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111y111 J1c)epHblX ucc11ec)oeaHuu ,lly6Ha 

1. Baec,eHue 

)J;HHaMHKa npol.lecca MHO)KeCTBeHHOii: reHepal.lHH a.n:poHOB 
qpe3aLi:qaiHo cno)Kffa. Ee HHTepnpeTal.lHR 3aTpy.n;HeHa oT
cyTCTBHeM nocne.n:oaaTem.Hoii TeopHH CHnLHOro B3aHMO
.n:eiiCTBHJI, a TaK)Ke Cyll.leCTBeHHOH MHOroqacTHqHOCTLIO aKTa 
po)K.D:eHHJI. Ilo:HoMy · Hccne.n:oaaHJie 3Toro O'tfeHL Ba)Kfforo 
H HHTepecHoro JIBneHHJI pa3BHBanocL .n:o HacTOJill.ler.o apeMeHH 

. no nyTH 4>opMyJIHpOBKH pa3nHqHLIX Mo.n:eneii. 
3TH Mo.n:enH MO)KHO rpy6o pa36HTL Ha .n:aa Knacca/ 1/ 

IlepBLiii: BKnroqaeT MO.D:eJIH, . OilHCLIBaro~e MHO)KeCTBeHHyro 
reHepal.lHIO KaK npol.lecc, npoHCXO.D:JllllHH B O.D:HY CTa.n;HIO, 
B pe3ynLTaTe_ KOTopoii po)K.D:alOll.lHeCJI a.n:poHLI B03HHKalOT 
MrHoBeHHO · /HanpHMep, Bremsstrahlung -Mo.n:enL /I. I /. 
BTopoii: Knacc co.n:ep)KHT Mo.n;eJIH, cornacHo KOTOPLIM MHo
)KeCTBeHHaJI reHepal.lHJI npoTeKaeT B .n:ae cTa.n:uH. Ha nepaoii 
CTa,ll;HH · B -pe3ynLTaTe CTOilKHOBeHHJI nepauqHLIX qaCTHll 
B03HHKaeT CHilLHOB036y)K.D:eHHaJI a.n:poHHaJI CBCTeMa, KOTO
pyro qall.le BCero Ha3LIBalOT KnacTepOM /cne.n;yeT 3aMeTBTL, 
qTo HeT e.n:uHoro ·. onpe.n:eneHHJI 3Toro 06-LeKTa - pa3HLie 
a1nopLI BKna.n;LIBaIOT B 3TO IlOHJITHe pa3nBqH~H-CMLICn/3,4•5/. 
BTopaJI · cTa.n;HJI - pacna.n: 3Toii cucTeMLI Ha qacT1illLI, T.e. 

·: co6cfraeHHO MHO)KeCTBeirnoe po)K.D:eiIHe. B 6onLmeii qacTH 
MO.n;eneii: 3Ta CTa.n;HJI OilHCLIBaeTCJI KaK CTa THCTHqe'cKHH npo-
1.leCC. 

B · HTore B03HHKna CHTY8.llHJI, Tpe6yroll.laJI Tll.laTenLHoro 
- aHaJIH3a, l.lenL KOToporo .n:oJDKHa :iaKnroqaTLCJI B oT6ope 
peanHcTaqecxux Mo.n:eneii, y.n:oane-raopJIIOlllHX HaH6onLmeMy 

1 · o6'beMy HH4>opMal.lHH O MHO)KeCTBeHHOM po)K.D:eHHH. IlpoBeCTH 
I 

I 
! 

i 

TaKYI<} nporpaMMY, orpa11HqHBWHCL .n:aHHLIMH, nonyqeHHLIMH 
6oM6ap.n:HpOBKOH BO,D;OPO,D;HLIX MHmeHeii, Tpy,D;HO, TaK KaK 
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B 3T0M cnyqae MLI RMeeM ,Aeno C K0He'IHLIM pe3yni.TaT0M 

aKTa B3aRMO,AeiiCTBRJI. Mo,AeJIH )Ke OilRCLIBaJOT pa3JIH'IHLIM 

o6pa30M nponecc RMeHHo B ero Haqani.Hoii q>a.3e, T.e. Ha 

npocTpaHCTB~HH0·BpeMeHHLIX RHTepBanax nopJI,AKa Jl,AepHo
ro. 

OTCIO,Aa HeMe,AneHH0 CJie,AyeT, 'ITO X0P0DIBM ,ABCKpRMR· 

HaTOP0M pa3JIH1lHldX cxeM nponecca M0)KeT Cny)ICRTb Jl,Aep
HOe BemecTB0. 

Y:lKe nepBlde IlOilldTKR pacCMOTpeTb MH0)KeCTBeHHyIO 

reHepane10 Il0A TaKRM yrJIOM 3peHRJI npRBeJIH K RHTepec

HldM 3aKnI01leHRJIM /1/ ; ELIJIO noKa3aHo, 'ITO M0,AenR, OT· 

H0cJimHeCJI K nepB0My KJiaccy, CTaJIKRBalOTCJI C cepbe3HLIMR 

npo6JieMaMR npR 06'LJICHeHRR ,AaHHldX 0 MH0:lKeCTBeHHOii re -

HepaneH B · JI,AepH0M BemecTBe. HanpoTRB, ecnR nponecc 

paccMaTpHBaTL He KaK MrH0BeHHhlii aKT, HO paCTJIHYTLiii 

Bo :epeMeHR /HanpHMep, H,nYUUIM 1Iepe3 cocT0JIHHJI THna 

"pe·30HOHOB"/, TO . noJio:lKeHHe 3Ha1lHTeJibH0 · ,yny'-llllaeTCJI. 

TeM caMhIM 61dJIO YCTaH0BJieH0,·'IT0 .ABYXCTa,AHHHhle MO,AeJIH 

o6na,AalOT JIBHldM npeHMymeCTBOM. . 

YnOMJIHYTLie 'pe3yni.TaTh1 "J.IBJIJIIOTCJI npe,ABapHTeJibHldMH 

H rpy61dMH. CoBepmeHHO "'Heo6XO,AHMO npoBeCTH ·. aHanH3 

BCeii C0B0KYilH0CTH HaB6onee Ba:lKHLIX q>a.KTOB Ha· e,ABHOH 

0CH0Be · H Il0illdTa TbCJI IlOJIY'IBTb onpe,AeJieHHlde . CBeaeHBJI 0 

npocTpaHCTBeHH0·BpeMeHH0M pa3BBTHH nponecca. 

