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A.C. IIym«un 
Bne)leuue 

KaK H3BeCTHo, o6lll,He npeo6pmoBaHHH Jlopemi;a (6e3 Bpalll,eHttii) 

[1 ], HaH60Jiee nOJIHO OTpa)KalOlll,He peaJibH)'IO ,n;eiiCTBHTeJibHOCTh, He 06-

Jia,n;aIOT CBOHCTBOM KOMMyraTHBHOCTH H He o6pa3)'IOT aJire6pa0qecKoii 

rpynnhI [2], qrn !pH3HqecKH npOHBJIHeTCH B cylll,eCTBOBaHHH ellJ,e O;:J;HOro 

peJIHTHBHCTCKOro 3<p<peKTa, Ha3BaHHOro TOMaCOBCKHM Bpalll,eHHeM [3]. 
CyTh 3TOro HBJieHHH, n03BOJIHBIIIero pmpeIIIHTh B CBOe BpeMH npo6JieMy 

,nBOHHOro npeBhIIIIeHHH pacqeTHOro Ha,n H3MepeHHhIM paclll,enJieHHeM JIH

HHH TOHKOH CTpyKTYPhl onTHqecKHX cneKrpOB, o6ycJIOBJieHHhIM cnHHOM 

3JieKTpOHa, 3aKJIIOqaeTCH B ,n;onoJIHHTeJibHOH npeIJ;eCCHH CIIHHa 3JieKrpOHa, 

,nBH)Kylll,erocH B KYJIOHOBCKOM noJie aTOMa. 3To 03HaqaeT, qTo JII06oii co6-

CTBeHHhlll BeKTOp o6'beKTa, ;:J;BH)Kylll,erocH no KpHBOJIHHeiiHoii ipaeKTO

pHH, HCnhIThIBaeT noBopoT B nJIOCKOCTH ,nBH)KeHHH B HanpaBJieHHH, npo

THBOnOJIO)KHOM no OTHOIIIeHHIO K noBopoTy ero BeKTOpa CKOpOCTH. lfHaqe 

roBOpH, Bee TeJia, ,D;BH)KYlll,HeCH no KpHBOJIHHeiiHhIM TpaeKTOpHHM, Bpa

lll,aIOTCH B nJIOCKOCTH HX ,nBH)KeHHH, H 3TO HBJIHeTCH qernepTbIM <pyH,ll,a

MeHTaJihHhIM npOHBJieHHeM 3aBHCHMOCTH o6lll,HX !pH3HqecKHX CBOHCTB TeJI 

ll CBOHCTB !pH3HqecKHX npoIJ;eCCOB OT COCTOHHHH HX ,nBH)KeHHH, OT06pa

)KaeMOH npeo6pmoBaHHHMH Jlopemi;a. 

faJIHJieeBCKaH ipopMa npeo6pmoBaHHii a,neKBaTHO orpa)KaeT aK

CHOMaTHKY KJiacc0qecKoii MexaHMKH, CBO,nHlll,)'lOCH K nocTyJIHpOBaHHIO 

nOJIHOH He3aBMCHMOCTH Bcex CBOHCTB TeJI OT HX ,nBH)KeHHH. O,n;HaKO aK

CHOMaTHqecKHe HaqaJia HOBOH MeXaHHKH, CKpbIBaIOlll,HeCH 3a JiopeHIJ;eB

CKOH <popMoii npeo6pmoBaHHii, noKa He y,naBaJIOCh C!pOpMyJIHpOBaTb B 

OOll031lll'-lllOM BH,n;e. 3To MO)KeT CJIY)KHTh ll npHqHHOii rpy,nHOCTeii co3.zi;a

HHH ee B noJIHOM o6'heMe, a He TOJihKO B ipopMe TeopHH IlOBe,neHHH MaTe

pHaJihHOH TOqKH BO BHeIIIHeM IlOJie [4]. TaKoe IlOJIO)KeHHe Belll,eii He MO

)KeT 6bITh npmHaHO y,noBJieTBOpHTeJihHhIM. ,[v3e ;:J;HaMeTpaJibHO npOTHBO

noJIO)KHbie n03HIJ;HH, IlOCTYJIHpoBaHHbie JiopeHIJ;eM H 3iiHIIITeiiHOM, rrpH

BO,nHT, KaK H3BeCTHO, K TO)K,neCTBeHHhIM pe3yJihTaTaM, He Il03BOJIHH Bhl-

6paTb HH O,n;Hy H3 HHX, He npHBJieKaH 3BpHCTHqeCKHX MOMeHTOB. O,zi:HaKO 

HayKa He HCKYCCTB0, ll Il03TOMY no,n;o6Hhie apryMeHTbl He MOryT 6bITh 

npmHaHbl ,Il;OCTaToqHbIMH ;:J;JIH m6e)KaHHH B Heii ::meMeHTOB cy6oeKTHBH3-

Ma. Ho rnaBHhIM He.zi;ocTaTKOM BbI6paHHOH BilOCJie,n;CTBHH KOHIJ;enQHH HB-



AAeTC.SI BCe iKe TO, qro OHa OCHOBaHa Ha nonoiKeHirn:, BbIXo,rv1meM 3a npe

p;enbl BC.SIKOro onbITa H nonHOH a6conIOTH3aU,HH OTHOCHTenbHOH <popMbl 

,!l;BHiKeHH.SI. Tenepb OKa3bIBaeTC.SI, qTo OTMeqeHHa.SI HeO,D;H03HaqHOCTb MO

iKeT 6bITb, HaKOHeu,, ycrpaHeHa. Tpe6yeMOH O,!l;H03HaqHOCTH B BbI6ope co

OTBeTCTByioILl,eii. aKCHOMaTHKH OKa3bIBaeTC.SI MOiKHO ,!l;OCTHqb, ecnH npH

H.SITb BO BHHMaHHe qerneprne CBOHCTBO npeo6pa30BaHHll JlopeHU,a, TO eCTb 

TOMaCOBCKOe BpaILl,eHHe, cnoco6Hoe CbirpaTb ponb TpeTeii.CKOro cy,D;bH. 

B OTnHqHe OT Tpex nmpoKO H3BeCTHbIX H o6paTHMbIX no <popMe 

npO.SIBneHH.SI pen.SITHBHCTCKHX 3<pcpeKTOB, B03HHKaIOI.QHX npH conocrnBne

HHH lpH3HqeCKHX Macnna6oB ,D;Byx CHCTeM, onHCbIBaeMbIX B paMKax rpyn

nbI JlopeHu,a, TOMaCOBCKOe BpameHHe HOCHT a6comOTHblll. xapaKTep, 5IBn.SI-

5ICb CBOHCTBOM He MeHee qeM rpex CHCTeM, Haqana OTcqeTa KOTOpbIX He 

neiKaT Ha O,!l;HOH np.SIMOH, a BbI,D;eIDIIOT B npOCTpaHCTBe co6bITHll yiKe H He

KOTopyio nnocKOCTb, HMeHHO H npHB0,!1;5Il.QYIO K pacnmpeHHIO Kpyra B03-

MOiKHbIX .SIBneHHH • .lJ:aHHOe CBoeo6pmHe B npo5IBneHHH CBOHCTB nopeH

u,eBCKHX npeo6pa30Bairnii, OTCYTCTByioILl,ee B HX KnaccHqecKOM aHanore, 

CB.SI3aHHOe C HapyrneHHeM HX KOMMyTaTHBHOCTH B 06IL1,eM cnyqae, ecTeCT

BeHHO, He MOrno 6bITb yqTeHO npH cpopMHpOBaHHH H,D;ellHbIX OCHOB Teo

PHH OTHOCHTenbHOCTH, npOH3Be,D;eHHOM nHIIIb H~ 6me cneu,HanbHbIX npe

o6pa30BaHHH JlopeHu,a, orpaiKaIOI.QHX cyry6o qacTHbiii. cnyqaii H He npep;

cTaBn.SIIOI.QHX B nonHOll Mepe, KaK BbrnCHHnOCb nHIIIb cnycT.SI ,!l;Ba ,D;eC5ITKa 

neT [3], Bcex oco6eHHOCTeii. peanbHOro npocrpaHcrna. rpynna JlopeHu,a, 

BBe,D;eHHa.SI no npep;noiKeHHIO IIyaHKape Ha 6me cneu,HanbHbIX npeo6pmo

BaHHH H rpexMepHbIX nOBOpOTOB, p;orrycKaioma.SI npeo6pa30BaHH.SI B 06-

meM cnyqae (3a HCKnIOqeHHeM C,!l;BHrOB H orpaiKeHHtt), He OTpaiKaeT TOMa

COBCKOro BpameHH.SI H n03TOMY He npHBena K H3MeHeHHIO, CHryau,mL Ilo-

3TOMY-TO .SIBneHHe ToMaca H 0Ka3anocb KnaeCHKaMH nponymeHHbIM, 0 qeM 

CBH,D;eTenbcTByeT H caMa HCTOpH.SI. C03,D;aHHYIO TeOpHIO H B 6yKBanbHOM 

CMbICne cnep;yeT Ha3bIBaTb eneu,HanbHOH, KaK OTpaiKaromeii cneU,HqJHKY 

nHIIIb cneu,HanbHbIX npeo6pa30BaHHll, HO He 6onee. A pa3HHU,a, KaK Mb! 

YBH,!l;HM p;anee, OKa3bIBaeTC.SI BeebMa lI BeCbMa 3HaqnTenbHOH. 

O6mHe npeo6pmoBaHH.SI B paMKax rpynnb1 JlopeHu,a npep;crnBn5IIOT 

co6oii. enoeo6 onHcaHH5I, eonpoBoiKp;aeMbiii. npuHyoumenbHblM napan

nenbHbIM nepeHoeoM KOOp,D;HHaTHblX oceii B npoerpaHCTBe. B CHny eBKnH

,!l;OBa xapaKTepa npocrpaHCTBa co6bITHH pe3ynbTaT npeo6pa30BaHHll B 

3TOM cnyqae, eeTeCTBeHHO, He 3aBHClIT OT nymu BbIIIOnH5IeMbIX npeo6pa-

30BaHHll. Ilpn BTopoM cnoco6e npeo6pm0Bam1ii. 6e3 KaKHX-nH6o HcKyccT

BeHHbIX noBOpOTOB KpHTepHii. napannenbHOro nepeHoca BeKTOpa B eBKnH

,!l;OBOM npocrpaHCTBe . co6bITHH, OKa3bIBaeTC.SI, He 8blnOJlHRemcR, TaK KaK 

pe3ynbTaT npoH3Be,D;eHHbIX npeo6pmoBaHHii. B 3TOM cnyqae yiKe cymecT

BeHHO 3aBHeHT OT HX nyTH, lI KOHeqHbie pe3ynoTaTbl, ,!l;OCTHraeMbie ,D;BYM.SI 
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enoco6aMH, nonyqaIOTC.SI B CHny 3Toro pa3nHqHbIMH. Cne,D;OBaTenbHO, 

CBOtteTBa peanbHOro npocTpaHeTBa. eo6bITHll TaKOBbl, qTo B HeM HeB03-

MOiKHa onepau,H.SI napannenbHOro nepeHoea cBo6op;Horo BeKropa no KOH

TYPY, ornHqHoMy OT np5IMOH. HeB03MOiKHO, HanpHMep, nepeHeeTH rnpo

eKon no 3aMKHYTOMY nyTn 6e3 ero noBoporn B npoeTpaHeTBe. TaK KaK 

C03,D;aHHa5I TeOpH5I K TOMY BpeMeHH yiKe cyMena Bbl,!l;epiKaTb Bee Hana,D;KH 

CBOHX npHHU,HnHanbHbIX npoTHBHHKOB, He HMeIOI.QHX Ha pyKaX cpaKTHqe

eKlI HH O,D;Horo KpynHoro K03blp.SI, H "B 3HaqHTenbHOll eTeneHH yiKe 3aKoe

TeHena, K cp;enaHHOMY nop; ,D;aBneHHeM o6CT05ITenbCTB OTKpbITHIO OTHe

cnHCb 6e3 ,D;OniKHOro BHHMaHH5I, OU,eHHB ero nHlllb C qHeTO npaKTHqeeKOll 

no3HLl,HH: 6narononyqHo nHKBH,D;HpoBanH B03HHKllIYIO 6pelllb B TeOpHH 

onTHqecKHX eneKTpOB H yBneqeHHbie npHnOiKeHH5IMH TeOpHH npaKTnqe

eKH O HeM 3a6brnH. OenenneHHbie iKe 6eeeHnbHOll HpoeTblO npOTHBHHKH 

HOBOro MHp0B033peHH5I TOiKe He 3aMeTHnII B HeM Hllqero p;oeTOHHOro HX 

BHHMaHn5I. A MeiKp;y TeM, HMeHHO B HeM-TO, KaK MbI YBH.D;HM, II 3aKnioqa

eTc.SI pmrap;Ka O,!l;HOH H3 Tpyp;HettllIHX 3ara,D;OK 5IBHO "He 3nOHaMepeHHOll 11 

(no 3ii.HllITeiiHy) npHpO,!l;bl, Ha,D; pellleHIIeM KOTOpoii TaK p;onro H 6e3ye

nell1HO 6HnC5I eme HblOTOH. KoHeqHo, OH B03naran Ha,D;eiK,D;bl Ha OTKpbITHe 

B 6yp;ymeM II p;pyrnx (KpoMe nHepu,HH) 6eecnopHbIX npo5IBneHHii a6eo

nIOTHoro ,!l;BHiKeHH5I II 0Ka3ane5I npaB, XOT.SI 3TH np05IBneHlI5I H noTpe6oBa

nH KoppeKU,HH BnepBbie qeTKO ccpopMynHpoBaHHbIX HM 3aKOHOB. rnaBHblM 

B ero o6pme MbilllneHH.SI 6brn Bee iKe Bonpoe, KaK oTnHqHTb "KaiKymeee5I" 

OT p;eiiCTBlITenbHOro. 3TOT iKe Bonpoc ,D;OniKeH 6bITb rnaBHbIM H ,D;n5I Hae, 

ecnH, KOHeqHo, Mbl cepbe3HO cqHTaeM ee65I, KaK lI OH, cnyiKHTen5IMH HCTII

Hbl. Ho npHBe,D;eM eaMbIH npoernii. npHMep. IIycTb HeKornpoe Teno ,D;BII

iKeTc.SI B ClICTeMe OTcqeTa Ha6n10,D;aTen.SI ycKopeHHO no np5IMOH. B n106oii. 

p;pyroii. CHCTeMe, 3a HCKnioqeHHeM ,!l;BHiKYI.Qeii.C5I B,D;Onb TOH iKe np5IMOH, 

Teno npe,D;CTaBn.SieTC5I ,!l;BlliKYI.QHMC5I yiKe no HeKOTopoii. KpHBOii.. KaKOBa 

p;eii.CTBHTenbHa.SI KpHBH3Ha TpaeKTOpIIH Tena B npocrpaHCTBe? IlpoeBe

ILl,eHHblll qHTaTenb eKaiKeT, qTo Bonpoe 6eeeMblcneHHblll, a MeHee npo

eBeI.QeHHbIH, B03MOiKHO, Ha HeKOTOpoe BpeM.SI H 3ap;yMaeTC.SI. HblOTOH p;y

Man B OTnnqHe OT Hae BCIO iKlI3Hb, HO OTBeTa, ecTeCTBeHHO, TaK H He Ha

lllen, H6o B paMKaX npHH.SITOll HM MeXaHHKH pellIIITb ero npHHLl,HnHanbHO 

Henb35I HIIKOr,D;a, KaK, HanpHMep, H B reoMeTpHH ,!1;0Ka3aTb n.SITbIH noeTynaT 

3BKnH,D;a. HeyiKeJrn H Ha pellleHHe Bonpoca HbIOTOHa noTpe6yIOTe5I Tbie5I

qeneTlI.SI? IlpH nonbITKax pellIHTb BTopoii. BOnpoc 3a npollle,D;llIHe Tbie5I'le

neTH.SI MHOrHe, HaBepHoe, nHlllanlICb He TOnbKO nOK05I, HO H paecyp;Ka. Ho 

He 6y.D;b Ha CBeTe TaKHX niop;eii., II cero,D;H5I Mb! BMeCTO nonb30BaHII5I eHe

TeMOH I1HTepHeT BeJIH 6bI nemepHbIH o6pa3 iKH3HH, eenH He BbIMepnH 6b1 

KaK BH,!l; C qpe3MepHO nparMaTH'leCKHM enoeo6oM MbilllneHH5I. 
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Ho BepHeMe.sI K nepBOMY Bonpoey M nonbITaeMe.sr ero oeMbieJIMTb. 

