
coAEPXAHT/E

OT astopa.. . . . . r . . r . . . . . . . . . . . . . . . r . . . . . . . .oo. . .o. . . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2

Mu$ nepnuf i :  Kpacora reopI4I4. . . . . . . . . . . . . . . .  . . . , . . . . . . . . . . . . .  3
&luS nropof i :  noctoggcrBo cKopocr?I  cBera. . r . . . . . . . .o. . . . . . . . . . . . . . . . . . .  8
MuS rperuf t  :  corpaueHHe af i l lH. . . . . . . . . . . . . . . . r . . . . . . , . . . . . .  . , . . . . . . . . . , . . . . . I4
Mn$ rrereeprbl f t :  BogpacraHug Maccbl . . . . . . . . . . . . . . . r . . . .o. . . . . . . . . . . , . . . .  19
Mr,rS narut ,  uut"arr" t l le gpeMeHI4.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23
Mu$ urecrofi : none ABuxyltl l4)(cg €tapgAoB .....................6..,...... 27
Mta$ cearvoft :  none aBIDKyuIIT)Gg Macc,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33
Mn$ eocavof i :  npuuuun orHocI4TeIIbHocr?I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . '3 7
Mn$ aeenruf i :  npuHuHn gKBI4BaIIeHTHocrI{ . , . . . . . . . . . . r . . . . . . . . . . . . . . . . . . . .40

MuS aecx rrrft : v ate pItarrI{BM TeopI4I{ ornocnTenbHocrl4....... ......,. 4 5
f locnecnogI4e.. . . . . . . . . .  . . , .e. . . . . . . . . . . . r . . . . r . . . . . . . . . . . . . . . . . . . . . .  5O
I lurepatyp8-. . . . . . . . . . . . . . . . . . r . . . . . . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . . . .51

Aeirncoe Anercefi AHaronueewq
MI4ObI TEOPI4I4 OTHOCI4TEIIbHOCTI4
Pegaxrop T. Mopunn6r{a. TexH. peAaxTop II. Aycerore
Pyxonncr rocrynnna 25.10.88. f loAnncauD B [er{arb OO,Ot.89.
nB OOOOO. Qopvar 6Ox84/16. Eyr ' r .  Tan. Ne t .  Vcn.neq.n.
.3,25. Aar,n.  2,5O. Vq.-nsA.n.  2,56. Trapax SOOOO er<e. 3axas
oooo.
IIUTTHVILIHTI4. 232659, Brnururoc-lCfl-S, Q. .[.eepxrHcxoro, 3
OrneqaranD poranpi{rrroM B Lleurpe Hayquo-Texull lrecrofi nH(popMa-
\ww w nareHTnblx ycrlyr. 232OOO, BrnuHrcc, Toropro, 27

M. Sumausko sp. UZsak.499.



OT ABTOPA

He cyvee B roHoc'tl4 oroflerb [peMyApoc'rb napaaoKcoB Teopun

oruocr4'TerrbHoc'ttl, aBTop 6rrn nl*:;nraen ueo6pecT u co6creeHH)'to I4H-

SopvauuouH)'io 'reopl4io, Koropas Bce orl4 roAbl rlooaollstra eMy yc-

IIeurHo cfipaBrrsrr,cs c gaAarlaMu npo$ecclrosarugsofi AeflTenbHoc'n4 B

corilacr4l4 c norraroft t l GApaBbIM cMbIciIoM. OAuaro MuoroqucneHnble
noirbrrKlr cAena'rb g'Ty reoprto Aoc'rosHtleM uay"nioft o6urec'reeHHoc'rl4
BcTpe'fl4wr co c'IopoHbr BeAyurux $uau.recriax (ra $nnoco$cr<izx) xyp-
HailoB apyxurdi ornop Ha 'roM c'rpanHoM ocHoBaHI4Ir, trro ona IIporIa*

Bopeql4'r 'reopul4 A, Sfturutefrua u no'roMy cBI4ae'teilrc'rByer o HeBe-

)Kec'rBe n Aline'raH'TlrgMe aBTopa. floHae, q'ro coBepuEII cBs'ro'Ta'rcT-
Bo, noKycl{Bllrf icb Ha "CgsueHnoe rucaHze" coBpeveuuoft $ueuxu,
aBTOp ',reM He MeHee peullJl, q'ro .(a)Ke ec[I1 3'IH yI]peKI4 cnpaBeailI4-
Bbr B o'rHoueHl4i'I ero KoMIIeTeH'tHoc'IIl B 'reopilu o'rHocll'renbHoc'rl4,

'ro B eu{e 6onurueft c'rerleHl4 oHI4 cflpaBeE,irl4Bbl B oTHouJeHI4I4 KOMne-
,TeHTHoc'rI{ peueHgeH'rgB B ero co6cteeHuoft reopuu, E noroMy ony6-

IrEKoBaIr ee Ha ceofi ctpax 14 pI4cK. OH crapancfl cAenarb ileJlo]Ke-
HI4e AoC'rynHbIM I{ I4H'tepecHbIM He ToJII,Ko illHpoKoMy Kpyry cneUHa-

rrr{croB oT SI.I3I,IKoB ao &ranocoooB, Ho u nrc6ovy o6paeoaannoMy 'Ie-
il oBeKy, r4HTepecyrcueMycs Ml4poBosspeH qecKI4Mn npo6nev avn. .Ae'rop
ilo[araer, .r 'ro 6pourrcpa Mo>xe'r oKagarbcs noneenofi rar 6ecroplrcr-

HbtM r4cKar€rrffM I{c'TI4Hbr, TaK fi pe',MBbIM OXpaIrl{'TerIsM pells'fl48I{3Ma,

Koropbre nottyqaioT urauc flporretl'rs ce6s Ha HI4Be paeo6naueilus eroft

"x?rrpoyvuotl npofr au auuu".

@ fiutHL'|l4HTL4, LgBg



Myto nEPBbil/:
KPACOTA TEOPT/YI

eno xanrH or? eacnyroft cneul4 arrbnofi reopuu o,rH ocllr:renbHocrr{
(CTO) cql4Tae,rcrr coeAvuerrl{e upr4nur4na orHocuTerrbHocTtr ?r iloc,rv_
rrara o nocrorrHcrBe cKopoc,tu cBe'ra e ruo6rlx Fam4neeBbrx cr,rcr€_
Max orcqeta. Mexay 1eM TaKoe coeAI4HeHI4e coBepueHgo ecTecT_
BeHHo I4 aalKe TpilBI4aIILHo, nocKolrbKy IrpI4HuI4n orH@HT€rrbH@,rE B
TepMI{Hax I4 nonrrr%rrx Hatla[a XX eexa ogHaqaeT He rryo nHoe KaK
HeBOSMO)KHOCTb ny'teM ua6ruoAeHrg nro6ux $uou.recrcr.rx npoueccoB
o6napyrxurt a6coniomoe ABld{eHfier,r.e. EBld)r{eHI4e ua6ruoAarr:nrr or_
HocHTenbHo Mr4poBoro eoHpa, pacnpocrpaHeH?re cBera e e$r,rpe
oAI4H I'I3 TaKI'Ix flpoueccoB, 'raK qro pae[I4qHafl el.o cKopocrb Ans
HenoaBl4xHoro o?Hocu,teirono eSupa Lr ABr{xyuerocs na6ruoAarelrer?
flprrMo npcrrl4Bopeqt4na 6tr npvHul4rry orHocHTeIrbHocTl4o

Apyroe geno {uen.IecKarr rpaKToBKa groro ilpt4Hul4na, Ko'oparr
Mo)KeT 6lttr Aeosxoft: nv6o B paMKax HbrorogoBcrorZ vexanr{Ktr KaK
KaXyIlIeI.OCs rrB[eHr4q (apresaxra) c otrrcraHlreM flpouecca, KoMneH-
cup)rrouero e$$eKT c[o)KeHus crcopocr.eft cBera u sa6ruoAare[s; nu-
6o rax Aeftctefitenbnoro nocrorrHc,rBa cKopoc,rfi cBera e ruo6rrx cI4-
creMax orcrrera c ueHe6exHbrM o,rpl4qaHl{eM ssr,rpa rar snauvecrort
pealrbHocTlI.

Cnyttanoct raK, tITo Susura BcrreA aa eftHurer?gov uournu no -
BTOpOMy fly',rr4 - peKoMeHAOBaHHOMy 3. Maxov IIyrH HaHMeHr,ruero
conpoTl{B[eHl'Irrr Koroprrfi ne rpe60ean noucKa o6rscgennft, a npocro
BbIAaBaII apte$aKTtr Oa Sanrrr. Taroft no cyTt4 MareMaTl{qecrurl, a
ne $uou'recrrft noaxoA rrpr,rnec ,reoplar4 6ucrprfi ycnex, ilocrorrbKy,
Bo-nepBbrx, rceo6ogr,rn $uanroa or ueo6xoar{Mocrr4 AyMarb HaA cy_
TL'ro npoueccoB, qro cralro 60nru:uv o6net.reHl4eM trIrs rex va HI,rx,
xro 6lrn nfirueH eror? cnoco6uoctu, a Bo-BTopbrx, nogBorr?rn sopvane-
Ho olrHcarb psA npoueccoB, He noaAaBaBul{xcg paHee onlicaHl{ro I4MeH-
HO BBrlrAy orcyrcrBl4rr coorBe'rcTByrouefo Susuuecxoro o6rscnenras.
cav 3ftnurreftu, euAuMo, rrogl,rMalr Herrorrgo[eunocrb raKoro r'oAxoaa
x $ueure, ra6o venanxom4tlecKl.r BaMerI{n: "Kpacora vatevaruqecrcofi
Teopl{u H e€ 3gsqgtefianufi ycnex cKpbrBaror or Haiuero B.:opa re_
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)Kec,Tb TeX )Kep,rB, Ko,ropbre llpl4xoAl{,rcs npI4HOCHTb Ans 0'roro'/ L 1].

Tev ne MeHee Kpaggrfa TeopI4I4 OTHOCI4TeJIITH9C'XI4 iIpI{Ha,q[e)KI{'r K

qHcnyTaKI{xI IereHA,KoTopbleHI4KeMHeIIoABepraIoTg' IcoMHe}Iurc '

BK[IoaIas, BI4AI,IMo, pI caMofo ee CoeAaTens, rITo no6y]KAaef K BHI4Ma-

TeIrbHoMy HCCfieAoBaHuro ee ocHoB. He sAaaascb noKa B nOApO6HO-

cTE, Heo6xotr?rMo cpaay x(e oTMeT?ITb, tItO rle)Kaluee B oCHOBe cTo

npeodpasoBaHr4e !,eKaproBblx KoopAI4H a? fl openua-StZnurrefnra

y'=1x*rt)/l[i=fl{ g'=y , zt=z t t'-(t-xtr7e'z)fili@ G)

He vaoBrreTBE)rr eT gpr,rHllr{ny oTH Oor4jl.enb}rocTl,r, B O[peKI{ Ece o6ueMy

y6exAennrc e o6parnov"
B cavov AeIre, qeM c ,rorrKl4 SpeHI4rr npI4HUI{ila OTHOCI',ITenbHOCTI{

HeyAoB[e,rBop?rTenbHbr KII accr4qecKlle npeo6paooBaHHs f anuneg

X'= x-<rt , yt-[ , zt =z , t '=t ?

Tev, Bo-fiepBblx, IITO HenoAeuXHlift 14 ABnKyIriI4tzCs CO CKOpOCTbIO

4|, oTHOCU,teIIbHo Helo na6nroAaTeIII4 B OAIIH 14 TOT )Ke MoMeHT Bpe-

MeHI4 t =tt Kax,q,brr? ilo cBoI4M qacaM aa&nrcupyror paoin4llHble rro-

nolKenfi f l  ceerosoft BonHbI, Hanpl4Mep, Ha ocsx r '  u L' ,  KorAa l=

=et, a xt=(c-nr)t, rae c - cKopocrb cBera. 3ro craBI{T
na6nroAate reft, BglrpeKil [pI'IHIrI4ny orHocl4TenbHoc1n' B HepaB-

Hbre ycnoBurr. Bo-nroprrx TeM, .I'TO npeO6pa.aoeaHlle C?IMMeTpI4rI-

Hbrxl Toer paBlt,slx no MoAyltrc, oHaqeHl4ft . tr :d. '  .1."=,- i t  
Eaer

HeclrMMeTplrrrHbre urru*"**r xl= ct (4 -qr/c) 
^ 

*2=-"114+u/c),u"ro Hapy-

uraeT CI{MMeTpHI6 @pU.recroft eonnsr oTHoCI4'reIIbHo Hasana KoopAIa-

Har afiff ABl4xyluerocs ua6nIoAarens.

Ho 'revu xe ae$extavn o6naAalor H npeo6paeoeanun (1), 
l lu,

"*"Lptot", "py- t=tr us npeo6paeoea*r' Enn t' cneayer f, =
Bo-IIepBbIxr f lpu lt - l/ I43 lrpeuuPet;JurJaHvrr atrn v utrsAJ v r v

:u;li;:lffi"FS"t, Hto npu roAc'raHoBKe B np-eo6paeoeauue ay 
;l

o^J('','J-*; ;;;J'';;;;;;-;;;;;* x' *" x , a raKlKe t'
u t a* 

"r"ro"oft 
eorurtr, Kor'a X=ct, y*asblBaeT Ha $uten'iecxyro

6eccvsrcneHHo6Tir npeo6peQlEeEla[ ( 1) , nocxollb5y IIpI4BoAi4T K He-

BbrrrorrggMoMy ycfioBr{o T.t-n"/"'-='/ -4r/C, . Bo-e'ropux' AIIS cr4M-

Merp*trHbrx 
"ru.r"n#-- 

-xt =ct ur 4"=:ct 9q (1-),g+enver xl =

ct( t  - , t  1c)f tV-Tff  r^ x|= -sf , (4+u/c) / /4 ^ 
-" /c ' , ' r 'e '

t *il *'l *il , qTo npor%BoperMT rrpfirrur4ny orTIocI{r€IIbHocTI4, I'160

IrogBOIrseT oiIpeAeIIH'rb a6CornorHOe ABn)KeHI4e lro HapylleHulo Cl4MMeT-

pI4I4 BoffHbI. Ho t.t e'ro euF He Bce. BeAl nuqro He Meulaer 4B14xY- '

(  1a)

4



rueMycrr Ha6'rroAarenp c noMoulbro cBor4x qaeoB tt Ha6ruoaa,rb pa-
cnpoc'rpaHeHl4e cBera BAOnb HenoaB4xHorz ocl4 X , a HenoABIDr(Ho-
My Ha6JrroAarerrp I'o cBo?rM qacaM t , wa6rnoaa?b pacl,prcTpaHeHue
cBera B.qoirb aenxyuetcs ocu xr. Ho rortra Ans EBlrx{)IIIIeI.ocq Ha_

:fr^xr5- " ":.::: "-j-'^)-::l:: * _"j, :'i x/ tt = 
"t@@y+_x*1 a Ans HenoABH)KHono nu6rnoa^,;r; 

"nu' 
' 
xi;/:'"ilffii

1V7+4//C 7 C^ na K 'nntrrar vo nnd u'v 
- l t t  

1 vt /*  t  //lT.n/*c, Aa K roMy ,ne Arrrr Hr4x 
^|il7'fr1i^ior7.^x{e 

yc_
noBl4'rx, rJTo BOnI4IOUIe HecoBMecTI4MO KaK C llp]rHul4noM o,rHocl4,renb_
Hocr%, TaK fi c nocr,vrrarovl CTO o Aet?cr.eu,renrHov noc,rorrncrBe
cKopocrt{ cBe?a g nro6bnr uHepul4anbHbrx clrcreMax orcqera.

Boo6ure roBoprr, groro tt cne,qoBano o)Kl{aarb, rrocKorrlxy npe_
oOpaooeauua rlopeHua norryrreHbr ?ro ycrroBr4rr IrHBapr,raHTHrc,fl4 K Hr{MypaeHenzfi Maxceenna, Koropoe
O'THOCI4TEIIbHOCTI4. AEfiCTEHT€NbHO, C'TOqKI{ 3PEHI4fi HENOABI{)KHOTD
sa6nrcaarefis, Mex{ay AByMq eneKTp}rqecKr.rMr{,3apsAavu aeftcrBye,r
To;rb*o Kyno'oBcKas cl4na, a c rorIKH speHl4fr ABl4)Kyuenocs *a6ruo-
AaTet$r B oooTBeTCTBI4II C o,tlutMtr )rpaBHeHilqMI{ Ha AapsrArl Aer?Cr.ey_e'r eEe H MatHI4TItas cl{Ira, nplaqeM cofnacHo np""u"rry orHocllTenb-
Hocrlr He cyluMapHoe Aeftctelre g?IIx cIIn AoIDKHo 6rmr oAr4HaKoBbrM
Ans o60rzx na6ruonarenerz, a roKasauns npu60pa, r4,3Mepsrcruefo 3TI4
CI{NbI' AOII}KHbI 6rrrr OAHUMI4 I4 TEMKI )KE, qTO AONYCKAET OAI4HAKO-
BOe VSMeHeHI.e OT na6ruoAatens x na6nroflarenrc KaK l,r.MeprreMbrx
c'rr, 'raK v can nporueoAeficrBl.s B I4SMepLITensnofi cugreMe nplE60-pa, Harrpt4Mep, npts{}rHbr , K qeMy Mbr eue BepHeMCrr.

floetovy I4Aes o cBs.r. npri'u,na orHocr{TenbHoc,rfi c vHBaprraHT!
Hoc'TbIo ypaeueHuft, 'fipr4Ha,qne*arUar flyauKape r{ ,rlopenUy 14 He*pfi_
TI,rqecKH Bocnpuus,ras Or?nrureftHoM, nopoilHa B ceoer? rcHose. BeAbHa6nroAa,renb ltMeer Eerro He c ypaBHeHI{flr.;tll, a c npu6opavl4, cne_
AOBATENbHOT I4HBAPI4AHT}-IbIMI4 X NPEO6PAOOBAHU,IM KOOPAHHAT trOTI)I{HbI6rnr' He ypanHeHlrs, Koropble orpaxaror nor%Ky na6ffoAatens, a6eepaermr*Ibre K orofi noruxe I{GMepeHEs, ouyuenng Ha6nroAarenerz.
To, 'rto gro He oalro u To )Ke, oqreB?raHo, nocKonb5y )paBpeHlarrBCerAa cBs.blBaror He peureHlrs, a HeKOTOp're I{x xov6iauaulrl{, Me-nee zHSopvarrzBHbre, qeM caMr4 peurenr4s. Tar, ypaeueHTe csepraqe_
crcorz ceeTosorT .BOnurr, pacrpocrpaHsrouefics I4," Haq,ana KOOpAI4Har,
x2+X2+{=6zSt npuAarurruser co6ofi cBqsb Me)KAy cpe.4Hr{Mr4 r€oMer_pw qecKI4MII 3H aqe HI4'MI{ Ko opAIrH ar' cI{M Me'rp, riHblx o'TH ocI4TeJrbH oHyn'r X('x)+y(-y)+z(-z) =c(-c)ta . !,a n perue*rre ero BcerAa aa-
e? aBa cHMMerpI{lIHbIx KopHs, verKtry Ko"opbrMlr HeJrbgs cAefiarr,
en6op 6ee Aonomrurenrsoft r.rusopvaunrz.



f loetuvynof lyqeHHblerra6aaeTaKoroypaBHeHI{gnpeo6paeona-

nua (1) cnenoeano 6bI paccMaTpI4BaTb KaK cPeAnve r€oMeTpfiqecKl4e

3HaqeHl4fl npeo6paooeauufr Ens c v (- c), cupaeeAllllBble ToIIbKo

Arrsr KBaAparIlalHbIX Sopv, Ho He npuroAHble Ans [I'IHeftHbIx ypaBHe-

uufi, ue FoBopa y)Ke o npl{Hul4ne orHocl4'rerbHocrl4o

Herpyauo oaMe'rI ' ITb, vto npeo6paSoBanl4g (1) nensrcTcg reo-

MerpualecKuM ycpeAHeHI4eM irpeo6paeoeauuft

xt=(x-flU--H , ! '= f , z'=z , s'=(t -xu/c'l/A-ttc) (2)

AII ' Icu(-c) , roroprteBcpeAHeM(rart , tAoII}KHo6rrtu)yAoBIIeT-
Boprrror ypaBHeHIlIo csepuuecrofi Bofinbt, Ho' KpoMe roro' HelrocpeA-

cTBeHHo14nonHocTbloyAoBIIe.TBop' I IoTIIp?lHuI4nyoTHocuTe[bHocTI{ '
116o uptz t =tt Aalor xt = x = ct'

Ta ruv o6pasov, ceoi c o6c'rBeuu-b4ry€+Jrto'ft tt?"f+oruL".C 
t=

=c rAe ci=R'/ t ' ,  c=R/t ,  R'=Tx'n+y'"ny' ' ,o R=VxL+rJL+2",

ofinurreftrr $arc,ria.recrca [gAMeHI{n floc,ry[aroM cto = c't noropttfi no-

MI4M9 ct=c oo"ya"u"t eue 14 {usuqecKla a6cypnHoe ct=-c !t'$Tr

xt =-x, r{To I4 npogBfif lerc'I B npeo6paaoeaHl4sx ( r) ttp' t '=t '

Boo6ure, ec[ra 6u He cnellas np]rBepx(eHHocrb 3fttrurreftlla pelrs'ruBl4-

CrCXoft I4HBapIIaHTHocTI4, Bepna.fi B UelIoM I4Aeg floflyqenUn npeO6pa-

eog.aHl4ilKoopAI{Har,yAoBJIeTBopgrcuI4xIIp?IHuI4nyoTIIEI,ITeIIbHoCTI4'
lplrBerra 6bI ero K (2). Beab llocne. Torot KaK oH 3anl4cail g'fl'I [pe-

o6paoonanng e o6uefi Sopve x'=a(x--ti, Y'1/t!, z'=Tz 
' 

t '=E(t-yx)t

crleAoBallo ilI4IIrb I]o'lrpe6onatr', qro6nt B col.fiacl4li c ilpI4HIil4rIoM ortro-

cn'relrbHocrll o6a Ha6ruoAarens B oAI4HaKoBbIe MoMeHTbI BpeMeHI4 Kax-

dltft no cBollM tlacaM B',I4Aem4 oAfiHaKOBOe IIOilO)KeHI',Ie Cee'roeofi eon-

HbI, sTo aBToM atI{qeCKI4 rap aIrTI4pyeT 14 oAI4HaKoB oc'$' crip-T'* 
::-oO

BOIrHbr oTTrocl4Telrbno o6orax Ha6nrcAaTelleft. TorAa npu 't' = u AJIq

x'=x=ct nonyqr4M x'=o(t(c- ' r1="r ,  otnvou n =( ' t -  * / l ) - , ' ' , ,  u ,

pasAeJrI'IB xt fia t' ilpu rex )Ke ycrloBl4gx' no[yqI'IM 1r / f' =

'= 
oct|- r1/dt(t-7r1=o) orryAa E = x' 14 4 = 

-/t^1 ., 
nT ** )Ke vc-

nor"t* onl , 'Jt=ct 'v ^i 
=z=ct ronyafl4M . 1P=^f = 4-'  r 'e'  (2) '

Xaparrepno, LITo npeo6paeoeauun (2) voryt 6ln't nouy'lenlr

HeIIocpeAcTBeHHoIIyTeMI{sMepeH?I' IHeIIoABI4)KHbIXKoopAI,IHaTtrB?Ixy-

rur{Mcrr sa6ntoAatenev. AeficrBl4TenbHo, ecnu Ha6ruoAarenb K" nw.r-

xyurufica BAoIIb ocII X HeIIoABIDKHofi crrcrevbl co cKopoc,Iblo C',

pacnoilafaer nunefir<oft' B Harlane roropoft oH HaxoAllTca' To B Mo-

MeHT t [o qacaM HenoABI4)I(Horo na6ruoAarerls K oH oKax{ercel B

,IOqIKe tt Ha ocu x , TaK IITO ero mauefina oKax{ercs Ha cToIIb-

()



KO X{E CMEilIEHHOIZ OTIIOCUTEIIbHO HEIIOABI4X{HOft I]IKATIbI ,{. , A HEKO-
Topoe aHaqeHl4e Xtt ee [rKaIIbI oKa)KeTCs HaIrpoTI4B AeneHHrr X
HefioABI4X{HOrz ruKa[br, rroerDMy xt ' ,=x-trt  (plrc. J-).  oAnano, ecnn

KI

I

x

Pttc. l-. Koopamamrbre cl4cTeMbr

yqecTb KoHeqHyro cKopocTb c nol-rysennrr un$opvauara na6nroAare_
IIeM, To B gToT MoMeHT IrpoU4B X oH yBI{pJ4T He Xr, , a HeKoTo_
poe SHatreHue xt , KOTOpOe HaxoAl,Inocb HalpoTI4B x , KOrAa oTL
'ryAa 6brrra [o[yseua unSopvauns o6 srov (nonoxeurze Kt B AaH_
urul vovenT noraoauo npepbrBl4crorZ nnnueft). y.rfirrleas nocTosHcr_
Bo cKopocrl'I cBeTa, T.eo HegaBl4cl{Moc'rb cKopocrH nocrynrreHlas I{H-
$opvauau or cKopocrlr Ha6ruoaar€Jrs, eerragabrBaHl4e B [olyrrenl{I4
NH$opvawru o6 .{, cocraefir At =x,/c. Ho aa ero epevr na6_
nloAaTenb [epeMecTl{Tcrr Ha <rat , ?aK qTo xt =art*a4f,, T.e..
xt = x - art(4-a'k), qro coorBeTcrByeT ( 2 ). ll*o*oy ,,p, eroM cr{_
Tyaul4sr ATLfl g u z 3a BbrqeToM HeKOTOpbrx ToHKocTeft, o Koropbrx
noIzAeT peql Hux{e, rrBIIgeTCs cTa[IIOHapHoft, o,reentrHo, rrTo y, =-y
fi zt = z - Hro )Ke Kacaerca npeo6paeoBaHl{s BpeMeHI4, ?o aror Bon-
poc npeAcTaB['rer caMocrofrrenrnur? trHTepec ?r MbI paccMorpl4M ero
B paMKax cnefiyrouspo vu$a.

