O MHOKECTBEHHOCTH reOMeTPHil i MHOKECTBEHHOCTH pH3nK’

CoBpemeHHas HayKa, BKIOYas (GU3UKY, MPEACTABIIET OO0
«pPa3BUBAIOLIMICSA OpraHU3M», B paMKax KOTOPOIrO BCE BpeMs
COXpaHsAETCs TEHACHIMSA K OTKPBITUIO HOBBIX, paHEE HEU3BECTHBIX
3aKOHOB INpupoasl. MccinenoBaHue 3aKOHOMEPHOCTEH Ppa3BUTHS
¢u3ukn ¢ HeoOXOAMMOCTBIO  HIpEANoiaraeT  BHUMATEIbHOE
OTHOLICHHE K NPOSABISAIONIMMCS B HEH  METOAOJIOIMYECKHM
TEHACHLIMAM, OJHOM W3 KOTOPBIX BBICTYNAET <«TE€OMETPHU3ALUL
bu3ukn», paccMaTpuBaeMas B IpeAjaraéMoi cTaThbe ¢ HOBOW TOYKH
3pEHMUS.

B Hacrosmee — BpeMss  CYyIIECTBEHHO  M3MEHWIOCH
IIPEACTABICHUE O T€OMETPUU: HUKTO HE OTOXKACCTBILIET TEPMHUH
«TEeOMETPUS» C TEM, UTO Ha3bIBAJIOCh ATUM clI0BOM 110 JloGaueBckoro
WIA C TeM, YTO Ha3bIBAIOCh 3TUM cloBOM 110 ['mnbbepra. Tenepn
TEPMUH «T'€OMETPHS» UCHOIB3YETCs sl 0003HAYEHUS MHOdHCECmBa
DA3IUUHBIX 2eoMemputi, KaX1as U3 KOTOPbIX OTINYAETCSA OT APYTHX
[0 KpalHeW Mepe OAHOW akcuoMoM. PaccmarpuBas B3aMMOCBS3b
COBPEMEHHOM MaTeMaTH4ecKOW (M3UKM U FeOMETPUU B IIHPOKOM
CMBICJIE ATOTO CJIOBA, Mbl OKa3bIBAEMCS MEpE] CIO0XHBIM BBIOOPOM:
IIPEBPATUTCS JIM COBpEMEHHas MareMaTHdeckas (u3vKa B OJHY U3
Pa3HOBUAHOCTEH TE€OMETPUM WIIM pa3BUTUE HAYKH IPUBEHET K
MNOHUMAaHMIO (PU3UKH, KaK MHOMCECMEA PA3HBIX PUIUK?

IIpn mnepBOl MOCTaHOBKE BOIIPOCAa MBI JOJDKHBI HCKaTh
€/IMHCTBEHHYIO T'€OMETPHIO, KOTopas OyAeT SBIATbCA aJeKBATHBIM
oroOpakeHneM Hamero ¢usndyeckoro wupa. Ilpu  BTopoi
IIOCTAaHOBKE MBI CTOMM II€pe] COOTHECEHHEM Ka)XJO0ro Kiacca
bu3MYeCKUX SBIEHWNW C TOW WM WHOM W3 MHOTOYMCIECHHBIX
reomerpuil. [Ipu pemenun nepBoil nmpoOreMbl Mbl CBA3BIBAEM 6CHO

! Astopel: P.O. man baprunm, ILI. Ky3nenos. Tekcr myOmukyeTcst COTJIacHO
m3nanuio: [IpoGneMbl 1 OCOOCHHOCTH COBPEMEHHOW HAay4YHOH METONONOrHHu. /
VYpansckuii HayuHsli nentp AH CCCP. — Caepanosck, 1979. — c. 55-65.



@u3uxy ¢ o0Holl 2eomempueli TIPA OJHOM U TOM K€ (PUKCUPOBAHHOM
Habope akcuoMm. Ilpu pemeHHMH BTOPOil MPOOIEMBI MBI CTPOUM
«3laHue» ecell @Quzuku no uacmaAm: KaXIOHM YaCTH  €ro
COOTBETCTBYET Ta WM uHas reomerpus. Cam ke mporecc
MOCTPOCHHUS 3JIaHUSI BCe (PU3MKM OKa3bpIBaeTCAd TaK K€ JalieK OT
3aBepIICHUS, KaK J1aJeKO OT 3aBEpPILIEHUS 3/1aHue BCEOXBAThIBAIOIICH
TEOMETPHH.

CymectByer MHeHwe, uro AHpu Ilyankape wumen Bce
OCHOBaHUS Ul CO3JIaHUSl CHEIHATbHOM TEOpUH OTHOCUTEIBHOCTH,
HO... 3TO ObUIO caenaHo He uM, a A. DiHmrelHoMm. He orBepras
ATOr0 MHEHUS, Mbl TEM HE MeHee nojaraeM, uro AHpu [lyankape
NPUACPKUBAIICA BTOPOM TOYKM 3pEHUS HA CBA3b (DU3UKH H
TeOMETPUH U UMEHHO B CHIIy 3TOTO yOSXICHHS HE TO3BOJHI cede
OTIaTh  MPEANOYTeHHWE  OJHOW  YacTHOM  TIEOMETpPHH  Kak
€MHCTBEHHONH T'€OMETPHUM, KOTOpas HE COrJacyeTcsi CO BCEMH
Bugamu (¢usnueckoit peambHocTU. [lpuBenennbiii A. Ilyankape
CIIUCOK BO3MOXHBIX T€OMETPHUH, KOTOPBII MPHUCYTCTBYET B OT3HIBE
Ha paboter JI. Tmnpbepra, MOCTAaTOYHO YOEAUTENHHO ATO
noaTBepkIaeT. Mbl NpuBENEM TONBKO JIBa OTphIBKa M3 pPaldoOT
Ilyankape.