To, qTO TpaeKTOpM.sr OTHOeMTe.sr K IlOH.sITMIO Henoepe)].eTBeHHO BM)].MMOro, 

Mbl 3HaeM M 6e3 KaKOH-JIM6o TeopMM. Hae MHTepeeyeT eo)].ep)KaHMe BM)].M

Moro. .UaHHOro HaM JIMlllb B 3TMX omymeHM.sIX .sIBHO He,[loeTaToqHo )].JI.ll 

OTBeTa Ha eaKpaMeHTaJibHbIH Bonpoe, qTo 3a HMMM eKpbIBaeTe.sI. Ho Bee JIM 

omymeHM.ll Mbl MenOJib30BaJIM? B paMKax KJiaeeMqeeKoro IlO)].XO,[la - ,[la. 

CoorneTernyromMii MMeHHO ,[laHHOMY no)].xo)].y orneT MbI yeneUIHO M yBe

KOBeqMJIM B qiopMe npMHI.{Mna OTHOeMTeJibHOeTM, yBepoBaB, qTo HaBeer,[la 

M36aBMJIMeb He TOJibKO OT "eMellIHOro" BOnpoea HbIOTOHa, a M uenoro p.sr

,[la )].pyrMX, He MeHee "eMellIHbIX
11

• Ho onyeTMJIM, OKa3bIBaeTe.sr, no Kpaii

Heii Mepe, eme 0)1.HO B03MO)KHOe )].OilOJIHMTeJibHOe omymeHMe, 3aqeM-TO 

,[laHHOe HaM npMpO)].OH. KaK BbrneH.sieTe.sr, MMeHHO ero-To M He XBaTaJIO 

HbIOTOHY )].JI.ll OTBeTa Ha MyqMBllIMH ero BOnpoe, KaK OTJIMqMTb 

"Ka~meee.sr )].BM)KeHMe OT MeTMHHOro." 3TMM He,[(OeTaIOIUMM BOenpM.sITM

eM ,[laHHOH HaM ,[letteTBMTeJibHOeTM M .sIBJI.sieTe.sI B03MO)KHOeTb Ha6JIIO,[leHM.ll 

noBe)].eHM.sr rMpoeKona, npe)].eTaBn.sr10mero noBe)].eHMe eBo6o)].Horo BeKTO

pa npM ero yeKopeHHOM )].BM)KeHMM. B cwiy nuneiiuocmu npocmpaucm6a 
co6b1muii na6mooae.MbUt 3</JpeKmo.111 oKa3b1Baemca ue monbKO umozo-
6blii noBopom npu 6036pall(euuu ew 6 ucxoony,o mo'l«y, no u noBopom 
6 co6cm6e1111oii cucme.Me omc'lema zupocKona KaK HeKomopoii <jJyHK
l{UU npoiioennozo nymu nepeuoca. HeeoBna,[leHMe HanpaBJieHM.sr BeKTopa 

e MeXO)].HbIM .sIBJI.sieTe.sr HeHa6JIIO,[laeMbIM B eo6eTBeHHOH eMeTeMe B npo

ueeee ero nepeHoea JIMlllb B npoerpaHeTBax e KpMBM3HOH, OTJIMqHoii OT 

HyJI.sr, B TOM M TOJibKO B TOM enyqae, eeJIM MTOrDBbIH IlOBopoT eOOTBeTeT

ByeT KpMBM3He ,[laHHOro npoeTpaHeTBa, TO eeTb y)].OBJieTBOp.sreT ,KpMTepMIO 

napanneJibHoro nepeHoea BeKTopa B 3TOM npoerpaHeTBe, BBe,[leHHoro Jle

BM-qMBMTa TOJibKO B 1917r. 

TaKMM o6pa30M, eeJIM 6y)].eT Hatt,[leHa B03MO)KHOeTb M3MepeHM.ll 

TOMaeoBeKoro IlOBOpOTa Ha 3a,[laHHhIX yqaeTKaX TpaeKTOpMM, TO B paMKax 

JiopeHI.{eBeKoii MeXaHMKM BnepBbie IlO.sIBJI.sieTe.sI B03MO)KHOeTb OTJIMqMTb 

MeTMHHO KpMBOJIMHeiiHoe )].BM)KeHMe B npoerpaHeTBe OT MeTMHHO np.srMO

JIMHettHOro. 3To Il03BOJI.sieT IlO-HOBOMY B3rJI.sIHYTb Tenepb Ha npo6JieMy 

yeTaHOBJieHM.ll a6eoJIIOTHOH eMeTeMhI OTeqeTa M eB.sI3aHHoro e Hett a6eo

JlIOTHOro npoerpaHeTBa, BBe,[leHHOro HbIOTOHOM )].JI.ll o6oeHOBaHM.ll 3aKOHa 

MHepUMM, OJJMI.{eTBOp.sreMoro paHee IlOH.sITMeM MMpOBOro 3q>Mpa, M 3aHOBO 

nepeeMorpeTb npaBOMepHOeTb yernHOBMBllIMXe.sI npe,[leTaBJJeHMH. *) 

*) O6mne npeo6pa30B3HHH 6e3 BpameHHH 6hIJIH IT0JIY'IeHI,I JIHIIlh nyreM o6o6meHHH 

cneUHaJihHhIX, a He BbIBe,neHhl Henocpe,ncTBeHH0 H3 HCX0)].H0fO npHHUHITa H )].0IT0JIHH

TeJihH0fO nocrynaTa, C K0T0phIMH 0HH 0Ka3hIBfilOTCH HeC0BMeCTHMhlMH H3-3a 0TcyrcT

BHH rpynn0BhlX CBOHCTB. 
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£e3yeneUIHOeTb BBe,[leHM.ll a6eOJIIOTHOH eMeTeMbI B npollIJlOM B 

paMKaX rn6pM)].HOro BapMaHTa, )].OITyeKaIOill,ero eoeyI1J,eeTBOBaHMe KJiaeeM

qeeKOH MexaHMKM e :rneKTpO)].MHaMMKOH MaKeBeJina, 6blna 6e3 )].OeTaToq

HbIX oeHOBaHMH B03Be)].eHa B paHr He3bI6JieMoro M oeHOBHOrO 3aKOHa npM

pO)].bI B qiopMe npMHI.{MIIa OTHOeMTeJibHOeTM. Bee noene)].YfOill,Me IIOIIbITKM, 

yKpernrnIOill,Me JIMlllb HallIY Bepy B )TOT 3aKOH, npe)].eTaBJI.sIJIM eo6oii TaK)Ke, 

no eyIUeeTBY, pa3JIMqHbie BapMaHTbI 3a6ny)K)].eHMtt aBropoB npM paeqernx 

O)KM,[laeMbIX 3cpcpeKTOB, M II03TOMY OTeyrernMe MX He MO)KeT eny)KMTb )].O

Ka3aTenbeTBOM HenorpellIMMOeTM npMHll,MIIa OTHOeMTeJlbHOeTM. IlpM KOp

peKTHbIX paeqeTaX, e ToqKM 3peHM.ll eymeeTBOBaHM.ll a6eonIOTHOrO npo

erpaHeTBa MJlM 3q>Mpa B paMKaX )].etteTBM.ll B HeM npeo6pa3oBaHMH JlopeH

ua, HyJieBbie pe3yJibTaTbI BO Beex BbIIIOJIHeHHbIX )].O eMX nop 3KenepMMeH

TaX 6bIJIM eTporo npe)].onpe)].eJieHbI, M Il03TOMY .sIBJl.sIIOTe.sI )].OKa3aTeJibeT

BaMM He OTeyTeTBM.ll MMpOBOro 3q>Mpa M HeB03MO)KHOeTM BBe)].eHM.ll eB.sr-

3aHHOH e HMM eMeTeMbl OTeqeTa, a ,[letteTBM.ll MMeHHO ,[laHHbIX npeo6pa30-

BaHMH, a He ranMneeBeKMX, Iio He 6onee. B eB.sr3M e 3TMM Bonpoe o eyI1J,eeT

B0BaHMM MMpOBOrO 3q>Mpa KaK HeKOTOpoii eKpbITOH OT np.srMoro Ha6nIO,[le

HM.ll cpopMbl MaTepMM, eTporo roBop.sr, oerneTe.sI noKa eoBeprneHHO OTKpbI

TbIM, M pa3pellIMTb ero OKOHqaTeJlbHO MO)KHO JlMlllb nyreM 6onee BHMMa

TeJibHOrO M3yqeHH.ll )].OilOJIHMTeJibHbIX B03MO)KHOeTeii, npe)].OeTaBJI.sieMbIX 

npeo6pa30BaHM.sIMM JlopeHua, He yqMTbIBaeMbIX paHee. KoeBeHHbIM, HO 

BeebMa eMJibHbIM apryMeHTOM B IlOJib3Y OTeyTeTBM.ll nyeToro npoerpaHeT

Ba, KpOMe 3JleKTp0)].MHaMMqeeKMX eoo6pa)KeHMH, MOryT en)')KMTb M eaMM 

npeo6pa3oBaHM.sI JlopeHua, M6o HeB03MO)KHO npe)].eTaBMTb ee6e no.srBneHMe 

3aBMeMMOeTM o6IUMX q>M3MqeeKMX eBoiieTB TeJI OT MX )].BM)KeHM.ll B nyeTOM 

npoerpaHeTBe, paBHO KaK M q>M3MqeeKyro peanH3al.{MIO eaMoro eymeerno

BaHM.sI npe)].eJibHOH eKopoeTM nepe)].aqM eMrHaJIOB M JII06bIX B3aMMO,[letteT

BMH, HMKaK He 061,.sreH.sreMyro eyI1J,eernyroI1J,eii TeopMeii. C 3TOH ToqKM 3pe

HM.sr, 3q>Mp Beer,[la 6bIJI, eeTb M 6y)].eT B TaKOH )Ke eTeneHM Heo6XO)].MMbIM M 

npe)].onpe)].en.srrolll,MM 3neMeHTOM HayqHoro npe)].ernaneHH.sI MMpa, KaK, 

HaIIpMMep, M Eor B ero penMrM03HOM npe)].eTaBJleHMM. Mo)KHO TaK)Ke 6bITb 

yBepeHHbIM M B TOM, qTO M Be.ll BeeneHHa.sI .sIBJI.sieTe.sI He qeM MHbIM, KaK IIO

pO)K,[leHMeM )Toro 3q>Mpa BeJie)].eTBMe ero rpaBMTal.{MOHHOH HeyeToiiqHBO

eTM. Co6erneHHO, Ha eoBpeMeHHOM 3TaIIe pa3BMTH.ll HayKM 3q>Mp cpaKTnqe

eKM )')Ke Bo3pO)K)].eH, npaB)].a, noKa 6e3 npaBa "nponMeKM" B qiopMe q>H3M

qeeKoro BaKYYMa, MMeIOIUMM, KpoMe npe)KHMX, M HOBbie MHOroo6pa3Hbie 

q>M3MqeeKMe npo.srBJieHM.sI.*l Ho 3TO, IIO-BM)].MMOMY, Bee )Ke BpeMeHHbie 

Tpy)].HOeTM . .LJ:oKa3aTeJJbeTBO B03MO)KHOeTM BBe,[leHM.ll eB.sI3aHHOH e )].aHHOH 

qiopMOH MaTepHM eMeTeMbl oTeqern, npMHI.{MilMaJihHO orpMuaeMOH eylll,e

eTByIOill,ett qiopMOH TeopMM OTHOeMTeJlbHOeTM, M .sIBJI.lleTe.sI IIeJiblO H3na

raeMOH HM)Ke pa6oTbI. IlpMBO)].MMbie B Heii 3JieMeHTapHbie paeqeTbl M )].0-
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IlOJIHIITeJII,Hbie apryMeHTbI, KaK Ha,n:eeTCH aBTOp, BilOJIHe ,n:OCTaToqHE,I .n:m1 

IlOJIHC>ro IlOHIIMaHIIH cyrII npo6neMbl He TOJibKO npoqieccIIOHanaMII, HO II 

"mo6o3HaTeJibHbIMII cry.n:eHTaMII, IIHTepecyioIIJIIMIIC51 BOnpocaMII MHpo-

3,n:aHIIH. 

