Yacte 3
[TPUUNHHAA MEXAHWKA

NMPAYHHHAYA UJIU HECHMMETPHUYHAS
MEXAHHKA B JUHEHHOM NPUBJH)XEHUH

NPEAHCJIOBHE

B nocaennee BpeMsi B siiepHON ¢u3uKe ObIH OOHADYXKEHHI SB-
JieHHs, NOKa3bBalolllHe HepaBHOHeHHOCTb MHpa M ero 3€pKajbHOro
oTobpaxeHusa. K cCyIlecTBOBAHHIO 5TOH HECHMMETDHM aBTOD IIPH-
e yxKe HECKOJbKO JIeT Has3al, HCXONsd H3 aCTPOHOMHYECKHX
JaHHBX. ACTpOHOMHYECKHE HaHHBle yKa3LBAIOT Ha TO, YTO ymoMs-
HyTass HecHMMeTpHs Mupa cymecrByer 6Jarojapsi HeCHMMeTpHU-
HOCTH BpPEMEHH, T. e. 6Jarofaps o6’beKTHBHOMY OTJIHUHIO GyAyILero
OT mpouwejuiero. DTHM CBOHCTBOM BpeMeHH, KOTOpOe MOKeT OHTh
Ha3BaHO HaNpAaBJEHHOCTHIO HJIH XOJOM, YCTaHABJAHBAeTCs OT/JAHUYHE
npuuuH OT ciaeacTBHi. [To3TOMY MeXaHHKY, B KOTOPOH yuYHThIBaeTCs
XOZ BPEMEHH, €CTeCTBEHHO Ha3BAaTb HECHMMETDHYHOH WM NMPHYHH-
HON -MeXaHHKOH.

Bce sBienusi NPUPOAB! NpOTEKalOT BO BpeMeHH. [loatomy He-
BO3MOXHO NpEeACTaBUTh cefe OTpacab HaykH, H3ydawowmed Mup,
B KOTOPOH CBOMCTBAa BpeMeHH He Hrpajqu On poad. Ecau xon spe-
MeHH JeHCTBHTEJBHO CO3/JaeT HepaBHOUEHHOCTL MHpa H ero 3ep-
KaJbHOTO OTOGpaXKeHHs, TO ABJIEHHS aCHMMETPHH B GHOJIOTMH H
B MHKPOMHpE AOJIKHH HMeThb TOXKe O0bsiCHEHHe HalpapBJeHHOCTHIO
Bpemenu. TpyAHO TOBOPHTh O NPHUHHHBEIX CBSI3fX, CYINECTBYIOMIHX
B MHKpOMMpe. BMecTe ¢ TéM TOJIBKO C HOMOILbIO NMPOCTHIX ONBITOB,
JONYCKAMOIHX HarJIsAHOe NpeACTaBJeHHE, MOXKHO IO-HACTOsIEMY
MOBSTh CyIHOCTh BpeMeHH. [ToaTomy Ham npencrasisercs, 4To ¢H-
3HYeCcKOe H3yuYeHHe CBOMCTB BPeMEHH H IPHYHHHOCTH CJaeAyeT Ha-
4aTh C ONBITOB 3JEMEHTAPHOH MeXaHHKH.

Koswpen H. A. [lpuuunnas uiu HeCEMMETPHUHAS MEXAHHKA B JHHEAHOM
npubauxenuu. [lynxoso, 1958. 90 c.
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IJTABA I
ACTPOOPU3HYECKOE BBEJEHHE

B nacrosiiiee BpeMsi B acTpodH3HKe PeiKO yaaercs XaBaTb 6e3-
YCJIOBHO IpaBHJBbHBIE 00DbsicHeHHA HAO0/MI0JaeMbIM SIBJIEHHSM 3BE3X-
HOro Mupa. 370 OTHOCUTCA He TOJBKO K YacTHHIM H CJHOXHHIM
ABJICHUAM, HO H K SBJIEHHSAM NPHHUHIHAABHBEIM, OOJbIIOH 061 Ho-
CTH, C NPOCTHIMH 3aKOHOMEPHOCTSIMH. YTOUHeHHe ¢usHueckux 06-
CTOAITE/IbCTB H MpHUMeHeHHe Oojiee COBEPIIEHHOTO MATEMaTHYECKOTO
annapara He MOMOTAIOT TEOPETHKY M He INPHHOCSAT €My paLoCTHOro
YyBCTBa IPABH/JBLHO pelteHHOH 3ajgauu. M3 scero aroro mopa clhe-
JaTh BHIBOJ, UTO AJsi PelleHHsi aCcTPOHOMHYeCKHX NpobreM y Hac
He xBaTaer 3HaHuii. OueBMgHO, B Mupe cylIecTByeT HEKOTODPHIA
rayGOKHA NPHHIMI, He OTKPHITHH ellle COBPEMEHHBIM eCTeCTBO3Ha-
HUEM. DTOT NPUHIHI eIBa JH MOXKHO NPHAyMaTh, HO €ro CJaeLyer
HCKaTh MHIYKTHBHBIM TNyTeM, pellas TeopeTHYeckH ofpaTHble 3a-
nauu. IIpu TaKOM MCCJEAOBAHHU MH JOJKHB He O0XOAUTH TPYAHHE
IJIsi TEODUH BOIPOCH], a, HA06OPOT, COCPEAOTOYHBATH Ha HHX CBOE
BHHMaHHe.

[MpuMensia GpH3HYECKHE 3aKOHBI /st 06bACHEHHS SABJEHUH 3Be31-
Horo Mupa, Mbl HeusGexHO pacmpocTpaHseM Ha BcesenHylo u Bce
cJleICTBUS BTOPOTO Hauajia TepMoJMHaMHKH. Bo Bcenennoi xe Her
HUKAKHX [PH3HAKOB JerpajaiHH, KOTOpas BLITEKaeT H3 BTOPOro
Hayasa. Mup cBepkaer HeHcyeplaeMbiM pa3HOOOpasueM, MBI HE
HAaXOAHM B HeM M CJEAOB NPHOJHKEHUS TENJOBOH H PaJHOaKTHB-
goit cmepru. [Jo-BHAHMOMY, 37ech M 3aKJAK0YaeTcs ' OCHOBHOE mpo-
THBOpeuHe — NPOTHBOPeYHe OYeHb INIyO6OKOe, KOTOPOe Helb3s yCT-
PaHATb CCHJIKaMi Ha GeCKOHeyHoCTh Bcesennoi. [leno B ToM, 4TO
He TOJbKO OTJeJbHble aCTPOEOMHYecKHe 00BeKTH, HO Xaxe LeJbe
CHCTEMBl B TA4KOH CTeNeHH H30JHPOBAHH APYr OT JApyra, 4To HX
MOJKHO DacCMATPHBATb KaK CHCTeMb 3aMKHyThle. [l HHX TemJo-
Basi cMepTb ROJKHA 3aMeTHO NPHOJH3MTBLCS Mpexie, 4eM YCheer
NpPHATH NOMOMb cO CTOPOHH. Takue AerpanHpoBaHHbIE COCTOAHHA
CHCTEM JOJNXKHB OBl GBITh NpEeHMYILleCTBEHHBIMH, a BMeCTe C TE€M
oHM moytH He3zaMeTHH. OcraBasicb B paMkKax OOBIYHHX 33KOHOB
MeXaHUKH H (QM3HKH, OCTaeTcs CYMTaTh, 4To HabjiojaeMas KapTH-
Ha Mupa ABasieTcs Cle[ICTBHEM WJIH OJHOH OOUIHDHOH, oXBaTHBLIeR
HeKorga Beck Mup KaTtacTpodul, HJIH CAEACTBHEM MeEJKHX, NMOCTO-
SHHO NPOHMCXOAAINUX KaTacTpod, obHoBasAMmUX Mup.

TakoB Kpyr Hief KOCMOTOHMYECKHMX H 3BOJIONHOHHHX IOCTPOE-
HHIl acTPOHOMHH, HauuMHas oT HeioToHa — BIJIOTH A0 HAIIHX IHeH,
XOTSl JOTHUECKH 3TH KaracTpodbl cjaefyeT CuHTaTh OecnpHiHH-
HBIMH, TaK KdK OHH IPOHCXOAST BONPEKH 3aKOHAM NPHPOMHL.

HurepecHO CXOACTBO 3THX HAEH C BO33PeHHAMH TCE0JIOroB
TPOLLIOTO CTOJETHs, A0 Jlsilensi, Ha HCTOPHIO XKH3HH 3emau. Tak,
KioBre u Jleomonbxy ¢on Byx cuutany, 4To pasBHTHe 3eMJIH Npo-
HCXOAWJIO B pe3yJibTaTe FPaHAMO3HLIX NOTPsSCEHHH, TaK Ha3HBAEMBIX
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KaTakJH3MOB, KOTOphHe BpeMeHaMH OGHOBAAAH 3eMaio. Hune
TeoJIOTHsl ONHpaercss Ha . YPe3BhIYAHHO IJIOZOTBODHHE MPHHLHKI
aKTyaJ/inaMma, pasBuThid M o6ocHOBaHHH Jlsitenaem B 1830 r. Eme
B 1802 r. sror npurnun 6eu1 cdopmyauposan Jlamapkom: «Hcro-
pHIO 3eMJH MOXHO OOGDBSCHHTb, HCXOAS TOJBKO H3 OOBIUHBIX CHJI
NPHPOAH, MOCTOSIHHO AEHCTBYIOIIHX B HacrtosimeM». Hayumas mno-
CNeA0BATENbHOCTD H CTPOHHOCTb TAKOH CHCTEMBI B3LJSA0B COBEp-
IIeHHO oYeBHiHA. JKesasi 6BITL CTOJb XKe NOCAeJOBATeNbHLIM H DK
OObSICHEHHUH Pa3BUTHA 3Be3AHOrQ Mupa, MH JOMXKHH MPH3HATH,
YTO B NPHPOAE CYLIECTBYIOT NOCTOSHHO AeHCTBYMOIIHe IIpHuUHHH,
NPensTCTBYIOIHe BO3PACTaHUIO SHTPOIMMUH.

IIpo6Giiema npeonosieHust Tema0BOH cMmepTH Mupa TecHeAIIHM
o06pa3om cBs3aHa ¢ npobaeMoil npoucxoxaeHus cBedenuii CosHila
¥ 38e3l. [eno B TOM, YTO HM3MEHEHHS BTOPOro Hauasla eiBa JH
BO3MOXHB IIpH COXpaHEHUM NepBOro Hayaja TepMoanHamukH. [To-
3TOMY MOXHO AyMaTbh, YTO, DeIIHB 33afauy O NPHPOLE 3BE3THOMR
3HEDPrHH, Mbl HaHAeM KJIOY K [NOHHMAaHHIO BaxKHEHUIHX SBJEHHH
3Be3gHOro Mupa. B 3Besjax NIpPOHCXOAST CHJIbHBIE HeperyJispHbe
npoueccH, HO OOM(He XapaKTePHCTHKH 3Be3l, KaK, HalpuUMep, pa-
AHyC, Macca, CBeTHMOCTb, CTeleHb CXKATHS OT BpAllleHHS H T. I.,
HOJIXKHBI JaBaTh COOTHOLIGHHS, 3aBUCSIIIHE TOJLKO OT rJiaBHeHNIHX
npHyuH. T103TOMYy MOXHO pacCUHTHIBaTh, YTO B TEOPHH CTPOCHHS
3Be3] ¢ ycnexoM OymeT pemiaThCsi ciemyiomas obpaTHas 3ajaua:
10 HaOJMIOAEHHBIM OOIIHM XapaKTePHCTHKAM TPeGyercss BHIUHCAHTL
(H3HYECKHe YCJIOBHS BHYTDH 3Be3Jl H YCTaHOBHTb (pU3HUeCKHe 06-
CTOATENbCTBA, NPH KOTOPDHX OYAYT BHIIOJHATBCA COOTHOMIEHHSA,
HadeHHble HabuaonaTeJbHOH acTpodusukol. B 37olt 3agave Hewus-
BECTHHX OuYeHb MHoro. IlostoMy, HecMOTpPS Ha LOCTATOYHOCTH
Ha6J/I0laeMbIX COOTHOLIEHHH, HeJIb3sl M MBITAThCS PElaTh ee CTPO-
ro MaTeMaTHYECKH.

B nepBofi uacTH 3TOro HCCJAENOBaHHS, HAYaTOro HaMH ellle
B 1937 r., 6b1t paspaboTaH MeTOR, O3BOJNHBIIHE GHICTPO H 63 JIHIL-
Hefl TOYHOCTH ONpelesiTh HabaoAaeMble XapaKTePHCTHKH NIPH pas-
HOOGpasHEIX NPEANOJIOXEeHHsX 06 YCJIOBHAX BHYTpH 3Be3n [l].
B pesyabrate nosyumsiach BO3MOXKHOCTb Pa3o6paTbCa B TOM, HPH
KaKHX YCJOBHSIX BHYTPH 3Be€3J MOTYT IOJYYHTbCS XapaKTepHefilrne
0coOeHHOCTH HabaofaeMblx cooTHoleHHH. Pesyabrarhl 3TOro aHa-
Jli3a NMPHBEJEHHl BO BTOPOH udacTH pabothl [2]. 3xeck MH yKaxeM
TOJbKO OOIMHH XO4 pacCyXAeHMH H NpHBeleM TIJaBHellIHe BH-
BOJBL.

B nacrosimee BpeMst M3 HAaOJIOJCHHH H3BECTHH Macch, paauy-
Chl U CBETHMOCTH (pacxoi 3HepPrHH B €LHHHIy BpeMeHH) AJs 3Ha-
YHTEJBHOTO uyHcja 3Be3A. JHAs MacCy M pafHyc, ME MOXKEM ompe-
JIleJIMTh HE TOJbKO IJIOTHOCTb 3B€3Jbl, HO H CPEIHIOI0 I'PaBHTALHOH-
Hylo sHepruio. CiegoBarenbHO, AJsI Fa30BOro luapa, Mo TeopeMe
BHpHAJa, MOXKeT OBITb ONpejleleHa H KHHETHYECKasi SHEPrH#, T. e.
TeMnepartypa BHYTPH 3Be3nbl. CBETHMOCTb TAKOI'O HarpeToro raso-
BOro Iapa GyZeT 3aBHCETb OT TeMIEPaTypH H OT YCJAOBHH TemJo-
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nepefayu, KOTOPble B CBOIO OYepeAb ONMPeAeaslOTCs TeMIepaTypoH
u nJaoTHoCcThi0. TakuM o6pa3oM, U CBETHMOCTb 3BE3[bl HJAU CPefHsAS
TOTepsi SHePTUH eJUMHHUEeH Macchl MOI'YT OBTb BHLIYHCJEHH B 3aBH-
CHMOCTH OT MacChl H paauyca. Boo6pa3nM KOODAHHATHY:O CHCTEMY,
B KOTOpOH OCSIMH CJYKAaT: INIOTHOCTb, TEMIIEPAaTypa H pacxoj 3Hep-
THH eJuHHUEH Macchl. Mbl BHAETH, UTO KaxKAasi H3 3TUX NepeMeH-
HBIX 3aBHCHT OT ABYX NapaMeTpoB: Maccel H paauyca. [loaromy
B YKa3aHHOM NPOCTPAHCTBE 3Be3Jbl JOJKHBI PacloyaraTbCs Ha He-
KOTOPOH NMOBepXHOCTH. Tepsis 3Hepruio, 3pesga OyleT OX/naxAaTbCA
H CKHMAaTbCs, OCTABasichb Ha 3TOi noBepxHOCTH. CpPOK XKH3HH TaKoH
3Be3/[bl, BbiyHcaeHHbIH [enbmrosbuem u KeabBHHOM, [oJyuaercs
CJIHWKOM KopoTKuM: AJsa CoJHIa OKOJO TPHALATH MHJJIHOHOB JeT.
B neiicrBurenbHocTi ke CosHIE, IO JOCTOBEPHBIM T€OJOTHYECKHM
JaHHBIM, HMeeT 3Ha4uTeJbHO Gosblipi BospacT. OGBHIYHO OTCIOAA
3aKJI04aloT, YTO BHYTPH 3Be3] €CTh ClelHaJibHble HCTOYHHKH 3Hep-
THH HanoAo0He aKKyMYJATOPOB, NOCTeNeHHas pa3psAka KOTOPHIX
obecneyuBaer AJHTENbHOCTb XKH3HH 3Be3/. DTH HCTOUHHKH AOJKHH
BH/e/JSITb 3HEPTHIO N0 HEKOTOPOMY 3aKOHY B 3aBHCHMOCTH OT (H-
3HYECKHX YCJOBHH BHYTPH 3Be3Abl. TakuM 06pa3oM, AaHHOMY THIY
HCTOYHHUKOB 3Hepru# OyAeT B DACCMOTPEHHOM HaMH NPOCTPAHCTBE
¢$u3ryecKux YCJOBHH COOTBETCTBOBATbL HEKOTOpas onpeleseHHas
IOBepPXHOCTb. [IpH TeNnJOBOM DaBHOBECHH 3TO KOJHYECTBO 3IHEPTHH
AOJIXKHO PaBHSITbCS BhHIYHCIEHHOMY HaMmH Bhille pacxody. Cuaenosa-
TeJIbHO, 3Be3[bl MOL'YT pacliosiaraThCAd TOJIBKO N0 KPHBOH mepece-
YyeHHs ABYX NOCTPOEHHBIX MOBepXHOCTeH. B AeHCTBHTE/NBHOCTH Xe
3Be3]Bl PAaclojaraloTcs B 5TOM NPOCTPAHCTBE He HA KPHBOH H He
8 o6beMe, 4TO GblIO OBl NPH GOJBUIMX HETOYHOCTSX HaOJIIOJeHHH,
a Ha noBepxHOCTH. BMecre c TeM TeoperHueckas KpHBas Iepece-
yeHHs MOBePXHOCTeH JoJKHa OHTH BhHIpaXkeHa OueHb pe3ko. [lei-
CTBHTEJNBHO, PAcXO] 3HEPTHH ‘yMeHbIUaeTcs ¢ yBeJHUEHHeM ILJIOT-
HocTH, 00pa3oBaHHE >Xe SHepruH, BooOUle ToBOPs, YBENHYHBAETCH
¢ MmJIOoTHOCTHIO. TakuM o0Opas3oM, 3TH NOBEPXHOCTH AOJXKHEI [epe-
ceKaThCsi BecbMa KpyTto. Ocraercs 3aKJIOUHTh, UTO HNPEANOJNOKEHHE
O CyIIecTBOBAHHH BHYTDH 3B€3] HCTOYHHKOB IHEPIrHH, HE3ABHCHMBIX
OT HpOLECcCca OXJaXACHHS, AEHCTBUTENbHOCTH He COOTBETCTBYET.
BHyTpHr 3Be3i HeT chenuaJbHEIX HCTOUYHHKOB SHEPTHH, H 3BE3JAB
BBIAEJSIOT 3HEPTHIO MO THNY MexaHuaMa [enbmrosbia — KeiabBrHa
[IOCTeNEeHHOr0 OXJAXKAEHHA M CXKaTHs. TakK KaK BO3pacT 3Be3] 3Ha-
yuTebHO OOoJblle BPEMEHU OXJaXKAEHHsA, MBI JOJIKHBl IPH3HATH,
yTO, Tepsis 3HEPTHIO M CXKHMasACh, 3Be3/la BHI3BIBAGT HEKOTOPHIE
TIPOLECCH], KOMIEHCHpYIOIIHe 3Ty notepro >Hepruu. Ilpuxoaurcs
3aKJI0YHTh, YTO 3Be3la NpeACTaB/asieT co6ofl MallMHY, BHpabaTh-
BapIylo 3Hepruio. OfHAKO 3TOT MeXaHusM paborTaer He MpPU BCEX
obcToATeNbCTBAX.

1) B paccMoTpeHHOM HaMH Bbille NPOCTPAHCTBE (HU3HYECKHX
YCAOBUH CyIIECTBYeT cjelylolliee OCHOBHOE HalpaBJjeHue, BOMH3H
KOTOpPOro BO3MOXKHa pabora MeXxaHH3Ma 3HEPrHH B TIpoMaiHOM
AMana3oHe COCTOAHHA (OT KpPACHBIX CBEepPXTHraHTOB — 10 Oennx
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B
KapJIHKOB): —'T=const, rie B — NJIOTHOCTb JIYYHCTON SHEPTHH U 11—

YHCJIO YacTHIL B cMS.
Ecan Bxoasimyio cloja MOCTOAHHYIO, HMEIOIYI0 pPa3MEpPHOCTH

2
3HepruM, NpeACTaBJfATb B BHAE m.C2, I'e M,— Macca 3JeKTPOHa,
a ¢, HEKOTOpasi CKOPOCTb, TO AJISI Cp NMOJydaeTcs 3HaueHHe MOpsiKa
400 xM/c:

Bln = m.ch, co=1400 Km/c =< &*/h. (1)

HMHpIME cnoBaMH, OTHOLieHHe B K n JONXKHO O6HITh NOPSAKZ
3HEPTHH HOHH3allHH aTOMOB.

2) Ha nocanenoBateapHoctd (1), korpa cpeiHHe pacCTOSHHS
MeXJy YacTHLaMH OKa3hBaIOTCH NOPSAKA aTOMHBIX pa3MepoB, NO-
Jydaercsi TOuKa (cmekTpaJbHHN THI F4), 0k0M0 KOTOpOI rpynnu-
pyercsi GOJBMIMHCTBO 3Be3j (rJaBHasi NOCJeLOBATENBHOCTH — CYy6-
THraHTH, CyOkKapJauke). B miockoctH B W n rpynnupoBKa 3Be3l
noayvyaercsi noutH kpyroBo#. IlosoxeHue HeHTpa MOXKHO ompefe-
Jurthb, nobasasa K (1) ycaosue

o=y, (2)

Tje vUp — CKOPOCTb NPOTOHOB, COAEPKAHHE KOTOPHX B 3Be3Jax 3Ha-
YHTEJBHO MPEBOCXOAUT COAepKaHHe slep ADYTrHX 3JIeMeHTOB.

3) Bennle kapsauku u Goablive miadersl [3] mpexcTaBasior co-
6ot Tena, BHYTPH KOTOPbIX MaTepHA HAaXOLHTCH Ha IpaHHLE BH-
POXKAEHHOTO COCTOSHHA. B 3THX Tenax nojjep:KHBaeTcd TeMIiepa-
Typa, NPensiTCTBYIOIAas BHPOXKACHHIO.

C TOYKH 3peHHs TeOPHHM CTPOEHMs 3Be3] INOoJydYeHHHle BHBOIR
OYeHb CTPAHHHB U HeoXuAaHHH. Ho oHH nmoATBepKAalOT HAII OCHOB-
HOW Te3uc, yTo B MHpe HenpepulBHO AeHCTBYIOT NPHYHHH, MeELIAN0-
IiHe [epexody B PaBHOBeCHOe COCTOsiHHe. Telepb MOXHO CKa3aTh,
YTO 3TO IIOJIOKEHHEe DAacNpOCTPaHsieTCsl Ha OT/AelbHble acTPOHOMH-
yeckdHe Tena. [eosoraM y»e CPaBHHTENBHO HAaBHO CTAJO SICHBEIM,
YTO XKH3Hb 3€MJH HAET B HeNpephiBHOH 6opble CxKaTHA ¢ pacliH-
peHHsiMH. dta Oopnba NPHUBOAHT K IHKJIHYHOCTH OpOreHesa, yepe-
AVIOIIerocsi ¢ 3M0XaMH CDABHHTEJbHOTO TEKTOHHYECKOTO IOKOf,
KOrjla HayuHaloT npeobsazate oO6bYHble CHAB cxartusf. das o6b-
SICHEHHSI TPeWlMH u JPYrHux ocobeHHOCTeH JyHHOro penbeda (Ha-
npuMep, 3HaMEHHTOH AOJAHHB B AJbIax) Mbl JOJIKHBEl IIPH3HATb,
4TO Jaxe Takoe Majoe Teno, Kak JIyHa, 6blJI0 HEOJHOKPAaTHO NOX-
BepKeHo npeobiagawolieMy AeACTBHIO 3THX HEHOHSITHBIX MPHYHH,
NpUBOAMBLIHX K ero BpeMeHHOMY pacurupenuioo [4]. Ilopasurenbuo
TaKXe CXOACTBO 3THX INPOLECCOB C UHKJIHYECKHMH H3MEHEeHHSIMH
psAzna nepeMeHHbIX 3Be3l. Takum o6pa3oM, HAlH obiue coobpaxe-
HUSi O CYLIECTBOBAHHH IIPHYHMH, NPENSITCTBYIOUIHX jJerpaialHHi
Mupa, noayyuny 3ameuaresbHoe NoArBepxiaeHHe. Kpome toro, Mut
y6enuauch, 4T0 B OTAEJbHBIX ACTPOHOMHYECKHX Telax CONPOTHB-
JIeHHe K TepeXOofy B DaBHOBECHOE COCTOSIHHE OCYLIECTBJSETCS BH-
neaeHHeM 3Heprud. TakuM o6pasoM, ciejaH CAeAYIOIIHA BaXHHH
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1jar: HempaBUJIbHOCTb CJEICTBHH BTOPOTO Hayaja CBsizaHa C He-
TOYHOH (OPMYJIUPOBKOH MepBOro Hayaja TEPMOAHHAMHKH.

Has monyyeHHs AasbHeANIMX KOHKDETHBIX 3aKJIIOUEHHHE ecre-
CTBEHHO O0pDaTHTbCS K PACCMOTPEHHIO NEPEYHCIEHHBIX BHIlle yCJ0-
BHH, NPH KOTOPHIX IIPOHCXOAHT BhlIeJeHHe 3HEPTHH B 3Be3aax.
Oco6eHHO XxapaKTepHO NEpBOe, raBHOE COOTHOLIEHHe., JTO COOTHO-
LleHHe OYeHb MPOCTOE, YTO H AOJKHO OBITh JJIs PABHOBECHBIX NPO-
ueccoB. Hanpumep, BblieleHHe Temsa 3amepsaiollell BOAOH oNpe-
nensiercs npocthiM yeaoBueM: T=0 °C. KoawuuectBo BHeJsieMOR
IpH 3TOM 3HEPTHU 3aBHCHUT OT 00Jiee CJOXKHBIX 00CTOSTENBCTB Tell-
JoNepejayn: TOJNIHHB Jbla H TeMNEPAaTyphl Hapy:KHOro BO3AyXa.
BepositHo, coorHowernHe (1) BEIpaxaer yc/JoBHE PaBHOBECHOIO
B3aMMOJEHCTBHSl MaTePHH H JIYYHCTOH 3HEPTHH, NPH KOTOPOM pOJib
KBaHTa Hrpaer CpeiHee KOJHUECTBO JYUHCTOH 3IHEPTHU, TPUXOAS-
Imeficd Ha OAHY YacTHIy; CKOPOCTb e CBeTa C; 3aMeHeHa HeKO-
TOPO#l JAPYrofi CKOpPocThbio €y, COBEpIIeHHO OYeBHAHO, YTO 3TO COOT-
HOLIEHHe He MOXKeT ObITh 06bsCHEHO OOBIYHOH 3JIEKTPOIHHAMHKON
H aTOMHOH (pH3HKOH.

