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"Gu.,tu 6ce npou.s6oo51.11l OOH,U: 06u.i:e11.ue, cxopocmb, 
6pe.l/Sl., Jl.(J,CCY. oaze paccmosmust. u yz.A.u". 
H.M.~o6a4eBCKHH. HOBHe Ha4a]a reoMeTpHH C nO]HOH 
Teopttett napa]]em,HHX. 1835. 

E]aroAaPH no4HHY aKaAeMHKa A.M.Ea]AHHa H ycnemHOH pa6oTe 

~a6opaTOPHH BHCOKHX SHeprttM B AY6He, rAe Tenepb no]y4aIDTCH 
CBepx6HCTPHe aTOMHHe HApa, Hepe]HTHBHCTCKaH HAepHaH ~H3HKa 

npeBpaTtt]aCb B HOBYID HayKy H CTa]a pe]HTHBHCTCKOH. 

Bnpo4eM, xe]aH CAe]aTb HAPa pe]HTHBHCTCKHMH, Heo6fl3aTe]bHO HX 

YCKOpHTb, TaK KaK H noKoHmeeCH-TO HAPO HB]HeTCH pe]flTHBHCTCKOH 
CHCTeMOH (o 4eM CBHAeTe]bCTByeT SKcnepttMeHTa]bHO Ha6]IDAaeMHH Ae~eKT 

Mace), HO CTO]KHOBeHHH CBepx6HCTPHX flAep no3BO]HIDT npoHHKHYTb B HX 

(HAepHyID) CTPYKTYPY, a A]fl 3TOro YCKOpHTb HApa HeO6XOAHMO. 
1. Pacmuq,po6xa 0011.ofr napu npomu6ono.A.ox11.ux mepJ1U1W6 

·MOXHO 3aMeTHTb, 4TO ynoTpe6]eHtte napu npoTHBOnO]OXHHX TepMHHOB 

"Hepe]HTHBHCTCKHH - pe]HTHBHCTCKHH" MOXeT npttBOAHTb K nyTaHHll,e. 
Ae]O B TOM, 4TO Ha3HBaTb TeOpHID Hepe]HTHBHCTCKOH MH npHBHK]H B TOM 

C]y4ae, KOrAa OHa HHBapttaHTHa OTHOCHTe]bHO rpynnH fa]tt]efl, a 

pe]HTHBHCTCKOH - B TOM C]y4ae, KOrAa OHa HHBapttaHTHa OTHOCHTe]bHO 

rpynnH ~opeHIJ,a. Ho, HaCKO]bKO pacnpocTpaHeHHa sTa npttBH4Ka, 

HaCTO]bKO xe H He]ena. BeAb H3]HmHe HanoMHHaT_b, 4TO C]OBO 

relativity O3Ha4aeT OTHOCHTe]bHOCTb, a MeXAY TeM KaK B TOM, TaK H B 

APYPOM C]y4aHx . MH HMeeM Ae]O KaK pa3 C OTHOCHTe]bHOCTbID, TaK 4TO 

nepeXOA OT Hepe]flTHBHCTCKoro C]y4afl K pe]HTHBHCTCKOMY O3Ha4aeT 

Bcero ]Hillb nepeXOA OT CTapott ~OPMH Teoptttt OTHOCHTe]bHOCTH K HOBOM. 

TaK H BO3BpaT OT pe]HTHBHCTCKoro C]y4aH K Hepe]HTHBHCTCKOMY 

O3Ha4aeT OTHIDAb He OTpttll,aHtte OTHOCHTe]bHOCTH, a BCero ]Hillb BO3BpaT 

OT HOBOH ~OPMH Teoptttt OTHOCHTe]bHOCTH K CTapoH. 
B Kpyry 3THX BonpocoB nyTeBOAHOH 3Be3AOH A]H MeHH HB]H]aCb H 

Tenepb HB]HeTCH reoMeTpHH ~o6a4eBCKOro. fl H3Y4H] ee paHbme, 4eM HaM 

( TOrAa CTYAeHTaM, KCTaTH CKa3a'l'b, eAHHCTBeHHOro BHnycKa ~H3Texa 

MfY) CTa]H npenoAaBaTb KYPC TeOpHH OTHOCHTe]bHOCTH. C]ymafl 3TOT 

KYPC, fl BCKOpe CTa] 3aMe4aTb, 4TO noBTOpHID npoMAeHHOe, H-He omM6Cfl 

B 3TOM, XOTH HaM H He roBoptt]H, 4TO Teopttfl OTHOCHTe]bHOCTH HB]HeTCH 

OAHHM H3 snH3OAOB B pa3BHTHH reoMeTpHH ~o6a4eBcKoro. 
CocTaBHB ripeACTaB]eHtte O npocTpaHCTBe CKOPOCTeH, fl y6eAM]CH, 

4TO BCe nocTy]aTH EBK]HAa, KPOMe nHToro, B HeM AeMCTBMTe]bHH H 4TO 

HaM OCTaeTCH ( A]H npocTpaHCTBa CKOPOCTeM) npttHHTb H]H OTBeprHyTb 
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nRTUH nocTyJJaT, nocJJe 4ero B nepBOM CJJY4ae npocTpaHCTBO CKOPOCTeH 

CTaHOBJ1TCR npocTpaHCTBOM EBKJJH,n;a, a BO BTOPOM - npocTpaHCTBOM 
JloOa4eBCKoro. B STOM CYTb TeopJ1J1 OTHOCl1TeJJhHOCTJ1, TaK KaK rpynna 

faJJHJJeR RBJJReTCR rpynnoH J130MeTpJ1H npocTpaHCTBa EBKJIJ1,l\a, a rpynna 
JlopeHua RBJJReTcR rpynnoA 11soMeTpJ1H npocTpaHCTBa Jlo6a4eBcKoro. 

TaK KaK OKasaJJOCb, 4TO o6a TepMJ1Ha - "HepeJJRTHBHCTCKHH" l1 
"peJJRTJ1BJ1CTCKJ1H" - npl1XOAJ1TCR C4l1TaTb 4l1CTO YCJJOBHUMH, TO MU AOJ!lt:HU 

JJJ160 BOBCe OTKasaTbCR OT J1X ynoTpe6JJeHJ1R, JJH6o, eCJJJ1 6y,neM J1X 

ynoTpe6JJRTb, TO ,noroBOPl1TbCR, KaKOH CMUCJJ HM 6y,neM npH,naBaTb. HTaK, 
He OTKaSUBaRCb OT ynoTpe6JJeHJ1R npl1BU4HUX TepMHHOB, ycJJOBJ1MCR, 4TO B 

"HepeJJRTJ1BJ1CTCKOM" CJJY4cie ,l\JIR npocTpaHCTBa CKOPOCTei1 MU npl1HJ1MaeM 
nRTUH nocTyJJaT EBKJIJ1.l(a, a B "peJJRTJ1Bl1CTCKOM" CJJyqae - OTBepraeM. 

2. Onpeoe.reuue npocmpaucm8a cKopocmea 

qTO AO npocTpaHCTBa CKOPOCTeH, TO STO nOHRTJ1e RBJJReTCR 
npOJ13BO,l\H!:lM OT noHRTJ1R npocTpaHCTBa-BpeMeHJ1, npe,ncTaBJJReMoro B BJ1,l\e 
rJJa,nKoro 4eTupexMepHoro MHoroo6pasJ1R tt, B 4acTHOCTJ1, B BH,ne 
4eTupexMepHoro xe a~~l1HHoro npocTpaHCTBa. 

