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' . 
Jlpe;ztJiaraeuail .1111TaTeJIIo pa6oTa aa;ztyMaHa ItaK qacT:& emiHoro oCiaopa no npoCiJieMaM Baa-

IIMO;ztelicTBIIH 1JaCTII~ BliiCOKIIX SHeprllli,CO CJIOJKHbiMII ll;ztpaMII, BKJIRl'laiO!llero, 00!.1.11!.10 )'-3aXBaTa, 

npo~eccu KBaa11ynpyroro paccel!HIIll CiucTpux HYKJIOI\OB, Bo·a6yJK;zteHI!e ll;ztep np11 paccel!HIIII qacTu~ 

C 3Heprlll!MII B COTH.II MaB, nepeaapll;ztKY HYKJIOHOB II :J(' -Me30HOB, \POTOpOlK;zteHIIe ~-Me30HOB, 

0TM6116HH!il6 npoueCCiil, Ha6JIRJ;zta6Miile 11Ha CT!i1Ke 11 \PIISIIKII ll;ztpa II \PU3UKII S.JieMeHTapHb!X 11aCTl1~ t. Tpe-

6yRJT OCOCiOrO OO;ztXO;zta ;ztllll IIX Oni!CaHUl!, llHTepec K HIIM O'leH:& B6Jil!K, HeCKOJIJ>KO. JieT Haaa;zt YIIJI

.KIIHCOHOM.6biJia c;zteJiaHa /I/ nepBal! nonliiTKa CIICTeMaTIIa~poBaT:&.aa;zta~. ycneXII u TPYitHOCTII aTon 

,;, no cy!lleCTBY, CO~epmeH.HO HOBOII - .oCiJiaCTU lj)U81!KIIo 3a UCTeKmee Bpe!.lll OOl!BI!JIOC:& 60JI:&mOe 'IUC

JIO HOBiiiX aKcnepll!.leHTaJI:&HiiiX u TeopeTII'IBCKIIX paCioT B STOM aanpaBJieHIIII, u cellqac·y~e MOJKHO 

n0,2li!6CTU H6KOT0plile IITOrll, 

Ilpo6JieJ.IIil )'-8aXBaTa npUBJieKaRJT OC060e BHUMaHII6o Tpy;ztHOCTII peaJIII3a~ll 1100JIHOrO 

001i1Ta 11 npl! IICCJI6;ztOBaHIIII aaXBaTa )'-MeaOHOB B BO;ztOpO;zte ;zteJialllT.H61!3CieJKH!i!.l IICOOJI:&30BaHIIe. 

CJIOlKH!iX l!;ztep KaK cpe;ztCTBa 113Y1J6~li•CJia6~rO MIOOH-HYKJIOHHOrO B3ai!MO;zteiiCTBIIll /2-5/, 0TC!Il;zta· 

Bli!TeKaeT BaJKHal! ;ztill! TeOpiiU. .Jl'-:3aXBaTa npOCiJiel!a Ha;zteJKHOCTU UCOOJI:&S.OBaHUll COBpeMeHHbiX 

npe;ztCTaBJieHUII 0 CBOIICTBaX H;ztep np11 IIHTepnpeTa~ll COOTBeTCTBYIIl!liiiX 3Kcnep1!1!6HTOB~· B_;ztaHHOII 

OCiaope Mii CTapaeMCll OCBeTIIT:&. OO;ztCTYfm K paapaCiOTKe OCiOCHOBaHHOII nporpaMJ.IIil Onli!TOB no ;v
aaxBaTy II COnyTCTB~IIl!liiiX 3KCn~pii1!6HTOB<. 

B OCHOBY pa60T!i nOJIOJKeH!i JIBK~I!, npO'IIITaHHble aBTOpaMII B 0Ci:&e;zti!H6HHOM UHCTIITyTe 
' . . ·. . ' .. ' . 

l!;ztepHiiiX IICCJie;ztOB,aHIIII .B l[yCiae B ;zteKaqpe !965 r, Mii 6Jiaro;ztapH!i COTPYitHIIKalf OllHll B,:S,B~JIJ!eBy, 

c.c.repmTeiiHy, B.C.EBceeeBy, A.ll.MyXIIHY II D.A.mep6aKOBY aa IIHOrO'IIICJI6HHbl6 06C;yJK;zteHHll. Mii 
: . ' . . . . '. ' 

ocoCieaao npllaHaTeJI:&Hbl H.M.KaCia'IHUKY a r.a.KopeaMaay, noaaaKOMIIBmllliCll c oCiaopoy B pyKon~~ca 

u c;zteJiaBmHif noneaaue aaKe'laHHs. 

ABrycT, !966. 
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·' 

I. OCHOBH!lE nOJIOJKEIU!fl TEOPIIII CJIAEh!X BSAIIMOTIE~CTBIIIl 

8~~EKTIIBHblll rAMIIJI:OTOHIIAH I' -SAXBATA 

§I. rnnoTesa YHHBepca~DHoro ¢epMH-Baanuone!.lcTBHH 

B 1958 rOAY ~e!.IHMaH H renn-MaHH/6/, CynapmaH H MapmaK/?/ cwopuynHpOBanH TeOpHD 

yHHBepcanDHOro¢epMH~B8aHMOAe!.lcTBHH (YB~): cna6He BSaHMOne!.ICTBHH MeEAY .nD6HMH qeTHPDMH 

11 rOnHMH 11 !llepMHOHaMH c·yqeTOM 11 00nHOr0 11 BecoxpaHeHHH qeTHOCTH (HellTpi!HO-ABYXKOMOOHeHTBO) 

OnHCHBaDTCH(V-A} BapHaHTOM C OAHOI.I 061Jlell KOHCTSHTOil g. • 
· B HaH6onee ql!cTou BHne (V-A} :ssanuonellcT:slle npoHBnaeTca :a pacnane . )'---

_un~a: · · 

/- e+v+·'J (I.I) 

ra~o~HnDTOHIIaH )'-" e . pacnana IIMeeT mn 

Je=-&t:[Ye(t-{5)tA~}[~(t-{s)tA ~J. (I.2) 

Bee SKCnep~MeHTanDHHe naHHHe no pacnany MDOHa cornacyiDTCH CO cnencTBIIHXII ranOTeaa(V-A). 

BSaHMOnellCTBIIH (CM,H30p1!11eP(4,5./). . . 
Pan*aUIIOHHHe nonpaBKII K raMHADTOHI!aHy (I.2) HeBeniiKH, II HX yqeT He npiiBOnRT K 

Cyll!eCTBeHHOii! nepeHOPIIIIPOBKe ICOHCTaHT 1 Xap'aKTep113YBlll(ltiX B3aHIIOAeli1CTBl4e "rOnHX 11 WCPIIIIOBOB. 

B npoueccax J -pacnana· HYMOHOB~II sax:saTa ~yKAOHSYH (MpaMH) aneKTpOHOB (K-
33XBST) H MDOHOB npOIICXOnHT ropaano 6onee Cyii!eCTBeHHSH nepeHOpi!HpOBKa SaTpaBoqHHX KOHC ~

TaHT ( v-A) BSaHMOne!.lcTBHH,. BHSbiBael!aa CHnDHW. (ane,PHW) B3aHMOnellCTBHell yqacTBYDII(ItiX B 

aTHX npoueccax qacTiiu. · · 
B pauxax Teo pHil YB~. raMHnDTOHIIaH, OTBeTCTBeHHHiil aa J -pacnan HyKnoHa 

n..-f+e-+v, (I.3). 

1111eeT :s11n: 

3~fl) -· -
dtp = .n; [ Y, ( 1- Rt5)JA lfn.} [ Ye (f- as)J'A lfv j 

. (1) ~(I} . . . 

(I.4) 

(~a "ronux"qacTH!l 3v = 3 , R.. = - j;m = i ). 
KOHCTSHTa t?JN ,HenocpenCTBeHHO_onpenenaellaH no BepOHTHOCTH paapemeHHHX !llepllll

eBCKHX 0--- 0 nepexono:s, C xopomeli! T01;1HOCTDD paBHHeTCK aaTpaB01;1HOil KOHCTaHTe cna6oro 

B33llMOAelilcTBllH / 8o9/ 
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· AKCI!aJI:&HaR KOHCTaHTa 

poaa/1~12/: 

3!'=3. 
J

4
(!1 IIBBJieKaeTCR !£) ,c y'leTOII 

(1.5) 
(1,5) 1113 ;!laHHIDC no BpelleHI! lKII8Hll HeliT-. 

s/' 
R_=JJ»·::::t,I8:!:0,0U, (I.6) 

He:z~aB~o A:ziJlep/13/ H Bellc6eprep/14/ npoBeJlll pacl!eT o-i:someHIIR /Z ,1r1cxo:z~s 113 I'llno

Tea~ l!aCTII'IHOI'O COXpaHeHIIR aitCHaJI:&HOI'O TOKa (ell. §4);0HH noJiy'IHJlll fl. =1!24 H R._ =1,!6 co-

OTB6TC!B6HHO, 

§2, rllnOTeaa COXpaHH~Wei'OCR BeKTOpHOI'O TOKa 

Eme B 1955 I'O:ziY repmTeliH 1r1 SeJI:&:ziOBH'I aaueTHJlli/16/,'ITO senepeHopllllpyeuocT:& BeRTOp-
(JJ . 