B 1887 r. on nucan: «CoriacHo TOMy, 4TO HaMH BbIIlIE€ ObLIO
CKa3aHO, FE€OMETPHsI €CThb HE YTO MHOE, KaK H3y4YEHHE HEKOTOPOH
TPpyNnbl JBUKEHWH, W B OTOM CMBICIIE MOXHO CKa3aTh, 4TO
CIIPaBEUIMBOCTh T€OMETpUU EBKIMIa HUCKOJIBKO HE MPOTUBOPEUUT
CIpaBeTMBOCTU reoMeTpun JIo6aueBCKOro, Tak Kak CyIECTBOBAHHE
OJIHO rpyNIIBI BIIOJIHE COBMECTUMO C CYIIECTBOBAHHUEM JAPYTOM.

Ms1 BbIOpanu MEXJy BCEMH BO3MOXKHBIMU TPYIMIAMH OJIHY
OCOOEHHYIO JJISI TOTO, YTOOBI K HEW OTHOCHUTH (PU3WUYECKUE SBIICHUS,
MoI00HO TOMY, KaKk Mbl BBIOMpAaeM CHCTEMY TpeX KOOpPAWHATHBIX
ocell, YTOObl K HUM OTHOCHUTH reoMeTpudeckue QGurypsl. Uro xe
OTpeAenuiIo Haml BbIOOp? DTO, BO-MEPBBIX, MPOCTOTAa BBIOPAHHOMN
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IPYIIBI; HO €CTh U JPYyro€ OCHOBAHHUE: B IPUPOAE CYIIECTBYIOT
3aMeydarelIbHbIE Tela, Ha3bIBAEMbIE TBEPJbIMH, U OIBIT TOBOPUT HaM,
YTO CBA3b PA3IMYHBIX BO3MOXKHBIX IIEPEMELIEHUN JTUX TEll
BBIPA)KACTCSI CO 3HAYMTENBHOM CTENEHBIO MPUOIIDKEHUS TEMHU Ke
CaMbIMHM COOTHOLICHMSIMU, KaK U pa3jInYHbIe ONEpalii BbIOpPAaHHOMH
rpynmnsl. TakuM 00pa3oM, OCHOBHBIE I'MIIOTE€3bl F€OMETPUHU HE CYTh
(dakThl, NOOBITBIE W3 ONbITA; HO HAOMIOJEHHE HaJ HEKOTOPHIMU
(GU3n4eCKUMU SBICHUAMHU IIPUBOAUT K BBIOOPY HMEHHO X U3 4HCIIa
BO3MOKHBIX THITOTE3»,

3necw Ilyankape 10CTaTOYHO SCHO OTMEYAET CBS3b MEXKIY
aKkcMOMaMHM TeOMEeTpUM U  «HAOMIOJEHHUEM HaJl HEKOTOPbIMU
¢usndeckuMu  sBICHUAMUY». OYEBHIHO, YTO APYrHe HAOIIOCHHUS
HaJ JIpYrMMH (PU3MYECKUMM SIBICHUSMU OYyAyT HPHUBOIUTH HAC K
aKCHOMaM U COOTBETCTBEHHO K IeOMeTpusiM apyroro Bujpa. CmeHa
HaOJII01aeMBbIX KJIacCOB (PM3UYECKUX SIBICHUH OyneT NpUBOIUTH K
CMEHE aKCHOM WU IIOCTPOEHHBIX Ha J3TUX aKCUOMax TIeOMETpHil.
BceoxBarbIBatomias akCHOMaTHKa MOXET ObITh MOCTpPOEHa TOTAA U
TOJIBKO TOTJ]a, KOTJla BCE BO3MOXHbBIE KJIACChl SIBIIEHUN Hamu OynyT
YK€ U3yYECHBI.

Bropoii orpsiBok 13 pabot A. Ilyankape mo3BosisieT pa3BUTh
paHee BbICKa3aHHbIE cooOpakeHus. «Haim unen o mporucxoxIeHun
U 3HAaYEHUU TeOMETPUYECKUX WCTHH MpeTepHesid O4eHb OBICTPYIO
DBOJIIOLMIO B TEUYEHUE IIOCiIeqHero croierus. HMccienoBaHus
Jlo6aueBckoro, boiisu 1 PuMaHa OTKpBUIH HOBYIO 3py; IpaBaa, OHU
HE MOBIUSIU HA TeX JMIL, CIHUIIKOM MHOTOYMCIEHHBIX, KOTOPBIE
WIIYT J0Ka3aTeabCTBA MOCTyJaTa EBKIMa — HAa HUX, YBbI, HUUYTO
HE MOTJIO MOBJHUATh,— HO OHU YOEIWJIM BCEX MCTUHHBIX YYEHBIX B
THIETHOCTH ATHUX MOMBITOK. TakoB ObLI NEPBBIN PE3yabTaT OTKPHITHS

2 A. Tlyaukape. OG OCHOBHBIX THIIOTE3aX TreOMeTPHH.— OCHOBAHHS FEOMETPHH.
M., 1956. c. 398.



HEEBKJIUJIOBBIX reoMeTpuid. HO UCTUHHBIA CMBICI 3TOTO OTKPBITHA
He ObUI BBISICHEH cpasy.

