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§ 1, Bae A e H.B e 

/ 

'3all!BIIIS8M08 3A8Ch HC;OnKoBSHUO reoM~TpH~ 

aenh3ll aenocpeACTBOHHO npHMOHl!Th K cyl5MonexynllpHblM 

(MeHhllIHM, '18M· Monexynhl) npocTpSHCTBSM ... MOlKOT . , 

OKS38ThCll, '!TO .TaKoe 3KCTpanonupOBSHH8 CTOnh lKO He

npaBHnhHO, KnK u pacnpocTpaaeaue noal!THll TeMnepaTy

pbI aa 'lllCTHttbl· Tena MonexynllpHbIX pasMepon'. 

A. 3l!amTellax/ 

CoapeMeHHOe COCTOllHH8'T80pHH aneMOHTapHblX 'ISCTHit KSlKOTCll B8CbMS aHanorH'IHblM 

'i-oMy, B KOTOpOM HSXOAllnach TeopBll aTOMa B Ha'lane ABaAitSTblX rOAOB a,oro CTOneTHll.' 

,Maor11e q,aKTbl aToMa_ol! q,usmrn HMenH ae TOnhKO KS'l8CTB8HH08, HO H KOnH'l8CTB8HHOe• 

ol5'bl!C.H8HH8 Ha OCHOBe 'HAO!! H.- · Eopa O KBSHTOBSHHH opl5HT H npHHitHne COOTBOTCTBHSI;, OARS• . 

KO YlK8 HCCn8AOBSHH8 3SAS'IH,ABYX.T8n (aTOM He -) npHBOAHno .K 'noA03p0HHIO O cyme.cT

·aoBaHHH 'aeMexaHH'IOCKOl!' CBll3H; 15blno HeMano H Apyinx 'aeyBll30K', yxa3b!BSIOIIIHX Ha TO, 

. '!TO TeOpHll H. Bopa eme He llBnlleTCll KnIO'IOM K ITOHHMSHHIO Talia BHYTPHllTOMHOro MHpa. 

PemeHHO npo15neM H,3arSAOK STOMS npHHOCna BOnHOBSll MOXSHHKa., B npHHttHne H3M8 -

HIIBIIISll HSWH npeACTaBnOHBll O 38KOHSX ABHlK8Hllll'MHKpO'ISCTIIIt, 
' . 

. B OCHOB8 COBpeMOHHOll TeopHH aneMOHTSPHblX 'ISCTHit nellCaT KBSHTOBSll TeopHll nonll, 
, I ,· I' , 

. ' ' H I cnennanbHSll TeopHll OTHOCIITOnhHOCTH, HsaeCTHbl 38M8'18T8nhHbl8 ycnexn KBSHTOBOll Teo-., . 

. I 
pHH nonll· B Oi5'bl!CH8HHH TSKHX TOHKHX l!Bneanl!, KSK naMl50BCKHi! CABHr, unH, B HOASBHee 

, Bp8Mll, B oi5'hl!CH8HBH CHCTOMSTHKH aneMOHTSpHb!X 'ISCTHit aa OCHOBO TOOpHH YHHTSpHblX 

- ', MynbTHnneToB; 

, BMecTe C T~M OCT88TCll q,aKTOM TO ol5CTOllT8nbCTBO, '!TO nenhHQll H HC'lepnbIBSIOIIIOi! 

TOOpHH aneMOHTSpHblX 'ISCTHit, KOTopall 15blna l5bl CTOn),Ko' lKO nonaa H COB8p11I8HHa, KaK CO· 

\ - . . l 
B8p11I8HH8 KBSHTOBSll MOXSHHKS B·Mnpe ST?MOB H Mone!yn, eme ae C03A8HO, 

., B .aToll CHTyanuu uccneAOBSHHO Bonpoca O CTeneHH 06ocaoBaHHOCTH 3KC118pHM8HTSnh-

HblMH ASHHblMH CSMblX OCHOBHblX npHHllHIT~B COBp8M8HHOI! ,TeOpHH MOlKOT OKS3SThCll B8ChMS 

'~ noneaab!M, 

3 
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HacTosmnn ooaop HMeeT csoen·nem,10 asanHa oooc~onauuocTn cnennan&aon Teopn• 

aocnTen&~ocTH B aKcnepu~eHTax no·¢na111te BblCOKHX aaeprnl!. fnaBBblM ocaoBaaieM IInH 

/ 

OT

TO-

·ro, '!TOObl cocpeIIOTO'!HTbCH IIMenao Ha TeopHII OTHOCHTO/IblIOCTII, Hl3/I>l'.0TCsr, paayMeeTCsr, B8 

·co~BCTBHO HeBeJKecTDOHHbIM Hamu:1xaM Ha aTy TeopD10, ·a TO ooCTOBTel!bCTBo, ~o 80. ocuoa• 

Hble IIOCTYIIBTbl KaCalOTC>I'. caMbl)!: rnyooqal!mllX OCHOB ¢n3.11it.H- rOOM8TplIH IlpOCTpanCTBS"'.'npe -

MOHR. 

Ha II8pDb18 Bar/IBA KBlK8TCSI, '!TO Anll IIOAOOHOrO Kpl!TH'i8CK0ro ·auanuaa MOJKBO Obi/IO _obi 

BbI6paTb H. Apyrue, Ob!Tb MOJKeT t oonee nerKO YB3BHMb18 IlOHBTHB H llA811 CODp8M8HHOI!. Teo-' 

i pnn, EBilpHM8p, IlO!U!TBO nona, IlOHSITII8 'iBCTIII!bI, 3aKOllbl KBaHTODBBIIlI IIOnlI ll T,II. Omiai:.o• 

aa conpaMeHaon crynemr aawnx aaaan:ll oxaa1,rnaeTclI BOCbMa TPYAHbIM naTb xaxne-nnoo npen

cxaaaanSI nnSI· sxcnepHM8HTa, OCHODBHHb18 BB aaanH38 Toll 111111 B1108 B03MOJKHOll MOllH¢HKan11n' 

' STHX BalKHMX noastTHi!. Bonee Toro, a'l'H noalITHlI aa caMoM nene TecaeltwnM o6paaoM cn~

aaabl c reoMOTp11en npocTpaacTaa-npeMean, IloaToMy 11a6paaaoe aaMH aanpanneane aaannaa 

.;HBnll8TClI _,no-~llllHMOMY, aanoonee _o6n,11M. 

\ . 

§ 2. TeopeTH'!8CKH8 OCHOBaHHlI ·A/Ill npone.pKH cnennam,aoll TeOpHH OTHOCIIT8nbHOCTII 

B o6naCTII BblCOKIIX 8H8£rHI! H ManblX MBCWTa6oB • 

EcTecTBeatto, '!TO n · ~noxy .. paaBIITHlI cnenHanbaol! ·TeopHH oTaocHTenbaocTH · A. 3na

wTellaa . Ma~o HHTepeco"nano npocTpaacTno-~peMlI nuyTpa' .aneMeHTapablx '!aCTHU. B 'c:noea· oc

aoErnoll pa6oTe 'K aneicTpOJlHHaMHKe JlBHJKYillHXClI Ten• ·A.· 3llHWTel!a C'!HTan noHlITHe 'onao- · 

BpeMeuaoc;H. B .. To'!Ke caMooqenn:na1,1M; nonqepKHBast 3THM, '!TO ero ocaonaoi! HHTepec coc-. 

penoT~<ianaeTclI an npan1max' npeo6pasonaanil ¢11:an:qe.cKax aaitouon npa nepexoAe oT. onaon 
- ' . . /2/ ' 

CHCT8Mbl OTC'!8Ta K npyroi!, OTHOCHT8nbHO aee llBHJKYI!lel!clI • 

Ilpyrag B8lKH8lI MbICnb A." 3l!awTeliaa, KOTopy~ XOT_enocb' 6bl H8IlOMHHTb B °CBSISH· C 

noctaBll8HHbIMH HBMH .npooneMaMli; - .3TO Mb!Cllb O TOM, '!TO B peallbHOCTH HBM naaa TOnb-
. ' ' , . ' . /1/. 

Ko_ cyMMa 'reoMeTpHlI+qlH3HKa', a ae xalK,!l~e cnara.eMoe nopoaab •· 

\ . 
B '!8CTHOCTH, B OCHOBe MepoonpeneneHHll, npHHlITblX B cnenaanbHOl! Teopaa' OTHOCH-, 

' t . ' ' 

TenbHOCTH, nelKHT .npHHUHn nocTOSIHCTBa CKOpOCTH CB8Ta B nyCTOTe. 3TOT. ripHHIIHn onpenenlI-

8T qJO~MY IlpH'IHHHOCTH H reoMeTpHIO '!8TbipeXM8pHOrO KOHTHH':i,yMa, B KOTOpOM pacnonaraIOT-. 

cs MaKpocKona'!eCKHe lIBneanlI. ConpeMeaaast. TeopHlI nepeaocHT 3TH HlleH Teopaa ?Taoca~ 

TenbHOCTH B npmmanaan&ao aaoll MHP, B MHp aneMeHTapa1,1x '!BCTHII, MeJKJlY TeM HCT?PHlI· 

.: HBYKH Y'!HT, '!TO H3M8HeHH8 MSCWTSOOB o6bl'!BO conpoBOlK)l88TClI K8'!8CTBeHHbIMH H3MeHeHHlIMH 
' . ' 
¢11aaqeCKHX 3BKOHOB. IloaTOMy MOlKHO OlKHJlllTb, '!TO ocymecTByeT H8KOTOpan aneM9HT8pHaSI 

' . ' 
~mrna a , KoTopalI cnyJKHT MacmTa6oM lllllI Toft o6nacTH npocTpaHCTBa-BpeMena, B KC>To-

