ITJTABA 'V

JIABOPATOPHOE HABJIIOOEHHE
ABJEHHH NPUYHHHON MEXAHHUKH

B Tperneit rsiaBe GBLIM YHOMAHYTH ONBITH, M3 KOTOPHIX MOXHO
3aKJIOYUTh, YTO 3aKOH COXPaHEHHS HMITyJbca BHIIOJHAETCS H
B NpPHYHHHOH MexaHHKe. DTH ONHTH SBJAAIOTCS OCHOBHHIMH, HO-
3TOMY HX CJelyeT HoApoOHO OHHCATb, HECMOTPSi Ha TO, YTO B HHX
He OOHApYXHBAITCA HOBble 3Gh@eKTh, NOATBEPXKAAIOLUIHE NPHYHH-
HYIO MEXaHHKY.

[lepBLIEi OCHOBHOH ONKT: B3BellHBaHHEe BOJYKA Ha phIYaXKHHIX
pecax. [lepBnie B3BellMBaHHsl GBUIH BHIOJHeHH HaMmu B JlaGopa-
TopuH Mep Macch BcecotosHoro WHcrutyTa Merposorua B 1951 r.
B3BelnBasuch BOJNYKH Pa3JHYHBIX THIOB: 1) CO CBHHIOBHM pOTO-
pom nuamerpoM D=4,6 cm u Becom Q or 70 g0 90 r, 2) c aaryH-
ueiM potopoM: D =46 M, Q=721 D =72cM, Q=180r; D =
=4,6 cM, Q=284 r. Boauku npuBOAWJIHCH BO BpallleHHe DYKOH
C NOMOLIbIO HHTH, HAMOTaHHOM Ha ocCbh. [/t JIETKHX BOJIYKOB NOJY-
YaJiich CKOPOCTH BpauieHus oxojo 200—300 o6/c u okoso 100—
150 06/c mas Tsaxkenbix. BpalleHHe IO MHEPUHH NPOAOJKAEJOCH OT
15 no 40 MHH B 3aBHCHMOCTH OT KayecTBa H3rOTOBJIEHHSA BOJYKa.
IpuBeAeHHBIH BO BpallleHHe BOJYOK IIOMEINAJICsl B JIETKYIO repMeTH-
YeCKH 3aKphITYI KOpOoOKy. TakuM myTeM COBEDPIUEHHO HCKJIIOYaJIO0Ch
BJAHSIHHE BO3AYLUIHBIX TOKOB Ha B3BellHBaHHe. TOUHOCTL B3BellHBa-
Hua ypanoch poBectd Ao 0,1—0,2 Mr. DTH ONBITE INOKa3ajH, 4TO
cuaa, AeficTByIolas Ha Bechl, npH ckopoctsax 30—40 m/c He MeHs-
eTcsi OpH BpPALleHWH C TOYHOCTHIO A0 OAHOH MHJUIHOHHOH. OCHOB-
HOH HeJOCTAaTOK B3BEIUHBAaHUS TeJ, BpallalOUIUXCA IO HHEPUHH, 3a-
KJAI04aercss B HeH36eXHOM CKPYYHBAaHHMH [OJBeCOB H KOPOMBEICJA
BecoB. JLeHCTBUTENBHO, OCTAHABIMBAIOMUACS BOJYOK B CHJIY 3aKOHA
COXpaHeHHs] MOMeHTa BpalleHHs AOJXKeH MNepefaTh CBOH MOMEHT
3emJiie uepe3 cTOHKY BecoB. [l MOJIHOrO yCTPaHEHHs CKPYYHBAHMA
BecOB HeoOXOJMMO CKOPOCTb BOJIYKA JepxaTb HewaMeHHOH. [lo-
3TOMY B AaJbHEHINHX ONHTAaX B3BELIMBAJCS THPOCKOIN, B3STHIA H3
aBHalMOHHOrO rupokomnaca (Q=250 r, D=4 cm), CKOpPOCTb KO-
TOPOro NOAAepXKHBAJach IIepeMeHHBIM TPexX(pa3HhM TOKOM C 4acTo-
Toit 500—600 T'u. C 3Tolf XKe 4YACTOTOH NPOHCXOAMJIO BpalleHHE
potopa rupockona. HecMOTpsi Ha 3HAuUMTeJbHYIO CHJY TOKa (OKOJIO
0,5 a), 0Ka3aJOoCh BO3MOXHBIM NOABOAHTL TOK K [IOABELIEHHOMY Ha
BECax THPOCKOMNY C MOMOIIbIO TpeX OYeHb TOHKHX IIPOBOLOB, Mpe-
BApHTEJIbHO OTOXKMKEHHBIX [V yMeHblUeHHs Hx ynpyroctH. IToreps
YyBCTBHUTEJNBHOCTH BECOB H3-32 3THX MNPOBOJIOK OKasalach He3Ha-
uhrenpHol. LleHa meseHusi BecoB Ge3 NPOBOJIOK Gblja 8 Mr, ¢ mpo-
BosokaMu — 10 mr. Takum o06pa3oMm, NpH JHHEHHBIX CKOPOCTAX
BpaleHusi okoso 70 M/c B3BelIHBaHHE YJaJOChb BHIIOJHHTb C TOY-
HocThio 40 | Mmr. Hukakux H3MmeHeHHI MOKa3aHHi BecoB He OHLIO
©O6GHapyXeHO H Npu 9THX ONHTAX.
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Bropo#i OCHOBHO! ONBbIT: B3BEelUHBAHHE I[TOJBHXHOIO BOJIYKA.
B 3THx OnbITax BOJYOK MO-NpeXHeMy MOMeHlaJcs B JIErKOH 3aKphl-

" TOH repMeTHYeCcKOH KOpoGke. Kopo6ka mojiBellHBajach K XKeJe3HOH

IJ1acTHHKE, KOTOPYHI INPHTATHBAJH 3JEKTPOMArHHTH, CKpenJeHHbe
C HEKOTODHIM MAaCCHBHHIM TesloM. Bcsi 3Ta cHcTeMma MOABELIMBAJACh
Ha Becax C NOMOLIBIO 3JaCTHYHOrO, MPYKHHHOrO mnojmeca. Tok
K 3JIeKTPOMarHuTaM IMOABOAMJICS CNOCOOGOM, ONMHCAHHHM B NpEAbIAY-
weM onbiTe. CHCTeMa NpepHBaHHS TOKA yCTAHOBJEHA OTAENbHO OT
BecoB. [Ipu paspbiBe uemH BOJYOK Najaj MOH4 ACHCTBHEM TSKECTH
A0 OrpaHHYHTEsl, CKPENJIEHHOr0 C 3JeKTPOMarHHTaMH. AMIIATYAA
3THX NafcHHi# M MOCJAEAYIOLIUX HOLBEMOB MOFJA JOCTHTaTh 2 MM.
B3BelinBaHue NPOBOAMJIOCH NIPH PAa3HBIX HaNpaB/ieHHsX BpalleHHA
BOJIYKA, [IPH Pa3HBIX AMIJIHTYAAX W NPH YacToTe KojebaHM# OT He-
CKOJIbKUX €IHHHI RO coTeH repu. KpoMe Toro, ombiThi OHnJIM Npo-
H3BeleHbl IPH pa3HHIX 3HaUueHHSX HENOABHXKHOH MacCH, BXOJAHB-
el B NMOXBElLIeHHYIO cHcTeMy. [las Bpallarolierocsi BoJq4Ka, Kak H
0715 HEMOABHXKHOIO, MOKA3aHUSl BeCOB IpH OpOCaHHsiX H MOAbeMax
BOJIYKA OKAa3a/JHCbh HEeH3MEeHHEMH. MOXHO CYHTATh, UTO 3TH OMNBITH
JOCTATOYHO TOYHO OGOCHOBBIBAIOT Hallle TEOPETHUECKOE 3akKJloue-
HHe O COXPaHEHHH HMIy/bCca B NPHUYMHHOH MEXaHHKE.

[Tpu BHINOJHEHHH OMHCAHHEIX ONHTOB OKa3aJoOCh, YTO B CJydae
BHOpal{Uu BeCOB HHOrja Ha6aoaamTcs 3(p¢eKTh, KOTOpbie Heco-
MHEHHO CBSI3aHBI C DOJIbIO HanpaBJieHHs1 BpaUIeHHSI B MeXaHHKe.
[ToaBelueHHBII Ha KECTKOM IOABEece BOJYOK MOT IepeiaBaTb CBOH
BHGpallMH KOPOMHICJAY BecOB. IIpH HEKOTOpO# peryJiHpoBKe BOJYKa
B NOILIHNHHKAX, T. €. IPH HEKOTOPOM XapakTepe BHOpaLH# KOPO-
MHICJIa, Ha6J/I0faJoch yMeHbLIeHHe MOKa3aHHH BECOB (AeHCTBUSA
BOJIUKA Ha Bechl) TOJLKO NPH BpAalleHHH BOJYKa IPOTHB YacCOBOM
CTPEeJKH, eC/E CMOTPETb [0 HANpaBJeHHIO CHJAH TsKecTH. [lpH
BpalleHHH N0 YACOBOH CTpeJKe B Tex XKe YC/IOBUSX H3MEHeHHH MO-
Ka3aHHil BECOB IIOUTH He HAOMIOAAIOCh. ¥YCJIOBHA, NPH KOTOPHX IO-
ABJsAAUCh 3TH 3 (eKTs, He YyAaBaJoCh BOCIPOHM3BOJAHTbL IO XKeJa-
Huo. HeoGXOAMMBIE [J8 3TOr0 peXHM YCTaHaBAHBAJCS cJayuya-
HBIMH OBCTOSITENLCTBAMH. DTOT peXHM KoJeGaHHH CONPOBOXKAANCSH
XapaKTepHbIM 3BYKOM. IIpH 3THX YCJIOBHAX ONMTHEL MOLJK OBITH IO-
BTOpeHE ‘MHOTO Pa3 M [AaBajd OJHHAKOBblE pE3yJbTaTs. 3aTeM
HUYTOXHHE OO6CTOSTENbCTBA HapyLWlaJH HeOOXOLHMHIH DEXUM, H
BeChl B COOTBETCTBHH C I[1epBHIM OCHOBHBLIM OMNEBEITOM I€pecTaBaJjH
MeHAThL NoKa3aHus. ONbITE NPOH3BOAHJIHCH C BOJYKAMH B YINOPHHBIX
NOALIMIHHKAX, BpPAllaBIIUMHCA 0[O HHEPUHH. OTH BOJYKH H HX
B3BelllMBaHHe ONHCAHH B HauaJjie HacTosielt raapl. [IpH BpalleHHH
NPOTHB YacOBOH cTpesku Boauka D=4,6 cM, Q=901 n u=25 M/c,
niosnyyajoch obserdenue: AQ=—8 mr. IIpu BpallleHHH DO 4aCOBOH
cTpeJke Bcerga okaswiBasltoch AQ=0. [Ipu ropusoHTajbHOM IOJIO-
JKeHHH OCH B JI060M a3uMyTe HabJiogasoch obJeryeHne MpoMexy-
TOYHOrO 3HaueHHs: AQ =—4 Mr. DTOT Ha NepBHH B3IVISL CTPAHHBIA
pesyJbTat O6bsCHSETCH cAOXKeHHeM 3Q@exTa BpalleBHsA BOJAYKa H
st ¢dekra Bpauenus 3eMJH, 6aarofgapsi KOTOpOMy yMEHbLIAETCS BEC
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BCsiKOro BuOpHpymomero Tena. JlefCTBHTENbHO, NOJNHHIA BeC BOJNYKA
¢ ompasoii papHsics 120 r, a u3 Ta6a. IV caeayer, uro pas Ilya-
KoBa o6JieryeHHe TAKOro rpy3a H3-3a BpalleHuss 3eMJH A0JIKHO
cocTaBaATh Kak pa3 —4 mr. Takum o6pa3om, cam sddekT Bpaue-
HHS pOTOpa MNOJY4YaeTcs COBeplUIeHHO CHMMETPHUHBIM H DaBHBIM
+4 wmr. [lo-BHAHMOMY, IpH COOTBETCTBYIOIIHX JAPOXAHHAX KOPO-
MBICJIa NPOHCXOAMJIO pasjelieHHe MOMOJHHTENbHBIX CHJ X0[da Bpe-
MeHH, JEHCTBYIOUIHX B pasHHe cTOpOHH. Ha BoJUOK ocraercst npeH-
CTBHE TOJLKO CHJIBI, YMeHbIaollell Bec, a cHa o6paTHOro Hampas-
JIeHHS, [IPUJIOXKEHHAs NIPH CIOKOHHOM KODOMEIC/JE K TOYKe MOJBeca,
OKa3hIBAeTCsl NMPHJIOXKEHHOH K TOYKe ONOPH KOPOMEIC/IA Ha CTOHKe
BecoB. B pesysbTate yMeHbllleHHe Beca He KOMIEHCHpyeTcs Ha
NOJBECe, H MPOHCXOXHUT OTKJOHeHHe cTpeskn BecoB. CorJacuo ¢op-
Myae (10)

AQ u
o - o (25)

Orcioga ¢ NMOMOMIBI0 NPHBENEHHWX MAAHHHIX [OJYyYaercs Cp==
=550 kM/c. Ilockonbky HampaBJeHHe JOMNOJIHHTEJbHBIX  CHJ
B ONbITE COOTBETCTBYET ¢opMynupoBke 8 u3 raasu [II, 3akaogaem,
9TO MOCTOSIHHASA €z NEHCTBHTENBHO NOJIOXKHTEIbHA B JIEBOH CHCTEME
KOOpPAMHAT. ITOT pe3yJbTaT IO 3HAKY H BeJHYHHE COBIIafaeT Co
cHenaHHol B rjlaBe IV OuEeHKOH Ci, NOJYYeHHOH H3 aCHMMETDHH
¢uryp naaner. [liaHeThl M BOJYOK CTOJb PE3KO OTJIHYAKOTCA pas-
MepaMH H YIVIOBHIMH CKODOCTSIMH BpallleHH#, YTO DaBEHCTBO BHI-
3BaHHBIX HMH 3(¢ekToB camo no cebe sIBJAsSETCS IPEKPACHHIM
JOKa3aTeJbCTBOM NPONOPIHOHAJIbHOCTH CHJ XOJAa BPEMEHH JIHHEH-
HbIM CKOpPOCTSIM BpallleHHH.

[TIpn onuCaHHBIX ONHITaX B3BeUIHBAHHS BOJYKOB HabJI01aJ0Ch
ymenbllieHde AQ ¢ po6GaBiieHHeM K BOJYKY Heppallalouledcss Ha-
rpy3ku. Ckopee Bcero B 3TOM 3(deKTe HeT HHYEro NPHHIHMIHAJIbHO
HOBOTO H OH NPOCTO CBSI3aH C H3MEHEHHeM peXHMa BHOpauHi BecOoB
OpH JOMOMHHTENbHOH Harpyske. Bo BCAKOM cJjyyae, 3TO [10Ka3bl-
BaeT, UTO B MNOZOGHBLIX OMEITax HaJ0 H3beraTh JIMUIHEro yTsiXKeJse-
HHS BOJIUKA.

KpoMe onHTOB CO B3BelUHBaHHeM HaMH OBLI HCCJIELOBAH BO-
IIPOC O BO3MOXKHOCTH OTKJOHEHHs MOABELIEHHOrO BOJYKA C [ODH-
30HTa/IbHOM OCbIO OT JIHHHM oTBeca. Kak # B OCHOBHHIX OINBITaX
€ BEcaMH, NMPH CIHOKOHHOM pexHMe He HalJ/I04aJoCh HHKAKOro OT-
KJOHEHHUs1 JIHHUM MOJBeca BOJMYKAa NPH ero BpauleHuH. OQHAKO NpH
crenuanbHOM DeXHUMe, KOorja ApOo:KaHHs BOJYKAa IepelaBaJjHCh
B TOYKY MOABeca, HabJMIOJaJCs CABMI JIHHHH NMOJABECA OT BEPTHKAJH
B CTOPOHY, OTKYAa BpalleHHe Ka3asoCh NPOHCXOAAUIHM [POTHB 4a-
coBoii cTpenku. AToT 3ddexT npH AJHHE HHTH, PABHOH 2 M, H NpH
CKOpOCTH BpalleHHst 4=25 M/c cocraBiaaa 0,07 mm. Takum obpa-
30M, OTHOHIEHHE TOPH30HTaJbHOH CHJH K NOJHOMY BeCy Teja co-
crasasgo 3,5- 1075, Hurepecyiomee Hac oTHolieHHe AQ K Becy po-
Topa Q moJiyyaeTcs YMHOXeHHeM HaAJeHHOH BeJHYHHB HA
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(a+Q)/Q, rre a —Bec onpasn. s Bosuka B onbite Q=70 r 1
a=30 r, nostomy AQ/Q=>5,0-10"° u no dopmysre (25) BaxozuM
c2=500 kM/c. BaXXHO OTMETHTb, UTO MpPH DACHOJOXKEHHH OCH BOJ-
YKka B IJIOCKOCTH MepHAHaHa HalJIofaJioch HaJloXeHHe Ha coOCT-
BEHHOE CMellleHHe BOJIYKa JOHOJIHHTENbHOIO CMeLIeHHs K ceBepy
H3-32 TOPH3OHTAJBHOH mnpoekuHuH 3¢pdekTa BpalleHHS 3eMJH NpH
BHOpaUHKH rpy3a.

OnucaHHbe ONBITH C HECOMHEHHOCTbIO yCTAHABJAMBAIOT CYyILECT-
BOBaHHe 3((}eKTOB NPHUYMHHOH MEXaHHKH, CBSI3aHHBIX C HampasJe-
HHeM BpameHus. ONHAKO CylIecTBEHHBIM HEeJOCTaTKOM 3THX OIHI-
TOB SfIBJIsieTCS HEBO3MOXKHOCTb MPOCTOro BOCIPOH3BeAeHHS Heo6Xo-
JuMoro pexuma BHOpanuil. IlosToMy XeaateJbHo MepefiTH K Ta-
KHM OINBITaM, NPH KOTOPHIX OBlia OB JOCTYNHOHM peryJMpoOBKa HC-
TOYHHKa BHOpauufi. Ilis storo BuGpaTop AOJKeH OHTH He3aBHCH-
MHIM OT pOTOpa H CBSI3AHHLIM C HeBpAIAMIHMMHUCA UYacTAMH CH-
creMbl. I109TOMYy nanbHefillHe ONBITH OBLIH [TOCTABJEHE TOYHO Ta-
KUM 00pa3oM, KaK ONHCaHHEe B riase IV onblTel BHOpamuy rpysos
JJisl BBISICHeHHS 3(d@deKToB BpalilleHHs 3eMJH: Ha MasTHHKe OCy-
mecTBAAsach BHOpamMs TOYKM I[0JBeca, a Ha Becax — BHOpauud
ONMOPHOH MNJOWIAaJKH KOpPOMEICJA BecoB. B 3THX ombiTax OblI HC-
NONB30B2H THPOCKON aBHALMOHHOK AaBTOMAaTHKH CO CJAELYIOLIMMH
xapakrepuctukamu: D=4,2 cM, Q=250 r npu Bece ompaBb a=
=150 r. Tok K 3TOMY THPOCKONY MOABOJAHJCA METOAOM, ONHCAHHBIM
B HayaJje 3TOH rJaBhl, H HAaGIIOAEHHS NPOU3BOAUIHCH NPH HEU3MEH-
HOH CKODOCTH BpallleHHsl. DTH ONIBITH Cpa3y BHISICHHJH BecbMa CY-
IeCTBeHHOE 06CTOsATeNbCTBO. KoJIb CKOpO HCTOUHMK BHOpAlHH OKa-
3aJc CBA3AHHBIM C HEMOABHXHEIMH UAaCTIMH CHCTEMH, Bce 30¢-
(heKTH NepeMeHHJH 3HAaK: Ha BOJIYOK CTaJiH JAeHdCTBOBATb NO €ro
OCH JONMOJHHTENbHBIE CHJB B CTOPOHY, OTKYAa BpallleHHe KaXeTcs
IPOHCXOJAIINM IO YacOBOH CTpesiKe. -

B onHTax N0 OTKJOHEHHIO MOJBEUIEHHOro 'HPOCKONAa ¢ rOpH30H-
TaJbHOH OCbIO OT JIMHHH OTBeCa THPOCKON Ha CTaJbHOH IIPOBOJIOKE
nuamerpom 0,15 MM ¥ pauno#l 3,30 M 6Bl nojgBellieH K MJACTHHKE
IIPOYHO YKpemseHHoro BuOparopa. Okaszanock, UYTO AJisl MOJYYEHHS
OTKJIOHEHHS CPeflHero MoJIoXKeHHs TAKOTO MasTHHKAa OT OTBeca He-
06x0aHMO COOJIIOAEHHEe YCJOBHH, BO BceM NOAOGHHIX YCJOBHAM IO-
ayuenus s¢oekroB BpamieHns 3eMaH. OTKJOHeHHe T'HPOCKONA
B HalpaBJeHHH OCH MOJY4aJoch TOJBKO NPHU NapaMeTpHYECKOM pe-
30HaHCe, KOTJa NpOeKLUHsl Ha HalpaBJieHHe OCH FHPOCKONa MpHJIO-
JKEHHbIX K HeMYy TOPH30HTAJbHBIX CHJ JOCTHraja HEKOTOPOro KpH-
THYECKOIrO 3HAUEeHHs] TOTO Xe MOPsAKa, KaK H B ONBITaX ¢ 3Pdex-
tamu BpameHus 3eMan. OTKIOHeHHe OT OTBeca BCErAa IPOHCXO-
JHJIO CKAaYKOM H COXPaHsJIO ONpelle/leHHOe 3HauyeHHe, He3aBHCAllee
OT Ha/ibHeHIIEro YBeJIHYeHHs MPOeKIHH aMIVIHTYAbl BHOpalHil mpo-
BOJIOKH. B c/yuae, Korja och THPOCKONA pacnoJsarajach 110 MepH-
AHAaHy, OTYETJHBO BBICTYNAJO CJOXKecHHe 5Q(eKToB  BOJYKA H
3eman. Hanpumep, nmpu 300 o6/c W nmpu NOJOXKEHHH BEKTOpa Bpa-
[IeHHs BOJYKA j K WOry mnoJydajock ortkjaoHenue 0,18 MMm; 1npu
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NPOTHBONOJIOKHOM K€ DACIOJOXKEHHH OCH BpalleHHsa 3d¢exT co-
crasJsaa Toabko 0,05 Mm. B taba. V npuBeseHa cBOAKAa MHOTOYHC/IEH-
HBIX H3MepeHHH JIHHEeHHHX CMelleHHH THpOCKONa MO OTHOLIeHHIO
K OTBeCy, HCIIpaBJIeHHKIX 32 3 ¢eKT BpalleHHss 3eMJIH.