['enpMronbl mokasai crepsa, 4To MPEAJIOKEHHS €BKIIUI0BOU
T€OMETPUU HE UYTO UHOE, KaK 3aKOHbI JBH>KEHUS TBEPABIX TEJ, TOrAA
KakK MPeIJIOAKEHUS IPYTUX Fr€OMETPUM CYyTh 3aKOHbI, KOTOPBIM MOTJIN
Obl OBITH TMOTYMHEHBI JPYTH€ AHAJIOTHMYHBIC Tea, KOTOphle 0e3
COMHEHMSI HE CYIIECTBYIOT, HO CYIIECTBOBAHME KOUX MOXKHO
JOMYCTUTh 0€3 TOro, YToOBl 3TO TPHUBEIO K MajehiemMy
MIPOTHBOPEUHIO; TAKHE TeJla MOKHO OBLIO OBbI J1a’ke U3TOTOBUTH TPH
JKCIaHUHU. ..

...JIu mpoABUHYN aHANM3 3HAYUTENBHO nanbine. OH u3yyan,
KaKUM IIyTeM MOTYT KOMOWHHUPOBATHCS PA3JIMIHBIC BO3MOXKHBIC
JBIDKEHUSI HEKOTOPOM CHUCTEMBI WJIM, TOBOPS OOIee, pa3uyHbIe
BO3MOXKHbIE TpeoOpasoBanus ¢urypel. Ecnmu paccmatpuBath
M3BECTHOE YHMCJIO MPeoOpa3oBaHUN M 3aTeM KOMOMHHPOBATH HX
BCEMHU BO3MOXHBIMU CIIOCO0AMHU, TO COBOKYIHOCTb BCEX 3THUX
KOMOHMHAIIMI COCTaBUT TO, YTO OH HasbIiBaeT rpymmoil. Kaxmoii
rpynmne COOTBETCTBYET HEKOTOpasi r€OMETpHsl, U Hallla TE€OMETPHUS,
COOTBETCTBYIOLIAA TpYIIE NEPEMEIICHUI TBEPIOro Tena, €cTh
TOJILKO BEChMa YaCTHBIN nonxon»s.

OTOXIECTBIICHUE Pa3IMYHBIX reoMeTpui c
COOTBETCTBYIOIIMMHU TPYIIaMU MPEoOpa3oBaHUiA, OCYIIECTBICHHOE
B Onectsimmx padorax @. Kineitna u C. Jlu, mo3Bonuno cuenarb
caeayromui mwar. Yects Clenyrolero mara Bbinajga Ha A0 JI.
['unsbepra, 0 YeM OYEHbh XOPOIIO CKAa3aHO B YXe LUTUPOBAHHOMN
pabore A. [Tyankape.

Opnnako, xots 3acmyra J[. I'miapOepra Becbma Benmuka, OH
SBJISIETCS «KJACCUKOM» T€OMETPUU B TOM CMBICJE, YTO CBS3bIBAECT

% A. Tlyankape. O6 OCHOBHBIX TMIIOTE3aX TeOMeTpUH — OCHOBAHHS TEOMETPHH.
M., 1956, c. 452—453



rpynmy mpeoOpa3oBaHMi BCEro MpOCTpaHCTBa B cels.  ITo
OTHOCUTCS U K Kilaccudeckoit Touke 3perust ®. Kineitna u C. Jlu.

JlanbHeuee pa3BUTUE T€OMETPUM CBA3aHO C MMeHamu .
Cxoyrena — 3. Kaprana ¢ ogHoli ctopoHsl u O. Bebnena — c
npyroi. IlepBoe HampaBiieHHE 3aBOEBANO UIMPOKOE IPU3HAHUE
Cpelu MaTeMaTHKOB, BTOPOE HAIUIO CBOMX IIPUBEPIKCHIIEB CpPENH
MHXXEHEPOB. MBI CO3HATENBHO aCCOLMUPYEM BTOPOE HAIIPABJICHUE C
UH)XEHepaMH, a He ¢ (PU3MKaMHU, XOTS BCEM IOHATHO, YTO KayKIbId
UH)KEHEp  HCIOJIb3YeT HMEHHO  (PU3MUYECKHE  3aKOHBl  IpU
KOHCTPYMPOBAaHUU TEXHUUYECKUX CUCTEM.