Haiue BTOpoe yciioBHe He CBA3aHO HENOCPEACTBEHHO C JYYHCTOM
SHEPTHeH, HO TAKXKe COAEPKHUT CKOPOCTh Cy. B3auMojeficTBHE 3THX
ycaoBuil BecbMa cBoeofpasHo. 3Be3ibl [VIaBHOH I10CJI€10BATENbHO-
ctH Gojlee paHHero tHma, 4yem Fy, o6pasyior ¢ coorHoweHHem (1)
OJHY BeTBb. 3Be3/bl HoJiee NMO3LHEr0 THIA — BTOPYIO BETBb, HAYILYIO
B IIPOTHBOIOJIOXKHYIO CTOPOHY, K ycaoBuio (3). OnucaHue 3Tux me-
pexonoB Tpebyer JorapuMHYECKHX COOTHOIIEHHH MexXiy (usnde-
CKHMH BeJnuuHamH. Bce 3TH o6crosiTenbcTBA He MOTYT OBITH CJIy-
4a#HBEIMH NIOTOMY, YTO B HHX OLIyIlaercsi HeKoropoe enHHCTBO. On-
HaKO, HECMOTpPs] Ha MHOTOJIETHHE IOMBITKH, HAM He yAaJsioch HaHTH
10T OOBeauHAOWHMA npuHuun. Mccaeayemele pesyabTaThl ABJA-
I0TCSl, BUAHMO, €Ille CJHIIKOM CJOXKHBLIMH CJIEJCTBHAMH HEKOTODOH
npocrof npuyuHe. CyTh Jesa n0JxKHA ObITh HENOCPEACTBEHHO CBf-
3aHa C IVIaBHEHIHM BBIBOJOM, COTJIACHO KOTOPOMY 3B€3/1a ABJAETCH
MAaIIHHOH, NIPOH3BOAALLEH HEPTHIO.

Xapakrep ycaoBu#l 1), 2) u 3) nokaswlBaeT, YTO SHEPrHsi B 3BE3-
Jax MoJiy4aercsi B pe3yJabTaTe HEKOTOPBIX 3JeKTPOAHHAMHYECKHX
npoueccoB. OHAaKO NpPHHIMM, COMVIACKO KOTOPOMY 3aMKHyTds CH-
cTeMa MOXKeT NPOH3BOAMTH JHEPTHIO, NOJMXKeH OBTb HAaCTOJBKO IVIY-
60KHUM, 4TOGH 3aKJIIOYATbCA H B IPOCTHX 3akoHax MexaHHukH. [lo-
3TOMY B INepBYyI0 oyepelb AOJ/DKHBL OHITb IOCTaBJEHH Celylolliue
BOONpPOCHI: KaKHM o00pa3oM 3aMKHyTad MeXaHHuUecKas cHcTeMa
MOXKEeT NPOHM3BOANTbL JHEpPrHI0 M OTKyAa Oyaer moayuyaThCsi 3Ta H3-
O6BITOYHAS SHEPTHS.

Jns npocrorel 6ydeM CYHTATh, YTO YACTHIBl 3aMKHYTOH CH-
CTeMbl ONHCHBAIOT M 3aMKHYThle TpaekTopHH. Bce meHcTBylOUINE Ha
YACTHILI CHJB NPHBOJAAT K 3aKOHY coxpaHeHHsl sHepruH. Ilostomy
MOXHO CYHTATb, YTO OHH YUTEHBl, H paccMaTPUBAaTh ABHXKEHHA ya-
CTHI NPOMCXOMSANIHM B OOBHIYHOM €BKJKHZOBOM mpoctpaHcrse. Hs
PABHOIIEHHOCTH BCeX TOYEK NDOCTPAHCTBa CJEAYeT, YTO pasyinyue

237



TPAaGKTOPHA HE MOXeT NPHBECTH K PpAasJHYHIO MeXaHHYECKHX
ceodcTB yactHU. CieoBaTesbHO, HAM JOCTATOYHO PaccMaTPHBATh
JIIOOble OAMHAKOBHlE TPAaeKTODHH, HANpHMep, OKPYXHOCTH. [Ipu
3TOM BO3MOXHH JBHXXEHHS B JIBYX [POTHBONOJIOXKHHIX HalpasJe-
HHUSIX, KOTOpHIE ONpelesNHM MO OTHOLIEHHI0 K HEKOTOPOMY MeXaHH-
1€CKOMY ODHCHTHDY, HalpHUMeEp Cujie, AeHCTBYIOUled O OCH OKpyX-
Hocry. [loayueHHble nBa KOMIIEKCa He MOTYT GHTb COBMeLIEHHI
NOBOPOTOM KOODAMHATHEIX ocedl. [as storo Heo6xoauma mepemeHa
3HaKa BPEMEHH HJIH 3epKaJsibHOoe 0TOOpaXKeHue,

Ecan 3akonbl MCTHHHOM MeXaHHKHM HEeCHMMETDHYHB! NO OTHOLIE-
HUIO K yKa3aHHbIM NPeo6pa30oBaHUAM, TO OOJNKHBI OHITh PasJauHy-
HHMH M MeXaHHYeCKHe CBOHCTBa HalHX ABYX KOMIIeKcoB., Tak
KaK KHHETHYeCKasi 3HEPrHs He MOXKeT 3aBHCeTb OT HalpaBJeHHS
BpAIeHH#H, TO JOKHBE OBITh PA3NUYHBIMH TOJMbKO NOTEHIHANbHBIE
SHEPTHH 3THX KOMINJeKCOB. [lostomy nonsasi aHeprus He coxpass-
€TCA M JIOJKEH O0Ka3aTbCsl MPHHIHMIHAJIbHO BO3MOXKHEIM [BUTATeNb,
TIPOH3BOAAIIHH SHEPTHIO.

HecummerpuynocTh 3aKOHOB MeXaHHXKM NO OTHOUIEHHIO K 3ep-
KaJbHBIM OTOGPaXKEeHHSM MOXKeT HMETb HeNOCPEeLCTBEHHYIO acTpo-
HOMHYECKyI0 NpoBepKy. [leficTBUTeNbHO, MOJMylIapus NJaHeT, pas-
Jle/leHHble NJIOCKOCTBIO 3KBATOpa, SBJSIOTCS KOMIJIEKCaMH, HMe-
MY pa3jiiuHble BpalleHHUs] MO OTHOUIEHHIO K CHJe TSKeCTH. Ecnu
3TH MNOJYIIAPHS, HMEIOT Da3JHyYHble MeXaHHYeCKHe CBOHCTBA, TO
($HTYpHl IJaHET KOJKHBI OKa3aTbCsi HECHMMETPHUYHBIMH 110 OTHO-
LIEHHIO K IUIOCKOCTH 3KBatopa. Hamm usmepenus ¢uryp IOnurepa
u CarypHa, conocrap/eHHEIe C FeOLe3HIECKHMH I2HHEMH O (GHType
3eMay, neHCTBHTENBHO NMOKA3aJd ACHMMETPHIO: y BCeX IIaHET K-
HOe noaymapue oxasasaoch Gosiee BHITSHYTHIM, yeM ceBepHoe [5].
STOT Pe3ysIbTaT IPAMO HPOTHBOPEUHT 3AKOHAM OGBIYHON MeXaHHKH
4 yKasblBaeT Ha ee HECHMMETPHYHOCTb.

HecuMMeTpHYHOCTh 33KOHOB MeXaHHKH MOMKET O3HAYATh TOJbLKO
O[HO, 4TO BpeMsi 00JiajlaeT HEKOTOPbIM HECHMMETPHYHEIM CBOH-
CTBOM, CBA32aHHBIM C HEPABHOUEHHOCTbIO peaspHOoro Mupa u ero
3epKaNbHOro - 0T00pakeHusi. JTo CBOHCTBO BPEMEHM MOXKET OhITh
Ha3BAHO HANpPaBJEHHOCTbIO HJIH XOAOM. Temepb MOMHO CKa3aTh,
YTO 13 acTPOPU3HYECKHX AAHHBIX CJEAyeT CYLIECTBOBAHME HANpaB-
JIEHHOCTH BpeMeHH. B cu/ay 3TOf HanpaBieHHOCTH BpeMs MOXeT
coBeplIaTh paboTy K NPOU3BOAUTHL 3Hepruw. Mrak, 3sesga sBas-
€TCs TOJIBKO Kaxyulumcst perpetuum mobile: 3Be3za uepnaer sHep-
THIO H3 XOJla BPeMeHH.

[Jo-BuaHMOMY, B 3Be3/lax NPOUCXOAHT KOMIEHCAUHS HE TOJbKO
NOTePH SHEPrHH, HO NPH HM3BECTHBHIX OOCTOSITEJbCTBAX M IIOTEPH
MOMeHTa BpauleHusa. OCHOBaHMEM K TaKOMYy B3aKJIOYEHHIO MOXKeT
CayxHuTh Hal/lofaeMast B psifie CJay4aeB HeCMHXPOHHOCTH op6u-
TaJbHBIX H OCEBHIX BDALIEHHH TECHBIX CHEKTPaJibHO-IBOHHBIX 3Be3J.
CHHXpOHM3AIHA Ke 3THX BpALIEHHH AOJXKHA HACTyNaTh B CpaB-
HHTE/bHO KOPOTKHE CDOKH H3-32 NPHJIHUBHBIX CHJ NMPH HeusbexxHoi
TypOysentHocTd. Takum o6pa3om, BecbMa BEPOSITHO, UTO XOZA Bpe-
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MEHH MOXET He TOJbKO YBeJHUHBATb JHEPrHIO CHCTEMBbI, HO YBeJH-
YHBaTb M €e MOMEHT.

Yro coboit mpeicraBasieT BpeMs, A0 CHX NOp elle HE& H3BECTHO.
B ¢wusuke mo 3TOMY BONpOCY CYLIECTBYIOT CMyTHble cOQOpaikeHus,
TOr4a Kak B CHJY BaXHOCTH BONpoca cJefoBaso Gbl HMeTb Hamu-
CaHHBIMU O BpeMeHM Lefble ToMa. PU3MK yMeeT H3MePATh TOJNBKO
NPOAOJKHTEJNbHOCTb BPEMEHH, IM03TOMY AJiA Hero BpeMs — HOHS-
THEe COBepLIeHHO naccuBHOe. Teneps MBI NPHIIM K 3aKJIOYEHHIO,
YTO BpemMs HMEEeT W APYrue, akTHBHBIE, CBoHcTBa. Bpema sBisercs
aKTHBHBIM y4aCTHHKOM Muposaanus.

Ha sroM 3akanyMBaeTcs MHAYKTHBHas YacTb HalUerp HCCAeN0-
BaHHfA. B manbHedmeM MB MOXeM He ONHPaThcs HAa NPHBEAEHHYIO
apryMenrauuio. B cremyiomed riase muel mocrapaeMcsi 060CHOBaTb
H YTOYHHTb MOHSATHE XO0Aa BPEMEHH, MNOJb3YACb TOJNLKO CAMHIMH
Oo6IHMH NpeNCTaBJeHHAMH 0 MHpe, KOTOpLIe CJAeAYIOT H3 OIHTOB
BCEro €CTeCTBO3HAHHS H ONBITOB JKH3HH.



I'JIABA Il

OCHOBHBIE MOJIO)KEHHA MPUYHHHON MEXAHUKH
H KUHEMATHYECKHE CJHEICTBUA

«Hayka XX croseTs Haxogutcs B Taxoft
CTAlHH, KOTfa HACTYMHJ MOMEHT H3YJYEHHS
BDEMEHH, TaK € KaK H3yJaeicsi MaTepHs
H 9HEeprus, 3aNOJHSIOMHE NPOCTPAHCTBOM,

Axad. B. H. Bepnadcruii [6].

Cymecrsyer riy6okoe pasnuyHe MEXIy eCTeCTBO3HaHHEM
H TaK Ha3bIBAEMbIMH TOYHBIMH HAayKaMM — MeXaHHKOH M (H3HKOI.
EcrecTBoncnbiTaTeNIb NOCTOSHHO CTABUT nepen coboii Bonpoc «Ilo-
YyeMy?» — B uYeM NPHYHHA HabJogaeMbXx siBAeHHH. OMNBIT ecTecT-
BEHHBIX HAaYK W DOBCEJHEBHOH KH3HH y6eXaaeT Hac B TOM, 4TO
BOIIPOC 3TOT 3aKOHHbBIA, YTO Ha HEr0 BCerga JOJIKEH CyLIecTBOBAThb
orser. TakoBo cBoficTBo Mupa, HasbiBaeMoe NPHYHHHOCTHIO. Baa-
roapss 3TOMYy CBOHCTBY BO3MOXHO NO3HaHHe MPUPOAH. [IpHYHHH
JOJKHEI OTJHYATbCH OT CJAeACTBHH, HHAaue HX HEIb3s ObJIO OBl
HalTH. DTOT NPHHUMI €CTeCTBO3HAHHS COBEPUIEHHO MPOTHBONOJIO-
KeH NpHHUMINY TOUYHBIX HayK. CyIIHOCTb 3aKOHOB MeXaHHKH BEIpa-
XKaerca cTapuHHoi Qopmynoi «Causa aequat effectum», Ha ko-
Topod P. Mafiep oCHOBbBaJ NeyKLHIO 3aKOHA COXDAHEHHsI SHep-
ruu. [ToatoMy, XoTs MexaHHKa H ynoTpebiseT HOHSTHs: AeHCTBHE
H [HPOTHBOJAECHCTBHE, aKTHBHEIE M IIACCHBHbE CHJIBI, HO TYT € OTO-
BapuBaeTCs, 4TO MEX/]Y 3THMH NOHSATHAMH pa3HHUb HeT. IlocJae-
J0BaTe/bHOE NPOBEAEHHE 3TOTO NPHHLUHNA PABHOUEHHOCTH NPHUYHHEL
H C/IeICTBHSl JOJIKHO OBLJIO B TOYHHX HAyKax COBEPINEHHO HCKJIIO-
YHTb BO3MOXXHOCTb OTBETA Ha BOmnpoc «modeMy?». ITosToMy TouHme
HayKH OTBEYAIOT TOJNBKO Ha BONPOC «KaKP?» — KaKHM 06pasom mpo-
H30llIa NaHHas LeNb siBleHHA. B pesyambpTare TouHBIe HayKH, mpe-
Bpallascb B CaMOCTOSATeNbHbBE AUCUUIJMHBI, OOJXKHBI OBIH BCE
GoJiee CTaHOBHTbCS HaykaMH omHcaTelbHbIMH. OmucaHhe ocCylle-
CTBJSAETCS (GH3MYECKUMH 3aKOHAMH, TOUHAs (GOPMYJHPOBKA KOTO-
PBIX MO3BOJIAET IIHNPOKO IM0Jb30BATHCS CTPOTHM MAaTeMaTHYECKHM
annapatoM. B 3TOH CTPOrocTH ONHMCaHHS W 3aKJIOYAETCS MOrylIe-
CTBO TOYHBIX HayK. Pasymeercs, (usnuecKue 3aKOHBI BHIPAXKAIOT
CYLIECTBYyIOyl0 B Mupe npHYHHHYI0 cBsi3b sBJeHHH. Ho Koraza
MOCTY/IHPYeTCsl NPHHIUNHKA/NbHAS HEBO3MOXHOCTh OTJIHYaTh MNpPH-
YUHBl OT CJEACTBHH, TOrja CyLeCTBOBaHHE 34KOHOB HE MOXKET
ObiTh NPEAMETOM HCCJAeJOBAHHS W 3aKOHH IIPEBPALAKOTCS B OINH-
cblBaiollHe sABJAeHHs ¢opMyanl. Teoperuueckas (H3HKA HalIEro
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BEKa BBIPOCJA Ha OCHOBe 3THX B3IVIJOB H NpEeACTaBJaseT co6OH
ApKUA MPHMep OMHCATENbHOH TOYHOH HayKH. Jloruyeckoe H mocJje-
JoBareJbHOe Pa3BHUTHE NPHHLHNA pABHOLEHHOCTH NPHYHWH M Clel-
CTBHHM TOUHBIX HAayK npuBeso Maxa kK mocTpoesuio ero (uiaocodpHH.
YXKe OLHO HecOoOTBeTCTBHe 3TOH GusocopuUM BceMy CYIHeCTBY Ha-
wero Mupa MoXeT CAYXHThb HOKa3aTeJbCTBOM HeENMOJHOIEHHOCTH
NPHHIUIOB TOYHBIX HAYK.

[TocTosiHHO BCTalOIMH NMepej eCTeCTBOHCIHTATENEM BOIPOC «MO-
yeMy?» 3acTaBjfdeT ero Hckatb Bce Oojee rayb6oxkue [IPHHLHIH,
OXBaTblBaKlliHe BO3MOXKHO 6oJiee LIKPOKUA KPyr siBleHHH. B KoHeu-
HOM CYeTe 3TH NPHHUHNBl JOJKHBI BHIPaXKaTh OCHOBHHIE CBOHCTBA
MaTepHH, OPOCTPAHCTBA, BpeMeHH, a INOTOMY OHTb NPHHIHIAMH
MexaHukH. CoBepIIeHHO ecTecTBEHHOM H 3aKOHOMEpHOH OHJIAa IMO-
NBITKAa YYeHHIX BOCEMHAJUAaTOro BeKa OODBACHHTb Jaxe sABJAEHUA
JKH3HH NPHHUMIAMU MeXaHHKU. M3BecTHO, 4TO 3Ta MOMBITKA IOTEP-
nesla NOJHYyI0 Heyjady. BMecre ¢ TeM 3TOT MeXaHHCTHYeCKHH IOA-
X0J HenpaBHJeH He B CBOEM CyIecTBe, da TOJbKO IOTOMY, HYTO
OPHHUHKOLL, YCTAHOBJCHHBIE MEeXaHHWKOH, HENOJHBl H HeJOCTATOUHH
Jias obbacHeHus aBieHH#i Mupa. Cama no cefe XU3HBD He MOXKET
HajeAuTb MAaTepUI0 NPHHIUHMIHAJIBHBIMH CBOHCTBAMH, KOTOPHX OHA
He UMeeT BHe OPraHM3MOB. Te CBOHCTBA MaTepHH, KOTODhHie HIPaIOT
OCHOBHYIO pOJIb B IIpOlL€CCax >XH3HH, MOryT ObITb MaJO 3aMeTHH
B IPOCTHIX MeXaHHuYeckux onbitax. Ho 3Tu cBoiicTBa noJkHB OOHA-
PYXHBATbCs NIPH TOYHBIX CHNEUHAJbHBEIX HCCAGAOBAHMAX U JOJKHH
OHITH NpEAyCMOTpPeHbl 3aKOHAaMH MeXaHHKH. B deM 3akdioyaercs
HENOJIHOTa 3aKOHOB MEXAaHHKH, NPeACTaBJseTCs COBepUIeHHO siC-
HbIM: 3aKOHBl MeXaHHKH He Bblpax<alOT OCHOBHOTO CBOMCTBA IIPH-
YUHHOCTH, 3aKJI0Yalollerocs B NPHHUUMHAJBHOM OTJHYHH NPHYHH
ot caencrBuii. McTHHHAs MexaHHKa AOJKHA OBITh NPHYHHHOH Me-
XaHHKOH, T. €. COAEpXKaThb B cefe NPHHLHI, NO3BOJNANOUIHA HEKOTO-
PbIM MeXaHHYeCKHM OHNBITOM OTJIHYHTb [PHYHHY OT CJEACTBHS.
Takum o6pa3oM, B OCHOBY MEXaHHKH JOJI2KHA OHTb I0JOXKEHA
aKcuoma:

I. B npuunHHBIX CBA3AX Bcerja CylIeCTByeT MNPHHUHNHAJBHOE
OTJIMYHE IPHYHH OT CJAEACTBHH. DTO OTJHYHe SBJIAETCA abcoaIoT-
HbIM, HE3aBHCAIIHM OT TOYKH 3PeHHs, T. €. OT CHCTEMbl KOODJHHAT.

OCHOBHLIM NOHATHEM NPHYMHHOH MeXaHHKH NOJXKHQ OBIThL MO-
HATHE O CHJIe, NMOCKOJBKY CHJIA SBJASETCA HNPHYMHOH HM3MEHEHHS
CoCcTosiiusl Tel. B OGBIYHOH MexaHHMKe OKa3blBAETCH BO3MOXKHBIM
IpeacraBJieHHe O CHJIe 3aMeHHTb JPYrHM IOHSITHEM — 3HEepPrHeH,
3HAYHTEJbHO YIPOILAMOIIMM MeXaHHKY. IJTa 3aMeHa, MOJIHOCThIO
OCyIlleCTBJIEHHAss B aTOMHOH MeXxaHHKe, COBePIIEHHO HCKJ/lodaer
pas3JuyHe NPUYMH OT CJACACTBHH, a MOTOMY M NPUBOAMT K CTaTH-
CTHUECKOMY TONKOBaHHIO sB/ieHMid Mupa. [lpnuunHag xe wmexa-
HHKa, OCHOBaHHAs Ha pa3JHYMH [PHYMH H CJAENACTBHH, HOJXKHA
OHITb MEXAHHKOH CHJI, a He HeprHH.

B 0ObiuHOH MeXaHHKe NPAUYMHHOCTH SIBJIEHHH BHIPAXaeTci Tpe-
TbUM 3akoHoM HploTOHA paBeHcTBA AEHCTBUS H NPOTHBOAEHCTBHA.
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CorsniacHo 3TOMY 3aKOHY NOJ AeHCTBHEM BHYTPEHHHX CHJI HE MOXeT
NPOH30HTH H3MEHEHH KOJHYeCTBa [ABHXKEHHS TeJa, T. €. B TeJe He
MOXET BO3HHKHYTb BHeElIHsii cuaa 6e3 yuyacTHs JApyroro TeJja.
Toabko zpyroe Teno Mmoxer ObITb NPHYHHOH MEXaHHYECKOro ciael-
crBus. C TOYKM 3peHHs] MEXaHHKH OCHOBHBIM CBOWCTBOM TeJ sBJsi-
eTcsl HeNpOHHHAeMQCTb, T. €. HEBO3MOXHOCTb [Jf TeJ 3aHHMAaTb
ONHOBPEMEHHO OJHY M Ty XKe 4acTb mpocTpaHctBa. [losToMy npH-
YHHB ¥ CJAEJACTBHsI, OyAyYH Bcerja CBsI3aHHBIMH C Pa3sHBIMH TeJa-
MH, LOJIKHbI GHTb 00513aTeJBHO CBA3aHHBIMH H C PA3HBIMH TOUKaAMH
npoctpanctBa. Orciojla BHITEKaeT OCHOBHOE CBOHCTBO IPHYHHHOCTH:

I1. TlpuuuHH ¥ Cc/eaCTBHS BCETAa Pasie/sioTCs NPOCTPAHCTBOM.
PaccrossHHe MeX[1y MNpPHUYHHOH M CJeACTBHEM MOXKeT OBThb CKOJIb
YTLOAHO MaJbM, HO He MOXeT OHTb PaBHHM HYJIO.

CymecTBoBaHHe CJAEACTBHS HA HEKOTOPOM KOHEYHOM paccTosi-
HHH OT NPHYHHE SBJSETCS PE3yJbTATOM MJIMHHOM LENH NPHYHHHO-
cJe/ACTBeHHEX npeppamenuii. [Ipuuuna, 1. €. cusia, B BUAe UMMYJb-
ca JBHKyIleics TOUKH IepeHOCHTCS H3 OJHOH TOUKM NpPOCTPAHCTBA
B ApPYrylo, Ile OHa MOXeT BHI3BATh CJEJCTBHE, CTAHOBsLICECs MPH-
YHHOH H3MeHeHHH B cJelyIOIUHX TOYKaX. B pesyibraTte Takod scra-
GeTH ciaeiCTBHE MOXKET O0Ka3aTbC Ha HEKOTODOM KOHEUHOM pac-
CTOSHHH Ax OT NepBOHAYaJbHOTrO MOJOXEHHs NPHYHHBEL IDTOT Npo-
lecc TepeHoca HMIyJbca OMMCHIBaeTcss OOHYHOH MexaHHKoH. Hac
e Oylner HHTEPECcOBaTb B IIPUYHHHO-CJEJCTBEHHOH LENH TO 3Jje-
MEHTapHOe 3BEeHO, Tie NPOHCXOAUT NpeBpallleHHe NPHYHHHE B CIEA-
crBue. HerpuBuanbubiii cMblcsl akcHombl I 3akaiodaercs B TOM, 4TO
OHa B IIOJHOH Mepe OTHOCHTCS H K 3TOMY HENOCPEACTBEHHOMY Ipe-
BpallleHHI0 OpPHYHHBI B cieicTBue. JleHCTBUTENbHO, pa3 MNPHYHHEL
¥ CJeICTBHS He MOTyT ObITh COBMEIEHH, TO MEXJy HHMH JOJKHO
CyLIECTBOBATb HEKOTOPOE NMPOCTPAHCTBEHHOE Da3jHYHe, KOTOPOEe MH
0603HauuM cuMBOJOM Ox. C TOYKH 3pEHHs MaTeMaTHYE€CKOro asa-
JIH3a Ox ABJASETCS Pa3MepOM TOYKH H JOJIKHO CYHTATHCS PaBHBIM
HyJI0 TPH OGBIYHHX MaTeMaTHUECKHX ONepalHsX, HanpuMep INpH
BBIYHCJEHHAX AJHHBI BCeH NPHYMHHO-CeACTBeHHOH menH. [as BbI-
paXKeHusi yCJOBHSI HENPOHHIA€MOCTH MATEPHAJIBHBIX TOY€K Mbl BhHI-
HYXIEHH NOJIb30BaTbCs STHM IOHATHEM, XOTS OHO M He paspabo-
TaHo MateMaTHuecKH. DH3HYECKHH CMBICJ- 3TOro MNOHATHA I[103BO-
JAsieT HaM paccMaTtpuBaTh 6x Kak HHTepBas GoJjee BHICOKOrO IO-
pAAKa MaJjoCTH, yeM OeCKOHeUHO MaJbli WHTEPBaJ NPOCTPAHCTBA
B anasuse. C MaTeMaTHueCKOH TOYKM 3DEHHA 3TOT MOAXOA SIBJIfA-
eTCsi COBEPUIEHHO HEe CTPOTHM, HO OH JHKTyeTcsi (HU3HYECKHM
CMBICJIOM pa3bupaeMoii HAMH 32JaYH. _

[puynHa ¥ ClelCTBHEe BCErla CBSI3aHbl C PA3HBIMH MarepHalb-
HBIMH TOYKaMmH, IO3TOMY HOJOXKEHHE II sBasiercs HeOﬁXOILHMbIM
ycioBHeM. ITO 0OCTOATENbCTBO CJEAYeT MOAYEPKHYTh CHElHaJb-
HBIM TIOJIOXKEHHEM:

I11. TMpuukHb ¥ CcJAEACTBHS, BO3HHKAWILHE B OJHOH W TOH Xe
TOYKe NPOCTPAHCTBA, PA3JHYaThCs He MOTYT H NPEACTABJAIOT CO-
60i1 TOX/1eCTBEHHBIE MOHSATHA.
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Hanpumep, Bo BTOpoM 3aKoHe HbloTOHA yTBepXKIAaeTCs paBeH-
CTBO CHJIBl H3MEHEHHIO KOJMYecTBAa JABHKEHHS B €AHHHUIY BpPEMEHH.
MoxeT nokasaTbCsl, YTO CHJY CJIEAyeT paccMaTpuBarb KakK MNpH-
YyuHy, H3MEHEHHe XKe KOJHYecTBa [BUKEHHs Kak CJeACTBHE 3TOH
npuuknbl. OfHako coryiacHo nojoxenuio III Heabast MpoBOAUTH Ta-
KOro pas/inyusi, TH NMOHATHA TOXIAECTBEHHH H, KaK Ae/1aJ B cBoel
Mexannke Kupxrod, H3MeHeHHe KOJHYECTBA ABHXKEHHS MaTepHaJb-
HOHl TOYKH B eJHHHMIy BpeMeHU MOXKET CJYXHThb ONpeJe/eHHEM
CUJIBI, MPHJOKEHHOH K 3ToH Touke. TakHm 006pa3oM, BTOPOH 3aKOH
HpioToHa c/lefyeT PacCMaTpHBATh KaK 3aKOH OMHCATEbHbIH, KaK
dopMyay, OMHCHBAIOUIYIO SBJICHHUS. .

