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AHHOTaUHSI 

KHHeMaTHqeCKHe aaaaqH penSITHBHCTCKO~ MeXaHHKH pewaiDTCSI B npOCTpaHCTBe CKOpoc

Tel!:, KOTOpoe o5naaaeT MeTpHKOl!: J1o5aqeBCKOI'O, Ha HeCKOflbKHX npHMepax Hflfl!OCTpHpyeTCSI 

!IpHM!i!HeHHe I'HIIep5onnqecKOl!: reOMeTpHH B KHHeMaTHKe, noKa3aHO, KaKHM 05pa30M Haao 

paccMaTpHBaTb BpaweHHe BOflqKa H CIIHH qacTHU B !IpOCTpaHCTBe J1o5aqeBCKOI'O H BhlSICHeHa 

CBSI3b Me)!{ay IIpeo5pa30BaHHeM C!IHHa H IIapanne nbHbiM rrepeHOCOM B STOM IIpOCTpaHCTBe, 

Ja.A .Stnorodinski 

KINEMATICS AND LOBACHEVSKY'S 
GEOMETRY 

Abstr a ct 

The relativistic kinematical problems are formulated in terms of the velocity spaca with Loba-

chevsky's m:'!tric. 

The application of a hyperbolic geometry to kinematics is illustrated by some examples. It is 

shown how the rotation of a top and the kinematics of a particle spin should be treated in Lobachevsky's 

spac~ . The connection between the spin transformation and the parallel displacement in this space is out

lined. 
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oc-

CSI 

Ha 

BseaeHHe 

XoTSI npowno y)!{e Miioro neT c Tex nop 
I ll 

KaK KneliH IB 1909 r./ o5HapylKan, 'ITO 

IIpOCTpaHCTBO CKOpOCTeli cneuHanbHOH TeOpHH OTHOCHTenbHOCTH SIBllSieTCSI npOCTpaHCTBOM 

no5aqeBCKOT"'O, T.e. 1IpOCTpaHCTBOM IIOCTOSIHHOH OTpHUaTenbHOH KpHBH3Hbl, 3Ta reOMeTpHqec

K8SI MOAenb HeAOCT8TO'IHO HCIIOnb3yeTCSI npH OIIHC8HHH pellSITHBHCTCKOH KHHeMaTHKH. 

12,3 1 
0TMe'IeHHOe B paHHelf pa5oTe 30MMepcpenbA8 COOTBeTCTBHe Me)!{Ay 38KOHOM CnO)!{ e -

HHSI CKOpOCTeH B penSITHBHC TCKOH MeX8HHKe H 1Ip8BH1IOM CnO)!{eHHSI BeKTOpOB B reoMeTpHH no-
5a'IeBCKOT"'O OCT8B8nOCb npaKTH'IeCKH eAHHCTBeHHOH HnniDCTpauHeli reoMeTpH'IeCKHX CBOHCTB 

1IpOCTpaHCTB8 CKOpOCTelf. 

Bonee noapo5Hoe pa3BHTHe reoMeTpHSI npocTpaHCTBa cKopocT e A nonyqHna B pa5oTe 

141 
KoTenbHHKOBa , 0AH8KO H 3T8 CT8Tbll OCTanacb ManOH3BeCTHOH. B IIOCnea HHe T"'Ollbl 3Ta 

15,61 
3aaaqa 5bma BHOBb paccMoTpeHa YepHHKOBbiM , aKTHBHO nponaraHaHposasw HM aaea 

17 I 
no5aqeBCKOT'O. Vf3 yqe5HHKOB H MOHOrpacpHH nHWb B KHHT"'e ¢> oKa reoMeTpHH no 5a'IeBCKO-

T"'O yaenSieTCSI Ll0CT8TO'IHO BHHM8HHSI. 

0nHC8HHe penSITHBHCTCKOH KHHeMaTHKH C IIOMOWbiO reoMeTpHH no5aqeBCKOT"'O AeMOHCTpH

pyeT IIpOCTOH CMbiCn pa3nH'l:HbiX cpOpMj'n, KOTOpb!e IIOTepSinH CBOIO HarnSILlHOCTb B 05bi'IHOH HX 

381IHCH. 3TO KacaeTCSI cpOpMyn 05hl'IHOH KHHeMaTHKH H B oco5eHHOCTH - KHHeMaTHKH 

Bp8W810WHXCSI Ten H, COOTBeTCTBeHHO, B KB8HTOBOH MeXaHHKe -qacTHU CO CIIHHOM. 

B aToll: cTaTbe 5yaeT npHseaeH pSIA npHMepos npHMeHeHHSI reoMeTpHH flo5aqescKoro K 

cpH3HKe aneMeHTapHb!X '18CTHU H HLlepHbiX peaKUHH. npH 3TOM Bee CBeaeHHH H3 reO.MeTpHH 

5yAyT C005W8TbCH IIOIIYTHO, IIOCKOnbKY y 'IHTaTenH He npeanonaraeTCH HanH'IHH npeaBapHTenb-

HOT"'O 3H8K0MCTBa C 3THM npeaMeTOM. 

MHe npeacTaBH nacb 'l:eCTb IIOCBHTHTb 3TY CT8TbiD II8MHTH VJropH BacHnbeBH'ia Kyp'l:a

TOBa, KOTOpblH n106an H IIOHHMan TeopeTH'l:eCKyiD cpH3HKy. 

§ 2. BeKTOphl B npocTpaHCTBe cKopocTeli 

Ha'l:HeM c He5onbworo oTcTyrrneHHH B o5bi'l:HYIO BeKTOpHyJO anre5py. BeKTOpoM Ha3biBaiDT 

TaKy!O COBOKYIIHOCTb Tpex BellH'l:HH, KOTOpb!e IIpH BpaweHHHX CHCTeMbl KOOpllHH8T rrpeo5pa3yioT

CH TaK lKe K8K KOOp llHH8Tbl - KOMIIOH8HTbl paaayca BeKTOpa. RcHO, 'iTO BOIIpOC 0 TOM . Ka

KHM 05p830M rrpeo5pa3yiDTCSI 1IID5bie LlpyrHe BellH'IHHbl, MO)!{eT 5biTb peweH TOllbKO H3 cpH3H

qecKHX coo5pa)!{eHHiL B MeXaHHKe HbiDTOHa cKopocTb qacTHUbi C'IHTaeTcH TaKlKe BeKTopoM; 

3TO CBH38HO C TeM, 'iTO HHTepBan BpeMeHH SIBllHeTCH CK811Hp0M H, COOTBeTCTBeHHO, OIIepaUHH 

LlHcpcpepeHUHpOB8HHH IIO BpeMeHH HBnHeTCH CKanHpHoli onepauHeli. OTCIDLla y)Ke cneayeT 

'ITO IIpOCTpaHCTBO CKOpOCTelf 0( v) o5naaaeT TeMH )!{e reOMeTpH'IeCKHMH CBOHCTB8MH, 

'ITO H KOOp llHH8THOe 1IpOCTp8HCTBO O(r) , HBnSIHCb rrpocTpaHCTBOM 3BK1IHLlOBbiM . D anee, 

TaK KaK B MeXaHHKe Hb!OTOH8 Macca '18CTHUbl CK811Hp, TO HMIIYllbC 'i8CTHUbl npeo6pa3yeTCH 

T8K )!{e, K8K CKOpOCTb, a IIOTOMy H IIpOCTpaHCTBO HMIIYllbCOB T8K)Ke HBnHeTCSI 3BK11Hll0Bb!M 



rrpocTpaHCTBOM. TaKHM o6pa30M B MexaHHKe HhiOTOHa Bee TpH TpexMepHbiX rrpocTpaHcTBa 

O(r) f!(v) 
J 

H f!(p) HMeiOT OLlHHaKOByiO MeTpHKy. 

B MeXaHHKe 31!:HwTei!:Ha IIOIIO»<eHHe MeHHeTCH. npocTpaHCTBO KOOpLlHHaT H rrpOCTpaHCT-

BO HMIIYIIbCOB B MeXaHHKe 3HHWTei!.Ha o6nauaeT, KaK H3BeCTHO, nceBLl03BKIIHLlOBOH MeTpH-

KOI!: C HHBapHaHTaMH c2(!'-.t) 2 -(i">e) 2 = (i">s) 2 i !
2 -c2 p 2 = m2 

H HX CBOHCTBa OIIHCaHbl BCIOLJ;y. 

Hac B .a;aiibHel!:weM 6y.a;yT HHTepecoBaTb CBOACTBa TpeTbero DpOCTp8HCTBa - DpOCTpaH

CTBa CKOpOcTel!:. 4eTb!peXMepHOH CKOpOCTbiO HIIH KpaTKO 4 -cKOpOCTbiO Ha3b!B810T DpOH3BOLl

HYIO KOOpLlHHaT 'l:aCTHUbl DO C06CTBeHHOMy apeMeHIL CKOpOCTb HMeeT KOMDOHeHTbJ: 

u (3 (1 -{32)-Y,. , 
... 

u = (7 _ Q 2 1-'h 
0 I f" ' 

( f!./j 

rue (3- 06bJ'l:HaH HepeiiHTHBHCTCKaH CKOpOCTb B eLlHHHUaX CKOpOCTH CBeTa (0 < {3 < J ) • 

CKOpOCTb U , XOTH H HBIIHeTCH 4-BeKTOpOM /oHa eCTb OTHOWeHHe HMrryiibCa 'l:aCTHUbl K ee 

Macce/, He BDOIIHe OTBe'l:aeT cPH3H'ieCKOMY IIOHHTHIO CKOpOCTH. CKopOCTbiO 06bi'iHO Ha3b!B810T 

BeiiH'iHHY (3 , paBHYIO OTHOWeHHIO HMrryiibCa 'iaCTHUbl K ee SHeprHH (3=p/! • 3Ty Be-

IIH'iHHY MO>KHO TaK»<e C'iHTaTb LJ;IIHHOI!: TpeXMepHOrO BeKTOpa, Orrpe.a;eiiHIOWero OTHOCHTeiibHYIO 

CKOpOCTb 'iaCTHUbl H Ha'l:ana HeKOTOpol!: H36paHHOI!: CHCTeMbl KOOpLlHHaT. reoMeTpHH OTHOCH

TeiibHb!X CKOpOCTei!. H COCTaBIIHeT TeMy LlaiibHeAwero H3IIO»<eHHH. 

