepmiune BofoNaja o6aajaeT TIOTEHUHANLHON sHepruei, KOTOpDas NpH
TiAZeHHH BOJbl NPEBpaliaeTCss B KUHETHYECKYIO sHeprulo. Macca M Boawbi, nafias ¢ BLICOTH A,

TepsieT [OTEHIHANbHYIO 3HePTHIO Mgh i pHOGPeTaeT KHHETHYECKYIO SHEPIHIO —;— M (vz—vg) =

=Mgh; ecnu H3BECTHa HaYaNbHA CKOPOCTb Uy BOIBI, TO CKOPOCTb U ONpeiesfercsi STHM
ypasHenneM. KuHeTHueckad SHepTHs Nalatolell BoAs! MOKeT ObITh NpeBpalleHa HA SJAeKTPO-
CTAHUHA B KHHETHYECKYIO0 3HePruio Bpamalmeiics TypOHHB, KPOMe TOro, KHHETHYeCcKas
SHEPrUs najatoieil Bojgsl y NOAHOXKbA BOJONALA NMPEBPALIACTCH B TenJo. TemJoBas SHEPTHsS
npejcTaBisieT cobdil nonpocTy SHePruio GeCNOPSAOYHOrO JBNIK €HHS MOJEKYJn Bogbl. (I1pu
BLICOKOH TemIepatype GecHOPANOYHOE ABMXKEHME MOJeKyJd 6oJjiee BHePTHYHO, YeM IPH HH3KOH
Temmneparype.)
! — roTeHI{Ha/ILHAS 3HEpPrHs, 2 — NOTOK ILIIOC TeIJIOBOE JBHIKEHIHe (Tenao); 8 — KHHETH=
yecKasd 3ueprus; 4 — obJjacts majgaioulell BOAbL.

K
7 - 4 g
\_—_—-

Lpema bLpema

Puc. 5.19. Jsuxenne npulyHa ¢ MeCTOM. B MOJOXKEHHE @) BCsA 3HEDrus NpeAcTaBsAeT cofofi
KHHETHUCCKYIO SHEPTHI0, 3aBHCSILYIO OT CKOPOCTH, ¢ KOTOpoi Geryd G6exuT. B NoJokeHHH
6) IpHIryH ONMHMPAET flepefHUH KOHen ILIecTa O 3eMyo H (B OCOGEHHOCTH, €C/IH LIECT clelaH
H3 CTeKJSHHOrO BOJIOKHA) 3anacaeT YNPYrylo IOTCHIHAJbHYIO SHEPTHIO B wecTe, H3rubas
ero. B nosoxenWH ) NpHryH NOAHHMAeTCH B BO3AYX; €r0 KUHETHYECKAs SHEPTHs! MNEPeXOjuT
B SHEPTHIO BPAMATENHHOTO LBHIKCHHA BOKPYI HHIKHEro KOHIA wecta. IIpHryH o6naajaer no-
TeHNHAJALHOH SHEPruHell KaKk 3a CYeT CHJbl TAMECTH, TAK M 3a CHeT ocTaBmefics ynpyroft
SHepruy Imecta, B NOJoxeHHHU &), KOrjia NPLITYH HAXOAMTCH HAj MJIAHKOH, €ro KHHeTHUYECKast
SHEPrHS MaJa, TaK KaK OH ABHKETCS MEJJICHHO, €ro NOTeHIUasbHas sHeprus (IpaBHTALHOH-
Hasl), HaoGOpoT, BeJHKa. [JoJHAS SHEPrHA NPBIryHa C IIECTOM HEe BCErja OCTaeTCsi MOCTOSNH=
HOil, NIOTOMY 4TO YacTh HHEPTUH PACXOLYeTCs Ha MPEeOJOJIeHHe TPEHHs (BHEIIHEro H MYCKY/bs
HOro), a Takxe Ha paGoTy, COBEPIIAEMYIO NPHITYHOM NpPH H3ruGe wecrta.
1 ~ K@HeTHUeCKasi 3Heprusi Gerymero MNpseITyHa; 2 -— yIpyras sHEPrusi USOTHYTOrO 1IeCTay
8 — KHHETHYECKasl SHeprus BpAaIlA0Lerocsd NPLIryHa; 4 — [OTeHLHaJbHas SHEPrus; § — rpa-
BHTallUOHHAsA JHEPrHsd,



3zech MBI HCXOIMM U3 JONVIUEHHS, YTO CHJBl KOHCEPBATHBHBI;
npu stoMm U (r) Oyzer oaHo3HauHOH (yHRumeill *) mosiokeHus, a pas-
noctb U (B) — U (A) Gyner paBHa YBEJHUEHHIO KUHETHYECKOH SHEPTHH
YaCcTHULEl NPH BO3BpamleHHH U3 B B A no napexpawjenuu Oeticmsusa npu-
AOXCEHHOLL cubl.

Qukcupys 3nauenne U B HeKOTOPOH TouKe, Hanmpumep B A, MOXKHO,
ucxona us coorHouwenuss (40), onpepeauts U (r) B JoGo#l ppyrof#l
Touke 110 opmyse

T

U@®)=U (A)+ | Frpppedr. (41)
A

3nauenre mocrosinnoll U (A) ne onpegeneno, tax uto (41) onpe-
nensier U(r) TOJABKO C TOYHOCTBIO O NOCTOSHHOMN, KOTOPYIO MBI MOMKEM
BEIODaTb IPOM3BOJEHO IO HAIEMY YcMOTpeHui. Ousuueckuifl cMbics
uMeeT ToOJMbKO pasHocTe U {r) — U (A) mnOTeHUMANbHLIX 3HEPTHH
MeKAY JAByMa Toukamu r H A. Bo mHorux sajauax A BbiGupaercs Ha
OeckoHeyHO GOJIBILIOM pacCTOSIHMH M 3HaueHne U (oco) npHHHMAaETCs
paBHbIM Hymo. Torna

T

U (r): S anxm'dr: W (o0 - T). (42)

o)

Ilpu smom ycrosuw NOMEHUUAALHAR SHepeus 8 motke, onpedessiemol
BEeKMOPOM T, pasHa pabome, COBEPLIAEMOL NPUAOHCEHHOI CUAOl npu
nepemelienuy Yacmuybl U3 OecKOHEeYHOCmu 8 3my Mmo4Ky.

Mbl BBesM 31ech npuiioxennyo cuny Fo .. u3 neparormueckux
cooGpaxkeHui: A1 TOro 4rolbl UMeTb BO3MOXKHOCTB IIepeMeilaTbh yac-
THLY H3 OHOH TOUKM A B APYTyio Touky B takum o6pasom, urobhl aTa
yacTUlla He IpHoOpeTana KUHETHUYeCKYIO 3Hepruio. Ecau uactuua
B3auMOZEHCTBYET ¢ OKPYy2Kalolllell Cpefolt M HCHBITHIBAET AeHCTBHE ApY-
THX CHJ  (HampuMmep, TPABUTALHOHHBIX HJH 3JEKTPOCTATHYECKHX),
MEL MO2KeM 0003HAYHTb 3TH BHYTPEHHHE CHJIBl, HIH CHJbI B3aUMOAEHCT-
Busd, yepes Fy, .. . nom npocro uepes F. Mol onpenensiem cuny Fy o,
KOTOPYIO MBI TIPHJIAraeM, TakK, YToObl OHAa B TOYHOCTH ypaBHOBeEIIHBAsa
BHYTpeHHIOI0 cuay F, T.e.

anmx = FBHYTD' (43)

*) @ynrnua f(x) HasbBaeTCs ONHOSHAYHOH, eC/H KaXJOMY 3HAYEHHIO X COOT-
BETCTBYET OHO U TOJNbKO oliHO 3HaueHue f(x). Hanpumep, sin x aBasgeTcs oJHO3HAYHON
¢yrkunedd x, HO QyHKUHA arcsin x npelcTaBiasieT co00H HeOLHOSHAYHYIO (QYHKLHIO.
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e,

Puc. 5.20. I'padux 3aBUCHMOCTH IOTEH-
nnanbhoit sHeprun U oT KoopjaHHATH X
(opHoMepHbifi cayuaft). B Toukax x=x,, 0
H X, MBl BuAuM, uto dU/dx=0, u 1o~
STOMY B 3TMX TOUKaX CHJa obpailaeTrcst
B HYJb. OTH TOUKH COOTBETCTBYIOT [OJO-
JKEHHsIM paBHOBeCHs, H IIPH 5TOM He
00a3aTeNbH0O YCTOHYHBOTO

Puc. 5.22. B Ttouxe x=—Ax: dU/dx << 0

¥ cusa F HanpassieHa Hanpaso. Ecau

x=-+Ax, 10 dU/dx > 0 n cnna panpas-

Ja¢Ha HaJgeso. Ilosrtomy Touka x=0 co-

OTBETCTBYeT NOJIOKEHHIO  yemotdugozo

paBHOBecHA. YUTO MOXHO CKa3aTb O TOY-
Ke X,?

V]

Puc. 5.24. Ecau E yseanunsaercs, TO

«[IOBOPOTHBIE TOYKH» X’ M X", BooGLle

ropops, uamensirorcs. Ilpu artom K (x)=

= E-U (x) ToKe yBeaHuHBaercs. JIBu-

JKEHHE MOXET [pPOUCXOLfITh TaKkKe u
JeBee TOUKH x''7.

Zy-dx| i 7 z

F

Puc. 5.21. B Toure x;—A x: dl//dx > 0,
a cjaefoBaTeqbHo, [ < ¢ (cjaeBa OT rop-
6a). B Touxe x,+Ax: dU/dx < 0 W noro-
My F > 0 (cnpasa or rop6Ga). Ilostomy
MaJIoe CMeIeHUe OT TOYKH Xy NPUBOAHT K
MOABJIEHHIO CHJIbI, YBEMHUHBalomell Besu-
qpHy cMemennsi. Touka X; COOTBETCTBYET
[OJIOKEHHIO H2yCMmou4uso20 PaBHOBECUHS.

z

N

zz”

ﬂ' nﬁy

—F

~
fz) Yizy

Puc. 5.23. MMoanas saeprusg E=K+U=
= const. TTosToMy Opu AaHHOM 3Ha4eHHH
NOJHOR 5HepPruu [E JBHXKEHHE MOXET
NPOKCXOAHTE TOJLKO MEXAY TOuYKamy x’
H x”, KaXJass U3 KOTOPbIX SIBJSIETCH
«I10BOPOTHOM TOUKOH»,  MemAy S3THMH

TOYKaMH K= -;— Mu2=E-U > 0.

5.25.

Pue. ITpocTofi  rapMOHHYCCKHH
OCLLUJIISITOD HAXOAHTCH B YCTOHUUBOM
paBHOBecuH npda x=0. [Ipux=4x, K=0
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Iocne sroro (41) u (42) MOXKHO mepenucarb B TAKOM BHJE:

°r

U@)=UA)—(F.ar, (44)
A
U= F.dr. (44a)

Ouenp BakHO 3HaTh, HIeT Jd peup o cuie F, Koropas 3anana ycuso-
BHSIMH 3ajaun, win o cuae F, .., koTopas pBeneHa cooTHomenueM (42)
TOJILKO JJ15i TOTO, UTOGH! O pele/UTh NOTeHLHAIbHYIO 3Hepruo. B (44a)
MBI ONpEeJUaH NOTEeHUWAJLHYIO SHEeprulo, MHCIO0/1b30BAaR MCHATHE
TOJBKG cuibl F.

Has cayuas ofHOrO u3mMepeHus

X

U(x)—U (A)=— { Fdx, (45)
A
OTKyJa nocnae audpepeHLUPOBAHUA TOIYdYaeM
(46)

DTOT pe3yabTaT MOKET OBIThL NpOBepeH, ecau (46) moacTasuTh & (45):
—§Fdx=5’-‘;—;idx=gduzuu)-U(A). (47)
A A A -

CootHoiienne (46) sABAAETCA 4YaCTHHIM CJaydaeM OGLIEro BHIBOJAA
© TOM, 4TO CHJIa PaBHa B3RTOH CO 3HAKOM MHHYC MPOH3BOLHOU OT Tmo-
TEHLHANBHON SHEPrHH 1O KoopiHuHate. /s TpexMepHOro c/iydasi Bhl-
paxenue, anajorudnoe (46), Oyner umern BuA *)

~9U  ~oU ~oU
=— X — 5 — 2 =—grad U, (43)

*)} Ilpou3BojHEle, B KOTODHIX (QuUrypuapyeT 3Hak O Bmectro d [Kak, Hanpumep, 8
(48) wnn (49)], HasLIBAIOTCS YACTHBIMH NpousBoAHHIMU. Ecin y Hac HMeetcs (yHKIUA
f(%1, %y, ...) IBYX B/ GOJBIIETO YHC/IA He3aBHCHMBIX NePeMEHHEIX Xy, X, ... H MBI XO-
TUM JuddepeHnnpoBaTh QYHKUHIO O OJHOH U3 3THX flepeMEHHBIX NIPH YCJIOBHH, YTO
OCTaJIbHble MepeMeHHBIe OCTAIOTCHA MOCTOSHHBIMH, TO TaKas onepalus HasbiBaeTcd BhI»
YUCAEHHEM YaCTHOH NPOH3BOLHOM.

Takum o6pasowm,

ou (OU) 1 Ux+Ax,y,2)—U (x, 4, 2)
—_— | == {im .
ox ox Y, 2 AX =0 Ax

Vinaekcet y, 2 03Ha4aloT, 4TO (IPH 3TOH ONepally ¥ H Z COXPAHAIOTCA IOCTOSHHLIMH,
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The CHMBOJ grad O3HAYaeT oneparop rpaauenra, KOTOprfl B J€KapTOBBEIX
KOOpAVHATaX 3alHChiBaeTca C/eayIoUUM 06p330MI

~d  ~d D
grad = xa—{—ygy-—l—za—g. (49)

O6uye cBoiicTBa oneparopa rpaifenTa pacCMaTPUBAIOTCA BO BTOPOM
Tome. Tam MokasaHo, YTO TPAIHEHT CKAJISIPHON BEJIHUYHHbI OPEJICTaB/IsgeT
co00Hd BeKTOp, HampaB/eHHe KOTOPOTO COBIAfaeT ¢ HalpaB/eHHeM
HauOOJbIIEro yBeJHUeRHa CcKajsipHOH (YHKIMH, & BeJHYHHA paBHA
CKOPOCTH U3MeHeHus 3toft dyuxuuu. I'pagueHt CKaJmpHoﬁ BEJHYITHLI

3amUchBaeTCs pasanuHeiM ofpasom: grad U, vU w9 . Oneparop v

YHTARTCH «HaGJIa», a yU uuraercs «uabaa Uy,

Homenyuaavran snepeus daexmpureckoeo noas. Ilpennonoxum, uro
B KaXIOH TOYKE NPOCTPAHCTBA H3BECTHA HAIPAKEHHOCTb 3JEKTPH-
yeckoro noas. IlpennonoxuM, ganee, 4TO 3TO II0JIe CO3MAETCS HENo/i-
BIDKHBIMM  BJIEKTPHUECKHMH 3apsiiaMH, pacnpenesNeHHsiMH B IIPOCT-
paHCTBe.

B ra. 3 mul BHAeaH, uro BexkTop E (r) ompenensiicss Kak cuaa,
JeACTBYIOIAA HA €IUHUYHLI TOJNOXHTEJNbHBIH 3apsai, Haxoasuiniics
B IIOKOE, H B COOTBeTCTBHH C 3akoHoM KyJsona E (r) MOXKHO BHIUHCJIHTE
U3 COOTHOLIEHHSA

E()=2 rlepr—r), (50)

B KOTOpOM CYMMHDOBAHHE MIDOBOAHTCA II0 BCeM 3apsiaaM. 3apin ¢;
HAXOAHTCS B ToUKe, ONpeleleHHOH paauycom-BektopoMm r;. Ilpenno-
JIOXKHM, YTO MBI TIEpeHOCHM U3 GeCKOHeYHOCTH NpobHbil 3apsia g. Crhaa,
JelCTBYIONas Ha 3aps] ¢ Ha PAcCTOAHHM I, paBHA
F (r)=gE (r). (51)
TorenuuanbHasa 3HEPIUA 3apsifa ¢ B NOJe BCeX APYTHUX 3aPsOB MOMKET
OuiTh HalileHa W3 COOTHOILEHHs! (44a):
o @K
Ur)={ Fe)dr=q [ E@).ar. (52)
r r
B 3T0il (QopMyse MBIl MOMETHIM IUTPHXOM IEPEMCHHBIE HOJ 3HAKOM
MHTEerpasa Ajs Toro, yTobbl He OblIO NYTaHHILl C TOUKO, onpeaesnsieMol
BEKTOPOM r, B KOTOPOH oNpeiessieTcsi MOoTeHuHal.
Iaexmpocmamuseckull nomesyuanr @ (1) 8 mouxe, onpedessemoll sex-
mopom ¥, usmepsemcs NOMeHyuaAbrol sHepeueld, Komopod obiadaem
eOUHULA NOAVKCUMEAbH020 3aPA0G:

¢ (1) = U(' SE(r) dr. (53)

1o ouendb nogesnas BennunHa. OTMETHM IHpEXKIe BCEro, UTO OHA fB-
JISIETCA CKaJApOM. QueHb BaXHO He nyTaTh NOTeHlMaJd @ C NIOTEeHUHAJ b-
Hoil suepruefi U. Kpome Toro, npu pelueHHH zajauy ocTeperaiitech
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OpaMeHsiTh ofosHadenne U ISt 3TUX JBYX BeJIHYHH: 3JEKTPOCTATHUe-
CKOT'O TOTEHlHasa M IOTEHIHAJbHOH 3SHEPTHH.

Eciu B J06ofi TOuKe INpOCTPAHCEBA MBI 3HAEM HATPAXKEHHOCTb
nosisi E (r), To Mbi MOXKeM HaHTH Takxe B JoO0il TOUKe NPOCTPAHCTBA
3NIEKTPOCTATHUECKUH moTeHIuas ¢ (r) (mpeanosaraercst, 4To Ham M3-
BECTHBl 3apsinl, cO3jawouye nose). 3aMeruM, 4TO Tropasgo yaobHee
HMETh JIEJI0 C NOTEHUHAIOM @ (), ABAAIMMCH CKANApOM, YeM C Ha-
npsikerHHocTsio E (r), mpeacTasisionledl coG0H BEKTOPHYIO BEIHYHHY.

ITanenue HanpsKEeHUS, HJIH PASHOCMb nomexyuaros (p. m.), MEKLY
IBYMSl TOUKaMH, ONpeNe/sieMbIMH BEKTOpaMH Iy M Iy, BBIpAMKaercs
COOTHOLIEHHEM

p- .= ¢ (r,) — ¢ (ry). (54)
Dra BeqMuMHA UpEACTaBJAAET COOOH H3MEHEHHE 3JeKTPOCTaTHUECKOH
HOTeHIHANEHON SHepTHH ¢AMHHILE! IIONOKUTEIBHOTO 3apsja IpH mepe-
MeIeHNH ero M3 TOYKH Iy B TOUKY F,. [Ipu mepemeuieHun M3 OZHOH
TOUKH B JAPYIYIO 3apsiid ¢ Pa3HOCTb IOTEHHHAJbHEIX 3Hepruil Oyjer

paBHa
U(ry)—U (r) =gl (r)—(r)]. (54a)

Epunuuefl 271eKTpoCTATHYECKOTO MOTEHUHaNa (WM PA3HOCTH NOTeH-
nuajnoB) B rayccoBoit cucreme exunun CI'C2 spasierca eduruya nomer-
yuasa CFCI (en. CI'C3,). B ra. 4 Mpl BujeaH, 4To eAMHHLEH Hanps-
JKEHHOCTH 3JleKTpuueckoro nojs asasiercs ed. CI'C3y/cu, HO Tak Kak
pasMepHocTh ¢ orauyaercd oT E, To ¢ usmepserca B exununax CI'C3,.
Tak xak pasMmepHocTh ¢ paBHa [3apsg/mivHal, To eqHHHLIA H3MEperiHs
norennuana pasua ex. CICIy/em.

Hparmuseckod eguHuLed 3J€KTPOCTATUYECKOrO MOTEHIHAAa (HJH
pasHOCTH MOTEHNHAJOB) SBAAETCA 804bm (). DTa eIUHHNA HCIIO/Ib-
3YeTcst B HOBCEJHEBHON *KU3HH M MIUPOKO NpUMeHsleTcs B 1aGopaTopHoi
npaxTuke. Boabr onpedeasemcs ciaenylolM oOpasom:

¢ pasHOCTb NOTEHLHANOB \ [ pasHOCTh MOTEHLHA/OB
(—1_05) o ( B eg. CI'C3, >_< B BOJIBTAX > , (546)

rje ¢ — CKOpOCTb cBeta B cm/cex. IlpubaukeHHo

PA3HOCTH MOTEHUHANOB \ _  ( DPA3HOCTh HOTCHIHANOB
(300) % ( 8 eg. CI'C3y) > < B BOJbLTAX ) - | (54B)

I1puMep bl. FaeKmMpPocmamuueckoe noAe U NOMeHUUAR; PABHOCHTIb
NOMEeHUAN08; eQUHULA HANPANCEHHOCMIU JACKIMPUHECKO20 NOAA 8 CUCHIEMe
CIrC3; sosemt.

‘a) KakoBa nanpsiKeHHOCTb 3/1€KTPHYECKOTO INOJIST HA PAaCCTOSIHHH
1 A (107® ¢m) or nporoua?

U3 3akona Kysona Haxoaum, 4TO

5.10-10en, CI'C2,
E =%g—m0—i%¢-cm‘1% 5-10¢ ex. CICI, jom =
22 300-(5-10°) 8/cm =< 1,5 10° g/cm.
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Ilose nampaBneHo pajgHalbHO OT IIPOTOHA,
6) UeMy paBeH 3/1€KTPOCTaTHUeCKHH DOTEHIHaJ Ha 3TOM pac-
CTOSIHUU?
Uz (53), nonaras npu r=o0 U=0, Haxogum
R 0 cres
5.10-10ex. CI -2
@(f):S%dr:—f-z 1-1};?%44 1=5.10"2en. CI'C3, = 15 6.

r

r

B) Uemy paBHa pasHOCTb NOTEHIMAIOB (B 6) MeXIy TOUKaMM, Ha-
xonsamumucs Ha paccrosiund 1 A u 0,2 A or nporona?

Iorenuman na paccrosuun 1-107% cu paseH 15 6; HA paccrosHHH
0,2-1078 cm on paBen 75 6. PasHocTb NoTeHIMANOB paBHa 75 8—15 6=

60ex. CI'C2,
=60 6, nan —T¥ =0,2ex. CI'CI,.
r) Ilpoton orTajKuBaercas OT APYroro NPOTOHA, HAXOAALLEIOCs
or Hero Ha paccroauud | A. Kakoa OyIeT KuHeTHYecKasi 3Heprus,
KOrja HPOTOHBI OKaxKyTcsl Ha OeCKOHEWHO GO/IbINOM PacCTOAHHM APYI
oT Japyra?
M3 3akoHa coxpaHeHHsl 3HEPIMH Mbl 3HAeM, YTO KHHETHYeCKas
IHEPTHS JIOJKHA PABHATHCA NePBOHAYATLHOH MOTEHIMAaAbHOH SHEepPTHH!
e? _ (4,8-10-10ex CICI ? _ s
- 1105 cn =~ 23.10 ape.

R

Ecan omun npoTon HaXONMTCs B TIOKOE, a APYTOH JBHIKETCH, TO €ro
KOHEYHas CKOPOCTb MOMeT 6biTh HaljeHa H3 COOTHOWEHHA (C mpHMEHe-
HUEM 3aKQHA COXPAaHEHMsT YHEPTHH)
%Mv‘z &~ 23.10712 9pe, ©? = 2—'1—?27:.1%—)% a2 27. 1012 (cm/cex)?,
OTKY @
va<b. 108 cmjcex.

1) TlpotoH ycKopsieTcst U3 COCTOSHUS MOKOS ONHOPOAHLIM 3JIEeKTpPH-
yeCKHM 00JeM. Pa3HocTh MOTEHIHAIOB, CO3jaKonlas mode, B KOTOPOM
qsmxerca mportoH, paBHa 100 g. Kakopa KoHeuHas KHHeTHYecKas
sHeprust nporona? (3amerum, uyro 100 6=0,33 ex. CI'C3,.) Kuneru-
yeckad 9Heprusi OyneT pasHa H3MEHEHHIO NOTeHUHaJbHOH 3SHEPruH
e A, T. e,

(4,8-107" en. CI'C3,)- (0,33 en. CrCy,) = 1,6-107* gpe,

I1puwmep. Jaexmpon-sosome:. B artomuolt H agepuoii ¢usnke
yAOGHOH eIHHHIEH SHeprHH sBJsSeTcd 3JeKTPOH-BoubT (36). Onun
3JIEKTPOH-BOJIBT paBeH PA3HOCTH INOTeHUHANbHBIX 3HEPrHil 3apsja
B JBYX TOYKax, MeXKAY KOTOPEIMH CYIECTBYeT PAa3HOCTb MOTEHLHA~
JoB 1 8. Takum obpasowm,

1 56=(4,8-107% ex. CT'C3,) ( ex. CI'cd ) =1,6.10712 ppe.
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. Anpda-yacrtnua (sxpo Het mam jaskipl MOHH3OBAHHBIY aToM re-
JIHs), ycKopsAeMas H3 COCTOSAHHA MOKOs PasHOCTBIO  [IOTEHLHAJIOB
1000 8, o6nanaer KuHeTHUeCKoi SHepryeil, paBHOIl

2¢- 1000 6= 2000 38,

tre 2000 s6=(2-10%)-(1,60-10712) spe=3,2-107* apa.
Mgl BHIIENH, YTO PA3HOCTL K p— KA KHHeTHYECKHX 3HePrH# 4acTHIBI
Qs IBYX ToueK o0Ja/aer TeM CBOHCTBOM, YTO

B
Ks—K4={F.dr, (55)
A
tne F — cuna, nefictsyromast va uacruuy. Ho us (44) Mel 3HaeM, 4To
B

Up—Uy=—F.ar. (55a)
A

[Mostony, ckaagsiBaa (b5) m (5Ha), nmosyuaem
(Kp+Up)—(K 4+ U, =0, (569

Taxum o0pasoM, cyMma KUHEemu4eckol 1 NOMeHyUaibHOl aHepeull
COXPARACICA NOCMOARHOL, M. e. He 3asucauell om epemeru, 0a8 a0dol
qacmuibl.

[lepenrcnBas (56) nns cucTeMbl, cocrosniedl H3 OJHOM YacTHIBI,
Mbl TIOSTy4aeM (YHKLHIO HEPTHH B CJELYIOUIEM BHJE:

E = Mo (A)+ U (4) = 5 Mv* (B)+ U (B), (57)

rie E — nocrosiHHasl BeJIMYWHA, HasbiBaeMmasi sHepruefl HMJH IOJHOM
2HeprHed CHCTeMBL

OGo6uum Ternepb dopmyay (B7) Ha CHCTeMy, COCTOSIIIYIO H3 JABYX
YacTHIl, HAXOASAILNXCS BO BHEIIHEM TOTEHIMAJILHOM HOJie:

E=K4+U=
= M 4y M3+ U, (5)+ U, (1,) + U (r,—r,) = const. (58)

IMepBuiii used BhIpaXkaeT co0OH KHHETHYECKYIO SHEPTHIO YacTHIL 1,
a BTOpOH — KHHETHYECKYIO HePTHIO YaCTHUB! 2; TPeTHH W 4eTBepThlil
ujleHbl TMPEACTABIAIOT COO0l NMOTeHUHANBHYIO SHEPTHIO yacTuil 1 H 2,
CBSI3aHHYIO ¢ HAJIHYHEM BHEIIHEro IOTeHLHaja, U, HAKOHEll, MsATHIHA
Y/leH XapaKTepu3yeT NOTEHIHANbHYIO SHEPTHIO B3aHMOJEHCTBHSI MEXKIY
vactuuami 1 u 2. 3ameruM, uro wied U (r,—r;) durypupyer Juib
OJINH pa3: ecjaH JBe YaCTHIbl B3aHMOJEHCTBYIOT MEXIy COGOH, TO sHEp-
rHsl WX B3aHMOJEHCTBHA IPEICTAB/IsieT COGOH B3aUMHYIO 3HEPrHio!

Ecin yacruuel 1 # 2 4BASIOTCS NPOTOHAMH, HAXOASLIAMUCS B rpa-
BHTALMOHHOM INoJie 3eMJid, To 3Heprus E, B coorBerctBuH ¢ (58),
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Oyzer pasna
E =5 M@+ +Mg(n+x) —5r +5, (59)

712
Ile X OTCYUHTHIBAETCA CHH3Y BBEPX H rj,=|fy—T,|. [Tocaennuit dien
BbIpaxKaeT CoGOH KyJOHOBCKYIO SHEPIHIO B3aHMOJEHCTBHS ABYX NpO-
TOHOB; NpENNOCJAeNHHH uJeH BhipaxkaeT cOOOH HX TIpaBHTALHOUHYIC
IHEPTHIO.
KyanonoBckasi aneprus xapaxTe{ﬁnsyeT OTTANKHBAHHE [1POTOHOB,
a TPaBUTALMOHHAT — HX NpuTsKeHHe. OTHOMIEHHE TUX IABYX MOCJeN-

HHX YJCHOB pPaBHO
GM? _ 10-7.10-48

& Y TI0mw

~ 1073

U TIOKashiBaeT, YTO TIpaBUTALHOHHBIC CHJbI, JeHCTBYIOUNE MEKLy
NIPOTOHAMH, HCYE3alolle MaJbl M0 CPABHEHHIO € 3JEKTPOCTATUYECKMMH
CHJIaMH. ,

ITpuwmep. Junelnas 80ccmanasiusaowas cuisa. BrelaucauTs 1o-
TeHUHAJBHYIO sHepruio U (x) wacTHUBI, HA KOTOPYIO JeHCIBYET BOC-
crapasaupaomas cuna F,o =-—Cx npyxuHsl (Mbl NpOH3BEAEM TO
BBIYHCJIEHNE B KaueCTBe NpHMepa peLICHHs! OJHOMEDHOH 3ajaun).

W3 coornowenus (46) caenyer, uro Fy,..=—dU/dx. Tlocre un-
TerpYPOBAHUS HAXOAUM

Ux)—U (x) =— gﬂmwdxmchdxm—~cu% —x3), (60)

LY

yTo coBrajaer ¢ (28).
B 3101 3ajaue 32 HyJIeBOe 3HAUEHHE OTEHHHANLHOH snepmn yI06HG
NPHHATL 3HAYEHHE NOTeHUMaNbHOH 3HePruu npH x=x,. Torja

1 " :
U:?C)C". (61)

H3 (57) naxoaum, uto B mo0OH TOUKE X ONHAA HEPTHs OyAeT NOCTOsiHHA
H paBHa

E =%M02 +—;—Cx2=const. 62y

Koraa x = 0, nosinas sgeprus OCLMJIATOpA NpeicTapiser cofofl Kuke-
THYECKYIO SHEPTHUIO; B KOHEUHBIX TOYKaX, rJe H3MeHseTca HalpaBieHle
JBUKEHUsI, CKOPOCTb ¥ ofpallaeTcsl B HyJb H IIOJHAS 3HEPTHA Npei-
cTap/ser coboi NoTeHLManbuyio suepruio. [lostomy, ecnn 06o3HauuTh
MaKCHMaJbHOE CMellleHue uepe3 A, To nosHas sHeprua OyJeT paBHa

E = CA " (63)

MakcuMa/ibHOE 3HAueHHEe CKODOCTH MOKeT ObiTh HafjeHO H3 COOTHO-
[IEHHs
2F CA?
2 e —_—
Umax = = 3 * (64)
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ITpuwmep. Cropocme, HeoOxo0uman Oaf NPeodOseHUS 3eMHO20
NPUMANCEHUR  (8MOPAS  KOCMUHECKA  CKOPOCMb) U O NnpeodoreHus
npumaxcenus CoaHya (mpemva Kocmu4eckas cxkopocms). Burancaum
HayaJbHYI) CKOpPOCTb, HEOOXOIHUMYIO I/ TOro, uToOn 4YacTHIa Mac-
coit M nokunyna 3emmo u ConHeuHylo cucTemy (npeneGperas Bpatie-
HHEM 3eMJH).

[MonHast 3HeprUs YACTHLBl, ABHXKYLIEHCA CO CKOPOCTBIO U, COCTOHT
M3 KHHETHYECKOH M NOTEHUHAJbHOH 3HEPTHH U paBHa

1 GM M
E= 5 Muv?— R3 s
rie G — rpaBuUTAalMOHHAS NOCTOAHHafA; Mz-— Macca 3emin U Rz
=6,4-10° cm — pamuyc 3emsu. [@paBHTannomnsast nocrosHuag (=
=6,670-107% Qun-cm?/e?, macca 3emsn M3=5,98-1027 e,

@/ N

(65)

r

T

W ‘

Ry

Puc. 5.26. Paccmorpum  cKOpPOCls, Puc. 5.27. Taxk BHIASILHUT TPAaeKTOPHSA
HeoGXOAUMYIO  JJs1  TOTrG,  YTOOHI Tesa, ecAM KHHETHUECKAs! 3HePrHd Tesa
macca M mpeogjoJiesla TPaBHTALHOH- HelOCTATOUHA JJIS TOr'O, YTOGK OHO Npeo-
Hoe rosie 3eMJsIH, HAUHHAA JBHiKeHHE JIOJIe10 3eMHOe TIPHTHIKeliHe, T. €. CKO-
C ee 110BepXHOCTH. pocTh Teaa MeHbIle BTOPOl KocMuue-

CKOH CKOPOCTH.

Hast toro uyrobbl 4acTHlla yjajuaack oT 3eMaAH Ha OGeCKOHeYHO
Bosblioe paccTosiude H ofsajasja Obl B OeCKOHEUHOCTH HaHMEeHbIIeH
BO3MOXKHOH CKOpOCTBIO, T. €. CKOPOCTblO, PaBHOH HYJIIO, MOJIHAS SHEp-
rHsl JoJuKHA ObITh paBHA HYJIO, TaK KaK H KHHETHYecKas M IIOTeH-
LHa/NbHasl 3HEPTHS CHJ TS2KECTH TaKxe paBHa HyJO. Ilocnennee cuae-
ayet u3 toro, uto U (r)— 0 npu r— oo. [lostoMy B (65) E no/mKua 6uIrh
paBHA HYJIO, €C/H IIOJHAsA SHEePTHsl YACTHUEl COXPAaHSeT MOCTOSHHOE
3HayeHHe B 0OOH MOMEHT BPEMEHH OT Hauasa JABHKEHHUS Ji0 OecKo-
HeugocTd. OTCIOfa NOJAYYaETCH COOTHOUICHHE

L ggr — OMaM

7 Uy = R3 ’
{3 KOTOPOI'O MOXKHO HafiTH CKOPOCTb YacTHILI U, HEOGXOAUMYIO /IS
TIpeoAONeHHA 3eMHOTO NPHTAXKEHHA (BTOpaA KOCMHHeCKasl CKOPOCTb):

26M
v, = 1/ R33 . (66)
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Tak Kak YCKOpEHHe CHJBI TSXKECTH Yy TIOBEPXHOCTH 3eMIH pPaBHO
g=GM3/R5, T0 113 U, HAXOMHM
, =V 2gR5 2 (2-10°-6-10%)/2 & 10° cajcex. (67)

Jass toro urofbnl wacTHua, BBUIETAIOUIAS C TIOBEPXHOCTH 3eM-
a4 (¥ Haxomsmascsd ua paccrosiHuH Rac ot Conrna), npeogonena 6ot

g s 7
1
i
i
1 A
i
1
1
CMaM
)=
Un==-—% E=KtU=0
Puc, 5.28, KunerHuecKasi »HepPrus Puc. 5.29. MyuHuMaabHasi KHHeTHYecKad
K, HeofxoaumMast AN TPEOAOJEHHA HepTHS, HeoOXoAuMas [jaa Toro, uroGel
3eMHOr0 TNPHTAMXERHS, T. €. AAA HO- macca M MOKuRYNE NOBEPXHOCTH 3eMawn (pa-
CTHXeHUs BTOpoll KocMHuYecKoil CKo- _ a_ GMMg3
poctH. Jns  rtoro utoOB JOCTHYb nuyea Rg), pasiia K = -§~Mu2— s
GeCKOHEYHOCTH, HYXKHO, HTOOB! 3
K>—=-U=|U\| rje 0,—CKOpOCTb, HEOOXOAMMast HJsl npes

OJI0NICIIHY 3CMHOTO NPUTHNKECHUSA, T. €. BTOpARD
KOCMHBUECKAS CKOPOCTDL.

7 ——

]

emmened
~N
X

) 1]

Puc. 5.30. a) CniycTa HexkoTopoe BpeMsl NOTeHNuanbHasd sHeprus U yeead-

upBajack, a KHHeTHuecKas sHeprud K yMeHbWAJACh N0 Mepe yRajdeHUA OT

uentpa 3Semad. 6) Eie uepes nexotopoe ppems K H | U | ewe Goablie yMmeHb-
WHAUCH, U IpU 5T0M, KoHeyHo, K=-U, Kax M panpwe.

npurmxkenre Cosnna, HeoOXOAMMa CKOPOCTb (TPEThbsi KOCMUYECKast
CKOPOCTb)

26M [2:(7-10-8).(2-1033)] /2
e —_ ~ . [ i g
Uc_l/ o= o J csmjcex = 4+ 10% cujceic, (68}
rie Mg =3,3-105 M3 n R3c=1,6-10% cm.

Takum o6pasoM, TOHATHO, UYTO TeJAM, BBLIETAONUM C 3eMJiH,.
nokuHyTh CONHEYHYIO CUCTEMY 3HAYHTEIBHO TPYyJHEe, 4eM NOKHHYTb

3eMJ10.
Il p u M e p. [pasumayuonrei nomenyuas 664U  NOGEPXHOCTIL

3emau. [loreHunanbHas sHePrusl CUJbBl TAKECTH Tesa Maccorn M Ha

pacCTOSHUM 1 OT LeHTpa 3emaun jana r>> R3 papha

GMMg
r

U(ry=— , (69)
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rae Msz— macca 3emsn. Ecim R3— paguyc 3eMin H X — BHICOTa
Hajl TIOBEPXHOCTHIO 3eMJH, TO MOXKHO IIOKa3arb, 4TO

e —MgR3 + Mgx (70)

s x/R3 <€ 1. 3pech g=GM3 /R3 22 980 cm/cex?. U3 (46) u (70) naxo-
JHM, 4TO BOJM3H I[IOBEPXHOCTH 3€M/IH CHJa [PHTSAKEHHS paBHa
Fo=—dU/dx=-—Mg. 310 yxe 3HaKOMbIli HaM pe3yJibTar.

Y3 (69), nonaras r=R3z+x, Mbl nojydaem

U:-GMMsR—S—ITF—x‘ (71)

Buinocss R3 B smameHaTene 3a CKOOGKY, HAXOIHM, YTO

U GMM, 79
T R; THxRy (72)
Tenepnb ans x*<< 1 MOMHO BOCIIOJIB30BATHCS CAEAYIOUHM Pa3J/okeHHeM
B pAL:
I
l+x:

KOTOpOe MOXKeT ObITh NOJyYeHO KaK YaCTHBIH ciaydadl GHHOMHAJAbHOTO
pasJIoKeH!s :

l—xx—x3 ..., (73)

(1 dex)r=1 +nx+n(n _i_n(n—lg)‘(n—d) 5y (74)
npu n= —1, [lpunss Bo BHHMauue (73), Mbl MOKeM nepenucarb (72)
B BHjE
GMMy, ( PR
== e— —— l -—_—= T e e e . 75
v R3 R3 +R§ > (70)
C nomotbio Boipaxkenust g = GM 3/R3, nosyuaem
x x?
U=—MgR3(I——1§—|~E%——...>. (76)

Bto Beipaxkenue npu x <€ Ry mepexoaut B (70).
B ¢usuke oueHb 4acTo HCIOJAb3YeTcs COOTHOLIEHHE

~=l—x (x&Ll), an

npejcrasasomee  coboi HpI/I6JIH)KeHHy¥O ¢dopmyay (73), B Kotopoil
-OTOPOLLEHb! YIeHb! BBICIIHX CTeNeHelH, HaunHas ¢ x* (IPH 3TOM X% <K X).
Jlpyroe, 4acto HCOJb3yeMoe H NOJIe3HOE COOTHOLICHHE:

(A+x>~1+nx (nxL1), (78)

KOTOpoe BhITeKaeT U3 (74).
Hawe yTBepaxienue, 4to

KHHETHYeCKas 3Heprusl + moTeHnuanbHas smeprus=const, (79)
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GbipaxKaeT 3aKOH COXpaHeHUA SHEePTHH, H3/1araeMbii B GoJjee obllem
BHJEe B IJ. 12 1 ONHCHIBAIONHA TaKXKe NMPOLECCH, B KOTOPLIX KakKas-To
yacTb MJIH BCA Macca mpespauaerca B suepruio. IlogoGubie nmpoueccer
IIPOTEKAIOT B GOJBINMHCTBE fJEPHBIX peakUHi. D10 ofolblieHue mpes-
cTaBJiseT Co0Of €CTECTBEHHOE CJIeJICTBHE ClleNHaNbHONH TEOPHH OTHOCH-~
teabrocTd. CooTHolueHHe (79) BHIIONHAETCA AaXKe B TOM c/yuyae, KOrja
B IIpOIlecce BRIIENSETCS TEeMJOo, TaK KaK C MHKPOCKONHMYECKOH TOYKH
3PEHHA TeIJio TpeAcTaB/sfeT co60f KUHETHYEeCKYI0 U MOTeHLHANBHYIO:
3HEPTUI0 aTOMOB, 3JIEKTPOHOB M MOJIEKYJI.

3apaun

1. [Tomenyuarvbhan U KuHemuueckas sHepeus nadarojeco meaa. a)y Uemy paBHa
HOTeHIMAJNbHAsA SHeprus Macchl B 1 ke Ha BblcoTe | K4t Hal MOBEPXHOCTHIO 3eMJIH?
Bripasure aTy 3Hepruio B 3prax, Cudras, YTO NOTEHLHAalbHAS 3HEPrus Ha NOBEpPX-
HOCTH 3eMJld paBHA HYMO.

Orser. 981010 spe.

6) UeMy paBHa KHHETHUeCKas SHEPrusd macchl B 1 xe, JocTHIIuell MOBepXHOCTH
Semau u GpoierHol e3 HayadbHOH CKOPOCTH ¢ BbICOTH } ka (TpeHueM Npenebpedn)?

OrseT. 9,8 1010 gpe.

B) Uemy paBHa KuHeTHYeCcKas 3HeDrus TaKof Xe Macchl, KOrjia OHa IpoJeraer
IepBYIO MOJOBHHY NYyTH?

r) Uemy paBHA NOTEHUHANbHAS 3Heprus Ha noJjoBHHe BhicOTH? CymMa B) H T}
IO/KHA paBHATbes a) nam 6). Tlouemy? .

2. Homenyuarvrasn snepeus 1ad Semsedt. a) HeMmy paBHa NOTEHLHANbHAS SHEPrUa
U(R3) maccpl B | e Ha NOBEPXHOCTH 3eMAH, €CIH CUHTATh, 4TO B GeCKOHEUHOCTH Mo-
TeHLHAJbHAs SHEPTHS paBHA HyJIO (He 3a6yawre, uto U(R ) oTpuLiaTe]nHa)?

OfBer. —6,23-101% spe.

6) Uemy paBHa noTeHUHAJLHASE SHEPrus Maccs! B | k2 na paccrosunn 108 xu or
HeHTpa 3eMJH, CYHTas, 4To B GeCKOHeYHOCTH MNOTeHUHaJdbHAf SHEPrHs paBHa HYJ0?

OrBeT. —3,98-1013 spe,

B) YUemy paBHa pafora, Heo6XopuMasi /s NepeMeileHust Macchl B 1 ke ¢ moBepx-
HOCTH 3eMJIH Ha paccrosinue 108 xu or nenrpa eman?

3. Juexmpocmamuseckas nomenyuaivras depeus. a) Hemy paBHa ajeKTpocTa-
THYECKAs! TIOTEeHIMANBHA SHEPrHsl 5NeKTPOHA H IPOTOHA, HAXOASIIMXCA Ha PaccTos-
il 1A=10-8 cx omuH or Apyroro, eciyd CUHTaTh, YTO NMPU GeCKOHEYHOM YHaleHHH
IPYT OT IPyra MX NOTeHIHaJbHas 3Heprusi paBHa Hymo? Ecan sapsj BupaxkeH B al-
COJIOTHBIX 3JEKTPOCTATHYECKHX €JMHHIAX, TO pe3yabrat GyJeT BelpaKeH B 3prax.

OrBer. —2,3.10-11 gpe,

6) KaxoBa Oyler »/eKTPOCTaTHYECKas NOTEHUMAIbHAs SHEPras ABYX IIPOTOHOB-
HA TaKoM xe paccTosnuu? O6paTure ocofoe BHHUMaHHe HA 3HAK OTBeTa. '

4. Cnymnuk Ha xpyeosoli opbume. a) Uemy paBHa ueHTpobexknas cuiaa, JefcT-
BYIOILast HA COYTHHK, IBHKYIMHCS [0 KpyToBol# opfuTe BOKPYT 3emIH Ha PacCTOSIHHH
r or uenTpa 3emau? CKOPOCTH CHYTHHKA OTHOCHTEJIPHO LiEHTPa 3eMJIM paBHa v, a ero:
macca M.

6) UYemy paBHa rpaBuTayuoHHas cunaa, JeficTBylolas Ha COYTHHK?

B) Bripasure v uepes r, npupaBHSB I'DABHTAlHOHHYIO CHJY IEHTPOGEXHOR cuie.

5. Kunemuueckasn snepeus Jlynot. UeMy paBHa KHHeTHyecKas SHeprus JIyHmHl oT-
HocuTenbHo 3emaun? HeoGxogumble Janubie NpHBeleHbl B Talaulle (QU3HYECKHX TO-
CTOSIHHBHIX B INPUJIOKEHHH K ITOMY TOMY.

6. Aneapmonuueckan npymuna. ViMeercs npyxHHa, ynpyras Cumjla KOTOPOR
H3MeHseTcst 10 3akoHy F=—Dux3,

a) UeMy paBHa NOT€HUHMaNbHasl SHEPrHsi 3TOH DPYIKHIHBI NPH PACTHKEHHH ee Ha
BEJIHUHHY ¥, ecan npu x=0 ee norenuuanbhas sueprug U=0?

OrsBer: %Dx'l.
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6) Kakyio HyxHO coBepinTh pabory, 4ToGH STy HPYKHHY MeNTeHHO PacTAHYTH
or 0 go x? :
7. Iose Hexoncepsamusroil cuabe, Jlana cuia, cosjaiomasi Hode,

F=(s2—1) X 4 34y

‘Boluncante JUHeRHBIE HHTErpat IO NyTH, coefuHaolemy ABe Touku (0, 0) u (xo, yo)
Y COCTOSILIEMY H3 JBYX NPSIMOJHHEHHBLIX OTPE3KOB: MEPBOrO, OrPaHHUEHHOI'O TOUKAaMH
(0, 0) 1 (x0, 0), u BTOpOro, orpaHHyeHHOro TOUKaMH (xo, 0) B (xo, yo). CpaBHHTE NONY-
ueHHHIl pe3yJsibTarT ¢ TeM, KOTOPEl MOJNYUMTCS, €CJIH HHTErPHPOBaHHe IIPOBECTH MO
IBYM IDYTHM CTOpPOHAaM IPSIMOYTOJBHHKA. SIB/IsieTcs JIM 5Ta CHJIa KOHCEPBATHBHOIM?

8. Cbaudsicerue npomonos. JBa npoTOHA, KaXKAblil H3 KOTOPHIX o6nanaer sHepruet
500 Ma3s, nsuxyTést naBcTpeyy aApyr Apyry (1 Mae=1-108 s6). [Jo xakoro paccrosiuus
cOAN3ATCS TIPOTOHB!, €U B3aWMOACHCTBHE MeXKAY HHMH TONBKO 3JeKTPOCTATHUECKOe
M IIPOHCXOZMT 110 3aKoHY e2/r? (B neficTBHTENbHOCTH ONLITH N0 PACCesHHIO MOKa3asH,
uTo 06NacThb sAepHOro B3aumoZelicTBHsi nopsaika 10-13 cu, 6aarogaps uemy pajguyc

[IPOTOHA CJeyeT CYUTaTh PABHBIM TaKKe OKOJIO
10-1% cu, m mosTOMY NOBeIEHHE ABYX IIPOTOHOB C
TAKHMH SHEPTHAMH He MOXKeT GBITh yJAOBJETBOPH-
TEJBHO OIHCAHO, €CJIH UCXOAUTH M3 IPeICTaBJEHUS
06 3JIeKTPOCTATHYECKOM B3auMOAEHCTBHH.)
OrBer. 1,4-10-16 cu.
9. Jaekmpon wa opbume B0KpYye NPOMOHA.
[Mpeanonoxkum, UTO 5JeKTPOH JBHIKETCA BOKPYT
‘ IIPOTOHA IO KPYroBoH opOHTe, ZAMaMeTp KOTOPOH
7=/ 2L v paseH 2-10-8 cu. i
Pre. 5.31. Mveruma pachpene a) Cuurass NpPOTOH TOKOALIMMCS, HaliTH CKo-
nenis cko;&ome}:‘i M‘fmeKI}’m P POCTE 3MIEKTDOHA, MPHPABHSE LeHTPOCEKHYIO CHIY
npn temneparype T umeer Bua M CHIAY SJ@KTPOCTATHUECKOTO B3aUMOACHCTBUS.
e~ MOP/2RT rne k- niocTonn- 6) Uemy paBHa KHHeTHYECKAs! 3HEPTHS? IOTEH-
Haa DonabyMana. IuaJjpHas SHepl'PIH? Bbrpasme o6e SHEPTrHUH B aprax
H 3/1eKTPOH-BOJNbLTaX.