B 06blYHOH MeXaHHKe, MOJb3ysCh OJHUM MOJOXEHHEM 11,
He/b3s YCTAHOBUTH PA3HUHS MEXAy NPHYMHOM H CICNCTBHEM. 2T10
BBITEKaeT M3 TOro OOCTOATENbCTBA, YTO 3HAK Ox 3aBUCHT OT CHCTE-
Mbi OTCUETa H COBEplIeHHO npousBosied. Temepb Mbl LOJKHB HAATH
06CTOSITENBCTBO, KOTOPOE ycTaHaBiHBaeT B Mupe a6CoIOTHOR
oT/MHuMe NpHYMH OT caeicTBHH. HecMoTps Ha O6oJbIHe YCNEXH
eCTECTBO3HAHHA H (QUAOCOGHH, MB He MOXEM CTPOrO OMNPEeAENHUTD,
YTO TaKoe NPHUMHBI H CJeAcTBusi, Oyayllee M TMpPOIUENIIeE. Mu
3HaeM TOJIbKO, YTO 3TH MOHATHS CBA3AHE MeXAy coOO#: cleicTBHE
BCerfa HAXOAHTCS B GYAylleM Mo OTHOMIEHHIO K mMpHurHe. TakuM
06pa3oM, OTIHYHE NPHYHH OT CJAEACTBHH YCTaHABJIHBACTCS CBO#-
CTBOM BpeMeHH.

U3 TOro 06CTOSTEIBCTBA, UTO CJAENCTBHE HAXONHTCA B OyayuleM
7I0 OTHOLIEHHIO K MpPHYHHE, NMpeXJe BCero BhHITeKAeT Cjelylomee
TI0J0KEHHe, BNOJHE aHajJoruuHoe mojoxenuio III:

IV. [Tpuuunsl 4 cleACTBHA BCeraa pasiensorcs spemeneM. [Ipo-
MEXYTOK BpPEMeHH MeXAy OPHYHHOH H CIeACTBHEM MOXET GHITH
CKOJIb YrOJHO MaJibiM, HO He MOXeT OblTb DaBHBIM HYJIO.

B nosHOH IeMH NPHYMHHO-CJEJCTBEHHEIX NpeBpauleHH, KOTAa
CJeICTBYE OKA3hBAETCH HAa KOHEYHOM DAacCTOSHHH Ax OT NPHYHHB,
CJIeCTBHe BO3HHKAET II0C/e NPHUUYUHBI Yepe3 KOHEUHLIH MPOMEXYTOK
ppemenn Af. OTHoulenne sTHX BenuduH Ax/Af omperesser CKOpOCTh
pPacmpoCTpaHeHHsl CHTHana, KOTopas COrjiacHo crenHanbHol TeEo-
PUH OTHOCHTEJBHOCTH HE MOXKeT MpEBBIIATh CKOPOCTh pacmpocT-
paHeHusi cBeTa €. B KaXI0M 3JeMEHTAapHOM 3BeHE, A€ NMpUUHHA
¥ CJeICTBHe DA3AENAIOTCs 3/1eMEHTOM NpOCTpaHcTBa dx, nOJXKeEH
CylLIeCTBOBATb H 3JIEMEHT pa3JHYHsi BPEMCHH 8¢, Tlonarue 6f BO
BceM COBEpPIIEHHO CXOLHO c moHATHem &x. HMHBIMH clOBaMy, 6t
npeacrasasier cofof BPeMeHHYIO TOUYKY, KOTOPYIO H3-3a CYINEeCTBO-
BaHHA DPa3NHuMs MeXJAy NPHYAHOH H CJIEACTBHEM MEl HE MOXEM
cuMTaTh paBHOH Hy/mo. Eciu, Hanpuamep, NpHYHHA BO3SHHKAeT B Ca-
MOM KOHIle MepBOM CEeKyHIH, TO CJeACTBHE BO3HHKAeT B CaMOM
HauaJe BTOPOH CekyHabl H T. X. A mojcyera MPOMEXYTKa Bpe-
MEHU B TMOJHOH NPHYUHHO-CIEICTBEHHON LENH Mbl MOCTYIOHM CO-
BEpLIEHHO TOYHO, €CJIH IOJNOXKHM CyMMy BCeX 81 paBHOH HYJIO
H 6ygeM NMOACYHTHIBATHL TOJBKO BpeMs pacnpoCTpaHeHHs HMIIYJbCA.
Takum o6pa3om, BBeleHHeM BeJHYMH &/ U OX MBI HHCKOJDbKO HE

16* 243



U3MeHseM OOBIYHBIX IIOACYETOB CKODOCTH paclpOCTPAHEHHs HM-
nmyJibca.

[Monoxenne IV onupaercs Ha CyUeCTBOBaHHe y BpPEMeHHM Npo-
cTelillero cBOHCTBA, KOTOPOEe MOXET OLIThb Ha3BaHO CKaJsIPHbIM HIH
NacCHBHLIM. DTO CBOMCTBO NMO3BOJISET YCTAHABJIHBATbL LJHTEIbHOCTH
COGLITHI MM MJHHY BpeMEHHBIX NPOMEXKYTKOB, H3MepAeMBIX NMOKa-
3anusAMH dacoB. OCHOBHBIE NMOHSTHS KHHEMATHKH — CKOPOCTb, YCKO-
peHHe U IpPYTHe — ONPeAesAITCs C MOMOLILI HMEHHO 3TOro CBOH-
crBa BpemeHH. ONHAKO 3THM CBOHCTBOM BpDEMEHM HeJb3s YCTAHO-
BUTh Da3JIHUMA MEXKAY NPHYHHOM M caefcTBHeM. [leACTBHTIbLHO,
KaK M JJs NPOCTPAHCTBA, 3HAK NPOMEXKYTKA BPEMEHH 3aBHCHT OT
NPHUHATON CHCTEMEl CU€Ta ¥ NMO3TOMY COBEpUIEHHO MPOH3BOJIEH. He-
06XONHMO OTMETHTb, YTO CHCTeMa CueTa BPeMeHH He MoXer ObTb
(HKCHpPOBaHa M € NOMOLIbI0 HAHPaBJEHHOCTH 3HTPONHH. LeficTBH-
TeJBbHO, Nepexofi MexaHHuecKofi cucTeMbl B (oJjiee BepOSiTHOe CO-
CTOSIHME, T. €. BO3pacTaHue SHTPOINHH, NPOHCXOAUT OGiaronaps
HAyleMy B Mupe HenpepHIBHOMY Pa3Apo0/ieHHI0 MPHUYHH: NPHIHHBL
MepexoasT B CHeJCTBHf, KOTOpbie CTAaHOBATCA NPHYMHAMH [DYrux
caexctBuii u 1. 4. [TosroMy aTa cHcTeMa cyera BpeMeHH, caMma
OCHOBaHHAsl Ha ONpEJEJEeHHH NPUYHH H CJIEeACTBUM, HE MOXeT 1aTh
HHMYEro HOBOTO M NPHBOAMT K TaBTOJOTHH: OyAyllee HaXOAHTCA
TaM, [Ae CAeACTBHE, T. €. TaM, rae Oynyluee.

Co Bpemen HbloTOHa B TeopeTHueCKOH MexaHHKe M (H3HKE
NPUHATO CYMTATh, YTO y BPEMEHH €CThb TOJBKO OJHO MacCHBHOE
cBoficTBo. M3 CyIIeCTBOBAHUS e PAs]HuMs NPHUHH H CJAEACTBHA
MBl BHIHYXK/EHbl 3aK/JIOYHTb, 4TO y BPEMEHH eCTb elle HEKOTOpoe
ocoboe CBOUCTBO.

1o CBOHCTBO BPEMEHH 3aKJIo4aeTcs B OTJIHYUM Oyayllero OT
IIPOLIEAMIEr0 H MOXKeT OHThb HA3BAHO HANPABJIEHHOCTBIO HIH XO-
noMm. Hame ncuxoJoruueckoe omyllleHHe BPEMEHH H €CThb BOCIPHS-
THe OGDBEKTHBHO cyllecTByloliero B Mupe xoaa BpemenH. Becbma
uHTepecHo, uto akal. B. M. Bepnajackuii B cBOMX 060011eHHAX
BOMNPOCOB €CTECTBO3HAHHSA NPUIUE/ K 3aK/IOYEHHUIO: «...BpEMs HATy-
palucTa He ecTb reoMeTpHueckoe Bpemss MHHKOBCKOTO H HE BpeMs
MeXaHuKH U TeopeTHueckol (u3ukH, xumun, [annnes wan Heo-
toHa» [6]. Mbl BUAHM, YTO 3TH CJIOBa IN1y6OKO CIpPaBelJIHBHL. Heit-
CTBHTENBHO, [ HATypaJHCcTa, KaK M B OOLIIEHHOH XKU3HH, NepBo-
CTeNcHHOe 3HAUYEeHHe HMeeT HalpaBJEHHOCTb BpeMeHH, IOHATHE,
KOTOPHIM COBEPLICHHO He NO0JIb30BaJIHCh TOYHbIE HAYKH. Tenepb Mbl
MOXeM (POPMYJNHPOBATH CleAylollee NOJOKKEHHe:

V. Bpems o6aanaer 0colGbM, aGCOMIOTHBIM CBOHCTBOM, OTJH-
yalowuM Gyayllee OT MPOUIEAIIEro, KOTOpoe Moxer GBITb HA3BAHO
HANpPABJEHHOCTbIO HJAH XO0AOM. OTHM CBOHCTBOM OlpelesieTca
OTJMYHe TpPHYHH OT CjAedCTBHH, 0O CJEACTBHS HAXOAATCA BCEria
B GyAylleM II0 OTHOLIEHHIO K IPUYHHAM.

Sro nocjeaHee MOJOXKEeHHe BBOJHT B MeXaHHKY HOBoe ¢u3Huue-
cKoe noHsTHe — xoi BpemeHH. CBoiicTBa 3TOro MOHATHA NOJIXKHEI
6biTh MOAPO6HO H3yueHH onmbiToM. Ho 4TOGHI 3HATh, KK NOCTABHTH
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ONHT, HeOGXOAHMO YXKe HMeTh HeKOTOopoe oflliee mpeicTaBsieHHe 06
3TOM HOBOM moHATHH. [loKaxem Temepb, 4TOo PfAA CBOMCTB X0J1a
BpeMeHH MoxeT OBITb NOJyYeH JIOTHYeCKH M3 aHa/iu3a copMmyunH-
POBAHHHX HaMH aKCHOM NPHYHHHOCTH.

Cnenyer OXHAATh, 4TO XOA BPeMeHH Hamero Mupa ompejnens-
eTcss HEKOTOPO# yHUBEpPCAJbHON MOCTOSTHHOH ONpe/leIeHHOro 3HaKa.
Ilpu npyroM xoje BpeMeHH 3Ta NOCTOSHHAsi JOMXKHA CObTh HHOH
M MOXKET faxke HMeTb APyrofi 3Hak. Xoi BpPeMeHH AOJKEH ObiTb
onpejesieH MO OTHOLIEHHIO K HEKOTOPOMY HHBapHaHTy. M3 Hammux
AKCHOM CJEAYeT, 4TO XOJ BpeMeHH MoxXeT OHTb OIpele/eH No
OTHOLIEHHIO K IpocTpaHcTBy. JleficTBHTENbHO, H3 CONOCTABJIEHHS
BTOPOJ K YeTBEPTOH aKCHOMH 3aKJjio4aeM, 4ro Oyayliee d mpomlend-
lee Bcerga pasjieseHbl CKOJb YTOAHO MaJhM, HO HE PaBHHIM HYJIO
[IPOMEXYTKOM MNpOCTpaHCcTBA. TakuM 00pasoM HampaBJeHHOCTh
BpeMeHH MoxeT ObITH OlpeJesNeHa Kak HanpapjleHue B IPOCTPaH-
ctBe. M3 mosoxeHHil TpeTbero H ueTBEpTOro CJelyer, YyTO pasjinide
Gyaymero or mpouepuiero 8¢ cTpeMHTCs K Hymo npu 8x—0. dro
O3HayaeTr CyleCTBOBaHUe CBA3H MexAy &f u 6x, Koropas OpH 10-
CTATOYHO MaJioM 8x AOJXKHA HMeTb BHA

1
o = ——bx. 3)

Tak xaxk pasiuune OyAyIlero OT npoliejllero 6f BhIpaKaeTcd eIdH-
HHULLJAMH BpPEMEHH, TO C; HpejcTaB/seT 060 NOCTOSAHHYH, HMeEI0-
IIyi0 PasMEpPHOCTb CKOPOCTH. 3HAYOK y Cz TOCTaBJIeH, YTOGH OTJH-
yaTh 3Ty NOCTOSIHHYIO OT C;— CKOPOCTH CBera, siBJisiollefica co-
IJIACHO CIeNHaJbHOH TEOPHH OTHOCHTEJbHOCTH OCHOBHOH Xapakre-
DHCTHKOH cKaJsipHoro BpeMeHH. IlocTosiHHAs Cp ABNAETCA Kak OH
CKOPOCTbIO NpeBpallleHHs [NPHYUHH B CJIELCTBHE U MOXKET CHYXKHTb
Mepoi Xxoja BpeMeHH. DyleM HasnBaTh XO[0M BpEMEHH CaMy
BEJIMYHHY Cp, 4 He 06paTHyIO el: deMm OoJblie ¢z, TEM MEHbIIE Npo-
MEXYTOK BPEMEHH, OTBEYAIOllHd OAHOMY H TOMY XKe HHTepBaJdy
MPOCTPAHCTBA, M, CJEIOBATEIbHO, T€M OHICTPee HAET BPEMd.

H3 nosoxeHnuss V cienyer, 4TO XOJL BPEeMEHH HOJKEH ompene-
JATbCS yHHBepcaJbHOM nocrosiHHOH. IlosTomMy mocTosiHHas C; He
JOJKHA 3aBHCETb He TOJbKO OT KOODAHHAT TOYEK H MOMEHTa,
KOrja IMpPOHCXOAAT SIBJEHHS, HO M OT (DH3HYECKHX CBOHCTB Tel,
¢ KOTOPHIMH CBSI3aHbl NpHUMHHL # caeactus. [lonoxenue V yTBep-
JKAAeT elle, YTO XOX BpPEMEHH HMeeT ONpeldeNeHHblH 3HaK, HHBA-
pHaHTHHE 145t Bcero Mupa. Takum o06pa3om, NocTosiHHAs Cz AOJ-
XHa HMeThb ONpEeJeJeHHBH 3HaK, HE3aBHCALHH OT CHCTeMbl Cuera
8x u 6t. UubiMu caosamu, B ¢opmyne (3) Tpebyercs HHBapHAHT-
HOe cOrJlacoBaHHe 3HAKOB. 3HaKH y Ox u Bt, BXxoaAWHUX B QOpMyTy
(3), coBeplIeHHO HPOH3BOJbHH H, KpOME TOr0o, He MOTYT 3aBHCETh
JApyT OT Apyra. 3To cjaelyer, HaIpHMeEp, H3 TOro, YTO MPH BO3MOXK-
HOM aGCOJIIOTHOM pasiHYHH 3HAKOB Of He Moxer OmTh abcoaioT-
HOrO pAa3yIHyYMs B NPOCTPAHCTBEHHBIX HANpaBJEHHAX, T. €. B 3HaKaX
6X, TOCKOJBKY TPOCTPAHCTBO He HMeeT TaKHx cBoicrs. [losromy
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COrJIaCOBAHHOCTb 3HAKOB B ¢dopmyJe (3) BO3MOXKHA TOJNBKO B TOM
cJaydae, Korla npu M3MeHeHHH 3HaKa 6f uau O6x MeHseTcs M 3HaK
¢;. CoBMecTHTb NepeMeHy 3HAKa ¢, NPUH H3MeHEHHH 3HaKa 6x
C yCJOBHEeM HHBapHAHTHOCTH MOXHO TOJBKO OJHHUM cnocoboM:
HOCTOSIHHAsl C; NOJIKHA OBITb INICEBAOCKAJNSIPOM, T. €. CKaJsipoM,
MeHSOUIUM CBOH 3HaK NPH Hepexoje OT NPaBo#l CHCTEMbl KOOPAH-
HaT K JeBofi u ob6parHo. B artoM ciaywae §f HOMKHO OHITH ICEBLO-
BEKTOPOM.

[TokaxeMm, yro dopmyaa (3) He 6yaer 3aBHCETb M OT CHCTEMH
cyeta 8f npu ycjaoBHH, 4TOo Of fABJAETCS NCEBAOBEKTOPOM, OpHEH-
THPYIOIUM IJIOCKOCTb, HePIEeHAMKYJSPHYIO K OCH NpHUHHA — cJael-
crBue. [leHicTBUTENIBHO, H3MeHHM B Qopmydae (3) HamnpasjeHHe OCH
X, 1. e. 3HAK 8x, coxpaHas opueHTanuoo miockoctd (YZ), a caeno-
BaTeJbHO, U 3HaK &f. Tak KakK npu 3TOM H3MEHHJCA THI KOOPAH-
HAaTHOH CHCTEMBI, TO IICEBJOCKAJAD Cy AOJKEH IepeMeHHTb 3HaK
H o6Ge uyacTu paBeHcTBa (3) ocTaHyTcsi coriacoBaHHbIMU. [ToBepHeM
Telepb BCIO KOODJAHHATHYIO CHCTEMY Tak, 4YToObl H3MEHHJOCh Ha
ob6parHoe HanpaBieHHe ocH X. Toraa H3MeHHTCS HA MPOTHBONO-
JOXKHYI0 OpHeHTauus naockocru (YZ), 1. e. 3Hak 6f, H, Kak BHAHO
u3 dopmyan (3), ¢, HEe U3MeHHT 3Haka. TOYyHO Tak Xe NpH Heus-
MEHHOM HamnpaBJeHHH OoCcH X, U3MEHHB CUeT BPEMEHHM Ha oOpaTHHHA,
Mbl M3MeHUM OpHeHTauuio mjaockoctd (YZ) u, cienoBatenbHO, 3HAK
HceBAOCKaNApa ¢;. Mrak, HCX0nst H3 aKCHOM IPHYHHHOCTH, MHl NPH-
IITH K CJAeIYIONEMY OCHOBHOMY BBIBOAY:

1. MupoBofi X0X BpPeMEHH oOIlpe/enaseTcs yHHBEPCAJbHBHIM NCEB-
JOCKaJsIPOM Cy, UMEIOIIHM Pa3MepPHOCTb CKOPOCTH.

TeoperHueckass MeXaHHKAa H (HM3HMKa MOJAB3YIOTCH CKaJIsiPHBIMH
BeJHYHMHAMH TOJBKO NEPBOro poJa HJH NPOCTO cKaasipamH. Tenepb
Mbl JIOJKHBI BBECTH B MeXaHHKY I[ceBIockanasip c¢. O6pamasch
K M3BECTHBIM YHHBEPCAJbHBIM NOCTOSHHBIM, Mbl HeMeJJIeHHO y6ex-
JaeMcs B TOM, 4TO €IHMHCTBEHHOH IIOCTOSAHHOH, KOTOPYIO MOXKHO
CUHTAThb NCEeBJOCKAJsipOM, siBasercsa nocrosiiHas Ilnanka h. [e#-
CTBHTENIbHO, 3Ta IMOCTOSHHAS, HMeHlas pasMepHOCTb MOMeHTa
KOJHYECTBA ABHMXKEHHS, ONpelessieT CIHH 3JeMeHTapHHX YacTHI
¥ BCe MOMEHTBHI KOJHYecTBA IBHXXeHHs B atoMe. Jlas cobuaioneHHs
KBAHTOBHIX YCJOBHH IIpH mepexofe OT NpPaBOH CHCTeMBl KOOpIHHAT
K JieBOM eCTeCTBEHHO CYHTaTh, YTO NpPH TAaKOM Ilepexoje MeHsercs
U 3Hak nocrosiHHo# [lnanKa, T. €. 4TO OHA sABJAfeTCS ICEBAOCKa-
asipom. Temepb, ¢ IOMOLIBIO A W APYrofi (HU3HYECKOH MOCTOAHHOM,
32BeJOMO HMMelleld cBOHCTBA NPOCTOrO CcKaJjsfpa, MOXKHO o6paso-
BaTh INOCTOSHHYIO C Pa3MepHOCTbIO CKOPOCTH. Jlerko y6eaHThcd,
YTO CYyLIEeCTBYIOLas BO3MOXHOCTh BBIGOPA NPHBOAHT K €LHHCTBEH-
Holl KoMOWHAllMH, OQHO3HAYHO ONpefefsiiolled MceBAOCKaJAp Ca:

2
cr=0S—=a- 350 kmfc, (4)
rae yepes e 00O3HaueH 3apsa] 3JeMEHTAPHOM vacTHUBL. YHcaoBOH
Ko3h¢uureHT a npefcraBiaser coboi 6e3pasMepHLHIA MHOMXKHTEJb,
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C TOYHOCTBIO JO KOTOPOrO MBbl ONpEAeNHNH BeJHuHHYy ca. Cienpyer
OXHJAaTb, YTO HETOYHOCTb, CBfiI3aHHAsl ¢ 3THM Ge3pa3MepHBIM MHO-
JKHUTEJEM, HE MOXKeT H3MEHHTb MOPSAOK BeJHYUHH C2. B npeficTBH-
TeJbHOCTH M3 ONBITOB, O KOTOPBIX MBI OyJeM TOBODHUTE BIOCJe]-
CTBHH, MOXHO 3aKJIOUHTb, 4TO ac=2. BecbMa 3HameHaTe/abHO, 4TO
NOCTOSHHAS, YHCJIEHHO paBHas Cp, onpepaenser ycioBus (1) u (2)
o6pa3oBaHHsA SHepru¥ B 3Be3fax. 3HameHuras Oe3pa3mepHas Mo-
CTOSIHHAsl TOHKOH CTPYKTYDHl OKa3bIBA€TCS OTHOLUEHHEM C2 H (i,
T. €. OTHOLIEHHEM OCHOBHBIX XapaKTEePHCTHK ABYX CBONCTB BpPeMEHH.
[Ipu TakoM NOHHMAHHM NOCTOSTHHOH TOHKOH CTPYKTYDHl CTAHOBHTCSH
eCTeCTBeHHbIM U COBEpPHIEHHO He YJIHBHTEJbHBIM CYIIeCTBOBAHHE
aTofi Ge3pasMepHON mnocrosiHHOH. [TosyyeHHast OLeHKa BeIHYHHH
C2 (4) mospoJsisier npeaBHAeTb pa3Mephl 3Q(HeKTOB NPHUYHHHOH MeXxa-
HUKH, KOTOpble HOJKHHE OBITb Ha MHOTO NOPAAKOB GoJblle 3pdexk-
TOB TEOPHH OTHOCHTEJBbHOCTH.

[Tpoussesem B ¢opMmyse (4) npeneabHH# nepexox: h—-0; Tornaa
Cy—>00 H corjacHo Qopmyae (3) 6f Bcerma 6yaer paBHBIM HYJIM.
ITOT cjyyaHd COOTBETCTByeT OOHIUHOH MeXaHHKe, B KOTOPOH OTCYyT-
CTBYeT ueTBeprass aKCcHOMa, T. e. §f Bceraa NpeANoOnaraercst pa.-
HBIM Hymo. TakuM o6pas3oM, npeHefperas nocrossHol I[liaHka,
MH, KaK ¥ B aTOMHOH MeXaHHKe, MEPEXOAHM K 3aKOHaM OOBIYHOH
MexaHukH. [lpyroil mpelenbHBI# cayua# nodaygsaercs, Koraa INocro-
siHHas [lnaHKa HauyuHaeT Hrparth OYeHb GOJBINYIO POJb. JTOT CIaY-
Yafi COOTBeTCTByeT aTOMHOH MeXaHHKe, A4Js KOTOpPOH no ¢Qopmyie
(4) nonyuaercs c;==0. IIpu sTom no dopmyne (3) 6x Bcersa paBHO
HyJa10. B srom cayyae corsaacHo akcuome IIl npHYMHH H CJAEACTBHS
CJIMBAIOTCSA B TOX/JECTBEHHBIE IIOHATHSA, YTO H SIBJAETCHA CYLIECTBOM
aTOMHOH MeXaHHKH.

dopMmyanpyeM Tenepp HAIUH 3aKJAIOUYECHHS:

2. MupOBOH XOX BpPEMEHH C; C TOYHOCTbIO A0 Oe3pa3MepHOrs
MHOXHTeJSl NOPSiAKa eJHHHUB PaBHSETCS yHHBepCaJbHOMY IICEBAO-
ckauaspy e?/h, uMeiollleMy pa3MepHOCTb CKOPOCTH. 3HaK Xola Bpe-
MEHH J10JIKeH OBIThb ONpejeseH OIBITOM.

[ToxkaxeM, 4To 3HaK X0Ja BpeMeHH MO3BOJAET a6COJIlOTHO onpe-
JeJUTb NOHATHS IpaBoe W JeBoe. ['eoMeTpHs pasjiHyaeTr npasoe
OT JIeBOI'O TOJBKO OTHOCHTENbHO, U cama mo cebe reoMeTpHs He
MOXET OINpeleauTb, YTO Ha3biBaercsd NPaBbIM H YTO Ha3bIBAETCH
geBbiM. ITosCHHM 3TO caeAylOIHM [PHMEPOM, 3aHMCTBOBAHHHIM
y Taycca [7]. Boo6pasum jBa cyuiecTBa, H3OJHPOBAHHBIX Ha-
CTOJIbKO, 4YTO HeT JaxKe HH OJHOrO IpeiMera, KOTOPBIA OHH o06a
Korja-inu6o BuaeaH. JlomycTHM, YTO OHH MOryT coobumlaTb APYT
LPYTy CBOM MBICJH H CBOH HaOJiofeHHs Hax Mupom. Kaxawit u3
HHX MOXeT IOCTPOHTh CHCTEMY TE€OMETPHM, HPHYEM OHH CMOFYT
JIOTOBOPHTBCSE M COrJIacoBaTb BCe TeOMETPHYECKHE OMpeaeseHHs.
Onu o6HapyXaT, YTO CYILECTBYIOT C DaBHBIMH 3JEMEHTAMH Heco-
BMECTHMBbIE Tejla W TaKHM o00pa3oM HNPHAYT K HeoOXOAHMOCTH
oTaM4aTh npamoe or JeBoro. Ho coriacoBaTh CBOH OINpeAes€HHS
NpaBoro H JeBOro OHW He cMoryT. Has storo Heo6xoxumo obuiee
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TeJO, T. €. MaTepHaJbHHH MOCT MeXAy HHMH. Tak Gyrer o6CToATh
ZeJIo, MOKa HalIM BOOOpa’)KaeMHe CYIeCTBAa 3aHHMAIOTCH TOJBKO
reoMeTpuieckuMH nocrpoeHusiMu. Ho Koab ckopo onu nepeiimyr
K H3YYEHHIO MeXaHHYeCKHX M JAPYTHX SIBJEHHH NPHPOAH, 6Jaro-
Aapss XONy BpeMEeHH OHHM JOJIKHH OGHADYXHTH OOBEKTHBHOE
OTJIHYHE NPABOr0 OT JIEBOrO M CYMEThb JOrOBOPHTbCS 06 HX Ompe-
AenaeHud. JefCTBHTeNbHO, KaK MH BHIENH, 3aKOHB MEXaHHKH
AOJIKHBl COAPXKATb ICEBAOCKAJAP €. ITostoMy, mpoussogs Heko-
TOpPhbI€ ONBITH, MOXKHO YCTAHOBUTb 3HAK Co, T. €. YCTAHOBHTb, B Ka-
Ko#l cucreMe KOOPAMHAT — [IPABOH HJIH JIEBOH — [OCTOSIHHASR Ca
HMEEeT MoJOXHTeNbHOe 3HaueHHe. OTCIONA NMOAYYaeTcs BO3MOXK-
HOCTb JOTOBODHTBCA 00 ONpefesieHHH NPaBOro Hu JeBoro. Takum
06pasoM, CyLIeCTBYIOIIHH XOJ BPEMEHH, fa)ke NIPH NOJHOH H30s-
I¥H, CBA3HIBAET BCe Tesia B Mupe u Hrpaer posb Toro Martepualb-
HOr0 MOCTa, 0 HeoGX0AMMOCTH Kotoporo roBopun Iaycc. TTostomy
MOXHO (HOpMYJIHPOBAThL CAEAYIOMHA BRBOA:

-3. Cymectsyomuit B Mupe X0oi BpeMeHH YCTaHABJHBAET B IPo-
CTPaHCTBe 00BEKTHBHOE OTJIHYHE NPABOrO OT JEBOro.