XoTsl uzaes TpyIIbl NOpeoOpa3oBaHUN CUHTE3UpOBaja U
o0o0mmia Bce TpPEKHHUE TPEACTABICHUS O JBIKCHHH U
KOHTPY?HTHOCTH, XOTSI OHa Jaja MPHHOUN KIaCCU(PUKAIHH,
KOTOPBII MO3BOJISUI OJJHUM B3IJIAZIOM OXBAThIBATh BCE pa3HOOOpasue
BAOXHEHMIINX TEOMETpUM — J3Ta HIes HE OXBaTblBaja BCEX
reoMerpuil. K MX 4uCily OTHOCWIMCH BCE PUMAHOBBI T'€OMETPUHU.
Cunte3 uaeit Pumana n Kneitna Obin ocymectsien 1. CxoyTreHOM U
D. Kapranom: o0benuHs i B OJAHOM M TOM K€ E€BKIHIOBOM
(auHHOM, IPOEKTUBHOM U T. [I.) IPOCTPAHCTBE JIBa CMEKHBIX KyCKa
pUMaHOBa MPOCTPAHCTBA, OHU BBOJAT UJCH0 €BKJIMI0BOM (apMHHOM,
INPOEKTUBHOM M T. J.) CBSI3HOCTH. Temepb TNOHATHE TPYIIIBI
OIMpaeTcsl He Ha MpeoOpa3oBaHKE BCETO MPOCTPAHCTBA, a TOJIBKO Ha
IIPOCTPAHCTBO COOTBETCTBYIOLIEW CBA3HOCTHU. /[pyroil myTh momcka
0000111eHUsT IpIIaHTeHCKOW mporpaMMel O6buT M30pan O. BeGieHnom.
OH nmpeanoxun — paccMaTpuBaThb TIEOMETPUIO  Kak  TEOPHIO
MPOCTPAHCTBA C UHBAPHAHTOM (MJIH C «T€OMETPUUYECKUM OOBEKTOM»
— TEpPMHH, IpeatoKeHHbI Sl. CXOyTeHOM B NMPOTUBOBEC TEPMUHY
«uHBapuaHT» Bebnena). IlpencraBnsier mntepec touka 3penus O.
BebGnena Ha nousitue ungapuanm. «Bce, 4To 0CcTaeTcsi HEM3MEHHBIM
npy NpeoOpa3oBaHUU KOOPAMHAT, Ha3bIBAaeTCsd MHBapuaHTOM. Tak,
WHBAapUaHTOM SBJIIETCS TOYKA, a TAaKXKE KpUBas WM CHUCTEMaA
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KpuBbIX. CTpOro roBopsi, MHBApUAHTOM SBIIETCS TaKXKE BCAKas
BElllb, HAaIpUMEp, PACTEHHUE WM J>KUBOTHOE, HE HUMEIOLIEE BOBCE
OTHOLIEHUS K pacCMaTpUBAaEMOMY HaMU IPOCTpaHCTBY. MIHBapuaHT,
CBA3aHHBI C IPOCTPAHCTBOM, T.€. CBOWCTBO IIPOCTPAaHCTBA, B
cveiciie §1 1. II, Mbel Oyaem Ha3bIBaTh TAaKKE 2eoMempuiecKum
obvekmom... Jlpyrue mnpuMepbl TEOMETPUYECKUX OOBEKTOB C
KOMITOHEHTaMU — a(MHHHBIC CBSI3HOCTH U TCH30PBI BCEX POJIOBY.

Mpl crapanuchk 3apUKCUpOBAaTh BHUMAHUE YUTATENS HA TOM,
YTO U «PACTEHUE WIM JKUBOTHOE» MOXKET CIYKUTh IPUMEPOM
WHBapHaHTOB. Temepp Mbl MOXEM MOKHHYTb MHpP «UHUCTOU
TEOMETPUMY.

[IpenmecTBytomee  W3MOXKEHHE  JODKHO  OBUIO  JIaTh
BO3MOXXHOCTh MHXKEHEPY U (H3UKY YBHJIETh OOTaTCTBO JIOTUYECKHUX
TEOPHUH, SBISIOIIUXCA HEMPOTUBOPEUMBBIMU MaTE€MaTUYECKUMHU
TEOPUSIMHU. Paznuune  maremaTMdecKux ~— TEOPUHM  MOXKET
paccMaTpuBaTbCid Kak paszinuue «reoMerpuit». CaMu reomMeTpuu
MOTYT TPaKTOBATbCsl KaK epynnvl npeoopazo8aHuil ¢ UHBAPUAHMOM.
Ot ¢QyHIaMEHTallbHbIE MOHATHS Mbl BblOeNuM: 1) rpynma; 2)
npeoOpazoBaHue; 3) UHBAPUAHT.

Ha ©6a3ze »Tux mnoHATHH, 00pa3ylOIINX YeIOCMHOCMb
FEOMETPUM WJIM MaTeMaTU4YeCKOW TEOpHHM, M CO3/1ajl CBOIO BETBb
TeH30pHOro aHanmsa cereil I. Kpom®. OTHOCATCS OHH TONBKO K
MaTemMaTuke. Eciau 3T Tpu TEpMHHA [JOINOJHHUTH, YETBEPTHIM
«(usnueckas BeIMYUHA», TO Mbl COBEPLIMM IEpeX0]] OT MHOXKECTBa

* 0. BeGuen, JIx. Yaiirxox. Ocuoarust auddepeHimansaoii reomerpun. M., Woz-
BO MHOCTp. JIuT.. 1949, c. 70.

® Cwm. G. Kron. NonRiemannian dynamics of rotating electrical machinery. — J. of
Mathematics a. Physics, 1934. v. 13, N 7, p. 103-194; G. Kron. Tensor analysis of
networks. N.-Y., 1939; I'. Kpon. HccienoBanue CIIOXKHBIX CHCTEM IO YacTIM —
nmuakonTuka. M., «Haykay, 1972.



reoMeTpHUil K MHOXKECTBY (pu3uk. Mcromnb3ys yeTBepThIii TEPMHH, MbI
[IOJIy4aeM OIIPEACIICHUE HE OJHOM M3 I'€OMETPHi, a OIpEICIICHUE
OJTHOU U3 (PH3HK.

I'pynna  npeobpasosanuii,  umewwjas  ONpPeoeieHHyI0
Qusuueckyro eerudury UHBAPUAHMOM — eCMb 0OHA U3 PUUK.

WuBapuanToM (U3MYECKON BEIWYMHBI NPUHATO Ha3bIBaTh
3aKOH COXpaHEHUs OIpeesIeHHON (GU3NUECKON BETUUUHBI.

Tenepp Mbl AOJKHBI OOpPAaTUTh CBOE€ BHHUMAaHHE Ha IOUCK
CUCTeMBbl (PU3MUECKUX BEJIMYMH. JTa cucTeMa (PU3NYECKUX BEJIUYHUH,
ecin OHa OyneT olpejaencHa IPaBUWIbHO, JOJDKHA IOPOXKIATh
CHCTEMY 3aKOHOB (PM3UKH, NOO MHBAPHAHTHOCTH ATHX (PU3MUYECKUX
BEJIMYMH U COOTBETCTBYET 3aKOHAM COXPaHEHHUS.