Orser. K=57-10-12 5pe=3,6 s u U=11,4-10-12 5p2=7,2 2s.

B) Bhiyucnure sHepruo, Heo6XOAUMYIO IJIsi HOHH3AILlMH CHCTEMBI, T. e. LJs1 yAa-
JIeHHSI 3J€KTpOoHA B GeCKOHEUHOCTb, Tle ero KHHEeTHUeCKas SHeprHs paBHsach Obl
nymo. O6parute BHUMaHHE Ha PA3JIMYHbIC 3HAKH.

10. Bourern moaexys u3 ammocgepss. CpaBHUTE CKOPOCTb vp, KOTOPOHl NOJLKHA
oftagate Mosexkyaa kucaopoda (Oy) Adst Toro, utoGbl NOKHHYTBH 3eMJI0, O CpelHelt
KBaApAaTHYHOH TEIJIOBOH CKOPOCTEIO (V) TOM Ke MOJEKYJIE. DTa TeIIOBast CKOPOCTE OIl-
pellesisieTcsl U3 YCJOBHS, UTO KHHETHUYECKas HepPTUsl MOJeKyJsl pasBHa 3/,kT; uacte
MOJIeKYJT ofJafaer 3HauHTeJabHO GOJblieH CKOPOCTbIO. B BLIpameHHH st KHHETH-
ueCcKOH 3Hepruy k — nocrosinnast Bospumana u T — a6coaioTHas TeMneparypa, npu-
HHUMaeMast paBHoil 300° K (puc. 5.31).

Orber 24102,
Uy

11. Cropocme esirema ¢ Jlyret. Vcnoassys Ryn=1,7-108 cu u Mj=7,3-1026 ¢,
HaliTH

a) YCKOpEHHe CHJbl TSIKECTH Ha IOBEPXHOCTH JIyHBI;

0) CKOPOCTB, KOTOPYIO HYXKHO COOCLIHTE TeJly, HaxoAsulemycs Ha JIyne, s Toro,
4TOOEL 3TO Tes10 MOKHHYJO Jlymy.

12. Homenyuaronas snepeus dsyx npyscur, [IBe npyXuHB, Kaxkjas WIHHOH q,
KeCTKOCTh KOTOPBIX XapakKTeprayeTcsl nocrostHHoll C, 3akpensienel B Toukax (—a, 0)
# (-Fa, 0) u coefuHennl Mexay coGolf Apyrumu Konuamu (puc. 5.32). Homycruwm,
YTO 3T NPYKUHB MOTYT CKUMAThCS HJIM PacTATHBAThC B HaNpaBJeHHH UX OcCeH, He
BLIrifasch NpPM 5TOM B CTOPOHBL.

a) Ilokamxure, uTO MOTeHUHANbHAS SHEPTUA CHCTEMBI NTPH CMELIeHHH TOUKU COelu-~
HeHHs OGEHX NPYXHUH B NOJOXKeHWE, XapaKTepHayeMoe TOUKOH (X, y), paBHA

U= C{l(e-+ @+ 5 —a)t -+ C {lla—22 +551 2 — a2,
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6) IoreHuunanbHas SHEPrUs B ITOM CAydae 3aBHCHT OT ABYX KOODAHHAT, X H ¥,
H L.O3TOMY /sl TOTO, 4TOGbl BBIYHC/IATH COOTBETCTBYIOMINE CHABI, MBI JOJIKHBI OJb30-
BaTbCsl YACTHBLIMH TPOUSBOAHLIMH. BCHOMHHMM, YTO uacTHAas NpousBofHas (QYHKOHH
[(x, y) Bhuncasiercs mo OOBIUHBIM ApaBujam JUpPepeHIUpOBaHHs, TaK YTO

g—i(x» y):%f(x; y =const),

of d .
3 (x, y)~~dyf(x__const, Y.
Haiinure KOMIOHeHTY cuasl F, ¥ nokaxure, uro mis r=0 F =0,

) Hafimnre Fy, ans x=0. Twatenso nposepbTe 3HaxH, 4ToGbl GLITh yBepeH-
HBIM B TOM, YTO OTBET HMeeT CMBICH.

r) Hauepture rpadux 3aBHCHMOCTH NOTEHIHMAJLHOH SHEPTMM OF I B IUIOCKOCTH
Xy W HalifHTe IOJIOKEHHE DPaBHOBECHS. ~

13. Bzaumodeticmsue HYykAoOHA © HYKAO- 2 i a ;
nos. BsaumofeficTBHe MexAy HYKJICHAMH ’
(nporonamu H HeﬁTpOHaMI/I)yMO}}KeT OLITh '\QQQQQQQQ,QQQQMQJ’\QQQQQQQQQQQQQQQQ/’
MpPEACTABJIEHO C OYeHb Xopoutefl cTeneHbio
TOYHOCTH 1noTenuuatom IOraBul

£
U=—(2L) U, LR (e

rae U,aB0_Mss u roa2 1,5-10-13 ¢,

a) Hajigure BrIpaKeHHe HJs COOTBET- n
cryiowedi cwiet F () w@@& WY E@@W@@@W i Y

6) Ha xaxom npuGIu3HTENBHO Paceros-
HUH 3Ta CH/Ma JMOCTHIHET OIHOTO NPOLEHTA Puc. 5.32.

OT ee 3HAYEHHSI TNpPU r==rg?

OTteeT. 6-10-13 cum.

14. [lepuod obpawenus uonos 6 macc-cnexmposempe * ). Tlpunuun RedcTBHA
Macc-CIeKTPOMEeTPa OCHOBAH Ha TOM, UTO YIVICBas 4acTOTa CHHpATbHOLO JBHKEHUS
B OZHOPOAHOM MarENTHOM M0Jie He 3aBHCUT OT HauanbHOH CKopocTh HoHa., Ha npaxruxe
crienHagbHoe YCTPCHCTBO CO3/1aeT KOPOTKHH MMIOYJIbC MOHOB H C IIOMOUILIO 3JEKTPOH-
HOTO NPHCIOCOG/IeHN H3MEPAETCS BPpeMdA, B TeyeHHe KOTOPOTO HOHBI 5TOTO HMIYJAbCA
COBepUIaloT OJMH HJH GoJbluee 4HCIO 06OPOTOB.

a) Tlokaxure, 4To BpeMsi, B TeueHUE KOTOPOTO HOHbI, 00Jajaiollyie 3apsiioM e,
coBepmalT & 060pOTOB, MOKET ObITh HaleHO U3 NPHGIMKEHHOrO COOTHOIIEHHS

NM
t == 650 B

rfie ! BRID&KEHO B Mukpocekyndax, M — B amomnoix edunuyax macce: u B — B eaye-
cax. Orciona nepuod obpamienusi HoHoB T==¢/N.

6) ITokaxure, YTO paiuyC OKPY:KHOCTH NPUOIHKEHHO MOXKeT GHTh HalLeH U3
145V VM

B

B) HsBecTHo, yTO HOH o6najaer sHepruell B 100 98 1 HHAYKLMS MArHUTHOrO TOJAS
cocrapaser 1000 ec. Beluncaure Bpems, B TeueHUe KOTOPOro HoH Kamus K3? coepiunt
6 noaHEIX 06OPOTOB (IIPEANOJaaraeTcs, YTO aTOM Kasusi HOHH3UPOBAH OJHOKDATHO).

15. [lyuox saexmporos ¢ ocyusroepage. B ocmumorpapuyeckoii Tpy6Ke smekt-
POHBI YCKOPSIOTCA PA3HOCTLIO NOTEHUHAIOB (P, H TPOXOAAT MeXKAY ABYMst 3/EKTDPO-
€TaTHYECKHMH . OTK/IOHSIOIIMMH IJIaCTHHAMH. MexXAy NJacTHHaMH, MJIMHA KOTOPBIX [
¥ pAacCTOsiHHe MeXy KOTOPHMH d, MOLIeP:KMBAETCSA PA3HOCTh NMOTEHIHAIOB Pp. JKPaH
TpyOKH pacnojioxeH Ha paccTosHnH L OT uenTpa miacTHHEL. Bocmoibsyiitecs

cooTHowleHuss R == M, rjge V— SHEPryus HOHA B 3JEKTPOH-BOJAbTAX.

*} VimeeTcsl B BHJY Macc-CEKTPOMETP C PasjelleHHeM H30TOIOB II0 BPeMeHH Ipo-
nera, (Tpum. ped.)
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COOTHOLUIEHHEM, CBSISLIBAWOIIMM YCKODAIOWIYI0 Pa3HOCTE NOTEHUUANIOB H CKOpOCThL U

1
eAp = o m?, W
” /
a) BHIBelHTe BHIpaKeHHe A/I51 JHHEHHOTO OTKJIOHEHHS ISITHA Ha 3KpaHe OCLMJ-
Jorpada.

6) Honycrum, uro ¢,=400 6, ¢p=10 6, [=2 cm, d=0,5 cm, L=15 cx; Kakopa
Gyner Beauuuna orknouenust D? (He 3abyibre nepeecTH BONBTEL B €HHHILI CIrca,.)

U3 uctopun ¢msuku. OrtkpeitHe Hepepsr m Hentyna

(DToT pacckas MOXeT C/1yXKHTh HJIIOCTpanyell TOYHOCTH NpeldCKas3anuii, OCHOBaH-
HbIX Ha KJacCHYEeCKOH MexaHHKe.)

1. Ilepsoit oTkpmiToll manol mnuanerol Gwia Llepepa, KoTopylo o6mapymum
puayansio [nanuy u3 [Tasepmo B Cunuany B nepssifl AeHb AeBATHALLATOTO BeKa, T. €.
1 snBapa 1801 r. IMuammyu na6mofan ee IBUKeHHe B TeYCHHE HECKOIBKKX HeJeNb, a 3a-
Tem 3a6oJiel H, BbI3NOPOBeB, MOTEPsJ ee U3 BuAy. Ha ocHoBaHHH HeMHOrux nabmwoge-
Hull [THanuy HeCKOJIbKO YYeHRIX BhIUHCSIH opOuTy Llepeps!, HO TOMbKO Ha OCHOBAHHE

Puec. 5.33. dororpadus HentyHa, cHsiTas ¢ noMoubwo 120-

HI0AMOBOro oTpamaTelbHOro Teeckona Jiukckoil ofcepBaTopuH.

Crpenkofl ykazan TPHTOH, sBaslomuficA cnyTHHKoM HenryHa.
(@omo Jukckod obcepsamopuu)

pe3yJIbTaToOB pacyeTa, cieranHoro I'ayccom, yhanoch ¢ ocTaTOYHOH TOYHOCTBIO Ipex-
CKa3aTh MECTONOJIOXKEHHE 3TOH MaJoll MiaHeTsl B cielykouem roiy. M Bor 1 auBaps
1802 r. nnarera llepepa 6bi1a BHOBb «OTKPHITay OnGepcom, 06HaPYKHBLIKM €€ B Ipel-
CKa3aHHOM HOJIOKEHHH C OTKJIOHEHHeM ToJbKO B 30 yrioBbix MHHYT. ITo Mepe Hakomn-
JieHus Gonbluero uncsa HaGmogeHni ['aycce u Jpyrue CMOTJIH yTOUHHTD XaDAKTEPUCTHKA
BBLIYHCJIEHHON OpOHTH, U yxke B 1830 r. omubka B onpefesenuH BHIYHCIEHHOrO MOJO-
3KeHHS COCTaBJIsIa BCEro JiMIUb 8 YIVIOBRIX CeKYHA. YUYHThIBAsi BO3MYIIEHHS, KOTODLIE
BHocut IOnutep B gBuxkenne Hepepht o ee op6urte, DHKe CMOT YMEHBIIHThL OIIHOKY
B onpeliefleHHH nojoxenus Llepeprl B cpeninem Ko 6 yryioBLIX ceKYBA 3a rof. [Nosnnei-
Inye BEIYHCICHUS, B KOTODHIX y4eT BO3MYIeHHH NPOM3BOZMACS C GO/biel TOYHOCTbIO,
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NI03BOJIMNIA IIpeliCKa3bBaTh NosoxenHe Llepepsl HACTOMBKO TOUHO, Y4TO PacXowklIeHHE
MeXKAY pe3yabTATaMH BBIYHCAEHHH H HAGMIOAeHHH He MpeBhltnano 30 YrIoBbIX CEKYHI
sa 30 ner.

Coo6uwiernst o6 oTkpbitun Llepepsl 6blin ony6anKkoBaHsl & 12-M ToMe KypHana
«Philosophical Magazine» 3a 1802 r. IlosnakombTech co cratosimu [Tnamuu (crp. 54),
on Laxa (ctp. 62), Tunnoxa (crp. 80) u JTananaa (crp. 112). 3a6asHo, uto 2! cenrabpa
1800 r. B Jlunuenrtane O6bl10 OPraHH30BAaHO OOLUECTBO. 3HAMEHHTBHIX ACTPOHOMOB
EBpombl ¢ «llesiblo GhICTpefillero BHISCHEHMS, HAXOIUTCS JIM 5Ta IJIAHETa MeXIy
Mapcom u KOnurepowm... OGHIECTBO HAMETHIIO PACTIPEIEINTh BeCh 30JHaK CPefH CBOUX
IBajnaTH ueTblpeX uYieHoB...» OXHAKO M3-32 TOYTOBBIX TPYAHOCTeH, BHI3BAHHBLIX
HATIO/IEOHOBCKOI BONHOMN, NPUIIAIIEeHHE IPUHATD YYaACTHE B 3TOM HCCAEIOBAHUU AOHLIO
go Tlnauus yxke mocie Toro, Kak OH OTKpbWT cymecTeoBaude Llepepu. [pyrue
matepuansl 06 OTkpriTHH llepepel nyGaHKOBAaAMCH B «ACTPOHOMHYECKOM €KErol-
Huke» 3a 1804—1805 rr. Briyucnedns, suononanehusle [ayccoM, onyGAHKOBAaHBI B
6-m TOMe ero coyunenmit Ha crp. 199—211.

ActpoHoMHuecKHe TpajMINK 3ai0xeHHele aG0atoM ITuaunmm us [lanepmo, oTpa-
JKeHbl B HAIHCAHHOM erc MOTOMKOM poMaHe «Jleomaplls, repoit xotoporo Jlamnenysa
npHoGpeTaeT HHTEPEC K aCTPOHOMHUHE OT CBOETO Jly XOBHOIO HactaBHMKa abbara Teppone,
[OMOTaBUIETO €My B ACTPOHOMHUYECKHX HAGMIONeHHAX.

2. B Teyenne mepBOil MOJOBHHE! [eBATHAZUATOrO BeKa, MO Mepe TNOBLILEHHS
TOUHOCTH HaGMIOAeHUll U COBEPIIEHCTBOBAKUSA TEOPHH, GbII0O YCTAHOBJEHO, 4TO [1aHeTa
Ypan jBuxercs He B NOJHOM COIVIACHH C 3aKOHOM BCE@MHMPHOTO TATOTEHHS, a TaKke
3aKOHOM COXDaHeHHS MoMenTa HMMnynasca. CTpaHHBIM 00pasoM 3Ta IJIAHETa TO YCKO-
psier, TO 3aMelsieT CBOE ABIMXEHHE HA Masylo, KO BIIO/He 3aMeTHYIO BeanuuHy. Takoe
HoBeJeHNe NJIaHeThl He MOTVIO ObiTh OGBSCHEHO HAa OCHOBe H3BeCTHHIX cBoltcTs CosHeu-
HOH cHcTeMbt B 3akoHOB usnku. Haxonen B 1846 r. JleBepne u Afamc, HesaBHCHMO
IpYr OT Ipyra, DPUUIH K BHBOALY, 4T0 Hab/lofaemMoe aHOMalbhoe ABHXKeHMe ¥ paua
MOXKeT OHITh NONHOCTBIO OGBICHEHO, €C/M [IOCTYJHPOBATh CYUECTBOBAHHE THIIOTETH-
uecKoli HOBOI nulaHeTsl, o6najalotlell onpelleieHHOR Maccolt W onpelleneHHol op6uToil,
sHewHel 10 orHoweHKO K opbute Ypana *). Ony pewnyig cooTBeTCTByIOLNE ypaBHe-
HHS, C NOMOLILI0 KOTOPHIX ONPeAeAsoch NMOJOKEHHe 3TOH HeM3BeCTHOH nyaersl, M
focae BCero JRUIb NMOJy4YacoBoro moucka lanse Gbwia ofHapy:keHa HOBas NJaHera,
nassaknas Henrynom (puc. 5.33). Ilosoxkenue 3Tof NjaHeTB OTAMYANIOCh OT Mpel-
CKa3aHHOIO TOJBKO Ha OIMH YrJaoBoil rpaayc **). B macrosee Bpems mpeickasanue
nonoxenuss GONMBIINX TJIAHET COrJacyercsl ¢ pesy/bTatamu HabmoeHull B Npelenax
HECKOJIbKHX YIJIOBBIX CeKYHA Laxke B TeX CAy4asx, KOria MpoH3BOAHTCS 3KCTPAIO/Isi(Lust
Ha muorue rofpl. IIpn 3TOM TOYHOCTB LEMHKOM 3aBHCHT OT TOMO, HACKOJBKQ IOJHO
YUHTHIBAETCS BJAHSHHE PAa3/IHUHBIX BOSMYIIAIOMHX 5(hheKTOB.

*) «§1 yGeansics B HeBO3MOMKHOCTH PACCYHTaThb MOJOXKeHHe 9TOH m/aneTs (Ypawu)
[0 TEOPUM YHUBEPCAMLHOTO TACOTEHHS, eCJIM CUUTaTh, YTO OHA SIBJSETCH TEJIOM, Ba
KoTopoe JefictByeT TosbKo COMHIlE U BCe H3BecTHBIe MuaHeThl, OfHAaKO Bee Haba0nae-
Mble aHOMAJHH MOI'YT GLITh OGBSICHEHHE BO BCeX MaJefiIuX JeTanaX, €Cc/H YUecTh BusI-
HEe HOBOH (emie He OTKPLITON) mJaHeTel, Haxoldueficss BAann or Ypana... Mu npes-
ckaspiBaeM (3] aBrycra 1846 r.) cienylouiee nogoxenne 1si HOBOH nuaneTe! 1 suBaps
1847 r.: HCTHHHAd TeJUOLEHTpHYecKas Hoarora 326°32%». U. J. Le Verrier,
Compt. Rend. 23, 428 (1846).

**) «J1 pamucan r-ry lanne 18 centalps u npocun ero o comymmqecme 3TOT
TaJlaHTIKBEIT aCTPOHOM BRJeJ MJIaHeTYy B TOT e ReHb (23 cenrsabps 1846 r.), kKoraa ou
TOAYuUsI Moe nuchMo... [HaGmogendas] rennouenTpHueckas jojarora 327°24°, npu-
BefleHHad K | sinBaps 1847 r. ... PasHocts [aabniofeune u Teopus] 0°52'». JIeBepbe
Tam ke, crp. 657.

«JIeBepbe yBHJIe HOBYIO I/1aKeTy Aaxke He B3M/IHYB MeAbKoM Ha He6o. O yBHIe
€e Ha KOHUYMKE CBOEro mepa; ToJAbKO € NOMOLUIBIO BLIYKHCICHHUIT OH ONpeNe/Ini NOJIOKEHUe
H pasMephl Tesia, PacHoOJIOXKEHHOTO OYeHb NaleKO B Mpeienax Hamefl riaHerHo#l cu-
ctembl...» Aparo, Tavm xe, crp. 659. :

Hast Toro wroGbl MO3HAKOMMTBCS C BEJHKOJENHOH MONEMHKON 1O IOBORY STOTO
OTKpHITUSE, cM. crp. 741—754 Toro me toma «Compt. Rend.» ([Tapuxk); cm. takxe
M. I'poccep, Ompurue Henryna (Xapsaps, Kembpumx, Maccauycerc, 1962).
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I'1IABA 6
COXPAHEHHE UMNYJ/IbCA H MOMEHTA UMIIYJIbCA

6.1. CoxpaHenHe HMNYyJbca

B . 3 'MBl paccMOTpeNH CHCTEMBI, MUt KOTOPHIX BHINOJHSETCS
npeo6pasopanne ['ajques, M IIOKasand, 4TO COXPaHEHHE HMIyJbCa
B3aUMOJEHCTBYIOMUX YaCTHIL SIBJASETCH HEOOXONUMBIM CJIE/ICTBHEM 3TOLO
npeoOpasoBaHis, a TaKxkKe 3aKOHa& COXpaHeHHs 3HEpPTHH NPH YCJIOBHH,
UTO Ha CHCTEMY He JAeHCTBYIOT BHEUWIHHE CHJBl. 3aKOH COXPaHeHHs
UMITYJbCa, OYeHb TOYHO MOATBEPIKAAeMbIH HA ONBLITE, SIBJISAETCS CYIIECT-
BEHHOH YACTBIO TOTO «KJACCHYECKOro 0araxa», KOTODBIH MbI yiKe pac-
cMaTpuBa/u paHblle. B 3Tof r/aBe Mbl y3HaeM, YTO TaKoe LEHTp Macc,
¥ pPacCMOTPHUM IIPOLECCHl CTOJIKHOBEHHSI B CHCTEMe OTCUeTa, B KOTOpOH
LEHTP MacCc HaXCAHTCA B COCTOSSHHH IOKOA.

[osyuum npexie Bcero BLIPaXEHHE MOTEHIHAJbHOH SHepruu CH-
CTeMbl, A5 KOTOpOH BhlloJiHsAeTcss npeobpasosanue Iamuses. Tlpexn-
MOJIOXKUM, YTO CHCTEMA COCTOAT M3 ABYX HACTHI[ M MBL PacCMaTpHBaeM
oaHoMepHbft ciyuait. TTycThb KOOpPAMHATHL 3THX YacTHI OYAVT Xy H X..
Torpa norennnanbuas sueprus U (¥, X,) GyIeT 3aBHCETH TOJIBKO OT
HOJIOXKeHHs 5THX dacTull. ITpu ocymectBienun npeoGpasoBanus I'anu-
Jesl NIOTeHNHa/bHAasi SHEPTHA He NOKHAa H3MEHATLCS, T. €. JOJIKHA
ObiTh MHBApHAHTHOH IO OTHOWIEHHIO K 3TOMY NpeoGpasoBaHHIO IIPH
TPaHCJSANNHE KaXkA0H W3 YacTHI Ha BEJHYMHY b C TOCTOSIHHON CKO-

POCTBIO;
U (xy, x,)=U (x,+ b, x,+0). (1)

Kaxkoii cMbics ¥MeeT 3TO cooTHOLIeHHe? Pu3uyeckd 3TO 03HayaeT, uTo
NOTEHUMaNbHAA SHEPTHA CHCTEMBl HE H3MEHAeTCA NPH NepeMelieHud
o6Genx yYacTHI[ U3 [€PBOHAYAJBLHOTO IOJOKEHHS B KaKOe-TO HOBOE
[IOJIOXKEHHE H NPH 5TOM He coBepllaeTcsl HHKako# paborel. Matemaru-
YecKM 3T0 O3HAYaeT, YTO BeJHYMHA b Hcye3aeT 3 NpaBofl 4acT COOT-
Homenus (1).
Hanpumep, ecnu

U (%, %)= 00—5)" )
TO ,
Ulx,+b, x,+b)=(x+b—%,—bP=00—2%)=U(x, %), @)
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T. €. B TpaBoil yactd (1) BeqnuMHA b JNEHCTBHUTENBHO YHHMUTOMXKAETCS.
ITosromy Boipaxkenue (2) HHBADHUAHTHO, T. €. HE M3MEHSIET CBOEro
3HaYeHHS TPH CMelleHMH YacTHLl Ha BeJH4HMHY b. B ouem ciyuae,
korpa U (ry, r,) siBasercd GyHKUHEH TOJNBKO Ty,—T,, 3Ta (QYHKLUS
0Ka3bIBaeTC WHBAPHAHTHOH MO OTHOILEHHIO K CIABHTY HJIH HEPEHOCY.
Ortmerum, uto ecau, Hanpumep, U = x;, To B 3ToM cayuae U nHe nHBa-
gHaHTHo I10 OTHOWIEHHIO K HepPEeHOCY Ha BeJIMUHHY D, TaK Kak IIpPH 3TOM
=x;+b, U 3aKOH COXPaHEHHS HMIYJbCa HE BLINOJHSETCH.

Mgl 3HaeM, 4TO A/t C/ydasi OQHOTO H3MEDeHHs CHJa paBHa B3SITOH
¢ oOpaTHbIM 3HaKOM Npou3BoaHoit OU/0x. TlosTomy cuabl, geficTByomue
Ha vacTuubsl 1 4 2, paBHB

ou
Fi=—5
au
Fz=*g;2'- (4)

Ilpn Boruncaenun 0U/Gx; Mbl nosiaraeM x, IIOCTOSIHHBIM B TOUHO TaK Ke
npu Buiyucaenud OU/0x, Mbl cunTaeM nocTosiHEbIM X;. Ecau U mpen-
cTapgaser coboit QYHKLHIO OT U, Tle

U=, —x, (5)
TO 110 npasBusiaM jaudxpepeHLUpOBAHHMA

U _dUdu _ dU.
Oxy  duodx, du’

U _dUdu _ _dU (6)
dx, du Oxg  du’
OTKy1a
ou oU
%= or WM F,=—F,, (7

KaKk Hu cnefoBaso oxHAath. OTcioza BHIHO, YTO Pe3yJbTHPYIOMas
cuita F-+F,, peficTBywoliias Ha HABe YaCTHILI, KOTOPLIE B3aHMOJEHCT-
BYIOT TOJILKO IPYr C APYyroM, paBHa Hymaio. Ecau pesysbTupylomas
CHJIAa paBHA HYJO, TO IO 3akony HbioTona cymmapueifi umnyJbc 6yaer
LIOCTOAHHEIM,

310 paccyxjeHune Jerko o6oOwuth Ha cayuait N wacruu. Iloren-
nMaJbHasl 3HePrusl CHCTeMBbl, cocrosimelfl u3 N vacThu, OyleT HHEBa-
PHAHTHa NO OTHOMWIEHHIO K I€DEHOCY, €CJH 3Ty SHEPTHIO MOXKHO Ipej-
CTaBHUTb ‘KaK (YHKIHIO TOJbKO PAcCTOSTHHMH MEXIy YacTHLAMH:

l'l—l'2, rl_rﬂ, sy rl—l'N, 1'2—-1'3, ve ey I'N._I—I'N.

KynonoBckoe # TIpaBHTalOHHOE B3aHMOJEHCTBHSI MOTYT ObIThb 3amu-
CaHbl MMEHHO B Tako# ¢opwme.

Cnenyer nopuepkHyTh, 4TO CHJ a MOXET ObTh HHBapHaHTHa
10 OTHOHMIEHHIO K TPaHCAANMY U 6e3 TOro, 4Tolbl COXPAHAJICH MOCTOSH~
HbBIM HMOyJabc. BaxuHo, 4ToObl HHBapHaHTHOH Oblia NOTeHUMAJbHas

7 4, Kurrens 1 [p. 193



sHeprufi. Mmnysnnc coxpansercs NOCTOSHHBIM TONBKO B TOM CJyuae,
KOTJla NOTeHUHAa/bHAfA IHEPIUsl MHBAaPUAHTHA N0 OTHOLIEHHIO K TPaH-
CAAUHY.

Lenmp macc. IosoxeHne 1eHTpa Mace (1. M.) CHCTEMBI, COCTOSIIEH .
u3 N yacruu, OTHOCHTENbHO (MKCHPOBaHHOrO Hayasia Koopjauuat O
onpenensercs PaanycoM-BeKTOPoM R, ., KOTOPBIA 1aeTcsi COOTHOMEHHEM

N
2 r,M,
=1

Ru- M n_ﬁ—' . (8)
2 M,
n=1 . -

Jlns cuctemsl, coctosilefl U3 nByX vacThu (puc. 6.1 n 6.2),
__ MM,
Ruow="p1, 10, - ®

Huddepennupys (9) Do BpeMeHH, NOJydaem

Z M Zﬂ} VaM,
ZM M,
Fe 3

3nech cymma v, M, npencrasiser co6oif HOJIHBIA UMIY/IC CHCTEMBI.
n

(10)

B OTCYTCTBHE BHOIUHHX CHJ NOJNHBI MMIYJbC NOCTOSHEH, H [OITOMY
R, , =const. (11)

D710 COOTHOMIEHYE BHIpAXKAET 3aMeuaTesbHOe CBOHCTBO ' LeRTPa Macc:
CKOPOCIL YEeHMpPa MacC NOCHIOARHA 6
omeymcemaue sHewnux cua (puc. 6.3).
D10 CIpaBelJHBO, HampHMep, HJs
paJMOAKTHBHEIX  sifep, pacnajamo-
muxcsi Ha Jery (puc. 6.47.

4 My
@
&y 2z

Puc. 6.1, Ise maccsl My u M,, pacno- Puc. 6.2. Jns nsyx macc My u M,, no-

JIOXKeHHEIe Ha OCH X B TOUKax ¢ Koopau- JIOXKEHHE KOTOPLIX OMNpeReNfAercsi BeKTO-
HATAMR X; M X; 0GIajaloT 1eHTPoM paMH ry M r,, TNOJIOXEHHe LEHTpa Macc
MaccC, pacHOJIOXXEHHBIM B TOYKEe C KOop- (4. M) onpeaensiercsi BeKTOPOM Rll -
Myxq+ Myx, PaBHEIM
AHHATOR X =
M+ M, R = Myry+ Myr,

WM T M, T M,

Jlerko nokasarb u3 (10) 4TO YCKODEHHE LEHTDPA MACC OMpefessfercs
pesyJbTHDYIOLIeH BHEIUHeH CHJIOH, NefCTBYIOUIEH Ha CHCTEMY 4YacTHIL.
Ecau F,— cuna, pefictByiouias Ha n-10 4acTuly, To, AHxbpepeHUHpys
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(10) no BpeMmeHH, Mbl IOJYYaeM, YTO
<2 Mn) iiu.11122(/‘/Ini’n)=;Fn=anHel.m-n - (12)
n n
rie cnpasa B cymme X, F, BbilafaioT Bce BHYTPEHHHE CHJIBI (HBIOTOHOB-

n
CKHe), JeHCTBYIOUIHE MeXAY JIOObIMH [BYMS YaCTHILAMH.

Mur HanmoMuHaeM, UTO B CJyyae HbIOTOHOBCKHX CHJ CHJA, JeHCTBYIO-
11as Ha i-10 YaCTUIy CO CTOPOHBI j-H 4aCTHIB!, paBHAa M MPOTHBOMNO-
JOXKHa cuje, AeHCTBYWOILEH HA J-f0 YAaCTHIY CO CTOPOHB! i-H YacCTHUEL.

[lpuBenem Temepb npumepsl pe-

Jroniomensios
INCHHUA HECKOJbKUX BaxKHbIX 3ajiad 700
Ha CTOJIKHOBEHHE, HJUIIOCTPHpYIOLiHE /
/
IIpUMEHeHHe MOHATHSA- HeHTpa Macc. e
./
l{.M.( LA
,/’/’ \\
o \
- M R el Y
_j 4. M N Amuneiimpung \
Snetrpon
Puc. 6.3. B OTCYTCTBHE BHEWHUX CHJ Puc. 6.4. slapo pacnagaerTcsl Ha TPH ua-
CKOPOCTH IeHTpA MACC NIOCTOSAHHA. 3,1er CTHIBI, pa3JjeTaunecd IO pa3HbIM Ha-
noApa3syMeBaeTcsl pPajHOAKTHBHOe £Apo, npasaeHuaM. OJHAKO CKOPOCTb LEHTpa

Macc 3THX TpeX HacCTHI OCTaeTCsd HEeHus-

obaagamouiee CKOPoCcTe® R nepe, H
Aaroum P I pea MeHHOM.

™M
pacnagoMm.

I1puwmep. CmoakroseHue caunarowuxcs 4acmuy. PaccMmorpum
CTOJIKHOBEHHE [BYX 4YacTHL Maccoii M, u M,, KOTopble CAHNAIOTCSA
npu CToJKHOBeHHH (puc. 6.5—6.8). Ilyctp wactHuma maccoit M, nepex
CTO/IKHOBEHHEM HAXOIMTCSl B Hauaje KOOPAMHAT M IOKOHTCS. Itycts,
KPOME TOTrO, PaAuyC-BeKTOP I';==U, !X ONHCHIBAET JBHKEHUE YacTUllbl M,
nepes CTOJKHOBEHHEM. '

a) Paccmotpum gpuxende macesl M=M,+M, nocie cronkHoBe-
uusi. HeszaBucumo or TOro, Oyner JIH CTOJKHOBEHHE YIPYTHM HJH He-
yIpYrHM, HOJNHBIH HMIYJLC NPU CTONKHOBEHHH He M3MeHHTCsi. Dynem
CYHMTATb paccCMaTpHBaeMoe 3Jech CTOIKHOBeHHe HeynpyruMm. Hawanb-
Has KOMIIOHEHTa HMIyJjbca paBHa M,v;; KOHeYHasi KOMIOHEHTa HM-
nyqasca Oyner pasHa (M,-FM.)o. Ilpyrue KOMHOHEHTBl HMIy./bCa
paBHbl HyJI0. V3 3aKOHA COoXpaHEHHs HMIYJbCa CJefyeT, YTO

My, =(M; + M,)v. (13)
Orciofa /st CKOPOCTH IIOC/I€ CTONKHOBEHHSI HaXOAUM
M
U= 5 g Y (14)

Tak kak ofe yacTHLB! CIHIJHCH MeXIYy coGOf, TO paauycC-BeKTOp
Ry =0ix  (>0) (15)
ONHCHIBAeT JABHXKEHHE CHCTEMB! IIOCJIe CTOJKHOBeHHA. B cooTsercrBun
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< (11) 310 e coOTHOLWEHME JOKHO ONMHUCHIBATH IBHMKEHHE LIEHTPA MAcce
BCe BpeMsl KaK J10, Tak K 1ocJe cToNKHOBeHust; u3 (13) monyuaem

R, ,=vix=—"h_4sx  (I6) —_éz

Mi+M, M, /\\ M
6) UeMy paBHO OTHOLICHHE KH- =0
HETHYeCKOH  sHepruu K, mnocue

M v, Mz v
— 00— ® —@r—
=t g Myt My
i< t>0
Puc. 6.5. Jlake npu HeynpyroMm CTOJK- Puc. 6.6. Ilocsie eTOJKHOBEHUS
HOBEHHH HMIIYJbC JLOJMXKEH COXPaHSIThCHA. px=Mu,=(M;+Myv, Tak uTO
PaccMOTPHM CTOJIKHOBEHHE, NIPH KOTOPOM
vacTHUB coeguusorces BMecre. Ilepen — Mo,y v
CTOJIKHOBEHHEM Pg=M V4. M, +M, 1
V!
7 um M,
—37* ¢ —@=
My UM b/ 7 ? t<g
2 5
Zy /)
t<y V-
==
t=0
My+ My
. &
z=>0 >0

Puc. 6.8. Ecsin B cucTeMe OTCue-

Puc. 6.7. CkopocTb X He H3MEHRETCS MPH CTOJKHOBE-
P p Xu P Ta, HayaJo KOTOpol coBmajgaer ¢

v
HaH. EeHTPOM Macc, CKOPOCTH Mace M,
Mixg+Mox, 0 M, 10 CTOAKHOBEHHA DaBHBI U,

T M M, U Uy, TO NOCTEe CTOJKHOBEHHS

Maccel  (M;+M,) Oyayt naxo-
= Moy JUTHCS B COCTOSIHMH TIOKOS.
M+ M,

CTOJNKHOBEHMsI K HauaibHOH KuHerHueckod sueprunm K,? Kuneru-
yeckasl sHeprua K, mocie CTONKHOBEHHMS! PABHA
2 2 2
M101
= vi= .
Ko = My Ma) g7 = i,

(17)

‘Tak Kak Hayajbgas KUHETHUecKasi sHeprusi pasHa K,=1/,M.v?, To
orHowenne K./K, Oyzer paBHO

Ky My
Ky~ Wk o (172)
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YMeHblIeHHe SHEPIHH TIPH CTONKHOBEHHH DPacXofyeTcs Ha yBEJH-
eHHe BHYTPEHHEH SHEPTHH COCTaBHOH CHCTEMBI [10C/Ie CTOJKHOBEHHS.
Korna snersimuit MeTeOpHT CTaJKUBaeTcsl ¢ 3eMJiell U ocTaeTcst Ha HeH,
3HAUNTE/bHAsA YacTh €ro 3JHeprud IepexofuT B Telo, Tak Kak
M, € M,+M,.

B) OnuileM ABHXKEHHE 10 H IOC/je CTOJNKHOBEHHS B CHCTEME OT-
-CYeTa, B KOTOPOH LEHTP Macc NOKOMTCA (Takasd cHCTeMa OTCHeTa Ha3bl-
BaeTcA CHCTEMOH LEHTpa Macc).

[TosoxeHHe LEHTPa Mace CHCTEMBl ONpefesaserTcs, Kak 3To caelyeT
13 (9), paauycoM-BeKTOPOM )

Myvytx
Ru M Ml+M2 (183)
CKopocTh LeHTpa Macc paBHa

V="0R, (186)

a =, +M201X
B cucreme orcueta, CBSI3aHHOM C LIEHTPOM Mace, HavyalbHasg CKOPOCThb
U, 4acTUIB! 1 BHIpasuTCcs CASAYIOHIMM o6pasoM:

~ M ~ M
ul-—_le~V=<1-—m> le=mvx (18B)
B Toff e cucreMe OTCYeTa HadajbHAsl CKOPOCTh YacTHUBI 2 6yner
paBHa Ny

uQ:—v:_mle' (18F)
Tlocie cronknoBeHHst 4YacTHLbl CAMMIAIOTCS, W HOBasg COCTABHAas 4Ya-
cTuUa obaanaer Maccodl M,~+-M,. 3ra yacTuma [J0/KHA TMOKOHTBECSH
B CHCTEMe KOOpJMHAT, CBSI3aHHON ¢ OeHTpoM Macc. OTHOCHTENbHO
Jla6opaTopHOH CHCTeMbl OTCYeTa HOBas HacTHIa 00safaeT CKOPOCTBIO
V, Kotopasi -Moxer OpiTh HafifeHa u3 coorxowenus: (186), B TouHoCTH
COBNAJAIOIETc ¢ BhIpaxkeHueM (14), mosyueHHBIM paHee.

ITpumep. Honepeursvie romnorenmor umnyssca. JIBe HacTHIBI
-OJMHAKOBOA Macchl BHayase JABHXKYTCA MO MYTH, MNapaJiie]bHOMY
‘OCH X, U CTaJKWBalOTCA Mexay coboii. Ilocse cToJKHOBEHHS ojHA H3
YacTHI IPHOOpeTaeT KOMIOHEHTY CKOPOCTH v, (1) no ocu y. Uemy Gyner
[PaBHA KOMIIOHeHTa CKOPOCTH 10 OCH Y/ Y apvron YACTHUBL TOCJE CTOJK-
HOBeHHA? HamomHuM, uYTO A5 KamkJOH KOMIIOHEHTH! X, Y, 2 IIOJHOTO
MMITy/1bC2 B OTJAEJAbHOCTH BHIMOJHAETCS 3aKOH COXPaHeHHsI.

Tlepen cTONKHOBEHHEM HacTHILI JABHTAJIHCh BAOJb OCH X TakK, 4TO
TI0JIHAS y-s1 KOMIIOHEHTa UMITyJibca paBHAack HyJo. ITo 3akony coxpa-
HEeHHS] HMIY./bCa IOJNHAs y-51 KOMIIOHEHTa UMIYJbca IIocae CTOJNKHOBe-
HUS TaKKe JOJ/KHa ObITh paBHA HYJIO, TaK 4TO

Mlg, (1) +3, (2)] =0, (19)
-OTKY J1a :
v, (2)=—u,(1). (20)

Opnako sHavenne vy(l) He MOXKeT ObITb BBLIYHC/IEHO, €CIH HEH3BECTHEI
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HavyanbHble TPAEKTOPHH M HEKOTOPhle JeTaJH, OTHOCsAMMecd K CHJaM, -
- JeHCTBYIOLIUM IIPH CTOJIKHOBEHHH.

I1p u me p. Crnoakroserue 6036YysicOeHHbLX !tacmuu IlpencraBum
cefe, UTO CTAJKHBAIOTCA [Be YaCTHILI OJHHAKOBOH Maccel B o6Jazaio-
1i{i€ paBHbIMH, HO [POTHBOMOJONHBIMH [10 HaNPaBAEHHIO CKOPOCTAMH
-+v;. Yemy OyayT paBHB CKOPOCTH nocse croakHoBeHua? Llentp
Macc IIOKOMTCS H JIOJPKEH OCTaBaThCfl B COCTOSHMH IIOKOdA, TaK 4TC
KOHEUHBIE CKOPOCTH —=V. JOJIKHBI ObITb paBHbI [0 BeJiMUMHE, HO IPO-
THBONOJIOXKHLI 1O HampabJenHio. Eciu croskHoBenue ympyroe, To,

KaK 3Torc TpebyeT 3aKOH COXPaHEHHS 3HEp-

Y% o Mz(s7mvg)  THW, KOHEYHAS] CKOPOCTb U, JOMKH2Z OBITh
Az paBHa O BeJMYHHE H IIPOTHBONOJOXKHA NG
HanpaBJeHHIO HayaJbHOH ckopocTH v;. Ecan

/’: e B pe3y/bTaTe CTOJKHOBEHHS OjHA HJH

/\’.9, ofe yacTHIbl NPHXOAAT B BO3OYKIEHHOE CO-

~Je, CTOsIHME, TO M3 3aKOHA COXPaHEHMs SHePruH

Tiene M ,; C/GAyeT, 4TO B STOM Cayuae v, <v:. Ecin
\f e ofHa KJH ofe YacTULL NepBOHAYalbHO

y2Ke HaXOIMJHUCh B BO30YKAEHHOM COCTOSIHHK
g9, Gowaoseune wek 33 CYeT KAKHX-TO BHYTPEHHHX IPOLECCOB,
paeTcs OmMMM swepeinem.  TO IOC/I€ CTOJIKHOBEHHS! SHEPIHsi MX BO30YX-
cueta M o cromnonesns JEHHOTO COCTOAHHMS NEPEXOZHT B KHHETHUE-

HaxopuTes B nokoe. ~ CKYIO 5HEprHio,. u Toraa v, Gymer Go.blue,

ueMm ;.

ITp uMep. OmraoHerue masiceasix 4acmuy, AezKumi. STO XOPOIIO-
nsBecTHas 3afada. Yacruua maccel M, ynpyro CrajikyBaercsi ¢ YacTH-
uefi Maccel M,, mepBoHaua/NbHO HaXOAUBIIeHCS B MOKOE OTHOCHTEJNbHO
JlabopaTopHOH cHCTeMbl oTcueta (puc. 6.9). [lpH CTO/NKHOBEHUH Tpaek-
TopHst M, oTknoHsierca ua yroa 0,. MakcumanbHOoe BO3MOXKHOe 3Ha-
YeHHe YyrJa paccesHus 0, ompenesnsercs MO 3aKOHAM COXPaHEHHS
SHEPTHH M HMI1y/bCa, HE3aBUCHMO OT JeTasell B3aHMOAeHCTBHS MEXIY
yacTuuaMu. Haiwa sazaya coctouT B ToM, utofbl Haiiti 3Hauenne 0 ...
Ha okonuarenbno#t crapun pacuera Mbl yOeAMMCA B TOM, 4TO CTOJIKHOBE:
HHE YIOOHO pacCMaTpUBATbL B TAKOH CHCTEMe OTCYETa, B KOTOPOH LEHTP
Macc IOKOUTCH.

O603HayuM HagajabHblEe CKOPOCTH B J1aGOpaTOpHOH CHCTEME OTCUeTa
gepes

Vl = Uli, V2 = 0’ (21)

a KOHeuHble CKOPOCTH (IocJ/1e CTONKHOBEHHU ) 4epes v, H v,. 3aKOH coXpa-
HeHUA 3HepruM Tpebyer, yTofhl NPH YIPYrOM CTOJKHOBEHUH MOJIHASA
KHHETHYeCKad Heprusl JO CTOJKHOBEHHS paBHAJAach MOJHOH KHHETH-
YeCKOH 3HEPrHH IOCJE CTOJKHOBEHHS, T. €.

1

1 2 1 ,2 .
-2— Mlz)‘f) =—‘-§- Ml \ +'7 M2UZ (22)

NpY HayaJbHOM YCIOBHH 0,=0. 3aKOH COXpaHEHHs] HMIYJbCa /s
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x-# KOMIIOHEHTbl . UMNysbca Tpebyer, 4TOOHI
M,v, = M,v; cos 0, + M,v, cos 6,. (23)

Bca kapTMHa CTOJNKHOBEHHsI MOXeT PacCMaTPHBATbCsl KaK MPOHCXO-
AAWAA B IUIOCKOCTH Xy, TaK KaK B CTOJNKHOBEHHH MPHHHMAIOT y4acTHe
TOJIbKO JiBE YaCTHIbI. 3aKOH COXPAHEHHMS HMIIYJbCa IS y-H KOMIO-
HeHThl HMIyJsbca TpebyeT, YTOOH!

0= M,v; sin 8, + M,v, sin 8,, (24)

TaK KaK NePBOHAYATbHO y-st KOMIIOHEHTa HMITYJbca Oblla paBHA HYJIO.

BrnosHe BO3MOXKHO, HO JOBOJIBHO YTOMHTEJNBHO PEILHThb COBMECTHO
ypaBHeHHs (22)—(24) u Ha#lTH HHTEpeCYIOLIMe HAC BEJMYHHBI. ITH
yYPaBHEHUS BbIpaKkaloT co00H COAep:KaHHe 3aKOHOB coxpanenus. Ox-
HAKO 3HAUUTENLHO YHOOHeH M Gojiee COAEPKATEJIbHO PacCMaTpHBATH
CTOJIKHOBEHHE B CHCTeMe OTCHeTa, CBSA3aHHOH ¢ 1eHTpoM Mace. Ilpexne
BCEro HafjeM CKOPOCTb LEHTpa MacC OTHOCHTEJBbHO J1abopaTopHOH
cucreMel otcueta. [losokenne uenrpa macc

OTpesieIfieTcsl COOTHOLIEHHeM " w ogm m M
R :M1r1+M2r2 (25) A
u-m M1+M2 ) u;
7
Ckopocth V lLleHTpa Macc paBHa A#
Mty M,r M S

R — Yantihr . V= Ly, (26) Toene ;

nom M+ M, M, +M, Z
rjle pe3yJbTaT Mbl BHIDA3UJIU Yepe3 CKOpOCTh a4

Vi H Vg C yUETOM TOrO, 9TO MEPeX CTOJKHO-  Puc 6.10. B ciicrene otcuera,
BSIBAaHHOU C 0 N
BeHHeM V,=0. 3ameTuM, uto (26) BBIPAKAET  wacem M, n M, noene crome
o HOBCHHS [JOJIKHBI asJjeTaTb-
coGoft To e camoe, 4To M ypasHenue (18B), {onHr Aomwau pasterats:
HO HaIlMCAaHO OHO TefIepsb IJis TpeX H3MCPEHHH. npaBJieHHsIX. BoaMoXHbl Bce
OGo3HaunM HauyalbHBIC CKOPOCTH B CH- yram 0<O0<m |up| =
€TeMe OTcueTa, B KOTOPOR LEHTPp Macc Mo- =lugloa | uf|=1usl.
KOHTCA, Yepe3 U; U U,; KOHEUHbIE CKOPOCTH
B 3TOM »Ke CHCTeMe OTcueta NyCThb OYAYT paBHH U, U u, (puc. 6.10).
Mexny ckopoctsiMH B J1a00paTOpHON CHCTeME OTCUETa H B CHCTEMe
OTCYeTa, CBS3aHHOM € LEHTPOM Macc, CYLIECTBYIOT CJeEAYIOUHE COOT-
HOLIEHHS:
v,=u,+V, v,=u,-+V, } @
vi=u -V, vy=u,+V.

MBI MOXKEeM BBICKA3aTh npeanoJoxKeHue O THIIC DEICHUA, JOIyCKae-
MOI'0 3aKOHAMU COXPaHEHHH. OtmeTumM npexiae BCEro, 4To Npu JII0GOM
CTOJIKHOBEHHHK, /I KOTOPOI'0 CKOPOCTH

Uy=u; U Uy==U,, : (28)

‘GY,U,eT BHIIOJIHATBHCA 3aKOH COXpAaHEHHUA S3HEPrHH, TaK KaK KUHETHYeCKada
SHeprus KaxJoil 4acTHLB He U3MEeHUJacCh. lIa.nee, B CHCTeME OTCYeTa,
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CBA3aHHOH C LIEHTPOM Macc, HMITYJbC Tak:Ke GYAET COXPaHAThCH, €CIW
YTOJl paccessHHSl 4acTHLp! | paBeH YIJy paccessHHA 4acTHUBl 2, T. e.
TpPaeKTOpHH 00eHX 4acTHIL KoJsnHeapHHl. Ecam Obl 3TH yruiel paccesi-
HHsl (OTCUHTBIBAE€Mble B CHCTeME OTCUeTa, CBSI3AHHOH C IEHTPOM Macc)
Oblld He paBHBI APYr JPYTY, TO LEHTP MAacc MOC/Je CTONKHOBEHHS He
Mor Obl OcTaBaThesi B Nokoe. OJIHAKO Mbl 3HaeM, YTO LEHTP Macc OCTaeTCs]
B TIOKOE, €CAH He JIefiCTBYIOT BHeLIHHE CHJIBL.