Ta6aunga V
YrrnoBasa ckopocTs, cb/c H":s:;ii:ﬂ'(_(’s%“ n"“gi"g:ﬂgg:f':{";""e
200 26 0,08
300 40 0,12
400 53 0,16

M3 srtoit tabaHub BHAHO, YTO 3(deKT AeficTBHTENBHO NPOMOP-
IHOHaJeH CKOpOCTH BpalleHus. OrHouleHHe AQ K MOJHOMY BeCy
rupockona, NpHBeleHHOe K cKopocTH u =40 M/c, cocrasiser 3,6X
X 1075, Ina noaydeHHs oTHolleHHs AQ/Q Heo6Xx0AMMO NpHBELEH-
HOe BHIUIe 3HAYeHHe HCIPAaBHTb 33 BeC ONpaBh YMHOXKEHHEM Ha
(Q+a)/Q. CneunaJbHHIMH ONKTaMH, IPH KOTOPDHX HAapOYHTO yBe-
JINYMBAJIC BeC OMNpaBhl, OHJIO I0Ka3saHO, YTO TaKOe HCIpaBJeHHe
JefCTBHTEJBHO HeoOXxoauMo. B pesyabrate mpu u =40 m/c AQ/Q=
=5,7. 1075, a, caeropatenabHo, ca=700 KM/c.

BaxXHO OTMeTHTBb, YTO AJs MOJYyYeHHs 3(G(eKTOB C IHPOCKONOM
HeoOXOJMMO NPHHHMAThb HEKOTOpHle clelHajbHBIE Mephl, KOTOphe
HecylleCTBeHHHl AJs noJydeHus: a¢pdekToB BpaiieHus 3emuan. Oka-
3aJjoch, 4To 3¢p@deKT IHpOCKONa COBEpUIEHHO HCue3aeT, Korga BHO-
paTop YCTaHOBJIEH HENPOYHO, T. €. KOI'Aa OH MOXKeT IpPHBOAMTH
B KOoJeGaHHe HEKOTOpHle HeBpallaloLlHecsl YacTH CHCTEMBL Dddekr
e BpallleHHs] 3eMJIH NIPH 3TOM OCTaeTcs.

OnbiTel Ha Becax MNOKa3aJiH, YTO MOXKHO NIOZOOpaTh Takoi pe-
KHM BHOpauM#i KOpOMEBIC/Ia BECOB, KOT'ZA HacTymaeT obJeryeHue
THPOCKONA INpH BpallleHHH II0 YaCOBOH CTpeJIKE H ero yTsiKeJeHHe
IIPDH BpallleHHH NIPOTHB YacOBOH CTPEJKH C TOYKH 3peHHs Habjiona-
Tens, cmorpsmero ceepxy. Jlasi Hamero rupockona npu 300 o6/c
3¢ dexT B 0HY cTOpOHY cocTaBJasa 15 mr. TakuMm oGpasoM, AQ/Q =
=6,0.10"° (u=40 M/c), oTKyZa no dopMyrae (25) HAXOAUM C2=
=670 KM/c, B IpEKpPacHOM COIVIACHH C pPe3YJbTAaTOM, MOJYUeHHBIM
U3 rOpHM30HTaNbHBIX cMemlieHHH. OuyeBHAHO, KO3GdHUHEHT @ B ¢op-
MyJne (4), onmpejeJsdiolled BeJWUHHY C», MMeeT 3HaueHHe, OJH3KOe
K a=2. Heoc6x01uMO OTMeTHTb, 4TO Te Ke 3(h(PeKTh 10 BelUyHHe
H [0 3HAKY MOXKHO IMOJYYHTb C BHOPATODPOM, PACIOJIOXEHHBIM He
OTHEJBHO OT BECOB, a4 Ha IPOTHBOMOJNOXHOM KOHIIE KOPOMBIC/IA Be-
COB B KauecTBe ypaBHOBeuwlupaioulero rpysa. Orciofa ciaelyer, uTo
poJib HCTOYHHKA BHOpaUH# B 3THX ONBITaX HrpaeT TOYKAa ONOPHI
NpH3MBI KOpOMBICJa BecoB. Kak H B ONBITaXx C OTBECOM, IJs IO-
Jyuenus sddekra ¢ rHpoCcKONoOM Ha Becax TpelyroTcs Gojee cCrelH-
aJbHble YCJOBHS, 4eM [Js OOHapyxeHHsa 3(p@exra BpalleHHs
3emau. [lpu B3BelllMBaHHH THPOCKONOB, HeCMOTPS Ha  6oJibuloe
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4HCJIO ONBITOB, He YAaJoch AaXKe TOYHO YCTAHOBUTL YCJOBHH, NpH
KOTODHIX 0053aTeNbHO JOJ/XKEH N0Jy4aThes 3GdeKT.

M3 onbiToB ¢ BHGpalHsMH IpY30B Ha INOBEPXHOCTH 3€MJH H
¢ BuUOGpanMsMH THPOCKONOB MOXHO cjJeJlaTb HHTepecHBIe BBIBOXHI,
npubaHXKaOLUiHe HAC K Jy4ylleMy NOHHMAaHHIO CMbicjla NPHYHHHBIX
cBsi3edl M XoJa BpeMeHH. B onnTax 060HX THIOB H3yyaeTcs INpH-
YHHHO-CJeACTBEHHAsl CBSi3b B JIBYX TOUYKAax: ONOpa H UEHTP TsAXKe-
cru tena. Ilpu orcyrcTBHH BuOpauuii ocb THPOCKOMA, TAE JIEXKHT
€r0 LEHTD THAXKECTH, H ONOpa HaxonsATcs B OOBIYHOH NPHYHHHO-
CJIC/ICTBEHHOH CBfI3H, KOTOpasl ONpeleJssieTcsl [CEBIOBEKTOPOM +iCz
AJis AeficTBHS NPUYMHEL. Ha 3emje NmpouCXOAHT TO XKe caMoe: XOTs
Ha Ipy3 U JAEHCTBYeT JAONOJHHUTEJNbHAs CHJa, BO3HHKIIAs H3-3a OT-
HOCHTe/IbHHX BpallleHHH BHYTPH 3eMJH, oHa OyjaeT AeACTBOBAaTb
Ha ONopy, Kak M BcAkad Apyras CHJIa, ¢ XOJOM BpeMeHH -+ iCe.
W3 namiux OnbITOB BHAHO, YTO 6Jlarofapsi BHOpAaIHsIM Y CHCTEeMB
«OMopa-—Teso» HOSABJSETCH NOMNOJHHTE/NbHBIH X0 BPEMEHH Bpalle-
HUH. DTO MOXKHO MOHATb CAEAYIOIHM 06pa3oM: NPOEKUHS TOpH3OH-
TaJbHbIX YCHJHH Ha HamnpasJieHME OCH BpalleHHH, KaK H BCsKas
CHJla, BLISIBISET XOX BpeMeHu MO HampaBJieHHIO ee JeficTBus. [lo-
5TOMY BO3HHKAIOIlas npH BHOpalHMsiX, HalpaBJeHHHX 10 OCH Bpa-
LIeHHs, NPUYHHHO-CJEACTBeHHas cBA3b Oyler AeHCTBOBATH C MO-
TMOJTHHTENbHEIM XOAOM BpeMeHH BpalleHuil. Pa3 BO3HHKLINH, TaKoH
X0l BpeMeHH OyjheT onpele/siTh yXKe BCe NPHYHHHO-CJIEACTBEHHBIE
CBSI3H CHCTeMHl «omopa—reino». IlostoMy M Bec Testa Oyaer HEHCT-
BOBaTh C JOMOJHHTEJIbHEIM XOJ0M BpEMEHH, 4TO NpHBeAeT no ¢op-
myaaMm (8)—(10) K AONONHHUTENbHEIM CHJaM, NPONIOPLHOHAJBHBIM
BeCcy. B onmiTax MB HMeNH JAeJ0O C BBIHYXJAeHHBIMH BHOpalMsMH,
KOTOphle MOANEPKHBAJUCh HCTOYHHKOM, HaxoAHBIIHMCS JHOO B Ca-
MOM Teje (co6CTBeHHEe BHOpAlHHM BOJYKa), JHOO B TOUKE ONOPHL,
CKpeINJIeHHOH ¢ BHOPATOpOM.

Pas6epem mepshlfi cayuyalf, Korga NpHYHHA BHOpalH# cBs3aHa
C CaMHM TeJOM. B ommTax ¢ IHPOCKONOM INPOEKIHsl FOPH30HTaJIb-
HBIX YCWJIHH yCTaHaBJHMBaeT JJIs NPHYHHBI-CJAEACTBHSA XOJ BPEMEHH
(ice+ju), mockonbKy NpHYHHAa BHOpaLMH HaXOAHTCS BO BpallleHHH
ju mo oTHoleHHIO K cjefcTBHIO. [locae ycTaHOBJEHHS 3TOro XoAa
BpeMeHH Bec rMpockona no gopwmyJe (10) H3MeHHTCS Ha BEIHYHHY
—j(ufc2) | Q] nam +j(u/ca)?)Q|, eCJH CUHTAaTh BCE KO3(M(HUIHEHTH
MOJIOKHUTEJbHEIME. DTO H3MeHeHHe Beca OYAeT COINPOBOXKAATHCSH
IIPOTHBOLEHCTBHEM B APYrof TOYKE CHCTEMBl «ONOpa-—TeNo», T. €.
Ha Omope KOPOMBICJa BeCOB MJH B TOYKe IOABECAa MasTHHKA.
B onmtax c¢ BHGpauusaMu rpysa LI obHapyXeHHs 3¢¢deKToB Bpa-
uieHusl 3eMJaH XOA BpeMeHH A/ AeHCTBHUSI NPUYMHB CTaHET PaBHHIM
ico+jy(p), uTo uamenur sec rpysa A Ha Benuunny jy(p)|A|.

Bo BTopoM cayyae, koraa npuyHHa BHOpalMi CBsA3aHa C TOY-
KO} OMOpHl B ONbITe C T’HMPOCKONOM, BHOpPALHUH YCTAHOBSIT XOA Bpe-
meHu (ico— ju) Mexay omopoit u rupockonoM. [elicTBHTENbHO,
B 3TOM CJyuae NPHYHHA BpalllaeTcAd OTHOCHTEJBHO CJELCTBUHS CO
CKOPOCTBIO —ji. TOT XOX BpEMeHH IPHBeleT K H3MEHEHHIO BCAKOH
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NpHYHHE, a CJeAOBATEeJbHO, H K H3MEHEHHIO Beca Ha BEJHYMHY
—j(u/cy) |Q|, ectn cunTaTh B 3TOM BHpaXKeHHH BCe KO3(b(HIHEHTH
nosoxkHTenbHHMY. [losyyaercss monoJHHTeNbHAs cuna, AEHCTBYIO-
Ilas Ha THPOCKON B CTOPOHY, OTKY/Ja BpallleHHe KaXeTcs MPOMCXO-
JSIIHM 110 9acoBOH cTpeske. JPQeKT CPAHOBHTCS NPOTHBONOJOXK-
HBIM 3(Q(eKTy mepBOro ciaydasi, Kak 3T0 H HabJI0OAa/och Ha CaMOM
Aene. las sdpexton BpauieHus 3eMaH NepeMeHH 3HaKa He Gyjer.
XoX BpeMeHH AJs JAeHCTBHSI NPHYHHH OyAeT MO-NpeXHeMy ica+
+jy(p), v60 nans 3eMaH HE3aBHCHMO OT MOJIOXKEHHS HCTOUYHHKOB
BHOpaLHi MPUYHHE BCErAa CBsI3aHH C HHEpPUHeHd Ipy3a HJM ero Be-
COM, a CJEACTBHA C CHIaMH yNPYTOCTH.

H3 toro obcrosiTenpctBa, u4To 3()(HEKT THPOCKONA MeHseT 3HAK
NpH MepeHoce HCTOYHHKA BHOpauui, a addert 3eMau He MeHseTc,
crepyer GoJbilasi ycToHuHBOCTh 3 dexra 3emad. [TostoMy mJis ero
BOCIIPOH3BEICHHS He TpebyeTcsl TaKHX YHCTHIX YCJAOBHH, KaK B OIH-
Tax ¢ FTHPOCKONMOM. 3aTO B ONBITaX C THPOCKONOM MOXKHO H3 HaBJIIO-
HeHHH HaJl OTKJOHEHHeM BECOB H MasiTHHKA 3aKJIOUHTb O MOJOXKe-
HHH HCTOYHHKA BHOpAUHMH. ITa BOSMOXKHOCTb Pa3hHCKAHHS NPUYHHH
ABJISIETCS XapakKTEPHOH H BeCbMa BaXXKHOM OCOGEHHOCTBIO IPHYHH-
HOH MeXaHHKH.

HononHuTenbHNe CHib, BO36YXKAeHHHE BUOpamuei, 6ynyT aefi-
CTBOBaTh, KaK CaMble OObluHBle CHJB. [l03TOMY cHCTeMa MoOXeT
UMETb H C 3THMH CHJIaMH OOLIYHHIH XOJ BpeMeHH ic;. [Ipexacrasis-
€TCsl BO3MOXHBIM, YTO JaJibHeflllee yBeJH4eHHe BHOpauuil mpHBe-
IeT CHCTeMY C [JOMOJHHTENbHHIMH CHJIaMH ONSATh K XOLY BPEMEHH
BpanleHHd. B pesysabTaTe NOABHTCS ellle Takas MAOTMOJHHTeNbHas
cuna H T. A. IlosToMy B ombitax ¢ BHGpANUSIMH MOXKHO OXHAATH
NIOSIBJIEHHS CHJI:

LJS THPOCKONOB AQ = = jn -Eu——l Ql,
2

aas 3eman AA= - jny(p)| Al (26)

rie n—Joboe Le/oe NONOXKHTEIbHOe gucH0. Kak 6ul0 ynoMsaHyTo
B NpEIBAyMieHd IJaBe, HHOIZA B ONBEITAX C BUODAUMAMH, [10-BHAM-
MOMY, yAaBajoch Ha6/0faTh COCTOSHHE, COOTBETCTBYKOIIee n =2,

[IponsBeseHHble ONBITH BHISICHAIOT BeCbMa BaXKHOe OBCTOSITENb-
CTBO, 3aKJK4Yaolleecs B TOM, 4TO JOINONHHTENbHBIH XOA BpeMeHH
BpalialoWHKXCcs TeJ He eCTh IIPOCTO OTHOCHTeNbHOE BpalleHHe. [lo-
HNOJIHUTEJNBHLIH XOJ BpEMEHH NOSBJASETCS H3-3a  OTHOCHTEJIbHBIX
BpalleHHH, HO, pa3 BO3HHKHYB, OH INpOSBJsieT ce6s He3aBHCHMO OT
COCTOSTHHSI OTHOCHTEJIbHHX BpalleHH# B ADPYTHX IPHYHHHHIX CBA3AX.
JeficTBHTeNbHO, B ONBITaX ¢ 3(deKToM BpauieHHss 3e€MJH OTHOCH-
TeJILHOTO BPAIEHHS MeXAY TeJOM H ONMOPOH NMPOCTO He CYLLECTBYET.
B onuTax e c rupoCKONOM IIpH BHOpAlHHK ONOPH BpAllleHHe T'H-
POCKONa, ¢ TOYKH 3PEeHHs NPHYHHHOH CBSA3H <«BeC— CHJBL YIPYro-
CTH», NPOHCXOAHT B CTOPOHY, MNPOTHBOHOJOXHYIO XOAY BpEMEHH,
ycraHoBHBUIeMYycst Osarofapss BubpauusaMm. [ns BrisBlIeHHS Xxoxa
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BPEMEHH [MOCTAaTOYHO HHYTOXKHBIX 06CTOATEJBCTB (MashbX YCHIHH
8 HanpaBJICHHH OCH BpallleHHH), MOCJIe Yero W3MEHEHHHH XOf Bpe-
MEHH MOXET CO34aTh 3aMeTHble JONOJHHTEIbHHE CHJAB K HMEeB-
IHAMCsE B CHCTeMe OOJBIIHM cHiaM. OTH O6CTOATeJIbCTBA H JHUC-
KPETHOCTh COCTOSIHMH, onHchiBaeMast ¢opMmyaoii (26), coseplIeHHO
HeOOLIYHBl LI K/IaCCHUECKOH MeXaHHKH, HO OHH XapaKTepHH AJs
MexaHHkd aToMa. [losiBJeHHe TAaKOro THNA MONpPaBOK K KJAACCH-
4eCKOH MEXaHHKe MOXHO 6bL10 NpelBHAeTb, HOO MPHYHHHAS MeXa-
HHMKa JOJXHa BKJIIOYaThb B cebsl, KaK ABa KPalHHX Caydasi, KJIaCCH-
YEeCKYI0 MEXaHHKY H MeXaHHKYy aToMa.

[IpuselieHHOe Bhille OGBACHEHHE ONKTOB C BHOPAUHSMH TeJ
SIBJIsieTCs JIMIUb NPHGIM3HTEJBHEIM K TpeGyeT emle OOMbLIOH pas-
paboTkn B HeTansix. MOXHO HalesiTbesi, YTO AaJsbHEHIIHE ONBITH
B 3TOM HANpaBJieHHH NOMOTYT Ha#TH HacTosllUee, HCYEpIHIBAIOLEe
NOHMMaHHe SBJEHHH B NPHYHHHHX CBsA3sX. Kak BHAHO H3 BCEro
H3JI0KeHHs, BONPOC 3TOT OueHb TIAyOOKHH, H Hacrosias paGora
SIB/ISeTCS TOJBbKO CaMbIM HayaJoM HCC/Ael0BaHMA B 3TOH OGLIHp-
HOHN 06/1aCTH 3HaHHH.

3akaHuHBas ONHCAHHE NPOHU3BENEHHBIX ONBITOB, ABTOP CUMTAET
CBOHM INPHATHBHIM JOJITOM BBIPA3HTL CBOIO TINIYGOKYHO IIPH3HATEJb-
Hocts B. I JlaGefimy 3a Gosibllloe M HHHLMATHBHOE YYacTHE B OCY-
LiecTB/IeHHH GOMBIIKHCTBA ONHEITOB HacTosimell paGoth u JI. A. Cy-
Xapesy 3a MHOTHe LEHHbl€ COBeThl, KOTOPHIMH MBI IIOCTOSIHHO IOJb-
30BaJUCh NPH 3THX HCCJAeLOBAHHAX.



3AKJIIOYEHHE

MexaHuKa siBasieTcss (QyHLaMEHTOM, Ha KOTOPOM OCHOB2HO BCe
3jaHHe TOYHHIX HaykK. BMecTe ¢ TeM TeopeTHYeCKas MeEXaHHKa pas-
pa6oTaHa TOJIbKO M ABYX KpafHHX aGCTPAKTHBIX CJYy4aeB: 1) me-
xannka HploTona—OiinuITefiHa, oTpeyaomas Mupy c OGeckoned-
HBIM XOJOM BpEMEHH (C; == 00), H 2) aTOMHas MeXaHHKa, KOTOpasd
SIBJISETCS HEKOTOPHIM NpeicTaBJeHHeM MexaHuxn Mupa ¢ HyJeBRIM
xozoM BpemeHu (c;=0). B peanpHOM Xe Mupe, Kak noxashBaer
M3/IOXKEHHHI B HacTosilell pa6oTe OMBITHHIHA H TEOpETHUECKHHA Ma-
TepHas, X0 BPEMEHH C; ABJACTCH KOHeuHO# BesnyuHOH. IloaTomy
TOUHEle HAayKH, pa3BHBaeMble JeyKTUBHO Ge3 ydera KOHEUHOCTH
X0Ja BpEMEHH, He MOTYT [aTh HACTOAIIErO NPEACTABJICHHA O Mupe.
EcTecTBeHHHE XKe HayK{, pasBHBaeMbleé B OCHOBHOM HHIYKTHBHO
W 6e3 CTPOrofi TOYHOCTH BEIBONOB, AAlOT 3aTO G0jee NOJIHOE Hpel-
cTaBJCHHE O BO3MOXKHOCTSX, CYIIeCTBYIOMHX B Mupe. TOT pasphs
MeXJy eCTeCTBO3HAHHEM M TOUHBIMH HayKaMH JOJDKeH HCUE3HYTh,
KOJIb CKOPO TOUHbIe HaYKH CTaHyT OMHPAThCA HA MEXaHUKY, B KOTO-
poii yuMTHIBAIOTCSl KOHEYHOCTh XOa BPEMEHH H ApYyIue BO3MOXHbIE
CBOMCTBA IPHUMHHOCTH.