' 
pol! CTpyKTypa npocTpSHCTBa-BpeMeHH MOJKeT OK838TbClI B npHHIUine OT/IH'!HOll OT H3BeCT-

son HaM B MBKpOMBpe 
n, 

0AH8KO OJlHOft 3JJ8M8HTap~oil nnHHbl a aeA?CTBTO'!Ho, '!TOObI O'!OpTHTb TOT 'Mara-
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'!eCKHft Kpyr*, niryTpH KOToporo aaKOHu npH'!HHHOCTH n MeTpHKH MoryT oKaaaTbClI oTna<iabl·-. ·· 

MII OT npHHlITbIX B 'cnenHBllbHOll TOOpHH" OTHOCHT8/IbH~CTHl H800XOllHM OIIIO H -H8KOT0p~ll '!8-

;blp8XMepHblll Bp8M8HHOl!. B8KT0p D (KOTOpbii! MOlKHO C'!IIT8Tb ellHHH'!H~M, ~
2 =·; ). C;Tb 

. ' . 
nena 38K/II0'!8eTCSI B TO~, '!TO ecnn Mbl H8'!H8M IIBHrBTbClI co CTOpOHbl 601IbWHX MacwTa6oB 

-_npocTpancTaa-npeMeHH ( a Mb! nep11M, '!TO B o6nacTH 601IbWHX MacwTa6on aMeIOT MeCTO 

06b1'!ll~Ie··cooTHO~eHHSI) K MBnblM, TO H3-38 aene¢HHHTHOCTH MeTpHKH npocTpaHCTBa-BpeMeHH - -
3i!HmTellaa-MirnKOBCKOX:O Mb! HIIKorna He CMOlKeM YK838Tb 3THX MBC1cllT860B HIIBBpHaHTHbIM 

AByMlI MH-o6paso~: B npocTpaHCTBe"'.npeM,eHH 3ilHWTel!aa,-MHHKOBCKOro paCCTOlIHH8 MeJKAy 

poBbIMH TO'!KSMII p ( x') H p ( x") ( x' - t' ' i, ; x" = t" , ' i,, ) , ' 

B8CTHO, HSMepneTCSI HHTepnanoM 
x 2 = (x'-.x") 2=· (t'-t") 2

- (1' - -;".) 2 

KBK H3-

ITo~OMY no-· 

HlITH0 "6nHOOC,Tb" ABYX T0'!8K P(x') H P(x") B 3TOM cnyqae 03Ha'!ano 6bI nawli To, 

'!TO OHR neJKaT HQ CB8TOBOM KOHyce (anH n6nH3H aero)' TaK, '!TO X 
2 ~ 0 • H, cnenona'-. 

T8llbH0
1 

MOryT 6b!T~ C08JlHHeHbl )lpyr C npyroM CB8TOBbIM CHrHa'/IOM. liHTepBan ·x
2 

•ae 

l;Ha0T', M8n nH oH no TOA npHqHae, qTo paaHOCTH, I t' - t" I H I-;, - 1" l ManbI n9-' 

poSHb (6nasoCTb B _o6bl'!HOM. CMb1cne cnona),ana no Toil npa'!HHe, 'ITO I t' . .:;t'~I a I ic'-,:t'!:I 

XOTlI ': caMH no ce6e 3TH pa3HOCTH H He ManbI, 

BBeJl8HH8 BeKTOpa D , KOTOphlli Mb! paCCMi!TPHB88M noKa '!HCTO ¢opManbHO, nos-

BOIIH8T p83lIH'!HTb 3TH JlBe B03MOlKHOCTH H onpell8lIHTb llOHSITH8 6nH30CTH llBYX T0'!8Ko Ilel!- .. 
/4/ . 

CTBHTenbHO, c noMOillblO a MOlKHO o6pasoBaTb HHBBpHaHT : 

(snecb ax =·at t 
.2 

OTnH'!H8 OT X 

· o6pamaeTcst B 

BenH'!IIHY R 

R 2 "= 2(ax)
2 

X 
2 > 0 

,rt; ecTb cKannpaoe npoHaneneaae a BB X 

nolIOJKHT8llbHO ne¢HHHT8H H B .CHCTeMe KOOpJlHH~T, rne 

R 2 = t2 ~ ; 2 

( I) 

) , Ij:OTOpblli B 

n = 1,0;0,0, 

6naronaplI ee Jl8¢HHHTHOCTH, MOlKHO npHHSIT~ 38 Mepy 6nB30CTH 

~BYX TO'!eK p ( x') H . p (x"} H C'!HT8Tb, '!TO )lmt R>> a HMeeT MeCTO o6bl'.'H~lI T80pHlI,, 

·a JllllI · R · " 0 aacTynaroT Te llnH HHbl8 OTKlIOH8HHSI OT reoM8TpHH cneuaanbHOll T80pllll OT• 

HOCHT8JlbHOCTH. 
\ 

B npaannne1 neKTop D MOJKeT 6b!Tb llBYX TllnOB! 

a) Oa MOlK8T 6bITb CBlI38H C MaTepaeH B38HMOJl8HCTBYIOIIIHX aneMOHTapHbIX '!BCTHII' 

, (aanpHM8p, B8KTOP D MOJKeT 6b!Tb riap.annenea nolIHOMY HMnynbCY CT811KHB810illHXC>I '!BC-

THn) •. B 3TOM cnyqae Mb! aasoneM D 

THU). 

BHyTp8HHHM B8KTOp0M ( '!BCTHU, H~H CHCTeMbl qac-

6) BeKTOp D MOJKeT 6b!Tb CBSl38H C ¢H3H'!eCKHM BBKYY_MOM ( TaK, HanpnMep, nony-

qaeTClI B aeKOTOpblX T80pHSIX KB8HTOB8HHOro npocTpaHCTBa-npeMeaa). B 3TOM cnyqae Mb! 

6yneM H83b!B8Tb BeKTOp D B!fel!IHHM. ¢H3H'lleCKH8 cnencTBHSI, BblTeKaromHe H3 9THX 

llBYX BOSMOlKHOcTeil, conepmeaao pasnH'lHhI. 
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A. 8 cny,rne a) npocTpaHCTBO-Bp0M!! OCT80TC>I 0/lHOpo.ttHblM ll ll30TponHblM. no3TOMY . ~ ' ' . , ,• -. . . ' 

.tlOnl!CBbl OCT8_ThCH, B CHne 38KOHbl, COXp8H0HH>I SHeprHH' :'fMnyn1,ca
0 

non:>KHa COXp8RHTbC>I' TSK-

' lKe nope~eBCKSH llHBapHaHTHOCTb BC0X 38KOHOB, OTHOClllllllXCII K .tlBlllK0HHIO CB060.tlHblX qaCT~-

0TKnoaeann OT cnennanbHOi! Teopnn OTHOCHTBnbHOCTII B STOM cnyqae Mb! /MOlK0M OJKH-
~8Tb TOnbKO BHyTpll sne.MeHTapHblX qaCTllll. SneMBHTapaan .tlnHaa a B STOM_ cnyqae xa-

'paKT0pH3Y0T Ty o6nacTb llpOCTpaHCTBa-Bp8M0Hll B6nn3H qacTHllbl HnH B6nH3H cnc:reMbl T&CHO 

B3811M~.ttei!cTBy10mnx qaCTIIII (aanpHMep, B MOM0HT IIX saeprB'LHoro CTOnKHOBeHn11), BHyTpn 

KOTopOll H8CTyna10T OTKnoaeHnll OT npHHllHIIOB TeopnH OTHOCHTen&HOCTH. 

TeopeTnqecKoll'Mo.nenbJO .nn11 paccMSTpHBaeMoro cnyqa11 MOlKBT CnylKHTb Hennaellna11 

' /5/ 
Teop1111 non11, 11pe.nnolKeHaa11 B 30-x ro.nax M. BopHoM • B sToll TeopHH coxpaa11eTc11 onao-

ponaocTb ll ll30TpOnHOCTb ¢nanqecKoro BSKYYM~. 0.ttHSKO B6nnaH qaCTHll, r.ne non11 B BX rpa

.tlB0HTbl Benn~H, cnraanbl B aennael!Hoi! sneKTpO.tlHH8MHK0 pacnpocTpSHIIIOTCII no 38KOHaM, 

o:rn11qabtM OT ·npe.nnonaraeMbIX 

HOBHTCII nepeMBHHoi! H MOlKBT, 

BeKTOp D , no3BOnllIOlllHli 

CBS!38H C CSMHMH qacTllllSMH. 

B cne11Hanbnon TeopHll OTHOCHTBnbHOCTH: CKOpOCTb CB0T8 CTa-

BOo6me ronop11, CTSTb H 6on&me CKOPOCTH B nycTOT0 C • 

B STOM cnyqae onpe.nenHTb CMblCn BblP8lK0HHII WB6nH3II qacTHll". 
/ . / ' 

Cne.nyeT OTM0THTh, qTo M0TpH!ta npOCTp8HCTBa-Bp0M0HH non-

lKlla • 6b!Tb cornacoBaaa' c HOBblM aaKOHOM pacnpocTpaaean11 cHrHanon. <l>11anqecKH STo oana-

qaeT, qTo Bonaai qacTHII MBTpHqecKHl! Teaaop &µy 
/7 /' 

CTSHOBHTC!l ¢yHKtiHell: norJI .·B 

KBaHTOBOl! TeopHH uenaael!uoro non11 STo Morno 6bl npBBBCTR K KBSHTOBaHHJO caMoro MeT
x/ 

pHqecKoro Teaaopa 

flcao, qTo HHK8KH0 np!!Mbl0 M0TOllbl HCcne.noBaHHII M0TpuqeCKBX OTHOmBHHl! BnyTpH Ma:.. 

\ 
nbtX o6nacTei! npocTpaHCTB8-Bp0M0HH, CB!l38HHblX C M8T0pHen sn8M0HTapHb1X qaCTBll, ne 

0CymecTBRMb1. 

0AH8KO MOlKHO np~B0p11Tb,,COBna.naeT nn MIIKponp11q11naocTb C M8KponpaqHHHOCTblO. 