B cucreme orcuera, cBA3aHHON ¢ IEHTPOM MacC, KWHEMATHKA CTOJIK~
HOBCHHSl O4YeHb NpOCTa. 3aKOHAMH COXPaHEeHHs JOMYCKAIOTCs BCe 3Ha-
YeHHs yrjaa paccesiHus 0, .. OTo He BHIIOJNHAETCHA Aisi yryioB 6; 1 0,

’
u/ by = o

1] i Vyy=itz,

g %

Uip=U] C056

.
Puc. 6.11. KoneuHas cKopoCTb uy B CH-

cTeMe OTCYeTa, CBSI3aBHHOH ¢ LEHTPOM
Macc, paaJjaraeTrcst Ha KOMIIOHEHTh X B Y

r 7
V=l +V

Puc. 6.12. B na6opaTOpHOH CcHCTEME OT--
cueTa x- [H Y-KOMIIOHEHTH vi uzobpa-
XKeHpl Ha vepTexe. QueBHAHO, UTO

0 OCsIM KOOPAHHAT. sin O sin 0

Cos 01 V/u, cos 0+ M/ Ms

tg 0,=

B JaGopaTopHOH CHCTEMe OTCHeTa; PACCMOTPHM CJydal CTOJKHOBEHHS
TSKEJN0H 4acTHIEl ¢ GOTOHOM, [I€PBOHAYAJNBHO HAXOAUBIUUMCS B MOKOE..
M3 UHTYHTHBHBIX cooOpaxeHHH sICHO, YTO TsKeads yacTuila He OT-
CKOYHT B O0OpPATHOM HaNpaBJEHHHW B pe3yJibTaTe CTOJKHoBeHusi. Kakue:
IIPH 3TOM CYIIECTBYIOT OFpaHHYEHHs?

Bepuemcs K nabopaTopHolt cucTeMe oTcyeTa. Mbl MOMKEM' HAlIHCATb,,
©0o3Hauasi Al1d yrobersa 0, , NpPoCTo 6yksoii 0, uto

0 sin@; _ v;sinb, 1y sin @
- — ’ _— ’ 3
I7 costy  gjcos®; wuicosOV

tg (29)

rJie Mbl HCHIOJIb30BaJH TOT (aKT, YTO y-KOMIIOHEHTa KOHEUHOH CKOPOCTH

yacTuub | ofHa U Ta ke B o0eux cucreMax orcuera. llasee, MpHHSB BO.

BHHManue (28) W noJsaras u;=u;, HaXOIUM, YTO
sin @

tg0, = cos 0+ Viug® (30}
M3 (26) u (27) nonyuaercsa c/jenymomee COOTHOLIEHHE:
M M
V:m(ul+V), V'—‘/W:ul, (31)
nojicranJ/ifas Koropoe B (30) Haxonum
sin9
tg 0,= cos 8+ My/M, "

(32):
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Hawm py»Ho HailTH 3nauenme O, .. 3To MOXKeT GpiTh CHeNaHO Cpa-
<puuecky o rpaduky byHknuu (32) uau ¢ ucnonbsoanneM auddepeH-
1[MaJbHOTO HCYHC/IEHHS JJI5 ONpejeleHUsA MakcumyMa fg 6, xak dyHK-
uun 0. Kak nokaseiBaeT ananus, npu M,; > M, 3Hamenaresib HMKOTAA
He MOxKeT oO6paTHTbCi B HyJb, H B 3TOM caydae 0,  — nomken OBITb

N g . <

N Z & 7z

= L4 /% f— S z I3 g—

i

Ppuc.  6.13. Tlpu M, < M, tg 0 = Puc. 6. 14. Ilpu M; =M, tg 8, o6paujaer~

sin 6 5 csi B GeckodeyHocTh 1nipH O=m. IMosto-

= osBF MM, obpaugaercs B 6eCKO-  yv “pogmomub Bee yranl 0 < 0 < /2,
HeuHocTb Tpu O=arccos (—M,/M,). Boa- ABJAAOWHACCA KOPHAMH  YPaBHeHH#
MOKHB BCE Yribl 0 < Ql < . A7 tg 8.

-

Meubiie, yem /2. Ecan M,=M,, 10 0, ,.=n/2 (puc. 6.13—6.15).
Ecau M, << M,, To 8, MoxeT uMmeThb Ji000e 3HaUEHHE.

I1puMep. 3a0a4a o cnymuuxe. CIyTHHK MYHTCS B IPOCTPAHCTBE,
CcBOGOLHOM OT JEHCTBHS CHJ, Hamojo0He MeXIJIAHETHOIO .OCKOJKA,
¥ M3MEHEHHE €ro Macchl NPOMOPUHOHAIBHO CKOPOCTH, T. e. dM/dt = av,
Tae M — Macca U U — CKOPOCTb CIYTHHKA, & — IIOCTOSIHHAS BeJIH-
gpga. Hemy 6yleT paBHO €ro 3amelseHue?

V13 Broporo sakona HeioToHa HaxonuM, 4TO

F—-—(Mv)—Mv+Mv_ (33)

g

g
Bl
i —
B}

WK, B Cclyuae [BHXKEHHA B OJHOM H3Mepe-
HuH, 1pu M=oav

. 2
P 2 (34) Puc 6.5 fipn M, > M,
M tg 0, He o6pamaerca B Ge-
cKoHeyHocTb. [lostomMy 0 <
{(dro mamucano ansi v>0.) CymwecTByeT M < 6,< arcsin (Ma/M,) < /2.

IpYrofl myTh pemennﬂ 3TOH 3ajauH?
I1pumep. 3adata 0 rocmuteckom kopabare. Kocmuweckuil Ko-
‘pabab BLIOpacHIBAeT TOIIHBO CO CKOPOCTbIO —V, OTHOCHUTEJNBHO KO-

pabsisl; CKOpPOCTb H3MEeHeHHA Macchl Kopabnsi M =—o mocrosiHHa.
‘CocTaBIM H pelMM YypaBHeHHe JBHIKEHMsl KOCMHUeCKOro Kopabid,
TipeHeOperag CHJION TSAXKECTH.

v Ilycrb ckopoctb Kopalsil B MOMEHT BpeMeHH ¢ paBHa v. CKopocTb
HcTedeHus TOMJIMBA B JaGopaTopHolf (HO HE OTHOCHTENbHO Kopalus)
-CHCTeMe oTcueTa (HHepuHaJibHasd cHCTeMa) paBHa —V, -+ v. Msl cun-
TaeM, yTo V, H vV napajuie/ibHbl, H O3TOMY 33/la4a CBOAMTCA K 3ajaue
8 OJHOM H3MEpeHHH.
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Cuia, JIefCTBYIOIAsl HA CNYTHHK M BO3HHKawilas NpH Boibpackl-
BaHHM TONJIMBA, PaBHA H NPOTHBOIO/IOXKHA 110 3HAKY HMNYJbCY BhIOpa-
CHIBA€MOro TOIIMBA, OTHECEHHOMY K eIHHHLe BpeMeHH. B sabopatop-
HOH CHCTeMe OTCUeTa UMITYJIhC BHIGPACHIBAEMOTO TOIIHBA, OTHECEHHBIH
K efuHHue BpeMenu, papeH |M| (—V,+v), uan a(—V,+v), 1 nostomy
cuJa, AeHCTByIOlUlasi Ha CIYTHHK, B 3TOH CHCTeMe OTCHeTa paBHA

F=—a(—V,+v)=a(V,—v). (35)

JL1st ciyTHHKA 9Ta CHJA paBHA Muo-+Mo; II03TOMY ypaBHEHHe JBUKEeHHS
UMeeT BHA *)

Mo+ Muo=a(V,—v), . (36)
OThyJa
Mo = aV,. (37)
3nech -
M(Ey=M,—at. (38)

Tiocnenpee ypaBHeHHe NpeAIIOJaraeT, 4YTO BBHIIOJHSETCS YCJIOBHE
=_-q.) M3 (36) caexyer, uTO ’

—av4 (My —ad) o = (V,—0). (39)

nOC.He npe06pa3OBaHI/lﬂ HaxojuM OTCi0ja, uTO
_ (@Vo/My) |
dv= 1_(&//‘20) dt. (39a)

Wurerpupys s1o ypasHeHue B mnpepetax or (=0 o { U oT v, 10 0,
HaxoluM, YTO :

v=—V01n<1—°/%o>+vo,‘ (49)

Tie v, — HayaJdbHasi CKOPOCTb Kopabus.
TakuM o6pasoMm, H3MeHEHHE CKOPOCTH 3a BpeMsi ! paBHO

v—v,= —V, In (1_%)=vo In—2, (41)
rjae : M
OE_a_o / (42)

npencrasaser cc6oil IKCTPaNONMPOBaHHOE BpeMsl, B Te€UE€HHEe KOTOPOro
6bl1a Obl BhIOpole€Ha Bcs Macca Kopalasi. Koneuno, Kopabab He co-
CTOHT TOJIBKO U3 OLHOTO TONJIHBA; JBHIATeNb OTKJIOYAETCH B TOT MO-
MEHT, KOra BpeMsa ero paboThl cocTarJser 4ro-Hubyab okosno 85—90%
or 4. Ilostomy 85—90% mnepBoHauasbHOM Maccel Kopabuasi JOKHO
cocTaBaATh ToluBo. M3 dopmysni (41) caexyer, uTo BHITOAHO MpHMeE-
HATb ropiouee, obnajfatoinee cnocoOGHOCTbIO BhIGpacHBaThCA ¢ OOJIbIION
cKopocThlo (Gouibie V).

*) YpaBHeHHe JBHIKEHHS IIepeMEHHON MacCHl BrrepBble ObuTo noaydyexo M. B. Me-
mepcknM («[luHaMMKa TOYKH IepeMeHHOH Macch,-[lerepbypr, 1897). ({Tpun. ped.)
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HaunGosee shdeKTHBHBIM H3 BCEX BO3MOXKHBIX TODIOYHX ObLIH Obl
<otonrl, ans koropux Ve=c. IlpencraBsre ypasHenne (41) B Gespas-
MepHOH (opMe, HCIOJb3Yys B KauecTBe NEPEeMeHHbIX (U— vy)/Vy U t/t,
# [ocTpoiTe COOTBETCTBYIOIMH rpapuk. Kakoro tuma Gymary (r.e.
€ KakoH CeTKOH) Jyuylle BCEro NPHMEHATb ANA MOCTPOEHHUS TAKOTo
rpaduka?

6.2. CoxpaHeHHe MOMEHTa UMAYJbca

Momenm_umnyivca J oraenpHo#t yactuunl (puc. 6.16, @ u 6) oTHo--
CUTEJBHO NPOU3BOJIbHO BLIOPAaHHOH (PHKCHPOBAHHON ToukH (PuKcHpo-
BAHHOH B HHEPLHAJbHOH CHCTeME OTCUeTa) IePBOHAYAJNbHO Ompeje-
JIeTCsl COOTHOILIEHHEM

J=rXp=r X My, (43)

THe p—umMmiyabc. MomenT ummyabca H3MepsieTcss B e-cmP/cexk WAH
B spe-cex. Komronenty J Bjlonib J11060H JIMHHH (UJIH OCH), POXOAALe

75 -

a)

Puc. 6.16. a) MoMeHT uUMIOYyJbGa omHocumeabrno moukuy O onpefensieres

5THM uepreom: J=rXp. 6) MOMEHT HUMIyJbCa OMHOCUMEAbRO Opyeod mouku

P 6ynmer yke ApYyTHM, jAaxe s TOH Ke caMOll YaCTHLBI ¢ 00HUM W meM e
aMiysascoMm: J=rXp.

yepe3s (UKCHPOBAHHYI TOYKY OTCYeTa, YacTO HA3bIBAIOT MOMEHTOM
HUMIYJIbCA YACTHIEI OTHOCHTE/IbHO 3TOH OCH.

Ml onpegessiem MOMEHT BpaUleHHs (usin BpailaTe/bHBIA MOMEHT)
OTHOCHUTENBHO TaKOH (UKCHPOBAHHOH TOUKH, KOrja

N=rXF, (44)

rie F — cuna, ReficTBylouias Ha 4acTUy. MOMEHT BpallleHHS H3Me-
psieTcad B OUHCM. I[nqxpepenunpyﬂ 43), nonyqaeM

dt( Xp)= thp+rX ' (45)
anHI/lMaﬂ BO BHHMaHHe, 4TO
f‘f—;xp=vx Mv =0, (46)
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a Takxe BTOpo#l 3akoH HbloTOHa 1J151 MHEpIHATbHOH CHCTEMBI OTCYeTa,.
nosyyaem

rX®_rXF=N. o«

Takum 06pa3oM, Mbl TPUXOAHM K BAXKHOMY BBIBOAY:

—=N; (48)

CKOPOCTb H3MEHEHHS MOMEHTA HMITY/JbCa DaBHa MOMEHTY BpaileHHA..

Ecan N=0, To J=const. Momernm umnysvca nOCmMosaHer 8 omcymcmi~
Blle BHEUIHUX MOMEHMO8 eépaujerus *), 3T0 yTBEPKIEHHE COCTaBJaseT
COZiepyKaHMe 3aKOHa COXpaHeHHsi MomenTa umnyabca. Crenyer

—
- ~.

7 e
,/\ ot
yagrmugsr M

[

I Fr)

]

1

]

| N
Puc. 6.17. Ha wactuuy M pefictByer Puc. 6.18. Tak Kak NpH HEHTPaJbHOM
OTTaNKHBamoOmasn HeHTpaJdbHas cHJIa ABHKEHHU BEKTOD J MNOCTOAHEH, TO
F (r), ucxozpsawmasa u3 Toukd O. B stom TAKOe ABHIKEHHE NPOUCXOAUT B ONHOU
cnydae MOMEHT cuapl N=rXF=0, u IJI0CKOCTH.

MHl noJsiyuaem J=const.

3aMeTHTb, YTO 3aKOH COXPAHEHHMs MOMEHTa HMNYJ/bCa CHPAaBELJUB He
TOJIPKO YIS YaCTHIl, JABHXKYLIHXCA 110 3aMKHYTHIM opGutam. OH Bbi-
NOJIHACTCST TaK&Ke M JJs1 He3aMKHYTHIX OpOHT, a TaKxke B IpoLeccax
crosikHoBeHus1 (puc. 6.17, 6.18).

PaccMOTpHM YacTHIy, Ha KOTOPYIO A€HCTBYeT LeHTpaJjbHas CHJA,
HMeloWas BUJ

F=rf(r). (49)

Llenmpanvras cuaq mpencrasisieT co6ofl CHIy, BCErJa HalpaB/eHHYIO
TOYHO K HEKOTODOH OIpeniesleHHOH Touke (H/IH OT Hee). B aToM cayuae
MOMEHT BpaILeHHS paBeH

N=rXF=rXFf(r)=0, (50)
NO3TOMY JJisl LEHTPANbHLIX CHJ
dJy .
YT 0 (51}

N .
U MOMEHIM UMNYAbCA COXPANALMCS NOCMOAHHbiM. B cnenyiomeM pasgene

*) BHelunuii MOMEHT BpaileHHs CO3JaeTCs BHEUIHeH ChJIOH, AeficTBYIOLIEH Ha TeJo.
BHyTpeHH#I MOMENT BpalleHHsI CBA3aH ¢ CHJION, JeHCTBYIOMENR CO CTOPOHE! OLHOH YacTh
Tesla Ha JpyTyio.
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6yjer NMOKa3aHO, YTO TOT Pe3yJbTAT MOXKET OLITh MONYYeH KaK CJencT-
BHe HMHBApHAHTHOCTH (YHKUMH ToTeHuMaJbHOH suepruu U (r) mpu
noBopote cucTeMbl orcyera. OfHaKO CHavyala Mbl paceMoTpuM 0600-
[IeHHBIE YpaBHEHHS MOMEHTa BpallleHHa AJs ciyuas N B3auMogeiicr-
BYIOIUX YacCTHIL.

CyMMapHbil MOMEHT HMIYJIbCA CHCTEMBl YaCTHI{ OTHOCHTENLHO
IIPOM3BOJIBHO BLHIOPAHHOH TOYUKH B HHEPIHANLHOH CHCTEME OTCUETa
Oyzner paBeH

N
J= nZ‘xM”r" XV, (52)

Taxk e xak ¥ AJS ORHOH YACTHUIBI, 3HAueHHe J 3aBHCUT OT I0JIO-
JKEHHSl TOYKM, BHIOpaHHOHA 3a Hayano orcyera. Ecqaum R, , mpencrag-
JsteT co60H BEKTOp, XapaKTepH3YIOWHH I0JOKEeHHe HeHTpa Macc OT-
HOCHTEJIBHO HayaJa CHCTeMBl OTCUETa, MBI MOXKEeM 3alUCaTh BEIPaxKeHHe
Ias J B cuenayiouieM. yno0HOM BHIe:

N N
J=2 M, (r,—Ry..) XV, +Zx MRy XV, =J, . +R i XP, (53)

n=]

rae  J,, — MOMEHT HMIYJbCa OMHOCUMEAbHO LEHTPa Macc H
P = > M, v,—uonuniii umiyabc. CooTHomenne (53) HMeeT BakHOe
-3Havenne. Yaen R, P Beipakaer co6off MOMEHT HMIYJbCa LEHTPaA
MacC OTHOCHTEJNbHO Hayasa oTcueTa. DTOT 4ieH 3aBHCHT OT Buifopa
Hauaja CHCTeMb! OTCYeTa; 4jeH J ., HaoGOpOT, He 3aBHCHT OT BEIOO-
pa Hauaja cucTeMbl oTcueTa. LS OXHOH 4YacTHLB HHOrZA OOJE3HO
HasblBaTb BeNHYRHy J, . CnuKxoM MOMEHTa HMIyJbCa.

ITpuwmep. Mosmenm spawjenusn enympernux cui. B pesyabrare
B3aUMOJIEHCTBHUST MEXIY CAMHMH YacTHUAMH BO3HHKAIOT MOMEHTH
BHYTpeHHUX cHJ. [lokakeM, UTO CyMMa 6CeX MOMEHMOB BHYMPEHHUX
cur pasra Hyao. TloJHbll MOMEHT BpalleHHs BceX CHJ paBeH

N .
N= 1rn><Fm (54)
1

rjpe CYMMa BHyTpEHHPIX CHJ
N
Fi=Y'F, (55)

npexcTaBaseT cobodl CymMy CHJ, AeHCTBYIOIHX Ha 4acTHUY { €O CTo-
pOHBI BCEeX APYTHX YaCTHIl j (IUTPHX NPH Y, O3HAYAET, YTO [IPH CYMMH-
pPOBaHUM 4YJeH CO 3HA4KOM j=1{ HCKJoyaeTcd). MomeHT Bpailenus
BHYTPEHHHX CHJl paBeH '

Nnﬂy1p=2rixF1‘=Zzl l‘i><Fij' (56)
[ 77
HpHHI/IMaﬂ BO BHHMAHHE, UTO

lz;lrixl:ij

? 121 ;X F (57
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MBl MOXeM NpeicTaButs N, .. B CJeyiolleM BHAe:

1
NBHyTp:?lZ’Z, (rixFij+rijj[)' (58)
Ilpeanonoxum Tenmepb, YTO BCE CHJbI SIBAAIOTCS HbIOTOHOBCKHMH, T. €.
4To MOXKHO nooxutb F,=—F,, Torna
| o §
NBHyTp :'2—; ;I (ri—rj) X Fij‘ (59)
Hast nentpanpuwix cua Fy; mapannenpuet r—r;. Orciona cpasy xe
CTeRyeT, YTO
H HO3TOMY
BHyTp = 0. (60)

{TouHo Takoil e pe3y/bTaT MOXKET OblTb IOJNyYeH H AJ8 HELEHT-
paspHBIX BHYTpeHHHX cus. CraTHyeckue HelleHTpaJbHbie CHJIBI, HIpa-
IOliHe BaXHYIO posab B (GH3HKe, B GOJBLIMHCTBE CJAy4aeB MOTYT
BO3HMKXATb W3 CHJ, JEHCTBYIOIIHX B NPOCTPAHCTBEHHOM MHOXe-
CTBE WaCTHI, Kaxiad H3 KOTODPBIX
SIBJISIETCSl  HCTOYHHKOM LEHTDPaJbHOMH
CHJIBL.)

Honaras, uro Fp,...=0, Msl 1mony-
gaem u3z (51), (53) u (60)

AS=%rxAr

d
di J06Ll1: NBHeI.UH’ (61)
-
N~ \Opsumna vacmuger M (62)
Puc. 6.19. ‘]06111 L[.M+RH-MXP'
3zecs  J, , — MOMEHT WMIyJAbCa OTHOCHTENBHO  UEHTpa  Macce,

a R, ,XP— MoMeHT HMNysbca LEHTPA MAacC OTHOCHTEIBHO MNpPOU3-
BOJIbHO BbIODAaHHOTO HawaJja orcyeta. Bo MHOrHX c/lydasix oOudeHb
ya0o6HO 3a HayaJo oTcyera BbIOMpaTh LeHTP Macc. Toraa

d J = Nmiemﬂ' (63)

df “uwm
MB BHZENH, UTO JBUZKEHHE LeHTpa Macc ONpelensieTcsi Pe3yJbTHPYIOo-
uiefi BHemHeH CUJOH, ACHCTBYIOLIEH Ha TeJo. Tenepb MBbl BHAHM, 4TO
BpallleHHe OTHOCHTRJIHHO LeHTPa MACcC Oolpeensiercs pGSYJIbTI/Ipy}OHLI/IM
MOMEHTOM BHEIIHHX CHJI.

I'eomeTpuyeckuii CMBICT MOMEHTa HMITyJbCa HacTHUBI, ABHKYILeHCs
no op6ute, BHYTPH KOTOPOH HAXOAUTCA Haya/lo OTCYeTa, SICEH H3
puc. 6.19. Bekrop nuomanu AS TpeyrosbHHKa BHIPaXKAaeTCS COOTHO-
LIEHHEM

AS =11 X Ar. (64)



Orciona . ] ,

g-t=%r)(v=2—mr)(p=mj. (65)
Mbl BHIeNH, 4YTO NpH COOTBETCTBYIOWEM BHIGOpe Hayasa OTCYETa
J=const g8 UeHTpaJBHBLIX CHJ.

Ecin B 3anave, cBsi3aHHOH C [BHXKEHHEM TIAHET, Hayaso OTCYeTa
NOMEIIeHO B TOuKe, coBnajawoliell ¢ CosHUEM, TO MOMEHT HUMIIYJaLCA
COXPaHSIETC NOCTOSIHHBLIM BJAAM QT BO3MYLIEHHH, BbI3BAHHHIX JpY-
THMH IaHetaMH. lasi nedTpadbHeIX cua U3 (64) 4 (65) Mbl npuxoauM
K CJEAYIOUHM BLIBOJAM: . .

1) opbuta pacnosoxena B NJIOCKOCTH;

2) cexTopuaibHas CKOPOCTh *) COXpaHfercs MNOCTOSTHHOA — 3TO
OIMH M3 Tpex 3akonoB Kensepa (paccmaTpuBaeMbix B Il 9).

TPRERTAER
Vi

L7
7z ry -
Lonnye

2

Puc. 6.20. Ilnanera M ob6nagaer Puc. 6.21. [BHXKeHue NPOTOHa B KyJO=~
TOCTOSIHHEIM  MOMEHTOM HMIyJbca HOBCKOM [TOJIE TSKEJOro sigpa. TpaexkTo-

oTHOoCHTesNsHO  Connna.  IlosTomy pus npeacrasaser coboil runepbonay (cm.
Mryv,=Mryvy, TAE T4—Haunboapwee, ra. 9). HauMenbimee paccrtossHune npo-
a r,—HaWMeHbllee paCCTOSHHe mnJa- TOHA JI0 $#jApa paBro s, [lapamerp yna-
perbl Conna. OpPOGHTH BCeX NJaHET pa (NpHUeabHOe paccTosiHue) b npexpcra-
HMMEIOT 3HAYHTEJbHO MEHLIIHH SKCHEH~ Basier ¢o6oll  AAHBY IepHeHAMKYJAspa,
TPDHCHTET, 4eM 35TO H306paxkKeno Ha OIYUIEHHOrO M3 TOYKH, B KOTOPO# Haxo-
yepTexe. JJs HaTJASIAHOCTH 3KCUEHT- [UTCS SIAPO, Ha HanpaBJieHHe MepBOHA-
DHCHTET Ha 4epTexe NpeyBeJIHYEH. YaJbHOrO YUYaCTKa TPAeKTODHHU.

[epBeifl pe3y/abTaT cliefyeT M3 TOro, 4T0 ¥ Ar pacno/ioKeHbl
B NIJIOCKOCTH, NepHeHIMKYyJspHOHR J, u cam BekTop J mocTosiHEH Mo
BEJIHYHHE H HAMpaB/EHHIO B [OJIE LEHTPANbHBIX CHJ.

s yacTHubl, ABHXKYIIEHCS MO KPYTY CO CKOPOCTBIO V, HepreHIH-
KyJfApHOH T, v
J = Muor = Mor2. (66)

IlnaneTst ABHKYTCA MO /WIHOTHYECKHM opOHTaM, B OfHOM H3 ¢o-
KycoB KotopulX Haxoanrcs Cosnnne. [/ Toro 4ToGbl BEITONHANCS 32KOH
COXPAaHEHHWS MOMEHTA HMIYJbca, Kajas NJdHETa JO/KHA ABUTATHCS
ObicTpee, TPUGIHKASCH K TOUKE, pacosoKeHBOH Oirxke Beero K ComiLy,
d MeljeHHelt, npubanxkaach K Haubonee ypajenHoll or CosHna Touke
(puc. 6.20). 210 caenyer U3 TOro, YTG B 3THX TOYKAX BEKTOp I NepreH-
JUKYJSApEH Vv H MOMEHT HMNYJbCa B 3THX TOYKax paseH Mor. B cuny
3aKOHA COXPAHEHHS BeJAHYMHBI MUr MOMEHTa UMIYJbCa B 3TUX TOYKax

*) Ilnowanp, - onuchiBaemas PaHYCOM-BEKTOPOM 83 €QUHHIY  BpeMeHH.
(ITpum. ped.).
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JIOJXKHBl ObITh DaBHB!, H N03TOMY HaUMeHbLIEMY 3HAYEHHIO ! COOTBETCT-
ByeT HauOoJiblilee 3HAUEHHE 0.

ITp ume p. Paccesnue npomoros msaxcessimu aopamu. Ilycts. npo-
TOH NpUO/IHAKaeTCa K OYeHb MAaCCHBHOMY fAApY, obJajawouieMy 3apd-
AoM Ze. Ha GeckoHeusoM yRasleHHH SHePrUs NMPOTOHA [aBHA M 0t
Kaxk Bugno u3 puc. 6.21, npH JMHelHON SKCTPanoONAIHH Tpaemopvm
npoToHa Ha OOJIBIIOM yJaseHHH 10 Hanbonee GAM3KOTO PacCTOSHHSA
K TSKeJIOMY sIIpY MPOTOH AOJIKEH Oblil Obl HPOHTH MHMO SIpa Ha MH-
HUMaJIbHOM OT HEero paccTOSIHHH b. DTO paccTosHHe Ha3blBaeTcs MpH-
LeJbHBIM NapaMeTpoM *) (mapamerpoM ypapa).

KaxoBo Oyner HauMeHblliee PacCTOSHHE IO PacCceMBAaIOILEro sapa
NPy JBHKEHHH NPOTOHa No peanbHol opbute? DBysem cumrars, uro
Macca s1pa OeCKOHEUHO BeTHKa H II0ITOMY 3Heprieil OTZa4H MOXKHO
npeneOpeun. ([losHoe perieHHe 3a1a4yd O PaCCEsSHUM IIPUBEREHO B pas-
nese «M3 ucropum ¢usuxu» B ra. 15.)

IlepBoHayanbHEII MOMEHT HMIIYJbCa I[POTOHA OTHOCHTENBHO TH-
wenoro sapa Oyner pasen M ub, rae Uo— HauasibHAs CKOPOCTb MPO-
Tosa. Ha Gamxkailinem K ;mpy paccTosiHuH, 0003HaUEHHOM yepes s,
MOMeHT ummyanca Oyaer pasen Mus, rie u,— CKOpOCTb B 3TO#
Toyke. Tak Kak JeficTBymollasi B STOM cayyae cusa sIBAsieTCSt LEHT-
payIbHOH, JOJI?KEeH BBIUTOJIHATLCS 3aKOH [IOCTOSHCTBA MOMEHTAa HMITyJIbCa,
H TI03TOMY

Myvb=Mugs, vszﬁ’sé. (66a)
3ameTuM, 4TO MBI TpeHeOperjH MOMEHTOM HMIYJ/bCd, NepelaBaeMbIM
TSIKEJAOMY SApY.

Ilpn CTONKHOBEHUH BBIIOJHSAETCS TaKKe M 3aKOH COXpaHEHHSA
sHeprun. [lepeonHauanbHO NpOTOH ,00/1a72€T TOMBLKO KHHETHUECKOH
sHeprued, pasnoit }/,M vj. Oueprus B Touke HAHGONBIIETO CONMUKEHHS

paBHa

‘ vt 42 o (666)

T/e TepBuil uieH npeacTaBaseT co0ofl KUHETHYECKYIO PHEPTHIO, a BTO-
pofi — HoTeHnMaNbHyO 3Hepruio. TakuMm oGpasoM, U3 3aKOHa COXpa-
HEHHs SHEPTHH TOJyyaeM, YTO

! ., Ze?
5 Mpvi+—-

=M% (668)

UM, NPHHEMas Bo BuuManue (66a),

2o ema [1—(2)]. - (66r)

D10 ypaBHEHHe MOXKET ObITh PELUEHO OTHOCHTENBHO S. Takum 0Gpasom,
3aKOHBI COXPAHEHHUS [IO3BOJISIIOT HAM I10YYaTh noneaayro nupopManuio
© TIpoueccax CTOJNKHOBEHMS.

*) Han npunenbnbiv paccrosuuem. ([Tpun. ped.)

208 ' .



6.3. UHBAapHaHTHOCTh MO OTHOLIEHHIO K BpalUeHHIO

CoxpaHeHne MOMEHTa HMNYJbCa SIBJACTCA C/IEACTBUEM HHBAPHUAHT-
HOCTH TOTEHIMAJbHOH SHepPruu MpPH MOBOPOTE CHCTeMbl oTcueTa. Ecin
CYILECTBYET MOMEHT BHEIIHHX CHJI, TO B OOLLEM CJYy4ae Mbl JOJKHLI
NpH BpAaleHHWH CHCTEMBl COBEPIIHTbL paboTy NpPOTHB STOTO MOMEHTA.
Ecnn ke Mbl coBepiiaeM paboTy, TO NOTEHNHaJbHasd HEPIHS HOJXKHA
n3MenuTbcn. Koraa H3BecTHo, 4YTO NPH BpallleHHH MOTEHIHA/bHAN
SHePTHSl He H3MEHSeTcd, TO 3TO O3HAYAET, YTO He CYILECTBYeT MOMEHTA
BHelmHUX chJa. [Ipyu paBeHcTBe HYJII0 MOMEHTa BHEIUIHHX CHJ MOMEHT
HMIIYJbCa COXpaHSeTcsl NOCTOSHHBIM.

DTO paccyxieHne MOXKET ObITb [OAKPENJIeHO B TOUHOCTH TAKHMH XKe
aQHAJUTHYECKUMH COOGparKeHNAMH, KOTOpLIE COMEPXKANNCh B ypaBHe-
HUAX (1)—(7) mpHu obCyxJeHHH BONpOCa O COXPAHEHHH HMnyJnca.
Ilvers Qr npeacraenaser coGofl BeKTOp, KOTOPHIA moJydaercsi *) npu
MIOBOPOTE I HA NPOU3BOJBHEIH yros O OTHOCHTENBHO NPOH3BOALHON OCH.
JauHa BekTopa §2r Takast ke, KaK M JJHHA BeKTopa r. Mbl moxem
J0Ka3aTh, UTO COXPAHEHUE MOMEHMA UMIYALCQ CAeOyent U3 uHeapuanim-
HOCMU RO OMHOWIEHUIO K 8PAUEHUI0, 0npedelsemotl COOmHOUeHUeM

Uy, 1y oo, ta)=U(Qry, Qr,, ..., Qry). (67)

Kakoil CMBIC HMeeT 3TO COOTHOILEHHE B NPHMEHEHHH K 3aBHCH-
mocth U OT aprymenToB Ans AByX 4actHu? PaccMOTpHM crelHabHBIA
cjyva#, Koraa

U=U(r;—r,). (68)

3aMmena BeKTopa T BpAIIAOLIUMCS BeKTOpoM {2r HM3MeHsieT Hampasiie-
HHe, HO He BeJHYHHY Pa3HOCTH BEKTOPOB r;—r,. Ilostomy, ecan U
npeacraBaser coboll HHBAPHANTHYIO BEJIHUMHY, TO OHA MOXET 3aBHCETD
TOJIbKO OT BeJMYMHB PACCTOfIHHA Mexnay JAByMsa uactuuamu. Hrak,

U, r,)=U(Jr; —r,]). (69)

B atom cnyuae cuna F,,=—F,, o6sa3atesbHO OyZeT HanpasJeHa BAOJb
JuHUM Fy—r;. Tak Kak cusa sBJsercd LeHTPaabHOH, TC B COOTBETCT-
BuH ¢ (50) MomeHT BpauleHusi oOpauiaercss B HYyJb.

Hasg N yacTvll MHBapHAHTHOCTH NMOTEHUHANa [0 OTHOIIEHHIO K I10-
BOpoTy ofecneunBaercsl, ecin U 3aBHCHT TOJIbKO OT BEJIHUHHBI pac-
CTOSIHMSl MEXKIY HECKOJbKHMM YaCTHIAMH.

[orennuasn, cosgaBaeMmeifi OTIEIbHEIM 3/1EKTPOHOM HJM  HOHOM
B KpHCTajJe, He 0ofjajaeT HHBApHAHTHOCTBIO MO OTHOINEHHIO K Bpa-
IEHHIO, TIOTOMY YTO 3JIEKTpHYeCKoe NoJie, CO3JaHHOe APYTHMH HOHAMH,
OYEHb HEOJHOPOIHO H HETOCTOSIHHO. ’

*) Crenyer ameTh B BHAY, YTO 3[€Ch MBI TOBOPAUHBAEM I, 4 He CHCTEMY OTCUETa;
MOXHO, OIHaKO, TIOBOPAYHBATb H CHCTEMY OTCYETa, HO NPHBOAMMbBIE B TEKCTe paccyx-
JeHHsI OKaXKyTcsl GoJiee MPOCTHIMH, €CJIH Mbl GyleM NMOBOpaunBaTh BeKTOp r. CHMBOJ
Q o3nauaer He OGLIYHYIO BeJUYHHY, 5TO TaK HasbiBaeMmblii onepamop. OnepaTophl Ml
6yleM paccMartpuBatk B T. IV,
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[Tosromy B ofmeM ciaydae Mbl HE MOMKEM OXHJATh BhLINOJHEHHS
3aKOHA COXPAHEHHS. MOMEHTA HMMIYJbCa VIS JEKTPOHHBIX 06CJIoueK
HOHA B KPHCTaJlle, JaXe HeCMOTPS Ha TO, YTO MOMEHT HMIYJIbCa COX pa-
HAeTCs AJS TOrO XK€ HOHa, eCJH OH HaXONUTC B CBOGOJAHOM MPOCT-
paHctBe. HesbinonHeHne 3aKoHa CoxXpaHeHHs MOMEHTa HMIyJbca AJf
3JIEKTPOHOB B MOHAX KDHCTa//0B Habnoasoch NPH H3YYeHHH Tnapa-
MarHuTHBIX HOHOB B KpHCTanjaax, a Takxke »>bdeKTa, Ha3bBAEMOTO
rauiequeM OpOHTaJbHOIO MOMEHTAa HMITYJbCa. -

MowmenT umnyJssca 3eMaH J MOCTOsHEH B CHCTEME OTCYeTa, B Hauase
Kotopoll Haxonurcst Cosniie, TOTOMY U4TO B 3T0M cayuae T ) F=0 B kax-
JoH TouKe Maccel 3emaH, HA KOTOPYK [JefiCTBYeT TrpaBUTAlHOHHAsA
cusna F co cropounl Connua.

[Ipuwmep. ¥Yewsoe ycxoperue, conposoxdaowee cxcamue. Yac-
THLla Maccoll M sakpenJieHa Ha HHTH H BpallaeTcs; KOrja jJJHHA HUTH
paBHa r,, CKOPOCTh paBHa U,. YeMy  paBHa palora, coBepiuiaemasi MpH
YKOPOYeHUH HUTH [0 IJIHHDLI r?

Cuna, nefictByiolliasi Ha 4YacTHLY CO CTOPOHBI HHTH, HalpaBJeHd
10 pajuycy, 4 HO3TOMY IIPH YCKODEHHH HHTH MOMEHT BpailleHHsi pPaBeH
nymo., CrnenoparelbHO, MOMEHT HMIOYJbCA JOPKEH OCTABaTbCs IIO-
CTOSHHBIM HDH YCKOPEHHM HHTH:

Muo,ry = Mor. (70)

Knneruueckast sHeprusi yacTHIBI, HAXOAAUWEHCH HA PACCTOAHUH Ty,
1

paBHa7MU§, a NPH YMeHBbIUEHHH pacCTOSIHUS 1O r YBEJUYHTCH [0

BeJIMUKHB!I, PABHOH

{ 1 2 [70 \?

'-Q—MUZZ—‘E-MUO <T , (71)
TakK Kak B coorBercTtBuu ¢ (70) v=uv,r,/r. Orciona cnenyer, uro pabora W,
coBepilaemasl H3BHE INPH YKODOYEHHH HHUTH OT [JHHBI, PaBHOH fq,
JIO AJIMHBI, PABHOH r, ONpeNeJseTcsl COOTHOILIEHHEM

W=t Me2 [(%})2_1]. 72)

MBI BHIMM, YTO MOMEHT UMIyJbca JeHCTBYeT Ha pafHalibHOE JBH-
JeHHe KaK HeKoTopasd 3(¢eKTuBHas [OTeHUMa/lbHas SHEPrHs OTTajl-
KMBaHHUS: Mbl JOJKHBI COREPLITh BHEIIHWW paboTy Han 4YacTuied,
yro6bl TIEpeMeCTHTh ee ¢ GOJIbLIEro PACCTOSIHHS Ha MeHbllee, eCJM Mbl
TpeGyeM, 4To0bl B 3TOM -IPOLECCE MOMEHT HMITYJbCa COXPAHSAJCH IO-
CTOSIHHBIM,

CpaBuHTe 3TOT pe3yJbTaT C TeM, KOTOPHH MHoJjyuaercd, KOraa
yacTUla BpallaeTcst Ha HUTH, CBOOOLHO HamaTblBalolielicss Ha JajKui
3aKpenJieHHbI cTepiKeHb KOHeyHoro auamerpa. Ilouemy, Korza HHTBH
HaMaTbIBaeTCsA, B 3TOM C/ydae KHHeTHUeCKas HepIHs [OCTOSHHA?P

Popma [arakmuxu. Pe3ynbTaT, NOJYYEHHBIH B pPacCMOTPEHHOM
NpHUMepe, OYeBUHO, MOXKeT ObITh HCIOMNB30BaH It 00bACHEHHS (POPMBI
Fanaktuku. Paccmorpum ouenb Gonbiyio maccy M rasa, obsaapaioutyio
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NepBOHAYAJBLHO HEKOTOPBIM MOMEHTOM uMnyJbca *). Tas ckuMaercs
B pesyJibTaTe [PaBHTALHOHHOIO B3aHMOAEHCTBHsI. Tak -Kak o0beM,
3aHHMaeMbli Fa3oM, CTAHOBHTCHA MeEHbIlle, COXPaHEHHE MOMEHTa HM-
" nysbca TpefyeT yBeJHUeHHS YIVIOBOH cKopocTH. Ho Mel Tonbko uto
BUIEJH, YTO [JIA YBEJHYEHHA YIJIOBOH CKOPOCTH HOJKHA OhiTh CO-
BepuieHa pabota. OTKyaa e BO3bMETCS KHHETHUeCKas 3SHeprus?
Ona MoXxeT GHITb NOJyYeHa TOJbKO
3a CYET TPABUTALMOHHOH 3SHEpTHH

1
\ : /
~ ! P
\\\\_ ! ’//
- [l
1
|
i~ Tpybwna
1
I—//[i/ﬂﬁ
Puc. 6.22. Macca M coBepwiaer Kpyro- Puc. 6.23. Cxarne TanakKTHRH B IJI0CKO-
BOE JIBHIKEHHE 110 OKPYXKHOCTH PajHyCoM CTH, MIePNeHAHKYASAPHON K J, orpanuueno
f, CO CKODOCTBLIO U, 3JTa Macca coe- BCJIEZICTBHE TOTO, YTO LEHTPOGeKHas «mo-

AMHEHA C HHUTBLK), DpoxojAmel uepes TeHUHANbHAs sHeprus» f (r) Bospacraer

TpySKy. Paccrosiue r, MoXeT OBITh npu r - 0. Hostomy [ (r)+g {r) umeer

YMEeHBIIEHO, eclM¥ NOTHAHYTh 3a KOHer, MHHUMYM IHpPH KOHEUHOM SHAUYEHHH 7
HHTH P. (IYHKTHpHAsT KpHBas).

rasa. Yacruma maccst M, u3 BHewnedl obnacth Tlanaktukn Gynmer
o6sanaTh TPaBUTALHOHHOH NOTEHIHAJbHOH SHepruell Osarofaps Bsa-
HMOJIEACTBHIO YacTHlbl ¢ ['anakTHKOH, NOpANOK BENTHYHHBI KOTOPOi

cocraBJasier
GMM,

- (73)
rie r — paccrosinue or nentpa lanaktukn 1 M — macca TanarTuki.
2¢eKTHBHAA IOTEHIHAJbHASA SHEPrHsi, CBA3aHHAs C MOMEHTOM HM-
nyJbca, 3aBUCHT ot r (puc. 6.23), Kak 310 BUAHO U3 (72).

CymMa (72) u (73) obnanaer 3KCTpeMasibHbIM 3HauY€HHeM (YTO fAB-
Jsgerca HeOGXOAMMBIM YCJOBHEM paBHOBeCHS), KOrJAa

d GMM 1 ro\?
L[ g Mo (2)] =0 (74)
HJH Korza
GMM re
72 1—M103;§9=07

vﬁ r?j . vere (75)

r'=%m=cm-"

*) B HacTosillee BpeMs IPH COBDEMEHHOM YpPOBHe 3HAHHil MBI He MOXEM CKa3arb,
OTKYJia B JAHHOM MecTe NOSIBHJICS I'a3 HJIH [Io4eMy JaHHas Macca rasa o6/najiaer MoMeH-
TOM HMIyJIbca. Macchl, He o6/afalonue MOMEHTOM HMIY/ibca, 6YAYT KOHIEHCHPOBAThCH
H [pHHEMAaTh cepuyeckyio hopmy.

'
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[Tpu snaueHusx r MeHbiMX, 4eM 3T0 cjexyeT H3 (75), ogHo# rpa-
BHUTALHOHHOH 3HEPTHH Y)Ke HeJOCTaTOYHO AJA TOro, YToOhl MpoAO/IKa-
Jocb cxkarue. M3 ypaBuenuii (75) caenyeT, 4To NIPH r==r, CHJI4 [IPUTS-
xeHua GMM,/r® paBua nentpobexHoh cuae M v?/r.

O61ako rasa wiM 3Be3], MOXKET CIJIOWIUBATLCSH B HAlNpaB/CHHH,
HapaJJebHOM OCH TOJHOTO MOMEHTa HMNyJbca, 6e3 H3MEHEHHS Be-
JUYMHEl uMIyabca. Cxxarve BHI3BIBATCA TPaBHTALHOHHBIM IPHTSKe-
HHeM; 3Heprus, npuHoOperaeMasi NMpH CKATHH, JOJKHA KakuM-TO 06-
pasom pacceuBaTbCH, H MOXKHO CUHTaTh, YTO ITO pPaccesiHUE IPOUCXOIUT

9

Puc. 6.24. Crayaaa obaako rasa (a), satem [anaktuka (5) naumnaer cmJo-
WMRAaTLCS M, HAaKOHel, NpUHuMaeT ¢opMy GJHHa ¢ Gojiee WM Meuee coepH-
YEeCKHM LEHTPaJIbHBEIM SIADOM (8). -

sa cuer uzayyenus. [loatomy o6sako MOMET JOBOJIBHO CHJIBHO CIJIIO-
UMTLCA B HANPABJIEHHH, NapaJenbHoM J, a ckaTHe B 3KBATOPHA/IbHOM
[JOCKOCTH orpanuyeno. Takas Mogenb 3BomouuH [anaktuku Oblia
npextoxena XaG6ioM; OIHAKO HEKOTOPble HeIaBHHe HCCJEN0BAHUSA
3aCTaBJAIOT CYNTATh, YTO 3Ta MOJEJb CJMLIKOM yipomexa. duamerp
pairefl [anaktuky nopsaxa 3-10* mapcekos, wan 1022 cu (1 napcek ==
=3,084-101% cm). Tomuuna I'anaktuku B okpecTHocT CoJHna B U3-
BECTHOH CTemeHH 3aBHCHT OT TOro, KaK ONpeleidTb 3Ty TOJUIHHY,
OHaKO IpoMajHoe OOJIbIIMHCTBO 3Be3J IPYNIHpYyeTcss BOJIU3U CpeaHel
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MJIOCKOCTH ¥ 06J1alaeT TONLUIMHOA B HECKOJBbKO COTEH NapcekoB. TaKkHM'
obpasoM, ['asarkrtuka B ofiuem CHIbHO cuamiomeHa. Macca [anakTuxu
npubsusutenbuo B 2- 1011 pas Goabule Maccw CoJIHIA H COCTaBJsET

(2-1011) (2. 10%%) ~ 4. 10% ¢,

Maccy lanakTHRY MOXKHO OIIGHHTb U M3 COOTHOLIEeHHE (75), ecsn
NIOACTAaBUTh B HEro HapecTHole 3HaueHus v W r st Cosnua. Cosmie
HaXONHUTCS IO HaNpaBJeHHI0 K BHelIHeMy Kpaio [anaxkTuku na pac-
cTosiHHM OKoJio 104 mapcekoB = 3:10?* cm oT ocu ['anaktuku. Op6u-
TanbHaa ckopocTh CoJIHIIA OTHOCHTENbHO HeHTpa ['ajakTHKH cocTas-
Jaser npubausutenbHo 3- 107 cu/cex, moaToMy U3 (75) MBI MOXKEM OLLEHUTH
maccy Tanakrukn:

v (1019) (3-10%2)

M=—~ 7-10-8

G 2~ 4.10% 2. (76)

Ilpoussozst aty oleHKy, Mbl NpeHeOperyu BJIUsIHHEM Macc, pacroJio-
JKEHHBIX Ha GoJibllleM pacCTOAHKH OT ueHTtpa Iasaktuku, yem Coanle,

6.4. Moment umnynbca CosHeuHOll cHcTeMbl

Ha puc.6.25 npuBeieHbl MOMEHTH! HMITY/1CA HEKOTOPHIX COCTABHBIX a-
creii Conneuoii cuctemsl. ITonpoGyem npocTo 4151 KOHTPOJIS caMux cebs
OLICHHTb KaKoH-HHOYIb U3 NpH- 190
BeJICHHHIX Ha pHC. 6.253HaveHu
MOMEHTOB UMM yJsibca. BosbmeM,
ganpuMep, nsianery Hentyn,
opbuTa KOTOpOH odeHb G/H3Ka
K kpyropoit, Cpennee paccro- 78
sinve Hentyna or Conuua, npu-
BeJleHHOe B opHoH H3 pabor,

9 9 7 24
2,8-100 wmMuap =~ 5-10° wm =~ Yo
~5-10'* cm. Tlepuox obpare- el - I z
: Comge 2 Cumymy Ypar Hemmpy Tapman
Hua  Hentyna oTHOCHTe/NbHO Hmey
Connua cocrasasger 165 JeT guc. 6.25. PacnpefeJienie MOMEHTa HMIIYJLCa B

. 9 OJIHEYHO#l cHUCcTeMe OTHOCHTEJIBHO LeHTpa Conu-
z5 10 CeK. Macca HeHTyHa na. CumBoaoM 3 o6GosHaueHa CyMMa MOMEHTORB
okoso 1:102%% 2. MoMeHT HM- wumnyabca Mepxypns, Benepsl, 3emian s Mapca,

OépaTuTe BHHMaHHe Ha OTHOCHUTEJBHO MaJbli
1yJbca HEHTYHa OTHOCHTEJIb-  skaag mpamenns CosHIla BOKPYD ero cobCTBeH-

HOI OCH (ZuarpaMma T[IOCTPOEHA B €AMHHUIAX
Ho CosHla paBeH O e ot oy ;

2 | _10%.6-(25-10%%)

J = MUf = —7'_ r N_-W)g—'_
4yto, B 00lleM, XOpOLIO COrJacyercs co 3xayenueM 26-10% z-cu?/cex,
yKa3aHHBEIM Ha puc. 6.25. Hanpasaenne J npu6iu3uTenbHO O1HHAKOBO
Aast Bcex Gosbinx nianer. Moment umnysnsca HentyHa omrocumensro
e20 co6CMmBEHH020 UEHMpPa MACC 3HAYUMEAbHO MeHbuie. MOMEHT HM-
myJbca Bpauiamomeiicss opHoponHor cdepsl nopaaka MuR, rie v —
JIMHEe{IHas CKOpPOCTb TOUKM HA NOBEPXHOCTH U R — paauyc cdepsl.
B 1eficTBHTE/NILHOCTH, OJHAKO, BCJEJCTBHE TOrO, 4TO Macca cdephl He

=~ 30-10%2.cm?jcex,  (77)
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-CKOHLEHTPHPOBaHa B TOUKe, HaxXoisuleAcsa Ha paccTOAHHH R OT OCH
BpaUleHUs, a paclpefeneHa OnpeleseHHBIM 00pa30M OTHOCHTENbHO
oCH BpallleHHsl, 3TOT pe3ysabTaT AOJKeH ObITb YMEHbILUEH A/ cayyas
OIHOPOJHOTO DPAacHpeiesieHUs NMyTeM YMHOXEHHS Ha YHCJIOBOH Ko3¢-
punnent 2/5 (cM. ra. 8). Ilostomy

2 2n M R?

