
~ 

05oE.lU11iEHHbiA HHCTHTYT Sl.llEPHbiX HCCJlE.llOBAHHJ)'t . " -
-----~ ~-- ~nABOPATO~IUI T~OPETH'iECKOA 41H3HKH 

~
'16) - - ~-

·,· 3-74 . 
. ~ P !A. 3paM)K.ffii 

I 

·2150 

. 
\-

- ":_ 3AXBAT. -IL-~ME30HOB flEfKHMH .HnPAMH _ " 
'' '' r ',' ,'/ ' ' " ·1 •'_, 'C ; 

J 

· . AaTope'cpepaT .oHccepTaUHH · Ha coH:cKaHRe. y'leHC>A cTeneH:H. 
' · K811~H.oaTa cp~3H:KO:..'M:aTeMaTH'IecKHX :Hayi{' . ' 

\' 

-~ . " 

' -> 
•'. 

I, 

"' 

.. "· "'" 

\ 

' ' Hayq~hii pyKoao.o-llTeJ~R ·-. 
JlOKTop ·. cpH3llK<>-MaTeMaTll'leCKllX HayK 

·. · · · B.B. Banamoa' 
< .. 

,. __ 

' 

·-- i 

. -

'.lly6ila.· 1965 - ~ 

>\ 

'\ ' 



• • • 0 ° • 2733 BP· 
~~:-- 3paMJitS!H ,:e, A. ·, 

~-P'f 3axBaT. J.t,' -Me30HOB 
Kl1iAK .fl~paMK.ABTOpetp.' 

65.· · 6/n•o. ·. 2I50 · 
.---- --------

.\ 

; 
,, 

-· 
-~ 
~'~ 

t't") 

*' 
~:-

....;_ 

\ 

1 ,"' 

7. 

.,_ 

/ 

_ p .A. 3pAMJKa 

2150 

3AXBAT I'--ME30HOB JIEfKHMI1 MPAM11 
' ' - '--- ,· 

AsTope~epAT ~BCCepTanHB Ha COHCKaaHe y~enoA CTeneHB 
.KAH.IOIAA'l'A_ ~H3HKo-'-MaTeMBTB~e¢KBX nayx 

\ 

Hay~HMA_pyxosonnTenp 

,·;-

,. 

~OitTOp ~B3BitD-MaTeMaTB~eCJtBX H8ylt 
B.B;Eanamos · 

'0 

-~. ~.., 
~ @u.,;nmJeiinio~n HHcrm-:rr t 
~ · ii.G.~iJHM.:r !.:tt.!eJI.imiuu:~ 
~ . . . 
~ · 6~·iSJ1vlOTEKA ..... 

' 

·- ,-. 

~ '.; ' 

) 

< '-; ~ 

...... 

~-



/ 

. · 

.' 

I r 

I 
I 

r ...... -... 

Ottnoa · aa ocaoaahiX 3a.ttll'l lj>H3HltH. sneMeHTilpHh!X 'lllCTHil smmieTCa onpetteneaae 

ltOHCTAHT MIOOH-I!YltnOHHOrO B3aJIMOAeliCTBHSI 

.. ,. +p-+n+v (1) 
- < < /1 2/ 

3H8HHe ltOHCT8HT HeOCiXOitHMO ,Qna npoaepiUI )'HHaepCanhHOCTH Cnal5oro B38HMOAeli:CTBHSI ' , 

_nonTaeplK.Ileaaoro sxcnepuMeHTam.Hh!MH ASHHh!MH no fJ -p~tcna.ny Hyitnoaoa, rr- a ,.--Mea~ 
HOB, CornaCBO TeopHH yHHaepcam.aoro B3AHMOAOliCTBHH 4>epM11 (YB4>) COaMeCTHO C AOUOn

imTeUhHh!MH npettnono>KeHBHMH - rauOTesoll: coxpaaeHHa aeltTopuoro Toxa H G -auaapBaHT

HOCTH Toxoa - cnettyeT, .'ITO nponecc aaxsaTa onuchlaaeTca TpeM,!I xoucTaHTaMH casrsx: 

aexTopaoll gv Laltcuan~>aoli gA a nceattocltansqmoli gP , HHAYilHpoaaaaoll: CBnhHh!M 
. x) . 
B38HMOAell:.cTaHeM • nosTOM)' ttnH onpetteneBHSI ltOHCT8HT Heo6XOAHMO no !tpaliuell Mepe TPH ' 

aesaaucHMh!x sKcnepuMeuTa. Haa6onee_TO'IBO Mo>KeT 6hiT& pacq'IHTSH sneMeHTapHh!li aitT 

38XB8T8 (1). 0AH8KO H3-34 CnenHij>H'IeC!tHX M930MonexynSipHh!X nponeccoa H3y'ie~e sn9-. 

MeHTapaoro 8ltT8 . Caaaaao C 60nhmHMH TpYABOCTHMH H "He lt89T HC'Iepnh!a8IOllteli HHij>opMa

UH~. 0 itoHCT8BT8X MIOOH-I!YltnOHBOro B38HMOAeli:CTaHH. flosTOM)' a03BH!t8eT He06XOitHMOCTb 

'onpetteneHHSI KOBCT8HT H3 SKCUepHMeHTOa H8 CnO>KHh!X gnpax. 

flpH HHT9pUpeT81lHH SltCUepHMeHTali&HbiX lt8HHbiX no 3AXB8TY p.- -Me30BOB cnO>KHh!MH 

HAP8MH0 a OTnH'IHe 0T 38XB8T8 . IIpOTOHOM, · nono>KeHHe OCnOlKHSI9TCSI H93B8HH9M TO'IBbiX 3H8-.... 