OcHOBHhIC CB0HCTBa 

T0MaC0BCK0ro BpameuuH 

KaK 61,mo CKa3aHO BbIIIIe, TOMaCOBCKOe BpaIIJeHHe q>H3HqecKHX 061,

eKTOB npII IIX KpIIBOJIIIHeHHbIX ,n:BII)KeHII5IX 5IBJI5IeTC51 q>lI3IIqecKIIM np05IB

neHIIeM aHTlIKOMMyraTHBHOCTII 06IIJIIX npeo6pa30BaHHH JiopeHI~a 6e3 

BpaIIJeHHH nptt lIX nocne.n:oBaTeJibHOM npIIMeHeHHlI .!l:1151 OillICaHH51 .n:aHHO

ro BII,n:a ,n:BII)KeHIIH. TaK, eCJilI npOH3BeCTlI ,n:Ba nocne,n:oBaTeJibHbIX npeo6-

pa30BaHII51 Me)I(,n:y TpeM51 HHeputtanbHbIMII ClICTeMaMH A, B lI C, OTHOClI

TeJibHbie CKOpOCTII KOTOpbIX He Jie)KaT Ha o,n:HOH Ilp5IMOH, a o6pa3)'IOT He

KOTOpbIH TpeyranbHIIK B npocrpaHCTBe CKOpOCTeH, ycnOBHO mo6pa)KeH

HbIH Ha pttc. 1, TO pe3yJibTaT npeo6pa30BaHII51 KOop,n:IIHaTHOH ClICTeMbl AK 

B, a 3aTeM OT CIICTeMbI B K C He 3KBIIBMeHTeH npHMOMY npeo6pa3oBaHHIO 

KOOp.!l:HHaTHOH CIICTeMbl A K C, a OTJIIIqaeTC51 OT Hero IlOBOpOTOM nony

qeHHOH B nepBOM cnyqae CIICTeMbI Ha yran Q, onpe.n:en5leMbIH qiopMynoii 

(1), nonyqenHoii B pa6oTe [5] , 

cosQ = 1- (y; - l)(yk -1) sin2 0 , (I) 
y + 1 

r.n:e Y;, Yk H y-nopeHu-q>aKrnp1,1 cttcTeM B II C, onpe.n:enHeMbie 0x OTHoc0-

Ten1,n1,1M0 CKopocrnMII /3j, /3k II /3, a 8 -yran Me)K.n:y BeKTOpaMII /3i II /3k. 
3TOT pe3yJibTaT npe,n:cTaBIIM TaK)Ke 3KBHBaneHTHbIM Bbipa)KeHIIeM 

. [ ] rirk(I+r;+rk+r) 
smQ=- f3; xf3k ·( )( )( ) , (2) 

l+y; I+yk l+y 

nonyqeHHbIM panee B pa6ornx [6,7]. 
Kom,:qecTBeHHo TaKoii )Ke pe3yn1,TaT nonyqaeTCH nptt nocne,n:oBa-

*)HarrpHMep, OTKJIOHeHHJl MarHHTHbIX MOMeHTOB rrpocTeiiumx 'JaCTHil-JieIITOHOB OT 

MarHeTOHa Eopa, OIIHCblBaeMbIX )')Ke C Y.D:HBHTeJibHOll TO'IHOCTb!O ,!J;O ,n;eBJITOfO 3HaKa. 

)Kanb JIHIIIb, 'ITO CTO!Ib YMHaJI TeOpHll KaK KBaHTOBaJI :meKTPO.D:HHaMHKa O CaMOM 'IHC

JieHHOM 3Ha'leHHH MafHeTOHa Eopa, T. e. 06 OCHOBHbIX 3MIIHpH'IeCKHX IIOKa KOHCTaHTax 

CaMOro BaI<yYMa e, h, c n g ,n;alKe rrpnMepHO HHKor,n;a n HH'lero CKa3aTb He CMOlKeT. 3To 

3a,!J;a'Ja 6y.D:YIIIeii q>H3HKH BaI<yYMa, T. e. HaYKH 06 YCTPOHCTBe CaMOfO rrpOCTPaHCTBa, K 

C03,!J;aHHIO KOTopoii, XOTJI H BeCbMa H3BHJIHCTblM IIYTeM, Mbl uen36ellCHO rrpn6JIHllCaeM

CJl. Ho ,!J;JIJl o60CHOBaHHJl CTOJib BeJIHKHX ,n;eJI, KaK H3Y'feHne MHKpOCTPYKTYPbl rrpo

CTPaHCTBa, ueo6xo,n;HMO orrpe,n;eJIHTb IIOKa XOTJI 6bI CTaryc CaMOfO rrpOCTPaHCTBa. 
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C 
Pnc. 1 

TeJibHbIX npeo6pa3oBaHIIHX A-B, B-+C 0 C-+A, TO ecTb c B03BpaIIJeHtteM 

B lICXO.!l:HYIO ClICTeMy A, BbIIlOJIHeHHbIX q0CTO reoMeTpttqecKHM MeTO):(OM 

Ha eBKnlI.!l:OBOll IlJIOCKOCTlI [8]. Cne,n:oBaTeJibHO, Bbipa)KeHH51 ( 1) lI (2) OillI

CbIBaIOT lIHTerpanbHblH IlOBOpOT KOOp,n:ttnaTHOH ClICTeMbl nptt o6xo.n:e no 

KOHTYPY B qiopMe 3aMKH7'TOra Tpeyran1,n0Ka cKopocTeH, xorn 3TO neno

cpe.n:crnenHo eIIJe H ne cne,n:yeT H3 Bbipa)KeHHH ( 1) H (2), onIICbIBaIOIIJHX, 

Ha nepBblH B3rJI51.!l:, TOMaCOBCKlIH IIOBOpOT JilIIIIb B 0):(HOH lI3 BepIIIHH rpe

yranbHHKa cKopocTeH ABC, o6pa3oBaHHOH BeKrnpaMH /3i H /3k· 
B pa6oTe [8] 61,rno TaK)Ke IIOKa3aHO, qTQ HeIIocpe.n:crneHHOll q>lI3lI

qecKOH np0qIIHOH IIOBOpOTa Ten 5IBJI5leTC51 lIX nopeHQeBCKOe npo,n:OJibHOe 

coKpaIIJeHtte H nepeoptteHTaum1 era H3-3a H3MeHeHH51 HanpaBrrenHH HTO

raBOH cKopocTH nptt nepexo.n:e OT cttcTeMbI B K C. AHanornqHbIM o6pa30M 

Be,n:eT ce651 lI KOOp,n:ttHaTHa51 ClICTeMa, HaHeCeHHa51, nanpHMep, Ha IIOBepx

HOCTII ,n:eqiopMttpyeMoro B 3JIJ1lIIlCOlI.!l: IIIapa, eCJilI IIpOH3BO):(IITb norne.n:o

BaTeJibHYIO nepe.n:eqiopMaQHIO era B KaKOM-mi6o 0):(HOM II3 HanpaBJieHHH. 

TaKHM o6pa30M, HeKOMMYTaTlIBHOCTb o6IIJIIX npeo6pa30BaHHll JiopeHua 

5IBJIHeTC51 IIp51MbIM crre,n:CTBHeM OT06pa)KaeMora lIMlI npo,n:OJibHOra COKpa

IIJeHH51 ,n:BII~IIJHXC51 MaCIIITa6oB lI lI3MeHeHH51 opttenTaUHlI era B npo

CTpaHCTBe npH lI3MeHeHIIlI HanpaBJieHH51 ,n:BH)KeHH51. B CHJIY HMeHHO 3TOra 

o6CT051TeJibCTBa lI He IIpOHCXO):(lIT KaKora-11060 ):(OIIOJIHlITeJibHOra IIOBO

porn B ocTaIOIIJHXCH ,n:Byx BepIIIHHax A H C TpeyraJibHHKa cKopocTeif ABC 

IIplI IIOCJie,n:oBaTeJibHOM TpexKpaTHOM npeo6pa30BaHHlI C B03BpaIIJeHHeM B 

IICXO.!l:H)'IO HeIIO):(BlI)KHYIO ClICTeMy A. B 3TlIX BepIIIHHaX IIplI o6xo.n:e IIO 

qacOBOH CTperrKe IIpOHCXO):(lIT IIplI ycKopeHHlI lI3MeHeHHe BeKTopa HTOra

BOH CKOpOCTlI JilIIIIb IIO Mo,n:y1110, a ne HanpaBJieHHIO. no 3TOII )Ke np0q0He 

KOMMyraTIIBHOCTb BOCCTaHaBJIHBaeTC51 lI IIplI .!l:BYX nocrre,n:oBaTeJibHblX 

npeo6pa30BaHH5IX B.!l:OJlb o,n:HOH IIp5IMOH, npH KOTOpb!X nepeoptteHTaUlilI 

HanpaBJieHH51 COKpaIIJeHHH MaCIIITa6a TaK)Ke He IIpOHCXO.!l:lIT lI MaTpHUbl 

npeo6pa30BaHHH OKa3bIBaIOTC51 KOMMyTaTHBHb!MlI. 

B KaqecTBe npocTeiiIIIero npttMepa npaKTHqecKoro HCIIOJib30BaHH51 

o6cy)K,n:aeMora 5IBJieHH51 paccMOTplIM IIpOCTOH c11yqa11 KpyraBOra ):(BlI

)KeHH51 qacTHQbl co CIIlIHOM C yrnoBOH CKOpOCTblO 
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dcp c/3 
(1) =-=-

c dt r ' 
r.ne r- pa.n0yc ee op6ttThI, a dcp - .nmpcpepeHI.{HaJI a.3HMYTaJihHOro yrna cp. 

B paccMaTpttBaeMOM cnyqae B cpopMyne ( 1) B npe.nene cne.nyeT no

no)[(HTh 0=rrJ2, H OHa np006perneT rnr.na npOCT)'IO cpopMy: 

cosQ = Y; + Yk 
y + 1 

.J( 2 - 1)( 2 - 1) 
H sinQ = Y, Yk = /3;/3kY;Yk 

y+l y+l 

3anttchrnrui: .nttcpcpepeHUHaJI a.3HMYTaJihHoro yrna B Btt.ne dcp = -df3k/ /3; Y; H 

yqttTbIBaH, qTo B .naHHOM npe.nene ~k -d~k• y k -1 H /3; -f3, nonyq0M: 

. /3;y;d{0c /32y 2dcp ( ) 
smdQ ~ dQ = -'----'--'-'-~ = --'--'------'- = -dcp y -1 . 

y+l y+l 
,[{nn yrnoBOH CKOpOCTH TOMaCOBCKOH npeuecCHH cnttHa Tor.na nonyq0M: 

w = dQ = -w (r _ l) = _ cf3(r - 1) = _ (r - 1 )[/3 x a] 
t dt c r /32 , (3) 

r.ne a - BeKTOp ycKopeHHH qacTHl.{hl. K TaKOMY )Ke Bbipa)[(eHHIO npHBO.IJ.HT 

H perneHHe 3TOH 3a,naq0 C nOMOil.{hIO HH!pHHHTe3HMaJlhHOro npeo6pa.30Ba

HHH JlopeHua, KaK 3TO H3nO)[(eHO, HanpHMep, B MOHOrpaq>HH [2]. BH.IJ.HM, 

qTo TOMaCOBCKrul npeueccHH nponopQHOHaJlhHa nHllih nonepeqHOH coc

TaBnHIOil.{eii ~eKTOpa ycKopeHHH qacTHUhl. 

Ha· Hcnonh30BaHHH HBneHHH TOMaCOBCKOH npeuecCHH cnttHa, onH

ChIBaeMoro q>OpMynoii (3), OCHOBaHhl, B qaCTHOCTH, COBpeMeHHhie npeuH-

3HOHHbie H3MepeHHH aHOMaJihHOH qaCTH MarHHTHOfO MOMeHTa 3apn)[(eH

HhIX nenTOHOB, HCnonh3yeMbie .nnn npoBepKH npe,nCKa.3aHHH KBaHTOBOH 

3neKrpO.IJ.HHaMHKH. TaKrui: B03MO)[(HOCTh OCHOBaHa Ha TOM, qTo pe3ynhTH

PYIOil.{aH npeueccHH cnttHa (l)s .IJ.HpaKOBCKOH qaCTHl.{hl (g=2) B MarHHTHOM 

none H, paBHrul pa.3HOCTH napMOpOBCKOH H TOMaCOBCKOH qaCTOT, OKa.3bIBa

eTCH crporo paBHOH qaCTOTe BparueHHH qacTHl.{hl B 3TOM none 

w = ~ eH -w (r - l) = eH (l - y -1) = eH = w 
s 2 me c me y me y c ' 

H, cne,noBaTenhHO, yron Me)[(.ny HanpaBneHHHMH cnttHa, ttnn nonnptt3aUHH, 

H HMnynhCOM qaCTHU coxpaHHeTCH. Ilptt HaJIHqHH )Ke OTKnOHeHHH Mar

HHTHOfO MOMeHTa qaCTHl.{hl OT BennqHHhl MarHeTOHa Eopa B03HHKaeT 

6tteHtte nonnpmaunn B na6oparnpHoii cttcTeMe c qacToToii, crporo npo

noputtoHaJihHoii Ben0q0He nonpaBKH a= g/2 -1, n nocne,nHHH MO)[(eT 6bITh 

C oqeHb 6onhllIOH ToqHQCThlO H3MepeHa. 
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Bo3Bpall.{rui:Cb K Harnett TeMe, noKa)[(eM Teneph [8], 'ITO yron TOMa

COBCKOfO noBopoTa Q He 3aBHCHT OT Bb16opa HCXO.IJ.HOH Heno,nBH)[(HOH 

BepllIHHhl rpeyronhHHKa, TO eCTh Bblpa)[(eHHH (1) tt (2) HHBapttaHTHhl OT

HOCHTenbHO UHKnHqecKoii nepecTaHOBKH BXO.IJ.j{ll.{HX B HHX napaMerpoB 

npeo6pa3oBaHHH H, cne,noBaTenhHO, Ben0q0Ha Q HBAAeTCH HHBapttaHTOM 

3a,naHHOro rpeyronbHHKa CKOpOCTeii, paBHbIM HTOfOBOMY noBopory npH 

o6xo.ne no 3aMKttyTOMY KOHTYPY, KaK 3TO H yrBep)[(.IJ.aJIOCh Bhirne. 