HsymutensubiM ABasieTCsi TO OGCTOATENBCTBO, 4TO B IPHPOJE
JeHACTBHTENbHO HMEIOTCs GpOcalolHecs B riasa o6beKTHBHbe OT-
JIM4Hs NPABOrO OT JIeBOr0. JTH OTIHYHA NaBHO H3BECTHH B Opra-
HHYeCKOM MHupe. Mop(osnorus KXHUBOTHHIX H DACTEHHE HaeT MHOTO-
YUC/EHHBIE TPHMEPH YNOPHOH, nepepaiomefics NO HACJAeACTBY
acummerpun [8]. Hanpumep, y mMo/a0CKOB B nopaBisiomeM yuciae
C/1yuaeB PAKOBHHBI 3aKpPyueHH B mpaByio cTopoHy. IlpeoGiananue
onpeneJeHHOH CHMMETPHH HabJi0JaeTcs M y MHKPOGOB, o6pa3yio-
WYX KOJIOHHH CHHPA/NbHOH CTPYKTYPH. ¥ BHCOKOOPraHH30BaHHHIX
CyLIeCTB aCHMMETPHYECKOe MNOJOXKEHHe OPraHoB BCeria IOBTOpH-
€TCs, HanpHMep cepile y MO3BOHOYHHIX, KaK NPABHJO, PAacHoJO-
xkeHo ciaeBa. [logoGHas acHMMeTpPHsi CyLUleCTBYeT M y pacTeHui;
HanpHMep, B NPEANOYTHTEJLHOCTH JIEBRIX CIHPaJell y NPOBOASLIMX
COCY0B.

B cepeanne npouioro Beka Jlym IMacrep OTKpBLT acHMMeTPHIO
TIPOTONJIa3MBbl H PSAAOM 3aMeYaTeJbHHX HCCHENOBAHHE NMOKA3aJ, YTO
ACHMMETPHS SIBJISETCH OCHOBHBHIM CBOACTBOM XH3HH. B Heopranu-
4eCKOH NMpHPOJLe CTepeoH3OMepsl O6pa3yIOT PeleMaThl, T. €. CMecH
€ ONHMHAKOBBIM KOJIMYECTBOM IPABHIX M JIeBbIX MOJIEKyJa. B mporo-
nnasMe xe HabJofaeTcs pe3Koe HEePaBEHCTBO MNPABBIX H JEBHIX
¢opm. BosgefictBHe Ha OpraHusM TUpPaBBX M JIeBHX H30MEpOB
49acTo BecbMa pasaHyHo. Tak, HamnpHMep, JeBOBpalldaomas IVIIO-
K032 I0YTH He yCBaHBaeTcs OPraHH3MOM, JIeBHIi HHKOTHH 6oJee
S0BHT, YeM NpaBblié, U T. N. B HacToslee BpeMs Bce 3TH BONpOCH
COCTaBJASIIOT GOJbIIYI0 HayuHywo mnpobiaemy [9], Ha koTopoil MH
He MOXeM OCTaHaBJHBaThbCs. JI9 Hac BaXHa NPHHUHNHAJBHAS
CTOpOHA JeJla: aCHMMETPHS MOXKET HMeTb (H3HYECKHH CMBICJ
TOJIbKO MPH CYUIeCTBOBAHHH HANpaBJEHHOCTH BDEMEHH, NO3TOMY
ACHMMETDHS KHU3HH JAOKA3HBAET CyLleCTBOBAaHHE HAMNPABJEHHOCTH
y BpeMeHH, T. e. HECHMMETPHYHOCTH HCTHHHOH MexaHuku. Cylle-
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CTBOBAHHE HANpaBJEHHOCTH BPEMEHH KaK HeKOTOpoll ¢u3HuecKoh
PCaJIbHOCTH BBITEKAET JaKe [POCTO K3 CaMOH BO3MOXKHOCTH
KH3HH. JeACTBUTENBHO, CYMECTBO KH3HH 3aKJII0YaeTcs B Mpouec-
Cax, HaIpaBJIeHHHIX NPOTHB BO3pPacTaHHA 3HTPONHH. DTC O3HAYaerT,
YTO B OpPraHM3Max B HEKOTODHX MpPOLECcCax XOJ BPEMEHH MOXKeT
OT/IH9AaTbCA OT MHPOBOrO Xo4a BpemeHH. [ToaTomy momoSHo acTpo-
QM3HYECKHM JMAHHBIM TOYHHIE OHOJIOTHYECKHE OMbIThl LOJKHH
[IoKa3aTh B mpoueccax KHU3HH HapyllieHHe oObyHOro GasiaHca 3Hep-
THH_H3-3a HCHOJIb30BAHUA KH3HBIO MHPOBOTO XOAa BpEMEHH.

PaccmoTpuM eme ciefyioliuii BOMpoc: KAaKOB AOJIKeH OHITH
Mup, B KOTOpOM TeueHHe BPeMEeHH NPOTHBONOJOXHO HameMmy? Ka-
MEHHTb 3HAK X044 BPEMEHH 3TO 3HAUHT H3MEHHTb 3HAK NOCTOAHHOMH
C2 B TOH XKe CHCTeMe KOODAHHAT. Tak KaK 3aKOHH MeXaHHKH AOJ-
KHBl OBHITb OLHHAKOBBIMH, KOJb CKODO C; HMEET TOT Ke 3HAaK H TO
XKe 3HaYeHHe, TO MeXaHWKa Mupa ¢ o6paTHHM TeueHHEM BpPEMeHH
JOJMXKHA OBITh TOXKIECTBEHHA MeXaHHKe Haulero MHpa ¢ IpOTHBO-
TNOJIOXKHOH OpHeHTauMeR KOOpAMHAT. IIpOTHBONONOXKHAsi OpHEHTa-
Iust MOJYYHTCS OPH 3epPKajbHOM orobpaxeHuH. HMtak, MH npHXO-
AHM K TeopeMe, BbIpaXKawllieH CYIIHOCTb HAllled MeXaHHKH:

4. Mup, B KOTOPOM TeueHHe BPEeMEHH NPOTHBOIOJOXKHO HalIeMy
NpI YCNOBHH LeHCTBHS TeX XKe CHJ, AOJKeH OHTh paBHOIGHEH Ha-
wemy Mupy, oTpaKeHHOMY B 3epKaJe.

B 3epkanbHO oTpaxkeHHOM MHpe NOJHOCTBIO COXpaHAETCA NpH-
4HHHOCTb. [lostoMy B Mupe ¢ HPOTHBONONONKHBIM TeYeHHEM Bpe-
MEHH COGBITHA JOJKHBEI Pa3sBUBATbCS CTOJb JK€ 3aKOHOMEpHO, Kak
u B HaweM Mupe. Ilpn n060M TeyeHHH BpeMeHH desloBeK OyleT
XOJHTb, KaK 0OBIYHO, JHUOM Brnepex. Takum o6GpasoM, Mup c o6-
PAaTHBHIM TeYEHHEM BPEMEHH He sBJseTcs, KaK IO0JaraioT 4acro,
KHHOQH/IbMOM Hawiero Mupa, nylleHHBIM B 0GpaTHYH CTOPOHY.
JeACTBUTEbHO, B TAKOM KHHOQH/IbMe NPHYMHHOCTH HApYUIeHa, H
OH He MOXET MpPEACTABJATh pPeajJbHO BO3MOXHOIO (HU3HYECKOTO
Mupa. Baaronaps HanpaB/eHHOCTH BpeMeHHM 3€pPKajbHO OTPaKeH-
Hblit MHD 10 CBOHM MeXaHHYeCKHM CBOHCTBAM JOJKEH OTJIHYaThCs
or Hawero Mupa. IlpencraBuM cebe, yro MH B 3epKajie Habuo-
AaeMm J1ab0OpaTOPHIO, B KOTOPOH NPOM3BOAATCS HEKOTOPHE MeXaHH-
YecKHe ONbiTHl. 3epKaNo H3TOTOBJEHO CTOJMb HCKYCHO, UTO MH He
MOxeM 3TOro 3anofo3purb. OgHAKO, C/1eas 332 pe3y/bTaTadMH HEKO-
TOPBIX CHELHaJbHEX ONBITOB a0OPATOPHH, MBI JOMKHH OyaeM 3a-
METHTb, YTO OHH MPOTHBOIOJOMXHBL CJIEACTBHSM NPUYHHHON Mexa-
HHKH. TakuM 00pa3oM, y Hac Bceraa GyHeT BO3MOMKHOCTb OTJHUHTH
NOAJIMHHYIO J1a60PaTOPHIO OT 1a60PaTOPHH, OTPaXKEHHOH B 3epKaJe,
OO6hluHas Ke MeXaHHKa yTBepPkKA4deT HeBO3MOMXKHOCTb MOL06HOro
3akjtoyenusi. OwWHOOYHOCTh 3TOrO NPHHUMNA B HAcToslllee BpeMst
JOKAa3aHa HAYaTbIMH NO HHHIHATHBe JIH u ﬂHl‘a HCCJICLOBAHHUSAMH,
YCTAaHOBHBIUHMH HapyllleHHe MPHHUUIA COXPAHEHHS 4YeTHOCTH
B sJepHBIX npoleccax NpH ca1abbix B3aHMOAEHCTBHSX. YUHTHBAsA
JKe INpOLecCH XKH3HH, 3TOT IPHHUHMI OIPOBEpPraeTcss 3JeMeHTap-
HbBIMH HaOmoleHHsIMK. JIeHCTBHTENbHO, Clielisl 34 JHIAMH, KOTOPHE
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B OTPaXEHHOH J1a60paTOPHH TPOM3BOASIT ONBITH, MOXHO Cpasy
3aMeTHTb, YTO OHHM PaboTalOT JIeBOH DYKOH, HMelOT HeoGBIYaitHOE
pacnosioxeHHe OpraHoB, a NMOTOMY HepeaJbHH. Hazo Aymats, 4ToO
TaKHMH JIIOAbMH CTaJH 6B MB NpH OGPAaTHOM TEYEHHH BpeMeHH,
€CJH TOJBKO NPH 3TOM OYyAYyT COXPaHeHH CHJIOBHIE I[OJISi HAUIEro
Mupa.

[Tocne cpenaHHOrO OTCTYN/IEHHS BO3BPATHMCH K BBISICHEHHIO
JaJpHeAUIHX CBOHCTB X0J1a BpeMeHH. Bce NpHUMHHO-CAefCTBEHHbIE
cB3u Mmupa XapakTepH3ylOTCH YHHBEPCAJbHBHIM [CEBAOCKAJASPOM
¢2. Besikasi KOHKpeTHas NPHYHHHO-CJECTBEHHAS CBSA3b ONpefess-
ercsl ellle NPOCTPAHCTBEHHBIM HaNpaBJeHHEM, OPT KOTOPOro o06o-
3Haydm uvepe3 i. Takum o6pa3oM, ¢ NPHUHHHO-CAEACTBEHHHIMH OT-
HOWIEHUSIMH AOJKHH ObiThb CBA32HBI NCEBJOBEKTOPH X0Ja BPEMEHH
ic3. O6CcTOATENBCTBO, COTMACHO KOTOPOMY XOJ BPEMEHM OmpejeJs-
€TCsl IICEBIOBEKTOPAMH, MOXKET HMeTh ellle c/elyllee NMOSCHEHHE.
BekTopel xofa BpeMeHH IOJKHB GbIThb HaNpaBieHH HEKOTODBIM
onpeleJeHHEM 06pPa3oM B 3aBHCHMOCTH OT MOJIOXEHHS NPHUYMHHE
u caeacrsus. Ilpenacrasum teneps, 4to X04 BpeMeHH Bo Bcem Mupe
H3MEHHJ 3HaK Ha OOpaTHHIH, pacHONOXKeHHEe Xe IPHYMH H Clel-
CTBHH B NPOCTPAHCTBE OCTAJOCH Heu3MeHHHM. M3 mepBoro yciosus
BEITEKAET, YTO 3TH BEKTOPH HOJKHBI H3MEHHTh 3HAKH, H3 BTOPOrO
}Ke, YTO OHH COXPAHMJH CBOe HampaBJyeHHe. ['eoMeTpHsi KaeT eHH-
CTBEHHYIO BO3MOXKHOCTb COIVIACOBaHHs 3THX TpeGoBaHHil: X041 Bpe-
MEHH MpeACTaBJsieT CcOo0OH ICeBAOBEKTODH, a [PH H3MEHEHHsX
3HaKa X0Ja BpPEMEHH Mbl NIPOCTO MOJKHBI NOJb30OBATHCS APYTHM
THIIOM OPHEHTALHH KOOPJIHHATHBIX CHCTEM.

HoxkaxeM Tenepb, YTO AJs NPHYMHH H CJAEACTBHA ICEBIOBEK-
TOpbl XOZa BPEMEHH iC; AOJIKHBI HMETh DasHble 3HAKH, T. €. OHTh
IpsMO NPOTHBONOJIOXKHBIMH. JleHCTBHTe/NBbHO, CIE€ACTBHE HAXOAHTCH
B OyaylleM IO OTHOWLIEHHIO K IIDHYHHe, a IPHYMHA B NpPOLIEAIIEM
10 OTHOIIEHHI0 K cJjaeAcTBH0. [lostomy 3HaKu &f 4Js IpPHYHHH
H CJEACTBHSA JOJIKHBI OHITh NMPOTHBONONOXKHHMH. MHEIMH cioBaMH,
NepeHoCcs TOUKY 3PEHHs H3 NPHYKHBI B C/JAEACTBHE, MBI MEHsieM 3HAK

y 8f, T. e. MepexoAHM K NPOTHBOIOJOXKHOH OpPHEHTAUHH IJIOCKOCTH, -

NepneHAuKy/AssPHOH K OCH NpUUHHA — cJaeJCcTBHe. Tenepb Jierko ybe-
AUTbCA B TOM, YTO KakMM Obl NyTeM HH OB OIpelesieH OpPT i,
NICEBAOBEKTOD iCy NOJIKEH MEHATb 3HAK IIPH Nepexoie OT NPHYHHBI
K caeAcTBHIO. B camom neJe, npu QHKCHpOBaHHOM i OyAer Me-
HATbCS THUII KOODAMHATHOH CHCTeMBl MPH NePeXOAe OT NPHYHHBI
K CJeJCTBHIO. B peayabTare MOCTOsIHHAA Cp AOJXKHA H3MEHHTh 3HAK,
a cJeloBaTeNbHO, H BEKTOD iC;. EcsM Xe NpH nepexome OT NpH-
YHMHBI K CJIENCTBHIO MEHATb 3HAK i, TO 3HAK Cy OCTaHETCH HEeH3MeH-
HbiM. TlosTOMy # B 3TOM cjy4dae IMCeBAOBEKTOpD iC, H3MEHHUT CBOM
3Hak. OTcioa noJyyaercss BHIBOA:

5. XoAOM BpeMeHH Kax/JOH NPHYUHHO-CAEJCTBEHHOH CBS3H fAB-
JISIeTCsl peaJibHBIH (U3HUECKHH npolecc, KOTOPHIH NpeacTaBlsercs
TICEBAOBEKTOPOM ([Cy, HMEIOIIUM AJSl NPHUHMHBI H CJAEACTBHS NPOTH-
BOINOJIOXKHbIe HalDaBJIEHHS.
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Hrak, Bpems ob6najaeT cJelylOUWHMH [ABYMs CBOHCTBaMH:
1) cmoiicTBo ckansipHOe, KOTOpPOEe BBIPAXKaeTcsi CyLIECTBOBAHHEM
NpOMEeXYTKOB BpeMeHH |Af| u 2) cBOHCTBO BeKTOpPHOE, KOTOpOE
npeacTaBisercss ICeBAOBEKTODAMH XOJa BpeMeHH -=ic;. XO4 Bpe-
MEHH KaK peaJipHBI (U3HYecKHH npoluecc, NPHBOAALUKMA C TOYKH
3peHHs] NPHYHHH K CYLIECTBOBAHMIO IICEBAOBEKTOPAa OAHOIO 3HAKa,
a C TOYKH 3pEHMA CJeACTBHS — MICEBJOBEKTOpPA JPyroro 3HaKa,
PABHOUEHEH BpALIEHHI0 NPHYHHBI OTHOCHTEJNBHO CJAEACTBHS C JH-
HeHHOH CKODOCTBIO Cg, MM Haobopor. OO6bsAcHeHHe 3T0 (QOPMAJbHO
SIBJsIeTCS COBEPIIEHHO TOYHBIM. OJHaKO BO3HHK2eT eCTeCTBEHHBIH
BOIIPOC, B 4eM CYHIHOCTb 3TOTO SIBJIEHHS ¥ KaK MOXHO HAIJIAAHO
cebe NmpeiCcTaBUTh BpAIllCHHe ABYX 3aBEJOMO HENOABHKHHIX TOYEK
C KOHeYHOH JIMHeHHOH cKopocThlo. Ha 3TOT BONpoc Mbl He MOXKeM
cefiyac oTBeTHTh. Ho MOXKHO HajZefThCH,” UTO 3TO SIBJICHHE CTaHET
siCHee B pe3yJbTaTe ONBITHHIX M MNOCAEAYIOWHX TEOPETHUYECKHX HC-
cnenoBanuil. IlosToMy HaM ocTaercs noka NOJNB30BATHCA TOJIBKO
¢opMaNbHBIM NIPEACTABJIEHHEM O XO4e BPEeMEHH KakK 00 OTHOCHTEJNb-
HOM BpallleHHH NPHYHH H CJAEJCTBHH.

IlpencraBum cebe, yTo MpHYHHA U CJAEACTBHE CBA3aHbl C ABYMS
MaTepHaJbHBEIMH TOYKaMH, AeHCTBUTEJbHO HAXOMAIHMHCA B OTHO-
CUTCIBHOM BpallleHHH. MEBIMH clioBaMH, DONYCTHM, YTO MEl HMeeM
HeJs0 ¢ BOJYKaMH, KOTophle 6yieM cuuTaTh HieanabHbiMH. Ilox uie-
aJbHBIM BOJYKOM CJeLyeT NOHHMAThb TeJO, BCA Macca KOTOPOro
PacnoJIoXKeHa Ha HEKOTOPOM HEeH3MEHHOM pacCTOSIHHH OT ocH. [lpu
BpallleHHH BO3JeHCTBHE TAKOro TejJa Ha TeJo, Bpamlamwlieecs
C Jpyroil CKOPOCTHIO, MOMKET OCYLIECTB/AATLCS Yepe3 MaTepHaJbHYHO
OCb ¥ MaTepuanbHble CBSA3H C 3TOH OCBIO, MACChl KOTODHX CTOJb
MaJbl, UTO HX MOXHO M0JIaraTh PaBHBIMH Hyawo. Torna s3auMopeil-
CTBHE 3THX HIeaJbHBIX BOJYKOB OyleT PaBHOCHIBHO B3aHMOAEH-
CTBUIO ABYX TOYEK, HMEIOHIHX Macch BOMYKOB. C TOUKHM 3peHHS
Kax/JI0H H3 3THX TOUYEK MOXKHO C IOJHOH ONpeJeJIeHHOCThIO T'OBO-
PHTH O BpallleHHUH APYrodl TOYKH, T. €. yKas3aTb IIJIOCKOCTb, BeJH-
YUHY JNHHeHHOH CKODOCTH 4 H HalpaBjieHHe BpallleHHs. TakuM
06pa3oM, KaxJoH TOYKE MOXKHO CONOCTaBHTh NCEBAOBEKTOpP OTHO-
CHTEJBHOTO BpAallleHHs ju, Tle j-— eIHHWYHBIA BEKTOp, MepreH]H-
KYJspHBbIH K Iockoctd BpamienHs. CornacHo oOBMHOMY YCJIOBHIO
NCEBXOBEKTOP ju HampaBJ/eH B NPaBOH CHCTeMe KOOPAHHAT TYAQ,
OTKyZa BpallleHHe KaKercs MPOHCXOASAIHM NPOTHB YaCOBOH CTpel-
KH. MoxHO cuuTaTh j OOBIYHBIM BEKTOpPOM, a BEJHYHHY i — ICEB-
pockajsspoM. Ecai, Hampumep, YCIOBHTbCA OTKJAJAbiBaTh | He3a-
BUCHMO OT THIIA KOOpPJIHHATHOH CHCTEMBl B CTOPOHY, OTKyJda Bpa-
IIeHHE MPOHUCXOJHT IPOTHB YacOBOH CTPeJKH, TO u OyAer NCeBaO-
CKaNspPOM, MOJOXHTEJNbHBIM B MPaBO#l cHCTeMe KOODAHHAT. JIerko
BHUIETh, YTO B PE3YJbTATe OTHOCHTEJNBHBIX BPAUIEHHH IJIsT HPHYUHBI
M CJAeAcTBHA OyAyT CyLIeCTBOBATh AOMNOJHHTE/bHBIE MCEBJOBEKTOPH
-+ju TPOTHBOMNOJNOXHBIX 3HAKOB. ODTH ICEBAOBEKTOPH HMEIOT CO-
BEpIIEHHO T€ Xe CBOHCTBA, YTO H INCEBJIOBEKTOPH —tic; OGHIYHBIX
NpUUHHHBIX CBsidel. Bo BcAKOM ciydae B JHHeHHOM NPHOJIHKEHHH
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TaKHe BEIHYHHBl OOBIYHO CKJIaAbIBalOTCH MexAy coboit. [Tostomy
MOXHO MPEANOJIOXKHTh Clelylollee CBOACTBO X042 BpeMeHH, KOTO-
poe T0JKHO OBITh NPOBEPEHO ONBITOM:

6. Xox BpeMeHH BpalIalOWHXCA TeJ OTAHYAETCS OT OGBLIYHOrO
X0[a BPeMEHH TeM, YTO K OOBIYHOMY XOAy BpeMEHH IeOMEeTPHYECKH
Jo6aBisiercs OTHOCHTeNbHAS JIHHEHHAS CKOPOCTh 3THX BpalleHHl.

Ecnu 310 nosoxeHHe cnpaBedNHBO, TO AJS BPAIAIOMEXCS T
cJeAyeT OXHAaTh OTHOCHTEJNBHOIO H3MEHEHHS OOGBLIYHOI'O IICEeBHO-
BEKTOPAa XOJa BPEeMEHH NO ero HalpaBJeHHI0O Ha BeNHYHHY
(u/c2) cos a, rae a —yroa (i, j). Caenyer Takxe oxugaTh abeppa-
(M0 HaNpaBJeHUs MPHYMHHOH CBA3H Ha yroJ ¢; tg Pp==(u/c,) sin a.

Tenepp cTaHOBHTCA MOHATHHIM, YTO [/ BHACHEHHS CBOHCTB
XOa BpeMeHH Heo6XOAHMO NMPOH3BOJHTH ONMBITH C BPallAOIHMHCA
TeJaMU — BOJJYKaMH. Uto6ul pa3obpaTbcsi B TOM, KaKHe MexaHude-
ckHe 3¢Q¢deKTh Xoda BpPEMEHH JOJXKHH HabaioJaThCs B ONLITAX
C BOJYKaMH, MBI NO/XKHB B I€PBYIO Ouepedb YTOYHHTH ONpeje-
JIeHUsI NPHYHH H CJAEJCTBHA B MexaHHKe. [lns 3TOro oT KHHEMaTH-
YeCKHX NOHATHH HalJIEXHT MepeHTH K MOHATHAM AHHAMHKH M CTa-
THKH.

I'JIABA 111

HEKOTOPBIE BbIBOJDbI MPUHYUHHON JHHAMHUKH
H CTATUKH

Cunpl ABASIOTCS NPHYHHAMH, BHI3BHBAIOWHMH H3MeHEeHHs KOHGH-
TypauHH H H3MEHEHHS KOJIMYeCcTBa [ABHXeHHs Tej. Mamenenue
8 PACHOJIOXKEHHH TeJl IIPHBOAMT K BO3HHKHOBEHHIO CHJ AedopMalHuH.
M3meHeHHe Xe KOJHYeCTBA ABHXKEHHS B €IHHHIY BPEMEHM, B3fTOE
< o6paTHHM 3HAKOM, corjacHo JlanmambGepy MOXHO pacCMaTpPHBATh
KaK CHJYy HHepUHH, NnpHbaBJieHHe KOTOPOH K OOBIYHHM CHJaM CBO-
JHT 3ajlayy AHHAMHKH K 3ajaue cratuku. [Ipn Takom mpencrasne-
HHH JeHCTBYIOHIHE Ha CHCTEMY CHJIB BCerfa ypaBHOBEINEHH, H J0-
GaB/ieHHe HOBLIX CHJ JKOJNXKHO 00653aTeJbHO BHI3HBATh IOSIBIAEHHE
HEKOTOPHIX APYruX cHJ/. [Jo3TOMy B MeXaHHKe CHJIB MOTYT CUHTAThCHA
H NpHYHHAMH, H BCeMH BO3MOXKHLHIMH CJeIACTBHSIMH. B cootBercr-
BHHM C OOHLIYHOH TepMHHOJIOTHeH NPHYHHH OYyAeM Ha3hBaTh aKTHB-
HHIMH cuJaMmH. JlomycTHM, 4TO K HEKOTOpPOH MaTepHaJbHOH TOuKe
(1) mpHNIOXeHH aKTHBHHE CHJIb, pPaBHOJAEHCTBYIOLIYIO KOTOPHIX
o6o3Hauum yepe3 A. [leficTBHe 3THX aKTHBHBIX CHJ MOXeT OBITb
nepeflaHo HeKOTOpOHM Apyroi Touke (2). dro meiicTBue cHin A Ha
TO4KY (2), T. e. MaCCHBHYIO CHJY, ‘BO3HHKAIOHIYIO B Touke (2) GJjia-
rogaps cuie A, npuioxeHHo# K Ttouke (1), o6o3Hauum uepes @.
MoxHo ckasaTh, 4yTO Touka (1) sBJslercs NMPHUYHHOH BO3HHKHOBeE-
HHs. cHan B Touke (2). CorsacHo BHBOAY 5 mpeiblAylei IMaBH
3TOH NPHYHHHO-C/JCACTBEHHOH CBA3H COOTBETCTBYeT B TouKe (2)
TICeB/IOBEKTOD XOAa BpeMeHH ic;. Takum o6GpasoM, c cunoét O oxa-
3BIBaeTCA CBSI3aHHHIM IICEBAOBEKTOp iC2. Ho 3TOMY NCeBIOBEKTOPY
06s3aTeqbHO CONYTCTBYeT INCEBAOBEKTOpP —iCy AJS IPHYHHH, T. €.
B Touke (l). Iloatomy B Touke (1) MBI OJOJXKHB HMETb TOT XKe
pe3y/abTaT, T. €. TY Xe CHJY, YTO H B TO4Ke (2), HO TOJbKO AEHCT-
BYOLIYI0O B MPOTHBONOJOXHYIO CTOpOHY. Ilosyuaercs BHBOL:

1. Tlpu pelficTBHH mepBOo#l TOYKH Ha BTOPYIO NCEBJOBEKTOPHHIH
X0 BpeMeHH 00s3aTeJbHO YCTaHaBJIHBaeT NPOTHBOLEHCTBHe, T. €.
PaBHOe H NPOTHBONOJIOXHO HAIpaBJeHHOe AefcTBHE BTOPOH TOYKH
Ha nepBylo.

droT BHBOJ coBnajaer ¢ TpeTbHM 3akoHoM Hbiootona. TakuMm
o6pasoM, TpeTH# 3akoH HploTOHa BhITeKaeT H3 CBOHCTB XOJAa Bpe-
MeHH. C NOMOLIbIO 3TOr0 3aKOHa MOXKHO OMNpEAeNHTh HHTepecyio-
1y Hac BeanuuHy pgeficTBuf @D, HCXOAS M3 YCJNOBHS DABHOBECHS
Toukn (1):

A+R_£%L=Q (5)
THe R-—cuna peakuuu, 1. e. o6paTHoe HeficTBHe ToukuM (2) Ha
Touky (1). B cayuyae uncroit cratuki R=—A 4 COIVIacCHO TpeTb-
emy 3akoHy Hpiorona ®@=A. B puHaMHKe BO3HHKaeT BONpPOC, aK-
THBHOH HJIM NMACCHBHOH CHJION CJefyeT CYATATh CHAY HHEPIHH
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dmyv
—— Cuna uHepuuH, HanpapJeHHas NPOTHB aKTHBHBEIX CHJI,

BO3HHKaeT TOJNbKO 6Jarofiaps 3THM CHJaM, NMO3TOMY OHa He OTJIH-
yaeTcs OT aKTUBHBIX CHJ M JOJXKHa& OHRTb K HHM nNpu6GaBieHa.
dmv

dt
GOMHOM MOBHXKeHHH TOUKH (1) HMeeM OUeBHAHBIH pe3yJbTaT:
@ =0, T. e. OTCyTcTBHe [eHCTBHS Ha Apyrue TOukH. Eciu Tenephb
cujla UHEepHUH HanpapjeHa NPOTHB CHJ DeaKUHH, TO OHa BHI3bIBa-
eTcsi 3THMH CHJIaMH, OT HHX He OTJIHYaeTCs H JAOJKHA OHTb K HHM
npubasiena. IloaToMy peakuuefi Ha aKTHBHYW cuay OyneT He R,

dmyu

dt

THBHOM CHJIN Ha TOYKy (2) 6yner TeM Xe, uTo u B cratike: D=A.
3anuieM 3TH BHIBOAH CJeLYIOIIHM 06pasoM:

B stoM ciayuae noayuvaercs P=A — Otcropa npu c¢Bo-

a BhpaxeHHe R — =-—A. CnenoBaTenbHo, IeficTBHe akK-

L |AI>|R;, ©=4—200Y

(6)

2. |AI<|R, @=—(R — B2 )=4.