HOI! KOHCTaHTH !v IIOlmO 6HJIO 6g paCCIIaTpHBaT:& KaR CJIB;!ICT:BHe COXpaHeHHR l!eKTOpHOI'O 11CJia60I'0 11 

TOEa HyKJIOHOl! -nO;!I06HO TOIIY 1 RaK CBRSaHH llellt;lly C060l1 COXpaHeHHe SJieRTpOIIai'HIITHOI'O TOKa it 

BenepeHOpKHpyeiiOCT:& SJieKTplllleCKOI'O aapR;!Ia, 

PaCCIIOTpllll 1 Banpl!llep, BepmHHy 'leTHpexwepiiiiOHHOI'O D3ai!IIO;!Iel1CTBIIH 1 COOTl!eTCTl!yDmyD 

pacna;11y HeliTposa: 

(1.7) 

llepeHOpllldpOBRa ltOHCTaHTH BSaHMO;!IeliCTBidR B 06H'IHOl!'oreOpllll ~epMI! OTpazaeor npOCTOll WaRT:HyK

JIOHe o6pacoraH "my6oll" MeSOHOB· 

-
Ji (1.8) 

..... --, .. ', 
17 p 17 

~>lo cHx nop ocoraeorcH aalleTHHll paa6poc :s :se~'II!He ~ ,:z~aBaeuoll paaJlli'IHHIIII a:sTopa111r1,· B 

8Ha'IHTeJI:&HOll 11epe STO CBR3aBO C l!H60p011 O~eHOR pa;lllla~OHHUX nonpaBOlt (CII,,Hanpllllep,/15/), 
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•(ltOoil.56l i9
/HH'Bfi-Irit3.r" II H'BIIHII3~) 'BHO«II 'Blt'BUO'Bd RJ.H'Bo&OHOll II lllt'BUO'Bd-g Ro&H'Bo&OHOll l'IOH 

'-dOJ.li3E OEJ.OH9E'Bd J.9HHOH~po Bl!09hlltBIIOJ.H9 9l!Oo& OoiOHdOJ.li3E B09oiamaBHBdxOO 'BB3o&OUIIJ 

c:/ d II 

'i
\, ---i/ 

A , -

"' 
3 . 

(II" I} 

allllad.:ralllt ~o&ahaao&o or.alt!p 'Bl!OJ. Kno11aa.:ratto Knodoor.a (l.'I) acoattodu a 

· rch(;JJ_ ~ch b)-rh "ll(:;)j_)/ ?+ fl~J.lJYjt!J: ==); 
:90II9Boi'B!lO 90HH0£911-~ Ooi3H H ~J.IIhattl!E RHEXOlt RJI

1
110l!OJ. nNHJ.IIHoi'BJIOdJ.ll3!lB BOJIMID~ 

-l!HadxOO 0 lllloiOtt'BH9 OU t BI'IHJ.Ol'l9lt01111'BBH OoiOP'BliO 'Bl!OJ. OoiOHdo;~;zaa Wlt 9HH3Z'BdRE B'BHROI!U'BS 

. A 

II -r/ 
-. (OI'I} 

d o' 

(6'I} 

113ttOU JIRHJ.IIHoi'BIIOdJ.H3tt£ 0 311EJ.Ol'l3ltOIIII'B£H 

Ooi31HOS911-+.!b l'l HOdJ.l!9H 'BH :103Adllll'rlOOOI!lt OH~li:'BAJ.diiH HOJ.OdU 'BltoiOX 
1

11H3113dH Olli:Olt AJ. H :'BltBd,'B£ 

OoiOli03hlldJ.li9tcS 3l!HodlllldOH3d9U ll :!OIIltOHIIdU 9H ull0!)AM11 l'IOHHOS311.'BHO!CXAH.uOoiO!lOJ11 BHH'BJ.Olld!)O 

ooattodU l!OX'Bo& BIIEJ.Ol'l9lt,OIIII'BBH OoiOH:IOHHoillJIOd:IOX9lCS 3'8hA!I:0 g•HQ!CXAH ullR!I:Ooiu 113h '3h'BHII 113lCOU lll'IH 

-HO:IOII9!l 0 J.9AEJ.OJ13ltOVI;IllSH 131lhAlCO JIOYBOH OK 111!CII 'Rdoiii Ill! J.9lllt'BUI'!H IIH3119dH (!!COlt OJ.~Allllll 'BH 



0AHSRO OAHOrO a~oro COBDSA6HHH HeAOC~a~oqno AJ!H ee·DOA~BepSAeHHH, Hyxnu AODOXHH~eJI~HUe 

3RCnepHII6HTU, 
Coxpanenae Bexiopnoro TOKa sa cqeor 71 ...;ueaonnoro cxarae11oro npHBOAHT K afPcbeKTY 

"npmroro" J -pacnaAa '71"" -ueaona: 

--~~-L . tr."+ ...... v 
;// ...... ...... 

...... 
'-·ro 
. /1 

/ (I.I3) 

no onenRaK/!7/ ero BeposTnocT~ AOXEHa cocTaBJIHT~ npavepno ro-8 Bepos~HOCTH. o6uqnoro pac

naAa, OAHSKO H BepOHTHOCT~·KOHKypapyromero nponecca 

e 

(I .!4) 

paspemeHHOro B paKKSX T60PHH IPepK1! 1 OKSSUB86TCH (Ka!t DOKaS!lBSD~ rpy6ue onenKH/I8/) ~Oro 
, lite DOPHAKa BeJIHqHHil !! ) , . 

§3. CxeACTBI!H rano~esu·coxpanaDmerocs BeK~opnoro TOKa. 

n Cxa6~ 11arne~H8K·" 

C~eAYH ~e~HKSHY H renx-Manny/6/, DOCTpOHII o6mee BllpaaeHHe BeKTOpnoro HYRJIO~Horo 
TORS cna6oro B3aHKOA6~CTBHH C DOIIOmiD nponeAYpll.DOBOpo~a B HSOTODHqecKOK DpOCTpSHCTBe H30-

B6HT0pHOrO cnaraeKoro anenTpouarHHTHoro ~ona. 

SXeKTPOKarHHTHSH BepmHHS DpOTOHa aanacusaeTCH B BHAe: 
'J . I - l (P~ 1J • ' (Pf t}/ (I IS) 

<{' J"'tP> = Up' F, l7 //r~o- t&;p ~~fi l7 If Up ; ' 

H) Onu~ ~Ha~neBa H AP•/19/ A86T AJ!H OTHOCHTe~Hon BepOHTHOCTH j -paCDSAS J.r -ueSOHS 

BeJIHqusy ( I,I .± 015) X !0-8, qTO Ue D08BOXH6T CAeJiaT~ BllBOA 0 CDpaBeAJIHBOCTH ranOT681l 

coxpaHHDI!lerocs BeKTOpnoro TOKa. Em!aKHe peaynuaTu ·esumi nonyqenu Taltlte ~ pa6oTax/20-2I/. 

9 



o;_f = 1 ( ~ t, - t,Ori) , (I.I6) .. 

r,lle aapl!,llOB!.!ll H MarHHTHblll wopMij;aitTOpbl ;:; (7/ u F;, (7JH3BBCTH!.l KaK WYHKI.tl!ll KEa,llpaTa nepe- . 
. · I . _,.... ' i 

,llaBaeuoro 'IBTblpeXHMnyJII>Ca r=f:- ~ .BnJIO~I> ,110 BBJIH'I~H!.!/~/ nOpll,lltta !,5 raB (Cll.nO,l1p06-

Heef22f).3apll,110Bb!ll lj;opulj;aKTOp Fi(()np117-:0 CTpelll!TCll K e.iiHHilllB! . 

F,(P)fo) = j (I.I7) 
(P) 2 {. l' . I 

a I!SrHilTHblll. F; (1 J. - K BBJIH'IHHe, Onpe,lleJil!BMOli aHOMSJII>HW MSrHIITHllll 110116HTOM ·npOTOHS 

(j'f = 2,79 - I = I,?9) 

. f;(Pyo} = {:, · (I.IB) 

3ani!Cb!Ball COOTHOmeHIIH, SHaJIOrii'IH!.le (!.!5- !,!8), ,l1Jill HeliTpOHa, nOCTpOl!ll Bb!paseHII6 ,11Jlll 

IISOBeKTopaoll aJieKTpoMarHHTHOl! BepmllH!l ayKJioHa:. 

<fii/J~. 'fjj#> == i1G [(~;l"fr/- ;;;11~~ -i~ r,(Fz(pty7-lfrt1~} II. (I.I9) 

Y'll!TUBaH, 'ITO ,l1Jill ael!TpoHa 

r;r(oJ = o ; F;.(!LroJ = ·'iN , (!.20) 

II nepe0603Ha'!Sll MarHHTHblli lj;Oplllj;aKTOp TaKHII 06pa30M, 'ITO 

. Fz{P(oJ = r-;'"(o) = .l ' . (I.2I) . 

OKOH'IaTeJII>HO noJiyqaeu: 

<N/ J~~/tl> = R~ {~;v(1;~- i ~ (;j'f ~f/(1~) t1 .. 
8,11ec:o 

(!,22) 

!('(o)~ fi(o) = 1. . (!,23) 

CpaBHHM Tenep:o C (!.22) o6.ee Bblpazeal!e ,11Jlll BeKTOpHOli allnJIHTY,l11l 'IBT!.lpexwepMHOHHOrO 

BSai!IIO.l1ellcTBHll (ee ayKJioaaoll '!aCTH): 

<t1'l:f/r:c:t'Jt1>=\11~'[C(79~ -iiJ(~)~y1 +iF{1/7ti(}!V. <r.24) 

CorJiacao rHnoTeae coxpaHHD•erocH BeKTopaoro TOKa (!.22) u:(I.24) npe,llcTaBJIHDT co6ol! paa

aue.KOMnoaeHT!l o,l1Horo 11 T~ro ze IISOBeKTOpa. 

0TCD,l1a 

C(~l = FirfJ ; 
:h(1J = ¥ f;v{7~ i 

. F(7J = O. 

IO 

(!.25) 

· (I.25a) 

q.256) 



·' 

(!.26) : 
. . 2. 