XapaKTepHoA oco6eHHOCThiO 4-cKopocTH HBIIHeTCH TO, 'iTO ee 4-unHHa paBHa eLlHHHue: 

2 -+'Z 
u - u = 7 • 

0 
/2.2/ 

noaTOMY KOHU bl BeKTOpa 4-cKOpOCTH B DCeBLJ;OSBKIIHLlOBOM 'l:eTb!peXMepHOM IIpOCTpaHCTBe 

BCer.a;a ne»<aT Ha DOB8pXHOCTH OLlHOi!. H3 DOIIOCTei!. LlBYXDOIIOCTHOrO rHrrep60IIOHLla /2.2/, a 

HMeHHO Ha TOll: H3 HHX, KOTOpaH OTBe'l:aeT DOIIO :>K HTeiibHOH BeiiH'iHHe KOMDOHeHTbl uo Ta-

KHM o6pa30M,CFOpbCTHM BCeX 'iaCTHU OTBe'l:aiOT TO'iKH, paCDOIIO>KeHHhle Ha 3-MepHOA DOBepx

HOCTH, B TO BpeMH KaK HX HMDYIIhChl /rrpH p83HhlX Maccax/ MOryT 38DOIIHHTb BCe DpOCTpaH

CTBO. noaTOMy CKOpOCTb DO cywecTBy HBIIHeTCH TpeXKOMIIOHeHTHOi!. BeiiH'iHHOi!., rrpe.a;cTaBnH

eMOH TO'iKOH Ha BepXHei!. DOIIOCTH rHrrep60IIOHLl8. reoMeTpH!O CKOpOCTei!. MO»<HO paCCM8TpH

BaTb LlBYMH CDOC06aMH: 111'160 KaK reoMeTpH!O BeKTOpOB B 'iBThlpeXMepHOM npocTpaHCTBe C 

IICeBLJ;OSBKIIHLJ;OBOH MeTpHKOi!., IIH60 >Ke KaK reOMeTpH!O TO'ieK Ha DOBepXHOCTH rHrrep60IIOHLJ;a 

B STOM IIpOCTpaHCTBe. nonO>KeHHe HaDOMHH8eT IIOIIO»<eHHe C IIOBepXHOCTbiO 3eMIIH, CBOHCTBa 

KOTOpOH, KOHe'l:HO, MO>KHO ODHCb!B8Tb KaK CBOHCTBa DOBepXHOCTH B TpexMepHOM 3BKIII1LJ;OBOM 

rrpocTpaHCTBe, 0LlH8K0
7

yuo6Hee aenaTb :STO C DOMOWbiO cci:Jep!1'ieCKOH reoM e TpHH B LlBYX H3-

MepeHHHX. 

npa ODHCaHHH rrpOCTpaHCTBa CKOpOCTeR, KaK DOBepXHOCTH rHrrep60IIOHLla1 He B03HHKaeT 

He06XOLJ;HMOCTH B BhlLleiieHHH Ra'l:aiiB KOOpLlHHaT H BCe COOTHOWeHHH Bhlpa>KaiOTCH TOIIbKO 

qepe 3 B3aHMHhlB paCCTOHHHH TO'l:eK Ha STOI DOBepXHOCTH. 8 CBH3H C STHM TaKOe ODHC8HHe 

6hliiO H83B8HO a6COIIIOTHOH reOMeTpHeR. 

EcnH BMeCTO uelcTBHTeiibHOH KOOpLlHHaTb! u BBeCTH MHHMYIO u = j u , TO rH-
O 4 0 

rrep60IIOHLl rrpeBpaTHTCH B cci:Jepy C pa.a;HyCOM
1 

paBHb!M MHHMOH eLlHHHUe, a CKOpOCTHM qac-

THU 6y.a;yT OTBe 'l:aTb TO'iKH
1 

IIe)!<8WHe Ha BepxHeH IIOIIOBKHe STOH cci:Jepbl. 8 T aKOM rrpe acTaB

neHHH LlliH Bbi'iHCIIeHHH MO»<HO HCIIOIIb30BaTb cPOPMYIIbl c ci:JepH'ieCK OH Tpi-1rOHOMeTpHH
1 

3aMe-

4 

T 
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HSUI B HHX pa.aHyC a Ha ia • IB .aanbHeAw eM pa.aHyc a 1 paBH h!l!: CKOpOCTH 

CBeTa
1 

6y .aeT Beer .a a cqHTaTbCH paBHhiM 1 I. 

§ 3. KHHeMaTHKa HhiOTOHa 

HaiiOMHHM KOpOTKO OCHOBHhie KHHeMaTH'leCKHe COOTHOWeHH.II Hepen.IITHBHCTCKOl!: Mexa

HHKH, PaccMoTpHM peaKUHIO 

a+b-+c+cl. 

'-lacTHUbi C H cJ MOryT 6hiTb JlHOO TeMH )Ke CaMh!MH, 'ITO H qaCTHUbl a H 

JlHOO OTJIH'laTbCH OT HHX /peaKUH.II/, 3Ha.ll MaCChi 'laCTHU, MO)KHO Hal!:TH CKOpOCTb ueHTpa 

HHepUHH u • CKopocTH caMHX qacTHU 6y.aeM o6osHa'laTb TeMH )i{e oyKBaMH a b 

c cJ , CKopocTH c H cJ orrpe.aeJI.IIIOTC.II 3aKOHaMH COXpaHeHHH 9HeprHH H HMIIYJib-

ca, 05bi'l HO KHH9MaTH'l9CKH9 COOTHOW9HHH HJlJIIOCTpHpyiOT C IIOMOlllbiO OKpy)KHOCTel!: 

181 I cp. Harrp. I . .[111.11 Hac y .ao6Hee BOCIIOJib30BaTbC.II qepTe)i{OM 'l9ThipexyronbHHKa I pH c. 1 I. 

Ha 9TOM pHCYHKe TO'IKH OTBeqaiOT KOHUaM B9KTOpOB CKOpOCTeA 'laCTHU, paCCTO.IIHH.II Me)i{.ay 

TO'IKaMH OTHOCHT9JlbHh!M CKOpOCTHM, TaK , HarrpHMep, 0Tp930K (ua) 9CTb CKOpOCTb qac-

THUhl a OTHOCHT9JlbHO TO'IKH U J T,e, CKOpOCTb a B CHCT9M9 U9HTpa HH9pUHH, 0Tp930K 

ab 9GTb CKOpOCTb b B CHCT9M9, r.ae a IIOKOHTC.II H T • .a, 

PacCMaTpHBaH paCC9HHH9 B KaKol!:-JIHOO OIIpe.aeneHHOA CHCT9Me KOOp.aHHaT, cne.ayeT 

IIpHIIHCaTb OTp93KaM - CTOpOHaM H .aHarOHaJISIM 'l9Th!pexyrOJibHHKa-Orrpe.aeneHHhi9 HaiipaBJie

HHH, TaK, HaiipHMep, eCJIH paCC9.11HH9 paccMaTpHBaeTCH B CHCT9Me, r.ae IIOKOHTCH qacTHUa 

a , TO HaneTaiOWaH qacTHua OIIHCh!BaeTCH B9KTOpOM OT D K a , .aBe 'laCTHUhi - rrpo.ayK-

Tb! peaKUHH - BeKTOpaMH, HarrpaBneHHblMH OT TO'IKH a K TO'l:KaM c H cJ COOTBeTCTBeHHO, 

PaccMoTpHM .aBa rrpHMepa . PaccesrHHe aByx oaHHaKOBhiX qaCTHU. IPHc. 21. B aToM 

cnyqae TO'IKa u paCIIOJIO)KeHa Ha OaHHaKOBOM paCCTOHHHH OT BCeX BepwHH, H cPHryp a rrpe-

BpawaeTCH B rrpsrMOyrOJibHHK, 3TO 3Ha'IHT, 'ITO yron Me )Kay CKOpOCTHMH a' H b' , T, e , 

Me)i{ay pasneTaiOIUHMHCH qaCTHUaMH B CHCTeMe, r ae a BHa'lane IIOKOHJiaCb
1 

paBeH 

TT / 2. EcnH MaCChi qacTHU a H b pasHbie, HO pacceRHHe yrrpyroe, TO cPHrypa rrpe -

BparuaeTCSI B TparreUHIO lpHC, 31, ub ub' ua ~ u a' • CKopoCTb rrocne paccesr-

HHH 'laCTHUbl D B cHcTeMe, rae a BHaqane IIOKOHJiaCb loTpe30K ab' 1
1 

CBH3aHa C yr-

noM pacceRHHH e IB STOll: CHCTeMe yron bab' I cPOPMYJIOH, K:>Topasr Haxo.aHTr.H H3 

TpeyronbHHKa b'ua 

rae a 
u 

ceRHHRI, a 

BHa'lane. 

H 

cos (} 

D u- CKOpOCTH 'laCTHU a 

I 
b 

8 
- CK.OpOCTb 'laCTHUhi 0 

2 
au 

H b 

'2 
b a 

B CHCTeMe U I He 3aBHCS!IUHe OT yrna pac-

rrocne paccesrHHH B cHcTeMe, rae a IIOKOH JiaCb 

l-13 9THX IIpHM epoB BHaHO, 'ITO ITJIOCKa~ TpHrOHOMeTpH!d IIOJlHOCTbiO OIIHChiBaeT CBH3H 

Me)i{.ay CKOpOCTHMH qaCTiiU B pa3Hh!X CHCTeMaX KOOpaHHaT ITO'IHee - Me)i{ay OTHOCHTeJibHhiMH 

CKOpOCTSJMHI H yrnoM pacceHHHH. Mo)i{HO ewe ao6aBHTb, 'ITO ecnH HY)i{HO paccMoTpeTb 



.OBH)!{9HH9 OTHOCHT9.TlbHO KaKOH-mi60 .opyrol!: CHCT9Mbl KOOp.OHHaT, TO aapHCOBaB 9ll.(e O.OHY 

TO'IKY Ia TOll: )1{9 D.TIOCKOCTH H.TIH B npOCTpaHCTBel H C09.0HHHB e9 C yrnaMH 'l9Thlp9XYI"O.Tib-

HHKa,H9Tpy.OHO nony'lHTb BCe HY)!{Hbl9 KHHeMaTH'l9CKHe COOTHOmeHH.II, 3aM9THM em9, 'ITO DpH 

3a.Q8HHhlX Maccax '19Tb!p9XYI"O.TlbHHK onpe.09.TI.II9TCSI .OBYMSI napaM9Tp8MH: .O.TIHHOH .OHaroHa.TIH 

- OTHOCHT9.TlbHOl!: CKOpOCTb!O 'l8CTHU H yr.TIOM M9)!{.0y .OHai"OH8.TISIMH - yrnOM pacceSIHHS! B 

CHCT9M9 U,H, 

0nHCaHHOe COOTB9TCTBHe M9)!{.QY KHH9MaTHKOH H D.TIOCKOll: TpHI"OHOM9TpH 9 ll: 9CTb C.TI9.Q

CTBH9 TOI"O, 'ITO Mbl Ha3b!Ba.TIH SBK.TIH.OOBb!M XapaKTepOM npOCTpaHCTBa CKOpOCT9H, 

TaK09 ODHC8HHe KHH9MaTHKH OKa3biBaeTC.II o6na.Q89T Ba)!{Hb!M CBOHCTBOM, npH nepexo-

.09 K M9X8HHK9 3AHWT9l!:H8 MO)!{HO H9 MeHS!Tb pHCYHKOB, a .TIHWb 3aM9HHTb cPOPMYJibl DJIOC

KOl!: TpHI"OHOMeTpHH Ha cj:JOpMyJibl I"90MeTpHH rHn9p60JIH'leCKOl!: IHJIH CcPepH'l9CKOl!: C MHHM b!M 

xl 
pa·.o~~:ycoM I . 