I4Tar, BorrpeKl4 AeKlrapaur4sv, cro sar<rrz"recxu He yAoBJrerBops-
e r ITpI4ITIII{[y orH ocurerlbH rcTI{, nocKonbKy I{cxoAI4T Hs perrsr rHBI4cr-
cxorl raHeap?raHTHocrr4 TeX fitrv l4Hbrx MareMarl{trecKl{x ypaBHeHuri,
KOTOpas He LrMee,r flprrMorg oTHOUeHI4rr K AaHHOMy @Uerzuecxovy



npr4nul{ny, floerovy npeo6paeoeanua ilopeuua ( l), cnpaeenfi?IBble

AIrs pgAa MaTeMaT,LIqecKI{X ypaBHenlaft, He cIIpaBeAII}IBbI AII* I4X pe-

lIIeHI4fr, a I4MeHHo nocne.qHl4e TOnbKO 14 I{MeIOT peanlrHblft {U3U'feCrmft

cMbrcfl. Bce eto nopotrl4llo psA Henenblx vraoon, gBllsrcuuxcfl 'teMI4

caMbIMI4 )KepTBaMI4, KOTOpbIe npuHecila ibfieuKa paAu MHQa o Kpaco-

TE CTO.

Ml/le BTOPOI/|:

NOCTORHCTBO CKOPOCTII CBETA

KaK OrN/e*ralrocb B paMKax fiepBol'o vu$a, efiuurreftl iloAToIIK-

nyn $ueuxy Ha nerKoBecHrtft nyrl o'rKaea or o6bscneuxft npanurzna

oTTrocI4TenbHocT?I I4, B tlacTnoc'tlt, crpaHnblx Ha neperfi B.3rnsA pe-

BynbTaroB oilTiaqecKl'Ix gKcrlepHMenroe MaIZKeflLcoHa - Mopnu' no-

cryfrupoBaB rlocTorrHcTBo cKopoc,tl4 CBeTa rar suauuecrut? dart. ,[.o

cnxi lopMbI l locnyuHoc[eAoBanl4SaHvIM'yKasaBJII4lubHaHeyBgS-

rcy cTO B TexHnqecrofr peanueaul4ll [poFpaMMbI CoeAI{HeHI4g 9TOI10

nocryrlara n irpltHulrfla orHocllTerlbHocrl4r c KoropblM Sarm"recrr'l

6tr,r coeAur{eH flocTynar o nocrogHcrBe 5EElgpgE' cKopocrl4 cBera'

onHaroci l I4 luKoMy)KHeBg)Ke,rc ' I i locTyIIaToIIocTo' IHcTBecKo-

poc,rl4 CBeTa c HaIII14MI4 o6li6ennuvl4 11pgACTaB;1eHUFM1{ 14 SApaBbIM

cMblcnoM,rotopul iToTpi lKaeTeeKogoftonblTl le i loBer lecTBaI{Ko,ro-

pufi ao rorp Hac HI4KotrAa He TIoABoAI{n. He opa }Ke B caMoM aelre

3fiuurefig ononrg;1gs Ha Heno: "3Apaer'tfi cMblcn 9To [pegpaccypKl{,

KoTopble nlrpa6atblnalo'rcs B Bospacre no 18 ner"!

Kpove Toro, ocTaJlc'I He HccIIeAoBaHHbIM HeJlerrtt,Ift nyrc o6lgc-

HeHI4s npI4HUI4[a OTHocI{TerIbHOC'riI BMeCTe c lloc'roslHc'rBoM CKOpOCTI{

cBeTa xax apre$aKTa, cBrrSaHHOrO C OCO6enrioc'IsMI4 OrpaXeuus $ia-

sgqecKux npoueccoB Ha6rgoAarensMl'I, OT KOTOpOTo r€operl4qlecKas

$naura AaBHO OTMaxHylracb, HO rOroprtfi ilpI4BJIeKaTeneH IIepcneKT'I4-

eof ieoeopaTasApaBorl)cMblcnat{ I4ccneAoBaT€nbcKoroIIMnyIIbca

BBaMeH l4cclepilaBuero ce6q $opvanuHoro notrxoAar

Beprrevcnsetof iCB'I3I{Kl i 'poueAypeBblBoAanpeo6paeoeauva
(2J nw yt (pnc, 1), rae etrl,rHcTBeHHbIM npoTI'IBopelIaIuI4M SApa-

BOMy CMbrcny aKToM 6rrno npunaTlle ilOCTOtiHC'rBa cKopoc'nl c IIo-

ny*"*r" uu$opvauul4 o coBnaAeHI,lI4 x v xt BHe gaBHcLIMOC'tI4 OT
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ABI4XeHI4sr l{a6ilroaaTells co cKopocTblo ,t/ HaBcTpeqy eft, TaK .ITO
$arrrzuecxoe BpeMrr n@'ynrre*I,rri cutrHa,,a cocraB[rrer att = x,/c.
c nosuuuft )r(e Hbro,foHoecxorz MexaHr{KI4 u o6sr.rnoro e.qpaBoro cMbrc-
ila clreAoBano 6rt IIpLIHr|rb, qr.o BpeMsr rrocrJmneH?Ia uu$opva[Irl4 K
na6nroAarelrrc cocraBnrrer At" = x,/(c+ar).

Herpyano eaMerr4,rb, qro npr,r eroM At' =Attt +.tAt,,/c =Atu+At/c.
me A0=Ax - nym, npor?genHrrr? ua6nrcaareneM uu .p"r" 

-[yT-'" '

sarrasgbrBanrn nn$opvaul4u o Ha6nroAaeuov co6orrur.l.
Ecnz rparroBarb Atu=a91" KaK r4BMeHeHr{e MectHoro Bpe_

venu na6ruola,reI's, cBrrBaHHoe c I{gMeHeHtreM eFo Mecronoiloxe*I4s,
'ro 9To cocrTHoueHl4e craHoBl,rrcq coBepuJeHHO eCTeCTBeHHarv cnoco_
6ola nepeggera Mec,rHoro BpeMeHn noAo6no nepecqery MocKoBcKoFo
EpeMeHI4 Ha MeCTHOe CoilHeqHoe BpeMrr rrpH flepene?e r43 MOCXarr
eo BnaAl4eocroK, KorAa npoAollx(HTenbHocrb none,ra no Mec,rHoMy
BpeMeHI4 TaKlKe cKrlaAblBae,rc'r I{3 rrpoAolu(I4relrbHoc,tl4 nofie,ra no Mo_
cKoBcKoMy BpeMeHIr HaBcrpeqy cornruy H paccrosHt4E Mex{ay Haqarrb-
HbIM 14 .KoHerrHbIM nyHKTaMH., paGAeIIeFIHoto Ha cKopocrb BpauleHI4s
3evnr, Koropafi B eroM cfiyrlae BbInoIIHrre,r ,ry )Ke ponb KoHC,raHTbI,
rITo n cKopocTb cBeTa c e npeo6paooBaHlrrr4 KoopAHHaT. Cne4ysa
TonbKo o,rMe,Il4,rb, tITo B o6oux crygasx cyMMHpoBaHrre fiMeer Me_
cro IIpI{ BcrpeqHoM aBI'rxeHI4I{ na6nroAa'rens rz un$opMaulrlr, a nptr
coFnacHoM aBIdKeHI4I4, 'r'e. IIprI oAI4HaKoBbIx BHaKax 4/, 14 c,

At'=At"-A€/c .

Kpove ,roro, yqs"l'brBaq, rrro At'=t;-tl , a
npr4qeM BcerAa t)' = tn', Mo)KHo nepenra-carr '( 

B a)

(B a)

At't = ti -t)' ,
e Sopve

At =A(c,  (s6)
lae At =At"-At '=tt- t : ,  a at" =v' /(c-t) ,

Boeepaura*cb K pr.rc.  1,  rge c10 r t r>O,At^t- t ' ,  Ae=x-x ' ,
noIrYr$,IM ue ( 36)

x '+ct t=xtct t (3 e)

orxytra c yqeroM x,' vre (2) nony.ruv npeo6paeoBaHrte npevenvr (2)

7 
| = 1f- a ar/c.)/{,t - ar/").

Tarnv o6paeov, BI,IALIMocrb fiocrosucrBa cKopocT]4 cBera An r
nro6rrx na6nro,qarenefi ec,rg cne.qcrBue KoMneHcauI4H ecrecrBeHHoro
(nrroronoecrcono) cno)KeHl4rr cxopocrefi IIGMeHeHI4eM Mecr'oro Bpe-
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MeHI4 ABll)Kyulerocs Ha6ilIoAarerls B CBs314 C HSMeHeHueM ero Mecro-

roilolKeHfiflr To€. creAcrBl4e Tox{aecrBa x'/.c = x'f (c*a')t trxtf (cx'tr)c'

;;:;-'; : I;' fif t'rt 't /c) , rne .x'/Gtd=t2- 3:Ii?:AbIBaHue cl4'nra-

ra no HenoABI{xHbIM 
'qacaM, 

'trx'f(ct 'rr) c = T trf c 
I.^-:"tu*t**"

Mecrnoro BpeMeHu na6nroAatens- B cBfli3?l c ero nepeMel[enneM 3a

BpeMs sanasAblBan^"r- i2 sa Ax ='tt; , a *!i-^-.-T:,u"*tuunt"

cl4rHa[a rlo ABII)KyII?IMCfl qacaM' I{AyIltI4M ilo MecTHOMy BpeMeIM'

BbIxoAI4'r, *to'nu*ottSaul{s a6cypAnoro nocryrlara o rrocTogHc'T-

Be cKopocr?I cBera, HecMorps Ha eF,o coorBercTBr'le--npavuv ua6-

ilroAeHIrS{M, 6rrna crulu'KoM flocfleutrofi u HeollpaBAaHnoit' B aeftcren-

,reilI'Hoc'Tl4 gTor riocryna'r - oA?IH u'a $yrnart'reHTallbHblx vraSoe CTO'

nepeBepnyBurui tcHorHarolroBycnoco6$uou'recxoroMbl l r l reH?If lny-
TeM noAMenrt $antoe I{x BI4AI4MgcrbIo' @aKr xe coc'rol{'T B ToM' lITo

pacflpocrpaneHl4e cBera BnoI]He IloAqMuse'rclt HbloTolroecKofi MexaHu-

Ke, xorq 9To ?1 He BceFAa noAAaercs H3fruogenfiIo' a npuuul{rr o'T-

Hoclr'renbnocTfi - vtTrlrrosvrs, apreQax'r' He roJII'Ko He orBeprarounft

cyuecre*BaH?rri Ma,repr.aru,Hoft cpeabr (esrapu), B Koropofi pacupoct-

paHsrercfl ceer' Ho Aa)Ke lloc?ynupyrouruft elo' IlocKoIItKy ?IsMeHeI{?Ie

MeCTHOFo BpeMeHE CEfleAHO C I4SMeHeHileM fIOilO)KeHI49I rlacoB TOtrILKO

e Aaunofi a6coruotrofi cucreMe orctrera'

OTMerI4M, qITo nrcKolrbKy BctiKan KoopAI4HaTIras cI4cTeMa ecrb

I{cKyccrBeHHocoGAaHHoecpeAc'rBoI4sMepeHI4FIIrono)KeHl ' r rco6rr lua'

?loMepllTelrlHaa tzu$opMauuq e HeI:I Mo>t<e'l pacnpocfpaHrrbcfl ToIluKo

rro KoopAl{Haruoft .cerKe' 
Ho He HaIrptMrIK ol co6rrrus x ua6ruoAare-

nro B Haarafie KoopAI4Ha'r. floe'ro*ly B aeKaprosoft cuc'reMe arlg ?13-

MepI4'reII'Hoft uu{opvauut. e o6uev 
"nv"u" 

e (36) Lt=Ax+Ay+Lz'

;; 1/T77EFE, KaK B c$epv'recr<ofi cl4c'reMe' qro' oAI{aKo'

He Mel{se'r &opvy (3s), rocKolrl'Ky npra, npeo6pasoBaHul4 KoopAl{Halr

;#;;;;' dl'a"v ) v i'=o v az = z- zt= o'
B cyutrrocru Bce 9'ro oruocu'tcs He ronbKo K cBe'ry' Bonee to-

no, BcIoAy BAecL peqb uAe'r o cKopoc'E?l pacnpocrpaHeHl4g un$oprtaa-

r&1T1 c4 B KoopAl4HaTnofi cECteMe' Ko'Topa'I TOIIbKO B IIaCTHOM

cfiyqae, BpoAe oilbIToB Mailrcenlcona-Mopnra' paBHa c Boo6ure

)Ke ABIDKeHTae nro6ltx 'ten co cKopocrblo C p Oory?: o6naAats ran-

Bapr4a*THocr",o ,. *uOruoAarernrM, .n6o ecenA a Ow=@n!4r)f(4t rylcu)'

rpuqeM' ecrl4 ou* o, To' HailpoTI4B' cKop":.T^Tti:-6vner saBH-

cerb otc na6ruoAa'rens' 'raK. KaK TorAa rIpI4 x=ctr to" (z) */t '=

:7;- uiyft - x,r/c,f)= (c - ar)f (4 -'rc/cfl * c'
PaccvotpuM Tenepb llpoueccbl' conpoBolKAaloune nro6gte pealrb-

HbF I,I MbIcJl?lMbIe gKcnepuMe*Tbl l1o ?ISMepeHI{Io cKopocTII cBeTa'
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HaqaHarr c pacupocrpanenl,rq csepu.recrofi eotnmr c MoMeHTa t =0

I4g Haqatra KoopaHHar HenoaBIDKHofi otnrcra:enrno eSupa cl{creMbr
K(x,yrz,t) c ror{Ku opeHrrs HenogBra}Kuoro na6nroAarens u Ha6rqo-
Aarens, cBfraaHnorp c ABl{}r{yueftcg c uocrosnnofi cr<opbcturo 4r Btroltr)
ocu a6cuvrcc crlcreMofi. K'(xl g'rzt,ti). fipu erov na6ruoAarenr4 pac-
nollalarorcrr B Haqailax Kooprl,IHar cBol4x clrcreM 14 B MoMeHT t = 0
HaxoArrrcq g oAHofi u roit >Ke rortKe rrpocrpaHcrBa. t{acbl Ha6nroAa-
renefi rroKaoblBalor Mecrnoe BpeMrr Iz cl4nxpoHl{Bl4pyro'rcs no MecrHo-
My BpeMeupr Ha6nroaaevorn co6rrrlrrr, c oarraaabrBaur4eM B c$epu're-
croft clrcTeMe KoopAI4Har coorBe'rc'rBeHHo Ha R/" v R'fc r ec-
Trr4 c10, ?r c raKEM )Ke onepelKeHl{eM, ecnr{ c>0.3ro eHauur,
rIto Bce HenoEBl,rx(Hbre qlacbr I4Ayr clduxpoHHo, T.e. c oAI4HaKoBofi cr<o-
poc?bro, Ho He cunSaeno, T.e. noKaabrBaror paguoe BpeMs B paBHbIx
Mecrax, TeM MeHburee, qeM coFrracHo (3a) ganlue ot co6rtrT4rr Ha-
xoFg'rcq. IIo roft rt<e npriqrdHe ABl4x{ynu4ecs qacbr nayr cun$aeno c
HeIToABIIXHbIMI{ qaCaMI{, pacfloIrO}KeHHbrMI4 B TOM MeC't€r trAe B EaH-
nrrft vovenr pacnotrox{eHbl ABl4x{yul4ecs qacbl, Ho He cI{HxpoHHo c
HI4MI,I, u6o upu cMeHe Mec'ra onu nn6o ycKopslorcr, ila6o BaMeaflff-
roTcrr, qro6rt lrAru clruSaoHo c MecrHbrMla HenoABI4)KHbIMH qacaMI{.

TorAa B MoMeHT to B Mecre co6rtrus HeKoropas roqKa BoIr-
Hbr sauuMaer rronox{enr4e R=cto B crrcreMe K , uo un$opvarula
o6 orov nocrynr{r x ua6ruoAarenrc K, KorAa no ero qacaM 14 uo
tracaM B Mecre Ha6ruoAenus npoftAer eule At = R/c epeveHu, flo-
cxorrbry, oAHaKo, coFrracuo (3) uacrr na6nioAarenrr Ha crolrbKo )Ke
orc'raloT or ts, . offi roKilKyr t = to+ At - R/c = to , TaK trro

ArIs K R/t = R/to = c . flpn erov seuxyqufics' na6nrcAa,renr K' ,
cneAguIuf t3apacnpoc.rpaHeII I4eMBonHbIsrof t )KeE.@cE-
cr€Me K, Ba ro BpeMa KaK un$opvauur o6 R nocryrraer K He-
My B TetreHr4e Lt = R'/c ycrreBaer npoaBnHyrr,csr BAorrb x w.a <tAt,
rAe Mec,rHbre qacbl orcraror or to Ha R'/" 14 noKaobrBaw tL
=to+Lt-R/.=f,r,  uoeroMy r 'r Errs K' Rft ' t  =Rfto=s,

Taruv o6paoov, npl4 erl4x ycrroBr,rrrx '{acrr irro6ono rm6npAarerrer
Bceraa noxax{yr Mec'rnoe BpeMrr co6urras 14, €HaqI{T, oH rrpaBl4lrbHo
oflpe,qeu,IT cKopocrb ruo6oro o6renra B HenoAB?rx(uoft cuc'reve orcqe-
ra. Ecnn xe ua6ruoAarerur uolrbsyro,rcn Aeuxyueftcs cncrevofi K',
To rro-npelKHeMy Artrr Hr4x t'=t=tn, Ho ABr4xy[rrzftcs svecre c clt-
crevofi ua6ruoAatellb yBI{AHT ftt=@=Re voveHt
t =to , a HenoaBaxnuft Ha6ruoaar€n6 - ft'=t/(17|'

Lt-- ts
B MoMeHT t '=Do, TaK qro BHoBb Ans o6onx Rt/ t=Nft t=R/to=c.

Tor xe pesyrrbrar nofiyqraercs Sopvanruo ua (2), rA. yt/f,t=
= xt/t = x/t' = x/t = c ATrs. x=ct,
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Ocranoel4N4cs uoApo6gee Ha onblTe Mafixenscona BBIIAy ero

oco6oft sHaafi{Mocru gns cyrb6rl $ueurcu XX eeKa' Cym e'roro onrt-

Ta, MHOTOKpaTHO BOCnpoI4SBeAeHHOrp 14 nepenpoBepeHHoro c ooilb-

tuoir TO.IH9CTbI., COCTOIT5' B IIOKaII4?I oTAaneHIIOFO Ha paccTO^w6e t

BepKarla nyqoM cBera' fo'roplrfi gKcrrepnMeHTarop ornpaBn*er B

to*"tt t4=0, f i nocne ero orpaxeH?Ig B SepKane B MoMeH'T

i, , uo"upara $tlrcupyer B MoMeH'r ts , . TaK .rto veca nyta Z9

,|ou , odpa'mo uun*"u.t BpeMs At = fu-ta=t3' tlpn AB?IlKeIrI{?1

ecefi yc'ranoBKl4 BMecre c 3evnefi s KocMHqecKoM BaKyyMe co

cKopocTllo 4/ oTHOCfiTenI'HO Hero cKOpOCTb llyqa oTHOCI4TprIbHo

?ISMepHTenrrrofi cracteMbl B oAHy cTopoHy coc,raBII'IeT c -,11., a B

Apyrylo - c-f4r, TaK arro BpeMs 
^ABIlX{eHI4g 

nyqa oT gKCIIep}IMeHTa-

ropa K BepKalry cocraBl{'r Att=t/(c-'u), a e o6parnoM HanpaBlre-

Hvrr4 - At'2= 0/( c+''r)'
Mexay 'TeM, Iroxa nyq I4Aer r< eePKarIYr Bcs-yc'raHoBKa cMec'TI'IT-

ca e esnpe B ToM )Ke HanpaBileHul4 Ha L'Q =tAAl 
' 

BcneAcrBi4e
, l lerocoFnacHo(3)vecrrroeBpeM'Iua6nIoAa'rei ls lyMeHbuI4Tc' IHa

Eiu=iro, 1", TaK trro EytI aocTl4nler sep*ana B MoMetIT t"=Ata-

-ts*t, = A'fc r- cnontro 6u oH ABl4fafical co cKopocrblo c orHoc?I-

TenbHo ?raMepr{TeflgHofi cnctevsl. flpra EBI4)KeHI4II ilyqa B o6paruov

HarrpaBrIeHlII{ yc'raHoBKa 3a Lt, cMec'l'rcs e e$upe HaBc'Tpeqy
t 

ny*y ru A,l"=tAt",B pesynbTaTe corilac6o (3) plecrsoe BpeMg

na6ntoAareo" yt"ni*Tcn Ha Atr- Ler/c, IroeroMy flyq Bepuercsl K

I IeMy B MoMeHT ts=tr+Atz+Ltq=2e/c 
'  

KaK ecnu 6rt  Becb nyrb

'ynu"o6parHool inpoAel la l lc i locTo' I r r r rof icxopoct l rocoTHocH-TefibHo I4GMepurentsofi cuc'revu.
Bnpouev,sAeficTeur€rlbFrgcTlltcronbMaflbleorpesK]lBpeMeH?I

[paKr] IqecKl iHeBOSI\roxHoHSMepI4TT"IrogTOMyBOIrbITeMaftxentcona
paccMa'Tpl4Banacu nnrep$epeulrl4l I4ccneAyeMono nyqa fi ryqa' ABE-

xyueroc' IBnepneHAEKynf lpHoMHaIIpaBneHI4?II , IHeIIoABepxeHHoro
rrnHetrnovy croxteHl4ru cKopoc(efi. 3necl (puc' 2),"7uy,Ay cHoca yc"

TaHoBKl4, ny'r $artn'recKl4 lrpoAeilblBae'r ryrb tn^=t/{T&7 Me}KAy

na6np,qareneM H sepKanoM' a He paccroanl4e ( 
' 

paoAerlsrcuee Ex

B HaIIpaBneHuI{' IepneHA[KyIIgp]roM- T, I'I AoCT%faeT @pKaIIa 3a

"o"*, 
Ail =ir/" . O^uaro sa ero BpeMrr .Iacn Ha6fiIoAareil* cMe-

;;;;r *u' AVI='tAti roA vrngM oc K,cBeroBoMv nvqv 74

BlroBb oou*yrc"' nr pu."to"t** (L= ti-Ltl* ot u"p*na' B peayJIL-

TaTe qacbr yAaJnrroTcrr OT I{CXOAHOFO nOJIO}KeHEsl rB CTOpoHy SepKaIIa

r* 0o-A ,  a vx MecTHoe BpeMs yMeHbuaerca Ha At i=(L.-e)/c '

Taxnv o6paeona, At*Ati-AtJ=e/", cJroBHo 6st ecg ciacreva 6srta
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Purc, 2. fioxauus sepxarla: A, B - ilonolKel{I'Ill na6rnoAaleng

C - sepr<ano

HenoaBH)KHa orruocurenulo eSupa, a MeMeHT BoSBpara rryua x na6-

irroAarefiio cocraB[ser tq =LLt=2t/c.llpu arov paoHocrl' xoaa iry-

'refi ts ^ta =O.