TaK MOlt:HO 6UJJO 6u nttcaTb .l(JIR TeopeTJ1KOB, SHaKOMUX c noHRTJ1RMH 
MHoroo6pasHR, a~Wl1HHoro npocTpaHCTBa HT. n. Ho R nHmy s.nech ,l\JJR 

SKcnepJ1MeHTaTOpOB H npH6eraTb K MaJJo SHaKOMUM HM nOHRTHRM He CTaHy. 

. Ha4HeM C Toro, 4TO co BCRKOH HHepuHaJJbHOH CHCTeMOH OTC4eTa MOlKHO 
CBRSaTb BpeMa t H 06U4HUe .neKapTOBH KOOP.l\HHaTu x, Y, Z B BH,l\HMOM 

HaMJ1 MHpe. YT04HHM, 0.l(HaKo, 4TO MOXHO CBHSaTb, HO He 0.l(H03Ha4HO, a 
C T04HOCTbID .no napaJJJJeJJJJbHUX nepeHOCOB 

t ➔ t + 6 t, X ➔ X + 6 X, y ➔ y + 6 y, Z ➔ Z + 6 Z. (1) 

YTOlfHJ1M TaKJKe, 4TO Bl1,l\J1MUH Ml1P MU C4J1TaeM s,necb eBKJJJ1AOBUM 
HesaBJ1CHMO OT Toro, KaKOH HS .l\BYX CJJy4aeB - HepeJJHTHBJ1CTCKJ1H J1JIJ1 
peJJHTJ1BHCTCKJ1H - MU paccMaTpttBaeM. 

qaCTHUe, noKoamei1ca B l1CXO,l\HOH Cl1CTeMe OTC4eTa, nocTaBHM B 
COOTBeTCTBJ1e B npocTpaHCTBe CKOPOCTeH HeKOTOpyro T04KY o. qaCTl1Ue, 
.l\Bl1lKYlllei1ca no OCJ1 X J1JIJ1 napaJJJJeJJbHO OCH x, nocTaBHM B COOTBeTCTBJ1e 

B npocTpaHCTBe CKOPOCTeH npaMyro OCb O e1 • qaCTl1Ue, ,l\Bl1XYllleHCH no 

OCJ1 y J1JIJ1 napaJJJJeJJbHO OCH Y, nocTaBJ1M B COOTBeTCTBJ1e B npocTpaHCTBe 

CKOPOCTeH npaMyro OCb O e2 • HaKOHeu, 4aCTl1Ue, ,l\Bl1lt:YllleHca no OCJ1 Z 
l1JIH napaJJJJeJJbHO OCJ1 z, nOCTaBHM B COOTBeTCTBHe B npocTpaHCTBe 
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CKOPOCTeH np.HMYID OCb O e3. TeM caM!:lM l1Hepu11aJJbHOl1 Cl1CTeMe OTC4eTa 

CTaBl1M B COOTBeTCTBl1e B npocTpaHCTBe CKOPOCTei1 penep O e1 e2 e3 • 

3aMeTl1M, 4TO nJJOCKOCTl1 0 e1 e2 , 0 e2 e3 11 0 e3 e1 3TOro 
penepa Bsa11MHO nepneH,n11KyJJ.HPH!:l. 

B npocTpaHCTBe-BpeMeHl1, TO eCTb B 4eT!:lpexMepHOM Ml1pe co6HTl111, 

4eTBepKa t, x, y, Z .HBJJfleTCH KOOp,l\11Hc3.TH011 KapTOH. 3Ha4eHl1.H 3Tl1X 

411CeJJ .l(JI.H .n:aHHoro C06!:lTl1.H 3aBl1C.HT OT Hamero B!:l6opa e,l\11HHU .l(Jll1H!:l 11 

BpeMeHl1. B HepeJJ.HTl1Bl1CTCKOM CJJY4ae B!:l6op e,l\11H11UU .l(JIHH!:l o6~eKTl1BHO 
Hl1KaK He CBH3aH C B!:l6opoM e,l\11H11U!:l BpeMeHl1, 11 noTOMY B 3TOM CJJy4ae 

M!:l He HMeeM a6COJIIDTH011 Mep!:l CKOPOCTJ1. BcJJe,l\CTBHe 3Toro B 

HepeJJ.HTl1Bl1CTCKOM CJJY4ae B npocTpaHCTBe CKOPOCTeH cymecTBYIDT 
no,no6H!:le ~11rypu, 11 npocTpaHCTBO CKOPOCTeH Ha,l(eJJ.HeTC.H reoMeTp11e11 

EBKJIJ1,l(a. HanpoTHB, B peJJ.HTl1B11CTCKOM CJ1y4ae M!:l HMeeM a6COJIIDTHYID Mepy 

CKOPOCTl1, paBHYID CKOPOCTl1 CBeTa C. B 3TOM CJJy4ae npocTpaHCTBO 

CKOPOCTe11 Ha,neJJ.HeTC.H reoMeTp11e11 jo6a4eBCKoro C xapaKTepHOl1 

KOHCTc!HTOl1, paBHOl1 CKOPOCTl1 CBeTa C, 11 MOlKHO TaK B!:l6paTb e,l\11H11UY 

.l(JJl1H!:l 11 e.l(J1H11UY BpeMeHH, 4TO B!:lnOJJHHTC.H YCJJOBJ1e C = 1. 
B CB.H3J1 C 3Tl1M BCnOMHHM, KaK npeo6pasyeTCH KOOp,l\11HaTHaa KapTa 

t, X ~ y, Z B MHpe C06!:lTl111 np11 nepexo.n:e OT O,ll;HOii J1Hepu11aJJbHOl1 

CHCTeM!:l OTC4eTa K .n:pyroi1, TOllte 11HepuHaJJbHOl1, CHCTeMe OTC4eTa. 
BeJJl1411H!:l, OTHOC.HlllHeC.H K HOBOl1 Cl1CTeMe, 6y,n;eM OTMe43Tb 3Ha4KOM A • 

Ey.n;eM C411TaTb, 4TO HOBa.H CHCTeMa ,ll;Bl1llteTC.H OTHOCHTeJJbHO CTapo11 co 

CKOPOCTbID V B,ll;OJ!b OCH X, 11 Han11meM ,ll;JI.H HepeJJ.HTl1Bl1CTCKOro CJJy4a.H 

npeo6pas0Batt11e faJ111JJea 

A 

t = t, X = X - Vt, y = Y, z ::: z, (2) 

a ,n;JJ.H peJJ.HTl1BHCTCKoro cJJy4a.H npeo6pas0Batt11e JlopeHua 

A t - V x /c2 
t = 

✓1 - yz;cz 
X = X - V t 

✓1 - y2;c2 
y = y , z= z , (3) 

r.n:e, KaK J1 B!:lme, C eCTb CKOPOCTb CBeTa. 
XOTH HH JlopeHU, Hl1 311HI1ITe11H, Hl1 .n;allte IlyaHKape B CB.H311 c 

npeo6pasoBaH11eM ( 3) 11, Boo6me, B cBas11 · c cos.n;aH11eM Teopm1 

OTHoc11TeJJbHOCT11 o reoMeTp1111 Jlo6a4eBcKoro .n:a1t:e 11 He ynoM11HaJ111, .n;JJ.H 
TeX, KTO 3HaJJ reoMeTp11ro Jlo6a4eBCKOro, CB.H3b Teop1111 OTHOCJ1TeJJbHOCTl1 

C reoMeTp11e11 jo6a4eBCKoro He MOrJJa OCTaBaTbC.H TaHHOl1, 11 ylt:e B 
paHHHX (a TaKxe l1 B 6oJJee n03,ll;Hl1X) pa6oTax CHOBa 11 CHOBa 
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3aMe4aJIOCI,, 4TO B OCHOBe Teop1111 OTHOCl1TeJibHOCTl1 JieEl1T reoMeTpl1H 
./lo6a4eBcKoro. 