3aMeTHM npe)[(.ne Bcero, qTo .nnn ·n106oro 3aMKttyToro rpeyronhHHKa 

CKOpOCTeii, ycnOBHO H306pa)[(eHHOro *) Ha pttc.2, HMeIOT MeCTO cne.nYIQil.{He 

BeChMa npoCTbie no cpopMe COOTHOllieHHH: 

JR sin'ljJ = sin0, 
1 

Pi sin0= sina, 
1 

(4) 

A ~ sina = sin'ljJ, 
1 

Pttc. 2 

Henocpe,nCTBeHHO BbITeKaIOil.{He H3 0611.{ero 3aKOHa cno)[(eHHH CKOpocTeii 

.J /3;2 + /3/ + 2/3; /3k cos0- /3;2 /3/ sin2 0 
/3 = 1 + /3; /3k COS 0 ' 

(5) 

.nononHneMoro TaK)[(e cne.IJ.YIOil.{HM COOTHOllieHHeM Me)[(.ny yrnaMH 1/J tt 0 

• > Tpeyrom,HHK CKOpocTeii MO)KeT 61,1Tb rrocrpoeH Ha eBKJI~OBOii IIJIOCKOCTH, ecJIH 

rrpoH3Becm cooTBeTcTnyromne MacmTa6H1,1e rrpeo6pa30BaHIDI ero rrapaMeTpOB K e,IUI

HOM)' MaCIIITa6y KaKOii-JIH6o ll3 CHCTeM OTCtJeTa. HarrpnMep, ,l(lUI rrpeo6pa30BaHH8 K 

Macmrn6y CHCTeMhl A qiopM)'Jihl rrpeo6pa30BaHIDI HMeIOT B~ 

/3k.J(1-f3/)(1-/3/cos2 0) cos0.J1-/3/ 
{3{ = _ _,_..;..__--..:.....:.....-----'- cos0' = --,,=========~ 

1 + /3k/3; cos0 .Ji- {3/ cos
2 0 

BeKTopa /3., flt ll /3 rrpHHa,lUie)KaT TOr,la JIHHeiiHOM)' BeKTOpHOMY rrpOCTpaHCTBy H rro-

3TOM)' IIO,llJHHRIOTCR 061,ItJHJ,IM rrpaBHJiaM BeKTopHoro CJIO)KeHIDI cornacHO qJOpM)'Jie 

f3 = .J f3/ + /3{ 2 + 2/3;/3{ cos0' , 
CJie,loBaTeJIJ,HO, rrpnBe,leHHhle qiopM)'Jihl rrpe,lCTaBJI8IOT tJaCTH1,Iii CJIYllaii OTPa)KeHHR 

IIJIOCKOCTH rrpOCTpaHCTBa Jio6atJeBCKOro Ha eB~OBY IIJIOCKOCTh rrpn ycJIOBHll Kaca

HIDI llX B TOtJKe A. 
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N·f3k sin0 

tg'ljl= ' [3k cos0 + /3; 
KOTOpoe MO)KeT 6bITh npe,ncTaBJieHO TaK)Ke a BH,ne 

- cos 1/J = I 2 2 2 2 • 2 
...; /3; + [3k + 2/3; [3k cos0 - /3; [3k sm 0 

/3k COS 0 + /3; 
(6) 

)].ettCTBHTeJihHO, HCIIOJlh3YSI Bhipa)KeHHe (5), BeJIH'IHHY y MO)KHO 

npoCTO Bhlpa3HTh qepe3 nopem~-cpaKTOphl Yi H Yk , KaK 

Y =(l-/3
2r½ =Y;Yk + ✓(r/-1)(r/-l)·cos0. (7) 

HcIIOJlh3YSI (5) H (7), Bhl~)KeHHe (6) MO)KHO nepeIIHCaTh Teneph B BH,ne: 

/3,k COS0 + /3,. (/Jk COS0 + /3, )yk
2 
y .

2 

- cos'ljJ = ' =-'---- ' ' 

/3( 1 + [3k /3; cos0) /Jr 

(/3k cos0 + /3; )r k Y; 

~ 
3a,naqa CBO.IJ.HTCSI, TaKHM o6pa30M, K ycTaHOBJieHHIO TO)K.IJ.eCTBa: 

( R 0 /3, )2 
2 2 2 2 2 • 2 2 0 

2 nCOS + i rkri Yk -1 . 2 r -rk sm 0-cos 
cos 1/J- 2 -1--2-sm 0- 2 r -1 r -1 r -1 

KOTOpoe nerKO .IJ.OKa3hIBaeTCSI, ecnH pa1peIIIHTh ero OTHOCHTeJihHO y2 

y 2 =r; sin
2 
0+cos

2 0+(/3k cos0+ /3; )2 r;r; = r; sin
2 0 +cos

2 0+ 
R2 2 2 2 0 2/3, R 2 2 0 /3,2 2 2 2 2 R R 2 2 0 

+ n Y; rk cos + ;1-'kri rk cos_+ i Y; rk =rk + 1-';l-'kr; rk cos + 

: +cos2 0( 1-y; + /3/r:r;)+(r; -l)y; =dr; +2/3;/Jkdr; cos0+ 

+ /3; 2 
/3/y;y; COS

2 0=(Y;Y k + /3;/3kyiy k cos0)2 = Y 2 
· 

OcTaJihHhie Bhipa)KeHHSI ( 4) nony11aIOTCSI KaK cne,nCTBirn QHKJIH'IeCKOll ne

pecTaHOBKH HH,neKCOB BeKTopoB, TaK KaK o6paTHhlll n1060My H3 HHX SIBJISl

eTCSI pe3yJihTaTOM CJIO)KeHHSI ,nayx OCTaIOIQHXCSI. 

)].enM Tenepb IIO.IJ.CTaHOBKH Bhipa)KeHHll ( 4) a cpopMyny (1 ), nony

'IHM .IJ.OKa3aTeJihCTBO c,nenaHHOro BhIIIIe YTBep)K.IJ.eHHSI: 
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cosQ=l (r; -I)(rk -l) sin2 0=1 
y+l 

=l (r;-I)(r-I)_sin21/J=l 

Yk +1 

=l (r-1)(rk-1)_sin2a. 

Y;+l 

(r; -1)(r k -1). r 22 -1·sin21/J = 

y+l rk - 1 

(r;-1)(r-1)_rk2_1_sin2a= 

2 -1 rk +1 Y; (8) 

AttanOrH'IHhlM o6pa30M C IIOMOIQhlO COOTHOIIIeHHll ( 4) .IJ.OKa3hIBaeT

CSI H HHBapHaHTHOCTh cpopMyJihl (2) OTHOCHTeJihHO QHKnH'IeCKOll nepecrn

HOBKH HH,neKCOB BXO.IJ.SIIQHX B Hee BeKTopoB. 

TaKHM o6pa30M, HHTerpanbHOe OIIHCaHHe TOMaCOBCKoro BpaIQeHHSI, 

.naaaeMoe cpopMynaMH ( I ;2), BIIOJIHe y,noanernopSleT npHHQHIIY OTHOCH

TeJihHOCTH. Ka)K.IJ.hlll Ha6n10,naTeJih, HaXO.IJ.SIIQHllCSI B n106ou H3 Tpex HHep

QHanhHhlX CHCTeM, npe,ncTaBJISleMhIX BepIIIHHaMH TpeyroJihHHKa OTHOCH

TeJihHhIX CKOpOCTett, C noJIHhlM npaBOM, rapaHTHpOBaHHhIM eMy npHHQH

IIOM OTHOCHTeJihHOCTH, MO)KeT IIOKa C'IHTaTh CBOIO CHCTeMy OTC'IeTa no

KOSIIQeUCSI, TaK KaK HTOroBhlll IIOBOpOT (HaIIpHMep, rttpocKona), tta6nIO

.naeMhlll Ka)K.IJ.hIM H3 HHX Henocpe,nCTBeHHO, 6y,neT, ecTeCTBeHHO, Haxo

.IJ.HThCSI a noJIHOM cornaCHH c HX pacqernMH a COOTBeTCTBHH c (8). TipH 

3TOM JII06ou H3 HHX MO)KeT C'IHTaTh, 'ITO tta6n10,naeMhlll HM HHTerpanh

Hhlll IIOBOpOT rnpocKona Ha yron Q npoHCXO.IJ.HT JIHlllh B O.IJ.HOll H3 npOTH

BOJie)KaIQHX eMy BepIIIHH ,naHHOro TpeyroJihHHKa CKOpocTett, TO eCTh npH 

ycKopeHHH H3 .IJ.BH)KyJQellCSI OTHOCHTeJihHO Hero CHCTeMhl OTC'IeTa npH ne

pexo.ne BO BTOPYIO ,nBH~nzy10cS1 no.n 3a,naHHhIM yrnoM cttcTeMy. Ha oc

TaIOIQHXCSI )Ke ,nayx yqacTKaX rpaeKTOpHH ycKopeHHOro .IJ.BH)KeHHSI, SIB

JISIIOIQHXCSI, C TO'IKH 3peHHSI Ka)K,noro, IIpSIMOJIHHellHhlMH no onpe.nene

HHIO! HHKaKoro IIOBOpOTa npoHCXO.IJ.HTh He MO)KeT. TaKHM o6pa30M, H3-

Be'IHhlll cnop, B03HHKaIOIQHll Me)K,ny pa3JIH'IHhIMH Ha6n10,naTeJIS1MH, B 

,naHHOM cnyqae CBO.IJ.HTCSI K pa3HOrJiaCHIO JIHlllh B TOM, KaKOll H3 y11aCTKOB 

ycKopeHHhIX .IJ.BH)KeHHll, COBepIIIaeMhIX rHpOCKOnOM npH o6xo,ne no 3aMK

HYTOMY KOHTYPY cKopocTett, S1BJIS1eTcS1 KpHBOJIHHettHhIM, tt6o JIHIIIh Ha HeM 

H MO)KeT HMeTh MeCTO TOMaCOBCKHll noaopoT KOOp.IJ.HHaTHOll CHCTeMhl, 

npe,ncTaBJISleMOll opHeHTaQHett rHpOCKona. QqeBH.IJ.HO, noKa Ha6n10,naTeJIH 

pacrionaraIOT JIHlllh BeJIH'IHHOIO IIOJIHOro noaopoTa Q, TO'IKa 3peHHSI HH 

O.IJ.HOro H3 HHX He MO)KeT 6bITh onpoaeprnyra. Ho npHBhl'IHaSI cttryaQHSI 

BnepBhie B TeopHH KOpeHHhIM o6pa30M MeHSieTCSI, eCJIH MO)KeT 6bITh nony

'IeHa .IJ.OIIOJIHHTeJihHM HH<popMaQHSI O 3Ha'IeHHSIX OT,neJihHhIX COCTaBJISIIO

IQHX BeJIH'IHHY Q cnaraeMhIX. B 3TOM cny11ae cnop, O'IeBH.IJ.HO, MO)KeT 
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6bITh pa3peIIIeH TOnhKO B nonh3Y Toro Ha6mo,11.aTem1, CllCTeMa OTC'leTa KO

Toporo ,11.eiiCTBHTenbHO noKOllTCH. 

PaCCMOTPHM eme ,11.nH rronHOTbl KapTHHhl , KaK ll3MeHHeTCH curya1..urn 

C noKanbHhIMll nosopoTaMH ( CBH3aHHb!Mll C COOTBeTCTBYJOIUllMll yqaCTKa

Mll ycKopeHHoro )].BH)KeHHH) B o6meM cnyqae, Kor,11.a Hll 0,11.Ha ll3 BepIIIHH 

TPeyronbHHKa OTHOCHTenbHbIX CKOpOCTeii He HBnHeTCH noKoHmeiicH, a mo-

6aH ll3 HllX HaXO)].llTCH B COCTOHHllll paBHOMepHoro ,11.Bll)KeHllH OTHOCll

TenbHO npOll3BOnhHO BbI6ttpaeMOH qeTBepTOH CllCTeMbl OTC'leTa, npHHll

MaeMOH 3a Heno,11.Bll)KHYJO ll, cne,11.osaTenbHO, Kor,11.a Bee TPH TpaeKTOpllll 

ycKopeHHOro ,11.Bll)KeHHH MOryT 6bITb KpllBOnHHeHHhIMll. IlonO)KeHHe Ta

KOH CllCTeMhl B npOCTPaHCTBe CKOpOCTeii MO)KeT HaX0,11.llTbCH, ecTeCTBeH

HO, KaK BHYTPH TPeyronhHHKa cKopocTeii, TaK H Ja ero npe,11.enaMH. 

PacCMOTPHM cHaqana nepBhiii cnyqaii H ,11.nH ynpomeHHH pacqerns 

(He TepHH o6mHOCTll) nonO)KllM TPeyronbHllK OTHOCHTenhHbIX CKOpOCTeii 

paBHOCTOpOHHllM (CM. pttc.3). YrnhI Me>KJzy o6pa3yIOIIJ.llMll ero BeKTOpaMll 

~ B 3TOM cnyqae MO)KHO onpe,11.enttTh, ucnonhJYH ipopMyny (7) : 

y 
cos0 = cosa = cos'ljJ = --(--), 

y + 1 

tt Bbipa)KeHIIe ( 1) Tor,11.a npHMeT Bll,11. 

(y -1)2 . . 
cosQ=l-( . )3 (2y+1). 

y + 1 

Bb16ttpaH, HanpttMep, 3Ha'leHtte y=2, nonyqttM 0=a='1jJ=l31,81° H 

Q=35,43°. 06paTHM BHHMaHlle Ha TO, 'ITO cyMMa BHYTPeHHllX yrnoB TPe

yronhHHKa CKOpOCTeii pasHa B ,11.aHHOM cnyqae 144,57° H, cne,11.oBaTenbHO, 

,11.eipeKT ero BHYTPeHHllX yrnos CTPOro paBeH BenH'lllHe nonHoro TOMaCOB

CKOro nosoporn Q. 3To He cnyqaiiHoe cosna,11.eHtte, a HBnHeTcH OTPa)KeHH

eM Toro ipaKTa, 'ITO npOCTPaHCTBO CKOpocTeii eCTb npOCTPaHCTBO Jlo6a

'leBCKOro, TO eCTb npocTPaHCTBO OTPHUaTenhHOH KpllBH3Hbl, H Bbl'IHCneH

HblH HaMH TOMaCOBCKHH nosopoT COOTBeTCTByeT napannenbHOMy nepeHO

cy seKTopa B 3TOM npocTPaHcTBe no KOHTYPY, onpe,11.enHeMoMy ,11.aHHhIM 

TPeyronbHHKOM CKopocTeii. TaK KaK B TaKOM npOCTPaHCTBe nnoma,11.b n10-

6oro TPeyronhHHKa nponopuuoHanbHa ,11.eipeKry ero BHYTPeHHHX yrnos, 

MO)KHO CKa3aTh TaK)Ke, 'ITO TOMaCOBCKllH nosopOT CTPOrO nponoputtoHa

neH nnoma,11.u 06pa3yeMoro BeKTopaMtt cKopocTeii: TPeyronhHttKa. 