Ecnz xe He yqnTblBarb Mecruoe BpeMr, t,e. A,t3,At! n Ata,
no yHLIBepcaIIbHoMy HbIoT0HOBCKOMy BpeMeHI4 pa3HoCTb XoAa AOrllK-

"u 
6"ro ts-tq --At,n6tr"-z|tl =2tk\lc'L-xr'z '"27'v)f(c2-r13/"* 0.

Tarc xan onblT MaftKeflbcoHa 6eccnopno aaer ts-tq=O, To c trerL

rofi pyt<lt rl openua BosHI4KtIa !Il4c'ro Mar€Mar%qecKafl clreKynaul{a:

'mo6rt orrblT I,I 'rcopl4s coBnanu, cneAyer nepBoe cilaraeMoe e cKo6-

Kax AoMHo)Kr4Tb Ha Y4'ar2/sa 14 npulrl4carb Irp?IpoAe coorBercTBylo-

ruee coKpalrleHlle ATIITH B HaflpaBneHI4I4 ABl4XeHI4fl.
KoHeuuo, c 'reM )Ke ycrexoM Mo)KHo 6rno norpe6ogafi' anailo-

r%qHoro yBeilI4rreHi4s AJIr4H B nonepeqHoM HanpaB[eHl4l4, T.e, paSAe-

IrHTb BTOpOe I4 ',Tpe'lbe CnaraeMbre Ha fo'r x{e paAlnKafi, Tlvt6o ilpplAy-

Ma'rb erue rax;ro-nu6o xov6unauvrro, o6paularouylo Bblpax{enlie s cxo6-
Kax B Hy{rb, oAHaKo llopeuu 6srn csgsaH cBoIlMH }IccneAoBagfiflMtr B

o6nacr*r erreKrp!4?Irre!4g5x, Koropbre IrpI4BeIrH ero K reopl{rt neSop-
Mr4pyeMoro B11 4-ry2/c" pas erreKTpoua B HanpaBJIeH?IlI ABI{xe-
HI{rr, TaK .Iro 

"ro 
ent6op 6rrn orpauurleH.

OAsaxo crreayer saMerl{'tb, qro oro't nrt6op rpaftne HeyAaqeH,
nocKonbry og to6rscnger" ToflbKo olrbl'r MafiNentcona B ero KoHK-
peruofr rocTangBKe, rAe l4Meer MecTo xoA nytra ryAa I,I o6patro n
npoaoirbuoM v nonepeqHoM HalrpaBneuurrx. Ecnu xe npeAcrasurb ce-
6e 'reoperuqecKr4 soeN4oxrirrri eKcnepltMen?, KoFAa B ABIa>KyTrIefics, cu-
CTeMe flytl I4AeT TOfiItrKO B oAHy cTOpoHy oT I4CTogHlIKa K npfieMHl{-



Ky 14 QI,rKCnpyeTCs BpeMrr ero xoAa, To IIo yrruBepcalrbHoMy BpeMeEr4

AorDnHo 6rnr, Af = g/(y4: ilo npr4H[?rny orHocnrerrr]Hocrr{ - (/o,

ri ilopeHueB $ax:'op l4-tt/c2, BbrreKaroutufi ue ero upeo6paeoeaHmfi
KOOpAI{HaT, SAeCb He nOMO}t{eT.

EctectseHHo, rrro r{ crpanHbrfi cnoco6 Bbrqzcnen?rs no efmurefi-
Hy BpeMeHH OTpalKeHtrs flyr{a o:n sepKana KaK nonycyMMbr BpeMeHu
BbrxoAa I4 BpeMeHII BogBpauleHlarr ny'ta rroclre orpax<eHfis "pa6oraeto
TorIbKo B otrbrre Marlxenrcoua, Ho He [pI4roAeH B ]IHbrx Mbrcnl4Mbrx
sKcnepuMeHTax, Harrpl4Mep, c xoAoM nyt{a B oAHy cTopoHy.

Tarnv o6paoov, nereuqapubr He 'rorrbro eftnuteftnorcxnft nocry-
nar o nocrorrucrBe cKopocrl4 cBera e nrc6rtx ranl4ileeBbrx cl4creMax
orcqera, Ho r,r coorBercrBr4e npeo6paaoeaunft llopenua-3r?nurer1na
np6rru oilTuqlecKl,rM gKclepl4MeHtav, axo6rr troATBep)KAaIoIqHM AaH-
uuft nocrynarr, u6o e AeftcreurenbHocrt4 r{r4 To, HIa Apyroe He uMe-
eT MecTa.

MNA TPETI/|I/I:
coKPAr4EHt4E A/'|-V|H

Mu roeopuMr o roM, rflro Afifr oo6sgcnenlag' onblTa Maftrcengco-
na IIopeHu EpeAIro)KI4rr Sopvyny AeftcreurenbHoro oAHHaKoBorD cor-
pauenfis Arran f, = AolfffizJ*u KaK B HanpaBneur4r4 ABHxeH]rs,
TaK 14 Bo BcrpeqnoM lrafipaBrrenrau. 3ro upeAnoxeHl{e noqrtr cpasy
)Ke BbrSBaIro BoSpax{eHi4e co cTopoHbl crre[I4airucToB no TBepAoMy Te-
ny, KoTopbre IIoIIbITaIIIICb USMepI4Tb BnOilHe OUyTTAMbTe HAnprr}I{eHlrrr
a 6ttcrpo ABH)r(yrleMcs rene, BbrBBaHHbre grtlM coKpar{eHl4eM, 14 He
o6uap;rxunn AalKe HaMeKa Ha nux" Kaoa[oco 6tr, raror? pesynbrar
ua $one usHaqanbHoft a6cypanocru caMotro upeAnoxeHrng c noenuJaft
o6rt'nroro gApaBono cMblc[a aotr]r(eH 6rm pae 14 HaBcer.Aa noxoporrl{Tb
oro coKpalqesue. OAnaKo MaxIroM nd 6un 6rI vaxnevoM, ecilIr 6tr
'rar Jrerro cgaBan cBoI4 rrool4ru4l4 rroA Har?IcKoM pearlbHocru. Pae yx
Kax<HMocrb (ueorponurcTb cBeroBoft normu) Moxer BbrAaBarbcrr oa
peanbHocTb, To noqreMy 6tr peanrrnoe orc)i:tcrBl{e coKparrren?rrr AnI4H
He BbIAaBarb Ga KoKyueecs? 14 eor lreo6pe,rarorcs sxo6u geftcren-
TenbHble BOSpaCTaHI4e MaCCbr 14 SaMeAneHI4e BpeMeHI4 ABHXyrUetOCrr
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'rena, Koropbl€ N4sr€Nlsrl4qecKH KoMneHcl4pyroT BbBBaHHbF coKpaue-
HI'IeM Am4H Harsx{eHl{s, Aeiras fix rre}r3Mepl4MblMtl. @opvanrno KoHubI
c KoHIIaMI4 co[rrmcb, oauaxo Suau'recxofo cMbrcna 14 JrorraKlr B eroM
ne 6o*rue, rIeM B yrBepx{Ae'uvr, wo $ansurueas 6anxnora nomro,,eH-
Ha, nocKorrr,Ky 9To yAocroBepsercn sanruueoru HaAnlacbro o ee rroA-
IN'HHOCTI4.

Tev ne Meuee Oftnurefin, crpofl cBolo reopl4ro, cgerratr Bce, q]o-
6rr grr Herefiocru, KoMnelrcl4pys Apyr Apyra, Bolurrra B Hee opfaHl{_
'IeCKOft qacrblo. flpn.rev, ecnv flopenu erue nbrrancs cBssarb Bce
e'nr ed$ercrbr c Bosqeftcr.euev esnpa Ha ABn)Kyrll4ecrr B HeM Terra,
'ro 3rigurelzH csggan rax rorrbKo c cy6rexrnsHrrv err6opoM cl{creMbr
orcqera, cAerIaB o6rexrvenyro peanbHocrb easl4clavofi or coSHaHI4rr
Ha6ruo.qarens.

B aer?crev?enbnocrl4 xe HI.rKaKoFo coKpaueHl4rr AIrEH n eoo6lqe
aeQopvauun ilpocrpancrBa He npol{cxoAr4T, a r4Meer Mecro onpe4e_
rieHHas MeTotrI4arecxas ourn6xa, cBsSaHHaf co cnoco60v prSMepeHHrr
ETttrH TI l{Cafi{cneHl4rr Mec$trorD BpeMeI{I{.

PaccvorpuM npo[eccbr, conpoBox{Aarou{Ire l4sMepeHue Arr}rHbr to
creplKHrr, LBla)Kylrretrocfl co cropocrbro 4r BAorIb runneftrn HenoABI{x-
HO cBrrsaHHoro c esrapov na6ruoAarerur, Koropbrr? pacnonoxeH B Hy-
neeofr orMerKe ruKanbr nuHeftrE, rrpocrHparouefics or Hero e o6e cro-
poHbl. B rot MoMeHT, KorAa nepeAlrufi Koneu crepxHrr.nopaBHrreT-
cg c na6ruotrBT€ney, nrcneAnrzft yBuAlIT aailuuft. Kogeu cTeplKnrr B
lf.onox{eHHl4 gl oTltocltTenbno mlHelZxttr cooTBeTgrByloueM MOMeHTy
h'atl . BbrxoAa omyAa un$opvauuu, aocrr{rurer? Ha6i'oA,areJrrr B

MoMeHT t4. flocronrry Ata= Zn/c, To crepxeHb oa ero BpeMrr npo_
ABI4Hercfl ,s At,=uAto, TaK arro

t . t= fon o.0nfc, T.e. Q = tef (- a,/c) @a)

. llpoaonxarr ABr.)KeHI4e MI{M' ga6ruoaare[s, B l€Koropufi MoMeHT
t2 c'repxeHb nopoBHseTcs c HI4M SaAH?rM KOITUOM. B tor )Ke Mo-

veur na6nroAareJrb yBHAnr nepeffrnft KoHeu crepxHrr B [olro)r(eHnu 0",
coorBercrByroureM MoMeHTy tz-atz BbrxoAa orryAa uHsopvaurr{, ao-
crr.rnuerz na6nrc.qare[rr B MoMeHT tr- [Iocxotruxy .Ata= t"/" r To
cTeplKeHb ga gro BpeMrr rrpoABnuerca ua [.("=4rAtz, TaK qro

h=Xo- t f2/e Arn4 A*= g/(4+/o) . (+a1

Taxnv o6paoov, B srux ycnoBrrsx corlracHo (4a) na6ruoAarenb
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saBbruraeT Am,rHbr nprr6riHx{abruHxcs o6beKToB 14 SaHI{}I{aer I,IX - (46)

y yAanrrcqllaxcs o6seKrPoB. BMecre c reM, pasaeJII4B h fi eo
Ha BpeMrr npoxoxAeH?Is crep)Knl MrIMo ce6s' Toe. Ha ta-to, na6-

nroAaTellb nollyr$47

<ra=+f (4-t/c) , ,"= arf(4+ a/c), rae la f (t2-t)-u (5)

To"nro raKylo xe KaptI{Hy rlonyqlaM, eclr?I crepx(enb u ga6rnoAaterg

noMeHsITb pOrIgMI4. TOrAa npn npn6nux{eHnl{ na6ruoAarefi'I K HenoA-

BI,IX(HOMY CTEPXHIO trTTII$A NOCIIEAHErO sABbIIfiAErcg' A IIPI{ YAAIIEIil4U-
gauuxaercg. CneAoear€rlbHo, Iro MeHblIIetZ vepe ilpl'I aBI4)KeHIrI4 c

a5conro'rnofi cropocruro 4r onrocurenr'no e$upa B noMepeHusx ua6-

ruoAaerca KaK)ruascs anlloorponl{s ATrr4H (4) tt cttopoctefi (5), xo-

Topas He uMeer un vaneftruero oruolIrenlae- Hvr r peanonoft ge{opva-

uEr4 rrpocTpaHcTBa, HpI K IIOpeHueBy CoKpaueHllio.
Paccuorpl4M Tenepb cny.rafi, Kor.E,a orHoc?ITerlbno e$npa ABIDKyT-

crr KaK lraveprevrrft cTepxeHb co cKopocTblo t4, TaK A na6rnoaa-

Tenb BMecre c nuneftnol? co cKopocTblo tr)'tr4, u nx oTHocn-

TeIIbHafr cKopocTtr cocTaBIItleT 4/',=',tfz-tt. B voveut, rorAa na6-

rrroAaTerlb [oroHuT 6UnxaftruVfi KoHeU cTepxHa, oH yBuAnT AagbHl4ft

KoHell B no[O]KeH?II4 0r, CHftIail I4.3 KOTOpOF-O I4AeT T€nepb K HeMy

B TeqeHI4e Ah=t4/G+)trr). Ho sa eTD BpeMg qacu Ha6ilrcAareng ile-

peMecrrrTcrr e edape na Ah=4lzLtr HaBcrpeqy Ha6ruoAaevoMy co-

6rrr*rro, a ux MecTHoe BpeMld coDriacHo (3) eoepqcrer Ha 
^ 

Lt"^=,
=AQfc,raK 

'rro no or?IM tlacaM npoftner BpeMl Lt=Ato+[t"=Q/c.

3a ero BpeMrr orHocuTerlbHoe nepeMeurenue na6ruoAarens I4 creprl<Hg

AoIDKHo cocTaBllTb 'lrNt, noo'ToMy BHoBb 9r= {o+'1rt4 lc r T.Q.

coxpaHrrloTcs $opvynrt (4) fr ( 5), Ho y)Ke Ans oTgocnTenbgorc ABII-

xer{Err o6reKros. kluarrc toBops, ilpr4HtMn orHm}ITerlbHocrl4 lrpogBlrs-

eTcs SAecb B ToM, ETO I{SMepeHI4g AJr}IH SaBI4C'IT TOnbKO or OTHOCI4-

rensnoft cKopocrl4 I'FMepI{TeIIbHoro npr'r6opa 14 ?IsMepsevoro o6lenra

fi He gaBucar or r,Ix a6conroTlloro ABHxeHnq e e$r'rpe. Ecnn nepe-

MHoxlrrb \48) u (46), To Mox{Ho ilorytflrrb Sopvyny fi=t/4--Jz/"7
rge t =lfff i , noropai !o Sopve HanoMuHaer $opvyny i lopeHueBa

coKparrtexlls 8=eo1/4 Ho nporllBononolKna ett no coAeplKaHltlo.

Ecrm naura $opvyaa ycraHaBIIIlBaeT cBasb MelKAy I{oMepsIeMofi (uc-

rUnnoft) ETWIH1fiL 14 cpeAHIIM reoMeTpI4qeCK?IM ?IeMepeHHbIx ( rcax<yufUx-

cn) am,rn npn npu6rm)Keul4l4 vr yftafienwr o6tema (ycpeaneuHoft asn-

erponuefi), ro $opvyna llopenua, Bo-nepBblx, npltrrl4cblBaer KaK e,

TaK Lr ro CTaTyC I{CTIAHHbIX BerIUqMH, a, BO-BTOprrX, 6eper uX B
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o6paTHoM OTHOTUeHI4I4, He rOBOpq pKe O HeSTCHOCTI1I nOBOEa Ang reo-
MerpuqecKoro ycpeAHeHr{fl aHl4soTponHu, KoTopylo K ToMy x(e cTo
Boo6ue vrnopupyer. Bnpo.rev s CTO a6conrotnrre, HeoaBucI{MEre
or na6ruoE,arerls gHaqeHvtt AIuIH orpl4uaroTcfl , a n'I4crugnoctro AnuHbt
nonuMaercrr B cMblcile coorBerdfBl.rs ee npol{BBolry na6ruoAateng e
orr6ope KoopAr4Har. flpouenonunocrb era gro6u ronbKo H cylirecr-
Byer rrcrrlsno. B cflrry eroro Aea Ha6ruoAarellrr ea oAHoft ra rofi xe
AfrnHoft AO , ABI{x(yUUecs c pasHbIMH cKopocTgMl4 /u-4 ra UZ, 6y-

Ayr l4Merb aelro c pagHbIMIa. Ho qxo6lr oAlIHaKoBo IacrtIHHbII\4tI{ Anu-
*Lwu 0n - Q1ffff u fz= fulF'l-"t/E flrcxonrxy o6e annsu
r4c'tl4Hnbr, Ha6ruoAarenl4 cMoryr norlaallTb Me)Kay co6ot? Tonbxo Ha
rioqBe orpv[aul4rr o6rexragnor? peanurocrl4 A[r4nbr eoo6ue. B CTO
ero oqeBr4aHoe o6crogrenbcrBo MacKl4pyercs oo6rexrnsHoft otuoclz-
TenbHocTbroo AIIr,rHbI, Koropari ogHagaer, .Iro Ha6EoAareIIb Mo)r{er
Ml4cr'tlqecKu HgMeHrrrb AIIITHy o6rextoe BoIIeBbrM ycI{IrHeM, rrocKotrrb-
Ky oH no ceoefi Boire cBrrobnaet ce6g c nrc6otl cucrevot? orcqera.

!.pyruvu crroBaMl{, flotr BI{AoM o6texrusgoft orgrcuterrrrHocrl4 rrpono-
BeAyercrr orHocl4TenbHocTb Brrorure cy6terrrannar. Bvecro o6rscEe-
nna (epoae [pI4BeAeHHoro), no'revy a6cornorHoe ABI,I]KeHue n eSrape
Hr4KaK ce6s He rrposrBrrfier, Siinrurefis rpocro eu6prcnru ua $ueuwt
r<ax a6como:rnoe ABux(elllze, TaK u g+up, BBeAg BN4ecro nrcneAgeno
He raMeroulee pearrbnoro coAepx{anr4lr BHe e$upa ilofle. B Aeftcrgfirenr-
Hocrl4 gTor tepMHH gaI4McrBoBaH I4e MareMatfi.Iecxofi Teoplrl4 Iroils,
rAe B Kagec'rBe rrolrrr BeK'ropa vnyr cKailqpa oH npeAcraBiurer co6oft
nornrefiu:yro a6crpaxwto 6eo rarono 6u ro nu 6grno SvauqecxoFo co-
Aeplr{anl4rro 3ro nocreAnee BogHlrKaer B Teopl4rrx o[eKTpoMarnerug-
Ma 14 npaB?rrarJurrr rorrbro KaK cocrosrHl{e HeKompofi vatepuanrnoft
cpeAu (cee'rouocnono e$npa, $uen.recxoro BaKylMa), err6pocnB Ko-
Topyrc, 3rfuurrefin lrr4runn z CTO {uou'recroro coAep)Kaur4fr, rpeBpa;
TI4B ee B ItM?ITaUI4OHHyro MaTeMa',fl4qecK)rro MOAefib, np?rroAHyro .U,IIg
pffAa npl,rKllaAubrx pacqeToB, Iro KoTopa.s He MolKeT npeTeHAoBaTb Ha
I{x lrcrorlxoBaHue n o6tscueufie.

r{ro xe Kacaercrr BceMI4 fipoKilqrono e+Hpa, ro c yqeroM Mecr-
Horro BpeMeHE epo clrlecrBoBaHr4e He ronbKo He rrporlaBopewrr npdu-
uxny orHocl{TenbHocru u nro6oro poaa SnottuecxldM orcrreplrMelrraM,
HO, Hanpo?I4B, rronHocTbro cooTBercTByeT KaK MaTepuanficTl{qecKoMy
B3rirsay Ha MI4p, TaK 14 SApaBOMbrC[UrO HOpMaIIbHOtrO qe[OBeKa, He
cBI4XHyBrIrerOcfl Ha norlBe penrrTl4BtlSMa.

flpu nonrnxe ABI,DK)'ruerocs Btronb X na6nroAareng ugNrep?rrb
EilLrHy orpeoKa t aa He[oAB?rxHorZ ocur 

U 
(prac. 3) eMy npr4Aer-
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crr HaKIroHl4Tb nHHeftKy B CTOpOHy ABl4x{eHtrrr Ha

X. = AnCsitL ,tr/C

yroII

(+e;

Puc. 3. Hcxaxenue yrnoB

Arrrr roFo, qro6rr c rreroM aanasAbrBaHr4rr cl4rrrarra Ha !,/o yBH-
Ae'tb Hg Haqrana KoopAI,IHar coBMerteHl4e [IrHerzKI4 no ecet arrft]re c
I4sMeprreMbrM orpe€KoM e. flpu erov oH, Bo-repBbrx, ItsMepur AIM-
Hy oTpesKa KaK

t'= t/"o"x =e/@J/ (4r)

a, Bo-BTopbrx, Bocnpl4Mer c?rcreMy KoopAEHar K KaK Kocoyrorrb_
Hyro c uaxnoHov rceft It u zt (rz6o ece 9To cnpaBeAryrBo r{ arrrr
z ) noa yffIoM ?f/2- x. "x ocu X . (4r) e xanofi-ro vepe o6rac-
lrerer crpeMneHl{e llopeuua u 3ftururefifia Bo Bcex cfiyqasx r€oMerp-I{-
secKr. ycpeAnlrrb (4a) n (46 ) xenaHr,reM npEBecrlr Bce ?rcKoKeHr4rr'
AnlrH K eAuHofi Sopve, Ho He o[paBAbrBaer oro crpeMneHl,re, flocKorrb-
Ky, KaK Ceft.IaC 6yAer rroKaSalro, oHo I4HorAa nplreMneMo rrl{rrrb B Me-
xaHlrKe, Ho He B grIeKTpoAI{HaMI{Keo C apyroiZ cropoHbr, KocoyFonb-
Hocrb Koop[I{Har saqepKl.IBaer perrrrrl4BrrrcrcKyro nHBap?raHTHocrb ypaB-
HeHI4rr ceeroeot Bortrrbr-r npeo6pasoBaHnrrM KoopaHlrar, TaK KaK ypaB-
Hel{r{e cfreprr B Kocoyronrnoft cucreMe coBepueHrro He floxoxe Ha
ypaBHelrve ee B np4rMoyronrnoft c?rcreMe, qro 3i*rurefttr na'rncto ur-
Hopr4poBarr, AalKe He rrperuonararr BosMo)KHOCrn ge{opMaul4l,r KOOpAH-
Har B npo[ecce I{x orpax{enus sa6np,qarerreM.
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Mr4o rlETBEpTbtfi:

BO3PACTAH14E MACCbI

Boepacrenr{e Maccbr * = 
^of7f74{/F 

ABuxyuenocrr r€rra roq_
Butrrocb y llopeHua KaK cpeEcrBo KoMneHcauI{I{ coKpalrlenr{rr alr}rg, Ko-
ropoe I{HAqe AOII}KHO 6rmo srrsblBarb HarrrxeHl4rr, He na6ruogaBurl{e-
crr B oKcrrepr,rMeETax. coeaaeas cro, eftnrurertn coxpaHlril ory cBrrsb
Am4Hbr r{ Maccbr, xoru sopvanbHo vor o60ftryrcs ?r 6ee 9TOrO. oAna-
Ko, nocrynrpya o6rexr?rBHyro pearrbHocrb coKpauleHl{fi, on 6rrn arr-
Hyx{AeH npI{HsTb r4 pocT Maccbrc

B Aeficreur€IrbHocrll, c.*pos $uen.recxyro reopfiro, He,'bsrr o6oft-
T!{cb rollbxo npI4HuI{rIoM orHoclrrenbHocrlt, Aa}r{e BbIAeITI4B r{aorporr-
Hocrb Bonnbr B caMrcTorrrenslrrrft nocrylrar. Heo6xoauvo pyroBoAcr
BOBaTbcrr TaKlr{e €aKoHaMu coxpaHeHlrs, KoTOpbIe AOIDKHbI CO6ruO.4atr_
crr c ro'rru BpeHHrr uro6olo na6ruoAarens. OAnaxo nrcneatruft cMoxer
cneaoBarb, Hanpl{Mep, saKoHy cotpaHeHH9I gHepr%I4 TorrbKo rlocpeacF-
BOM ?raMepeHl{rr KnHerr{'recroft eHepn4r{ IrpI4 BsAI{MOAefiCrSilr ABH)Ky-
UII{XC9I T€'I