BepOHTHO, IlyaHKape He l!CeJiaJI saTeMHHTI, 11 6e3 Toro TPYAHYIO 
Teop1110 CChlJIKaMl1 Ha reoMeTp1110, XOTH 11 noJie3HYIO, HO TOEe TPYAHYIO- C 
MeTO,ll;l14eCKOH T04Kl1 3peHl1fl TaKOH np11eM MOJICHO onpaB,naTb, HO, KaK 
roBOPl17CH, m11J1a B .MemKe He yTa11m1,. Ilo STOMY noBo,ny 11HTepeCHO 
3aMeTl1Tl>, 4TO np11 nocTpoeH1111 B 1882 ro,ny Teop1111 aBTOMOPWHhlx WYHKU11H 
IlyaHKape llil1POKO nOJII,30BaJICfl reoMeTpl1eH ./lo6a4eBCKOro 11 ,nal!Ce nOCTPOl1JI 
Mo,neJ11, reoMeTp1111 .llo6a4eBcKoro, Tenepi, Ha3hlBaeMyIO Mo,neJ11,10 IIyaHKape, 
HO np11 113JIOEeHl111 yl!Ce noJiy\ieHHhlX 11M pe3yJibTaTOB OH np116eraJI K ,npyroH 
TepMl1HOJIOr1111. OH n11caJI (1, c. 306] : 

"H He Mory YMOJI\iaTI, 0 CBH311 npe,nmeCTBYIO!lll1X nOHflTl1H C 
HeeBKJll1,ll;OBOH reoMeTpl1eH ./lo6a4eBCKOro ." 

~aJiee TaM :a:e 411TaeM: 
"ECJil1 npl1HHTI, STl1 nepe11MeHOBaHl1H, TO TeopeMhl ./lo6a4eBCKOro 

BepHhl, TO eCTI, K STl1M HOBhlM BeJil1411HaM np11J1ara10TCH Bee TeopeMhl 
06hl4HOH reoMeTp1111, 3a 11CKJII04eHl1eM Tex, KOTOphle HBJIHIOTCH CJie,nCTBl1eM 
nocTyJiaTa EBKJ111,na • 

3Ta TepMl1HOJIOrl1H MHe OKa3aJia 60Jibllil1e ycJiyr11 B MOl1X 113hlCKaH11flX, 
HO H, 4T06hl 1136erHYTb BCHKOH HeHCHOCTl1,. He 6y,ny ee 3,nec1, 
ynoTpe6JIHTb". 

B CBOIO 04epe,n1,, 06 OTHOmeHl111 3HHmTeHHa K reoMeTp1111 
./lo6a4eBCKOro MOJICHO CY,ll;l1TI, no ero CTaTbe [2]. B CBfl311 C STl1M 
OC06hlH 11HTepec npe,ncTaBJIHeT 113BeCTHhlH WaKT COTPYAH114eCTBa (3] 

3HHmTeHHa c MapceJieM fpoccMaHOM, ony6Jil1KOBaBml1M B 1904 ro,ny y4e6Hl1K 
[4] no HeeBKJll1,ll;OBOH reoMeTp1111. 

YTO AO .llopeHua. TO 06 ero OTHOmeHl111 K reoMeTp1111 ./lo6a4eBCKOro 
MHe Hl14ero He 113BeCTHO. 

A 113BeCTHO MHe, 4TO 3a A06py10 \ieTBepTI, BeKa ,no C03,ll;aHl1H Teop1111 
OTHOCl1TeJil>HOCTl1 ~8AOP M11xaHJIOBl14 ~OCTOeBCKl1H noBe,naJI Ml1PY, 4TO eCTI, 
YM eBKJll1,ll;OBCKl1H, a eCTI, YM 11 HeeBKJll1,ll;OBCKl1H. CTOl1T BHl1MaTeJII,HO 
nocJiymaTl> HBaHa KapaMa3oBa [5, c. 294J: 

"ECJil1 Eor eCTI, 11 ecJil1 OH .neHCTBl1TeJII,HO C03,ll;aJI 3eMJIIO, TO, KaK 
HaM COBepmeHHO 113BeCTHO, C03,naJI OH ee no eBKJll1,ll;OBOH reoMeTp1111, a YM 
4eJIOBe4eCKl1H C noHHT11eM Jll1lliI, 0 Tpex 113MepeHl1HX npocTpaHCTBa. Mex,ny 
TeM Haxo,n11J111c1, 11 Haxo,nflTCfl ,nallte 11 Tenepi, reoMeTphl 11 Wl1JJocowu, 11 
.naxe 113 saMel.!aTeJibHeHm11x, KOTOphle COMHeBaIOTCfl B TOM, 4T06hl BCfl 
BCeJieHHaH 11Jil1, eme 06m11pHee - BCe 6hlTl18 6hlJIO C03,ll;aHO Jll1fill, no 
eBKJI11AOBOH reoMeTp1111, OCMeJ111BaIOTCfl ,na:a:e Mel.!TaTb, 4TO ,ll;Be 
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napaJIJieJII,Hhle Jll1Hl111, KOTOphle no EBKJll1,ll;Y Hl1 3a 4TO He MoryT COHTl1CI, 
Ha seMJJe, MOl!CeT 6h1Th 11 COlliJHICI, 61,1 r,lle-Hl16Y.llb B 6ecKOHe4HOCTl1. fl, 
roJiy64111<, pem11JI TaK, 4TO ecJ111 fl ,naxe sToro He Mory noHflTl>, TO r,ne x 
MHe npo Eora noHHTb. H CMl1peHHO C03Hal0Cb, 410 y MeHH HeT Hl1KaKl1X 
cnoco6HOCTeH pa3pemaTI, Ta1<11e Bonpochl, y MeHfl YM eBKJll1,ll;OBCKl1H, 
3eMHOH, a TTOTOMY, r,ne HaM pemaTI, 0 TOM, 4TO He OT M11pa cero ••• 
IlyCTI, ,nal!Ce napaJIJieJII,Hhle Jll1Hl111 COH,ll;YTCH 11 fl 9TO caM yB11xy: YBl1ZY 11 
CKa:a:y, 4TO comJil1Cb, a BCe-TaK11 He np11My. BOT MOH CYTb, AJiema, BOT 

MOH Te311C." 
Mo:a:Ho He coMHeBaTbcfl: sTa pe41, np11BJieKJia K HeeBKJ111,noBoA 

reoMeTpl111 BHl1MaH11e MHOr11x 411TaTeJieH poMaHa "EpaTI,fl KapaMa30Bhl11
• 

3. Mupo6ast mpaexmopusr. u 20002pa4> cxopocmu 

IlpOl13BOJII,HOe ,ll;Bl1l!CeH11e 4aCTl1Uhl 3a,naeTCH HeKOTOpoA 3aBl1Cl1MOCTI,IO 

X = X (t), y = y (t), z = z ( t). (4) 