W3 atux ¢opMmys cjelyeT, YTO IPH pPaBEHCTBE HYJIO AQKTHBHHIX
cua (A=0) pasun Hyao u cneactsus (D =0). ITostomy npu co-
yAapeHHH JABYX IIAapoB, Ha KOTOpHE He NeACTBYIOT BHEIIHHE CHJIH,
T. €. OTCYTCTBYIOT NPHUHHH, HROJKHE OTCYTCTBOBATb M CJEACTBHS,
HEeCMOTPsI Ha CYIeCTBOBAHHE PeaKIHH.

AKTHBHBIE CHJIBl MOTYT GBITh NPHJOXKEHH u K Touke (2). Toraa
IeficTBHe 3THX CHMJ Ha TOuKy (l) MOXKHO BHUYHCJIHTb C MOMOLLBIO
Tex Xe BhHpaXKeHuil (6), HaNHCAHHBIX AJS TOYKH (2).

[lepefinem Temepb K BONPOCY O COMIACOBAaHHM JeHCTBHS H HpO-
THBOAEHCTBUS ¢ mnceBaoBekTopaMu xoga spemenn. CornacHo ¢op-
Mysaam (6) HampaBieHHe AeHCTBHs COBNAJaeT C JHHHEH, COeRHHSAIO-
IeHl NPHYUHE U CJICACTBHS, T. €. C [POCTPAHCTBEHHBIM IIOJIOXKEHHEM
ncep]oBeKTOpoR BpeMeHH. C apyroi CTOpPOHH,, XOA BpEeMEeHH JOJ-
eH yKa3bBaTh HampaB/jeHHe K OyAylleMmy, a NO3TOMYy COBHajfaTh
¢ HanpaBJeHHeM NeHCTBHs AKTHBHOH CHJIB, OPT KOTOPOH 06o3Ha-
uypM uepe3 i. Toraa xoi BpeMeHH B TOYKe (2), T. e. BEKTOp iCs,
6yneT corsiacoBaH ¢ AeHCTBHEM CHJBL IIPH YCJOBHH, YTO MBI NOJb-
3yeMcsl CHCTEMON KOODAHMHAT, B KOTOPOH MNCEBNOCKASp C> HMeer
MOJIOXKHUTEIbHOE 3HaueHHe, D10 corsacoBanue ic: u @ o3Hauaer, 4Te

O=ic,|J|, (7)

rie |J|— HEKOTODHI NOJNOXHTENbHEIN CKaJIspHbIH K03 pHIHEeHT.
B touke (1) ic; Mensier 3HaK, u no dopmyne (7) Ha 3Ty TOuKy Gy-
mer nefictBoBaTh cHuaa peakuuun R=—®@. [Ipu ocranosHBLIEMCA
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speMeHH, T. e. IpH C;=0, AeACTBHA BCEX CHJ JOJNKHH OTCYTCTBO-
BaTh. OJTOT pe3y/bTaT NOAYYaeTCsl HeMoCPelACTBEHHO H3 OpMYyJbl
(7). MostoMy ckaasipumit Koad¢uument |J|, mo kpaliHefi Mepe
B epBOM NpHOJHMKEHHH, HOJKeH GbiThb HEBapHAHTHHIM, T. €. He3a-
BHCSALIUM OT X04a BPEMEHH.

PaccmotpuM cayuait, korga touka (1), Ha KoTOpyrO AeHCTByeT
4KTHBHas CHJIA, NpeAcTasiseTr coboifl HAeaJbHBIN BOJYOK, BpalLlao-
IMHACA CO CKOPOCTBIO ju OTHOCHTeAbHO TO4KH (2). Kak OO0 yka-
3aHO B KOHIle MNpeinlAyiled TIJaBH, LJIst ONpeldeJeHHOCTH MOXHO
«CYHTaATh OPT j HaNpaBJeHHHLIM IO OCH B Ty CTOPOHY, OTKyJAa Bpalie-
HHe KaXercs NPOHCXOASUIHM IPOTHB YacOBOH CTpEJKH, eCJH IOJIb-
30BaTbCS CHCTEMO# KOODJHHAT, CBSI32HHOH €O BTOPOH TOUKOH.
Torma u 6GyZer NCEBAOCKAJAPOM, MOJOXKHTEJNbHHIM B IDaBOH CH
‘cTeMe KOOpJAHHAT.

Haunem ucciaezoBaTth BONpoc O AeHCTBHH BOJYKA HA HeBpallaio-
llleecs TeJO C MNpOCTeHlIero cjydasi, KOrja OCb BOJIYKA COBIAAae
C JIHHHeH HeHCTBHsS CHJH. [IpHMEpOM MOXeT CJAYXHTb JeHCTBHe
TAKENOr0 BOJMYKA C BEPTHKAJLHOH OChI0 Ha HENOABHXKHYIO ONODY.
B sTo#f 3amave NCeBAOBEKTODHl = ju  COBEepIUEHHO  AHAJOTHUYHH
fICEBAOBEKTOPaM X0Jla BpeMeHH =ics. [I03TOMy B paccMaTpHBaeMoH
CHCTEMe XOJOM BpEeMeHH J0JKHa GhiThb BeJHUHHA = (ic2+ju). Ilox-
CTaBJAS 3TO BHIpa)KeHHe BMeCTO ic» B ¢opmyay (7), HAXORHM

@, = (ic, + ju) |/ |.

Ilockoabgry |J| =|®|/cs, OKOHUaTENBHO HMeeM

D=0 +j—|P],

Ru=R—jC—“2|®|.

‘ u
[Mox peficrBEeM HONOMHHTENbEBIX cHA =+j——|®@| paBHOBecue
)

cucteMbl 6yjaer Hapyumeno. HoBoe pasHOBecHe BOJYKA MHOJYYHUTCH,
KOrJa B pe3yJbTaTe I[epeMellleHHsT TOUEK BOJUKA YIpYyrue CHIB
CTaHyT JaBaTh peakuuio R, npu KoTopo#

Ri=R —j—2-|®|=R.
Takum obpa3som,
R'=R+j—-|0| 9)

Ynpyrue cuiael, o6ycaoBAMBaOLIHE DeaKUHIO, fBJIAIOTCA CJel-
crBHeM TaxecTH. HMx wusmeHedHe MoxKeT ObITb BBI3BAHO TOJBLKO
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H3MeHeHHeM NpDHYHHH MHJIH Beca BoJuka. [lostomy Habuaiogaemas
yIOpyrocTb O3HayaeT, YTO aKTHBHas CHJIa H3MEHHJach H CTajka paB-
Hoit = .* Toraa u3 ¢opmyan (9) caenyer

r=A— i
A=A~j z | @] (10)
Ota akTHBHas cuMa OYyAeT OKa3HBaTb JeHiCTBHE Ha ONOpY:
=@ — ] 2
Q=0—]f ; [D.

IloncraBass 310 3Hauenue naeiictBust BMecto @ B dopmyny (8),
HafiieM, YTO INIOJIHOE€ JeHCTBHE Ha OMOPY OCTAeTCs IPEXKHHM:

D=0+ ] || =2. (1)

U3 nonyuerHmix ¢opmyn mpeobpasoBaHus cHa (9)—(11) cue-
KyeT BHIBOA:

2. Ilpy pmeHCTBHH TsKeJOro Bpalllalolierocs BOJYKa Ha OMOpY
BEC ero H3MeHseTcsl IPH COOTBETCTBYIOIIEM H3MeHEHHH Jedopma-
uuH. [leficTBHe XKe BOJTYKA HA ONOPY OCTAeTCH NPEKHHM.

3toT 3¢ ¢eKT MOXKHO HAIVIAAHO NMPEACTaBHTb cefe CACAYIOUIHM
o6paszom. Boo6pasum GecuncjeHHOe KOJIHYECTBO HEBECOMHIX MNpPYXKH-
HOK, CKpeIUJICHHHX C ONOpPOH H ACHCTBYIOIIMX HAa KaxKAYI0 MaTepH-
aJIbHYIO TOYKY BOJIYKa B HalpaBJleHHH OCH BpalleHHd. B 3aBHcHMoO-
CTH OT TOrO, PAacTSHYTH HJH CXKAaTHl NPYXHHKH, NOJYYHTCS YBEJH -
YeHHe HJIM yMeHblleHUe Beca BOJYKa, KOTOpOe, OZHAKO, Hesb3s 006-
HapyXHTb OOLIYHHIM B3BelIHMBaHHEM, TaK KaK JaBJeHHe BOJUYKa Ha
YalllKy BECOB OCTAHETCs HeH3MeHHHM. JTa HeH3MEeHHOCTh AEHCTBHSA
TSIXKeJIOro BOJYKA Ha ONOpY MOJydYaeTcs H3-3a TOro, 4TO H IpH Bpa-
IIE€HHH BHIIOJHSETCS TpeTHH 3aKoH HbloTOHA, BHITEKAOIIHH H3
IBYXCTOPOHHOCTH IICEBJOBEKTOPOB X0Aa BpeMeHH. [IByXCTOPOHHOCTD
Ke co6JOaeTcss M NpH BpauleHHH. TakHM 06pasoM, XOJ BpPEMEHH
He MOXeT H3MEHHTb OOLIero KOJHYeCTBA JABHKEHHS CHCTEMH, T. €.
CO3/1aTh BHELIHIOIO CHJY IO OTHOLIEHHIO K CHCTeMe IpHYHHA — Clel-
cteue. CHJBIL, BO3HHKalolle O/Jarofapsi XO4y BpPEMeEHH, SIBJAIOTCH
BCerja BHYTPEHHHMH, DaBHHIMH H IPOTHBONOJOXHO HanpaBJeH-
HBIMU CHJAMH. DTO IM0JIOXKEHHEe CTOJb Ba)KHO, YTO MBI COYJH HeoO-
XOJHMBIM MOJATBEPAHUTH €ro TOUHBIMH ONHITAMH, KOTOpHE OYAyT 1O-
Npo6HO omHcaHbl B rsiaBe V. YKaxeM cefiyac TOJbKO ofuiee CO-
JepKaHHe 3THX ONKTOB M NOJYUYEHHBH pe3yJsnTar.

[TepBHI ONBIT 3aK/AKOYaJCHd BO B3BEIUMBAHHH BOJYKA Ha pH-
YaXKHBIX Becax NMpPH CKOpocTsix BpamenHs u = 50 m/c. Ecan 6u BO-
NpeKH HalluM 3aK/IIOYEHHAM J[eHCTBHE BOJYKAa Ha BECH MEHSJIOCH
IpH BPAlIEHHH, TO OTHOCHTEIbHBE 5 (EKTH X0Ja BPEMEHH AOJKHbI
6bl1d 6Bl OHITH NOpPSAKA u/c2, T. €. mopsaka 107, uau cocTapasATh,

* B opHrHHaJje Npomyck.
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N0 KpaiHed Mepe, HECKONbKO €AMHHL NATOr0 3Haka. ONbITH NOKA-
3a/H, 4TO CHJIa, JedcTBOBaBIlAs Ha BeChl NPH BPALICHHH, HE MeHs-
Jlacb C TOYHOCTBIO JO OJHOH MHJAAMOHHOH. Ba)XHO OTMETUTH, uTO
IpH 3THX ONBITaxX, KOrja NojBec NepeaBaJt APOXKAaHHUS BOJYKA KO-
poMbic1y BecoB, OblJIM 3aMeyeHbl O4YeHb HHTepecHble 3(M(eKTh M3~
MEHEHHS [OKa3aHHH BECOB, 3aBHCeBLIHe OT HampaBJieHds Bpallle-
HHA. OTH HAOmioleHus BlepBble yGelHIH HAC B CyLIECTBOBAHHH
MeXaHHYeCKHX 3((deKTOB XoAa BpeMeHH. Tak Kak 3aMeueHHBiE 3¢-
(eKTH GBI CBSI3aHBl C APOXKAHHEM BOJNYKA, TO MBbl COY.TH HEOBXO-
AHMBIM IIOCTABHUTb OINbIT B3BELIWBAHHUA MNOJABHKHOTO BOJYKA Ha
3JacTHYHOM noasece. [TokazaHus Becos npu GpOCaHHAX H HOABEMAX
Bpallaioulerocst BoJ4Ka OKa3aJUCb HEH3MEHHRIMH. 3TOT ONKT OCO-
GeHHO HAar/IsAJHO YCTaHaBJHBAeT CNpaBeNJHBOCTh 3aKOHA COXpaHe-
HHS HMIyJbca H AJst Bpamawiuxcs Tea. PopMyanpyem BHBOI:

3. Cuan BCerfa CBsi3aHbl TOJbKO C MaTepHaJbHBIMH TeJaMH,
H H3MEHeHHe XOJa BpEMEHH He MOXKeT H3MEHHTb HMIyJbca CH-
cTeMbi. MIHBIMH c10BaMH, X0[ BpeMeHH He HepeHOCHT HMMNYJbCa.

MsMeHeHHe aKTHBHON CHAB, AeHCTBYIOLLEH Ha BOJYOK, MOXHO
O0HapyXHTb N0 H3MEHEHHIO AedOpMAalHH BOJYKA IPH BPALIEHHH.
B Tex ciyuasx, KOria OTJIHYHE AKTHBHBIX CHJI OT IACCHBHHX He
BH3bIBAET COMHEHHH, 3THMH onbiTaMu no dopmyne (10) MoxHO
YCTAHOBHUTb 3HAaK MHDPOBOTO XOJAa BpeMeHH cz J[ledcTBHTeNbHO, H3
3TOH (OPMYJiBl ClelyeT, YTO YMeHblUeHHe aKTHBHOH CHJIBI IPOHC-
XOIHUT B TOM CJy4ae, KOrla BeKTop j(u/c:) coBmaiaer ¢ HampaaJe-
HHeM akTHBHOH cuabl. Ilockoabky ¢g > 0, yMeHbleHHe aKTHBHOMH
CHJIHl MPOM30HJAET, KOrAa BEKTOp BpalleHHus ju OyAer HamnpasJieH
N0 aKTHBHOH cmJje. JIomyCTHM Temepb, YTO Mbl HaGdalOAe/H YMEHb-
lleHHe aKTHBHON CHJIBI DY HEKOTOPOM BpallleHHH BOJuKa. K3 aTux
HaGMIONeHHH MBI YCTaHaBJHBaeM, B KaKOH CHUCTEME KOODIHHAT BeK-
TOD BpallieHHs COBNAafaeTr C HalpaBJieHHEM aKTHBHOH cuanl. B artoi
CHCTEMe KOOPJAHHAT IOCTOSHHAs Cz U GyAeT HMeTb IOJIOKHTEIbHOe
3HauyeHHe.

B crenywoumux AByX IMaBax COREPXKHTCS ONHCAHHE HEKOTOPBIX
3(pekTOB XORa BpeMeHH, KOTOpHle MOXHO Ha6/i0jaTb Ha MOBEpX-
HOCTH 3eMJIH M JAPYTHX HJaHeT, a Takke NpU J1a6opaTOpHBIX OMH-

- Tax ¢ rupockonaMH. OcHOBHOH, KayeCTBEHHHH, pe3yJbTaT 3THX

Hab/MOJeHHH 3akJIOYaeTcs B TOM, YTO YMeHbIIEHHE Beca BOJIYKA
IPOHCXOAHT INPH BpallleHHH ero N0 4acoBOH CTpeJNKe, eCJdH CMOT-
pPeTh CO CTOPOHH], B KOTODPYIO HalpaBJieHa TaXeCTb BoJsuka. O6nY-
HBIMH MeTOAaMH ecTeCTBO3HAHHs OeccHOpPHO YCTAaHABJIUBAETCH,
YTO TSXECTb sABJIAETCS 8KTUBHOH cHJoH. [T03TOMY 3TH ONHITH BBIsC-
HSIIOT, UTO TNICeBJOBEKTOp BpalleHHs ju HampasJ/ieH N0 aKTHBHOI chJe
B JIEBOH CHCTeMe KoopauHaT. TakuM o6pa3oM, MH TOJydaeM 3HAK
XOla BpPEMEHH, ONIHY H3 CaMBX OCHOBHBIX XapaKTEPHCTHK Hallero
Mupa: .

4. OnpeflesieHHB ONKITOM 3HaK XOXa BpeMeHH Hauiero Mupa
NOJIOXKHTEJNeH B JIeBOH CHCTeMe KOOpDAHHAT. DTO O3HauaeT YMeHb-
LleHHe AKTHBHOH CHJEI, NPHJOXEHHOR K Tely, NpU- BPAlEHHH €ro

{7 3axa3z Ne 23 257



710 4acoBOH CTpeJKe, eCH CMOTPETb CO CTOPOHH NEACTBHS aKTHB-
HOH CHJIHL

Ecau cdopmyny (4) paccmMaTpHBaTh Kak ONpejeNeHHEe MMOCTOSH-
Holi IlnaHka, TO 3HaK 3TO¥M NMOCTOSTHHOH AOJKeH ObLIThb TOXKe [MO0JO-
JKUTEJBHBIM B JIEBOH CHCTeMe KoopiuHar. B paszo6paHHOM BHIIe
npumepe l'aycca o6a H30NHPOBAHHBIX CYIIECTBA BCerfga CBS3aHH
Mexay co60H eIHHHIM MHDOBBIM XOZOM BpeMeHH. QueBHIHO, 4TO,
NMOJIb3YSICh BHIBOAOM 4, OHH CMOTYT JIEI'KO COIJ1acoBaTh CBOM OIpe-
JieJIeHHsl IPaBOro M JeBoro. [lJis 3TOro MM JOCTATOYHO YCJOBHTHCS,
4TO BpAaileHHEM cJieBa HANpaBo, €CAH CMOTPETb CO CTOPOHHI JIo-
O0H aKTHBHOH CHJIH, Ha3bIBAeTCsl BpalleHHE, [PH KOTOPOM HpPOHC-
XOIMT yMeHblleHHe 3TOH cHJb. TouHo Tak xke, HabGawoaas Jgabopa-
JOPHIO B 3epKaJje, MOXHO OOHAapyXHTb, YTO B 3TOM CJyuae 3HAK
XOla BPEMEHH MOJIOXKHTEeJNIeH B IIPABOH CHCTeMe KOOPAMHAT H 3THM
TyTeM YCTAaHOBHTb HepeaJsbHOCTb HabJioxaeMofi JabopaTOpHH.

Tenepb, Koraa H3BecTeH 3HAK C;, MOXHO MEXaHHYECKHMH OIH-
TaMH OTJHYaTh AKTHBHYIO CHJY OT MaCCHBHOH, T. €. HNPHYHHY OT
clefctsus. Ecam, HanpuMep, Npu BpalleHHH Teja HabJaiogaercs
yMeHblIeHHe CHJ, TO 2KTHBHOH O6yAeT CHAa, HanpapjeHHas TYAa,
OTKy/Ja BpallleHHe KaXeTCs NPOHCXOASALIHM IO YacOBOH CTpeJKe.
DTHM 06CTOATENBCTBOM BBINOJHSETCS OCHOBHOe TpeGoBaHUe, Mpelb-
sIBJIsieMO€ HaMH K MeXaHHKe:

5. AKTHBHYIO CHJIY OT MAcCCHBHOH, HJIM NPHYHHY OT CJAEACTBHS,
BCeraa MOJKHO *OTJIHUHMTB MeXaHHYecKHM onbelToM. IlostoMy mnpus-
[HIHAJbHO BO3MOXeH Nnpubop, MOKAa3bIBAIOLIHH ITOJIOXKEHHe NpPHYHH
U CJeACTBHH.

B TexHHKe pa3biCKaHHe NPHYHH TpebyeT HHTYHIHH HHXEHepa.
[TosToMy cylllecTBOBaHHE NPHHIIMNHAILHOH BO3MOXKHOCTH HAaXOAHTb
IPpHYHHY MeXaHHYECKHM 00pa3oM MOXeT MNpelCTaBJSATb A1 Tex-
HUKH 60JbIIOA HHTepec.

IIpr oTHOCHTE/BHOM BpalLleHHH CHCTEMbl B3aHMOJIEHCTBYIOLIMX
TeJ B 3TOH CHCTeMe BO3HHMKAIOT NONOJHHTENbHble BHYTPEHHHE CHJbIL.
OTH CUIBl HapyHalT NepBOHAYaAbHOe paBHOBecHe CHCTEMEL [lo-
CKOJIbKYy DaBHOBECHOE COCTOSIHMe SIBJISIETCS COCTOSIHHEM C MUHH-
MaJbHOH 3HeprueH, BCAKOe HapyLIeHHe DAaBHOBECHS! O3HauyaeT yBe-
JHYeHHe 5Hepruu cucTeMbl. C npekpallleHHeM BpallleHHSI CHCTEMA
KaxXabl# pa3 OyZeT BO3BpalllaTbCAd K PaBHOBECHOMY  COCTOSIHHIO
¢ no6aBoyHOH (KuMHeTHuecKol) sHeprued. OTcroma cjaelyeT BHIBOA:

6. DHeprusi CHCTeMHl TeJ, HAXOJSIUHXCH B PaBHOBECHH, MOXKeT
TOJIBKO YBEJHYUBATHCS NPHU JI0O60M H3MEHEHHH OTHOCHTEJBbHHIX Bpa-
IIeHH# TeJ, COCTaBJASIOMUX cucrteMy. TakuM 0o6pa3oM, MPHHIUHIIH-
anbHO BO3MOJKEH JABHraTesb, HCIOJL3YIOIINA XOA BPEMEHH MJIA INO-
JyueHus paborel. MHBIME c/lOBaMH, BpeMsi o6Jajaer 3Hepruet.

PaccMoTpuM Tenepb ciydai, Koria cucteMa He  HaXOJHTCS
B paBHOBeCHH H O6JiajlaeT KHHeTHUYecKOH 3Heprueli. Torama npu us-
MEHEHHH OTHOCHTEJbHBIX BpalileHH#l BO3MOXKHO MOSBJCHHE CHJI,
JeACTBYIOIIMX MNPOTHB CKODOCTH, KOTOphle, NOAOOHO TPEHHIO, MO-
I'yT YMeHbIIHTb KHHETHYECKYIO, a CJeHOBaTeJbHO, H MOJHYK 3Hep-
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THIO CHCTeMH. HampuMep, cunaMH XOAa BPEMEHH MOXHO OCTaHO-
BHTb KoJieOaHHe CHCTEMHl, €CJIH BBOAHTh HX TaK, 4TOGH OHH AEHCT-
BOBaJIU NIPOTHB CKOPOCTH KoJieGaHuUH.

7. DHeprusi CHCTeMHBl TeJ, KOTOpbie He HaxoJsATcs B PaBHOBe-
CHH, MOXKeT OHITb He TOJBbKO YBeJHYEHa, HO H yMeHblleHa H3MeHe-
HHeM xona BpeMmeHH. [1osToMy Bo3MOxKeH 0OpaTHBIH mpolecc nepe-
XOJ12 3HepTHH CHCTEMBI B XOJ BPEMEHH.