Jow=5 205, | (78)
rge T= 2nR/v o3nauaeT nepuoj oOpaIleHHUs MJAHETH OTHOCHTE/BLHO
ee coberBeHHOH oc. Haa Henryna Ta 16 «x6-10* cex u r=~1,5-10
MuIb2,4-10° cu. Takum obpaszom, HAXOAUM

J —~ 0,461029(6 1018) ~ 2. 10432.01112/6’@]6. (79) "

wm 6. 107

.Dra BeIMYMHA Maja MO CPaBHEHHIO CO 3HAUEHHeM MOMEHTa UMIYJbca
orHocuTesbHo CosiHLA, NpHBEeJEHHBIM Bbille B COOTHOWeHHH (77).

AnanornuHas ouenka peanuunsl J, . aaa Coanua jaer
6-10%¢ 2.cm?/cex. Ecnn npunsath Bo BHHMaHde Bpauenue CosiHLA OT-
HOCHTEJIbHO OCH, NPOXOAsAILe{l uepe3 €ro LEHTP, TO MOMEHT HUMIYJ/bca
Cosineynofi cucTeMbl H3MeHHTCSt Bcero auwb Ha 2%. JloGasi ropsiyas
3Be3jia MoxeT o61azaTbh MomentoMm umnysasca B 100 pas GonnmuM, yem
Connne. Takum o6pa3oM, MOXKHO NpeanoJararb, 4To Npu obpasoBaHUH
[JIAHETHOH CHCTeMBbl MOMEHT WMMYJIbCa 3aHMCTBYeTCA OT OCThIBAIOLIeit
3Be3nnl. Ecan Kaknan 3Besfa obpasyeT MJaHETHYIO CHCTeMY, TMPOXOAs
nogo6ro Cousniy Yepes Bce cTaiuu CBOed MCTOpPHH, TO B Hawe#d [a-
JIaKTHKE MOXKeT CyllecTBoBaTh cBeie 10'° 3Be3n ¢ n/aneTamu.

6.5. BHYTpeHHH MOMEHT HMIyJbca 3JEeMEHTaPHBIX HaCTHL,

W3 onbITHBEIX 1aHHBIX, KOTOpBIE MO1POGHO paccMaTpHBaioTest B T. IV,
H3BeCTHO, YTO 3/1eMEHTaPHbIe YacTKLbl 00Jafal0T BHYTPEHHHM MOMEHTOM
umnyJabca J, . BHyTpeHHHII MOMeHT uMNy/bca OObIYHO HAa3HIBAETCS
CHUMHOM MOMeRma umnyibca. CMUH MOMEHTA HMIYJBCA 3JeMEeHTAapPHBIX
‘gactul 0603Ha4aeTcsl CUMBOJIOM S M H3MepsieTcd B €IMHHIAX, PaBHBIX

b= Jo = 1,0542. 10~ spe-cex,

rae fi — nocrosignas [lnanka. Mbl BHAMM, 9TO Pa3MEpPHOCTb MOCTOSH-
Hoit /i TOYHO Takasi ke, KakK H MOMEHTA uMnyasca Mor. 3uauenus S
AN HEKOTOPBIX 3JIEMEHTApHLIX YaCTHIl [IPHBEJEHB HHMKe B TalJulle.

y Cnuy MoMenTa Crniuu MOMeHTa
acTuna uMayasca, S Hactrua uMIyabca, S
DneKTpoH 1/2 = -Meson 12
30;31}:)1{ (TpoToH WM Hed- i/2 n, au-weson 0

}; on) b AO-runepon 1/2

P K*, K®-me3oH 0
Hefitpuxo 1/2 y
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3agaum

1. Momenm umnyrvca cnymuuka. a) Uemy paBeH MOMEHT UMITyJbCa (otHOCH--
TeJBHO LeHTPa OPGUTHI) CNYTHHKA 3eM/IH Maccoll M., KOTODbIi IBHKETCS N0 KPYrOBOR-
op6ute panuycom r? PesynsTar Belpasutb uepes 7, G, M u My .

Otper J=(GMgyM?2r)'

6) BHIUHCAHTE MOMEHT HMIyJIbCa (8 exnnunax cucremel CI'C) macesr M =100 ke-
A op6uTHl, PamMyc KoTopoil B EBa pasa GoJblue paguyca 3eMmid.

2. Bausanue mpenus Ha OsumceHue cnymuuxka. a) Kaxoe BJHsHHe OKa3blBaeT
TPeHHe NPH ABHKEHHH CNYTHHKA B atMoctepe o KPyroBof (Mn 6iu3Koil K KPyroBoii)
opbute? [loyeMy TpeHHe yBeNHYHBaeT CKOPOCTb CIyTHHKA?

6) YBenHuMBaeT HJH YyMeHbLIaeT TPEHHE MOMEHT HMIYJAbCa CIIYTHHKE, H3Me-
PeHHBIH OTHOCHTeNbHO HeHTpa 3emau? ITouemy?

3. Coomuotueriue mexncOy sHepeuell u MOMEHMOM umnyisca 0an cnymruuka. Bripa-
3UTh KHHETHYECKYIO, IOTEHIHANBHYIO U TIOJIHYIO SHEPIHIO CTyTHHKA Maccolt M, IBUKY--
erocs No Kpyrosoil op6uTte pajHycoM 7, yepe3 MOMEHT MMIyJabca J.

J2 J2 J2

Orser.  K=gpms U=—gpr: E=—g5ya-

4. Fnexmpor, 6payarouutics 60KpYe Npomona. DAEKTPQH ABHKETCS BOXPYT PO~
TOHa N0 KPYroBoH opfure, pajunyc KoTopok paseH r=0,5 A=0,5-10~8 cu.

a) Uemy paBeH opGHTANbHBEIf MOMEHT HWMIYJBCA ~3JEKTPOHA OTHOCHTENbHO
NpOTOHA? )

OrBer. 1-10727 ape-cex.

6) Uemy paBHa nojHasi 5HePrusi, BEIDAXKEHHAS B 9Prax M 3JIeKTPOH-BOJLTAX?

5. Momenm snymperrux cui. PaccMOTPHM H30/JHPOBAHHYIO CHCTEMY, COCTOSIILYIO
13 Tpex yacTun 1, 2 ¥ 3 (MoKasanHBIX Ha pUC. 6.26), CUIL B3aUMOJEHCTBHS MEKAY KOTO-
PBIMI MOXKHO CUMTATD LEHTPaNbHbIMB: Fyo==1 Oun, F13=0,6 dun, Fg3=0,75 Oun, rie
F;; 03HauaeT CHJIy, C KOTOpPOH uacTHua { AeficTBYeT
Ha YacTHLy j. 2 Lom )

_ a) Tlogpo6HO BLIIMIKATE BCE CHJE, Pas/OXKHB )

MX Ha KOMIIOHEHTH B COOTBETCTBYIOWIEH CHCTeMe
KOOpAKHAT, M INOKA’KHTEe, YTO MOMEHT BHYTPEHHMX
CHJI paBeH HYJIO:

g

3 - Fem

Z r;XF;;=0. . Sem
e

NBHyTp=

_.
e

]

=

6) Ilokaxure, 4TO TakoW ke pe3ysnbTaT HOJY-
4UTCS, €C/IM B NIPOHU3BEJEHUH NOMEHATb HHAEKCH H 7
npousBectd cymmupoBanue 1;XF;;. o

6. llae/zeﬂue Aecmruybl ‘Ha cmeny. JlectHuna, Puc. 6.26,

Mmacca KOTOpOI/I 20 xe u pouna 10 m, npucTaBjaeHa K

raagxoit crene nox yriaoM 30° X BepTHKalH. Me}xny TIOJIOM H JIECTHHIIeH CyIlecTByeT
Tpenne. Hemy paBHa cuia (B ZnHax), ¢ KOTOPOI JiecTHHLIA AaBUT Ha CTeHy? (Y kK a 3 a-
H 1 e: HCnoabayiTte Tor GakT, 4To MOMEHT CHJl JOJUKeH ObiTh paBeH HyJIO, Korja
JIECTHHIIA HAXOJUTCH B TIOKOE.)

OrBert. 5,6-105 Oun.

7. Kunemudeckas sHepeus npu epaujamessHom Osusicenuu. Uemy. paBHa KuneTH-
yecKasi SHEprHsi BPallaTe/IbHOTO ABHKEHHS (B 5prax) TOHKOTO KPYTJIoro o6pyua pajguy-
coMm 1 M, IUIOTHOCTB KOTOPOrO HA eNMHHDY AJHMHB paBHa 1 e/cm, Bpamarollerocsi co
» ckopoctsio 100 06/cex OTHOCHTENBHO OCH, IIPOXORsAIIefl yuepes ero UEHTP K NepleHiHKy-
JgpHOH ero IJIOCKOCTH?

8. Momenm umnyavca Jynot. CpaBHme BeJIMYHHY MOMeHTa HMIIyqbca JIyHb Ha ee
op6uTe BOKPYT 3eMJH C BeJHUHHOH MOMEHTa MMIYyJbca JIYHH NPH BPalleHHH BOKDPYT
ee COGCTBEHHOH OCH, PpaBHOH

g 2 2
g‘ IWC!)RJ] .
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9. Momenm umnyarsca npu cbauscerun 0syx wacmuy. Hefitpon ¢ sueprueit 1 Mas
fIPOJIET2ET MHMO TMPOTOHA HA TAKOM PACCTOSIHHH, YTO MOMEHT HMIYJbCA HEHTPOHA OT-
HOCHTeJILHO NIPOTOHA paBeH okKoso 10~ 28 spe- cex. Uemy paBHO camoe GiIH3KOe PaccTosi-
HHe, Ha KOTOPOM HeHTPOH ITpoJieTaeT MUMO NPOTOHA? (DHepruefi B3auMOIeHCTBHS MEXLY
©06eHMH  YacTHLAMH MOXKHO IHpeHeOpeub.)

OrBert. 4-10712 cm.

10. Momenm umnyavca auneiinozo Osuscerus. Yactuna maccoit M IBHKeTCS CO

CKOPOCTBIO V;==UX BJ0Jb NPAMOH JIHHHH, yPaBHEHHe KOTOpOHl y=y;. B MomeHT Bpe-
MeHU 7=0 yacTHUa HaxoAuTCcsd B TOYke C KoopAunaramu (0, yy).
a) BoiupeauTh MOMEHT HMIy/bCa HACTHLb! OTHOCHTEJLHO Hayaja KOOpAUHAT.

OTBerT.— Muy;z.

6) BriuncauTb NOAHBIA MOMEHT HMIYJIbC2 OTHOCHTENBHO TOYKH € KOODAHHATAMH
©, y5), e Y<yi.

. Cmoaxnosenue Osyxamomuoti uacmuysi ¢ odnoarmomwod. JIBe OINHHAKOBbIE
MACChl COeIMHEHBI MEKIY COOOfl KEeCTKHM CTepXKHeM, IJMHA KOTOPOro a M Maccoft
KOTOPOr0 MOXKHO NpeHeOpeub. LlenTp Macchl 3Toli raHTenenofoGHON CHCTEMB! paco-
JIO¥KeH B TIPOCTP2HCTBe, CBOSOINHOM OT JAeHCTBHSI cuibl TskectH. CHCTema Bpalaercs
OTHOCHTEJILHO LIEHTPa Macc ¢ YTJ0BOH CKOPOCTHIO . OnHa U3 BPaUIAIOUHXCsl MACC CTall-
KHBAETCS C TpeTheH yacTHIlel, mMacca KOTODPOH Takxke paBHa M, W DNpUNUMaeT K Hel.

a) HafiTu 1eHTp TAKECTH CHCTeMBI, COCTOSICH M3 TPeX YaCTHIl, B MOMEHT, Hpel-
MIECTBYIOUIHN CTONKHOBeHHIO. UeMmy paBHa CKODOCTh IIEHTpPa Macc?

6) UeMmy paBeH MOMEHT HMIYJbCa CHCTEMBI, COCTOAMLEH M3 TPeX Macc, OTHOCH-
TeJMLHO LEHTPa MacC B MOMEHT, IIPeJlIeCTBYIOUIMH CTOJKHOBEHUIO? B MOMEHT, CIeAylo-
wuil 32 CTOJKHOBEHHeM?

B) Uemy paBHA yr/ioBas CKOPOCTh CHCTEMbl OTHOCHTEJBHO IHEHTpa Macc Iocle
CTOJIKHOBEHHSA P

r) Uemy paBubl HauadbHOe W KOHEYHOe 3HAYeHHs] KHHETUYECKOH 3HEPTHH?P

12. Momenm umnyasca maua Ha npuesasu. Llenp Urpbl B MY Ha MPUBA3U COCTOMT
B TOM, 4TOGL AOCTATOYHO CHJILHBIMM H TOYHBIMH YAapaMH MO Msiuy 34CTAaBHTb BEPEBKY,

. K KOTOPOH NPHBA3AH MY U JPYTOH KOHel,
KOTGPOH yKpell/JeH Ha KOHlLle BepTHKalb-
HOTO 111eCTa, HAMOTAThCS Ha 3TOT HIeCT B
OJIHOM  HampaB/ieHHH; BTOPOH HIPOK
MOXET TaKHM K€ CIocoGOM HamoTaTh

Puc. 6.27. Puc. 6.28.

‘BepeBKY B JPYroM HAaNMpaBJEHHH. DTa HIPa OUeHb OXKHUBJEHHAS, H XUHAMUKA JBHKEHHS
MsAua AOCTaToyHo cloxua. Dylem paccMaTpHBaTh Gosiee MPOCTOM Calydall ABHKeHUs,
NPH KOTOPOM MSIU [BHKETCS B TOPH3OHTaJBHOH MJIOCKOCTH 110 CUHPANH YMEHBIIA-
ulerocsl pajinyca ¥ BepeBKa HaMaThiBaeTcd Ha LIECT Noc/ie OHOrO yAapa, IMPHAAOUEro
MSUY HaualbHYW CKOPOCTb vo. Jlauna BepeBkH [ M papuyc wecra a<kl (puc. 6. 27)

a) Uro Takoe MIHOBEHHBIH UEHTP BpaHIEHHUS?

6) CyuiecTByer 1M MOMEHT BpallleHUs] OTHOCHTEILHO OCH, IPOXONSAILEH Yepes LeHtp
miecra? CoxpaHsieTcsl JIH NOCTOSHHEIM MOMEHT Hmnyﬂbca?

B) BBIUMCAMTE CKOPOCTE KaK (yHKIMIO BPEMeHH, JOMyCKas, 4YTO KHHETHYEeCKas'
SHeprusi COXPaHAETCA IOCTOSHHOH,
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r) Uemy paBHa yryioBasi CKOPOCTb MOCJIe TOrO, KaK MsY COBEPLIUT MAThb NOJHBIX
o6opoToB?
OTtBeT.
_ (I—10za) v,
a?+(I—10ma)?”

13. [Tomenyuarvbras suepaus yernmpobesicroix cus. B 310l 3anaue yaoGHO KCIOMB-
30BaTh MJIOCKHE NO/ISPHEIE KOOPAHHATH 7 H @ VISt IIBHKEHHS B IIOCKOCTH, HepnentH-
KyJsiPHOH X OCH BpalleBus (pnc 6.28).

a) [Toxaxute, 4TO B 3TOH CHCTeMe KOOPAHHAT CKOPOCTb OyJeT HMeTb BUI

V=0, 0.,

rie v,==dr/df npeacrapsser cofofl CKOPOCTh H3MEHEHHUS JIMHEI BEKTOpaT, a v, == r dp/dt.
6) IlToxaxkure, uTo KMHeTHUeCKasi SHePrus YacTHULB! B 3TOH CHCTeMe KOODAHHAT
HMeeT BHA

Kl b ),

rie o=dg/dt.
B) IlokaxuTe, 4r0 NMOJHAs SHePIHs paBHa

Uy, J2
E=U(’)+‘2—M’ +2_Mr_2'

rie J — MOMEHT HMINYJbC3 YaCTHUB OTHOCHTEJbHO 3aKPEIVIEHHON OCH, NMepHeHInKy-
JISPHOH K IUIOCKOCTH ABHIKEHHS, (Y ka3 aHHe: BCIOMHHUTE ypaBHerHe (72).)

r) Ecan cuna, KeficTByiomas Ha yacTHIy, SIBJISIETCS LEHTPANBHOM, TO €€ MOMEHT
paBeH HYJIIO H MOMEHT HMIYJbCa IIpH ABHKEHHH COXPaHseTCsl HOCTOAHHBIM. Bennunua
J2/2M r? unorza HasblBaeTCst MOTEHUUANBHON 3Hepruel uentpobexueix cui. [lokaxure,
4TO 3Ta BeJMYHHA COOTBETCTBYeT NeHCTBHIO PaAuajgbHON CHJALL, paBHOH J2/Mr3 u ua-
NpaBJIeHHOH HapyXy.

1 .
1) Moxaxure, uto ecau U (r) = Cr2,10 U(r) cOOTBETCTBYET IEHCTBUIO pajHab-

HOH cunbl, paBHOH — Cr n HanpaB.JEHHOH BHYTpb.

e) [lokaxkure u3 r) 4 1), uro [faBHOBeCHe STHX CHJ 3KBUBANEHTHO YCJOBHIO
w2=C/M.

14, Boipascernue 08 momenma umnyasvca. [loxkaxure, uto ecan J u N oTnecenn
K LEHTPY Mace, COBOAJaloleMy C HauaJoM KOOPAHHAT, TO CYLLECTBYeT COOTHOLICHHE
dJ/di=N, naxe ecnu ueHTp Macc 06aajaeT NepeMeHHOH CKOPOCTHIO V(#) OTHOCHTENLHO
HEKOTOpOif HHepIHAJBHOH CHCTeMBl OTCUeTa.

Hononnenue CrolkHoBeHHe METEOPHTOB ¢ armocdepoil

Merteopursl npencTaBasioT cofoil HeGonbide Tea (puc. 6.29) B MeXKIIaHETHOM
NPOCTPAHCTBE, ABHKYILHECS 1O 3aMKHYTHIM op6utaM Bokpyr Co/HIIA U Bpemsi OT Bpe-
MeRH CJy4alfHO NpoJeTalomue CKBO3b aTMocdepy 3emvin, MPGH3BOAT NPH 3TOM BHAHMOE
ry1a3om cBeuenue. [IpH NPOHHKHOBEHHH METEOPHUTOB B atMochepy 3eMiId HX ABHMKeHHe
3aMel/IfeTCst BCAEACTBHE OOMEHA MMIY/ILCaMM MEXKJY HUMH H MOJEKyJIaMH BO3AyXa,
C KOTODHIMH OHH CTaJKHBAIOTCS. KOra cpejiiee pacCTOsHHE JeTAWEH MONEKY /Bl MEXY
IBYMST COYAapeHHAMH (cpennsas JnuHa cBoGOAHOro NpoGera) BeNUKO 1O CPaBHEHHIO
¢ JHHefHLMH pa3MepaMu MeTeOpHTa, 3ajlaua ¢ 3aMelJieHHH pellaeTcs Kak 3ajgada of
HHIAHBUAY AJbHBIX CTOJAKHOBEHHSIX MOJEKYJ BO3JIYXa C METeOpDHTaMH, a He Kak 3ajaua
KJIaCE€HYeCKOH ra30iMHaMHKH.

a) BriBelleM cooTHOIIEHHe A5 3aMell/IeHUs], BLIPA3HB ero yepes Maccy M, cKOpocTh
v H 3¢deKTURHOE MOnepedHce CeyerHe *) MeTeopuTa, HCXOAA U3 rpyboro JOmylleHHs,
YTO HauyaJbHasg CKOPOCTh MOJIEKYJ Maja IO CPaBHEHHIO ¢ v. JTo BHOJTHe 06OCHOBAaHHOE

*) Ecsiu MBI COBOPHM, YTO MeTeopHT 06JajaeT 3(hdeKTHBHbIM NONeDEUHBIM Ceue-
HHEM, MBI MMeeM B BHJY, YTO, KOTZd METEODHT NPOXOJHT KAKOe-TO pacCTOSIHHE X, OH
HCIIBITLIBAET CTO/ILKO CTOJAKHOBEHHH, CKOJIBKO MOJIEKYJ COJep:KUTCH B oGbeMe Sx.
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PENNONIOKEHKE, TAK KaK B NPOTHBHOM CIY4ae MOJEKYJIbl BO3/YyXa JOJIKHBL GbIIH Gbl
“BLIXOIWTH 3a mpeflesibt atmocepsl. [lokaxure, yto

dv I'Spuv2

dt— M
TIe O — MJIOTHOCTL atmocgepht M I' — uncnennit xosgduuuent NOPAAKa eUHUIEL
3uauenue ' Gyner sasucers or ToroO, GyNeM JIH Mbl CYHTATh CTO/NKHOBEHHS! YODYTHMHA
UJIH HeyIPyrHMu. JIonycTuM, 4TO CTONKHOBEHHS SBJSIOTCS HEYNPYrHUMH, P KOTOPHIX
MOJIeKyJIbl IPHIMNAIOT K meTeopHTaM. Ecau xoTure, MOMHO CYHTATh, YTO METEo-
PHT IpelcTaBaser coloff KyOHK, IPaHb KOTOPOro NEepNeHRHKYAAPHA HANPABJACHAIO
JBHKEHHS.

6) Macca MeTeOpUTOB yMeHbIIaeTcst TGO B pesynnTate OTKaNBIBAKHS OTIeNbHEIX

KYCOUKOB, /HCO BCJeKCTBHE HeNapenhs, Hcnosbsys NPRHLHN COXpAHeHHS 3Hepruw,
BHBEAHTE BLIPAKEHHE A/Ist CKOPOCTH YMEHDBIICHHS MACCH!, BHIPA3HB e Yepes CKOpoCTs,

Puc. 6.29. 95-dymrosnifl  ockouox MeTeopuTa Ha KaHboHA
HAesBonaa, Ero paamep —okodno 30 cu B Anamerpe. (bomo Hayu- -
onaaeHOU aabopamopuu ¢ Bpyxxedigene)

Maccy H IJIOTHOCTb METEOpHTA, a TaKKe Yepes IIOTHOCTE Bosayxa. Mcmosmesyiire
BeIHYHRY { nast c603Hauenus NCCTOSIHHOM, BBIPaXKaloIefi KQIHYECTBO SHEPTHH, Tpe-
Gyemoe st morepH 1 e macchl METEODUTHOTIO BeIeCTBA OJHHM H3 BO3MOMHBIX CIIOCO-
60B, ¥ BeAMYUHY A IVl 0GO3HAUCHHS K03 HUHEHTA, XapaKTepH3YIONIEro s¢dbekTUB-
HOCTb o0MeHa SHEpTHEN MEKIY MOJEKy/aamu BO3AyXa H MeTeopuToM. B artom cayuae
MOXHO npeneGpeyb KHHETHYECKOH SHeprued, TepsAemoll npu samefnennn. [Ipubnuxen-
BB De3y/IBTAT HMeeT BHJ

dM — AM"spe?

T
TA€ Op— NUIOTHOCTHL METEOPHTA H CHEeNaHO ZonyweHrne 0 ToM, uto S=(M/p,,}"/*. Do
JONYIUEeHHe He COBCEM TOYHO. )

B) Ouennte H3 @) NMOPSAOK BeJHYMHLI dv/dt xns npaBEONOROGRHIX 3HAYEHH coO-
OTBETCTBYIOMUX Beadu4MH. Hcnompsyiite 3snavenme maornocru p=8-10~10 2/cy3 na
Bbicore 100 xx. Ha stoit sbicote cpentusin nauna ¢BOGOAHOrO NpoGera MoKy N; co-
CTabisAer oxono 10 ca. DTv NaHHBlE MOKHO HAaBTH B OGBIMHLIX CIpaBOYHHKAX.



FrTABA 7
FAPMOHM‘-IECK!/IM OCHMﬂﬂﬂTOP

KoneGaune rapMOHHYECKOT0 OCLHAJNTOPA ABJSETCH OYeHb BAXKHBIM'
IpPHMEPOM MEPUOAMUECKOTO IBIKEHHS U MOXKET C/YKHTb TOUHOH HJIHA
npuOAHKEHHOH MOZE/IbIO BO MHOTHX 3aJauyax KJ/acCU4eCcKoH ¥ KBaH-
ToBOH dusuky. K umesny KjaaccwyeCKHX CHCTEM, aHAJOTHMYHBIX IapMo-
HHYECKOMY OCUMJLIATOPY, MOFYT OblThb OTHeCeHH JitoOble CHCTEMBI,.
KOTOphie, GyAVuM cJerka BhiBeleHbl M3 TOJIOKEHUS paBHOBeCHs, CO-
BepIIAIOT ycToHuuBLIe Koaebauua. K HuM oTHocATCA:

1. Maremarnueckuii MasfTHHK B IIpejeslaXx MaJblX YIJIOB OTKJO-
HEeHHA.

2. Macca Ha mpy:uHE B Npelesax MaJblX aMIVIUTYA KosaeOaHHI..

3. DJIeKTpHYECKU#l KOHTYp, COCTOSIIMHA M3 CAMOMHAYKIHH W €M
KOCTH, AJ151 TOKOB WJIH HANpSKEHHH CTOJb MaJjblX, UTO 3J1eMEHTH KOH~
Typa MOXHO CUHTaTb JIHHEAHBIMH.

DNeKTPHYECKHH HJAH MeXaHHUYeCKHI 3JieMeHT KOHTYPa MOXKeT CUH-
TaTbCA JIMHEHHBIM, €C/I CMeELleHHe U3 ITOJIOKEHHS DaBHOBECHS HPSMO:
IpONOPUHOHANbHO BO36Y K atomedl cujle. BonbHHCTRO AiBJACHUT B PH3H-
Ke (He BCe M3 KOTODBIX NPEACTABASIOT KHTEPEC) MOTYT CYHTATHCS
JIMHEHAHBbIMH, €CJIH paccMaTpuBaemast 06/1acTh J0CTATOUHO Mana, ¥ 60b-
IIMHCTBO KPUBBIX, ¢ KOTOPHIMH NMPUXOAUTCA UMETH Aeno, B HeGOBIINX
npefenax MOTYT CYHTaTbCA NPAMBIMH JIMHHSMH.

Haubosiee BaxKHBIMM CBOHCTBAaMH T[apMOHHUECKOrO OCUHAJAATOpA
ABJAIOTCS CJELYIOULHe:

1. Yacrora kose6anuil He 3aBUCHT OT AMIIJIHTYJbI.

2. Ecay #efiCTBYIOT HeCKOJbKO BO3OYXKAAIOUHX CHJI, TO 3(dexT
HX CYMMapHOTo AeficTBHS MOXKeT GbiTh MOJYYEH B pe3yJbTaTe CNOXKEHHST
5(peKTOB OT KaxKaoH CHJABI B OTAEJIBHOCTH (MPHUHUMI Cyneprno3ulinm).

ITH cBOHCTBAa TapMOHHYECKOrO OCHHAJNATOPAa Mbl W PAacCMOTPHM
B lanHO# rsaBe. MBI MO3HAKOMMMCH KaK CO CBOOOAHBIM, TaK M C Bbl-
HY3KJIEeHHBIM JBYIKEHHEM, a TAKXKe yYTeM BJHSHHE Tpenus H HeGoJbILoH
aHrapMOHHYHOCTH MJM HeJHHeHHOTO B3auMOZEHCTBHS, KOTOpHIE€ MOIYyT
AMeTb MecTo B cucreMe. KpoMe Toro, Mbl mocrapaemcss paso0paThbCst
B TOM, YTO MPOHCXOHT, KOTAA CHCTEMA YK€ HE MOXET CYHTATbCA JIH-
HeHHOH.
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7.1. MartemMatTHuecKMid MasiTHUK

MaTtemaTHueckHl MasITHUK COCTOMT M3 MaTepHa/bHOH TOYKH Mac-
coii M, pacnoJioxeHHOH Ha HHUXKHEM KOHIle HEBECOMOTO CTEepXKHS AJH-
HO# L, cBOGOJAHO BpaIAIOUIErocsl BOKPYT OCH, NMPOXOJSILEH uepe3 ero
BepxHHUH Komen (puc. 7.1). Hama 3ajaua 3akmouaercs B TOM, 4T0ObI
HaATH 4acToTy COOCTBEHHHIX KoJjebanufl MasTHHKa. CaMblfl [1pOCTOH
NyThb peuleHHsl 3TOH 3aJa4H COCTOHT B TOM,
uytoBbl HanucaTb B COOTBETCTBYIOIIEM BHIE
BTOpOH 3aKoH AMHaMHKH F=Ma. Dto moxer
ObiTh CHesaHo TaK »Ke, Kak W B 3ajaye
6. OxHako oYeHb MNOYYHTENBHO NONBITATHCA
PELIHTDb 3Ty 3ajauy, HCXOAA U3 3aKOHA CoxXpa-
HenHs 3sHepruu. YUrtobsl MOJYYHTb YpaBHe-
Husi  (18)—(22), MOKHO TaK:Ke HCXOLUTb H
13 MOMeHTa IMINYJbca. OTKIOHEHH S MASITHHKA
OyzeM u3MepsiTbh yIJoM 0, KOTOpBIH CTeprKeHb
00pa3yeT ¢ BepPTHKAJbIO.

Kax suano u3 puc. 7.1, xorjga crep:keHb
OTKJ/IOHEH Ha yroJ 8, ero HH:KHUH KOHell Moj-

i . HHMAaeTCsi Ha BEJHUHHY
Puec. 7.1, MareMarnyeckuft

MasiTHUK COCTOHT U3 MaTepH- N
asonofl  T0MKH maccol M, h=L—Lcos®. (1)

pacnmxox{eﬂﬂoﬁ Ha KOHIE He-

mecomoro crepxns mmmort L. IToTeHlnanbHas sHeprust maccst M B rpa-
MasiTisk coBepumiaer koJgaefa-

W, mpamascs oTHocnrensno  BHTAUMOHHOM [OJe 3eMJu paBHA

OCH, NPOXOZiAiNeit Yepes TOUKy

P w nepneniukyaspuofi K U(h):Mg/’l (2)

TJIOCKOCTH ueprexa. JIHHHA
OP BpepTuRalbHa,

Ilpu 3TOM HEOTKJOHEHHOMY IIOJIOMKEHUIO IPH-
IIUCBIBAETCS] HYJEBOe 3HAUEHHe TOTeHUHaNbHOH sHepruu. Iloxcrasasas
(1) B (2), nonyuaem '

U(©)=MgL(1—cos8), U(0)=0. 3)
Kuneruyeckass sueprust MasiTHHKa paBHA »
1 1 ;
=5 Muv* =5 ML, 4)

rje v=L0 o3HauaeT CKOPOCTh, BHIPAXKEHHYIO Uepe3 CKOPOCTh H3MEHEHHS
yraa otkjouenus. Ilonuas sneprua paBHa

E=K+U = ML MgL (1—cos 0). (5)

M3 sakona coxpameHHsi SHEPrHM U3BECTHO, UTO 3Ta CyMMa JOJXKHA CO-
XpaHAThCs HOCTOSHHOH. Mbl BocHo/Ib3yeMcA 3THM (akTOM, YToOH Mo-
JYUHTb BHIPAXKEHHE [/ YACTOTHI JABHMKEHHs, XOTS BO3MOXKHO, YTO
MHOTHE NpenodTyT O6ojlee KOPOTKUA [yTh TNOMYYEHHS YpABHEHHH
(18)—(22), npuBenenunix Hmke. EciH NpPUHATD BO BHHMAaHHE €OOT-
Houmlenne (puc. 7.2)

1 .
cos == 1— 507, 6)
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10 A4s1 0<Z1 pad mel moxkem, BMecTo (5), /sl SHEPIHH HAMHCATb CJje-
Zywollee NnprOANKeHHOe COOTHOLIEHUE:

1 A i
Pewasi 5T0 ypaBHenHe OTHOCHTENbHO O, HaXOLUM
dd _ [2E—MgL@\Y, [ g\, [ 2E 1
=) = (8) " (o)™ @)

OGo3naunm Koneunsle (OBOPOTHbIE) TOUKH IBUXKEHHs uepes —Op 0 Oy;
TOrlla aMmmJuTyla kKonebanuil Oyner paBHa 0y. B sTnx Toukax mMaaTHHK

4 ‘y=dmgLet
L Loose ZY

P— =
Lsing=L8 :

Puc. 7.2. HUs teopemm [udaro- Puc. 7.3. MasiTHURK coBepmaer goJeba-
pa ¥ BBIpaXKeHHA A GHHOMA HHSt B npefienax or =6, Jio 48, B sthx
HbloTCHA BHITEKAET, UTO «TIGBOPOTHHX TOUKax» K=0 wu U=E.

1 Mpu0=0U=0 8 K=E. las 6K | pad
= ]l-— 62 L 1 pad.
cos 6 5 nas < pa U = 1 MgL 6
Ha MTrHOBEHHE OCTaeTCd B IOKOE, H €ro KHHETHUeCKasd 3IHeprusa

B 3TH MOMeHTH paBHa HyJo (puc. 7.3). M3 (7) npu 6=0 mbl monyuaem

1 2E
E =7 MglLez, 02 = gl - 9)
Takum 00pa3oM, Mbi MOMKeM Iepenucarb (8) B C/leLyIOLIEM BHJE:
d@ 1/2 17-
=) @—eys (10)
HIU I )
B (&), 1
(63——-62)'/2 (L > (11)

DT10T BUJI YyJ00eH /51 HHTErpHPOBAHUA.
Ecay nadanbHoe ycjoBue M (asa JBHUXKEHHSI TaKOBBl, YTO IIpH

t=0 0=80,, TO , t
Saem (D)@ 12

I/IHTerpan, CTOSILUMEA CJIeBa, SJIEMEHTApeH M JIEFTKO BBIYHCAACTCA:

5}

o 870 B O g\
égw— [arcsm é—o] 6 = arcsin g-—arcsin B = ( I > . (13)
1
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. I
Tak kak sin arcsin =, TO MBl MOXeM mepenucatb (13) B BHzE

B 8’
0 el g ,‘/’ .0
g, =sin [(T) ¢ -} arcsin é;] - (19)
W
0 =8, sin (0,f + @), (15)
TZe Mbl MOXeM /8 YIJIOBOM YacTOTH ®, H (asbl ¢ HaIlHCaTb, YTO
g\ . 0
wﬂ:(f) , cp=arcsme—;. (16)

3aech @ — NOCTOAIHHAS ABH3KeHHR. XOTR 3Ta BeJHUHHA WMEET pa3mep-
HOCTb YIJd, €€ Hesb3sl Har/siiHO M300pasuTb B BUJAE KAKOIO-TO yr.ja.
YnraTenb LOJXKEH pas/nyaTh TPH yIVIOBbie BeauuuHbl 0y, 0, u @:

1. 80— MakcumanbHas aMIIMTYZa KoJeGaHHI.

2. 04— yroJ, mpH KOTOpOM IBHXKEHHe HauHHAeTCsl B MOMEHT Bpe-
mend {=0. MasTHUK MOXkeT GHITh TIPUBEJIEH B ABHKEHHE H3 MOJOXKEHHS |
0=0, qmbo c HyJseBoH, JHO0 C HEKOTOPOH HayalbHOH CKOPOCTBIO.
B sasucumoctd ot 3toro 0y GyneT HMeTb TO HJM HHOE 3HayeHHe.

%

% =0 /\ /\\
i |
=t i74

Puc. 7.4. Fpabuk sasucumocTn GyHruuu 0=0, sin (0g? +¢) or ¢. Ilo NPOMIECTBHHE NPOMEXYTKa

BpEMEHH, COOTBETCTBYIOIIRTO TIOJHOMY TMEPHOAY KONebanus, paBHOMY 27T/, QYHKUUS TNPUHHH-

MaeT To e caMmoe 3HaueHue. 3Havenue Qynknun 6 npu =0 ofosnaueHo Uepes 6, H paBHO

0,=0, sin ¢. 3Has ¢, MOXKHO BHIYHCJIHTb BeanuuHy 0;. Beanuuny 6, Mn HaswisaeM amnaumy-
dod xonebanusn, a §—padold KoneGanus.

3. Yroa ¢, Booblie TOBOpPA, He ABNAAETCA YIJIOM B OOBIUHOM CMbLIC/IE,
0 €ro Hesib3sl yKasaTh NpPH ABHXKeHHH ocuuiastopa. OH 3aBHCHT OT
6, u B, n npencraBaser cobON COOTBETCTBYIOIIYIO MONPABKY K BhIpaxe-
HHI0 6=0, sin ©,f, KOTla ABUXeHUe HaYHHaeTcsA He cO 3HaueHHs 0,=0.
M3 coOTBeTCTBYIOIIHX HAYaJbHBIX YCJAOBHH Mbl MOXKEM HaHTH 3Ha-
yenue ¢ u3 (16) (puc. 7.4).

CuMBOJIOM ®, YacTo c6o3HayaeTcst yrJjoBasi 4acToTa COGCTBEHHOTO
uH cBOGOAHOrO IABHMKEHHUs KoseGmowedicst cucTembl. HHaeke «HyJb»
UpH ® He HMeeT OTHOLLEHMA K MOMeHTy Bpemenn (=0. ¥rjopas uac-
ToTa ®,%) cBsizaHa ¢ 4acToTodl [, CBOGOAHHIX KosneGaHHE MasTHHKA

*) Uacto mbl 6yjieM Ha3bIBATh YIVIOBYIO YacTOTY IpocTo wacToToff. Tak mocrynaior
MHOTHe H3HKH, H 5TO HE MPHBORUT K myTanutie. Mcnoas3oBasne cuMBoia ® BMecTO f
HJIH V O3HauaeT, YTo peyb HJeT O BeJHYHHE, HMeloulell CMBICA YIVIOBOH uyacToThl. Huc-
JleHHBIe 3HaueHHs vV H [ OOBIYHO BRHIpaxaioT B 060poTax B CeKYHAY; 3HaueHHe ® BhIpa-
JKaIoT B pajluakax B CeKYHAY MJH DPOCTO B cex~1, nofpasymeBas Ipd 5TOM palHMaHbl B
cekynny. Paauan mpencraBiser coGoit Ge3pasmepHylo BequyuHy. Takum oGpasom,
Mbl 6yJeM pasJinyaTb 3TH BeJHYHHB! 10 HX Da3MepPHOCTH H-BLIpaXkaTb vV B KoJjeGaHHSIX
B CEKYHAY HJH B 060pOTax B CEKYHAY, a YIJIOBYIO YaCTOTYy ® — B PajHaHaX B CEKYHIY.
OGe 5TH BEARYAHLI HMEIOT Pa3MEpPHOCTL cek~1,
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COOTHOILIEHUEM

’ Oy (o/L)'¢
fomgm == (17)

3ajadyy 0 MaTeMaTHYeCKOM MasiTHHKE MBI MOXEM pelIHTb TaKXKe
W UCXOIsl M3 ypaBHeHUH IBHKeHHMs. YpaBuenue (10) 6biio monyueHo
U3 3aKOHA COXPAHEHUsI IHEPTUH, 3AMHCAHHOTO B BHjAE COOTHoOUIeHUs (D).
OrmetuM, uto ypasuerue (10) npencraBasier coboli auddepenunanproe
' ypaBHeHHe MepBOro Mopsjika, HHTerpHpYys KOTOpoe OAHH pas3, MBI 110-
Jyuusn cootHoweHue (14). YpaBHeHMe Ke JBHKEHHS, Kak 3To Oyjer
SICHO M3 JaJsbHefillero, npejicTapisier cobofi
JuddepenlinaibHOe ypaBHEHHE BTOPOTO IIO- “‘
paika. Y ana Toro, utoObl HAHTH BREIpaXKe- \
HHE J/151 YTIJla OTKJIOHEHHS, ero HYKHO Npo- !
UHTerpupoBaTh ABaxapl. [lostoMmy scHO, YTO \

z

i
INpUMEHEHHE 3aKOHa COXpaHeHHA IHEPTUH % Lsing
OUeHb Y4acTo MOKeT H30aBHTb Hac OT OJIHOTO
HHTETPHPOBAHHS. -

Pacrionoxxum ock X nepneHAUKYJSPHO
IJIOCKOCTH JiBH>KeHHs (puc. 7.5). Moment N, ..
co3naBaeMblil cujof Tskeetn F=Mg, otHO- ¥ ‘
CHUTEJBHO TOUKH [OfBeCAa MAsITHUKA paBeH 7

Puc. 7.5. ManaTHHK KoJne6-

N,=(@rXF),=LMgsin06. (18)
JieTcst B INIOCKOCTH Yz2. Ha

Mowment HMITYJIbCa Jx OTHOCHTEJBHO TOH XKe Ma];cy M B HanpaBJeHHH —2
TOUKH paBeH J€HCTBYeT CHJIa T5MKEeCTH, paB-

nass Mg. Moment N, sTOoilt
Jx=(r)<p)x-————~ML29, (19) Ben Mgl sin 6.

CHJIBI OTHOCHTEJILHO OCH X pa-
rae p=MLO npexcrasnsier cobofi uMmnynsc. M3 ru. 6 mel 3naem, uto
CKODOCTb H3MEHEHUs] MOMEHTA HMIly/jbca PaBHA MOMEHTY JeficTBYioweH
CHJLI, T. €.

ML = — LMg sin 0. (20)
Orcrona s ypaBHEHUA nBH%KeHHﬂ noJsydaem
6+ £ sin0=0. (21)

B npenene, npu 6 <€ 1, T. €. npu Ma/biX YIVIaXx OTKJIOHEHHS, Mbl MOXKeM
npuG/INKeHHO 3aMeHuTh sin 6 Ha 0, u Toraa (21) npumer Bux

: : 6+%e=a (22)

310 COOTHOIIEHHE INpeNCTaBaseT CoG0H ypaBHeHHe ABIKEHUS eapMmo-
HUYECK020 OCYUAAAMOPA, YrJoBas 4acToTa KOTOPOro paBHa

- o= (£)", (23)
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s toro 4uro6bl yGeRHUTbCA B 3TOM, YKaXKeM, YTO NOJYYEHHLIH HaMH
pesyabtar (15) nau mobas JuHelHas KOMOMHALHUS Sin wof HIH COS Wol
ABaseTcs pelieHueM ypasuenus (22). M3 (15) noayuaem

0=10, sin (mo.t + ), (24)
0 = 6,0, cos (0, + @), (25)
0 = — @20, sin (o,f + ). (26)
[Toacrapasia (24) u (26) B (22), Haxoaum
— 030, Sin (@f 4 ) 44 0, sin (0,f -+ ¢) =0, (27)

uTo corsacyercs ¢ (23), ecyu NoNoKUTh w2=g/L.
Bce pacuethl 3HAUHTENLHO YIPOLIAIOTCH, €CIH BOCHOJb30BATHCSA
COOTHOLIEHHEM .

0 = 0,¢! (@ +®), (28)

Torza
0 = [@,0,e @1+ = 0,0, (29)
0 = (0,0 = (10,)?0 = —w20. (30)

Mgt BuanM, yto (30) B TOuHOCTH coBuagaer ¢ (22), ecnn wi=g/L.

Taxum obpaszom, kak (24), tak n (28) yAOB/IETBODPSIOT YpaBHEHHIO
nemkenus (22). Kakoe ke U3 3THX ABYX pelleHHHl ABAsSeTCS MpaBH/b-
HbM? OTBeT IJ1aCHT, YTO COOTHOUIeHMe (24) SBJISIETCS] NPABUABHBLIM
GU3NYEeCKUM pelleHHeM, JaIOIUM 3HaueHHe YIJIa OTKJOHEHHS Mant-
HHMKa B 3aBUCHMOCTH OT BpeMeHH {. ¥ paBHenue (28) BRIIARUT «HE(HU3H-
YeCcKH», TaK KaK COAEP:KHT MHHMYIO BesIHUMRY i. [Ipu peilienun ypas-
HEHUS JBHXKEHHA ¢ [IOMOLLbIO KOMILJIEKCHBIX BeJHUHH (YTO C MaTema-
THYeCKOH CTOpPOHB! MHOrjAa GhiBaeT Jerdye) Mbl JOKHLI TOMHUTB, 4TQ
B KOHIle MBI 6epeM peasibHYIO 4acTb JJ1 TOr0, UTOOH NOMYUHUTh pellenie,
uMmerolee (QH3HYECKHH CMBICJ. 3aMeTHM, YTO peanbHas 4acTb (Z8)
B IefCTBUTEIbHOCTH U BbIpaKaeT cooTHouwleHHe (24), u moatomy (28)
TaKKe SIBJASeTCs NPaBUNbHLIM DelleHHeM.

I1puwmep. Heaunelinoie spgpexmot. Tenepb Ml pacCMOTPUM MasT-
HHUK, KOTOPHIH KoJebJercsi ¢ aMImJIMTYAOH HAcTONbKO OOJbLIOH, 4TO
Mbl HE MOXKeM npeHeOperathb uJjeHoM, cofiepxaliuM 02 B pas/iokeHHR
B pag sin 8, Kak mbl 310 AesanM Boiwe B (22). Kaxoe pansinue Ha ABH-
JKEHUe MasTHHKA OKasbiBaeT uJeH, colepKauui 0°? 1o ajemeHTap-
HbIfl OPUMEp aHTAPMOHUUECKOTO OCHHAIATOpA. AHrapMoOHHYECKUe, HJIH
HeJsilHefiHble, 3a71a4M OObIMHO C TPYLOM NORAAIOTCA TOUHOMY PELUEHHIO
(32 HCKJIOUEHHeM TeX CJyyaeB, KOT[A HCMOJBb3YIOTCS 3JIEKTPOHHO-
BHIYUC/IUT@bHBIE MAIIHHbL), OAHAKO BO MHOTHX CiAyvasX IpHOJHXKEH-
Hble pelUeHHs JAlOT HaM [OCTATOYHO SICHOE IpEeJCTaBJAeHHE O paccMaT-
puBaemoM fBjeHuH. Passnoxenue sin 6 B paa ¢ coxpaHeHHeM UJICHOB,
cogepxatiux 03, o6bLIUHO HA3LIBAEMOE (PA3JIOKEHHEM JIO0 NOpsiika 0%,
HMeeT ' BUA ’

Sin0=0—30°+ ... 31)
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B s10M C1yyae NOPSAOK ypaBHEeHHs NBHkKeHHS (2]) Takke NOBBILIAETCH:
9, 2
20+ ol—2008 =0, (32)

rre o2 paBusiercs g/L. YpasHenre (32) npexcrasisier co6ol ypaBHeHHE
NBUIKEHHS (H2APMOHUMECKO20 OCUUAAAMOPA.
Me1 MoxkeM HalTH npUO/HXKEHHOe pellleHHe ypaBHeHHA (32) B BHIE

0 =0, sin of &b, sin 3w¢, (33)

rae & — Gespa3MepHas MOCTOSHHAS, 3HAUUTEJBHO MEHbIIAA €NUHHIE,
ecin 0,ZL1.

B sroM cayuae MBI BHAUM, YTO JBHIKEHHE INPHOIMKEHHO (W/IH
TOYHO — MBI €llle He 3HaeM 3TOro!) MOXKeT ObITb IIpEACTaBJIEHO KaK Ha-
JOKEHMe JBYX PasNHUHBIX ABH:KeHHUH: sin @ u sin 3wf. Ilpucyrcrsne
ujeHa sin 3o! MOXXHO NOHATb, €CJH BOCIOJNb30BaTbCS TPHIOHOMETDH-
UECKUM TOXKIECTBOM

sin® x = —3— sin x—% sin 3x. (34)
Takum obpasom, unen 0° B nuddepenumnanpHoM ypaBHeHHH (32) mpu-
.BOJHT K TIOSIBJIEHHIO B pelleHHH uJseHa sin 3wi. Jdas Toro 4robul ynos-
neTBOpUTh AuddeperitalbHOMY YPaBHEHHIO, coiepxaiieMy 03, Mbl
NO/UKHBL OblIE K 4eHy, coiepikaimemy sin of, Npu6GaBuTh UJeH
e sin 3w?. Paccyxnaan najee mogoOHbIM 06pa3oM, MBI IIPHIEM K BHBOAY,
4TO HOBBIM 4JieH & sin 3w! B yacTHOM peruenud (33), 6yAyYH Bo3BeleH
B Ky0, TpHUBeLeT K MNoABJeHHIO useHa &®sin 9wf, u 1. 1. OueBupno,
HeT OCHOBaHUH A/ TOro, YTOOBL HTOT IPOLECC MPEKPATHJCSH, HO €C/H
e£l1, 10 pax Oymer GBICTPO CXOAHTBCH, TAK KaK B YJEHBl, COOTBETCT-
BylOIllHe BHICOKMM 4acTOTaM, B KaueCTBe MHOXKHTejel GyIyT BXONHUTh
BCe Oosiee u OoJiee BLICOKHE CTENEHH .