. 'leBHli gnepHh!x ·MaTpH'IBh!X sneMeaToa, caB3aBBh!X co CTPYJtTYPOli SI~tpa. B aacTol!lllee ape

MSI ST,H 3B8'19BHSI abi'IHCnSIIOTCa B p8MK8X TaX HnB HBh!X Sllt9pHh!X MOttenell:, flosTOM)' SKCne-.. 

puMeBTanl.ao a· nepay10 O'lepett& 6hln uccnettoaaa saxsaT aa gnpax, a ltOTCJph!x yttaeTCa c · 
. , . I 3 12 • · • ' . 

. 6o:n-moli TO'IBOCTDIO pacc'luTaT& MaTpH'IBhle sneMeBThl,- He B C • OlKHitaeMoe no 

Teopuu YB4> saa'leaae aepoHTBOCTx saxsaTa a sTKx nepexottax aaxottHTCH a· xopomeM corna

. ~HH. c sit~riepKMeaTanhBh!MII ttaaa~MH: 3'ro nosaonaeT. YTaeplKJlaT&, 'ITO .STII sitcnepKMeln'h! 

nottTaeplKJlaiOT TeopHIO YB4>. Ottauo us-aa cna6oll 'l)'aCTaHTenLBOCTH aepoHTBOCTII n_epe-
. 3 . 12 . . < • 

xciltoa a He a C It ItoacTaaTe HHAynupoaaaaoro nceanocunSipa gP cyme=ayeT Ciom.-

maa aeottB03B8'1BOCTb a ee onpetteneBHH. 

. 3KCnepHMeBT8nhHh!9 lt8BBh!e IIO pailHSilHOHHOM)' 38XB8TY --p. -Mesoaoa gnpaMK ca40 

x). Cornacao rHUOTe3e coxpaaeBHSI sexTopaoro TOKa xoa6TaaTa cna6oro MarHeTH3Ma 
g pasaa npOH3aetteHHIO p83BOCTH ABOM8nbBh!X MBrHHTHh!X MOM9HTOa npOTOBa H Heli~OB8 ·• 
aYaeKTOpaoJI _ItOI;ICTaHTh!: gw=( p.P- p. H) gv. 
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H naBHb19 no 8CHMM9TpHH yrnOBOro pacnpeneneBHK H9ilTpOH0B, npH 38XBAT9 .Ha TOM lK9 .xnpe 
t < -, ' -· 

npOTHBope'laT auaonaM TeopaH YB«<>, Onuaxo npa HHTepnpeTaitHH sTHX sxcnepaMeHTaJibHbiX 

naHBbiX nPHXOnHTCS! CTA.IlltHBATbCS! C 6oiibiiiiiMll Tpy):IBOC'l'S!Mll, CBS!38BHbiMH C npo6neMOit 

CTpyKTypbl gnpa, fiOSTOMY BOnpOC 0 HAn9lKliOCTH nOJiy'I9HHOit HHijlOpM~HH 113. ·yxaaaHHbiX 

SltCnepHM9HTOB 'OCT89TCS!. OTltpbiTbiM 11,. C.ll9,[10BAT91Ibll0, 119 S!CHa npH'IHHa paCXOJK):I9BHSI · pe-

3Y;IlbTATOB -pac'leTa no TeopHH YB«<> 11 'axcn.epaMeHTa. A:a:~orH'IHble TPYnHOCTH BCTpe'laiOTCsr 

H · npa HHTepnpeTanaa naHHbiX no no.n:s:oA aeposrrHOCTH. norriomeuasr. 

TaxnM· o6paaoM, aM:erom:a:ecsr B :s:acTOSIIllee· apeMH s~tcnepHMeHTAIIbHbl~ naBHbte ue ·noa

BO.IlSilOT cnenaTb onH03H8'1Hblit BbiBO,[l 0 B9.11H'IIIH9 ltOHCTAHT B3li;BMOneitCTBHS!~ fiosTOMJ'. H906-

XOnHM8 paapa60TKa naiibneltmeA nporpaMMbl sKcnepaMeHTa.llbHOro H3y'!9HHH nponeccoB ~ 

'. 3AXBAT8 C.llOlKHbiMH, MpAMH H ooecne'I9HH9 HX. HaneJKHOit T90p9TH'19CKOil. HHT9pnpeTAitHH, 

_:,3THM BOHpOCAM nOCBSIIll9HA ·:s:aCTOSIIllASI llHCCepTanHSI. 0CHOBH09 BHIIMAHH9 06pameHO Ha nape-. 

xonbi B onpeneneaaoe cocToSIHIIe no"<~ep~ero xnpa. (napnua.nbHble. nepexonbl), rna yJKe .B na-
·, ' 

CTOSII!lee. Bp9MSI npenCTSB.IlSI9TCSI B~MOlKHbiM naTb HAn9lKnyJO HHTepnpeTaitHIO peayiibTaTOB, 

H~cnenyeTCSI pOnb• MHOrO'IACTH'IHbiX acneKTOB srnepuolt CTJlYKTYP.bl B .38):18'19 ~--3aXBaTa, 

oco6enHo B,.llBSIHHe ny:vtou-nyKnOHHbiX KOppe.nSIIlHA, Bb13BallHbiX _OCTATO'IHbiMH napHblMH 

B3allMO!leiicTBHSIMH, n~ xapaKTepHCTHltH, napnuanbllbiX nepexonoa. B peAKitHH aaxaaTa c ahme-' 'c. 