B 1.!eThlpexMepHOM Ml1pe C06hlTl1H 9Ta 3aBl1Cl1MOCTI, 11306paxaeTCH Jll1Hl1eA, 

Ha3hlBaeMOH_Ml1POBOH TpaeKTOp11eH 4aCT11Uhl. 
Ilp0113BO,ll;Hhle 

V 
1 

= x' ( t), v2 = y' (t), v
3 

= z' ( t) ( 5) 

WYHKU11H (4) 3a,na10T B npocTpaHCTBe CKOPOCTeA Jll1Hl1IO, Ha3hlBaeMYIO 

ro,norpaWOM CKOPOCTl1 4aCT11Uhl. 
B cJiyl.!ae, i<or,na npo113BOAHhle (5) He 3aBl1CflT OT BpeMeH11, 

ro,norpa@ CKOPOCTl1 4aCT11Uhl BhlPOllC,naeTCfl B T04KY-
M11poBaH TpaeKTOPl1fl He 3aBl1C11T OT Bhl6opa KOOPA11HaT t, x, Y, z, 

a ro,norpa@ c1<opocT11 He 3aB11c11T OT Bhl6opa penepa o e 1 e 2 e 3 • 

4. Bucmpoma 

.PaccMOTPl1M, KaK npeo6pa3yeTCfl CKOPOCTI, 4aCT11Uhl np11 nepexo,ne OT 
O,ll;HOH l1Hepu11aJII,HOH Cl1CTeMhl OTC48Ta K )lpyroA B CJIY4ae, Kor,na 4aCT11Ua 
,ll;BHEeTCfl no OCl1 X 11Jll1 napaJIJieJJI,HO OCl1 x. CorJiaCHO (5) B 9TOM CJIY4ae 

A A " ·A 

v
2 

= 0, v3 = 0 11 v1= v, a TaKxe v2 = 0, v3 = o 11 v1= v, TaK 4TO 
ro,norpa@ CKOPOCTl1 JJeZHT Ha npflMOH O e1. ~11@@epeHUl1PYfl (2), noJiy4aeM 

A 

d t = d t, 
A 

d x = d X - V d t, ( 6) 
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a .llH@@epeHUHPYH (3), no]yqaeM 

d t = d t - V d x /c2 

✓1-:= y2;c2 

OTcro,l\a HaXO.l\HM 

" d X = 

V = V - V 

B Hepe]HTHBHCTC~OM C]yqae H 

V = V - V 

- V V /c2 

d x - V d t 

✓1 - y2;c2 

B pe]HTHBHCTCKOM. 113 PaBeHCTBa (9) no]yqHTCH pa3HOCTb 

ec]H no.n;cTaBHTb B Hero 

V c = th .A. C • 

s = s - s • 

V c = th .A. 
C • 

V c =th~ 
C 

( 7) 

( 8) 

(9) 

( 10) 

( 11 ) 

Cor]aCHO ( 8) B Hepe]HTHBHCTCKOM C]yqae Ha npHMOH ]HHHH B 
npocTpaHCTBe CKOpOCTeH PO]b .ll]HHH urpaeT CKOPOCTb V •. Cor ]a CHO l!Ce 

(10) B pe]HTHBHCTCKOM C]yqae Ha npHMOH ]HHHH B npocTpaHcTBe 

CKOPOCTeH PO]b .ll]HHH HrpaeT He CKOPOCTb v, a 6HcTpoTa s, CBH3aHHaH 
co CKOPOCTblO V flO,l\CTaHOBKOH Ee]bTpaMH 

.X. = th .A. 
C · C ( 12) 

B Hepe]HTHBHCTCKOM C]yqae 6HCTPOTa s COBna,l\aeT co CKOPOCTblO v. 

5. Hmiy.4bC u xuuemu1recxasi auepeust 

IlyCTb m Macca llOKOH qacTHUH, p - ee HMfly]bC HE - KHHeTuqecKaH 
3HeprHH. 11MeeM 

p = m V 

✓1 - v2/c2 
E = m c

2 
- m c2 

✓1 - v2;c2 
( 13) 

6 

i-) 

I 

r-

C .llPYrOH CTOpOHH, nYCTb L - ,l\]HHa OKPYllCHOCTH pa,l\HYCa s Ha fl]OCKOCTH 

.llo6alleBCKOrO B npocTpaHCTBe CKOPOCTeH, a ~ - n]OIUa,llb TaKoro :a:e 
Kpyra. 11MeeM 

L = 2 X c sh ~ , 

Cor]aCHO (12), (13) H (14), 

L J!.. = ~ • m "-

2 S ~) = 2 . :it c ( ch c -:- 1) • 

E - ~ m - r;r 

3TH OTHOmeHHH BePHH H B Hepe]HTHBHCTCKOH MeXaHHKe. 

6. flpeo6paso6auue xomioueum cxopocmu_ 

( 14) 

( 15) 

npH 

J:)aCCMOTpHM B O6IUeM C]yqae npeo6pa3OBaHHe KOMnoHeHT CKOPOCTH 
nepexo.n;e OT O,llHOH HHepuua]bHOH CHCTeMH OTcqeTa K .n;pyroA. 

AH@@epeHUHPYH (2), B. Hepe]HTHBHCTCKOM C]yqae HaXO,llHM 

" v
1 

= V 
1 

- V , v2 = v2 • v3 = v3. ( 16) 

AH~@epeHUHPYH (3), B pe]HTHBHCTCKOM C]yqae HaXO,l\HM 

v
1 

- V ✓ 2 2 ✓1 - y2;c2 
V = 

1 - V v /c2 , v2 
1 

1 - V /c 2, v3 
= V2 1 - V V /C 

= V 
3 1 - V V /c 2 

1 
( 17) 

3TOT BHBO,l\ npHHa,l\]ellCHT IlyaHKape [6, 123). CM. TaKllCe [7, 192). 

7. tPopJLy.A.a Ee.A.bmpaJLU 

O6osHaqaH 

y2 v 2 + v2 + v2 ~2 = v2 + v2 + v2 
1 2 3 ' 1 2 3 

v
1 

= V COS f, (18) 

H3 (16) BHBO,llHM Hepe]HTHBHCTCKYIO @OPMY]Y 

· v2 = v2 - 2 v V cos t + V2 , ( 19) 

a H3 (17) BHBO,llHM pe]HTHBHCTCKYIO ~OPMY]Y 
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~2 

c2 = 
c2 [v2 - 2 v V cost+ V2J - (v V sin t) 2 

(c2 - V V cos t) 2 
(20) 

HeTpy.n;Ho BH,IJ;eTb, 4TO $OPMYJJa (19) RBJJReTCR nepBOH $OPMYJJOH 
eBKJJH,IJ;OBOH TPHPOHOMeTpHH ,IJ;JJR npoH3BOJ!bHOPO TpeyroJJbHHKa. YTO ,n;o 
$OPMYJJH (20), TO OHa c noMOII(blO no,n;cTaHOBOK (11) npHBO,ll;HTCR K BHAY 

" s _ s h S s h S ch c - ch c c c - ch c c c cos t , (21) 

a STO, B CBOIO O4epe,n;b, RBJJReTCR nepBOH $OPMYJJOH TPHPOHOMeTpHH 
]o6a4eBCKOPO ,IJ;JJR npOH3BOJJbHOPO TpeyroJJbHHKa (CM. PHCYHOK 1 B KOHUe 
cTaTbH). 