OcaoBaHneM .nna TaKol! npoBepK11 cnylKHT TO 06cT011TenbcToo, qTo npe.nnonolKe~ae o TOlK~ 

.tl8CTB0HHOCTH MHKponpaqnaHOCTH H M8Kponp11qHHHOCTH, npnHIITOe B TeopHH OTHOCIITenbHOCTH, 

B0A0T K onpe.neneHHbtM aaanHTHqecKHM CBOl!CTBaM aMnnHTY.tt,· OllllCblB8JOlllHX nponeccbl CTOnK

H0B0HHII sneMSHTapHblX qacTHll •.(.n11cnepCHOHHbl8 COOTHOm0HHll, COOTHOWBHll!l 8CHMllTOTUqeCKHX 

ceqeu11l! u;,. , KOTOpble MoryT 6btTb npoBepenbl Ha OllbtTe). 

B. ,06paTHMCll Tenepb K cnyqaro 6), Kor.na .BBK~p n IIBn11eTCII BHemHHM, -3.necb 

BO~HHK80T CHTYSllHII, COBC0M OTnHqHall OT TOnbKO qTO p8CCMOTp0HHOl!, 8 STOM cnyqae B0K-

- 1;op D CBH3b1B80TCII YlKB HB C CHCT0MOl! B38HMo.nel!cTByromn'x' 9n0M8HT8J:Rb1X qacTnn, 8 C 

¢nanqecKHM,BaKyyMoM. STo aapymaeT naoTponaoCTb npocTpaacTBa-BpBMeau n ,MOlKBT 6b1Th, 

B;O 0.tlllOp0.tlHOCTb. IloSTOMy 38KOHbl COXp8H8HHH 9H8p~Hll-11MllynbC8 U MOM8HT8 KOnHqecTBa 

.tlBHlK0HHII, KOTOpbt0. IIBnllJOTCII cne.ncTBH0M CUMM8TpHH npocTp8RCTBS-BP8M0HH, .nonlKHbl OKa-. 

3~TbCII npn6nlllK0HHblMH. 

; xlB STOil CBll3H cne.nyeT yK838Tb Ha HRTepecnyro pa6oTy
181, B ltOTopol! Bll0pBb10 yiia

nocb nonyquTb MH cnyqa11 .ttByx naMepenal! o6mne pewena11 nenHael!aol! TeopHH M.Bopaa. 
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Jlanee, cymecTBOBanne BBKTopa n , CB>I38HHoro C BBKYYMOM, Bbl.ttemteT CHCTeMy 

KOOp.tlHHBT._ nosTOMY penHTHBHCTCKSll HHBBPHSIITHOCTb 6yneT aapymaTbCII. ByneT aapymaTb

CII, n.·MllKpOnpn'IBHHOCTb. HarnH.tlHO XBP_SKT0p B03MOlKHblX 11apymem1l1 MOlK0T 6b1Tb nnnIQCT-

'. pnpoB~H npaMepoM H3 KpHcTannoonTHKH. Ky6nqecKql! KpnCTann .nnll .nnHH Bona A >> d 

d - IIOCTO!lHHBII' pemeTKn) RBnlleTCII O.tlHOpO.tlHOli II 1130Tp0llHOH cpenol!. YpaBH0HHll -nn11 

pacnpoCTp8H0H111l sneKTpoMarHHTHOl! BOnHbl B TBKOM KpHcTanpe BHBapHaHTbl OTHOCBTBnbHO 

n106b1x c.nBuroB u mo6btX Bpameaull: Koop.nnaaT. 0.naaKo npn A • d H8CTynaJOT ll3B0CTHb10 

11Bn8HHII nn¢pa11:nnn, H ypaBH0HHII pacnpocTp8H0HH>I BOr.Hbl coxp8HIIJOT HHB8pH8llTHOCTb nnmb 
. . I~ 

npH npeo6p'aaoBBHHIIX, OTp8lK8JOlllHX Ky6nqecKyJO CHMMeTpHIO KpncTanna • TeopeTnqecKoll 

MOllBnhJO, nnn10CTpHpy10mel! paccMaTpHB80Mb!l! cnyqal!, MOl!C0T cnyJKHTb Teopirn KB8HTOB8HH0-
/10/x/ · • 

ro npoCTp8HCTB8-Bp0M0HH, pa3BHT811 B pa6oTe ' ' • B STOi! pa6oTe npe.nnonaraeTC!l, qTO 

38KOH cnOJK0HHII HMnynbCOB p 1 +. p 2 = p 8 .nonlKBll 6b!Tb H3M0H0H T8KHM o6p830!"I, qTo6bl 

2,rli 
HMnynbc qacTRllbl H0 npeBocxonnn HBKOTOpol! .BenHqHHbl --r- , rne f - 110KOTOpa11 

Mana11 sneM8HTapH81l AnHH8: ::'ho MOlKBT 6b!Tb AOCTRrHyTo, C co6nxi~eHH0M rpynnoBblX 

CBOfiCTB TeopnH, 38M0HOll np11Mol! - 00 < p < + 00 KpyroM C pannycoM _1_ h/f , Tor.:. 
. , 2,rli 2,r 
.na P1 + p

2 
= p

8 
+ mod-z---

STa Teopn11 np11BOAHT K cnoncTol! cTpyKType npocTpaacTBa-BpeMea11: ·BpeMenaa11 Koop-

AHnaTa, napannenbHan neKoTopoMy 0AliHllqHoMy BP0M0HHOMY BBKTOpy A (~am B0K~p D 

np11nnMa,eT TOnbKO .tlllCKp0THb10 aaaqean11: f =· mf • B sTol! cxeMe aapymaeTc11 OAHO-. 

pO.tlllOCTb npo~Tp8HCTB8-Bp0M0HH H Bbl.tten11eTc11 CHCTeMa KOOpllHH8T (Ta CHCT0Ma, B KOTO-

poll: >. = 1 ,0,0,0). 

BBHAY ManocTH .ttnHHbt f aapyweHHII 38KOHOB coxpaaeH_HII .nonlKHbl 6b1Tb 3H8qHT8nb"' -

llblMH, HOB cany ttpnan11na COOTBBTCTBHII C COBp0M8HHOl! Teopnel! - pe.ttKHMH. 

B CBll3R c uapyweaaeM •CP -HHBapHaHTHOCTH B pacna.ne Ki -M030Ha ( CM, § 5 

9Toro o6aopa) ,BHOCHnllCb npe.nnonolKBRHII O cymecTBOBBHIIH HBKOTOporo 'KOCM11qecKoro no-
' /13/ 

n11~. KOTOpoe MO)K0T HapymaTb 0.tlHOpOAHOCTb npocTp8HCTBa-Bp0M0HH (cM., H8llJ:'.HM0p ). 

BBH.tlY MSnocTH TaKoro non11 H er,o O.tlHOpO.tlHOCTH CBll38HHblt! C TSKHM, noneM HapyweHUII 

3aKOHOB coxpaHBHHII MoryT 6b1Tb B0CbM8 M8llb!MH, 

TaKHM o6pa30M, 'B paCCM8TpHB80MOM cnyqae 'Baewaero' B0KTopa 9KCll0pHM0HTanbnol! 

npoBepKe no.nnelKnT,nOMHMO MHKponp11qUHHOCTH, T8KlK0 0.tlHOpO.tlHOCTb H 1130Tp0llHOCTb npoc

Tpaac:rBa-Bp0M0HH, ~paKTHqeCKU STS npoBBpKa. MOlK0T 6btTb BblllOnne'iia nyTeM llp0B0PKH 

38KOHOD coxp8H0HU!l aaeprlln HMnynbca H MOM0HT8, a T8KlK0 nyTeM nayqeHHII o6nacTB llpH

M0HHMOCTU npeo6paaoBaH11l! nopeana. 

§ 3. TTpoBepKa MHKponpHqHHHOCTII 

Jlucnep~~~HHble COOTHOW0HHII 

nacnepCHOHHbl8 COOTHOm0Hllll llp8.tlCT8BnlllOT C06oi! nHH0l!H.00, HHTerpanbH00 COOTHO-

weHne MBlK.tlY ABl!CTBl!TenbHoll · qacTbJO D n MHHMol! qacTbJO 

x/CM.TBKlKe/ l l/ n c15opHH/ 
121 

A 8MllnHTY.tlb1 paccellHHII: 
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~- T(,;_ t) D·+ I A'· 
(2) 

' (3/leC&, KSK 05bI'IHO, ·s =·p 
2 

eCTb KBa/lpaT nonHoro IIMnyn&ca '•t='._, q
0

_ 2 
\ .' . 

.Aa'la HMnyn&ca). llucnepcHOHHbl8 C,OOTH0W8HIIB BbIB0ABTCB ,Ha. 0CHOBSHHH 
;·rne q · -nepe- ,· 

, . ' . 
CBOl!CTB aMnnHTYAbI 'T B nnocK0CTH Ko_MnneKCHol!. nepeMeHnol! s 

aHannTH'I0CltHX 

( npll: 38A8H1IOM t ) ,• 

3TB: aaanHTH'I8CKne CBOllCTBa BbIT8K8IOT 113 OCH0BHbIX npmnrnnoB n0Kan&Hol! Teopnn, 
/14/ 

nMeHao; npennonaraeTCfl : 

I • Co5nroneHne ycnoBHR MHitpoDpH'IHHHOCTH, K0TOpoe 03Ha'IaeT 0TCyTCTBll8 BJIHHHIISI li'.3 
. .. • ➔ ' 

O,llHoll o5nacTH rrpocTpaHcTaa-apeMeiln(x 1 ,t 1
) B npyryro (x

2 
t

2
·), ecn11 OHi!_ paanenenbl 

_npocTpSHCTB_0HHbIM llH1:8PBSnoM: 

2 ~ ➔ 2 , 
x 2 =-(t 2 -tj) - (x

2 
-x

1
) < 0. (3) 

nn11, ecn11 HHT0pBan Bp8M8HHoll: 

2 2 ➔ • 2 
X =·(t 2 -t 1 ) ,-(x

2 
-x

1
) >0, (3) 

HO t I :,. t 2 , ( CnencTBHe /lOnlKH0 HacTyIIaTb n03AHee nPH'IIIHbII ) 

II. CymecTBoBaane crreKTpa cTa5nn&HbIX 'ISCTH/l c nonoJKHTen&aoll,saeprHell 

E = Po=+ ,/p2 +:m; (4) 

mk -Macca 'ISCTH/l, k • 1,2 ••• 

ill. AMnnHTfna T (s, t) npH S-+oo IIM88T pocT, MaJKopnpyeMblll IIOnllllOMOM 

T(s,t)l•l-+oo < alsl"' , 
(5) 

rne m -nenoe nonOJKHTen&Hoe 'IHcno. 