BBHAY HCKIIOUUTENbHOH BaXKHOCTH 3THX CJeICTBHA pasbepeM
npocTeldlInii KOHKDeTHBIA NpHMep ABHrare/s, paboTaioulero Ha H3-
MeHeHHM XoJa BpeMeHH. [onycTuM, 4YTO BOJYOK C BEDTHKAJbHO
pPacHoJIOXXeHHOH OCbiO OIIHpaeTcsl Ha HEKOTOpOe XKeCTKOe OCHOBaHHE
H HMeeT cJaeayoomee ycTpoHcTBo. TsXenoe KOJbLO C Maccod m
JICKHT Ha YNpyro#, HeBecOMOH INpYyXHHe, KO3(Q(]UIHEHT YHNPYTrOoCTH
KoTopofi paseH k. CoelaHHeHHe C OCbIO BpAallCHHs OCYIIECTBJAETCS
TOJIbKO B HHXXKHeH yacTH 3ToM npyxuHb. IIpH BpaileHM# B Ty HJIH
VHYIO CTOPOHY JOJIXHH BO3HHKHYTb [B€ ROMNOJHHTENbHbIE CHIIBL
Oxna cuja, KakK ¥ Bec BOJYKA, NPHJIOXKEHA K ILEHTPY TSKECTH
Koabua. [pyras cuma, mapHast el no TpeTbeMy 3akoHy HbploToHa,
6yleT mpHJOXKeHa K onope, 6aarofaps yeMy HeHCTBHEe BOJIYKa Ha
ONOPY He 3aBHCHT OT COCTOSHHSI BpalleHHs. OTH CHJBI DacTIHYT
HJIH COXMYT NPYXHHY M coobumaT edl AONOJHHTENbHYIO NOTEeHIHAb-
Hyto sHepruio AE, kotopyio no ¢opmyaam (10) u (6) mMoxHO mpen-
CTaBHTb B BHJE

AE — (AF)? — (g —w)2m? (L)zz(_gﬂ(_u_)‘” (12)

2k 2k Ca 8n? Cs

rae g — YCKOpeHHe CHJH THAMXKECTH, W -— BepTHKaJbHOe YCKOpEeHHE

koabua U T==2n+/m/k — nepuon co6CTBEHHHX KONeOAHHH NPYXKHUHEL
HonycTuMm, 4TO Halll BOJYOK C NOMOWIBIO HEKOTOPOrO YCTPOHCTBA
6e3 MOTepH SHEPTHH NEPHOAHYECKH MeHseT HampaBJieHHE BpalleHHs.
Iliist mpOCTOTH MOJIOXKHM, YTO 3TOT NEPHOJ COBNajaeT C HNEPHOLOM
COGCTBEHHHX KoJeGanuil npyxuuel. Torma no dopmyae (12) jerko
IOJNYYHTh CpelHee KOJHYECTBO 3HEpPrHH, KoTopoe OyHeT moJydaTh
Hallla CHCTeMa B eAMHHILY BPEMeHH:

dE __ mg’T Y
dt — 8x? (c2 ) : (13)

3nech u— HEKOTOpast CpejiHsisi aGCOMIOTHOH BeJIHYHHE JHHEHHOH
CKOPOCTH BpalleHHSl W NPHHATO w<Kg. Bo3pMeM clielaywouiue AaH-

Hele: m=1 kr, T=1 ¢, u=30 M/c, Torna dE/dt = 0,1 spr/c.
[Tpou3BOANTENBHOCTD HAllEro ABHraTtesst O4eHb MaJja.
HeAcTBUTENHHO, TOJBKO ONHA 3HEPTHs BPallEHHs CHCTEMEBI CO-

craBasier okono 10® spr. IloaToMy ecnam TpeHHe YCTPaHEHO Ha-

CTOJIbKO, YTO CHCTEMAa MOXeT KOJe6GaTbCsl N0 HHEPUHH HECKOJBKO

JeT, TO TOJbKO TOTLA eXeceKyHJHasi NoTeps SHepruu OGyner
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NOpsiiKa NPHXOAA. MBI BHAMM, YTO IIPAKTHYECKOE OCYLUECTBJEHHE
«MalUHHEl BPEMEHH» C [IOMOLULIO BOJIYKOB €lBa JIH BO3MOXHO.
B naGopatopHulx Macwtabax poJb 3(OEKTOB BpeMEHH NOJydyaercs
COBEpUIEHHO HHYTOXKHOH. HOo B Takux OrpOMHBIX TeslaX, KAKUMH SiB-
JISIOTCA 3B€3[bl H IIaHeTH, 3)@EKTbl BpeMEHH MOTI'YT HMETb pe-
watwoilee 3HaveHHe. [Ipo6/eMa HCTOUHHKOB 3HEPrHH HeGeCHbIX TeJl
MOXeT OHTb BMOJHE pelleHa 3THM nyTeM. [lefCTBHTEJBbHO, OrpOM-
Hasl 1oTepsi 3HepPruH, NPOHCXOAsALLAst Ha NOBEPXHOCTH 3BE3[bl, CO-
OTBETCTBYET OYeHb HeCOJbILCMY pPacXOAy, OTHECEHHOMY K €IHHHIEe
Maccel 3Be3nbl. Tak, Hanpumep, IJas COGJIIOLEHHS TeNJIoOBOro 6a-
JiaHCa KaXJblH rpamMm BelllecTBa BHyTpH CoJIHLIA JOJXKEH BHIAEATD
TOAbKO 1,9 spr/c. IlpuBeleHHBII HaMH BBIlle pacyeT MOLLHOCTH
JBHraTeslss BpeMeHH NOKa3blBaeT, yTo B Macuitabax CosHIA BIOJTHE
BO3MOXHH IIPOLIECCH], NIPH KOTOPHIX H3 XOAa BpeMeHH OyLeT H3BJje-
KaTbCl JOCTAaTOYHOe KOJiHyec1BO 3Heprud. Ckopee BCero, 3TH IIpO-
uecchl OYAYyT CBfI3aHbl He C MPOCTOH MEXaHHKOM, a C 3JeKTpOAHHA-
MHKOH. HanpsikeHHe MarHMTHOro HOJIsi fIBJSIETCS] [CEBAOBEKTOPOM,
a NOTOMY MCEeBAOBEKTOpP XOJa BPEMEHH MOXET H B 3JIEKTPOAHHA-
MHKE€ NPHBOAHTL K HOBHIM CHJIaM, CO3[alOlHM H3OGLITOUHYIO 3Hep-
ruio. MOXHO AyMaTh, 4YTO He MeXaHHKA, a HMEHHO HeCHMMeTpHYHas
3JIEKTPOJHHAMHKA I[O3BOJIHT [IPAKTHYECKH OCYLIECTBUThL HBHraTelb
BpeMeHH.

o cHx mop.Hamu pacCcyXKAeHHs OTHOCHJAHCHL K [pOCTeHuieMy
«CJlyyalo, KOrfila OCb BOJIYKa COBNAZana ¢ JHHHEH NEeHCTBHS CHJIBL
ITpu aTOoM nceBnOBEeKTOPE BpalleHHH aareGpavyecKH CK/adblBaJIHCh
‘C NCEeBIOBEKTOPAMH XOja BpeMeHH. B ofuieM Xe ciayuae AJas JiO-
‘60T0 MOJIOKEHHA OCH BpallleHHs eCTECTBEHHO CYHTAaTb, YTO MCEBHO-
BEKTODBl BpalleHHH H Xolda BpeMeHH OYIAYT CKJIaZblBATLCS reOMeT-
puuecku. Toraa ¢opmyan npeobpas3oBanusi cua (9)—(11) ocra-
HyTCsl NpPeXHUMH IPH YCJOBHH, YTO BXOAfIIHE B HHX CJOXEHHS
cJelyeT NPOU3BOJAUTH reoMerpuyeckd. s onpeneneHus Hampas-
JICHHs AOMOJHHTeJNbHBIX CHJ yAOoOHee NOJb30BATbCH CJAELYIOLIHM
[paBHJIOM, BHITEKAIOIMM H3 BhIBoAa 4 U ¢GopMmya npeobpa3oBaHHs
CHJT: , ,

8. Jlono/HHTeJIbHble aKTHBHBIE CHJIB, BO3HHKAIOILHE NPH OTHO-
CHTeJIbHOM BpallleHHH [JBYX B3aHMOJEHCTBYIOUINX TOYEK, BCErAa Ha-
fpaBJ/JeHb 110 OCH BpallleHHs B TY CTOPOHY, OTKYAa BpalleHHe Ka-
XKeTcsl MPOMCXOASAIIMM IPOTHB 4YACOBOH CTPEJNKH C TOUKH 3peHHS
CHCTEMBl KOOPAHHAT, CBA3aHHOH c Apyro# Touxkof. [lomoJHHTeNb-
Hble K€ peakUHH HaNpaBJ/cHBl B IIPOTHBONOJONKHBIE CTOPOHBI.

B obumeM caydae OOJKHO HabaI0ZaTbcs H3MEHeHHe HE TOJIBKO
BeJHYHHBl CHJ, HO ¥ HX HanpasJeHus, T. e. abeppauusi cusi. [lpu
3TOM B CHCTE€Me MOXKeT BO3HHKHYTb AONOJIHHTENbHAst Mapa CHJ, KO-
TOpast U3MEHHT MOMEHT BpalleHHs 3TOH cHcTeMBl. TakuM o6GpasoM,
K MepeydcJeHHbIM BhILIEe OCHOBHBIM CBOficTBaM XOXa BpemenH (3
# 6) ciaenyeT no6aBUTH ellle OAHO CBOKCTBO:

9. Xox BpeMeHH MOXET U3MEHSITb He TOJbKO 3HEPrHI0, HO H MO-
MEHT BPALICHUS MEXaHHYECKOH CHCTEMHI. '
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Kak 6n0 yKasaHo B NepBOH TI/aBe, aCTPOHOMHYECKHM IOJ-
TBEPXKACHHEM 3TOH BO3MOXHOCTH MOJNy4YeHHS MeXaHHYECKOH CHCTe-
MO JIONOJTHHTEJPHOTO MOMEHTa BpallleHHsi 6e3 y4acTHs APYTHX Te
MOXKeT CJIYyXKHUThb HaGJ/i0faeMasl B HEKOTOPHIX TECHHX 3BE3JAHBIX Ia-
pax HECHHXPOHHOCTb OpPOHMTa/JbHBIX H OCEBHIX BpalllcHHHE 3Be3f.
B caepyomux xe AByx rnasax 6yAyT NpHBeAeHL ONHUCAHHS MeXa-
HHYECKHX ONBITOB, KOTODHIE HENOCPEJCTBEHHO II0KA3BIBAIOT BO3MOXK-
HOCTb H3MEHEHHS MeXaHHUECKOTO MOMEHTa CHCTEMHL.

Jlono/HUTe/ b HEH 4YieH B Qopmyse npeoGpasoBaHHST AKTHBHOH
CHJABl NIDH OTHOCHTE/JILHOM BpamleHun (10) nokasmiBaer, 4TO HEKO-
TOpas [0Jsi CJIeACTBHSI CTAHOBHTCS MPHYMHOM B 3TOM MOPHYHHHO-
CJICAICTBEHHOH CBA3H. JTO O3HAYAET BO3MOXKHOCTb. KUHEMATHUECKHM
NpHEMOM H3MEHATh CYLIECTBYIOIIYIO NPHYHHHYIO CBS3b FBJEHHH H
JeHCTBOBATb CNeACTBHEM Ha NpUuKHY. B Mexanuke HbioroHa fo-
NOJHHTE/IbHREIH 4JieH B ¢opmyae (10) orcyrcrsyer. [lelicTBHTeJBHO,
STOT 4JeH [NOJIKEH Hcue3aTh, HOO OObLIYHAS MeXaHHKa [OJyyaercs
U3 NPHYHHHON MpEeNeSbHBHIM NEPEeXOXOM C2— oo, B 06LIuHON Mexa-
HHKe oOpalleHHe NPHYHHHBIX CBAA3eH CTAHOBHTCH HEBO3MOXKHEIM.
ITostomy o6bluHAst MeXaHHKA COOTBETCTBYeT MHPY ¢ GeCKOHEUHO
[POYHBIMH TNPHYHHHBIMH CBA3AMH. JIpyroil npepesvHbd Mepexof
Mbl He MOXeM OCYLIECTBHTb C [IOMOLILIO INOJYYEHHBIX (opMy.JI.
Heno B TOM, 4TO dopMyiin npeobpasoBanus cua (9), (10) saBas-
I0TCst TOJILKO JIHHEHHBIM NPHOJHKEHHEM, IPH KOTOPOM YYTEHbI JHILb
4JIeHBl NI€PBOrO MOpPsIIKA MAaJOCTH OTHOCHTENBHO u/c2. ONHAKO MH
MOXeM 3aKJ/IOYHTb, YTO [IPH MaJOM C; AOMOJHHTENbHBIE 4IEHH 6Y-
YT UrpaTh OCHOBHYIO POJIb H MeXaHHKa JOJKHA CTAaTh COBEPIIEHHO
Hemoxoxell Ha Mexawuky Hbiotona. IlpemenbHBlt cayuaft cp=0
O3HaJaeT NOJIHOE OTCYTCTBHE NMPUYMHHBIX CBSI3eH M JOJIKEH NPHUBO-
AHTH K (popMmysiaM aTOMHOH MexaHHKH. PeasbHas MexaHHKa, COOT-
BETCTBYIOWlAas] KOHEYHOMY 3HAUYeHHIO, JAOJXKHA OHTb GaHXKe K 06hIU-
HOH MeXaHHKe, YeM K MexaHuKe atoMa. TakHM 06Da3oM, CHCTEMY
peasbHON MEeXaHHKH Jerde MOCTPOHTh, H3yyass OObIYHLIE MeXaHHYe-
CKHe fBJICHHS, a He sIBJeHHs aTOMHOro MHpa. Mel BIpaBe OXH-
ZlaTh, YTO B NomnpaBKax K Mexanuke HeioToHa Gyner sakamwuarbes
psil ocobeHHOCTeH, XapaKTepHHX LI aTOMHOH MexaHHKH. [efict-
BHTE/IbHO, B CJIEAYIOIHX IJaBaX ONHCHIBAIOTCA ONBITH, KOTOpHIE
VKa3bIBAKT HA MNOSiBJCHUE B OOLIYHOH MEXAHHUCCKOH CHCTEeMe IHC-

KDETHBIX COCTOSIHHH, CTOJIb XapaKkTepHHX MAJAf aTOMHBIX SBJEHHII.

B 3akiouycHue HacTosmleHl Iy1aBel OTMETHM ellle OJMH NPOCTOH
BBIBOJ, KOTODHIA CJIeAyeT H3 TOrO OGCTOSITENBCTBA, YTO IPH CBOGOI-
HOM JBHXEHHH TeJa AEHCTBHE OTCYTCTBYeT, a C/IeIO0BaTeNbHO, 6Y-
LYT OTCYTCTBOBATHL H AONONHHTEIbHEIE CHJIBL:

10. Cpo6oaHoe Teso, Ha KOTOpPOe HEHCTBYIOT TOJBKO HE3aBHCH-
MBbl€ CHJIH, HOOJXKHO JABHraTbCs MO OOBIYHBIM 3aKOHAM MeXaHHKH
IIpH JI060M COCTOSTHHH ero BpallieHHs. :

Hanpumep, npH cBOGOAHOM NafeHHH BpAaIIAIOUIHICA BOJUOK
AOM¥KeH uMeTb OOBIYHOe YCKOpeHHe TsKeCTH. HecomuenHo, uTo
B nepBoM NPHOIMMKEHHH M JBHXKEHHS IaHer okojo CoJaHua
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JOJIKHBI IPOUCXO/HTh HE3ABHCHMO OT COCTOSIHHS HX BpallleHHH. MBI
BCe Ke IrojlaraeM, uTo B HeDecHOH MexaHHKe M B 3Be3JHOH AHHA-
MHKe HeKOTOpHe 3(¢eKTH NPHYMHHOCTH MOTYT NOJNYHaThCHA HU3-32
HEOJHOPOJAHOCTH TI'paBHTALMOHHLIX IIOJeH, KOrja He BCe AEHCTBYHO-
LlHe HA TeJO CHJIB MOXHO CYHTaTh HesaBHCHMBIMH. Paspaborka
3Toif BaxKHOH mnpobJjembl TpebyeT YTOUHEHHS NOHSATHS 3aBHCHMABIX
CHJI. DTO BONPOC, KaK H PAN APYTHX Ba*KHHIX BONPOCOB, HalpHMep
O TOYKe TNPHJIOXKEeHHUS CHUA B OOpaTHHX NPHYHHHBIX CBA3SAX, MBI OC-
TaBMM NokKa 6e3 paccMOTpeHus. Jleso B TOM, 9TO 3TH BONPOCH elBa
JIH CJefyeT pelllaTb NPOJOJXKeHHeM Hallell AelyKUHH. SHAUHTENbHO
Npolile H HalexXHee HAaXOAWTb HAa HHUX OTBETH M3 NMPAMHBIX OIBITOB.
[Ipon3BefeHHbIH aHAMH3 JOCTATOYHO SICHO NOKa3biBaeT, B 4eM J0J-
JKHBl 3aKJI0UAThCST 3TH ONBITH U NPEJCKAa3blBA€T P OCHOBHHIX siB-
JieHu#, KOTOphle MOJKHEI GHITh B NEPBYIO OYepefib MPOBEPEHH Onbl-
TOM. B0O3MOXKHOCTb CyIIECTBOBAHHS Jaxe NPeJCKa3aHHHX SIBJCHHH
O6yner Ka3aTbCs (aHTa3HeH, NOKa 3TH fABJEHHA He JOKa3aHBI NPAMO.
ITostomy caenyer nmepefiTH K HENOCPEACTBEHHOMY H3JIOXKEHHIO OMHIT-
HHX ZaHHBIX.

TJIABA 1V

SABJIEHUS NPHYUHHON MEXAHHUKH,
BbI3BAHHBIE BPAILEHHEM 3EMJIK H APYTUX MJAHET

B npenpinymelt riaBe Gmia paccMOTpeHa OCHOBHAas 3ajaua
O B3aHMOJEHCTBHH TSKEJOro BOJNYKA ¢ HENOABHMKHON omopoit. Do-
eKTEl IIPHUMHHOCTH 3TOM 3afayd AOJXKHBEI NIPOSIBJATLCS B Pas/IHY-
HHX 1eQOpMaLMAX BOIYKA IIPH BDALICHHH €[0 B pa3Hhle CTOPOHHL
OxHaxo B 1aGOPaTOPHBIX YCJOBHSAX OYEHb TPYHHO NOCTABHTH OIKT,
B KOTOPOM 35TH 3¢ {eKTh OblJH GB AOCTATOYHO OILYTHMLIMH. [leso
B TOM, YTO NPH MaJ/IBIX pasmepax Teja H GOJbLIMX CKOPOCTSAX Bpa-
IneHHs xepopMauHs Tena GyAer ONpexeasTbesl He BeCOM, a HeHTPO-
GeXHHMH CHTaMH, N0 OTHOLIEHHIO K KOTOPHM HHTEpecyIOLlHe Hac
CHJIB IPHYHHHOCTH OKaXyTcs O4eHb MasdunMH. ToabKo y Tesd miaa-
HEeTHBIX pasMepoB MOTYT GHITb GOJbIIHE CKOPOCTH BpAIUEHHs MpPH
MaJibiX LEeHTPOGeXHbIX cHaax. Bo Bpawmawiiuxcs HeGecHHX Telax
HMeeTCs] B3aHMOJEHCTBHE MeXAy GHCTPO BpallalOLMMHCA 3KBATO-
PHaJIbHBIMH MaccaMH H MeLJIEHHO BPAILAONIMMHCSH MaccaMH, pac-
TIOJIOJKEHHBIMH OKOJIO OCH. DoJbLIMHCTBO nuiaHeT coJIHe4HOH CH-
CTEMBl BpalllaeTcst NMPOTHB YaCOBOH CTPEJKH, €CJH CMOTPeTb C HX
«ceBepHOro mnoJoca. CorJgacHO BHBOAY 8 mNpeAblAyLieHl TIaBH Ha
3KBATOpHAJIBHBIE MacChl AOJ2KHBI ,CleI?iCTBOBaTb JOIIOJIHHUTEJIbHEIE
AKTHBHBIC CHJ/IBl, HalpaBJleHHHe K ceBepy. Ha Maccel Xe, pacnoJo-
JXeHHbBIE OKOJIO OCH BpalleHHsl, ROJKHH AeHCTBOBAThH Te XKe CHJH
B HanpapJeHHH K fory. O4eBHIHO, 4TO Ha TOBEPXHOCTH 3eMJH,
B 000HX nonymwapusx, 6ylder CyLIeCTBOBAaTb NapaJJenb, Ha KOTO-
pO# cuJbl MPHYMHHOCTH PaBHHB HYyJI0. B pesyabrate meficTBHS IO-
NOJIHHTENbHBIX CHJI CeBeDHOe INOoJyllapHe NJaHETH ACJAXKHO CTaTh
.0osiee CXKAaThHIM, a 10XXHOe Gojee BHIYKJbIM. DUrypa IJIaHeTH cTa-
HeT HECHMMETPHYHOH [0 OTHOLIEHHI0 K 3KBAaTOPHAJBHOH [JIOCKO-
‘CTH M B MEDHAMAJbHOM ceyeHHd Oyner Kapiauouioi. [losyueHHas
purypa Moxer GHTb ONHCAHA BBEAEHHEM JOMNOJHHTEIbLHOrO HeuerT-
HOTO 4YJIeHa B yPaBHEHHE 3JIJHIICOHAA:

r=a(l —ecos’p — nf(cosp)), (14)

rae r-—palHyC-BEKTOD TOYKM HA MOBEPXHOCTH NJaHeTH, INpoBe-
JAEHHBIH H3 TOYKH INepeceueHHs OCH BpAIUeHUs C IKBATOPHANbHOM
IIJIOCKOCTBIO, T. €. IJIOCKOCTBIO HAWOOJbILEro CeYeHHs, @ — pagHyC
3KBaTOPHAJIbHOTO CEUeHHs, p — MOJSIPHOE PacCTOSIHHE, OTCUMTHIBAE-
MOe OT CEeBEpPHOr0 MoJIlca IJIaHeThl, & — cxKathe.  DyHRuMs
f(cos p) monXHa comepKaTh TOJbKO HeueTHhle cTemeHH cos p. Ilpu
MaJOM M YJeH C NepBOH CTeNeHblO OyNeT DABHOCHJIEH CABHTY Ha-
yasa koopauHat. [losTomy ¢ymkuus f(cosp) Moxker comepkKaTh
CTENeHH COS P, TOJBKO HayHHAss ¢ Kyb6a M BHIIe. 3aMeTHM, UTO
ZJIsT NOJIyYeHHUST KapAHOM/JHI, a He oBaJa, ¢yHKIHS f(cos p) monxKua
COCTOAATDb, IO KpaiHel Mepe, H3 JIBYX YWJIEHOB C Pa3HBIMH CTENEHSIMH
-cos p. Hopmupyeum f(cos p) Tak, uTo6H Ha ceBepHOM mogwce (p =
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=0°) f=+1. Toraa n Moxer GHTb Ha3BaHO Ko3bduIHEHTOM
aCHMMETpHH:

bg—by
N 1

3nech bg H by COOTBETCTBEHHO I0XKHAf U CeBepHas MOJSpHAA Io-
ayock. IIpH yMeHbIIeHHH CXKaTHs I0XKHOTO NOJNYLWIADHA B CPAaBHEHHH
¢ ceBepHHIM bg > by u > 0. OrpannunBasico Ky6oM H NATOH cTe-
IIeHBIO €OS p, 6yleM HMeTh C/elylolllee BEIPaXKeHHe:

f(cos p) = ~EREEL (16)

Tak Kax yroa Mexay HOPMa/lbl0o H pPajHyCOM-BEKTOPOM DpaBeH.
r;/r, TO YroJi MeXAy HOPMaJblo K KapJHOHAE H HOPMAaJbl0 K 3J-

i
JUNCOHAY  AOJXKEH HMeTb  3HaueHHe T (3cos?p —
— bk cost p) sin p. 3HaK MHHYC COOTBETCTBYeT OTKJOHEHHIO HOp-
MaJIH BHYTPH KapIHOUIAH K ceBepy. ITO BhipaxeHHe Oyner obpa-
[IaThCs B HYJb NPHOJH3HTENBHO HAa TOH NapaJulelH po, TAe HCye-
3a10T aCHMMeTpHYHHe cHabl. OTcroga

! 3
k= 5cos? pg

(17)

U3z popmyan (10) crerpyer, uto
n=|3u/621 (18)

ke 4 — 3KBaTOpPHaJbHas CKOpPOCTb BpAllleHHA MJAaHEeTHl H f — He-
KOTOpHI! 06e3pa3MepHHHN KOS(QGHUHEHT, 3aBHCAIHA OT CTPYKTYpHL
njaHerel. CHJBL, CO3JalOllHe acCHMMETPHIO, HEKOTOpPBIM 00pa3oMm
pacnpenensiloTcst Mo Bcedl Macce mJaHeThl. Mb He pacrofaraem
JOCTAaTOYHBIM 3HAHHEM BONpoca, 4ToOH TOYHO CKal3aTb, KaK MPOHC-
XOAHUT 3T0 pacnpefeneHre. OUeBHAHO TOJBKO, 4TO KO3 duuHeHT P
JOJKeH OBITh, O KpaHHell Mepe, Ha NOPAJOK MeHblie €IHHHIIBL.

W3 muaHer COJIHEYHOR CHCTEMBI HanbOOJBLIVIO 3KBATODHAJbHYIO
ckopocts u uMetor Omurep u Carypn. Has IOnurtepa u=11 xm/c
H OXHJaeMmoe 3HayeHwe 1 JOMKHO OBITH OKoJO +3- 1073 B yruo-
BOH Mepe acUMMeTpHs 2amn JoJxXHa 6uTb mopsiaka 0”,1. Taxkas se-
JUYHHA MOXeT OHTb BIIOJHe OOHapyXeHa npH Auddepernnanb-
HBIX Hu3MepeHHsiX ¢oTorpadHyecKHX CHHMKOB, MNOJYy4YeHHBIX KpyM-
HeIME uHCTpymeHTaMmu. AsropoM u JI. O. MoxHauem O6biiH H3Me-
peHs MHoroyucjaenHsie cHuMkH IOnurepa u CatypHa, moJyyeHHBIE
Ha pasHblix ofGcepsaTopusix. He ocraHaB/iMBasiCb Ha ONHCAHHH Me-
TORMKHM 3THX H3MepeHHH [D], mpuBeleM OKOHYATENbHHE PE3YJbTaThl
B Buje TabJHUIE, B KOTOPYIO BKJIOUEHA BepOSITHAS BeJHYHHA acHM-
METPHH 3eMJH:
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Ta6auuna I

[Mnaketa u, KM/c ujcy ‘ ] B
Carypid 10 1,4-10°2 +7107343. 1078 0,5
FOnutep I 1,6 - 102 +3-107%+0,6 - 1072 0,2
3emasn 0,4 0,6-1073 ~ +43.10°° 0,05

Tperuit cronbew 3TOoH TabaHUBI COCYMUTAH COrJIaCHO BHIpaxe-
Huwo (4) npu a=2. [Tocaennust crosbel Jaet 3HadeHHA P, BHYHC-
JieHHble 00 ¢opMysne (18). 3TH 3HauUeHHH [OCTATOYHO XOPOHIO
COBMAAAT CO CHEJNAHHOH paHee MNPEANOJNOXKHTEJLHOH OHEHKOH.
Boablune 3HaveHus: B, monyueHssle aas CarypHa H lOnurepa, Moryr
OGBACHATBCA 3HAUHTEIbHOH HEOAHODORHOCTHIO 3THX IJIAHET B CpaB-
HeHud ¢ 3emJjedl. [leficTBHTeNbHO, NpeACcTaBHM ceGe B3aHMHOE MpH-
TsXKeHHe TOJbKO [ABYX Macc: HeMOXBHXKHBIX Mg U BpaLlaloumHXcsd
m«. Torga pefictBHe 3THX Macc Apyr Ha JApyra, NPONOPHHOHAJb-
HOe momy, NPH NOCTOSHHOH ofued Macce mo-+m, OYyAET HMETh
MAaKCHMaJibHOE 3HAaYeHHe NPH mMo=my. CXeMaTH3HPYS 3THM CIIOCO-
60M mJaHeTy, Mbl AOJIKHH CUHTATb Mo < My, YTO H IPHBORHT
K MaJabM 3HavyeHHsiM . [Ipu yBennHuyeHHH KOHIEHTPALUHH 3TH MacCH
6yayT BHpPaBHHBATbCH, AeHCTBHe HX cTaHeT GOJNBIIMM, a 3TO NpHBe-
JeT K yBeJuueHHI0 Ko3dduurenTa .

Hannble Ta6a. | noka3uBalOT, 4TO aCHMMETDHs IJIaHET OTHOCH-
TeJbHO 3KBATOPHAJBHOH IJIOCKOCTH JEHCTBHTEJNBHO  CYILECTBYeT
g UTO I0XKHOe NojyllapHe NJaHeT €oJlee BHITAHYTO, YeM CeBEpHOe
(n > 0). Ilpu orpaxeHHH NJaHeT B 3epKaJjie MH JOJIXKHbl YBHIETb
KapTHHY OGPATHYIO, a HMEHHO YJJIKHEHHe MOJYyWapHs, OTKyAa Bpa-
LleHHe KaXXeTCs MPOUCXOASIIMM NPOTHB YacoBOH cTpedku. TakuM
06pa3oM, 3THMH aCTPOHOMHYECKHMH HalJiojeHusMu eme B 1949 r.
6hla nokasaHa (u3HdYecKasi HepaBHOILEHHOCTp Mupa H ero 3ep-
KaJbHOTO 0TOGpaXKeHHsl, KOTOpass 3HauuTeJNbHO NO3XKe CObiia o6Ha-
pYyXKeHa B MHKDOMHpe ONDOBEpXEHHEM 3aKOHA COXDAHCHHS UYETHO-
CTH 1pH c1abhX B3auMOJEHCTBHAX.