· HOCH~ aaaBalme "cJiaCSoro uarHe~HaMa" .ilpH 7 ... 0 ero Bltl!S.ll xapaK~epHaye~ca Koac~anol! " cna-

CSoro Marae~Haua" , :{_ 

1:'= 2.N::D{c;)Jv ::::(/'!' Ji"-}/v, (!.27) 

nponoplli!OHal!I>Hol! KOHc~all~e pacna.lla JL' -ueaoHa. 
11
CJia6ul! Marae~l!311 11 CBOl!CTBeHeH paSllll"!!Hl\!11 npo~eCCSM 1 liH.l!YllHPYBIIW 'l6~blpex\Pepl4li

.OHHblll BSSIIIIO,llel!C~BHell, ~erKO, O,llH8K0 1 Bll,ll6TI> 1 'ITO fiOCKOl!I>JtY ero Bltlla,ll nponOpUJIOHaJieH Be- ' 

.lll!'ll!He ff%11 , ero pOJII> B npo~eccax_ J -pacna,lla, r,lle nepe.llaBaeMul! l!Mnync HeBelll!K
1 

ua

Jia. B JL-aau.a~e, r,lle Belll!'IHHa /~/ -nopH.llKa IOO MaB/c,"cnaCSul! MareHTllau" ,llaeT cyl!leC~BeH-
. HYD ,ll06aBKy K 'll!C~O BeK~OpHOUy BSal!l.!O,llel!cTBI!D, 

HenepeHOpl.!llpyeKOCTI> BeK~Opaoro BS8lll.!O,llel!cTBHH 1 KOH6'lH0 1 He OSHS'laeT, 'ITO OHO xa

paK~epllsyeTOH KSKOl!-TO H61!3116HHOl! 1 061!lel! ,llliH paSJIH'lHl\lX npo~eCCOB ltOHCTaHTOl!: Sllfilll!~y,lla 

·Beuopaoro BaaHIIO.llellcTBIIH !Jv C(f;na,llae~ c pocTou f 2
·, Clle,llya aa HaMeHeHl!eU c 9'"Haoaeit~op

, HOro 3ll6KTpOKarHHTHOrO \POpii\PSK~Opa, 

. CorJiaCHO OHl\lTSII Xo~m~S,llT~pa no pacceHHIID BliBKTpOHOB/23/, 

1,20 
(!.28) 

(!.29) 

~c-cpe,llHeKDa,llpaTI!'lHbll! sJieK~PH'lecltlll! pa.llllyc·npo~oHa/24/: 
2 2 < Zc. > ::: O, 60 f . 

BBH,lly IISJIOC~II z;_c. 111tl!H6!.13TH'l6Cit06° HSII6HeHHe B6KTOpHOl! KOHC~SHTH HyKJIOBa OK83HB86TCH He-. . . 2 2. .. 

60JII>MHII, nase. npH 1 : -~ B\P\PBKTHBHSH BeK~OpHSH KOHCTSHTS YLICHI>maeTCH Bcero l!HMI> Ha . 
BBl!H'liiHY OltOl!O 4%, 