·axcnepnMeHTan&aasr npoBepxa nucnepcuo11HbIX co0Taowe11ull os11a'1aeT npoBeprty npuBe

nea11&1x Bh1we ocaoBHblX npennonolKenull noxan.&noll_ Teopuu. OnHIIM B3 11au5onee cymecTBe11-

Hblx SIBnSI~TCSI nonolK0HUe 1, Kacaromeecg MBKpODpH'IHHHOCTH. 

BcSIKoe aapyweaue STOrQ npBBJluna BeneT K noHBneHHJO nonon11nTen&HbIX oco5ennoCTeA 

B KOMnnexc11ol! nnocxocTu s rmu 11apywaeT orpanuqe11ue (m). On11axo 11e cymecTByeT 

o5mero llOKa3aTen&CTBa Toro, 'ITo orpaH~'I811B8 (ID) 8CTb cne/lCTB.He nepBblX l!By{ nonolKe

HUil: riolfan&noll Teopua. H3 H3B8CTHblX OllbITHLIX ,P.!IKTOB cnenyeT, 'ITO C8'I8HUSI npu. 15om,-

wux ·s- He pacTyT II He ocnnnnupyroT. aro MOlKHO paccMaTpBBaTb xax onpenene11noe 

YKa3aHR8 Ha cnpaBennllBOCTb npennonOlK8HHSI (m). 

llnH 3KCII8pHM8HTan&Hol! npoBeprtH llHCnepcuoHHbIX COOTHowenua BalKHO, 'IT05bl OHH co

ll8plKana TOnbKO H3BeCTHbl8 H3 onLrTa BenH'IHHbl U _ne· CO/l8plKann- BenH'IHH aee:a5nro.[la8MbIX. 

TartnM Heo5xonBMblM CB08CTBOM. o5nanaroT AHCn~pcnoHHble COOTHOW8HHSI nm1- aMnm1-

8 

!; .... 

''( 
·!. 

I I Ji. 

:} 

Ty/lbl paccesm:rrn "-Me3oHoB Ha HyKnoaax nna pacceaHHa Bnepen t=- 0 / 14/. noaToMy 

Ton&rto STO pacceaane npnronao,nna npoBepxu-Taxoro npuannnuan&Horo nynKTa :eopun, 

ltaK MHltpODJ:)H'II!llHOCTh. llncnepcHOHHbl8 COOTHOW8H~B Ana paCC8HHIIR M830H0B Ha HYlt.1IOHax· 

IIM8IOT BIIA: 

g 

. 

D+ ('E) =· ½ [D+ (m)-D_.(m>J± _
2
E [D+ (m) + D_,(m)] + 
m . 

2 
1 k2 

+ --
k 2 · 

00 dE' u- (E') u_ (E') 
+ -- P f--C~ + .....±....:.... 1, 

M 4m2 -, 1 ~- E 4w 2 
m k' E' - .E - E' + E 

1.1 2 2M + 

D0 (E)=•D
0

(m) + 
2 

i: (~)2 k 
-- 2· 
112 2M [1.:.~][E2-(_m_f] 

4M 2 41,1 ·_ 
k 2 .. 

+ .-- pf~ Ug(E') 
w 2 m k' (E'2_ E2) 

·+ 

(6) 

(6) . 

. . ± 0 
rne -D+ 1 -Do -nel!CTBHT8nhHbI8· 'ISCTII aMDnHTY/lbI nna W -H W -M830HOB, 

- 2 • 
m -Macca M830Ha, M -Macca HYKJIOHa, g -KOHCTSHTa CBSl3H (o5bl'IIIO npHHHTSB 

2 m2 2 
K0HCTaHTa f = 0,08 CBB3aHa C g COOTHOW8HH8M f =· ¼ 7iT I: ) • 

k 2 =· E 
2 

-, m 
2 

• M1111Mb1e qaCTII aMnn11Tyn c noMom&ro orrTH'I0CKoll TeopeMbl Bblpa-

JK8Hbl 'I8p83 nonHbl8 C8'I0IIIISI u·± u· 
0 B38HMO)l8il:CTBHB 11 ±_ • ,,o -M830HOB != 

HyKJIOHaMII. 

O5paTHMCSI T8D8pb K 8KCII8pHM8HTan&llbIM /lSHHbIM. BnepBbl8 pean&HaSI 'ISCTb aMIInll

TyAbl pacceSIHH.II CHn.1>HOB3aHMO/lellcTBYIOWIIX, 'IaCTll/l npH pacceSIHHII Ha !d8nbI8 yrnhl 5bma 

o5HapyJKe11a npu u3yqe111111 PP -B3aHMonellcTBBl! c noMom&ro opuruHan&Hol! MOTO/lHKH, 
. /15/ . 
pa3pa5oTaHHOil: B lly5ae • Ilo3nHee 5blna o5HapyJKeHa .11 B3MepeHa pean&HaSI qacT& ~M-

/ 16-19/ · -
nnHTYAbI pacceSIHHSI u .[lnSI 

/19/ 
up -pecce,rnHH ;· Oco5eHHO nonHble naHHb1e rronyqeHbI B 

Bpyxxel!Bene • 

" 
CpaBH8HH8 T80pl!H C axcnepl!M8HTanbHbIMII naH!lbIMH npu BbICOKUX sneprHSIX npoH~B0.[(U• 

/20-23/ 
nOCb B pa5oTax • Kax noxa3b!Ba8T aaan11s, 'IHCn8HHbl8 pesynbTaTLI, nony'Ia8Mbl8 H3 

nucnepcHOHHbIX COOTHoweaua nmt peanhHOll 'laCTH aMnnHTY/lbl pacceSIHHSI 

CSIT OT npennonOlK8HUl! o5 aCHMilTOTH'I0CKOM IIOB8/l8~1111 nonHoro ceqeHHSI 

B Bbl'IHCneHH2x B.C. BapaweaKoBa ucnonb3oBanacb ~opMyna 

U+ (E) = 2?., 5 + ( E - m f 
C+ 

D(E) 

_ u± (E) 

, aaB·u

npn E .. oo. 

(7) 

npH'I0M IIOKa3aTen& n = 0,5; u+·(oo)=-22,5 u IlOCTOSIIIHbl8 C+ Bb!5Hpanucb H3 H3B8CT-
/24 2l'i/ -

HbIX naHHbIX npu E 19 fas. ' • B1,16op noxasaTen2 npoBepHncSI no <popMyne ·nn2 

nonnoro ce'leHuSI nponecca nepesapSI/lKH "+p_ ➔ u 0 +n 

9 



U exoh (:E) S(D -,D ) + ~ (u- _-•u )
2 

-+. -- . . 2 +. _, • 
('4"'-) (8) 

r.ne D, x H3M0p0Hbl B ennHIIIlaX <t>epM_n, a ceqeHHH· - B MO. BBHllY Toro, '!TO B 3TO ce-

qeHne BXOJlHT pa3HOCTH peanbHblX_ qacTell H pa3HOCTH ll01IHblX ceqeunn, OHO ocooeHHO ynoo-

HO_ Jl1IH KOHTp01IH BblOOpa llOKaaaTenH B q,opMyna (7). n OLI1IO npHHHTO paBHblM 0,5, II pe-

_ aynbTaTbl O'I0Hb Mano M0HS!IOTCS!, ecnH D 118:iKHT "B IIHT0pBane 0,3 - ~' 7. 

/20 21/ /22,23/ 
KaK B Bbl'IHCneHHHX ' . , TaK H B , npennonaranocb, 'ITO .neliCTBIIT01lbHaH 

qacTb -DCE) aMnnnTYllbI pacceSIHIIH npn E pacTeT He oucTpee, qeM_ E. <t>nanqecKn 

3TO-· 03HaqaeT B0CbM8. napoH TH00 nonymeHne, '!TO nel!CTBIITenbHbl8 'IaCTH ¢aa CTpeMHTCH K 

Hynro npH :E .. 

HHII aMll1IHTYllbI 

• IToaTOMY KOa¢¢HnneHT B npn E B acnMllTOTII'!eCKOM paano:iKe-

D(E) = AElnE + BE (0) 

nomKeH paBHHTbCll Hynro. 3To nonymeHne npnBO)lHT K npaBH1lbHOMy 3Ha'IeHHIO KOHCTaHTbl CBH-

3H f_ 2 = 0,08 ;t 0,003 • KOTopoe nonyqaeTCSI He3aBHCIIMblM nyTeM no MeTony Jl}!(. llbIO H3 

H3MepeHnll npH HH3KIIX aHeprlIHX. CnenyeT 3aMeTIITb, '!TO paBeHCTBO Hymo - KOHCTaHTbl B 

MO}!(HO paccMaTpHBaTb KaK cnellCTBHe COBpeMeHHb!X 3KCnepHMeHT81lbHblX naHHbIX: B npene-

118.X cymecTBYJOil!el! TO'!HOCTH B = 0. 

B HaCToHmee BpeMH HMeeTCH 6onee OOCTOSIT01lbHOe cpaBH0HHe OllblTHblX naHHLIX C Te

OpHeli; nponaBeneHaoe B JlyoHe B rpynne B.C. EapameHKOBa. B aTHX pacqeTax ncnonb30BaHbI 

HOBellmHe /laHHbl0 0 llOB0Jl0HIIH ll01IHblX Ce'IeHHli npH E = 20 rsB. 13 JW1lbHelimeM Mb! ll01Ib-

3yeMCH JlB.HHblMII 3THX pacqeToB. 