W*= mr2/2 , (6)

'rTo BoBce He ?aK npocTo, ecnz yqsslb aHr,r€oTponlaro cxopocru (5)
npn npu6nuxenl4r.r Tena il npr{ yAaIreHI4I{ ero or ga6ruogaTelrs. Bnpo-qeM, nocKolrbxy cxopocrb BxoAr{,r B (6) B KBaApare, T.e. grz=t14
ecrecrBeHHo npu6ernyTb K reoMeTpuqecKoMy yrcpeAnen?uo aHusorpo_
m'I?I CKOpOCTH, IIojIoxl{B

'trt= ti'4/-z urrkr .v =1@Q= %/fi-rncv, (7)

r.Ae '?/"4 tr tz 6epyrca cornacno (b), rev 6onee nro (?) coe_naAaer c (4e), ra AanHrrfi xcperureunruz peoy*rar He saB*crdr or
HanpaBJrenurr cxopocru. Toraa (6) npnver @opvy

W* = rurf,f 2(4- rf/ca),
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(8)



a l{Mnyfibc

P = *t = **o/1/7@F , (e)

qro coBnaAaer c efisureftgogcrl4M I4MIIyJrbcoM, oAHaI(o fiMeer nporrl-
Bojgry coAep)r(aHue, flocKo]lbKy B ]ieM IIopeHueB samop

l4-*f /c'' norrBlrncs He sa c.rer pocra Maccbl, a sa cqer ycpeA-

rreHl4sr aHlaeorporrut{ cxopocreft npu HeIioMeHHDfi vacce, Koropaa nB-

nrreTcsr nocrosnHoft xapaxTepl,rcrtrrcofi Terra npl4 ecex npeo6pasoBauu-
sx KoopAlrHar. fl@ronrry na6ruoAarerlb n Sueure lBnaerc* nacctlB-

HbrM BorlnorlrrerreM gaKoHoB npupotrbl, ro (7) ue nsnsercfl ero upo-

usBonoM, a orpax(aer o6reKTnsHrrfi Snau.recxufi eaKon r€oMerpl4qe-
cxoro ycpeAHeHl{s aEnaorponul{ MexaHI{qecKI{x BertuquH, xotoprtfi npu-
Mer{llqlrbHo K AJruHaM rranoMr.ruaer npeo6paeoBaH?re IIopeHua / =
=ll.,Q= lo/1/W;p, rle 4 u ta 6epyrc,s comaono (4,a) u (46),

rro rAe / - ycpeanensuft apre$axr, a se oo6reKTr4Bnas orrrocurerrb-
HOCTI", AII}IIIbI.

t{ro xacaercs Kl{HerH.Iecrofi gHepruil (B). ro oHa orfiI{qaercs

or eicrurreftHoecKofi n,cz(4-'(freJsFz)nQ@ r Koropae re-
prrer BcrrKlrfi $uou'recrtfi cvucn npn '?r ) o, nocKonbry HeBepHo
onpeAerreHa ils ypaBHeung favnnr'rosa dW=tdP. B etov ypaB-

HeHfiI{ efinruteftn nplln?Ica[ [opeHueB $armop Macce, a MbI coFIIacHo
(7) - cropocrrr, qro npn fiHTerp?rpoBaulrl{ npfiHeclro paoilr,Illnbre pe-
oyrrbTarbr. B .racrnrcru, (B) He rolrbKo He Tepsrer cMblcila npll
/lr>o, HO, MeHrrrr 3HaK, BeCbMa EOrTIqIHO CBI{AeTeIbCT'ByeT O TpyA-

Hocrll o6napyxeuua rax?IonoB, nocKonrKy rrp{ TopMox(eHfiI,I oHu Ee-
BbIAeITflIOT gHepn{IO, a nOTTIOIUaIOT ee.

Ecnu r (8) ao6asuTb eHepn{rc noKon Wn=fttc4, o xoropofi
nofiAer pellb B cneAyrouux pasaenax, To noryqaM lronHyro gHepr%Io

W=Wx ,Wn= w&U-4r:/zc)f (4-u31",) , (  10)

Koropas rax)Ke B orf iurue or ef i iuuref iHoecrof i  mc' f  f f i ' /F
o6na.qaer psAoM gaMeqarefiaHrrx csoficrB. B qacrlrocrll, ecnu sftH-
rurefinoncrarr oHepn{s, KaK I{ noAo6aer v}r{y, He l4Meer $zaz'recxo-
r-o cMbre[a Ep]r t7c, qro nopoA]rlro flererlAy o Suon'recroft He-
Bo€MoxtHocfld AaHHoro ycJroBrls, ro ( l-O) 9To ycnoBl4e He TorrbKo

AonycKaer, Ho aalKe npeAnonataer, lllo qacrliubl Suou"recroro BaKy-

Wa (e$upa) naxoAercrr t{MeHHo B TaKux ycrroBl4srx. Eonee rono, ec-

rli qacrnubr c HyneBoft vaccofi KaK B (1O), TaK II n CTO, Moryr
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ABr{rarr'cs rolrbKo CO CKOpOCTbTo 4/,= C u60 TonbKo rorAa ux gHep-
rvrr orm'rsHa or Hyrrs, To ( 10) aonycraeT, qro u Harrpor{E, qacru-
ubr c fucxoHecnrofi Maccofi npu ,r=cTT Moryr o6naAarr xoHe,n{oft
eHeprveft tr. ExoAt{Tb B TaKoM BHAe B cocraB a0upa. Kone.rnoft onep_
rrle4 mc2/2 o6nanaror con[acHo (1O) a yoorpur"*roHbr c r->a,
qro raKx(e noATBepxAaer Bo3MoxHocrb lr pearrbHocrb cKolrb yroA-
no 6onauux cxopocrefi.

Ecnu nponu{SepenunpoBarb (?) no BpeMeHu, To uo[yril{M Ails
xax{yuetocs ycKopeH}rs B cpeAHeM

E = 4 /tmffiq " 4q eof c2 (4 - r| /cz )3/2, (  11)

rAe d, = dS/at , orryAa crreAyer, qro ?rsMeprreMoe ycro-
peHllie B HanpaBrreHI'II{ BeKTopa cKopocr}r saBbrruaeTcs KaK i=
3 "/,(lfiEX, 

a B rrepreHAr.rryrrspHoM HanpaBreHur,r - KaK
a -ao/y1-c!/sz-. Yvnoxag eru coorfrouenr{rr Ha Maccy rerra,

flOIryqHM KAX(YIIIUECS C?IiIbI, KOTOPbF BKIIIOqAIOT IIOPEHUEBbI'NPOAONA.

yYio' n "nonepe'rn;not Maccbl, xorg coBepueHHo oqeBl4aHo, ltro grD
Sopvarnnas MareMarl{qecKarr cneryrrsuris, srBHo He l{Meroqafl dfisz-
qecxoro cofl,epx(aur4rr, nocKonbKy (4-fi/c2)3a 

" 
yffib"@ or!

Hocrrrcer He K MaccaM, a K ycKopeHuqM flpu Hel{aMemiofi vacce.
Bocuonreyevca (1i-) ans oflpeaeneHr.fi{ ycropenr4s ,r, BbrsBanHortr
BHeurHeft cutnofi F = rnao. IIpn groM cneAyer l{Merrr B BuAy, qro
B c?Iny (11) peanrnoe ycropeHl,re AorDr(Ho orpaxarbcrr xaK a.orTr."
B HaIIIeM crrf{Ae A v AO noMeHrrroTcrrponrrMl4r. Vvnoxar (11)
Ha Maccy I{ MeHrrsr l4HAer(cbr 6c, uepenuureM ero B {opve

b'i= [F- (F-E) 41",1ff-'n , (  12)

rAe a%/(4 - t6/c")tta = fi. f i Tarcrv o6paoou,
Mbr fiofiyrrrtllu SHAMeHnryto cngy M}IHKOBCKOnO, e XOtOpOfi, OAHaKo,
B orlrrrsr{e or cro {4W He rrMeer K Macce Hrr*a*orc
orHouelrurr, qro rmrtrHl,rft pae noATBepxAaeT BsAopHocrr vn$a o Boo_
pacTaHI4I{ Maccbro

Bce xe, ilocKonbxy rrpbre penqrl{Blrcrbr Bbraaror orrrroHegl{e rpa-
extopufi €8prr)KeHHbD( qracrtru B COOTBeTcTB)irorr(nx ycKoplrrerrsx or
KnaccuqecKoft rpopvu sa eKcnepnMeHTanbHoe noATBepX{AeHr,re pocra
Maccbr 0T14x qacruu, o6paruvcs K TaKtrM gKcrreplrMeHTaM. fIOIIOXUI' ,tIry qacTl4ua vaccofi wL n c saprrAoM 

ft , neTrflrlas co cKopocrr,ro
t0 , orKnoHserctt noneFeqHblM gJIeKTp@Taru.IecKEM norleM Han-
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pfl)r{eHHocrbro F 
" 

tu*I'ITI{b1114 noneM c }rHAyKrMei, 6, KoTopble K

ToMy x<e BgalIMHo [epEeIIAI4K)r[FpgbI. B erov clr)nlaer nocrollbKyyre

nbr MexAy Fu F" I{ Me)KAy F 
" 

d cocraBllllor ?r/2, ro ot

(12) ocraerca ronbKo nepBoe cilaraeMoe' b.KoropoM sneKTpocra-

T?rrFcKarr cuna cocTagrlrrer F"=qE I{ nolrepeqHoe ycKopeHl{e .Ia-

crlrr{br a = Ve@ffi,u, i i,urytyrou Fu = a60 I4 coor-
BercTBylouree ycKopeHl{e a = 4roBy4-'trf/cz/m.

3m yct<openna (ro'rnee llx .qnoftHoft iltrrerpan no BpeMeura) ne-

nocpeAc.DBeHHO l4sMepsprcg B ycKOpI{TeIIsX II UX P'prE lr BeIilIrIIlIHa

He BbISbIBaIOT COMIFHIIfi. oAnaro ilpfiflI{cblBarb ?IX yN4eHbilreHue IIo

cpaBHeHr4ro c qEfrc u arobf ru pocry Maccbr HeT Hr4KaKrrx ocHoBa-

Huft, eo-nepBbrx, noroM:i 'Iro npn oroM Maccy-Y4KTo=gocperlcrBeH-

Ho He l4sMepler, a, BrBTopbIx, IIoroMy, tITo l/4- arf/cz B oTllx

$opvynaX cBrraaH He c Maccofi, a c oCO6eHHocTsMI4 oTpaxelll{g Ea-

cruueft cBoero ycKoPeHI,Is.

fleftcrenreJrbno, KorAa Ha qacrully AeftcrByer' Ha[pI{Mep, rorre-

peqHarr cEIIa ?E, TO 9TO lrpeAnucblBaeT qacTldUe ABI',IraTbCg C

ycKopeH?IeM lio =gEftu. OAnaro, nocKorlbKy conilacHo ( 12) 'racru-

ua ncKa)KeEIo BOCIIpITHI{MaeT CBOe ycKopelive 0L B AaIIHOM CIIrIae

KaK a.//7fiJF, To ona 6yaer ABllrarbcs He c IrpelmficaHublM

eft ycrcopenueu Ao ., a c ycropeHueM 4, Koropoe BocnpuHlrMaer-

cs ero aK ao= a/{'l'zr-"/c2,' T.€. c ycKopeHl{eM cl = 4oTl-tf/ca=
=qE/4'.rf/c2/m, nae pocr Maccbl coBepuenHo He rpnqleM'

, 
' B cny-'iae'npoagrnuofi cunH gE rlacrlllua TaKII(e AoIDKHa yc-

Koprrrr2cq c Lo=?E/*. oAuaro B cLlry (12) ona peanlTg 
"p.lu,ogP;-

Ter ycKopeHrle 4, Korop-oe orpaxaerca KaK ao= af(4--r/"")'u,

fAe a = qE(4't3/._")%, a Macca HeI{oMeHHa. B csoeft ocHoBo-

ilonararoule* pa6ote [r] emrurreftr, oupeAengg KLIHeT%qecKyIo sllep-

rldlo paSoFraHHono IIoIIeM oT HyIIs Ao cKopocrl4 Zr erIeKTpOHa fi

HaxoArrcb B nneHy vusuuecroro pocra Maccbl, cqefi gEepmro pa6o-

roft culrrr qE lmao, xora peallbnylo pa6oty Bbmollnner crrna wa=
= qE (,1 - ,r"1c"13'2, 

" 
nony*n HeBepHoe cocrrrrouleHlle Wr 

-[ 
gE dx=

='tt7 c2 (1/i/7+%v-/), KorAa e aeftcrelrrerrbHocrl{ "' W*-
=fqEU'L'6/o"1taO* =l^"mard.o"= ru12/ Zr r.e. (8). f loerovv
oiru6o'IHa u nonyqeHgac iav $opvyna AIIS paoHoCTI{ noT€HIII{aIIoB

[;:W;/fi,*oropur Aorrx'a HMerb B]ra A,u=marffhgU'.3/c1 -
Koma.reciseHHoe pasfiuqile emx $opvyn cocraBrlger Menee B o6, uto

B TeqeHI4e Aecrrrr4nerl.rr? o6eperaer CTO or gI{CilepEMeHTarIbIrbIx pa-

eo6naqenraft.
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Ml/o nflTbil4:
3AMEAflEH14E BPEMEHT/I

3avegneuue BpeMeHra t =to!17/7 norrBr{rrocb y Ilopenua xan
cpeAcTBo KoM[eHcalu{n (napqay c pocroM vaccu) coKpaueHEfl Arr}rH.
OHo oeua.raer, rrro BpeMrr B ABIur(yu,eficg cucreve reqer anfl HerroA-
BI1DKHOTO TTA6TUOAATEII'I MEAIIEHEEE, 1IEM ANg ABruKYIUETOC'I BMECT€ C

cucTeMofi. Kpove Tono, ero gHaqrlirTr gTo B cTlrry oTlrocfiTenbHocr?r
ABToKeHI{s o6a sa6npAarerrs 6ynyr cilt{Tarb, rrro ux co6creexHoe
BpeMrr reqer 6rrcrpee, qreM BpeMrr rraprl{epa, rr fie cMoryr colnaco-
Barb cBollx eoeopenufi, ?rHaqe KaK orplruqs o6rer$rguocrb BpeMeHn
soo6ilte, u6o CTO uocrynupyer flpanory o6oux.

B AeficrenTenbHocT% Aeno o6cronr coBeplrreHno nuage. Ecmt upn-
Hrrrb ga oranon Ato BpeMrr, sa Koropoe cBer rrpeoAgneBaer B
HerroABl.rxHov e$npe orpesoK €0, To B An?rlr(yueftca BAotrb to co
cKopocTbro 4r ornocllTenbrro e{upa cucr€Me ror x<e orpeooK cBer
npeoAorreeT co cKopocTbro c-4r B oAlry cTopoHy lr c+'lr- B Apy-
rylo, Tar<nv o6paoov, ocllu B.HenoABuxnofi cucreve Ato - 4/c,
To B ABr{xyueftca c.ucreMe Ato.=to/(c-r)=Ato/|t- t/c),
ecnu 1r 14 o corrracnbr, u At2 = fof k*a-)=Ah/Q+q-/c)teqm
onu BcTpeqnrr. lloeroMy B rrpl{Huldne np}r usMepeHql4 BpeMeH[ ABII-
x)nul{Mcrr ga6nrcAarerreM B grrrx ycrroBmrrx AoruK}ra uMgrr' Mecro aHI{-
sorpomrs xoAa ert qacoB rrpn ABI,IxeHEn ryE,a u o6panro, tlro, Ko-
HeqHo, III{KaK He CKaSbIBaeTCs Ha xOAe gTailOHIIbIx HenO[BI,DKHbDt 1I€l-
coB. EcflH )r(e B qlacax cBeT xoAI4T TyAa I,I o6pamro, clrpilr(ascb B
oepxanax rro KoHuaM {0, a npus ucrmcnrrercrr rnaclroM nepllo.qoB
orpaKelrus, To B HenoAEIt)KHoft cucrevle nepl{oa cocraBrrrrer 7o =
=23r/c, a B ABrDKyriteftcq cucreve T = to /k-t)+ tofk.+.r,)=7"/(l-.73).
B erov cnytrae aHl,rsorporrusr xoAa qacoB ne ga6ruoAaercs, a Momo
6rr urters Mecro yBenr4creHue neplroAa T no cpaBneHr{ro c To ,
'r.e. gaMeArleHffe lacoB ABIDKyuIerocs na6ruoAar€rlrr, Ko{Dopoe, oAHs-
Ko, ornusaercrr c'r JropeHleBa eaMeAileHnrr B Ftl//V p^",

Bnpo.rev, Bce oro Kacaercrr roJrbxo reMrra xoAa qacoB 6ea y.re-
Ta Mecrrrorlo BpeMeHr4, Ho He r{x noKagaHufi, xotoprre c yqeroM Me-
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crgoro BpeMeHu Aoirx(Hbr 6urs cug$aenu (oAuHaKogbr) y scex Ha6-
ruoAarenefi. .lLeficrenr€nr]Ho, noKa cBer nAeT nnow' t6 IIo xoly
ABIIDKeHId$, Becb OTpeSOK yCneBaeT CMeCT![Tbcs B ToM x{e HanpaB-
rreuuu Ha 3rNto, rAe MecrHoe BpeMrr Merrbure Lta = Ato/Q: o'/c)
Ha 4rAh/c rr cocraBnrrer t=4fu-rAtt/c=Ato, xan u Ha He-
TIoABI{xHbD( gacax. Bcneacrnue groro, nanpuMep, qacbr MecrHoro
BpeMeEIiI, ABlDKyrunecs BMecr€ co cBeroBofi notrrofi, eoo6rqe cTosr,
T.e. IIOKA8bIBaIOT OAHO llt TO )|(e BpeMq, I{ IIO UX IIOKagaHI{sM CBeT
pacnpocrpagseTcrr MnroBeHHo. 3ro ana"clr, rrro Bce [po[ec€br B
ABltxyEeftcs co cKopocTr,ro cBeTa clrcT€Me npoTeKaroT SecKoue.${o
Aoflrg, ecmr oprenTgpoBaHbr I{a Mecrn€ BpeMrr. t{ro x<e Kacaercrr
ABIDKyIIrtrrcs co cKopoqrbro 7/ qacoB MecTHoIg BpeMeHLr, TO CorL
rracno (3) npu At =tAto r,rMeer Mecm orcTaBanr{e MecrHoro Bpe-
MEHU OT HEIIOABHX(IIbIX SACOB

At = AtoQ-+/c), (  13)

Korop@ B orrnrque or saMeArenur rrD llopenuy-eftnuneftHy HocHT
o6paruusrfi nuueftHbrfi xapaxrep. Orvernu Bce )Ke, "rro gfiHilrtefrgoe-
cKoe saMeaneHl'Ie BpeMerII{ - 9To eaHHcrBeHHrlfi vn0 CTO, uverounft
peallbrrbre ocHoBaHr{fl, a ero Nansnr$rrcrr coqnoHT n nesepHofi sop-
Marrl{gaulfi yKaaaHxono npouecca, Koropas, BnpolreM, BecbMa ue6ee-
o6uAna a QuorxecnoNr orHoruesnu. B rracruocru, oHa rropoAl{na uu{
o [apaAorce 6nuexeqoB pasuoro Bospacra, rotopufi, KoHeqlio x(e,
He MolKer l{Merb Mecra. !.eno n roM, qro BpeMs no Oftnruteftny
Moxer rolrbKo aaMeAlrsrbcrr, qro npl{ ABID(eHI,rI4 oAHoro us 6ilfislre-
rroB c BosBpauexueM B r{cxoAHyro roqKy npl{BoAtrr r napaAorcy. B
AeJicrsllr€nbHocrl{ x(e ilo Mepe yAaneHl{s ,(BE)K)nqer-ocs SnugHela
ero MecTHOe BpeMsr yNdeHbruaeTcsl, Ho no Mepe BosBpa[(eHl{s - HA
cToIIbKo )Ke yBelrldglrBaeTcsr, T.K. ej$ar .lf s (13) cTaHoBIiTcrr npo-
TfiBOnOnOx(HbrM, I{ BoSpacT nyTerriecTBerlH}rKa B peSyfibTaTe HEqeM
He orlrl{qaercs or Bogpacra ero 6para - AoMoceAa, xors Hapyue_
gus 6uonoruqecKltx pI{TMoB B rrpouecce nyreuerBl{rr MoFyr E cKa-
SaTbcs Ha cocToflHl{tl SAOpOBbrr.

Boo6ure xe corrracuo (3) vec-ru.oe BpeMrr saBrrcrrr rolrbxo or
prEnolloxeHl{s .IacoB I4 He SaBNC}IT or cKopocru ABH}(eHIig, T.B. xB-
paKTepusyeT npocTo paccTosrHlre Mexgly HenoABlDKHbIM I4 ABuXyUtrM-
cs sa6ruoaarerreM, qro noeBolrser roBoplrrb o rrpocrpaHcrBeHHo-Bpe-
MerrrroM KoHTaHy)n\re, xoroprrft B mrMqr,re or cTo ouepr4pyeT He
MHI{Mofi, a BIIonHe BeruecrBeHuofi xoopAuxarofi BpeMeHr,r. Oror xog-
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"r.rHyyru 
o6pasyer nirocKocrb (36)

MeprroM npocTpaHcTBe x,qrz )t,
Hnu t, ct, rAe (- 1t+ X'tz 

( prac.

X * ! * z *ot = cto= Const s qeTblpex-

KoTOpArr B [ByxMepnorra uao6paxe-
4) upeepauaercrr B npsMylo (+

Prtc. 4. Konntnyylvl

+ ct =cto'const, 3Aecr ruo6oe co6ume xgpaKrepilsyeTcg ro"Ixoft

ua eroft npgvoft. a r{sMeHeH?Ie cl4cTeMbr orcqera npI4BoA}lT K [epe-

Merrlenrrro uao6paxarcruefi ro.rKn B lrpeAerlax erofi npavofr, H c eroft
ToqKu speulrs uto6sIe npeo6paooeaHl{rr KoopAl{nar (ne ToiIbKo railu-

neeaux) He nogBonrrror HaM BbrpBarbcrr I,Io npeAelroB nrrocKoro npo-
crpaHcrBa, oaAaHHoro KoHTI,IHyWoM. B cyuHocrH gro o,aHarlaer', lITo

npr nrc6ofi aeSopvauul{ cl{creMbr KoopArrHar, paccrorrHue no KoopAI{-
nattroft cerKe or Mecra co6grryrs ao ?rcxoAHoro ilofioxtenl{fr Haqalta

KoopAuHar ocraercs He?IoMeHHbIM, T.e. qro a6coruorHo cyrqecrBylo-
uee peanbuoe npocrpaucrBo BIroruIe 6eepaoml.rxo KaK K HaIITIaM r€o-
MeTpI4qeCKnM ynpilKHeH?I5M, TaK H K OTIIOCI4TeIIITHOCTIII Ha1III{X IiISMe-

pennft, BaBI4crrrrIHx or lrcilorrboyeMbu( cpeAcTB u ycnoenfi ilx npLIMe-
HEIIA'I.

Paccvrorpuv ue o6xoAuM ocrr, A rnr Me xaHlIKlI I4MeHHo r€oMerpuqe-
cKoro ycpe,qHeHrlfl BpeMeHr.r Ha npr.rMepe e$Sexra ,il.onuuepa. Ecntt
6rr ncro'IHuK ceeba 6btn senoABr4xeH r4 pacilolrararcn B Haqane Ko-
opA?rnar (prac. 5), To sa nofiynep]roA To /2 = Lf2 r)a, nae to
tracrora cBera, Bomra npoAenafia 6u nyrs Bo Bcex HaflpaBnegl{sx

-70/Z = cT, /2, rae .tro - AIMHa Borrabr. 3ra xaprslna neo6pa-
)KeHa cililouubrMla rrI{HI,rfrMIr. Ilocxonsry x{e HcrorrHHK ,qB}Ixercs Bnpa-
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Plrc. 5. e$Sem'flonnfiepa

Bo eo'cKopogrblo 4/', To 3a sro BpeMrI oH cMecrl'ITcs EAonb .f Ha
4rTo/2 1r Ha cronbKo )r(e aorosur $pour npaeofi Bon*br, Ho orcra-

Her or sponra neeoft BonHbI. Ecnu se ycMTbrBarb MecrHoe BpeMs
r4cToqrraKa, To 9TO npI4BeAeT K yKopoqeHurc (yvenuuenurc anuual)
npaeoft Bonribr lr K yArMHenuro neeoft. oro I{ ecrb KlraccuqecKllrfi (no-
penrrrfiBrdcrcxy_ft) e$$exr .[,onnnepa, rAe:,i a = k - t) To, ], =

l . /n, 
= Jo/U -.tr/c), .Az = k+4/.)To , l"= lo/Qti, tr/c').