Teopust pa3MepHOCTEl  COAEPKHUT BOOPOC O  YHUCIE
OpPTOrOHAJIBHBIX [TApaMETPOB U3MEPEHUI U Mepax UX COOTHOILEHHH.
PazpaGoTanHblii A1 OTAENBbHBIX JAWCUUIUIMH HayKH, OH He
orpenenseT OAHO3HAYHOro BbIOOpa MEPBUYHBIX €AMHUI] 00JacTu U
He OOBEIUHSET MOHATHA M MX BEJIMYMHBI B EJIUHYIO CHUCTEMY,
MO3BOJIAIOIIYI0 YCTAaHOBUTH OOIIYI0 3aKOHOMEPHOCTh COOTHOIIEHHUM
KaK 3akoHOB mpupojabl. Kpome Toro, nosisiomuecs B (GopMynax
pa3MepHocTel  ApOOHbIE  MOKa3aTead IpU  UCIOJIb30BaHHUU
nepBUYHBIX BenmuuuH [LMT] nuimeHsl  BesSKOro  (pu3M4YecKOro
COJIEpKaHuUs U JIOTHUECKOTO CMBICIIA.

B kunemaruueckoil cucreme wusmepenuit [LT] mepBuuHOM
CAVHMLIEH SBIIAETCS KBAaHT TIOJSA, pPaguyC MHPOBOW HHBEPCHUU
nporsbkeHHocT | w gmurensHOoCcTM  t,  ompenensemblid
AKCIIEPUMEHTAJIbHO € OOJbIION CcTeneHbto ToyHOCTH. O0o3Havast
byHIaMeHTaIBEHO OTHOIIICHHE I, paBHOE BEJIIMYMHE
dyHIaMeHTaIbHOW CKOpOCTH, OykBoW C, HMeeM CIeIyIONIyo
001IIyI0 CTPYKTYPHYIO (OpPMYITYy BCeX (PU3HUECKUX BEIIMUNH:

D> =C'T"=L'T",



riae D — IUMeH3HOHANBHEIH 00beM ¢u3nvecKkoil BeMuIuHbl; 2y —
CyMMa TIOKazareneid B ¢opMmylie pasMmepHoOcTel; T — pagukan
pasMepHOCTEN; N W y — weible yucia. Takas KUHEeMaTudecKas
cucreMa (U3MYECKUX BEJIMYMH, KOTOpas ONHpAaeTcs Ha JBe
OCHOBHBIX €IUHMIIBI (KaXKJash M3 KOTOPBIX KBAaHTYyETCs) — Ha
enuauny MHbl [L] u emunruiy Bpemenu [T], Obuta mpemioxkeHa
OJIHUM M3 aBTOPOB HACTOSLIECH cratbu’ (cm. Tabmuny). XoTs
MOHATUE JJIMHA U HE NIpPEIIoaraeT HalpaBiI€HUE, TEM HE MEHEE B
KMHEMaTU4YeCKOl cucteMe (PU3MYEeCKHX BETUYMH IPEeIoyIararoTcs
BEKTOpHbIE (OPUEHTHUPOBAHHBIC) BEIMYMHBI JUIMHBI W BPEMEHH,
o0Opasyromue MmeCTUMEPHOE MHOrooOpasue. JTO O3HA4aeT, 4YTO C
KaKIbIM U3 TPEX MPOCTPAHCTBEHHBIX HANpPaBJIEHUI acCOLUHPOBAHO
CBOE€ COOCTBEHHOE OpHEHTHpOBaHHOe Bpewms. [Ipome Bcero
O3HAKOMHUTBCS C HOBBIMM TOHSTUSIMHM, €CIM  PacCMOTPETh
dbopManbHyl0 3amuCh AN KUHEMAaTUKH JABIDKYIIEWCS TOYKH.
[IpoiineHHBIE TOYKOM IyTh B OJHOMEPHOM JBHKEHHH MOMXHO
MPEJICTaBUTh OECKOHEYHBIM CTETIEHHBIM PSIOM:

S(t)=a,+at+a,t’+at’+...

rae S(t) — mpoiieHHbIH TOYKON MyTh; 89 —HAYaIbHOE CMEIICHHUE;
a1 — CKOpOCTb JBWXKXEHHUS TOUYKH; dp — YCKOPEHUE TOYKH; a3 —
U3MEHEHUE YCKOPEHUS TOYKH U T.J.

Ecnmu oT OZHOMEpPHOrO [BWXKEHHUS TOYKH TMEPEUTH K
TPEXMEPHOMY TPOCTPAHCTBEHHOMY JBWKEHHUIO, TO OOMIMI BUJ
YpaBHEHUW ABMKCHHUS HE W3MEHUTCS, a TEKYIIHE WHIEKCHI OymayT
npoOeraTh TP 3HAYECHHS KaK IO MPOCTPAHCTBEHHBIM KOOPAMHATAM,
TaK ¥ 10 KOOPAUHATaM BPEMEHU:

® Cm. P.O. mu Baptunu. [Joxn. AH CCCP, 1965, 1. 163, Ne 4; P.O. nu bapTunm.
CooTHomIeHNnsT MeXAy (U3WYECKNMH BelWYnHaMH. — lIpoGiiembl Teopuu
rPaBUTAIMU M DJIEMEHTAPHBIX 4acTHil. M., «Atomuzaarm», 1966, c. 249-266.
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S”(t)=a”+ajt’ +aj t't" +aj /1"t +...

rae a“p — CKOpOCTh JBIKEHHUsI TOUYKH; a'g, — YCKOPEHHE TOYKH;
a”p,s — M3MCHEHHE YCKOPeHUs TOYKU U T.1. a, f, 7, 0 = 1, 2, 3.