PeaynbTaTbl Bbl'IIICneHHll peanbHOll: qacTn D( E) aMnnnTYllbI paccesiHHH anepen npn-

Be.neHbl Ha pnc. I, r.ne OTilO}!(el{O OTUomeune peanbuoli '!8.CTH K MUIIMOll 

a± (:E) =· D± (E)/·A± (E) .nm1 "+ P H "- P paccesiunsi. KaK BHAHO HS p!I-

cynKa, acnepnMeHTanhua_H KpHBaH AnH 11 P pacceHHIIH B oonaCTII 7-25 raB IIA0T 3Ha'!II-

T0IlbUO Kpyqe K Hynro, He}!(0IllI. TeopeTnqecKaH. 

OcooeHUO uey.nosneTBOplIT8IlbHbIM HBnHeTCH TO OOCTOHT0IlbCTBO, '!TO TO'{KH AnH 11 p 
+ 

pacceHHHH ne,KaT BbIIIIe TO'I0K AilH 11 p pacceHHHH, 'ITO HaXOAHTCS! y}!(e B K£1'!0CTBeu-

UOM paam:irnacRH C Teopneli, KOTOpaH noKa3bIBaOT KaK paa o6paTuoe COOTHOIII8HHe, K TOMY 

}!(0 cnaoo aaBHCHmee OT npe.nno110}!(0I!Hll 06 aCHMilTOTH'I0CKOM noBeAeHHII nonHbIX ceqeuRli. 

- /2627/ 
He.naBHO B paooTax ' H3 AHcnepcHOUHbIX COOTHOIIIeHHH nyTeM IIX IIHTerpnpoBaHHH 

Ob!JIO l;lblBOA0HO HepaBeHCTBO 

E D( E') - D ( m ) 
I - ,2 

E E 
I 

dE' > 
11 

E 2 (E +E)(E'-E} ' 
f A(E')ln I ' I dE' , (0) 
m (E'-E)(E'·+ E,) 

/ 

10 

\ 
h 
l 
•I 
\ 

'.\ 
,! 
I 
I 

. .::, 

f' 

t 
! 

ls 
l 
11 

'I 

~ 
',) 

:i 
1J 
I' 
t' 
if /. 
i \J 

r.ne D(:E) = ½[D+ (E)...:.o_(E)], ( nomocHblll qneH), A(E) =·!_ [u-+.(E)-u· (E)] ,. 
811 -, 

3To HepaBeHCTBO ynooHO TeM, '!TO He conep)l(llT CHHrymipHOCT8ll no.n HHTerpanoM n mi Tpe-

6yeT 3HaHHH MHHMO!! qaCTH aMnnnTy.llbl A npn ~E .... - • ABTOpbl HepaBeHCTBa (0) 

oneHHml ero, IICXOJlH II3 II3BeCTHblX naHHblX B IIHTepnane :E 1 = 4 rs"• :E2 = 30 raB, 

nplIHHMaH Ollb!TH~-e- 3Haqenne a = -0,2. 0HH YK83b!BaroT, 'ITO a - -0,33 y}!(e IIPIIB8-

' no Obi K npoTUBoepeqnro c HepaBeHCTBOM (9). Omr npcaenH. TBK}!(e sxcTparron>1n1110 B 06nacT1, 

160 rss n OTMeqaIOT, '!TO rronyqaeTCH npoTHBopeq11e C HepaBeHCTBOM (O). IIpH a = -0,2 1 

ecnH oHoHe cnHmKOM obICTpo yMeHhmaeTCH JWH sHepraJ! Bbrme 30 ran. TaKHM oopaaoM, cH

TyanHH HBnHeTCH B0CbMa KpHTH'I0CKOll. HO eme ne BnonHe onpeneneHnoll. 

B aaKlll0'10HH8 3Toro paanena 3aM8THM, '!TO B cnyqae HapymeHIIS! MHKponpn'!HHHOCTH 

nncnepcnOUHbie COOTHOIII0UHS! MoryT coxpaUHTbCH, · HO H0CKOilbKO H3M0USlT CBOIO ¢opMy • 8 
/28/ . -

paooTe npnBeneub1 nncnepcnoHHbl8 cooTHomeHHH rurn onpe.neneHHor,o Tnna aKayaanbuoll 

Teopnn. HMeHHO, rrpe.nrronaraeTCH, 'ITO nee IlOKB.IlbHble 38BHCIIMOCTII pa.nnairnoHHblX orrepaTO

pOB ·s (x, -X2 ,x2 -xa ... ) OT•TO'I0K 'sxo.na'. n 'BblXOAa' '{8.CTIIU x, •"'2 ,-·Xa 

aaMeH0Hbl Ha uenoKanbHbie: 

s. (·x 1 -x 2 ,x 2 -x 8 ... ) =f.S
0

(x1 -x 2 -e'
1 

,x
2

-•x
8
·-e

2 
••• }p(e'

1
n)... (10) 

4 4 . 
d e, d e2 ·- , 

r.ne ·p (e', D ) - B0COBaH lj)yUKUIIH, 3aBIICSima,r OT U0KOTOpOrO BpeM8HHOI'O B0KTOpa ll H 

ncqeaaromaH AnH I ti >> a , a a ecTb :meMeHTapHaH .nnnHa ( cp. § 2). Jlanee npe.nrrona-

raeTcH , 'ITO a) ycnonnH cneKTpanbUOCTII OCTa!OTCH Hel!3M0HHbIMH (ycnoBne II noKanbHOll 

TOopnn). 6) IIM0JOTCH onpe.neneHUble ycnOBHH CIIMM0TpHII Me}!(.ll_y aarra3AbIBaIOmlIMH n onepe

}!(aJOmHMH lj)yHKUHHMII. YcnOB!Ie MIIKponp!I'!HUHOCTII (}) HapymeHo TOilbKO B Manoi!. oonaCTH. 

BBIIAY CBOliCTB p <t n) • BbITeKaromnx H3 a), 6) H I). TpeTbe ycnoBHO noK~Ilbl!Oll 

Teopnn ( JJI) ue HapymaeTcsr. 
- ~_,_--"=a...==. 

B npocTellmeM cnyqae B TaKoli cxeMe IlOHBilHIOTCH rronroca Ha MHIIMO!i OCR Ha pac-::c 

CTOHUHH n =- ..!.. OT Hym1. 3To IIpHBOJllIT K TOMY,' 'ITO peanhHaH qacT°i, aii.mnHTY.llbl pacce-
a a · 

HHHS! -D+ CE) AilH aap,r}!(8HHblX M030UOB, Bb!pa}!(aeMaH ¢opMynol! (6) B noKanbHOli TOO-

pRn, nonyqaeT .nononunTenbUb1li qneH if,±: (E): 

D±:fE) D ±;(E) + if,± CE), ( 11) 

a 
rrte IlOA D+ (E) MbI paayMeeM peanbuyro qacTb aKayaanbuoli aMnnnTYllbI, no.n D +-CE)-

ee Bbrpa}!(eHne qepea 06b1qnoe Kayaanbuoe .nncnepcnoHHoe cooTnomeune (6) TaK, KaK ecnn 

Ohl ne Ob!JIO UHKaKoro uapymeUHH MHKPOllPII'IIIHHOCTH; II, UaKOHen, if,± (.E) 03HaqaeT llOOa-

BO'!Ub!e '!IlOHhI. Bbl3BaHHbl0 uapymeHHeM MHKponpH'IHHHOCTII B oonaCTII -; 
2 + t 2 ~ a 2 • 

3TH llOIIOilHHT0IlbUbl0 'qneHbl ooycnoBneHI,I cnruynHpHOCTHMH q,yHKUHK p ( e , II ) II HMeIOT 

BRA: 

I l 



r/t ±.; (E) 
k2 

2 ✓-0~ 

1 

:E 2 
l+'.--

02 

D a a I D+:<0) +:D_, (0) 

,J 02 +: m2 

:E u:i-:(0 ).-•u_,(0) 
I , +:· --_, 0 

;411 

H Jlnll _aMnnHTj')lbl nepe3apHJlKH JlOnonHHT&nhHblll qneH HMeeT BHJl: 

r/texoh(:E) 

2 
k -- ---==== 1 .E 

2,,/2 102 +:m~ 1+: E" T 
02 

u+:<O) -•u~,(0) 

~ 

±: 

Ha (12) H (12') BHJlHO, 'ITO, 6naroJlapH Han1I~H10 ,ineHa, nponopn1Ioaan&Horo 

(12) 

(12') 

,pe-

an&HSH 'ISCTh 

.E 
+n 

Da (:E) MO)K8T JlS)l{e H3M8HIITh CBOll 3HSK IlplI :E > 0 , TSK KHK u < u· 
- + 

Ecna O Benaxo, TO 3TO npOII30li)leT B o6naCTII COOTBeTCTB8HHO BblCOKHX 3Hepr111! E ' 
a 

rJle caMa pean&HHH 'IHCTh D ±. (:E) M0)1{8T 6blTh y)Ke B8C&Ma Manoi!. 

§ 4. IlpoBepxa ac11MnTOTH'leCKIIX°C~OTH011leHBII M8)KllY ceqeHIIHMII 

B pa6oTe
1291 

BnepBbl8 6bmo ycTHrlOBneHo COOTHOlll8HHe Me')K)ly nonHblMII ceqeHHHMII 

+ 
B381IMOll8llCTBHH 11 - -Me30HOB c Hyxno_HaM11 np11 6on&111cl! saepr11a. HMeHHo H3 _ )lacnepclI-

OHHblX COOTHOllleHIIll 6blno Bb1B8)l8HO, 'ITO npu E .... 

O'~+N =· arT-,N 
( IS( 

H838BHCHMO OT Toro, npoBCXOJlHT n11 paCC8HHBe Ha npoToHe 11n11 Ha aellTpOHe. 