Hao6opoT, c nOMOII(blO no.n;cTaHOBOK (11) $opMyJJa (21) npHBO,IJ;HTCR K 
BHAY (20). BnepBHe STO noKasaJJ EeJJbTpaMH B 1868 ro,n;y [8, c. 212). 

~OPMYJJY EeJJbTpaMH (20) MOllCHO HCTOJJKOBaTb HHa4e. IlyCTb B 
JJa6opaTopHOH CHCTeMe OTC4eTa ,IJ;BHllCYTCR .n;Be 4aCTHUH co CKOPOCTRMH V H 
V, nptt4eM yroJJ Mex,n;y CKOPOCTRMH paBeH t- OTHOCHTeJJbHaR CKOPOCTb 

" . 
4aCTHU paBHa v H MOllCeT 6HTb BH4HCJJeHa no $OpMyJJe (20) • 

B 4aCTHOCTH, npH V = V, t = :JC nOJJY4aeM pemeHHe sa,n;a4H ,IJ;JJR 
YCKOPHTeJJR Ha BCTpe4HHX ny4Kax. IlYCTb .n;Be 4aCTHUH ,IJ;BHllCYTCR 
HaBCTpe4y ,n;pyr K ,n;pyry C O,ll;HHa1;_OBHMH CKOPOCTRMH, paBHHMH V. YeMy 
paBHa HX OTHOCHTeJJbHaR CKOPOCTb V? OTBeT: 

V = 2 V 
+ v2; c2. 

(22) 

7. 0 no~ose mpuzonoJJ.empuu lo6a't(E8CKozo 

IloHa4aJJy npHXO,IJ;HTCR npeo,n;oJJeBaTb ncHXOJJOPH4eCKHH 6apbep: 3a4eM 
ell(e Ha,n;o H3y4aTb reoMeTpHIO Ao6a48BCKOPO, Kor,n;a MOXHO H TaK Bee 
no,n;C4HTaTb no H3B8CTHHM $OpMyJJaM T8OPHH OTHOCHT8JlbHOCTH. O.n;HaKo 
H3Y4eHHe reOM8TPHH Ao6a4eBCKOPO O1<ynaeTCR CTOPHUeH: OHO npHBO,IJ;HT K 
6oJJee r JJy6oKOMY npoHHKHOB8HHIO B Teopmo OTHOCHTeJJbHOCTH. Ha,n;eJJR8T 
TeOPHIO OTHOCHT8JlbHOCTH CHJJbHHMH H 3a4aCTYIO H8H3BeCTHHMH eH CaMOH 
no ce6e MeTo.n;aMH, ycTaHaBJJHBaeT TeCHYIO CBR3b T8OPHH OTHOCHT8JlbHOCTH 
C MHOPOBeKOBOH HCTOPH8H T8OPHH napaJJJJeJJbHHX JJHHHH HT. n. 

B pesyJJbTaTe H3Y48HHR reoMeTpHH Ao6a48BCKOPO BHRCHHJJOCb, 4TO 
saKOHH coxpaHeHHR HMnyJJbCa tt SHeprHH npH CTOJJKHOBeHHRX CBepX6HCTPHX 
4aCTHU SKBHBaJJeHTH nape apXHMe,n;oBHX saKOHOB PH4ara, ecJJH PH4ar 

8 

1

1l 

l 

paCCMaTpHBaTb B npocTpaHCTBe CKOPOCTeH Ao6a4eBCKOPO. BHRCHHJJOCb, 
4TO B npe.n;eJJbHOM CJJyqae, Kor,n;a TpeyroJJbHHK BHpOJt,n;aeTCR B puqar 
APXHMe,n;a, $OPMYJJa Ao6a4eBCKOPO ,IJ;JJR .n;e$eKTa YPJJOB TpeyroJJbHHKa ,n;aeT 
WOPMYJJY 3HHmTeHHa ,IJ;JJR ,n;ewei<Ta MaCCH. BHRCHHJJOCb TaKJte, 4TO $OPMYJJH 
Ao6a4eBCKOro ,IJ;JJR ,IJ;JJHHH OKPYllCHOCTH H nJJOII(a,IJ;H Kpyra B npocTpaHCTBe 
CKOPOCT8H no CYTH ,n;eJJa RBJJRIOTCR $opMyJJaMH ,IJ;JJR HMnYJJbCa H 
KHHeTH4eCKOH SHeprHH 4aCTHUll. BHRCHHJJOCb, HaKoHeu. 4TO HapR,llY C 
saKoHaMH ApXHMe,lla ,IJ;JJR PH4ara ,llOCTaTO4HO 3HaTb TPHPOHOMeTpHIO 
Ao6a4eBCKOPO, 4T06H HaY4HTbCR C HaHMeHbmeH saTpaTOH Tpy,1ta BllnOJJHRTb 
Tai< Ha3HBaeMHH KHHeMaTH4eCKHH pac4eT BCRKOH R,llepHOH peaKUHH. 

B pesyJJbTaTe MHOPOJJeTHeH nponaraH,llH 3THX 3HaHHH reoMeTp~R 
Ao6a4eBCKOPO Bee 4all(e CTaHOBHTCR pa604HM HHCTPYMeHTOM B py1<ax 
$H3HKOB, H3y4a!OII(HX MHKpOMHp. CM. 06 3TOM [9] H [10). 

CTapaRcb ,n;aTb s1<cnepHMeHTaTopaM npocTeHmHH cnoco6 pac4eTa 
R,llepHHX peaKUHH, npHBOllCY s,n;ecb ,llJIR cnpaBOK Bee OCHOBHHe $OPMYJJll 
TPHPOHOMeTPHH Ao6a4eBCKOPO - 3Toro, Tai< CKa3aTb, "KOCTRKa" 
reoMeTpHH. Xapa1<TePHYIO ,IJ;JIR reoMeTpHH Ao6aqeac1<oro KOHCTaHTY, B 
,n;aHHOM CJJY4ae RBJJRIOII(YIOCR CKOPOCTblO CBeTa, noJJaraIO paBHOH e,llHHHue. 

8. TpUZOH.OJJ.empU't(ECKue @ynKijUU 

TpHPOHOMeTpH4eCKHe $YHKUHH MOllCHO onpe,n;eJJHTb qepes 3KCnOHeHTY 

co 
ex= .E 

n=O 

xn nr. 
Xopomo H3BeCTHO, 4TO 

e<x+yl = ex eY • i,t - - 1 , e -
d ex ax= ex 

TpHPOHOMeTPH4eCKHe $YHKUHH CBR3aHU C 3KCnoHeHTOH CJJe,n;yll(HM o6pasoM: 

eix = cos x + i sin x 

sin x = (eix - e-ix) / 2 i 

cos x = (eix + e-ix) / 2 

tg X = sin XI cos X 

ctg X = cos XI sin X 

9 

ea= ch a+ sh a 

sh a= (ea - e-a) / 2 

ch a= (ea+ e-a) / 2 

th a= sh a I ch a 

cth a= ch a I sh a 



0TCIO,ll;a BNBO,ll;HM 

cos2 x + sin2 x = 1 , ch2 a - sh2 a= 1 • 

sin (x + y) = sin x cosy + sin y COS X 

COS (X + y) = COS X cosy - sin x sin y 

sh (a + b) = sh a ch b + sh b ch a, 

ch (a + b) = ch a ch b + sh a sh b. 