TOM nel!Tpona napHb19 ·KoppenSIIlHH npaaonsrr K cnenuljlB'IeCKHM peaouancHbiM sljlqleKTaM, B 

STOM ,Cny'!89 lt9.1lb10 HCCnenOBAHllSI S!B.I1Sl9TCR ·BbiRCSI9llH9 .ponB p930HAHCHbiX sq,¢eKTOB,' 

· B 'rnaae, 1 pacCMOTpeabl BMeJOmBecR B saCTOSIIllee apeMst sKcnepBMenTa.llbHble naunue 

no_aaxaaTy ~ -Meaonoa JKHnKBM' aonoponoM 11 cnoJKshiMB SlllpaMB 11 npoanAnllaBpoaana· ,. ' 

'as<jlopMaitHR1 H3B.Il9KaeMASI H3 STIIX nA!fHblX, 

· B .rnaae II BanoJKena TEiopBH napnBA.IlbHhiX nepexono& · npa aaXBaTe ·~ -Meaonoa 

- - T . . 6 "' . . . . 1 6 /S/ - "'tt · 
Mpat.:tH• . eopHH a3BpyeTCSI HA .,.opMaJIB3M91 pa3BHTblM B pa OT9 'nnsr KnaCCH.,.-KAitHH · 

B paMKax TeopBB YB«<> MSTpB'IllbiX sneMenToa no cTenenHM sanpeTe · H nnH pac'!eTa aepoHT-

llOCTeit napnBA.IlbHbiX nepexonoB npB CTATIICTB'I9CKOM 3AC9.119BHII ypOBH9l! CB9pXTOllltOit CTpyK-

'Typbl MesoaToMa; 3T,oT ·.popManBaM· o6o6maeTCH ,na cny'laB onpeneneHHR npyrBx xapaKT_epB-

CTBK napnnanbBbiX · nepexonoa._ llony'!eHbi cimn-1-esaopbi gnpa, o6paaoaaameroi:H B peay.llb-

TaTe nornomeHHH ~- -Meaonoa; Ha oi:uoaauBB- cnuu-Teaaopoa nony'leHbl o6mae · BbipalKeHHB 

nnH aepOllTHoCTU 38XBST8 H3 onpeneneHHoro COCTOHHBR CBepXTOHKOA PTPYKTYPbl M930aTOMa,' 
' ' '' 6 - - - /4/ ' '' 

a TaKJKe paccMOTpeH o mull cny'!alt npoaaBO.IlbHoro aaceneHHH ypoaaelt · ~ llo.ny'leHbi aupa-
, ' ' - ' /5/ 

JKellHH nnH·a~HMMeTpHH yrnoaoro pacnpenenesaB xnep OTna'IB 

B rnaae UI -naa Ka'leCTaeashiil asa.nua B03MOlKHo,cTel! ucno.llbaoaasag napnHA.IlbHbiX 
w ' ' ' 

nepexonOB B nerKllX stnpaX BH.IlOTb no f . nnSI OnpeneneBIISI. KOHCTSllT B38HMoneitCTBHSI. 

B 6on_ee THJKenbiX gnpax-'ll!cno CBHsassux,coCTOHHBll no'lepsero xnpa aenBKo, 'tTo npaKTH'Ie

cxs ~ noaaonBeT · sxcnepBMeHTAnbso BblnenHTb nepe,xonbl B onpenenesaoe· COCToRHIIe, · 

fiOSTOMY H9T H906XonHMOCTII HX p~CCMSTpHBaTb, 
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ha_paCCMQTpeKHbiX nepexonoa npaKTH'Iecxult.B 
13 13 16 . 16 

C .. - B 11 0 - N - • 3TH nepexonu nonpo6no ace 

3 
H 

B rnaae -IV paCCM8TpHB89TCSI 3SXBaT p.-

. 3Ta.'pealtitllSI lip8ACTAB.IlSI9T cymeCTB9HHblit IIHT 

.CltH9 Olt9HltH MaTpll'IHbiX S.ll9M9HTOB MoryT 6hlTb Bb 

'noBaSI ¢yHKitHSI CHCT9Mbl Tp9X Ten AOBO.IlbllO XOpOillO 

. MAltCHMA.IlbHYIO HH<j!OpManHIO 113 STOlt peaK'nHB, 

B HaCTOSIIllee apeMSI naHHble no BepoSITHOCTH 

BOnpoCa 0 B9.1111'1Bll9 KOHCTAHT B38llMOneilCTBBSI. C 

B naccepTanss accnenyeTCSI'aCKMMGTpHSI yrnoaoro 

JieCOXpaHeHBSI '19THOCTH B 'cnafiblX B3aBMOneilCTBHst 

HM99T BBn 
W(0)~1+aPCosl 

- ~ -

rna ,P ~- ,cTeneHb nongpuaanBB ~ -Meaosa a Tpm 

Melli.o.y cnBHOM t:'leaona B nanpaanenaeM BbineTa· su: 

3aBHC51IllH_ii OT KOHCTSHT B38HMonel!CTBHSt H MSTpH' 

llpB P';lC'IeTe M_aTpli'IHbiX sneMeHTOB y'IBTbiBB 

npOCTP,~HCTB9~HbiM KOopnHHa~SM S '-cqCTOSIHIISI (~ 

aseceT numb se601Ibmae nonp:Saxn). B ,aToM cny'l, 

'lepea onus> B xos<P.PmtnesT a Olt83b1Ba9TCSI BO' 

a=_!_ (Gy-·GA+G 
2 · G2 2 2 

A+3GA+Gp-2G 

fiosTOMY np11' ·BCalt CnoJKHOCTII _9KCnepBM9HT8 B3~ 

uanemsyro an¢opManaro o ioscTaHTax aaauM:oneiic· 

B rnaae V BccnenyJOTCSI napnaaiibHhie ne 
. 16 

BeposrrnocTb . napnsanbHhiX nepexonoa a 0 B• 

/7/ -
. T9 0 .BblHOnH"eHHOll B ~8MKaX OnHO'IaCTII'IHOil MC 

cnenyB IIepexo.D.bl 8 casiaassue cocTORHBSI smpa 

!19Hllbl9 pa3nB'IHblMH 'l.lleHaMB raMHUbTOHHalla MIO' 

pOHTHOCTb 38XB8Ta sa ypOBHII- 0- H 2- 38BBC. 