Ecnn xe yqecrb, lrro no orrrorueHtr'o K [paBoMy SpoHty MecrHoe
BpeMs ucroqHilKa ,qonx(Ho Bospacrr,r Ha nrT4/Zc $ coorBercrBeH-
Ho yMeu.brrrr{r1ga $ry1u"recrnft nepuon _ [. no ortoueHr{ro K 7;,
TaK qro T4=l;-ar[/c, unn T =fo1{.t*tyr1, a r-ro ornoure*r{ro K rre_
NOVY {POXTY MECTHOE BPEM'I AOIDKHO COOTBETCtrBEHHO YMEHbIIIIITbC'I,
TaK nro 7;=\/(a-a-/)To rrepea rtcrgrrgr{KoM BoBHHKTTeT npo6neva yc-
peAHeHns MecrHoro BpeMeHI{ c r€M, 'mo6rr ono 6srno eaI4HbrM no
orHorueHl{ro Ko BceM $pontav. 3to voxno cAenarb, ToIrbKo o6parue-
IUfiCb K MECTHOMY BPEMEIII4 I{CTOqIHI4KA IIO OTHOUEH?IIO K $POUry EON-
Hbr, pacnpocrpanarouteficrr BAoirb 

!, ircxonr,Ky €Aecb coxpaHrrercrr
cuMMeTpuq oTHoclITeIrbHo ficToarHlilKa 14 HeT HyxAbr ycpeAHsTb MecT_
HOe BpeMrI.

^,prrr,lovenr 
folL ocb g, flepeceqer $ponr, rpoAenaBrrrufi nyru

r. tt/& r{3 HaqaIIa KoopAI{HaT HeIToABI{xHOfi CUcTevgI, TaK qTo
r4croqHux, cMecr%Brrrr4ftcg oa eTo BpeMrr Ha ti;/Z BAonb ,t,

v

x
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oxa.lxercs Ha paccrorrHr4n f"F:-Tt/e or Sponra, r.e. ero
$arru'recxnft nepuoa 

"ocrurri G=f|17@"p, orcroAa scno,
.rro eal{Hbrfi uepuon Arsr Bcex Spouron [orryiraercrr r€oMerpfiqecKr{M
ycpeAHeHr.reM f, u 1r -.rr coBnaAaer g 4=VTIZ. C y"rerov
ororo o6crosTenrcrBu 

- 
tU =1g -ar)[, , i| = (7 + qr)E- . [| = cT^ .

ni= io1/@*.t,J61@, il= qt@ ,-l!=f;16"/:W,
T.e. lrMeef Mecro pe[rrrr{Bricrcrmft e{$exr Aonnnepa,

lloaueprcreM errle paor, qro f,eoM:e.Tpltgecxoe )rcpe.rureHue Mexalrr4-
qecKux Befifi !rI1IH, fl pl'rBoArrruee r npeo6pa3oBaHl4slvr rI openua-3ftnrureft-
Ha, AonycTlllvto ToIrbKo npfi H'aruIqul{ MexaH?Iqecroft anngoTponuu, Aa
lr To ga cqer yrparrr srofi aHl{sorpormra B coorBercTB}4o.rugx onl4ca-
Hllflxr flocueAnee l{Meer Mecro B Bom{oBoM ypagHegfiI4, Koropoe ItrL
Hopl4pyer pearrbHyro aHlasorpornro BoJrHbr npu ee npn6maxenv$ E y4a-
ireHI{I{, Ho oaro fiHBapr4aHTHo r npeo6paooBaHusrM CTO.

r{ro xe racaercrr orrbrra Mafixengcona, To B HeM Her aHnsorpo-
ryrl,r Ht{ Enrrn, Hr{ BpeMeHLr }I noroMy raM upeo6paeoeanlta llopenua,
noo6ue roBops, HenpfiMegl.rust. V rolrlrxo HaIrolKeHI,Ie cny.rafinux o6-
crorrreJrbcrB, cBrrgaHnux c rco6eHHocTrrMlir xoaa nyueft ryAa, o6par-
HO H norrepeK ABltlKerrlrrrf npIirBoAI4T K AorDr{HoMy pe3ynbTaTy, KoTo-
plrft eupo.reM He coxpaxrrercs rrpn vlanefturev fiaMeueHuu ycngsnft
sKcrrepllMenra. Boo6ue )r€ B grleKTpoar4naM[Ke, Hanp]rMep, He[paBo-
MepHocrb npeo6paeonanuft roopAnnar CTO BbrpoKaercs B Hapylue-
HInr{ rrpnHul{ua orn'ocureJrr,H@Tr4 n B nopoxAeHl{H HoBbrx vu$on, B
aIeM Mbr ceftqac y6earavcn.

MilO II|ECTOyT:
nonE ABl4xvl4l/lxcfl 3APRAOB

B garue BpeMrr xaxArrfi co uironbHoft cnavru oHaer, .rro 6nano-
Aaps Te opaH ofiI oc?ITenbHocTll npeAcKaoaHo cnjrloulltBaHlle erre-KTpr{-
necKoro noJnr pensruBucrcKoro srreKTpoHa, npl,rBoArruee r 6earpaxu.r-
HoMy pocry ero Hanpsx{enHocru E B HanpaB[eHI4I4, nepilenA]rKy-
nrrpHoM BeKropy cKopocrr{ E = Eo/1ffiF, r[e Eo - Hanprr-
)Kenuocrb lro[rr HenoaguxHoft qacrlrtubr, Mnorrae onalor, qro sro cneA-
crBrre Sopvanrnoro nptrMeHenna upeo6paaoeanr,lft ll'opeuua, Tre, reo-
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METPI{AIECKOTO YCPEAHEHU'I A}IUAOTPOTII4?I KOOPAI,IIIAT il BPEMEHI4. 14

TOnbKO HeMHOTUM BeAOMO, qTO AaHHOe OTKpbrTIte He HaxoA?IT gKcne-

pI,IMeH TaIIbH OrO nOATBepxAeHUrr.

[eftcrenrerrbHo, ecwr Bepurr, CTO, r coBpeMeunbu( ycKoprrre-
[rrx, rAe cKopoc,rH llacTuu rrpeBocxoArrT .Ir= 4,99c, noJle eaps-
xennofi qacrltubl nojKanlrgyercsr B o6nacru, orpaxr4qeunoft ynaov 0
ropsrAKa lFryc= (pnc. 6). lloerovy uorre qacrr4ubr, nponeraro-
uefi MHMo orKrronrrrouero orerrpoAa ruupunofi h, eooAeficreyeT Ha

Pr,rc. 6. Ilone sneKrpoHa: 1 - enempor, 2 - ejrerTpoA

Hero B Teqenue At =(l+rr@)/u, coodurag yAenanuft uMryrrrrc

E At = Eo ( n + "c1@)f 4,t/7;"/V * rot /dF - rl

tAe .' - paccTosHl4re oT qacTuubr Ao gneKTpoAa. eroT l4Mrryrrbc rrpfi
AocryrilryrbD( cKopocrrrx AorDKeH B AecrrTK?I pa3 rrpeBbrrxaTrr tlMnylrrrc,
Hanpl{Mep, trpm 'r2/ca = O,5, a Hanpsx{eHHocrb E nons qacr;4lrbl-

BO CTOnITKO )I(e pa3 npeBbnuaTb Eor. uro, oAHaKo, trI{KoFAa He oTL
Mearallocb B ycropl4Tenqx. B Aeric,rBgtenbnocr?I x(e c poc,roM cKo-
pocT% HanprDKeHHocTb llons gacTl4ubr B HanpaBireH?ru, nepileHA]rKyrrsp-
HOM BeKTOpy CKOpOCT?I, He rlgMeHae'r.cn, a l{Mnynbc Aax{e )rMeHbrrla-
ercfl. flpnrev HlrKaKlre $orycu c npeo6paaoBanneM KoopAlruar, rrpu-
BOASlU?re K pocTy Maccbr oneKTpoAa, He crracarcT lrono)KeHl4e, noc-
KOIrbKy, KaK Mbr BI4Aenlr, 0ToT pocT - To)r{e vud. Ho Aax{e eciln Ao-
nycrl{Tb, lrlo B nocrreAHeM cnyqae Arrsr ABllx(yqerocn na6ruoAateng
KoH[bI c Ko]IuaNlI{ cxo!5rc'I, To KaK Mo)I(Ho Bcepbe.3 npunuvarr Teo-
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p?rlo, Koroparr AaeT Suan.recru paanble pegyrlbrarbl AnR HenoABHxHo-

ro E ABI4X(yIIIe|OCJT Ha6rgoAarenefi, .lro rlporl{Bopeqlr npI4HU?my OT-
grctlterngocrr?

flgmulna erofi orur,r6Kn Kpoercf B HeBeprroM ycpeAneHr{r{ ar{I{Bor-
porII{H OneKTpualecKoro noilrr, noTeHul4arr w I{ HanpsxelrHocTb KoTo-
poro ( a raKxe cscsanusrfi c neft qepeo KoHcraHTy BeKTop cMerrle-
uus D ) sxonsr B BbrpaxeHue Ang KfiHerlaqecKofi enepr*ru Wx =
=gud/cz arneftso fi noroMy H]ry(Aarorcs o apn$r,aemqecKoM ycpea-
HeHIru. MexaHu.IecKI{e xe Berl?rql{Hbt Herr ocpeAcrgegu o He yqacrB}4or
(ne rpurcnp)aorcs) Bo Baal{MoEeftcrsufi oaprrAoB.

Mexny reu eftnunefin, npgoparl,tB reTbrpexvepunfi KoHTITHyyM
IIpocTpaHcTBa - Bp€rNreHI{ I,Is KaxI4MocTl.I B yHl.IBepca[bHylo o6terrue-
H)rro pea[bHocrb, 6rrn aluyxAeH MexaHIlqecKI{ ilepenecru $opvanaxo
IdHorAa cnpaBeArrugble B Mexanuxe npeo6pasoBaHlrs Ilopeuua B eneKT-
poAIiHaMlrKy, rAe oHI{ BceFAa HenpaBoMepubr A&Ke {opvanano.

[eficrorte[r,H o, eclt]r l,tHTepnperHpoBarb BeKTop cMerrleHurr KaK
nlroTHocTb cBssaEHoro SqIlsAa o Ha HopManr*rofi nonro noBepxHo-
clrn 5/ ,;"; f =Ag/a$ *o Di=dgr/d.gdz, Do = dyo/dtdz,
U2 = 4lz / 4x 4t . floemvy npfi ABrrx(eHfir{ ucrolrrmra, nra6o npu-

eMI{uKa nonrr BAotrb I . co cKopocrbro .1/ corslacHo (4a) u (4s)
HMeeM dx' d.y' sin ( d,ll dy,) = dx d{ fu(sr/Z -ny(./ -1,'k)/77/V=

-dxd//(4-.t/c) n dxtd<tsin(dxti'dz,) = d, dz/(a'dc), rrro
c ytleroM (46) npr,rnoAl4T K alll.Isorponu^ D! v Dz no

cTopoHaM npI4eMHuKa

Dla,z =Dr('tx tr/c) u D/r,r=D"Qtr1Q,

Koropas npu apu{veruqecxoM ycpe'ffreul{I{ nonrr Aaer

(  14a)

Di=@yr*Diz)/z=Dr " D;=(Dh "Dl)fz=D,. (146)

Taxuv o6paaou, BonpeKI{ CTO, nore B noneperluoM HafipaBne-

HI,rU rrpg ABH]r(eHUH Oaps]Kennofi .Iacfi,IUgr BAoIIb L B cpeAHeM ocTa-

ercrr He?IaMeHHbIM, a He pacrer Ao 6ecroHeqHocfi4 ilpl4 'T-+c.Hto

x(e Kacaerc, Dl, To B.cuny (4e) u (4r) BoBHlIKHer cl{MMerpuq-

Harr orHocl{T€nbHo ocvl x aEl'I?orpofiI4g iloJlg, KoFAa cfipaBa ]I c[e-

Ba, cBepxy 1{ cHI{3y q_ OC?I BeKTopbI CMeueH?I5I oA}IHaKOBbI no Mo-

Ayrrro 1a-put*t Drfiffc::t', Ho I{MeIor Bcrpeqgble HaKiroHbI K ocla
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x, Trer Haxo.qrrTcrr noA yrtroM 2oC Apyr K Apyry; TaK rrro I{x npo-
eKUtII4 Ha X COCTaBIISIOT

Dtr =Dx cos oc =Dr(4-.rr"/c'), (  14s)

a Ha nnocKocTb yz I

Drt/+ rF si n d. = p, .y1@"/",:E/ 
" .

KaxGyro cuMMeTpuqugo fiapy laKux BeKTopoB MoxHo aanl{@lrb B
KoMnneKcuofi $opve xax

4t* = D,!4u47(/7:;Tt jr/.), 1t+a\

rne j =!FV .
flpu erov no[ycyMMa xaxAoft napbr nport{Borrotro)KHbrx BeKT\opoB

B cpeAHeM aaer ( L4a), a nonypaouocrb lrx ( 1 n) xapaxTepr{ayer
Harfrrl<eul4g, Bo,3Hl4Karou(ue B oxpy)KaroEeft ncroqHldx norur cpeAe B
ruIocKocT% !2. I4a aHuaorponul{ Df fi Dz c''e'yeT{ qTo norry-
pasHocTH

(D;, - Dh)/z = Dror/e { (DLz o))/z=D.er/c

npeAcraBlrsroT MoMeHT BparleHl,rs npo6uoro gapqAa uotr soaAeficrel4-
eM aHlzoorpoilI{Id nolrfl no cropouaM or Hero, noropurl ilpoflopulioua-
rreH rrpol{€BeAeHl,rrc ',l/ u Dx r{ rrailpaBlreH nepneHAl4KyJrsrpHo ruro-
cKocTI{ 1f v I), a nOToMy Mo)t{eT 6rlrr eaflIaca' B Sopr"re

rAe rt=efl, a E
floxoxe, rrro ero -

(  14r)

(16)

IneKTpI4aIeCKOrO UOIIs.
gggtry ggeficrBlrrr, sile KT!

( t_5)

.,To paB*oculrbHo nofrBne'?Ilo MarHuTI{o.o rroJlrr Hanprr}KeHHoctoo fr
B ceoro oqepelqb paatlallbgag aHl,Iaotponfi^ Dx noAo6no var*

HHTHOMy rrOJrrO MOIKeT I{HTepnpeTUpOBaTbCrr KaK HeKOTOpOe CKaIIsrpHOe
nolre Harrrrl<euufi cpe,ubr, rroreHunarr Koropofo us-- ulAlmVoosYfc,
a HarrprrxeHHocTb

.>->'>

H = arrD,

{"=-goool n",

- HanpsxeHHocTb

IroreHul{an cna6oto
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poMarul4Ttroe npol4axolKAenl'Ie Koroporo ycKonsoHyfio or CTO BB?IAy

npene6pexeHua alrl4sorponlzefi nona'

Ans ro.Ieqnoro i lcrotlnl.Ka I{3 (16) cnenyer norenu?Iafl &c=

=q.t IF=.TF cos f/4re+c,-ry4ir;,fi croBno 6rt cooAaercs

cn-a6uv aaprrtroM d" 
= ?-/ffi cos f/c, rAe Y yron vex-

--;* + - ,{Jt nlno",neHnocrb 
"nu6oro 

nona Ee=g"/4ret
ry D v 4r. lPu eryv HalrpsxeHnocr:
s sN,taueHue Dc-=ehc'

Taxoe Boal4MoAeftcrBue MaKcuMairbHo npu <r/c: O,7 u V =O,

HO H TtrAa oHo cocTaBnrreT flI{iub are'rBep'rb KyIIoHoBcKOft CUnlr I1

yMeHbruaercs Brltrtorb Eo Hyns c yBe[I4rreHIreM t( go 9r /2 u or/c

AO eAI4HI4IlbI, a raKxe 14 C yMeHbuIeHr{eM cKopocTl4 aO Hyns'

Cna6oe eaal4voAelzc'rBl4e BMecre c ( 14e) eepoqTHo fipl4rlac'rHbl

K npaBI,ITauuIl, o qeM pew' noftAer HecKoIII2Ko noox(e'

Tannv o6paeov, cornacno ( l-46) u (1-4s) KaK nore AB?Ix{yue-

rocs IrcToarHI4Ka, TaK I4 HenoABIDKHOe nolIe, BocnpI4HI{MaeMoe ABI{Xy-

lUUMCfi npHeMHI4KoM' oKagbIBaIoTCsI HeCKOIILK0 noBepHy'rbIMI4 B C{O-

poHy nnocKocfl4 !., 
TaK rl'ro

(17)

3ro none Aax(e ilpu zv=c B orJll4lMe ot CTO BoBce He cTa-

HOBUrcrr 6ecrcouequbrM, XOTg KeK I4 e cTo ono co6npaeTcg B IIilO-

cKrcTI4 Az. 
Ecnra xe Hac l4H'repecyer nofle B npexHeM HaITpaB-

reHI{?I, T.e. noA yriloM V K ocl4 x , To crleAyer orKoppeKTl'Ipo-

BaTb nollyt{eEHble peoyIII]'raTbI, Bblpai3nB c uovoufuro (17) DX vr

Df sepes Y':

A-'DcosY=D*'U' /@
VT

D g =D sin V = D s'in Yt (4 - 'l"/@
flepecraetss rrrrpl4xr4 y ? 

^ 
v'. 14 rroAcraBngls. erlt Bbrpax(eHug B

(L46, e), uony'rnM Ans nolrg ABEx(yuerocg sapelAa B ]rcxoagoM Ha-

npaBIreHI4I'1

tst' =Di/D; = tf v /(4-*'/'")
vl
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Dtr=Dr1t-o%)/@,
Dl=Dgu-otte/@
t4fiu

-++fl=T1.r-r71f@
Paccvo,rlrzM ,renepb aKTyanr,Hoe c roqKu opeHl,rr rrplr'ulrfla or-

HOCI4TeITbHOCT'r4 napalurerrbHoe ABlir)r{eHue esat4voAeftcrByroutr4x saprr-
AoB c oaEHaKoBbrMt4 cxopocrsMra 4t'. B erov cflyqae orpilnel{Hoe
/HenoaBr4)i(Hofi" cpeEofi none ( l-z) anraxyruer.oerr sapsraa Aorrrxno er{e
oTpa3u'tbc't ApyruM ABHx{yrqnMcrr GaprrAoM corrlacHo (I4). llpu erov,
ecIIlI B nepBoM cnyclae cPeaa ABl{xercfl oTHoc}ITenbHo I{cToaIHI4Ka IIo-
IIs co cKopocTbro - 4/ , To Bo BTopoM clryalae flpI,IeMI{tIK nollrr ABI,r_
xeTcrr oTHocI{TenbHo cpeAbr co cKopocTbro 4r , TaK q,ro

{,,

lo;
= D)42 fifr@*;-/d@=D,(4-'/c) 

1ra)
= Dlt,z(i r tr/c) = D, (4- c/") ,

f'=f( - ,7".) 14 Vt'= 9 ,

oTKyAa

(  lBa)

To. xe Mo)r(Ho llonyql4'rb, roAcraB?IB.( 
T) 3 Sgpvvry anfl culrbl

f lopenua T"=O-.arE, 
"o" " 

y**ov ( 15 ) 11=,1/x u'. Haxoseu

$opvanruo ( 18) voxHo notrytrllTb nyreM nepexoAa or KooggrrHarnofi
cr{creMbr HenoABI{x(Horo ua6ruoaarens, r{Merouero Aelro c D', K Ko-
opAl4Harnorz cncreMe saprrAoB, I4Meroruux Aeno c D'. 3to npeo6pa-

soBaHI{e noapaayN{eBaer, "rro d!" = d!' rdztt = d,z', dx't = dx/(4-t-/"2

T.€. cpeAHee apnSver'fi.Ieg5oe-Jg- (2), pi orirurlue or cpeapero Feo-
MerprrqecKoro dx'(= dx'fi/4-t7""', Ko'r'opbrM norrbaye'rcs CTo. Tor-
Aa Di = dg/dy"d"" = Di, Di = dg/dxt' dzt',.' o/.(!-r."1c".), B ro
BpeMs xai< -e CTo c y{erov'(15) D' ;=f l iy '7;yV, l l ro

$opv anrn o co orBercrByer re oMerpfi qecKoMy ycpeagenrap a Hl4gorpo-
nl4ra gnexTpl{qecKoro nona. EeaycJroBHo, pesy[brarbl ( ]-B) paorzrenl-

Ho ortruqap'rcrr or peoynbraroe CTO, Koropbre no cyuecrBy npo'ru-
BopeiraT lrpunltr4ny orHoc?Ir€nbHocru, ToFAa ran (18) evy crporo
cooTBeTcTByeT, TaK qTO BCrr pensrTlrBl{C'.rcKarr oneKTpOAI{HAMI,IKa -
cnnorrrnarr vrac'rn$nrcauua.
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Tev He MeHee,

SaprIAoB C paaHbIMIr

AyeT

DU'- Dr(,|+r-r/C),

nocKorlbKy ue (18) AnI Bcrperfioro ABExeHI{a

cxopocrlivu 4r4 tr tz npH t=lft2 cre-

rne Dl=dU14"'r4rrr 
^ 

D{ =dg/dx d",

To BIioBb nofiyqaeM Qopvanrnoe penttrl{BllcrcKoe c[o)KeIII4e cropo-

creft no Sftnrurefiuy

ta = d x "/ dt = /, t /1 4 + ar, n * / o2) dt = 1 ai +'a")/(4 + ai q,e /cz ) t

rge clx/dt-- ai+ae, Koropoe, oAHaKo, B HaIueM cnyqae cilpaBeA-

Jrr4BO TonbKO B paMKaX gneKTpoAI{HaM}IKI4.

Mt/t$ cEAbMoDi:
nonE ABl4xvlqvtxcf MAcc

flanuraunoHnoe noJre - eto c$epa AegrenbHocru o6ueft Teop?tll
ornocurerlbHoc'ryr (OTO), roropan, npereHAyg na o6o6urenue CTO,
5.eM CaMbrM O6O6Uaer I4 nOpoKI4 nrc;1eAgeft, nOgTOMy gOIIbITKI'I HeKO-

'ropbrx yseHblx, cilpaBeAIII4Bo Kpur?IKyloutux OTO [3] , I4cKarb BbI-

xoA Ha nyrrrx CTO eaeenovo o6peqeurt.
B neficrsurenbHocr% Aeno o6crouIT elue xyx{e, u6o novravo Ao-

Bonbuo upoHSBoIbHux o6o6UeHr,rfi OTO cogep)Ki4T lI CoBepueHgo I{e-
gasr4cnvrrfi or CTO upr4Hul4rr gKBHBarreI+THocrl4 FpaBI4TauI4l4 I{ .qB}I}Ke-
nzr (paeencrBo raroretouefi u lrnepruofi vacc), ouru6ounaa rpaK-

toBKa Koroporo rrauaer OTO ecgxono SuauuecKoro cMblcna Aax{e

no cpaBnellnro Co CTO, Penq'll4eucrcxufi ilpVHUI4II eKBI4BaneHTHoCTt4 -

9'To AeBrrTbrfi rrar,lS reopl4?I orllocl{Te[bnocrl1r o HeM perrb eue noftaer,

SAeCb X{e paccvjoTpl4M BnI4tIH?Ie Ha rpaBI4TaUrOHHOe none ABI4)I{eHUg

""" ffi;"ffiX#f 'ffi"#:Xl*,0'or*""Koro cMeure*I{s f B oIIeKr-
poaHHaMEK" .ut993g 

B paccMoTpeHl{e BeKTop I'paBI4TaUI{oH}rDro cMe-

r[eHr4rr I'=d'm/dst To [pIiIMeHI4'rerIbHo K HeMy oKa]I(yrcg cilpaBea-

rr?rBbrMl4 cooruouerrr,is (L4a) ilpeAblAyuero pasAelra' nocronbKy B
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srl4x [peo6pa3oBaHr4rrx lireMeHrrercrr TorrbKo rrnoulaAKa d{, oAHHa-
KoBasI KaK Als gapgAoB, TaK I{ Arlrr Macc. Iloerovy Arnr rro[s, KaK
Bocnp'lHrlMaeMorlo Asnxyuerzcs co cKopocTbro u BAorrb ocr{ L
Maccoft, TaK u AJIg noffI anuxyueficer Maccbr, uMeer MecTo aHl,rgor-
ponEs rpaBr4Taura?I

Gi,z = I't( t i r/c)
(  1e)

= 
QU 

to-/c), =f)(4t q'/c),

Koropas HI4lreM He orlMqaercrr or coorBercTByrouefi aHuaorponl{?r
I [eKTpI,r qecKoFo rr o[s.