Mexanuka Hplorona—2dfHTefiHa H aTOMHasA MeXaHHKa IMPHBO-
JST K NepBOMY H BTODOMY HadajaM TepMOAHHAMHKH. [ToaToMy
B Mupax, OTBeYamoIlHX 3THM MeXaHHKaM, BO3MOXKHBI TOJBLKO TPO-
IecChl, IIPH KOTODPHIX IPOHCXOAHT BO3pacTaHue SHTPONHH, Beayllee
K TenJoBoli cMepTH. PeanpHuii e Mup, 61arofapsi KOHEYHOCTH
XOla BpPEMEHH Cs, HMeeT cBOeoOpasHmle CBOACTBA. 3ror Mup wMmo-
®eT GOpoTbCsl CO CMEPTbI0 NMPOTHBOMOJIOXKHHMH IPOUECCAMH, KOTO-
pee MOryT GHTb HasBaHbl NPOUECCaMU KH3HH, €ClH ynoTpebssiTh
3TO CJIOBO B CAMOM IIHPOKOM €ro CMBICJE.

Mu He pacnosaraeMm elle AOCTaTOUHBIMH AAaHHLIMH, yTOOH MPO-
BECTH CTPOTHi aHa/Ju3 BO3MOXKHOCTH TaKHX NPOLECCOB B Mupe
¢ KOHEedHBIM ¢a. HO mpHHIMNHAJbHA BO3MOXHOCTh COMPOTHBJICHHIA
BO3pACTaHHIO SHTDPOTHH BHITEKaeT yXe M3 psila BhIBOIOB, noJy4eH-
HBIX B Hacrtosimled paGore. IleACTBHTEJNbHO, BpauleHHE B3aUMOJeH-
CTBYIOIIHX TeJ HPH KOHEYHOM C> MPHBOAHT K BO3HHKHOBEHHIO IO-
HOJHMTEJbHBIX CHJI, @ CJIeXOBATENbHO, H JONONHHTEJbHOH IHEPrUH.
B cucTeMe, GJH3KOH K DaBHOBECHIO, CJAydYaliHble H3MEHEHHS OTHO-
CHTeJbHBIX BpallleHH#l B ee PA3JHYHEIX JaCTSAX MOTYT BECTH TOJDBKO
K yBeJHUeHHIO NOJMHOH 3Heprud. [T03TOMY MOXKET OKazarbCs HE-
BO3MOJKHEIM YVCIOKOEGHHE CHCTeMBI, T. €. HCUe3HOBeHHe KUHeTHdE-
CKUX SHEpTuil ee OTAJBHEX yacTed. B pesysprare cHCTeMa, HaXO-
psaurasicst B6aU3H paBHOBECHS, CTaHeT MaUIHHOM, MPOH3BOAALIEH
sHeprmio. Takoro poAa CHCTEMAMH, BEPOATHO, H SBJSIOTCA SHESMLI.

B03MOKHEOCTb HCIOJb30BAHHS XOAa BPEMEHH, T. €. HepaBHOLEH-
HOCTH NpoLleflIero ¥ OYAyILIero, Ajis MOJYICHHS paboThl ABJKETCS
HHTEePECHBIM, HO He IJIaBHeHIIHM CJIeACTBHEM NpUYHHHON MEeXaHHKH.
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Ha npumepe onuTOB ¢ BHOPALHSMH THPOCKONOB MHl BHIENH, UTO
BeCbMa MaJible BO3JeHCTBHSI BHOpaUMH MOLYT YCTaHaBJIMBATb B CH-
cTeMe BpallalIIHXCA TeJ [JOMNOJHHUTEJbHHE NPHYHHHO-CICACTBEH-
Hble OTHOUIEHHS, BBI3BIBAIOLIHE 3aMeTHbie MeXxaHHuecKHe 3(DQeKTHL.
OTa BO3MOXHOCTb BMELIHBATLCS B CYLIECTBYIOUIHE NPHYHHHO-CIEH-
CTBEHHhLIE OTHOIIEHHS O03HayaeT, 4YTO MOXHO OBJafeTh TeUeHHeM
BpeMeHH C TeM, YTOOH YCHJHBAThb INPOLIECCHl, AeHCTBYIOUlHE MPOTHB
BO3paCTaHHs 3HTPOIHH, T. €. Npolecch KU3HH. Habarogasiunecs
B ONMHCAHHBIX ONBITAaX fIBJeHHS AAlOT TOJbKO HEKOTOPHIH HaMeKk Ha
TO, 4TO CKa3aHHOE ABJSCTCS He NycTOH MeuTOH, a HMeeT OCHOBaHHe
B NeHCTBHTeJbHOCTH. KOHKpeTHOe oOBJlajleHHe BpeMeHeM, pasyMe-
€TCs, CTaHeT BO3MOXKHEIM TOJIbKO 1OC/E TUIATENbHOTO H3yYeHHs ero
cpofictB. Hacrosmas pa6ora mokaskiBaeT, uTo Takoe H3yueHHe Bpe-
MeHH BNOJIHe BO3MOXKHO MeTOJaMH OOHIYHBEIX (H3HYECKHX ISKCIepH-
MEeHTOB.
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NMPUYUHHAA MEXAHHUKA U BOSMOXHOCTb
SKCHEPUMEHTAJIbHOTO UCCJIEJOBAHUSI
CBOVICTB BPEMEHH *

Teopernueckne coobpaxeHnus. B reomerpun eule B JaBHHE Bpe-
MeHa OblIM HafAeHH [pPHEMH, MO3BOJSIONIHE H3yuyaThb CBOHCTBA
npocTpaHcTBa. Buarofapsi 5TOMy HaKOIUIEHO HEMAJlo  CBeleHHH
o mpocrpaicTee. UTo KacaeTcsi BPeMeHH, TO €ro CBOHCTBA H3Y4eHHI
OYeHb MaJio.

Eme B ApeBHOCTH HAYYHJIHCb PACIOJIaraTh BO BPEMEHH COOBITHSA
H M3MepAThb pasieisioliHe HX BpeMeHHHe NpoMexyTKH. B nacros-
lee BpeMs aCTPOHOMHYECKHE H aTOMHBIE HYaChl 3aMEHW/IM KJen-
cuapy ApesHHX. Ho B 3T0M HeT NMpHHUHMNMAJBHOrO Nporpecca, H mo-
IpexXHeMy TOYHHE HayKH HMEIOT [eJO0 TOJIbKO C 3THM IacCHBHBIM
CBOACTBOM BpEMEHH, NOXOXHM Ha INPOCTPAHCTBEHHYIO NPOTSAKEH-
HocTb. TeopHs OTHOCHTEJIbHOCTH JiHUITedHa yrayGuia 3Ty aHajo-
THIO, CYMTAsi BPeMs H INPOCTPAHCTBO KOMIIOHEHTAMH UeTHIpEXMep-
HOro MHTepBajia Mupa MuHkoBckoro. HMHBapHaHTHOCTb 3TOTO HH-
TepBaJia IPHBOAHT K 3aBHCHMOCTH IPOMEXYTKOB BDeME€HH H IpO-
CTPAHCTBEHHBIX MPOTAXKEHHOCTEH OT KOODJAHHATHHIX CHCTEM, T. €.
YCTAHABJHBAET OTHOCHTENBLHOCTb 3THX HOHSTHH.

UM Bce e, HeCMOTPS HA 3TOT yCIeX B Pa3BHTHH NpeNCTaBJeHHH
O BpeMeHH, NO-NpEeXKHeMy OCTAaeTCs H3BECTHBIM COBPEMEHHOH ¢H-
3HKe TOJbKO TO CBONCTBO BpeMEHH, KOTOpOe H3Mepsercs ¢ I0-
Mouipio uacos. DPusvuecKkue TEOpHH, YTBepKAAIOIIHe OZHOPOAHOCTb
¥ H30TPONHOCTb BPEMEHH, Jaxe IOCTPOGHH TaKHM 06pasoM, 4TO
MCKJIIOUAIOT CYLIeCTBOBaHHe y BPeMeHH Apyrux csoificts. Tak, Ha-
npuMep, CHMMETPHYHOCTb 32KOHOB MEXaHHWKM MO  OTHOIIEHHIO
K 3HAaKy BPEMEHH paBHOCHJIbHA OTCYTCTBHIO HANMpPaBJEHHOCTH Bpe-
MEHH B 3JeMeHTapHHX npoueccax. [lostomy Ha6aionaemyrno mo-
BCIOly HeCHMMETPHYHOCTH MIPOLECCOB BO BpeMEHH OCTaBajoCh pac-
CMaTpHBaTh TOJIbKO Kak SBJeHHe CTAaTHCTHYECKOE, CBSI3aHHOe CO
BTOPHIM HAyaJoM TePMOAMHaMHMKH. Takas HeCHMMETPHYHOCTb BO
BpEMeHH BO3HHKaeT M3-32 MaJOBEpPOSTHEIX HayaJbHBIX YCJIOBHH,
BBI3BAHHLIX BMELIATENbCTBOM CTOPOHHeH cucTeMbl. Hecummerpuy-
HOCTb BO BPEMEHH NOJIydaeTcs B De3yJabTaTe Mepexola CHCTEM H3
MaJoBEePOSTHOrO COCTOSTHHSI B HauboJsiee BepOsITHOE, T. €. B PaBHO-
BecHoe cocTosinue. C 3TOH TOYKM 3peHHs TemnoBasi cMepTb BceseH-
HOll IpeAcTasJ/sieTcss cosepulieHHO HeusGexuoifl. Takum oGpasowm,
5TO TOUKA 3pCHHSA, HAXOASCh B PE3KOM NPOTHBOpEYHH ¢ HaGJiojae-

Koswper H. A Ilpyunnnas MexaHuka ¥ BO3MOAKHOCTb IKCIEpUMEHTANb-
HOTO HCCJAeZOBaEMs CcBOHCTB Bpemenu//HcTopus U METOLOJOTHA eCTECTBEHHHX
Hayk. Bein 2. ®usnka. M., 1963. C. 95—113.

* Pacmupennoe H 06paGOTaHHOe BHICTYIVIEHHE HA METOXOJOIHIECKOM CeMH-
nape ¢usnueckoro daxynptera MT'Y 23 smsaps 1962 r. IlyGnukyercs B nopsike
obcyx aeHHs, .
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MEIM pgsaooépasnem 00bekTOB BcedeHHOH, He MoOXeT GHITb npa-
BHJABHOH.. -

Hazo 3aMETHTH, UTO JI0 CHX NOp BCE MONHTKH O6DBACHHTL OTCYT-
CTBHE TEIVIOBOH CMEDPTH HMEJH YHCTO CNeKYJATHBHHI XapakTep U
GblH OTOPBAHH OT TOW peasbHOli Bcesenno#, kotopyio Ha6monaer
acTpoHoM. [esio B TOM, UTO OTHe/NbHEIE HeGeCHHe Tela H HX CH-
CTE€Mbl TaX H30JHPOBAHHW JPYyr OT Apyra, 4TO IJs HHX TeJIoBas
CMEpTb JNOJIXKHA 3aMeTHO NDHOJH3HTLCS, NpeXxjie 4eM NpOoH3oHaer
BMELIATENbCTBO CTOPOHHEH cHcTeMH. IlosTomy HerpagupoBaHHBiE
COCTOSIHUSI CHCTEM JAOJIXKHH OH npeobsafaTth, a BMecTe ¢ TeM OHH
nNo4YTH He BeTpevamTcd. HMrak, 3amaua 3akiuaercs He B TOM
YTOGBl OGBACHHTL HepaBHOBECHOCTb BceleHHOH B HeJaoM. Ona
MMEET 3HAYHTEJAbHO 6oJiee KOHKDETHBIH CMBICJ — NOHATb, NOYEMY
OTAe/bHble CHCTeMBl H caMu HebecHble Teja NPOROMKAKT XHTb,
HEeCMOTpSI Ha KODOTKHE CPOKH peJlaKCalHH.

HHTepecHo, 4T0 naXke Tako# KOHKDETHHH BOIPOC — MOYEMY CBe-
tatcs CosiHIe ¥ 3Be3ABl, T. €. MOYEMY OHH He HaXOASTCH B TEIJO-
BOM DABHOBECHH C OKPYXAaIOIUHM HX INPOCTPAaHCTBOM, — HE MOXKeET
GbiTb pellleH B PAMKAX H3BECTHHX (PU3HUECKHX 3aKOHOB. DTOT BH-
BOL CJelyeT M3 aHa/lu3a acTPOHOMHYECKHX HaHHBIX. Jlas 3HauH-
TeNbHOrO YHCJa 3Be3Jl H3BeCTHH HX paJHYChl, MACCHl H CBETHMOCTE,
T. €. pacXOA JHepruH B eJlHHHIY BpeMeHH. 3Hasl MacCy H pajHyc,
MBl MOXEM OLEHHTb He TOJIBKO CPeJHIO0 IJIOTHOCTb, HO H AaBJeHHe
BHYTPH 3Be3Abl. [lJf HAeasbHOTO rasa M3 OTHOLIGHHS STHX BeJHUYHH
MOXKHO ONpeNeJUTh M TeMNepaTypy BHYTpH 3Be3fibl. ComocTaBjeHue
NOJNyYeHHRX TakKHM 006pa3oM TeMmepaTyp U INIOTHOCTEH NOKa3bi-
BaeT, 4TO BHYTPH 3Be3[, 3a HCKIIOUEHHEM GesbiX KapJHKOB, Be-
I1eCTBO AEHCTBHTENBHO SBJSETCS HACAJBHEIM ras’oM.

uCBeTHMOCTb 3Be3/lHl JOJIKHA 3aBHCETh OT €e Pa3MepoB H YCJO-
BHH TeNJIO0TAAaYH, KOTOphle ONpelesIIoTCS B KOHEYHOM cCuUeTe TeM-
nepaTypod M IUIOTHOCTbIO. I1o3TOMY CBeTHMOCTH NOMKHA OHTH He-
KOTOpDOH  onpelefieHHOH  (QyHKIHeH padHyca M -MacChl 3BE3JHl.
B mpoctpancTBe ¢ OCAMH KOODAHHAT CBETHMOCTb, Macca, paiuyc
3BE3/Bl JO/KHLL PACMOJAraThCsl Ha HEKOTOPOH NOBEPXHOCTH, ypaB-
HEHHe KOTOpOH OMNpeJesisieTcsl YCJAOBHAMH TemaooTaauH. omycrtum
Ternepp, 4TO BHYTDH 3BE3/lbl MAYT NPOLECCH Tem1006pa3oBaHus, 3a-
BHCSIIIHE OT (DH3MYECKHX YCJOBHH, HampHMep TepMOsiepHHE Deak-
IHH, KOTOpBblE KOMIIEHCHPYIOT TeNMJIOOTAauy 3Be3fH. Torma Temioo6-
pasoBaHHe OyJeT pDaBHATbCS CBETHMOCTH 3Be3Jbl H 3aBHCETb OT
MacCH H pajHyca N0 3aKOHy, OTBeUalOlleMy MRaHHOH peakiuH.
B npocrpanctBe cBeTHMOCTb, Macca, pajHyc MNOJYYaeTcsi BTOpasi
IIOBEPXHOCTb, HA KOTOPOH NOJIXKHH pacrosiaraThcsi 3Be3finl. [Ipu ye-
JIOBHH TEIJIOBOI'O DABHOBECHS 3BE3ABI MOTYT CYIIECTBOBATb TOJBKO
Ha JIHHUH MepeceYyeHHsT NMOCTPOCHHBIX MOBEPXHOCTEH TelJIOOTHAUYH H
TenI006pa3oBaHus.

Ha camom Xe jejle pacnoJiokeHHe peasbHEIX 3B€3f B IpO-
CTPAHCTBE NOJIYYAETCsl HE M0 JIMHHH, a 10 HEKOTOPON MOBEPXHOCTH
B JIOBOJIBHO 3HAYHTEJNbHOH 06sacTH. Takum 06pa3oM, MOBEPXHOCTH
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TEMJIOOTAAYH H TelmJoo0pa3oBaHUs TOXIECTBEHHO COBMAAawT. 3TO
YKa3hlBaeT, 4YTO BHYTPH 3Be3J HeT CIeLHaJbHBIX HCTOYHHKOB 3Hep-
rud. TIpu Takux ycjoBHAX CPOK KH3HH 3Be3[, BHVHC/AeHHBH [eabMm-
roabueM H KeapBuHOM, mosmyuaercs cauiikoM kepoTkum: aas Co-
HIla OKOJIO TPHALLATH MHJ/WIHOHOB JeT. B peitctBuTenbHOCTH XKe CoJ-
HIle, 10 JOCTOBEPHBHIM reOJIOrHYeCKHM [aHHBIM, XXHBET 3HAUUTEJbHO
JoJiblile 3TOTO CPOKa.

[lpuseneHnbit 3J€chb BKpaTLe aHAJW3 [OKa3biBaeT, 4TO IIpO-
Osema CBeUCHHs 3Be3[l sABJIAETCS YACTHBIM CJydyaeM OCHOBHOH mpo-
6/1eMbl — HECOOTBETCTBHSA CJEJCTBHH BTOPOrO Hauaja TepMOLHHa-
MHKH HabJoflaeMoMy cocTosiHAlo BcesenHoil. O4eBHIHO, B caMBIX
OCHOBHHIX CBOHCTBAX MaTepHH, NPOCTPAHCTBA, BpPeMEHH [OJXKHHI
3aKJ104aThCsl BO3MOXKHOCTH GOpbOH C TeNJOBOH CMepTbiO MIpPOTH-
BOIIOJIOXXHEIMH TIPOLIECCAMH, KOTOpDHle MOTYT OHITb Ha3BaHH Ipo-
LleccaMH XH3HH. biarogapst 3TuM npoueccaM NOJAepPKHUBAETCS Bed-
Hast Xu3Hp Bcenenno#i. Eciu Bo Bcenenvo#i peficTByer NIpHHIHI
HEeIOCTHXKHMOCTH PaBHOBECHBIX COCTOSIHHH, TO 3TO O3Hayaer cCylle-
CTBOBAaHHE BCerjga H NpH BceX 00CTOATeJbCTBAX pasJjuyus Oyay-
Iero Ot mnpouienuero. [lefiCTBHTENbHO, TOJBKO IPH pPaBHOBECHOM
COCTOSIHHH KHHOGHJIBbM, PErHCTPHPYIOUIMA NPOHCXOASUIHE COGHI-
THS — QJAIOKTyallHH, MOXeT ObiTh C OJHHAKOBBIM YCIeXOM NyilleH H
B NpsAMYI0, H 0OpaTHYIO CTOPOHY, T. e. He OOHApPYXHT pasauyusa 0y-
AYUIero OT NpoLIeAmero. YHHUBepcaJbHass HECHMMETDPHYHOCTh MpO-
LecCoB BO BpeMeHH GyIeT HMeTb MECTO, €C/IH CaMO BPEMs sBJIsIeTcs
HeCHMMETPHYHLIM, T. €. 06JiaflaeT CBOHCTEOM HANpPaBJeHHOCTH, KOTO-
poe MoxeT OblTh HAa3BAHO TeYeHHEeM HJH XOJ0M BpeMmeHH. Ecre-
CTBEHHO AyMaTh, YTO XOX BPEMEHH SBJSETCS HEOTHEMJEMBIM ero
CBOMCTBOM, NOJ006HO TOMY KakK YHHUBepcaJbHass CKOPOCTb Ci==
=300 000 kM/c sBasiercs o6s3aTeJbHBIM cBOlicTBOM cBeTa. Eciu
BpeMsi fIBJNSETCS AKTHBHBIM Y4aCTHHKOM MHpPO3JAaHHusA, T. e. ecliH
npouecch BceseHHO# NPOHCXOAAT He TOJBKO BO BPeMEHH, HO H C IO~
MOILBIO BpeMmeHH, Torga ob6s3aTelbHbIH M HempecTaHHHH XOJ Bpe-
MeHH OyaeT HCTOYHHKOM MAOTOJHUTENbHOH 3HEPTHH H XH3HEHHBIX
sIBJIEHHH, NPENATCTBYIOUIHX HACTYIJICHHIO TEMJIOBOH CMEPTH.

BpeMs Hejb3si paccMaTpPHBATh OTOPBAHHO OT MaTepHH; 06pasHo
TOBODPS, OHO SIBJSETCS TPAHAMO3HBIM NOTOKOM, OXBATHIBAIOIIHM BCe
MaTepHasbHble CHCTeMbl BeelleHHOM, 1 Bce MPOecehl, TPOMCXOAALINE
B 3THUX CHCTEMaX, ABJAIOTCA HCTOYHMKAMH, MUTAIOLUMH 3TOT OOUIHI
IIOTOK.

Bygem paccMaTpHBaTh Tenepb HECHMMETPHYHOCTH IMpPOLECCOB
KaK CBOHCTBO caMoro BpeMmeHH. Taxkassh HECHMMETDHYHOCTb JOJI2KHA
NPOSIBJSTLCS B CIHHHUHBIX HpOLeccax, a NMOTOMY YYHTHIBATHCA
NpPUHIHNIAMH 3/IeMEHTapHOH MexaHHKH. MexaHHKY, YYHTBEIBAIOLLYIO
XOJ BPEMEHH, MOXHO Ha3BaTb He TOJbKO HECHMMETDHYHOH, HO X
NpHYHHHON MeXaHHKOH. [lefCTBHTE/bHO, X0 BPEMEHH, OTIHYAOUIHH
fyaymee OT MPOIUEAILENO, IOJKeH YCTaHABJHBATL H NMDHHIHNHAL-
HOe OTJHUYKEe NPHYHH OT CJIeNCTBHH, NMOCKOJbKY C/EACTBHS BCeria
HAaxXO4sATCS B OyAyllieM [0 OTHOUIGHHIO K npHunHaMm. [TocmoTphM
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Tenepb, KaKHM 06pasoM MOXHO KOJNHYECTBEHHO ONpefesIHTh H BBe-
CTH B MEX4aHHKY XOJ BPEMEHH.