PaccMOTPHM Tenepb qacTHhiii: cnyqaii:, Kor,11.a Bb16upaeMaH Heno,11.

BH)KHaH CllCTeMa OTC'leTa, ll306pa)KaeMaH TO'IKOH O (cM. pHc.3), pacnono

)KeHa TO'IHO B ueHTPe ,11.aHHoro TPeyronhHHKa CKopocTeii: ABC H, cne,11.osa

TeJihHO, HHeputtanbHbie CllCTeMbl, npe,11.cTaBJIHeMbie 3TllM TPeyroJihHllKOM, 

,11.Bll~CH OTHOCHTeJihHO HenO)J.Bll)KHOH no,11. yrnaMll 120° no OTHOIIIeHHIO 
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.npyr K ,11.pyry co CKOpOCTblO ~o ll nopeHu-ipaKTOpOM Yo, onpe.nenHeMhIM 

Bbipa)KeHHeM (7), KOTOpoe s .naHHOM cnyqae .naeT: 

r + cos60° 

1 60
0 = 1,29099 

+cos Yo= 

l1h CllMMeTPllll Ja,11.a'lll y)Ke HCHO ll )1.0 peIIIeHHH, qTo JIOKanbHhle noBopOThl Ha 

scex TPeX TPaeKTopttHX ycKopeHHoro )J.BH)KeHHH nptt o6xo.ne no KOHTYPY 

cKopocTeii: ABCA B ,11.aHHOM cnyqae )J.OJI)KHhI 6hITh paBHhI II, cne.nosaTeJihHO, 

COCTaBJIHTh 11,81 °, eCJill BeJillqllHa Q He 3aBHCllT OT nocrynaTeJibHoro )J.Bll

)KeHHH scero TPeyronhHHKa KaK uenoro B HanpasneHHH n106oii: HJ ero Me,11.HaH 

co CKOpOCTblO ~o- 11 ,11.eiiCTBHTeJibHO, TaK KaK BeKTopa ~o II ~ o6pa3YJOT TPH 

HOBhIX TPeyrOJihHHKa CKOpocTeii:, CYMMa nnoiua.neii: KOTOpbIX paBHa nnoma,11.H 

llCXO)J.HOro, TO Ka)K,11.0MY ll3 HllX ,11.0n)KeH COOTBeTCTBOBaTb TOMaCOBCKHH no-

tP, 

PHc. 3 . 

BOpOT Qo = 1/3Q, onpe.neJrneMbIH B Ka)K,11.0H ll3 BepIIIHH ll3MeHeHHeM Ha

npaBJieHHH CKOpOCTll ~o Ha 120° B pe3yJihTaTe CJIO)KeHHH ee C BeKTOpOM ~

.lJ:eiiCTBHTenbHO, npHMeHHH Bbipa)KeHHe (1) K JII060MY H3 .nononHHTenbHhIX 

TPeyronhHHKOB, nonyqHM MH yrna nosoporn TPe6yeMoe 3HaqeHHe Q 0 : 

cosQ
0 

= 1- (ro - i)2 sin2 60° = 0,9788; Q
0 

= 11,81°. 
y + 1 

TaKHM o6pa3oM, Bll,11.HM, qTo coo6iueHHe TPeyronhHHKY cKopocTeii: 

o6iueii: .no6asoqHQH CKOpOCTll npHBO)J.llT nlllllb K .npyroMy pacnpe.neneHHIO 

noKanbHhlX TOMaCOBCKllX nosopoTOB, OCTaBmffi llX CYMMY Hell3MeHHOH. 

Cne.nosaTeJibHO, BeJIH'lllHa Q HBnHeTCH .neii:CTBHTenbHO ero llHBapttaHTOM, 

KOTOpbIH MO)KeT 6bITb HenpoTHBopeqllBbIM o6pa30M pa3nO)KeH Ha ero co

CTaBMIOIUHe nyTeM 3a)].aHHH nono)KeHHH HeIIO)J;Bll)KHOH, TO eCTb a6conIOT

HOH CllCTeMbl OTcqeTa, II nOCTPOeHHH Ha ee OCHOBe .norronHHTenhHblX a6-

COJIIOTHbIX TPeyroJihHHKOB CKOpOCTeii:, TOMaCOBCKHe IIOBOpOTbl B BepIIIll

Hax KOTOpbIX MOryT 61,1Tb 3aTeM O)J.H03HaqHQ onpe.neneHbl. 
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PacCMOTIHIM Tenepb BHeIIIHIOIO 3a,naqy, KOr,lla Heno,nmrnrnaH CIICTe

Ma OTcqem O pacnoJIO)KeHa 3a npe,neJiaMII 'IpeyroJihHIIKa CKOpOCTett. BhI-

6epeM MH npoCTOThl TOqKY O Ha npO,llOJI)KeHIIII O,llHOH II3 ero CTOpOH, KaK 

nOKaJaHO Ha p1IC. 4. B 3TOM cnyqae TaK)Ke MO)KHO nOC'IpOIITh TPII .nonoJI

HIITeJibHhIX 'IpeyroJibHIIKa, O,llHaKO O,lllIH II3 HIIX B ,llaHHOM cnyqae 6y,neT 

BhipO)K,lleH B np.HMYJO OAC, II, cne,noBaTeJihHO, JIOKaJihHhitt noBopoT B Bep

IIIIIHe C paBeH ffYJIIO. B OCTaJihHhIX BepIIIIIHax noBOpOThl ,llOJl)KHhl 6bITh 

nponopu;IIOHaJihHhl nnomaMM ,llOnOJIHIITeJibHhIX 'IpeyroJibHIIKOB OAB II 

OBC II q1IcneHHO paBHhI .neqieKTaM IIX BHy'IpeHHIIX yrnoB • .lJ:eiicTBIITeJih

HO, Ha OCHOBaHIIII ( 1) BeJIIIqlIHhl IIX 6y.nYT paBHhl ,llJI.H BepIIIIIH A II B 

0 /Jo 

PHc. 4 

cosQA =1 
YoY +✓(rt-1)(r 2 -1) ·co,180-1JI )+ 1 

(r O - l)(y -l)sin2 (180-1J!) 

(r-1)(ror +✓(rt-1)(r 2 -1)-1) •sin2a 

YoY +✓(rt-1)(r 2 -1) ·co,180-1JI )+ 1 
cosQ 8 =1 

3a,naBaH , HanplIMep , 3HaqeHIIe y
0 

=3 nplI y =2, nonyqlIM QA = 26,90° II 

QB= 62,33°; TaK KaK noBopoT B
0

BepIII1IHe A COBeprnaeTC.H nplI o6xo.ne 

"IpeyroJihHIIKa OAB npoTIIB qacoBoii C'IpeJIKII (,nn.H coxpaHeHII.H HanpaBJie

HII.H BeKTopa 13) , a "IpeyronhHIIKa OBC no qacoBoii, TO HanpaBJieHIIH TOMa

coBCI<IIX nOBOpOTOB npOTIIBOnOJIO)KHbl II IIX reoMe'Ip1IqecKaH CYMMa paBHa 

pa3HOCTII, TO eCTh onHTh paBHa IIHBap1IaHzy 35,43°, qero II CJie,llOBaJIO 

o:am,naTb. TaKOH )Ke IITOr, ecTeCTBeHHO, nonyqaeTC.H II nplI JII06bIX ,npyrlIX 

BbI6opax HenO,llBII)KHOH CIICTeMbI. 

Pe3yJihTaT BhIIlOJIHeHHOro BhIIIIe aHaJIII3a MO)KHO cqiopMyJIIIpoBaTh 

CJie,llYJOIIJ;IIM o6pa30M: OTHOCIITeJibHO KOHKpeTHOro pacnpe,neJieHIIH JIO

KaJihHhIX TOMaCOBCKIIX nOBOpOTOB (IIHTerpanoB no "IpaeKTOplIHM nplI ne

pexo,nax Me)K.ny ,llBYMH IIHepu;IIaJihHhIMII CIICTeMaMII), COCTaBAAIOIIJ;IIX B 
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cyMMe IIHBap1IaHT mo6oro TpeyroJibHHKa CKOpOCTett, MO)KHO C,lleJiaTh 

CTOJlhKO npe,llCKaJaHIIH, CK0JibK0 cy.I.IJ;eCTByeT H npon3B0JlhH0 BbI6npae

MhIX CUCTeM 0TcqeTa u HX Ha6mo.naTeJiett, HaX0,llHIIJ;HXCH B C0CTOHHHU 

paBH0MepHoro ,llBH)Kemrn no OTHOrnemuo K paccMaTpHBaeMOMY HMH 

JaMKHYTOMY TpeyronhHUKY cKopocTeii. TaKHM o6paJOM, caM co6010 Ha

npaumaaeTCH Bh!B0,ll, qTo ,llJlH yCTaH0BJlemrn Il0Jl0)KeHHH HeTIO,llBU)KHOH 

CHCTeMbl 0Tcqem ,ll0CTaToqHo H3Mep~ITh ,llettCTBHTeJlbHYJO BeJiuq1my no

B0p0T0B, C0BeprnaeMbIX rnp0CK0il0M Ha Ka)K,ll0M H3 Tpex yqacTK0B ycK0-

peHHhIX ,llBH)KeHHH npn nepeHecemm ero H3 O,llHOH CUCTeMbl B .ZlpyryIO 

BilJlOTb ,llO B03Bpaiu;emrn B HCXO,llHyIO. Tor.na, oqeBH,ZlH0, H3 6eCKOHeqHoro 

l{lfCJla IIpC,llCKaJaHHH 0IIhIT0M M0)KCT 6b!Th Il0,ZlTBep)K,ZleHO BhICKa3bIBaHHe 

Jll!Illb 0,llH0ro H3 Ha6J1IO,ZlaTeJ1ett, HO He 6onee, H3-3a O,ZlH03HalJHOH CBH3U 

JlI06oro K0HKpeTHOro pacnpe.neneHHH co CK0p0CThlO C00TBeTCTBYIOIIJ;ero 

ua6mo.naTeJ1H, npo.neMOHCTpupoBaHHOtt Har.m Ha Tpex qacTHbIX npnMepax 

BbIIIIe. TaK, eCJlll pe3yJibT~lT H3MepeHHH JlOKaJibHbIX IlOBOp0T0B IlOKa3aJI, 

uanpHMep, OTCYTCTBHe HX Ha ,llBYX TpaeKTOpUHX ycKope,rnoro ,ZlBmKeHHH 

ntpoCKona H paBeHCTB0 ero HHBapHaHzy Q Ha TpeTbett TpaeKT0plm, TO 

HeTI0,ZlBH)KHaH CHCTeMa pacn0JlQ)KCHa B npOTHBOJie)KaIIJ;ett eii BepIIIHHe 

TpeyroJlbHHKa CKopoCTett. Ec1111 )Ke HMee, MeCTO Il0B0p0T B O,llH0M Ha

npaBnemm Ha Bcex Tpex TpaeKTOpHHX, TO Heno,ZlBll)l(HaH CHCTeMa 3aKJ1IO

qe11a BHYTPH TpeyroJlhHHKa CKopoCTett. Ecnu 3HaK 0,ZlH0ro 113 Il0B0p0T0B 

o6paTHbIH, HCII0,ZlBlf)l(HaH CHCTeMa pacnoJl0)KCHa 3a npe.nenaMH ,ZlaHH0ro 

TpeyroJibHHKa CKOpOcTett. 

TaKHM o6pa30M, npo611eMa ycTaH0BJieJ-:HH HCil0,llBlf)KH0H CHCTCMbl 

0TClJeTa u;eJlHK0M H fI0JlH0CTbIO CB0,ZlHTCH K 3a,Zla'le 0ilbITH0ro pa3Jl0)KCHHH 

HHBapuaHTa T0MaC0BCK0ro Il0B0p0Ta 3a,llaHH0ro Tpeyr0JlbHHKa CK0poCTett 

Ila C0CTaBJIHIOIIJ;He ero Jl0KaJlbHbie Il0B0p0Thl, CBH3aHHhie C K0HKpeTHbIMH 

TpaeKT0pHHMH ycKopeuuoro ,llBH)KeHirn rHp0CK0ila npH Il0CJlC,ll0BaTeJlb

H0M nepeMeiu;emm ero B 0,llH0M H3 HanpaBJieHHH ,ll0 B03Bpaiu;emrn B HC

X0.lJ.HYIO CHCTeMy. 