§ 4. ITepeHopuHpOBKa aKcHaJII>Horo TOKa. HaBe.lleHHul! nceB.llOCKal!ap 

By,llell HCXO,llllTI> l!S 061!lero BblpaseHIIH ,lll!H SltCl!Slii>BOrO BYitl!OHHOro TORS 

~~~;{r) = ,;i~tt) [ A(~~i(;.(s - 8{1)7~(5 + £{Jj ~ ?,fs} IV', {!.30) 

Y.llOBlle~BOpHDI!lero Tpe60B8HHHII l!Opeu~~liHB8pl!aHTHOCTH 1 aapH,llOBOl! HeaaDHCHKOCTil Clll!I>Hl\!X BSaH-

II 



MO~eltCTEHlt H HHBapHaHTHOCTH no OTHOmeHHD K 06pa~eHHID BpeYeHH*~ (noc~e~ee Tpe60EaHHe 06ec-

ne'IHEaeT B81l16CTE6HHOC.Tl>. wopu!l>aKTOPOB A (7 J . B(llj H E (I/ )~ . 
ro~:r:.~6eprep.H Tpeltuaa noKasa~H/25/, 'ITO ec~ 6~ aKcHa~:r:.H~lt TOK,no~o6HO BeK~op

'HOIIY 
1 

COXpaHf!nCII, STO npHBe~O K 0'18Hl> 6on:r:.molt Be~'IHHe KOHCTaT~ . B ·1COOTE8TCTEYDillelt Ha

Be~eHHOYY OCeB~OCKanapHOMy BSaHYO~eltCTBHD (B ~an:r:.aeltmeY ycnOEHO Has~aeMOYy "HaBe~eHH~M· 

nceB~OcKanapou"), ~eltcTBHTen:r:.Ho, npe~onoZHK 

'J A . 

-ax~~ =0 .. (I.3I) 

Tor~a 

<!V'lfx./f,/y;Ct'lll> =ij"'<t1JfiA(~J~(s.., !3{fj!c~.{s + E{'fi s;., 7Jfs jy;m/'1> ' . (I.32) 

~ -aHTHCHKYeTpi!'IHOi 003TOIIY OOC~8;l!H66 cnarae110e TOlK,Jl6CTE6HHO 06pa~aeTCII B Hy~:r:..OTCD~a 

_fJ_ _ <II'JrrWi7"''os/ll> 
A - ~z <tiJr:(zJ J$ftl> 

. (I.33) 

tl N' 
PacKp~Baa· ~li =e.-~ H l!cnon:r:.sya ypaBHeHHe ~paKa, B nore no~yqae11: 

13 2M - = -;:;r 
. A ~ 

H~, ~nH 6espasMepHOlt BenH'IHH~ /fp = m 8 
Cfpj _ mB 2. m/1 

O'fJt - --;:;r- :::- ----;;r-. ~ . J ~l 

CTon:r:. 6o~:r:.molt "a~Be~eHH~lt nceB~OCKa~ap" 6~ 6~ saueTeH B 

6~~ o6Hapysea, 'ITO oTBepraeT npe~nonoseHHe (I.3I). 

(I.34) 

(I.35) 

~ -pacna~e.Oa,. o~HaKo; He 

PaC'IeT nepeHOpiiHpOBKH aKCHa~I:>HOrO B3aHIIO~eltCTBHH·6~n npOBe~eH C OOIIOJlll>D ~cne~ 

CHOHH~X COOTHOmeHHlt ro~:r,~OeprepOM H TpeRIIaHOII/26/, 
lla paa~'IH~ AHarpaMK, ~aDIJIHX BKna~ B nepeHopuHpOBaHHYD BepmHHY **). 

<ll'jiA(~'~{s - 8(7~7-<fs/tl> :: (I.36) 

,lf) Telol Ee Tpe60BaHHHII OTEe'laeT BUpaEeHHe (I.24), 

**) 3~ec:r:., B OT~'!He OT (!,30) 1 ony~eH •mea C £ {1~ ;Do 3TOYY OOBO~ Cll. § 5. 

I2 



z . . 
~H nceB~OcKanHpHoro qneHa.c B ( ~ ) oKas~BaeTCH HaH6onee cymecTBeHHO" o~HOMesOHH~H AHar-

paMMa, B TO BpeMH_KaK nepBaH ;zwarpaMMa (aaTpaBO'lHOe B3aHMO~e"CTBI!e) ~nH Hero B006me paBHa 
Hyn!O B COOTBeTCTBIIII C rllnOTesolt YB\1>. DpeHeClperaH BCei!H ~pyrllllil. ;zwarpauMaMII, KpOMe O~HOlle-

30HHO", ~~~ B~pazaeM BepmiiHY HaBe~eHHoro nceB~OcKanHpHoro Bsal!uo~e"CTBII& qepes npocTy!O no-
. . 

n!OCHYIO ~11arpauMY, Bee 6noKI! KOTopo" MoryT 6~Tb Ha"~BHM 11s ~pyrllx·sKcnepHUeHTOB:· 

8 = /i'GF 
' 72 + m;. I · 

~- -nepeHOpUi!pOBaHHaH niiOH-HyKnOHHaH Bepmi!Ha, 

F{1~ -wopuilJaKTop BepWIIH~~on~~c~Banmslil pacria~ 
71- j'-+~ I 

I 

(1.3?a) 

(1.376) 

(1.38) 

f}. + m; -!lJy:K~H p;cnpOCTpaHeHIIH nl!OHa • 
2 

. Dpll ~ = - m,. BBnil'liiHa F (- m,) I!Olii:BT· 6~u. B~palKeHa qepes BepO!ITHOCT:L 

npo~ecca (1.38). Ecn11 _Hcnon:osoBau·aKcnepHueHTanJ:,Hoe Bpeua usHH nHoHa, nonyqHu: 

(!.39) 

y--~<·· 1 ---"~J' 
. v · -~ ~v 

(I.40) 

_uoxHo nonyqn& · aHaK F {- m;, ') : 

I3 

•. 



F(-m:)< 0 (I.4I) 

(Koaeqao;·npo~eAYPa (I.40) oaaaqaeT npaaaTae e~e o~aoro, aeaa:aacauoro npe~nonozeuaa). B 

peaynbT8Te, BBO~R 6eapaauepHy~ nceB~OCKHXRPHY~ KOHCTHHTY 

nonyqaJJ./27/, qTo :a 

JP = m.t-8 
f- ~aax:BaTe · 

Q ='fQ· 
oP. (JA 

(I.42), 

(!.43) 

B npo~eccax J -pacna~a ~ K -aax:B~Ta a\MleKTMBHaR nce:a~ocltanRpHa!l KOHCTHBTa coQT:BeTcT

.BeHHO ua ~:aa nopa~&a ueHbme:· 
. I 
jP =go #A (!.44) 

B aKcaanbHOe cnaraeuoe nepeuopuapo:aauuo~ :aepmauu_(I.36} o~uoueaoauaa ~arpauua 

:aoo6me He ~aeT :a~tna~a. qTo &acaeTCR 6onee cnozuux ~arpauu,·To, KaK :acer~a, OHH npa:ao~HT It 

:aecbua cna6o~. aa:aacliuocTH nepeaopwpo_:aauao~ :aepmauu OT f2 
( :aaaHiiO~ellcTBHe aa _uanux pac:-; . 

. CTORHJiiRX), fiOSTOJJ.y, He . JiiJJ.eH BOSJJ.OZBOCTH npoBeCTH KOnHqecTB8H~~ pacqeT nepeHOpJJ.apO:BKH B 

sTou cnyqae, uoZHo, Teu He ueHee.-ycuoTpeTb :a paaxozeBHH (I.36) ~pyre~ oqeHb :saiHH~ pe

ayniTaT: B mHpOKOM HHTepBane H31J.8H8HH~ Q2. , OXB~TUBaD~elJ. aaaqeaHR, cy~eCTB8HHUe ~H '8-· I · · 2 J 
pacna~a a. t--aax:BaTa, nepeHop!!Hpo:sauuu~ ·aKcaaxbHU~ !POPII!PHKTOP A ( 7 )' :sucTynaeT BaH 

KOHCT8BT8! 

A =Jf'= 3l' 
Ee a6conmTHa~ :aenaqaHa onpe~eneHa cooTaomeaHell. (!.6). Te~xop/27/ paccuoTpen Bltlla~ :a 8{~/-
6oxee'cnOZHHX, qell 0~011830HHaR, "118CCH:BHUX11 )Uiarpallllo fi0~06BO SKCHHnbBOIIY !POpii~SKTOpy 

2. - - . . ~ - - -
A (_ 1 ), COOTB8TCTBYJJ~e ~o6aBKJil cna6o 8SBHCRT OT 7 ,STO n03BOXBeT 38118HJi!Tb BUpaEeBHe 

(I .37) 6onee ToqHwi :· 

13(7~ = ~ - !FGF 
. . ~2. + m2. .,. + td!J (l.45) 

. r)'.e /J. 8 -/P8HOII8BOXOraqecK8H KOHCT8HT8, KOTOpaH B npaa~ne IIOZ8T 6utb .. paccqnaHa HD 

ze, no~o6ao //A .~oXZHa aa:sneKanca ua aKcnepa_ueliTa. _ . 
. Bonpoc o ua:ae~eHHOII nce:a~ocKaxape·paccllaTpa:sanca TaKZe Boxb~eHmTeliHOJJ./28/( :a 

paiiKax TeOpHH :aoally~eaall) H Ha~~6yl29l-:a.pauKax ranoTeau qacTaqaoro coxpaaeBHH aKcHanbHO

ro T0~/29-3°/,-corxacHo.nocxe~He~,·ycxo:aae coxpaueHHH aKcHanbHOro TOKa cnpa:ae~:so nam~ 
np~ 8CHJJ.nTO-THli8CKH CiOnbmBX 72.: 12..7 /Tl: . , B CBRBM 0 3THII H8~0 BM~Oa8118BHTb B.Upa~ 

!4 



zeHHe (!.35),' RBHRD~eeoR: oneAO~BHev runo~esu nonuoro ooxpaaeaHR aaouanDaoro ~owa: 

EmH 
~2 - (!.46) 

_ ~09THOmeaHe (!,46) npHBOAHT npuvepao K TOKY·Ze SH8'leHHD, crp 1 '1~0 H npoueAYpa ronDA6eprepa

,Tpel!K8B8, 

§ 5. (; -HHBapaaaTHOOTD TOKOB. Bonpoo o aaaeneaaov oaanapaov H aaBeneaaov 

TeHSOpHOV B3aHVO!el!OTBHH 

BepaevoR 1c aupazeHHD (!.24). llooneAaee onarae11oe BeltTOpaoro ~oaa 

(!.47), 

OOO~BeTCTByeT, B, 6onee o6uqaol! SanHOH 1 OK~!RpHOVy BapHaHTY ona6oro BSaHVOAel!OTBHR.~el!OT

BHTellDHO, nepeaoo_R 1~ B nentoaayD -qaon narpaaZHaaa 

C KOHOT8HTOI! 

rAe m. -:11aooa aneatpoaa }B J -pacinaAe) HJW 

Blillle 1111 o6paTIIJW F ( 7 ) , a Bveote o Telol H 

•erooa BeKTOpaoro TOKa. 

(!.48) 

(!.49) 

)' -MBSQH8 (B jL ~S8XB8Te),HanOIIHIIK 1 'lTO 

~.f-, B HynD, HOXOAB liS ri!OOTeSU 00Xp8HBJO-

06paTHIICB TenepD K nocneAH811Y Ol!araelo!OVY 8KOH8llDHOrO TOKa (!.30): 