)

AHanus pasMEpHOCTEN MO3BOJISET YTBEPKIAATh, YTO KaXIbII
TEpPM NPaBOW YAaCTH MMEET Pa3MEPHOCTh JUTUHBI, @ KOA(PPHUIIMEHTHI
— pa3MEepHOCTH [L'T_n], rae N eCTh YUCIIO KOBAPUAHTHBIX UHIEKCOB.

BBenennoe mecTuMepHOe MHOT0OOpa3ue ¢ caMoro Hadania He
IpeaoyiaraéT  paBeHCTBA ~ MaclITa0OB  «IIONEPEYHOrO» U
«IIpOJIOJIBHOTO» BPEMEHH, T.€. B HEM HCKIIOYACTCs THUIIOTE3a O
CYIIECTBOBaHMU aOCOJIFOTHOTO CKaJIsipa, HA3bIBAEMOT'O «BPEMEHEM).

CooTBeTcTBHE BBOIMMBIX NPEICTABICHUN «I1yXY BPEMEHN»
MOKHO NpowJurocTpupoBaTh nozunuen [. Xantimm. Ecmu Teno
JBIDKETCsl mapauienbHo ocu OX B OpsAMOYrosibHOM — cucteme
KOOPJIMHAT, €ro JIMHEWHBIN pa3Mep BIOJIb 3TOM OCH, 0003HAYEHHBIH
Kak [Ly], cBS3aH C cCOMpOTHBIEHHWEM TPEHUSI U BS3KOCTHIO CPEIIbI.
ITonepeunsie pasmepsl [Ly] u [L;] npsMo cBA3aHBI C IUIOTHOCTBIO
Cpelbl U HE 3aBUCAT OT BSI3KOCTH. MOXXHO MOKa3aTh, YTO TaKoe
NpUJaHie BEKTOPHOrO XapakTepa (akropaM KOH(Urypaluu Tena
MO3BOJIIET HAWTU IIOJIHOE pEUICHME 3a4ad, A KOTOpPBIX paHee
aHAIIN3 Pa3MEPHOCTEil TaBall JIHIITh YaCTHYHOE pernenue . I'. XanTmu
WUTIOCTPUPYET HCIOJIb30BAaHUE BEKTOPHBIX JJIMH Ha NPUMEpPax W3
CaMoJIETO- U paKeTocTpoeHusl. HeTpyaHO BUAETH, UTO NPEIIOKEHHUE
XaHTIN MOXET pacCcMaTpHUBAThCs KaK YaCTHBIM CIy4daldl BBEJACHHOIO
HaMH IIECTUMEPHOTO MHOT000pasusl.

[TpowmmtocTprupyeM pojib CUCTEMBl (PU3NUECKUX BEIHMYUH B
BBIJICJIEHUH T€X WJIM WHBIX KJIACCOB (DU3MYECKHUX SIBICHUH, KOTOPHIE
MBI M OTOXIECTBISIEM C 4YacTHbIMU ¢u3ukamu. (MoxxeT ObITb,
TOYHee ObUIO ObI TOBOPUTH 00 YPOBHSX OTOOpa)KeHUs (PU3HMUECKOU

" Cwm. T. Xanman. AHanus pasmepocteii. M., «Mup, 1970.
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peanbHOoCcTH. OAHAKO HCTOPUYECKH  CIOXKMBIIASICS U €Ile
COXpaHsIoIIasiCs TEPMUHOJIOTUS — «4yacTHas Teopust
OTHOCUTEIILHOCTH» | T.Jl. — JeJIaeT MoJ00H0e CIIOBOYNOTpeOIcHue
Ha CErojIHs mpueMiIeMbiM. — [Ipum. ped.).

Paccmorpum  kmacc  usuMyeckux — SIBJICHUH, KOTOPBIU
XapakTepeH TEeM, YTO CKOPOCTh H3MEHEHHUs IUIOLIAAU SBISAETCA
MOCTOSTHHOM BEJIMYMHOW. DTOT KJIACC SBJICHHH B CBOE BpeMsl ObLI
ycranoBieH Kemnepom B ¢opme: «Pannyc-BeKTop IIIaHETHI 3a
paBHbIE TPOMEXKYTKH, BPEMEHH OIHMCHIBAET pPABHBIC IUIOLIAIM.
PaccMoTpuM psn, XapakTepusyrOUMid HM3MEHEHHWE IUIOIIAJA BO
BPEMEHU, B BUJIE:

S?(t)=a”+a’t’ +alt't’+
}/ 7/5 o o 0
rae S“ﬁ (t) — MEHAIOIIAACSI CO BPpEMEHEM IUIOIIAIb; a“ﬁ
3HaueHue miomau; a” y — CKOPOCTh M3MCHCHUS IJIOIIA/IH, a” yo —

«YCKOpEHHE» U3MEHEHHUS IUIOMAau u T.14. o, 3, y, 0 = 1, 2, 3.