OAnaro, nocKollbKy B MexaHfiKe, a c yqeroM rrpllHul{na eKB?IBa-
ileHTrrocTu r,r B rpaBvTaur4H, Ilpol{cxoAraT. r€oMeTpl4qecKoe ycpeaHe-
HI4e AHI4SOTpOITI4I{, TO B CpeAHeM KOM[OHeHTbr rpaBI4TaUI{oHHoro no'lrr
aBlDKyureficer Maccbl I{MeroT BI{A:

{r}i$=t; ni=ro@, (  20)

l-.il,zG,,,,

t- ,  -tx-

4-.rz/az 4-r7""

7' =71@ f'=f14;, bv'=rifT;=hy.

3to gnagnr, Bo-nepBbrx, ttro B or[I{qII{e or eIreKTpI,IqecKoFo rpaBl{-
TauuouHoe norre He ne{opvr,rpyercq npfi ABI{}KeHHrr, a paBnoMepHo
ocna6eeaet Bo Bcex HanpaBneHErrx, He l{gMeHrnr lltx, H, Bo-BFopbIx,
qro MexAy noneM, Bocnpr4Hr4MaeMbru ABl4)Kyueftca Maccoft, u rrorreM
geuxyueftcrr Maccbr Her HuKaKoft paouuuu, TaK qro (2O) ornocrar-
cs r o6onv cnyqagM. Hanpauunaercrr Mbrcnb o roM, qro rpaBETa-
III{oHHatr Macca rrBnrrercrr rarofi xe Suruuefi., xat< MarH?ITr{as Macca
una cna6ufi eapnA, Koropbre 'nopoxAarorca apu$ueruqecrllM ycpeA-
HeHI{eM aHUSOTpOnI{I4 nons ABlDr()ruterocfr SaprrAa cooTBercTBeHHO
BAonb ocl{ X ,r B lz nnocKocrkr. TorAa rpaBuraullronHarr Macca
oKaSbIBaeTcg cIreacTBI4eM reoMe?pl4qecKorro ycpeaHeHl4rr rofi xe ca-
voft aHnsorpoflrrfi{, a rpaBl4Tauliognob none r4Meer qr{cro sneKTpu're-
croe npoucxo)r{AeHlre. 3ro oanaqaer, qro B flpupoAe cyuecrryer
TorrbKo olreKTpl4qe€m,rft eapaA, aBl{xe}rl{e Koroporo conpoBo}r{Aaercrr
auuaorponl{et erertpuarecKoro nons. Marepilrr x{e o6naAae,r cnoftcr-
BoM pasHopoAuotro ycpeAlrenns eroft anfieotpoflr4rr: apu{venr.recxoto,
I€oMe Tpl{tlecKoflo, fapM OHLItIeCKofo, KBaApaTI4qeCKOnO U T,4., fipl4aleM
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Ka)KAOe YcPeAnegre npnBo,rll{T K nOqBIreHI4Io MarH]ITHOro rofis I{ no-
ns cna6oro seauvoAeficrBl{q, rpaBuraul4oHHoro nonfi I4 FporrrHo Apy-
FI,IX - eule He orKpblTblx nonelZ, Koropble gaBeAoMo I{MeroT rfl,IcTo

9neKTpI4qeCKOe [poHcxoxtreHl4e. Tarnv o6paeov, npltMeHI4TeIrbHo K
rpaBuTaurlrH cornacHo (L4a) vr (L4n)

(2L)

rAe K - noAlre)Kauufi onpegerreHrlrro xoe${uuuenr rrponopr$4oHairbHo-
cru. cpaEHHeas o6sevHJrro nrrorHocrB erreKTpuuecxoft oHepr.nE noirer
ABlaKyuetrocrr gapfiAa npu ee reoMerpuqecKoM ycpeaneHl4H M=
= D2(4-o'/cz)Ze u urorHoc,rb rpagr4Taur.rosHoft oseprrau lUr=4iGf 2,

Koropbre B aaHHoM cnyqae AoIDr{Hbr 6tmr paextr MexAy co6oft, no-
IIYrfi4M:

T=D1@f, (2 7a)

orKyAa x=(4n|G)-z, rne G - rpaBr.rraunonHarr nocrorrHnasr. Heo6-
xoaHMo orMer%Tb, qfro ilocKonbKy D' BCeraa nojro)KurenbHo BHe
3aBficI4MOCTI4 0T sHaKa D, a Wr BcerAa orpr/uarenrHa BBr4Ay
npl{Trrx(eul{rr Macc (no cyurec,rBy B (21a) G <0 ), To paneHcr-
Bo We:Wr BosMoxno roirbKo rrpu ycrroB?rw tr/c ) 1. Bo-nepBbrx,
9TO 3HaqI4T, qro cKopocrb ABlt)KeHHsr Saps.rta eneMeH,rapnoft qacr?Iubr
no Heroropofi oaMKHyroft op6ure AoIDKHa npeBocxoanrb cxopocrb
cBera, xors, KaK vrr cer?.rac yBI4AIIM, B l{crlesaroue vanor? creneHlz,
np?IqeM BogN/toxHo' qITo roflbKo npE gToM ycnoBI{I4 u BooHEKaer r€o-
MerpvqecKoe ycpeAHeH[e anusorponr{r{ eneKTp?rttecKoro no[s. Bo-ero-
pbrx, qro K - MHI4Mas BenI4qI4Ha, Ho f BcerAa BeIuecrBeHHo vr
nono)KLITeITbHO BHe SaBIaCI{MOCT'H OT SHaKa D 3a cqeT cooTBeTcT_
Byrouero gHaKa paAr,rKana e (2J_a).

"*', '  klai1,21d') cneavedi 
- ',=,.*-, -

._r . . . . . " , \ . . . t . j : . - . ; , . : ,y\_,

n=? ,  (2]-6)

orKyAarnarpr{Mep, Arrrr elreKTpona tr/c -7/a+aa-fi2, T.e, cKopocrb
saprrAa Huqrox(Ho Malro FrpeBocxoAr.rr cKopocrb cBera. 14 xors vac-
ca lrporoHa Ha rpu rroprrAKa 6onrue, Ho rj Anrr He,..o 4r-/c -lf47-=3
T.e.  1r*  c,

Tarcoro poAa ABII)KeHI4e
llMerb vargratgrut MoMeHT,

sapsla eJFMeHTapHofi qactfiqrr Moxe,r
HO He I{MeeT MexaHl4qecKono MoMeH'ra.
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rrogToMy ero HenbSg BIIpsMyIo OTO)KAeCTB?ITI' CO CnI{IIOBbIM ABI4X{e- '

Hr4eM gIIeMeHTapHOfi qacTI4UbI, XOTtt OHII 6eCCnOpnO llMeIoT o6uree

npoHcxo)KAeHIIe B npeaenax ToHKoft crpyKTypbl MaTepI4I4.

Teoplrx gneMeHTapublx tracrlru BbIxoAH'r 3a paMK[ co6c'rBenHo

'reopl4l4 OTHOCHTeTIbHOCTI4, nOgTOMy sAecb OrpaHI'IrII'IMCs nI{IlIb yKa3a-

HI{eM Ha'ro, rrro aoi lracHo (21"6) Bce KaK saps)KeHHble' ' raK u aefi ' -

rparrbHbre sacTTIubI uMelor Maccy, flocKonlKy B HIix t ) C, !I 'rolrb-

Ko SoroH, B Ko?opoM 4r=c, He o6ilaAaer Maccoft rloKos, xorsl I{

BKirrgqae'r OIIeKTpoH ?I nOBI4TpoH. Bropoft TaKoft qacTI4UbI 6ltrl ne

MOlKer, CileAoBaTeIIbHo, I{ HeftTpHHO AOIDKHO HMeTb MaCCy, XOTS B

HeM ABI4XeHI{e sapgAoB sIIeKTpoEa 14 IIOSIITpOHA npOI4CXOA?IT CO CKO-

pocTlro, HeyiloBI4MO MaIIO OTIIUqaIorEeftCfl O? cKopocTl{ CBe'ra.

PaccvorpuM Terlepb aKTyanbnoe c rotIKI'I SpeHI4a npl{Huufla 01-

HOCHTETII]HOCTIT B3AI4MOAEfiCTBI{E MACC' ABH}KYIIIH)(C'I C OAHHAKOBbIM?I'

cKOpOCTrrMIl 4r BAOIIb OCTL X. flOCnOnUKy rIpH STOM CHatlana npo-

I4CXOAI4T O'rpilKeHl4e nons ABI4)K)'ueFocs I4CTOTIIII{Ka B CpeAe, a 3a'IeM

oTpaxegl,Ie ABI{}KyIllHMCa npueMHHKOM rIOns, oTpaKeHHoI'o cpeAoft' To

coriracHo ( l9 )

f)" =Tr'-,,r( + j r/c)/'l - tr/c2 = ry U -,rz/cz),
(22)

f,'=FU- *y""),D" 
= 
U),, (4 + n /c ) = QU--\t),

e' = D'4, Q + /c) = l) (t -'"/""),
Kan U cfle[oBano o]I{HAaTb, no[yaleHgblft peeynuraT coBepueggo aHa-

11ofl4qeH ( 18a) AneI eneKTpgrlecKol'o iloIuI aB?I)KyIu?Ixcs sapfIgoBr xo-

ra $opVanbHo npg uepexoAe OT KoopAl{Ha'rnoft cIICTeMbi HenoABtI111Ho-

ro na6npAarens, uMelguero Aeno c f', x tcoopAunallroft cltc'reMe

Macc, orHoc'IllrHxcg K l'j npurunocr 6ll s orlrl4lme or sneKrpl4qec-

KOro fioils npI4MeHI4Tb r€OMeTpI'IqecI(ge ycpeAHeHl4e aH?ISOTpOnEI,E9=

opAr4Har, nocKorrbKy AII' ry'=tu'l/4-tr/cz' uueeu dx" =dl'//4-r7ct.

Koue*ro, Iirpbl c npeo6paaoearTrs,MTr Koop[I4uar - oro Bcel.o fil'Ilub
pens'n4BI,Ic'rcKHe I{I'pbI, IrocKoIIbry n AeficrBllTeJrbuocrl'I upeo6paayror-

cfl He KoopA?IHarbI, a ilortst, 06 erov cBuAerenbcrBylor rpyEHocrl4

o6rncnenue uepeo Koop.q,Iinarbl A'=T;'1/4-r/ca, xoraa d'ytt dz( =

=dytdz/y'7:r@ Ho reM He Menee, nocKonbKy ue (22) sn" Bc'rpeq-
Hofo ABI'I)KeIIHS MacC c pagIIbIMI4 CKOpoCT'IM'A 'Tl V tZ IrPU Y=

=42 , cnefyel ry'=ry/(4- 4ri/c")(4-o'!/cz, ru,e U' =dm/dt'dzo
u T; = d.m/ d)( tlz ) To norDrrraeM o?ilfiqlHoe oT pengil4Bl4crcKoro, Ho

x"p"ararcpu oe Ant t.paBlrraul4l4 KalKyllree ca crr ox(enlae cxopocreft

- 4/7c"
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tz = d,//dt = ax/at/(t-.;1""1ft-4/c'1 =
(23)

=fut",)/y'@F)ft-ffi,

nne dx/dt = 44+ta,

vIs'(23) cneAye'r, rrro ilpfi paBeHcrBe oAnot? rao cr<opocreft t4,

ir| CKopocTr4 cBeTa cyMMapHaq Kax{ylqafics CKopocTL paBHa 6ecxo-

HerIHocT't4, a 9,ro 3Haql4'r, qTo ecilH npH 9TI4X yCIIOBngX B OIIeKTpO-

AuHaM?IKetZ=cecTbcKopocTbpacupocrpaHeHl4' IgneKrpoMarHl{T-
HbIx BonH, To B rpaBl4'raul{I4 4fu=e aoilx{Ha 6rmr cropocrub pac-

rrpmTpaHeHI4s fpaBI4TaUI4oHHbIX B9IIHT KoTopble B nOAo6suX yCnoBI'IsX

ripocTo He MoI.yT clttec'TBoBatl. Tarcrav o6paaov, JpaBIlTaUI{oHHbIe

BotrrHbr - oro roxe oF:IIH t'to vusoe OTO [4 ] , pogununftcg Ha 6aee

EAI4HOI'O I1EOMETPHIIECKOIr) YCPEA}IEHI4'I KOOPAI'IHAT KAK AII'I 9'IEKTPO-

AI{HaMI,rKI4, TaK u An* FpaBI4TaUI{I4, XapaKTepHofO Ans TeopI4I4 Srtnur-

'xefiHa.

Mt/o BocbMofr
nPnHumn orHocl/TEtlbHocrt/l

Bce 6eAtr penrrTl4Br4sMa rro cyuecTBy npor4cTeKaloT Ue neeepHoft

TpaKTOBKI4 ilpl4Huuila OTITOCI{TeIIbHOC'fl4, KOTOpas CBOAI4rcs K I4HBapu-

aETHocTrr ypagreuut? {ueUrn r.upeo6paaoBaHl4gM nailI4neeBblx Koop.q,I4-

nar. B eToM cBeAeHI4I,I coAep)KfiTcg no MeHLueft vepe ABe c)rulecr-

BeHHbre nepegeplKKl4. Bo-nepeux, KaK orMeqaflocb, Sraeu'recr<oMy xog-

rporuo (uOvepenurc) noAgalorcsl ToIIbKo peuleHua TaKI{x ypaeHeuuft,

a He caMI{ ypaBHeHHg, HeOlHOsHaqHO CBgsaHHbIe CO CBOI4MI4 peIUeHI4sI-

17.U, Vt6o pagmaalgble ypaBHeHI{a MoI.yT I4MSTL otrI4HaKoBbIe peulegl4n,

a oAHo H To )I(e ypaBHerme Mo>Ker laMerb HecKotrrbxo perueuuft, I43 Ko-

Topblx 'rolrbKo tlacrl' I4Meer Suou'recxnft cMblcil, r nogroMy ro' t{To

cnpaBeAm4Bo tto oruoltterrl4lo K peueHI'IqM, He o6s,sarellbHo cnpaBeA-

ITI4BO B' OTHoiiIeHI4I4 ypaeHennft N HaO6Opor. BO-etOpUX, 1lHBapi{aHT!

Hoc,rb (r.e. oAunaKoBocTI' peruenfrfi) ypaernnr.rt? BHe saBI{cuMocT'I4 oT



ABI4xeHI{rr Ha6[roAarerrrr rrBnsercs HerroMepnofr, tt6o, c oAHofi cmpo-
nrt, o6r€rrunruft Sueuqecxufi npouecc 6eepaarru'cn He rorlbKo K
TorrK€rM gpenufr, Ho Ir K oa6ny:x,aenusv na6nroAarefiefi, a, c Apyroft-
HlIKaKne HsMepeHHrr He BbnrBfiT ea6lfr]K.qeHnft na6moAarena, ecil?I
uocrleAlrl{e oA?IHaKoBbI KaK no orHoI[eHI4Io K l{gMepsevoft, rax u no
oTlroureHl4rro K [poTl{Boaefibrnyroure fi cunav.

!.eficteurelrbHo, ecrlla, Hailpl{Mep, npH ABITDT(enun na6nro,[are ilrr
usMeprreMas cttlra. c ero ToqKl4 SpeHurr, I{SMeHrreTcrr B olrpeaeneH-
Hoe qucno paa lro cpaBHeHl,rp c roqroft apeHrrs HenoABHXHono na6-
nroAareilrr, To Bo cronbKo )Ke pag llgMenrrer€rr 14 nporuBoAetZctsl4e
uoMep?rrenguofi cncrevu npn6opa, rrro He uoMenrrer ero noxaeanl4ft
c nlo6ot?, nyc'rb Aaxe ouu6o.rHofi To"rKfi apeHns. floc.rieanee, npaBAa,
nor,paeyMeBaer, qro c'reneHb orura6o.ulocna duefi.recKor? Teopl4r4 oAId-
HaKoBa B ornorueHvl4 nporl4Bogeftcrnyrouu4x cl{tr np6oft npupoau Bce
gro ooHaqaer, qro c nognuuft ficrl4Hnono [pI4H[I4rIa ornocl4TelrbHocru
Bnonue npl{eMlreMa Snan.recraa reopurr, Koropas Aaer pagrr}rqHbe '

aHaqenl4s cunbr c rotIKlI epenus HerroABI4xHorD H ABnx{yulenocfr Ha6-
IlroAar€rrefi, T.e. ee )rpaBHeHl{rr He I4HBap?raHTHu x upeo6pagoBaHl{srM
KoopAI{Har, nr,rulr 6sr 9T'I4 pagr?rgHst 6stn'n oAI4HaKoBbI aIIs cHIr nio6ofi
Sueu'Iecx ofi upllpoAbr.

[a u o6rueHnufi eApasrrft cvucn noAcragbrBaer, qro pen rT?tBIacT-
cKarr I4HBapuaHTHocrr,, T.e. TpeboBaHfie paBlrorrpaBl{g Ha6nroAareneft,

Suoz'recrn HenpaBoMepna, nocKonbxy nfirub ror I{o H}Ix, Ko,topttft ces-
aaH c l4ayqaeMbrM o6texrov (u e ponu Koroporo no cyrrecrBy Bbr-
crynaer HsMepl4'refirnrrfi npu6op), naxoAlarcrr B aAeKBarnbrx saAaqe
ycfioBHelx, a Bce Apyfl4e na6ruoAarema BbIcTyI]aIor B pgIIfi seBa6,
B[eqaTneHl4rr KoTopbrx Moryr He lrMeTb HHKaKoTlc oTHOUeHI4rr K pealIb-
HoMy noBeaeHlaro uoyqaeMorp o6rema n e np6ov cilyclae HIIKaI( Ha
HeM He cKagblBarorcg. I4Ha.Ie roBops, Slreu.recrcl onpaBAana lrnurb ra
eAIrHc'rBeHHarr cllcreMa orcqera, e xoropoft paccMarp?Ieaevufi npo-
uecc uMeer pealrbllblfi Quen.recr<tzft cvucn, ilpl4lleM gro orHocl4rcs I.r
Ko BceM npoMelKyroqHbrM fipeo6paooeatruaM, a He roJIbKo K Koneqr-
HoMy pesynbTary. Hanpuvep, ecflra Mbr ],royiraeM e[exTpuqecKyro cI4-
lly, Aefic'rBylouylo Ha aBfix{ygleecrr co cKopocrbro 4f BAorrb ockr X
flonepeK BHeuHeI'o glterfpuqecKoro noils E Baper)Keurroe rerro Mac-
cofi wo, 'ro AotrrlKtrbr ilepecqlrrars ianprxeHurcTrr golrs B clicreMy,
ABlDKyulyrocs BMecre c renoM, nocKollbKy nvenuo Et comacHo
(146) pean-buo eosAeftcreyer Ha sapsrA, a He E , Koropas r{oMe-
peHa B HenoaBlrxnoft cucreve. HanporNB, ecrrld Hac l.rgTepecyer yc-
KopeHr4e ABI4)i{eHr4s, Koropoe oTa clrfla coo6rul,rr eMy, To Aanuufi npo-
uecc crreAyer paccMarplrgarb B cr{creMe, cBrreanHoii c noJrev, uo-
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cKoirbKy I4MeHHo B Heft uMeer Mecro ABI4x{eH?Ie. CTO xe AonycKaer

ou?IcaHl{e s nrc6oft c?IcTeMe, 'mo Su,au'recKll-Henenor u6o B HenoE-

euxHoft cuc'reMe npeAnorlaraer Aeftcrene E na gapsA, qro He I{Me-

eT MecTa s AeltcrsurenbHocTl4 I{ I]oToMy rpe6yer KoMrreHcauI4I4 He

MeHee HenenblM pocT'oM Maccbl ABf,)KyIrIeFOCtl Tena, a e nnuxyueft-

crr cI4CTeMe qfCyTCTBUe poCTa MaCCbI UpuxoAuTcq KoMneHcl4poBarb

3KBI,r B aIreHTH bIM r€OM eTpE arec KI4M ycpetrHelll4eM aH?IB OTpOIruu fl ons,
qTo nporHBopeql4T rmgefinofi npHpoAe gneKTpl4alecrsa. Tan]av o6paeov,

e o6oux c$yqasx nolryqaloTcg oAI,IHaKoBbIe I{ BepHbIe +UHa;1bIIbIe pe-

sylrr,TaTbl, UO UeHOfi UOm-IOIO ?IsBpaIUeHI4s +I43HKH ilpouecooBr B nep-

BoM cryqae: cr4Jla *E, Macca vn=mo/1ft- 'u7&', ycKopeHl4e

qEyFr/cv/-oj eo erSpoy. crrme: cura g-E/7W Macca n?o,
i"xop."td 

-gEfi:47-o 
I e aefictellTenbHocrt42 cnTra 3E'= frE,

Macca f t=f f i0,  ycKoperi l4e-co,.nac'o (12a) vE\@/no.
Offraxo nnannuft rpex peJuIT?IBlIsMa coqronT B orKase ot e$lr-

pa, T.e. MaTepI4aIIbnOtZ CpeAn, IIOcpeACTBoV XorOpoft peaiII4SyIoTCs

&nau'recrrae egafivoAeftcrBlasl. BcneAcreue gToro reopug orgoelaTenb-

HOCTI4 OKAsarIaCb B OqeBHAHOM [pOTIABOpeqfiI4, BO-IrepBbIX, C npuHrM-

nov 6nusxoAeftcrgr,Ig I{, Bo-BTopbIx, c KlraccfiqecKnM npIIHuI'IiloM or!

HoCI4TenbHOCna. flepeOe npol4goluiro nOToMy, IITO Teopl4a OTHOCIIT€IIb-

Hocru BbrpBana esal4voaeftcrBlta ne Suou.IecxoFo npocrpaucrBa a

nepeFecna nx e' cSepy a6crpaxrno-reoMerp?IqecKldx cl4creM orcqe-

Ta, gaMerrue $zeu'recr)no MoAerlb a6crpaxtHoft uvutauuonHoft Moae-

nrro. Bropoe - BcrreAcTBHe orpiluar{Ilrr CTO a6coruornol'o AB?I}KeHua.
I4norAa MoxHo ci-rbruIarb, tITo reopffrr grlloc?ITenbHocr'?1 coBMec'rnMa

c cyulecrBoBaHr{eM e$Hpa, Ho oH et? npocto He Hyx{eH. L{ro ue uy-

)KeH - BepHo, Ho q'ro coBMec'il4Ma - 9To ea6ny)KAenue.

AeftcreurefibHo, ecnu aonycfl4Tb naparrfielrlHoe .u,Bux{eHlae c oAI4-
HaKoeorl cKopocrbro .u- oruocuTenbno eSupa AByx BBa?IMoAeI?crsylo-
urI{X glreKTpuqecKzx 3ap5rAoB, To conflacHo cTo ilpU pacnofio)l{eHl{Ii

.3AP'IAOB BAOTIb IILIHI4I4, IIEPIIEHAI4KYJIgPY_STL-EEXTOPY CKOPOCTI4, I4y'

saauNaoaeficrerae ts ]'o.nu6"rusv-, 1E2J@ pu" 
"o- 

cpaBHeHl{ro c
,?/=0, a ilplr I{x pacflolro]KeHlal BAoIrb BeKropa cKopocrl{ cIEIIa ocila-

6eeaet B l* <rz/cz pas, TaK qro, noBoparmBafr c?IcreMy, MoxHo

onpeAe III4Tb a6coruorn oe ABHIKeIIHe, qro rtporltBopequr Kir accuqlecKo-

My [pI4HUI{fl y OTHOCI{TenbHOCTI{, yrBep)KAaIOUeM y He BOSM O}KHOCTT] OTO-

ro, Bor 14 lrpr4xoAlarcer pens'rl,IBxcraM orplluars a6cornornoe ABfi)Ke-

nue, .no6rt ne xonSwlKToBarb c rrpl4HlII4IIoM OTHOcI4TeIIbHOc'fIr.