Xol BpeMeHH JO/MKeH ObITh YHHBEpPCAJbHON MOCTOSHHOH W
OnpelesiTbCs IO OTHOMIEHHIO K HEKOTOPOMY HHBapHaHTy. Takum
HHBADHAHTOM MOXeT CJyXHTh HpOCTpaHCTBO. JlajibHeillllee yTOuU-
HEHHE 3TOro OnpelesieHHst MOXHO Cle/laTh C IOMOUIbI0 OCHOBHBIX
CBOMCTB IIPHYMHHOCTH.

OnbIT eCTECTBOSHAHHS MOKa3HBAeT, UTO NPHYHHH M CJELCTBHSA
peaJbHO OTJIHYAIOTCH APYr OT Apyra. IIpuuuHy oT ciaefcTBHS MO-
XKHO OT/IMYHTb, HaIpHMep, CleAyloluM npueMom. Ecau npu Boc-
NpOH3BEJIEHHH ABJEeHHI A C cobiofleHHeM Tex e caMBIX 06CTOs-
TEJBCTB BCerjia GyAeT UMeTb MecTo siBieHHe B, To A Gymer mpuun-
HOH, a B — caexcrsueM. HaoGopor, npu nossiaenuu B He obs3a-
TeJIbHO AOJKHO OCYINecTBJAATLCA A, n6o ciaeacteue B MoxeT GHTbH
BRI3BAHO HE TOJDBKO SIBJ€HHEM A, HO H APYruMH npuuuHaMH. OmbIT
€CTeCTBO3HAHMS, KOTOPHH COBNAafaeT CO BCEM ONBITOM  Hallei
J¥KH3HH, NOKAa3bLIBAeT, 4TO: 1) NpHUYMHA BCerja HAXOAHUTCS BHE TOTO
TeJa, B KOTOPOM OCYILIECTBJSETCA CJEACTBHe, H 2) cJeJACTBHE Ha-
CTyNlaeT NOCJe MPHUYHHH H MEXAY HX MOSBJEHHEM BCErfa CyLlecT-
ByeT BpeMeHHOe pa3anyHe. TakHM o6pa3oM, MeXaHHKa, COrJacoBaH-
Has C 3THMM NpDHHUHNAMH, ROJIXKHA ONHPATbC Ha CJAEAYIOIIHE akK-
CHOMBbI MPHYHHHOCTH:

I. TIpHYMHB K CJIEACTBHS BCerAa pasfessloTCs IPOCTPAHCTBOM.
ITosToMy MeXZIy HHMH CyulecTBYeT CKOJb YrOLHO Majioe, HO He
paBHOE HYJII0O NPOCTPAHCTBEHHOE pasJjHuHe O X.

I1. TlpuunHbl ¥ crencTBHsA Bcerna pasnensioress BpemeHeM. [To-
3TOMY MEXIy HHMH CyIIecTBYeT CKOJb YrOAHO Majoe, HO HE paB-
Hoe HYJII0 BpEMeHHO€e pasJjuude §f.

K stuM 1ByM akcHOMaM R0GaBHM elle aKCHOMY, YTBEpIKAalo-
IyIO CYyLeCTBOBAHHE HAaNpaBJeHHOCTH BPEMEHH.

H1. Bpems o6nanaer abCcoMOTHEIM CBOfCTBOM, OTJHYAOLIMM 6y-
Ayuee oT mpoulelero, KOTopoe MOXKeT GBTb HAa3BAHO HaNpapJeH-
HOCTBIO HJIH XOJIOAOM. JTHM CBOHCTBOM OMpele/sieTcs OTJIHYHE TNPH-
YHH OT CNelCTBUH, H6O CJAEeACTBHS HaXOUATCS BCerfa B OyAyLieM IO
OTHOLIEHHIO K [IPHUYHHAM.

[lepBas U3 3THX aKCHOM siBAsieTCs OCHOBO KJ1aCCHUECKOH Mexa-
Bukn HeloTona. OHa COMepXKHTCS B TpeTbeM 3aKOHe paBEHCTBA
AeHCTBHST H NPOTUBOAeHCTBHA. COrTacHO 3TOMY 3aKOHY TOJBKO JApY-
roe Tes0 MOXKeT OBITb NPHYHHON MeXaHHYeCcKoro cieicTtBufd. C Kaac-
CHYECKOH TOUKH 3DEHHA B CHJY HENPOHHUAEMOCTH MAaTepHH, NpH-
YHHBl M CHleACTBHS, OyAyYd CBS3aHHEIMH C Pa3HBIMH MaTepHaJtb-
HBIMH TOYKaMH, ROJIXKHbl ObITb CBA3aHHBIMH H C Pa3HBIMH TOYKAMH
mpocrpaHcTBa. Bropas e akCMOMa  OTCYTCTBYeT B  MeXaHHKE
HeioTona. B 310l MexaHuKke, Kak pas HaoGOpPOT, Ipenmoiaraercs
0t =0, 410 A0MXKHO OHT NPH NOAHOH OGPATHMOCTH BpPEMEHH.

B atoMHo#i MexaHHKe, KaK H B TEODHH MOJIf, HET NPHHLKIA He-
nponunaemoctd. IlostoMy B aroMHoli mMexanuke Sx=0. Ho B aTtoMm-
HOH MeXaHWKe eCThb Heo6paTUMOCTb BO BPEMEHH, KOTODPOH He GHLIO
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B KJlaccHYecKoH MexaHuKe. Bo3geiicTBHe Ha cHCTEMY MaKpOCKONH-
YecKoro Tesa-—mnpubopa BBORZHT pasHiHe MexXAy OyaylluM H
npoumewnM, H60 Oyayliee OKa3biBaeTCs NpeACKasyeMbM, a Ipo-
wealree Her. [ToaToMy B aTOMHON MexaHHKe SBJISIETCA CYyLIECTBEH-
HBIM yciaoeHe 6f 5= 0.

[IpocTpaHcTBEeHHOE U BpeMeHHOe pasJiHuyHe NPHYHH OT CJAeACT-
BHH MBI onpejenuau cuMBojaMu 6x H Of. OcraHOBHMCS Temepb Ha
CMBICJIe 3THX MOHATHH. B menu NpHYHHHO-CJAEeACTBEHHHX NpeBpalle-
HH# MH paccMaTpHBaeM TOJBKO TO 3JIeMEHTApHOE 3BeHO, rje NpH-
YHHa NOpoxpaeT cjefcTBHe. COrsiacHO OGBLIYHHM (U3HYECKHM TeO-
pHSM 3TO 3BEHO SBJSAETCS IPOCTPAHCTBEHHO-BPEMEHHOH TOYKOH, He
nojJiexalitefi faJibHefllleMy aHa/ u3y. B culy Xe Haulux akKCHOM
NPHYMHHOCTH MEl He MOXeM pa3lensTh Takyio mosuuuio. Has Hac
3TO 3JeMeHTapHOe MPHYHHHO-CJe[JCTBEHHOE 3BEHO MAOJXKHO HMETb
CTPYKTYpPY, OOYCJOBJICHHYI0 HEBO3MOXHOCTbIO NpPOCTpPaHCTBEHHO-
BPEMEHHOT0 HaJoXKeHHsl NPHYHH H CJeJCTBHH. YCJIOBHs HeHaJoXe-
HUS TIPH NpefeJbHOM COJIHXKEHHH MBI OmnpejesisieM CHMBOJaMH Ox
u 6t. CrexoBaTenbHO, 3TH CHMBOJIBI O3HAYalOT Npefein 6eCKOHEYHO
MaJhX BEeJHYHH [PH YCJAOBHH, YTO OHH HHKOrZa He obpalnarmoTcs
B HyJab. Ecau, Hanpumep, MpHYHHA HAXOJAHTCS B CAMOM KOHUe mep-
BOTO CaHTHMETpa ¥ B CaMOM KOHLE NEpBOH CeKYHIBbl, TO CJeICTBHE
OyJeT HaxXOJUTLCS B CaMOM HauyaJie BTOPOrO CaHTHMeTpa H B cCa-
MOM HauyaJe BTOpOif ceKyHAH. IIpocTpaHCTBEHHO-BpeMeHHasi TOuYKa
(1,1) He Oyner npuHajjexaTb HH HNPHUHMHE, HH CJLACTBHIO H 5B-
JsieTCsl HeH30eXHOU <«NyCcTOH» TOYKOH NPHUYMHHO-CJEACTBEHHOTO
3BeHa. MOXHO cKa3aTh, UTO CHMBOJIH 6x u Of onpelessloT TOYey-
Hble PaCCTOSIHHS HJIH pa3Mephl Touek. [Ipu BhIUHCIEHHH HHTEPBAJIOB
HX C J60# CTEeNeHbI0 TOYHOCTH MOXHO CUHTATH DAaBHBIMH HYJIIO.
OpHako OTHOIIEHHE

< =3 (1)

MOKeT 6HTb KOHEUHOH BEeJHUYHHOH H HCKOMOH MepOH XOja BpEeMEHH.

[IpeBpallleHHe [PHYHHEE B CJeACTBHE TpebyeT MpeoAoseHHs
«IyCTOH» TOUKH MPOCTPAHCTBAa. DTa TOUKa fABJsieTCs Oe3qHOM, ue-
pes KOTOPYIO NepeHOC JeRCTBHS ONHOHM TOUKH Ha JAPYryio OCYIleCT-
BJSIETCS C NOMOILBI0 XOJAa BpeMeHH. JTO O3HauaeT AKTHBHOe yua-
CTHe BPEMeHH B MpOLEeccax MaTepHalbHLIX cHcTeM. MOXHO cKa-
3aThb, YTO BEJUUYHHA C2 SIBJASIETCHA CKOPOCTBIO IpeBpalleHHA NDpHUUYHH
B CJeACTBHsS. B 5/eMeHTApHOM aKTe 3THX IpeBpalleHHH yXe Her
MaTepHaJbHEIX TeJ, €CTb TOJNbKO MPOCTPAHCTBO M Bpems. Ilostomy
CKOpOCTb MpeBpalileHHs NpPHYMH B CJAEACTBHA, T. €. BEJIHYHHA O,
elBa JIM 3aBHCHT OT cBoiicts Tes. Ckopee Bcero, ¢; NpeacTaBjser
co60il HEKOTOPYIO YHHBEPCAJbHYIO NOCTOSTHHYIO.

BenuuuHa ¢, MMeeT Pa3MEPHOCTb CKODOCTH, M €e 3HaK JOJIKeH
HMeTb OMpeNeJIeHHbI!l CMBICJ, He3aBHCHMHI OT chUcTeMbl cyera Ox
u 6¢. [loxaskeM, 4TO 3T0 ycsaoBue Oyler YIAOBJETBOPEHO, eClH Cp
siBJSieTCA NCEBAOCKAJISIPOM, T. €. CKaJsfpOM, MEHSIOIHM 3HaK INpH
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3epKaNbHOM OTOOpaXKeHHH HJH HHBEPCHH KOODJAHHATHBIX CHCTEM.
Ecau ke ¢; siBisercss NceBAOCKaJsipoM, TO 8¢ HOMKHO GHITH mpe-
JeJbHBHIM 3HAaYeHHEM IICeBAOBEKTOPAa, KOJHHEAapPHOTO C MpeAesbHbIM
BekTopoM Ox. [IceBroBexkTOpHbBIN XapakTep 8¢ o3Hauaer, UTO B MJO-
ckocta (YZ), neprneHAHKYJNSPHOH K OCH X, MPOHCXOAHMT HEKOTOPHIH
NOBOPOT, HAalpaBJeHHe KOTOPOro MOXKHO OIpefeJHTh 3HakoM Of.
Bsaumuoe pacnosnoxenue oceit (YZ) yciosumcs Gpath Bceraa
B COOTBETCTBHH C HampaBJieHHeM 3TOro nosopora. Toraa mncesjo-
BeKkTOp O8f OGymer OpHEHTHPOBATh MJOCKOCTb, MepNEeHAHKYJSPHYIO
K ocu X. Mlamenum tenepn B dopMyae (1) 3Hak 8x, coxpaHsis 3HAK
0f, T. e. coxpaHusia opHeHrauuw miockoctd (YZ). Torma moctosiH-
Hasl ¢; H3MEHHUT 3HaK, 4TO H AOJXKHO OBITh MOCKOJBLKY Hallla olepa-
LHs PAaBHOCHJbHA 3ePKaJbHOMY OTOOpaKeHHI0. Ecan ke H3MEHHTD
3HaK He ToJMbKO Yy 8x, HO M y 0f, TO MOCTOsIHHASL C2 MO GopMmyJe
(1) He m3aMeHnur 3Haka. Tak ¥ JOMKHO OHTb, H6O B JAaHHOM Caydae
MBl NPOW3BEJH JHIbL [MOBOPOT BCell KOOpPAHHATHOH cHcTeMHl. Ha-
KOHell, MeHsAs 3HAaK TOJNbKO y 8f, Mbl ONATb NoJydyaeM 3epKaJjbHOe
0TOOpaxKeHHe KOODAHHATHON CHCTEMBI, NPH KOTODOM JOJXKeH Me-
HSATbCA 3HAK NCeBAOCKaJspa.

Hrak, ecqim y BpeMeHM cyllecTByeT CBOHCTBO HallpaBJI€HHOCTH,
TO OHO B NPHYHHHO-CJIEIACTBEHHBIX CBSI35X NPOSBJSETCA KAK HEKOTO-
PBIfi MOBOPOT M BHIpAXKaeTcs NO3TOMY MNCEeBAOCKaJaspoM. 3HaK Ha-
IpaBJIEHHOCTH HJIH XOJa BDEeMeHH KaK 3HaK MNCeBJOCKaJsipa JoJ-

JKeH OBITb yKa3aH B KOODAHMHATHOH CHCTeMe OIpelesIeHHOro THIa
- (npaBo# Hsu JeBo#t). OTCIOfa ceAyeT, 4TO C» He MOXKET PaBHSATHCH

CKOPOCTH DACHpPOCTPaHEHHs cBeTa (1, ABAAIOIIEHCH OOHYHHIM CKa-
JISIPOM.

[lceBmpockansipHEIfl XapakTep XOlJa BpeMeHH JerKO OHJIO Npef-
BHAETb H3 CJeldyIOIHX O0IiHX coobpaKeHHH. X0a BpeMeHH AOJKeH
ObiTb a6COMIOTHOH BEJAHYHHOHN, MOSTOMY aBCoJIIOTHOEe pa3fHuHe 6y-
Aylero OT NpoWeAllero AOJXKHO OBITh CBSI3aHO C HEKOTOPHM ab-
COJIIOTHBIM ~ pas/IHyHeM, KOTOpOe JOJXKHO OHTbh Yy NpPOCTPAaHCTBA.
Byayus H30TpONMHHIM, MPOCTPAaHCTBO He HMeeT pa3/JHYHH B Hampas-

- serusix. Ho B mpocrpaHcTBe ecThb aGCOMIOTHOE pasjiHUHE MeXAY

NpaBbIM H JIEBBIM, XOTSl CAMH 3TH MOHSATHA COBEpPIUEHHO YCJIOBHHIL
ITosToMy X0 BpeMeHH H oOnpefensieTcsi BeJHYHHOH, HMeUleH
CMBIC/] JHHeHHOH ckxopocTH noropota. [loHsiTHs Oyaywiero H Impo-
1leJUIero OnpelessioTess AJAst Bcero MHpa 0e3 BCSAKOH YCJOBHOCTH.
ITosToMy ¢ MOMOIUBIO 3HAKA C2 MOXKHO OOLEKTHBHO ONpENesHTh, UTO
Ha3elBaeTCs NpaBhiM H JeBHM. M3 onuToB, 0 KOoTOpHIX Oyaer pac-
CKa3aHO JaJblle, CJAeAyeT, YTO XOA BpeMeHH Haillero Mupa noJo-
XKHTeJeH B JIeBOH cHCTeMe KoopAauHaT. OTcloja nmosaydaercs BO3-
MOXKHOCTb OOBEKTHBHOrO ONpeleJeHHst JEeBOro M IIpaBoro cJje-
oyouum obpasom. JleBoit cucTeMOi KOOpAMHAT HasbliBaercs Ta
CUCcTeMa, B KOTOPOH XOJA BPEMEHH IOJIOXKHTEJeH, a IPaBoH — B KOTO-
poit oH orpuuaTteseH. I3 paccMOTpeHHBIX ICEBAOCKAJSIPHHX
CBOMCTB X0/la BpeMeHH Cpa3y BHITEKaeT OCHOBHAs Teopema NPHYHH-
HOH MeXaHHKH:
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Mup ¢ NpOTHBOMOJOXHBIM TeYeHHEM BpeMEHH DaBHOCHJIEH Ha-
meMy Mupy, OTpaXkKeHHOMY B 3epkaile.

Taxum o6pa3oM, A0OKa3aTenbcTBO (H3HUYECKOH DOJH HampasJ/ieH-
HOCTH BpPEMEHH MBI MOJYYHM, ecaH OyleT JA0Ka3aHa HeDaBHOIEH-
HOCTb Mmupa u ero 3epKajbHOrO oTOoOpaxeHus. buojorusi Aaer
MHOTOUYHCJIEHHBIE JOKa3aTeJbCTBAa 3TOTO POAA He TOJBKO B Mop(do-
JIOTHYECKOH aCHMMETDHH OPraHH3MOB, HO H B XHMHYeCKOH acHMMeT-
DHH NPOTONJIA3MH. ACTDOHOMHYECKHM J[OKa3aTe/bCTBOM SBJSETCH
pasJuune (QUTYp CEBEPHOrO H IOXKHOro nojyliapuii maaxer. [loxo6-
HOe J0Ka3aTeJbCTBO JaeT H HalAeHHOe B HelaBHee BpPeMsl Hapyllie-
HHe 3aKOHA COXpaHEHHUs YeTHOCTH siiepHOH ¢H3uKH. DBuoJjornue-
cKasi acHMMeTpHsi He MoxeT OHIThb caydyaiinoli. Ckopee Bcero, npH
onpeneseHHOH aCHMMETDHH, COOTBETCTBYIOLIEH AaHHOMY XOALY Bpe-
MeHH, OpPraHH3M MOJy4YaeT HONOJHHTENBHYI0 XKH3HECHOCOOHOCTD.
Torma Ha ocHOBaHHH HallleH OCHOBHOH TEOpDEMBbl MOXKHO YTBEp-
XJaTh, YTO B Mupe ¢ NpPOTHBONOJNOXHLIM TEYEHHEM BDEMEHH
cep/iiie Y NMO3BOHOYHKIX OHJIO OB PacIOJIOXKEHO ClpaBa, PAKOBHHH
MOJIJIIOCKOB B OCHOBHOM OHUIH 6Bl 3aKpydeHH BJeBO u T. A. HHTe-
PECHO NONMBITAThCS C NOMOINbIO TOYHHIX OMHTOB HaJ GajaHCcOM
3HepruH B GHOJNIOTHUECKHX Npoleccax MPsAMO JOKa3aTh, YTO XU3Hb
JeHCTBHTENBLHO HCIOJb3YyeT XOJ BpeMEeHH B KauecTBe AOIOJHHTE/b-
HOTO HCTOYHHKA SHEprHH.

Kaxpass IpHYHHHO-CJEACTBEHHAs CBA3b HMEET HEKOTOpOe Ipo-
CTpAHCTBEHHOE HanpasJieHHe, OPT KOTOPOro OO603HAuMM uepes i.
[TosToMy B KOHKDeTHOH NDHYHHHOH CBA3H OyJeT CyllecTBOBaTb
OpPHEHTHPOBAaHHHIA IceBAOCKaaAp ice. [lokaxkeM, 9TO B TOYKe NpPH-
YMHA H B TOUYKe CJEACTBHE 3TH NCEBAOCKAJSADPH AOJKHH OHTH NPO-
THBOTIOJIOXHO! opHeHTaUHH. JleHCTBHTEJIbHO, CJEACTBHC HAXOAHTCS
B OyAylleM IO OTHOLIEHHIO K NPHYHHE, a NPHYHHA B INpolieflleM
.JIO OTHOUIEHHIO K caexcTBHI0. [103TOMy, nepeHocst TOUKY 3peHHS H3
IPHYMHHE B CJeJCTBHe, MBI MeHseM 3Hak y 0f, a cieaoBare/bHO,
nepexoauM K NPOTHBONOJNOXHOH OpPHEHTAllNH IJIOCKOCTH, NepreHin-
KyJsipHOB K ocu mnpuumHa — caeicTsue. Toria npH GHKCHPOBaH-
HOM i GYAeT MeHSTbCsl THI KOODAHHATHOH CHCTEMH, H MO3TOMY BHI-
paxeHHe ic; H3MEHHT 3HAaK. Ec/iu e mpu nepexofae OT MNPHUYHHHE
K CJeNCTBHIO MEHSATh 3HAK i, TO 3HAK Cy OCTAHETCA HEH3MEHHHM,
-a CJef0BaTeJbHO, iC; H3MEHHT 3HAK H B 3TOM cJyuae. JTO paccy-
KIeHHe IOKa3biBaeT, UTO XOJ BPEMCHH sBJsSETCH peajbHbIM (H3H-
‘EeCKHM IpOLECCOM, DABHOLEHHHM  OTHOCHTEJBHOMY  BpPalleHHIO
-IPHYMHBL H CJIEACTBHS C JHHEHHOH CKOPOCTbIO €2 H OCblO, COBNA-
-namweit ¢ oprom i. OTcioga CTaHOBHTCA OYEBHIAHBIM, UTO Jsi H3Y-
-eHHS BO3MOXKHEIX H3MeHeHHH NPHYHHHBIX CBfi3eH H XO0Za BpPEMeEHH
cJeyeT CTaBHTb OMBITH Haj B3aHMOJEHCTBHEM BPALIAIOMIUXCH TeJ.