aero nceanocxangpa -~ , a aepoRTHOC'l'b aaxas 

OT gp • 

B nocnellyJOmax pa60Tax 6uno noKaaano, -or . . ' 

gnep H906XOABMO.}''IIITblBaTb KOppe.llSinHII M9lKl'IY 
. . . JBJ n 

:co6olt pa3Hb19 OnHO'ISCTD'IHbl~ COCTORHIISI ,_ o: 

uoro ~6opa napaMeTpoB MOnenB. C sTolt ne.llbto 

5 



aeATpoHoa , npa · aaxaaT9 aa TOM :lKe l!J:Ipe 

HHTepnpeTBilliH STHX SJtCnepHMeHTanbHbiX 

csaaaH~MH c npooneMoA 

HHljlopM8IlliH H3 · ·yJtaaaa~x 

~nenoaaTenb~o •. ne srcna npli'IHHa pacxo)I{Jt~Hllll pe

A$ailorH'IHble TpyAHOCTH scTpe'laiOTCll 

ETOHDiee· apeMll sxcnepHMe.RTanb~~ ,ttaHHble He ·noa

KOHCTBHT B3BHMoneACTBHll~ ITosToMY. Heot5-

sxcnepHMeHTanbHoro aayq:eHBll nponeccos p. 

HBA9lKHOA TeopeTH'IeCKOA liHTepUpeTBIXHH. 

OcHOBHOG.BHBMBHHe o6pameHO .aa.nepe

(napllllanbHhle nepexonhl), rna y:lKe B aa

ABTb Ha.ttelKayJO liHTepnpeTBIXHJO peayilbTBTOB. 

smep11oll cTpyKTyphl B ·aana'le ,.--aaxnaTa, 

Bb13BBHHhiX OCTBTO'IHbiMll nap~Mll 

IJiapnnallbHhiX · nepexoAOB •. B · peaX.nHH aaxsaTa c Bhrire-'' 'cc. 

cnenaljln'lecxnM peaoHaHC~M sljlljlexTaM. B 

. BMHCHeHne . ponB·· peaoHaHc~x sljl<jJE)JtTOB. ' 

BpeMl! SKCnepHMeHTBnbHhle ABHHhle 

H CJIOlKHhiMll l!APBMR ll IlpDaH~3llpOBBHB 

nepeXOAOE npll 3BXBBT9 'p. -Me30HOB , 
I .. /3/ '.. , 

paoOTe AilS! KnBCCHljJHKBIXHll· 

aanpeTa H AilH pac'l:eTa aepol!T-· 

lrHC'I'R"<>t"W"nM ' 3BCeileHHll ypOBHel! CBapXTOHKOll CTpyK- , 

cnyqau onpeneneHHH ApyrHx xapaKT,epu-. · 

B peayllb

cnnH-TeHaopoa nonyq:eHbl OODIHe Bhlp8lK9HHll 

COCTO.IIHHH 'caepXTOHKOll ,CTPYKTyphl M930BTOMB, . 

. . . /4/ IT ... 

13BOilbHoro .aacenenuH ypoaHell ; ony'leHbl Bhlpa-
. /5/ 

JleneHall·l!Aep OTJlB'IH 

i103MO:lKHO,CTell HC~Onb30BBHHH napiXHanbHhiX 

Ailli.OnpeneneHliH KOHCTBHT BaBHMOJleliCTBHH. 

.COCTO~Hl! AO'IepHero HAPS B9JIHKO, 'ITO IlpBKTH'Ie

ennTb nepexonhl a orrpeAeneHHoe·cOCToHHHe. 
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li - H 3 3. 
a. paCCMOTpeH!IhiX nepexonos npaltTR'IeCJtHA. HHTepec, npencTaaJu!IOT . e - H 

13 13 16 • 16 ' ' 
C. . .- B H. 0 - N • 3TH nepexonhl nonpo6Ho · HccnenyJOTCll a naccepTanaa. 

3 
B :rnaae .IV paCCMBTpliBBeTCll 3B.XBBT . ,.- -M930HOB SlllPBMH He c o6paaosaaaeM • 

3 . . . . . . ' .. 
H •. 3Ta 'peaJtiXllll Up8):tCTBl3nlleT cymeCTBeH~A HHTepeC B CBll3ll C TeM; .qTO TeopeTH'Ie- . 

Cltlle OIX&Hltll MBTpli'IHhiX 3Il&MeHTOB MOryT tlMTb BhlnOnHeHhl HBlltlOilee TO'IHO, TBJt KBK aon

HOBBll cjlyHltllHll caCTeMhi TpeX Ten AOBOnbHO xopomo aasecTHa~ ·IT osTOMY I!BlKHO iraane'lb 

MBJtCHMBnbayJO HHljJOpMBIUIIO ll3 STOA peaKIXHH. 