§ 4, [eOM9TPHS! no6aqeBCKOI"O B npOCTpaHCTB9 CKOpOCTell: 

[eOM9TpHS! no6a'leBCKOI"O OTJIH'laeTCH OT 06hl'IHOI SBKJIH.QOBOH OTCYTCTBH9M aKCHOMhl 

o naparrn9.TibHbiX. 3To npe)!{.oe BC9ro npaao.oHT K TOMy, 'ITO cyMMa yrrroa Tp9yroJibHHKa ne-

p9cTa9T 6hlTb paaaoA TT , a ~cer.oa M9HbW9 TT npH aTOM paBHbi9 YI"Jlbl MoryT 6b!Tb 

TO.TlbKO y paBHhlX TpeyrOJibHHKOB; STa I"90MeTpHS! He 3H89T D0.006HhlX TpeyrOJibHHKOB, 

HaH60n9e npocTOl!: H :aarJISI.OHOH' p9aJIH3aUHell: reoMeTpHH no6a'l9BCKOI"O S!B.TIS!eTCS! 

B9pXHSIS! norrocTb rHn9p6orroH.oa B npocTpaHCTBe I 4- MepHOM I c ncea.ooaBKJIH.ooaol!: MeT pH

. xxl 
KOl!: HJIH )!{e DOBepXHOCTb ill apa C pa.OHYCOM paBHbiM t, 

llJIS! TOI"O, 'IT06b! ycTaHOBHTb COOTB9TCTBH9 Me)!{.Qy reOM9TpHel!: no6aqeBCKOI"O H npoc

Tp8HCTBOM CKOpOCTel!: ITpeXM9pHbiMI1 Ha.OO YCT8HOBHTb CB.II3b M9)!{LJ.Y p8CCTOSIHHS!MH Ha no

B9pXHOCTH I"HD9p60JIOH.Oa H OTHOCHTe.TibHhlMH CKOpOCTS!MH, HanOMHHM, 'ITO H8 noBepXHOCTH 

I"HD9p60.TIOH.Oa OnHCbiBa9TCSI 'leTblp9XMepHaS! CKOpOCTbi O'l9BH.OHO, O.OHaKO, 'ITO paCCTOS!HHe Me)!{-

.OY .OBYMS! TO'lKaMH lonp9.09JIS!9MOe KaK cJ s 
1 = cJu

0
1

- cJif: I He HM99T HH'lero o6m9ro c 

OTHOCHTe.TibHOl!: CKOpOCTb!O, EcrrH 0Dp9.09JI.I!Tb paCCTOS!HHe Ha DOB9pXHOCTH I"Hnep60.TIOH.Q8, KaK 

.O.TIHHY 0Tpe3Ka reo.oe3H'l9CKOl!: lrHnep60Jibii
7 

COe.QHHS!IOI.l.(el!: STH TO'IKH, TO TaKy!O BeJIH'lHHY 

MO)!{HO Bb!pa3HTb tiep93 OTHOCHTeJibHYIO CKOpOCTb. llJIS! STOI"O pacCMOTpHM .OBa BeKTOpa 

4-cKOpOCTH U H 
1 

u
1 

H COCTaBHM HX '19Tblp9XMepaoe CKaJIS!pH09 npOH3Be.QeHH9 

u u 
1 2 

u u 
10 10 

... ... 
u u 

1 1 
14.1 I 

xiECJIH )1{9 Bbl'IHC.TI9HH.II B9CTH B npOCTpaHCTBe HMDYJibCOB 1 a He CKOpOCTeH, TO B perrg

THBHCTCKOl!: KHH9MaTHKe B03HHKa!OT 60JI99 CJIO)!{Hbl9 I"90MeTpH'IeCKHe COOTHOWeHHS!, CBS!3aHHbl9 

CO CBOl!:CTB8MH 8.TI.TIHDCOB lcp,IBI1, 
xxl 

[90M9TpHIO no68'l9BCKOI"O 'laCTO peaJIH3YIOT B TepMHHaX npOeKTHBHOl!: I"90MeTpHH, 

np09KTHpySI TO'IKH wapa IHJIH rHn9p6orroH.oa I a a nJIOCKOCTb, KacaTeJibHYJO K H9MY. TaKaS! npo

eKUHSI H3M9H.II9T yrrrhl, ao np9BpamaeT KpHBOJIHHel!:Hhil!: TpeyrorrbHHK B npSIMOnHaeiiabzl!:. EcTb 

H .opyrH9 CDOC06b! ODHC,HHS! I"90M9TpHH, no.op06HOCTH IKOTOpb!e HaM 3.09Cb He HY)!{Hbii 

MO)!{HO Hail:TH y Krr9l!:Ha 10/. 
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Tb 

tK 

.re 

o-

TaK K8K aTO rrp0113Be.u eHI!e IIHB8p118HTHO, TO ero rrpowe Beero B bi"'llellS!Tb B elleTeMe, r .u e 

OL1 H8 113 qaeTIIU ITOKOI!TeSI, T. e . B el!eT e Me, r.ue O L1 H8 113 eKOpOeTei!:, HaiTpi!Mep, U 
1 

!!MeeT TOllbKO OLlHY KO M ITO H e HTy u
10 

= 1 • 8 STOlf el!eTeMe u ·
20 

paBH O (1- {3 )-~ r .u e f3 
ITO Orrpe.uelleHI!IO - OTHOeHTe 1lbH8SI eK Op OeTb. no9 TOMy 

u 1 u 2 /4.2/ 

TaK KaK 4-.unHHhi u 
1 

II paBHhl e .UI!HI!Ue, TO eK811SipHO e rrp01!3Be.UeHHe paBHO K OeHHyey 

yrna Me )K LlY BeKTOpaMH. 

Een11 6bi M bi !!Melli! .ue no e rrpo eTpaHeTBOM e sBKllHLlOBOlf MeTpi!KOlf, TO eKanSipHo e 

rrpOH3B e.u eHI! e LlBYX e.U HHII 'I HbiX B e KTOpOB 6 bi1lO 6bi paBHO rrpoeTO KOei!Hyey yrna Me )K .uy Hil

MI!. B rrpoeTpaHeTBe e rre e B Ll 09BK1li! Ll OBoi!: MeTpi!KOi!: eeTeeTBeHHO rrpHpaBHSITb aTo rrp0113Be

LleHI!e rHrrep601ll!'l e eKOMY KOei!Hyey 

2 - ., 
ch ( u u ) = ( 1 - f3 ) = y 

1 2 12 
/4.3/ 

0603H8'18H ~aKTOp fl opeHU8 q e p e 3 y 
1
M bl OTM eqaeM , 'ITO OH OITpe.uenHeTeH OT HOei!TellbHOlf 

12 x l 
eKOpOeTb!O '18eTI! U 1 II 2. Yf3 STOrO Orrpe.ue neHI!H ene .uyeT, "'TO 

2 - 'h 
sh ( u 1 u 

2 
) = f3 ( 1 - f3 ) / 4.4 I 

th ( u 1 u 2 ) = f3 
/4.5/ 

ApryMeHTbi r H rr e p6onH'I e eKHX ~YHKUII lf eeTb rllrrep6onH'IeeKIIlf yron, orrpe.uenHeM biA 

rrpowe Bee ro 113 eKanHpHoro rrpo113Be.ueHI!H /4.3/. 0603Ha'leHIIe .uyrH,eoBrra.u a JO wee e eHM

BOllOM eK811HpHOrO rrp0113Be.U e HIIH, BpHLl 1111 MO)KeT ITpHBeeTH K He.uopa3yMeHI!HM . 

CooTHow e HHH / 4.3/-/4.4/ yeTaHaBnHBaJOT eBH3b Me)K.uy paeeTOHHI!eM Me)K.u y TO"'KaMH 

U H8 DOBepXHOeTII rl!nep601l011Ll8 / 1!1111 MHIIMOlf e~epw/ II eKallHpHOil: OTHOeHTe nb-
2 

HOi!: eKOpOeTb!O. n o ene 9T Or O MO)K HO p!!eOB8Tb TO'IKII rllnep 6 01l011Ll a H8 DllOeK o eTI! , H O rrp ll 

B bl'll!elleHIIHX lleD01lb30B8Tb ~OpMyllbl rHnep601lll'leeKOil: reoMeTpllll. B TaKOil: reoM e Tpll ll 

eyMMa yrllOB Tpeyr01lbHIIK8 MeHbwe 11 , a pa3HOeTb Me)K.UY 1T II eyMMOH y rllOB Tpey-

ronbHHKa paBHa er o nnowa.u 11: 

S=TT-A-8-C. 
/ 4.5/ 

0.UHIIM 113 ene .u eTBIIlf /4.5/ SIBllSie TeSI TO, 'ITO B rHnep601ll!"'eeKOlf reoMeTpllll OT e yTeT

By JOT rro.uo6Hbie Tp eyrollbHIIKII. TpeyrollbHIIKII e paBHbiMH yrnaMI! npoeTo paBHbi .upyr .upyry . 

¢H311'1eeKOe o6bSieH e HI!e epa3y en e.uyeT 113 npe.uellbHOrO xapaKTepa eKOpOeTII eBeTa. 8 KII

He M aTHKe Hb!OTOHa eOOTHOWeHI!SI Me)K.UY eKOpOeTSIMII He 113MeHSIJOTeSI , ee1111 Bee eKOpOeTH 

1!3MeHI!Tb B OLlHO II TO )K e 'lllellO pa3. 8 KI!HeMaTI!Ke 8lfHwTelfHa STO y)Ke H e enpaBeLl lli!BO , 

T8K K8K OTHOWeHI! e eKOpOeT e lf 'I8eTIIU K eKOpOeTII eBeTa 113M e HI!TeSI, 8TOT DpiiMep XOpOWO 

llllll!OeTp!!pyeT eBSI3b M e )K .UY KOHe'IHOeTb!O eKOpOeTH eBeTa II HeeBKllHLlOBOlf reoMeTpll e lf npo-

eTpaHeTBa eKOpOeTelf. 

n liS! 601lbW elf H8r1lSILlHOeTI! M O)K HO pHeOB8Tb TpeyrOllbHIIK e BOrHyT hiM II eTOpOH8M II, 

eoxpaHSIH yrllbl M e )K LlY HilMI! / p11e. 4/, Lllli!Hbl eTOpOH Dpll aTOM HeK8 )K 8 JOTeH. 

x/ 
Een11 Maeea o.uHolf 113 qaeTHU m , TO B eHeTeMe, r.ue LlpyraH 'laeTI!U8 DOKOIITeH J 

aHeprHH qaeTHUbi paBHa m ch ( u 
1 

u
2 

), a 11 M ny llbe p = m sh ( u u ) . 
1 2 



JlnH pew eHHH TpeyronbHHKOB B rHrrep6onHqecKolt reoMeTpHH cny)KaT aecKOnbKO cpop

/9/ 
Myn / eM., aarrpHMep, I. 