(!.50) 

. 2. 
CHOB? l!COOllDSYB ypaBHeHHe ,lll!p8K8 0 nerKO y6eAHTDOB B !0111 'ITO_ ~narae110e C _E( 7 ~ OOOUeTOT-

ByeT HaBeAeaHOVy.!eHSOpHOIIY BBaHIIOAeliOTBHD C KOHOT8B!Ol! 

. Jr =2.11£ (!.5!) 

CyllleOTB:fD! 06llllle ap'ryveHTll, KOTOpue OOBBO!l!IIJT OAHOBpeMeHHO noTpe6oBaTD o6p8JIIBHHB 

B HY!D II BaBeAeHHOrO OKanllpBOro, H H8BBABHBOrO TeHSOpaoro·BS8HKOAelloTBI!Ro 0BII Oll8A:I'DT_l!B 

nonozeHBa G -HHBapu~a~aootll ayKl!oaaux TOKOB. 

IS 



G -tteTHOCT:b ttac:rl!u;bl IIlii! Cl!CTeMbl ttac:rl!u; xapax:repli3YBT no:Be,lleHI!e coo:r:B_eTCTllY!lll!ell 

BOJIHOllOil \l)yHKL\1111 npa l\OMO'l1HIIpOllaHHOM npeo6pa30llaHl111, COCTQS!II!BM 113 OOllOpOTa .llOKpyr OCII 2 ll .. 

l!30T00ll'lt8CKOM ;p0CTp3HCTBe Ha I80°(72_ :._liOllOpOT) II S3pll,llOBOrO COOplllK6Hl1ll. c 
G=-CTz.· (!,52) 

JlerKo. yO'e,lll!T:bCll ( CM. ,HaOpl!Mep,/
3I/), TtTO 33TpaBOTtHble :r"OKl1 yHl!BepcaJI:bHOrO ll3al!ldO,lleliCTBI!li' 

!)lepMl1-·B8KTOpHblll 

•V -I 

J"' = iVJ;_tl (I.53) 

l! axcl!aJIJ>Hblll 

'A -I 

Jrf.. =-NQ;(stl (I.54) 

~ V. ~A 
'l!MBIOT onpe,lleJieHHble (1! pa3Hble) ~ -tteTHOCTI!. I'ICTI!HHble ~OKI! ~· I! .Jtlo ~ecy:r·Ha ceele BJII!li-

HMe CIIJI:bHbiX ll3al!UO,lleliCTBI!li,·Ho oTR Cl!Jil>Hble ~3al!UO,llel!CTllllllt nepeHOPMIIPYD~e aa:rpa:BOTtHble TO

RR i~ · n jA ,a3o:ronl!ttecKI! IIHBapllaHTHbl 11 coxpa~1110T sapll,llOBYIO tte:rHoc:rJ>, CJie.llOBaTeJIJ>Ho, o.. or~. v · rt" ·v · ·A · 
G ~tteTHOC:rJ> :roxoB ~ a -'o< • .llOJilltHa pa:BHHTJ>CH G -tte:rHOCTII TOitOB . Jrf.. a Jc1 cooT-' 

llBTCTBeHHO, 

O.llHaKo Henocpe,llCTBBHHaH npo:Bepxa noxa3b1Bae:r, ttTO pasJII!ttH~e cnaraeuble, BXO.llll

llllle.ll ~~ l! ~A ,lle~T-ceelH no-pa3Houy np11 G -npeoelpaaoBaBl!H (nplltteu, nocKOJIJ>KY Bce_OHI! 

HBJ!l!IOTCH KOIIOOHeBTSMll li30BeKTOpa, :no paaJII!Ttlle B03HliKaeT npl! npoBe,lleHI!l! 3apl!,llOBOrO COOpl!

lltBHI!l!), ITp11 3Sp!!,ll0DOM COOPl!lKBHlll! CKSJI!!p, OCBB,ll0CK3Jil!p I! OCBB,llOBBKTOp He M6Hl!DT.3H3K3, a .. 
. .·. y 

BeKTOp I! TBH30p MeHl!IOT 3H3It, IT03TOIIY Ha,llO .OOTpeelOBS'l:b l!CKJiilttBHIIl! 1!3 BBKTOpHoro ·TORa ~--
~A . 

HaBe,lleHHoro cxan!!pa ( F =D), a 113 aKcllaJIJ>HOro :roxa .Jo< ___ -BaBe.lleHHoro TeHaopa ( £ =0), 
r . 

§ 6, SwWeKTIIBHblll raMIIJI:bTOHI!SH -;/£=-3aXJJa :ra 

I'ITaK, B paMKSX TeOplll! YB~ C ytteTOII riiOOTe3bl COXpSHl!DII!erOC!! BeKTOpHOrO TOKa II 

coo6paxeallll G -tte:rHoc:rll TOKOB, ua:rpllttHbll! aneueHT npou;ecca 

j'---rp-;-n +1> 
lluee~ Bll.ll/26,32/ 

/i'H= [iZv(t-rs)'J:tfszy}ljA(utti~0f'ut)- -/fo(un-J4's up)j t

+{ilv(t-!s)~ ~} {jv{iZ~~-f,;. Up)- i J'Jt {il4 61,Jjf Up}} 
r.11e 

q(!-J = 0 91 q_(J} ov ) ov ' 

I6 

(I.55) 

(I.56) 



(}.(/'} = ()(J)_ 
dA qA 1 

. . qf.l'} = 1 t;f.I'J . . . 
(JP (JA . 1 . 

J~.I''_:(J"p-J"n-)jv:: -t 7jv \\' 
--If., o~fJ;,- I) tt ~ . A 

(!.57) 

JlJII! noJiy'leHIII! 113 (I,Sf{) ll~K:I:IIBHOro Qalllllll>TOHII8H8 Jfo- , Oni!Cilll8Dil\ero 8SD8T 

IIDOH8 np0113BOJIDH~II H~p011 1 BOCB0JID3YBIICI!, CJie~a·~y~ll II ilpHIISKOBy/33/, ypaBH6HIIell JlHpaKa, 
. A 

ilOCTPOIIII ~ T8K, 'ITOda OH ~encTBOBaJI HS ABYXKOIIBOHeHT~e COIIHOPH HYKJIOHOB, 

3Sn11CHB81! U. B BJI~e 

(I.SB) · 

t::. H IICBOJIDSYI! COOTHOmeHI!e Jlellt,lly :( II '{' MH CBOdO~HHX 11JeplliiHOB 

r~e 

STOll 

:(..=-
ffp 

£ + 1'1 'f) (!.59) 

(!.60) ~ =£C£t'/jv11L(1)+jA-;.;L(iij+ifi&L(d7t + fL(«7)+ 

~-Jrr(11'r-rJi"{~Lfl"J + fHfl{rsr~t. + s,jt(r5p- 1H ts?frL{JJS~ l 

;z = (; :J; (I .6!) 

A A .. 

....,. -- --
P=~;-r; 

(!.62) 

ilpH BHBO~e (!,60) C~eJI8HH CJie~D~e npe~nOJIOZeHIIR: . 
. . I 

a)B38111lO~enc:rBIIe H~pa C JiefiTOH8111! onpe~eJII!eTCH HeSSBI!CIIIIHil BRJIS~OII OT~eliDHHX 
. . • . t . • 

HYKJIOHOBi 

eTCHi 

TO odcTOI!Telll>corBo, 'ITO HYKJIOH aaxo~TCI! BHe uaccoBoH noBepxaocTH, - ae Y'II!TaBa-

d)BCe nepeHOplli!pOB8HHH6 KOHCT8HTH CJISdOrO B38l!IIOAeHCTBIIH ~ HyKJIOHOB B l!~pe.

Te ze,, 'ITO Alii! CBOdO~HHX HyKJIOHOBi 

B)ABIIZeBHe ByKJIOHOB B RApe paCCII8TPHB8eTCI! B Hepelli!TIIBIICTCKOil npHdJIHZeHHIIi 

r)onyl!leHa 'IJieHa nopa~m (/ffhH f; 

!7 



(nyBRTH 8)··M 6) HBBBCTHH 06uqao ROA H83B8HMBM "HunyX»CHOrO npH6XHEBHHH"), 
• 

MOEHO npOABMHyT»CB ASX»me B ynpo~eHMH BHP8ZBHHB ~ 1p8CKpHB ero XBRTOHHYD 

qacT» 

f , A ! • • 
H

1=2{1:-EiV).[_'l/"' Gvi·i; +GA"Er-62- Gp(~V)(GJ"?)-
,~, ..... (!.63)' 

~ -~ y.., 

-11 c?Jx~P.J- frc?V'Jr5TP:J j , 
rAe V =- [1;T • 

. B (~,63) BOBHe BW~BKTMBHHe KOHCT8HTH B38HMOAB~CTBMB (;V 
. KOM6MH8tiMHMM.KOHCT8HT (!,57)~) 

• GA M Gp BBXBDTCB 

G, eo G ::' Q lt+k)+ q · v F oV(· 2H. (/s 

GA == jA -(!v+ jH}/f1 (!.64) 

"', 
Gp ={{JP-~4-{/v+jM +Jr}}fR 

(aAec» MH pa1!1! o611lHOCTM BHpazeaH~ MB G coxpaaunu .xoacraa:ru js M jr ), 
llpM 38nMCH (!,63) B neXBX nonyqeHHB KOUR8KTHOrO BHpazeHHH 1YA06aoro AXH npOBe-

ABHHH KaqecTBBHBHX paccuo:rpeaHI 1 CABX8HH CXBAYD~e AOOOXHHTBX»HHe npeAOOXOZBHMB: 

A) .JL -ueaoa-aepexaTHBMCTCKll~: 
~ ~(()) ; - (!.65) 

t " e) ae yqu:rHBae:rca Ae~CTBHe oneparopa ~ aa ueaoaaym WYHKQHD. 
/'-c OOMO~D (!,63) nonyqaell BepOHTBOCT» 88XB8T8 IIDOB8 0 nepeXOAOII HAPS M3 COC-

TOBBMB a. B COCTOHHI!e g : 

w(a-!)= /t J ;j [ G:/Jt/ + ~2JJ?( +(~2 -zq,~)/~J~(·- (I.66) 

-¥fJil{JPJt +t<.~-- G-1&~Gpj,. «vf?/{f"f6j + t<.c)~ 

· -~ iv«fi?)x(JP;/+K.c)j 

~) B A8n»He~meu,no aaanorMH C.~epMIIBBCKO~.a~eKTMBaUI KOBCT8HTO~ (;F 1 6YABT'HHOrAa yno:r-· 

pe6HHT»CB raMOB-TennepOBCR8B 8W~BKTHBB8H KOHCT8HT8 (;G•T : 

1'"'2 r2 t G2 2 
~G-r = ~ ·+ 3 "P.- 3GAGP · 
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(1.6?) 

' B 3~~6KTHBHOK raKMX»TOHHSHe (1,60) SSKADqenH BC6 ranOT63H 0 cna60K BSSHKO-. . 
A6l!CTBHH; !CQTOpHe KH paCCIIOTpena Bblllle.TeKMK o6pa30K, npliHUIInHBX»HI>Il! 11BOnpoc K npllpOA6 11 0 

npanan»aocTH fBKIIX WYHABKenTan»nHX nonozenal!, !CalC ranoTesa YB~,rl!nOTesa coxpanam~eroca 

aeKTopnoro TOKa, nonozeaae o G -alil!apaanTnocTH TOKOB, CBOAHTCH K 6onee KOnKpeTnouyaon

pocy 0 .qacneHHHX suaqeHHHX KOHCTSHTo 
nna o~enKH OTHOCHTen»noro nr~aAa pasnaqaHX cnaraeKHX a~eKTMBaoro raiiHn»TOHI!a-