B HBCTOHDiee. apeMll ABHHhle no aepoliTHOCTH aaxaaTa HenocTaTO'IHhi Ailll pemeHHll 

BOUpOC~ ~ B9JIH'Il1He. K~HCTBH'I: aaaa~oneACTBllll. C neJibJO nony'leHHll. HOBO~ HHljlopMBilHH 

. . ro1 
a nnccepTanaa HCCileAyeTCll ·acHMMeTpHllyrnosoro pacnpeneneHHll l!A9P TpHTBll · • B cany __ 

' . ' 
HeCoxpaHeHBll ·'leTHOCTH B CJIBtlhiX B3SHMOAeliCTBHliX. yrilOBOe pacnpeA9JI9Hlle ·. R,ttep TjJHTHll 

BMeeT BHA 
W(O)~ 1+.a P Cos 0, 

' ,. . 
(2) 

rne p ,.- CTeneHb nOJillpli3BIXHH p.--Me30HB ll TpHnileTHOM COCTOSlHHH Me30BTOMB,. 0 ,- yron 

MeJKJty CnliHOM Me30HB H HanpaBJieHHeM BhineTa smpa TpHTHll0 a - KOsljlljlliUHeHT BCHMMeTp~H, 

3BBHCliDIHll OT KOHCT~HT B38HMOA9HCTBHll. H. MBTpH'IHhiX 3IleMeHTOB nepeXOAa: 

ITpa· pac'leTe MBTPH'IHhiX sileMeHTOB yqa~hiBSilCll BKilBA TO~bKO CHMMeTpa'qnoro no 

npocTpaacT~eHHhiM xoopna~aTaM S -co~TOH~liH (y'leT. ManhiX KOMnoH~HT BOn~oaol! ljly~KIXHH 
aueceT JIHDlb HeOQJibWHe nonpaBKH). B .STOM cnyqae ace MBTPH'IHhie sri~MeHThl BhlpBlKBJOTCH 

..; 
'lepe3 OAHBI H KOsljlljJBIXHeHT a 0JtB3hiBB9TCll BOOODle He. 3BBHCliDIHM OT Hero 

' 2 
a = _!: , ( G v - G A + Gp) 

2 . 2 2 2 
GA+30A+Gp-2GpGA 

(3) 

ITo&TOMY npa' scel! CilOlKHOCTH .sKcnepaMeHTa aaMepeaae aCBMMeTpna MOlKeT ABTb aecbMa 

Ha.ttelKayJO HHljlopMBIXHJO o KOHCTBHTax aaanMOAellcTBHH. 

16 
B .rilaBe V accnenyiOTCll napnaanbHhre nepexonbl npa aaitnaTe p. .-Meaoaon B 0 ·• 

,, 16 
BepoliTHOCTb , napllliBilbHbiX nepexonoa a 0 accnenoaanacb MHoraMH anTopaMn. B pa6o-

17/ . 
Te , BhiUOJIHeHHOl! B paMKBX OJlHO'IBCTH'IHOJ! MO)lenH OOOJI0'19K 0 6hiJIO IlOKB38H00 'ITO, ,HC-

, . ' ; ' 16 . 
cnenyll nepeXOAhl B CBH3BHHhle· COCTO.IIHHSI l!APA N , MOlKHO 8hiJl9JIHTb sljlljleKThi, ooycnoa-

, ' " .. ' . \. . . - ' ~-. 
neHHbre paanH'IHhiMll 'lileHaMH raMBJibTOHHBHa MJOOH-:-HYKilOHHoro aaaHMonellcTBHH. TaK0 ae-

pOliTHOCTb 3BXBBTB HB ypoBHH 0- H 2- 3aBHCHT OT BeJIH'IHHhl KOHCTBHThl IUIJlYIXHpOBBH-

Horo nceBAOCKBilllpB · -~ , _a aepol!THOCTb aaxaaTa aa ypoaeHb 1- aoo6me He aaancnT 

OT &p. 

B nocneAyiDmnx pat>o;l!x ohlno noKaaaHo, 'ITO ABlKe 13 cnyq:ae ABBJKJtht MarH'Iecxnx 

smep Heo6xoAHMO .Y'IHThiBaTb xoppenHUHH MeJKJty ayxnoHaMn, xoTopore cM~mnaaiOT MeJKJty 
' . . ·. ' 18/ 

:co6oJ!· pa3Hble OAHO'IBCTH'IH?I~ COCTOHHBH •. fiosTOMY HeQOXOAHMO onpeneneHHe OIITHMBilb-

HOro Hl~tlopa UapaMeTpOB MOAeJIH. C STOll UenbJO B AHCCepTBUHH nccnenyeTCR 'lyBCTBHTeJib-

's 

\ 
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/' 

16 
ROCTb xapa!tTepHCTRit napiUUlllbllbiX. DepeXOAOB B - 0 c It. pa31lb1M Dap&Me'l'JlAM MOAIMll, . . . u . 
ltOTOpble li3Bllelt8.10TCJI H3 118HRhiX DO {3 -paCDaAY • N , AHIIO.JIIoROMY nornOI118RHIO )' -IBA!t-
. -· . . . 16 . 16 16 . 
TOB .JIAPOM 0 H CD81tTPY ypOBHeA· 0 H N • BapbxpOBAJIH8 JtacanOCJ> pa311H'lHhiX nap4-

MeTpOB: cjlopMhl DOTQRDHalla OCTSTO'IROrO. B3AHM0!181CTBRsl (nOTeRJixan raycca H J01taBH), 
• • . . <-;. -. - --

aMDnHTyllhl R PaARyca &yltllOR-RYiti10RilbiX B38RM0!18ACTBHII:, nap&M8TPA r;;V_!_ ociul:nnnop-

llbiX' cjlyxxnall,. o,DRChiBSIOIIIRX ABHlKeHRe RY1t110ROB B Smpe, 3ICDepHM8RTanbllhi~Cd A8HRhl9 118 . 

YI188TCB co~naCOBATb ,c pe3yllbT8TOM pac'leTa DpH ·paayMRhiX 3Ra'I8HRJIX. napaMeTPOB MOAenHo 

3To MOJKI!T 6h1Tb CBSI3ARO c R&OARoaHa'IROCTbiO HM&IOIIUIXCB aitcnepHM&RTanJ>IlbiX JtaRRbiX. 