— Ha4daJIbHOC

Beimenum B umcie  K0d(pUUIMEHTOB psia CKOPOCTH
W3MEHEHUS TUIOMIAU U TIPUPABHSIEM 3TOT WIECH MOCTOSTHHOM:

a’”’ = const

[IepeneceM OCTOSIHHYIO B JIEBYIO YaCTh:

a” —const=0

3aMEHUM BBIPA)KEHHE B JIEBOU YaCTU OJHUM CUMBOJIOM:

aff _
W =0

OTO M ecTb HE YTO MHOE, Kak 3akoH Kemiepa B TEeH30pHOU
¢dopme. EBknmmoBa reomeTpus, MOCTPOEHHAs HA TPYIIIE JABMKEHUIH
abCOJIIOTHO ~ TBEPAOTO  Tella, XapaKTepU3yeTcss HHBApPUAHTOM
PACCTOSIHUS MEXAY ABYMS TOUKAMHU.
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YTBepKIeHNE MOXKET OBITh 3aMMCAHO B BHJIE:

(04
We=0
rae W* M ecTb MHBapHaHT PACCTOSHUS MEXIY TOYKAMH TBEPIOIO
Tena.

Korma wmbl mepexomum B Kiace (DU3MYECKHX —SIBJICHUH,
HAa3bIBa€MbId TUAPOJMHAMUKON HECKUMAEMOM IKHAKOCTH, TO,
HECMOTpPS HA TO, YTO U3 MHBAPUAHTHOCTH PACCTOSHUS MEXAY JABYMS
TOYKAMH CJEIyeT WHBAPUAHTHOCTh O0BEMa, MBI HE MOXKEM
COXpaHATh MHBAPUAHTA €BKJIMJIOBON reoMeTpuu. Mbl mocTynupyem
WHBApHAHTHOCThL 00bEMa, HO OTKa3bplBaeMcsi OT IMOCTyjara
WHBAPUAHTHOCTU PACCTOSHUS: MEXKIY JBYMSI TOUKAMH >KHIKOCTH.

9TtoT MOCTYJIAT MBI 3alIUCBIBACM B BUC:

W =0

rae W i ecth nHBapuanT 0GbeMa HECHKIMACMOMN JKHIKOCTH.

Boigensis kieTky TaOnuubl € Pa3MEpPHOCTHIO [L3T2], MBI
MI0JIy4aeM 3aKOHBI COXPaHEHUS MacChl, 3apsi/ia, «KMarHUTHON Macchl»,
U, KpOME TOro, M3BECTHBIM 3akoH Kermepa, corimacHO KOTOpomy
«OTHOILIEHWE Kyba paauyca IUIaHEThl K KBajJpary mepuoja
oOpallleHusi: €cTb BEJIMYMHA IIOCTOSIHHAs». Bplienss KIEeTKy c¢
Pa3MEpHOCTBIO [L4T3], MBIl  TOJy4a€M 3aKOH COXpPAHEHUS
KOJIMYeCTBAa  JBWXKEHHUS  (uMmmynbca). Beimenss  kinetky ¢
pPa3MEpHOCTBIO [L°T 2], Mo [I0JIy4a€M 3aKOH COXPAHEHHS MOMEHTa
KOJINYECTBA JBIKEHUS (MOMEHTa HMIyNbca). Bwiaenss KieTky c
pasmeprocTbio [L°T*], MbI moydaeM 3aKOH COXPAHEHHS SHEpPIHH.
Bhizensis KIeTKy ¢ pasMepHOcThio [L°T°], MBI moiydaeM 3akoH
COXpaHEHMsI MOIIHOCTH, KOTOphl Obul u3BecTeH emie Jx.
Makcgenny.

Hekotopeie 3amMeuanusi 06 «OpUEHTUPOBAHHOM BpEMEHU» U
OpPUEHTHPOBAHHOM BPEMEHHOM IUIOMAAW» MOTYT  OKa3aTbCsA
NOJIE3HBIMU /ISl JlajibHEHIIero pasBuTus (uzndeckux wunaeid. B
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KJIeTKe TaOJHIBI C Pa3sMEpHOCTHIO [L3T 2] pa3MeInaeTcs HEeCKOJIbKO
Pa3NIUYHBIX (PU3MUECKUX BEIMYMH, KOTOPHIE HE aJIMTHUBHBI: Macca,
IIEKTPUYECKUH 3apsa U «MarHuTHasi Macca». OHaKo B 3TON KIIETKe
CTOUT B 3HAMEHATENE BBIPAXKEHHE I «OPUEHTUPOBAHHOU
BpeMeHHOU momaan». CocTaisis MapHble NPOU3BEACHUS M3 TPEX
BEKTOPHBIX BPEMEH, Mbl IOJyYUM TPH pa3IMYHble BPEMEHHbIE
«IUIOIIAN», KOTOPBIE IO ONPENEIEHUI0 OPTOrOHAIBHBI JPYT K APYTY
U IOTOMY HE CYMMUPYEMBI:

[tutu]; [tutw]; [ttu].

OTa «HE3aBUCHUMOCTH» TPEX OPUEHTHUPOBAHHBIX BPEMEHHBIX
wioniazed  ocoOEHHO SICHO BUJHA U3 aHauu3a MpoOJieMBl
B3aUMOJICHCTBHSA, TaK KakK «(pU3HYecKOoe BpeMs» Mbl Bcerma
onpezensieM U3 JIBUKEHUS WIM B3auMojehcTBus. OYeBHIHO, 4UTO
B3aUMOJICIICTBUE JBYX MaTe€pHaJbHBIX TeJl JOIyCKaeT TpH BHJA
HE3aBUCHMOT'O B3aMMOACHCTBUS:

a) B3auMoJieiicTBUe Macc

mm
F=y 11
1 2
r ’
0) B3aMMOJICIICTBHUE UX DIIEKTPUUECKUX 3apsI0B
F — 4+ e162
2 — 2,
er

B) B3aUMOJEUCTBHE UX «MAarHUTHBIX 3apsAa0B»
— A
3 - L r2
OTU  CHIIBI B3aUMOOCHCTBUSA CYMMHPYCMBI, HO 3HAUYCHUSA

MAaccChl, IEKTPUYECKOrO 3apsifia U «MarHUTHOIO 3apsia» KaxKIoro
Tela MOTYT MU3MEHSATHCS HE3aBHUCHMO JIPYT OT JApyra. 3amuileM 3TH
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TPU HEC3aBUCUMBIC CUJIBI B3aHMOI[efICTBHH ABYX TCII B CI/IMMeTpI/I‘IHOI\/JI
dopme:

F1: m1m2 F — e1e2 F — MlMZ

() () ()
rHeVIZJ%;E':«/EHﬂ':\/;.