TeopHH, O)lHHKO, ae npeJlCK83blB88T xapaKTepa CTpeMneHHH 3TIIX ceqeaall K npe)len&-

ROMY 3aa,iea1110 np11 .E .. TTosToMy aen&3H npeJlcKa3aT& imepr1I10 :E , npa xoTopol! 

. paBeHCTBO (.13) )lOn)KHO 6&1 co6nIOJl8ThCH y)Ke C xopo111el! TO'IHOCThlO. 

8 nocne)lH88 BpeMH JlnH YCTSliOBneHHH 8CHMfiTOTII'18CKHX COOTH01118HHi! 6bma npHBneqe

HS TeO_peMa $parMeHa-naa11enecpa, onpe)lenH10maH fi0B8Jl8HH8 8HanHTH'l8CKOi! cpyHKOHH BayTplI 

yrna, o6pa30B8HHOro JlBYMH ny'laMH, B 381:HCHMOCTH OT TeX npe)lenoB ,c 1 H ,c 2 , K KO

TOpbiM OHS CTpeMHTCH"• B)lOnh 3THX nyqell ( CM. pac. 2). !fa 3TOi! TeopeMbl cne)lyeT, 'ITO ec-

nlI 

,pH 

6bi 3T8 <pyHKOHll HMena pa3nH'IHbl8 npe)lenbl B)lOnh rpaHHll yrna, TO OHS pocna 61,1 BHYT

/&J/ 
yrna He MenneHHee 3KcnoHeHTbl • Ecnn B KS'l8CTBe 3Toro yrna B3HTh yron 11 ( Bepx-

B1010 nonynnocxoCTh l, To np11 

ca 

·s ... oo Mbl 6y)leM HM8Th Jleno C aMnnHTYJlOil JlnH nponec-

a +· b =· c + d , 
(14) 

12 

I 

I \ 

·1 

a nplI 
\ 

·s .. _,.. - c aMnnaTyAoA AIIH nepexpecTaoro nponocca 

c'+ b =·ii+ d. (I~•, 
Ecna SMMIITYAS YllOBn0TBOpB0T Tpe6oBHHHHM no11:ani,uoA Teopull ( I, II, Ill) l TO npe1tem,1 

npll .s .. + .. · paBHbl ,][ pB.BHbl, cneAoBST0nhHO, C8'18HlIB nponeccoB ( 14) II ( 14'-). e: llOMOlllhlo 
. - . " ' /31/ 

3TOA Teope_Mbl B pa6oTe 6blnO m;>nyqeao 6on1,111oe 'IHcno COOTHOlll0HJI~ M&)K)ly SCIIMllTOTll ... 

'10CKHMH C0'10HIIHMII AnH pa3nll'IBblX nponeccoB. Ilpl1B0A8M H8KOTOpbl0 113 BHX. 

a) J::tn11 nonHux ce~euul! np11 s =;· :E 2 .... 

ce,ieu11s:i cno1ty10rn11x nponeccoB: 
AOn)l{Hbl OblTh paBHbl Apyr Jlpyry nonBbl8 

+ 
11 + p = 

+ 
K + 

p + 

p .. =· ••• 

p =· ••• 

+ 
I + P =· ••• 

H 

·H 

H 

H 

H 

17 +: p -~~ , 

K + P 

'I ( 15) 
p +· p =· ••• 

l:-~: p =· ••• 

' ' o) nnH Jlll<pcpepeauaan&BblX C0'10HHJ!. Ilpll s .... n 38JlHHBol! nepe)laqe HMnyn&ca 

paBHb1 Jlpyr npyry Jlllcpcpepeauuan&uue ce,ieaus, cneJly10mux nponeccoB: 

+ + 11 + p .. 71 + p II 11 +p ... ,r + p 

+ ·+ 
K- + P K +p .. K+p n .. K + p , 

+ + - + ,r + p .. K +I H K + p . .. K + I (16) 

- .. -K 0 + A -o + 
+A 

,r + p H K +p ➔ ,r 

u T.n. (3aMeTuM, 'ITO aaaxoM Mbl OTM8'188M SHTH'ISCTBObl). 

·• 

Ilpuu~1In1Ian&Hoe,3HS'leHne 3KcnepnMeHTan&aol! np0Bepx11 3THX aCHMllTOTH'l~ciux ~OOT

ao111eaul! THKOBO )Ke,. KSK II 3H8'18HII0 npoBepKII JllICnepcnoHHbIX COOTHOlll8HBII, nocxon&Ky B 

OCHOBy BblBO)lS Tex H Jlpyrux COOTH01118HHl! nonO)K0Hbl OllBH II Te )1{8 npe)lnonO)K8HIIH noxani,
Hol! Teop1I11, 

Kax ._o6CTOHT cellqac-)leno C 3KcnepHM8HTan&BblM JlOK838T0nhCTBOM COOTHOIII0H1Il! ( 15) 
n (16')? 

no JlHHHblM, KOTOPble Obin!! JlOnO)K8Bbl HS XII KOH<pepeHOHH. no <pll3HK8 BblCOKHX 3Hep-

/24/ /25/ 
r11l! B ny6He neToM 1964 roJla. (cM. TauKe ), nonable ce,ieauH JlnH nepexpecTHbix 

Iip008CCOB B o6naCTll. :E s. 2() rsB erne 38M8THO OTnH'ISIOTCH Jlpyr OT Jlpyra. 
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Ha pnc. 3 npnBenenbl 1tpHBble nnn ue1toTOpbIX nponeccon, B3 ltOTOpbIX nnnHo, '!To ce-
. + . . . + 

qennn n·nn npoueccoB rt- P paan~qa10Tcn upn E • 16 - 20 rs» na 2 M6, nnn K-·p 

Ha 4 M6, nnn PP n PP - ua IO M6. 11HhlMH cnoBaMB, npn sneprnn ·E •1B-20rsn 

o6mee nna nepe1tpecTHblX nponeccon acHMBT0TB'l8cxoe 3Ha'leHH8 ceqeHHB eme He nocTHra-
. - ± . 

. eTCH. HeKOT0pbI8 KpHBble (K p) ltEllt 6ynTO nonqep1tnBa10T, 'IT0 HM88TCS! T8H)l8HUHSI CTpeM-

/18BHH K pa3Hb1M npenenaM. 

J13yqeHH8 n11¢¢epennna/lbBblX ceqeHHef! rrpH BblC0KHX sueprnnx HSXOJlHTCH B 3H8'1HT8/lb

H00M8H88 ynoBneTBOpH8/lbB0M C0CT0HHHH, T0'IH0CTb H3Mepenn8 STHX B8nH'IHH cymecTB8HHO 
; .. ,, 

M8HbW8, 1!8>KE!/IH T0'IB0CTb H3M8p8BHH nonHblX C8'18BH8, H noST0MY Mbl 118 6yneM o6cylK)laTb 

8TH )l811Bb18, 

Reno, 'IT0 nan&uef!mne nccnen0Ba11nn npenen&BbIX ceqeunf! BpencTa»nn10T co6o8 nc1tn10-

'IHT8.1IbH0 BS>KBYIO 3anaqy )l/lH oynymnx ycKopHT8/181l. 

§ 5. TTpoaepKa onnopo.nuocTH H H30Tp0BH0CTH Bp0CTp8HCT_Ba-Bp8M8Hll 

B ¢n3HK8 npomnoro CT0B8THH ¢yunaMeHTa/lbll08 3Ha'lenne HM8/IH 3aKOHbl coxpaneHHH. 

Cop,peM8HH8H Teopun oonee ¢ynnaM8HTan&noe 3Ha'leHH8 npnnaeT CHMM8TpHHM H rpyBBOBblM 

CBO~CTB8M. 

3aKOHbl coxpaaeann C STOA TO'IKH 3p8HHB HBBHIOTCH C/18JlCTBH8M onpeneneHBblX CHM

MeTpnn. B qacTnocTn, 3aKOHhI coxpanemrn aaeprnn m,myn&ca n MOM8HTa KOIIH'18CTBa · nB

nn10Tcn cnencTBH8M O)lHoponnocTH H H30TponnocTH npocTpaHCTBa-BpeMeHH. 

Hapymeirnn TaKof! onnopollH0CTH n H30Tp0BH0CTH )l0/l}KHbl Obi npHBOllHTb H K Hapyme

HHHM 3aK0H0B coxpaHCHHH. B 3TOH CBll3H YM8CTH0 naB0MHHTb, '!TO B oomen Teopnn OTHO

CHT8/lbH0CTH, onepnpyrome_il C H80)lHOpOllHblM npocTpaHCTBOM PnMaHa, He cymecTByeT no

KS/lbHOro 3aKOHa coxpaHeHHII 3H8prnn-HMllY/lbCa. 

,OtinaKO B8pH8MCH K aameil T8M8. C KSKO!! T0'IH0CTblO H OOCTOHT8/lbHOCTblO )lOKa3aHbl 

3aK0Hbl coxpaHeHHll_3H8prnn H HMBY/lbCa, npnMeHHT8/lbH0 K MHPY 3/18M8BTapHblX qacTnn, B 

00/laCTH oco6o Bb!C0KHX aaeprn!!? OKa3bIB88TCH, qTO 0TB8THTb Ha STOT BOllpoc nener1to, 

TaK KaK 3Ha'IHM0CTb 3THX ¢yHllaM8HTan&Hblll 3aK0H0B npnanaeTCSI C8MOO'l8BHJlHOll,H no 3TO!! 

npH'IHHe cneuna/lbBbl8 0llblTbl )l/lH npoBepKH 3THX 3aK0H0B ue CTaBH/IHCb. 

Me}Kny TeM HY}KH0 ncao npencTaBnnTb ceoe, 'IT0 B03M0}Kll0e· aapymeane STHX 3a1i:o-

HOB Morno Obi 6b1Tb cnencTBHeM aapymeHnn. onnoponHocTn n naoTponnocTn.npocTpancTBa~ 

BpeMeHn B MHKpOMHP~ n Bpnn /Ill eCTb 0CH0BaHHH nenaTb nne10 06 0)lHOPOJlHOCTH H nao

Tp0BH0CTH npocTpaHCTBEl-BpeMeHH BpenMeT0M B8pbl ¢n3HKOB. 