tg (x + y) = tg_ X + t1 Y.. 
1 - tg xg y 

, th (a+ b) = 
th a+ th b 

1 + th a th b 

sin2 ½ = 
1 - COS X sh

2 f = 
ch a -

t:... 
, 

t:...' 

cos2 ½ = 
1 + COS X ch2 a _ ch a+ 

L 
, ..,., - ~ 

L t:... 

tg t = 
1 - COS X = sin x 

sin x 1 + COS X 
, 

th%= ch a - 1 = sh a 
L sh a ch a+ 1 

sin x + sin y = 2 sin ~ cos ~ 

COS X + COS Y = 2 COS ~ cos ~. 
• X + Y.. . ~ .. -=-L 

cos x - cosy= - 2 sin 2 sin ~ , 

a+b h a-b sha+shb=2sh----,,- c ---z-, 
t:... • 

a + b h a - b ch a + ch b = 2 ch ---z- c ---z- , 
a + b h a - b cha-chb=2sh ---z- s ---z-. 
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9. TpUZOUOJJ.empUSI. 1o6a'l/.e8CKOZO 

B npOH3BOJlbHOM TpeyrOJJbHHKe HMeeTCH meCTb SJJeMeHTOB: TPH yrJJa 

X, Y, z H TPH CTOPOHl:l x, Y, z. IlPOTHBOnOJIOXHl:le SJJeMeHTl:l COCTaBJJHIOT 
napl:l (x,X), (y,Y) H (z,Z) (CM. pHCYHOK 2 B KOHUe CTaTbH). B 
nJJaHHMeTpHH Jlo6at1eBCKOI'O ( B OTJJWrne OT nJJaHHMeTpHH EBKJIH,D;a) Jll061:le 

TPH SJJeMeHTa TpeyrOJJbHHKa MOl!CHO BH6paTb B Ka4eCTBe HesaBHCHMHX. 

OcTaJJbHHe TPH BHpal!CalOTCH 4epes HHX no TPHI'OHOMeTpH4eCKHM ~OpMyJJaM. 
IlPHBe,D;y 6e3 BHBO,ll;a CJJe,D;yromHe YeTNpe ypaBHeHHH ,ll;JIH 

npOH3BOJlbHOI'O TpeyrOJJbHHKa: 

A) ch z = ch X ch y - sh X shy cos z. 
B) shy sin X = sh x sin Y, 

ii,. C) ctg X sin Z + ch y cos Z = cth x sh y , 

D) cos Z + cos X cos Y = sin X sin Y ch z 

IlpHMOYI'OJlbHl:lM TpeyrOJJbHHK nOJJYYaeM, nOJJOl!CHB z = ! . OH HMeeT 

nHTb SJJeMeHTOB X, Y, x, Y, z. 
IlpHBe,D;y 6es BHBO,D;a CJJe,D;y!OmHe mecn ypaBHeHHM ,ll;JIH 

npHMOYI'OJlbHOI'O TpeyrOJJbHHKa: 

1) ch z = ch x ch y ; 4) thy= th z cos X 
2) sh x = sh z sin X; 5) cos X = ch x sin Y 
3) th x =shy tg X ; 6) ch z tg X th Y = 1 

10. Paccy:raeuue o 1ttLcJte mpuzouoJJ.emptL'l/.eCKUX ypa8ueuuil 

XOTH HMeeTCH, TOJlbKO TPH He3aBHCHMHX ypaBHeHHH, CBH3HB3!0mHx 
meCTb SJJeMeHTOB npoH3BOJlbHOI'O TpeyroJJbHHKa, Y.l\06HO HanHcaTb c! = 

= 4h, = 15 ypaBHeHHM BH,l\3 F(x1, x2. X3, x4) = 0, I',l\e x1, x2, 

x3. x4 - npOH3BOJlbHO Bl:l6paHH3H YeTBepKa SJJeMeHTOB TpeyrOJJbHHKa, 
YT06H no Jll06HM TpeM 33,ll;aHHl:lM SJJeMeHTaM MOl!CHO 61:rno cpasy HaXO,l\HTb 
Jll060M YeTBepTHM. 3TH nHTHa,D;UaTb ypaBHeHHM pacna,l\a!OTCH Ha CJJe,l\Y!OmHe 
YeTi.pe rpynnN: 

A) FA (x, Y, z, Z) = 0, FA (y, z. x, X) = 0, FA (z, x, Y, Y) = 0, 

E) FB (x, Y, X, Y) = 0, FB (x, z, X, Z) = 0, FB (y, z, Y, Z) = 0, 
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C) Fe (x, Y, X, Z) = 0, Fe (y, z, Y, X) = 0, Fe (z, x, Z, Y) = 0, 

Fe (y, x, Y, Z) = o. Fe (Z, Y, z. X) = o. Fe (X, z, x. Y) = o. 

D) FD (X, Y, Z, Z) = 0, FD (Y, Z, X, X) = 0, FD (Z, X, Y, y) = 0. 

B Kal!CAOH rpynne ~yHKUHH, eBH3HBaromHe 4eTHpe s~eMeHTa Tpeyro~bHHKa, 
OAHHaKOBH, 4TO H OTMe4eHO AO~l!CHHM o6pa30M. B rpynne A eBH3HBaroTeH 
TPH CTOPOHH H OAHH yro~. B rpynne B CBH3HBaWTCH ABe CTOPOHH H ABa 
npOTHBO~el!Call\HX HM yr~a. B rpynne C CBH3HBaWTCH ABe CTOPOHH H ABa 
yr~a. npH~eJCall\HX K OAHOtt H3 3THX CTOPOH. HaKoHeu. B rpynne D 

CBH3HBaWTCH TPH yr~a H OAHa CTOpOHa. 04eBHAHO, H3 KallCAOtt rpynnH 
AOCTaT04HO BHnHcaTb no OAHOMY ypaBHeHHW, 4TO H 6H~O CAe~aHO BHme. 

PaCCMOTpHM npHMoyro~bHHtt Tpeyro~bHHK, no~OllmB z = ! . OH 
HMeeT nHTb 3~eMeHTOB x. y. x. y, z. KaK H B o6meM c~y4ae, TPH 
He3aBHCHMHX ypaBHeHHH CBH3HBaroT ero s~eMeHTH. Tenepb HaM HaAO 

HanHCaTb c; = ~ = 10 ypaBHeHHtt BHAa f (x1. x2. X3) = o. rAe 
x1. x2. X3 - npOH3BO~bHO BH6paHHaH TpOttKa s~eMeHTOB 
paccMaTpHBaeMoro Tpeyro~bHHKa, 4T06H no ~ro6HM ABYM 3aAaHHHM 
s~eMeHTaM MOllCHO 6H~O cpa3y HaXOAHTb ~ro6ott TpeTHH. Yro~ z BXOAHT KaK 
pa3 B 10 H3 15 HanHcaHHHX BHIDe ypaBHeHHH A~H npOH3BO~bHOro 

Tpeyro~bHHKa. rro~OlltHB B HHX z = ! . HaXOAHM 

1) f1 (x, Y, Z) = FA (x, Y, z, ..!... ) = 0 2 

2) f 2 (X, z, X) = FB (x, z, X, ..!... ) = 0 2 • £2 (y, z, Y) = 0; 

3) f 3 (X, Y, X) = Fe (x, Y, X, ..!...)=O 2 , f 3 ( y, x, Y) = 0 

4) f4 (X, z, Y) = Fe (z, x, ! , Y) = 0 , f 4 (y, z, X) = 0; 

5) f 5 (X, Y, y) = FD ( ! , X, Y, y) = 0 , f 5 (Y, X, x) = 0; 

6) £
6 

(X, Y, z) = FD (X, Y, ! , z) = o. 