¢opMyna KOCHHYCOB 

ch a ch b ch c - sh b sh c cos A . /4 .6 / 

npH CTpeMneHHH KpHBH3Hbl K Hymo / LlnHH CTOpOH K Hymo, T8K K8K M bl IIOnO >KI1 nH p8 Ll HYC 

KpHBH :3H bi paBHbiM l I , / 4.6 I rrepeXOLlHT B TeopeMy KOCHHycoa rrnocKoi1 TpHrOHoM eTpHH, 

BTopaH cpopMyna KOCHHYCOB 

cos A = - cos B cos C + sin B sin C ch a 

rrepeXOLlHT B TO )KLl eCTBO IIpH A + B + C = TT 

¢opMyna CHH y COB 

sh a sh o sh c = = --- --- --
sin A sin B sin C 

K aToMy H8LlO A06aBHTb ewe cpopMyny Ll iiSl rrnowa A H TpeyronbHHKa 

cos s 
2 

+ ch a + ch b + ch c 
4 ch 2 a ch 2 b ch 2 c 

Y T T 

/4.7/ 

/ 4,8/ 

/4 ,9 / 

EcnH IIOIIb30B8TbCS1 9THMH cpOpMynaMH H He HCIIOnb30B8Tb cneACTBHSl T eopeM bl 0 napan

nenbHb!X / paBe ECTBO !i8KpecTne)K8UlHX yrno B, IInOW8Llb TpeyronbHHK8 H T.Ll./1 TO KliH e MaTH

qecKHe COOTHOl.lleHHH MO)KHO rronyqaTb H3 pHC YHKOB IIIIOCKOlf reoMeTpHH, 

B KaqecTBe rrpHMepa paccMoTpH M cTonKaoaeaHe OLlHHaKoawx qacTHu, BepaeMc ll K 

pHC. 2. PaCCTOilHHe Me)KAY TOqKaMH a H b OTBeqaeT OTHOCHTenbHOH CKOpOCTH qacTHU a 

H b 

ch ( ab) = Y ob 

/4 .10 / 
th ( ab ) = f3 a b 

CKopocTb cHcT eMbi u .H. rro-rrpe)KHeMy orrpeLtens:JeTcll TOqKolt , Llen11welt oTpe30K I ( ab) I 

rrononaM. 0 Ha paBH a 

{3 au th .E_b 
2 

( ch ( ab) - J 
ch ( ab ) + 7 

) ~ 
/ 4 .111 

EcnH 38Ll8Hbi KOOpLlHHaTbi acex aepwHH } T. e ., aanpaMep, 38Ll8Hbi cKopocTH H yron pacce H-

HHSI B CHCTe Me U.H, / , TO CKOpOCTH qacTHU rrocne pacceSIHH5l, H8IIpHMep, B CHCTeMe a on-

peLl eiiSIIDTCSI no cpopMyne KOCHHYCOB 

Y ab' 
ch 

2 
(au ) + sh 2 (au ) cos a 

/4. 12/ 

y 
a a• 

ch 
2 

(au ) - sh 
2 
(au ) cos a . / 4.13/ 

Yron Me)KAY pacceSIHHbiMH qacTHU8MH /yro n a 1 ab 1 I B cHcTeMe a Bbipa )K aeTcll qepe3 

8 



<(a'ab') 14.121 

rAe 8 ·- rllnep 5om!qecKIItl AeciJeKT - nnowa A b TpeyronbHIIKa a' ab' Ia eAIIHIIuax c 2 I 

orrpeAenSieTcSI no ciJopMyne 14.,1 113 113BecTHbiX A1IIIH cTopoH TpeyronbHIIKa. TaKIIM o5paaoM, 

Bee KIIHeMaTIIqeCKIIe COOTHOWeHHH OnpeAellHIOTCSI, ecnll 3aAaHbl KOOpAHHaTbl aepWIIH II 

ToqKII nepec eqeHIIH AHar o Hanetl npHMOyrollbHIIKa IHnll a o5weM cnyqae qeThlpexyronbHIIKal. 

OnpeAelliiB w A 1IIIHbi" acex cTopoH 11 nnowaAH TpeyronbHIIKa, Mbi nonyqaeM nonHoe peweHHe 

3a A aqll, 0TMeTIIM, qTO ace COOTHOWeHIIH, nonyqaeMbie TaKIIM o5pa30M, 38BIICHT T01IbKO OT 

CKOpOCTet\ qacTIIU, HO He OT IIX Mace. 

EcnH Tpe5yeTCH onpeAe1IIITb KIIHeMaTII'IeCKIIe COOTHOWeHHH B KaKotl-n1160 Apyroft CIIC-

TeMe KOOpAIIHaT , TO A IIH 9TOI"O HaAO TOilbKO OTMeTIITb TOqKy, OniiCbiBa!OWY!O 9TY CIICTeMy 

Ha !IIIOCKOCTII CKOpOcTet\1 II COeAIIHIITb ee C aepwiiHaMII OCHOBHOI"O qeTbipexyrOilbHIIKa, noc

ne 9TOI"O 3aAaqa pewaeTCH TeM >Ke MeTOAOM, 

TaKoe nono >KeHHe B03HHKaeT npH orrHcaHHH pacnaAa OAHOtl qacTIIUbi Ha A B e . B aTOM 

cnyqae OAHa H3 AHai"OH81Ieft qeTbipeXyi"01IbHIIK8 BblpO>KAaeTCH B T OqKy , H Mbl !IpHX OAHM K 

piiC, 5, r Ae L Q3H aqaeT CKOpOCTb CIICTeMbl Ha51I!OA8Te1ISI, C- CKOpOCTb pacna A a!OweftCH 

qacTHUbi, a II b- CKOpOCTII npOAYKTOB paCITaAa I ~ -OAHOBpeMeHHO ecTb CKOpOCTb CHC-

Te M bi u.11. rrpOAYKTOB pacnaAal . CKopoCTb a 

B 9TOtl CHCTeMe ITO ciJopMyne KOCHHyca 

B CHCTeMe L CBH38Ha C yr1IOM B bi1IeTa a 

cos a 
ch ( ac ) + ch ( L a ) ch ( L c ) 

14.131 

sh (La ) sh ( L c ) 

Mo>KHO Aanee Bbipa3HTb ace aenHqHHbi qepe3 aHeprHH 11 IIMnynbCbi qacTIIU I KaK 9 TO o5biq

HO H AenaeTcH / , 0AHaK0
1 

npH 9TOM 5yAeT He CT01Ib O'IeBHAHO, qTO COOTHOWeHH e 38B I1CHT 

T01TbKO OT CKOpOCTet\
1 

HO He OT MaCC qaCTIIU. 3aMeTHM, qTO MHHHMallbHaH H MaKCHMallbHaH 

CKOpOCTII orrpeAe1IHIO TCSI , ecnH noaepHyTb ( ab) BOKpyr TOqKII C 

nHHIIIO Lc . 

TaK, qTo5bi oHa nerna Ha 

KoHeqHo, rrpHMepbi
7 

pa3o5paHHbie Bbiwe, aecbMa npocThl 11 HX MO>KHO HccneAoBaTb 

o5biqHbiM anre5paHqecKHM MeTOAOM, HO ace >Ke He1Ib3H He cornacnrbcH c TeM, qTo reoMeT-

§ 5. Cno>~<eHHe cKopocTeA 

K a K y>Ke I"OBOp111IOCb, CKOpOCTbiO H83 b!B8 10T ABe pa3Hb!e BenllqHHbl: CKOpOCTb - B e KTOp 

H OTHOCHTe1IbH8H CKOpOCTb - paCCTOHHIIe M e >KAY ABYMH TOqKaMH B I"Hne p5onHqecKOtl r eo

MeTpHH, 4-CKOpOCTH CK118A biBaiOTCH no 05biqHbiM npaBH1I8M IIHHet\HOI"O B e KTOpHOI"O npOCTpaH

CTBa, B TO apeMH K8K C1IO>KeHHe OTHOCHTe1IbHbiX CKOpOCTeft OllpeAen HeTCH COBCeM APYI"HMH 

xl 
np8BH1I8MH 

xl 
0THOCIIT e1IbH8H CKOpOCTb BXOAHT B OnpeAe1IeHHe IIHB8pH8HTHOI"O ceqeHIIH p e aK-

UHH. Ecnll n1IOTHOCTII CTa1IKHB8IOWIIXCH qaCTIIU p8BHbl p II p , TO qi{C1IO aKTOB 
1 2 



Opelli .ae Bcero Ha.ao OTM e THTb 1 'ITO B !"H rrep6onHtiecKoM: reoMeTpHH He 1lb351 o rrpe.a enHT b 

HarrpaBneHH51 C KOpOCTH; TaK KaK reo.ae3H'leCKa51 1IHHH51 KpHBa51 1 TO HarrpaB1leHHe ee MeH 519 TC51. 

noaTOMY I B qacTHOC'rHI HarrpaBneHHe CKOpOCTH qacTHUbl b B CHCT9M9 a He coBrra-

.aa eT I BepHee He CTpO!"O rrpOTHB Oll0110lliHOI C HarrpaB1leHHeM CKOpOCTH 'laCTHUbl a B CHCTe· 

Me b I XOT51 BenH'IHHbi cKopocTel!: H p a BHbii . Yron Melli.ay HarrpaBneHH51MH ( al,) H - (ba) 

eCTb HH'ITO HHOel KaK yr011 llOBOpOTa B eKTOpa rrpH rrapa111le1lbHO M llepeHoce B.Q01lb KpHBOH 

ab • OH, oqeBH.OH0 1 orrpe.aensteTC51 T 01lbKO .O llHH Ol!: ab • HHllie 6y.aeT rroKa3aHo, 'ITO 

9TOT yron a orrpe.aen51eTc51 ¢op MynoM: 

sin a th ( ab ) . 15 .11 

¢ opMy1lbl, Clly lliaLUHe .01151 peweHH51 !"Hrre p60m!'l eCKHX Tp eyr01lbHHKOB 1 ll03B0115110T ycTa

HOBHTb H 3aKOHbl C1IOllieHH51 B e KTOpOB. 0 6paTHMC51 K pHC, 6. cPH3HtieCKHH CMbiCJl 9!"0 TaKOB: 