PaccMoTpuM npocrefinii caydad, KOraa OfiHa M3 B3aUMOJeHCT-
BYIOIIHX TOYeK siBJseTcs HIealbHBM BoJaY4KOM. Ilog HmeasbHbIM
BOJYKOM GyZAeM MOHMHMATb TEJO, BCA Macca KOTOPOrO pacloJOkKeHa
Ha HeKOTOPOM ONHOM H HEH3MEHHOM PAacCTOSHHM OT ocH. [leficTBue
3TOr0 BOJYKA Ha JIPYroe TeJOo OCYIIEeCTBJSETCS 4epe3 MaTepHallb-
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HYI0 OCb BpalleHHA H MaTepHa/bHLe CBSI3H € 3TOH OCbIO, MACCaMh
KOTODBIX MOXHO npenebperats. Torga geficTBHe HAeaJbHOTO BOJYKA
OyAeT paBHOCHJbLHO NEHCTBHIO MaTepPHAJbHOH TOYKH, HMeoeh
Maccy BoJYKa H ero BpallleHHe. [lomycTHM, YTO TOYKa, ¢ KOTOpO#H
B3aHMOAEHCTBYeT BOJIYOK, HAXOIHUTCS B HampasJeHHH ero ocH. O6o-
3HayHM yepe3 j OPT OCH BpallleHHst BOMYKa. bynem cuutath j 06H4-
HbIM BEKTODOM H YCJOBHMCS He3aBHCHMO OT THIAa KOOPAHHATHOH
CHCTeMHl OTKJIaAbIBATb €ro B JpYro# TOYKe, Hampumep B Ty CTO-
POHY, OTKyJa BpallleHHe BOJYKA KaxkeTCH NPOHCXOLSLINM IO 4Yaco-
BOi crpesike. HabmogaeMoe BpauleHHe BOJYKAZ MOXHO OIIHCATh
ICeBJOBEKTOPOM ju, T'Ae 4 — JHHelHass cKopocTb BpameHHus. [lo-
CKOJIbKY | fIBJIsieTCSl OOBIUHBIM BEKTOPOM, BeJHUHHA 4 JIOJMXKHA OHTh
ncesnockaaspoM. Ilpu HameM BbiGOpe HAnpaBJeHHS | u ABJAeTCA
NICEeBAOCKAJAPOM, IOJOXKHUTEJLHEIM B JIeBOH CHCTEME KOODIHHAT.
C ToukH 3peHHsl BOJIYKA Jpyras TOYKa BpallaeTcs B IOPOTHBOINO-
JIOXXKHOM HalpaBJeHHH, CaM Xe OH SBJSETCS HeNMOABHXHHEIM. Takum
06pa3oM, NpHYHHE U CJAEACTBHIO MOTYT OBITb CONOCTABJEHH IICEBLO-
BEKTOPHl = ju, NOXOXHe Ha OPHEHTHPOBAHHEE NCEBAOCKAJNSIPH X014
BpPeMeHH =ice. Pa3iHune MeXIy 3THMH BeJHYHHAMH 3aKJI04aeTcs
B TOM, YTO BeJHUHHA OPHEHTHPOBAHHOrO NCeBAOCKaJApa X0Ja Bpe-
MeHHM OCTaeTcs HeH3MEHHOH No JI060MYy HanpaBJIeHHIO, B TO BpeMs
KaK BeJIHUHHa I[CeBJOBEKTOpPAa MeHseTCsi KaK INPOEKIHs BeKTopa.
OnHaKo pasJiHuHe 3TO CTAHOBHUTCS HECYLeCTBEHHHIM MpPH COBIaje-
HHH OpTOB { M j. I HOJHOTEI CXOACTBa MeXAY ju H iCz MH LOJ-
JKHBl CONOCTABJIATH NCEBAOBEKTOD ju He C TOH TOUKOH, BpalleHHe
KOTOPO# XapakTepH3yeTcsi 3THM ICEBLOBEKTOPDOM, a ¢ JpYrod, us
KOTOpOiH HabJofaercs 3To BpailleHHe. OuyeHb BO3MOXKHO, UTO IPH

.cOBJIOAeHHH YKa3aHHHX yCJIOBPIf{ BMeCcTo OOBLIUHOTO XO0ja BpEMEHH

+icy NIpH BpalleHHH GyleT HaGJIODATbCH XOA BPEMEHH = (ic2+ju).

YTouHHM Temepb NOHsSTHe MPHYHHHBIX cBsizell B MexaHHke. [IpHH-
yun JanaMmbepa mo3BosisieT NMPHYMHE H BCe BO3MOXHHE C/EACTBHS
CBOAHTh K cHiaMm. OIHAaKO oueHb TPYAHO YCTaHOBHTb OOllee Ipa-
BHJIO, IO KOTOPOMY MOXKHO CHJIbl IIDHYHHBI, HJAH aKTHBHblE CHJIH, OT-
JIMYaTh OT CHJ CJeACTBHA. Jrta npobjieMa AOJXKHA H3ydyaTbesi QU3H-
UECKHM 3KCIIEPHMEHTOM, KOTOpHIY CJeAyeT HayaTb C IPOCTEHLIHX
SABJIEHUH, TJ€ NPHYHHY MOXKHO O6eCcClOPHO OTJHYHTb OT CJEACTBHS.
TakuM 4acTHHRIM CJyyaeM MeXaHHKH $sIBJIsIeTCA [BHXKEHHe Ha CBd-
351X. JleHCTBHTEJNBHO, MACCHBHBIE CHJBI pPEakKIHi CBfA3eH  LOJXKHE
paccMaTpPHBATLCA KAK CJeACTBHS aKTHBHBHIX CHJI.

IMycts Ha Touky (1) ZefictByer HekoTopas cusa F. Baaroaaps
3TOMY Touka (1) MOXeT craTh IPHYHMHOH, BHISHIBAOUIEH CHJY Clek-
cTBHA B Touke (2). ATy cuiy CAeICTBHS MOXHO Ha3BaTb ACHCTBHEM
(Do nepBoii TOYKH Ha BTOPYIO:

— dpy __ dp;
. @

Hnsi nepBo#i e TOYKH OHA sBJAETCA NOTePsHHOA cuyoh Jlanam-
fepa:
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ap, =F — dpe

dit dt

MoxHo cuntaTs, uTO 32 BpeMs df Touka (1) Tepser HMNyJabc dps,
KOTOpHui nepefaetcsi Touke (2). ITockosbky Mexny toukamu (1)
M (2) Bcerna ectb 6fs0, To MeXAy HHMH JOKHO CYILECTBOBATh
H 8p25£0, npuuem

dp: __ dps __
s = —dr — Do 3)

OGosHaunM uepes i opT nefictBus: ®o=i|®y|. Toraa opuentH-
POBaHHBIH NICEBAOCKAAP XOXA BPEMEHH ic; OyIeT YKa3wBaTb Ha-
npaBjieHde K OyAylleMy, eclid OH COBNajaeT ¢ HalpaBjeHHEM
opTa i. 9TO 03Hayaer, uTO A COXPaHEHHs OGHIYHOTO CyeTa Bpe-
MEHH MBI JOJIKHH NOJIb30BATbCS CHCTEMOH KOODAMHAT, B KOTOPOH Cz
HMEET MOJNOXHTe/IbHOe 3HaueHue. [IpeoGpasyem Tenepb BHpaXeHHe
(3) ¢ momomsio popmyan (1):

q)o = ng

6p2
el (4)

C rouko#t (1), KaK MH 3HaeM, HOJXKeH GHTb CBA3aH OpUEHTH-
POBAHHHH ICEBIOCKANAp MNPOTHBONOJOXKHOTO HampasseHHs. Co-
ryacHo Qopmyse (4) 3T0 03HAYaeT, YTO COBMECTHO C AEHCTBHEM
NepBoii TOYKH Ha BTOPYIO 0673aTeJbHO CYLIECTBYeT paBHOE 10 Be-
JIHYHHE NPOTHBOLEHCTBHEe Ro BTOpoi TouxkH. TaxuM o6pasoM, Tpe-
TH 3aKOH HpioToHa ciieyeT U3 CBONCTB XO#a BpPeMeHH.

Bripaxenune, crosilee B npsMBX CKOGKax dopmyans (4), moa-
HHO NMPEACTaB/ATb COGOH MHBADHAHT, He 3aBHCAIIMI OT XONa Bpe-
‘MeHH. [lefCTBHTeNbHO, IPH JIIOGOM XOAe BPEMEHW IPOLOJIKHTENb-
'HOCTb COGHITHH MOXKET M3MEPAThCA OJHOH M TO¥ Ke eAHHHUEH Bpe-
MeHH. [I03TOMy MOryT CUHTaTbCS HEH3MEHHHIMH He TOJbKO X,
HO M p. .

HonyctuM Temeps, 4TO XON BPEMEHH H3MEHHJCS H BMECTO iCs
CTaJ paBHEIM icz+ju. Torxa no Gopmyse (4) MOXHO MONYUHTH Mpe-
o6pa3oBaHHe CHJ:

. . ) , . )
D = (ic, + ju) % v R=—(ic; 4 ju) 65):2 .

CneznoBaresbHO,
D=@+ ] = |Dl, R=Ry—j——|Dy]. (5)

Takum 06pa3oM, B CHCTEMe INOJYHalOTCH JONOJHHTENbHBIE Ha-
NpsIKEHUs, H3MEHAIOUIHE ee HOTEHLUHAJbHYI 3HEpPruio. Mwmnyabc
XKe CHCTeMBI OCTaeTCs HeM3MEeHHEIM.

Ecin nceBLOBEKTOp ju cOBNajaer NO HAanpaBJeHHIO M 3HAKY
C XOMOM BpEMEHH iCz, TO OH GyleT BO BceM NMOJOGEH XOIy BpeMeHH
U OyZeT yKashiBaTb NPaBHJBbHOE PACIOJOXKEHHEe NPUYHH M CJIEACT-
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Buil. Torga RONOMHHTE/NbHBlE CHLL B dopmyae (5) 6yayr yemuuu-
BaTb CYUIECTBYIOUIHE B cHCTeMe JeiicTBHe My H peakuuio R,. Ha-
TIPHMEP, €C/IH TAXKEJBH BOJYOK Ha HEMOABHIKHON omnope Bpaiaercd
IDOTHB 4acOBOH CTPEJKH, CMOTPsS MO CHJE TSIKECTH, TO BEKTOD j
Oyner HampaeseH no aedictBuio i. Toria IpH C2, HOJOXKHTEJNBHOM
B JICBOH CHCTeMe KOOpPAHHAT, AelCTBHE H peakuus O6ynyT yBesH-
YeHH. B pesysbTate cucreMa Bmiimer us PaBHOBeCHS, H HOBOE paB-
HOBECHE yCTAHOBHTCH TOTAa, KONAA BONYOK, OGJEruYeHHbH 1ONONHH-
TeJIbHOH peakiueli, 6yleT OKa3nBAaThH npexHee NeACTBHe HA ONODY.
[TosTomy stoT 3dpdekT Hembss O0GHapyXHTb B3BEWIMBAHUEM BOJYKA
Ha pecax. OH MOXKeT NMpOSIBHTbL Ce6sl TOJBKO B JONONHHTEbHON ne-
dopMauuu.

B mexaunuxe HbiotoHa, kak Mbl 3HaeM, npu 8x0 npunumaercs
6t=0. B aToMHOlt Xe Mexannxke, Hao6opor: 8x=0 npu &f<0.
Takum o6pasom, Mexanuka HploToHa COOTBETCTBYET MHPY ¢ 6ecKo-
HEYHHIM XOAOM BPEMEHH: C2=o00, a aTOMHAas MeXaHHKa — MHpY,
B KOTOPOM C;=0, T. e. OTCYTCTBYeT XOI BpeMEHH. [Ipu Geckoney-
HOM C, NONOJHHUTEJbHEE CHABl MO (GopMydaM (5) HCYUE3alOT, Kak
STO H JNOJ/IKHO ObiThb B MexaHHke HbioToHa. MoxHo CKa3aThb, UYTO
MexaHuka HbloToHa oTBeuaer MHpY ¢ GeckoHewHO IPOYHBIMH NpH-
THHHLIMH CBA3AMH. ATOMHast XXe MeXaHHKAa MpeACTaBJseT Apyroi
NpeNeJbHEH clydyali MHpa ¢ GECKOHEYHO C/1aGbiMH NPUYHHHBIMH
cBA3AMH. PopMmyan (5) mosyuenw HEKOTODHIM YTOYHEHHEM IIpPHH-
UHIOB HBIOTOHOBCKOH MexaHHKH. OHH SBASIOTCS NPHGJIHKEHHBIMH
H HE JOomycKaloT mpejeabHHH mepexol cz=0. Bce e OHH MOKa3sh-
BaIOT, UTO B 5TOM CJlyyae NONOJHHTENbHEE CHIH, HE MPELyCMOTpeH-
HHe Mexanukoit HbioToHa, 6yayr urpath ocHOBHYIO poJb. ITpayun-
HOCTb OyJeT Ka3aTbCsi HAPYLICHHOH, H SBJIEHHS NPHPOAB! NPHAETCS
OOBACHHTD CTATHCTHYECKH.

[Tonyuennne BHBOAM MoKasnBaoT, yTO MEXaHHKY, OTBEYaoLy
NIPUHLANAM NDHYHHHOCTH €CTECTBO3HAHMSA, MOKHO DPa3BHBATh NyTeM
yTouHeHHs MexaHHkH HbeioTona. Ho 3to yrounenme moaxso B 06-
J14CTH M2KDOCKONHYECKHX ABJNEHHH KJIACCHUECKOH MeXaHHKH MpHBeE-
CTH K NOSBJCHHIO 3 ()eKTOB, XapaKTEPHHIX MJIsi ATOMHON MexXaHHKH.
B Mexanuke Hbiorora noanexar passutuio xax pas Te ee CTOPOHH,
KOTOpbie COBEpIIEHHO HIHOPHPOBAJNHCh COBPEMEHHOH TeopeTHYe-
cKoil ¢usukoi. Tak, enBa JH BO3IMOMKHO CBECTH NPHYHHHO-CJECT-
BEHHLIE OTHOIUCHHS MEXaHHKH K BapHALHOHHHIM IpPHHUHKIAM, HAa
KOTOPBIX CeHYac CTPOMTCH 8laHHE (DHIHUECKHX TeopHuil. STUM 06b-
SICHACTCA, NOYEMY SISHIK HALIErO H3JIOXEHHsS BHIHYXAEHHO OKA3aJCH
GIH3KHM SI3HKY CTapHHHOH KJACCHYECKON MEXaHHKH H OUeHD na-
J/IEKHM OT COBPEMEHHHIX CIOCOGOB H3JIOXKEHHS (H3UUECKHX TeopHH.

J1s MOCTaHOBKH OMBITOB BAXKHO 3HATDH 3apaHee BeJIHUYHHY OXKH-
AaeMblx 3QdEKTOB, 3aBHCSILYIO OT NMOCTOSIHHOH Cr. UHCJIEHHOE 3HA-
dEHHE €2 MOXHO NONMTATLCS OLEHHTb, HCXOAS H3  COOGparKeHHH
pasmepHocTH. EfuHCTBeHHast yHHBepcaibHasi NOCTOSIHHAS, KOTOpasi
MOXKET HMETb CMBICT NCEBAOCKAJspa, 3TO NOCTOsSIHHAS [laaHka A.
I[eﬁC’I‘BH’I‘e.HBHO, 3Ta TMOCTOSAHHASI HUMeer pasMepHOCT MOMEHTa
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KOJTHYeCTBA [BHXKEHHs H ONpeje]sieT CHHH 3JeMeHTapHBIX YaCTHI.
Teneps, mosnb3ysce nocrossHofi Ilnanka W J1060# CKaasipHOH mo-
CTOSIHHOHM, HaJ0 MNOJY4YHTb BEeJHYHHY, HMEIOUIYI0O pa3MepHOCTb CKO-
poctH. Jlerko y6eanThesi, uTo

e2

C,=a
2 h

=a - 350 kM/c, (6}
rie e-—3apsll 3JeMEeHTapHO# YacTHLb, & — Ge3pa3sMepHHA MHO-
JKHTEJIb, SABJSETCS €IHHCTBEHHOH KOMOHHauMe# storo poma. Torza
nmo ¢opmyne (5) aomosHuTenbHble cuab npH u=100 M/c 6yayT
nopsaka 107% or npuioXKeHHBIX cuj. Takne 3HAYHTE/NLHBIE CHJB
MOXHO OGHapyXHTb B IPOCTBIX ONEITAX, He TPeGYIOIIHX BHICOKOHR
CTeINleHH TOYHOCTH H3MepeHHH.

JlaHnble HAOMIOfeHHA H ONBKTOB. B cHcTeMe «TaXedblli BOJUOK
H Onopa» AONOJHHUTEeJbHEE CHJIBI NPHYHHHOCTH SBJISIOTCS BHYTpEH-
HuMH. [TosToMy HX He/lb3s OGHADPYXHTb B3BeUIMBAHHEM BOJYKA Ha
Becax. JleficTBHTeNIbHO, CNEUMAaNbHO NPOH3BeLEHHBIE BeCbMa TOU-
Hble B3BEMIHBAHHS BOJYKOB NPH OO/BLUIHX CKOPOCTSIX BpalleHHST
He OOHapDyXMJH HHKaKHX H3MEHEeHHH MOKa3aHHH BECOB H TeM ca-
MBIM JOKa3aJH OTCYTCTBHe BHeWIHHX cHJ. OAHAKO 3TH CHJH J0JI-
JKHBI NPOSIBJIATH ce6s B AONOJTHUTEIbHHX JehopMaIHsix, 3aBHCAIHX
OT CKODPOCTH H HampapJieHHs BpameHHs. 11 nmaGopaTOpHHX BOJIY-
KOB MaJhX DagMycoB NMpH OOJbLIHX 4 LEHTPOGeXKHHeE CHIH GYyRyT
Ha MHOTO MOPSIAKOB NPEBHIUIATb CHJIY TAXKeCTH. [103TOMy HCKOMBIE
NOMOJIHUTENIbHEIE Ae(OPMALUMH €1Ba JH MOXKHO OGHAaDYXHTh Ha
¢oHe nedopmanHii OT HEHTPOGEKHBIX CHII

H3-3a GoabllHX paanycoB HeGECHHX TeJ LEeHTPOGeXkHHe CHJB
B HHX 3HAYHTEJbHO MeHblIe TsxKecTH. [JosaToMy AOmONHHTE/bHBIE
nebopMauHd OHICTPO BpAalIAIOUIMXCS IIaHET AOJXKHBL  3aMETHHM
06pasoM H3MeHATb HX OGurypy. BsaumopneficTBHe pasHBIX 3/JeMeH-
TOB MacC IUIaHeThl C PasJHYHBIMH CKOPOCTSIMH i OYIeT B COOTBET-
CTBHH ¢ (opMysiol (5) BH3BIBATL AONOJHHTEJbHBIE CHJIH XOAa Bpe-
MeHH. B pesysnbraTe HHTerpHpPOBAHHS 5THX B3aHMOJEHCTBHI BecC
Tesa () Ha NOBEPXHOCTH IIAHETH MNOJIKEH M3MEHHThCS Ha BeJH-
unHy AQ no dopmyae

AQ=j——1Ql, @y

rae u— Hexkoropas 3 (eKTHBHAs CKOPOCTb OTHOCHTENbHEIX Bpalile-
HHH B3aHMOJEHCTBYIOLIHX Macc MJaHeTH. Mbl He pacnoJsiaraem ele
JOCTAaTOYHBIM 3HaHHEM BONpOCa, YTOOH Ha CaMOM JeJI¢ BHIIOJHUThL

9TO MHTErpMpPOBaHHe W NPOH3BECTH BHIYHCJ/IEHHe 4. [Js mosyueHus
e KayeCTBEHHOH KapTHHEI BOCHOJb3yeMCs pas3o6paHHbBIM — BhLIe
NPHEMEPOM THXKeJIOro BOYKA Ha ONOpe, CYUTAs Co MOJOKHTENbHBIM
B JIeBOH CHCTeMe KoopAuHAT. M3 3toro npumepa craeapyer, 4to B Cay-

4yae NpsIMOIO BpallleHHs [JaHeTH BOJH3H 3kBaTtopa AQ H ju Oy-
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JOyT HanpaBJeHH K ceBepHOMYy moJiocy. Ilo 3akony COXpaHeHHUs
HMIOYJAbC2 3TH CHJK JOJXHH YpaBHOBELIWBATbCS CHJAAMH, AeHCT-
BYIOLIMMH Ha O/IM3MOJIOCHHE (OCeBble) MAacchl IJIaHETH B NPOTHBO-
MOJIOKHYIO CTOpOHY. IT09TOMY Ha nOBePXHOCTH NJaHeTH B 0O6OHX
noJylllapuax Hallercss HeKoTopas napaJjijielb (o, TAe CHJAH X0ja

BpeMeHH, a 3HauuT, M u, obpautairorcs B HyJab. [lox medcrBHem Ta-
KHMX CHJ IJIaHeTa IpHMeT (OpMy KapAHOHAbI, BHITAHYTOH K IOTY.
Koad¢uinedt acHMMeTpHH 1 onpelenuM cJelyloluMm o6pasoM:

bg — by
=" ®)

rge a— 6oJbllas MOJayoch, a bs H bN — pacCTOSHHS MOJIOCOB A0
3KBAaTOPHAJNbHOH NJOCKOCTH.