Ka1tne }1{8 CB81l8HHH 0 38K0HaX coxpaH~HHH M0}KH0 BoqepnHyTb H3 coBp8M8HHOrO SKC~ 

nepnMeHTa B 0611acTn Bb1co1tmi sHeprn!!? OKa3blBaeTcn, 'IT0 Han6011ee TO'IHble naaable· OT-'.-

14 

f 

,., 
' 

,m'>cHTCII K ynpyrn~ CT0/llt!I0B8HBSIM npoT0H0B.· 11Me11no, TO'IBOCTh co6n10nemu1_ pennTBBHCT 

· cxon KHHeMaTun, K0Topall ocH0BbIBaeTcn na aa1tona:;:: coxpaHeHnn sHeprnn-nllilnynbca:• · 

p +:. p a- p '•+:-;, ,. 
l 2 . l -2 

' 
(17) 

E(p 1 ) + E (Pa) =· :E (p;-) +: :E (p'2 ) , (17) 

rne :E =· +.: ,/.p a+: a 
2 . COCTBB/lll0T B. 1IHTepna11e aaeprnn -:E 2-10 rsB ,. 3%. 

CooTB8TCTBYIOJitan nnnHa B0/IBbl B /1800p8TOpHOf! CHCT8M8 K0Op/lHHaT C0CTaB/IH8T 
-15 · · · 

A . • 10 CM. na11ee, M0}KH0 C'IHTaTb y6e)lRT8/lbHbIM 0 'IT0 p83KHX. CKa'IKOOOpa3Hl,IX Hapy-_ 
· . " · /33/ 

memi:n KHHeMaTHKH ( 17) ( 17) Ha ypoBH8 10% HGT, HO OHR· MOr'111i 'Obi 6b1Tb Ha ypoBne 3% ·•. · 

OnHaKo no ST0MY .nOBO)ly H8T HBKaKBX OliblTHLIX )lllHHblX. 

Me}Kny TeM, ecnn cymecTByeT 1taKa11-.~noo HeonHoponnocTh npocTpancTBa-BpeMeHn, 

CBH3aHH8l1 C Y/lbTpaMa/lblMH MacmTaoaMH, Clta}KeM, a. , TO 0}KH)la8Mbl8 HapymeHHll 3aKo-
h ' h . 

aoa coxpaHeHBll Jl0/l}KHbl OblT& 3Hl\'llfTe/l&HbIMH AE • __ c_ , . Ap • __ , HO penKHMH. · Qqe-
• • t , • a a 

BnnHo, 'ITO nono6Hble _napymem,;11 6b1110_ 01,1 _Tpynao OT/IH'IHTb OT nponeccoB c yqacTneM Hell-

Tpan&HbIX qacTBH. OcooeHHO B Tex· cnyqanx, Korna HMenac& 6bl 'yTeqKa' 9Heprnn n HMBym,

ca, B03HHKana Obi B03M0}KHOCTb lfHTepnpeTnpoBaTb co6b1Tlfl1 KaK pe3yn&TaT polK)leHHll ·uef!T

pa11&HbIX qa-~THll (it11HeMaTnKa ,JlOBYCKaeT BpH 8TOM B8CbMa WHpOKHe B03MO}KHOCTH). nos-.' 

TOMy oonee HHTepecHblM 6bl/lO Dbl Ha6111onaTb cnyqan , cnoBT8HH~ro' B03pacTaHHl1 3Heprnn n 

HMnyn&ca qacTun. 

~ cnyqae H80)lHOpOJlH0CTH npocTpaHCTBa-Bp8M8Hlf B MHKpoMnpe onHa H3 CHCT8M xoop

nmiaT M0}K8T OKa3aTbCH BbI)l8/18HH0il. 3To, B qaCTHOCTH, MOr110 6bI 03Ha'laTb, 'ITO HB/18HHl1 

n naoopaTopnon c11cTeMe KoopnnHaT n B cHcTeMe nenTpa Mace npoTeKaIOT pa3nH'IHbIM o6pa-

3oM, pa3yMeeTcn, B oonacTn nocTaTO'IHO oon&mnx aHeprul! :E , cpaBHHMbIX c HeKoTopof! 
. he /9/ 

KpHTH'l8CK0!! SHeprnen .Eo =· a 
BecbMa TO'IHbl8 AaHHbie no STOMY llOBOA;( HM8IOTCH cef!qac B CBH3H C H3Y'l8HH8M· 3Ha-

o +· - ... . . . . 
MeHnToro Tenepb pacnana Ka ➔ ., + rt KOTOpblH OOCTOHTenbHO_ BpoMepnH Bpn . llBYX 

aaeprHnx •. BeponTHOCTb TaKoro pacBana d\li B 06b1'1Hof! TeopHn ecTb ¢yaKnnn ;Byx HH-
2 .. . • 

Pp
1 

=-P - Pp 
2 

, rne P .;. qeTblpeXMepHblf! nMnyn&c 1 

± . . I 
p 

2 
-nMnyn&cu 7T -M830H0B. nosToMy BeponTHOCTb dW 

BapnaHTOD ·s =· p2 
0 

K
2 

-Me3oHa, a P1 

n 

n 

BepeC'IHTbIBaeTCH o6bI'IHblM o6pa30M H3 OAHOl! CHCT8Mbl 0TC'leTa B npyryro, B qacTHOCTI!, - . 
oynyqn H3B8CTHa nn11 llOKOHJiterocH M830Ha ,M0}K8T 6bITb Bbl'IHCnena )l/111 M830Ha JlBH}KyJite-

roc11. KpnTepHeM cnpaB8A/IHB0CTH TaKoro Bpeo6pa30BaHHH, oc~oBaHHoro Ha OObl'IHO!! KHHe

MaTnKe Teopnn 0TH0ClfT8/lbHOCTH n 3aKoHax coxpaHeann MO}K8T 6b1Tb HHBapnaHTHOCTb 

0 
M'.1CCbl BOKOR pacnanaromef!CH 'laCTHllbl, B )laHHOM cnyqae Ka --Me3oHa. 

0 . /33/ 
OnblTbl , BpOH3B8Jl8HHbl8 Jl/lH K 2 -M830Ha llpll SHeprnn -.E = J rsB · H 

/34/ 
I npn SHeprnn :E = 10, 7 raB . noKa3blBaIOT, 'ITO pa36poc AM B03MO}KllbIX 3H8'18HHli 

MaCCbl BOKOR M830Ha M B nepBOM cnyqae C0CT3B/IH8T " 0,7%, BO BTOpOM • 1% 
npn 0)lHOM H TOM }1{8 cpenneM 3Ha'l8HHH M • 

l1HblMH C/IOBaMH, B ST0M cnyqae, TaK }1{8, Kalt H Bpn ynpyroM paccenHHH HYKIIOH0B, 
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I 
: J, 

', 

' I 

penRTlIBllCTCK8ll KKHOM8TKKll. coCSmo)laeTCll B cpe)lH0M C TO'IHOCTblO' oxono 1 %. 05° OT)l0nhHblX 

:iu.ma)laX Talt il«t Mano. MOJKJIO CK83aTb, KaK .H B i:ny'lae. PP -paci:eHJmll (OHR « 10%). 

· <l>ax-r. pacnaAa K! -Meaona na Jlna IIHOHa nnepnble 15bln JlonoJKen aa XII Me}!()lyaapoll

nol! xon~epennnu B nyl5ae neTOM 1964 ro)la H nponaBen ceacanaoanoe nne'laTneane, Tax xax 

yxa3b1Ban· na il:ecoxpaneHHe ltOMfillHHpOBaHHOI! •CP -'!8THOCTH. 

B nacTOllnt00 Bp8~Ul cymeCTBOBaHBe llBYXllllOHHOro pacna)la 
, ' /34/ 

JlpyrHMll ll3M0p0HBllMR (CM,,nanpHM8p ) .u noirnllnocb H0Manoe 
· · • · . ; · /35/ 

OOT, B XOTOPb!X )laOTCll nCTonxonenne a'l'oro IIOBoro l1Bn0Illlll 

0 
K2 -M030I!a llO)lTB8p}!()l0I!O 

'!'IICno T00p0Tll'!0CKHX pa-· 

IToKa eme 110 ual!A0IIO Hll-

KSKHX APYl'.'HX anne1mtt, KpOM0 pacnMa 
0 + 

K 2 ➔ 11 + 11 B KOTOpbIX o15uapyJKHBanocb Obi 

- 11 necoxpaHenne •CP -qeTuoc-r~. ITosToMy aeT eme JlocTaTo'IHblX ocaonaaull mrn Bbloopa M8JK~ 
I x/ •• 

AY pa3nll'!Hb1MH T00p0Tl!'!8CKHMll ll)l0llMB 

B 3~)la'ly STOA CTSTbH He BXOABT 06oape1111e paanll'l':blX T00p0TH'!0CKl!X OO'hllCI10Hlll! ,'/ 

JlBYXIlllOHHOro pacnaJla, 

, B uaTepecyKJmeM nae acneicTe cne11yeT OTMeTHTb, '!T.o aecoxpaaeaae •CP -'leTaocTH 

03H8'!80T nH15o uecoXpaH0Hll0 'T -unnap1!8HTHOCTH (1rnnapnaHTHOCTI! OTHOCl!T0nbHO ol5pame-', 
• I 

lll!ll npeMean t ➔ -, t ) , nn15o aecoxpaaeune ·CPT -11unap11aHTHOCTH. 

MelK.lly TOM •CPT -nnnapHaHTHOCTb ecTb HpllMoe cneACTBHe noxanbuol! Teop11n no-. 

m/871 
(uo o6paTH00 ue AOKa3aHo). IT03TOM)' napymeane •CPT -HHB8pll8HTHOCTR 03H8'1an~' 

15bl, aapymeaue ocuonHbIX npnannnon noxanbnol! Teopl!H 11 .Morno 15br 15b1Tb cBR3aao c aapyme

mxeM npumu1na npll'lllllHOCTB B MHXpoMHpe, unu.nool51Il'.e reoMeTpllH MHKpOMHpa. 