Cnoco6 H3Mepemrn JIOK3JlhHblX TOM3COBCKHX nonopoTOB 

OIJeBH,ZlHO, qTO cpaBHeHHe IlOKaJaHHH .ZlBYX rupoCK0il0B npu JlI0-

6oM cnoco6e ux nepeHoca cnoco6Ho ,naTh cse.neHmr nnrnh o cyMMe ux 110-

KaJlhHhIX Il0B0p0T0B B BepIIIHHax TpeyroJibHHKa OTHOCHTCJlhHbIX CKopo

CTett, HBJlHIOIIJ;ettCH ero HHBapHaHT0M, TO eCTb BCJlHlJHHOH, He 3aBHCHIIJ;ett 

OT nocTynaTCJlhHoro .UBH)KeHHH ero KaK u;enoro B npocTpaHCTBe. Cne.nosa

TeJILHo, ,llJIH H3MepeHHH BeJIHlJHHhl C0CTaBJIHIOIIJ;HX ero JI0KaJlbHblX Il0B0-

p0T0B, npe,ZlCTaBJIHIOIIJ;HX ,llJIH II0CTaBJieHHOH 3a.z:1aqlf rnaBHhIH HHTepec, 

He06XO,ZlHM HeKOTOpbIH ,llOilOJIHHTeJibHhIH penep, ue IIO,llBep)KeHHhIH TO-
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MacoBCKOMY noaopo-ry H 3a,na10mttii HeH3MeHHbie HanpaaneHH.H B npo

CTJ)aHCTBe B npou:ecce ycKopeHH.H rnpocKona nptt nepeao.ne ero H3 ttcxo.u

HOtt B .upyrtte CHCTeMbl OTClJeTa, npe,ncTaBJI.HeMbie BepIIIHHaMH TJ)eyroJih

HHKa CKOpOCTett. B KatJeCTBe TaKHX HHCTJ)yMeHTOB, 3a,Ual0ll{HX HeH3MeH

Hble tt TJ)e6yeMbie Hanpaanemrn a npOCTJ)aHCTBe, MOryT CJIY)KHTh, oqe

BH.UHO, o6bilJHble JIYlfH CBeTa, HcnycKaeMbie ,UOCTaTOlJHO HanpaBJieHHbIMH 

TOlJelJHbIMH HCTOlJHHKaMH, nOKO.Hll{HMHCH B HatJanax KOOp.UHHaT paccMaT

pttaaeMbIX HHepU:HaJibHblX CHCTeM H OCBell{aIOII.{HMH B3aHMHO HX HatJana 

no 3aMKHYTOMY KOHTYPY a q,opMe pacmupRIOU{ezoca ao ape.Me11u, 110 
ocma10U{ezoca not)o611b1M ce6e a J1106oii M0Me11m, eaKJ1udoaa mpe
yzoJ1b11u«a, o6pa3ye.MOZO dUllllblMU ucmo'IIIUKUMU. Mx JIYlfH, BH.UHMbie 

Jllllllb B 3a,naHHbIX paccMaTJ)HBaeMbIM TJ)eyroJibHHKOM CKOpOCTett HanpaB

nemrnx, H MOryT CJIY)KHTb TeMH nYTeBO,UHblMH HHT.HMH, ycKOp.H.HCb B.UOJib 

KOTOpb!X, MO)KHO KpaTtJattIIIHM nyTeM nepeceJIHTbC.H H3 O,UHOH CHCTeMhl B 

.npyry10. Ha npou:ecc ycKopeHHH HaIIIero rnpocKona ,UOJI)KHO 6hITb HaJIO

)KeHO Jllflllb O,UHO ycJIOBHe, a HMeHHO ycKopeHHe B HanpaaneHHH ,naHHoro 

nyqa .no .UOCTH)KeHHH TJ)e6yeMOH CKOpOCTH nptt6opa, H3MepHeMOH, Ha

npHMep, no .nonnepoBCKOMY CMell{eHHIO JIHHHH'CneKTJ)a HCTOlJHHKa. Cne

.UOBaTeJibHO, a ycKOpHeMOH _CHCTeMe .UOJI)KHO 6bITb, KpOMe rttpocKona, tt 

HeKOTopoe npneMHOe onTHlJeCKOe YCTJ)OHCTBO, Henocpe,UCTBeHHO ynpaB

JIHIOII.{ee npou:eccoM ycKopemrn TaKHM o6pa30M, lJT06bI npHHHMaeMhlll HM 

nyq CBeTa OCTaBaJICH CTJ)OfO B u:eHTpe ero nOJIH 3peHHH Ha npoTH)KeHHH 

acero U:HKJia ycKopeHHH. Tor.ua optteHTaU:HH rnpocKona OTHOCHTenhHO on

THtJecKoii OCH TaKOro npttu:ena H .UOJI)KHa 6b!Tb npe,nMeTOM Ha6n10,neHHH B 

npou:eccax ycKopeHHH acero KOMnneKca nptt nepeao.ue ero H3 o,nHott 

HHepU:HaJibHOH CHCTeMbl B .npyryIO BnJIOTb .no B03Bpaiu:eHHH B HCXO.UHyIO. 

QqeBH,UHO, OCb onTttlJeCKOro ycTpOHCTBa, 3aKpenJieHHa.H B npOCTJ)aHCTBe 

nponeTaIOIQHM qepe3 Hero JIYlfOM CBeTa, He MO)KeT 6bITb HHKaKHM MblC

JIHMbIM o6pa30M no.naeprHYTa TOMaCOBCKOMY BpameHHIO, B TO BpeMH KaK 

rHpOCKOn, 6e3yCJIOBHO, 6y.neT Hett36e)KH0 ero HCnhITbIBaTb Ha TeX yqacT

Kax ycKopeHHblX ,UBtt)KeHHH, Ha KOTOpbIX TJ)aeKTopHH ero ,UBH)KeHHH 6y

.UYT KpHBOJIHHeHHbIMH. TaK KaK TaKa.H TJ)aeKTOpHH npncyTcTByeT, KaK MH

HHMYM, B O.UHOH ll3 aepIIIHH JII06oro TJ)eyroJihHHKa CKOpOCTett, He BblpO

)K,UeHHOro a npHMYJO, Ha6JIIO,D.eHHe IIOBOporn rHpOCKOila OTHOCHTeJibHO 

,D.Bll~IQerocH COBMeCTHO C HHM onTHlJeCKOro penepa HBJIHeTCH HeH36e)K

HbIM CJie,D.CTBHeM H3JIO)KeHHOH BbIIIIe TeopttH. TaK KaK CYMMa Ha6JIIO,D.ae

MbIX TaKHM o6pa30M nOBOpOTOB CTJ)Oro 3a,D.aHa BbI6paHHbIMH CHCTeMaMH 

OTClJeTa H HBJIHeTCH HX HHBapnaHTOM, 3HaHHe KOHKpeTHOro pacnpe,D.eJie

HH.H JIOKaJibHbIX IIOBOpOTOB no BepIIIHHaM TJ)eyroJibHHKa CKOpOCTett, H3-

MepHeMoro B OilhITe, II03BOJIHeT O,D.H03HalJHO onpe,D.eJIHTb IIOJIO)KeHHe ll 

HeIIO,D.BH)KHOH CHCTeMhl OTClJeTa. 
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TeopeMa e,[{HHCTBCHHOCTH 

TTonbITaeMCH Tenepb ccpopMynnpoBaTb HTOr B cpopMe ,D.Byx YTBep

)K,Il.eHHH, HCTHHHOCTb KOTOpbIX 3JieMeHTapHO ,D.OKa3yeMa. B KatJeCTBe HC

XO,UHOH aKCH0Mbl npttMeM, 'ITO npOCTJ)aHCTBO co6bITHH HBJIHeTCH JIHHett

HbIM ll B HeM .nettCTBHTeJibHbl npeo6pa30BaHHH JlopeHu:a. 

JIEMMA. Bo JHIIOJJcecmae u11epu,uaJ1bllblX cucme.J11 omc11ema cyll{e
cmsyem ma«oe nodMIIOJJCecmao cucme.M, OIWIU'IUIOU{UXCR JlUlUb noJ10-
JJCe11ue.M lf opue111nau,ueii a npocmpa11cmae, a «omopbtX yc«opne.J1tbte no 
11anpa6lle11mo J1y11a caema om 11enoaaUJJC11ozo ucmo1111u«a cao6od11bte 
npo611b1e me/la, a «a11ecmae «omopbtx Mozym CJtYJJCUmb zupoc«onbt, 11e 
ucnbtmbtaa10m moJJtacoac«ozo noaopoma om11ocumeJ1b110 npu11U11tae.Mo
zo J1y11a caema npu J1106oii opue11mau,uu ucmo1111u«a. 

OTCYTCTBHe TOMaCOBCKOro IIOBoporn npH ycKopeHHH TeJI a TaKHX 

CHCTeMax OTClJeTa o6ycJIOBJieHO npHMOJIHHettHOCTblO TJ)aeKTOpHH ycKO

pHeMbIX TeJI H OTCYTCTBHeM BbI,D.eJieHHOH IIJIOCKOCTH B npOCTJ)aHCTBe H, 

COOTBeTCTBeHHO, TOH HOpMaJIH, BOKpyr KOTOpott Mor 6hI COBepIIIaThCH 

IIOBOpOT. OTCYTCTBHe TaKHX CHCTeM HeCOBMeCTHMO a npHHU:HTie c noHH

THeM 0)1.HOpO,D.HOCTH H H30TpOI1HOCTH npOCTJ)aHCTBa. TTo:noMy c.nenaHHOe 

YTBep)K,D.eHne HBJIHeTCH HeH36e)KHbIM CJie)];CTBHeM HCXO)];HOro noc-rynarn. 

TaKHe n TOJibKO TaKHe CHCTeMbl OTClJeTa 6y)];eM Ha3hIBaTb HeIIO)];Bli)KHbIMH 

HJIH a6COJIIOTHbIMH. 

TEOPEMA EllHHCTBEHHOCTH: B Jll06oii u11epU,UaJlbllOU cucme
JJte, 11axod11U{eiic11 a cocmoa11uu daUJJCemm no om11ome11u10 K a6co
mom11oii, npu yc«ope11uu cao6od11ozo (no om11ome11u10 K noaopomUM) 
npo611ozo me/la (zupoc«ona) ado/lb 11anpaaJ1e11ua J1y11a caema om 11enod-
6UJJC11ozo ucmo1111u«a 3moii cucme.Mbt cyu(ecmayem moMacoac«uii no
aopom npo611ozo me/la 11a yzoll Qi, onucbt6ae.Mbtii q,opJJtylloii 

cosQ; =1 (r; -1)(r0 -1)sin2 0 
(9) 

Y;Yo +✓(r/-1)(r; -1)·cos0+ 1 
r)];e Yi -TeeynIHH nopeHu:-cpaKTop ycKopHeMoro Tena B HCXO,D.HOH )];BH~

iu:ettCH co CKOpOCTbIO Bo cncTeMe OTCtJern; 

Yo - co6crneHHblll nopeHu:-cpaKTop )];BH~IQettcH CHCTeMbl OTCtJern; 

8 - yron Me)K)J.y HanpaBJieHHHMH nyqa CBeTa n CKOpOCTH ,D.BH~ll{ettcH 

CHCTeMhl OTClJeTa. 

,r:t:OKa3aTeJihCTBO :noro yrnep)K,D.eHHH MO)KeT 6b!Tb C)];eJiaHO MeTO)];OM 

OT npoTHBHOrO. ,r:t:eiiCTBHTeJihHO, )];OrryCTHM, 'ITO H B 3TOM cnyqae TOMa-
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COBCKHH noBopoT npH mo6oii opHeHTaIIHH nyqa CBeTa 0TcyrcrnyeT. O,nHa

K0, TaK KaK Hen0.IlBH)KHfill CHCTeMa (Ha30BeM ee A) cornaCH0 JieMMe, .Il0Ka-

3aHHOH BbIIIIe, cym.ecTByeT H paccMarpHBaeMrur CHCTeMa B HaX0.IlHTCX, no 

onpe,neJieHHIO, B C0CT0XHHH .IlBH)KeHHX co CK0p0CTbIO ~o no 0TH0IIIeHHIO K 

A, TO coo6meHHe JII06oMy TeJiy B CHCTeMe B ,no6aBO'IHOH CK0p0CTll ~j, ne

peBOMIIIeH ero B CHCTeMY C B n1060M H3 HanpaBJieHHH, KpoMe 0=0 H 0=n, 
n03B0JIXeT nocrpoHTb rpeyroJihHHK CKOpOCTeii, K0T0p0MY o6x3aH C00T

BeTCTB0BaTh TOMaCOBCKHH noBopoT Qi. O,nHaKO noBopoT B BepIIIHHe C 

(npH nyreIIIeCTBHH H3 Hee B Hen0.IlBH)KHYIO CHCTeMy A) HCKJIIO'IaeTCX Ha 

0CH0BaHHH npHHXTOH JieMMhI, H6o JII06oe nyreIIIeCTBHe H3 CHCTeMhl A, 
KaK II B03BpaUieHHe B Hee, C0BepIIIaeMoe no HanpaBJieHHIO CBX3bIBaIOUiero 

HX JIY1Ia CBeTa, He conpoB0)K.IlaeTCX n0B0p0T0M rHp0CK0mi, no onpe,nene

HHIO. Ho TOr,na yrnep)K,neHHe 06 0TCYTCTBHH noBopoTa B BepIIIHHe B npH

B0.IlHT K 0TCyrCTBHIO KaKoro-JIH6o noBopoTa npH o6xo,ne TpeyroJihHHKa 

cKopocTeii Boo6m.e. Cne,noBaTeJihHO, TaKoe yrnep)K,neHHe ornepraeT npe

o6pa3oBaHlJ:j{ JiopeHua, II no3T0MY XBJIXeTCX He,nonycTHMbIM. TaKHM o6pa-

30M, onpe,neJieHHoe BbIIIIe no,nMH0)KeCTB0 HHepIIHaJibHbIX CHCTeM, BhI,ne

JIXeMoe no npH3HaKy 0TCYTCTBHX Ha6n10,naeMbIX T0MaC0BCKHX noB0p0T0B 

npH ycKopeHHH B HHX npo6HhIX TeJI B.Il0Jlb JIY1Ia CBeTa, XBJIXeTCX ,neHCTBH

TeJibH0 e,nHHCTBeHHbIM. Ho Tor,na B BepIIIHHe B B CHJIY cymecTB0BaHHX 

HHBapHaHTa T0MaC0BCK0r0 noBopoTa, BbITeKa10mero H3 npeo6pa30BaHHH 

JiopeHIIa, .Il0JI)KeH HMeTh MeCTO noBopoT, onHCbIBaeMbIH cpopMyJIOH (9), II, 
cne,noBaTeJibH0, HaIIIe YTBep)K,neHHe .Il0Ka3aH0. 

B 3aKJIIO'IeHHe npttBe,neM K0HKpeTH0e Bbipa)KeHHe .IlJlX Bbl'IHCJieHHX 

CK0p0CTH .IlBH)KeHHX B npocrpaHCTBe HCX0.IlHOH CHCTeMhl 0TC'IeTa no Be

JIH'IHHe Ha6JIIO,naeMoro 0TKJI0HeHHX rHp0CK0na npH ycKopeHHH ero no 

HanpaBJieHHIO JIY1Ia CBeTa OT Heno,nBH)KH0ro HCT0'IHHKa, pacnoJI0)KeHH0ro 

B ,naHHOH CHCTeMe. TaK KaK B Bbipa)KeHHe ( 9) BX0.IlXT .IlBa HeH3BeCTHbIX 

napaMerpa ~o H 0, no,nJie)KaUIHX onpe,neneHHIO, TO Heo6xo,nHMhI H3Mepe

HHX B .IlByx npoueccax ycKopeHHX rttp0CKOnOB, HanpHMep, B ,nHaMerpaJib

H0 np0THB0n0JI0)KHbIX HanpaBJieHHXX. K C0)KaJieHHIO, o6m.ee peIIIeHHe 

3TOH 3a,na1IH He XBJIXeTCX HaCT0JibK0 K0MnaKTHhIM, 'IT06bI ero npHBe,neHHe 

6hIJIO YMeCTHbIM. l\1hI orpaHH'IHMCX 'IaCTHbIM peIIIeHHeM, C00TBeTCTBYJO

IIIHM CJIY1IaIO, Kor,na Ha6n10,naeMbIH . noBopoT rHp0CKona 0Ka3bIBaeTCX 

CHMMerpH'IHbIM npH .IlByx noJieTaX B np0THB0n0JI0)KHbIX HanpaBJieHHXX. B 
3TOM CJIY'Iae yroJI 0=n/2, no onpe,neJieHHIO, II 3aBHCHM0CTb o6Hapy)KHBae

MOH B onbITe CK0p0CTH CHCTeMhl 0TC'IeTa ~o ,naeTCX BeCbMa np0CTbIM BhI

pa)KeHHeM, Henocpe,ncTBeHH0 CJie.IlYJOIIIHM m cpopMyJihl (9): 
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f3o 

/3;Y; ·sinQ; /3;Q; 

Y; -cosQ; = i-.Jt-/3;2 ·cosQ; 
f3o (10) 

r,ne /3; II Y; - .Il0CTHraeMax 0TH0CHTeJibHax CK0p0CTb II JIOpeHII-cpaKTOp rn

pocKona, a Q; - Ha6n10,naeMoe 0TKJioHeHHe rHpocKona B pa,nHaHax. 

rpacpHK 3TOH cpyHKIIHH .IlJIX pa3HbIX 3Ha'IeHHH /3; .IlJIX HJIJIIOCrpaIIHH 

OTKpbIBaIOUIHXCX B03M0)KH0CTeil: npHBe,neH Ha pttc.5. 