· '·A 3TH · cI,ax'I'&I /lix o6cy:lK,AeHlie; npHBe,AeHo~ HanpBMep, 

B pa6oTax /l ,6 .,.. IO •. : /, ,AeiiCTBBTeJibHO, 0'IeHb HHTepeCHhl. 

1. Oxa3anoci., 'ITO · cpe,AHee 3Ha1IeHBe K034>q)HnBeHTa 

HeynpyroCTB < K > ,AJIJI MHO:lKeCTBeiuioii reHepaUBB Ha B0,Ao:

P0.AHOii MBWeHB H Ha CJI0:lKHldX JI,Apax 0,AH0 B TO )Ke. /Bo BCJI -

KOM cnyqae, oTJIB'IBe 011eH1.- He6oni.woe/. 

2. He MeHee YABB:U:TeJibHLIM q>aKTOM JIBJI.HeTCJI npB6JIH• 

:lKeHHaJI BHB8.pBaHTHOCTL <P.L > -cpe,AHero 3Ha1leHHJI none

pe1IH0ro HMnyni.ca po:lK,AeHHhIX 1IaCTHn no_0TH0WeHHIO K JI,Aep

HhlM pa3MepaM MBWeHR. 

3. O6Hapy:lKeHo, 'ITO 0THOWeHBe MH0:lKeCTBeHHOCTeii npB 

pa3HhlX HO ,A0CTaT0'IH0 BblC0KBX 3HeprBJIX 1IpB6nH:lKeHHO 

He 3aBIICHT OT 3HeprBB, nepe,AaHHOii JIAPY, B paBH0 BX 
0TH0WeHBIO ".AnJI nponecca MH0:lKeCTBeHHOii reHepanuB Ha:eo
A0P0AH0ii MBWeHH IlpB 3TBX :lKe 3HeprBJIX. 

4. Oco6oe BHBMaHBe npBBJieKalOT ,AaHHhle o6pa6oTKB 

yrno:eoro pacnpe,AeneHBJI po:lK,AeHHhlx Ha JI,AepHoii MBmeHB 
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qacTBn npB Ep = 200 I'3B. EcJIH Bhl,AeJIHTb yrnoeoii RH~ 

Tepean B nepe,AHCM K0Hyce,. CO,Aep)l(amuii ll0JI0BBHY 'IaCTHn, 

po:lK,AeHHhIX Ha BOAOPOAHOH MHWeHB, TO 0Ka3hIBaeTCJI, 'ITO 

B TOM :>Ke HHTep:eane B cnyqae 'Jl,AepHoii MHWeHB C0,Aep)KRTCJI 

TaKoe )Ke 'IHCJI0 1IaCTBn He3aBBCBM0 OT BenR'IBHbl 3HeprBH, 

nepe,AaHHoii Ha B036y:lK,AeHBe JI.Apa. 

5. Ba:lKHhIM 4iaKTOM JIBmleTCJI B ycTaH0BJieHH0e 0TCYTCT

BBe 3aBHCBM0CTB OT 3HeprBH /npB Ep ~ 100 I'3B/ OTHO· 

meHBJI cpe,AHBX MHO:lKeCTBeHHOCTeii Ha JI,Ap~x B BOAOPOAHOii 

MBmeHB. 

6. HaKOHeii,, Heo6XO,ABMO yn0MJIHYTL B eme 06 0,AH0M . . 
ea6JIIO,AeHBB: cpe,AHJIJI MH0:lKeCTBeHH0CTb qpe3Bbl1laiiHO cna6o 

3aBHCBT OT Macco:eoro 'IHCJia aT0MHhIX JI,Aep: <ns> ... Aa_ , 
a nopJI,AKa 0,15±0,06 /IO/.· .• · , . . . ; . 

. HaxonneH_hl·B ,ApyrBe 4Jax-rhl. O,AHaKo; no HameMy MHe

BBIO, nepe'IHCJieHHble ,A0CTaT0'IH0 ll0JIH0 · xapaKTepB3YIOT 

CJI0:>KHBmylOCJI np0TBB0pe'IBByIO. C T0'IKB 3peHBJI 06h11IHblX 

npe,ACTaBJieHBH CBTyanBIO, HaiiTB BhIX0A B3 KOTopoii M0:lKH0-,

npBHJIB JIHWb HeTpBBHaJibHble rBll0Te3bl. 

B npe,ALI,Aymeii pa6oTe/ll/ Mhl o6cy.zriIJIH ABe _rBnoTe3w 

0 xapaKTepe npocTpaHCTBeHH0·BpeMeHHoro pa3BBTBJI MH0· 

:lKeCTBeHHOH reHepanBB, K0T0pble paCCMaTpBBaJIHCb HaMH 

· coeMecTHO. KpaTxo BX cyTi. cocT0BT B cneAyIOmeM. - • 

JIB,ABpy10maJI"qac1:Bna Henocpe,AcTB~HHo acne.A 3a aKT0M 

rny6oxo Heynpyroro CT0JIKH0BeHBJI, pe3yni.TaToM K0Toporo 

B JIBJIJieTCJI MH0:>KeCTBeHH0e po:lK,AeHHe, 0Ka3hlBaeTCJI B co-, 

CT0JIHBB /eoo6me ro:eopJI, B036y)K,AeHHOM/, HaX0,AJICb B xo-" 

T0p0M, 0Ha 0'IeHb cna6o B3aBMO,AeiiCTByeT C HYKJI0HaMB 

Jl,AepHoro BemecT:ea / 121• Cne,AoBaTeJibHO, llOCJie,AHee' JIBJIJI• 

eTCJI ,AHJI u:ee npaKTB'IeCKB "npo3pa1IHhIM". Taxoe C0CT0JIHHe 

B .riinepa.Type Ha3h1B8.IOT "rOJihIM", ~o6py6neHHldM" /l3 / • 

BpeMJI B0CCTaH0BJieHBJI co6cTBeHHoro ll0)IJI JIBAHPyIOmeii 

qacTBnw 3aMe,AJieHo Ha y -4iaxTop JlopeHna. 