CHCTeMa b .Q BH >KeTC51 OTHOCHT ellbHO CHCT eMbl a CO CKOpOCTbl0 1 orrpe .ae n51eMOH ".01IH-

HOH w 0Tpe3Ka ( ab ) 1 T.e, CO CKOpOCTbiO th ( ab ) B CHCTeMe b qacTaua c 

.O BH lli9TC51 CO CKOpOCTbiO th ( b c ) T or.aa th (a c ) eCTb CKOpOCTb tiaCTHUhl C 

OTHOCHT ellbHO CHCTe M bl a 

I b 

Ha, 

B enH'IHHa ac HaXO.OHTCS ITO ¢opMy1le KOCHHYCOB: 

ch (a c ) = ch ( ab ) ch (be ) - sh ( ab ) sh (be ) cos b 

- yron rrpH aToll: B epwHHel . Yron a HaXO.Q HTC51 ITO TeopeM e CHHYCOB 

sin a sh (be ) sin b 
sh ( ac) 

15 .21 

15.31 

3THMH ¢vpMy1laMH H Orrpe.ae 1151eTC51 3aKOH C110)KeHH51 CKOpOCTel!: B KHHeM aTHKe 3l!:HWT9H-

peaKUHH B 06oeMe dV H B HHTepBalle dt orrpe.aen51eTC51 o6bi'!:HO ¢opMynoM: : 

dN / dtdV P
1 

p
2 

aV 1 

r .ae 
2 2 2 

V = ( /32- {31 ) -((31 x f3) ' (3 1 (3 -
2 

B 9 KTOpbi CKOpOCTeH 'l8CTHU, cPopMyny MO>KHO neperrHCaTb TaK; 

dN 

dt dV 
•;, 

= (; 2
; 

2
) sh a · a 

1 2 

lxl 

lxxl 

3 
.2 2 .2 4 p 

.aeCb 1
1

,
2
= p

1
,

2
- 1

1
,

2 
- - .anHHbl BeKTOpOB TOKa, a a- "y!"Oll Me>K,ay HHMH, 

Ecnu qepe3 p H p o6o3HatiHTb rrnoTHOCTH ltiHcno '!:acTHU B e.aHHHue o6oe-
to 20 

Mal B C06CTBeHHbiX CHCT9MaX KOOp.OHHaT, TO lxxl MO>KHO 3allHCaTb 

dN 

dt d v 
p p a sh a . 

01 0 2 

lxxxl 

TaKHM o6pa30M 1 OTHOCHT91lbHa51 CKOpOCTb B HepeJI51THBHCTCKOH ¢opMyne rrepexo-

.OH T B sh a B ¢opMyne p e nHTHBHCTCKOH / cp. l l9 1 I. 

10 

lpa 

KHe 

orrp 

.OB~ 

.a e. 

qaE 

HO 

rrp 

1151 

CK 

X 

H) 

B 

t{l 

ct 
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§ 6. napaJIJ18JlbHbl8 ITpS!M bJ8 , 4acTHUbl C M8CCOH HOJ!b 

BKJIIO'IIIM T e rrepb B p8CCM0Tp8H!i8 '!8CTHUbl 6e3 M8CCbl - cPOTOH8 li HeRTpHHO. V1x CKOpOCTb 

lpaBH8SI 11 H306pa )K 88TCSI TO'IK Oi'i, H8XOnSIW8i'iCS! H8 6eCKOH8'IHOM paCCTOS!Hiili. reone3H'leC

Kii8) coennHSIIOWii8 3 TY 6eCKOH8'IHO ynaneHHYIO TO'IKY C nBYM SI JII06 biMii npyraMH TO'IK 8Mii ,no 

orrpeneneHR IO rrapannenbHbi I KaK JIHHRH) rrepeceKaiOwaecSI Ha 6ecKoHe'IHOCTHI . Yr o n Me)Kny 

nByMSI TaKHMR r eone3 R 'l8CKH MH I B 6ecKOH8'IHO-yna neHHOi'i B epwRHel, orrSITb-T8Kii rro orrpe

n ene HHI01paBeH HYJIIO, B reoM e TpHH flo6aqe BcKoro TaKoi'i KHHeMaTa'lecKoA nHarpaMMe OTBe

qaeT YTB8p )K n8HH8, 'ITO qepe3 Ka)KnyiO TO'IKY MO)KHO IIpOB8CTii rrpS!M YIOJ rrapannenbHYIO naH

HOH. TaKRX rrpSIM biX ' KaK 3TO BH n HO H3 pac. 7, cywecTByeT nBe: onHa rrepeceKaeT RcxonHYIO 

rrpSIMYIO crrpaBa IHa 6ecKoHe'!HOCTRI, npyraSI rre peceKaeT ee cneBa. Yron, KOTOpbiA cocTaB

nSieT rrapannenbHaSI rrpSIMaSI c rrep rreHn HKynSipOM, Ha3 w Ba iOT yrnoM rrapannenbHOCTH flo6a'leB-

cKoro H o 603H8'18 IOT q e pe3 0 (X) , rne X - paCCTOSIHii8 no !iCXOn HOH ITpS!MOH, npli 

X = 0, O'l8BRnH0
1 

11 ( x) = 111 2 ~ C yBeJIR'l8Hii8M paCCTOS!HiiSI 
X n ( x) 

HYJIIO, Yron rrap a nnenbHOCTii CBSI3aH c paccTOSIHHeM x 

th X = COS 0 (X ) 

BM eCTO yrna rrapanne.nbHOCTR MO)K HO paccMoTpeTb ero norronHeHHe no 11 I 2 

'IHH Y H83 hlB8IOT rarrep6 0JIR'l8CKOH aMITJIRTynoi1: liJIH rynepM8Hii8HOM 

gdx +O (x) 11 I 2 . 

<PopMyna 16 4_1 TOrna 33flliW eTCH TaK: 

th x = sin ( g d x ) , 

16.11 

16 .21 

16.31 

Yron a B ciJo pM yne 15.1 I a e cTb gdx 
JV\ O)K HO naTb 3TiiM ciJopMynaM KRH8M8TH-

qecKyiO aHTeprrpeTauaiO. napannenbHbie rrpSIM bi e , rr e p e ceKa IOwaecSI B 6ec KoH e 'IHO-y naneH HOi'i 

TO'!Ke, OTB8'18IOT CKOpOCTSIM cPOTOHa I HJIH H8HTpRHO I OTHOCHT 8JibHO nBYX K 8 KR X -m1 60 CRCT8M 

110 -Me30H pacrranaeTC Sit Ha nBa KB8HT8 l p!iC, 81, TO KRHe-
KOopnRH a T. EcnR, HarrpRMep, 

M8TH'l8CK8SI nHarpaMMa aMeeT n Ba yrna, paBHblX HYJIIO. Yron pa3Jie T a KBaHTOB e - ecT b 

yron B B epwaHe rnrre p6onaqe cKoro TpeyronbHRKa, nBa •npyrax yrna KOToporo paBH bi Hy niO. 

Ero BenR'IRHY MO)KHO Bbipa3RTb qepe3 th X I 
CKOpOCTb 11 O M830H8 H yron B b!JI8T8 a 

B cacTeMe 11 0 
OTHOCUT8JibHO CKOpOCTH Ha6niOnaT8JISI 

L , HeTpynHo BKn eT b, 'ITO 3TOT 

B 3TOM cnyqae e eCTb, O'l8BHn -
yron MliHRManeH, Kor n a yron B bineTa a p a BeH 11 I 2 

HO, ynBoeHHbii'i yron rrapa nnenbHOCTR 
th X = {3 

16 ,41 

e min 2fl(x) 2orc cos {3 , 

rne {3 - CKOpOCTb II!i0H8 , 

B Ka'leCTBe BTOpo r o rrpaMepa paccMoTpRM penSITiiBRCTCKY IO a 66e pauHIO - rrpeo6pa3oBa-

HRe yrna Me)Kny ciJoTOHOM I RJIH H 8 HTpRHOI li OTHOCHT8JibHOi:l CKOpOCTb!O nByX CHCT8M 

lpac. 9 1. 

Yron R3JIY'l8HR SI ciJoT o Ha B cHcT e M e g 
OTHOCHT8JibHO OTHOCHT8JibHOH CKOpOCTH ba 

e , nyHKT!ip 
e· • ToT )Ke yron B CI1cTeMe b 

- rreprreHnliKY!IS!p Ha ( 0 b l-

11 



"'npSIM bl9 w (a y) , ( C y) H ( b y) napannenbHhi. 

noaTOMY 

-cos e · ~ th x 

cos e ~ th r /6.5/ 

CocTaBHM th ( x + y ) , KOTOphlA p a BeH ~ f CKOpOCTb B CHCT9Me b 1: 

case -cos()' 
~ /6.6/ 

- cos fJCos e' 
P /6.6/ 0 rl-. E n• 

9W8SI OTHOCHT9llbHO onHoro H3 cos , nony'IHM 0 bi'IHbl9 '-1-'0PMYIIbl. CIIH yron o paBeH 

" I 2 , TO TpeyronbHHK cTaHOBHTCSI npSIMoyronbHbiM / onHH yron () , npyroa - "I 2 I. 

B TBKOM TpeyronbHHKe TpeTHA yron paaea arc cos ~ I no caolicTBaM napannenbHhrx/. ¢o

" I 2 1 npRxonRT a CI'!CTeM e b TOH, KOTOpbiA B CHCT9Me a BbineTen non yrnoM 

non yrnoM 1 npH ~-1 I, nO'ITH COBnanaiOWHM C HanpaaneHHeM nBH>K9HHSI. 

3TO 3H8'1HT, 'ITO H80IIIOnaTenb .. BHni'!T " CB9TSill(HliCSI OO'b9KT 1'!3 CHCT9Mbl a 

noaepayTbiM Ha yron TTI2 • 3To Kp8CHBOe SlBII9HHe nOBOpOT8 

YfHTepeCHO 

ObiCTpO nBR>Ky-

merocSI rrpenMeTa ObiiiO ooaapy>KeHo 
lUI 

TeppenoM OTM9THTb, 'ITO 

B rHrrepOOIIH'I9CKOA reoMeTp:!H cymeCTByeT TpeyrOIIbHHK, B KOTOpOM BCe TpH yrna paa

Hbl aymo H y KOToporo, cnenoaaTenbHO, cTopoHbi rrorrapHo rrapannenbHhr. nnomanb TaKoro 

TpeyronbHHKa pasHa "I 2 , TaK KaK OHa pasHa pa3HOCTH Me>Kny "I 2 I'! cyMMoli yrnoa Tpe

yronbHHxa. TaKOli KHH9M8TH'I9CKHli TpeyrOIIbHHK BCTpeTHTCSI IIpH p8CCMOTpeHHH pacrrana H8 

3 cpOTOH8, KOTOpblM H oynyT COOTB9TCTBOB8T b TpH 09CKOHeqHO ynaneHHbiX TO'IKH. 