HOCKOHBKy HaM XOpomo U3BECTHO COOTHOIICHHUEC

CZZL

Eolly

MbI MOKEM IOJIOKUTE «KCUMMCTPHUYHO», YTO

, 1 1

Toraa T 27 2w [er4] = [L*TY] = [w?].
e u

«OpueHTalyst» IS CKOPOCTH CBeTa Kak «OpPHEHTAIUs
BEKTOpa» — BEIlllb HW3BECTHas. B 3HaMeHarene Kaxaoi wu3
CHMMETPHYHO 3alTUCaHHBIX (POPMYJI TPUCYTCTBYET BBIPAXKEHUE IS
OPHEHTHPOBAHHOM CKOPOCTH, 910 u COOTBETCTBYET
«OPHUEHTHPOBAHHOMY» BPEMEHH.

Ilepexoass K pacrpeieieHHI0 Macc, MbI MOXEM 3aIlhcarh
BBIP@KEHHUE IS DHEPTUH B3aUMOJIEUCTBHS KaK B3aUMOIENHCTBHS TeJ,
00JIQIafoIINX MacCOi, MTHOPUPYS pacipeielicHuE 3JIEKTPHUCCKUX
3apsiIOB M «MarHUTHBIX 3apsiioB». [10100HYI0 MPOIEIYPy MOXKHO
BBIMIOJIHATh W IO MOJSIM 3JCKTPHUSCKMX 3apsiIOB M MarHHUTHBIX
3apsiI0B, HO KaKIbIi BHI MOJIst OyaeT 001aaath CBOCH METPHKON H
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XapaKTepU30BaTbCsl CBOMM METPUUECKUM TeH30poM. Ornpenenum
YHCIIO OTUX «METPUK». MeTpudeckuil TeH30p Macc 0003HAYUM (4.
METPUYECKUI TEH30p 3JIEKTPUYECKHUX 3apslioB S; M METPHUYECKUil
TEH30p «MAarHUTHBIX Macc» l,;. B MapHbIX B3aUMOJCHCTBUAX IMOJICH,
IIOCKOJIBKY =~ COXpaHSAETCsl «oOIlas SHeprus», a He DSHeprus
«MEXaHUYECKasd» WIN «3JIEKTPOCTaTHUECKas», MHBApUAHTOM Oyjer
«CBEPXMETPUKA» JIEKAPTOBA IPOMU3BEACHHUS JBYX METPUYECKHUX
TeH30poB. TakuxX «CBEPXMETPHK» OyneT Tpu: Uus X Ssp Jup X lom
Ssy % lgr. Ilepexom oT «ckopocTeii» Mace, 3apsijoB M MarHHTHBIX
3apsI0B K 00OOIIEHHBIM KOOpPJMHATAM U TpeOyeT BBEICHHS TpexX
HE3aBUCHMBIX OpPHEHTUPOBAHHBIX BpeMeH. OOBIYHOE CKaIIpHOE
OpPHUEHTHPOBAHHOE BpPEMsl, KOTOPOE MUMEETCs HAMHU B BHUAY, MOXHO
paccMaTpuBaTh Kak OPHEHTHPOBAHHBIM, «BPEMEHHOW OO0BEM»,
o0pa3yemMblii CMEIIaHHBIM BEKTOPHBIM  IPOM3BEACHUEM TpexX
BPEMEHHBIX BEKTOPOB.

BceM  u3BeCTHOE  HEPAaBEHCTBO  «IIPOJOJIBHOTO» U
«IIOTIEPEYHOr0» BPEMEHU B PEIATUBUCTCKOM JUHAMUKE YKE
TpeOOBaAJI0O OTKa3a OT «CKasIpHBIX MOJeNei» BpeMeHu. B
INPUBEIEHHOM BBIIIE HW3JIOKEHUH JTOT (HaKT, MNPOTHUBOpPEHALTUI
MIOCTYJIaTy ~CKaJSIPHOIO BpPEMEHHM, HCIOJIB3YETCS B  KAadecTBE
aKCHOMBI. MBI IPUHUMaEM cpazy, YTO MacIITadbl BpEMEHH 10 TPEM
HalpaBJIEHUSIM KOOPJIMHATHBIX OCEH MOTYT OBITh Pa3JINYHBIMH.
EcrectBeHHO, 4YTr0 3TO  (OpMaJIbHO O3HA4YaeT OTKa3 OT
«OJHOPOJHOCTH» INPOCTPAHCTBA, YTO OYEHb YaCTO MMEET MECTO B
TEXHUYECKUX IIPUIIOKCHUSAX.

PaccmoTpenHbIe HaMM TPUMEPHI PECIEAYIOT 1ENb I10Ka3aTh
BO3MOXXHOCTh (OPMHUPOBAHUS HOBOTO HAy4yHOTO HampaBJeHHUS,
3HAYEHHE KOTOPOTO KaK JUIsl PEIICHUs IPUKIAAHBIX 3a/1a4, TaK U JJIs
Pa3BUTHUS TEOPUHU TPYIHO MEPEOLEHUTb.
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