C ,Apyroii cTopoHhl, po,ABBWaJicJI B 3TOM axTe CBCTeMa 

Ha nepB0M 3Tane npe.I(CTaBmleT co6oii CBJibHOB036y:lK,AeHHhlii 

cryCT0K a,Ap0HH0ro :eemecTBa, B K0T0P0M B3·3a CBJI~Horo 

B3aBMO,AeHCTBBJI HeJib3JI Bhl,AeJIHTb BH,AHBH,AyaJibHble. 1IaCTH• 

nhl. 3Ta CBCTeMa BCllhlTJtBaeT 6blCTfOe pacDIBpeHBe BllJI0Tb 

AO pa3Mepo:e nopJI,AKa µ c <ns > l/ . / <n s > - cpe,AHJIJI 

MH0:>KeCTBeHH0CTb B 3JieifeuTapHOM aKTe/, K0r,Aa CTaH0BBTCJI 
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B03M0)KHLIM ee pacnan Ha 0T,[leJILHLie 11aCTHIU,I; B 0CH0BH0M 
TT ·Me30HLI / 3/. Ha CTa~H pac~peHHJI anpoHH}'ID CHCTeMy 
cnenyeT paccMaTpHBaTL KaK e~Hoe nenoe. 

TaKHM ' o6pa30M, 3TH rHil0Te3LI B3aHMH0 ,[l0il0JIHJl!OT 
,llpyr npyra B 0ilHCaHHH npocTpaHCTBeHH0 ·BpeMeHHOH KapTH· . 
HLI rny6oKOHeynpyroro CTOJIKHO.BeHHJI. 

2. ,[f auxenue K11ac111epa a J1oepnoM ae"'ecmae 

O11eBH,llH0, HX npoBepKa ,[l0JDKHa 3aKJIJO'laTLCJI B cono
CTaBJieHHH CJie,[lCTBHH C Ha6JIJO,lleHHJIMH, 0 K0T0PLIX mna 
pe11i BLime. JlcHo . TaIOKe, 'IT0 ocH0BHaJI 3ana11a no.JD1C11a 
3aKJIIO'laTLCJI B 0ilHCaHHH ,llBH)KeHHJI KJiaCTepa B Jl,llepHOM 
BemeCTBe,. Il0CK0JILKY npe,llIT0JI0)KeHHe 06 "o6py6JieHHOCTH" 
"JIHAHPYIOme:ii" 11aCTHULI npaKTH'leCKH CHHMaeT Bonpoc 0 ee 
B3aHMO,lleHCTBHH c Jl,llepHOH cpenoii:. II03TOMY B pa6oTe /11/ 
MLI npe)VI0)KHJIH MeT0A, Il03BOJIJIJO~ii 34><l>eKTHBHO 0ilHCLIBaTL 
Il0Be,lleHHe KJiaCTepa. DLIJIO Il0Ka3aH0, 'IT0 ero ,[lBH)KeHHe 
M0)KH0 3a,[laTL CHCTeMoii ABYX KJiaCCH'leCKHX ypaBHeHHii, 
K0TopaJI B 6e3pa3MepHLIX nepeMeHHLIX HMeeT BH,ll 

drr ! ;ree-[so+ 

dK 
~=L(yK2 

npH11eM 

if d,f' 
1
2 f __ ....;._ __ ' 

0 yy2(,f ')-1 
/la/ 

. . ,f .. d,f, 2 
. . 2. . mc2 )[ f -=====::-], me -- so+ 2 -K-

+ .,, E (0) Eo(0) . o v y2 ( t , ) -1 

O: /16/ 

. Tf ( ,f ) = K ( ,f) y ( ,f ) • ·121 

B /la,6/ npHHJITLI o603Ha'leHH.H: .f= (z-zo) J rrp__f_ 
E 0 (0) 
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3 -
s 

O 
= r

0
· v rr p E - , z

0 
- To11Ka, B KoTopoii po)K'AaeTCJI 

E 0 (0) · 

KnacTep c Maccoii /BHyTpeHHeii 3Heprueii/ E O (0), E -

cpe~JIJI 3HeprHJI HyKJioHa 0T,lla'IH, HCilLITaBmero CT0JIKH0Be
HHe C KnacTepoM, p - IlJI0TH0CTL JI,llepHoro BmecTBa, 
ro :; 1,2 + 1,4 . tP - pa~yc neiicTBHJI JI,llepHLIX CHJI. cZIYHKnHH 
.,, (,f') =E(,f )/Eo (0) H K(fl=- Eo(.f)/Eo(O) OilHCLIBaIOT 
3aBHCHM0CTL C00TBeTCTBeHHO IlOJIHOii 3HeprHH H M&CCLI 
KJiaCTepa /B e~HHUaX ero Ha'laJILHOH MaCCLI/ OT K00p~-

E (0) in 
HaTLI. ·BeJIH'IHHa L= _Q__( < K> ~) nponopUH0HaJILHa 

f atot K,N 

na~aMeTpy HeynpyroCTH_ (< K > a::t ) K,N B3&HMO· 

,[leHCTBHJI KnacTep-HyKJI0H. a 
IIepBoe ypaBHeHHe /la/ onpe,lleJIJieT yMeHLmeHHe IlOJIHOH 

3HeprHH ABH)KymerocJI H pacmHpJ110merocJ1 B cpe,lle KJiacTepa 
B pe3yn1.Ta'ie nepe,lla11H ee 11acTH HyKJioHaM. TeMn pac:umpe
HHH 3aMennen Ha y -4>a,KTOP Jlopi:rnna. BTopoe ypaBae11ue 
/16/ CBJ13LIBaeT p0CT MaCCLI KJiaCTepa c napaMeTp0M He
ynpyroCTH 'B3aHMO,lleHCTBHJI KJiaCTep-HYKJI0H /no,llp06HyIO 
apryMeHTa~H!O CM. B /l l/ /. Ha11anLHLIMH ycnoBHJIMH 'AJIJI 

ypaBHeHHii /la,6/ ,i::ens10TcJ1: . 
11 (0) ,. y (0) ; R. (0) = 1 , E O (0) • /3/ 

OHH onpenen.HIOTCH xapaKTepoM MexaHH3Ma o6pa3oBaHH.H 
KnacTepa. B cny11ae ~4,paKUHOHHOr0 MeXaHH3Ma Yo :; Y p • 
4,aKTOP nepBH'IHOH ·11aCTHULI K NN « 1. IlpH o6pa3oBaHHH 
IlHOHH3aUH0HH0ro KJiaCTepa Yo ~ )' c.n.H. , K N N :; 
:: < KNN> .. ,D;n~ KJiac;rl:pf, o6pa3<>,~:fHOro npH ~N=- 1 (non

Ha.H CTaTCHCTeMa, . BKJI!O'laIOma.il'·' H Ha'laJILHLie 'laCTHULI/ 
Yo :; Y c.n.II. • Cny11aii, COOTBeTCTBYIO~ii ycpe,llHeHHO· 

MY no pa3JIH'IHLIM KaHaJiaM pe3yJILTaTy npaKTH'leCKH C0Bna
naeT c nuoHH3anuoHHLIM BapHaHT0M: K NN = < K NN'> · ," H 