Ecnu xe ficxoa?ITu I4g Knaccl4qecKot.o. npI4HIII4Ira orHocl{renbHo-

cTr{, To pealrbHo cyrlecrBylouraft e$np ne 6y.aet flporrBrlslTb ce6s B
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paBHoMepHbIx ABI4)KeHH'IX sapfiAOB Ir MaCc TOirbKO npu ycIroBI4I4r sTo

B npouecce ABHlKeHurr KaK eIIeKTpoManII4THbIe, TaK I4 rpaBI4TaUVOH-

HbIe BgauMoAeftcrBus 6yayr I4gMeHrrrbcrr, Bc-flepBblx, oAHHaKoBo Bo

Bcex HanpaBnenlrsx, 'rro6l'r He oluyluarb lroBoporoB cl4creMbl, ?I, Bo-

BTopbrx, oaI4HaKoBo Anrr BaaI4Mogeftcteufi nro6ofi $usuxecxofi npupo-

Au, Aa6u ldx noAAaroueeca I4gMepeHI4Io orHouIeHIuIe He l4oMeHanocb

no cpaBneHHp c a6cornoTHbrM IroKoeM.

Srnv rpe6oBanl4rrM e nonHorz Mepe yAoBrleTBopser roIIbKo ra

Me'roAonor'I4rr, KoTopyro Mbr rlpoTfiBolloc'raBilse1g pfiecb Teopl4]r orHo-

cn'rerlbHocrn, [et?crsurerlbHo, coFrIacHo ( ]-8a) u (22) etreKTpl4qe-

cKI4e u FpaBI4TauI,IoHHbIe nons npI'I ABI4x(eHnu ocna6eeaior B L-lrz/c2

pa3, rIpHqeM oAHHaKOBO BO BCeX HanpaBIIeHIrsX, TaK qTO HIiKaKUe

xov6usaunu Susnuecrna paaHopoEublx'IBMepI4TeJrbHbIx cncreM kr Hkl-

KaKI4e uX nOBopoTbI B IIpocTpaHcTBe npl4Hul{rll4ailbHo He nOSBOn'IIOT

o6nap;x<r.Its aBu>reHne ornoclarenr,no oSnpa, a eTo H ectb IrpHHut'In

OTH OCI{TEIIbHOC'II4.

Irlo nero cneAyer, qro B pacalerax a6coruornoe ABIllt{eHHe, T.e.

coBMecTHoe aBux{eHl{e KaK l{oMepgeMofi, rax Ir HoMepnTenr'nofi cu-

cTeM, MOX{HO UrTIOpl,IpOBaTb, npfiHt4Mas BO BHI{MaHI4e TOITbKO ABIDKe-

HIre HsMepgevot? cr4cTeMbl oTHocl4rPenblro HsMepl{tensnofi (cropouuue

Ha6nrcAare[Ia eAecb peuII4TeIrbHo Henpr4qeM). Ho BeAI' ero tlncro pa-

crlerHoe, MareMarl4qecKoe, a ne susnuecKoe yrBepxAeHue! floetovly,

rrpI4AaB eMy craryc $neuuecroro npl4Huuna orHocl{TenbHocrl4, T.e.

a6c oruorEaupoBaB o'fH @I{TenLH OcTr" Te OpI4g OTH OCI4TenbHOCTI4 sarH a-

na ce6q B TynilK, nopoA?IB cucreMy B3aIiMocBsGaHHbIx Slrau'recrutx

vu$on, Koropbre I{HoFAa BnoIIHe iIpI4eMneMbI B pacqe'rHofi t'Ivltraufiou-

noft vogen?I, rrro coeAaer BIrAHMocrb IiIx npaBAorrotro6uz, Ho nepeBo-

paquBaror o6rexruenyro pealrbnoc'rb c Hon Ha ronoBy.

nPnFr4iln
MlnO AEBflTutil: ffi

sKBfiBAnEHrHocfl/ 
H

flpununn eKBI4BaneHTHocTIi, Surypupyrolrrft e HrloronoecKofi T€o-
pIrI4 TrrroTeHl4s, II oApaSyMeB ae',r oKEI4BaIIeHTHOCTb FpaBIZTaUI4Ogn Oft n
znepruoft Macc I4rrI{ sKBHBarreHTH@Tb lroreHul4anbuoft eneprul'I rpaBl4-
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TaufiI{ I4 KHHeTI{rrecKoItI oHepr.Ela ABIDKyueftcq vaccsl 14 sgtrIfl9Tcg Bnon-

He nOaIT€HHbIM dUgUqeCKI4M npI4HUIInOM, TaK lfro cIIOBo ourt6t' OTTIO-

clrrcs He K HeMy, a K ero peIuIT'InB?ICTCKOfi TpaKToBKe, XapaKTepHofi

Arrs oTo. cav xe rlpfiHul4n ecTeeTBeHHbIM o6pasoM npol4cTeKaeT xo-

Ts 6br ?IB Toro $axta, rtro B TogKer orcTonueft Ha n or HcToqHa-

Ka rroflrr, HbIoTOHOBCKUft rpaBI4TaUUOHHbIfi nOTeHuI{an

v; =- G n/^t' (24)

ilpeAcrannsrer co6ofi KBaApar neroiopoft ttzulrvofi cKopocrl{, paenrd

rroIIoBI4He KBaApara peafibuoft cxopocr]I '1l, Koropylo e AaHHofi ro"I-

re npuo6pena 6sr Macca fl't|t^ c1o'otrHo naAaloulAg. n3 6ecrpne"uo-

cTr{, TaK sTo mot/Z--moVf,. I4venno e raKoft TpaKToBKe 3ftsu-

TeftH rlcnonbsoBan gTor nptlHultir ArIg oIrI4caHI4F rpaBldrarlvl4, BBeAg

nHIITI' ilO[paBKy Ha pocT rtto B l]pouecce ABn}I{eHilg' T'e' I4CnOnb-/

oyrr He KI{HerI{qecKyIo 
"*"p*L 

rnoo'/Z, a nol'Hylo enepnlrc nocT

//TV/F, Koropas flBrraerc' oAHI4M ne vn$oe cTo'
' 

B geftcrB?ITenuHoct?I aKTyarIbHbIM Ans rpaBHTauI{I{ slBlrgercg He

np?IHuI4n gKgl4ggneHTHoc'm, a ror Sar.rr''oo not"n*utt V; ilpeA-

cTaBn reT KBaApaT neroropofi cKopocTl{ I,I IIoTOMy noAqI{HeIeIcs o6-

uleMy Anrr cKopocrefi npanltny orpa)KeHv^ (7 ). 3ro sHar*IT, trro

npo6uoe reao wo, IronytMB npe'qn?IcaHne ABl{narbcg co cKopocrblo

Vg t Ha caMoM n"o. .tu'o 6rr genrafi"C-s. cO -cKopocTblo 
V , Ko'o-

pas orpaxaercn KaK V0, T.e. yo =l/"/(4-V/f); o"'*ynu

(25)

3ro u ecTb Hc'fl4Hltgrfi norenul4afl rpaBTtTaUlnOHHOFO nOilA, XCrtopuft

nnx c$epra'recKll c?IMMerpu'nrott Maccbl c yqeroM {24) uueer BI{A

Vz=-G mc/(+cz- G*). (26)

I4a(26)nenocpeacTBeHHoBbITeKaeT9KBHBaneHTHocTbMaccbl

I IeHeprI4H,[ocKoIIb.Kynpl4aHHli l r14f i9^. 'e l4ucT.oq}I I {KaI lo i l ' I ,T.e. I Ipn
4*0) oHo Aaer V'=c^-, vTrtt W=tnV'=tncz-flpnve'rarenb*o' qro

(26) ueveHaer BHaK ripl4 yo=Gm/cz, qro coorBercrByer nepexo-

ay oT npl4rg)KeHlutq K oTTa[KI4BaHI',Irc t'l nao6opor'. 3'ro osHaalaeT, IITO

p;65r:.;.a'r- oqeHb nnoTHbIX I4 MacC?lBHbIX KOCMI{ueCKI4X TeiI' paAI'IyC KO-

Topblx HecKoubKo 60nrrue rpaBfiTaU?IOilHOro paAI'Iycu ao, cyuecrBy-

ror yclronlrs, xapar'T€pHble EIrs qepnblx Arrp, o6naAarou?Ix npu nL=n(g

6ecroseqnuM npuTslKeHI4eM, n9r31o11ta1qtu?IM Aa]Ke Ceer. Ho no Mepe

v'= vo"f U*v;/"').
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norlloueHl4s qepHoft Abrpoft MeirKtlx KocMl{llecrc.rx Ten I.1 nbrlrl4 npaBrr-
TaIII{oHHbIfi patruyc, ilponopru,Iogantnufi Macce, cpaBHI4BaeTcrr c pa-
al4ycoM Abrpbr, rrocKolrr,Ky floclreaHl{ft pacreT MeAneHHee (uponopuuo-
HarrbHo KopHro rcy6nuecr<ovy rao Maccrr). B peoyrrbrare cr{creMa re-
prer ycroftql{Bocrb, flocKoirbKy l4o-ga 6ecxoue'nroro caMoorrairKt{Ba-
HTlfl 14 pacTrrxeHl4rr oHa paSpbIBaeTCs Ha rracTn, KoTopbre, BbrTanKIaBa-
roTcrr 3a csepy l.paBr.rTauuoHHoro paA?ryca, Ho TyT }Ke noaBepr.aroTcs
6ecxoge'noMy rrpI4Ts)KeHI4Io 14 BooBpauarcrcrr B l{cxoAHoe cocrorrHl{e,
nocfie qero BHoBr, nu6pacroarorcs Hap)DKy H T.[. Taruv o6paeov,
qrepHarr Abrpa nocTerreHHo rrpeBpauaeTcsr B nynbcap, Macca KoToporo
nn6o nyntcupyer BoKpyF c$epu rpaBr{Taur{orrnorp paar4yca, nu6o
BiSpblBaercfl, ecII4 c yqeToM pasorpeBa npl{ c)l{aTI{I4 cI4IIbI pacTaIrK?I-
BaHI4g oKer(yrcg crolrb 6onsu:uvu, .no nrt6poureHHafr BgpbIBoM Mac-
ca y)Ke He cMo)KeT BepHyrbcs Ha3aA.

Iloxoxe, "r,ro ( 26 ) onucrnaeT He rolrr2Ko rpaBl,rraur4oirHoe, Ho
14 clrnbHoe Bgal{MoAeficTBr4re KaK HerrTo etrI4Hoe L+) , KaK nepexoA
oT rpaBl4Taul4pr npu "L>>"00 K Cr4nbHOMy BsaUMOAeftCrenrc npu 4,
6m,rsxov K 40, 14 cBHAeTqnbcTByeT o rpaBl4Taur4onHoft rrpHpoAe cv]Lb-
Horrl Bsal4MoAer?crsug. Bo ecsrov cnyqae, yql,rrbrBarr, .mo (26) upra-
MeHLITenbHo K sIAepHbIM C?IIIaM gBIIeIeTCsI III4IIIb KIIaCCI4qeCKUM npZ6-
[I,IXeHI4eM, OHO XOpOUIO OTpili{aeT ycTaHoBIreHHoe eKcnepI4MeHTanLHO
peSKoe BoopacraHlle no cpaBHeHI{Io c HbIoroHoBcKnM npI4Ter}KeHIrIeM
IryKnoHoB rro Mepe upu6rmxeHl4rr K Hr4M c rrocneAyrotul{M peBKr4M rre-
pexogoM K orralrKtrBaHuro. LIe etoro clreAyer Id HeBooMoxHocrb rpa-
Br4rall]4oHHor.o KorrrraHca B cMbrcne oTO. Bnpo.rev, (26) voNHo npfi_
cnoco6mr n K grreMeHTapnbrM tlacrl4uaM, ecrrH Aorrycrl4Tb cBoero
poga xanu6poBKy, Hanpl4Mep:

V 2 =- G rn c'f [, "" 
- h" ery F h/2 zr n c+)/Zr m - G n], e a u,

rAe /r - nocrogusas flnanxa.
3'ro npnveHr4Mo K ruo6rrv npoueccaM, u6o ana 6onsuux vacc

r4Meer Mecro (26), a Ailrr Marrbrx pa6oraer xanu6ponra, nplrtreM orL
'rarrKHBaHI4e na6rnoAaercrr. upfi t 4 G rn/cz + lt exp F h/2 r mc v)/2r n c.

Yul,rrrjeaa, tro (24) ecrr qracrHoe peueFrr{e ypaBHeHr4rr flyac-
cona AVf =4tQyrrae 

.p - o6revnarr nrrornosrb Maccbr, Aocrarorr-
Ho B oro ypaBHeHr.re noAciaeura (25), qro6rr nonyqnrb Anrr enyqas
np oI4sBoJrbH or.o pacnpeAelreHl4rr M acc br ypaBHe HI4e

(,t- v%')av'+ Z(VV')"/"" = 4cr* eQ-V\"r)t ,
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qacTHbIM peuJcl luoM KDTOporo gBil t leTcfl  (26)'

B cna6r,tx 'ono*'"no"oi- 
V'aa;; [u pz)' crle'ver AYz=4tG.-

- 2(VV')t/c" , Ko'ropoe oTm4qaerct or HblorouoBcKoro roIIbKo

BTOpbrM cJlarlroMbrM a npanoft qacTl4, CBIIAeTeIIbCTByIOilII4M O nenuHeft-

HOCTI{ rpaBtrTautroHHoro nons AilKe BAanfi oT I4CTO1IHI4KOB. flpuveua-

TenbHo, tITo cornacr.o (27) n orcyrcrBfie ncrotIHI{KoB norlrl (g=0)

ero pacxoMAeHI'Ie BCe paBHo OTnI4EIHO OT Hynti 1{ OnpeaenseTcg BTO-

pbIM CTIAPAeMbIM, rrponopwloHanbHblM nrioTHocTl',l 9Hepn4l4 e aaHHofi

ToqKe npocrpaHcrea. 3To SHaiIIar, tt?o ?IcTor*IIIKoM rpaBlITaIMoHHorD

ilorls tlBnflercg aHepFrllfl cpeAbl (no ecefi BI{AIIMoCT}I nrc6oro flpouc-

xoxAegng) ?I B ToM lMcIIe liraHerr'r"Iecrag gHeprrlg gneKTp?IqecKoro

aaps,qa, qro coorBercrByer (2la) ! I  B cBolo oqepeEb yKaoblBaer Ha

gIIeKTpoManII4THoenpoulcxox(Ael{I4e|paBIrTa:f iJ4n.f icunbHoroBsauMo-

Aeficrlug. Kpove Tofo, oTo [oArBep)KAaeT BbIcKagaHHyIo paHee Mblc''b

o6 orcyrctBl{?I FpaB}ITa[lIoHHbIx BorlH caMl4x no ce6eo KaK orcyrcrL

ByroT CaMocTorrTelrbHble MarTII4THbIe, CI,IIIbHbIe l',r cna6lre eomlrl. Pe-

al lbHox(epacnpocTpaHeH}Ieo[eKTpuqecKorono[ ' Iupol4cxoAuTIIocpeA.

cTBoMBotrIH,KoTopblecf leE.oeano6rI I IaSBaTbgneKTpo-Maf i I l {To-cl{nb-

no-cna6o-rpaenraul4onnblMl4, ITocKoIIbKy oHH Hecyr Bce BHAbI 9T?Ix

noIIefi.

OtMerllv, "rro OTO He cMor[a paoAerllirE' co6creeunyto (nnyr'-

penrnoro) eneprllrc mcz ?I B,3aI4MHyIo eHeprr4lo 
r,?-V.---^"lfuBlarupf,Ior

r11gx refl u Brcnorrbi3oBailacb nom:ofi eueprraeft l|/=mct@ r 1.A€

KoM[oHeHTa vterpl4qecKoro reH,3opa e cna6rx rroJlslx o6paulaercs e

goo =4+2Vf 
fC". HetpyAuo Br4AeTb, qTo Hauu cooTHolreHllfl AIIS iloll-

Hoft eHePrI4lI

W = mc"* *V2 = *c" (4 *2V ; I c')/('l " Vi/"")

npI{BoFFT e cna6rrx noflsx K ToM_y_)Ke peoynbraTy, ltIO MaCKfipyeT

ourn6o'rHocTrr TeHoopnoft $opvlr oTo.. AeitcP++ry' nocKolrbKy

Arrrr V!/c2<<4 lrMeer Mecro 4+V;/C-V4+?Vf/c'' ro

(4+ zvf /c2 1/ft * Vi/e") *l@zvfi = | g oo,

np'qeM AalKe AIIti V;/t =

B cunr'Hsrx nolrsx na c$ePe

9oo=0 u I+2Vf/ca=O,
dynorarut* OTO, ra rollbKo

"ar"cts""ttble 
pesynbTarbl

O,5 pacxo)KAenl4e $oPvYn ,"*uf;^6 
T),

ll leapuurunrAq, KorAa 
" 

= {, = KAkn/ c,

T.e. HauII4 pesy;rbTaTbl COBnaAaIoT c pe-

KOrAA '.{'}, y Hac ilorryqaloTcg BrIOm{e

W=Zrr7oa, a e oTo peulegue lllnapuuunr
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Aa Aaer MHI4M)rro eneprt,rrc. Apyrrae )Ke perueHr4q e o6arqnoft vanepe
TeopI{H oTHOCI4TerIbHOCT?I CBOATTTCTT K rrp ol43BoilbH oMy M aHI{ny[I4p OBa-
lll4ro c cI4creMaMH orcqlera, BprrA rrE nMeroirleMy peanrurrft {uol.re-
cmaft cvrrcn, nocKoirrrKy B H?rx goo=,1 u W=mc2. {

flrcxouy Hanprrx{eHnocrb r.paBr4Tau?roHHorg norrs fi=- qind. V&
=-VV", ro r4s (22 )3neayer (4-V74 d;v T+ /,//s, =-4rbf0-v7rj'
3to eHa.Inr, qro d.ivA Hlrxortra He paBHa HyJrIo, ,r.e, I4croqnfiKovr
nons cn)DI{I{r Aa}Ke orycroet' no yrBepx{AeHlrro reoplil,I orHocl4TelrbHo-
cTI4 npocTpaHcTBo.

,[.euxeuue ren B rpaBfiTaulaonhou none on]rcbrBae'rca (l2a),
I'Ae, OAII€IKO, CneAyeT yqleuTb, rrTo npH [BI4)KeHI4I,r I4CXOtrHlrs HbrO,rO*
HoBcKarr rpaBr{Tarmrr ocna6esaer corracHo (23) s \/7W p&8,
TAK qTO

d fi / a* [F- (rt d a, / ""J tm;7q
I.ae (28)

<++ 
--A = AoJ/ 4 - fi/ c/ (a + v t' 160,ffi1.,

a B ueHTpaIrbHoM none

d.$f dt = a mca Fh - (t. t ) 6/ vct (t --;1c,)f(r c"- o ru"/7@flz
3Aeca cneAyeT roMHHTb, qro npr4 rrepexoAe ", qepea Gw/c?

neo6xoAuvo I{3MeHr4Tb sHaK ycKopeH}Irr Ha npoTr4Bonoilo)KHbrrz. Bnyr-
peHHsrs gHeprus Aenxyureftcrr Maccbl, KaK u cneAoBano o)r(?rAa,rb, oc_
Taercrr npexuefi, HecMorprr Ha ro, lrro caMoorpaxeHl4e AenxyuerZca
Maccbl qepea cpeAy ABalKAbr ocna6nger nore V! o IG-TF pua,
rar +ro V."^= Vl(t-vf/c)/F"v:fi-.,t/Slyc"l _orKyaa''rrp"- vi = * ( r.e.
cotrfiacno (24) npu L = 0 ) no nyvnv V" = c^ rrTrrr Wn = *Vr= m"4

tns 
Kp+noBo'o ABr{}rceHl4rr Maccbr ,r4. B rle*rrparrrr*o c,MMeTpr4ar-

HoM none ,{ LIMeer MecTo ypaBHeHHe fpaBuraul4ouHoft u ueutpo6ex_
Hoft cun lAl=arf/t, orKlggs_Ipglre6peraa ocna6nenrzeM rors arur
ABuxyruerocrr reira 

" 
y4-4rTc"' pao, c yqeroM (7) a (2b) nony_

I{I4M:

+r" = G *f h -7 G m fi ca + (6 * /r. c")'l o = G ru [4 46 n f r. c" + I (G n/r f )"J f, . t z o I

Bbrpax{eHl4e Ana op6nranrnoft cKopocrt4, Ko_
( ?*oo ) nonsx aaer HbroroHoBcroe coolL

3ro 6onee roqgoe
Topoe B oqeHb cna6ux
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HoueHHe 4/L''Gm/'t" a B yN4epeHHo- cfla6blx flonsx cBoA]ITcg K peue-

Hnro luBaprtrtulr'Ao 
'4l'z 

v lV:l(4-3v:/fl ToiIbKo rpl4 rlpeHe6pe)KeHl4?t

e (C m /t Co )r, 
" 

urg" * rrbcTByeT o upu 6 maxeHH oc "I?1 pen'r%Bl4c Tc KI{x

perueunfl.
Coorttoutegue (29) cBl{AereJlbcrByer o roM, aITo B orrlurlllle or

OTO op6rararrbHoe ABr4)KeHI4e HeBoeMox(Ho He 'lrollbKo noA "coepoft

llleapiUnuntAsn, Artr- ro,ropofi +g=ZGm/ct, uo vI^ eue etoft C$eprr npU

1-Z I,n i? .' A e nepno* npk6n *.*r, tt o Gm U"i3y1::1U
BTOpOe CllaraeMoe s cKo6Kax coBnaAaeT c pengTI4BI,ICrCnoft iloflpaB-

XOii, rorOpas B eaKOHe TsfOTeHIis efmurreftna O6.5sCgt'l11a ABI4?KeHI4e

ilepHrenr4rr Meprypua, ?rcKpl4BrreHr{e cBe'roBono ffyga B IIo[e TgroTe-

HI4 
'I 

14 T.II.

TaxmNa o6paeonl, OTO, cveuaB B oAHy Kyrly BHyrpeHHIoIo' rpa-

BI4TauHoHHyIo fi KEHerH"IecKyIo eHepn4lo nrcpeAc'iBoM Mr4lpl4rrecK oFo

pocTa gnuxyueftca Maccbr, I{3BpaT}rila cyTb rpaB[TaUI{?I n B flyquleM

cfiyqae npeAcTaBitrser co6oft npu6mlxeHHoe onHcaHue npoueccoB B

oTHOCI4TeIIbno cna6olx noflsx.