B DpOTRBHOM' Cny'I88JDo-BHARMOMY1 RSAO DOliTH nam.me DpOCTOrO BSpbHpOBAHHSI D8pAM9TPOB 

MOI1911Ho 
16 

B !1HCCepT8DHR paCCMOTpeRa·acHMMeTpRB RA9P OT!18'1H N c Y'f&TOM • sepoHTR~ll 

.IIepeXOAOB RS B036yl!m&HRbl9 COCTOBRHR. 3R8'19HR9 XoacjlcjlRDR9HTA 8CRMN9TPHR a 0'19Rb 

cna6o aasRCRT oT napaM&TPOB 'li.!o~tena. noaToMY R3MepeHHe a , npll scea csoell cnolK-

xoeTR, · i.<or!lo 6hi naTJ> sec~>Ma xSAal!<Jlhie cseneRRa o senx'IHae. gp 
• . I 3 16 

· Cyi!IecTseRRhlM nononxenxeM 1t onhiTSM 118 He a 0 Mornil 6hl. 6b!Tb az:cnepa- -

"13 ' -
M&RThl · na C • B nxccepTanax noitaaano, 'ITO B CllY'fS& 3a~~Ta /L -Meaonos H3 

RHJKH":r·o cocTosmxa csepXTORKOll: cTpyz:Typhi Me3oaToMa B C sepoHTROCTb O'leRb CBllbRO 

,aasacnT oT z:oRCTSRThl BRAynxposaxxoro ncesnocz:annpa gP • MaTP.R'IRhlll: aneMeRT nepe-

XOil8 CBOJtllTCSI 1t M8Tpll'IHOMY ,aneMeHTy ,S -pacnana. 

B rnase VI pSCCMOTpeR OCHOBROII: 1t8RSI1 B pe81tD:Hl!.DOrllOIII9RRB /L -M930ROB 

38XB8T C l!CDYC1t8HR9M nei!TPOHOB, ·Jlo DOCilaJtHero speMeRR TeOpRSI TAKRX .nepeXOAOB 

pa3Bl!B8118Cb' B p8M1t8X OllHO'IRCTR'IHOll: ( ODTR'IQCKOll) MOJt91lH, 'faitoi! DOJtXOJt IIOAOCieR TeOpHB 

npHMoro RAepxoro cjlOToacjlcjleitTa. HasecTno; onnaito, 'iTO onao'laCTR'IRSR ( OIITR'Ie-

CKSB} , MOil911b B npo6naMe cjloT03~ltT8 Olt8~8118Cb ney!lOBileTBOpRTellbROll:, llpR'IBRS 

TSKOro DOilOlK&HRB 38Kill0'189TCSI B TOM, 'ITO npll ODTH'IaCKOM DOilXOila TepSieTCSI,CYIII9CTB9H-

H8R 'ISCTb aMDnHTyJthl 0 COOTBeTCTBYIOIIIRB pe30H8H~RhiM acjlcjl~KTR~. . 
/ 

Y'IHThtsan ~nhiT. paasxTxn npo6neMhi 

,pollb pe30R8HCHhlX acjlcjleitTOB R- B ,38118'19 
. /9-11/ . 

pa6oTax .• CospeMaRHSB o6ono'le'IRSB 

cjlOTORAepRbiX peaKIIRii: 1 B8lKHO. 6hii10 paCCMOTpeTb 

. /L- -38XB8T8, 3TOT' BODpOC tihlll DOCT8Bll9H B 
~ ' i - .. 

MOil911b II03BOI1ReT.Jt8Tb KOI1R'IaCTB9HR09 ODHCA-

nue peaoxancnoro acjlcjlez:Ta~ Ero saJKn~llmRM aneMeHTOM smnneTCn Y'leT napnhlx &yltllORHbiX 

B3RHMOAellcTBHil, Kaz: H B npo6neMe nunom.Hhl~ · soa6yl!m£>!1Rll, napnble oc~aTO'IRhle. B38RMOAeli

CTBDH He TOilb1tO npRBOJtHT 1t CM9III9HRIO 1tB83RCT811ROHRpHhlX yposnell RAPS ·OTnOCHT91lbHO 

DOIIOlK9HHSI
0 

ll8B89MOrO OJtHO'IRCTH'IHOJl MOJtellbi01 HO R liBJIRIOTCSI. RCTO'IHBltOM CRilbHOrO. 

o6o~am~xxn.cnez:Tpos nponyitTOB pacnana. 

KoHKpeTRhte pac'leThl ~eitTpOB neli:TPOROB, soannz:aiOmHX npR aaXBaTe /L -weaoxos, 

· ro 40 
6hlnH nposenenhl nnn RAep 0 R Ca. 

6 

- ~ ' 

- ·' 

,\ 

';: 

:;,-_:· 

• Y'leT npasnn OT6opa. npa /L--38XB8Ta DpHB0!1R 

6onee HHT9HCHBRhiMH OKaabiBSlOTCH nepeXOJtbl nepsorc 
. . . . . •I . • 

Jtb!pO'IHOMY B036yJKJteRR!D TRIIA (lp) (2s 1d) C J -{) 
- - ·- .. ,40 

c J =0 , 1 R ,2 B ·Ca • PaapemenRble nepexonhl · 

COOTB9TCTBYIOIIIR9 BblCOltOMY B03tiyl!meHB.; RAP80 • ocru 

R!)hq ItBaHTOBOMY. 'lncny, BxnSA nepexonos J6oJiee Bhl 
' . - ,. 