TmartenbHoe u3Mepenue ¢urypn HOnurtepa, BHINOJHEHHOE MO
MHOrHM cHHUMKaMm aTopoM Hu 1. O. Moxnauom, [oOKasajo, UTO
y IOnutepa wxuoe noaymapue GoJiee BHTAHYTO H KO3(QUUUEHT
ACHMMETDHH 1) NOJyuwics paBHEM +3-107%+0,6- 1075, AnaJno-
THYHbIH De3yJbpTaT, JHIUIb ¢ MeHbUIeH TOYHOCTbIO, ObLI MOJy4eH H
anss CarypHa: m=+7-10"3+£3-10"% IOTHMH H3MepeHHSIMH YCTa-
HaBJUBAETCsA, UTO XOJ BpeMeHH Cp HAeHCTBHTEJIbHO MNOJOXKHTE/EeH
B JIEBOA CHCTeMe KOODJHHAT H UMeeT 3HaueHHe NOpsiiKa BEeJHYHHB
B dpopmyne (6).

B Hacrosiiee BpeMs CyILeCTBYyeT DAL AaHHBIX, NOKAa3bIBAIOLLHX,
4YTO M Yy 3eMJiH I0:KHOe nojyuwiapue 6oJiee BHTSHYTO, YeM CEeBEPHOE.
At0 csefyer, HaNpuMep, H3 H3MEPEHHH CHJBI TSXKECTH Ha NOBEpX-
docTH 3emid. s HECHMMETPHYHOIO OJHODOJAHOTO TeJMa Cujaa Ts-
2KecTH [OJKHa ObiTh GOJiblIe Ha TYINOM, T. € CEBEpHOM, KOHIEe H
MeHbllie HAa OCTPOM, T. €. I0XKHOM, KoHIe. CyllecTBOBaHHE HMEHHO
5TOr0 passHuus Ag=gn — gs > 0 H3BecTHO yxe AaBHO. COrIacHo
H. 1. Xonrosobuuy Ag = +30 mlau, u, clegosate/bHo, Ag/g =
=3-10-5. Ha6aonenus Hal JABHXeHueM coyTHuka 1958 g2
(i=34° u e=0,1) nokasanu, 4TO NepPHredHOE pacCTosiHHe B CeBep-
HOM [OJYIIApHH 3HAUHTEJbHO MeHblle NEPHIreHHOro pacCTOSHHS
B 10XKHOM nosymapuu. OTCi0Aa HeMOCPeACTBEHHO CJelyeT B COOT-
BETCTBHH C M3MEPEHHSIMH Ha MOBEPXHOCTH 3eMJIH, UTO CHJA TAXKe-
CTH B CeBepHOM MNoaylllaphu GoJiblle, 4eM B 10xkHOM. CyAst mo JH-
TepaTypHHIM  JaHHHIM, JleTaJH JBHXKEHHs 3TOro CNYTHHKAa TOA-
TBepXKaaloT U HopMy Kapauouin MIs 3emiu. Bo usbexaHHe HERO-
PasyMeHHs CJelyeT OTMEeTHTb, YTO TeO[e3HCTH H HCCIEeN0BATE/H
XBHKEHHS CIYTHHKOB TMPHXOAAT H3 NPHUBEJCHHBIX AAHHBIX O TSXKE-
CTH K NPOTHBOMOJOXKHOMY BBHIBOAY — O GOJbLICH BHITAHYTOCTH Ce-
BepHoro nosymapus. CyTb 3TOTO PacXOxKA€HHs 3aK/IOYAETCsl B TOM,
YT0 OGBIYHO YYHUTHIBAIOTCS TOJbKO LEHTPOOeKHbBe CHJIB H CHJA
tsxkecTd. [IpH TakoM paccMOTpPeHHH BO3MOXKHOCTb aCHMMETPHH OX-
HOPONHOTO TeJa HCKJIOuaerTcs, H HajileHHoe Ag MOMKeT ObiTh 006b-
SICHEHO TOJbKO M3OBITKOM MJOTHOH MaTepHH B CEBCPHOM NOJylla-
puu. B 3TOM ciydae ypoBeHHast MOBEPXHOCTb TOTO K€ 3HAYCHHS
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ROJI)KHA OTCTYNHTH [HaJjblle, H MOJNYYHTCA YIAJHHEHHe MNOJYLIapust
npH OosbliieM 3HaueHHH TsikecTH. OAHAKO 3HAK aCHMMETDHH, NO-
JYUeHHBIH HENOCPEeACTBEHHO AV IOnurepa u Carypua, roBopur ne
B 10J1b3Y 3TOH HHTepNpeTalHuH.

Becbma BaXHO [0Ka3aTh Tenepb HENOCPEACTBEHHLIMH CHBLITAMU
CYIIeCTBOBaHHE CHJI, BhI3BIBAIOWIMX acummerpuio 3emuH. Ilpocreii-
HIHHA ONHT BHTeKaeT H3 dopMya (5) u onpenenerus neiicteus (2).
M3 stux ¢opmya caeayer, 4To npH CBOGOZHOM naneHHH Tena Oo=0
H acCHMMETPHYHBIE CHJIH JOKHB Hcue3aTb. OTCIOZAa JDOJIKHO moJy-
YMTbCA OTKJOHEHHe cBOGOAHOrO mnajeHHs TeJla OT OTBECa B IJIO-
CKOCTH MepHAHaHa. B YMEpEHHHX LIHPOTAX OGOHMX MOMNYLIapuii 10-
MOJHHUTEJbHBIE CHJIB, [JeHCTBYWOIIHEe Ha OTBeC, HalpaBJeHbH K ce-
Bepy. IlosToOMy npH OTCYTCTBHH 3THX CHJ LOJIKHO NOJYYHTLCS
OTKJIOHEHHE NajalwWero Tela K wry. Elle nepshle ONHTH, Mpou3-
BegeHHHe ['ykom B sHBape 1680 r. mo ununmmatuBe HeloTona aas
NPOBEPKH OTKJOHEHHs NaJaloIlHX TeJ K BOCTOKY, mpHBeau [yka
K y0Oex/JIeHHIO, YTO Najaplllee TeJO OTKJIOHAETCS He TOJbKO K BO-
CTOKY, HO H K IOry. 9TH ONbITH HEONHOKPATHO NMOBTOPSAHCH H MO-
UTH BCErja IPHBOAW/IM K TOMYy e pesyabsraty. Jlyuillue ompepese-
HHsl OBUTH NIOJy4YeHH HHXKeHepoM Pefixom Bo ®pefiGypre (p=48°).
B stHx ombitax BhicOTa najeHus [=158 M. CMelleHHe K 1Ory Ino-
Ayunaoch paBHHM Als=4,4 mMM. CMellleHHe XXe K BOCTOKY NOJYYH-

Jock Aly=28,4 MM, uTo xopouIo cornacyercs ¢ TeopHell. O6o3Hauast

yepe3 AQN TOPH30HTAJNBHYIO CJaraloulyio acHMMETPHYECKHX CHJI
yMepeHHBIX IIHPOT, HMEeM

A
Alg= — % I, (9)

oTkyAa AQn/Q=2,8-10"° npu ¢=48°. 10 3HaueHHe JIOCTATOYHO
corjlacyeTcsl ¢ NpHBEJIEHHOH Bbille BeJIHYHHOH AaCHMMETPHH Tsi-
JKECTH.

OnuTH NO H3MepeHHIO OTKJOHEHHS MaJaloluX TeJ1 OT OTBeca
9Ype3BHYaiHO CJAO0XKHH H TpyaoemkH. OHH He JalOT NpaKTHUECKOHX
BO3MOXKHOCTH HalTH pacnpejleseHHe CHJI XOla BPeMeHH NO MOBEpPX-
HocTH 3eMan. OXHAKO TaKHe ONpeJleNieHHsl CTajld BO3MOXHLIMHE
6snaronapsi ocobomy MeToAy BuOpauui, HallleHHOMY B ONbITax ¢ TH-
POCKOIIaMH.

[IpeacraBuM, YTO THPOCKOI B OlNpaBe C BePTHKAJbHOH OCHIO
B3BelINBaeTCs Ha phuaxHbx Becax. CornacHo dopwmyne (5) no-
NOJIHUTEJbHBEE cuabl AR, AeHCTBYIOIIHEe Ha pPOTOP, NOJIXKHB GHITH
HanpapJ/JeHb B CTOPOHY, OTKYAa BpalleHHEe KaXKeTCs MPOHCXOASILIUM
IIPOTHB 4acOBOH CTpesKH. Tak KakK 3TH CHJBl BhI3BaHHI KaXXAOH TOY-
KOH pOTopa, TO HX paBHOJAeHCTBYyrOLlas 6yAeT NpUIOKEHa K LEHTPY
TAXKECTH poropa. [ononuutenrvHele cuian AD, meficTBylOllHe Ha He-
BpAIAOMYyIOCs] 4acTb CHCTeMBI, HNPHJOXKEHH K onpaBe BHYTPH TH-
pockona. [leAcTBHTeNbHO, ONBIT NIOKAa3aJ, 4To JI060e BpallleHHe POo-
TOpa He HapyuwaerT paBHOBeCHs BecOB. BO3HHKaeT BONpPOC, HeJAb3sd
JH TIIepeHecTH TOuKy mnpHJoxeHust cua AD u3 Tesa rupockona
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B TOYKY ONOPH KOPOMBIC/A, YTOOBI NOJYYHTb OTKJOHEHHE BECOB.
OueBHAHO, AJS 3TOr0 HEOGXOJHMO OCYIUECTBHTb B3aHMOAEHCTBUE
MeXJAy POTOpPOM H TOUKOH OMOPH Ha CTOHKe BeCcOB.

Takoe B3auMOJAEHCTBHe MNOJNYYHTCS NPH BHOpauusX pOTOpa
B NOALIMIHHKAX, MEHSIOIIHX AaBJeHHe Ha onope. B onuiTax c BBe-
JeHHeM CTOPOHHHX BO3JeHCTBHH Ha CHCTEMYy BHOpauUMH YPE3BHI-
yalHO BBIFOJHBI TEM, UTO CpefHee OT 3THX BO3/JeHCTBHH 1O BpEMEHH
pPaBHO HYJIO W OHH C KJIACCHYECKOH TOYKH 3pEHHsS He MOTYT BHECTH
B CHCTEMY CHJ, AeHCTBYIOLIUX B NOCTOSTHHOM HanpabJenuu. C Ha-
el e TOYKH 3peHHs B cHCTeMe JOJKHH BO3HHKHYTb JOTIOJHH-
TeJbHble IOCTOSIHHO AeHCTBYIOLIME CHJIBl, 3aBHCALIHE OT CKOPOCTH
BpalleHuss rupockona. [To ¢opmynam (5) craeayer OXHAaTh, UTO
BEeJIHUMHA 3THX cHJ OyAeT NpOIOpPHHOHAJbHA aMIVIMTyAe CHJ BHO-
pauuii. I'lpu BuOpauuu poTopa H3-3a OCEeBOro Jw¢Ta B MNOAUIHIHH-
Kax AeHCTBHTEJbHO yAaJoch HabuaoaaTh obJeryeHue rupockona Ha
Becax NpH BpalleHHH €ro NMPOTHB 4acOBOH CTPEJKH, €CJHH CMOTPEThb
no cujie tsXectd. Ilpu BpallleHHH XKe MO 4acOBOH CTpEJIKE HHKa-
Koro s¢derra Ha Becax He HabGmonanock. Okasanoch, uTo 0bJer-
YeHHe I'HPOCKOINa MOJYYaeTcss BONPEKH OXKHAAHHAM Ha COBEpIIEHHO

. ONIpeAeNIEeHHYIO BEJHYHHY, HAUYHHAA C HeKOTOpOﬁ CHJIbL Blfléan,HPl.

DTOT pe3yabTaT MOATBepKAaeT BbICKAa3aHHOE paHplle NpPeLnoJoxe-
HHe O TOM, YTO H3MeHEeHHe XOJa BpeMeHH MOXeT BHI3bIBaTHCA
TOJIbKO CHJIaMH, HallpaBJieHHe AeHCTBHSA KOTODHIX [ COBHAAdeT C Ha-
npasJjieHHeM BpauleHust j. IeficTBuTenbHO, NpH BUOpAUHAX DPOTOP
co3JaeT JaBJeHHe BHH3 Ha CTOHKe BeCOB, CTOHKa e BecOB — Ipo-
THBOAEHCTBHEe Ha potop BeBepx. Ho Takoe pacnonoxenue cua Oyner
COBIIaJaTh C BEKTOPOM j TOJIbKO IIpH BpailleHHH pPoTopa NpPOTHB d4a-
COBOH CTpeJIKH, €CJH CMOTpeTb cBepxy. To 06CTOATENBLCTBO, YTO
au60 3ddekT obseruenuss HaGMORAETCS BMOJHE ONPEREJEHHOH Be-
JHYHHBI, JH00 OH cOBCEM He HalbJoJaercsi, COOTBETCTBYET aJbTep-
HATHBE: XOJ BPEMEHH CHCTEeMbl THPOCKOIN — ONopa MOXeT OuTb pas-
HBIM, KaK OGHIYHO, iC» HJH ObITb PAaBHHM H3-3a BHOpauui (icz+ju).
C 3THM X0JOM BpeMeHH yXKe GyAyT CBA3aHH BCE NPHYHHHBIE OTHO-
weHns. [103TOMY BeCH M H3MepsilOT ofJerieHHe poTropa no Gopmy-
aaMm (5), rae Wo=Q —Becy poropa. Tak Kak XOA BpEMEHH TMOJY-
yaercs paBHBIM (iC2o+ju) He3aBHCHMO OT HaNpaBJ/ieHHA ReHCTBHS
CHJI i, TO NOMHMO H3MEHEHHsS BEJHYHHH CHJ JOJKHO HabJOAAThCH
H H3MeHeHHe HanpaBJeHHuH, T. e. aGeppaunu cusl. IT0T 3ddekr Mo-
XKeT OBTh O6HApYKEH B ONBITAX ¢ MAATHHKOM.

[IpefcTaBHM THPOCKON C TOPH30HTaJbHOH OCbIO, MOJBELICHHOH,
KakK TesJlo MasiTHHKA, Ha TOHKOH HHUTH. [Ipm Bubpauusx potopa
B IOALIUIHHKAZX MAeHCTBHTEJIBHO HaO0J/I0Aa/]0Ch OTKJOHEHHE 3TOro
MasiTHHKA B CTOPOHY, OTKYAa BpallleHHe MNPOHCXOAHWJO MpPOTHB 4Ya-
COBOH CTpeNKH, T. € B Hanpam/jeHuH —j. OnucanHble ONBITH
TPYAHO BOCIPOH3BOAHTb H3-3a NPAKTHYECKOH CJIOKHOCTH DEryJH-
poBKH BHOpauuil. B onmTe Xe ¢ MasTHHKOM HCTOYHHK BHOpauui
JIerko TnepeHecTH B TOYKy moaseca. OcTaHOBUMCA MNOApOOGHEe Ha
OTMHCaHHH TAKOTO ONBITA.
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I'upockon aBHANHOHHOH aBTOMATHKH CO C/EAYIOLIHMH Xxapaxre-
PHCTHKaMH: AHamerp potopa D =42 mm, Bec potopa Q =250 r npu
Bece onpaBbl @= 150 r— 6blJ MOABEIUEH NPH FOPH3OHTAJbHOM [1O-
JIOKEHHH OCH Ha CTaJIbHOH MpoBOJOKe auaMerpoM 0,15 MM u Aju-
HOil 330 CM K NJacTHHKe HNPOYHO YKPEIJIeHHOTO Bubpatopa (3Jek-
TPOMArHHTHOTO peJsie). MeHsis yacTOTy ToKa, NHTAIOUIEro peJie, MO-
XKHO OblJIO CO3MaTh JiOGhbie BEPTHKAJNbHbHE [POXKAHUT MNOLBECA.
Oka3anock, 4TO OTK/IOHEHHS 3TOr0 MasiTHHKA OT OTBeca MOJyua-
I0TCA TOJBKO B CJyyae INapaMeTPHYECKOr0 pPe30HaHCa, KOrja HHTb
MadTHHKA npeBpauajsach B KoJeOJIOWYIOCS CTPYHY HE3aBHCHMO OT
gucaa ysnos. Ilpu nonspusanuu aTHX KoJMe6aHHA ¢ DOMOLIBIO IIEH
BHISICHHJIOCh, YTO 3()QeKT mosyyaeTcsi TOIbKO B TOM cjyyae, KOTAa
CyLleCTBYeT AOCTaTOYHO GOJbLIAS NPOEKUUS [0 HANpPABJIEHHIO OCH
rupockona. JlefiCTBHTeNbHO, NPH MNepPNEHAUKYJIIPHOM PpaCloJ0Ke-
HHH TIJIOCKOCTH KOJeGaHHA K OCH THpocKona 3(¢eKT HeH3MeHHO
orcytcTBoBajJ. C MOBOPOTOM 3TOH IJIOCKOCTH, HAYHHAS C HEKO-
TOpOro yryla, CKaykOM BHE3aNHO IOSIBJAJNOCH COBEPUIEHHO OIpe-
LeNeHHOe OTKJOHEHHe, 3aBHCEBLICE OT CKOPOCTH BpAaLLIeHHs THPO-
cKorna.

Ora KapTHHA NOBEJEHHS MasiTHHKA BIOJHE COOTBETCTBYeT
cOpMY/IHPOBAHHOMY  Bbillle YCJIOBHIO NpPEBPALUEHHH ju B BEKTOD
xoZa speMend. MHTepecHO, 4TO B 3TOM ONEITE, KOTAa HNPHUHHOM
BHGpauHil CTajla HEBPANIAIOMIAsCH 9aCTh CHCTEMH, 3(deKT mepeme-
HHJ 3HaK: OTKJOHEHHE OT OTBeca CTalo Hab/IONaThCsi B CTODPOHY,
OTKYAa BpalleHHe NPOHCXOAHJIO MO YacoBOH cTpenxe. B manHOM
ONbITe C NPHYHHOH, T. €. C HCTOUHHUKOM BHOpaIHH, CBSI3aH BEKTOp
OTHOCHTeJNbHOro BpameHHss +j. [Ipu ycraHopjieHHH Takoro xoma
BpeMEHH B HampaBJ/IeHHH -j HOJIXKHB JAeHCTBOBaThb BCe HOINOJIHH-
TelIbHHE CHJIB, MEHSWIiue NPHYUHY. B pesynbraTe Bec rupockona,
KaK INpUYMHA [aBJIEHHH, H3MEHHTCA B 5TOM XK€ HampaBJeHHH
~+j, T. e. B CTOPOHY, OTKyAa C TOYKH 3pDEHHS HEMOABHMKHOTO Ha-
faronaTenss BpalleHHe THPOCKONA I[POHCXOAHT 10 4YacOBOH
CTpeJIKe.

Hrak, ecim HCTOYHHK BHOpAlMH CBSI3aH C POTOPOM, CHABHI Ma-
SITHUKA JOJXeH HaOJalofaThCcs B CTOPOHY BpalleHHs IPOTHB 4aco-

BOH CTPEJIKH, a NPH HCTOYHHKe BHOpDALHH B TOYKE MOJABECAa —B CTO-

pOHY MO 4acoBo# cTpejKe. DTOT pe3yabTaT SBJISETCS HHTEepPeCHOMH
HJIIOCTpaliie BO3SMOXKHOCTH OTJHYUTH NPHUHHY OT CJEACTBHS Me-
XaHHYECKHM ONBITOM, YTO XapaKTepHO OJs CyUlecTBa HPHYUHHON
mexaHuku. IlpuBenem Tenepb 4YHC/IEHHBE Pe3yJbTATH OMHCAHHOTO
onbITa:

JIuHefinas CKOPOCTh JluHeltHOe OTKJOHERHE
Yraosas ckopocTs, 06/c BpALIeHHHA, M/C OT OTBeca, MM
200 26 0,08
300 40 0,12
400 53 0,16
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Tabmuua BrnosHe MOATBepPXKIAAeT, YTO HONMOJHHTE/bHBIE CHJBI
NpPONOPIMOHANbHB CKOPOCTH BpauleHusi. [IpuBeleHHOE K CKODOCTH
u=40 M/c oTHOlleHHe H3MeHeHHsl Beca poTopa AQ K MOJHOMY Becy
Q-+a noayyuiaock paBHEIM 3,6 - 107° [las nosayyeHus: OTHOLIEHHUSE
AQ/Q Heo6Xx0AUMO 3TO 3HaYeHHE HCIIPABHTb 32 BeC ONpaBhl YMHO-
xKenneM Ha (Q+a)/Q. CnenuuajbEBIMH ONBITaMH, P KOTOPHIX Ha-
POYHTO YBeJHYHBAJCA BeC HeBpallaloliedcss YacTH TeJa MasTHHKA,
6LJI0O NOKa3aHO, 4YTO TaKOe HCIpaBJeHHe JefCTBHTeNbHO Heo0xo-
nuMo. B pesyabrate mpu u#=40 m/c umeem AQ/Q=5,7-1075
Otciona no ¢dopmyne (5) monyuaem sHauenue ¢;=700 xm/c. Ilo-
5TOMY BO3MOXHO, 4To B dopMmyne (6) a=2 u ca=2¢*/h. Cuan,
JeHCTBYIOLHE HAa THPOCKOMN, OKAa3aJHCh TOrO XKe NOpsiAKa, 4TO M
HOTIONHHTE/IbHbIE CHJIE, BO3HHKAIOIIHE OT BpalleHHs 3eMJH. 3eMJs,
H CHPOCKON CTOJb pe3KO OTJIHYAIOTCSl pa3MepaMH M YIJIOBBIMH CKO-
POCTSIMH BpaMleHHH, UTO PABEHCTBO BLI3BAHHBIX HMH 3(P(EKTOB siB-
JseTcsi NPEKPAaCHHM AOKa3aTeJbCTBOM MPONOPLHOHAABHOCTH J0-
NOJIHUTENbHHX CHJI JHHEHHBIM CKOPOCTSM BpalleHHs.