!l 7. Bon'IOK H ToMacoacKaSI rrpeueccHSI 

PaccMoTpHM Terrepb KHHeMaTHKY apamaiOmeAcH qacTHUbi. B 9TOM cnyqae rronb38 OT 

ri'!II9pOOIIH'19CKOi!: reOMeTpHH CT8HOBHTCSI eme 6onee Oll(yTHMOA. 

B HepeiiSITHBHCTCKOJ!: M9X8HHK9 Bp81..U9HH9 OI!HCb!B89TCSI Tp9XM9pHb!M B9KTOpOM yrnOBOit 

CKOpOCTH. 0000ll(9HH9 ero H8 M9X8HHK y 3liHWT9liH8 TpeoyeT H9KOTOpOli OCTOpO>KHOCTI'!. 

YJMeHHO, MO>KHO C'IHT8Tb yrnoByiO CKOpOCTb 1 rronOOHO MBrHHTHOMY IIOIIIOJ'I8CTbiO 8HTHCHM

MeTpH'IHOrO T9H30pa BTOporo paHra. Torna B penSITHBHCTCKOM cnyqae IIOTpeoyeTCSI BBOnHTb 

eme onHH TpexM e pHhiA aeKTop,nono6HhrA rron10 9rreKTpH'IecKoMy. TaKol!: rryTb rrpHaonHT K 

OO'benHH9HHIO yrnOBOi!: CKOpOCTH H CKOpOCTH U9HTp8 TSI>K9CTH B OnHH T9H30p, I!OXO>KHA H8 

T9H30p, OO'benHH·SIIOI..UHA 9II9KTpH'19CKHJ!: H MBrHHTHblli nHIIOIIbHb!9 MOMeHTbl. ¢H3H'IeCKHA 

CMbiCII OO'b9nHH9HHSI COCTOHT B TOM, 'ITO K yrnOBOA CKOpOCTH IIpH08BIIHeTCSI Op0HT8llbH8SI. 

nocTpOeHHbiA T8KHM 00p830M TeH30p IIpOCTO CBSI38H C I!OIIHbiM yrnOBbiM MOMeHTOM '18CTHUbl 

lcyMMB OpOHT8llbHOrO H CIIHHOBOro yriiOBbiX MOMeHTOBI . Mo>KHO, onHBKO, He ycnO>KHS!Tb Kap

THHY H He BnyTbiB8Tb B neno OpOHT8IIbHOe nBH>K9HHe. Pa CCMOTpHM BOII'IOK, Bp8ll(8101..UHACSI 

B p8BHOMepHO nBH>KymeliCSI CHCTeMe KOOpnHH8T. Ka:>KnaSI TO'IK8 ero IIOBepXHOCTH nBH>KeTCSI 

OTHOCHT9IIbHO IIOKOSII..UerOCSI B nao. CHCTeMe H80IIIOnaTenSI IIO KpHBOA,COCT8BIIeHHOA H3 cyMMbl 

apamaTeiibHOrO H IIOCTyiiaTeiibHOrO nBH /Ke HHA. npeOOp830B8HHe nopeHU8 H3 CHCT9Mbl BOII'IK8 

B naoopaTOpHyiO CHCT e My CBSI3biB89T 'IHCTOe BpameHHe C nBH>KeHH 9 M IIO KpHBOA. Korna Mbl 
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I"OBOpHM 0 BpameH HH, TO Mbl HHTYHTHBHO OT.aenHeM nOCTynaTenbHOe Ll.BH.>KeHHe OT C06CTBeH

HO BpameHHS!. HeTpyLJ.HO npHLJ.8Tb T8KOli onepaUHH CTpO!"Hli KHHeMaTH'!eCKHH CMhiCn. LlnH 

9TO!"O Onpe.o.enHM 4-BeKTOp yrnOBOli CKOpOCTH T 8K
1
'lT0 6bi B C06CTBeHHOH CHCTeMe K00p.UHH8T y 

Hero 6bJnH 6hi TOnbKO TpH npOCTp8HCTBeHHbie KOMnOHeHThl, COBn8.U810ll.{He C KOMnOHeHT8MH 

HepenSITHBHCTCKOH yrnOBOH CKOpOCTH, KoaapH8HTHhiM Bhipa.>KeHHeM 9TO!"O CBOMCTBa 6y,aeT 

OpTO!" OHanbHOCTb 4-BeKTOpa yrnoBOH CKOpOCTH, n HHei1HOi1 CKOpOCTH '!8CTHUhl 

w u = 0. 17. 11 

<l>opMyna / 7.1 I cny.>KHT onpe.aene HHe M 4-B eKT Opa B nJ0 60ii ,apyrolf CHCTeMe K00p.U HH8T. 

YI MeHHO, yrnoaaSI 4 -cKopocT b qacTHUhi, LJ. BH .>K ymeiicH co cKopocTbJO u = ( y, u J 

y= (J - {32,-'1·, onpe.o.emreTcH cpopMynaMH: 

... 
17.21 w ... ... 

1 + y 

8 !"Hnep60nH'!e CK OH reoMeTpHH cp0pMynh1 / 7.2 1 TIOK83hlB8JOT, '!TO BeKTOp yrnOBOH CKO-

pOCTH ne .>KH T B TpeXMepHOM npOCTpaHCTBe, OpTO!"OHanbHOM CKOpOCTH '!8CTHUhl, T,e, BeKTOp 

yrnOBOH CKOpOCTH BCer.o.a OCTaeTCH Tp8XM8pHhlM BeKTOpOM. PaCCMOTpHM KOMnO H eHThl 9TO!"O 

B eKTOpa C TO'!KH 3peHHS! p83Hh!X H86n ro,aaTenei1. LlnH TOI"O, '!T06bi MO.>KHO 6bi nO cp a BHHB8Tb 

KOMnOHeHThl, Ha6n JO,aa TenH .U On .>KHhl KaK- TO ycnOBHTbCH 0 MeTO.Qe CpaBHeHHS! CBMHX CHCTeM 

KOOp .U HH8T . 0603H8'!H M CHCTeMy Ha6nro,aaTenH q e p e 3 .£.. , a CHcTeMy 'laCTHUbi '!epe3 R 

Tor.aa onHcaHHe yrnoaoll: cKopocTH cpopMynaMH / 7.21 ecTb onHca HHe ee a cHcTeM e L 

M O.>K HO nOCTY nHTb HHB'!e, nOCTpOHB B CHCT eMe • .UpyryJO CHCTeMy KOOp.UMHiilT, OTBe'!aJO-L 

ll.{YIO CHCTeMe • T or.a a Haonro.o.aTenb B R MO.>KeT coo6maTb Ha6nro.aaTenro a L 

Tpa KOMnOH8HTbl BeKTOpa CKOpOCTa, no KOTOpbiM MO.>KHO 6y,aeT nOCTpOHTb B 8KT0p B cac T eMe 

L . 3.aeCb M bl BCTp 8 '!8 8M CS! C T e M, K8K B H8 8 BKna .U OBOH !"80MeTpHa BCT 88 T BonpOC 0 

cpaBHeHaa B8KTOpOB, H8XOLl. Hll.{aXC5! B pa3Hb! X TO'!K8X npOCTpaHCTBa , LlnH TOI"O, '!T06b! T 8KOe 

Cp8BHeHae MO.>KHO 6binO npOH3B8CTH, He06XO LJ. aMO nepeHeceHae Cp8BHa B 88Mb!X B8KTOpOB B 

O.UHY TO'!Ky. npa 9TOM a B03HaK88T 06Cy.>K,aaeMbill: H8MH BOnpOC 0 TOM) K8K Onpe .o.e m1Tb Ta

KYIO onepaua10 aHB apaa HTH biM o6p830M , npe .>KLJ,e BCero o6a Ha6nro.aaT e nH MOI"YT onp e.::te naTb 

O.U HY a3 OC8 H B HanpaBneHaH ax OTHOCaTenbHOli CKOpOCTa / npa BTOM OLl.HH a3 Ha6nro.o. a T e n ei1 

6y.o.eT C'!aTaTb CKOpOCTb nono .>K aT enbHO H , LJ.pyroi1 - OTpau a T enbHOH I. 

LlnS! TO!"O, '!T06b! onpe.aenHTb BTOpy!O 0Cb ) H8.QO llOCTpOaTb H OpManb K nnOCKOCTa: Bbi-

6epeM ewe OLJ.HY BCllO MO!"aT e nbHYIO CHCTeMy CO CKOpOCTbl01 HenapannenbHOH OTHOCaTenbH OH 

CKOpOCTa CaCT eM L R • 0 6 o3H8'!H M ee q epe 3 U Tor .o.a c noMOlllb lO aHTacaMMeT-

pa'!Horo TeH3opa qeTBepToro pa Hra nocTpoaM 4 - aeKTOp N 

{3 y 0 
L R U 17.31 

HeTpy.aHo a aaeTb , '!TO B Ka>~<.o.oii a3 Tpex cacTeM L R U BTOT BeKTOp CBO,a aTC H K 

06 b! '!HOMY TpeXM 8 pHOMy B eKTOpHO M y DpOa3Be.aeHa!O . LlelfCTBHTenbHO, B BTaX cacTeMaX O.UaH 

a 3 HH.Q e KCOB paB eH " 0 " , Tor.aa .aaa .apyrae npo6era!OT nHwb npocTpaHCTBeHHbJe 3Ha'!eHa>r. 

TaKaM o6p a 30M B cacTeMax L a R nocTpoeHw no .aae npocTpaHCTBeH H hle oca. Tp eT b>r 

OCb B K8)!{.QOH cacTeMe CTpoaTCS! K8K nepneH.aaKyn>rp K y)!{e nOCT p08HHb!M .UByM, r eoMeTpa-

q ecKa onMcaHHOe nocTpoeHae OTBeqa e T napannenbHOMy nepeHocy BeKTopa a.aonb reo.ae3 H-
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qecKofi
1 

coe.aaHHIOWeil TO'iKJ.! L H R 
xl 

.HcHo, 'iTO !IOCKOllbKY Ha6niO,aaTenH HaXO.UHTCH B 

pa3Hb!X CHCTeMaX, TaK8H "CHHXpOHH3a!lHS!" CHCTeM KOOp.UHHaT He MO)KeT !IpHBeCTH K KaKO-

XXI 
My-nH6o rrpoTHBope'iHIO • M bi acTpeTHMCH c HOBbiM S!BneHHeM, ecnH 6y.aeM rrpoH3BO.UHTb 

rrapannenbHbifi rrepeHoc rro 3aMKHyToMy KOHTYPY. KaK H3BeCTHO H3 reoMeTpHH 1 rrpH rrapan

nenbHOM rrepeHoce B.UO!Ib 3aMKHYTOI'O KOHTypa BeKTOp He B03BpawaeTCS! B HCXO.UHOe IlOilO-

)KeHHe, a !IOB Opa'iHBaeTCH Ha yron, paBHblfi !IIIOWa.aH1 OXBaTb!BaeMOfi KOHTypOM. noaopOT 

!IpOHCXO,UHT B HarrpaBneHHH J o6paTHOM .UBH)KeHHIO ITO KOHTypy IT .e. BeKTOp w He ,UOXO.UHT" .UO 

CBOero HCXO.UHOI'O !IOIIO)KeHHH/• 

npocTefiw Hii !IpHMep TaKOrO po.aa ecTb TaK Ha3b!BaeMaH TOMaCOBCKaH rrpeueccHH. Pac
~ 

CMOTpHM BOII'iOK
7 

neTS!lllHH CO CKOpOCTbiO {3 .. nycTb. OH !IOIIy'iaeT YCKOpeHHe {3 H ero 

CKOpOCTb qepe3 BpeMS! c/t CTaHOBHTCH paBHOH {3 + /3 c/t l pHC. 101. LlnH TOI'O, 'iT06b! 