Yo::Yc.n.u.· • · . 
AHaJIH3 pacnpeneneHH.H 8 -11acTHU. /HyKJIOHOB 0T,lla'IH 

Henocpe,llCTBeHHO HCilLITaBmHX y,llap KJiaCTepa/, a TaIOKe 
KoppeJIJIUHH. Me)K.[ly g- H S -11acTHUaMH B 3KcnepHMeHTaX 
Ha 4,0T03MYJIL.CHH npH E p = 22,5 I'3B·ll 4I ·. ll03BOJIHJI 
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YCTaHOBHTL 3HaqeHHe napaMeTpOB, onpe,l\eJI.HIOIIUIX B3aHMO
,l\eHCTBHe KJiaCTep-HyKJIOH: 

in 
E = 0,13 I'3B, ( < K > _.£:.__)K - 0,20± 0,05 /4/ 

a tot ,N ' 

T.e. OHH npaKTHqecxu COBIIa,l\aIOT C H3BeCTHLIMH H3 CTOJIK
HOBeHHH o6LJqHLJX a,l\pOHOB 3HaqeiIH.HMH. B ,l\aJILHeiimeM 

6y,l\eM cqHTaTL 3TH napaMeTpLI <l>HKCHpoBaHHLIMH. 

ELJJIO IIOKa3aHO, qTo yqeT pacwupeHH.H KJiaCTepa Heo6-. 
XO,l\HM .nna npaBHJILHoro OIIHCaHH.a KOppeJI.HUHH Me)K,lly qnc
JiaMH g- H s -qacTHU. KnacTepHLJe MO,I(eJIH, He npe,l\yCMaT
PHBaroinue pacWHpHTeJILHOH CTa,l\HH /HaIIpHMep, MO,l\eJIL 
Xare,z:\OpHa / 4/ /, He cornacyIOTCH C 3KCIIepHMeHTOM, TaK 
KaK He MoryT 06'LHCHHTL HaJIHqHH nepe,l\a1IH 60JILWOH 3Hep
r.HH ·a,l\epHOMy BeUleCTBY H B03HHKHOBeHJrn IIpH .3TOM 3Haqn
TeJILHOrO qucna s -qacTHU. 

3. H11111epnpema1.1uJ1 3KcnepuMeumaAbHblX oanubix 

Ilpe)KJle qeM conocTaBJIJITL pe3yn&Tal'LI pacqeTa, ocHo.: 
BaHHoro Ha IlpHHHTOH KapTHHe, C 3KCIIepHMeHTaJILHLIMH 
,I(aHHLIMH IIO.HCHHM HeKOTOpLie ero ,I(eTaJIH. 

3.I(eCL MLI He CTaHeM o6cy)K,llaTL MeTO,I( peweHHJI ypaB
HeHHH /la,6/. 3TO 6LJJIO C,I(eJiaHo B pa6oTe /ll/. 

Cne.I(yeT, 0,I(HaKo, IIO.HCHHTL CBJl3L nonyqeHHLIX peweHHH 
c Ha6JIIO.I(aeMLIMH BeJIHqHHaMH. 

CHaqana paccMoTpHM Bonpoc o nepexo,I(e K qucnaM h -
H s -qacTHU. 

,lJ;nH auaJIH3a YIIOM.HHYTLIX BO BBe,I(eHHH 3KCIIepHMeHTOB 
peweuue ypaBHeHHH /la,6/ OTLICKHBaJIOCL ,ltJIH HaqaJILHLIX 
YCJIOBHH, COOTBeTCTBYIOlllHX "cpe,I(HeMy" 3JieMeHTapHOMY 

aKTy, T.e. K ~N.::: <KNN > , Yo.::: y c.n.u. • 3THMHycnoBu
HMH onpe,I(enaeTcH cpe.I(Hee 3Haqeuue HaqanLHOH MaccLI 
xnacTepa E0 (0) H ero nonHaJI 3Heprua. 

PeweHue 11(?:> onpe.I(en,ieT nonHyro 3Hepruro xnacTepa 
KaK <i>YHKUHIO npo6era, IIpOIIOpUHOHaJILHOrO e. IloTepH 3Hep
rHH cocTaanJII<>T L\ E = E O {O) L\ T/ = E 0(0)[y

0
-l]((} ]. CBJI3L Me)K,lly 

L\ E H qucnoM h - qacTHU (n h = n + n h J MO:>KHO 3anu-. g 
caTL B BH,I(e 

8 

·, 

f· 

n :: 2 L\E(e) ~2 L\E({). 
h 2 ,3<E > 

g 2,3 £ 
/6/ 

B <l>opMyJie /6/ yqTeHO, qTO IIPOTOHLI /3apa:>KeHHLie h -qac-
THULI/ COCTaBJI.HIOT ... 1/2,3 qaCTL nyKJIOHOB cpe,I(HHX H 
TUKeJILIX Jl,l\ep <l>oT03MYJILCHH H qTo <nh>::;: 2 <n >. Ilocne,I(-
Hee BLIIIOJIH.HeTC.H KaK B cnyqae "cpe,I(Hero" B3afiMO.I(eHCTBHJI 
npoToHa c JI.I(paMH /l4/, TaK u B cnyqae ux "nonHoro" pa3-
aana /lS/. MLI yqJIH TaK:>Ke, qTo <Eh > , cpe.I(H.H.H 3Hepru,i 
b -qacTHU, noqTH Ha nopJI.I(OK MeHLwe, qeM <E >,;,. 'i . 

· C yaenuqeHHeM npo6era B COOTBeTCTBHH 8 ypaBHeHHeM 
/16/ pacTeT H Macca xnacTepa. Ee aenuquua onpe.I(en,ieTc.H 
<i>YHKUHeii E0 (0) K ( e ) . IlepeXO.I( K qucny 3ap.H:>KeHHLIX s -
qaCTHU MO:>KHO ocyUleCTBHTL cne.I(YIOUlHM o6pa30M: r {;,) 

• Co ( 
/·) 11 :::Yi« . • -; ltJ) 

ll =ll •K(e), v(t)..,£~{1, $ .Jff /7/1:::ol) 
s spp "-; < _ ____-, 

. .. f:o(") 
npuqeM n s PP - cpe.I(~ee qucno 3ap.H:>KeHHLIX s -qacTHU, 
o6pa3yIOUlHXCJI IIpH TOH :>Ke 3HeprHH B 3JieMeHTapHOM aKTe. 
3TO COOTHOWeHHe npuo6peTaeT IIPOCTOH CMLICJI, eCJIHBbipa- r 
3HTL n · qepe3 Macey xnacTepa: . · 1 -,· - f#/ _ i..Jj11/c 4 ,;,,c 

spp z vt _; t; 'k:::, V·/., yta., 
2 Eo(O) ···'> !)J.C. :, ~- -:.~ '"" , .;:, -,-,.£J;'co1,:'.· , 

n ... ----- ,, ,· .,. ~ / / ✓ , ,. 

spp "" -3 ,,;,, > ' Y/1 ~; t·· 8 - '? ~ :,-:1 . 
<;.., (TT .I' (1/..;,•·v r i! 