Cne11yeT OTM0TBTb, '!TO OJlHHM H3 cneJlCTBHi! ·CPT -TeopeMbl llBnll0TCll p8B0HCTBO 

Mace '!8CTHll m H aHTH'!aCTl!ll m , B B8CTOllnt00 Bp0Mll O'I0Hb TO'!HO ll3B0CTH8 pa3BOCTb m:.; -mlt -,u· , 
- ~ 10 , 'ITO yxa-Mace Anll mlt 

3blD80T aa B0CbMa CTporoe co15nKJA0BH0 onepaTopaoro paneacTna 

Ko ll K
0 

-M030HOB, 0K83bIB80TCll 1 'ITO 

CPT - 1 (cM.'
851

). 

Hecoxpaaeane TOHbKO 'T -uanapnaHTHOCTH Morno 15bl oaaaqaTb aapymeaue naoTpon- · 

HOCTB Bp0M0HH ll TaKJK0 npencTaBHllHO 15bl C0pb03800 3aTpyAH0Hll0 AnH norB'!0CKOi! CX0MbI 

conpeMenaol! Teopnu, B ocaoBy KOTopoi! nonoJKeao npeAcTanneane 015 usoTpona<;>M npocTpaa

CTne--npeMeHH, 

Ecnn aapyme.nne •CP -ae'!eTHOCTH, o15aapyJKeaaol! n .r:1nyxnnoil:noM pacnane K 0 
-Me3o- · 

2 ' 

aa, oxaJKeTCll AOCTaTO'IHO ol5mnM 11nneHHeM, To· ae HCKHKJ'!eno,. 'ITO ono MOJK0T 15btTb cr.eA

cTnneM H8 CroHbXO 'aHoMam,HbIX' Slll(OHOB B38llMO)l01!CTBllll, CICOnbKO Cn0ACTBll0M ll3M0H8-' 

HHll npocTPal!CTBeaao-npeMeHHbIX cooTaomeanl! n ManoM, 

B 9TOI! CBll3H yM0CTBO H8HOMHllTb, '!TO B HeKOTOpbIX T00peTH'!0CKllX llCCH0AOBaHllllX 

uapymeane ol5bl'IHOI! '!0THOCTH CBll3blB8HOCb C B03MO>KHhlMH oco15eanocTllMH reoM0TPllll MHK
/88,89/ 

~~· . 
, x/ BHAllMO, .Hau15onee yl58)lHT0HbHOi! Teopnel! 

j 

I' 

KoTo"pbil! JlODycxaeT pa3nll'!Hb10 onepannn /fJ P, •T 
( CllllbHbIX, 8H0KTpOMarHHTHhlX ll cnal5bIX) • 

Ilp0ACT8Bnll0TCH Dp0AHOJK0HH8ll T .n. nn, , 

Allll pa3nll'IHbIX BllAOB B38llMOAell:cTBHli ' .. 

16 

,; ' 

rt r 

I 
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§ 8. HeKOTOpb10 Jlpyrne .nponepKH Teop_Hll OTHOCl!TenbHOCTII 

B 3axn,Kl'I0Hll0 ol5paTHM BlIHManne na H0KO;OPbI0 Ollb!Tbl, XOTOpbie 15bIJIU llp0H3B0)l0Hbl 

. B. H0AaBH00 Bp0Mll ll l5b1JIU llp0AH8388'!0Hbl Anll HpOB0pKI! T80pllll. OTHOCHT0nhHOCTH B ol5nacra 

BhICOKHX anepr111!. 

B 1957 ro)ly rpynna ¢H3llKOB nyl5Hbl nponep11na 38BHCllMOCTb MSCCbl npoTOHOB OT BX 

cxopocTn npu xuaeTnqe~xoi! aaeprnn T = 660 Msa. ·oxaaanocb, ,iro"¢opMyna Teopun oT-

aocuTenbuocTn ' I 

v 1 -· /3 2 

m 
p 

mo 
f3 ... ..:!._ 

C (18) 

co15nKJA80TCll C TO'!HOCTbIO 
ti mR · 

. rip- " 0,4 %. Pa150T8Klll!He B HBC'J'.Ollinee Bp0Mll 9H0KTpOHHbUl' . 

,yCKOPHT0HH C aneprnel! AO 6 rsn IlOATnep>KaKJT eme 150nbmyKJ TO'!HOCTb <popMynbl (18) • 
, · . limll • -4 . . 

. HM0HHO, npn -;;r.;- " 5.10 AOHlKHa 15M 15bma aacTynHTb Y>K0 llOHHBll Ae~a3npOBKa ' - fJ 
n, cn~AOBaTenLao, nonuoe aapymeane nponec.ca ycxopean11 

llineAcKne ¢nanKn n · UEPHe HeAanao nponepllnH OAHH na na>1<aei!mnx Teancon Teopnn 

' ' . /40/' 1 , 
OTHOCHT0nhHOCTH - H0<)aBHCllMOCTb CKOpOCTll cneTa OT CKppoCTH llCTO'!HllKa • - B X8'!0CT.:. 

B0 HCTO'IHHKa H3HY'l0Hllll ·r HCDOHb30B8HHCb .-.!l -M030Hbl BbICOKOil aaeprnn f3 =0,99975. 

HenocpencTBeano naMepRnacb cxopocTb cj, -nyqei! c saeprnei! 15onee. 6 rsn. ITpHHllTbre 

cei!qac ~H8'!0Hllll CKOpOCTH CBeTa co= 2,99793 :!:. 1 KM/cex. AnTOJ)bl Olll1Cb!B80MOI! pal5o..: 

Ta namnn 

~4"1! 0 

c,y, - 299790 :!:. 40 XMICM. TaKHM ol5p830M, B Dpenenax omnl5ox OilbITa 

Ilpyrne no·.r:1015~bI0 H3Mepeanll KB>KyTCll M0800 TO'!Hb!Mll ll npHB0A0Hbl B 01530-

. pe 

' 

§ 7. 3 a K n Kl q e a n e 

3KCil8pHM0HT8HbHbI0 AaHHbI01 KOTOpb!MH pacnonaraeT COBp0M0HH8ll ~ll8HKa
1 

, orpaHH'IH-

h M 2 -15 
.' B8KlTCll MaCruTal5aMn Bo > -n-- __ c_ =•10 CM B na15opaTopaol! CHCT0M0 KOOpAHHa'l ll · _

14 
me E 

COOTB0TCTB0HHO .._ 10 CM B CHCT0M0 ll0HTpa Mace. 

1. H3B9CTHall B 9TOl! o15nacTH COBOKYllHOCTb ~aKTOpoB H0 npoTHBOp0'!HT,penllTHBHCT
/ 

CKOI! KHH0MaTn~e,n ncpe.r:1ae~ STa KHH0M8THKa co15nKJAa0TCH· C TO'!HOCTbKl OKono '1%; 

3anHCHMOCTb 'MaCCbI OT CKOpOCTll HO)lTB0p}!()leaa 388'!:HTenbHO TO'!H00 (.r:10 0,01%). 

2. OcTaKJTCll aensy'leHHbIMH B03MOlKHhl0 p03Kll0 (ao ManonepollTHM0) 0TKHOH0HHll OT 

pem,T~Bnc;cxoi! KHHeMaTRKH, XOTopbre Mornu 15hr DbITb BMsnaabI, xax l5hmo ,ol5'hllcaeao pa

aee; HapymeaueM ODHOPOAHOCTH llllll llSOTponaocTH npocTpaHCTBa-npeMeHH B ManoM. Taxne 

OTKHOH0Hllll Mornn 15br HM0Tb M0CTO n_ npenenax = 1%. ,' 

3. Eonee. Tp0BO>KHbIM llBH!I0TCll HOHO>K0HH0 HOKaHbHOI! Teopnn IlOHll, KOTOpoe rnyl5oKo 
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CBSl3SH6 C npHHSITOl! (j,opMoll reoMeTpHH H npH'lHHHOCTb!Oo AcH~nTOTH<iecKHe ceqeHHSI B '06- -
·, . ' ' . ,, 

naC~ll 20 faB "H00XOTHO' c6nH)KSIOTCSI Apyr C ApyroM, a cpaBH0HH0 H3B0CTHblX cel!qac aa~-. , . ' , ' 

~blX no paccesimiro BnepeA ~HOHOB BblCOKO_l! aaeprHH ie cornacyeTCSI C pe3yflbTST~MH pac-

, qeTOB no AHCnepCHOHHblM COOTHOill0HHSIM. 

BBHAY B8)KHOCTH Bonpo_ca aeo6xoAHMO A8n&Hellmee· YTO'lHeHH0 H3MepeaHll H , ycoBep-: 

meHcTBOBSHHe pacqeToB. 

EcnH HBM0THBmHeCSI pacxo2K.D.eHHSI TeopHH C onblTOM nOATBepASITCSI, TO OHO SIBHTCSI 

cepbe3Hb1M ocaoaaaHeM Ansi paAHKanbaoro nepecMoTpa ocaoBHblx nono)KeHHii coBpeMeaHoll 

Teop1111; 

B 38Kfll0'10Hll0 SBTOp Bblp8)K80T CBOIO HpH311BTenbHOCTb 38 npeAOCTSBneuue H006XOAH:

MblX ABHHblX H none3~ble o6cy)KAeHH~ COTPYAHHKSM 06'beAHHeuuoro HIICTHTyTa SIAepllbIX HC

cneJIOBBHHl\ B.C. EapameaKoBy, B.r. fpHillHHY, B.r. Kailh1meBc,KoMy, B.A. H11K11TH11y, 

M.H. TToA~opeuKOMY, n.H.· CTpyaoBy H B.n. CapauueBy. 
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