[TpuBenennoe B Taba. [ 3Havenne n AAs 3eMJH SIBJSETCS OYeHb
npubAHIKEeHHOH OLEHKOH, KOTODYIO MOXKHO CJeJaTb Ha OCHOBaHHH
LWIHPOTHOTO KO3(h(HIHEHTa aCHMMETPHH B pacHpele/IeHHH TsixKe-
cru. O6cTosgresbHOE HCC/lefoBaHHE CBOAHBIX JAaHHBIX O I'DaBHTALH-
oHHOM mnose 3emaH, sumosanedsoe K. 1. JKourososumuem [10],
MOATBEPAH/IO y¥XKe JaBHO H3BECTHOE 06CTOATENbCTBO O OOJblIEM
3HAUEHHH TAXKeCTH B ceBepHoM mnosaymapuu. CorsacHo JKOHroJo-
BHUY Ag=gn — gs= +30 mlan, u, cregoBatenbho, Ag/g=3-107°.
Jlasi ONHOPOLHOM NJIaHEThl OTCIOJA MOXKHO 3aKJIIOYUTb, YTO CEBep-
HBIH TOJI0C HaXOAUTCS OJHXKe K HEHTPY TsXKEeCTH INJaHeTH, YeM
10XkHbH. IOX)HOoe mosnymapre 3eMJH, Kak M y ApYyrux mjaHer, mo-
Jyyaercst Gosee BBITAHYTHIM, NpHYeM NPHOIHKEHHO MOXHO CUH-
Tate n~Ag/g. Bo wusbexanne HegopasyMeHHit HEOGXOLHMO
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OTMETHTb, YTO Te0/e3UCThl, HHTEPNPETHPYs JaHHHE 00 aCHMMETDHHK
TSKECTH, IPUXOAAT ¢ noMoubio Teopemul Kiaepo uan Crokca K npo-
THBOMNOJOXKHOMY BBIBOAY — O OoJbliedi BBITHHYTOCTH. CEBEPHOrO
noaymapusi. CyTb 3TOTO PACXOXKASHHS 3aKJII04AeTCA B TOM, YTO TEO-
pust ¢urypsl 3eMJau paccMaTpHBaeT NOBEPXHOCTb 3eMJH Kak Mo-
BEPXHOCTb YPOBHSI TOJBKO ABYX IOTEHUMAJIOB — TAXKECTH H LEHTPO-
6exHbIX cua. [Ipu TakoM pPacCMOTpEHHH BO3MOXHOCTb aCHMMETDHHU
ONHOPOJAHOTO TeJa HCKJIIOYaercsi, H HalleHHoe 3HaueHHe Ag MO-
XKeT 6bIThb OG'bSICHEHO TOJIHKO M30OHITKOM IVIOTHOH MaTepHH B CeBEp-
HOM IIOJYLIAPHH, B CYIIHOCTH NPOTHBOPEUHBHIM MpPEANOJIOKEHHEM
O HEpaBHOBECHOM COCTOSHHH 3eMJH. B 3TOM ciyuae ypoBeHHas IO-
BEPXHOCTb TOTO XK€ 3HaYeHHs] OTCTYNHT Aajblie, ¥ MOJYYHTCS YAJH-
HeHHe MONyWapusi npH GoJblieM 3HAauYeHHH TAXecTH. Kax BHAHO,
3Ta HHTepOperalus MajoBepOsiTHA, HO OKOHYATEJbHO OHA MOXeT
6HTb yCTpaHeHa JHIIb NpPSIMBIMH TIPaJyCHHIMH H3MEpEHHAMH ¢H-
IrypH 3eMJH.

HurepecHo OTMeTHTh, 4TO mpH 1 > 0, MepHIHOHa/NbHOE ceue-
HHe NJIaHeTH JOJIKHO o ypapHeHHIo (14) npexcraBiaTh co6oi
KapAKOH1y, BAABJEHHYIO HA ceBepe H 3a0CTPeHHYIo K iory. Hamnuue
AHTaPKTHYECKOTO MaTepHKa H CeBepHOro IoJsipHOro GacceiHa,
a Takxe IMPEINOYTHTENbHOE pACMOJOXEHHEe MaTepUKOB B CeBep-
HOM HOJYLIApHH IPHAAOT 3eMJe BHI HMEHHO TaKOH KapAHOHIHL.
BeposiTHO, 3TO OGCTOSATENBCTBO He Cy4alno, HO0O HeHcTBHE Cl1alHX
CUJI, HapYUIAIOIHX CHMMETPHIO, MOTJIO CO3[iaTh NPEeHMYLIECTBEHHOE
HanpasJieHHe JJIS IPOIeCCOB BHYTPH 3eMJIH.

BecbMa BaXHO J0Ka3aTh TeNepb HeNOCpPeACTBEHHBIMH OIBITAMH
CyLIeCTBOBaHHE CHJ, BH3HBAIOWHX acuMmerpuio 3emsu. [lpocrei-
WM ONBIT BHTEKaeT M3 BHBoJa 10 mpexwayiliedl rjaBe, COrjacHo
KOTOpPOMY Ha CBOGOJHO Najampllee TeJ0 COBEPLIEHHO He 1eHCTBYIOT
acuMMerpuuHnle cuabl. HabaioJeHns NOKashHBAWOT, 4YTO OTBEC Nep-
NeHAHKYJApeH K ypoBeHHOHl nosepxHocTH. OTCIOAa clelyeT, 4TO
CHJIBl TMPHYHHHOCTH, BO3HHKAIIHe OT B3aHMOACHCTBHs Bpallaio-
HIMXCS M HeBpaWAIOIUXCs Macc 3eMJIH, PaclpocTpaHssich Ha BCIO
CBSI3aHHYI0 Maccy 3eMJH, MepelaloTcs Yepe3 TOYKy MojJBeca H OT-
KJOHSIOT B yMepeHHbIX IIHPOTax oTBec K ceBepy. Korna cmsisp Ha-
pyllaeTcsi H TeJIO HauHHaeT CBOOGOAHO MajaTth, Ha HEro NepecTaioT
JIeHCTBOBATb CHJBI, OTKJOHSIONINE K ceBepy, H OHO Oyaer MNOMHMO
OGBLIYHOTO OTKJOHEHHsI K BOCTOKY CABHTAThCA ellle H K IOry OT Bep-
THKAJIH Ha BEeJHYHHY

Als =3 - 10771, (19)

rae [ — BbicOTa najaeHus: tejga. OTKJIOHeHHE K 0Ty NOJYYaercsl mpo-
MOPUHOHANBHEIM /, B TO BPeMsl KaK OTKJIOHEHHE K BOCTOKY NpOMNOp-
HHOHAJbHO 2, IO3TOMY NIPH MaJjibIX BHICOTaX IIPAKTHUECKH NOJIKHO
OCTapaTbCsl TOJbKO OTKJOHeHHme K tory. UmncieHHas oumeska (19)
OTKJIOHEHHS K I0ry COOTBETCTBYET yMepeHHHM LIHpOTaM 00OHX Tno-
aywapuii. Ha xputnueckHx napasjensx (p=po) OTKJIOHEHHsS JH-
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HHH NajJeHHs OT oTBeca He OyleT. BO/H3H Xe M[OJOCO3 A0JKHO
Ha6J101aThCsl OYEHb MaJioe OTKJIOHEHUE K CEBEpy.

IlepBule onmTH, NpousBefeHHble I'ykom B suBape 1680 r. mo
uHuLHaTHBe HbIOTOHA AJS NPOBEPKU OTKJOHEHHS MaJAIOLHX TeJ
K BOCTOKY, npuBejH I'yka K yOexJeHHIO, YTO Mafaioulee TesJo OT-
KJOHSeTCs He TOJbKO K BOCTOKY, HO H K lory. Yepes cTto Jet

STHMH ONbITaMH o6cToATeabHo 3anumadncs I'nmaveabmubn (Gugliel-

Ta6auuna Il
OTKJOHEHHE OTRJAOHEHHE
BpeM Bhicota K BOCTOKY, MM X Iy, MM
Ha6mo gatenn ple_. . Mecto nage-
HHR, M
HabJIOA. T€0P. HaGmoOO. Teop.
Hooke 1680 | London 8,2 + 40,3 -+ 40,2
Guglielmini | 1791 | Bologna 78,3| +18,9 49,2 | +11,9 | 42
Benzenperg | 1802 | Hamburg 76,3} +9.,0 48,91 | 43,4 |42
” 1804 | Schlebusch 84,4 -+ 410,04 0 43
Reich 1831 | Freiburg 158,5| +28,4 | +27,50 | +4,4 |45
Rundell 1848 | Cornwell 400 -+ 4110 42507 |+12
Hall 1902 S‘ambridge, 23 +1,49 | 41,79 | 40,05 { 40,7
ass.
Flammarion | 1903 | Paris 68 +7 +8 —1,0 | +2

mini) B Bososbe u mpuillen K TOMy XKe 3akaioueHH0. Brocrenct-
BHH 5TH ONBIThl [HJABENbMHHH OBLIM TOABEPTHYTH COMHEHHIO H
B NepBOi NOJOBHHE AeBATHAALATOTO BeKa OBIJIH IOBTOPEHH DALOM
uccnegoparteseil. Jxon Iepumiens cuuTasn, 4TO YCTAaHOBJEHHE pe-
aJbHOCTH OTKJOHEHHS K IOTY fBJseTCs BaxHefimell npoCnemoi Me-
xaHukH. Ho, HecMOTps Ha Bce CTapaHbe Hcc/efOBaTeNel, He ylaBa-
JOCh TOJYYHTh HAJEXKHHIX pe3yJbTaToB. XOpOIIO H3BECTHO, 4YTO
STH ONBITH BCETAa CONpsiKeHb ¢ GoJblIMMH OlMOKaMH, Mellalo-

. IUMMH HaAEXHO NOJYYUTh AdXKe 3HAUHUTEJbHO 6oanillee OTKJIOHEHHE

K BoctokKy. B 1902 r. Xoaa (Hall) B Amepuke MHOrOYHMC/JEHHHMH
H THIATEJbHEIMH OIBITAMH MBITAJCS DELIHTh OKOBYATEJbHO BOMPOC
O CYIIECTBOBAHHH OTKJOHEHHS K IOry, HO, KaK OH CaM IHIIET,
eMy He YAaJOCh CHTb 5TOT Bompoc. B rabu. Il mpruBOoAHM pesy.b-
TaThl BCEX NPOM3BEJCHHEIX ONLITOB NaA€HHs TeJ.

B 310l Ta6uxie TeOpeTHUYeCKHe OTKJ/IOHEHHs K BOCTOKY BRIYHC-
Jerbl o dopmyie Alost= (1/3) gof® cos @, a K 0Ty COIJIACHO BhIpa-
skenno (19). Cyas mo mMOCTaHOBKE ONBITOB H HX pe3yJbTaTaM, Jyd-
IiHe JaHHHE ObIJIH MOJyuyeHbl HHXKeHepoM Pefixom B mIaxTe Dpeit-
6ypra. Uro6sl noxkasaTh, B Kakoi Mepe MaJOHALEXKHBIMH 7ABJ-
JOTCS faXke STH JyYliHe OnpeslesieHus, NPHBEIEM CJERYOUy Tal-
auny (ra6a. I1I), xapakrepusywoulyro onbiTe Pefixa [12].

Hannue ta6a. II u III He MOTYT CJYXHTb CTPOTHM OIBITHBIM
JIOKa3aTeJbCTBOM CYILIECTBOBAHHs OTK/OHeHHs K 1ory. QaHaKko OHH
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Ta6anwa I

OTKJACHEeRH epo:
Hueno onwTos K BOCTOKY, MeM o?u&lg,ﬂiaﬂm ?(T;J;(;Iile:;e ofxsjgg:;?ah?M
22 +27,13 +8,06 +6,69 +9,92
12 -+27,32 13,97 23,05 16,57
12 +16,34 10,02 —1,36 15,72
18 -+46,34 8,02 412,49 15,24
21 +29,03 5,92 —7,88 6,06
21 +106,70 11,20 —16,02 14,13

MOKa3HBAalOT, YTO CYIIECTBOBAHHE 3TOTO OTKJOHEHHUS COOTBETCT-
BeHHO (opmyae (19) BecbMa BeposTHo. HurepecHo, uto BeHuel-
6epr, He NOJYYHMBIIHH NpPH TNOBTOPHHIX onbiTax B 1804 r. 3amer-
HOTO I0XHOTO OTKJOHeHHs, nucan: «Sonderbar bleibt doch diese
Tendenz der Fehler hach Siiden».*

B HacToslllee BpeMsi CyllecTByeT HeNpaBHJbHOe yOexIeHue
B TOM, YTO ONHITH NaJeHHs TeJ Ha MawHHe ATByJZa, BecbMa TLia-
TeJbHO npoBefeHHble XarenoM [13] B Barukane, NOJHOCTBIO ONpO-
BEPIVIH CYINeCTBOBaHHE IOXKHOIO OTKJOHEHHS. B 3THX OIBITax BHI-
COTa NafeHHs cocrasisja 23 M, NpHYEM YCKOpeHHe NafeHHs GBIO
yMeHbIIeHO A0 !/25. MI3 TeopHH cjenyeT, 4TO BeJHYHHA BOCTOYHOTO
OTKJIOHEHHS] H3-32 HATSXKeHHS HHTH JOJKHA yYMEHBIIAThCs B JABA
pasa no cpaBHeHHIO cO CBOGOAHLIM NafeHHeM. XareH NOJY4YHJ 3Ha-
gernue Alost = +0,899+0,027 MM, ¢ TouHOcThIO A0 1 9% cosmazaio-
mee c TeopeTHyecKHM. OTK/IOHEHHe Xe K IOIYy Yy HEro HOJY4YHJIoCh
IIpaKTHYeCKH paBHBIM HyJ0: Aly=40,010+0,027 mm. OnHako 310
ONpOBEpXKEHHe HABJISETCA TOJIbKO KaKyuiHMcs. IleHCTBHTENbHO, OT-
KJOHEHHe K BOCTOKY IPOHCXOLHT COBCEM IO APYrOMY 3aKOHY, UeM
Kk tory. Ha mamune ATByla BOCTOYHOE OTKJOHEHHE YMEHbLIAeTCH
TOJMILKO B JBa pasa, OTKJIOHEHHe Xe K IOry, H3-3a TOro 4TO TeJo
pPa3Bs3aHO TOJNBKO Ha !/es, MOJIXKHO no dopmyne (6) yMeHbUIMTbCS
B 25 pa3 B cpaBHeHuHu ¢ (19) u cocrasaste Als= 40,03 — 3naye-
HHe, COBepIICHHO He NPOTHBOpEUallee pesyabTaTaM XareHa.

Bhicokass TOYHOCTb pe3y/bTaTOB XareHa B OCHOBHOM OOBSCHS-
eTcsl MaJhMH CKOPOCTSIMH IajJeHHH. B onmeITax OTKJIOHEHHS K IOTY
YMeHbIIIeHHE CKOPOCTH BO3MOXHO TOJBKO NYTEM YMEHbUIEHHS BHI-
COTH mnapfeHusi tesa. [1o3ToOMy IJs NPOBEPKH CYUIECTBOBAHMS OT-
KJIOHeHHs K tory B [ly/ikoBe HaMu OBIJI OCYLIECTBJIEH ONBIT Haje-
HHS TeJa C BRICOTH Bcero Jjuliib 17 MM B Boay. Ilagawmee Teno
6HIJIO CHEeUHaNbHO H3rOTOBJEHO C TLLATENbHO BHIMOJHEHHOH oceBofi
cumMmerpued. OHO mnpefcTaBiano cOO0H TOHKOCTEHHHH JaTyHHHHK
HUJTHHAD AMAMETPOM H BBICOTOM OKOJO 4 CM, BHH3Y NepexOomsiui
B cmaomHylo noaycdepy Toro xe amamerpa. Csepxy Teso OblIO
3aKpPHTO Jerkof (aJIOMHHHEBOH) KDHIIIKOH €O CbeMHOH IHJHHAPH-

* Bee Xe, KaK HH CTPaHHO, COXpaHAeTcs 3Ta TEHJEHIHA OTKJIOHEHHS K IOry,
(Hep. coct.)
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YeCKOH TOJIOBKOH B LIEHTpe, MMeBlIefi HeGoJblUOe OTBepCcTHe (aHa-
metp nopsaka 0,1 Mm). Yepes 3To OTBepcTHe MNPOXOAMJ TOHKHM
BOJIOC, HA KOTOPOM MNOJABEUINBAJIOCh TeJO. Teso nmomeulanoch B ieH-
Tpe CTeKJ/AHHOro cocyia ¢ BoAoH aAnameTpoM okoao 40 cM, s3akpoi-
TOro npo3pavyHOH KphilKodW. Bojoc noaseca mnpomyckajics uepes
He6OoJ/IbIIOE UEHTPaJbHOE OTBEPCTHE 3TOH KPBILIKH, 3aTeM NPOXOAHI
II0 OCH chnupaJii GOJBLIOTO COMPOTHBJEHHS, CJAYXKHBLUIeH AJda nepe-
XKHUICAHHST BOJIOCA, U 3aKPEMJsJIcs NOAbEeMHbIM 3ax<uMoM. Chupanb
H 32XKHM OblJH YCTAaHOBJEHB Ha KpbIlLIKe cOCyAa. B cBoGoaHOM CO-
CTOSIHHH TeJO HMeJO YCTOHYMBYIO NJaByyecTb, W BaTepJ/JHHHA IPO-
XoAuJa Ha 2 cM HHXe ero BepxHero kpas. [lpm noameme Tena Ha
BHICOTY 17 MM ero Bec yMeHbllaJjicsi POBHO B jABa pa3sa. Bkiwye-
HHEM TOKa MOXKHO OblJIO PaCH/aBHTb BOJIOC BHYTPH CIHpAJH H OCY-
IIEeCTBHTb MajeHHe Tena Ge3 ropH3OHTalbHBIX ToaukoB. [lecae na-
JeHHs TeJo KoJebaJoch CTPOrO BEPTHKAJBHO ¢ OBLICTPHIM 3aTyXa-
HueM. O603HauHM 4yepe3 [ BHICOTY MOJbeMa Tesda Hal BaTepJHHHEH.
OrBNeKasich OT 3aTyXaHHMH:

a2l
di?

= —al; I=Icos4/at,

H, CJieA0BaTeJJbHO, AJIs Iepuoaa kogebauuii T noayJyaercsa

T =2xa/4/a. ‘

IToacraBnassa B 5TH BHpaxKeHHsI HayaJbHble RaHHHE
2l
5 e=(Gw); =17,
HaxomuM o=3- 102, T=0,4 c.

Ha6marofendsi ropH30HTaJbHBIX CMElIeHHHA Teja nocje najeHHs
NPOH3BOJAHIHCh MO NMEpPNeHAHKY/NSPHEIM HanpasBJeHHAM € NOMOLIbIO
JIBYX TNEpHCKONOB, BCTaBJEHHHX B KPHUIKY cocyxa. KHamepureap-
Hhle TPyGH NOMeN[aJHCh B JAPYroff KOMHaTe Ha 3HA4YKWTeNbHOM pac-
CTOSHHH OT BceH ycraHoBKH. Haj KphUIKO# cocyla Guuia ycra-
HOBJIEHa MaJieHbKasi 3JeKTpHYecKas JamIla, KoTopas AaBajia Bep-
THKa/JbHHEHE OJUK Ha NUIMHADHUYECKOH rojoBke Teaa. HabaioxeHue
6JIHKa HCK/II0YaJO OMHOKH, CBA3aHHHE C BO3MOXHBIM BpalleHHEM
Teja. 3aTyXxaHue TODH3OHTAJbHOH CKOPOCTH IJ1aBAlOLIET0 B BOJE
TeJa NPOHCXOAHT BecbMa MefajeHHO. [losTomy He6oJipllas Hayaldb-
Has CKOPOCTb MOXET NpPHBECTH K BeCbMa OLYTHMOMY TODH30HTAJb-
HOMy cMellleHHIo. Ha6uaonenns nmokasaJu, UTO TOpPH3OHTaJjbHasA
CKOpDOCTb Halllero Tesa yOnBaja N0 3aKORy U=uol~t% mpu fo=
=120 c. Takum o6pasoM, MOJHOe TrOPH3OHTAJbHOE CMeELleHHe paB-
HAJIOCh PacCTOSIHHIO, KOTOpOe NpolIo OBl TeJo IpH paBHOMEPHOM
IBHXEHHH 33 2 MUH.

[Tocrapaemcst Temepb OLEHHTL BEJHYHHY OXKHIAaEMOro CMelile-
HHA K IOry. YckopeHHe K ory corsaacHo (19) pasno 3-107% or
(GhaKTHYeCKOro BepPTHKAJbHOTO YCKOpeHHsa Teaa. [lostomy 3a noJa-
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nmepuoja, KOrja ycKOpeHHe HalpaBJieHO BHU3, TeJO AOJKHO npHOG-
PECTH CKOPOCTb K IOTY:

T2

0s=3-10" | L dt—=3.107 . 24/aly=2- 107",
0

3a mpyryio NOJOBHHY IEpHOAA ILEHCTBHE TAXKECTH COIMIACHO
BTOpOd (opMmyne (6) ocraercs HEH3MEHHHIM H TOPH3OHTaJbHas
CKOPOCTh TeJia H3MEHHTbCS He Moxer. TakHMm obpa3oM, 3a n Ie-
PHOJOB JOJKHO MOJYYHTHCS TOPH3OHTaJbHOE CMellleHHe Teaa [g=

Y,MM
0
° e S
5t ° o8 '
[goP>
©
i 1 [ 1
S0 -4 0 5 ;0  @ur. 1. Otkionenne or orseca
M OKOHUYATeNbHOTO MOJIONKEHHS Tesia
N mocjae mnajeHHs B BOAY C BbI-

cota 1,7 cm.

—uglon==2,4 MM. Ecan Bce KonebaHHA TeJa 3KBHBAJEHTHBI ABYM-
TpeM He3aTyXaloLIMM KoJeGaHHAM, TO CMelleHHe TeJa K lory AoJ-
¥KHO COCTaBJATh 5—7 MM.

[IpakTHueCKOe OCYLIECTBJeHHEe 3TOr0  ONblTa  3aTPYAHAJOCH
KOHBEKIIHOHHEIMH TOKamH B Boge. [lomellas cocyx c TesOM BHYTDH
IpYroro cocyja ¢ BOAOH, B CBOIO OdYepelb 3aKPHITOTO UHJIHHApHYC-
CKHM 3KpPaHOM M3 OJjecTsllell KecTd, yNajoch CBeCTH CKOpPOCTDb
KOHBEKIHOHHBIX TokoB A0 0,1—0,2 mm/muH. Ipyras TpyAHOCTb 3a-
KJI0YaJach B OCYIIECTBJEHHH CHMMETPHYHOrO 3a)KHMa Bojoca 6es
IpeHMYLIECTBEHHOM! MJOCKOCTH HATsIKEHHH. B03MO}KHOCUTI: TaKoH
IpeHMYLIeCTBEHHOH IJIOCKOCTH  ObljIa ‘B 3HAUMTE/JBHOM CTCHEHH
yMeHbIlIeHa. Bce e JIA HCKJIOUEHHs 9THX OMIKOOK ONBITHL MPOH3-
BOJMJIHCb B Pa3JIHUHBIX a3HMYTax MyTeM NOBOPOTa BCeH yCTAHOBKH.
Tlocsie TOro Kak TeJjo GBbIJIO MOABEIIEHO, ONBIT IPOH3BOAHJCH UYepes
HeckoJbKo yacoB. Ha ¢ur. 1 nzobpaxKeHbl pe3y/bTaThl 3THX H3Me-
PeHHI NOJHOTO CMelIeHHUs Tela B BOLE MOCHe MaJeHHs], Koopnunar-
Hbe ocu (X u Y) Gblin BHOpaHB CJAYYaHHO B COOTBETCTBHH JIHIID
¢ opHeHTallHell MOMelUeHHus, B KOTOPOM MPOH3BOJAM/IHCH  OINBITHL
LlenTp mnosyyeHHOro o6jiaKa TOYEK PAaCHOJOXKEH [ICHCTBHTEIBHO
X Iory Ha paccrosiHui 8—9 MM OT TOYKH NOJBeca, 4TO XOpoulo Co-
raacyetcs ¢ Ope/CKasaHHBIM pesyabraToM. OTKIOHeHHE K BOCTOKY
B 3TOM OIMbITe AOJXKHO COCTaBJATb TOJBKO AOJH  MHJJIHMeTpa.
IMostoMy mnosyyeHHoe HeGoJ/blIOE CMCLICHHE K BOCTOKY NOJKHO
6LITh PE3yJbTaTOM HEKOTODOH, He BIOJIHE HCKIIOUEHHOH CHCTEMATH-
YyecKOH OWIMOKH.
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Ha nosepxnocth 3eMisu npeofpasoBaHue OOGBIUHOM TAXKECTH
A(p) B Habaonaemyo TsaxkecTb A’ (p) umeer BuA

A" (p)=A(p) + jy (p) | A (p)], (20)

rae y(p) npeacrassser co6ofi Koadduuuedt nopsaka 107, 3aBu-
CALLHHE OT MOJISPHOIO PACCTOSIHUSL p H MOJOXKHTENbHBIH B yMepeH-
HBIX IIHpOTax oOoux nonywapuii. CorsacHo BeiBoxy 8 raaswl [

3TOMY npeo6pa3OBaHUIO OTBeYaeT CaAefylllee MpeobGpa3oBaHHE
peakuHi:

R'=R —jy(p)|R]. (21)

Qopmynn (20) u (21) sSBASIOTCA pe3yJbTATOM Mpeo6pa3oBaHHs
X0Aa BpeMeHH. [103TOMY MOXKHO NPEANONOKHUTE, YTO H APYTHE CHJIH
B CBSI3aHHBIX C [OBEPXHOCTBIO 3eMJIH CHCTeMax OYAYT BHIOH3Me-
HATbCSL COOTBETCTBEHHO 3THM (POpMyJaMm: ynpyrue CHJH — aHajo-
THYHO peakuHsiM no ¢opmynae (21), cunsl xKe HHepUHH — aHAJOTHY-
HO TsKecTH no dopmyne (20). CnpamensiuBocTs 3TCro Mpeimnoo-
HKEHHUS JIETYe BCEro NPOBEPHUTh NO JEHCTBHIO HA CHCTEMY DEPHOAH-

YecKHX cHJ. JleHCTBHTeNbHO, CpellHMe [0 BpeMeHH 3THX cua A H

R paBHH HYJI0, B TO BpeMs KakK

A =jy(plAl, R =jy(p|RI (22)

HanpuMep, npu KoseGaHusX CHCTEMBl B TOPH30HTAJBHON MJIOC-
KOCTH JOJI)K€H MOJIYYHTBCA CHABHI KOJEOJIOINErocss Tesa K CeBepy.
Has mosydennss 3aMeTHBIX CABHIOB OCTAHABJMBAIOILIHE TEJO CHJb
JOJIKHBI HapacTaTb C PacCTOSHHEM OYeHb IOCTeNeHHo. Bwmecre
C TeéM MEepPHOLHYECKH MEHSIOUIHeCs CHJbl JOJIXKHBL GLITH MO BO3MOXK-
HOCTH OOJBLIAMH. DTHM YCJOBHSM OYIeT YLOBJETBOPSTH MJIHHHBIHA
MAasiTHHK, TeJly KOTOPOTO CcOOOLIAIOTCH 3HAYHTeJbHble TOPH3OHTa/b-
HBle YCKOpeHHs1 KoJleDaHHMeM HHTH moiBeca. B nepBoHayanbHOM Ba-
pHaHTe OMNbITAa CHMMETPHYHOE TeJO MadTHHKAa BecoM okoJo 30 r
6LLJI0 MOJABEIIEHO C NOMOLIbIO HHUTH ToJIUHOH mopsaka 0,1 MM 1
JanHol 180 cM (mepuoa 3 ¢) X Kese3HOH MNJIACTHHKE, KOTOPYIO
MOIJIH NOATATHBATh MO BEPTHKaJH pacHo/ioXKeHHbie Hald HeH 3Jek-
TpOMaruuThl. M3aMenas yacToTy TOKa, MOXKHO OHIO CO34aTh JIOGHE
BepTHKaJbHble ApOXaHHs nmojBeca. [Ipu ApoXaHUAX MeHseTcs Ha-
TSXKEeHHe HHUTH, H Moj60poM YacCTOT MOXKHO OHIJIO OCYHIECTBHTb $IB-
JeHHe T1apaMeTPHYeCKOro pe3oHaHCa, KOrja HHTb MasTHUKa npe-
BpaliaJjach B KoJeOJIOMYIOCs CTPYHY C HEMOABHXKHBIM H IOYTH He-
NOABHXHHM KOHLOM. KosieGaHHs mapaMeTpHYecKOIro pe30HaHCa
OblIH He NOJISPH30BaHBl, # HHTh HMeJNa BHJL BNOJHE CHMMETPHYHOTO
BepeTeHa. Pe3oHaHC OCyHIeCTBJASJCS Ha pas/iHYHBIX 4acToOTax, Ha-
npuMep npH yactorax oxkono 90 I'u, paccTosiHHe MeXAy y3naMH No-
Jy4nJioch nopsiika 60 cM npH MoJHOH aMIJIHTYAe B MyYHOCTH OKOJIO
7 mMMm. TakuM 06pa3oM, TOpPU3OHTaJbHble CHJB, [pPHJIOKEHHHE
K TeJy MAasiTHHKAa, NOJYYaJHCb MNOPSAKA HECKOJNbKHX [POLEHTOB
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Beca. Okasasocb, YTO MasTHHK MOXHO B IJIOCKOCTH MepHAHaHa
packayaTb HJIH OCTAHOBHTb, OCYLIECTBJSASA BK/IIOUEHHEM TOKa Ha KO-
pOTKoe BpeMsi napaMeTpHYECKHH De30HAaHC NPU NPOXOKACHHH Ma-
SITHHKA OKOJIO IIOJIOXKeHHsI paBHOBecHs. ITOT XKe 3¢dPeKT noayuanacs
IIpH TNOCTOAHHOM [pOXaHHH NOJBeca IepeXOAaMH OT Hepe3OHaHC-
HOH 4YacToThl K pe3oHaHcy. 3a 50 mocsefoBaTeNbHBIX BKJ/IOUEHHH
TOKa, KOrfia MasiTHHK ABHUraJics K cesepy, N0Jydasochb NOJHOe pac-
kauuBaHde B 1 MM. OCTaHOBKa »Xe TpH 3TOH HauaJbHOH aMIIUTyAe
nonyyanach 3a 15—20 BkJIIOUeHHH TOKAa NpPH ABHXKEHHH MasTHHKA
K tory. OTciofia MOXHO 3aKJIOYHTb, 4TO NPH HAJHYUH TOPH3OHTAJb-
HBIX COCTABJAAIOLIMX HaNpsKEHUS HUTH Ha MAasiTHUK HeHCTBYyeT He-
KOTOpas JONOJHHTEJNbHAf CHJa, HanpasJjeHHas K ceBepy. Okasa-
JIOCh, YTO JeHCTBHE 3TOH CHJIN MOXHO HabJ0JaTh HeloCPeACTBEHHO.
JHeficTButeqbHO, NPH AJUTEJbHHX BKJIOYEHHSIX TOKA, T. €. NPH IO-
CTOSTHHOM T1apaMeTPHYeCKOM BO30YXKAEeHHH, CpelHee IIOJIOXKeHHe
MasiTHMKA CIABHTAJIOCh K CeBepy Ha BesauunHy okonao 0,04 mMm ot ero
NOJIOJKEHHS B IIOKOe HJIH NPH OTCYTCTBHMH pe3oHaHca. Takum obpa-
30M, BeJHYHHA 3TOH NONOJHUTEbHOH CHJBI, AeHCTBYIOLIEH K ceBepy,
nosyunjiach paBHo# 2-10-5 g.