Myro AEcflTUtil:
MATEPI4ANN3M TEOPYII/I

orHocl/TEnbHocrvl

lllrpoxo pacflpocTpaHeno y6ex<AeHr4e, qTo Teopuq o'rHocU'renI'HO-

CTIr frBlrse,rcfl tlyTb nI,I He O6paOUOV AUaIreKTfiqeCKOfp MaT€pI4AnI'IgMa

[6] . Xo,rs na nepnsrft BGFInTA e,m o6croqTellbcTBo He l4Mee'r cyue-

CTBeHHOI.O SHaqeHI4rr Ana sueu.recrofi reopul4, B AaHHOM Cilytlae eMy

Heo6xoAutr,to yAeIII4TL oco6oe BHI4MaHfie, nocKoillrKy ItMeHHo B MI4po-

BoB. peHrIeCrUx Oa6nyxAeHHsIX nex{a'r I4gTOKI'I nceX VnSoB peJIaTHBHs-

Ma.

fieno B TOM, qTO TeOpI4sr OTHOCI{TeIIbHOCT% BOSHI4Kna B IIepI{OA

rcrpefiurero KpIIgI4ca $UeUXra, KofAa ee SAaHI{e, Ka€aBuleecg Heerr6-

IIeMbIIvl 14 ilpaKTI4qeCKH SaBepueHHbIM, BHeAaIiHO pyxHy[o IIOA' HaTI4C-

KoM HoBbIx Sapoe, HIIKaK He yK[aAbIBaBIuI4XcsI B npex{Hlle Byllbrap-

H O-M a'Iepl4anncTl4qeo KLIe [peAcTaBneHI4g, KOTOpbIe oTox{Aec TBng EII M a-

,T€pl4ro c Beu(ecTBoM MolleKynapuott cTpyKrypbl. BogHlttrna neo6xogll-

Mpc,rb O6nOVrfU gTOFo 31,agl4r,, COXpaHgBUII{e CaMOcTggTenbHyIo UeH-
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Hocrb, cBrroarb HeKoroporz HoBofi napaAl4ryor?, uoertv $rEer,r.recnuv
MI4p oBo oape HE eM, c Bo 6 oAH brM or H ea oc rarroB crr4)g4ftn o_ v atep v aTrv_
CTI4IIECKOI? BYTIbTAPI4SAII,II4, KOTOPA'I HHKAK HE B'I3AIIACb HH C AHHI4-
rxnguuefi BerrlecrBa, HI{ co ceoi?creavu e$upa. Ans eroro 6uno .qea
nyrl4: nepBrrft - vaTepuanl4crl4qecKHrlr, cBaSaHHbrr?, Bo-frepBbrx, c orL
KA3OM OT MOIIEKYNAPHOfi CTPYKTYPbI MA'TEPI4I4 14 NPI4sHAHIIEM PEIUArc-
urerZ ponu nn$opvaurn e Szar.recrlrx fipoueccax H, Bo-BTopbrx, c I4H_
Sopvaunoi*irrv o6rscgeHr4eM ceoficre e$Npa, B qacrnocrr4, npr4uul4na
o'rHocl4'renbHrcTI4; Aroport - I4aeanl{cru'lecKvtrt cBseannlrft c Aon)rrueHz-
ev a6coruo,rno rrycrol.o ilpocrpancrBa r4 rrpl4AagueM MbrcnH na6rnoaa_
Tener cra,ryca AeMlrypra, rBopua AeficrBnr€nbHrcTl4. flo pagy o6ser<_
TI4BHbIX V Cy6rexnaBHbix npl4r$4H Teopl4rr orHoc?IT€rrbHocrl4 nouJlra ilo
BTopoMy nyrr{. B .rEcne o6reKTasHrrx ilpl{rilrH Heo6xoAnvo yKasarb
pasoqapoBaurre B noreprreBueft npax npexneft $uelr.recroft napaar{me,
KOTOpas 6Una ctlrxur?no varepl4a[r4cTl4qecXOft, U HerproBHocrb rorL
AarrHero Marepl4arrfisMa onepl4poBa,rb c xn$opvauuefi KaK paBHoueH-
uofi varepFrr4 Ka'reropHeft e yclroBl4sx HepasBllTocrr4 caMHx rrpeAcraB-
neHr4r? o6 nn*opvauuu. B qncile cy6rexmeHbrx npHqHH - aBTopl,rrer
H rroilynrrpHocrE, BbrAapurel.ocs suenxa SpHc,ra Maxa, ocHoBonoIIo]K-
uura sl'lon'recKoFo rro3urr4BvSMa, XCrroprrr? o,rox{AecrBnslr rrBireHt{e H
cyurHocrb, noKasaHl4rr l{SMeplrTeiltnlx npu60poB I4 06t exrnrnuyro pe-
anbHocrb, rrpl4rrl4cbrBas gTI,IM nOKaSaH?IrrM (xovunexcy oluyuenur?)
craryc l4c'rHHbr. B fiocneAHer? nncranllllkl, 3a roroporl 6onsrue Hlirlel.o
ner' 3To - cBoeFo poaa l4crepus o6rrearenrr or crpaxa nepea cIIOx(-
HOC',rUo nosHaHr4rr, yAo6Has $opva ne6asneHr4s or Hero. KorAa o6u-
BaTenr, no HeyMeHVrw vrTLt4 uecnoco6uocTH He MOXeT npoHl4rGryrb B
cyrr ua6nroAaeMoFo rrBireHl4rr, To B rropfraKe caMoorrpaBEauldrr o6rsg-
rrser rrBneHl{e 14 eno cyEIHOCTb HepaSIII4qII4MErMI{. I4naqe roBopq, AIIrr
MaxHcra aaHHbre gKCnephMeHTa - 9To I4 eCTb CyulHocrb 6btrut'., a
ne nu$opvaufirr o Hefi e Sopr,,re rono EIII4 l4Horo rrBlrennrr, HepeAKo
.qe$opvEpoBaHHafr B rrpouecce orpa>r(eHl4fr.

cro tr Bo.sHt4Kna KaK BbrpalKeHl4e o,rqafiHr{s or Kpaxa MHoroql4c-
rreHHbrx nonbrToK pauI4oHaIrLHOrO O6rgcHe[rl{s onbrroe MaftKenbcoHa-
Mopma B paMKax a6conrcrnorD BpeMeHr4, Koropbre n He MoFtrru 6rrrr
o6rscHenrr B gTlzx paMKax, rlosfirrBlac,rcKa.ri MeroAonor%s c HeI43-
6exurctuto rrpnBe;ta CTO, eo-uepBbrx, K 'rpa11roBKe l4gorporrHocr1il
glreK',rpoMarnumrofr BoIrHbr (c to.rrcr speHldrr nrc6oro Ha6ruoaatenn)
KaK aaKoHa rrpEpoAbl, a He KaK BnoilHe ec,recrBeHHoro apre0aNra,
e$$exra ucxail{eHfiq uuQopvaunu; Bo-BTopbrx, K rrpouoBonsnorz noA-
vene snenKr4 KaK HayKr,l 0 AeftqrefirenrHgM r{Mr.rraul4oHnoft vareva-
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'rt{1rci(--t(oll MoAe[bIo, xors MareMar['IKa tBnflercr HayKofi o g13y!ry-

Hotvr, ,t.,r!. o6tev ee uogsTuft HefisMepI4MO lill4pe o6seva (lnela'recr<ux

nouu'r'rrl.i; !I, B-Tperbilxr K orKagy crr ManeplaailbHoro e$upa e $ueu-

rIecKoM IIpOCTpaHcTBe v K SaMeHe err) I'IAeanbHbIM no[eM BeKTOpoB

u cr(illtilpoB B npocTpaHcTBe KOOp.tlI4HaT'

l) peoynrrare BMecro $uen'recroro o6lscuenvls Hena6ruoaaeMo-

c'rl{ IIIrIoToHoBcKoro ctro)Keuun cxopocteft CTO onepilpyet $opvynoft

pei l f lTI4BlICTCKOrpf iXcnolKeHl4' I rKOTOpaspoBHbIMClIeToMHl ' , I r leroHe

"6llr"n""t, 
uo, 6yAy"*I .qerI4IIIeM Mar€MarltqecxolZ voAeIrI4' BlroirHe

efi aaerBarHa, t.€. flpIaBoAI4T K npanaonoAo6nlrv KoHetrHbIM

peSynbTaTav. Bvecro $uer"recxorrc npI{HUI4na OTTIOCHTenI'HocT'I{, tro-

Lop"r"to o seHa6ruoAaeMocTr4 a6cotuomolo ABH*eHI{' r e{npe'

CTO paccvarpl4Baer He l4Meloulylo K HeMy np*Moro orHoIIreHEeI Ma-

TeMaTl{qecKyro r4HBapI{aH,rHocTb ypaeuermfi r npeo6paooBaHl4gM KOop-

IrylHaTHbrX cHcreM. HaroueE, cTO uepenecna suanuecKHe npoueccbl

I4o Marepuarrgofi cpeAbl, cnlTxauefi EIrg HI4x ecrecrBeHHofi cucre-

vofi otc"reTa, B KoOpAHHaTHbIe CI{cTeMbI, npoHSBOnbHO eu6npaevHe

cropoHHfiMll na6nroAarensMl4r npI4lIeM oror cy6lexruenltfi nu6op

,no6", ArlKTyeT o6textlreHrrfi pocr Aeuxyueficg Maccbl' coKpaueHue

EI] I4r . :1! |SaMeAiIeElIeBpeMeHIi ,xoTgg,ro-BcetronuII IbI IpoMex)rroLI-
Hbre cocros:r;vlfl vrMvlTarlaonnofi MoAerII{, He IaMelouue oTHouleHug K

pearrbHocr?l. Bear fig Toro o6ctogrenlcrBa, qro eu upu6rrnu Ha

BOK3aII nocile oTxotra HflKHorO BaM IIOe3AA, Henb3g AeilaTb OAHo-

.guaqnrrft BbIBoA, tITo oH yllreil paHbllre BpeMeHI{, xors c MareMarl{-

qecxoft TosKI4 BpeHI4rr 9Ta }IteHcKag IloFl4ICa BnoIIHe npaBoMepHa. on'

HaKO I4Aearu43M TeOpHlI OTHOCI4TenbHocTI4 KaK pas ?I nopox('tlaeTcg

npofloBeAbloIIepBI4lIHocruMoAeIIbHbIxnpetrdraBlleHnfina6ruonaTell ' I
nepeA o6ten.ruaHofi pearurHOCTbIO, a qalqe - oToxAecTBIIeHns nx

Apyr c ApyFoM c $arcrr,r.recrcoft noaveuofi erofi peallbHocTl4 I4CKax{eH-

noft e ilpo[ecce orpilKenllsl unSopvauteft o neft.

Tax, eciln B Marepl{annctugecxoft TpaKToBKe none - 9Tg co-

cTorrHl4e cpetrbr (eoe roro xe eSrzpa), oKpy)Kalouefi I4cTo'IHl4K I{H-

$opvauuu 14 BbmoilHrrroueft synrcrurra nepetraql4 un$opvauul4 o? I{cTOlt-

H:/.KA K rIpI4eMHI4Ky, FO B TeOpuI{ oTHOC?ITeTIbHOCT% - 9TO HeKOTOpag

a6crparrnan cyuslocrb, cBrlsaHHas He co cpeAoft' a c na6nroaate-

neM, 14 gBilsrcUlascs npoAyKToM erp Cy6oenlgenbD( IIpeAcTaSneHUft'

TevneMeHeeEJIaI IeKTI ' IKaIIooHaH?Ir IMHparaKoBarqrognet?

HurITo lle nporraAaer ops. IzlAeanngv reopl4l4 oruocl4Tenbnoc"fvI, BBI{-

Ay ero 0!IeBI4AHOTO npaKTnqecKoFo ycnexa' pac[IATaII CTepeoT'l4rlbl

ByIIbrapHo-M are plzaflucru qecKl4 x lrpeAc raBrle uuir u 9TI4M n oAroroBl4[
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n oqBy A ilrr AHane KT?rKo- M a T€pI4anI4C Tr4qecKoft na paAH n\l bi, KoTopaer
BKfirorfl4fla B ce6q I4HSOpMaUfiro KaK paBHoo6beMHyro Mar€pr4vr u nap-
Hyro eri Kar€ropfiro L77 ,

B pavxax erofi napaglarvbr o6tentusHarr peanbHocTb npeacraB-
nger co6ofi HepaapblBHoe AlrarreKTaqecKoe eAI4HcrBo 6opnurnxca npo-
Tl4Bollonoxnocrer?: Marepl4r{ I,r rrpoayKTa ee BoauMo- rr caMoorpa]r(e-
H!I9I - t'tH{opvaruakr., E[rfr Koropbrx xapaKTEpHo He ronbKo B8ar.{Moor-
puuaHr4e, HO 14 BsaprMOnpoHI4KrroBeHI,re, nepexo,q apyn B Apyra, ,raK
1lro KaxAaff ?Io HI4x no orHolfielrl4ro K Apyrofi npeActaenseT, rro Bbr-
paxeHl{Io I'eFena, ocBoe unoer,

flpu eronr, nocKolrbKy cyqecrBoBaHr4e Mareplal{ Mbrcnurcs ,rorrb-
KO B npocTpaHcTBe ?r Bo BpeMeHI4, a cyuecTBoBaHl4e Ma,repI{I4 B
npocTpaHcTBe ecTb ee c,rpyKT.ypa, ToI.Aa KaK ee cyulecTBoBaHr4e Bo
BpeMeHr4 ecrb ABkrxeHl,re MarepI4I4, To un$opvaunsr - gro crplKT;rl
pa B ABI4I{eHHH, 'I..e. I4SMeHsrrouascs cTpyKrypa MaTepI4?I.

Tarnv o6paeov, orpaxelrl{e nponcxoAuT BceFAa e Sopve }roMe-
Hrrrouefics crpyKTypbr, Koropas rroroMy H Moxer BocrrpouoBoEtrrr,crr
B l4trroM, uro mr$opvauaa 6espaonuqua K KoHKperlroMy Marepvafiy
KaK orpalKaeMorD o6reKTa, TaK 14 ero MoAerrI{, T.e. K Mareplaany
cgoux Hocuregert. C eror? TorrKr4 openlds, Hanpl4Mep, qeprerr 6yay-
uero ?ISAenHg npetrcraBnger cogHarenlrHo ?IcKer{eHHyro c uerrl'Io ou-
THMI4SaUHI'I crpyKTypy nporoTl4na, a caMo fisAeIII{e Bonnouaer crpyK-
Typy rreprelKa, B nseecrHori Mepe ?rcKax(eHlryro B clr[y HecoBeprlreH_
crBa rexHolron4l4. 3aecr Ha nepBoM orarre Ma"epl4s rropo)r(Aaer I4Ae-
alrbHyro Sopvy ("reprex), Koropasr sareM Ma,r€puanHsyercs B r{BAe-
mrr4, TaK qro Mar€pnanrnrrr? ilpororl,tn Sopvupyer (eooEefrcrnyer
ua) varepuanrlrrrfi xone.rHrlrZ npoAyK,r nocpeacTBov un$opvauur.r,

To.IHO TaK )Ke OAIrO SapslKeHHOe Teiro onpeAenneT rroBeAeHl{e
Apynoxo yAarreHHoF! oT HeI.o saprr]KeHHoro Telra nocpeActrrBoM IrH_
$opvauuu, KaHaIroM arrs ilepeEawa rcotoporz cny)KI4T pasAerrrrorrrair
I4X MaTepl4anbHas cpeAa, a He MI{cTI4qecKoe none, noA HMeHeM KO_
TOpOFO e $UeUxe ?rMeer rrpaBo Ha cyxrecrBoBaHr4e TOtrbKo lrecyuasr
ru{opvauup cpe.qa.

To, uto rno6oro poAa notre rrBnsrercrr no cyuecrny wr$opvauu-
oHHbrM nolreM, clreAyer Ir3 Toro oqeBI,r.ryIOrD O6CrOstenrrcrBa, lrro
ero ?rcro.rnr{K He rparur eHepmro (nnr varepuro) ua pacrpocrpa-
HeHr4e Ilons H noroMy B craT?IKe ]IeHccsIKaeM, KaK Her4ccflKaeM xy-
AOX(eCTBeHHglfi ureAeep, cKorrbKo 6rr ero HH Korrl4poBanu. 3ro ena-
qrI4T, qro $ynxunu Hoclarerrs nH$opvauzra 6epet Ha ce6g cpeAa, or-
Kas or xoropofi .Aerraer nuSopvauuro 6eccvrrclprueft, u6o oua He
cyrlecrByer BHe Marepral4 (xar u Marep?rer eHe uu$opvauun). pae-
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[I,IlrHbre rtirt;1il{!/(lr'l'anu B gaB}ICI4MOCTII Or ycnoBl4ft IIa6ffiAAeHI4tlt KO-

HeqHo, r(),nv'lnt()'l' p{ronl.Iquylo HHSopMauIarc o6 o6leKTe' OrcIoAa BoB-

ce He cllt!/lytiTr , 'ff o ero o6text I4SMelIfleTcg B SaBUCUMOCTII OT

Ha6ilrcI(r | .rrr | ! tr  l l l " l  qeM HacTauBaer pensr?18113M, KaK l leneno I{ [peA-

I lonolKolt] ,r(] ,  r ITo IIoJte cnoco6tto, oropBaBul4cb or cpeAbl, Becr' l1 He-

SaBucr. lM()o cylr lgcTBOBAlI i le no Bolre Ha6IuoAaTeiIq'  oAnaro ?IMeHHO

6ilaro/trrlrrt MttT€p?IaJrI'IoauI'II4 a6crparunft ( nycm 14 HelrpaBoMepnoft)

'Teopull 1)1\tucuTeIIblloc'Tlr Cyl\4eIIa o6tscnnlu MarIrllTHoe nolle KaK

*"ru ulr([opuauuosrruft esoeKl. fi.eficrnmTeilI]Ho, Ao cl4x nop peqb

Bce r.)peMfl tulra o ronrpenrofi nn$opvarrr,rl4, KOTOpag cpoAllll tIyECT-

"u*,rolt 
uu$opvauul{ )KI4BbIx opIaaIIEoMoe' Ho, xarc 6rrno [oKagaHot

At3r4x(yr[r4ecs o6reffiu cTanKI4BaIOTCg c raxyuefica aHEsoTponl4eft no-

ils, 'r,e. c ua6opov noneft paerm"rnofi ?IHTeHcI4BHocrH no paBHbIe cro-

poHbro'rce6s"BernxycIIoBI4sXTenononeo6xoruavocTl{AOII) I {Ho
BecTI4HeKoTopylo[oruqecKyloo6pa6orry,ycpeAHeHI, IecoBoKynHocTl l
noflefi, ,{ro6sI Bblpa6orarb eAEHcrBeIIHyIo aAeKBarHyIo peaKulalo Ha

rrnx. BeoycJIoBHo, pealb sAecb uAet o6 o6gerrugHofi nor'Exe, [EaneK-

T?rKenp?IpoAurxotopof iAaneKoAorrE6rof t ' renogeqecrof inor?IKl l t '
HO Ko'ropas BnonHe 

"poa", 
IIollIKe 6eeycnoensrx pe$nercog' B xoH-

ue KoHuoB oHa cBoAI4TCfl Bcero Eulub K YCPeAlIenurc - apn$ilerra're-

cKoMy y sapsAoB I4 reoMerpuqecKoMy - y Macc' Ho t4 B 9TOM Ciry-

qaenpoAyKToMllor?I l lecKorooTpaxeHtr{ ' IgBn' Iercaa6crpaxtHoecpeA-

Heenoi le(norrnuecxasnrr$opvawt ' I 'aHanorvtqHa' InoH'ITI{ Ioyqeno-
eexa), KoropoMy He coorBercTayer HlIKaKoe peanbHoe lrone ItnH

er\oHcToqHIIK,HoKoTopoegBi l f leTc' IpeanbHogef icreytout l4MHaqa.
noM, olrpeAenstoElllM peaKlMlo ABlax{)rulefocs o6teKTa'

floorovy Asl4xyunficg saprA BeAer ce6a Tar' cnoBHo Ha Hero

gefcteyetMaF]HI4THoenone'xoT' IgToBcerorrrarurasseK,rycpeAHe.

HUrr aHUSOTpOI]I4I4 gneKTpEqecKoro nonsi a ABI{XyUasctl Macca c{IoB-

llo 6gr yBem4rruBaeTcrr B ABU)KeHI4U, XoTs 9TO e$sent .cooTBeTCTByIO-

ueno ycpeAuenua alrl{aorponl4l4 cxopocrll (ycropenus)' fipynoe ae-

no, qro, o6napyxne 6orbu:yro, noAqac peuarcuylo poru' [on4trecxofi

*6op*uut* 
"- 

{rr"r*eCKI4X IIpoUecCaX, Teopr{' oT*ocI{TeIIbHocT?I a6-

corrroT?r3r4poBana ee BIInoTb Ao MaTepfiaIIi4saUI4Id TaKlIx e(!$extoe yc-

peIsIeHI4g, KaK pocT MaCCbIr SaMeA[eHIte BpeMeHut qTo npnBeno Ko

BcsKoro poAa Hellefiuv vnSav I{ napeEoKcaM.

Tev He MeHee TeopHI4 OTHOC?IT€nITHOCTI4 np?IHaAnelKnt 6onruroft

BKTIaA B noBHaHI{e ilpl4poAbl, IrogToMy ua$rc aBTopa HanpaBneH rle

Ha TO, qro6gr paeo6la.rnu' ee l,IAeollor14qecKylo HeIIOCIIeaoBaTenb-

HOCTb, a Ha ro, T ro6rt paSBegTb I4JTJIIOSIII{ He roIIbKO $ualroe' tro

u &ranocofoB Ha ee cse'r.
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NOCNECflOBTUIE

B eaxnp'reHrae aBTop xoren 6rr oco6d noaqepKHyrb, s,ro Kplrra-
Ka reop?rl{ orHoclrrerrbHocrl4 Hra e xoeft Mepe He 6pocaer reHb Ha
I4Mrr ee ocgoBareils - BeJr?rKoro Sueura Anr6epra Orhrureftna. Bo_
nepBbIX, IIOTOMy qTo fi noMHMo TeOpI4I4 OTHOC?ITenbHoCT?I oH BHec
6onsuoft BKrraA e $ueuryr oa Koropbrfi (a ne ga,r€opr4ro orHocl.Teirb-
uocrra) eMy r{ 6rrna upucyx(aeHa Ho6enegcxas npeM}Is. Bo-eroprrx,
HecMOTprr Ha l4Merouyro oruz60'*rrrc MfipoBosSpeHqecKae KOpHI4 a6co-
Irrorv3aql4ro orl{ocHTelrbHocrlr I4 npeyBenl{qeH?re porur na6ruoaatens e
$tzauuecrrx npoueccax, BennKasr uc'op,qrec*arr €acnyra oftnureftna
(r eno teopun) cocror{T B o"o.Ha'u}r peuarcueft porrr *rsopvauuon-
Hbrx npoueccoB Bo Bcex rrBrreHl,rqx [pl4poAsr (ao6asfinz or ce6g - n
o6urecrea). HaKoHeu, B-Tperbltx, KaK nMlrraul{oHnas MareMarl,Iqecxarr
MOAENb TEOPI4'I OTHOCfiTEIIbHOCTI4 B PgAE CIITIAEB AAET NPAKTT4IIECKH
npl4eMlreMbre pegyrrbrarbr, Ha Koroprrx 6aeupyercrr Berruqafiruee ao_
crl{}r{eHHe (v nporcnsrrre) XX BeKa - aroMHas gHeprer?rKa.

A Ee suna, a rpafeAtls Olinrureftga cocrol4T B ToM, .tro roilb_
KO ero Maxl{crcKr4e ea6nyxAeHlfrr He rrosBorrEfiI4 ocyrrecrBr4Trr Metlry
nceft x?reliu - coaAarb eEI,IHyro reopHlo nona, J46o, noHrrB lr oueHLIB
pons uHifopMaulrl{ B ecrecrgenHbrx npo[eccoxr oH rueil B BepHoM Ha_
np?BrreHr'1u. Tailmo KonAa reop?Is o'rrrocr4TenbHocrl4 6yaer rroBeplKe-
Ha-r ero npousoftAer u 6naroaapg eftnrureirny. 11 B oroM Her napa_
AOKca, a nlrurb AnalreKT?IqecrcEfi earoH orpl{uaHl{rr o?puuaHr4s, He TOnb-
tco 60pa6rt' Ho I{ BSaI4MOnpoHHKHOBeHII' ilpoTl4Bonolloxnocrefi.

'1
- B cyuruocrra CTO ,He yaoBirerBoprrer r4 npuHurrny coorBercr-

BHrr, cornacno KompoMy(l) troruKHo qepexoAr4Txr e (1a) npu tr/c=0.
3ro 6uno 6gt eoeMoxno un6o npv w=Q , nvr6o npra C = F : oAHaKo
o6a eltz cryqas HaxoArrrcfl eue c$eprr Aeficreng CTO, nocrorrbKy
B nepBoM oT'HscI.ITgIrIrHOe ABUIKeHHe eoo6ue orcyTcTByeT, T.e. He
pa6orarcr nn (J-), nn (1-a), a nropoii cny.raft noApaoyMegaer cKo-
pocrb lrnSopvaunu, 6orEruyro cKopocrt4 cBe,ra, r.e. 6ofitruyrc rrpeAerrb-
uofi cxopocrr4, Aorrycraevofi CTO.
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