BhlHCHHT~KaK H3MeHHTCH HarrpaBneHHe yriiOBOfi CKOpOCTH, He06XO,UHMO cpaBHHTb BeKTOp yr-

nOBOfi CKOpOCTH
1 

rrepeHeceHHbifi H3 HCXO.UHOfi CHC TeMhl BOII'iKa R B CHCTeMy Ha6niO.aaTeiiH 

L , C Ha!IpaBneHHeM TOrO )Ke BeKTOpa B CHCTeMe BOII'iKa Rd
17

TaK)Ke rrepeneceHHOro B 

CHCTeMy L 

HCKOMaS! pa3HOCTb eCTb He 'iTO HHOerKaK !IOBOpOT BeKTOpa !IpH !IapanneiibHOM !IepeHOCe 

a.aonb rrepHMeTpa TpeyronbHHKa, paBHbifi ero rrnowa.aH • .DnH ero Bbi'iHCneHIHI y.ao6Ro aoc

IIOIIb30BaTbCH He cf>opMynol! 14.81, a ell SlKBHBaneHTHOi!:: 

sin S 1 + ch a + ch b + ch c 

8 ch 2~ ch 2_1>_ ch 2 ..£. 
2 2 2 

(fuAusuc)· 

B aToll: cf>opMyne rrocne.aRHi!: qneH ecTb .anHHa HOpManH 16.21 K rrnocKOCTH TpeyronbHH-

Ka, u 
A UB uc 4-cKOpOCTH •• B CHCTeMe, r.ae, H8!IpHMep, IIOKOHTCS! a , STOT 

MHO)KHTe!Ib paBeH !IpOCTO .UIIHHe BeKTOpHOrO !IpOH3Be.aeHHH !IpOCTpaHCTBeHHhlX 'i8CTel! 

4-cKopocTeA b H c nonO)KHM th a = th b = /3 ; 3aMe'iaH, 'iTO /3 c/t 6eCKOHe'iHO 

Mana H 'iTO ch a ch b Y 
1 

2 ch 2 
_!!___ 
2 

+ y , rrony'iHM 

S =-_r_ {3 X {3 
1 + y 

T aKHM o6pa3oM, BOII'iOK rro.a .ael!cTBHeM ycKopeHHH f3 rrpeueccHpyeT 

n y f3 X {3 
1 + y 

B HH3WeM !!OpS!.UKe !IO CKOpOCTH CKOpOCTb rrpeueccHH: 

11:=-~ f3xf3 

11.51 

CO CKOpOCTbiO: 

17.61 

17.7 I 

xl 
JV\br roaopHnH, 'iTO RarrpaBneHHe OTHOCHTeiibHOA cKopocTH R c TO'iKH 3peHHH L 

He arronHe rrpoTHBorrono )K HO HarrpaBneHHIO CKOpOCTH L c TO'iKH 3peHHH R . TaKOH "rro

aopoT", CBH3aHHbiH C IICeB.U08BKIIH.UOBOi!: MeTpHKOHJ H !IpHBO,UH T 4-BeKTOp K TpeXKO M !IOHeHT

HOMY BH.Uy. 

XXI jV\ bl rOBOpHIIH "CHHXpOHH3allHS!" !IO aHaiiOI'HH C O!IepauHel! "CHHXpOHH3a!lHH" 'iaCOB -

aHaiiOI'l1H, KOTOpaS!, KaK Mbl yBH.UHM HH )Ke , HMeeT rny60KHfi CMb!CII. 
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T.e. nnowa.llH TpeyronbHHK8, B bi'-IHCneHHOI'O ITO <l:JOpMyne 9BKnH.IlOBOfi r eOMeTpHH. 3TOT a<l:J

ciJeKT Ha3b!BaeTCS! T OMaCOBCKOfi npeueccHeH H 06b!'-1Hblfi ero B b! BO.Il JlOCT aTO'-IHO yTOMHTeneH 

/cp. 12/. 

B CBS13H C TOMaCOBCKOfi npeueccHe H MO*HO HeCKOnbKO ITO.Ilp06Hee OCTaHOBHTbCS! Ha 

BOnpoce 0 ,CHHXpOHH3aUHH C HCTeM KOOp.llHHaT w. npe.llnOnO*HM, '-ITO C)'ll{eCTByiOT TpH CHCTe

Mbl Ha6niOJlaTenefi JlBH:>KYWHeC S! paBHOMepHO TaK, '-ITO CHa'-lana CHCTeMa 1 BCTpeqaeTCS! C 

CHCTeMOfi 2, nOT OM 2 BCTpeqaeTC S! C CHCTeMOH 3, _H, HaKOHeU, 3 OITS!Tb BCTpeqaeTCS! C CHC

TeMofi 1. CHcTeMa 1 JlO n *Ha HMeTb 6onbwHe pa3Mepbl, '-IT06bJ TaKaS! nocne.llHS!S! BCTpeqa 

MOrna 6bJ npOH30fiTH f HCHO, '-ITO OHa npOH30fi .lleT B ll PYI'OM MecTe CHCTeMbl 1, no cpaBHe

HHIO C nepaoA BCTpeqefi/. EcnH BO BpeMH nepaofi BCTp e'-I H Ha6niO.IlaTenH 1 H 2 .. CHHXpOHH3H

pyiOT, CBOH CHCTeMbl KOOpllHHaT, nocne '-lero BO BpeMH BCTpe'-IH C Ha6niO.Il aT e neM 3 Ha5mo-

JlaTenb 2 nepe.llaeT eMy nonyqeHHOe HanpaaneHHe , TO npH B03BpaweHHH HH<l:JOpMaUHH B 

CHCT9My }, B MOMeHT BTOpOH BCTpeqH Ha6mo.llaTeneii 3 H 1, CHCTeMa OKa*eTCS! noBepHyTOA 

Ha TOMaCOBCKHA yron npeueccHH TaKHM o6paaoM
7

a .llBH:>KYWHXCH CHCTeMax H e nb3H 

Bbi6paTb e.llHHbiX TpeXMepHbi X CHCTeM KOOp .llHHaT. 3TOT aclJ<l:JeKT noXO:>K Ha H3BeCTHbiH napa-

JlOKC '-laCOB, KOTOp biA Hflf!IOCTpHpyeTCS! T eM * e pHCYHKOM 11. EcnH na6niO.IlaTenH 6y-

llYT npH BCTpeqaX nepe.ll8B8Tb HHcPOPM8UHIO 0 BpeMeHH, TO npH B03BpaweHHH B CHCTeMy 

qaChl OTCTaHyT. BenH'-IHH8 O TCT8B8HHH, K8K H3BeCTHO, p8BH8 nepHMeTpy Tpey r o nbHHK8 /a 

06b!'-IHOM npOCTpaHCTBe / , a ,OTCT8B8HHe" CHCTeMbl KOOpllHH8T p8BHO ero nriOW8JlH/ B 

x/ 
npOCTpaHCTBe CKOpOCTej;j/ 

§ 8. C n H H 

xx/ 
Bee, '-ITO 6biiTO cKa3aHo o aon'-IKe, nepeHOCHTCSI H na KHHeMaTHKY cnHHa B qacT-

HOCTH, 38KOH npeo6pa30B8HHS! CITHH8 COBn8Jl8eT C /2.2/, T8K K8K npeo6pa30B8HHe eCT b KH-

HeM8TH'-!eCK8S! onepaUHS!, 38BHCSIW8H TOnbKO OT CKOpOCTH. 3TO, 0JlH8KO, cnpaBe.llf!HBO f!HWb 

JlfiH CB060.Il HbiX '18CTHU. EcnH '-18CTHU8 H8XO.IlHTCS! BO BHewneM none, TO nOriO*eHHe MeHSI-

eTCS!. 4acTHU8 BO BHewneM none He HMeeT onpe.lleneHHOI'O HMnynhC8 H CKOpOCTH. noaTOMy 

JlnSJ Hee Hef!b3H BBeCTH CHCTeMbl nOKOH, a 1 cne.llOBaTeiTbH0 1 H Hef!b3S! npOCTO onpe.llef!HTb 

CHHH. B pe3yiTbTaTe JlfiSI '-18CTHUhl a none B03HHK810T npHMeCH COCTOHHHfi C 6orree HH3KHMH 

3H8'-IeHHS!MH CnHH8, C KOTOpb!MH npKXO JlHTCH 60p0TbCSI nyTeM BBe.lleHHH pa3Hb!X JlOITOf!HHTenb

HbJX ycrroaHA. TonhKO !liTH qacTHU co cnHHOM 1/2 I H, KOHe'-IHO, '-laCTHU 6ea cnHHa / H .lliTSI 

xi 
06bi'-IHO napa.ll OKC '-18COB p8CCM8TpHB810T C ITOMOWbiO TOnbKO llBYX Ha 6 niO.Il8Terrefi. 

npH 9TOM ITpHXO./lHTCSI BBO.IlHTb HepaBHOMepHOe JlBH:>KeHHe 0./lHOI'O H3 HHX /no aopOT B o6-

paTHblfi f!YTbf. npH Tpex CHCTeMaX 9TOH Tpy JlHOCTH HeT, HO npHXOJlHTCSI I'OBOpHTb 0 CHH

XpOHH38UIHI '-18COB B .llO ITb nepsoj;j CHCTeMbi, T8K K8K BCTpe'-!H 1-2 H 3-1 npOHCXO Ll S!T B p83Hb!X 

ee TO'IK8X. Bnp0'-1 eM CHHXpOHH3aUHSI '-18COB B.llOflb paBHOMepHO JlBH*YWefiCH CHCTeMbl KOOp

JlHHaT Tpy.llHOCTH He npe.llCT8BITSieT. 06a 9<l:J<l:JeKT8-.. 0TCT8B8HHe '-18COB .. H .. ITOBOpOTN KOOp