ITOT ONMHIT AOMXKEH AaTb BETHYHHY Yn(p) FOPH30OHTAJbHOH MpO-
€KIHH BekTOopa jy(p) cornacHo c¢opmyae (22). IlpaBuabHHA no
NopsiAKYy pe3y/bTaT HOJayuYuTcs, ecan B dopmysae (22) npuHHMATh

ans |A| nosHoe 3HauenHe TsxectH A(p). Takum oGpasom, ropu-
30HTaJIbHblE CHJIBI, NEHCTBYIOHIHe Ha TeJ0 NPH NapaMeTpHYecKOM
pe3oHaHCe, TOJbKO BO3OYXIAlOT Nepexol B APYroe paBHOBECHOE
COCTOsIHHE, B KOTOPDOM Ha MasTHHK AeHcTBYeT He cuia Beca A’ (p),
a cuna A”(p) c yzBoeHHHM Kosdhduuuertom y(p). [IpaBuiabHOCTD
ATOrO 3aKJ4eHusi OblJia NpoBepeHa Ha MasATHHKax AJauHoil 3,30 M
u 10,60 M. C nomMoupio y3KOH HieNH MOXKHO OBJIO NOJy4YaTb KoOJe-
GaHus, NMOJAPH3OBAaHHblE B ONpeleseHHOH mIockocTH. (OKasasoch,
YTO nepexol] B BO3OY:KAEHHOe cocTosiHue A”(p) ocyulecTBiseTcs
TOJILKO C IIOMOLUbIO TOPH30HTAJbHBIX CHJ, JeHCTBYIOLIHX B NJIOCKO-
CTH MepuaHaHa. [ToBopauuBas NJOCKOCTh NOJAPHU3AIHUH, NIPH AOCTA-
TOYHO GOJBLIOH aMmINTylAe KoneOGaHHH MOXKHO OLIJIO HaHTH KPHTH-
YyeCcKHil  yros, IpH KOTOpOM 3(@eKT TO MNOABJAAJICHA, TO HCue3as.
JanpHelillee yBeJuueHHe NPOEKUHH KojJeGaH¥H Ha IJIOCKOCTH Me-
pHIHaHa He H3MEHsI0 JocTUrayroro cocrostnusi A”(p). [lepexon
B cocTtostHde A” (p) Bcerja MPOMCXOAHJ CKAYKOM, KaK TOJbKO NpO-
€KLHs TOPH30HTAJbHBIX YCKODEHHH Ha IJIOCKOCTb MepHAMaHa [0-
CTHraJa HeCKOJbKHX npoueHToB g. Iloassenune sddexra cosep-
LIEHHO He 2aBHCeNI0 OT YacCTOThl pe30HaHca, T. €. OT YHCJa Y3JOB
Ha HUTH MasTHHKa. CMelleHWe K ceBepy TeJa MasTHHKA AJHHOH
10,6 M cocrasassio B Ilyakoee 0,21 mM. Kak BuiHo u3 dur. 2,
JuHeliHBI 3¢Q@dexT CTporo MNpoONOpHHMOHANEH  JIMHe  MasTHUKA.
C yBeauyeHHeM IUHPOTH MeCTa HaOJMIOAEHHH CJeL0BaJO OXHAATH
3HAYHTEJBbHOTO YMeHblleHHs yn (p), BO-NePBHX, H3-3a yMeHbUIeHHUs
TOPH30HTAJbHON MPOEKLUUH, BO-BTOPHIX, H3-3a PE3KOro yMeHbLIEeHHUSA
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BEKTOpa jy(p), BeJHYHHA KOTOPOrO JOJKHA MPOXOAHTb Yepe3 HyJb
B BBICOKHX IIHpOTax. [leicTBUTeNbHO, onbTH B r. Kuposcke (Ilo-
JasipHo-anbnHickul Bortanuueckuii cax AkageMun Hayk, ¢ =~67°39")
MOKa3aJii yMeHblUeHHe Yy (p) Gosee yeM B ABa pa3a B CpPaBHEHHH
¢ IlyakoBom ¢ =59°46" (cM. dur. 2). Ilpu HabJaIOLEHUH 3TOrO Ma-
soro 3¢dexra B KupoBcke 0kasasnoch, 4TO NpH OUeHb GOJBLIUX KO-
JNle6aHUAX HHTH MasiTHHK MOXeT IepefiTH B ciaeAyiollee BO3OYXKIEH-
Hoe coctostiue A’’’ (p) ¢ yrpoeHHbiM Ko3ddHIHEeHTOM Y (D).

Al,MM
0,2

®ur. 2. Jlusefinoe cMeweHue

MAsgTHUKE NnpH Buspaumx B 34- 0'1

BHCHMOCTH OT AJHHL MafATHHKA.

Bepxx-mﬁ npsaMas COOTBETCTBYET Ha-

oozeHusiMm B IIyakose (@=59°46"),

HHXHAST — B Eorammecxum cany 0
r. KHpoBcka (9=67°39").

1 1
5 170
DAuHa MagMmAUKa, M

Hsyvaemule cuasl HanpaBleHbl 0 OCH BpauwieHdst 3eMuHd. [lo-
3TOMY B YMEpEeHHbIX IIHPOTaX CEeBepHOro NOJyllapHsi JOJXKHH Hal-
JI0JaThcsl BEPTHKAJNbHHE NPOEKIHH, HalpaB/JeHHBE BBEPX, KOTOphIE
MOXKHO NBITATbCS MOJYYHTb NPH BHOpANHsIX CHCTEMBl C BePTHKAJb-
HOH cTemeHbi0 cBOGOAB. [IpocTefilieii cucTeMoit Takoro poga siB-
JSIOTCS pblYazkHble Bechl. JlORYCTHM, YTO Ha OJHOM KOHLE KOpO-
MHIC/Ia BECOB MOJBELICH I'Py3 HA XKECTKOM II0JABECE, KOTOPHIH MOXKeET
nepefarh rpysy subpauud xopomuicsaa. Jpyrof xe, ypaBHOBellHBa-
IOUIHA, rPY3 NOABELIEH C MOMOLIbI0 PE3HHOBHX AaMOPTH3aTOPOB,
racsamux kojebanus. Toraa npu BHOpauu# BeCOB MOXKHO Oymer
HalaonaTh yMeHblleHHe Beca BHOpHpyoulero rpysa. B npousse-
JAEHHBIX OMNBITAX OIOpa KOpOMbIC/Aa BeCcOB OHlJa OXBadyeHa CHEIH-
aJlbHOH CKOOKOH, KOTOpasi THOKHM TPOCOM COeAMHSJI4Ch C paclo-
JIOXKEHHBIM HaJA BeCaMH 3JIeKTPOMarHHTHbIM pese. OOBIYHO B Becax
CYWIeCTBYIOT HANpaBJ/dlOUiHe [Jsi BEPTHKAJbHOTO  NepeMenleHHs
ONoOpH KOPOMBIC/Ia NpH appeTHPOBaHMU BecoB. biarogaps atum
HanpasJ/IsOIIUM N0JYy4ajHCh BepTHKaJbHHE KoJeGaHHs KOpPOMBIC/IA
6e3 GokoBbIX packaunBaHuil. [lomaBasi Ha pese NepeMeHHHH TOK
OT 3BYKOBOr0 resHeparopa, MOXHO ObLIO BbI3BaTh BHOpaLuu J060H
YacTOThl, He Hapylliasgs KayecTBa NOKa3aHHH BecoB. Bce xe stu
OMBITH CJefyeT MPOH3BOJAHThL HAa Becax MaJof YyBCTBHTE/bHOCTH
(TexHMyecKHe, BTOPOrO KJacca), y KOTOPhIX pe6pa NPH3M CONpH-
KacawTes ¢ IJI0LalKaMH, HMEIOIHMH (POPMY KpBILIEK. ‘

OneiTel ¢ BeCaMH MOKa3aJH, YTO OBJeryeHHe XKeCTKO MOJBELICH-
HOFO rpysa, KakK H CMelleHHe B OMBITAX C MaSTHHKOM, NPOHUCXOAUT
CKayKOM, HaYHHasi ¢ HEKOTOPOH aMIUuTyAn Bubpauui. Ilpuxoaurcs
noA6upaTh ONTHMAJbHYIO aMIVIHTYALY, HpH KOTOPOH noaydaercs 3¢-
¢ekT, HO He pacCTpaHBAKOTCS BeChl. [IpH MHOTOKDaTHHIX B3BELIHBA-
HUSAX yJaJOCh H3MEPHTb OOJMErYyeHHss Tpy3a ¢ TOUHOCTBIO OO
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HECKOJIbKHX NeCAThX MUAaurpaMma. Ha ¢ur. 3 uzobpaxeHs pesysb-
TaThl 3THX ONKTOB, Npou3BeAeHHHX B IlyskoBe w B Boranunyeckom
caay r. Kuposcka. Kak 310 crepyer n3 Hamux ¢opmya, obJerde-
HHe Ipy3a OKa3aJoch NPONOPLHOHAJILHEIM €ro Becy. ¥TIJoBo# Ko3(-
¢uuHeHT 3THX rpa@HKOB HaerT yz(Pp), T. €. BEPTHKaJbHYiO NpOEK-

20+ O o/
/ g
§/ ®ur. 3. Obaeruenme rpysa npH
Bu6palHsIX B 3aBHCHMOCTH OT €ro

70
Beca.
BepxHsin TNpAMas COOTBETCTBYET Ha-
. . 6NI0JEHHSIM B BI'Ian(ose (@="59°46"),
HIDKHSA — B OTAHHUYETKOM  Cafl
0 500 1000 r. Kuposcka (@=67°39). Y

1nHIO BekTOpa jy(p). C mOMOINBIO 3THX 3HAYeHHH H 3Ha4YeHHHA ro-
PH30HTANBHEIX COCTABJAAIOMHUX (ur. 2, MOXKHO ONpEReJHTh ¢ —
yroJl HakJOHa BeKTopa jy(p) K rOpH3OHTY:

tg @' = vz/yn. (23}

HB”Taéﬂ. IV npuBefeHH pe3yJbTaThl BCeX NPOM3BEIEHHBIX H3Me-
peHHH:

TaGauna IV
MecTto ‘ IlupoTa Yz (p)- 10 Yy (p)- 108 v {p)- 104 \ @’
i
IMyaxoso j 59° 467 ‘ 3,40 i 2,00
) ) 3,96 59° 32/
Kuposck 67° 39/ 2,32 | 0,93 2,50 eg" gg'

M3 stofi Tabaxubl BHAHO, HAaCKOJbKO XOpOLIO yroa ¢’ cosna-
JaeT ¢ MHPOTOH MecTa HabuioAeHHH. DTOT pe3yapTaT yOelHTeabHO
NOKa3LBACT, HTO HabJofaeMble B ONHITAax C BUOPALMAMH CHJH
AEHCTBUTENbHO  DABHEl JOMOJHHTENbHBIM aCHMMETPUYHLIM CHJIAM
THXKECTH, JCHCTBYIOIMM HAa TOBEPXHOCTH 3eman. TakuM o6Gpa3oM,
OKa3aJiCsl HafJeHHBIM BeCcbMa NPOCTOH CNOCO6 HeNoCpeACTBEHHOTrO
H3MeDEeHHs] CHJ, BbI3BIBAIOUIHX aCHMMETPHIO 3eMJIH. JKCTPanoJi-
pys HaHHble TaGi. IV, MOXHO OLEHHTb KpDHTHYECKYIO HIHPOTY o,
Ha KOTOpOil HCYe3al0T aCHMMETDHUHBIE CHJR: @o==73° (Po=17°).
Tormpa u3z dopmyas (17) noayuaercs k=0,66=2/; M; corjiacHO
ypaBHenuaM (16) u (14) c¢urypa 3eMmaH HOJIKHA OIHCHIBATHCSA
dhopmyaon

r=all —ecos’ p—n(3cos’p — 2cos®p)]. (24)
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BecbMa 3HaMeHATeJbHO, 4TO IIOJydeHHAass HaMMH KDHTHUECKad
TapaJyieb COOTBETCTBYeT B CeBepHOM IOJyHIapH TpAHHLE Mmare-
DUKOB H Hadaly BNajfuHEl JIeOBHTOrO OKeaHa, a B I0XKHOM IOJy-
mapuH, Hao6OpOT, Mapaliie]d NOAHATHS MaTepHka AHTapKTHKH.

B 06.1aCTH OT KPHTHYECKOH HIHPOTH NO HOJIOCA aCHMMETpHH-
HBle CHJIbI MEHSIOT 3HaK, 0TOMY Ha Becax JOMKHO Ha6JI0AaThCs
yTsKeleHue BHGPHDYIOWEro rpysa. DT0 YTAXKE/NEeHHe Gyzer Ha mO-
JOCe JIOCTHraTh HauGOJIBLIEro 3HAYEHHs MOPsANKa aBCOMIOTHOrO 3Ha-
yenus BekTopa jy(p) yMepeHHBIX WMPOT. TakuM o6pasoMm, B IIO-
JIAPHBIX 06J1aCTAX CIefyeT OXHAATb H3MEHEHHA yTsXKeJeHuiA Ipysa
8 | kr okoao 0,2—0,3 Mr ma 5° wWMpOTH. BecbMa BEpOSITHO, HTO
3THM [yTeM MOXKHO OCYLIECTBUTb NPAKTHYECKH NOJE3HOe Ofpere/ie-
HEe IIMPOT B MONSPHBIX CTpaHax. [ljisi M3yuyeHHs aCHMMETpHUHBIX
CHJ1 XKesaTeJbHO MOJYYHTh BO3MOXKHO GoJbllee YHCIIO H3MepeHHH
v(p) mo BCe# MOBEPXHOCTH 3eman. [ToMHMO 3aKOHOMEPHOro H3Me-
HeHHs cual y(p) ¢ MHPOTOH MOXHO OXHAATH K HEKOTOPHIX N0J-
TOTHBIX H3MEHEHHH, KOTOpble [IO3BOJISIT YCTAHOBHTH CYLIECTBOBAHHE
B 3eMJle IIyBHHHBIX HEOJIHOPOAHOCTEH.

OTK/IOHeHHE MAsTHWKA M KODOMEICJIA BeCOB IpH BHOpauMAX
HArZsSAHO TNOKA3BIBAIOT CHPABEAJMBOCTD BbIBOAA 9 mpexblLyeH
IJI4BH O BO3MOMHOCTH H3MEHEHUs MOMEHTa BDAIIEHHST CHCTEMBl
cHJIaMH xo4a BpeMeRH. OIHa H3 CHJ, COCTaBJALIMX Napy, MpuJo-
JeHa K BHODHpYIOIieMy IPy3y, Apyras Xe CH/IA, KaK NOKASbIBACT
OTBIT, NPHIOXEeHA K HCTOUHHKY BHOpalHH. MHHMH CJIOBaMH, JO-
NOJHUTEbHbIe CHJBl SIBJSIOTCS BHYTPEHHHMH DO OTHOUICHHIO K CH-
creMe pu6parop — rpy3. JleficTBATENbHO, NOABEIINBAsA HA BECH JIt0-
6biM 006pa3oM BCIO CHCTeMY BHOPATOp — rpys, MOXHO y6eHThCs,
YTO B 3TOM CJyuyae NpH Pa3JHYHOM Xapakrepe BUOpanufi HUKAKOro
U3MeHEHHUs] MOKa3aHWH BECOB He NMPOHCXOMHT.

Cefiuac Mbl He OyAeM HCKaTb TEOPETHYECKOro o6bscHenus: Hab-
mopaembix sddexrop. deqo B TOM, 4TO OMBITE C THPOCKONAMH,
KoTopble OyAyT H3JIOXKEHbl B cjeaywollefl raase, NOKa3HBAOT aHa-
JOoTHYHble 3((eKTH ¢ HOBLHIMH OCOOEHHOCTAMH. [Tostomy uesecoob-
Pa3HO MPOBECTH TEOPETHYECKHH aHAJIU3 NOC/E ONHCARHS BCEX OIH-
TOB, YYHTEIBasi COBOKYIHOCTb P€3Y/bTATOB.

He3apHCHMO OT TEOPETHYECKOro OObsICHEHHS OMBITHL € pubpanH-
SIMH Ipy30B MOKa3bIBAIOT, YTO IPH HEKOTOPHIX ofcrosiTeNibcTBaxX Ha
IBHKYIHeCs, HO CBSI3aHHBIE C 3eMJjell MaccH JOeHCTBYIOT acHMMeT-
pUUHBle CHJBbI, B ABa HJIA HECKOJIBKO pas Gosblye CUJ, LelcTBYIO-
LMX Ha mokosimiuecs macchl 3emau. [TosromMy Aqsi Macc, HaXOAd-
IUXCH B ABHMKEHHH, TOBEPXHOCTb 3eMJH He GyseT YpOBEHHOH
MOBEPXHOCTHIO, H JOJIKHO HAGMONATbC B YMEPCHHBIX IIHPOTaX
060HX MOJyIIApPHi MpeHMyLUIeCTBEHHOe TepeMelleHHe STHX Macc
K ceBepy. B armocdepe miiaHeThl CAeAyeT OXHIATH CYLIECTBOBAHHUSA
0C060fi HUPKYJISUHH — NepeMellerns  BO3AYIMHBIX Macc Tporo-
chepbl K ceBepy C NPOTHBOTOKOM K IOTY B BEDXHHX caosix. Takad
LMPKYJSUHs NPHBEAET K PAa3JHIHIO KJIHMATOB o6oux moaylapui
NAaHeT, IpHUeM CeBepHOe NONyliapHe CTaHET Telee 10XHOrO.
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YKazaHHOe pa3/NHYMe KJAMMATOB O6OMX MOJYWApHH nJjaHeT aefi-
CTBHTe/NbHO cymlectByer. Ha 3emse cpennss rogoBasi temmepatypa
I0XKHOTO TOJIYIIapHsi Ha 3° MeHblle TeMIepaTyphl CEBEPHOrO NOJy-
wapus. B pesysnbraTe TeMmepaTypHBI 3KBaTOp OKa3blBAeTCS] CMe-
meHHHM Ha 10° K ceBepy mo oTHOLIeHHIO K reorpadudcckomy. Ta-
Koe GoJiplIoe DA3JUUYHe KJAHMATOB €BA JH MOXHO OGBLICHHTH JKC-
IeHTPHCHTETOM 3eMHOH opOuThl. [ns Mapca, xak u mas 3eman,
I0XHOe MoJymapHe XoJiofHee cepepHOro. O6 3TOM CBHAETENLCTBYET
3HAUHTEJNBHO GOJbllee pa3BUTHe I0XKHOH NOJNApHOW lwanku Mapca
B CpaBHeHHH ¢ cepepHOH. [lusi Mapca 37T0T addekT B 3HAUHTETBHOMN
CTENIEHH MOXKeT IOJYyYaTbCs H3-3a OOJIBLIOrO 3KCUEHTPHUCHTETa Op-
6uTH Mapca: 3UMa I0XKHOTO TIOJYIIADHS NPHXOAMTCA Ha adesuil
AOMKHA OHTb 3HAYHTENBHO XOJOLHEE H NpPOJOJIKHTEJNbHEH, ueM
B ceBepHOM mosiyurapuu. OJHaKO BeCbMa 3HAMEHATEJbHO, YTO H AJIS
Benepn npu kpyrosoi opGuTe HaGamofaercs ToT Ke 3dderT ycH-
JIEHHS CBETJIHX NATEH BOJH3M I0XKHOTO NOJIOCA 1O CPABHEHHMIO C ce-
BepHuM. CilelyeT 3aMeTHTh, YTO B HACTOsiLlEe BpeMs He CyIeCT-
ByeT TOUHHX JaHHBIX O HampasJieHuH BpamleHus Benepsl. Ckopee
Bcero, BeHepa Bpamaercss B OGHYHYIO CTOPOHY, KaK H ApyrHe naa-
HeTH, TTOATBepKACHHEM 3TOTO MOXKET CJAYXKHTb ONHO KOCBEHHOe 06-
croaTenbcTBo. M3 nHa6uiofeHuii aBTOpa Hal CBeYeHHEM  HOYHOTO
Heb6a BeHephl MOXKHO 3aK/JIOUHTb, YTO 3TO CBEUEHHE HECKOJbKO
Gosbile NpH YTPEHHHX 3JIOHTALHAX, UeM NpH BeuepHHX. Ecrtect-
BEHHO CYHTaTh, YTO CBeyeHHe Heba AOJXKHO OHTbL CHJIbHee Ha Be-
yepHeii ctopoHe Benephl, KoTopas 6yner HaGm0aaThCS NpPH yTPeH-
HHX 3JIOHrauHsiX B cjay4yae npsamoro BpaiueHusi. Ilo-Bumumomy, u
mast ComHua MMeercsl Takas e acHMMETPHs TeMaepaTyp MNoJyilia-
puit. TlpoussemenHsle MHHHA3PTOM CHEKTPOGOTOMETPHUECKME H3-
MepeHHs1 TeMmneparyp noBepxHoctH CousHua [11] nokasaau, uto
I0XHbH po/oc CosHua Ha 4° xonopHee cesepHoro, Kuimmathue-
CKoe passnuyde mnonylnapuii ConHLIa MOAUEpKHBAETCA ellle H TeM,
Y4TO B IOXKHOM IOJYHIADHH NSATHA MOSIBASIOTCS HECKOJIBKO Yallle, 4eM
B cesepHoM. lns miaHer atmocdepHas WHPKYJAALHS K CeBepy Ie-
PEHOCHT OoJsiblile Tella ‘B CeBepPHOe NOJyUIapHe, B OCHOBHOM H3-3a
nepeMelleHHs HarpeTelXx B TpOoMHKax Mmacc Bosayxa. Ha Coanue tot
Ke 3((hexT mosyyuTess H3-3a BO3MOMKHOTO CMEIIEHHsI K CeBepy To-
KOB, BBIHOCAIIHX B 00JIaCTH KOHBEKTHBHOH HEYCTOHYHMBOCTH 60Jblle
remya. ['eomerpuyeckas acummerpus ¢urypn CoJsiHLLA HHKOLAA He
usmepsaiace. Ilpn snuBefiHOH ckopocTH Bpamenus CoJHIA HA 3K-
BaTope u=2 KM/C ClleAyeT OXKHAaTb ACHMMETPHIO B YIJIOBOH Mepe
okoso 1”. TlosToMy, HecMOTpsi Ha TeXHHYECKHe TPYIAHOCTH, TaKHe
H3MepEeHHs! MOIJIH Obl JaTb ONpeleeHHbIH pPe3yabTar.

OaHOBpEeMEHHO € CHJIaMH, CABHIAIOWIMMH BO3AYILIHBE MacCh
K CeBepy, [NOJIKHB CYIeCTBOBATh NPOTHBOMNOJOXKHO HamNpapJeHHBIE
CHJIbI, MPHJIOXKEHHBE K NOBEPXHOCTH 3€MJIH. DTH CHJB MOTYT BHI-
3BaTh CMELIEHHA K IOTY NMOBEPXHOCTHHIX BOA OKeaHoB. M3-3a ci1oxX-
HOCTH M H3MEHUHBOCTH TEYEHHH BEpXHHX CJOeB BOJABI NMpEUMYIIecT-
BEHHOCTb JBHXKEHHH K IOTY elBa JU MOXKHO 3aMmeTutb. Ho Hewus-
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6exxHOe JBHXKEHHe K ceBepy IMIYOHHHOrO NPOTHBOTOKa MOXKHO o6Ha-
PYXHTb 10 NMPOHHKHOBEHHIO K CeBepy IOXKHHX NOJsSPHHX BOA. Ta-
Koe NepefBHKeHHe IJIYyOUHHHX BOJA, BHAHMO, NefCTBHTEJbHO Cylle-
cTByeT B AT/IaHTHYeCKOM M B THXOM OKeaHax. _

H3j0xkKeHHOe B 3TOH IVlaBe NMOKa3biBaeT, YTO MHOTHE W pasHo-
o6pa3Hble SBJACHUST Ha 3eMJje BBHI3BIBAIOTCS ACUMMETPHYHBIMH CH-
JlaMH xoJa BpeMeHH. [Jo3TOMy sKcHepHMeEHTaJlbHOE H TeOpeTHUecKoe
pa3BHTHe NPUUHHHON MeXaHHKM JOJIXKHO NpeAcTaB/siTh GOJbILIOH
HHTepec AJ51 HayK, H3YYaIoUIHX 3eMJIio.