-<E 17 >-::. 0,43-0,50 -I'3B - cpe.I(H.H.H 3Hepru,i rr -Me3oua 
B CHCTeMe IIOKO.H KnacTepa. Tor.I(a /7 / 03HaqaeT, qTo 
cpe.I(Hee qucno s -qacTHU nponopnuoHanLHO Macce xnacTe
pa /cM. TaK:>Ke /12/ /. 

CooTuoweHHe /7 / MO:>KHo yToqHHTL, ecnu yqecTL, qTo 
"nH.I(Hpyrollla.H" qacTuna Ta.K:>Ke oKa3-LIBaeTc.H B B036y)K.I(eHHOM 
COCTOJIHHH ,; BilJIOTL. ,I(O - 2 I'3B / 12 , 16 /. Tor,I(a npn pacna,I(e 
OHa H3nyqHT - 1,6 38.pH:>KeHHLIX 1T -Me3oHa. Cne,I(OBaTeJILHO, 
:1<l><l>eKTHBHa.H aenuquua co6cTBeHHoii MaccLI xnacTepa oxa-
3LIBaeTc.H HeCKOJILKO MeHLWe - Ha. Benuquuy, npHXO.I(JllllYIO
C.H Ha B036y)K.I(eHHe "nH.I(HPYIOUleii" qacTHULI, a COOTHOWeHHe 
/7 / c yqeTOM yKa3aHHOii nonpaBKH npuo6peTaeT BHA 

ll s ';: [ ll spp - 1,6 ] K ( e ) + 1 , 6 . /9/ 

TenepL HecxonLKo 3aMeqaHHii o npcine,nype ycpe.I(HeHH.H no 

/Vj -rJ. rn zc /j /v1 9 
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npHI~em.HLIM napaMeTpaM "'h ,, nepBHqHoro npoTOHa BeJIHqHH 

n h H n s • IlpH nepexo,D;e OT nepeMeHHOH g B / 6/ u /9 / K 

pa3MepHOH Z -<l>YHKIJ;HH l'!TJ (t) H K(e) BLipa)KaIOTCB: ,rn
HO qepe3 zBLIX.-z0 ; z BLIX.::yR2-h2 -. ToqKa BLIXo,D;aKJiac

Tepa H3 B:,D;pa. He.Tpy,D;HO y6eAHTbCB:, qTo aKCHaJibHO-cHM

MeTpHqHLie noBepXHOCTH BH,D;a Zo = yR 2 -b2 -(2R-,8) B:B

JIB:IOTCJI reoMeTpHqecKHM MeCTOM TO'leK po)l(AeHHB: KJiacTe

po:o, TepB:IOIIJ;HX B B:,D;pe O,D;HY H TY :>Ke 3HeprHIO H nonyqaroIIJ;HX 

O,D;HO H TO )Ke npnpaIIJ;eHHe MaccLI. CJie,D;OBaTeJILHO, ycpe,D;

HeHHe <l>YHKIJ;HH 11 T/ (z BLIX. -zo) =1'17J(2R-,8) H K (zBLIX :-Zo)=K(2R-,8) 

MO>KHO CBeCTH K HHTerpapoBaHHIO no O,D;HOH nepeMeHHOH {3 
B HHTepBaJie [O, 2 R ] • Bee, C KOTOpblM CJie,D;yeT npOH3BOAffTb 

ycpe,D;HeHHe, paBeH npoH3Be,D;eHHIO o6~eMa 3JieMeHTapHoro 

/3 -cnoa: 

dV,8 = TT,8 (R~ t )d,8 /10/ 

Ha cpe,AHIOIO ero 3aTeHeHHOCTb npe.zunecTBYIOIIJ;HMH no XO,D;Y 

,ABH)KeHHJI nepBHqHoro npoTOHa CJIOJIMH: 

1 { 1 a2 2 · -a ,8 
a1J3J33(R- ,8/6) 2 P ,8(4R-,8) +e p (2apR+l)-

/ll/ 
-(2ap R+ 1- ap ,8)}. 

B /11/ a - ceqeHHe npou;eccoB, yqacTBYH B KOTOPLIX nep

BHqHLIH npoTOH, yTpaqHBaeT B03MO)Kff0CTb BL13BaTL B a,Ape 

aKT MHO)KeCTBeHHOH reHepau;HH. K TaKHM npou;eccaM OTHO

.CHTCJI H caMo MHO)KeCTBeHHOe po)l(AeHHe. Pe3yJILTaT cna6o 

3aBHCHT OT 3HaqeHHJIU, eCJIH BapbHpoBaTb ero B pa3yMHLIX 

npe,Aenax. Ilo3TOMY MLI noJIO)KHJIH npocTo a= aJN . 
YqeT JI,D;epHoro COCTaBa <l>oT03MYJILCHB/ecJIH 3TO 6bl.1Io 

ueo6XO,D;HMO/ npOH3BO,D;HJICJI TaKHM )Ke o6pa30M, KaK H Bpa-

6oTe 161. · . . 
Ilepe:ii,D;eM Tenepi. Henocpe,D;CTBeHHO K aHaJIH3Y 3Kcne- · 

PHMeHTaJILHLIX <l>aKTOB. 