. '1;81tlK9 3HR'IRT91lbHO M9RbmRM, 

llony'laR · DOIIHhlll xeATPoRilblll cneKTP, O:x:aaanoe 

6om.inoA Blti18A s . lK9CT1tyiO 'I~CTJ> cneKTpa ( OO.xomem . . . 

xaHBaMa snnOTJ> no· aneprxa nopRAita 10 Mas ·6om.mE 

31'o .HaXO!lBTCSI B COOTBeTCTBRR. c· DpOB9!19HRbiM pane 

nnA: JKeCTKSSI 'ISCTb CD9ltTPR cjloTonpoTOROB R cjloToRe 

peaoll8HCY, o6SI3ana · ~ ocnosnoM ne npsO.owy Mexann 

DOilbHhlX COCTORHBA na RR3It0119lKAIIIBe AhlPO'IHue COC' 
' ". - ' ' ' ' .' 

o6ycnosneH cMemRBSRB&M o6ono'le'IRbiX Koacjlxrypanal 

~ B38RM0!19ilCTBHA, ReABSrORallbHbiX' DO· ,0/lHO'iSCTR'IHblllo! 

aaeT 8, onnoqacTB'IHoA, B 'I~CTHOCTH,' onTR'Iec~oA MO 

llony'leHHble peaym.TSThl DpRBO!lHT K Bb!BOAY 0 

'19CKOA M0Jt911H JtllH BHTep~peTa~RH A8HRhlX no 38XB8 

'nellTPOHOB, no Kpallxell Mepe npa ~Reprnxx !W:neTel 

B CBSI3R c aTHM · npencTasnneicH, 'ITO nnH Tor· 

R3BIIint:aTb 1tOHCT8HTbl MIOOH:-&yltllOHROrO · B38RMOJtell:c• 

cnenyeT npensapHTellbRo nocTaBHTb cnenxallhnhle aK 

RR3M8 38XB8T8 'R0 B '18C::TROCTR0 pOIIH pe30HBRCRbiX l 

. !ill ' 
llo'ITR O!lROBpeMeHRO C pa6oTOll: BODpOC 0 

' ; . /12/ . 
38XB8Te 6,blll DOJtRSIT <I>OMR ~ R Bane JUtS B CBS3H 

38xB8T8o 

Peayn&TSTbl, somenmxe B nncceP'J:'SnHIO, 6hlnH 

ltOR<jlepeHDHR DO cjlB3Rlta BbiCOitHX SR~prHJt B .1964 ro 
•. I - • •., -· 

RbiX KOR<jlepeRDRRX DO TeOpHH aneM9HTSpRb1X 'I&CTH 

. "' /4-6,8-11/ 
pauOTaX . , 

nxTepa 

1. R.P;FeYnman, M;Gell-llann. Phys. Rev., !!!2~ 193 (1958). 

2, E.C;G;Sudsrshllll, ~E.IIarshak. Phys. Rev., !!!> 1860 (1958). 

3, M.Modta, A;FujiL Phys. Rev •• 118, 606 (1960). 
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16 
--0 '.X pa3llhlM IIApAWeTpAM WOAM111 

16 ' 
-paCII8J1Y N , IUIIonJolloMj norJIOIIX8DlO y -EBalt- -

16 ' N • Bap&JIPOBalllle.EacanOCb pa3~ napa-

B3AJIMOAeAcTBIISl (IIO'l'elllUUlli raycca K lOEABN) 1 

83~wouellc~B~A: na~M~Tpa . r ':'1/ h OCIIIIMSITOp-
- . 0 -

·SIIlpe. 3ECII8PKM811TAJ!b11Jd~Cd A81111Jd8 118 

. pA3YMIIhiX 311A'I8JIIISIX IIAp8M8TPOB MOAeJIJI. 

JIM810IIUIXCSl 8][CII8pHM811TaJibllhlX AallllhlX. 

IIpOCToro B8pbllp0Ba1111SI nap8M8TPOB 

16 
OTAA'IH N C y'l:eTOM 'BepoSITII~A 

xosljl<j>Hll118JIT8 8CHMW8TPIIII a 0'1811b 

3 
He II 

a 1 !Ipll BCell CBoell CliOlK-

g
p 

16 -
0 MOrnil 6hi. 6hiTb SKCII8pll-

CJiy'1:88 3a~~T8 p.. -M830HOB_ 113 

B C BapOHTIIOCTb O'lellb CHJlbHO 

· gP • MaTPII'IIIhiii sneMeiiT nape-

a peaKIIIIII nornollleiiiiB p. ·-M9.30110B 

BpeMeHII Te~p11n TAKBX _nepexonoa 

MOI:t9Jlll. 'J'aKoi! nOAXOA nono6e11 T80pBB 

0AHAK01 'lTO 0Jlll0'18CTII'IHaB ( OIITll'18-

IIpH OIITH'IeCKOM nOJlXOA9 TepB8TCB,CYIIX9CTB911-

6hiJlO p&CCMOTpeTb 

P.--3aXBaTa. 3TOT' BOnpoc 6hiJI nOCT8BJl911 B 

KOnii'19CTB8111108 OIIBCa-

Y'IBT napH!dX JIYKnOHIIbiX 

· B036YJKAE>!IJIA1 napH!de OCTaTO'IIIhie' B38HMOI:t811-

raAHOHapHhiX ypOBJieii HAP& . OTHOCHT9Jlbll0 

• Jl9JlbiO, \10 II SIBJISIIOTCB HCTO'IJIIIKOM CHJlbHOro 

B03HBKAIOIIXBX npH 3axB&Te p. -M930HOB,. 

6 

', 

,\ 

' 
•. Y'leT upa~Hn OT6opa· IIpH p.--3&XB&Te IIpBBOABT K TOMy, ·'ITO B AAHHOM.cnY'I'ae 1181'1-

isonee HHT8HCHBHbiMB OKSab!Ba!OTCB. nepeXOj;tbl nepBoro 38npeTa, COOTBeTCTBY!OIIlHe '18CTB'IHD-
. .. . ' . ' ' •1 . - .;. - . 16 . •l' ' . 