B Kal!CAOH nape 2), 3), 4), 5) ~YHKUHH, CBH3HBaromHe 3~eMeHTH 
npHMOyro~bHoro Tpeyro~bHHKa, OAHHaKOBH. 04eBHAHO, AOCTaT04HO 
BHnHCaTh no OAHOMY ypaBHeHHW H3 Kal!CAOH H3 mecTH rpynn, 4TO H 6H~O 

CAe~aHO BHIDe. 
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11. no.,.11-w cnucoIC mpuzouoJJ.empu'tfficICux ypa8ueuufi. 

11 BCe :m:e HYJ:eH no~HHH cnHCOK TPHrDHOMeTpH4eCKHX ypaBHeHHH. 
ITpHBeAY ero B HBHOM BHAe. 

I. ~OPMY~H A~H npOH3BO~bHoro Tpeyro~bHHKa 
~OPMY~H BH.l{a A. 

ch z = ch X ch y - sh X shy cos z 
ch x = ch y ch z - shy sh z cos X 
ch y = ch z ch X - sh z sh X cosy 

~OPMY~H BH.l{a B. 
shy sin X = sh x sin Y 
sh z sin X = sh x sin z 
sh z sin Y =shy sin z 

~OPMY~H BH.l{a C. 
ctg X sin Z + ch y cos Z = cth x shy 
ctg Y sin X + ch z cos X = cth y sh z 
ctg Z sin Y + ch x cos Y = cth z sh x 
ctg Y sin Z + ch x cos Z = cth y sh x 
ctg Z sin X + ch y cos X = cth z shy 
ctg X sin Y + ch z cos Y = cth x sh z 

~OPMY~H BH.l{a D. 

6) 
B) 

r) 
.I{) 

cos Z + cos X cos Y = sin X sin Y ch z 
cos Z + cos X cos Y = sin X sin y·ch z 
cos Z + cos X cos Y = sin X sin Y ch z 

II. ~OPMY~H .l{~H npHMoyro~bHoro 
a) ch z = ch x ch y 

sh X = sh z sin X K) 

th X =shy tg X ·H) 

thy= th z cos X 3) 

cos X = ch x sin Y l!C) 

e) ch z tg X th Y = 1 

Tpeyro~hHHKa 

shy= sh z sin Y 
thy= sh X tg Y 
th X = th Z cos Y 
cos Y = ch y sin X 

3aMeTHM, 4TO fl. EOttHH 3anHca~ ~OPMY~H BH.l{a B C~e.l{yWll\HM o6pa30M: 

_ 0 (y) _ 0 ( Z) 
- sin Y - stn"Z ' 

r.ne 0 (X) - .l{~HHa OKPYllCHOCTH pa.nHyca x. 
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12. flAO~aiJb mpeyZOAb"/-/.UKa 

B n~aHHMeTpHH ]o6aqeBCKOI'O n~oma,nb Tpeyro~bHHKa paBHa 

·F = (X - X - Y - Z) c2 , (24) 

r,ne c CHOBa eCTb KOHCTaHTa ]o6aqeBCKOro, paBHaH CKOPOCTH CBeTa. 
qepes ero cTopoHH oHa BHpaxaeTcH c~e,nyromttM o6pasoM: 

sin __ F_ = 
✓ sh .§_ sh £...::_!__ sh ~ sh JL::__£ C C C C 

2 c2 
ch l c ch ft ch 2z c 

r.ne 2 s = x + y + z - nepttMeTp Tpeyro~bHHKa. 

13. flAO~aiJb c(Jjepu 

(25) 

B reoMeTpHH ]o6aqeBcKoro n~oma,nb c~epH pa,nttyca s paBHa n~oma.ntt 
Kpyra pa,nttyca 2 s. ~eHCTBHTe~hHO, n~oma,nh cwepH paBHa 

4 '.lt c sh .§_ ) 2 = 2 X c2 ( ch 2 . s - 1) 
C C 

(26) 

14. flapa saKono6 pwwza Apxwi.eaa 

TaK Ha3HBaeMyro KHHeMaTHKY H,nepHHX peaKUHH npaBH~bHeH Ha3HBaTb 
MexaHHKOH KOHTaKTHHX CTO~KHOBeHHH qacTHU. B 3TOH qacTH MexaHHKH 
KOOP,l(HHaTaMH qacTHU B npouecce CTO~KHOBeHHH He HHTepecyroTCH, H 
DOTOMY H3 npocTpaHCTBeHHO-BpeMeHHHX OTHOilleHHH , KPOMe npocTpaHCTBa 
CKOPOCTeH, OCTaeTCH ~Hillb napa noHHTHM ",no" H "noc~e" CTO~KHOBeHHH. 
OCHOBHOM 3aKOH MexaHHKH KOHTaKTHHX CTO~KHOBeHHii - 3TO saKOH 
coxpaHeHHH 4-HMnY~bca. OH 3KBHBa~eHTeH apxHMe,noBOM nape saKOHOB 
pHqara B npocTpaHCTBe CKOPOCTeH ]o6aqeBCKOro. 

IlpocTeHIDHH BH,l( KOHTaKTHOro CTO~KHOBeHHH - 3TO BDO~He Heynpyroe 
CTO~KHOBeHHe ,l(BYX qacTHU, H~H. HHaqe, caMOCTOHTe~bHOe coe,nHHeHHe 
,nByx qacTHU B o,nHy. B nepByro oqepe,nh B03HHKaeT c~e,nyromaH sa,naqa. 

ITyCTb )(Be qacTHUH, o603Ha qHM HX qepes j 1 H j 2 , C sa,naHHHMH 
MaccaMH m, H m2 H C MHpOBHMH CKOPOCTHMH, H306paxaeMHMH B 
npocTpaHCTBe CKOPOCTeH ]o6a4eBCKOI'O ToqKaMH a, H a2. coe,nHHH~HCb B 
0,l(HY qacTHUY i. Tpe6yeTCH onpe,ne~HTb Macey m H MHPOByro CKOPOCTb a 
qacTHUH i . 
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IloMeHHB MeCTaMH nOHHTHH ",no" H "noc~e", 3TY l!Ce sa,naqy MOlltHO 
C~OPMY~HPOBaTh HHaqe. IlyCTh 4aCTHUa j pacna~acb Ha )(Be 4aCTHUH ,, H 

'2 C MaccaMH m1 H m2 tt C MHPOBHMH CKOpOCTHMtt a, H a2 • Tpe6yeTCH 
onpe,ne~HTb Macey m H MHpOByro CKOPOCTb a qacTttUH i. 