OTcyTCTBHe cyIIJ;eCTBeHHOro OTJIHqug B BeJIHqHHe cpe,D;

Hero 3HaqeHHB: Ko34>4>uu;ueHTa HeynpyrocTH ,D;JIH npou;ecca 

Ha BOAOPO,D;HOH MHWeHH H Ha CJIO)KHLIX Jl,D;pax C TOqKH. 3pe-

10 

, L 

i 
.\ 

1,f 

'.:1 C 

,I 

., \ 

., 

I 

j 
l 
f 
I 

HHS npHHJITblX rHnOTe3 B:BJIB:eTCB: TPHBHaJibHLIM. ,IJ;eHCTBH

TeJILHO, JIH,D;HpyroIIJ;aB: qacTHu;a, HHHIJ;HHpyg aKT MHO)KeCTBeH

HOH reHepau;HH Ha OAffOM H3 HYKJIOHOB B:,D;pa - TaKHM )Ke 

o6pa30M, KaK B Ha BOAOPO,D;HOH MBWeHH, - B ,D;aJILHeHWeM 

npaKTBqecKH He B3aBMO,ne:iicTByeT C B:,D;pOM. II03TOMY cpe,D;

Hee 3HaqeHBe 3HeprBH, OT,D;aHHoe ero Ha po)l(AeHBe HOBLIX 

qacTuu;, ,D;OJI)KHO 6LITL TeM )Ke caMLIM, qTo B B cnyqae 

BO,D;OPOAHOH MBWeHB. 

,lJ;OBOJibHO npOCTLIM. CJie,ACTBHeM HCXOAHLIX npe,D;nOJIO)Ke -

HHH B:BJIB:eTCB: TaK)Ke HHBapHaHTHOCTb cpe,D;Hero 3HaqeHHB: 

nonepeqHoro HMnyni.ca po)l(AeHHLIX qacTHIJ; B 3JieMeHTapHOM 

aKTe H B B:,D;epHOH MHWeHH. B CaMOM ,D;eJie, xopomo H3BecT

HO, qTo <pJ. > npaKTHqecKH He H3MeHB:eTCB: B oqeHL 6oni.

WOM HHTeptiaJie 3HeprHH CTaJIKHBaIOUUIXCB: qacTHIJ;, OXBaTLI

BaIOll(eM YCKOPHTeJILHyID H KOCMHqecKyro o6naCTH. C TOqKH 

3peHHB: KJiaCTepHOH a,ApOHHOH $H3HKH 3TOT <l>aKT u;eJIHKOM 

onpe,D;eJIB:eTca ,D;HHaMHKOH pacna,Aa KJiacTepa /CM., Hanpu

Mep, I 17 / / H He 3aBHCHT OT ero MaccLI. Ilo3TOMY BnoJIHe 

ecTecTBeHHO, qTo po,AHBWHiicB: H "o6pocmu:ii" BHYTPH B:,D;pa 

KnacTep, pacna,D;asci. 3a ero npe,D;eJiaMH, 6y,D;eT no-npe)Kffe

MY no,D;qHHHTLCB: 3TOMY npaBuny. 3ToT <l>aKT, He noMaioIIJ;H:iica 

o6~B:CHeHHIO C T0qKH 3peHHJI MO,D;eJie:ii, npe,D;IloJiaraIOIIJ;HX 

MI"HOBeHHOC po)l(AeHHe BTOpHqHLIX qacTHIJ; /H3 - 3a 34><l>eKTOB 

MHoroKpaTHoro pa~cesHHB:/, B paccMaTpHBaeMo:ii KapTHHe 

BblrJIB:,D;HT BeCLMa npoCT0. 

Ilepeii,D;eM Tenepb K He CT0Jib oqeBH,AHLIM CJie,D;CTBHJIM. 

O6paTHMCJI. K Bonpocy 06 OTH0WeHHH MHO)KeCTBeHHOCTeH 

npH pa3HLIX /Ho BLICOKHX/ 3HeprHB:X E p B 3aBHCHM0CTH OT 

n h /- /1 E , CM. /5/ /. Ha PHC. 1 ,D;a~o noBe~eHHe MHo

)KeCTBeHHOCTeH s -qaci-uu; np:a EP = 70 I'3B H 200 I'3B 
KaK <l>YHKIJ;HH qucna nh • B HH)KffeH qacTH puc. 1 npe,AcTaB

neHo HX 0TH0WeHHe. OHO B:BJIB:eTCJI npaKTHqecKH noCT0B:H

HLIM H paBH0 nspp /200 I'3B//n spp /70 I'3B/. B pa6o

Te ;8/ TaKoe noBe,D;eHHe n
8 

Ha3Bano "scaling ' oM". Cnnom

HLie KpHBLie - pe3yJILTaT Henocpe,D;CTBeHH0ro pemeHHJI 

ypaBHeHHH /la,6/ •. C 4>u3uqecKo:ii ToqKH 3peHHB: noBe,D;eHHe 

KPHBLIX ns ( n h ) Bn0JIHe noHHTHO. C p0CT0M npo6era yBe

JIHqHBaeTca KaJC l'!E /a 3HaqHT, H n h /, TaK H BHyTpeHHHH 

3HeprHJI E 0 KnacTepa /a 3HaquT, H n 8 /. Cornacue c 3Kc

nepuMeHT0M Bll0JIHe Y,D;OBJieTBOPHTeJILH0e. lITO )Ke KacaeTCB: 

noBe,D;eHHB: oTHomeHHH n s /200 I'3B/ / n s /70 I'3B/ Hero 

II 
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PHC. 1. 3aBHCHMOCTh <ns > = f (nh ) npH Ep = 70; 
E p = 200 I'3B /4>oT03MYJihCHH/. BHH3Y - OTHOWCHHC 
<n s /200 I'3B// n s /70 I'3B/> KaK <PYHKllHH OT Oh• 
CnJIOWHl>IC KpHBhle - pe3yJII.TaT1?1 pac11eTa. 

BCJIH'IHHhl, TO B03MO>KHa H 6onee npocTaH npH6JIIDKCHHa.H ero 

OllCHKa, npHBO,Il;.Hllla.H K 3TOMY )KC pe3yJII.TaTy. H3 CHCTCMl>I 

/la,6/ cne.n;yeT ypaBHCHHe 

di< I·' 2 rnc 2 - rnc
2 

l -=-L yK +211-- -K--- • 
d 77 · EoCO) EoCO) 

/12/ 

12 

B /12/ nepeii.n;eM OT 77 K~77.nponop1lHOHaJII.HOH corJiaCHO 

/5/ IlOTepH· :meprHH, a 3aTeM Y'ITCM, 'ITO npH Bl>ICOKHX. 

3HeprHHX 77 0 = y O » ~ 77 • Tor.n;a 

di< I 2 rnc 2 rnc
2 l --=L YK +2y --K--. /13/ 

d ~ 77 o E O (O) E0 (0) 

<n$> 
I ,. 

16 

1'1 

/2. 

10 

8 

Ii 

~1 ~~ I 
A A J 

:z.1 
Ai. 