O11eBH.IlHO, 'ITO TaKHM nyTeM B o603pHMOM 6y.nymeM Bpx,n JIM M0)K

Ho 6y,neT .IlOCTaT0'IH0 T0'IH0 H3MepHTb CK0p0CTh, HanpHMep, C0JIHe'IHOH 

CHCTeMbl H3-3a 1Ipe3MepHo MaJIOH Il0Ka BeJIH'IHHbl .Il0CTHraeMOH paKeTaMH 
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Pttc. 5 

CKOpOCTH. HaH6oJiee nptteMJieMbIM cnoco6oM 3T0 M0)KH0 c,neJiaTb, K0He'IH0, 

B OilbITe C Il0JIXpH30BaHHbIMH 'IaCTHIIaMH, KaK 3T0 H 6bIJIO npe,nJI0)KeHo paHee 

B pa6oTax [9]. O,nHaKo TPY.IlH0CTH B0CilpHXTHX 3TOH np0CTOH, no cymeCTBY, 

H.IleH OKpy)KaIOUIHMH, Tenepb CBXT0 BepyroUIHMH B He3bI6JieMOCTb ycTaH0-

BHBIIIHXCX y)Ke B3nIX.Il0B H Il0HXTHH, H 0TCYTCTBHe Heo6xo,nHMbIX CB060.llHblX 

cpe,nCTB He BCeJIXIOT Il0Ka Ha,ne)K,ny Ha ero CKopy10 peaJIH3aIIHIO. 
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06cymJJ.enue 

no-BH,Il,HMOMY, 60JiblllHHCTBO qnTaTeneii cornacHTCSI C TeM, qTO 

noJIO)KeHtte aBTOpa, no cymecTBY, TO )Ke caMoe, qTO II aTeIICTa, nhITaIOIUe

rocSI ,D,OKa.3aTb rpynne 6orocJIOBOB <paKTIIqeCKII He qTo IIHOe, KaK OTCyT

CBIIe caMoro Eora. TaK KaK .n,eno :no, KaK II3BeeTHO, npaKTIIqeeKII 6e3Ha

.n,e)KHoe, nonhnaeMeSI Tenepb B3rnSIHYTb Ha npo6neMy e o6paTHOH eTOpO

HbI, TO eeTh rna.JaMII eaMIIX Bep)'IOIUIIX B He3bI6neMOeTh noerynaTa O paB

HOnpaBHII ttHepu;ttanhHbIX eIIeTeM, rapaHTIIpy10mero paBHbie npaBa BeeM 

Ha6n10.n,aTeJISIM eqHTaTb eo6eTBeHHYIO etteTeMy noKOSIIUeiieSI. 
Bee )Ke o6ey)K.n,aeM)'IO npo6neMy O pa.3JIO)KeHHH nonHoro TOMa

eoBeKoro noBoporn npII o6xo.n,e no 3aMKHYTOMY KOHTYPY Ha eoeTaBJISIJO

mne ero enaraeMhie HeB03MO)KHO HII no.n, o.n,HttM npe.n,noroM oTHeeTII K Ka

TeropIIII BbIMbieJIOB, He peanlI3yeMbIX Ha npaKTIIKe. Ilo3TOMY Mbl o6SI3aHhl 

.n,aTh KOHKpeTHbIH OTBeT H Ha 3TOT BnonHe npaKTnqeeKIIH BOnpoe, noMHSI, 

o.n,HaKO, KaK Beer.n,a, qTo ,IJ,JISI OTeTaBKII IIenOJih3yeMOH TeopIIII, He3aBIIeIIMO 

OT ee TpIIyM<pa B npolllnOM, .n,oeTaTOqHo e ee eTopOHbl Beero O,Il,HOH OlllII6-

KII. Be.n,h TOJlbKO eo6n10.n,eHIIe B HayKe 3Toro )KeeTKOro npaBttna no3BOJISieT 

eii no.n,.n,ep)KIIBaTbeSI Ha nnaBy B o61llttpHOM Mope JI)KeHayK, B KOTOpbIX 

3TIIM npaBHJIOM npeHe6peraeTe51. C 3TOH TOqKH 3peHH51, KOHKpeTHbIH OT

BeT B paMKax eymeeTB)'IOmeii TeOpIIII Ha noeTaBJieHHbIH BOnpoe HaM Bee· 

)Ke rapaHTttpoBaH. noeMOTPIIM Tenepb, KaKOBbl ero B03MO)KHOeTH. 
3neMeHTapHblll npIIeM, onpo6oBaHHblll y)Ke Ha pa.3pellleHIIII II3-

BeeTHOro napa.n,oKea 6nlI3Heu;oB, 3aKn10qa10mIIiie51 B npoeToii nepea.n,peea

U:IIH Bonpoea K "eTapllleMy 6pary", B .n,aHHOM enyqae 3apaHee neKn10qeH 

TeM, qTo <pIIKTHBHbie rpaBIITaQIIOHHbie non51, .n,eiieTB)'IOilJ.IIe nooqepe,D,HO 

Ha Beex rpex Tpaeeax yeKopeHHOro ,D,BII)KeHH51 Jllllllb B npo,D,OJlbHbIX Ha

npaBJieHII51X, eenII H MOrnII 6hI BbI3BaTh noBopoT rIIpoeKona, TO JIIIlllb B 

opToroHanhHbIX K HIIM nnoeKoeT51X, KOTOpbIH, O,D,HaKO, II3-3a Heonpe.n,e

neHHOeTH HanpaBneHIIH noBOpOTOB B eIIny eIIMMeTpIIII IIeKn10qaeTe51, a 

,D,n51 TaK Ha.3hIBaeMOH reo.n,e3IIqeeKOH npeu:eeenn B nnoeKOeTH rpeyrOJihHII

Ka eKopoeTeii, B KOTOpoii TOMaeoBeKa51 npeu;eeeIISI eoBeplllaeTe51, HeT HII

KaKHX IIeToqHIIKOB. Il03TOMY BbIXO,II, npII,D,eTe51 tteKaTh Bee )Ke B paMKax 

eo6erneHHbIX B03MO)KHOeTeii, KOTOpbie OKa.3bIBaJOTe51 He.n,onyeTIIMO orpa-

HnqeHHbIMH. 
Jl:eno B TOM, qTo B paenop51)KeHttII eymeernyiomeii TeopIIH, KpoMe 

KaTeropIIII OTHOeIITeJihHbIX eKopocTeii, He eymeeTByeT .n,pyrnx napa.MeT

poB, KOTOpbIMH MO)KHO 6hrnO 6bI BoenOJib30BaTbe51 ,IJ,J151 pa.3JIO)KeHIISI o6ey

)K,D,aeMoro IIHBapIIaHTa Ha ero eoeTaBJIS!IOill.He. O.n,HaKO 6e3 HHX 3a.n,aqa 3Ta 

Hepa3pezumta XOTSI 6hI noTOMY, qTo paBHOeHJibHa B IITOre, KaK nerKO no

H51Th, onpe.n,eneHIIIO .n,e<peKTa OT,D,eJihHhIX yrnoB rpeyronhHHKa eKopoeTeii B 
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npoeTpaHeTBe Jio6aqeBeKoro 6e3 npttH51TH51 KaKoro-nII6o eornallleHH51, 3K

BIIBaneHTHoro 3a,D,aHHIO HaqanbHbIX yeJIOBHH, KaK Hanptt.Mep, o6meii Toq

KII KaeaTeJibHOH eBKnII,D,OBOH nnoeKOeTH npoerpaHCTBa CKOpocTeii, Ha KO

Topy10 OT06pa)KaeTC51 nJIOCKOCTb npocrpaHCTBa CKOpOCTeii Jio6aqeBCKOro, 

npIIHHMaeMOH 3a Heno,D,BII)KH)'IO. 11MeHHO no 3TOH npttqIIHe Mbl H Bhitty

)K,Il,eHbl 6brntt Bblllle BBeCTH HX, .n,onOJIHIIB KaTeropttIO OTHOCHTeJibHbIX 

CKOpOCTeii KaTeropneii a6conJOTHbIX, ,D,J151 HenpOTHBOpeqHBOro onncaHH51 B 

.n,eTan51X nonHoro TOMaCOBCKoro noBopoTa, OCTaBHB 3a6ory O HapyllleHttII 

npaB Ha6n10.n,aTeneii cymecrnyiomeii TeopIItt no TOH npocrnii npnqnHe, 

qTo HII O,D,IIH II3 B03MO)KHbIX pacKna,D,OB BCe paBHO He cnoco6eH y.n,oBJie

TBOpHTb O,D,HOBpeMeHHO npeTeH3IIII Bcex Ha6J110.n,aTeneii, a JIIIlllb O,D,Horo 

II3 HIIX II TOJlbKO 0,D,HOro. OcTanbHbie HeMe.n,neHHO 3a51B51T O HapyllleHHII 

CBOHX 3aKOHHbIX npaB nonaraTh Ka)K,D,OMY ce651 noK051IlJ.HMC51, TaK KaK Ha

JIIIqne JIJ06oro OTKJIOHeHH51 rIIpOCKOna npn yeKopeHHH ero B,Il,OJlb nyqa 

CBeTa II3 npe.n,nonaraeMOH HMM noK051IlJ.ette51 CIICTe.Mbl He.Me,D,JieHHO onpo

BepraeT ee noKoii, ecnn He 0TKa.3bIBaTbC51 OT 3aKoHa np51MOJittHeiiHoro pac

npoeTpaHeHII51 CBeTa HJIII B03MO)KHOCTII cymecTBOBaHH51 B npocrpaHeTBe 

np51MOJIIIHettHOro yeKopeHHOro ,Il,Btt)KeHH51 - IlOH51THH, OT KOTOpbIX He B 

CIIJiax OTKa.3aTbC51 noKa eme HH O,D,HH 3,D,paBOMbICJ151IlJ.HH Ha6n10.n,aTeJ1b. 

E.n,nHcTBeHHhitt pa.3yMHhiii Bhixo.n, II3 nono)KeHH51 ,D,J151 cnaceHH51 

nocrynaTa O paBHonpaBIIH HHepu;ttanbHbIX CIICTeM Mor 6bI 3aKnJOqaTbC51 B 

npe.n,cKa.JaHIIH JIIIlllh HyneBoro OTKnoHeHH51 rnpocKona Ha Beex rpex rpac

cax ero yeKopeHHoro ,D,Btt)KeHtt51. O.n,HaKo TaKoe pellleHne npo6neMhI rrpo

TIIBopeqIIT pacqeTa.M Bcex Ha6n10.n,aTeneii, BbITIOJIH51eMbIM B pa.MKax 3TOH 

)Ke TeopIIII. TaKoe pellleHIIe npo6neMbl TOMaCOBeKoro BpameHH51 HttqeM He 

OTJinqaeTC51 OT npe.n,CKa.3aHIIH pe3yJihTaTOB paecMarpIIBaeMoro 3KCnepn

MeHTa B paMKax KnaccnqecKOH MexaHHKII, 3a IICKnJOqeHIIe.M KOHeqHoro 

pe3yJihTaTa, KOTOpbIH B Hett TaK)Ke, ecTeeTBeHHO, paBeH HYJIJO. DonyqeHIIe 

)Ke npn HyneBbIX enaraeMbIX OTJIHqHoro OT HYJI51 3HaqeHH51 Q, 6e3yCJIOBHO, 

CTaHeT 3noxanbHbIM "OTKpbITHeM", OTPIIQaJOIUIIM HeMe.n,neHHO H nceB,D,0-

eBKnH,D,OBbIH xapaKTep Ca.Moro npocrpaHCTBa co6bITHH, a 3HaqnT, H np51-

MOJIHHeHHOe pacnpocrpaHeHtte nyqa CBeTa, II B03.MO)KHOCTb np51MOJIHHeii

HbIX ycKopeHHhIX ,D,Btt)KeHIIH, II Tor.n,a Ha.M 6y.n,eT, ecTeCTBeHHO, y)Ke He ,D,O 

3a60T o npaBax Ha6n10.n,aTeneii. 

3aKmoqeHue 

KaK ene.n,yeT tt3 npoBe.n,eHHoro Ha.Mn aHanlI3a, paBHonpaBne ttHep

u;nanhHhIX ctteTeM, 51BJ15110Ill.eec51 HCXO,D,HbIM nocrynaTOM rocno.n,eTB)'IOIUe

ro HbIHe MIIpOB033peHH51, peanhHO orpaHnqeHo, no KpaiiHeii Mepe, KpyroM 

21 



paeeMa1p1rnaeMblX HBJieHHH npHp0,ll;bl, He eBH3aHHblX Henoepe.n;eTBeHH0 e 

II0Be.n;eHHeM opHeHTaQHH ,!J;BH)KYIQHXeH o6T,eKTOB B npoerpaHeTBe. B 3THX 

paMKax B03M0)KH0 K0BapHaHTH0e onHeaHHe YKa3aHHblX HBJieHHH 0TH0eH

TeJibH0 npeo6pa30BaHHH JiopeHu;a. 