(J} . . 
Ha (I .63) npHB6A6K ( B 6,llHHHUSX Jv ) 3HaqeHI!H a!MeKTHBHbJX KOHCTSHT (! ,64), pacCql!TSHH!>Ie 

na ocnonanaa anaqenal! (1.5?) npa ~ = 85 Man;c/351:. 

Gv =- 1,01 
GA ::: -1,38 

Gp = -O,S8 I. 

jGG~rJ =0, 88JG4 

§ ?. Bonpoc~ nepenopuapoBKH cna6oro nsaauonel!cTBHH B RApe 

(1.68) 

HueeTCH Aaa pona npaqaa, B cuny KOTOpHX ayKnon~>~, naxona~eca B anepnoM Be~ecT

Be, BSaHKOAel!CTBYDT C nenTOHHHK none11 Hnaqe, qeu CB060AUH6 HYKXOHJ>I, . - ' 

Bo-nepnHX, "KoncTaHTI>I" a~~eKTHBnoro ralllln»TOHHana &BnamTcH B Ael!CTBHTen»nocTI! 

. \1/opu~aKTopauH, saBIICH~IIH. OT nenaqan~>~ HMnyn»ca nel!Tpano,ll cnyqae aaXBaTa _~L-uesoaa anpou 

qacT» anepraa. TpaTHTCH na npeononenae anepral!·cnasa nyKAOHOB H ael!Tpaao nonyqaeT saueTHO 

.uea»m'ym aaepraD, qe» n cnyqae nonopona .B peayn»TaTe, aanpl!Mep, 

'. . .Jr~~r~M"' = C(~2~o,so("J-cJ1 =- o,910 

3vV•C'z_. B12~v) _ C(:Q.2::o.6lm..c)ZI = 0 983 

(1.69) 

qM - r ~ ,., .1 , 
. or · . 

BO-BTOpHX, cna6oe B3aHIIOA6l!CTBl!e UyKnOHOB B RApax:IIOE6T Onl!CbJBST»CH OC061>1WI 

,llHSrpaKIISKH; KOTOpl>le H6 BOSHHKSXH B BSAaqe HSOnapOBaHHOrO HYKXOHS H XOTOpHe CBH38HH C yqe-
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TO!.! oc5ueHHbiX ueaoHHUx TOKOB B l!llpax/36 •37 I. Hllllte npHBe)leH np1111ep ·TaRo!! llll<li'P,aJ.!II!l • · 

p~P 
.f . ,§o V (1.70) 

A 
P n 

KaR IISB6CTH0 1 BOnpOC 0 xapaRTepe Oc5MeHHUX TOROB B H)lpax paapac50T3H BOOc5~e oqeH». 

n~OXO. B TeOpllll jl-SaXBaTa TO~»RO HaqliHa~T OOHB~HT»CH pac50T!l 1 I')le yqaT~a~TCl! 3WWeKTU 

TaRoro po)la. Hanp111.1ep, B pac5oTel381( o He!! e~e nol!)le~ peq»·Bnepellll, B r~aBe 1Y), )~aHa 
o~eHKa B~a)la B nO~HYD BepOl!THOCT» ~-aaXBaTa llli3I'pa11MU_(1.70). 0H COCTaB~HeT OKO~O I%. 

B OT~qHe OT 3WW6KTOB ~Opll~aRTOpOB, ROI')la Bll)l SWWeRTIIBHOI'O I'aMII~TOHllaHa OCTaeT

Cl! HellslleHHilll, yqeT Oc5116HH!l~ TOKOB npliBO)lliT K IISIIeHeHIID cauol! CTpyRTYPil I'allli~»TOHllaHa -

B HeM BOSHHRaDT ·Koppe~s~ousue _)lByxqacTllquue c~araeMue, B Teop1111 _p-pacna)la pasBHBaeTCl! _ 

HanpaB~eHlle/11 •39 •40/, I')le 3TH KOppeXH~~HHUe )lOc5aBKII K rallliX»TOHHaHy cxac50~0 BSaHIIO)lel!CT-. 

Bill! paCCIIaTpHBaDTCl! Ha ~eHOMeHOXOI'llqecKOA OCHOBe - nyTell BBe)leHIIH onpe)leXeHHOI'O q11cxa )lO

OOXHIITe~HUX napalleTpOB. HaCROX»RO IIOliHO CYilliT» DO XUepaType, HOHUTKII pa3Bli!T». TeOpliD f ~ 
SaXBaTa B STOll HaOpaBX6Hllll He npOBO)lli~C», 
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' ' ' 

II. HEKOTOP!JE XAPAKTE?llCTIIKV! ME80ATOflH!JX COCTOHHIIM 

B ~aHHoa rxaBe uu npHBe~eu HeKOTopue cBe~eHHR o ueaoaTOMH~ npoueccax M cBoaci

·Bax .HII3miiX COCTOHHIIlt 116308TOMOB, TIO STIIK BOnpocaM llllee.TCR 6om;mafi CII6UIIaJ!:&HaR XI!Tepa:rypa 

(CII. ,HallpiiUep/4!/); Mbl lite KOCHeMCfl IIX Xllm:& IIOCTOX:&Kj' t IIOCKOJ!:&KY STO HYlltHO ~Xli IIOHIIKa-· 

HHR BOI!pOCOB J"-SaXBaTa, 

§ I. nonHpl!aauiiH 11 nenonHpi!Sal!!lR ;t·~ 

jL -lleSOHbl, o6pasyllllU'IeCR B npouecce pacna~a Ji' -uesoHOB ( r _. ft ~v ) ,nonHOCT:&Il 

OOXlipiiSOBSHbl, Tiona~aR B Bell\eCTBO IIHmeHH, jL·KeSOH SSIIBMReTCR lit 6y~y'IH SaDS'IeHHblll . 

. HynoHOBoKHK none11 aTOIIS·Ha· o~HY 11a ~aneKHx opOIIT, 6uc:rpo, sa Bpeua nopR~Ha ro·I3 oeH('ITO 

uHor_o uea:ome llpeueHII DSHII _ ~ ~ I0-6ceK) nepexo~:r B peayn:r.:ra:re KaCKUHIIX nepexoAOB H~ 
K - op6HTY uesoa:roua. 

Tiepexon · ~-lleaoHa Ha K-o6ono'IKY conpo»oz~ae:rca ero aHa'll!Ten:&Holt nenonRpllaa

UIIelt. rna»HY~>.pon:o B iipouecce nenonfipiiSaUIIII 11rpae:r cl!!lH-op611:ran:oHoe BSallliOI!eltc:rBIIe 11eaoHa 

C RI!POII, Ero a!MeKTIIBHOCT:& onpel!enHeTCH COOTHOmeHHell llellt,icy Eenii'IIIHOlt Cl!!lH-:-Op611T8n:&HOrO 

( 11TOHKOro11 ) pac!lleMeKHH II pacnai!HOlt ~IIPIII!Olt ypOBHelt.Pai!IISUIIOHHaH m11p11Ha ypOBHelt B~erna 
liMa no cpaBHeHIID C TOHKHII'PSC!IIenneHIIell~ O~H~KO Ha BepXHIIX, CIIX:&HO BOS6yll].leHHbiX ypOBHRX 

:O'IeH:& Ben~~Ka »epoHTHOCT:& nepexo~a Oze. Snec:r. nonHaH mHpi!Ha ypoBHR 6on:ome TOHKoro pac!llen-

neHHH, KaCKSI! nepexo~OB npOIICXOI!IIT 6uc:rpo II IIeSCH 11He ycneBaeT11 l!ei!OXHPIISOBST~CH, MOlltHO 

C'IHTST:&, 'ITO IIeSCH npaRTII'IeCKII COXpaHHeT CBOil Ha'!an:&Hyll IIOXHpiiSaUIID IIORa He I!Oltl!eT 1!0 I!OC

TaToqao ~aHI!x ypoBaelt, rne TOHKoe pac!llenxeHHe cpaBHHIIO c oze-mllpl!HOll HnH npeBumaet ee. 

S~ec:& BpeiiH HSXOZI!eHIIR IIBSOHa Ha ypOBHe·yze I!OCTaTO'IHO MR IIOBOpOTa ero Cl!!lHa IIOI!'I!BltCT·· 

Bllell CllllH•Op6uan:&HOrO BSSIIIIOI!elloUIIR - ·ll_eSOH CHX:&HO ·nenOXRpHayeTCfi, 

BenH'IIIHS l!eiiOXHpHSa~H ~-lleSOHa MH 6eCCI!!lHOBbiX Hl!ep dana Bbi'IIICXeHa B 

pado:rax/42-44/, Qc:raTO'lHaR IIOXHPB38UIIR .f" -lleS.OHa OKasanac:& paBHOlt llpllllepHO I7%. 

Ha OllbiT'e OCTaTO'IHaH IIOXHpi!SaUIIR onpe~enReTCR 110 BenH'IIIHe aoiiiiMeTpllll yrnOBOrO 

pacnpeneneHIIR aneKTPOHOB, BOSHHKaDIIU'IX llpll pacnal!e llllOHa, 'BeXH'IIIHS~ MR Rl!ep 0 HYXBBblll 

. onHHOII xopomo cor.nacye:rca c npi!Be~eHHblll ·Bume :reopeTII'!eoHIIII sHa'leHI!eM (ell. :ra6n~~ey I). 

ECXII Cl!!lH Hl!pa .J . OTXII'IeH OT HYXR, OORBXHeTCH I!OOOJIHI!Ten:&Hbllt IICTO'IHIIK neno-

XHPIISSUIIII lie SOBS - ~a O'leT ua:HIITHOrO BSSIIIIOI!ellOTBIIR Cl!!lHOB . jl- -lleSOHa II H:ztpa ( Opll STOII1 

ecTeCTBeHHO, npOIIOXO~T e~e H IIOXHpHSSUIIH Hl!pa), Y'IOT OIIIIH~CIIIIHOBOrO BSSMIIOI!e~CTBIIH npH 

paccllo:rpeHIIII npoueccoB nenonRpiiSaUIIII 6un npoBe~eH B pa6o:rax148- 5I/, Paoo'!HTaHHoe aHa'!eHIIe 

OOTa:roqHO~ IIOJIHpi!SaUIIII I!JIH H~ep CO OIIIIHOIIjr=j.2 COCTSBJIHeT OKOJIO 8%. IIBIIepeHHOe SHa'!eHI!e 
' . 19' ·f}. =(4 :t 4)% l!nH F He npoTI!BOpe'IIIT aro~ BeXH'Il!He. 
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Tac5lll!lla I. 

SKcnepMMeHTan»aue ~aaaae o6 ocTaToqaoM nonapzaaUHH jl--li.BSOHfYp,/4!/ 

H~pa CmtH H~pa /j..lB%) SKcnepzlleHT 
c 

ci2 
I4 ± 4 '. /45/ 

0 

24 :1: 4 /46/ 
I 
I 
I 

0r6 0 !5 :1: 4 /45/ i 
I 

FI9 
• I 

I/2 4±4 /46/ ' 
' 
' 
' 

H. 24 
'J 0 2o :t 5 /45/ ! 

. 

IS ± 4 /46/ I 

' 

c I 