0 ~ 8 {2. f (i 10 

PHC. 2. ,lJ;aHHhle· 0 'IHCJie s -qacTHll B "nepe.n;HeM" KOHyce 

B 3aBHCHMOCTH OT nh ' E =200 . I'3B /4>oT03MYJihCHH/ -
HH>KHHe TO'IKH H KPHBa.H /pal11eT/. BepxHHe TO'IKH H TeopeTH-
11ecKaa KpHBa.H - 'IHCJIO OCTaJII.HhlX S -qacTHll B 3aBHCHMOC

TH OT nh • 

13 



BTopoii 'IJieH no,zucopeHHOro BLlpruKeHH.11 B npaBoii 'laCTH 

/13/ paBeH 1/ < KNN> H He 3aBHCHT OT 3HeprHH. Hcnom.-

3Y.II /5/ u /7 /, npeo6pa3yeM 3TO ypaBHeliue K B11,i:ty: 

1 dns 

n spp • di\E 
L 2 1 rnc

2
· J / =·--lv'K +--K - -- . /14 

Eo (O) <K > Eo (O) 
NN 

Ilpa:ea.11 'laCTL ypaBileHH.11 /14/ c TO'IHOCTLIO ,ItO Manoro 'IJie· 

ua m c 2 / E O (0) o,zurnaKoBa npu pa3JIH'IHhIX 3uepru.11x 

/ CM. Bhlpa:>KeHue ,ItJI.11 L /. IlO3TOMY HMeeM: 

dn (200 faB)'"" nspp (200 faB) , 

dns (70 faB) nspp (70 faB) 
/15/ 

OTKy,D;a u CJie,D;yeT UCKOMOe COOTHOmeHHe 

n ( 200 raB)I n (70 raB) = n '200faB)I n (70 raB )/16/ s s sp~ spp 

/a,D;,D;UTUBHaJl KOHCTaHTa HHTerpupoBaHH.11 paBHa HyJIIO/. 

,lJ;OBOJILHO npocToe 060.IICHeHHe HMeeT H Ha6JIIO,D;aeMa.ll. 

npu E p =200 I'3B HHBapHaHTHOCTL 'IHCJia s ·'laCTH:U B KO· 

Hyce, COOTBeTCTBYIOllleM IlOJIOBHHHOMY yrny 3JieMeHTapHoro 

aKTa. 3TO 'IUCJIO OKa3hIBaeTC.II npaKTU'leCKU He 3aBUC.lllllHM 

OT . BeJIUl.fUHhl IlOTepL B .11,D;epHOM BellleCTBe ( ... n h )· 3Kcne

puMeHTaJILHhle ,D;aHHhle U l.fUCJieHHhle pe3yJILTaThl npe,D;CTaB· 

JieHhl Ha puc. 2. HU:>KHUC TOl.fKU u TeopeTHl.feCKa.11 KPUBaJI 

COOTBeTCTBYIOT l.fHCJIY s -qacTU:U, cocpe,D;OTOl.feHHhIX B ne

pe,D;HeM KOHyce. paBHOM no BeJIHl.fHHe nepe,D;HeMy KOHYCY 

,D;JIJl MHO:>KeCTBeHHOH reHepa:uuu B 3JieMeHTapHOM aKTe. Bepx

HUe TOl.fKU u TeopeTUl.feCKaJI KpUBaJI OilUChIBaIOT IlOBe,D;eHue 

Bcex OCTaJibHhlX s -qacTU:U ns(n h ). 

3TO CBOHCTBO o6ycJIOBJieHO npu6JIU:>KeHHOH KOMneHca:uueii 

,D;BYX 34>4>eKTOB. C O,D;HOH CTOPOHhl, C "o6pacTaHUeM" KJiaC _. 

Tepa yMeH&mae1:c11 y /T .e. yBeJIHl.fUBaeTCJl 01o/J /, a c .D;py

roii - 3TO "o6pacTaHue" npuBO,D;UT K POCTYl.fUCJia s •l.faCTU:U, 

nona,D;aIOlllUX B U3MeHUBWHHCJl yrJIOBOH UH~epBan. 3TOT 

BhlBO,D; coxpaHJleT CUJIY U npu yqeTe aHH30Tponuupa3JieTa 

( d W - (1 + o cos2 0 ) dn) / IO/ po)K)J;eHHhIX qacTu:u B cuc-
TeMe IlOKOJI KJiaCTepa. 

PaCCMOTpeHHaJl KapTUHa npUBO,D;UT K xopomeMy COOT· 

BeTCTBUIO TaK:>Ke H C U3MepeHUJIMH OTHOmeHuii cpe,D;HUX 

14 

MHO:>KeCTBeHHOCTeii l.faCTU:U, po)K)J;eHHhIX B Jl,D;epHOM BellleCT· 

Be u B 3JieMeHTapHoM aKTe npu 6on&mux EP . Puc. 3 ,D;e· 

MOHCTpupyeT 3TO COOTBeTCTBHe. 3aBUCUMOCTL OTHOWeHHJl 

OT 3Hepruu Ep OTCYTCTByeT. ff B ,D;aHHOM cnyqae pemeHue 

,D;onycKaeT npocToii Kat.IeCTBeHHhlii aHaJIH3. Ilpu 6on&mux 

Yo CHCTeMa ypaBHeHHH /la,6/ "pac:uellJIJleTCJI" /MO:>KHO 

npeHe6peqb pacmupuTeJILHhlMU l.fJieHaMu/. Tor,D;a U3 /16/, 

npeHe6pera,i t.IJieHoM mc 2/E 0 (0), ucnoJIL3YJI onpe,D;eJieHue 

Jl 

,,, 
J,o 

. ,, 
(~,,/ 

l>-~/ . 
1/ 

---. 

.:(B 

,,, 

__ ,,,,,,,,✓ ·t 
/ . 

,r-: t{Em) .,. 