JlHH8THbiX ocefi 38BHCSIT, KOHe'-!HO, H OT KpHBH3Hbl ITpOCTp8HCTBa. 

xx/ A T8K:>Ke H H8 npyrHe MYITbTHITOITbHbJe MOMeHTbl SI.Ilep, 0 KOTOpb!X Mbl 3LleCb I'OBO-

pHTb He 6yneM I :::p/131 •. CaH3b CITHH8 c reoMeTpi!eH no5a'-!eBCKOI'O 6buia paCCMOTpena B 

6 / 14/. 
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¢oTOH8 R3-38 rpaaReHTH08 RHB8pR8HTHOCTR CnRH OCTaeTCH XOpOWO onpeaeneHHhlM nOHHTR

eM, jV\ bl oyaeM rOBOpHTb llOSTOMy TO!lbKO 0 CBOOOaHb!X "18CTHU8X, 

EcnH pHCOB8Tb CnHH K8K BeKTOp nepneHaHKYilHpHb!X CKOpOCTeJ%, TC> npHMO R3 pRC, 12 

BHaHO, "'TO C TO"'KH 3peHHH aayx HaomoaaTenel% A R B yron, KOTOpbiJ% COCTaBnHeT CnHH 

CO CKOpOCTb!O, 0TilR"!8eTCH H8 yrorr npH BepWHHe 

EcnH qacTRUa He HMeeT MaCChi, TO yron npH R 

R COOCTBeHHOJ% CHCTeMbl "18CTHUbl, 

paBeH Hynro. 0Tcroaa cpa3y cneayeT, 

"'TO npoaorrbHO-rrO!lHpH30B8HH8H "18CTHU8 C M8CCOJ% HO!lb OCTaeTCH npoaorrbHO-nOnHpR30BaH

HOJ% B ll!OOOJ% CHCTeMe KOOpaHH8T, T.e. "'TO nOHHTHe npoaorrbHOrO HeJ%TpHHO H KpyrOBO-no

llHpH30B8HHOrO ¢oTOH8 CyTb nOHHTHe penHTHBHCTCKH HHBapH8HTHhle, 

EcnH "18CTHU8 CO cnHHOM pacceHBaeTCH, "'TO HB!lHeTCH aHanorOM ee YCKOpeHHH B 

K!l8CCH"!eCKOJ% 3aaaqe, TO KpOMe H3MeHeHHH HanpaBneHHH CnRH8 npH pacceHHHH B COOCTBeH-

HOI CHCTeMe ¢ CnHH ewe npeTepneaaeT TOM8COBCKHI nOBOpOT Q , paCC"'HTb!B8eMbll 

H3 llllOWaaH TpeyrO!lbHHK8 C BepWHH8MHJ OTBe"!810WHMH CHCTeMe naoopaTOpHOI, H CHCTeM 

x/ 
nOKOH "18CTHUbl ao H nocne pacceHHHH • nosTOMY CyMM8pHbii nOBOpOT CnHHa 

1/J=¢-/U/ 

r/J * paBeH 

npeueccHH CllHHa HrpaeT cyweCTBeHHYIO pO!lb llpH pacceHHHH. noaopOT CnHH8 npH pac

ceHHHH, HanpHMep, S!leKTpOH8 B KYITOHOBOM none Ha H3hlKe Kll8CCH"!eCKOI MeXaHHKH 03H8"18eT 

CBH3b CITHH8 C OpOHTOI. 

napannenbHhll nepeHOC CllHH8 n03BO!lHeT HarnHaHO OnHChlB8Tb H CllO*eHHe CnHHOB B 

cHcTeMax qacTHU. TaK KaK napannenbHhll nepeHoc rro3BonHeT nepeHecTH ace crrHHhl B oaHy 

TO"'KY IB OaHy CHCTeMy KOOpaHHaTI1 H yrrrbl Me*aY nepeHeceHHb!MH CllHH8MH npOCTO Bbi

"'HCilHIOTCH no ¢opMyrraM rHnepOO!lH"'eCKOI reOMeTpHH, TO 3aaaqa CBOaHTCH K CllO*eHH!O 

CllRHOB B oaHol CHCTeMe KOOpaHHaT, T,e, K OOb!"'HOI HepenHTHBHCTCKOI aaaaqe, 

!l 9. 3aK!liO"'eHHe 

3TOI CT8Tbe8 Mhl XOTenH o6paTHTb BHHM8HHe Ha llO"'TH O"!eBHaHOe OOCTOHTerrbCTBO, 

"'TO paOOT8n C BeKTOp8MH B npOCTpaHCTBe CKOpOCTeJ%, Haao nOHHM8Tb reoMeTpH!O STOrO 

npOCTpaHCTB8, noaOOHO TOMy, K8K B OObl'IHOJ% reoMeTpHH MO*HO 0001\THCb 8H811HTH"'ec

KHMH ¢opMyrraMH, HHKOr a a He 11pH6eraH K HarnHaHb!M MeToaaM TpHrOHOMeTpHH, T8K H B 

KHHeM8THKe 3J%HW Tel H8 MO>K HO OOOITHCb 6e3 q e pTe>K el H TpHrOHOMeTpH qe CKHX ¢opMy n, 
}.xl 

0aH8KO T8KOI nyTb, KOTOpb!l B CBOe BpeMH Ob!n HaeanOM MeXaHHKH narpaH*8 , BpHa llH 

MO*eT ObiTb HaeanoM B Hawe apeMH. AnrrapaT TeopeTH"'ecKol ¢1'13HKH cTan celqac HacTorrb-

KO CllO*Hb!M, 'iTO ll!OOb!e HarnHaHbie I a TeM 6onee cTporRel MoaenH a on>KHbi HrpaTh ace 

6onbwyro ponb B HayKe. 

x/ /161 
3ToT s¢¢eKT 6brn onHcaH CTannoM • Ha ero CBH3b c reoMeTpHel no6aqeacKoro 

yKa3hlBan Hea aB HO BRK/1? 
1 • 

XXI 
narpaH* nHcan B npeaHC!lOBHH K CBOel "AHtillHTH"'eCKOI MeXaHHKe", "'TO ero 

MeTOabi He Tpe6yroT HH llOCTpOeHHl!:, HH reoMeTpH"'eCKHX HllH MeX8HH"'eCKHX paccy>K-

aeHHI; OHH Tpe6yroT TO!lbKO anre6paH"'eCKHX OnepaUHJ%, llOa"'HHeHHhlX nnaHOMepHOMy H 

oaHOOOpa3HOMy xoay" 1}8/ 
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B 3aKmo qeaHe M He xoTe noch 6br n o 6narouapHTb H.A. 4 e pHHKOBa, c KOTOpblM 

o6c y }!{ uanHCh 3aTp OHYT b!e 3 LleCb 38Ll 8 'I H. 
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p H C. 1. 

PyKOITHCb nocTynHna B H3Ll8TeJibCKHA oT u en 

24 OKTH6pH 1962 roua. 

4eTbipexyronbHHK, OITHC biB8!0WHl!: KHHeMaTHKY peaKUHH 0 + b + C + J, ·Be pWHHbl- KOH

Uhl BeKTOpOB CKOpOCTel!: - TpexMepHhlX B HepenHTHBHCTCKOl!: MeXaHHKe, '!eThlpexMepHhlX B 

penHTHBHCTCKOl!:, U -KOHeU BeKTOp8 CKOpOCTH CHCTeMhl ueHTpa HHepUHH, PacCTOHHHH 

Me}KLlY TO'lK8MH-OTHOCHTeJibH bie CKOpOCTH B HepenHTHBHCTCKOl!: MeXaHHKe H rHnep60JIH

'!&CKHe TaHreHChl 9THX CKOpOCTel!: B peJIHTHBHCTCKOl!:. 
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:1 

'DH~Oeh XNH€ed aHHaaOHXUO~O ao~idu~ 

'f; ·o H d 

' , q + , D +-q + D DH~Oeh XIqaoXeHHl:TO 8HHaaOHXUO~O ao~idu ~ 

·~ ·o H d 

q ,Q 



c 

p H C, 4, 

CxeMaTH'leCKHil qepTe)f{ rHnep6onH'lecKoro TpeyronbHHKa. CyMMa yrnoa He pasHa rr 

b 

a 

L 
p H C, 5, 

Pacna.o: qacTHUbi c -+ a + b L - cKopocTb na6opaTopHoil cHcTeMbi KOOp.O:HHaT, 
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c 

b 

(aq 

a 
p H C. 6. 

Cno>KeHHe CKOpocTelt a rHnep6oJIH"lecKolt reoM eTpHH ( ab) + (be) (a c) . 

·):.-

p H C. 7. 

napaJIJiel,bHb!e ITpS!M b!e - JieBaSI H npaBaSI Ha ITJIOCKOCTH Jlo6a qeBCKOrO, 
[J ( x) yron napaJIJieJlbHOCT H Jlo6a'leBcKoro; g cJ X + rr (X) = TT I 2 . 
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L 

p H C. 8. 

PacnaLl 11°-> 2y 
Ha6moLlaTenSI. 

th {3 CKOpOCTb 11 - MesoHa • L - 4-cKopocTb CHCTeMbi 

Q c b 

p H C. 9. 

A66epauiHI. H a6moLlaTenb g BHLlHT cpOTOH ITOLl yrnOM (}' Ha6moLlaTenb b 
BHLlHT ero ITOLl yrnOM (} 

Rlt 

~g~)dt 
L arg th fl R 

p H C. }0. 

TaMaccoBCKaSI npeueccHSI. noBopoT oca BonqKa B nepBOM npa6na~eHHH paBeH nno-
waLlH TpeyrOnhHHK8, o6pa30B8HHOrO CKOpOCTSIMH BonqKa B LlB8 MOMeHTa Bo eM e HH f H t +dt. 

21 



p H C, 11. 

r::P 

l 
~ 
~ 

.!> 

3 

CxeMa * CHHXpOHH38UHH * CHCT9M K00pAHH8T H '<!8COB C UOMOWb!O 3-x H85ll!OA8Te1Ielt 

c 

p " o, 12. 
fl . 8 

H~np&!Hlelnle QllllliA e TO'iKH speHIIS! .o; ayx aa5nJO.o;aTenelt A H B. Yfa qepTe>Ka BHJlHo, 

ll'l'O Yf'llbl, KOTOpi>!E1 e oeT&BlHJ91' enu H a o OT HOOHTel!bHhiMH cKopocT SIMI! AC H BC,. oTnH-
qa~'l'OR Apyr OT apyra lio!l yron C, 3TO H 9CTb nOBOpOT CUHH8 npl! nepexo .o;e H3 OAHOlt 

CKCT9M!>I KOOpAHHo!lT B .o; pyry!O, EcnH C: = 0 / ¢oTOH HllH HeltTpHHO/, TO noBOpOTa HeT, 