Tenepb sicHO, uTO B JyuimeM ciaydae (33) MOXKHO CUHTATH TOJIbLKO
npubmmkeHHbM peiienneM. Ham ocraerca -enpenesutsb €, a Takke ©;
DPH MaJjblX aMIJIMTYAAX YyacToTa ® JOJKHA CTPEMHTBCSH K o, 4 UPH
Go/IbIINX AMEJINTYJAaX 3Ta BeJHMYHHA GyleT HUMeThb ApYroe 3HaueHue.
JEna npocToTsl Mel HPEANOJOXKHM, 4TO npu =6 6=0.

Takoro tHna npuGamxenHoe pemienne audxpepeHLHANbHOrO ypaB-
HEHHA HAa3bIBAETCA pellCHHEM MOTO0M BO3MYIIEHHA, HOTOMY 4TO OLHUH
¥3 wieHoB AupepeHLNaJbHOr0 YPaBHEHHS «BO3MYLIAeT» NBHXKEHHE,
ONHCHIBAEMOE ypPaBHEHMEM, He COJepIKalllM 3TOro UJeHa.

Kak BBl BHIEIH, MBI IOJYYMJIM pelieHue B Bupe (33), OCHOBHIBASICh
JUWb Ha Jorajxax. JloBOAbHO JieTKe@ NpPOBEpPHTh, HACKOJIBKO IMpa-
BHJIbHBL 3TH JOTaJKH, H OTOPOCHTL Te€ M3 HHX, KOTOPHIE OKaXKyTcs
HenpaBu/bHEIME. M3 (33) MBI Haxomum

6 = — ©?0, sin ot —9w?el,sin 3w!,
0% =03 (sin® 0f 4 3e sin® of sin 3wt +...),
IJie OTGPOHIEHE YieHb!, CofiepaKalye 82 H &3, BCIeACTBHE HAlIero Aoy~

WEHHS] O TOM, YTO MH OyneM HCKartb pemienue npu e<<l. Ilpunnmas
BO BHMMaHHE TPHIOHOMETDHYECKOE TOXKAECTBO (34), MBI MoxeM

(35)
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nepenucate (32) B BHAE
f = — ©20, sin ot — 9wl sin 3wt,
m?,ﬂ =+ mgeo sin ot 4+ 02el, sin 3wf,

®30° = — 93 sin ot + ° 02 sin 3of — { (36)

~——2‘3 B3¢ sin® of sin 3wf.

CroXUM Telepb IOWIEHHO 3TH TPU ypaBHeHHs. Torxa, B COOTBETCTBHH
¢ (32), cymma useHOB cJeBa Jo/DkKHAa ObiTh paBHa HyJo. Ecim (33)
sBJISI€TCS pellleHHeM ypasHeHHs (32) mist j060rO MOMEHTa BpEMEHH,
TO B NpaBhlX gacTsix (36) KosdpduuHeHTH npH sin of u sin 3of B OT-
JIeTBHOCTH JIOJKHBI oOpamartbcss B HyJsb. llpemnosnoxum, uto artH
Ko3(ppUIMeHTH He ofpanaioTcss B HYJAb. Toraa Mbl JOMKHBL Oblid Obi
TOJVYHTh Bhlpaxenue THna A sin wf+B sindwi=0, rne A u B —
noctosinHele BeJuuuHbl., Ho Takoe ypaBHeHHe He MOXKeT OHTDH
CIIpaBeNJIMBBIM JJIs1 Jt0OOro MOMEHTa BpEeMEHH, H, CJEJOBATEJBHO,
A u B pomxusl OBITh B OTAETbHOCTH paBHH HYJ0. Korja B npuBejeH-
HOM Bbllle pelleHHH (33) MBI OCTAHOBHMJIMCH HA YJeHe, COLepIKalieM
4acToTy J®f, H He CTaJU BBEIIHCHIBATb WEHHl, COJEp:KallHe BCe BO3-
MOXKHBIE YacTOTBI, MBI YUJIH JIHIIbL HauOoJsee Ba:KHBIE YJEHLL. ¥ CJOBHE
paBeHCTBa HYJI0 Koadxpuumenrta npu sin of B (36) zaer

— 0F 4 0 — o 0308 =0, (37)

505870
o = 2 (1——%(33), mgw(,‘(l—l—%@o). (38)

TlocsienHee BRIpaXKEHHE IOJYYEHO B pe3yJibraTe OGHHOMHAJBHOTO PasJic-
KEHWs KBaJPaTHOTO KOpHA. YpaBHeHMA (38) BhIpa)kaloT 3aBUCHMOCTD
o or 0,. BennunHa o, mpescraB/sieT co0oil mpejejbHOE 3HAUGHHE ©
npu 0,0, T. e. Ipu npenenbHO MaJHIX 3HAYEHUSIX aMIVIHTYAbL. Ilpu
6,=0,3 pad oTHOCHTEJBHOE H3MEHEHHE 4YacTOTHl paBHO Aw/m =~ 1072,
e Ao=w—a, OrMeTHM, 4YTO NpH OOJBIINX AaMIIUTYJAX YacToTa
KoJie0aHuil MasiTHHKA 3aBHCHT OT AMILIMTYBL.

Pewenne B dopme (33) comepxut Takxke wieH ¢ sin 3wl Braag
STOr0 4JieHa B AMIJIUTYAY IO CPaBHEHMIO C BKJ3JAOM uJeHa sin of
34ABHCHT OT BEJHUMHBI €, KOTOpas MOXeT OhITh OnpeiesieHa H3 yCJOBHA
paBeHcTBa HYJI0 Kosdpunnenra npu sin 3ot B (36):

— 90% + 0l +‘”° 02 =0. (39)
Ionaran w*swj, Haxomum us (39) o
03 '
Ly Egé . _ (40)

Bennuuna & onpegfensieT Ty 4YacTh, KOTOPYIO COCTaBJsieT 4YJeH
sin 3w¢ B BbHIpaXeHHH AiA O, onpexessieMOM IJaBHBIM o0pasoM dJe-
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HoM sin @?. Tlpu 6,=0,3 pad e~ 1078, yto cocTaB/ser BeCbMa Maayio
Bemuyudy., KoabbiunueHT npu useHe, cojepxameM sin® ofsin 3wof,
nopAAKa € WK 02 ¥ Mas 0 CPABHEHHIO C YAEPKAHHBIMU - HAMH YJIeHAMH.
[TosTomy B paccmarpuBaeMoM NPHOMHMKEHHH MBI IpeHeGperyiu STHM
YJIEHOM.

Ilouemy ™Mbl He BRJIOUMJIM B (33) useH, comepxkamuil sin 2w#?
TonpoGy#ite caMH paccMoTpeTh pelleHHe B BHJE ‘

0 =6, sin o 10, sin 20t (41)

U TIOCMOTPHTE, UTO H3 3TOTO IOJYYUTCH. BBl mpHaere K BHIBOAY, YTO
n=0. MasATHUK coBepliaer KoJeGaHHA, COjeprKallHe TIJVIaBHBIM OG-
pasoM TPETbID FapMOHHKY (T. €. B BbIpaMKeHHe XJI €0 OTKJIOHEHHS
BXOJHT 4JieH ¢ sin 3wf) H He conepixainue BTOpOH rapMOHEKH. pyro#
pe3yJbTar Mel IOJYYHM B TOM C/lydae, KOTa ypaBHEeHHe ABUXKEHUS OV LeT
cozep:KaTb 4jien ¢ 0% -

Uemy OygeT paBHa 4acToTa MasiTHUKA NpU COJBMIAX aMILIHTYIax?
B sroM ciryuae ABHKEHHE He MOJKET XapaKTepH30BaTbCs TOJIBKO eZHHCT-
BEHHOH 4acToTod. Mbl yKe BHIe/H, YTO Haubosee BaXKHBHIH 4ieH (T. e.
HanbONBIIAY MO BeJHYHHE) — 3TO YJIEH C Sin f, ¥ N0ITOMY YacToTy
MBI MOXKEM Ha3BaTh OCHOBHOU 4acmormoil MaaTHHKa. B Hamem mpubiu-
JKEHHH @ JlaeTcs BTOPHIM BeipaxkenHeM (38). Uaen, cogepxamuti'sin 3w¢,
HA3bIBAETCSl mpemoell 2apmoruxol  OCHOBHOH wacTorel. M3 wnamero
oOCY3KIeHus1 BelpaxeHus €(33) creayeT, 4TO TOYHOE pelleHue COAEpPKUT
6eCKOHETHOE YHCJ/IO FapMOHHK, OOJIBIIMHCTBO U3 KOTOPLIX OKAa3hIBAIOTCH
oueHb MaJgeiMu. M3 (33) caenyer, YTO aMm/HTyAa OCHOBHOH KOMITO-
HeHTHl JBH:KeHHS1 paBHsieTcsi 0Op; aMImIUTyZa KOMHOOHEHTH TpeTbelt
rapMOHMKH paBHa &0,.

7.2. Macca Ha npyxuhe

B rus1. 5 MBI paccMaTpHBaH IPYKUHY, KOTOPas NOAUUHANACL 3aKOHY
Fyka pna ynpyroit cuusl: .
F,=—Cx, (42)

rle X — KOODJWHATa KOHLA NpPYXMHB. ECIM Ha KOHUE IpYXHHBI
HaxoxuTcst Macca' M M Maccod caMoil IpYXKMHBI MOXKHO HpeHeGpeub,
TO ypaBHEHHE IBHXKEHHs CcHCTeMbl OyJleT UMeTb BHJ

Mi=—Cx, X4+ x=0. (43)

Pemensie ypaBuerus (43) OyIeT TakuM ke, KaK H ypaBHeHH:a (22).
‘Kak Jierko BHieTb, pellleHHe 3TOTO.ypaBHeHHMA HMeeT BHL *)
x = A sin (0, + ¢), 44
rae A U ¢ — NOCTOSIHHEIE 3HAYEHMS] aMILINTYIAH H (Paskl.

*) C TaKuM ke yCIeXoM MEl MOIVIH BHIOpaTh pellieHHe B BHJE
=~ x=Acos (wpf+¢) mnam x=Bcos @y D sina,t.
BuiGop TOro wJH HHOrO. pellleHHs onpelleisercs M3 coobGpaeHHd yZoOCTBa.
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IToxaxem Tenepb, 4To (44) HeHCTBHTENbHO fABJSETCH pELICHHEM
ypasuenus (43). Hafigem x n x:

X = 0,4 cos (0t +¢), *=-— 024 sin (0,f + ¢). (45)
Hanee ua (45) u (43) nonyuaem :
x4 02x=0. (46)
910 ypaBHeHHMe COBNajaer ¢ ypaBHeHHeM (43), M NOJIOXKHTH
C \Y:
@ = (—M) ) (47)

JBu:KeHHE sIBISIETCA TAapDMOHHYECKHM C YIVIOBOH 4acTOTOH ¢, AMIiuH-

Tyaa paBHa A. ®asa moxer GLiTh ONpejesieHa U3 3HAUEHUH X U X Npu
t=0. U3 (44) u (45) nua-

XOquM, 9TO
x,= A sin g,
4 Hpyaume Uy = (DOA COSs @.
M3 stux - AByX cooOTHO-
Harpasneus Goomug menn#i HaxofMM A u @.

Ecau nonoxutrs ¢o=m/2, 10
x=Asin (a),,t—{—% n) =
= A cos wyt, (48)

TaK KaK CHHYC H KOCHHYC
OT/IMYAIOTCH JPYr OT Jpyra
TOJMBKO CABUrOM (as Ha m/2,
U3 (44) ™Mbl BHIUM, YTO Q==
= 7/2, €CJIH B MOMEHT BpeMe-

Puc. 7.6. Ipocro#t rapmonndeckuti ocummastop, HH t=0 npy>KHHa MakcH-

cocTosmuli u3 MacCm M u HeBecoMOX NP YXKHHBI
ynpyras NocTosiHHast Kotopofi pasHa C, Ilepo, cas- MaJIbHO paCTﬂHyTa'

3aHHOE € TPY30M, BLIDUCOBLIBAET CHH);ICOHAaﬂbHyIO IT puMenpD. Cpeauue
KpHBYIO Ha OyMaxuo# JleHTe, ABHXKYIieHcs C NOCTO- o
pasy FHHOK CKOPOCTHIO ey . SHOYEHUS KUHEMUUecKOU u

NOMeRyuarbHot  sxepaud.
BoiynciHM cpefiHHe 1O BpeMeHH 3HAUeHHs KHHEeTHUeCKOH M MoTeH-
LHaJbHOH 3Heprufi rapMOHHYECKOTO OCHHJIATOPA.
Hs (44) crenyer, 4TO KHHeTHUeCKash SHeprusi paBHa

K = 5 Mx* = M [0, c05 (0, + )] (49)

CpefHee Nno BpeMeHH *) 3HaueHHe KHHETHUECKOH. SHEPTHMH 3a ONHH

*) Ml npuMeHsieM yriioBble cKoGkA ) 4151 0603HAaYEHHST CPELHETO O BpeMeHH
8HaYeHHS, ONpeleseMOro H3 COOTHOMIEHHS

o= Jim —-Sx(t)dt

Ouepuano, gro s byuxuun ¢(f), sHaueHHs KoTopoft mosTopsioTcs ¢ nepuodoM T,
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nepuos T nBHKenus OyJeT paBHO
T 271/,
S Kdt S cos? (of + ) dt
0 _1 2 As _°©
K> ="—=5 MojA

— .60
rie 2n/wo,=7T. Tak KakK HHTErpaj BbIUHC/AETCS 3a HOJHBIH TepHO,
TO BequydHHa (as3bl He HMeeT 3HAUCHHS, H 1A YHOGCTBA MBI MOXKEM

nojoxuth ¢=0. Torpa, o6o3Hauas y=wef, Mb NOJyYaeM
27/@, 2%
=3 cos“cotdt:—l-Scos?ydy:—l— (C1)
25 0 20 2
0 . 0

1 ‘
TZIe HCIIOMB30BAHO TOXKIECTBO COS? Y= = (14 cos 2y) u paBeHCTBO HYJIIO

uHTerpaja ot cos 2y. Ms (5I) MBI BHAuM, UTO CpPeJHee 3HAYeHNe KBal-
para KocHHyca paBHo 1/2. 3TOT pesysbTar CJEAyeT 3alOMHUTb. AHa-
JIOTHYHBIA pe3yJbTaT MOJNYYaeTcsl M JJ1sl CPeJHEro 3HaueHHs KBajxpata
cunyca *). M3 (50) u (51) MBI nosyuaem /s CPEJHETO 3HAYEHHs KHHe-
THYECKOH 3HEpTHU

K> = MorAe. : (52)
IMotennuanbyas sueprus npu x==A sin w,! paBHa
U= Cx* = CA?sin® oyt (53)
ITo amanoruu ¢ (51) cpeinee sHaueHWeé KBajapara CHHYCa DaBHO
21/ 0,
2o {1 sinttdt = . (54)
0
TMonarag w2=C/M, uz (b3) monyuaem
1 1 :
U> =7 CA* =1 MajA2 (55)

cpeanee 110 BpEMEHH MOXKeT OLITb BHIYHCJAEHO TaKXkKe cJe yromum OﬁpaSOMZ
T
1
= £) dt.
P = Sq()
0

*) STH pesyJbTaThi Mbl JIETKO MOXEeM NOJAYYHTb M3 TPHIOHOMETPHUECKOI'O TOXK-
nectBa sin?@-+cos?p=1. YcpegHsis 3TO TOXKIECTEO B Hpelesax 27 pad, Ml MOAYYa-
em (sin? @)-+{cos? ¢d=1. Buy TOro, uro pasHuUa MeXKAY sin ¢ H COS ¢ COCTOUT
TOJIBKO B caBure Qas Ha r1/2, MBI HaxoXuM, uto {sin? @p={cos? ¢>==1/,. AHajorugHOE
paccyKieHne MOMKeT GHITh NPUMEHEHO H K YIVIOBOMY CpefHeMy sHayeHHIO {x?) Ha Io-
BepxHOcTH cephl. Ecin x24y2+22=r2, 10 u {x2)+ yz)-l—gzz):r?. Tax kak cthepa
CHMMETPHYHA II0 OTHOLIEHHUIO K OCSM X, ¥ H 2, TO XO/KHO BEIIOJHATLCS COOTHOLIEHHE

<x"’>=<y’>==<z“‘>==.%- r?, O1oT pesyJbTaT MOXKeT OHITH INOJYYeH ‘H NPAMEIM Bl

YHCJCHHEM.
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Takum obpasom, (UD={K), u mnojHas 3HEPTHs IapMOHHYECKOTO
. OCLHJI/IATOpPA paBHa

E=<K>+<U>=5 Mo

22
242,

(56)

3ametum, 4to E=(E), Tak KakK NpHU JABHXKEHHH NOJIHAst IHEPTUA COXPa-
HSIeTCH NOCTOSIHHOM,

Luceme

Huwer-  Homew-

R Ry en o mpym L~ kommyp ;Zg%/( ,ﬁ%%’z;
=4 v=0
P %w o m ) I
6=4 __b4-1 =% | §=¢ ¥ I1=¢ —
7
f= z ‘\ -2 _Z
9 e [\ | Yowwwen I o l '
< ’ M s ) - .
M 4 .
U=—Upgz —>]
JA
9 wmmnmﬂ ' '
2y 0=0 C I=~Iy —

Puc. 7.7. TpH PasiuyHbBIX TapMOHHYECKAX OCUUJISATOPA C OAHHAKOBBIM MepPHOLOM:

v
§mmmmf%]

MareMa-

THUeCKHHl MaATHHK, Macca Ha mpykuHe H LC-KOHTYD. BpeMs pacreT B HaNpaBJCHHH OT a)

K-8); CNeAYIOIMIl IUKJ CHOBA HAYHHAETCH C @),

PaBeHCTBO CpeiHMX 3HaUeHHH KHHETHYeCKOH. M IOTeHIHaJbHOH
SHeprufl sABJAsieTCA CHenH(HYECKHM CBOHCTBOM TapMOHHYECKOTO oc-
HHJANATOPA. DTHM CBOACTBOM He 00/1a4al0T aHTaPMOHHYECKHE OCLHJLIA-

TOPHI.

3aTtyxanuue  OCHUJIJIATOPDDI.
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7.3. Kontyp, cocrodauinii U3 eMKocTH C H CaMOMHAYKUHH L

Cefiuac Ml 3a6eKHM HEMHOI'O BIEpe] U PaCCMOTPHUM JIeKTPUUECKHH
KOHTYD, C KOTOPHIM BBl NO3HAKOMHTECh B JlaGOpaTOpHH H BO BTOPOM
TOMe (3TOT pasjies], TaK e Kak 4 3a1a4d 8 u 9, MoxeT ObITh IPONYILEH,
€CJIH yyalluecs He HMEIOT NpeIBapHTe/IbHON MOATOTOBKH II0 3JIeMeHTaM
3JIeKTPUYECKUX - KOHTYpoB). PaccmoTpuM KoHTYp, He obsajzamoliui
CONpPOTHBJEHHEM M COCTOSIHH M3 caMo-
uagykuun L u emkoctuy C, K KOTOPOMY
NPUJIOKEHO IepeMeHHoe Hampsikenue V.
. Mpl 3HaeM, 4TO najieHne HanpsUKEHHS Ha
camounaykuuu V; pasHo

] dl
Vi=—L—, (87)

e,

A\ N\

\
t—
1,

NN

N

rge | — cuna Toka. Ilanenve HanpskeHHs
V. Ha miactHHax KOHAEHCaTopa PaBHO

Ve=d=—¢{la, (9

yany
A
A
1.

=
]

e

rae Q — 3apsaja, paBHBIL HHTErpajgy oT
TOKa TO BpeMeHH. 3HaK BbIOupaerca us
coobpaxeruit yroberea. Cymma BeeX 3Ha-
YeHHH HaIpsKeHHsl JOMKHA ObTh paBHa
mymo. IToatromy V-+V, 4V, =0, nm Puc. 7.8. KaTymwika HHRYKTHB-

HoctH L, mo KoTopo#t uaer Tox [I.

dl 1 Ecau [ BogpagraeT, TO yse.gnqi{-

1/ Baetcqd B B. anpasJieHue dB/d¢

L E‘ + 'CT S Idt - V) (59) - H306paKeHo Ha PHCYHKe xmpx-x/bl-

MH CTpeJikaM#d. B cooTBeTcTBMHU

¢ 3akoHOM Dapajest B BUTKAX HH-

. AYUHPYETCS 3IeKTPHYECKOE Tiose
0603HaYasg— S I dt= Q, naxomum 0D U3MEHEHHH MaCHHTHOI'O IOJS.

. HanpasJenune 3JIEKTPHYECKOTO

ToJIs M306paXKeHO NYyHKTHPHBIMH

d2Q 1 crpenkamu, IlosHoe majgeHve Ham-
Q= — V. (60) prmelHs Ha KOHUAX KATyWKH

pasuo V= [ E-dl. Tak kak V

BO3pacTaeT B HaNpaBJCHHH, TpPO-

.o TUBONOJIOXKHOM dl/df, TO0 V=

CpasmuBas (59) ¢ coorHomweHneM Mx-  =—L (dl/df), rre L-xoshduuu-

+Crpyw ¥=F aus maccel M Ha npyxumue, HT MPOTIOPIHOHANBHOCTH.
pacmrHBaeMOH cunoil F, Mbl BHAUM, 4TO CYLIECTBYET aHA/MOTHs Me-
K1Y CICIYIOMAMH BeJHYHHAMH:

Qex, —VeoF, LoM, %(—)Cnpym. (61)

Pewenyne ypaBuenns (60) ais cayugas V=0, no anajoruyu ¢ peleHueM
IJisl IPY2KUHBI, MOXCHO MCKaTbh B BHJE :

[=1,sin o/, mo=(z%) e _ (62)

[Nanenne wnanpsikeHHss HA KOHLUAX KATYLIKH - CAMOHHAYKUMH MOXKeT
6uiTh HafineHo us (57) u (62):
V,=—LI= —La,cos 0. (63)



[MajenHe HanpsKeHHs] Ha IJIACTHHAX KOHJIEHCATOpa DAaBHO
VC==—--S1dt— C0S @t (64)

M3 onpenenenusi ®,, naBaeMoro (62), Mel BHIHM, YTO aMILIHTyAb ¥
u V. onMHaKOBHL.

7.4. Tpenne

Ilo cux nop Mbl ipeHeOperany BAMSHHEM TPEHHUS HA FAPMOHHYECKUH
OCUMJISTOP. Buansinupe TpeHHs DposiBAsieTcs B TOM, YTO JABHXKEHHE
TapMOHMYECKOTO OCHUJINISTOpa 3aTyxaer. Koria B ypaBHEHHH JIBHXKe-
HHSl YYHTHIBaeTCs TPEHHe, DelUCHHe OKasbpiBaeTcsl 6osiee GIHU3KHM K pe-
ajJbHBEIM yo1oBUsIM. Kakum o0pasoM Mbl MOXKeM BBECTH TpeHHE B ypas-
HeHMe JBUKeHHs A/ cBoOOAHON yacTulnl? TpeHue Bripaxaercs B felicT-
BHH HA yacTuLy Topmossiiell cuibl. Ecny Ha yacTHuy geficTByeT TOJBKO
OJHAa cuJa TPeHMs, TO N0 BTOPOMY 3aKoHY Hblotona

Mx =F,. (65)

Cuna TpeHHs Jo/mKHA OBITH HANpapJaeHa B CTOPOHY, NPOTHBONOJOXKHYIO
CKOpPOCTH, H B NpocTefinieM caydae NPONOpUHOHANbHA BeJHYHHE CKO-
poctH (4TO, BOOOUIE rOBOpS, CaMO IO cefe He OYEBUAHO; HHKe OYyAyT

pPaccMOTpeHBl NpPHMeEpHI):
— — %, (66)

TIe Y — NOJOXHTebHBIH MOCTOSAHHLI KOS(XpHIHEHT, HA3LIBAaeMBIi
koaduunenTom saryxaHus. Takum o006pasoM, yPaBHEHHE JBHKEHHS
YaCTHLel, ABIXKYUIIEACA TOJAbKO INOJ ACHCTBHEM CHJB! TPEHHA, HMeeT
BHJ .

F

P

Mx+yx =0. (67)

Hnorna mnosie3so BResTH TNIOCTOAHHYIO BE€JUYHUHY T, HA3BIBAEMYIO
spemeHem pesakcayuu W oupeneasaeMylo COOTHOMICHHEM

=M (68)

Tlocsie sToro ypasneHne (67) IDUHHMAET BHJ
d?x 1 dx
M (Gt ) =0 (69)

Mer BHANM, YTO T NeHCTBHTENIbHO HMeeT PasMepHOCTh BpemeHH. Ecam

0003HAYNTE CKOpPOCTb U==X, TO 3TO YpPaBHCHHC MOXHO 3amucaTb B Jpy-
roM BHJE:

o4 2v=0. (70)
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310 ouenb BaxHoe RubdepeHuHanbHoe ypaBHenHe. Ero moxHo nepe-
. IIHCaTh B BUZE

dv dt
=
WJIH
v do N 1 t
ST=—?$‘”’ (71)
Uy [}

TJie Uo— CKOPOCTh B MOMeHT BpeMeHH !=0. Murerpupys, Hosnyyaem
f v t
_ lnv—lnvo=—-;, WK lna—=—?. (72)
Orcioga HaxoAuM
v=ye T, (73)

CKOpOCTb YMeHBINAETCSI CO BPEMEHEM IO 9KCHOHEHIHAJIbHOMY 3a-
KoHy (puc. 7.9); B 3TOM c/ydae MBI MOMeM CKa3aTh, 4TO YMEHBILEHHS
CKOPOCTH CO BpeMeHeM XapaKTepU3yeTCst
MIOCTOSIHHOH BeJNWYHMHOH T. YMewblle- 7
HHe KHHeTHYecKoH aneprun K csofoj-

?031?1 yacTHIBl MOXKer ObITh HAHIeHO H3
73):

Kzé Muo? = _;_Mvge—ﬂ/r =K03_ 2t/ o7

(74)
Ouddepenuupysa (74), nonsydaem g ¢ -
K - % K (75) Puc. 7.9. i‘:ﬁdnzxits/zm;m;t.ocm Pyax-

2iddexTHBHOE BpeMs pejakcauuy s
KUHETHYECKOH 3HEepPrdM COCTABJSIET IIOJOBHHY OT BPEMEHH peslaKcaiuu
IJIST CKODOCTH.

KakoB e MeXaHH3M, NPHBOAAIIMA K BOSHHKHOBEHHIO TOPMO3SILIEH
CUJIbI, BhIpaxaeMoil cooTHowenueM (66)? 910 cooTHOMIEHHE OTHOCHTCSA
K HEKOTOPOMY HJIeaJH3HPOBAHHOMY CJIYYai0, KOTOPBEIH MOXHO peajiH30-
BaTb JIMIUb NPH ONpelesNeHHbX ycaoBuax. OMHuecKoe 3/1€KTpHYeCKOe
CONPOTHBJIEHHE NIPHBOAHT K 3aTYXaHHIO, HJIH TOPMOXKEHHIO, KOTOPOe
BBIpAKAeTCs TAKUM ke ofpasom, Kak u (66). Ilagenue manpsxenus
Vp Ha uuea/bHOH KaTylLIKe CONpPOTHBJeHHA no 3akony Oma paBHO

VR=[R' (76)

YpaBHeHHe JBHXKEHHS JJIA KOHTYPA, COCTOSIIETO M3 COINPOTHBJEHHSA
R u camomuaykuuu L, mosnyuaercss u3 (57) u (76):

Li4+RI=0. (77)

Aro ypapuenue copnagaer ¢ (70), ecsan mojoxutb tT=L/R. Mukpocko-
NHYecKU# MexaHusM, NpuBOAsHUME K 3akoHy Oma, paccMmarpHBaercs
BO BTOPOM TOME. ' '
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OrueryinBoe mpeacTaBJeHHe O TOPMO3SLIeH cuje FT =—YX MOXHO
TaKke TMOJYYHTh, pacCMaTpUBas JBHXKeHHe IIJIOCKOH IJIACTHHKH B Ha-
MpaBJEeHHUH, NEePHEeHIUKYJSAPHOM ee HJOCKOCTH, CKBO3b I'a3 IpH OueHb
HH3KOM JaBJeHHH, TIPH YCJOBHMH, YTO CKOPOCTb V IJIACTMHKH 3HayH-
TeJIbHO MeHbllie *), yeM CpelHss CKOPOCTh v MoJeKyJl Tasa (puc. 7.10).
Jlapaenue noMXKHO OBITh JOCTATOUHO
HH3KHM, JJIsI TOTO YTOOBbI MBI MOIVIH
npeHe6peub CTOJKHOBEHHSIMH MOJEKYJ
npyr ¢ apyroMm. CKOpoOCTb, C KOTOpOH
MOJIEKYJIBl  YAAPSIOTCA O IIJAACTHHKY,
TIPOTIOPIIHOHANBHA OTHOCHTEJIHON CKO-
poctd Haberalomux MOJEKya H IJja-
cTuHKH. [IpennonoxuM, 4TO MOJEKyJsi
JIBHXKYTCS1 TOJBKO B OJHOM HampasJe-
uui, C 0fHOH CTOPOHBI NJACTHHKH OT-
HOCHTeJIbHAasA CKOpOCThb paBHa v+V, ac
‘Puc. 7.10. Ha miIockywo NaacTHHKY, llpyI‘Of;I v—V. Jlabserue quOHOpLII/IO-
KoTOpasl [ABW)KeTca B rase, nmepned-  HAJIbHO CKODOCTH, ¢ KOTOPOH MOJIEKYJIbI
Dionn Enakow Tasnenmn  referayer  YAAPSIOTCS O IJIACTHHKY, YMHOMKEHHOH

OYCHb HH3KOM JaBJeHHH JeHCTBYET

TOpMOsAlian CHJE, TPONOPUHOHATb Ha CpeJHee 3HauyeHue HMIIyJabca, rnepe-
Had ee ckopoctw V (ecnw V smauu- - o
TeIbHO MeHbIle, YeM CPeAdsis CKO- HOCHMOI'O MOJIEKYJIOH. Cpeﬂﬂee 3Haye-

POCTL MOJEKY Tasa). HHE HUMIYJbCa B CBOK OdYepelb CaMo
NPONOPUKOHANBHO OTHOCHTENBHOH < CKOPOCTH, M IIO3TOMY JaBJIEHHA
P, u P, no o6e cropons! IJIaCTHHKH OYAYyT paBHbI

P, (v4V)y, P,wm(v—V). (78)

«Hucroe» naBnenne P Gyjner paBHO PA3HOCTH LaBJeHHil C O6€I/IX CTOpOH
NJ1aCTHHKH:

P=P,—P,u»n 4V, (79)

[MoatoMy sofoBoe compoTHB/AEHHE («4HCTasy cusa, AeHCTByOMmAas Ha
JBIDKYUIYIOCA NAAcTHHKY) OyIeT NpAMO NMPONOPUHOHANBHO CKOPOCTH V
njacTuHki. HanpaBienue Cuibt JIOGOBOrO CONPOTURJEHHSA OyjeT TIpo-
THBOITIOJNOXKHO HAINPABJEHHIO ABMXKEHHST IIJIACTHHKH.

i

7.5. 3atyxaoumii rapMOHHYECKHH OCLHJISITOP

Ecan MBI yuTeM TOpMO3SILYIO CHY, TO NOJHAA CHAA, AEHCTBYIOmAs
Ha HeBO3OYXIeHHBIH I'apMOHHYECKHH ocuuiATop, OyAeT paBHa

- Frgput F,=—Cx—yx. (80)

STy NOMHYIO CHJY MBI MOXEM TPHPaBHATb MX H NOJYYHTH ypaBHeHHe
JIBHXKEHHUS] B BUJE . )

Mx+vyx+Cx=0. (81)

* Cnyvyaii, Xor/la IVIaCTHHK4 IBHXKETCS CO CKOPOCTBIO GOJIbIIEH, 9eM CKOPOCTb Mo-

JieKyJ, GBI pacCMOTDEH B 1. 6, Korja peub Lijia O NajJleHHH MeTeOpPHToB. B o6eux 3a-

Jadax AJsg NPOCTOTHI MBI JONMYCKAaEM, UTO CpeAnsaa JJIHHA CBO6011HOI‘O npoéera MOJIEKYJDT |
BeJHKA 0 CPAaBHEHHIO C pa3MepaMu HJlaCTHHKH.
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3to JuHefiHoe nudxbepeHIHaNbHOEe ypaBHenHe. Mbl MokeM ero nepe-
nHcaTh CJaeAylouUmM o0pa3oM:

5C.+-;—)5+m§x=0, (82)
rae
1 C

MOXKHO UCKATh B BHAe 3aTyxatoulero CHHY-

\-/4 -

Pemenuie ypaBHenus (82
COHJIANILHOTO KosieGaHust

- x=xe Bsinwf, (84)
rie BesMUUHHE f H @ MOryT GhiTh onpenesensl. DTO pelleHHe NpeacTas-
JsteT coboll KoMOuuanuio peiueHuil (44) u (73). C TakHM Xe ycIlexoM

Puc. 7.11. Kosnebanna BceX peasbHBIX TapMOHHYECKUX OCUHJAASTOPOB 3aTy-

XaloT noj AeHCTBHEM CHJI TPEHHS, TAKHX, HalpuUMmep, KaK CONDPOTHBJIECHHE BO3-

ayxa. CucreMa 3 MAacchl H IPYXKAHbL Tpd He6OJbIIOM 3aTyXaHHH [OJKHA

OTIHCHIBATHCS TaKoM e KPHBOH, Kak H Ta, KOTOpas n3obpaXeHa Ha OyMmak-

HOI JienTe, ABHKYLleficsH ¢ MOCTOSHHON CKOPOCThIO. DTa CHCTEMa Hayvasaa Co-
BepliaTh KoseGaHHsA B MOMEHT BpeMmeHu £=0.

MBI MOrM Ob HCKaTh pemeHHe ypasHemus (82) B  dopme
x=x,e~¥ cos wf. Jubdepernupys Teneps (84), HaxomauM

-Z—f— = —Bx,e P sin of + ox,e P cos wt, ' (85)
2 -
‘Z;; = Px,e ¥ sin ol —2poxe? cos wt —wxe P sinwf. (86)

HOJICTaBJlﬂH 3Hadenns X u X B (82), no,nyqaeM 3TO ypaBHeHue B CJe-
JIyIOIieM BHJE: - ;

(ﬂg—m“‘ —f—mﬁ-—%) x,e 7Pt sin of + (—- 20p -+ 9_[—) x.e B cos wf =0,
- (87)
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Uz a1or0 ypaBHenus chaeayer, uro Kos(dHUueHT mpH sin wf Oyuer
PaBeH HYJIO, €ClH MBI MOJIOXKHM

a kosh¢uuuenr Ipi cos wi obpaTUTCs B HYJb NDH YCJIOBHH

moi =i (£, &

o=[ot—(&)] o[ 1~ ()]

Takum ofpasoM, INpH HaJMYHH TPeHHs 4YacToTa YMeHbIIaeTcs.
:Yactota » OyneT paBHa ®, TOJbKO B TOM CJydae, ecjld BpeMs peJlak-
cauuy GeCKOHEYHO BesJHKO (T. €. 3aTy-
XaHHe OTCYTCTBYET).

Win

-tz
T £ Eciu p M o BepakawoTcsi COOTHO-
£ - menusamu (88) u (90), To (84) sBaseTCH
; peilleHueM ypaBHeHus Aprxenus (81).
3 e DTO pellleHHe MMeeT BUX
& —
X = -
; 1 2 1/21
= -t/2t —
722 gew X,e sm{mot[l (2(001) ] e

(81)
Prc. 7.12. Tpadik S9BHCHMOCTH mo- Ecan 041> 1, Mpl notydaeM npejiesibHOe
TeHIHaNLAO! SHEPrHE ocnmanATopa, . BHAUEHHE MQA00 3aMyxarus, Npubmnu-

IJsi KOTOpOoro aBHO 8m, OT Bpe-
MenH., B fwMeH‘%gpemeHﬂ t, Koxl-);ga JKEHHO ONHUCBIBAEMOI'0 YpaBHCHHEM

NpPOH3OINSO YeThipe NOJHBIX KoJeba-

HUdA, OPJAMHATA TOUKH Ha orubatomeil ~ —t/27 g

KDHBOH B ¢ pPa3 MEHbIIE NepBOBayaJib- X 85 Xl sin (Dot’ (92)
HOI'O 3HaueHUs QYHKIHH.

kortopoe caenyer u3 (91). B stom ypas-
HeHUH @,— COOCTBEHHAR YacTOTa HE3aTyXaloWero OCHUJIATOPA.

Il pumep. Huccunayus mowpocmu. Paccuuraem Temepb CKO-
POCTb IHCCHTIALMH 3HEPTHU 3aTyXaloero rapMOHMYECKOTO OCHHJLIS-
TOpa AJA Npefe/bHOro caydas caaboro saTyxaHus NpH @t > 1, 7. e.
IpH ®22W,.

Kunernueckas sueprusi K=1/,Mx?. M3 npulbiukeHHOro pelieHus
(92) nonyuaem

dx 1

o= g %e T sin ot + OX,e /27 cos mt. (93)

Orcioga

2 1 \2 .
(%) - (3?) xge~ " sin® ot + of x§ e~ /7 cos*ot —

_ (_‘?) xZe-tv sin ot coswt.  (94)

3HaueHHsT HHTErpasioB, C KOTOPHIMH HaM IIPHAETCS BCTPETHTHCHA IIPH
BEIUHC/ICHHH CPeJHEro IO BpeMeHu 3HaueHHsA (dx/df)?, MOKHO HaliTu
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B COOTBETCTBYIOIIMX Tabuunax. OnHako Aaa caydas ©of3>1 MHOXH-
Telb €~%/T MOXHO C XOpOWIMM INPHO/MKEHHEM BBIHECTH 3a YIVIOBbie
CKOOKH, O3HaualoUHe yCPeIHEHHE 10 BPEMeHH. JTO MOKeT ObITh ClIe1aHO
C JIOCTAaTOYHOH TOYHOCTBIO, €C/H JONYCTHTh, YTO aMIIHTYAa KoJjeba-
HHH Xee~%/2% CylleCTBEHHO He H3MeHseTCs 3a BpeMs OJHOTO IepHoja.
Ins cpennux 3sHaueHHH MOXKeM HamlHCcaTh, YTO

<cos? B> = <¢sin? 0> = -;— , <cos0sin0>=0. (95)

Hocne,uﬂee COOTHOLIE€HHE, C KOTOPBLIM MbI €ll€ HE BCTpeuasaucCb, HMEET
BeCbMa Ba)XHO€ 3Ha4YeHHue:

¢sin Bcos 8 = (5 sin 26 ) =0, (96)

TAaK KaK CPE/HHE SHAUCHHSA OT CHHYCA W KOCHHYCHI paBHBI HyJ0. Takum
00pa3oM, cpejiHee 3HaYeHHe KHUHETHYECKOMH 3Heprpm 3a OJIMH MEPHOJ
6yner paBHo

<K> = ? [('Q?) IKsin? wyt> + @? <cos? m0t> —
— 20 ¢ cos 0t sine t>] Be—tr e+ M [(-l-)2+co2 T‘x”-e-ﬂf (97)
T 0 0 0 =7 o 0 o .

[Monaras, yro Bennunna (1/21)2 Maja No CpaBHEHHIO ¢ ®2, MOJYyYaeM
IS CPeJHero 3HayeHHs KHHETHYeCKOH 3Hepruy

K> =+ Mot xie=t/r. (98)

W3 sToro BolpaxKeHHs] Mbl BHAHMM, YTO CPEeRHAA KHHETHYeCKas SHepTHS
yOBIBaeT CO BpPEMEHeM II0 3KCIOHeHUHanbHOMy 3akoHy. Cpennee 3Ha-
yeHpe TOTEHIHANbHOH SHEPIHH pPaBHO

U> = —;— M2 x2 e~ ¥ sin? o, f> =~ %Moo?; xie—tr, (99)

Cpennee 3HaueHHe SHEPTHH, pacceHBaeMOH B eIMHHIY BPeMeHH (T. e.
JUCCHIIAIHsA MOLIHOCTH P), PaBHO B35TOH ¢ 06PaTHBIM 3HAKOM CKOPOCTH
HW3MEHEHUsl IHEPTHH CO BPEMEHeM:

— (P> = (B> 2 2 (CK>+ <U>) = —+

— (g Moz xge—t/r),
HJIH

‘ __<E@»

Py =<E (100)

OGbuHO, KOT'Ha fCHO, O YeM HJeT peub, Mbl He 3aKJwodaeM P(f) B yrJo-
Bble CKOOKH.

Ilnsi cTyneHTa MOXeT I0KasaThCsl YIMBHTEJLHBIM, YTO CpeAHHE
BEJIMYHHHI, BEIpakaeMble cOOTHoeRUAMH (98) u (99), conepxat Bpems /,
HECMOTPSl Ha TO YTO OHH fABJIAIOTCA CPEHHMH 3HAaYEHUSIMH 110 BPEMEHH.
Jeno B TOM, YTO MBI pPacCMaTpPHBAeM JBHIKEHHE 3aTYXAIOUIETO OCIMJI-
JATOpa B TeYeHHE MHOTHX IEpPHONOB M pacCcMaTpHBaeMble HaMH Be-
JWYHHBl TPeACTaBJsIOT co00fl cpelHUe 3HAYeHHs SHEPTHH (KUHETH-
YyecKOH HJIH NOTEHUMANbHOH) 32 00uR nepuod 8 mederue HEKOMOPOEO
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epemeriu t. Tak Kak 5HeprHs OpH PpacCessHHH IIEPEXOIMT B TeILIO,
TO OYEBHJHO, YTO CpelHsAs 3Heprust (3a ORUH nepuon) yMeHbLIaercs
_OT NepHoja K NepHOny.

MoxHo nokasarp, 4TO JMCCHNALMs MOLHOCTH paBHA B3ATOH CO
3HAKOM MHHYC CPeJHEl CKOPOCTH, ¢ KOTOPOH cria Tpennus F, ————yx—
=—(M/t)x cosepmaer pabory. Mcmoapsys (93) JonycKas, 4TO
®,T>>1 u, caeloBaTeNbHO, MHOXKHTEb e~ %7 MOXeT ObITb BbIHECEH 34
YTJIOBEIE cxo6xn, MBI MOXKEM HAIIHCaTh A/ CpejHell CKOpOCTH, C KOTO-
poil copepiuaercs pabora, cjepyiollee Bblpa}KeHI/Ie:

E (B

M : ;
<F 0> a2 - 0F x2e— 47 {cos? w iy = — 5 Mwo xie— >~

’

T
(101)
B corqacuu co (100).

7.6. JobpoTHOCTD Q

Jlnst xapakTepuCTUKH OCIUIIINPYIOMEH CHCTeMBI YaCTO TPUMEHSIETCs
pesquunza @, HasbiBaemas 0o0pomuocmeo. DTa BenuuuHa Q rpenctan-
JisieT co0oll YMHOXKEHHOE Ha 27 OTHOIIEHHE 3aIlaceHHOH SHEePTHH K cpej-
HEMY 3HAUYeHHIO SHEPTHH, TePAEMOMY 3a OJMH IEepHOI:

Q=2n <3HEPTHs, NOTepPsiHHAS 3a opuH nepuox> . P/v ~ Pjo ”

3anaceHHas SHeprus __2nE L (102)

TaK Kak nepuoj paseH 1/v u 2nv=ow. Bpems, B Teuenue Koroporo ¢asa
oclmigTopa u3MenuTes #Ha 0==1 pad, pasHO l/o. 33M6TI/IM, 4TO BOC-
JudnHa @ 6espasmepHa. -

Hasa caabo 3aTyxalollero rapMOHHYECKOIO ocummmopa (wev>>1)
u3 (98), (99) u (100) noayuyaem o

& WyT. (103)

Mbl BHAUM, YTO BeJUYHHA ©,T MOXKET CJIYXKUThb YAOOHOH XapakTe-
PHCTHKOH OTCYTCTBHSI 32TYXaHHUS OCLHJJSATOpa. DoMbINM 3HauYeHHsAM
®,t win @ coorBercTByer ciaboe saTyxasHHe ocumiisitopa. HMs (98)
¥ (99) caenyer, 4TO SHEPTHA OCLMJLIATOPA 32 BpeMs T YMEHbIIaeTcs B e
pas OT CBOErO MEPBOHaYAJIBHOIO 3HAYEHHS; 32 5TO BPEMsI OCHHJLIATOP
coBepuIaeT ®,T/29 KojeGaHui. [Mopsifok BennuHHB XOGPOTHOCTH He-

KOTODLIX BaKHEHINMX THUNOB 3aTyXalOWUX OCLUUJIATOPOB IpPUBENCH
B TabJuue.

HexoTopsie THnnunble 3HaveHus @

emss (ceficMUUeCKHe BOJIHHY) - 25—1400
[Monbtit Mepumlil pesoHaTop ans

MHKPOPaJHOBOJIH . : 104 !
‘PosiibHAs HJHM CKPHUNMHYHAas CTPyHA 108
Boa6yxneHHBIll aTOM 107
Bos6yxnennoe saugpo (F87) 3. 1012
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7.7. TapMOHH4ECKHA OCLMJIISITOP, COBEPINAIOLLHF
BbIHYX/IeHHbIE KOJMeOaHHs

Teneps MBI HOAPOGHO PacCMOTPHM BBEIHYXKJIEHHHIE KosieGanus 3aTy-
XaloIEero TapMOHUYECKOTO OCHMJNATOpA. Ima 3adaua umeem oueno
eadcHoe 3Haderue. EcIH TOMHMO CHJIBI TPEHUS HA OCHUJIATOP AEHCTBYET
BHeluHsAsA cuia F(f), TO ypaBHeHHe JBHKeH#si OygeT HMeTb BHI

Mx -+ vx+Cx=F (t) (104)

uau, B 6osee ynobuoll dopme,

K+t itoe=20 (105)

rae ==M/y 1 0?=C/M. 3necs ®,— COOCMBEHHASL 4ACMOMA CHCTEME]
B OTCYTCTBHE TPEHHS M BBIHYXKZIaome#l cu/bl. Koraa Ha cucremy aeficr-
BYeT BBIHYKAAIOMASl CHJIA C 4ACTOTOH ®, OTJIHYAIOUIEHC OT YACTOTh! @q,
TO, KaK Mbl YRUIUM, KosieOaHHA B cucTeMe OVAYT NPOHCXOAUTH C Yac-
TOTOH BBIHYAKAAIOWEH CHJbLI, HO He C cobcTeeHHOH 4wacTotod. Ecaw,
OJHAKO, BBLIHYXKIAIOMIAs CHJIAa BHE3allHO IepecTaerT AeficTBOBATb, TO
CHCTeMa BO3BpAallaeTcs] K 3aTyXalolUM KosaeGaHUsAM, 4acToTa KOTOPHIX
npubamxKenno 6YAET COOTBETCTBOBATb YACTOTe COOCTBEHHHIX Kosebanmnit
I8 cayuas masoro saryxaHusi. [Ipemnosoxum, yro B (105)

F({) Fosinof . . F
G == sinoef, o=, (106)

T. €. BHIHYIKJAIOIIAs CHJa NpejcTansier coboll CHHYCOHIANbHYIO QyHK-
HUIO € 4aCTOTOH ®. 3TO COOTHOMIEHHE ONPEE/sieT BEJHUHHY Oy Mo
BBOJUM O, [I0TOMY, 4TO YAoOHee oniepuposatb ¢ Fo/M, uem ¢ F.
YcraHoBUBLIHECS KOJeGaHUsS CHCTeMB! (KOeOaHusl CHCTEMBI MOC/e
KpatKoBpPeMEHHBbIX BO3ACHCTBUN 3aTyXamT) OYAYT NPOUCXOANTE C uac-
TOTOR BhIHYXKAaiowell CuJbl. JpyruMu cjoBamu, pasHocTb (a3 Mexay
CUJIOH M cMelleHueM OYAET H3MEHSTbCS CO BpeMeHeM. 2T0 OueHb BarkHask
'0cOGEHHOCTh TIOJYYEHHOrO HaMHM De3yJ/IbTaTa: YCTAHOBMBIUMECS KoJe-
GaHusl COBEPLIAIOIIEr0 BLIHYKAEHHBIE KoseGaHHs TapMOHHYECKOTO OC-
HuAIgTOpa (1ae NPH HAJHIUK 3aTYXaHHUA) MPOHCXOIAT C 6b/HYNCOQIO0-
uietf, a He ¢ COGCTBEHHOH 9acTOTOH ®o. Y paBHEHWIO OBUKEHHS Gyier
YIOBJIETBOPATE TOJbKO BBIHYKJAKOMAs yacToTa. B kadectBe xapaxte-
PHCTHKH BO3JEHCTBUS BHIHYKAAIOMEH CHJBI HA TapMOHHUECKHI OCiuJI-
JSITOp, COBEpIIAIONMH BHIHYXKJEHHEIE KOJeOaHHs, MOXKHO BrIGpaTh
aubo cMmelenne x, JHG0 CKOpocTb x. Mel BhifepeM B KauecTBe TaKOMH
XaPaKTEPUCTHKH CMellleHre x. bynem uckathb pemende ypasHerus (105)

B BUJIE
x=1Xx, sin (of 4 @), (107)

B KOTOPOM Mbl JO/LKHBI ONPENENHTh aMIVIMTYLY X, U asy ¢ *).