B o6iu;eM e.rryqae, BKJIIoqa10iu;eM Hecne.n;oBaHHH H noBe.n;eHHH opHeH

TaQHH ,!J;BH)KJIQHXeH 061,eKTOB, 3T0 n0JI0)KeHHe npHX0,!J;HTeH OT6poeHTb 

KaK omH6oqHoe, H, ene.n;oBaTeJibH0, pa3BHTblll qeTblpexMepHblll q>OpMa

JIH3M He HMeeT Ha eaM0M .n;ene Toro rny6oKoro eMbleJia, KOTOpblll eMy no

Ka npHnHebrnaeTcH. O6Ban .n;aHHOH K0HerpyKQHH o6a3aH 61,rn npoH30HTH H 

OH npoH3omen, KaK He rpy.n;H0 BoenpHHHTb 3T0 .n;oBepHBillHMeH .n;aHHOH 

BepeHH npHp0,ll;bl. Ho BepeHH 3Ta B HeHBHOH q>OpMe .n;onyeKana, qT0 npH

po.n;a, .n;a)Ke Ha 3JieMeHTapH0M yp0BHe no3HaHHH, HBJIHeTeH q>aKTHqeeKH 

J)Ke Beiu;bIO B ee6e. 1-fHaqe KaK M0)KH0 noHHTb peanbH0e eMeIQeHHe yern

HaBJIHBaeMblX O.D;HOBpeMeHHOeTeH 0TH0eHTeJibH0 ,!J;BH)KYIQHXeH eHeTeM 0T

cqeTa npH noerynHpyeM0M eq>epHqeeKoM q>poHTe paenpoeTpaHeHHH B0JIH 

B Ka)K,!J;Oll H3 eHeTeM? Ha eaM0M .n;ene HMeHH0 B .n;aHH0M nyHKTe 3amHq>po

BaH0 aeHMMerpHqHoe noBe.n;eHHe .n;eil:eTBHTeJibH0ro q>pOHTa B0JIHbl B o.n;

HOH H3 eHeTeM, o6yeJIOBJieHHOe .n;eil:eTBHTeJibHOH He3aBHeHM0eTbIO ee eKo

poeTH OT eKopoCTH HeToqHHKa. I-fa o.n;Horo JIHillb q>aKTa HeB03M0)KH0eTH B 

.n;aHHOH CHryau;HH ,!J;0Ka3aTb, y K0T0poro H3 Ha6n10.n;aTeJieH H3-3a 0TeyTeT

BHH B HX paenopH)KeHHH eBepx61,1eTpblX eHrHaJI0B BOJIHOBOH q>pOHT 0TH0-

eHTeJibH0 eo6eTBeHHOH eHeTeMbl )];BH)KJIQerocH HeToqHHKa HBJIHeTeH B eH

ny HMeHH0 .n;aHHoro 3aKoHa He eq>epHqeeKHM, coeepmemw He ene.n;yeT 

eiu;e, qTo OH eq>epHqeeKHH B o6eHX eHeTeMax, TaK KaK B TaK0M enyqae He 

eyiu;eeTB0BaJI0 61,1 H eaMOH npo6neMbl 061,aeHeHHH pa3HHI.J;bl 0,!J;H0Bpe

MeHHOeTeil:, H6o 0Ha HeH36e)KH0 o6paTHJiaeb 61,1 B Hym~. McToqHHKH e 

.n;eil:eTBHTeJibH0 eq>epHqeeKHMH q>pOHTaMH, He 3aBHeHIQHMH OT HX 0TH0eH

TeJibH0ro )];BH)KeHHH, HHqeM He xy)Ke H HeToqHHK0B 6eeKOHeqHO 6bleTpb1X 

eHrHaJI0B B eMbleJie Hen0Jib30BaHHH HX MH yeTaH0BJieHHH 0,!J;H0BpeMeH

H0eTH, eeJIH 6bl TaKHe eyiu;eeTB0B~H, npHB0M JIHillb K eHMMeTpHqH0MY 

e.n;BHry Haqan 0Teqern BpeMeHH no epaBHeHHIO e 6eeKOHeqHo 61,1erpblMH 

eHrHaJiaMH. O.n;HaKO eyiu;eeTBYIQII.J;aH TeopHH He eoBMeeTHMa e noene.n;HH

MH H JIHillb noT0MY, qrn cpa3y o6Hapy)KHJiaeb 61,1 Heeq>epHqHoeTb q>pOHTa 

peanbHblX neToqHHK0B npH HX )];BH)KeHHH, K0T0pblMH Mbl Bee II0Jlb3yeMeH 

Ha npaKTHKe. B 3TOH eoBepmeHH0 IIp03paqHoH eHryau;nH He HeH0 JIHillb 

0,!J;H0, 3aqeM 61,rno IIblTaTbeH H3JiaraTb eT0Jib npoerym cyiu;HoeTb B eT0Jlb 

HeKa)KeHH0M BH.n;e, a He 3aHBHTb 0TKpoBeHH0 06 yeJI0BH0eTH npHHHMae

MOH q>opMbl eBeT0Boro q>pOHTa H TaKOH )Ke yen0BH0eTH Beero onHeaHHH 

.n;eil:eTBHTeJibHblX HBJieirnil: B paMKax npHHI.J;Hna 0TH0eHTeJibH0eTH, Ha qTo 

o6paiu;an BHHMaHne eT0 JieT Ha3a.n; eiu;e IIyaHKape [10]. 3THM Mbl orpe3aJIH 

Ii BeHKym B03M0)KH0eTb BeKpbITHH, H KaKoro-JIH6o Pa3YMH0ro T0JIK0BaHHH 
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HeTHHHblX npHqHH Ha6n10.n;aeMblX HaMH Bn0JIHe 061,eKTHBHblX peJIHTHBH

CTeKHX HBJieHHH. EeJIH 61,1 npHpo.n;a .no3B0JIHJia yBeK0BeqnTb TaKoe nono

)KeHHe Beiu;eil:, TO eeTb npHHI.J;HnHaJibHYIO He0TJIHqHM0eTb yeJI0BH0ro onH

eaHHH OT .n;eil:eTBHTeJibHOro, 0Ha eTana 61,1 npHHI.J;HnHaJibH0 Hen03HaBae

MOH q>aKTnqeeKH y)Ke Ha TOM 3JieMeHTapH0M ypoBHe HBJieHHH, K0T0pbie 

OT06pa)KaIOTeH eneu;HaJibHOH TeopHeil: 0TH0eHTeJibH0eTH. IIpe.n;eTaBJIHIO

iu;aHeH HaM eBH3b npoeTpaHeTBa H BpeMeHH HBJIHeTeH Ha eaM0M .n;ene He 

6onee qeM 0Tpa)KeHHeM Harnett BpeMeHHOH Heenoeo6HoeTH BoeeTaH0BJie

HHH HeTHHHOH 0,!J;H0BpeMeHH0eTH eo6MTHH B yeJI0BHHX 0TeyTeTBHH eBepx-

61,1eTpbIX eHrHaJI0B. 

IIpoeTpaHeTBO H BpeMH B K0HeqHoM HTore 0Ka3bIBaIOTeH Bee )Ke 

pa3.n;eJIHeMbIMH KaTeropHHMH H3-3a HapyrneHHH eHMMerpHH, OT06pa)Kae

MOH npHHI.J;Hn0M 0TH0eHTeJibH0eTH, TO eeTb u;eH0IO HapyrneHHH paBH0npa

BHH HHepu;HaJibHblX eneTeM. TaKOBa HeTHHHaH u;eHa 3a 0TKa3 OT npeo6pa-

30BaHHH ranHneH. Ilo3TOMY HHKaKoil: MHeTHqeeKoil: B3aHMoeBH3H Me)K.n;y 

HHMH Ha eaM0M .n;ene He eyiu;eeTByeT, KaK H TaHHeTBeHH0ro B3aHMH0 o6pa

THM0ro eoKpaiu;eHHH npo.n;0JibHbIX pa3MepoB H TaKoro )Ke H3MeHeHHH xo.n;a 

qaeoB. IlpH )KeJiaHHH, 3HaH a6eoJIIOTHYIO eKopoeTb eo6eTBeHHOH eHeTeMbl 

0TeqeTa, Beer.n;a M0)KH0 yeTaH0BHTb, K0T0paH H3 JIHHeeK Kopoqe H qI,H qa

ebI H,!J;YT 6bleTpee. Bee 3TH 
11

q>0Kye1,1" HBJIHIOTeH npHMblMH ene.n;eTBHHMH 

JIHIIlb TOH yeJIOBHOH 0,!J;H0BpeMeHH0eTH, Ha KOTOpott noeTpoeHa noKa BeH 

Te0pHH, BBe.n;eHHOH H3-3a 0TeyTeTBHH n0JIH0Tbl BoenpHHTHH .n;aHHOH HaM 

peanbH0eTH. 3Ta 0,ll;H0BpeMeHH0eTb oeH0BaHa Ha eneKyJIHTHBHOH H.n;ee 

H30TponH0eTH eBeT0B0ro q>pOHTa BO Beex HHepu;HaJibHbIX eneTeMax, 

eq>opMynnpoBaHHOH B q>opMe noeTyJiaTa, HHKaKHM onbIT0M Henoepe.n;eT

BeHH0 He npoBepHeMOH H HaXO,!J;HII.J;etteH Ha eaM0M .n;ene B npHM0M npoTH

B0peqHH e nonyqaeMOH pa3JIHqHoH 0,!J;H0BpeMeHH0eTblO B3aHMH0 ,!J;BH)Ky

Iu;HXeH eHeTeM 0TeqeTa. TeM He MeHee 3Ta yeJI0BHaH 0,!J;H0BpeMeHH0CTb 

0Ka3bIBaeTeH B npaKTHqeeK0M 0TH0IIIeHHH BeCbMa y.n;o6HbIM napaMeTp0M, 

no3B0JIHIOII.J;HM eB0,!J;HTb B YKa3aHHblX BblIIIe paMKax 0nHeaHHe ,!J;0B0JibH0 

eJI0)KH0ro aHH30TponHoro npoTeKaHHH npou;eeeoB B ,!J;BH)KYIQHXCH CHeTe

Max 0TeqeTa K yeJI0BH0MY, HO H30rp0nH0My. 

B K0HeqH0M HTore T0p)KeCTByeT, ene.n;oBaTeJibH0, Bee )Ke He 3HH

mTeHHOBeKaH, a nopeHu;eBeKaH K0Hu;enu;HH, 0TBeprHyTaH B Haqane BeKa 

KaK H3-3a ee qpe3MepHOH pa.n;HKaJibH0eTH )];JIH eBoero BpeMeHH, TaK H 0T

cyTeTBHH B Hett KaKoro-JIH6o KpHTepHH Bb16opa a6eOJIIOTHOH eHeTeMbl 0T

eqeTa, B KOTOpOH M0rJIH 6bITb qeTK0 eq>OpMyJIHpoBaHbl BB0,!J;HMbie HM no

crynaTbl, npe.n;eTaBJIHIOII.J;He eo6oIO H0BYIO aKeH0MaTHKY MexaHHKH, 0T0-

6pa)KaeMym nopeHu;eBeKHMH npeo6pa30BaHHHMH Koop.n;HHaT H BpeMeHH. 

Tenepb Mbl e 6oJibIIIHM npaB0M, qeM Kor.n;a-nn6o, M0)KeM eKa3aTb, qTo n 

OTH0eHTeJibH0eTb ,!J;BH)KeHHH, KaK H Beero .n;pyroro, HBJIHeTeH T0)Ke Bcero 
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JIUIIIb .Henocpe.ucrneHH0 Ha6mo,uaeMoii qiopMoii npo51BJieHtt51 a6comoTHO

ro, KaK 31'0 ll no11ara11 eme l1caaK HblOTOH, onttpMCb Jllllllb Ha Moryqy10 

llHTYlll.llllO caoero MblUIJieHU51. ITpoTUBOnOJIO)KHa51 )Ke TQqKa 3peHU51, uc

X0.U51llla51 OT 3. Maxa ll no11yquarna51 CB0e pa3BllTUe B Tpy.uax 3HHUITeiiHa 

u 1.1e11oii apMtttt ero noc11e.uosaTe11eii, cpe,uu K0T0pbIX, ycTaB OT 6ecn110.u

HbIX nottCK0B, 0Ka3aJIC51 B K0HQe )Kll3Hll ll caM JlopeHQ, 51BJI51eTC51 Ha caM0M 

.ue11e eme 0,UHUM ll3 BeJIUKllX 3a6Jiy)K,UeHUH Harnero BeKa, B03HllKIIIllX Ha 

noqae npecnoayToii u,ueu paaeHcrna u paBHonpaBtt51. ITepecTpoiiKa 0Ka3bI

aaeTC51 Heo6xo,uttMOH He T0JibK0 B COQllaJibHOH cqiepe 0T,UeJibH0ro o6me

CTBa, HO u B caMoM o6pa3e HayqHoro MbIIIIJieHtt51 acero coo6mecTBa. 

OnpoaeprHyTb cnpaBe,UJillB0CTb Bcero BbIUieCKa3aHH0ro M0)KH0 

Jllllllb B TOM cnyqae, ecnu KeM-Jitt6o 6y,ueT .U0Ka3aHa Hett3MepttM0CTb JI0-

KaJibHbIX noaop0T0B ToMaca. C qucT0 reoMeTpuqecKOH TQqKu 3peHU51 3T0 

3KBllBaJieHTH0 0TKa3Y OT npocTpaHCTBa co6bITllH KaK JIUHeHHOro npo

CTpaHCTBa, KaKUM OHO no coaoeynH0CTll Bcex 0nbIT0B noKa 51BJI51eTC51 ll 

qrn caMoii qiopMoii npeo6pa3oBaHuii JlopeHua no.urnep)K,uaeTC51. O,uHaKo 

Ha,uo 0T,UaBaTb ce6e QTqeT ll B TOM, qTo, HeCM0Tp51 Ha caMooqeBU,UH0CTb 

curyauuu, oKonqaTeJibHhIH npuroaop TeM He Menee, KaK acer.ua, M0)[<eT 

BbIHeCTll Jllllllb caMa npupo.ua, KOTOpOH Mb! ll o6513aHbl Tenepb npe.uocTa

BllTb 3aKJI10quTeJihH0e CJI0B0, M06ttJill30BaB ,UJI51 3T0ro Bee Heo6xo,UUMbie 

cpe.ucrna. 

B 3aKJI10qeHue aaTOp 6naro,uapuT B.C. EaparneHKOBa, 3.A. ITepenb

IIITeiiHa, A.A. T51nKttHa, r.H. AqiaHacbeBa u H.A. qepHttKOBa 3a npo,uon

)KttTeJibHbie cnopbl, K0T0pbie ll npuaenu K Heo6xo,uttMOCTll HanucaHH51 

.uaHHOH CTaTbll, 51BJl51lOllleHC51, no cymecTBY, 0TBeT0M ll Ha MX KpttTllKY ero 

npe,ubI.UYlllHX pa6oT B ,uaHHOH o6nacTu. 
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