$28 0 !6 ± 4 /46/. I 
I 

s32 
!5 ± 4 . /45/. 

0 
. . I4 ± 3 

. 
/46/ I 

I 

ea.40 
-----

' 
0 I9 ± I,5 /47/ 

-----~-----· ---L_ ________ 

§ 2. 8aceneHHe ypOBHe~ CBepXTOHKOM corpyKTypa li.BSOaTOII.a 

MeeOaTOI.I C .JL -11630HOII. Ha K - ·opOHTe IIOlltBT HaXO~T»CII B ~yx COCTO!IHHIIX 

CBepXTOHKOii CTPYKTypbl C nOXHblll 110116HTOII. CHCTellbl !!~p0-11.6308: F;. = :J+ (2. II £ = :J-
r~e .J -nonaal! li.OIIBHT !!Apa. Eclll! H~po B aaqan»HUM li.OIItlHT 6ano He nOXIIPII30BaHH01 TO · 

• c ~( 

HH CBepXTOHKOlt CTp:f!tT:fpbl saceXI!IJTCII cornaCHO CTa'I~IICTIIqecltlflf BeCall ( l; + :: 2.:JH . c. 
~ " 

;_"" Z'JI-( ).B cnyqae nonaocT:&JJ nonl!pzsoBaHHbiX H~ep pacqeT saceneHIIII ypoBaelt Bl:l 

HeH ~II MeSOaTOllalfe
3 

/5!/. M B STOll. cnyqae OHO OKasanoc:& npaKTIIqecKH CTaTIICTHqecKI!W 

lls-aa· BSaHIIO~eJ!CTBIIII llarHIITHOrO IIOII.BHTa J"-ll.eSOHa C llarHIITHblll. IIOIIBHTC 

pa npozcxo~T pacm.enneaze ypo:eaell . F; 11 F.. (:e cnyqae nonolltHTen:&aoro llarHIITHoro 11.c 

~npa ypoBea:&· ~ · nelltHT Bame ypo:ea11 I: ; :e npOTIIBOnonozsoll cnyqae - aao6opo~). Ecn11 

qHHa ~ pacm.enne!lll!l COCTOIIHHII Cl!epXTOBKOlt CTp:fKT:fpU npeBblmaeT SHeprHIJ CBI!all ~ sneKT, 

aTOIIe, npOIICXO~T ltOBBepCIIOHBbiJ! nepexo~ 116llt~ STIIIIK COCTOI!HIIllllll. 
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.v 

Pac.I, Cp8BH6HH6 CBepXTOHKOrO pac~enneHHH ypOBHe~ YeSOSTOMa. C SHeprae~ 

CBHBH aneKTpOHOB HB K,-L-11 II- OCiOnO'I!Kax (no ;liBHHb!Y .Pa<loTi52/), 

fo=I 
1 

':J = I/2, KpHBBH ·~H T011611HOrO H;llp8 COOTB6TCTByeT Zf'P' '], 
Ha pwc.I. noKaaaaa saBHCMMOCTb E: H aaeprHH CBRSH aneKTPOHOB Ha paa~Hx op6HTax OT Benu

'lll!Hil aapa;na H;llpa l Up!! jl:J = I II J = I/2/52/, 8Tll . ;liSHHb!e ~OlitHC pacnpOCTp8aHT:& HB H;ll

pa C JIRlClblll CO!IHOII II IIBrHHT)!b!ll 110116HTOJI, MIS p11CYHK8 Bl1;liH0 1 'ITO CBepXTOHKOepac~enJieHHe He 

.Cib!B86T HBCTOJI:&KO CiOJI:&ml111 1 'IITO<lb! npOliSOmJIB KOHB6pC11H K-BJI8KTpOHOB 1 HO Bcer;na ;liOCTSTO'IIHO 

~H KOHBepCllll C M-op<lHTb!o .llJIH H;llep C :l < !5 KOHBepCHH IIOllteT npOIICXO;lii!T:& T8Kll6 II C /., -

op<ll!Tb!o Pac'lleTb! ~ II ~OB~WH~eHTOB BHyTpel!Hen KOHBepCIIll/52 •53/·npliBeJIII K CJI6;llyil~eyy Bb!-

.BO;lly: ~H BC6X R;llep C H6118THb!Y l B OClnaCTll 5 ~ l~ 35 BepOHTHOCT:& KOHB6pC1111 IIHOrO 

ClOJI:&me UOJIHOI!'BepOl!THOCTll 38XB8T8, 8TO npHBO;lii!T K Hapyme!ll!Rl CT8TIICTli118CKO~ aaCeJieHHOCTII 

ypOBHel!, 

§ 3,Cnl!HOB8ll Y8Tpl!U8 nnOTHOCTII 118308TOM8 

COOTB8TCTB6HHO TOMy, 'ITO M6308TOII YOllteT HBXO;lii!T:&CR B O;liBOY 113 ;liBYX COOTOl!HIIl! 

CBepXTOHKO~ CTPYKTypb!, YBTPIIUB YnOTHOCTII CIICT6Yb! COCTOIIT 113 ;liByx 'IIBCTe~/54/: . 

(2.!) 

r;ne Ji ( F ) - IIBTPIIUB nnoTHOCTII cooTBBTCTBYRl!llero cocTORHllll ueaoaToua, ~+ 11 ;_ .-.Beca 

COCTOl!HHit Ff II f'_ (He paBHb!B 1 B OCi!ll611 cnyqae 1 IIX CT8TIICTII116~KHII B6C811) 1 8 f{ 11 f.. -
npoeK~OHH!le onepaTOpb!. 

Y;nOCiHO cpaay nepeltT11 OT IIBTPIIUb! nJIOTHOCTll K CnHH-T6H30pall: 
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u: . F' 

<FN/J;{F)jFH'> = jp_J., [;. <Ft:fK7 :rM~ J21M GK'f · 
. -ECJ!II OC:& Z Hanpa:Bl!T:& no :BelCTOpy n0:1!1!pli38UJ!Il Me308TOI!8 Pr 1 TO 

r;ne 

G:o = J2J•f ' J 

I"" t=JF 
G,o = P,: { 7F.if(ir• ') 

G:0 = Q, F hu ·"·~--,:~ ..,_ .. 

Pr = 
<f%> 
F 

CTeneH:& n0:1!1!pli38UHl! Me308TOMOB :B ;ll8HHOM COCTOI!Hllll ·;- 1 

Q _ <H/- F2> 
F- ~~F-2.,........~-

·KO~HUHeHT :BUCTpOeHHOCTl!, 

. (2.2) 

.(2.3) 

(2.4a) 

(2.46) 

Be~Hql!HU fJ:. 1 Q F 11 T. ;n. onpe;ne:nl!lllTCI! c:reneH:&Il no:nHpuaaUHH aaqa:n:r.aoro 1!Jl
pa1 no]!l!pl!aaUHen ~-ueaoaa·l! llexaHHSI!OM nepexo;na l!eaoaa·aa K-op6H:ry. B c:nyq~e aaX:Ba:ra 

no:nHpllao:Baaaoro ueaoaa.aeno:napl!aoBaHHUI! H;npou :B EE~ZeHl!H (2.2)_oc:rae:rca :ro:n:r.Ko JlBa q:ne
aa: K = 0 II !, 

IlpH:Be)lel! :BupaseaHe MH c:reriea11 no:nl!pHaaUHH jL -ueaoaa IJ = <~ > :B coc:roi!
HHI! uesoa:roua c aa;naHHUI.Ill F 11 P,. 

~ [ 

p_ . 
F 

2:1- ( 
- 2:1~{ f}. F == :J- ~ 

(2.5) 

F='J+'/z 

§ 4. Bo:nao:BaH WYHKQMH ~-ueaoaa aa K-op611:re 

Bo:nao:Bal! WYHKQHI! ~-uesoaa aa K-op6aTe :B aepe]!l!~l!:Bl!C~CKOI! npH6nHllteBHH 
!!MeeT Bll;ll (!,65): 

f=(;J 
~ = G(-c)j_l11. 

(2.6) 
r;ne 
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B c~yqae TO'Ie,t~Horo ll,llpa pa,llllan:&Hall ~YHK!411ll G ( 'Z sani!CU:BaeTcll l! l!ll.lle 

G(") = £{e~.ln).J*~(-"lnf-~ ) (2.7) 

r.z~e 

I !17t'= 

'"; = 1 • "'t/AH 
npi!:Be,lleHHall uacca 11eaoHa ; d = 1/13 7 , 

O,liHaKo K-o<lonot~Ka 11eaoaT011a pacnonoxeHa O'leH:& Cl1111aKo K li.IIPY 111, Ha'II!Hall c l- 30,MeaoH 
BOOCl~e ClO:ri:&myD qacT:& l!peMeHIII HaXO,liHTCll l! H,llpe,Yt!eT KOH6'1HUX pasuepOl! H,llpa ClU:ri npoBe,lleH B 

pactleTax llycToBano:Ba/55/, · 

B.cnyqae nerKIIX 11 cpe,liHIIX ll.llep BO:riHOBaH ~YHKnHll ~-MeaoHa cna<lo KeHHeTCH 
l!HYTPIII ll,llpa, llOBTOUY 'laCTO np11 BU'IIIC:rieHIIII ll,llepHUX !laTpllt!BUX aneueHTOB TeOplllll )"-Sax:BaTa 

~e BUHOCHT 118-00,ll SHaKa IIHTerpa:ria 1 SalleHHll cpe,liHIIU SHa'leHHell 

/'ft;. = Jtcr;/y(t)di ~ . (2.8) 

r.z~e o(t:l-pacnpe.z~eneaHe nnOTHOCTH.HyKnOHOl! l! ll.llpe. Y.z~o<lHo non:oao:BaT:&CH <lespasuepHoa Be~ 
J I I z. /, . 2 1 1}~ 

:riii'IIIHOa R.::: ~~'f~/~(ol•r.z~e /j<fo¥ = ~ -aHa'leHIIe B uyne MeSOHHOa ~YHKnHH ,ll:riH TOtle'I-
HOrO H,llpa, 

T a ~ ~ 11 n a 2 

S~!PeKTIIBHUe aapfl~ H.llep (no .z~aHHblll paeloT CeHca/56/ 11 YHnnepa/57/). 

Zsw~P. 
ll,llpa z 

/56/ /57/ 
·-

.Be. 4 3,97 3,93 

c 6 5,75 5,78 

0 a 7,47 7,56 

"'J !2 !0,72 !0,83 

Si !4 !2,27 I2,3I 

t !6 !3,69 !3,7 

~ 20 I6,I7 . !6,2 

~ 
47 27,98 26,2 

82 34',!8 3!,4 

,. 
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Be.lil'I'!IIHa fL :awmcJieHa :so IIHOrHx pa6oTax, aanpl!uep/35/; B '!~CTHOCTH, ;lll!(! ol6 
'! 

/{ =0, 79 1 ;lll!H Ca40 /{. =0,44. B HCIWTOpl>IX pac50TaX lllleCTO fL llllO,l1l1T ~eJ!l'I'!IIHY j3f'fl 1 CllR~ 
SaHI!Y!O C R. COOTHOmeHI!ell 

+ . ·. " l,". =lll . 