*) Ml JOMXHEI CHHTATh, uTO hasa ¢ (Ha3uBaeMas TakXe PasHOCTBIO Gas MEXKLY
cMemeHueM x ¥ cusofl F) He paBHa Hymo. Eciin He BBOIUTL @, TO pellieHHe-HE MOXeT
GuiTh monyueHo. Korzia Mer roBopM o ¢ase, TO HaJ0 3HaTh, O KAKOH HMMEHHO Pa3HOCTH
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B ypaBresnu (107) o npexcrapsisier cofofi yacToTy BhiHYXKJatoiiel
CHUZBl, a He COGCTBEHHYIO 4acToTy ocuuangtopa; (asa ¢ — 310 pas-
HOCTb (a3 MexKIy BBIHYKJAOUIEH CHJIOH H CMelleHHeM OCIHJJSATOpA.
ITosToMy 3zech ¢ HMeeT COBEpILEHHO JPyroe 3HaueHHe, 4eM TO, C KOTO-
PBIM MBI HMEJH JieJO B CJydae HEBBIHYXKJEHHBIX KoseOaHHH HesarTy-
XaIollero TapMOHHYECKOr0 OCLMIIIATOPA, KOTJa BEJHUHHA @ ONpesess-
Jlach HauaJbHBIMM YC/GBHSMH. HauanbHble yc/0BHSI He HMEIOT 3Ha-
YeHHs JJ5 BBIHYXKJICHHHIX KojeDaHMH OCHMJAATOpA, €CAH TOJBKO
paccMaTpUBaeTcsl YCTAHOBHBILEECS COCTOSHHE. :

Llenecoo6pa3no yTOUHHTh, YTO MBI NMOAPA3yMEBaeM IGJ Pa3HOCTBHIO
$as @ Mexay cMellleHHeM ¥ BHIHYXKjamel cusoli. Kak BriHYXKnaiomasn
CHJ1a, TaK H CMeUIeHHE H3MEHSIOTCA MO INPOCTOMY TapMOHHYECKOMY
3akony. llukn usmeneHus (asbl OT OQHOTO MakKCHMyMa JO APYIOro
cocrasaser 360°, wiu 2n pad. PasHocms az coomeemcmsyem pasHoCy
a3 mexcly cmeujerliem, OOCMULUUM C80e20 MAKCUMQALHOED 3HOHeHUA,
v cusoti. Hanpumep, IpeAnonoxuM, YTO CHJIA JOCTHIaeT HAaHGOMbLIEro
IIOJIOXKUTENBHOTO SHAUEHUA B TOT MOMEHT, KOTJA CMelleHHe paBHO
HYJIO, H 3aTeM BO3pacTaeT B MOJIOKHUTEJBHOM HampasJ/eHud. Toraa
cmelenne GyneT oTcTaBarb OT cHJbl Ha 7/2 pad. Ho Benuuuna ¢ onpe-
JlefleHa HamH Kak (asa, Ha KOTOpYIo x onepexcaem F, 1 HoaToMy B 3TOT
MOMEHT ¢ OyjeT paBHO —Ti/2.

Tenepb BLUKMCINM NPOM3BOAHBE:

dx d2x

- =0X,C08 (0 + @), =z =—0%,sin (of { ). (108)
Toraa ypaeuenné gpuxkenus (105) mpumer Bug
(02— w?) x, sin (of + @) + —(;3- X, c0s (0t +@)=a,sinwi. (109)

BOCI’IO.HbsyEMCH Telnepb TPUTOHOMETPHYECKHMH COOTHOLUCHHAMH

sin (wf + ¢) = sin of cos ¢ + cos wi sin @, ~(110)
cos (of 4 @) = cos wf cos ¢ —sin of sin @. (111)

Tloncrasnsaa stu 3payenus B (109), nonyuaem
[(mg—mz) cos g—-2 sin cp] X, sin ot 4
+ [(cog—coz) sin ¢ +-% cos (p’] x,c0s wf =a,sinot. (112)

Ypasuenue (112) MoxkeT ObITb .yZOBJIETBOpEHO JHIIb B TOM CJy4ae,
ecau KoahuIMeHT npu cos of OyaeT pasen Hymo. M3 storo yciosus
BBITEKaeT, 4T0

_sing__ W/T
g(P_—coscp—‘_——mg—mz' : (113)

¢das naer peub. B aekTpoTeXHHKEe OGHIYHO TOBOPST O PasHOCTH (ha3 MEXKAY TOKOM
¥ HanpsxKeHHeM. 3fiecb Mul FOBOPHM O Pa3HOCTH (a3 MeXXAy CMelleHHeM H BLIHYXK-
Jawomed cuiofi F. a3kl 06eux BeJIHYHH He PABHH APYT APYrY, TaK KaK aHAJOrOM
TOKa sBisercs dx/df, a He X.
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7}
Ty 7
14
Puc. 7.13. TlloBeneHHe rapMOHHYECKOro
OCHUAAATOPA, COBEPIIAIOHIEr0 BBIHYX-

JfleHHble KoJeGaHHsA, MoKeT GhTh OYeHb
fIPOCTO NPEACTABIEHO C MOMOILIO «IO-
asipyoro rpadukas, CTpourcs Kpyr, AH-
aMeTp KOTODOro paBeH Fo/y H B KOTOPOM
xopaa OP ofpasyeT ¢ OCbO OpAUHAT

Puc. 7.14. Ilpu moSom ¢ OPQ obpasyer
NpSIMOYFOJIbHBIH  TpeyroJsibHuK, Xopza

OP=— =2 sing. Us ypasnenuit (115),

(116) u (117) MBI BuruM, 9T0 XOpAa
OP=wx,=v, OpeacTaBnact coGoil amm-
JHTYRY CKOPOCTH.

Yroa ¢.
g 73 1]
rd Fd
Yo
? \
ry =2
="7
Puc. 7.15. Oas @ < Puc. 7.16, Korzxa o Bo3spa- Puc. 7.17. Tlpn ¢p=~mn/2
—0 cTaer, | @ | yBe/JHYnNBaer- 0=0, 0 Yy=Fo/y. ~ AMm-
§ m"ﬁ‘p g’ 0" 1 0y < Fo/¥. cA Tak e, KaK 4 U,. I[1pu nnn-r;na c‘,’(opé’cm Max-
STOH 00JIACTH CMemeHue CUMQAbHG, KOTAA HACTy-

O4eHb MallOy

' Puc. 7.18. Jnsa @ > o 7,
cHosa yMeHbmaertcs. Ilpx

Q=-3n/4

CHOBa _
Yp= Fo/ (V 2 'V)'

Pue. 7.19. Jas o > @
cHOBa Uy <& Fo/yY H @ =

= — .

¢o=-mn/4 vo=Fu/(V—2 )

0aer pPe3oRaHc.

—Zl”si//;pl«—
s

(&

D)

@
z

Puc. 7.20. Orpesox
0S= -y, sin @.
Hs ypapnenuit (127), (128) u
(129) MEI BHAHM, YTO fOFJoO-
IleHHasi MOIULHOCTb Nponop-
LHOHAJABLHA -y, sin @, T. e,
BeJiuuuHe oTpeska OS.
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Heo6xonumo Tak:ke, 9To6bl KO3(bHIMEHTH NpH Sin @/ GLUIH PaBHBI,

OTKYyJa NaXOIHM, YTO _ ‘

a -

Xy= " = . < (114
(02— w?)cos q>——--1—si_n ]

'

Uz (113). crenyer, uto

02— o? ]
COS @ = 7 )
2 w \271/2
[(ab—am+()’] (115)
singp= —Oft ,
SR LR L
nocae gero (114) npuoGperaer caexyiomui- BUL:
|
_ %, !
X = | {116)
|
i

[( w%—mz)—f—(m/r)Z]l/z

ST0 BhIpakeHHe [aeT BEJIHYHHY aMILIHTY/IbL.

Ypasuenus (115) u (116) paror Ham uckomoe pemienue. Temepb
MBI 3HAE€M aMIIUTYLY Xo H a3y ¢ CMelieHHsi CHCTeMbl Noj AeficTBHeM
BhIHYXKJAOWe!l cuibl £= Mo, sin of:

» oy . ) ®/T
or=an e o (oA g )
PasGepem Temepb npeiesbHbIE CAYUaH, COOTBETCTBYIOMIUE ITOMY pe-
endio. HanoMHuM, 4TO mpH HaileM PacCMOTPEHHH MBI BCerja Ipen-
. v noJiarasd 3aTyXaHHe MajbiM, T. €. OgT>>1.
#(--25) Manas somyrcdarouas wacmoma, o<<0,. B
aToM cayuae u3 (115) BuaHO, uTO

(117)

X =

(118)

orkyaa ¢—0. Takum oOpasom, B ciay4yae HH3-
KO 4acToThl CMelieHue W BRIHYNKIAIOUIAT CHJIa

corragaot no ¢ase. Ma (116) cnegyer, uro
r-5 %o

g S Mo _ L (119)

cosp—1, sing——0,

Puc. 7.21. Korga ¢=~mn/4
®  @=-3m/4, OTPE30K
08=0S8max/2. QosTomy B
3THX TOYKAaX NOTJIOieH-
Has MOLHOCTb COCTaBJiseT
noaoguny €e MaKCHMAaJb-
HOTO 3HaveHHs. Maxcy-
MaapHOe 3HaYeHHEe MOIJo-
meHHOH MOIHOCTH HOCTH-
raercs npu @=-1/2
(pe3onaHc).

w? c C "

B 3stom cayuae CMmelIeHHE OIPEREJaAETCH Npy-
JKHHOH, 2 He MACCOH WM TPEHHEM.
Pesonancras wacmoma, w=w®, B cayuae
pe3oHaHca CMellleHHe MOxKeT OHITh OueHb BeJH-
kKo. Tak Kak B pas/iMYHbIX [IPUJOXKEHHAX MBI
OYEHb YACTO HCTOJb3YyeM Pe30HAHCHOE 3HayeHHe
CMEIIleHHs, Mbl DacCMOTPHM 3TOT cayvai Gosee

nogpo6ro. Ilpy o=w, BbIHYXkIalOWasA yacToTa paBHa COOCTBEHHOH
4acTOTE CHCTeMBI B OTCYTCTBHME TpeHus. IIpu 3TOM MBI Hosnydaem

cosg— =0,
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AMHJIHTYAa.HpH O=0y 6Y11e’r pasHa
' =2 (121y

Yo ="
Uem menbinte 3aTyxanue, TeM Gosblie T U X,. [lonaras F, nocTosiHHoH,
Mol MoxkeM Hafiti u3 (119) u (120) oTHOweHHe cMelleHHs B ciydyae pe-

30HaHCa K CMCIICHHUIO IIpU HYJICBOﬁ BbIHy)KﬂaIOHIEﬁ qyacTore:

X0 ((D=0)0)=a01/m0=m0,c= Q, . (122)

% (0=0)  op/®}

rae Q — noGpOTHOCTb, KOTOPYIO Mbl O pefeuIH H3 cooTHowenus (103).
Jra BeauuHHa MoxkeT ObIThb OueHb Goabmof, nopsaka 10* uinm jawxe
Gosibine! TakuMm 06pasom, B cayude pe3oHaHCa CMeleHHe OlpeensieTcs
3aTyxaHueM.

MakcHMaJbHOTO 3HAUEHHS BeJHYHMHA CMEIEHHS Xo JOCTHrAaeT IIpH
43cTOTe ©, HE B TOYHOCTH PaBHOH ®=W,. DTO CJEAYET H3 TOTO, YTO
npousBoHas ot 3Hamenatenst (116) obpamaerca B HyJb, KOTHA

wl@—er+ (5)'] =20y (—20)+ F=0 (129

IpH 3HaYeHUH

0 = 0F — 51y . (124)
D10 3HaYeHHe @ OIpeneaseT MOJOKEeHHE MaKCHMyMa CMEIleHHS Ha
KPHBOH 3aBHCHUMOCTH Xo OT ©. Ecau @yt 3> 1, To nonoxenune MaKCUMYMa
oueHb OJIH3KO K M=,.

MokeT 1oKasaThcsi CTPAHHBEIM, YTO MAKCHMYM CMeIEHHs MHOJYy-
Yaerca TPH 3HAYeHHH pasHocTH ¢as, paBHOM —W/2, T. e. Koria pas-
HOCTb (a3 MeKAy CHJIOH M CMellleHHeM cocTaBJsfer B TouHoctH 90°.
Kasasock Obl JOrHunHbIM, 4TOOB pe3oHaHC Hactynaqa npu ¢=0, a He
npu —mn/2, Onsako TYyT eCTb XHTPOCTh: J€]0 3aKJIOYaeTca B TOM, YTO
MOHIHOCTD, -NOIVIOaeMasn OCHHAAATOPOM, 3aBHCHT HE HENOCPEACTBEHHO
OT pasHocTH (pas MeKAY BbIHYK/JAWOIeHd CHJIOH H CKOPOCThIO.
JocraToyHo HEeMHOTO TOAyMaTh, 4To0L COO0pasuTh, YTO HauGosbHiee
OTKJIOHEeHHe JOCTHIaeTCs B TOM cJjydae, KOrAa (asbl CKOPOCTH H BBI-
HYXKJaI0meH CHJ/bBl B TOYHOCTH coBnajaoT. B atom cayuae macca noay-
yaeT TOJNUYKM B Hajjlexallde MOMEHTH BPeMeHH M B HajJsexallkHX NOJG-
keHusx. Koraa cMelenne paBHO HYJII0, CKOPOCTh OKa3bIBAETCs] MAKCH-
MaJsibHOH. EciH B KaKOf-TO MOMEHT BPEMEHH Macca ABHXKETCH B IIOJIO-
JKHTEJBHOM HaOpaBJeHuH, TO s JOCTHXKEHHA HanbOabLIErO OTKJIO-
HEHHUsl HYXKHO, uToObl B 5TOT K€ MOMEHT BPEMEHH CHJ/a AoCTHrasa Obl
cBoero HanGoJiblllero 3nayesns. B kpafinel Touke, e CKOpPOCTh MEHSIET
3HAK, JJIi JOCTHIKEHHS PE3OHAHCA HYMHO, YTOOH W CUNA.B TOT 3KE MO~
MEHT BpEMeHM TaKxe H3MeHsaJa Obl 3ak. Takum ofpasoM, npu omu-
caHHY pe3oHaHca YyAOOHEH BCero TFOBOPHTb O pasHOCTH ¢das Mexny
CKOPOCTBIO H BhHIHYXJAAOUleH cuiofi. Mbl 3HaeM, 4TO CKOpPOCTb OCLIHJI-
JATOpa onepexaer ero cMelueHue B ToyHoctH Ha 90°. CrenoBatesibHO,
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NpH PE30HaHCEe, KOrja CHJa H CKOPOCTb COBHaialoT no dase, HYXKHO,
yTo6bl CHJIAa oOmepexasta cmelenne Ha 90°, T. e. uTOGH Q=—1u1/2.
Bonvwasn somyncdarowan wacmoma, © > @, B aToMm ciyuae

cosgp—r—1, ‘sing—0, @—-—mn (125)
u
M F
Y a20)

.

B sToM npenensHOM ciydyae, KOr'a BBIHYXKJIAIOUIAS 4YacToTa BeJaHKa,
CMellleHHe YMEeHbIIAeTCs [0 3aKOHY 1/®?H ero BeqMYHHA ONpENesAeTcs
HHEepLHeH MaccChl.

3ameTnM, uTO pasHOCTh a3 ¢ MEXKAY CMellleHHeM H BBLIHYXKAAIOLleH
CWJIOH HayMHaeTcd C HyJIS OIPH HU3KHX 4acTOTaX, NPOXOJMT yepes 3Ha-
yeHHe —7/2 NIpH pe30HaHCe M JOCTHUraeT —I HPH BHICOKHMX 9acToTax.
Taxum obpasom, cmeujerue 6ceeda omcmaem om GuiHyxcOarowel cuast.

Iloznouienue mouwrocmu. CpelHee IO BpeMeHH 3HaueHue paborTsl,
coBepIaeMoll BHIHYKAAIOmEeH CHJIOH B €IMHUIY BPEMEHM HAJ OCLHJI-
JIUPYIOIIEN CcHCTeMOH, MoxKeT ObiTh moaydeno u3 (106) u (107):

Magoa
[(F =0+ (@]

HPI/IHI/IMaH BO BHHMAaHHUE TOXIeCTBO

P =<(Fx>=

<sin of cos (of -+ @)>. (127)

cos (wf -} @) == cos wf cos ¢ — sin wf sin ¢,
noJiydaeM

¢sin ot [cos @f cos ¢ —sin of sin @]> = —sin ¢ <sin® vt =
=—sing, (128)
rje Mbl HCIIOJB30BAJH TOT (baKT, qTO
¢sin wf cos wi> = 0.

Mgt BuauM, YTO dasa HTpaeT 3j1ech BaXKHYIO poab. Vicnosnbayst BEIpake-
uue (115) mas sin ¢, Mbl Moxem mepenucatb (127) B caeqyiouieM BHAE:

02/t

(TR (129)

I
P:'E Mocg (mg_

D10 oueHb BaXKHHIH pe3ynabraT. MollHocTb, DorjomiaeMas HpU peso-
HaHce, T.e. IIpH ©®=®,, paBHa

Pyea =4 Mot O (130)

pes

Mol HoCTE, noryomaeMas OCLHJIIATOPOM U BhIpaXkaeMasl COOTHOUTEHHEM
(129), ymeHbluaercsi Ha NOJIOBHHY Pe30HAHCHOTO 3HAUEHHS IIPH H3Me-
HEHHH YacTOTH @ Ha BeJHuuHy -={A0)i,,, Tak yTO

r—?=m§—’mzz(m0+w) (0, — @) 22 20, (A®)y /. (131)
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[Mostomy nonuas mupuHa 2(Aw):,,, COOTRETCTBYIOLIAsK NOJOBHHE DPe3o-
HaHCHOTO MaKCHMyMa IOTJIOLIEHHOH MOLIHOCTH, paBHa l/t. Mcmombsys

Boipakenre (103) g @, monydaem
o

pe30oHaHCHAasT 4YacToTa

(132)

Q:(;) =
T 2(A0)ye

WKpHUHA pe3oHaHCHOH KpHBOH Ha ypoBHe 1/2

CrnenoBatesibHO, JOGPOTHOCTD @ XapaKTepusyeT OCTPOTY Pe30HAHCHOH

KpHBOii,
Uncanednunwu i

npuMep 3ajJadyd O rapMoHHUYE-

CKoM ocuuaasTtope. Ilyetb macca M=1 ¢; cunoBas no-

crossHHast C=10* Qun/cm v Bpems pe-
naxcauun t=1/2 cex. Torza u3 (82)
HaXOLHM
C 1/2 2 -
W, = (M) = 10? cex~1,

WNa (124) pns yacroTel CBOGOLHBIX
Kosie6aHuil moJyuaeMm

[0t —g] " = (100~ 2 =

102 cex—1.

Jo6porHocts Q cucTeMHl 10 gopmy-
qe (103) 6yner paena

Q 2 0,7 = 10%- 5 = 50,

Bpemsi, B TeueHHe KOTOpOIO am-
NMJHTYAa YMeHbIaercs B e pa3 oT
CBOEr0 IEepPBOHAYAJTbHOTO 3HAYEHHS
(m1si  cBOOOXHON CHCTeMEI), DaBHO
2t=1cex B coorBercTBHH ¢ (91).
ITocrosnnas 3artyxanusa Y= M/jt=

)
7
7
Zz
] L I ]
X -3 -2z -II HI {
@ WE_E_In
¢ 2 4
Puc. ‘7.22. Moraomennaa MOUHOCTE
NponoOpuUHOHaabHa f(X)= 1_:)(2, rge, B
COOTBETCTBUM C ypaBHeHueM (129),
~(u3-0)
(0] @®
P 0 —
X= o =ctg q.

Tipn @ = 0 BeanyuHa X=ctg @ craHo-
surca GoJablliodl "y oTpHuatenbHO#t. [Ipu
Pp=--m/2 BeanunHa X =ctge=0 1 norJo-
UleHHAS MOLIHOCTL UPHMHHMAeT MAaKCH-
MagpHoe 3HaueHue. IlonmOBUHHON BeJsH-
4¥HE MOIIMOCTH, KAaK 5To BHAHO H3 uep-
Texa, COOTBETCTBYeT SHaueHHne X =4 1.
Gyuguun  f (X)=1/(1+ X?) HasuiBaeTcst
dyuknuelr Jlopenua.

=2 efcex. IlycTh Tenepb Ha CHCTeMy JeHCTBYeT BHIHYXK[alolmlas CHJa
F = Mo, sin of = 10 sin 90f duw.

Torma ao=F,/M=10 Oux/e u BuHyxKAaomas udacrora w=90 cex™t,
AMniTYly MOMXHO BBIUHCJIHTb H3 cooTHowmenus (I116):

10

IR

g

a ¢asy —u3s (113): 180
tgo=—

[4-1084-104]2/2

1,9.108 =

= 5.10~%cn,

=—0,1,

nm @a~—10,1 pad=—6°, CiefoBaTe/bHO, B TeUeHHe KaxKJAOTO NepHoAa

cMeuienne  OyzeT  JOCTHTaTh

MaKCHUMaJibHOTI'O

3HA4YCHUA  CIYCTH

0,1 pad/90 pac-cex™'~1072 cex moc/ie TOro, KAK CHJIa JOCTHTHET CBOETO

MAaKCHMaJbHOI'O 3HA4YCHHUSA.
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. Mu MoxeM cpaBHMTb HaliIeHHO® 3HAYeHME aMIUIMTYALl CO 3Haye-
' HUSIMH aMIVIATY bl AJ151 TPEAeNbHOTO ciydas npd @—-0 1 npu pe3oHance.
Mz (119) Mo HaxopmMm, 910 Xo(0=0)=0,/03=10/10* cu= 10 3 cm.
B ciyuae pesonanca u3 (122) nonyuaem

%o (0= mo)—on(w 0)=>50-10- 3CM 5 10-2 cm.
[TonymupuHa pe3oHaHCHOH Kpusodl *) paBHa

100
2(Aw)yy = Do — =2 cex=1=2 cex~1,

Q T 80

3aMeTHM, 4qTO B 3TOM npnmepe MB! noxacxony HpI/IMeHHJII/I TepMHH «gac-
TOTa», NIOJpa3yMeBass B JeHCTBUTEJBHOCTH <YTJIOBYIO 4acToTys. s
TOroe ‘ITOﬁbI l'IOJIyT-II/ITb 3Haue e OﬁquHOf/'I YacCToThl, T. €. YUCJIO KoJie-
Hanuil B eIMHNLY BpeMeHH, cjenyeT yrioBylo YacToTy pasjlesiuTb Ha 25T,

7.8. [IpunHuun cynepro3HuHu

Onuo U3 BakHEHIHX CBOKCTB TApPMOHMUECKOTO OCHMJIATOpPA CO-
CTOHT B TOM, UTO pEILUEHHs SBJAIOTCH aJIUTHBHBIMH: ecsd X1(f) H X»(f)
NpeiCTaBasIOT coG0H NBHXKeHHS] NMOL AefCTBHEM BBLIHYKIAIOUIHX CHJ
Fi(f) u Fy(f), 10 x,(§)-x.(f) 6yaer npeacTaBastTh coOOH ABHKEHHE TOJ
JeHCTBHEM BbIHYXKJAOWeER cuiabl £,(2)--F.(f). 310 o03Hauaer, 4To
€CJIM MBI 3HaeM CMeLEHHS X; M X, Noj JeHCTBHEM OJHHUX TOJBKO CHJI
F; n F, cOOTBETCTBEHHO, TO MBI MOXKeM HaHTH pe3yJbTHpYIOllee CMe-
{ieHHe moj jeHcTBHeM O0€HX CHJ, CKJAABIBAsg X; H X,. DTO CBOHCTBO
HemoCpeNCTBEHHO CJeAyeT U3 YpaBHEHUA JBIKCHUS

(;ﬁﬁ Lt od) () =
= (@t +08) ot (Gt Tator) n=FitF (3)

3aKOHHOCTb NPHMEHEHHs! MPUHUMIIA CYIEPNO3HIUH K DEIUeHHIO ypaB-
HeHUs JIBHXKEHHS TapMOHHYECKOTO OCLMJIIATOPA SIBJASETCS CJIENCTBHEM
JIKHEHHOCTH 3TOr0 YDaBHEHHS, COAEpKalllero X TOJbKO B NMepBOH cTe-
nend. Korza ypaBHeHue COEpXKHT aHrapMOHHYECKHe H/IEHBI, KapTHHA
coBepiieHHO Mensiercsi. Ecau B YPaBHEHUH IBHMKEHHS COAEPIKHTCS
ujeH X%, TO°5TO YKa3blBaeT Ha HaJH4Yde ABYX BBIHYKAAIOWHX YacTOT
®; U ©,, NPHBOLSMHX K IOSBJEHHIO LEJOro Habopa rapMOHHYECKHX
4acToT (201, 301, ..., 203 30y, ...) H KOMOHHALKH IOGOYHBIX» 4ACTOT
(01 @3 0;—0,; 0;—20; U T. 1.).

3apgaun

1. Mamemamuneckutl maamuux. MasTHUK COCTOMT H3 JIETKOH HHTH INHHOH L=
=100 cx u TaXeJIOH Maccht M=1-103 e, :

a) Uemy ‘paBeH HepHOI MasTHUKA IV MaJblX OTKJIOHeHI’Il‘:I"‘

‘Orser. 2,0 cex.

*) Pasﬂocm aﬁcuucc, onpene.uaeMblx IBYMS OpDRHHATaMH, PaBHBIMH 1/, BHICOTH
pesoHaHCHOH KpHBOIL, (HpuM. ped.)
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6) Tpu6ausurenbho 0 Kako# BEIHUHHLI H3MEHHTCS 3TO -3HAyeHHE, eyl Havasb-
HOE OTKJIOHEHHE MAasiTHHKA COCTaBHT 60°7

OrBerT. HoBuit pmepuon=2,1 cex. .

2. Macca na npyscune. Macca, papHas 1+ 103 e, nopBelnena Ha JMHRON TIPYXKHKE,
ynpyras HOCTOSIHHASI KOTOpOH papHa C=1-108 duu/m H KOS(uiuenT 3aryxaHus
KoTopo#t paBeH Y==50 Qun- cex/ca. K npyxHHe MpHIOMHeHa BHelIHsIs cua F=F, sin o7,
rae Fo=2,5+10° Jun m © — uacrora, BaBoe Goabiast COGCTBEHHOH YacTOThI CHCTEMBL.
UYemy paBHA aMIIHTYLa pesyasTHpYIOLlero koneGanus? Ha ckonbko tasa cmeme-
HHS OT/In4aeTcsl oT (asel BHEUHEH CHJILI?

OrserT. 83-10~2 cm; —179,9°

3. Macca na npysxcure (ttumoebze Bannvie). IprBenennbe HHUXKe JaHHble nonyqubI
npa HaGMIOACHHH 3a KONeGGHHSIMH MacChl, NOABELUEHHOH K KOHLY IIPYKUHHL

Ta6auna |

SaBHCﬂMOCTb ﬂepl/lolla 0T MacCCht
Macca, 2 50 | 100 | 150 | 200 | 250 | 300
[Tepuon, cex 0,7210,8510,96|1,06(1,16(1,23

Ta6auna 2

3aBHCHMOCTH aMIAUTYAB KodeGaHHil OT BpemMeHHU
" past maceer 160 2

Bpewms, cex 0 30 | 80 | 125 | 180 | 235 | 340.| 455

Aymnauryna, cu 4,5)4,013,5613,0125/2,0])1,5]1,0

a) [Mocrpours rpaduK 3aBHCHMOCTH KBafpara MepHORa kosieGamuil OT Macchl.
B snavenusi Mmacchl, NpHBeJeHHLiC B TaGJiMlle, He BKJIOYeHa Macca npyxuHbl. Onpe-
HeJHuTh é@)q;exmsﬂyxo MacCy NpYKHHE!, NPOU3BEAT HEOGXOZMMYIO 3KCTPaNo/sLUio
rpaduxa.

6) OnpenenuTb OCTOAHHYIO c NPYXKHUHEL :

B) IMocTpouth. rpaduk 3aBHCHMOCTH HATYPalNbHOrO JIOTapH(Ma aMIUIMTYIE OT
BpeMEHH H ONpeleNUTh BDeMs DPelaKcally.

r) OnpenenauTh Ko3bQHULHERT 3aTyXaHHa Y.

4. Macca na npyscune. Iuepeus. Vicnonssys manubie 1abil. 2, IpHBeleHHOR B 3a~
gaue 3,

a) OnpeleNUuTh NOJHYIO CPENHKI0. SHEPIHIO NPH t=100 cex.

OrseT. 7,3-10% ape.

6) Haiitu cpelnIol0 CKOpocTb NMoTepH 3Hepruu npm f=100 cex.

OtBerT. 2,4-102 spe/cex.

B) BLIHCTHTD noTepio 5HepruM 3a 1 mepuox npu =100 cex.

Otser. 2,3-102 spe/mnepuon.

r) Onpenenmb no6potnocTb Q KOMeGMomeRCcs CHCTEMbI.

OrmeT. 2000 -

5. Macca na npyocune. I[Ipomescymiu epemenu. paCCMOTpHTe mm}xenue Macch
M=>5 e, nojBelleHHON K KOHIY BePTHKaJkHOH NMPYKHHH, YNPYyras NOCTOSHHAS KO-
Topoll paBHa C=20 Ousu/cm. HauaipHoe CMellleHHe PaBHO b CH Bbillle TOYKH paBHO-
BecHsl, a HayaJibHasg CKOPOCTh PaBHA 2 cm/Cex W HampablleHa BHH3.
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a) Iloxazats, uro u3MeHeHHWe CKOPOCTH MacCH B TeUeHHe NEpPBOro HHTEpBana,
CHeRyIoWero 3a HayaioM KoseGaHusi, BHPAKAETCS COOTHOMEHHEM

c
Avy=— M xoAt.
6) [loxasaTh, 4TO COOTBEICTBYIOMIee M3MEHEHHE CMEUICHHS PaBHO
Axy=v,AtL.
B) Haiite nosoxedue # CKOPOCTH B 3aBHCHMOCTH OT BpPeMeHH B TeueHHe 4 cex,

BHIOpaB NPOMEXYTKH BpemeHH paBHHIMH 0,2 cex M NMOBTOPHB pacyeT, yKasaHHLIX B a)
u 6). Peayabratht pacuera paCnoJiOXuTh B Clelywoniell Tabnume:

Av, v,
tocek | X CH | cyicex cmjcex | D%, on

0 15,00| —4,00 | —2,00| —0,40
,2 14,601 —3,68 | —6,00 | —1,20
413,40 — — —

(=X =]

b

3akouunTte 5Ty TAGJHILY B NOCTPOiTe TOYHBIA rpaduk.
r) Pemenne Moxer ObITh 3aHCAHO B BHJE

x () =-%J°— sin of 4-x, cos wf.

I8 Kakoro-To UacTHOTO CJIyyasd peleHHe 5TOH 3aJayd HMeeT BHI
x ({)=sin 2¢ 4+ 5 cos 2.

*

[Nocrpofite rpaduk 310/ QYHKUMH HA TOM e CaMOM HepTeXe, Ha KOTOPOM Mo-
crpoer rpaduk x({) B samaue B). :

6. Juppepenyuaroroe ypasHenue mamemamuseckoeo Masmuuka.  Brolseiute
nuddepernnaibRoe ypaBHeHne Vil CAyYash MaTeMaTHuYeCcKOTO MAsiTHHKA, NOJb3YACh
HENOCPE/CTBEHHO BTOPEIM 3aKOHOM AuHaMMKH F=Ma. [lpu BeiBoje ypaBHeHus Hc-
Nosib3yliTe KOMIIOHEHTY CHJIbI TSXKECTH, NepNeHIMKYJSPHYIO CTEePKHIO MAATHHKA,
KOTJia OH OTKJIOHeH na yroa 0. ,

7. Cropocme meaqa, Osuxcyujecocs 8 6asxol cpede. Ha teso, manawouiee B BA3KO#H
cpefle, JeHCTBYeT cu/jla CONPOTHBJEHHS, paBHasd —yvu. Hanpumep, B onbrre Musiu-
KeHa ¢ Kamiel Kamis maccoit M, obnanamoias 3apsafoM ¢, najfaer nox AefcTBHeM CHIb
Ts2KeCTH Mg H 3JIeKTPHYECKOTO NOJA, Hanp AXKeHBOCTh KOToporo pasna E.Kanus 6eicTpo
JIOCTHr@eT KOHEUHOM CKOPOCTH Uy. CocTaBble H pelIdTe YpaBHEHHE ABHKEHHS KalllH,
H3 KOTOPOTO MOMKHO HOJNYYHTh Up K4aK QyHKIMIO Bpemenu. (Y K a 3 a H M e HIIUTe
pelleHke B Bue U==A-+ Be—%! 1 onpe/lenuTe U3 ypaBHeHHs sHauenns o, A u B, a Takixe
3HayeHus v npH (=0 u f=c0.) PaccMarpuBas npefen npu f—» oo, NOKaXKHTE, Y4TO KO-
HeyHas CKOPOCTh paBHa n

O = (%T)E-!—gr,

_rle T=M/y==Bpemenn pefakcauuy. FlavepeHne 3HayeHHs KOHeHOH CKODOCTH B 3a-
BHCUMOCTH OT HANDPMKEHHOCTH 3JEKTPHUECKOro NOMs SIBIAETCS YAOGHEIM CriocoGoM
onpefle/ieHHs] BpeMeHY PeJlaKCalHH T ¥ OTCIoAa KoadpuiikeHTa 3aTyxauus y. B ofinom u3
NOZOOHBIX THIHYHBIX ONBITOB MEXLYy LBYMS HapajJiesIbHBIMM [JIACTHHAMH, HAXOASA-
wumaca Ha paccrosaud 0,7 cu APYr OT Apyra, NOMIEPKHBAETCA PA3HOCTH NOTEHIHA-
2108 840 ¢ [1pH 5TOM HANPAMEHHOCTD SMEKTPHYECKOrO NOJs B aGCOMOTHBIX 3/1eKTPOCTa-
THuecKuX efunuliax pasua (840/0,7)/300 ex, CI'Cd,/cu]l. Uemy Gyler pasuo Bpems
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peslaKcaluM T, €CIH KOHEYHasi CKOPOCTb OTHEJNBHON 3apsiKEeHHON Kamid Maccoit
2.10-12 g paBHa 0,01 cm/cex? ITpH 5TOM cuHTaliTe, YTO CHNIA 3JICKTPHUECKOTrO NOAS Ael-
CTBYET B TOM XK€ CaMOM HANpaBJEHHH, UTO H CHJIa TSIKCCTH.

OrBer. T=5:10"% cex.

8. Konmyp, cocmoaujuii u3 coeOuHeHKbIX NOCAE008AIMEAbHO CAMOUHOYKYULL, eMKOCIE
u conpomusaenus. TloBeneHue KOHTYpa, COCTOSILETO H3 CONPOTMBAEHHS R, KOHJIEH-
caropa C M KaTYUIKK CaMOMHAYKUMH L (puc. 7.23), OnUCHBAeTCS TakKuM Xe RuppepeH-

MHaJNbHLIM YpaBHEHHeM, KaK M MOBelleHHe TNpPYXKHHBI,
coBepmialomiell CBOGOAHbIE KOJNeGAHHA C 3aTyXaHHEM. R 14 Z
YpaBHenue jpast Toka | umeer BHI

L&
dﬂ+Rw+

Tlo awanorun ¢ npyxuHOf HafiiuTe BhIpaXeHHe IJIsS
BPEMEHH peNaKcallii T H s coGCTBEHHOH 4YacTOTH
KoMeGaHHR g, BbIpasHB HX uepe3 L, R u C.

9. Kosebameavroui konmyp LCR ¢ 6030yocderuen. IlycTs KOHTYD 3ajaun 8 nu-
TaeTCsA OT HCTOYHAKA TepeMeHHOro Hanpsixenua V(£)=Vo sin wf. B stom cayuae pucp-
tdepennuanbioe ypaBHeHHe 6yJeT HMeTb BHI

Puc. 7.23.

d2l dar 1
Ld_ﬁ—|-RE+-E I =V, cos wt.

Nmnre peenne B Buge /=1 cos (cot—l-cp) U HallauTe Boipaxenue 114 /o 0 @, BLpa3uB
ux uepe3 Xy, X¢ u R, rie .

1
XL——(DL H XC——COC.

10. Tapmoruteckull ocyurasmop, cosepuiarouitill soiryHOEHHbIE 3AMYXaioiue Koie-
6arusn. PaccmorpuTe mepedHc/eHHble HHXKe TpefieJibHEIE CIyYaH BEIHYMKAEHHBIX 3aTy-
Xalomux KoneGaHuil rapMoHpyeckoro ocuumasagropa. as xaxgoro cayuas jafite
¢dusnyeckoe 0GbACHEHHE IPEANONAraeMoro MOBeIeHHST CHCTEME! B CPABHHTE ero ¢ COOT-
BeTCTBYIOIUM NpelleIbHEIM CJIy4aeM NOJHOro pemieBus B Buie (117) u (129).

a) M—0, npyrue BejuunHe: Fo, ®, T U C — HMEIOT KOHEYHBIE 3HAUCHMUS.

6) C—0; npyrue BeJIHUMHBI HMEIOT KOHEUHble 3HAUYEHHS.

B) T—>00; IpPYTHe BeNHUMHB HMEIOT KOHeuHHe 3HAYCHHS.

r) M—0, C—0; Ipyrue BelHUYHHB HMEIOT KOHEWHBIE SHAYEHHS,

1) M—0, T—>c0; Ipyride BeJIHYHHLI MMEIOT KOHeuHble 3HayeHHs.

11. Hamepenue epasumayuonnozo noss Semaw. HanpsokeHHOCTD MpaBUTATIHOHHOIO
nojst 3eMJU MOKHO ONpeNeNHTb, U3Mepsist MepHOA KoJeGaHHi NpPEelH3HOHHOTO MasiT-
RHKa. JTOT MpUGOP MOKHO TAKXKE HCINOJBIOBATH VIS OIpEAENeHHs] YCKOPEHHS Tella
B BEPTHKAJTbHOH IIOCKOETH. HanpuMep, B TOuKe, IJ1a KOTopO# g==980 cm/cex?, pnuny
MasiTHHKA MOXKHO NoZo6path Takoi, uro nepuod OyAer paseH 1 cex. Ilepuon mMasTHHKE
6T H3Mepen B nudTe, NOAHUMAIWIEMCS C OCTOSHHBIM YCKOPEHHEM, W OKA43aJCs pPaB-
i 1,025 cex.

a) [TokasaThb, 4TO MepHOJ MasTHHKaE, H3MEPEHHHIH B JIH(Te, NOLHHAMAIOWEMCS C TO-
CTOSIHHEIM YCKOPEHHeM &, MajbiM IO CPaBHEHHIO C g, B npejese Gyfer paBeH

Tano_ii)
2 g
rie a CUATAeTCSl MOJOXKHTEIBHBIM,

6) Uemy paBuo yckopenue Jura?

12. Kpymuavnoul nodsec. KpyTuapHbIA OABEC NPUMEHSJICS BO MHOTHX TIpn6Opax
1 GBI TAKIKE HCIIONb30BaH B 3HAMEHHTHIX onbiTax KyJsona n Kaspénanwa. Taxoii noasec
6L HCTIONIB30BAH B SAICKTDOMETPag i MarHeToiae'rpax Pa3MHUHLIX THIOB, a TAKXKe B Kpy-
THAbHOM ceficMoMerpe BYyna — AniepcoHa. MomenT Bpamenusi N, NDRJIOGHEHHHBI K
HHTH, HA KOTOPOH OCYIIECTBJeH NOJBEC, NMPOUOPUHOHAJEH YIJy NOBOPOTA {, TaK 4TO
N—-—-ch Ha Hmta nojpenieHo HEKGTOPOE Te/0, MOMEHT HHEPIHH KOTOPOro paBeH
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I n, kak 570 6yfleT MOKa3aHo B IM. 8, CBA3AH C MOMEHTOM HMINyJbca J H yrioBoi
CKODOCTBIO @ COOTHOLeHHeM J=/®.
- a) TloxkaxwuTe, uTo ypaBHeHHe JBHKEHHS! KPYTHJIBHOIO NOABECA Al MAJBIX YIJIOB
@ MOXKeT GbiTh 3aNMHCaHO B TAKOM 3Ke BHIe, KaK M JJIs Macchl Ha NPYKHHE.
6) Pemute ypapHenue JIBHXKeHHS! OTHOCHTENIBHO YaCTOThI KPYTHJBHOTO MASsITHHKA.
13. Boipancenue Oan cmewjenus ocyusramopa 6 Gespasmeprom eude. Amunauryna
n (asa OCUMJIATOPA 3aBHCAT OT YacCTOTH BHIHYXKJaloulell CHJIBl. Y paBHeHH:s, Bbipa-
JKaIoILHE 3TY 3aBHCHMOCTE, JIETKO 3aNlicaTh B 6e3pa3MepHOM BHlle, IPHTONHOM LS BCEX
OCIHJISITOPOB, COBePINAICIINX BEIHYXXJeHHBle KojeGannus. [Toxaxure, yto

0/0, 2%y 1

tg (Pieg_l " o [(1-—6“’)2—1-(92-)2] 1/2
0

0=w/0, u B=or.

TAe

14. Hobpomnocms Q. Ilo onpefenieHHt0 JOGPOTHOCTH FaPMOHHYECKOIO OCIHJI-
JATOpd, COBEPLIAIONero BLIHYXKIeHHHe KosebGannsi, paBHa

Q= <{3anaceHHasi YHEPLUI> _<Ba
" " (sHeprus, noTepsiHas 3a OJMH nepuox> = P

a) Ilokaxure, uTo A8 OCLMJJIATOPA, COBEPUIAIOWErO BBHIHYKICHHBIE KoJefa-
HHs, CPElHSIS NOJHasi SHEPrHst DPABHA

<E>=<KK+ U>=<K>+<U>:—;- Moﬂxg—}——‘l}— Maw2«2,

6) Wcnonbsys BuipameHne, NpHBeIEHHOE B a), NMOKaXHTe, 4TO

b [ ()]

15. Hedicmsue cuavi msscecmuy Ha maccy, nodseulenuyro & npysxcuxe. PaccMoTpum
Maccy M, NOXBeWIEHHYIO K BEPTHKANLHOH NIPYyXKHHe, CHJIOBas NOCTOSIHHAsE KOTOPOM
paBua C. TlokaxHre, YTO CHJa TSKECTH, IeHCTByIOmas Ha Maccy M, He H3MeHse?
‘Hepuoi KoeGanuil, HO H3MEHSIeT MOJOKeHHe PaBHOBECHS, OTHOCHTENBHO KOTOPOro Co-
Bepiiaercsi KosiebaHHe. , .

16. Komnaexcuoie nepemennsvle, Hanumure pernenne ypapuesus (81), ucnonnsosas
KOMILIEKCHEIE TepeMeHHble. Vlcmpo6yiiTe pemeHne B Bujie x=%0e'®!, rge @ Momer
npencrasaats cofoll KommleKcHylo BennunHy. [lokamxmre, uro

S/ 1\2}1e i
o=[ot=(x)]" +5

3aMeTbTe, qTo €Cau (D—“G)R—i‘iﬁ)l, TO

frt - t t

w u)] i(.DR
€ ’

e =e
T. e. pellleHHe COOTBETCTBYeT 3aTyxalolleMy KoJeGaHHIO.

17. Basxkocms. B coorBercrBun ¢ 3axkoHoM Crokca (KOTOpHI cnpaBelJIHB NDH
JIOCTATOUHO HUBKHX CKOPOCTNX) Koadduunent saryxanus chepst paguycoM R, ABHKY-
eicss B JKHOKOCTH, BS3KOCTh KOTOpOH 1), paBeH y=6nRn.

a) 3arasHute B yYeGHHK Ui TOro, 4TOGH HaTh ¥ OOBACHHThL OIpelleleHKe
8s3K0CTUL. :

6) KakoBa pasMepHOCTH BI3KOCTH?

B) Kak naspBaercs egmHuna Bsa3kocTH B cucreme CIC?

r) Yemy pasHa Bsiskocth BoAsl mpu 30° C? -

n) Bouucinre 3HauyeHHe kosdduuuEeHTa 3aTyXaHHs JJIA cdepHl pamHycoM
10 cM, #BUXKyweficd B cpefe, BA3KOCTb KOTODOH paBHAa 2 caHTHIIya3aM.

OTBeT. =4 gfcex. :
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Hdononuenue I, Tounoe pefuenne 3a1a4u o KoseGaHnH
MATEMATHYECKOr0 MasiTHHKA

Sﬂepmﬂ MaTeMaTH4eCKOTO MasATHHKaA paBHa
A

E=%ML292+MgL (1—cos 6), (138)
HJIH
62 = 203 cos 04-C, (135)
rue - \
g 2E  2g

Tlpennonoxknm, YT0 MasiTHHK HaYMHAeT COBepaTh KOJEOaHHSI H3 COCTOSHHS
TIOKOS!, COOTBETCTBYIOMIEr0 HaualbHOMY cMellennio 8o, rme —n<8p<m. [IpeneGperas
TPEHHEM, MOXKHO OXHIaTh, YTO LBHXKEHHE MasTHHKA OyJAeT NepPHOAMYeCKHM, HO He
TIPOCTO FapMOHHYECKHM, TaK uto TpH O= 40 0=0. Oanaxo eciu MasTHHK TpuBeleH
B JBHXKeHHe JOCTATOUHO CHIILHBIM TOMYKOM, TO OH Gy €T NIPOJO/IXKATE ABUTATLCS B OfHOM
HanpaBAeHHH. JIpuxenne Gy ieT NepHOAHYECKH NOBTOPATHCA, HO O He Gyler obpamarsces
B 0 u 0(#) Gyzer mponoKaTh YBEIHUHBATECS . DTU COOGPAKEHHS MOTYT GHTh HAMIAKHO
H/UIIOCTPHPOBAHBI, €CH Mbl NPOCJAESUM 3a
ABMKEHHeM MafTHHKa no dasoBomy rpadu-
Ky, BBIpamaIolleMy 3aBHCHMOCTh CKOPOCTH

tasst O or dasw O (puc. 7.24).

Tagoll pasoesiti epaguix UrpaetT BaXXHYIO
poJIb IIPH DelleHHH HelMHeHHbIX Juddepen-
LMaAbHbiX ypaBHeHHH. OueBHAHO, UYTO Jyist
JAnHBIX 3HaveHmit ©) B C ypasHenue (135)
BHIpaykaeT co6olf KpUBYIO Ha (pa3oBOM rpa- E=2MyL \El<2MgL
¢uke. st pasnHYHRIX 3HAuYeHHH 3THX TO-

CTOSIHHBIX Mbl NOJIyYaeM CeMeHCTBO KpPHBBIX, Pre. 7.24.
H30GDPaXKCHHBIX HA PHCYHKe. JasKHymoie
KpHBbIe BOKPYT To4k# 0=0 u 8=0 cooTseTcTBYIOT 3HaueHuaM C W ©F, IONYCKAIOUIHM
nepHOJHYeCKoe JIBAKEHHe MasTHHK2 OKOJIO TOJIOXKEHHS PABHOBECHS; HE3aMKHYThie
KDUBBIE XapaKTEePH3YIOT JBHXKeHHe, sl KOTOPOTO HAYajbHbE 3HAUEHHS 3THX IIO-
CTOSIHHBIX COOTBETCTBYIOT IBH3KEHHIO MAsITHHKA JIHIIb B OXHOM HanpasieHun. CemelicTBa
3aMKHYTBIX KDHBBIX BOKDYT ToueK (2nin, 0) He umeror ¢pu3nveckoro cmeicna. Ma dusu-
‘4eCKHX COoOOpaKeHHH SICHO, UTO C=—9%w2, Tak kax noauas SHEpPrAs He MOXKeT ObITh

orpunarensnoit. Ecin E=0, To C=—2u)§; B 3TOM CJIyyae MasiTHUK OCTaercsi B NMOKoe
H €ro cocTosiHHe Ha dhasoBoM rpaduxe xapaxrepusyercst Toukoii (0, 0). 3amkuyThie
KPHBHE COOTBETCTBYIOT 3HauenMaM C, Al KOTOpHX —205<C< 205, yTo BHAHO U3
¢u3nyecKoro cmeicia 31oro yciaosus: 2 MgL=F.

Mbl MOXeM HaHTH TepHOX M uacToTy KoseGaHHS, ONHCHIBAEMOrO 3aMKHYTHIMH
KPHBLIMH Ha HaweM (ha3oBoM rpaduke. MakcuMalbHOE 3HAUEHHE aMIVIMTYAs Cygen

nocturayro, Korga 0=0; rakum o6pasom,

cos Og=— ¢ (137)

. 2
20)0

Mepuon T B wethipe pas3a Gosnbe BpEMEHH, HeOGXOAMMOTO IS TOro, 4To6bl MasiTHHK

N3 TMOJIOXKeHNs, cooTBercTByIouero 0=0, oTkionmiaca Ha yron 0=0,. s (135) mui
noJTyyaeM : .
;1?=é=(2m3 cos 04-C)V/%; : (138)
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nepuol paBeH

8
T_45 do 4 o
- ) (20fcos 64+C)V2  (202)Y/2 ) {cos B —cos 6,)1/2

. (1%9)

IIpeoGpasyeM Tenepb 5TOT MHTErpaj, BBelsl HOBYI NEPEMEHHYIO { M3 COOTHOLIEHHS
sin (0/2)

sin w=m . (140)
a) Ilpexnaraerca mnokasars, 4To
W p
Te=— S : 141
Wy [l —sin? (8,/2) sin?p] /2 : (4
Hnrerpan
/2

dy
(1—K? sin2p)¥/?
HA3LIBACTCS NOAHbIM SAAUNMUMECKUM URMESPAIoM Nepsoeo podd; CYIECTBYIOT NOXpPOG-
Hble TAaGJIHIE! 3HaYeHHI MHTErPAJIOB TAKOTO THNA AN pasubix K2. B stom unrerpane K

fpelcTaBiseT coGof NOCTOSHHYIO BeJHuMHY. PelueHHe S/THNTHYECKOrO HHTErpania
B BHe psja HMeeT Clelyiowui Bul: : .