:+ ff 
-401-

R.(cn) 

p {T:1~) 

,o_, :l zO 

Puc. 3. OTuomeHue R =< n;, / n spp KaK qiyHK:UUJI OT E P • 
/q>OT03MYJILCHJl R Em ·u yrnepo,D; R(Cl2 ) /. CnJIOWHhle 
KpUBhle - pact.IeT. IlpephIBHCTaJl KPUBaJI - o:ueHica IlOBe,D;eHUJl 
R /6/ B npe,D;IlOJIO:>KCHUU, l.fTO BTOPUl.fHhle qacTU:Uhl He MYJib• 
Tunnu:uupyroT, a "nu,D;UPYIOlllaJl" (LP.) cnoco6ua c o6hll.fHhIM 
ceqeuueM MHOroKpaTHO reuepupoBaTb MHO:>KeCTBeHHOe po:>K
,D;CHUe. 
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BXOJJ;Jl[UHX B Hero BenH'IHH H nepexo.u;JI OT nepeMeHHOH 
g. K z, nonyqaeM: 

d 2 in 
_K_ - p1rr

0
[ < K> _a_] (K2+1/ <KNN>-K). /17/ 

dz - atot K,N · 

TaK KaK BXOJJ;Jl[UHe B /17 / BenHtIHHLI npaKTH'leCKH He 3aBH· 
C.flT OT 3HeprHH E p , TO C 3TOH TO'IHO,CTLIO HMeeM: 

<n >/n =n <K>/n =const(E ), · /18/ 
s spp spp spp p 

r,lle < K > - cl>YHKIUIJI K, ycpe.u;HeHHaJI no npunenLHLIM napa
MeTpaM H TO'IKaM po)KJJ;eHHJI Z o KnacTepa B g.u;pe. 

B CBJl3H C nocne.u;HHM pe3ynLTaTOMHeo6xo.u;HMO c.u;enaTL 
3aMetiaHHe: OH nonytieH B npe.u;nono*eHHH, 'ITO HMeeTMeCTO 
COOTHOWeHHe /7/. EcnH npH 3HeprHJIX Ep 'S,_200 I'aB OHO 
He BLI3LIBaeT oco6LIX c,OMHeHHH 1121, TO ero cnpaBe.u;nHBOCTL 
npH 3HatIHTenLHO 6onLWH~ 3HeprHJIX He O'leBHJJ;Ha - B 3TOH 
o6nacTH BO3MO)l{HO po'.lKJJ;eHHe ABYX H 6onee KnacTepoB. 
/Ha 3TY BO3MO)l{HOCTL o6paTHnH Hame BHHMaHHe E.JI.<I>eiiH· 
6epr H ,n;. C. 'tJepHaBCKHii/. IloBe.u;eHHe TaKoii cucTeMLI Hy)KJJ;a • 
eTCJI B .u;ononHHTenLHOM Hccne.u;oBaHHH. IloKa OTMeTHM nHWL, 
'ITO HCilOIlL3OBaHHe /7/ H 3.JJ;eCL He npHBOJJ;HT K npOTHBO· 
pe'IHIO C 3KcnepHMeHTOM. CornacHe C 3KCnepHMeHTOM MO)KeT 
JIBHTLCJI cne.JJ;CTBHeM Toro, 'ITO COOTHomeHHe /7 / COOTBeT· 
CTByeT noBe.u;eHHIO B cpe.u;HeM TaKoii ·runoTeTHtiecKoii cuc
TeMLI. 

HaKOHen, Henocpe.u;CTBeHHLie pac'leTLI 3aBHCHMOCTH <~ 
OT A - MaccoBoro qucna JI,nepHoii MHmeHH .u;aroT <n

5
> ... A O,l • 

EcnH 3anucaTL <n 5 > B BH.u;e · 

< n 8 >= n spp < K > = n spp ( 1 + < /:,,, K > ) , /19/ 

TO OJJ;HH H3 OCHOBHLIX cl>aKTOpOB, onpe.u;enJIIO[UHX TaKylO cna-
6yro 3aBHCHMOCTL, onpe.u;enuTCJI cpa3y. QqeBHJJ;HO, . 'ITO 
</:,,,K> - A 1/ 3 ;;; A 0,33 • ,D;a*e MJI TJI)l(enLix JI.u;ep (Ag ,Br) 

<K>:a: 0,9. IlonoMy HanHtIHe B cl>opMyne /19/ ep;HHHnLI 
6onee tieM BJJ;BOe CMJirqaeT 34icl>eKTHBHYIO' 3aBHCHMOCTL 
.THna A a. , T .e. a :: 0,16. 
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HTaK, npe.u;nono)l(eHHe o TOM, tITO nepBaJI cTa.JJ;HJI npo
cTpaHCTBeHHo·speMeHHoro pa3BHTHJI nponecca MHomecT· 
BeHHOii reHepalUIH a.u;poHOB xapaKTepH3yeTCJI o6pa30BaHHeM, 
BO•nepBLIX, "nHJJ;Hpyroineii" tiaCTHnLI B COCTOJIHHH /"ronLiii" 
a.u;poH/, B KOTOPOM OHa O'leHL cna6o B3aHMOJJ;eHCTByeT C 
HyKnoHoM, 11,' so-sTopLix, cunLHOB036y'.lKJJ;eH11oii pacmupgro
ineiicJI B npe.u;pacna.u;Hoii cl>a3e a.u;poHHoii cucTeMLI /"Knac
Tep"/, npo.Hsn.Hroineii ce6JI KaK e.JJ;HHoe. nenoe, no3sonJ1eT 
06'LJICHHTL Ha6mo~aeMLie cl>aKTLI. ' . 

3TO 06'LJICHeHHe MO)l{HO Ct{HTaTL JJ;OCTaTO'IHO y6e.u;u
TenLHLIM, IlOTOMY t{TO B paCCMOTpeHHLIX cl>aKTax OTpa)l(alOTCJI 
MHOrHe ICaK HHTerpanLHLie, TaK H .u;ucl>cl>epeHnHanLHLie qepTLI 
nponecca npu pa3HLIX 3HeprHJIX. Ilo3TOMY MLI nonaraeM, 
'ITO rHilOTe3LI, nposepKe KOTOPLIX 6LinH IlOCBJIIneHLI 3Ta 
H npe.u;LI.u;yinaJI /l I/ pa60TLI, JIBilJIIOTCJI npas.u;ono.u;o6HLIMH. 

MLI BLipa)KaeM· npH3HaTenLHOCTL A.M.Ean.u;HHy, 
E.JI.<l>eiiH6epry, a TaK*e yqacTHHKaM ceMHHapos B Jla6o
paTopHH ·TeopeTHtiecKoii ·cl>u3HKH OH.HH H B TeopeTHtieCKOM 
oT.u;ene <l>HAH 3a .u;eTanLHyro JJ;HCKyccuro H KPHTH'leCKHe 
3aMetiaHHJI. 
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IlpuMe11aHue npu KoppeK1T1ype 

He,D;aBHO npoBe,D;eHHble 3KcnepHMeHTbl /Ia/ TaIOKe no,D;

TBep:>K,D;aIOT pa3BHBaeMyro KapTHHY npou;ecca. 

PyKOilHCL IlOCTYilHJia B H3,t\aTeJILCKHH OT,D;eJI 
15 anpeJIJI 1974 ro,t\a. · 
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