B oneite ¢ rupockonoM, noiBeuleHHBIM Ha HHTH, 0OKAa3aJ0Ch, YTO,
KOI'JIa OCb THPOCKONA pacloJIOKeHa N0 MepHAHaHy, y Hero obHapy-
JKHBAETCs ellle HEKOTOpOe MONOJHHTeNbHOe cMelleHne. OueBHAHO,
3TO CMelleHHe CBSI3aHO C aCHMMETPUYHBIMH CHJIaMH BpalleHus
3emau. HanpuMep, npu tpexcrax o6opoTax poTopa B CEKyHAY H
IIpH NOJIOXKEHHH BEKTOpa BpallleHHst FHpOcKona +j K ceBepy NoJay-
yanoch oTkAoHeHue 0,18 MM (nnnHa MastHHka 330 eM), npH mpo-
THBOMOJIOXKHOM XK€ pAacClOJIOXKEeHHH OCH BpalleHus CMelleHne
cocrasasngao Toapko 0,05 Mm. OueBHAHO, UTO NpH BHOpaLUsX BO3HH-
Kaet eme 3¢gdekT cMelllenust K cepepy mopsaka 0,06 mm. Idror a¢-
(eKT He 3aBHCHT OT CKOPOCTH BpalleHHsI THPOCKONa H Habaroja-
ercst npu BHOpaIlluH JIIO60ro HeBpalllaloLIerocst Tesa, NOJABENIEHHOro
Ha HHTH.

Ycnosus, HeoO6XOAUMEBIE [J51 MOJNyYeHHs 3(P¢eKTa CMeIleHnsT Ma-
ATHMKA H3-3a BpalleHHsd 3eMJIH, BO BCeM TNOJOGHB ONHCAHHBIM
BhIlIE YCJOBHSM CMelleHus rupockona. IIpu BuGpaunMu TOUKH NOA-
Beca 3¢ (eKT OTKIOHEHHS K CeBepy IoJydaercs TOJbKO IpU mapa-
METPHUECKOM PE30HAaHCe, KOIJLa OCYLIECTBJISETCS AOCTAaTOYHO 60Jb-
1masi NPOeKUUs HaNpskKeHHH B NJIOCKOCTH MepuanaHa. Oxa3ajoch,
YTO MasiTHHK MOXHO B NJIOCKOCTH MepHAHaHa packayaTb HJH OCTa-
HOBHTb, OCYIECTBAAS TepeXoh OT Hepe30HAHCHOH 4YacTOTH K pe3o-
HAHCY IIPH NPOXOXK/JeHHUH MasiTHHKA OKOJIO IOJIOXKEHHST PaBHOBECHS.
DTHM NyTeM YyAaBaJoCh 3HAUHTEJNbHO packayaTb MasTHHK H yCTa-
HOBHTb, YTO IJIOCKOCThb, B KOTOPOH IOJydaercss pacKayuBaHHUe, NeH-
CTBHTeJBbHO 6JHM3Ka K MJIOCKOCTH MepuanaHa. B Ilyaxose 3tH
ONbITHl OBIJIM BHINOJHEHB C MasiTHUKAMH PAa3JHYHOH [JHHBEl — OT
NoJyTOpa A0 OAMHHaguaTH MeTpoB. OTHOCHTEJNbHOE CMellieHHe OKa-
3aJ10Cb HE3aBHCSILIHM OT NJHHH MasTHHKAa H paBHuM 1,9 10—5,.
TakuMm o6pa3oM, CMelleH¥e MasiTHHKA BhISHIBAeTCs ONpeAe/ICHHOH
CHJIOH, He 3aBHCAIEH OT ero KOHCTPYKUHH. DTa CHJa 3HAYHTEeJbHO
MeHsieTcst ¢ reorpaduueckoii wmuporoil. Tak, B T. Kuposcke
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OTHOCHTEJIbHO® CMELleHHe MAsATHHKA [0JYyYHJIOCh PABHBIM TOJBKO
0,9 - 105,

He noanexHT coMHeHHIO, 4TO H3MepsieMble [0 CMEILEHHIO MasiT-
HHKa CHJ/Bl sBJSIOTCA TOPH3OHTAJbHLIMH TPOEKIHSMH aCHMMETpH-
YeCKHX CHJ, AeHCTBYIOLIHX Ha MOBepXHOCTH 3eMsH. BepTuKanbHble
XKe NPOCKUHH ACHMMETPHUYECKHX CHJ MOXKHO MHTATbCSl MOJYYHTb
IpH BHGpPALUH CHCTEMB! C BEPTHKAJbHOH CTeneHbio cBoGOAbl. Takoil
CHCTeMOH OYAYT pHYa)<Hble BEeChl [IPH BePTHKAJbHHIX BHOpaIHsX
onopnsl Kopombicia. Heo6XoauMO TONbKO OCYLIECTBHTH PasIHYHYIO
CTeNneHb YOPYroCTH B MOJABECAX YPAaBHOBEWIHBAIOIIUX rpy30B. B no-
CTaBJIeHHBIX ONBITAX OJHH IPY3 MOABELIHBAJCH XKeCTKO Ha IpOBO-
JIOKe, NpYroil — Ha 3JaCTHYHOH pesHHe Mau npyxuee. Ilpu Bu6pa-
LHAX ONOpH KOHEL KOPOMHC/IAa C KECTKO NOABELIEHHBIM TIpPYy30M
OCTaBa/ICA NPAaKTHYECKH HENOABHXHHIM. [1o3TOMY Apyroit ero KoHen
C 37aCTHYHBIM TMIOABECOM KoJseGaJsicsi ¢ aMIJIUTYHZOH, B ABa pasa
Gosbllell aMIVIMTYAH ero cepefuHu. Okasajoch, YTO, HauYHHAsS
C HEKOTOpOro YCKOpDEHHs BHOpAlUHUH, BeChl CKAYKOM OTKJOHSIOTCH
Ha oOnpeAeJeHHYIO BeJHYHHY B CTODOHY yTsXKeJEeHHS rpysa, Haxo-
JAAIIEroCsl Ha 3JlaCTHYHOM NOABece. ITa AONOJHHTE/NbHAA CHJIA, CMe-
marmias nokKasaHusi BeCoB, OKasaJiach He3aBHCALIeH OT THIIa BECOB
H IPONOPUHOHAJbHOR BeCy rpysa.

M3aMepeHHble CHJIL CyLIeCTBEHHO 3aBHCAT OT MIHpOTH. Como-
CTaBJIEHHE 3THX CHJ C T'ODH30OHTAaJbHBIMH KOMIOHeHTaMu AQy, mno-
Jyd4eHHBIMH Ha MasTHHKax B [lynkose u Kuposcke, nokasbiBaer,
YTO OHH SBJSIOTCS BePTHKAJbHBIMH KOMIOHEHTAMH aCHMMETpHUe-
CKHX CHl AQz. JleHCTBHTENBHO, NOCKOJbKY 4CHMMETpPHUYHBIE CHJIHI
AEHCTBYIOT 10 OCH 3eMiH, oTHoUleHHe AQz/AQy FONKHO GHTb pas-
HBIM tg @. Bolunc/ienHble TakuM 06pa3oM 3HadYeHHs WIMPOTH OKa-
3a1HCh A7 [lynxkosa MmeHbiie Ha 16" u mast Kuposcka GoJblie
Ha 21’7, v

IlepefineM Temnepp K MHTepUpPETALHH HaGJIONABHIHXCS SIBJEHHI.
Bsaumopeiictsne Macc 3emJH, BpPAallalOUIHXCA C PAa3HBIMH JHHEH-
HBIMHM CKOPOCTSIMH, NPHBOAHT K BO3HHKHOBEHHIO Ha IOBEPXHOCTH
3eMyd JIOTIONHHTEJIbHHX CHJI, BHpakKeHHbX (opmysoi (7). dtor
pesy/bTaT paBHOCHJIEH TOMY, YTO C KaXAOH TOUKOH HOBEPXHOCTH

3emJ CBSI3aH BEKTOP XO4a BPEMEHH ju, HANpPAaBJEHHH B yMepeH-
HBIX WIHPOTax K ceBepHoMy noJtocy. Ilpu BuGpaumsax cuia, Aedcr-

BYIOIasi B HANpPaBJEHUH ju, MOXET BO3OYIUTb B CHCTEMe XOJ Bpe-

MeHH = ju, BBI3BIBAIOUIME JONOJHHTENbHBIE CHABL. Tak, B ONHITe
C MAasITHHKOM IIpH NapaMeTPHYECKOM De30HaHCe HHUTH OyJeT cyule-
CTBOBATb B HAlleM MOJYIIApHH IIPHJOKEHHass K TeJy MasiTHHKa

NpOeKUHs CHJAbl BHOpAUMH B HaNpaBAeHHH ju, T. €. K cesepy IO
ocu BpaweHus 3emiau. HaunHas ¢ HekoTOpO# cu/ib BHGpauUHH, BO

Bcell cHCcTeMe YCTAHOBHTCsST XO4 BPEMEHH C BEKTODPOM +]Lt B TeJie
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MasiTHUKa H BEKTOPDOM —ju B Touyke nojBeca. Orciofa NosABATCSH
CHJIH, oupelesseMble BhipaxeHHeM (7) H OTKJOHAIOLIHE MAATHHK
K CeBepy, C NPOTHBOJEHCTBHEM K IOTY B TOuKe NOjJBeca. B ommuite
€ BecaMH BHOpAUMH BHI3EIBAIOT HA ONOPE BECOB CHJIB, HANPAaBJeEH-

Hble BBEDX, T. €. CO3JAI0T NPOEKUHIO CHJ B HampaBieHHH ju. Io-
STOMY, HaUHHas C HEKOTOPOH CHJIBl BHOpALHH, MOXKET yCTAHOBHTLCS

XOIL BpPEMEHH C BEKTOPOM +ju Ha CTOHKE BECOB H BEKTOPOM

' — Ju Ha 3]ACTHYHO NOJABeNIEHHOM rpyse. B pesyanTaTe Bechl noKa-

KYT YTANKEJICHHE 3TOrO Irpys3a Ha BeJIMYHHY, ONpeAesieMyl0 BepTH-
Ka/lbHO#| npoexnuet cua (7).

B nmepBonauasbnoM Ba-

PHAHTE ONKITOB C Becamu
BHOpALHHU OCYUIECTBJASINCh 51001 c8s
¢ [NOMOLIbIO 3JIEKTPOMa- = e
THUTHOTO peJie, K KOTOpOMY  § I 62
NpUKpenssijachk omopa Ko- §50__ "
poMbicia Becos. Ilpu satom > A 31w
BO3HHKAJIH CJOXKHBIE KoJle- p b1 i
O6anuss ¢ mymom Ge3 mpo- i

_ 0 1 1 § 1
CThIX TapMOHHK. 3JbdeKT 7 20 30
[josyyaJscs JUWb NpH He- Hactora,fy

KOTOpPOM yAa4yHOM BEHIGope

4acTOThl U aMnanTyabl, Cy- Puc. 1. 3aBucumocts YTAXKENCHHA Ipy3a Ha
LeCTBEHHOe ycoBepuieH- yIpyroM MOABece OT YacTOTH BHOpaumi.
CTBOBAaHHE ONbITa OHJIO N0-

CTHIHYTO BBeJeHHEeM TapMOHHYECKHX KOJeOaHHH C NOMOLIBIO Iia-
PHKOBOrO NOAIUUNHHKA, NOCAaXXKEHHOTO 3KCUEHTPHYHO Ha Bad 3JeK-
TpomoTopa. Ilpu Takux KoneGaHHAX 3QPEKT cTaJ HOoJy4aTbCsl OYeHb
Jgerko. C pocToM ke yacTOTH BHOpALHH BMECTO OAMHOYHOTO 3(1)“-
(ekTa CKaykOM MOSABJSJACH ABOHHOR 3¢ddekr, 3areM TpPOHHOH
H T. [., NpaKkTHYeCKH JIOGOH KPATHOCTH. ¥YBeJNHUeHHE YCKOPEHHH
BHOpaLHH OrpaHHYHBAJIOCh NPHOJIHKEHHEM K YCKOPEHHIO CHJB Tsi-
KecTH. [Ipu TakOM yCKOpeHHH HauHHAJCH CHJIbHHE 60H KOpOMEICIa
BecOB 00 0NOpy, MeLIaBIUHA NPaBHJbHOMY B3BelIHBAHHIO. BO/H3H
3TOro Npefesa yAaBaJoCh 10JYy4aThb NATH- H AaxkKe NECATHKPATHbIE
sdexTn. B pesyabrare TOYHOCTL ompejeneHHS  OAHOKPATHOTO
3(¢pexra Moraa 6LITh NOBHILEHA B HECKOJIBKO pas.

Puc. 1 Bocnpou3BOAHT THOHUYHBIE I'padHK 3aBHCHMOCTH YTSAXKe-
JIGHHsI rpy3a OT 4YacTOTHh BHOpaUHH. DTH H3MepeHHs OBLJIH MPOH3-
Beaennl 0. M. KyaakoeiM u aBTopoM B IlyJKOBe Ha pHYAXHHX
Becax II-ro knacca 3aBoga «['ocmerp». Ha rpaduke npusejestl pe-
3yabTaThl B3BeWIMBaHHs rpy3a 620 r, mepecunTaHuble Ha | K.
AMniutyga kosnebGaHuil OMOpPH KOPOMEIC/HA — COCTABAAIA  OKOJIO
0,3 mm. Takum o6pa3oM, yckOpeHHe BHOpauuii Ha onope LOJKHO
6B10 pocTHraTh ¢ npH uyacrore okosao 30 ru. Ha rpaduke cosep-
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IUEeHHO OTYeTJIHBO BHAGJAIOTCS TPH CTYNEHH YTsIKeJeHHst rpys3a.
BenuuuHa CTyNeHH TNOJyYaercss OKOJIO 31 mrHa 1 k1, T. e. 3,1 X
X 1075, yro 6Ju3K0 K 3HaueHuio 3,2 1075, mosydyeHHOMY U3 MHOTHX
H3mepeHui.

CTyneHn B TOKa3aHHsiX BeCOB OueHb HHTepecHH. OHH yKa3HI-
BAalOT Ha BO3MOXHOCTb KBAHTOBBIX H3MEHEHHH 3HEpPrHH, XapakTep-
HBIX AJsi aTOMHO# MexaHukH. [IpoHCXOX/eHHe CTyleHed MOXHO Io-
HATb CaeAyIoHmEM o6pasoM. CHCTeMa BecOB ¢ OJAMHOUHBIM 3ddek-
TOM NDPHHIHNHAJLHO He OTJMYaeTcst OT BecoB Ges Bubpaumit. Ilo-
3TOMY €CJIM Ha Bechl C OJHHOUHHIM 3((eKTOM 100aBHThL ellie HOBOE
YCKOpeHHe BHOGDAIHMil, KaKoe HYMKHO JUISi CO3/aHHS ONHHOYHOrO 3¢-
¢exTa, TO Bechl XOJIKHEI OYAyT MOKa3aTh ABOHHOE OTKIOHEHHE. Tak
KaK YCKOpeHHs BHOpalHi NpPONMOPUHOHA/IbHBI KBajparaM 4acTorT,
TO AJIs NMOJY4YeHHS] KpaTHHX 3(QeKTOB 4acTOThl AOJKHLI YBEJIHYH-

BaThcs B 4/2, 4/3 K T. A. pa3. IT0 0OOGCTOATENBCTBO npu6/IH3H-
TeNbHO M NOATBepxpaercs puc. 1. Hago 3ameruts, uto ¢ npHOJH-
JeHHeM YCKOpPeHH#l K g Ha cTofike BecoB OyAyT NPOHCXOMHTH
yAapH, NPHBOASIIHE K OUeHb GOJILIIHM, XOTH H KPaTKOBDEMEHHLIM
yckopenusiM. I1oaToMy BO6JH3H g HHUTOXHBIE H3MEHEHHs YacCTOTH
BUGpAUHMi MOTYT BHI3HIBATh NOsABJEHHE 3(PPeKTOB BHICOKOH KparT-
HOCTH.

Jlig MOHHUMAHHS ONEITAa ¢ BecaMy HeoGXOAMMO O0paTHTb BHH-
MaHHe ellle Ha cjefyioliee 06¢cTosTenbcTBO. IIpH BHGpANHAX CHIH,
BO36YKAlOIHe AOMOJHHTEJBHEIH XOJX BpEMeHH, HMeIoT HeoGxoam-
MHE BEJHYHHY K HanpasjieHHe TOJbKO B TeyeHHE HEKOTOpOH AOJH
neprofa. YCTOHUHBOCTb 3¢ {QeKTa NMOKa3hBaeT, 4To B0O30yXAaeMull
XOJ BpEMeHU cOXpaHseTcst B TeueHHe Bcero nepuona. Ilosyuaercs
HHTepecHOe 3aKJ/IOueHHe O CyLIeCTBOBAHHH KOHEYHOTO BPEMEHH
KH3HH BO3OYXAEHHOTO cocTosiHuA. MIHBHIMH CJIOBaMH, CHCTEMa Ipo-
ZOJIKaeT HEKOTOPOEe BPeMSsl COXPaHATh XOA BPEMEHH IOCJE HCYe3HO-
BEHHS YCJOBHH, HEOOXOAHMBIX JJIsi €r0 BO30YMKICHHS. BeposarTHo,
3THM OODBSCHSeTCS NoJyueHHOe Ha rpaduke noJioroe HapacTaHHe
s¢bexTa yTaKeseHHs Nepel nmeppoil crynensio. OuUeBHIHO, NpH TEX
yacrorax nepHoa XoJsie6aHHA ellle BENMK B CPABHEHHH C IIPONOJ-
HKHATENBHOCTBIO JKH3HH BO3GYKAECHHOTO COCTOAHUsA. /sl pe3Koro Bbl-
JeJleHHs MepBOH CTYNMEeHH H3MepeHHsl CJelyeT BECTH C MaJbIMH aM-
IJIHTYAaMH, YTOGH HMeTb JeJ0 C JOCTaTOYHO KOPOTKMM IEPHOLOM.

OnNMCaHHbIH ONBIT C BecaMH 3aMeyaTesJeH NPOCTOTOW OCYILeCT-
BJCHHs] H NOPA3UTEJbHBIM pe3y/JbTaTOM. Benb ecy u3-3a JIOMOJHH-
TeJBHOTO XOHA BpPEMEHH, BH3BAHHOLO KOJMeGaHMIMH HaIpsiKeHHH
B ONOpe H 3JaCTHYHOM NOJABece, NOSBJAETCH YBEJIHUEHHE HaTsKe-
HHsl TOABECd, TO 5TO HaTsKeHue JOKHO ObTb OOYCJ/IOBJIGHO TNpH-
YHHON, T. €. COOTBETCTBYIOIIMM YBeJHYEHHEM Beca rpysa. 3Hauur,
BO3MOXKHO BO3JeficTBHEM Ha CJeJCTBHE BhI3LIBATb H3MEHEHHE MpH-
uyHB. JTOT pe3yJbTaT O03HAYaeT BO3MOXHOCTDb obpallleHust MpH-
YHHHO-CJIeICTBEHHEIX OTHOIeHHH, KOTOpas cyllecTByeT OJaroaaps
KOHEUHOCTH X0Jla BDeMeHH.
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Hna u3ydyeHus pacnpefeseHHsi aCHMMETPHUHEIX CHJ Ha NOBEpX-
HOCTH 3eMJH OCOGHIH HHTEepec NpeJCTaBJAOT NOASPHEIE DaHOHHL,
rie MPOXOAMT Mapajiesb ¢ HyJeBHIM 3HAaUEHHEM 3THX CHJ H rAe
H3MEHEHHe 3THX CHJI C LWIHPOTOH HOJIKHO OBITb 0COGEHHO OLICTDHIM.
CootsercTyolMe H3MepeHHs1 6blin BhinosHenn H. A. KoswipesmM
u B. T. Jla6eitwem Gmarogapsi comefictBuio I'eorpaguueckoro o6-
mecrBa B Juue npo¢. SI. 5. Iakkeas, okasasiuero 60ablIyI0 I0-
MOLIb B OpPraHH3alUMH 3THX HccaegoBaHu#A. B ampene 1959 r. yka-

3aHHasi rpymnna Oblla BRJKOYEHa B COCTaB [IOJIApHOH 3KCHEeRHIHH
MHucTuTyTa apKTHYECKHX H

AHTapKTHYECKHX HCCIaeNo-
BaHui. Mamepsnachy Beprn-
KaJbHasi KOMIIOHEHTA aCHM-
METPHYECKHX CHJ IO YTH-
JKeJIeHHIO Trpy3a Ha 3Jja-.
CTHYHOM mojsece mpu BuG-
paiiHu BECOB. 3t H3Mepe- "5 5p 54153 62165‘7l0
HHA OBbIM BBINOJHEHH B  [lupoma,rpan
Ampepme, Tukcy, Ha 0. Ko- - '
TeJbHBIA, Mbice YewcKH-

Ha, o. IIukcoH u B paAlxe

NMYHKTOB Ha Apeidyoliem

JbLYy C MaKCHMaJbHOH IIH-  Puc. 2. 3aBHCHMOCTb BEHYMHH TOJHOTO Bex-
poroii 84°15’. 3HaueHHe topa cus X012 BpeMeHH, BH3BAHHOTO Bpalie-
TIOJIHOTO BEKTOpa acHMMer- HueM 3emJH, OT reorpadH4ecKOf UIHPOTHI.
PUYHHIX cusl OBLIO TNOJayYe-

HO YMHOJEeHHMeM M3MepeHHHIX 3HaueHHH Ha cosec . Ha puc. 2 mpea-
craBJjieH rpad)UK 3aBUCHMOCTH 3THX CHJI, BHPaXKeHHBIX B LOJIAX CHJIbL
TSXKECTH, OT HIMPOTH. 3/eCh NPHBEJCHH H NpeXHHe ONpeAesIeHHAs
8 Kpeimy, [Tyakose u Kuposcke. Bcee mnosydyeHHbie TOUKH pacrnoJa-
raloTcsl BhHIIe HyJaeBo# JWHHH. XoA KPHBOH IOKa3blBaE€T, UTO HC-
fI0JIb30BAHHBIH METOJ TO3BOJISieT ONPEeNeNsiTb TOJBKO abCO/IOTHYIO
BEJMYHHY CHJI H He LAaeT X 3HAKa. DTOT DEe3yJbTaT MOXKHO GBLIO
npeasuaerb. JeficTBUTeBHO, 32 HYyJIEBOH Mapa/lilenblo BEKTOP X044
BpeMeHH HanpaBJieH BHu3. [losromy Bo3Oyxkaaiollasi ero chia BHO-
pauuii TOro e HanpapjeHus Oyaer CyIIeCTBOBAThb TeNepb HE HA
CTOlKe BecoB, a Ha ynpyroM noasece. CaenoBaTelbHO, NPH HOABJE-
HHH JOTOJHUTENbHORO XOAa BpeMeHH n06aBouHas cuia 6yner Ael-
CTBOBaTh BHH3 Ha TIpy3, W NOIpeXHeMy NPOH3OHIAET YyTAXKeJCHHE
rpysa Ha ynpyrom nojBece.