/2 .
.. S 11 [1-3-5-...-(2n—1)]2 .
§(1—K2sin2w)1/'2 9 1-1-2:1 2:4-6-...-(2n) K } (142)

n=

Ecan MB BBIIAILEM HEeCKONBKO nepBbLIX WJEHOB, TO NOJYYHM

0=, [l-l—%sin? (e;) +64 sin* (92—°>+] T ©, (1——60+...) (143)

B coorBercTBHH ¢ (38).
6) [Tokasats, uro npu Bp=m/2 ©=0,847we.

HonoauneHnune 2. AHrapMOHMYECKHH OCUMMIATOP

Boo6uue rosopsi, HeT HHKaKHX (DH3HUECKHX IPUYHH, B CHIY KOTOPHIX JJs peaiib-
HOH NPYMRKUHB 3aBHCHMOCTh CHJIBI OT CMEUIEHHS] He NOMKHA CONEPXKATh WICHOB Bhile
TIepBOii CTeNeHH, T. €. x? Wiy X3, a CJIe/IoBATENbHO, TIOTEHIHANbHAsA SHEPIH — COOT-
BCTCTBEHHO wieHoB x° way x4, OYHKUMA NOTeHUWANbHOM SHEPrUH WIS pealbHOH
fIPYXKUHE MOXeT GLTh H HeCHMMETPHUHOH OTHOCHTEJBHO NOJOXEHHSI PAaBHOBECHS.
Ecau noreHnuasbHas :-mepm;; OPYKHHEl BHIPAXKAeTCs COOTHOILEHHEM

U (x)-——(‘xz—% sCx3, (144)
rlie s — MOCTOsIHHAst AaHTapMOHHYHOCTH, TO YNpyrasa cuna Gyler paBHa *)
dUu
e e 2
F, P Cx-{-sCx2. (145)

3nak munyc B (144) BBefleH s TOro, uToGhl BHINOJHSIOCH Ofllee (H3UUECKOE
yCJIOBHE, NPH KOTOPOM CHJA JIOJDKHA YMEHbUIAaThCsl A GOJIBIIHX IIOJOMHTENbHBIX
3HaueHH# Xx.

*) [1pu atoMm craa oGpamaercs B HyJb KaK npa x==0, rak ¥ npa x==1/s. [Ipexno-
JlaraeTcsi, YTO aMIVINTyJd HNBIDKEHHS Majia [0 CPaBHEHHUIO ¢ 1/s, Tax yro yacTHua IpH
x=0 ocraercs BGJIH3H MHHHMyMa NOTeHLHaJbHOH SHEPrHH, BBIparKaeMmoll cOOTHOIIe-
HHeMm (144), -
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VpaBHenHe HBIXEHHSI CTAHOBHTCH HEJHHEHHBIM:
Mx+Cx>sCx2=0, X4 wox—swox?=0. (146)
[pucyTeTBHe wieHa x? meflaeT 3TO ypaBHeHHe neaupefineiM. Bylem uckarb peienue
5TOr0 ypaBHEHHA B BHIR
x=A (cos of~}- g cos 20t) 4-x;, (147)

[ie § ¥ X; — NOCTOAHHbIe, KOTOPHIE NOJIKHB! GhITh ONPEJIesIeHE. Briop umenno cos wf
BLISBAH HCKJIOUHTEJBHO COOGpameHHsMH yHoOCTBa, TaK KaK MOXHO HCNOJIL30BATH
mobyio Junefinyio xomOHuaupio cos 0! n sin ©f

OnHaxo, Korja Mbl BEIGHpaeM COs @f, MaTeMaThKH ]
yuar Hac, 4To ciiellyer Takxe OpaTk H COS 20¢. Mul ™
HaxoluM, 4To 48 <
% ==— 02A (cos wf 444 cos 2w?), (148) 4 \7
[

$2=A2 (cos®wt--...)= ‘94 \V

1 1 4z

== A2+—§-A2 cos 20t+. ..y (149)

g 3° b0° g0° 120 we° 1800
e UCIOJB30BAHO TOXICCTBO Vi

costt=—é-(l+cos 20t). ‘Puc. 7.25.

B BhIpaMeHud AIs X2 Mel TpeHeGperin wuieHami,

COZiepXallyiMH § M X;, TaK Kak x? BXOAWT B ypaBHenue [BWXEHHA B BULC NPOU3Be-
gexust ga s. Mer cymraem, wro sA < 1. [uddepeHluanpHoe ypaBHerHe (146} npu-
ofperaer BHI ’

— @2A (cos wf +4g cos 20t) -+ wiA (cos wf - g cos 2af)+

+m§x1——;— smﬁAz-———é— sob A2 cos 20f - ...==0.  (150)

Vcnosue, OpH KOTOPOM Ko3(QHIlHEHT TIPH COS ot B (150) Gyzner crpemuTbes X BYJIO,
BHIpAKAeTCs  COOTHOLUCHHEM

— &P+ g =0. (151)
Takum 06pasoM, B 3TOM NpHOTHKEHHH YACTOTA HE N3MEHAETCA. YcaoBue, NPR KOTOPOM
Ko3(ULHeHT NPH €OS 2 @f GyZeT CTPEMHTLCA K HyJIO, HWMeeT BHJ
1 1
-—3q——2—sA.—0, q._——-e—sA. (152)‘
U3 (150) maxofum WIS CMEWEHHsd Xii

TN L
v n—g sA2=0, x=- sA2. (153)
CpejiHee NMO BpeMEHH TOJIOMEHHE MET nafinemM u3s (147):

<xy=A {<cos @ty -}- g <cos 201>} + Xy, (154)
Tak Kak <cos ®£>==0 u {cos 20¢y=0, 10

K> =1% =% sAz, (155)

B asekTpHyecKoll ananorny otofi 3ajaun NPAMEHCHHE B HENAUHeHAOM 3JIEKTPHIECKOM
KOHTYpe TMepeMeHHOro HANpAKeHus NPHBONKT K NOABJEHHIO B STOM KOHTYpE NOCTOsH-
Hofi cocTaBJsioel Hanpsikenns. Kakue BEL MoKeTe Ha3palh THIBL SAEMEHTOB HENH-
HeBHOrO SJEKTPHUECKOTe KOHTypa? '

M3 (145) Ml BHAWM, YTO BOCCT2HABAWBAIOWAs CHJIA Sonbine I8 OTPHUATEABHEX
3HayeHHH X, ueM Jida NOJIOKHTEIbHBIX. H03TOMy HEeYJQHBHTENBHO, 910 NepemenieHHe,
cooreTcTByIomee (155) u BoipaKaomee CpeliHee NONOKEHNE xoJeGmomefics yacTAuH,

/
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GyJeT COOTBETCTBOBATh HOJOKHTENHLHOMY HalpaBJeHHIO oCH X, B KOTOPOM BOCCTaHaB-
JHBaoWas cuia caabee. CMemmenne (155) nponopuyMoHaIbHO NOCTOSHHON aHTapMOHHY-
HOCTH S H KBafpaTy aMIIHTYJbi KoseGanus. M 3HaeM H3 NOJYYEHHHIX paHee Pesysib-
TaTOB, YTO SHEPTHs TaPMOHHYECKOTO 'OCUHIIATOpa NponopyuoHancia A2, U3 craru-
CTHYECKOH ¢dusnkn (1. V) crenyer, 4To ¢pefiHAA SHEPrHs KJIaCCHYECKOTO rapMOHMYe-
CKOro GCUMIATOPA B TeNJIOBOM PaBHOBeCHH paBHa kT *), rie k— noctosunas Boasu-

o maHa u T — a6comornast Temneparypa. Ecam ato
5?0 ) BEPHO, TO NPHOIHKEHHO MBI MOXEM CUHTaTh, 4TO
’ n AT, (156)
f Sr1or BHBOA N03BOJIAET OCBICHUTH TePMHUECKOE
445 pacuiHpenye TBepAHX Ted **). DKCHepuUMeHTaNlb-
KCl Hble pe3yJIbTaThl A/ KPHCTaNNa XJIOPHCTOTO Kalus
npuBelleHbl Ha pHc. 7.26.
440) 7
JdonoJdauenue 3 Moiyinposanne napameTpos
. OCUMMIATOPA (MapaMeTPHUECKOe YCHJeHHE)
435) .
/ Tenephb Mbl pacCMOTPHM 3aMeYaTeNbHLIA U B TO
/ ke Bpemsi BakHbH sddexkr napameTpuueckoro
& YCHJIHUS, MM BO3CYKJeHHe CYOrapMOHHK MOJy-
v Januedl OJHOTO U3 (QH3UUECKUX [apaMeTpOB OCLUJI-
qaaropa. HanpuMep, B KOHTYDe, COCTOSIIIEM H3 CO-

¢ AW AW W ST gpormpnennss R, camouHiyKumu L u emxoctd C,

¢u3HveCKIMH NapaMmeTpaMH OCHHJIIATOpPA: SBJASIOT-

ppg&;37"igénféif;focémgﬁz;K"ﬂ”K"p”;f ca R,L nC. Mbl MOXeM MORYZMPOBATH (H3MEHSTD)

cranna xnopuc-roro KaJaus (KC!) 3HaueHMe OfHOH U3 3THX BeJuyuH. [Ipennonoxum,

or Temneparypul (°C). (ITo P. E.  yro B KOHType, He COBeplIalOlieM BbIHYKAEHHBIX

Ta0sepy) KosieGaHuM, MBI M3MEHseM HJIH MOAYJHDYEM eM-

KOCTb, H3MEHSIsI PACCTOSIHHE MEXK Y T1aCTHHAMHE *#¥),

Ocolblil HHTEpeC NpeACTaBisieT cayuall MOLyASLHH € YaCTOTOH 2w, rie o —
nepBOHaYajlbHasl 4acToTa oCUMJIATOpa. IlpeRnoJoxkyM, 4TO 3aTyXaHHe MaJo.

 Hanumem ypaBHenHe oCLJIIATOPA B CleflylolleM BuIe:

“w 1. .
X+ ?x—i—mg[l——esm 2w,t] x=0, (157)
rae e<1. Uaen, cofepxamnil €, xapakTepH3yeT MORY/ISLHIO C yacToToll 2w¢ Boccra-
HABAKBAIOWER CUMBL ocuuasitopa. Dylem HCKaTe pelleHHe 3TOro ypaBHEHMS B BUe
({YHKLHMHU OT 4acTOTHl, IpeJCTaBJsiiotlell co60H Pe30HAHCHYIO YaCTOTY KOHTYpPA, PaBHYIO

*) BuiBon © TOM, 9TO TenJoBasi 9HePFrUs NpOIOPUHOHANbHA TeMIIePaType, Cnpa-
BeJUINB TIOYTH AJS BCeX TBePAbIX Te NPH KOMHATHOH 4 Gojee BBICOKHX TeMmepaTypax
" M HECUIPABe/JUTHB NPH HH3KHX Temleparypax BCIEICTBHe KBAHTOBBIX 5(ieKToB, pac-
cMmaTpuBaeMsix B T. IV. - .
**) INorennua/nbHas 2HEPTHSA B3ANMOJEHCTBHS JBYX aTOMOB I/l OTPHUATE/IBHEIX
3HAYeHHUH X OGLIUHO EYIIECTBEHHO OTPHIATe/bHA (T. €. COOTBETCTBYET OTTANKHBAHHIO),
U NO3ITOMY $ H {X> TOJOMKHTE/bHE, YTO COOTBETCTBYET DAaCIIHPEHUIO TBEPUBIX TeJi
Npd ux HarpeBasud. HemHOrHe H3BeCTHBIE cAyuaH C:KAaTHS TBePALIX TeJ IPH Harpepa-
HHH CBf3aHLL NPEHMYUIECTBEHHO ¢ 3(deKTaMH MAarHdATHOrO YNOPSNGUEHHS CIIHHOB
3JIEKTPOHOB. JIJI5] CAIaBOB C MaJlbiM KO(pUIMEHTOM pacIiMpeHHsi, HallpuMep, TaKHX,
KaK WHBap, TEINIOBOE pACUINPEHHe M MArHWTHOE CKaTHe B3aHMHO KOMIEHCHPYIOT zxpyr
gpyra B TOH 06JacTH TemmepaTyp, KOTopas NpefCTaB/sieT NMPaKTHYeCKHH HHTepec.
*%%) 370 npaBHJAbHBIN, HO CJIMIIKOM IrpyOblid METON; B MHUKDOBOJIHOBLIX IIPHEMHHKAX
€MKOCTb TIOJYNPOBONHMKOBOTO JHOLA M3MEHSIETCS B PEe3y/IbTaTe W3MeHEHHs Hanpsxe-
HHsl, NPHIOKEHHOTO K JHORY. Jl1st 5TOro WHPOKO HCMONB3YETCH MOAYISTOP Ha HHO4aX,
KOTOpHIf NashiBaeIcst BAPHKOHA. MOIyJAuMs eMKOCTH aHaJOTHYHA MORYJSLMH JKECT-
KOCTH MPYXHHH. B NpHHOHIE JKECTKOCTh MOKET GbITh MOAYJAHPOBAHA IONepPeMEHHEIM
HarpeBaHHEM H. OXJIXIeHHEM HPYHHHEI B TOM Cllydae, eCltH 3HaveHHe C 3aBHCHT OT
reMTepaTypH.
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NONOBHHE HUACTOTHI MONJIsLMH:

x=eB sin wyt. ‘ (158)
DKCnOHeHUMANbHEE MHOKHTENb e8! GUIypupyeT 3flech TOTOMY, YTO NPH OTCYTCTBHH
“MOLYJISIUH aMIIUTYAA GYACT YMERbIIATCS; Mbl MOMKEM OXHIATh, YTO NPH 3HAUHTEN b=
HOM aMIIMTyZe MOLYJISIHH & MOTYT CyMECTBOBATE pelUeHHs, BO3pacTalllHe cO Bpe-
MeHeM M0 3KCTIOHEHIHATLHOMY 3aKOHY. DTO 3HAUYHT, uTO MOLYJSLMS MOXET NPHBECTH

CHCTEeMY K ellle GOnbIIUM KOJIeGaHHSIM.
IMoacraBassa (168) & (157), Mbl HaxoQuM IS KaXKIOro wieHa B OTAENBbHOCTH:

x = wgelt sin wef -+~ 2ﬁcooei5t cos ot -+ P2e? sin wyt,

Lo % et sin o, t—]— Bt cos wyt,

T
oex = oged? sin wt, (159
— 205 x sin 2wt = ——% ewaedt (cos wyf —cos 3w, ).
‘B nocsienHel -cTpOuKe Mbl HCIOAb30BAMH TOXKAECTBO ’
2 (sin 2wyt) sin wof =co0s Wyt —cos dwyt, - v ‘ (160)

Teneps MbI IPEANOCAOKHM, 4T0 B (159) wineH, cofepxamuit B2, rie B<€®,, Man no cpas-
HEHHIO C UJIEHOM, CONEPIKANIEM PWo B ©F. DTO COrAcyeTCs ¢ OKORUATETbHAIM PeleHHEM,
Kpowme Toro, kosth¢uineHT y uieHoB, coflepKalluX sin Wof, CTPEMUTCST K HYJIO. ¥ ¢0-
BHe, YTO YJIEHBI, COJepHKAILHE COS Wof, 06pallaloTCs B HYJb, HMEET BUI

« 1
25(00—}—0—?—78(0%:0, (161)

Hay i
1 .
B=geoo—gg. (162)

HOSTOMy [3 OKaxKeTcsl NOJOXHTCAbHbIM H aMIVIHTYJa X 6yll€T BO3pacrarb 3KCHOHEH-

LMaJlbHO CO BpeMeHeM, eciH
2
£> — 163
o (163)
3ro HepaBeHCTBO NpejcTapiser cofoil ycioBHe KoaeGaHHE KOHTypa ¢ 4acTOTOH wg
IIpH 4acToTe MOAYJSIIHH 209. MBI He MO K a3 aJH, 4To Wy GyleT eIUHCTBeHHON
qacToTol, HabaoJaeMol B CHCTeMe. 3aMeTHM YTO BBILIE MB!I YCJIOBHAMCH, 4To f<Cwy.
Us ypaBuenns (162) noayuymm

8<4+m—§r' (164)

Slcro, uTO MBI MOKeM BHIOPATh & TAKHM 00pa3oM, 4TOGEH! ORHOBPEMEHHO YIOBJETBOPHTE
2
(162) u (163), ecu noMOXHTH —<4 T. €. eclH Q—-mo17>1/2

LITo MOXXHO CKa3arth OTHOCPITeJIbHO yleHa, cofepxailero. cos 3wef? B mpenenax
paccMaTpHBaeMOro NpHOAHXKEHHS Mbl He MOMKeM yyeCTb STOT uYaeH. Pasymeercs, us
3TOr0 PACCMOTPEHHS MbI He MOXEM CYRHTb O BAXXHOCTH 3TOTO uJeHa. ¥ paBHeHHe (157)
MOXHO TOYHO PElIHTh C NOMOLLBIO Ta0yNHPOBaHHbLIX GYHKUMH, HA3bBaeMbIX Gy HKLIHAMHU
"Marbe, U NOJNYYHTb PE3YyJILTAThl, COIVIACYIOLINECS C HAUIKM NMPHOIMMKEHHEIM PacCMOT-
pennem. (Teopus dpyskuuit Matbe He sBAsieTCA anemeHTapHO.) Hast Toro uToGH yGe-
OHMTECS B CYHIECTBOBAHHH MapaMeTPHUYeCKOro YCHJeHHs, Mpolle BCEro 3aMeHHWTh CHHY-
COMJAVILHYIO MOAYJALHKIO MOLY/sHel CHTHANOM NPsIMOYTOJbHOH GopMbl. DTO npeno-
CTaBaserca clenarb yqamemyca Ipexxze Bcero HanHuweM BmecTo (157) ypaBHeHue

x+-x+mo (1 + &) x=0, ] (165) i
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rile —& OTHOCHTCS K NMPOMEXYTKY BpeMeHH OT 0 o 71/2wo, a -+ & — X IPOMEXYTKY
oT /2w Jio M/wo ¥ T. K. B npeflenax KaxIoro mpomeXxyrka BpeMeHH ypaBHenue (165)
BLIpAIKAET LOBelleHHe TPOCTOTO TapMOHHYECKOTO OCHMJ/IATOPA, H OHO JIETKO MOXeT
GLITb peiueHo TOYHO. [yt MoGbIX NBYX MPOMEKYTKOB COGCTBEHHBE YacTOTH ABJSIOTCS,
KOHEYHO, pa3HbiMH. BEI IIOTy4HTe NOJHOE TOUHOE pellenue, BEIGHPas COOTBETCTBYIOIIHE
rpaHHYHblE YCJIOBHS B KOHEUHBIX TOYKAX HHTepBasa. I'paHnuHbie yCIOBHS 3aK/II04aI0TCs

B TOM, YTO X H X BCIOAY HOJIKHHI GbITh HENPEPLIBHBIMH.
MarteMatnueckoe nononHeéHHne KommiekcHple uYHCAa
H TaPMOHHYECKHH OCUHJLISITOP, COBepIIAIOIiHA BBHIHYKAEHHbIE KoJeGanus

Mui TNIpHBelleM TENepb B O4YeHb KPAaTKOM BHJE pelleHue 3alayu 0 TapMOHHYECKOM
OCUHJIISITOPE, COBEPIIAIOIIEM BLIHYXKJEHHBIE KOJe6aHUf, HCHOAB3YS KOMIUIEKCHbIE
Yyucjaa MO CXeMe, H3/MOKeHHOH B KoHue M. 4. Ypapuenue xsmxkenus (165) MoxHO
3amucarth Tenepb B Takofi ¢opMe (A1s yIoGCTBa BMecTo sin ©f GyleM MHCATh cos Wf):

“ 1.
x-{—?x—}—mﬁx:ao cos of. (166)

‘3aMeHHM Tellepb UNeH, XapaKTePH3YIOMHMil CANy, CHEAYIONHM BEHIPAKEHHEM:
et = ay (cos wf +i sin of). 167)

B KOHUE BHIYHCJEHHS] MBI MOXKEM NPHHSITH 34 PellleHHe BEUIeCTBEHHYIO YacTb X, eCly
BLIHYKAIONIAst CHJIa PABHA Oty COS ®f (Glo — BellleCTBEeHNAs BeJHUHHA).
Pemenne (166) OyzeM uCKaTh B BHIe

x==Xpe'w?, (168)
rae Xo Moxer OHTb KOMIIIEKCHEIM uncaoMm. [lofcrasnss (68) B (166), nomyuaem
(— ? +%°3+ m%) Xpeiwt=ggelvt, (169)
Orciofa  HaxonuM, 4TO
) QY. B— (170)

o — o2 (o/1)

Mone3s0 OTAeNBHO PACCMOTpPETH BellleCTBEHHYIO  MHHMYIO UacTd 3TOH BeduuHHbl. M3
(170) naxonmum, uTO

@ 0)0—(1)2—L (©/7) _ 03— —i (/1)
Xy=—s : L L a71)
GB— i (0/T) GR— i (0f7) (@ — 0%+ (/TP
B COOTBETCTBEHHO BELIECTBEHHAs] U MHHMAsSl Y4CTH PaBHEI
(©5—0?) aq
Re (Xg)= , 172
= =t + (oo )
Im (X,) =— —(0/m) o
o= =+ @
B upenensnoM caydae |0j—0*>0/t MH noayuaem
~ 20 ~
Re(Xo) & 52—, Im§X,) = 0. . (173)
Wyp—

310 yCJIOBHE HAa3bIBaeTCss BHePe3CHAHCHBIM, H B 3TOM CJyuae BellleCTBeHHaﬂ YacTek
Xo ropasjio Ba}xueu qu MHHMas 4acTb,
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B npesene npu lmg—mzj <€ ®/T MBI TOBOPHM, 4YTO HAXONHMCS 60AU3L Pe3oHaHCa,
H [PH @=0o HACTYNACT PE30HAHC, WIK LEHTP pesoHaHca. [Ipu w==0p

. RE(X0)=0, ]

Im (Xo)=ao%. j (174)

Tlpu Gospliux 3HAUEHHSIX T 3aTyXaHHE OCNAGNTETCS H YBEJIXUMBAETCS MHHMAs YacThb
CMEIleHUs TIPH pe3oHaHce. |

3anuwem Xo B dopme pe’?, Kak B kouue ra. 4. Toraa us (170) mul monywaem fas
aMIVIUTY bl CMEUIEHHS

p=(X, X0V = &

2 2 1/2
(03— 02"+ (/)2
3aech Xg — KOMMJEKCHAsA BeJHUHHA, COMpsikeHHas Xo, TaK uTO TPOHaBEfeHHE
% -
XoX, npencrasnser coGoit BemlectBeHHylo Beanunny. Ms (171) mbl maxomum

(175)

o/t

tg p=—tiem, 176
A S (176)

rie @ — yron Mexxy x u F.
Cpennsisi TorJouleHHasr MOLIHOCTh paBHA

<Py =<(Fxy=<Re (F) Re (x)> = {Ma, cos ot] [— po sin (ot +)]>. (177)

Mgt BHIGpa/N BellleCTBEHHYIO 4acTb X JJISl TOTO, YTOOLI Halle pelleHHe COOTBETCT-
BOBaJI0 QU3HYCCKHUM yCJIOBUSIM B TOM CJy4ae, KOra BellleCTBeHHas 4acTb F mpelicTab-
sisiet Bobofi peanbyio cuiay. CymecTBYIOT APyTHe cnocoOu BHIMHCJIEHHS CpefHero mo
BpPeMeHH 3HaueHHs], HCKJIIOYaolxe HeoOXOZMMOCTb PACCMOTPeHHS TOH 4ACTH X, KOTO-
pasi uMeeT oauHaKoByIo daay ¢ F. Henonbays (172) u coornowerue p sin ¢ = Im (Xo),
Mbl modyuaem u3 (177)

<Py =— Moypw <cos?wl) sin p=
03/t

@i—a+ ()

DTor pe3ynbTaT aHaJOTHYEH BHIBOJY, NOJYYEHHOMY paHee B BHAE CooTHowenns (129),

—— - Mayo Im (Xg) = Mo (178)



FJABA 8
3JIEMEHTAPHASY JAHWHAMHUKA TBEPABIX TEJI

JuuamMuka TBepAbIX Tesa MpEACTaBaAseT coB60H yBAEKATENbHBIH
H BMECTE C TeM CJOXKHbIH NpPEeIMeET, SBISIOIHUACT BEHIIOM KJIACCHYECKOM
MeXaHHKH H B TO e BpeMs Haunbosee TPYIHBIM ee pasjesioM. (Jra
rJ1aBa IIpH NepPBOM UTEHHH NaHHOTO TOMAa MOXeT OblTh IpolyiieHa *).)
CJI0XKHOCTb 3aJa4¥ COCTOMT B TOM, YTO HaM HYKHO OJIHOBPEMEHHO HC-
KaTb perirenue Tpex adddepeHIHANbHBIX YPaBHEHUH /1S KOMIIOHEHT
yr/oBofi CKOpocTH. MBIl JMOMKHBI paccMaTpHBAaTh pe3yJbTaThl Kak
B CHCTEMe OTCYeTa, CBA33aHHOH C BpAllaloUMCs TeI0M, TaK H B HHEp-
LMATBHOA CHCTEME OTCUeTa, B KOTOPOH WUEHTP Macc Teja IIOKOUTCS.
Ilporotunom Bcex 3anay AMHAMUKH TBEpABIX Tea fABJAfeTCA 3ajaya
o rupockone. BecbMa noJiHaA TeOpHs THPOCKONA H3JI0KEHA B YeThIpex-
TomHOH MoHorpadun @. Kieitna u A. 3ommepdenpaa «Teopus BOMYKOBS,

OcHoBHas 1eJab 3Tof HeOOJBILIOH TI'VIaBEl 3aK/II0YAeTCs] B TOM; YTOOHI
TIONYYHTh TOYHLIE YPaBHEHMs JBIDKEHHA TBEpJOTO Tejia W PaCKPHITh
ux comepxkanue. [ns pelneHuss 3ToH 3ala4yH y HAC eCTb Bce Heo0Xxo-
numoe. Iloa TBepAbIM TesloM Mbl TOHHMaeM cOOpaHHe 4acTHll, B3aHMHbIE
paccTosiHUSl MEXLY KOTODhIMM He H3MeHsioTcs. [losToMy MBL He pac-
CMaTpUBaeM 3ajiauH, B KOTOPHX Teso AeopMHPYeTcs HJH KoJsedJercs
B pe3yJsibTaTe Bpaulenusi. B 3Toll riaBe MpHUBOAUTCA pellieHHE HECKOMb-
KHX 3JeMEeHTapHBIX 3a]a4, TaKHX, KaK 3ajaya o THpPOCKONe M 3ajaya
00 3/eKTpOHe WJIH fNEPHOM CNHHOBOM Pe30HAHCe B MarHHTHOM IOJe.

8.1, ¥YpaBHeHHs ABHIXEHHS BpAILAWOUIErocs Teaa

B ri1. 6 Mbl BHAEJH, YTO BpPAUlATeJbHOE ABUMKEHHE TPYIIbl YaCTHI[
OIHCLIBAGTCS YypABHEHHEM JBHXKEHHSA
)
3necy J — MoMenT ummyabca H N — MomenT spamiennsi. OGe 3TH Be-
JIMYUHB! JOJKHBI OBITb OTHECEHBl K COOTBETCTBYIOIUM 06pa3oM BeIOpaH-
HOoMy oOineMy Hayajsy oOTcueTa, 3a KOTOpbifl oObunO (HO HE BCerna)

*) lpn nepsom ureHHu 9TOH raaBbl PeKOMEHAYETCS OCTAHOBHTHCSH HA ypaBHeHUH
(6); npn BTOpPOM HTEHHH MOXHO OCTAHOBHMTbCA Ha ypaBheHuw (47). Iocrenyomuii ma-
TepHall Gonee TPyAeH H TpebyeT A/ YCBOEHHS] MHOTO BpeMeHH H yNopCTBa.
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IpHHHMaeTCA LEHTp Macc TeJa. Tor,ua
J=2Mnrnxvm N=2rnXFm (2)

Tae F,— BHemHAs cuJa, AeACTBYIOIlad HA R-I0 4acTHLY.

OcHoBHaa ¢usnueckass Hies 3TOH IJIaBbl MOXeT OBITb HJITIOCTPH-
poBaHa Ha NPOCTOM NpHMepe TOHKOro Kpyrsoro o6pyya (paauyca R),
BPAlIAIOUIETOCs] OTHOCHTEJLHO OCH, NEPNEHAHKYJAPHOR K IJIOCKOCTH
oGpyua u npoxojsiuel uepes HeHTp Kpyra. B atoM ciyuae Bes macca M
00pyYa HaXOJUTCSl HA OJWHAKOBOM DACCTOSIHMM OT OCH H BeJHYHHA
MOMeHTa uMmysabca J paBHa

J=MRv= MR*o. (3)

3lech MBI HCHOJb30BaJH TakKxe TOT GakT, 9YTO0 BCE TOUKH o0pyya ABH-
XKYTCS C OMHAKOBOH CKOpOCThIO, paBHOH Rw. M3 dopmyan (3) BugHo,
uyTo FApou3BeneHHe MR? xapaKTepu3yeT CBOHCTBO caMoro ofpyua.
Besuunny

. I=MR? @)

OOLIMHO HA3LIBAIOT MOMEHMOM UHepyuy oOpyYa NPH €ro BpalleHHH
OTHOCUTEJIbHO BIIOJNHE onpeneienHoi ocu. Torpa J=Iw, n Mbl MOxkeM
HanucaTb, 4TO

J=]o. (5)

B sTom cayuae cobmiofaerca ycsioBHe, IIPH KOTOPOM OCb BpaIlleHHS OC-
TaeTcsl NEPHNEeHAMKYJAsPHOH K IJIOCKOCTH ofpyua.

B nasbHelinreM Mbl paccMOTPHM 000GIeHHE MOHSATHA MOMEHTa HHep-
HMH JJSI Tesl NPOH3BOJIbHOA (POPMEI H NPOU3BOJILHOTO pacrpeieseHns
Macchl. :

Ecnu pagmyc obpyua pasen 100 cm u Mmacca paBHa 1 ke, To I=
=103 2. (10% cm)?=107 2-cu?. MomMeHT HMIIYy/IbCA IIPH YIVIOBOH CKOPOCTH
100 pad/cex pasen J=107 e-cm?- 102 cex—2=10° e-cm?/cex=10° spz- cex.
Ecimu x obony npuioxkena cuia, pasHas 10* Jux u HanpaeJeHHas ma-
paJjlJiesibHO OCH BPAIEHNs, TO MOMEHT 310l cuiibl N=102% cu- 104 dun=
==10° Jur-cm. Hanpasiende 3TOro MOMeHTa COBIajaeT ¢ HampasJe-
HUeM BekTopHoro mnpouspeneHus r) F H NepneHIHKyAApHO K OCH
BpalleHHs.

U3 (1) MBI BUAMM, YTO €CJIH MOMEHT NPHJIOXKEH JHIIb B TedeHHe KO-
porkoro npomexyrka BpemMenn Af, To AJ=N Af{. D10 yxasniaer Ha T0,
YTO B pe3yJ/bTaTe KPaTKOBPEMEHHOIO IPHJIOXKEeHHs MOMeHTa BeKTop J
HOBOpAYHBAETCS B HampaBJeHUH Bektopa AlJ; cyliecTBeHHO, ONHAKO,
3aMeTHTb, YTO HampaeJeHMe Bektopa AJ He coBmajaer ¢ Hampasfe-
nueM cHabl F, a nepneHIMKyNSpHO K Hefi. D10 3aMeuaTesibHOe CBOHCTBO
BpaWIAIOWUXCSl cHCTeM. TONBbKO YTO NPHBEJEHHOE PacCykAeHHE HMEET
CMBICJT JIMIIb B TOM caydae, Koria AJ<€J, T. e. KOrja nepBOHAYa/bHO
TeJIO yXKe Bpamanioch. [l paccMOTPEHHOrO BHIE YHCJIOBOTO NpHMepa
ApoMexyToK BpeMeHH Af=10 cex MOXeT CUUTATbC KOPOTKHM, TaK KaK
B 3TOM cay4ae BesqHuynHa AJ=N A{=10° Qun-cm-10 cex=107 spez-cex
MaJa o CpaBHEHHIO ¢ BeJuuuHO# J=10° apa-cex.
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x 4

Puc. 8.1, YacTrua, [ABHKYIAACK Puc. 8.2. YacTuna, ABUXKEHHE KOTO-
Ge3 BCAKHX OrPaHHYeHHHN, ofaaznaer pO¥t OTpPaHAYEHO NOBEPXHOCTLIO, 062~
TpeMsi CTemeHsSIMH c¢BoGoan (f=3). faeT yKe TOJbKO JBYMS CTeleHSMH

cBoBoant (f=2).

x A
Puc. 8.3. Iapuk, Koro- Puc. 8.4. Cucrema wus asyx Puc. 8.5, Cucrema ua N
PHiii CKOJNIB3KUT MO NPOBO- CBOGOAHBIX WacTHL oGjaagaer CBOOOAHBIX YacTHL HMeeT
JIOKe, HMEeT BCEero TOMb~ f=(2X3)=6 crTemeHAMH CBoO- f=3N creneueft cpoGomsi.
KO OfHy cTeneHb CBO- OZ1bl,
Gogbt (f=1).
Me
o, ML\t
4
a) Y] 8) 9

Puc. 8.6. a) Teeppoe TeJ0O COCTOHMT H3 MHOFMX YaCTHI[, HO OJHOBPEMEHHO CYUIECTBYET H MHO-
ro casasell. BeKTop rjj, OTNpeleJsiOMHA PACCTOAHHE MeXJAy AByMA 4actHiamu M;m Mj; 3a-
nau. Ilostomy f << 3N. 6) Jlonycrum, 4T0o B Tese MH BuGpajm gacTHny M,. 3OTa udcrHna
oBnafaeT TPeMsl CTefleHsiMd CBOGoAs. 6) IlycTh BhIGpaHa CHCTeMa OTCYeTa, B KOTOPOH Toyka
M, meronpumua. Torga Touka M, OyJeT HMeTb YXe TOJbKO jBe CTelleHH cBOGOJM, TaK Kak
OHa MOMET ABHFATBHCS 10 HOBepXHocTH cdepbl pagHycoMm rig. ¢) ITycTb cHCTeMa OTCYeTd BHI-
6pana Tak, 4ro M, u M) HEeNOZBHXKHLI, & KaKasi-TO APyras vacTtaua M; B Teae HMeeT TOJbKO
ORHY CTENeHb csoo’o;m H, CJIelOBATE/ILHO, MOMKET JBHI'AThCA II0 OKPYXHOCTH, H306paxeHHOH
Ha geprexe, B 3ToM cayuaé TBepjoe TeJO obsafZaeT YHC/OM cTeneHeH csobopm f=6.
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Puc. 8.7. a) [pyro#t cayuali: Hale TBepHOe TeNIO MOXET ABHraThbCs IIOCTYHATedbHO 6e3 Bpa-
LIeHUS OTHOCHTEJIbHO HHEeDHHANbHOH CHCTeMbl OTCHeTa (Xo, Yo, 2p). B 3TOM cayuae mmeetcs
TPH cTenenn cpoGOAE mocTynateasbHoro apwxkeHus. 6) IIyCTh, kKpoMme TOro, TeJso MOXeT Bpa-
mwarhed. B 3TOM ciyuae CywIeCTBYeT elle TpH CTerleHM CBOOOAL BpAIlaTeJAbLHOIO [BHIKEHHA,

nostroMy f=3+3=6.

Y/ A
%A’::ﬂew

% rZ )

5, swew

@)

Puc. 8.8. g) Crua, AeficTBYOWAas HA KaXAYIO YaCTHIY Maccsl
\

;= Fy;. B -
My, pasua F; Fl, Bﬂem+];&l 5. Ecau, ognako, snyTpen
HHe CHJIB Y/OBJIETBODSIOT TpeTseMy sakony HeioToHa, TO

OHM NONMAapHO yHHUTOXKaloTcd. [Toatomy (6) F =Ma .
BHenr .M

LIeHTp MacC ABHXKETCS MOCTYNATeNbHO, eCIH K HEMY NpH-
JI0XKeHa pe3yabTHPYIOUlasi BHEUIHAT CHJIA M BCA Macca co-
cpeAoToueHa B STOH Touke.

Zp Z

Puc. 8.10. Ecau Teso JABHXETCS HocCTyna-
TeJbHO, TO BHIGOP TOUKM € KOODJHHATAMH
_Xg, Yo» 2o B KaUecTBe Hauasig CHCTEMHB OTCUE-
Ta OueHh HeyAoGeH. OTHOCHTEJBHO UEeHTpa
Magc, IPHHATONO $a HadaJo OTCYeTa, MBI Tak:

xKe umeem dJ/dt =Npes.nﬂeml Ilpu paccmo-

TpeHHHM 3ajay, CBSAHHHIX C BPAUleHHEM, BO
MHOrHX cJiydasiX UEeHTP Macc yAOGHO NpHHH-
MaTh 3a HadajJo OTCYera.

Zo

Puc.-8.9. Kax Bpamaercs Te-
JI0?  OMHOCUMEAbHO HAYAAA
UHePYUAAbHOL " cuCmeMbl O0m-

cuema dJ__ - /dt=N
pes pes.BHell,

ecJql BHYTDEHHHE CHJBL IIeH-
TpajibHBE H YAOBJETBOPSIOT
TpeTbeMy 3akKoHY Hbiorona.

=

Puc. 8.11. Ecan toyka P Ha-
XOAHTCSA B IOKOE (ZaXe B TOM
cayyae, Korja LEHTp Mace
ABHIKETCsl, KaK S5TO H306paxe-
HO Ha pHCYHKe), TO 3fa TodKa
{(HO He UEeHTP Macc) MoxkeT
CJYKHUTb HAYaJOM KOODAHHAT.
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Quenb BakHO, WroObl GLI fiCEH BONpOC O BhIOpE Hayasda oOTCYera
B ¥HeplUHabHOH CucTeMbl KoopAMHAT. EciiM cyMMa CHJI paBHa HYJIIO, -
TO Haya/Jo OTCYeTa ONpeje/sieTcsl MOJIOKEHHeM IIeHTpa Macc:

_ 2 Mot

RH,M~W’ (6)

TaK KaK BCerja CyIIeCTBYeT TaKas HHeplHa/jbHass CHCTeMa OTCYera,
B KOTOPOH LeHTP Macc coOpaHHaA YacTHIL 6yeT MOKOUTBCS P yCJIO0BHH,
4YTO pesyJbTHPYIOILas cH/ia ofpamaerca B Hyab. B oflliem ciyuae Teno
Gyjer BpallaTbCs OTHOCHTeJIbHO OCH, IPOXOJslled depe3 Hayaso
orcyera.

2

%y &
49

Puc, 8.12. a) Ecaiu mMbl BhiGepeM HEHTD MAacC 34 Hauano KOOpAMHAT, TO NOJY4HM CHCTEMY
orcuetd (x, y, 2), cpasanHyl ¢ TeqaoM. Cucrema orcuera (x,, y,, 29) NPEACTABJsSET cOGOf
HHEPIHATbHYIO CHCTEMY, H €€ He cJIeAyeT NYTaTh C CHCTeMOH (¥, y, 2). 6) B KaKOH-TO MOMeHT
PpPEeMelH YacTHUE Teja MOTYT NPHOGPECTH YIJIOBYIO CKOPOCTH @ OTHOCHTEJBHO I€HTpa Macc.
TOraa Mul HCIOJNb3yeM OCH, CBS3aHHBIE ¢ TesJoM. 8) Tak Kak

- 2 Y
J=@XMpr,~ZMy (rp @) 1y
OTHOCHTEJ/ILHO Ocel, CBABAHHBIX C TeNOM, T0 J B ® He NapasJledIbHbi.

8

ITycTb MrHOBEHHOE 3HAY€HHE YIJIOBOH CKOpOCTH Tesa, Bpaljarole-
rocsi OTHOCHTeNbHO OCH, IPOXOASINEH yYepes Hauaio OTcuera, Oyuer
paBHO @. JIHHeliHasi CKOPOCTb 7-H YAaCTHIBI OTHOCHTENBHO Hadasa oT-
€yera, Kak 3T0 ObJIO MOKas3aHO B IV. 3, paBHa

V=@ Xr, )
nocsie 4ero (2) mpuHUMAaeT BHJ
J= 2 M, XV, =E M,r, X (0Xr,). (8)

Tenepb HaM HYXHO nepenucaTb BEKTOPHOE COOTHOLIEHHE MEXKAY MO-
MEHTOM HMMIYJbca J H YIMIOBOH CKODOCTBIO @ B KOMIAKTHOH (opwme.
Jls1 3TOro BOCHOJIb3yeMCsi BEKTOPHHIM' TOXKAECTBOM

AX(BXC)=B(A-C)—C(A.B), 9)
B KOTOpOM IIPOH3BeJleM CJeNyIoUlue 3aMeHh:
~ A—r,, B—o, C—r,
Torpa

r,,)((m)(r,,)=mr,§——r,,(r,,-m). (10)
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IToxctaBnssa (10) B (8), moayunum _ .
J=2M,[eri—r, (r,-0)]. (11)

Bcee yacTHubl 06/131a10T OXHOH H TOH Ke YIVIOBOH CKOPOCTBIO, H II03TOMY
dopmyay (l1) MoxkHO nepemucatrb B NMPOEKUHAX Ha OCH KOOPAHHAT.
Kaxnas M3 KOMIOHEHT BeKTOpa @ OyJeT YMHOXKATbCs Ha HEKOTOPYIO
CYyMMy NPOHM3BEJeHMH Macchl M noJioxkeHHH yactuu. Hampumep, Kom-
noHeHTa BekTopa J no ocu x Oyner paBHa

Jo=0 XM ri—3 %, (r, @) (12)
3anucuiBas CKasisipHOe NPOH3BeleHUE (I, ®) B BHIE

(r,-0)= X0, Yn®, + 2,0,
nosygaeM .

Jx=mx2Mnrf2z—mx2Mnxfzz—" sznxnyn_mzZMxngn' (13)

Takue ke BbIpakeHHst MOXHO Hanucatb jist J, u J,.
Hnepyuanenvie Ko3puyuenmor. Mul BUAHM, 4YTO BhHpaxeHue (13)
COHEpKUT TPH Ko3(puiueHTa:

IM, (r2—x2), — XMy, —XMx2,

Kaxupiit 13 3Tux Ko3hpHIUEHTOB 3aBHCUT OT PACHpPENENeHHsI MacC B
TeJie U OT MEHOBeHHOU OpPUEeHTAal|H Tesia OTHOCHTENbHO OCeH KOOpAMHAT
X, Y, 2, KOTOpPhHIE B PACCMATPHBAEGMOM CJydyae COBHAJAIOT C HHepUHaJb-
HOHI cHcremoit orcuera. [Tostomy 3t KosdpuumHeHTH OYyAYT 3aBHCETH
oT BpemeHH. Mel OyleM HAa3bIBATb HX UHEPUUAAbHBIMU KOS(duliuet-
mamy HIH MOMEHMAMU UHEpyuLL:

[xxEZMn(r%—xrzz)v
IxyE_ZMnxnym (14)
I, =—2M,x,2,. :

AnanornygsiM 06pa3soM MOXKHO HAIHCATh COOTBETCTBYIOLIHE KO3ddHu-
UHEHTHl, BXOAAWHKE B Bhpaxenus aia J, u J,. Tenepb mbl MoxeM Ha-
nHcath TPH YypaBHEHHS [JIl KOMIIOHEHT BeKTopa J, BhIpaXkKeHHOI'O
¢dopmyJonr (11):
Jx = Ixx(’)x + Ixy(”y + Ixz(')z)
Jy=1,0,+1,0,+1,,0, (15)
J,=10,.+ 10,4 1,0,

Hrak, MBI BHAMM, YTO AJS Tesia NPOU3BOJbHOH (GOPMBI M C IPOU3-
BOJIbHBIM paclpefie/leHHeM MacChl MOMEHT HMOyJbca J npencraBJssier
coGoli He NpOCTO NPOM3BEIEHHE CKa/jfApa Ha BEKTOD @ YIVIOBOH CKO-
pocti, [ToaTomy B ofiueM ciydyae Hanpas/eHue BeKTopa J He coBnagaer
C HANPAaBJIeHHEM BEKTOpPa . ITO OOCTOATENLCTBO ABJSETCA NPHYUHOMA
CJIOKHOTO MoOBeJeHHs Bpamaiomuxcad Ted. CpaBHHTENBHO MPOCTO
o6CTONT A€o ¢ 3a/ladaMi AMHaMUKK TBepAblX Tesi cdepuyeckoll ¢dopMel,
B KOTODHIX, KaK MBI yBHAHM, BekTop J Bceriia mapajjesieH BEKTOpy .
B orcyrcrBHe MoMeHTa BpallcHHsi BeKTOP J COXpaHAeT MOCTOSHCTBO,
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B ofllieM Xe caydae AJIs Tesl NPOH3BOJbHOH (opMBl BeKTOp @ Oyzer

npeleccHpoBaTb BOKPYr BekTopa J.
Beawuunwt 1,,, I,, u I,, HasuiBawoTCAd JAHAroHaJbHBIMH UYJIEHAMH

yy
MaTpHibl
I, 1 xy !
I.Vx ]y}' IJ’Z ’
I I zy I, /

a BCe JpyrHe BeJHUYMHB — HeAHaroHa/JbHLIMH Y/eHaMH. 3aMeTHM, YTO
JMAroHaJbHbI wieH (wanpumep, [/..), paBHe X M, (r3 —x2)=
=2M, (y»-+2}), npercrasiser coGOH CymMMy NPOH3BENECHHH KaxIoh
MacChl Ha KBaJpaTr €e PacCTOSHHSA OT OCH BPaIlieHHs; MO3TOMY MBI €ro
Ha3blBAEM MOMEHTOM HHEpLUHH OTHOCHTeJbHO ocHy. Ecau p(r) npex-
crapaser co0of TJIOTHOCTh Tesla B TOYKE, pajHyc-BEKTOP KOTOPOH
€CcTh F, TO. Mbl MOXKEM 3alHCaTh BEJHYHHY / B BHJE HHTErpasioB

lxngp(r)(ra—xz)dV, Ixy=——gp(r)xde uT n, (16)

rne dV— saemeHTapHbil o6beM. MoxHO YGeIHTBCS B IPaBHJIBHOCTH
nepexoja OT CyMMHPOBAHHSI K HHTErPHPOBAHHIO, [IPUHAB BO BHHMAaHHe,

4TO Sp(r) dV mpencraeisier coboft Maccy, Coaepxa-
myiocs B JeMeHTe 00beMa, 10 KOTOPOMY ITPOBOAUTCH

HHTErpHpoBanue.
CyMMa JAuarodaJjbHblX YJICHOB paBHa

List Ly + T, =23Ms3=2(p®rdv, (17)

yto caeayer us ¢opmya (14) u (16) gas [, u ana-
JOTHYKBIX hopMmyJ aast [, u [,,. 3ametum, uTo cymma
(17) usomponua, T. e. He 3aBUCHT OT OPHEHTALHH TeJa
OTHOCHTEJIbHO KOOPIHHATHBIX Ocell. ¥ KaKeM TaKike,

Puc. 8.13. TIlpen- YTO HEAHArOHaJ/IbHbLIE YJ/€Hbl CUMMETPHUHEI:

NOJOXKHM, ITO Y

Hagsromen axen: ly=lyw lu=ly I,=1,. (18)
anbHOK CHMMeT-

pueli  (nanpmuep, I puwmep. Cayuail, ko20a eexmop J He napas-

origfuTeno o0 aeaer gexmopy ®. [ee maccht, 200 e u 300 e, coenu-
. ay=0. .

notowy”_wTo ”n;/z‘sx HeHbl JerkuM crepxcHeM AjuHoil 50 cm. Llentp macc
JIo00 TOYKH o

¢ kooppmmarams ~CHCTEMBl INPHHAT 3@ HAyal0 [JeKapTOBOH CHCTEMHI

Xy CyIecTBYeT

andn peCTRYeT  KOOPAMHAT. CTepmexgb PaCTONOXeH B IJIOCKOCTH Xy H

munataMH—xn, 4. OOpasyeT yroa B 20° ¢ oceio x. Hafinem unepuunajb-
Hble Kosdpuunentsl [, u 1,

Fpexae Bcero BLIYHCANM paccTosuHe LeHTpa macc or 200-rpammo-

Boli Macchl, M3 (6) Haxomum

200-0+4300-50

Rn.u=w=30(})ﬂ.
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O6o3nauum macey B 200 2 gepes M, M BbIHIIEM ee JeKapTOBLI KOOP- ‘
JMHATHI, TPUHAB LEHTP Macc 32 Hadajo OTCYeTa:
%, =30sin 20°=30-0,342 cx == 10,3 ¢,
y; = 30 cos 20°=30-0,940 cu = 28,2 cu,
z; =0.
HexraproBbl xoopamuatel Maccki B 300 2, KOTCPYIO Mbl 0503HAYUM
gepe3s M,, OyAyT paBHH :
x,=—20sin 20° = —6,8 cx,
Y, =—20c0s 20° = — 18,8 cu,
z,=0.
Hcnonb3ayss 9TH 3HaueHHsT KOOPIZHHAT, Mbl MOXeM No dopmysam
(14) BBRIMMC/AIUTL 3HAUEHHE HHEPLUANbHBIX KOODJHHAT:
Lo = M; (ri—x3) + M, (ri—x3) = 200 [(30)* —(10,3)*] +
-+ 300 [(20)*—(6,8)%] = 2,65- 10" - cm?,
= — M, x4y, — M,x,y,=—200-28,2.10,3—300.6,8- 18,8 =
= —0,96-10% 2.cm?.
Tenepr NpeanosoKuM, 4YTO CTEPIKEHb Bpallaercsi BOKPYr OCH X

¢ yrsoBo#H ckopocThio ®. HafizeM KomInoHeHTE BeKkTopa J.
U3 (15) noayuaem

Jo=10, J,=1,0, J,=0,

X XX

1y

e Mbl HCIOJIb30BaMd TOT Gakt, uto /,,=0 A7I5 CTEpKHA B YKA3aHHOM
BBIILIE TIOJIOKEHHH, TAK KakK 2; H 25 PABHBL HYJIO.
Orcrozna
R e T S\ Y T}
Je T,  2,65.108

TakuM 06pa3oM, Mbl BHIMM, 4YTO B TOT MOMEHT, KOIIa CT€DKeHb
PacrmoJioXKeH B IJIOCKOCTH XYy, BEKTOD MOMEHTa MMOYJbCAa TaK-
JKe pAacloJIOKEH B 5TOH 2Ke IJIOCKOCTH H 006pasyeT C OChlO X YroJ
p=arctg (—0,363)==—20°. [Tostomy BekTOp J Bpaliaercs BOKPYT OCH
X W He NapajjesieH BEeKTOPY ®, a MEePIeHUKYJISPeH K CTEPHKHIO.