Ab!pO'IHOMy B036yJKAeJIIIIO THIIA (lp) (2s 1d) C J-() 1 L 'II.~ B 0 K (2s,1d) (2p 1f) 
' '- - . ·- . ' :40 .· ' ; . ·. . . . ' - . 

c J -0 , L 11 2 B ·Ca • Paapeme&Hhie nepexo~:t!d Tuna (ls .. 2s ) _ , (1p .. 2p ) 11. T~n., 

COOTB8TCTBY!OIIl~e BbiCOJtOMy B036yJKAeHB·.; Hllpa, ocna6~ellhx B. ·C_BnY npaB~Jl ()T6~pa. no. rn8B- -· 

HOMy ~HTOBOMy 'IHcny. BKJI&A n.epexono~ 6Me~ ·BbiCOKoro ~OPSIII.Ea 3AApe'f8 .. 0Ka3biBaeTCB 

.. ~BKlKe aua'IIITeJlbHO MellbmHM. 

nony'leH. nOJlHblll HeliTPOIIIIhiii . cneKTp. 0xa3&1loCb1 .. 'ITO pe30118HCHblll M9X8HH3M A88T 
• ' < ' 

6oJlbinoll BKJl8,!1 B lK8CTEy!O '18CTb cneETpa ' ( OTIIomelllle BKilllJl8 uei!TpOHOB pe30H8HCHOro Me-:-

X811113M8 BnnOTb no saeprHII nopS~~~.Ka 10 MsB ·6oJlbme BKn&Aa ·aeATpoaoB npBMoro nponecc8). 

_ 3TO _HaXOAHTCSl B . COOTBBTCTBHB c· npOB81:t8HIIlll:~ 'paRe~ . 8H8Jlii30M pacn8A8. _AilliOJlbllbiX ccfcT~Sl·, 
HHii: lK9CTK8B 'IACTb CIIeJtTpa tjloTonpOTOHOB H cjloToHeiiTpOIIOB, COOTB9TCTBYIOIIX8B rHraHTCEOM) 

pe3o~ucy, o6naaua ·B. ocnoBH~M ue IIpsMOMy wexa1111awy <j>oTopaCIIXeiiilelllln, a pacn8J1y AH

noJlbllhiX COCTOHIIIIII 118 IIII3KOJl9lKAIIXH9 .ll!dPOlrllhl8 COCTOSIHBB OCTaTO'IHOrO HAP8o 3TOT. s<j>ljleKT. 
" -. - l . · .• 

o6yCJIOBJl8H CM9WHBaHB9M o6onO'Ie'IHb!X KOH<j>BrypaABii, T.e. Bl!JIBIIII9M. napHb!X ,OCTaTO'IHbiX 

B38BMOAellcT~Hll, ue~:te;arouam.ublx' no .ol:tHO'laCTII'IHlll:M KoH<j>HrypaiiBBM. OH nonHOcTbiO lrcqe.., 
-. . ' . . . . I ~- ~ 

389T B'OI:tii0'18CTH'IHOi!1 B '18CTIIOCTH1 onTH'19CKOA MOAenH. 

nony'leHHbl9 pe3yJlbT8Tbl IIpHBOAHT X Blll:BOAY o•' H9HaA9lKHOCTH. HCnOJlb30B811HH' OIITH-
. • ! • ·-_ - -

'19CKOII M0Jl9lm JlliSl HHTepnpeTallKll. j;t8HIIb!X no 38XBa-ey: p. -M<;t30HOB 

· nei!Tpouoa, no KpaA11eA Mepe npH a11epran. BJdneTBBmero 11eATPoHa 

118 Sl/:tp8X · C Bbin9TOM 

~ ~ 10 Man. 
B .. 

B canaH c STHM · npe~:tCTaBnneicsr; 'ITO AJIH Toro, 'IT06bl MOlKHO 6hlno . c yaepeHHOCTbiO 

uaBneKaT& KoHcTaHTbl M:IOou-ey~tnouKoro · BaaHMo~:teAcTBan ua KellTpoHHhlX aKcnepHMeaToa, 
- _.,_; 

- cne~:tyeT · npe~:tBapaTellbllo nocTaBHTb cneiiJiaJlbllhie SK<mepHMeHThi no· Hayqe&HIO . caM oro· 'Mexa-· 

HH3Ma 38XBaTa 'II, B '18CTHOCTH, p~ pe30HaKCHhiX s<j>ljleKTOB.· 

no'ITH. Oj;tii0Bp9M8HIIO C 

38xB8Te 6bln'noAHSlT ~Olll:tH H 

/11/ ' - -
pa60TOA BOnpOC_ 0 pona p930118HCHOrO M9X8HH3M8 B p. -

. ' /12/ ' . ' . . 
Baneua B CBli3H c pac'leToM nonuolt BepoHTHOcTa 

38XB8Ta. 
·~. 

Pea)'n&TATLI, Bome~:tmHe B AHCCepTallHIO, 6blllll nonolKeHJd ua XD · . MeJKAyaaponuoA 

. KOH~peHilHK no <jl~311lt9. Bb!C~JI:HX ~aeprHA B 1964 ro~:ty B r.ny6ne, Ha IV . H V BC9C0103-. 
I . c , J - ' , 

. Blll:X Koa<j>epemxanx .no TeopHa sneMeiiTapHLIX 'laCTai( B r. YJKropone · 11 ony6na:JtOB8Hhi B . 

. « /4-6,8-11/ 
pauOT8X . • 
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