[IpoBeeHHass Ha DHC. 2 MOHOTOHHAsi KPHBAasA NpPEACTaBJACT Te
3e 3HAUEHHS CHJ, TOJBKO C yUeTOM HX 3Haka. KpuBas nmokasniBaeT,
YyTO mapaJjJiesib HYJEBOTO 3HA4YEHHs aCHMMETPHUECKHX CHJ HAaXO-
aurcst okoso 73°,0. DKcTpanosupys MOJYYeHHYIO KPHBYIO, MOXKHO
MOJy4HTb [JOBOJIBHO YBEDEHHO 3HaueHHe CHJI XOAa BpEMEHH Ha
noJoce:
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OkoJi0 napanjienn Hy/neBOro 3HaueHusi cua (p=73°) 6b10 06-
HapyXeHO, YTO NpH OOJbIIHX YCKOpeHHSX BHOpAllUH BECOB Bce
pPaBHO MOJiyyaeTcsl 3HayHTebHOe H3MeHeHHe Beca. Tak, Ha o. Jluk-
coH (p=73°30") BGIH3H BO3MOXKHOrO MHpejena YCKOpeHHH BHOpa-
uuu BecoB 3¢p¢ekr coctaBasn 60 mr npu rpyse 720 r. Taxko#t 3¢-
(eKT MOT TNOJYYHTbCS B pe3yJbTaTe HAKOIJIEHHS GOJIBIIOrO 4HCaa
crynenedt, ~20—30, HJIH Kak HeKOTOPHIH KaaccHuecKu#l 3dPdekT
HeJIHHeHHOCTH GOoMbWIMX KosebaHui. [Js pellleHHss 3TOro pompoca
OblJIM MPEeANpPHHSATH CHelHaJbHBle H3MepeHHsl K ry or 0. JluKcoH

M

Tyha Haaap,
90 - N
60 ® Oy - 9\0\
®
30l QV/”{/ - RN

N 1 1 4
73°30' 73°0'  73°30' 73°0'

Puc. 3. PesysbraTH H3MepeHHA MaKCHMaJbHHX OTKJOHEHHH BecoB BOAH3M HyJe-
BOft MapasJiesH.

Crepa nokasasmml H3MEDEHHS NPH ABHXXEHHH Brnepe}, T.e. H3 JlHKCOHA Ha KT, a CIpaBa —
H3MEPeHHs NpH ABHXEHMHM Hasah. (P — Touka, BHmajawinas U3 ofwWerc xoaa H3meperufi.

BJOJIb BOCTOUHOro Gepera LEHHCeHCKOro 3aJiuBa, 3akJIOYaBHIBeCs
B H3MEepEHHH MAaKCHMAaJlbHOTO OTKJIOHEHHsI CTPeJKH BecOB BOJIH3H
6051 KOpOMbICJIa, HO KOrAa ellle MOXHO GHJIO BECTH B3BelllHBaHHe.
PesyabTaThl 3THX H3MepeHHH B MaplupyTe TyAa M 00paTHO mpen-
craB/eHbl Ha puc. 3. [lo ocu opAMHAT OTJIOXKeHb HabJI0J4aBHINECH
OTKJIOHEHHs BecOB, NepecyHTaHHble Ha | xr. Pacrnosnoxxenne Touek
Ha pHC. 3 NOKas3HBaeT, YTO B OCHOBHOM Habuiojajcsi peaJbHBIH
3¢¢exT BLHICOKOH KpPaTHOCTH. BeplinHa yrJja IOJyYeHHOH KpHBOHR
noJo6Ha yray Ha pHC. 2 ¥ JHOJXKHa COOTBETCTBOBATb HYJeEBOH Ma-
pannenu. Ee 3HaueHHe noayuwioch paBHHM 73°05 ¢ TOYHOCTBIO
no 1’. Takas BBICOKasi TOYHOCTh MOJYYHJIachb H3-3a TOTO, YTO OIpe-
Jensjics MOYTH ABaALaTHKpaTHHH 3p¢exT. Henonnoe ucyesnosenne
3¢dekTa Ha HyJIeBOH mapaJuiesH CBHAETENbCTBYET O BO3HHKHOBE-
HUH HEKOTOpPOH OWIMOKH B3BeLIHBAHHS NPH OuYeHb GOJBIIHX BHO-
panHusx.

CymecTBOBaHHe WIHPOTHOrO 3¢¢eKra nokKas3eBaeT, uTO YTsKe-
JeHHe Tpy3a npu BHOpaUHAX Heslb3s OOBICHHTH TPHBHAJILHHM 06-
pasoM INOo 3aKOHaM OOBYHOH MexaHHKH. Ha ¢Ba3p yTAXeJeHHS
rpy3a c BpalleHHeM 3eMJH yYKa3blBaeT elle a3HMYyTaJsbHEI 3P deKT,
o6HapyXeHHHH B TOM Xe onuTe ¢ BecamMd. OkasaJjoch, 4TO 4a-
CTOTHI, T. €. YCKOpPeHHst BHOpalu#, HyXHLle AJs5 NOSIBJeHHs CTyne-
Hell yTsiKeJleHHs, 3aBHCAT OT a3UMyTa KOpoMbicja BecoB. HanMmeHb-
Wasg yacroTa, BH3HBamas 3QheKT yTaXKeNeHHs, MoJyudaercd,
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KOrja rpys3 Ha 3JJaCTHYHOM MOJBECe paclo/oXeH K KTy OT CTOHKH
BecoB. HaunGoabinasi ke yacrora TpeGyeTcs NPH MOJOXEHHH 3TOrO
rpysa K cesepy. AsuMmyraJbHbl 3¢(deKT, BooGule rosBOps, OYECHb
3HayuTesieH. Hanpumep, ecim npy pacroJioXeHuu rpysa K cesepy
151 B30y AeHHs NepBOH cTyneHH Obla Hy:xHa yactota 35 ', To
IIPH pacnoJiIoOXeHHH K ry Ouia gocratoyHa yactora 25 Tu. Jas
NOHHMaHHs 3TOro addexra Hafo UMeThb B BHIY, UTO BO36yXKaaeMble
Ha BeCax CHJIB HallpaBjieHH N0 OCH 3eMJH H [I03TOMY MMEIOT ro-
PH3OHTa/IbHbIE KOMIIOHEHTHI: K IOTY IJIs Tpy3a M K CeBepy AJs
CTOMKH BecOB. Ec/iu 6bl KOPDOMBIC/IO HMeJO ellle U FOpPU3OHTaJbHYIO
NOJABHXKHOCTb, TO €r0 YyCTOHYHMBOE MOJIOXKeHHe OhJIo Onl MpH pacno-
JIOXKEHHH Tpy3a K IOry OT CTOHKH BecoB. B03MOXHO, uTO Takoe
NOJIOKEHHE M siBJsETCs HauboJee GJarONpPHATHHM AJs NOJYYeHHS
s¢p¢exra. Mu MOROUIIH K OYEeHb HHTEPECHOMY BOIPOCY O TOM, Ka-
KOi JMOJI)KHa OHTb cusla BHOpalHi, AefCTBYIOLIas 1O OCH Bpalle-
HHS, YTOGH BHI3BaTb B CHCTeMe JOMOJHHTENbHBIA XOJ BpEMEHH, H3-
MEHSIOIIMA NPHYHHHHE CBs3H. O4YEeBHOHO, 3TOT BONPOC OTHOCHUTCS
K npobJeMe NPOUYHOCTH NPHIHHHEIX CBSA3EH.

MoxHo BBeCTH TaKoe NOHATHE, KaK KO(Q(HIHEHT NPOYHOCTH
IpHUYMHHBIX CBA3€H, ONpENeNHB ero OTHOHIEHHEM CHJH, A0CTAaTOY-
HOH JJI1 H3MEHEHHS NPHYHHHON CBSI3H, K CHJe, CO3Jaoulei 3TY
NPHYHHHYIO CBA3b. HampuMep, nsist onnTa ¢ BecaMH TakHM KO3(-
¢huuHeHTOM 6yNeT OTHOINEHHe YCKOpeHHs BuUGpauuil, HyXHOe s
NOJIyueHHsI NIepBOH CTYNEHH, K YCKOPEHHIO CHJH TaAXecTH. Has nan-
HHX pHC. 1 KO03b(HUHEHT NPOYHOCTH moJsiyyaercss mopsigka 20—
30 %. HaGuaonenust nokasaju, 4To, HECMOTpPs Ha cTporoe cobJioie-
HHE OIHHX H TeX e YCJOBHI ONHTA, 3TOT KO3I(QPUIHEHT MeHseTCs
B OYeHb IIHPOKHX Npefenax — OT HeCKOJBKHX H NOYTH L0 CTa Npo-
ueHToB. OueBHIHO, OH MeHsSieTCS B CHJY KaKHX-TO CTODOHHHX 06-
CTOSITENIBCTB, JieXalux BHe JabopatopuH. UYacto Ha6J01aNnuCh
BHE3aNHble M COBEPUIEHHO HeperyJsipHble H3MEGHEHHS 3TOro Ko3d-
¢buuHeHTa, IPOHCXOASIIHE B TeUeHHe HeCKOJbKuX MHHYT. Co3naercs
BreYaTJE€HHe, YTO 3THMH HaOJIOfeHUSIMH yAaeTcs  YJAaBJIHBAThb
CBU/IETEJIBCTBA O KAaKHX-TO Ipolleccax, NPOHCXOASIIHX  BHe maa6o-
paTOpHH H, BO3MOXHO, BHe 3eMJH. B omnte ¢ Bubpauueil moaseca
MAasTHHKA OYeHb TPYAHO HNOOHTbCA, uTOo6Bl cuya BUbGpauuid B Ha-
npasJjieHHH 3eMHOH ocu npesniana 10 % or Beca. [Ipu HeGuaro-
NPUATHBIX YCJOBHSIX TaKHE CHJIH MOTYT OKa3aTbCsd HEIOCTATOYHBIME
nasa nojaydyeHds sddekra. ITosToMy ONBEIT ¢ MasTHHKOM JajieKo He:
Bcersa Aaer 3Qdexr oTk/NOHeHHs. Ha pHc. 4 npuBeneHnl pe3yJib-
TaThl TPEXJETHHX HAONIOACeHHH Hax MasiTHHKOM, HaXONHBUIMMCS BCE
BpeMs1 B OJHHAKOBBIX YCJOBHSX. 3Aech BepPTHKaJbHbIH MacwTad
AaH B COOTBETCTBHH CO CJeAylouiell MATHGaNIbHON IIKAaJ0H MNosiBje-
Husa spdekra: 0,5 — namek Ha sdderr, 1— nosyuaercs ¢ TpyaoM
Ha OyeHb CHJILHOM pe30HaHce, 2-— Ha cpelHeM, 3 — Ha MaJoM, 4 —
nourH Ge3 pesoHaHca. Ha 3TOM pHCYHKe NpHBeneHH cpelHHE H3
naHHbIX 3a mekaly. [lonydaercss 3ameuaresnbHas o6lasi 3aKOHOMep-
HOCTb YCJOBHH mHosiBJeHHs1 3¢pdeKTa: NpHYHHHBIE CBS3H  Jerde
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BCETO MOTYT GHITb H3MEHEHH I03[Hel OCeHbio H 3HMOMH. JIeToM Xe
OHM JeJ1aloTcst HaHGoJiee NPOYHBIMH H JIeTOM 3 deKT Ha MasTHHKe
ele HHM pasy He HabJ0gagCs.

CoBepuleHHO Tak e He BCerfa YHaeTCsi HaGJIOLATH 3pdekT
CMCIUEHHs] THPOCKONA C TOPH3OHTANBHOH OCbI0 [pH BHOPAUHAX
noaseca. OHAKO €CM OCb NMOABEINEHHOrO Ha HHTH THPOCKONA Ha-
K/IOHEHa K TFODH30HTY TaK, YTO CBEPXY BpallleHHe KaXKeTcsi NpOHc-
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Puc. 4. Pesysbrathl cHCTeMATHYECKHX HAG/MOJEHHH Haj mosBlenneM sboekTa OT-
KJIOHEHHs] MasTHHKa NPH BHOpPAUHsAX TOYKH ero nojpeca.

1

XOASUWHUM [0 YaCOBOH CTpeJKe, TO yxKe HeboJblIive BUGpALHH IOXA-
Beca GyayT co3laBaTh NPOEKLIHH CHJ B HalpaBjJeHHH -+ j, AOCTa-
TOYHBEIE IJIsi BO3GYXKIEHHS FOPH3OHTAJBLHOIO CMEIleHHsi THPOCKOMA.
ITpn Takux YCJOBHSIX MapaMeTPHUECKHH PE30HAHC He HYKeH, H
ONBIT C THPOCKONOM Bcerjga MOXeT OHTb JIerKO BOCIPOH3BEXEH.
Hanpumep, B onbiTe npu Hak/OHe OCH FHpockona 60° K ropusoHTy
CMelleHHe B HANpaBJIEHHH OCH, K&K H CJEeA0BaJO OXHAATh, COCTa-
BHUJIO MOJIOBHHY OT CMeEIIeHHA IIPH TOPH30HTAJbHOM pacloJOXeHUH
ocH. B 2ToM cayyae npoekuusi cur Bubpauuit Ha oChb MaJo OTJHYA-
Jlach OT HX TOJIHOH BEJHYHHH, H 3POhEKT cMelleHHS BO30YKAAJCS
OYeHb JIerko Ha JI060# yacToTe H mpH MaJjof ammauryne. [Ipu o6-

paTHOM e BpAaIlleHHH THPOCKONA CHJIB BHOpAanHii B HaIpaBJICHHH:

+j OTCYTCTBYIOT, M MOTOMY HHKAaKOrO OTKJOHCHHSI THPOCKOMA OT
OTBeca He I0Jy4aJjoch,

Ha nepBr#fi B3rasg MOXeT NMOKa3aThCs, YTO pas3jiHYde YCJIOBHH
BOCHDOH3BEJEHHS ONBLITOB NPH COGJIIOJEHHH TeX Ke JabopaTOpHHX
06CTOATENBCTB ABJAACTCA HENPaBAONOJOOGHEIM M 4YTO OHO Gpocaer
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TeHb Ha PEaJbHOCTb H3JOXKEHHHX 3J4ech pe3ysbratoB. OIHAKO ecan
BpEMsl JEHCTBHTE/IbHO ecTh (H3HYECKOe SIBJICHHE, TO OHO He MOXKeT
o6siaiaTh TOJIbKO OAHHM HEH3MEHHHM cBoicTBOM xoia. C camoil
OOLIedl TeOpeTHYECKONM MO3HLUHH Mbl HOJKHEI OXHIATb CYIIECTBOBA-
HHS y BPEMEHH CBONCTB, KOTOpEIE MOTYT MEHSITbCsi. ECTeCTBEHHO
nosaraTh, 4T0 HabJl0JaeMas NPOYHOCTb NPHYHHHLIX CBSI3€H OKa3bl-
BAe€TCs PA3/IHYHOH H3-3a [IEPEMEHHOro CBOHCTBA BpEeMEHH, KOTOpoe
MOXeT ObITb HAa3BAHO €ro HHTEHCHBHOCTBbIO. JTO CBOHCTBO BPEMEHH
NOJOGHO HMHTEHCHBHOCTH CBETa, KOTOpAs XapaKTepH3yeT CBeT IIO-
MHMO NOCTOSTHHOH CKOPOCTH €ro pacnpocTpaHeHHs. FameHeHHe HH-
TEHCHBHOCTH BPEMEHH JOJKHO MNMPOHCXOAHTb HM3-3a KAKHX-TO MOKa
HEBBISICHEHHbIX (DH3MYECKHX IIpOIECCOB. YKe OAHA BO3MOXKHOCTH
perucTpaldn 3THX H3MEHEHHH NOKAa3blBaeT, YTO [AeHCTBHE CHCTEM
Ha Jpyrae CHCTEMBl MOXET IepeflaBaThCs depe3 BpeMsi, 6e3 CHJIO-
BHIX IOJIEH.

BoJbIHKCTBO ONHCAHHHX OMHTOB GHJIO BHOOJMHEHO 6iaarofaps
60/bIIOMY H HHHUHATHBHOMY yuacThio B. I'. Jla6efiia 8 ux mocra-
HoBKe. [TocTOAHHYIO H CylwecTBeHHYIO moMmouts oxkaswsan C. I'. Ha-
auBaes. C 10. M. KysnakoBHM NPOHCXOAUMH BaXKHHe H HHTeDEeCHHe
OGCYKIEHHsI ITHX BONPOCOB. ABTOp MOJIB3YeTCH c/ydaeM BHPA3UTH
3THM JIHILAaM CBOIO IIyGOKYI0 NPH3HATEeNbHOCTb 32 HX BHHMaHHE H
HHTepec K 3TuM paboTam. IIpousBeileHHBE ONBITH NMOKA3LIBAIOT BO3-
MOXHOCTb H3YYEHHS CYTH NPHYHHHOCTH H CBOHCTB BPEMEHH C IIO-
MOIbIO (PH3HYECKOrO 3KCNepHMeHTa. K3 3THX ONBITOB BHITEKalOT
CJIeyIolllHe OCHOBHEIE CBOMCTBA BpeMeHH:

1. Xon BpeMeHH He MOXeT H3MEHHTb OGLIETrO KOJHYeCTBA ABH-
}KEHHS] CHCTEMHL.

2. Xon BpeMeHH MOXeT CO3XaBaTh JONOJHHTENbHLE HampsxKe-
HHSl B CHCTEME H TeM CaMhIM MEHSITb ee MOTEHUHANBHYIO H NOJHYIO
3Hepruw. [ToaToMy Xox BpeMeHH MOXeT ObiThb HCTOUHHKOM 3HEp-
rud. s acTpodH3UKOB 3TOT BHIBOA HMeeT G60JblIoe 3HAUEHHE,
100, BEpOATHO, 3THM MEXaHH3MOM MNOAAEPKHUBAETCS CBEYyeHHE
3Be3].

3. Xoi BpeMeHH MOXeT H3MeHsTb MOMEHT BPAIeHHS CHCTEMHI.

4. Xon BpeMeHH ABJSETCS ICEBAOCKAJSAPOM, H 61aroaaps sToMy
B Mupe ycranaBaMBaercsl NPHHUMNHAJbHOE OTJHYHE MPaBOTO OT
JIEBOTO. '

5. Baaromapsi KOHEYHOCTH XOJ4a BPEMEHH NPHYHHHBIE CBA3H He
ABJAIOTCA a6CONIOTHO NMpPOYHHMYH. HMeercssi BO3MOXKHOCTb HX BHIO-
H3MEHATh W Jaxe obpamarb, T. €. BJAHATb CJAEACTBHEM Ha MpH-
YHHY.

6. Ilpy H3MeHeHHH NPHYHHHHX CBSI3€H MOTYT NOJYYHTHCH KBaH-
TOBHE 3HAYeHHS 3SHEPTHH CHCTEMBl, XapakTepHble MJs aTOMHOR
MeXaHHKH.

C reopeTHuecKoli TOYKH 3peHHs HauboJiee HHTEPECHBIM SBJISI-
eTcs HajbHeHlllee Da3BHTHe HCCJeJOBaHHA B HaNpaBJeHHH H3yue-
HHSI NMPOYHOCTH NDHYHMHHBIX CBSI3€H ¥ NPHPOLB H3MEeHeHHH HHTeH=
CHBHOCTH BpEMEHH.
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Pasiuyne KJAMMAaTOB OBOHX TOJylIapHil 3eMan, OCOGEHHO pas-
JIMUHe OKeaHHYeCKHX TeYEHHH, HeCHMMeTPHUHOe paclloJoXeHHe KOH-
THHEHTOB 1 MHOTHE ApyrHe pasHooOpa3Hble siBJE€HHA HA 3emse yKa-
3BIBAIOT HA CYIIECTBEHHYIO DOJb aCHMMETPHUECKHX CHJ. [ToaTomy
H3MepeHUe STHX CHJ B Pa3JHYHBIX reorpaHYeCKHX MyHKTax AOJ-
JHO TpPEeACTaBJASATb GONbIIOf HHTepec MJA HAYK, H3yuarlux
3emi0. Heo6X0AMMO YCOBEPLIEHCTBOBATh METOJIMKY H pacnpocrpa-
HUTb 3TH H3MepeHHs Ha I0XKHOe NojylIapue, 10Beld HX IO BO3-
MOXHOCTH 10 NOJIOCA. -