KakuM 00pa3oM MOXKHO NMOHATb STOT Pe3yJbTaT? YKaxeMm Npexie
BCEro, YTO MOMEHT MHEpIMH CTepXKHS OTHOCHTEIBHO CBOEH cOGCTBEHHOM
OCH paBeH HyJO (0 HalleMy NPEANOJOXKEHHI0 o0e Macchl NmpeacTas-
Js110T co00¥ MaTepHaJsibHble TOUKH). ITo3TOMY Y KOMIIOHEHTH BeKTOpa @,
napaJsJiesibHOM CTepKHIO, OTCYTCTBYET COOTBETCTBYIOWASl KOMIIOHEHTA
BeKTopa J.

I1puwmep. Momenm unepyuu wapogo2o cios. BruuciauM HHEp-
HHaabHble KO3(GhHUMEHTE 1Jii TOHKOIO OJHOPOAHOIO IIApPOBOTO CJIOS,
Macca eIHHHULI MOBEPXHOCTH KOTOPOTO PaBHAa G, OTHOCHTENBHO OCH,
‘poxopsmed gepes ueurp mapa (puc. 8.14).
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OTMeTHM, Npexkze BCero, YTo BCJAENCTBHE CHMMETPHH cdepHyecKoro
pacrpenieNeHHsl Macchl OTHOCHTENIBHO Haya/a CHCTEMB KOOpﬂHHaT BCE
Hefnaronanbuele  Kospduuuentsl [, I, 1, 14 1y, » B (16)
paBHBI HYJIO. D10 ClieiyeT H3 TOro, "ro KaXJI0My tmeﬂy B cymme HIH
NPH HHTErpaJIbHOM ONpeje/eHHH, COOTBETCTBYIOIIEMY KOOpJAHHATAM XY,
B ciayuae chepsl Bcersia HalileTcsi 4JeH, COOTBETCTBYIOIIMH KOOpAHM-
natam (—x)y. ITostoMy cpennee 3nauenue {xy) no chepuueckofi fio-
BEPXHOCTH PaBHO HY.JIO.

Kpome Toro, Tak Kak r*==x®-}-y*--2%, cpenHee sHaueHHe JJs 1apo-
BOro c¢josl 6yfeT paBHO

APy = < (19)

Iostomy Bce amaronanbpHble Kospuuuentn /., Iyy u I,, paBHH
MEXIY coGon, a TaK KaK HX cymma pasma 2 Y\ M,r3, Kax(,szm U3 HHX

paBeH —EM re:
2 2
I=ly=1,=1,=5Y Mpi=35rY M,=
3ameTHM, YTO Macca cJos paBHa 47r?0, TAe O NO-IPexHeMy NpeaCTaB-

asier co60H MOBEPXHOCTHYIO MJIOTHOCTb (Macca €AMHHUB TIOBEPXHOCTH)
11apoBOTO  CJI0A.

—g— 4dnort.  (20)

Puc. 8.14. M =4nar. OpHo-

map. ca
popumt mapoBoll ciofi o6aanaer ak-
cHaNbHOH cuMMerpueil OTHOCHTeJleO
X, Y H 2, U N05TOMY [gy=Ige=1y,
To4HO TZK KeH3 cooﬁpame}mﬁ cnmwe’r-

puH 1=1m=lw=12z=-—3— r Mmap.c.n.
R

Tlostomy I=(8m/3) GS rt dr, TRe

0
¢— Macca €AWHHUIE TNOBEPXHOCTH Ima-
pOBOl‘O cnos.

Pue. 8.15. M=%—EDR"’. Jsa Toro wro-

- 6bl HalTH | AaA OJHOPOZHOTO TBEp-

floro wapa, Mbl JIEJTAM €r0 HAa KOHIEH-
TpHuecKye BiapoRbie CJAOH B WHTErPH-
pyem:

8n

1=s’§~p

8n 2
adr—= 5o 2
rdr_lapR =% MR?2,

Qe iy

IIpumep. Momenm unepyuu wapa. Bouucaum I pas ogmo-
poAHOro mapa, oObeMHas IJIOTHOCTh KOTOPOrO paBHA P, OTHOCHTEJILHO
OCH, NPOXOJsIeH Yepe3 ero HeHrTp (pHuc. 8.15). Ms1 MoxkeM pasbuthb
Lap Ha IApOBble CJIOM TOJMIMHHOH dr M o6iajaiomue NOBepPXHOCTHOH
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nJioTHOCThIO 0=p dr, Toraa us (20) a1 wapa Mel noayuaeM
, R R
I=1_ =1 =1,,=-§—§(’4m4) (pdr) =232 (o =
: 0

1

=FoRE=2 MR\  (21)

3nece M ;%RPRS'—MaCCa, R — panuyc wapa.

OrtmeruMm, 4TO W JJd 1apa M JJIS IIAPOBOTO CJIOS KOMITOHEHTHI
MOMEHTa HMIYJbCa, BhUHCAseMble o Gopmynam (15), npHBOAAT K BHI-
Bony, uro J=[/®. Takum ofpasoM, B Cjyyae IIapoBOH CHMMETPUH
BEKTOP MOMEHTa HMIY/bCa BCerJa IlapajsielleH BEeKTOpY YIVIOBO
CKOPOCTH,

1)}
Puc.  8.16. [omycruM,  Puc, 8.17. @) Jina moGoll MarepHaJbHOR TOYKU M p MBI MO-
YTO Mbl XOTHM BBHIYHCJIHTH KeM IPOBECTH MJIOCKOCTb, MEPEHRHKYNAPHYIO K OCAM 2Z H
I zrgrr TAS OCb 2’ mapaJ- 2’ W (pOXOAsNAYID Yepea 9Ty Touky My (cM. puc. 8.16).
aenena ocu z. Kak sto  Torma R3=x 2442 6) ostomy [, =ZMyR 7 =2My X
3
MOXKHO cleJsars? X (Rp— R)? = SMyR :‘;+R’2Mn—22Mn(R,.~R)~ Tak Ka®k

EMuRp=0, T0 I,,,,=MR*+1,, B 9TOM H COCTOHT Teope-

Ma 0 mapaJjJenbHeX ocaX. 3fech M=ZM, npexacrasaser
coGoil moNHyl0 Maccey.

F3
I1puwmep. Teopema o naparrenvusix ocsx *). Beaueaum [, aas

NPOU3BOJILHOTO TeJla OTHOCHTEJIBHO OCH, MapasileJbHOR X H pacnoJo-
JKeHHOH Ha PAacCTOSIHHH @ BJIOJIb OCH Y OT LIEHTPa MaccChl.
Hna storo samenum B (14) Bce y, Ha y,+a, oCTaB/sis HEM3MEHHBIMU
%X, ¥ 2,. Torma
4}
M — M, (13 -2y,a+a%), (22)

HO B TO e BpeMs ) M,y, =0 Bcrencrsne BrGOpa MONOXKEHUS IEHTPA
macc, Ilostomy HOBOe 3Hauenue [, Gyzer paBHO
L,=2M, R+ —x,2=1%+a* M, - (23)

rae I3 = M, (ri—x2) — MOMEHT HHEpIMH OTHOCHTE/IBHO OCH, IIpO-
XoasAllel yepes HeHTP Mmacc. Takum o6pasoMm, MBI BHIHM, 4TO MOMEHT

*) B pycckoii auTepaType STy TeOpeMy 4acTo Ha3HBAIOT 'reopeMdﬁ Io#irenca —
IlIrefinepa, (ITpus. ped.) v
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HHePUHH OTHOCHTENbHO NaHHOH OCH paBeH MOMEHTY MHEPUHH OTHOCH-
TeJIbHO IlapalieJbHOH OCH, Npoxoifllled depes IEHTP Macc, IJIOC
MOMEHT HHepPLHH OTHOCHTEJbHO NAaHHOM OCH, BHIYHMCJEHHHIH B npeimno-
JIOXEHHH, YTO BC Macca Tesla COCpefoToYeHa B LEHTpe Macc. IToT
pe3y/bTaT OdYeHb INoJie3eH NPH pPacCMOTPEHHH BpaUlAlOIIHXCH  Tedl.

Jcy
BpausHLs

Oes |27
Bpau IS

-

L

T~

Puc, 8.18. a) Jina ToHKOro TBepsoro crep-  Puc. 8.19. TIpuMepn MOMEHTOB ¥ Hepuun
L/2 OTHOCHTEJIBHO ocell, YKa3aHHBIX Ha PH-

M
xkaa  Ip=2 S x2 (T) dx, rpe M —
0

nosaHas Macca, Ilostomy [/ =-1—ML2.
22573

L
M
6) B satoM cnyuae ’2’2’=S"2(T) dx =
0

1 1 1
= — 2. —_ 2= ——ML?
3 ML,BTO)KeBpeMﬂsML 12ML+
L 2
+ M (—2— , YT® ROATBEpKAaer TeopeMy

O HnapaneNbHBIX OCsX.

cynke, a) Tonkoe Konbuo: I=MR? (oTHO-
CHTeJBHO OCH UHJHEAPa). 6) TorKoe

KOJIbIO: I=% MR? (OTHOCHTeNBHO JIIO-
Goro xmamerpa). ¢) KosbneBoli NUIHBAD;
i= % M (Rf+ Rg) (OTHOCHTENIBHO OCH
uuaueppa). &) Teepabi#l LHABHAD (MJIH
HHCK): I= —;—MR2 (OTHOCHTENBHO I€H-
TpasbHOrO fuamerpa). ) JBa TBepabIx
MapHKa B BHJE CAHTeNH: I,=2(—5Mr2

(oTHOCHTEeNbEO ocr 1); [,=2 (Ma2+

+ -:— Mr’) (OTHOCHTENBHO OCH 2).

Tak kak MR*® mnpeacraeiaser co6off MOMeHT HHepHHH o0pyua
(puc. 8.19, @) oTHOCHTE/NbHO OCH, NPOXOAsMiell Yepes LEHTP Macc H
repneHHKyAApHOH X ero NJIOCKOCTH, To 2MR? 6yner paBeH MOMEHTY
I:Hepuun obpydya OTHOCHTEJILHO NapaJsieslbHol ocy, NPoXoAdilesl yepes
ofon ofpyua.
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Ha (21) u (23) BuAHO, YTO MOMEHT HMHEPUHMH OINHOPOZHOTO Miapa
(puc. 8.20) oTHOCHTENBHO OCH, KacaTeJbHON K ero NOBEPXHOCTH, PaBeH

l.=%MR + MR* =L MR, (24)

Mpasuna cymmuposanua. CoortHomenus (14), (15) u (16) Moryt
6LITh 3amUCaHbl B OYEHb KPaTKOH M KOMNAKTHOH ¢(opMe, €CJIH HCHOJb-
30BaTh TEH3ODHYIO CHMBOJHMKY 3allNCH, KPaTKO H3JOXeHHyi0 B Mare-
MaTtuyeckoM JonosneHHH 2 ¥ ra. 2. IloBTopum npasusa 3amucH:

’
Z; z
| z z
S—
Vg
L
|
Puc. 8.20. Opvoponubiit wmap: [, Puc. 8.21. OpHOPOAHMHI WHAMHADI
OTHOCHTEJBHO OCH, KacaTeJbHOH K 1o- ) R )
BEPXHOCTH: _
Iz = " 2 SMr’ dr= 5 MR?
0

L= M R*+MR? =- MR®.
2°2 b 3 1 3
IZ’Z' =MR?%+ -2—MR’= -2—MR’.

1. Ecin uHAeKcH, o603HaueHHblE IpedyecKuMH GyKBaMH, B IIPOH3-
BEACHUH BCTPEUAIOTCH JBAXKMGl, TO CKJIANBIBAIOTCS YJMEHH AIS X, Y H 2,
T. €.

lyo, =1, 0.+1,,0,4+1, 0, (25)

2. EcaiM MHIEKC B TIPOH3BEJICHHH He BCTPEUAETCH ABAXKAEI, TO OH

MOKEeT OTHOCHTBCA K X, K y MJH K 2. Tak, ypaBueHue
Ju=1,,0, (26)
SKBHBAJIEHTHO cucTeMe ypaBHenuil (15). Cnauana, Hanpumep, Ml MOXKeM
BMECTO [ HaNHCaTh X, H Torxa (26) OyneT MMeTb B[ :
J.=1,0,=1,0.+ Ixycoy—l-lxz(oz. 27)

lopasno kopoue Hamucath (26), 4eM mucath TpH ypaBHenus (15).

3. Ilox x, Mbl MOXeM NOApasyMeBathb X, y Hid z. Ecan B npousse-
LeHHH XX, WHIEKC B BCTpeuaercs IBaXKIbl, TO

XX, =Xty =r (28)

Ecan ke B NpPOH3BENECHHH X, X, TpedeCKHe HMHIEKCH JBaxkIbl He
BCTpEYaloTCsl, TO XuX, MAOMKHEI NHCATbCA WA XX, WIH LI XY, WIH
anf yz 1 T. & C nomowbio BBEAEHHBIX 0603HaueHHH BoipaxeHHio (16)
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MOXKHO NpPHAATb CJAEAYIOIIHH BHI: <

Ly= p (1) (x.x8,,—x,x,) dV. (29)
3nech §,,— cumBon Kponexepa; oH He paBeH HYJIO TOLKO TNPH L=V,
KOT/ZIa OH paBeH eiuHHILE. JIONyCTHM, YTO Mbl MMeeM xeJso ¢ /,,; Toraa
e X.X,0,, B (29) npeacrasnsier coboilt r%, a waeH x,x,~ mpocTo x2,
PagymMeercs, BIOJHE MOXKHO 00OHTHCH H 0e3 3TOro crnocoba 3amucH,

Ero cienyeT npHMeHsATh AJIfl COKpPAUleHHS NMHCbMA TOJIbKO B TeX CJy-
yasix, KOTJa Bbl COBEpPUICHHO YBepeH:l B BalIMX JeHCTBUAX.

8.2. Kunernueckas 3SHEpPrusl BPALATEJbHOrO ABHKEHHSA

Kuueruueckas SHeprusi TBEPAOro Teld OTHOCUTENBHO MOKOSIErOCH
IIEHTPa MAacC Ha3blBaeTCsl SHepruell BpaIlaTeNbHOrO HBHXKEHHS TeJa.
DTa 5HEPTHs BHPAXKAETCA CJSAYIOWUM OGpasoM:

=";'Z M,v; =-;-Z M, (0 Xr,)*= %Sp (r) (@ ¥ r,)dV. (30)
Sﬂer V= (0) X rn) 14 ((’) X rn) * ((.0 x rn)E((l) x l'n)z.

PaccMOTPHM CHaYasia KHHETHUYeCKYIO SHEPTHIO BpallaTeNbHOro JBH-
KeHusa ofsopoanoro wapa. [Tyers Bektop @ napannenes ocu 2. Torza

(0 X 1) = 0® (x4 4%). (31)

MoMeHT HHepUMH OJHODOJHOIO Ilapa, MJIOTHOCTB KOTOpOro p,
mo ¢opmysae (16) pasen ‘

I=1I,,=0§ (e+y)av. (32)

Iosromy u3 (30) monyuaem
1 1 1
K=+p S(w X 1)? dV=-2—pm2S(x2 +eydV=1leb.  (33)
Iepefinem Tenepp K BHIPAKEHHIO VIl KUHETHYECKOH SHEPTHH Bpa-
IaTEeJIbHOTO JBHJKEHHS TBEPAOTO Tes1a IPOH3BONBLHON (HOPMBI:
1 ‘
K= 5 (02l mjlyy + il l,+ 2coxmy[x), -+ 203ymzlyz 4 20,0,/,,. (34)
Hcrnonb3ys BeKTOPHOE COOTHOUIEHHE
(AXB)+(CXD)=(A«C) (B+D)—(A+D)(B+C), (35)
(0 Xr1)=0%r?*—(00r) (36)
CokpantenHo 3ta GopmyJ/ia MOXKeT ObiTb 3aNHCaHA B CIeAYIONeM Bijie *):
(0 X 1) =0,0,%,5,—0,%,0,%,=0,0,(£X0,,—x,x,). (37)

*) Ha Tor ciyyail, ecii Y Bac eCTh KaKHe-HHGYAb COMHEHHS B TOM, KaK NIPOYHTAThL
¢opuyay (37), mel 3anumieM ee B Pa3BeDHYTOM BHZE:

(@0 (o) (33) = (Foun) (Sowe).

TIe i 4 v NPHHHMAIOT 3HAYEHHS X, ¥ B 2. 3aMeTuM, Yro Z x3=r2,
v -

HaxoAauMm
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{310 cooTHOMIEHHe JIerKO MOIVIO OBLITH HAMHCAHO HENOCPeACTBEHHO, Ge3
npuMeHeHHs QopMysbl (36), ecnM  BOCIIONB30OBATBCS CHMBOJIOM &,
BBEIleHHbIM B MareMaTHuecKOM jonosHenud 2 K ra. 2.1

Jcs 2
Puc. 8.232. KnHeTHYECKas 9Heprus Puc. 8.23. Ana awbozo TReproro
AKCHAJBHO CHMMETPHMUHOTO Tena,
BPa I 2101 E€ToCs OTHOCHTENBLHO OCH Tena K='2— I ,V“’u“’ Tlosepx-
CHMMETPHH, pabHa : L v
1 0CTh = ®_= const npea-
K= —2—1z2m’. H 2 Iuvmu v e

craBasier co6oit SNAHTICONA B IO~
CTPaHCTBE (D, Oy, ©O). Ha pucys-
K€ yKasaHnm rnagHme och (I, 2, 3)

SJMMTICORAA.
7/5.%4
Jcy 2
-~
Z oy Ger 7
Pue. 8.24. Ecnu MB TTIOBEPHEM OCH Puc. 8.25. OTHOCHTENBHO rJaBe
Tey1Ia (X, Y, 2) COOTBETCTRYIOLHM HHIX oce#t 1,21 3
06pa3oM, TO OHM COBIAAYT C rias- 1 1 1
HEME ocsiMu (1, 2, 3) BNAHNCOH~ K= 1,03 4= 1,03+ 1,03
Aa. OTHhIHE Mbl 6yAeM NPHMEHATH 2 2
rnaBHBle OCH TeJja. u

J=1 304+ 1 30, + 1 304,
DTH  BHIpaXeHHA He COAepXKar
. TEePEeKPecTHHIX 4JeHoB]

-

B Tex cayuasix, KOrja CYIIeCTBO BONpOCa JOCTHTaeT NPHOIH3H-
TEJIbHO TAKOI e CTENeHH CJ0XKHOCTH, KaK B PaccMaTpUBAEMOM HaMH
¢JIyyae, HCHOJb30OBAHHE COKPAIEHHOrO METOZA IpPH CYMMHPOBAHHH
Npou3BefeHUH CTAHOBUTCH YxKe Oosiee IesecooOpasHbIM, 4eM NpHMe-
Hexue OORIMHOH BEKTOPHOH CHMBOJIHKH,
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Honcrasassa (37) B (30) u ucrmosb3ys (29), mosyyaeM BLIpaxeHHE
JUIS1 KUHETHYeCKOH 3Hepruu:

K= —;— ©,0, S p(r) (x,,x,,ﬁw—x“x\,)dV =—;- l,,0,0, (38)

4yTo aHasnoruuno (34) ¥).
Has wapa, y xoroporo /,=I,=I,,, coorHomenue (38) ynpo-
L aercs:

K= 1 (0} +0}+ 0= o, (39)

B cootBercTBuM C (33). Mnepnyanbuole KosdpuLMenTs yI06HO HCIOMb-
30BaThb NPU ONMCAHKH KAK MOMEHTa HMIYJbCa, TAK H KHHETHYECKOH
5HePTHH BPAallaTeJbHOIO IBUMKEHHS TBEPJIOrO
TeJa.

IT p u M e p. Cramosarouyutics wap. lap
panvycom R u Maccoli M ckaTmiBaeTcs ¢
HAKJIOHHOH NJIOCKOCTH jAauHofi L, obpasyio-
me# yron 6 ¢ ropusourom (puc. 8.26). Ka-
KOBa CKOPOCTh LEeHTPa MacC Iiapa B KOHIE

HAKJIOHHOH MJIOCKOCTH?
T s s S ro cTajapTHHEl THI 333Uk 3 3ajau-
CKOCTH. Huka. OmuH u3 crmocoGoB peieHHst 3TOH -
3ala4yd COCTOHT B TOM, YTO MHILETCS BHIPa-
KeHue A/ IOTeHLHaJbHOH SHEPTHH IIapa Ha BePXHEM KOHILE IIJIOCKOCTH:

U= Mgh= MgL sinb, (40)

M

H IpUPaBHUBAETCA BBIPAXKEHUIO A4 KHHETHYECKOH SHEpPruH Ha HHXK-
HEeM KOHILE:

K—_—%Mvz—l-%lmz, . (4]

paBHOf CyMMe KHHETHYECKHMX SHEePTHil NOCTYNAaTesNbHOTO M BpallaTeib-
HOro JABHKeHHH. 3aMeTHM, 4To o0a uneHa B (41) cosepuieHHO He3a-
BucHMbl. TlepBrifi WjieH BBIPaMaeT KMHETHYECKYIO 3HEPrHiO mOoCTyma-
TeJIbHOTO IBUXKEHHSA, CBA3AHHYIO C NepeMellleHHeM LIeHTpa Macc; BTOpPO#H
ujleH BBIpaXKaeT KHHETHYeCKYIO 3SHEeprHio, CBSI3aHHYIO C BpallleHHeM
OTHOCHTeJIbHO IIEHTpa Macc. MHTYHTHBHO $ICHO, YTO STH 4JIeHBl He3a-
BHCHMBI, TaK KaK IIap MOXeT COCKa/Jb3blBaTb BHU3 Ge3 BpalleHus,
Kacasch NPU 3TOM IJOCKOCTH B HEKOTOPOH TOUKE KOHTAKTa, U MOXKET
BpallaThcsl BOKPYT HENOABHXKHOrO IeHTpa Macc. Ilpu npmkenuu mapa
NO IJIOCKOCTH BHH3 BO3MOXKHa Jil00asi KOMOGMHALHSA 3THX JBYX He3aBH-
CHMBIX JIBHXKEHHH. .

CymecTByer ofHa H3 KOMOGMHAlM#, KOTOpPafs BO MHOTHX OTHOLIe-
HUAX TpeICTaBifeT OCOOBIA HHTEpec. ITO KaueHHe Ge3 CKOJIbKEHHMA.
Kauenue Ge3 CKO/IbXKEHHsl — 3TO TaKoe JBHUKEHHe, B KOTODOM TOYKa

*) Cienyer sameruth, 4To Afist TBepforo Tena J,=0K/3w,. BDro MOXKHO noxa-
saTh, cpaBHHBas (26) n (38) mam ypasuenns (15) u (34).
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KOHTAaKTa Teja C IVIOCKOCTBbIO B KaXJABIH JAHHBIH MOMEHT BpPeMeHH
HAaXofIUTCS B COCTOSIHMH IIOKOA. DTO ABHIKEHHEe MOeT OhIThb Takxke
HOJYYEeHO M3 YCJOBHA, YTO CKOPOCTh LeHTpa Macc pasna Re. ITostomy
(41) MoxHO mepenucaTh crenylouEM o6pasoM:

1 1
='2—M02+-2—1(%) ——M 2—l——--—-Mzﬂ——Mv2 (42)

r€ MBI BOCIOJb30BAJIHCh BHIpAXKEHHEM AJIST MOMEHTA HHEpPIMH Of-
2
HOPOJHOTO Ilapa 1=—5- MR?, TlpupasuuBaa (40) u (42), maxoaum

BhIpaxKenue JJd KBajapara CKODOCTH [lapa B HHXHEM  KOHUE
HJI0CKOCTH:

V= %) gL sin0. 43)

Jpyro#i nyTh pemeHHs 5TOH 3a1a4d COCTOHT B TOM, UTO KaTsileecs
Ter0 MOXKHO pacCMaTpUBaThb Kak TeJlo, Bpallaimlleecss B KamAbld pau-
HBIH MOMEHT BPEMEHH BOKPYI TOUKH KOHTAaKTa. TOYKa KGHTAKTa KaTsi-
1erocsl Tesa Bceraa Haxoautcsl B r1okoe, C 3TOH TOYKM 3peHHs MosHast
KHHETHYEeCKasi SHePTHS NpeicTaBasieT co00fl KHHETHYECKYIO SHEPTHIO
BpallaTebHOIO ABHMKEHHS BOKPYT TOYKH KOHTAKTa, NMPH KOTOPOM

7
I = FM R?, KaK 3T0 BHAHO H3 QopMyJbl (24) aJist BpalleHuss BOKPYT OCH,
KacaTeJIbHOH K MoBepXHOCTH Miapa. [lostomy

K=+ MR = Mo, (44)

B corsacuu ¢ dopmysod (42).

Taasroie ocu. BepHeMcs K ClOXHOMY oOleMy Bolpaxennio (34)
IJIS KHHETHUECKOH SHePrHM BpalllaTeIbHOTO JBIIKEHHs. DTO BHIpaxe-
HHe, CIIpaBeiBoe AJS NMPOH3BOJbHOTO PACIOJONKEeHHA ocefl KOOpAH-
HAT, BCETJA MOJKHO YIPOCTHTb M CBECTH K TPeM 4jeHaM. XHTPOCTb
COCTOHT B BhIOpE CHCTEME! KOOPAMHAT (471 Tea MpaBuJbHOH QopMbt
9TO CJles1aTh oueHb 11pocTo). B Takolt yaauno BRIGpaHHOH cHCTEME KOOp-
zumaT OCTalOTCsl TONBKO TDH JHArOHaJ/bHbIX Koapouuuenrta: [, =I,,

y=1q, I,,=1I, Taxue ocn KOOpPAHHAT HA3LIBAIOTCS 2AAEHLLMU OCAMU.
ﬁEIII/IaI‘OHaJIbeIe Ko3bbuunenTel ofpaiialTca B HYJb, H KHHETHU-
qyecKas 3Heprus BpaHlaTeJIbHOFO JIBHKEHHS CTAHOBHTCH PaBHOH

K = Lo} + 5 1,03+ 1,03, (45)

(s UMJIMHAPA TIJIaBHBIMH OCAIMH SIBJSIIOTCA OCb LHJHMHAPA H jBe
B3aWMHO TEpPIEeHIHKYNAPHBIE OCH, NEpHeHJUKYJSPHHE B CBOIO Oue-
peab K OCH HHIKHEAPA.) ¥ paBHeHH (15), cBA3bIBaIOIIHE BEKTOPH J H ©,
NMPUHHUMAIOT NPOCTOH BHI:

Jy=1lo, J,=10, J3=1I10,, (46)
H COOTBETCTBEHHO H3MeHserci ¢opmyna (45) aus  Kumermyeckoit
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3HEPrun BpaméTe.anoro ILBH)KCHPIH'
K =573 +357: 3+ 3 (47)

" 3ameTuM, uTO BeKTOp J I1apaJijiesicH BEKTOPY @, €CJIH TeJIO BpamaeTCﬂ
OTHOCHTE/NbHO IVIABHOH OCH,

8.3. YpasHenug Jiinepa

YpaBHeHHe JBHMEHHSA
LI=N (48)

CIpaBelIHBO JJ/Ifl BHepPUHATbHOK cucTeMbl oTcueTa. Huepuuanbunie
KoaddHunenTsl /,, yao0Hee BCero onpeiessioTCs O OTHOWUEHHIO K KOOP-
JIMHATHBIM OCSIM, "HOKOSIHMES  BO BpaLaoOILEMCs TeJie, C KOTOPHIM
CBSI3aHa HEMHeplLHaNbHasi CHCTEMa OTcdeTa (Mbl pacCMaTPHBAeM BONPOC
0 TOM, fIBASIOTCA JIH OCH NOKOAWMMHCH WM HeT). M3 rai. 3 mbl 3Haem,
Kak 1peo0pa3oBaTb BEKTOP H3 HHEPLUHAJbHOH CHCTEMBI OTCUETA BO
BpALIaIoIYIOCs] CHCTEMY OTCYeTa:

(%)Hf%ﬂ) %, (49)

Iie © — YrJoBas CKOPOCThb Bpamlaiomleiics CHCTeMbl orcuera. Bcee
IApyrHe BeJHYHHB B npaBoil yacTh (49) oTHocsTca K Bpautamomeics
cucreMe orcuera. Iloatomy (48) mpunumaer Bug

S+oxI=N, (50)

rae J oTHOCHTCS K BpalllAIOLIEHCs CHCTeMe OTCYeTa.

TlpeanosioxkuM, YTO OCH KOOPAMHAT BO BpaIlAIOMIEHCS CHCTEME OT-
cdeTa paclosoXeHsl BIOAb TaaBHRX ocedt 1, 2, 3. IlpunuMast BO BHH-
Mmanue (46), MEl MO2KEM HamuCaTtb AJs HPOeKUHH Ha och 1, Bmecto (50),

dJ dJ d
(’dT>1+((°xJ)1 1-—}—(0 J (Dan=]1';)Tl+(’3213(’)3—(0312w2=]v1’
(1)

HJH, npeoﬁpasyﬂ (50), MblI MOXeM TaKxe HaNMCAaTb YPaBHEHHs JJIst
KOMIIOHEHT BRoJb oceil 1, 2 u 3;

d

1 ;;1 +(—1,) 0,0, =N, (52a)
d .

1=+, —1,) 0,0, = N,, (526)
d

I+ —1,) 0,0, = N, (528)

DTH ypaBHeHHMA W3BECTHHI IMOJI HasBaHHeM -ypasHerull Jisepa. Ounn
SIBJIIIOTCS HCXOJHBIMH YPABHEHMSIMH IIPH peLEHHH 3a1ay Ha BpallieHHe
TBEPABIX TeJ. Crenyer Bcerja MOMHHTB, 4TO IPH HCHOJb30BAHHH ypaB-
HeHHM# Diiniepa ryiaBHble OCH 1, 2 M 3 CBsA3aHBI C TEJIOM,
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I p uwmep. lpeyeccus wapa, sa komopoui He deticmsyem Momerm
spawerus. Jlna ogHopoxHoro mapa, y xoroporo /,=1,=1,, ypaBuenus
Diilepa NPHHUMAIOT BHA

lo,=N, Io,=N, Ilo,=N,. (53)

Has cobomgnoro auxkenus N=0 u u3 (63) caenyer, uro @=const.
BriBox o ToM, uTo @=const, ABASETCA XAPAKTEPHHIM OTIHYHTEIbHBIM
IIPH3HAKOM CBOOOAHO BpallamoLierocs [iapa.

ITpumep. Cummempuunewi 6or4ok. sl CUMMETPHYHOrO BOYKA
Iy=1,5=1,. U3 (52) BugHO, YTO ec/HM He NEACTBYeT BHEIUHHH MOMEHT
BpalllenHsi, T0 ®, (M TOJBKO ®g) NOcTosiHHA. ¥YpaBHenus (52a) u (526)
npHoGPeTaoT BHA '

0,4+ Qw,=0, @,—QRw, =0, 54)
rae

QE’az’ims, (55)

TaKk Kak I,=1I,.
Pewienust ypapHenuil (54) HMEIOT BHX

o, =AcosQf, @,=AsinQt, (56)

rae A — mocrosiHHas BeJaMuyMHA. Mbl BUAUM, 9TO KOMIOHEHTA YIJIOBOM
CKOPOCTH NepHeHIUKY/NAPHA K OCH BOJYKA (0Ch 3) H Bpallaercsi ¢ I10-
cTosiHHOM yraoBolt ckopocTeio Q. KomnoreHTa ®, YrioBoil ckopocTd
BIOJIb OCH BOJYKa nocrosinHa. ITosToMy BeKTOp @ paBHOMEpHO Bpa-
laeTcsi C YIJIOBOM CKOPOCTBIO €2 OTHOCH reJIbHO OCH BosiuKa. Jpyrumu
CJI0BaMM, BOJIYOK, BPAIAIOWIMACA OTHOCHTENBHO CBOEH reoMerpHuYecKol
OCH C YTJIOBOH CKOPOCTBIO ®4 B IPOCTPAHCTBE, B KOTOPOM HE AefCTBYIOT
cuJbl, GyAeT pacKayHBaThCfi H3 CTOPOHH B CTOPOHY C uacToTof €,
BeIpaxkaeMoli dopmydoft (55).

Hasa 3emnu I, He paBHO B TOUHOCTH [,, moTOMy 4TO 3em/s He fiB-
Jsercs TouHEM wapoM. KosieGaHusi, onucbiBaeMble ypaBueHHsAMH (56),
OYeHb XOpOIMIO HAOMIORAIOTCS Ha OMNbITe, NPHBOAS K BO3HHKHOBEHHIO
apeKTa, HA3LIBAEMOIO BapHallMeH INMPOTH. IDTH KoaebaHHs Ipen-
CTaBJISAIIOT HACTOJIbKO GOJIBLIOH HHTepec, 4TO Ui MX H3ydeHHs Mexay-
HapOAHas [HpPOTHAA ciyx0a OpraHH30Basa HECKOJbKO ofcepBaTopuil,
Onua u3 yux naxoautcst B IOkua B Cesepnoéi Kanudopuuu. U3 dop-
myJanl (B5) chenyer, yro aist 3eMiad nepuoj pased 305 xuam. Haburo-
JlaeMoe JBHXXEeHHEe HMeeT T'OAHYHYIO KOMIIOHEHTY (HHTePHPETHpyeMYIo
Kak BHIHYXKACHHOe KoJieGauune) H cBoGoaHbH nepuox B 420 nueit. Korzxa
B KOHIIe JeBsiTHaauaroro seka Hetokom6, ucxoss us nedopmainu 3emiu
MOJ BJHSIHHEM H3MEHEHHS HANPaBJICHHUSI LEHTPOOEKHON CHJIBI, OOBsC~
HUR yBeJHueHde nepuoma ¢ 305 mo 420 nueft, 910 GBLIO NONIHHHBEIM
TpHYM(OM H HO3BOJHJIO NOJYYHTh NePBhle JaHHBIE O KEeCTKOCTH 3eMJIH,

IMonpoGumii pacckas o6 3ToM odeHb yBJeKareneH. Crofonnas KoM-
MOHEHTa ABHKEHHS KaXKeTCs HaM 3aTyXalollefi co BpeMeHeM 3aTyxa-
pua 30 Jer MM Jaxe MeHblle M JaeT HHPOPMaLHIO O Heylnpyrux
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Jeb cusmempii
nena

Pue. 8.27. PaceMmoTpum

Bpautenne (N=0) Tena, ob6sagamomero

OChl0 CHMMeTDHH (HAalpuMep, OChIO 2).
Torga I,=1, 4 w;=const.

«cBoGoHOE Y

ey A
menz
@,
W\ >
@
HKoye
mene

Puc. 8.28. Ilpn sTux ycnoBHax |@|=

=const (cM. pue. 8.27). Bektop @ mpe-

UEeCCHPYET ¢ TOCTOSIHHOH YrJoBOH CKO-
POCTEI0 BOKPYI OCH CHMMETPHH TeJja.

J
"
—
J
, s
- J 2. @
S e =oonst
s
Puc. 8.29, [IlpoerpaucTBeBHBIl KOHyc. B Puc. 8.30. Takum obGpasom, B
sToM caydae N=0. Bektop J umeer omnpe- cnydae «CBOGOJHOTO» Bpallie-
JielenHOe HanpaBJieHHe B IpOCTpaHCTBe, HWH aKCHAJNbHO CHMMETDHY-
Ilpoekuus BekTOpa ® Ha HAaNpaBJeHHE BeK- HOro TeJa KOHYC TeJja KaTHT-
Topa J mocTosiHHA ¢si N0 OPOCTPAHCTBEHHOMY
KOHYCY (6e3 CKOJbXKeHHH).

1
[K=-%- I, (w§+w§)+-§- 1,03 n ©2+02 =const ]

1

INoaToMy ® TIpemneccHpyer ¢ MOCTOAHHON CKOpO-~

CThIC BOKPYr Bekropa J§

Puc. 8.31, jflpyraa sajada: CHMMeET-
puunnift poJuok. B sTOM chywae
[dJsdt |=] N |=MgLsin 6= 0.
Ecsn BoJI9OK Bpamaercss GHCTPO, TO
® u N DpuGAH3HTENLHO COBNARAIOT
¢ ocbio Tesa.

1 —IPOCTPAHCTBEHHBIH KOHYC;
2 — 0oCb CHMMETPHH Tena; § —
KOHYC TeJa.

R=

Jy

J(E40%) \\
Pue. 8.32. Tak kax N » T0 AJ=
=N Af NepneHAUKYAspeH . Ioatomy

{ J ]=const, Ho J npemeccHpyer BOKpYr
BepTHKaNbHOK ocu. YacToTa mnpenecchn

paBHa
Q—ﬂ—ﬂ- 1 MglLsint_ MgL
TAf Al Jsn®  Jsmo . J



xapakrepucTukax 3eman. ORHaKo 10 HACTOSIIETO BPEMEHH ellle HE AaHO
YAOBJIETBOPHTENILHOTO OODBACHEHHA IPHYHH, TOANEPKHBAIOIHMX 3TO
ABHXKEHHe.

Ypasnenne (50) man ypaBHeHus Dfisiepa IOKasLIBAalOT HaM, YTO
KOMIIOHEHTBl YIVIOBOH CKOPOCTH H, CJ/€IOBaTeNbHO, KOMIOHEHTHI MO-
MEHTa HMIyJbca (OTHOCHTEJBHO OCell, CBSI3aHHBIX C TEJIOM) He IO~
CTOSIHHBI, JaXie KOrja MOMeHT pabeH Hymo. Ho ecan MoMmenT orcyrer-
BYeT, TO BEJIHYMHA YIJIOBOH CKOPOCTH MOCTOSIHHA:

Ji+ Ji 4 J2=const. (B67)y

Hasi Toro utobe AoKasaTe 3Tor pesyabrar, paccMotrpuM (50) npu
N=0;

J=—oX]J. (58)
Orciona caenyer, uto
4 @hy=21.0=—21-(0 X )=0, (59)
Tak Kak o)XJ neprnenaukyaspuo x J. ITosromy
J.J=const=J2+ J24 J3, (60}

4YTO H Tpe6OBaJIOCb JOKas3arThb.

8.4. Mpeneccust cnuHa B NOCTOSSHHOM MArHHTHOM IoJe

Bynem HaspBaTh CIMHOM MOMEHT HMIYJ/bCAa YACTHIL OTHOCHTENbHO
ee 1enTpa Macc. Ilpeneccust BekTopa MOMEHTa HMIYJbCAa B MaTHHTHOM
NoJIe NPEACTaBJsieT Co00H HHTEPeCHYIO 3ajauy, HMEOIYI0 BaxKHoe
3HaAYeHHe JJIA aTOMHOH (PH3UKH, 115 QHSUKH TBEp-
JIOro TeJa, I XMMHH, OHONOTHH H TeOJIOTHH.

Crenaem 1Ba NPEATIOJNONKEHHS:

1. MarHHTHBIY MOMEHT | 3/1eMEHTaPHON YACTHLIB!
NPONOpUHOHAJIeH MOMEHTY HUMIOyJbca J:

pw=vl, (61)
rie Y — MOCTOSIHHAA BeJHYHHA, HasblBaeMas 2u-
pomazHumuoin omuoweruem. Iy ¢cso001HOrO 3J1€eK-

TPOHA
PO
V=,

2. MoMeHT, HCTHITBIBAeMBIH MATHUTHEIM MOMEH-
TOM B MartHuTHoM note, pased u)B. 2rtor pe-

3yJbTar 6y11eT BLIBEJICH BO BTOPOM TOME, OJHAKO -

XOpolIo H3BECTHO H3 OQIbITa, YTO MAarHHTHOE IoJie
lleﬁCTByET Ha MAar"HuT HJH Ha KOHTYP C TOKOM.

Puc. 8.33. Anajoruu~
Has 3ajfawa: MarHuT-
HbIE MOMeHT u=vyJ B
MariMTHOM 10Je, B
KOTOPOM MOMeHF N=
=W XB neprneHyuKyas-
pen Kk J. HacroTa npe-
ueccHh pasHa @=vB
H CHOBaZ He SaBHCHT
or 0.

B na6oparoproit cucreme oTcuera, HCXoAs M3 cooTHoweHus J=N,

Mbl IOJyYyaeM YpaBHEHHe

(62)
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Tenepr nonoxum B=Bz, Torna (62) MOXHO 3amucaTh B BHIe
Je=vJ,B, J,=—vIB, J,=0. (63)

Sty ypaBHeHHsi aHajoru4Hbl (54). Pemenue cucrembt (63) Mbl moayukm
B CJeayiomed ¢opume:

Jo=AsinQ¢t, J,=AcosQt, J,=const, (64)
rage A - noctosnHas BeJHYHHA H
Q =yB. (65)

Bennuvna 2 HaswiBaeTcsh 4acmomoti ceo600HOL npeyeccuu.

CuunoBolii pe3onanc. PaccMoTpuM Tenepb JBHXKEHHe CMHHA B Mar-
HHTHOM II0JIe, KOTODOe HMeeT NOCTOAHHYIO KOoMNoHenty B B Hampas-
JIeHHH OCH Z M HeGOJIbIIYIO NlepeMeHHYI0 KOMIIOHeHTy H, B HampaBse-
HHH OCH x 4acToTel ®. CymMa 3THX JABYX IoJefl 6yjier paBHa

B = H,sinot-x+ Bz. (66)

Tpu KommoHeHTs ypaBHeHHs jABH:Kenus (62) umeror Bup
J.=QJ,, J,=—Qi +v/ Hsinol, } (67)
J,=—J H sinot. :

HecmoTpst HAa TO, 4TO 9TH YpaBHEHHA MOTYT OBITb pelIeHB! TOYHO,
ya06HG paccMoTpeTh HpPI6JIH}KeHHO€‘ pewtenne aaa cayqan J,<ZJ,,
KOTZa CIMH 06pa3yeT MaJblil yroJ ¢ ocblo z. Toraa Mel MoxeM cquTats,

yro J,20, 1. e. J,=const. Pemenne s J, u J,, 3aBHCHMOCTb OT
BpemeHH KOTOPBIX Ta JKe, UTO U a9 Bbmy}xnaxomero "noas (66), umeet

BHJ
J,=Asinet, J,=Ccosaot, (68)

rie A u C — nocrosiueble BesnunHbl. CHHYCOHJaJbHAS M KOCHHYCOH-
JlasibHAs 3aBHCHMOCTH BHITEKAIOT H3 HAIIEro IIPEACTABJEHHS O TOM, YTO
J Bpamaercsa Bokpyr ocu z. [loxcraBnsas (68) B (67), mosyuaem

0A cos of = QC cos of —oC sin 0f =— QA sin ot -+ yJ H; sin wt. (69)

Orciona caenyer, 4To
0A=QC, —oC=-~—QA+vyJH;, < (70)
H, CJIENOBaTeNbHO,

yoJ
C=—"=H; N (4))

Y1, Hakonell, u3 (68) Haxoaum, 4TO
QJ .
Jx:a'g—_mHi sin of, Jy=Z)ZVTmJQ—2H1 cos wi. (72)

N3 atux ¢opmyn caenyeT, uTO pe3OHAHCHBIH MaKCHMyM HacTymaer
npu o=Q=yB, [3necb He paccMatpuBaiotcs GeCKOHeUHble H 0COObiG
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pellleHysi, MOJNyYalOUWlHecs NPH TOYHOM pelueHHH ypaBHenusi (67),
KOrJa He npeHeGperaior sejuunHoil J,.] Mul BUIUM, UTO NMpH JAefiCTBHH
nepeMeHHOr0 MarHHTHOTO NoJsA B HanpaBﬂexmn OCH X CHCTeMa pearH-
pyeT Kak B HanpaB/eHHH OCH X, TaK M B HalpPaBJIeHHH OCH Y.
$IBJIeHHS1 3JIEKTPOHHOTO H SIIEPHOI'O CIIHHOBOTO PE30HAHCA LIHPOKO
ucnonp3yiorcss B ¢usnke. Onno u3 Haubosiee BaXKHLIX NPHJIONKEHHI
B silepHOH (U3HKe COCTOUT B OlpejiesieHHH THPOMAarHUTHOIO OTHOILEHHUS
y=M/J nns pasnuuHblXx fuep. Ias sToro enmpefessiorT 4acToTy H Ha-
NPSKEHHOCTb MarHHTHOTO TOJIf, TIPH KOTOPHIX HaOJI0flaeTcs pesoHaHC.

B stom cnyyae
o =17y5. (73)

8.5. Hpoctoii rupockon

PaccMoTpuM JBHXKEHHe B TOJIE CHJIBI TSXKECTH CHMMETPHYHOTO
BOJIYKA, KOTOPHIA (B paccMarpuBaeMOM HaMH cJydae) BpallaeTcs
€ YIJIOBOM CKOPOCTBbIO ®, BOKPYI ropH3oHTaJbHOH ocH. Ocb Boayka
MOJKET IIOBOPAYHBATHCA BOKPYT HEKOTOPOH TOUKHM MNpPaKTHYECKH O6e3
TpeHudA. Cuja THAXKEeCTH CO3JaeT MOMEHT oOlpelesieHHOH BelHYuHbl N
OTHOCHTe/IbHO 3TOoH ToukH. Hanpassenne N mepneHiMKyJsipHO K OCH
BO/JYKa H K BePTHKaJbHOH OocH. B panbHelilieM MBI IIPHAEM K NOpasH-
TeJbHOMY BEIBOLY O TOM, 4TO BOJUYOK OyjeT YCTOHUMB B TOM cJyuae,
KOTJla ero och pacroJioena ropusonranbHo. Ham Hyxno naiitn yrao-
BYIO CKOPOCTh IIpelecCHH £, ¢ KOTOpOH OCb MENICHHO Bpallaercs
BOKPYT BePTHKaJbHOH OCH B TOPH30HTaJbHOH IIocKocTH. CrenaeM
ynpomamilee NpPeNloJoXKeHHe, YTO ®, IIOCTOAHHA H HE 3aBHCHT OT
YTJOBOH CKOPOCTH NpeleccHi. ITo BIOJHE pasyMHoe Npub/IHKeHHe
B TOM cJyyae, KOTZa BOJIYOK BpalmlaeTcss o4eHb GBICTPO M YacTora mpe-
HEeCCHH HeBeJsHKa.

Ilycte J paBHo [,0, B COOTBETCTBHH C HALUMM JONYILEHHEM Be-
nuunHa J nocrosHHa. MomeHT N pacnoJioxkeH B TOPH3OHTAIbHOH IJoC-
KOCTH ¥ NepHeHJUKYJApeH K ocu Bosuka. IlycTe, nanee, yroa ¢ usme-

pSIeT IIOBOPOT OCH BOJIYKA B TOPU30HTAJIbHOH nnockocTh. Torna N=N¢
H ypapHenue JpuxkeHns J=N Mbl Hanumem B Qopme

J=Ng. (74)

Eciy, Kak Mbl IpeanosnoXuny, BeauurHa J COXpaHAETCS NOCTORHHOH,
TO pelueHHe ypaBHeHHA (74) OymerT HMeThb BHA

J=Jop=JQq. (75)

3pech © — yryoBasi CKOpPOCTh NpeleccHH, ¢ KOTOPOH OCb BpalleHus
THPOCKONIa IOBOPAauyuBAeTCs OTHOCHTENbHO BePTHKAAbHOH ocH. Kom-
6unnpys (74) u (75), no.nyqaeM

N

Q__

) J - 130)3

CpoiiCTBO BpallaoIEerocs TBEPAOro Tesla MJH FHPOCKONA COXPaHATh

HallpaBJieHHe "OCH BpalleHHs OCOOEHHO HAIJIAAHO