PemeHtte 3TOH sa,naqtt BHpaJ1CaeTcH napoH saKoHoB pHqara ApxHMe,na. 
~eHCTBHTe~bHO. Bo-nepBHX, B CHCTeMe OTC4eTa a , r,ne DOKOHTCH 

qacTHUa j , HMDY~hCH qacTHU '1 tt '2 paBHH no MO,l(y~ro tt 

npOTHBOnO~OllCHH no HanpaB~eHttro. C~e,l(OBaTe~hHO, HCKOMaH ToqKa a ~elltttT 

Ha OTpesKe a, a2 tt .ne~ttT ero TaK, qTo ,l(~HHH 11 tt 12 OKPYllCHOCTeH, 
npoBe,neHHHX BHXO,l(HmttMtt tt3 T04KH a pa,nHycaMtt a a1 tt a a2, OTHOCHTCH 
,npyr K ,npyry, KaK m2 K m1 • 3To nepBHH saKoH pHqara ApxttMe,na. 

BO-BTOPHX, B CHCTeMe OTC4eTa a1 , r,ne noKOHTCH 4aCTHUa '1 , 
ttMny~bCH 4aCTHU i tt i 2 0,l(HHaKOBH. C~e,noBaTe~bHO, ,l(~HHH 1 tt 11 
OKPYllCHOCTeH, npoBe,l(eHHHX BHXO,nHmttMtt tt3 ToqKtt a1 pa,nttycaMtt a1 a2 tt 
a1 a , OTHOCHTCH ,npyr K ,npyry, KaK m K m2. 3To BTOPOH 3aKOH PH4ara 
ApXttMe,na. 

IlepBHH saKoH ApxttMe,na D03BO~HeT HaHTH MttpoByro CKOPOCTb a • 
BTopoii 3aKOH ApXHMe,na no3BO~HeT 3aTeM Hai1Ttt Macey m 

EecxttTpocTHHH cnoco6 pacqeTa ,naeT (9, c; 799): 

2 _ 2 2 0 S 
m - m1 + m2 + c. m1 m2 ch c . (27) 

r,ne S - paccTOHHHe MeJtt,ny T04KaMtt a1 tt a2 , paBHOe OTHOCHTe~bHOH 
6HCTPOTe qacTttU '1 tt i2. 

15. AeqieKm .11accu u ae(JjeKm YZA06 mpeyzo.itb"/-/.UKa 

3aKOHH PH4ara ApxttMe,na MOllCHO santtcaTb B Btt,ne c~e,nyromen uen04KH 
paBeHCTB: 

_Q_j_& = _Q__j_ll_ = _Q__J_& ( 28) 
m1 m2 m • 

r,ne x, y tt z paBHH pa,nttycaM a a2 , a a 1 tt a
1 

a
2 

C~erKa 

Ha,l(~OMHB PH4ar a1 a2 B TOqKe a , no~y4HM n04Ttt BHpOllC,l(eHHHH 
Tpeyro~bHHK a1 a a2 , ,l(~H KOToporo, '. KaK tt ,l(~H BCHKoro 
Tpeyro~bHttKa, BepHa ~opMy~a (23). Ho B Tpeyro~hHl1Ke a

1 
a a

2 
yr~H X 

tty Ma~H, a yro~ z 6~tt30K x. C~e,l(OBaTe~bHO, ttMeeM npH6~tt3ttTe~bHO 
sin X = X. sin Y = Y, sin Z = x - Z. 0Tcro,na tt tts (23) tt (28) 
no~yqaeM X = 1 m1 • Y = 1 m2 • x - Z =Am, r.ne A - Ma~HH napaMeTp. 
l-ls (24) no~yqaeM, qTo n~oma,nh Tpeyro~hHttKa, o6pasoBaHHoro c~erKa 
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HaA]OM]eHHHM puqaroM ApxHMeAa, paBHa F = A (m - m1 - m2) c2 , TO 
ecTh nponoputtoHaJhHa sHeprHH n E = (m - m1 - m2) c2 • BHAeJH~meficH 
npH pacnaAe 4aCTHUH f Ha ABe 4aCTHUH f 1 H f 2 • IlpHMeHHH K 3TOMY 
TpeyrO]hHHKY ~OPMYJY cos z + cos X cosy= sin X sin y ch z H 
Y4HTHBaH, 4TO npH6]Hl!CeHHO cos X = 1 - T x2 , cos X = 1 - T X

2 
, 

cos Z = - 1 + T ( :lt - Z) 2, OTC~Aa noJyqaeM BHpal!CeHHe ( 27) AJH m2 

B eBKJHAOBOM TpeyrO]hHHKe HeT Ae~eKTa yrJOB, TaK KaK X + y + z = ~. 

COOTBeTCTBeHHO, tteT H Ae~eKTa Mace B Hepe]HTHBHCTCKOtt MexaHHKe. 
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Yep1111Kos H.A. · 
feoMeTpm1 Jlo6a4escKoro 
11 pejHITIIBIICTCKllil ~u1ep11lli1 cp11311KU 

P2-97-27 

Ha OCIIOBe reoMeTplm Jlo6a4eBCKOro ~- pa3BIIBalOTOI . 11eo6xO.!lllMble JUHi 

pem1nis11cTcKoii .s1nep11oii cp1i311K11 11pe11crnsne11m1 o npoCTpa11crne; ·speMe1111 11 
61,JCTpOTe 4aCTIIU. 8 _CilS1311 C upo6JJeMoii IICTIIIIIIOCTII. IIJ111 JIOJKIIOCTII 11.s!TOfO 
nocTynaTa Es0iuna paCKp1,rnae-rcll 11cn111111,1ii CMblCJJ nap1,1 nponrnon0110JK111,1x, 
TepMIIIIOB «11epe!HITIIBIICTCK11ii» - «peJJSITIIBIICTCKllii». 3aKOII coxpa11e1111l1 4-m111yn1,ca 
4acn1u 11penCTas11sieTcsi s s1111e apxm,1e11os1,1x 3aK011os pwiara s npoCTpa11crne 
CKOpoCTeii. 1'bnaraeTCSI TpHro110MeTp11si Jlo6a4eBCKOfO .. TToKa3a110, KaK 1nsecrn1,1ii 
li3 TpllfOIIOMe~p1111 Jlo6a4eBCKOfO 11ecpeKT. YITIOB TpeyrOJJbllllKa 11p11BOlIIIT K 
pensirns11cTcK0My necpeKTY Mace. 

. 
Pa6orn BblllOJlllella B J1_a6oparnp1111 Teopern4ecKoii cp11311KII IIM. H.H.Boromo-

6osa OH5Il1. ' 

Coo61ue11i1e· 06-u:;UIIICIIIIOfO IIIICTIIT)'Ta llllCpiihIX '11cc.~ellOBaH11ii. Jly611a. 1997 

!}t!peso.u asrnpa 

·coernikov N.A. 
Lobachevsky Geometry 
and Relativistic Nuclear Physics 

; P2-97-27 

. -In this paper with the help of Lobachevsky'geometry the necessary for relati ~is tic 
nuc)ear physics notions ~f space, time _and ,rapidity of particles are developed.- In. 
conhectio_n with the problem. about tru,thfufoess or falseness of the Euclidean -fifth 
postulate the sense of the pair of opposite terms «nonrelativistic» - «relativistic» 
is revealed. The conservation· 1aw · of particles 4-momentuin law_ is. repre·s·ented in 
the forrri of Archirriedean lever laws ih velocity space. An account is given of the 
Lobachevsky trigonometry. It is shown how the well-known angle defect of a triangle 
leads to the relativistic mass defect. · 

The-. investigation has been performed at the Bogoliu~ov Laboratory ~f 
Theoretical Physics, JINK · 
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