BeJ!l'I'!I!Ha lJ'f'P. llll'!IICJieHa /56 1 S7/.. ;llliH Ul!Ori!X H,llep •. 8Ha'!eHi!H 

mtx.npll:ae,llel!ll :a.Tac5Jll'l~e 2. 
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III. OOPMAlJ:bHAH TEOPkl!! 

B rJia:Be I Mbl noJiy•mJ!ll raMl!JI:&TOHllaa IIIOOH-HYICJIOHHOro :BsaKMo;ltellcT:BII~.nepeltztew Te

nep:& K pacCMOTp6HUIO M8Tpl!qH~ SJIBM6HTOJ3 STOrO raMl!JI:&TOHli8Ha, Onpe;lteJIHIO~X BepOHTHOCT:& ne

peXO;ltOB npu . )' ~saxBaTe. 

§ I. HAepahle MaTpuqHbJe aJieMeHThl*) 

" 
1i (f,m;"T) = Lt~fz (-sf!;) ~(lf_T:) . (.S.I) 

3;lteC:& ·Y?r... -ltByxKOIInOHBHTHblll C!WHOp, . /11.. -npoeKUHH Cnl!Ha aei!TpuHO ila OC:& :l .Paal!OZIIII . 

· SKCDOH6HTY. B pll;lt no C!1JepH'l6CIGIII · !PYHKitlfllll H BBe;ltell ;ltByxKOIIDOHeHTHhlll cm,saop X.? 10IWCH

B81llltlllt COCTOHHHII C C06CTl3eHHWI SHa'leHHell j : . .' 

(3.2) 

Belm'll!Ha K O;ltHOBpeueHB~ onpe;lteJ!lle! ;p6l!TaJI:&HHlt ( ~) H DOllHbllt (~) IIOIIeBT aeriTpHHO 

i(K-} = /K./4-ip(.SI( -1', 
(3.3) 

j(") = /IC-/- f2 
~ r;lte ' 5" -aaaK 1<. • HanpHuep, K=-I c·ooTBeTCTByeo: cocTOIIHHD S(l. H T.;lt.Tor;lta ifiYBKUliiO 

. BeltTpJ!BO · IIO:IBO 38IWCaT:& B BH;lte 

(3.4) 

.3,Jtec:& 

(3.5) 

(3.6) 

~) B §§ !~2 11H CllePYell, B OCBOBBOII, pa60Te Yopu!H H ~y;lt3HH/34/. 
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}x ':' $,.8-x j . i;. 2j- r: (3.7) 

llcrrcJI:r,ayil BOJinoByro \PYIIR!.IMJO (2.5) !._6 ).'..:ueaoaa u BOJIHOByro WYHklllliO Hell~p11no (3._4) ll (3.5), 

paCC'IllTaeu. C\Pepll'!BCRl!e ROMIIOHeHThl raMllJil>TOHllaHa B3?llMO.ztellc_Ullil . (I ,60 )_, Onpe.zteJII!elllle COOT

HOilleHI!ell 

( ICJL I Hr j- ;fL)' =: ( r;)"'J ~I Y.;J) J 

(K;U-fH;.f·!f} == !Jvl(?-N-IJ'J-t ~~{"!'-/~/-!/) + JR P("J«/~- '/f + 

+ff(~<Jfl/~!f~f + lfr(f+}'pjA)iiff><(~/;;-1~!1'~~; 

(3.8) 

(3.9) 

+ {:- ("tlN-'f)s f ~-2~·~1 ("1'-IN- ftUJ -!R fl1(~J41114·YJ. 
~Jill OT.zteJI:E.HhiX cnaraeuhlx HMeew: 

1(Kj'Jt/"'fJ=- (-t/''fz JF f <j"j'- (2/:uN>[So"("}Io7u._(i}d" + 

. + ~SKSo«(-~<)Iolu.(i)J-x} G('r)} 

~("tfilf-J"l ~ ~(-1)1'''/z /J f_ <j-;'- fz/= uN> [S',«(I()I:;u(i, ~ /f'·' + 

+ i Sl( ,s',u(-~<)I,z,Ji, 6JJ~~ j G('t) , 

( 'l"FI!·!f) 1 := - (- ';i'+t/2 J-F f </"1' (2ji': uH> i G('t)[,S,u(-~<}j" I,~uCt, 1) + 

+ i. ~rS,u{K}j.x I:'tu(~1}j 
\ 

(3.IOa) 

(3.!06) 

(3,IDB) 

- ' -,.; 1-.' ,•J rft.Jl r ' (/. I [( ff;('LI'f ~ (il rrL"' . -,) PlY, <( ('/J ""-{-f) ~ 1;-11'- tymtN> fl"1tr oe.,u('i) :o .. e;- Jlf:i' ot-J'tl2l(t~StufKJf~· 

.f rm'LH (,:,7 1•1 IT" -r-N - i) I. ;· J. f:) - (3.IDr). +tl.Jilij ol.,u 't tJ.It/- ../z'"t:f .J..0t.,,l-c.7:t:J.flJ;t8;,S,11 (K} ·X . ~~t 
1 

_ 
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" 
i. sf•{Kji-j:tj·(;P} =- fi' (·')/'•!2 .f <,j"jk ~/: u#>f(,/i;;" W(m1( fi"+~ L';;.,,.(i:, f:J 2)

1 
(l)~ 

• - ff'w~tul: tl·1I:Z.,u(i-. Gj:D.(tps~~~f.c)j" + i{le..lw(l(ue:rt.f} ·. 

· I,7.,u. (f,S):O+{R)- ./i'w{11ut: tf-~I,;:,u.{i, iiJ :D.(t1 ~ 0ufc/j.~; 
(3.IOA) 

(?-/J$}- '/')~f= (-f}/'•-A.fF f <jj'L ~~ uH>G(-r.,Jfs.:(-K:}Ia~(E"Jif"- -S'...S.~(i<JI.'JiJj~~/i 
. . . (3.IOe) . 

"ir f~/ I t./-fJ')::; ;.(-1/"*" jf' f <i~ fz/~ulf> {(/Jf[ I,/.111 (=?, ~ :D+ {l)-
\ 

. -J;F"' I'/e.,v.(i, SJ:D-(l~hSoufK} ~ i(,ki;j i,~11/i,f!) :D+(t)-

-./ili' r,;.,r.i. (:#!,?) XJ.(t;)~ Sou (")J.,j G('t) . (3.IOll) 

B npHBeAeuu~x ~opuy~ax Hcno~~aonau~ c~eJIYIDmHe odoaua~eHHa: 

· I) d w , :l)+1w ::: Tt. - T ; 

(3.II) 

l/l3 COOTHOmeHHll (3.!0) CJie,llyeT, 'ITO )'- -3axBaT OfiHC~BaeTCH BOC6!1!biD TllnaMU 

oneparopon F;/::'r : . 

I. jw(~'tJI:Wu. ct;G(7:.)dwu. ; 

2
• Jw(p-)I::Uu.(~6}G('t);_ . (3.!2) 

3 • . I:wu.(i)Swu[JJ+{U:·1J.,.1a~G(7:1 :::i:u.ct)J'.,u. ~[-J~(F·) + ji<J., (~t) ~} G(t.)i 

4. ·I:Wu(~)~u[.D.(1AM}j,.,.,(yt)G(t}j :< Io:U(fjJ'11111 1{J~{?t)- J~~~(PJ/Tt:J G('r.);·. 
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4. I;wiL (fJSw.._[:n.(w•?j.,.,(F)G{-c)j = I:W .. (t}S'w._ ~ { J~(F) + Jw+t{~tJ/Tt} G(-r.J,: 

5• I:W~(i,Sj[ :D.(w-~J~·•(1")G('t}j= I,:u(t, 6J~j- Jw{F·} + ju/f{(~t) f ~r. j G('c)i 

6. J1:u (i: 6Jf2J.(u~>~) jw.;(~t)G(-r.~ =~:u. (f, 6?~/ ~~{1t) + Jw,1 (~t) 7~ j G('t); 

7. iJ~(P·)G('t)I;,.,u.(t,p}; 

s. i J1A!(~t) G{'tj I;:u(t>JJ.,~ (6p) . 
STUM onepaTOpaK COOTBeTCTBY~T BOCeMb TUflOB npuBe~eHHUX yaTpHqHUX aneKeHTOB 

A 

[Kir.tu.] =- <41'1J/J;'r/-1 ;:;':{l)/'J.·Hi) (3.13) 

<J;/'1;: uH:·Y;Ii;) 

. 
( I ) ( 2 ) ( 3 ) (4 ) ( 5 ) ( 6 ) ( 7 ) ( 8) 

. 
[OWU] [IWU] [OWU•] [owu.-] {fWU.•j UWU·J [IWU.f) [owu.pj 

(·uu~pH B CK06KaX yKBSUB~T COOTBeTCTBHe npHBe~eHHHX MBTpUqHHX aneKeHTOB (3.I3)"onepaTO-

paw -. (3.!2) ). 
Bennqnaa 

UH . 

lL -paar Teaaopa F;.w -onpeAenlleT npaBnna oT6opa no :J 

{ + 1 -;;. u. ·~ f'J, .-I;/ (3;!4) 

. 
~ -ecTb paar c~epnqecKo~ rapMOHHKH oT apryMeHTa ~ H onpe~enlleT HSMeHeHHe qeTHOCTH 

npH nepexOMX 

w 
(-t) ~nll [KWU.] H [KWI.L!} 

~ 

fj 71= < 
. (3.!5) 

(-d"i1 ~ll [Kwup] 
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](JIH l}6I'KIIX II cpe;zti!IIX H;llep api'YJ161!T c!l>epll'l6C!t0l! il>YH!tl.IJlll Eeccellll jw(r'-J llnl!OT:& ;110 rpaHilUb[· 

H;llpa He npenumaeT B6liii'IIIHU nopH;liKa I - 2, B STOll o6JiaCTII SHaTieHill! apryMeHTa 

9TO npllBO;lii!T . K COO.THOmeHIIHII: 

[XW+2 u.J ~ .3 ·10·2. {1(1</U) 

[JC.W'+2.U.!) ~ J./0'2. {KWU.!j 

[IC.W+2.U.f] :€- 3-10·1. [x,WU.f} • 

(3,I6) 

(3.I7a) 

](Jia uaTpiiTIHUX SJieueHTOB, co;z~epxa~x onepaTop fi , cnpane~no cooTHOmeHI!e 

1 p . 
- {IC-WU.D)- - [IGWIL} -" 01 { [K.WU.j t1 {· /'1 

(3.I76) 

r;lle f -lliii!Yli:&C J!YltliOHa B H;llpe. 

Kpo11e TOI'O, IIOJEIIO yKaaaT:& e111e Ha COOTHOmeHil6~ 

[IC.WU.t]-[IGWU.}. (3.I7B) 

<1"'J,J"/IJ./J.·H.·,~m> =Jf [(·l"12i.tNu.(4~'(7}<~·~vjj'></-J' ~m:u/1> < J.·H.· u./1'11~ 
. - · · (3.I8) 

. /1u{K}-y;ll06HO npe;llCTaBIIT:& B Bll;lle CYJIIW 

HIJ-("} = )'-~~-("} + i Sifu{-x) , (3.I9) 

flpll aa;llaHHOII ·u. Bellll'li!Ha • !(_ npiiHI!IIaeT 'l6TUpe 3HaTICHIIHo Mill Blilllllmell BCe BlilpallteHIIll 

f"u. ( /(_ ), COOTB6TCTBYID!Illl6 8TIIIl auaTieHIIHII I(. : 

fu.{"=u) =-~ !JvliZ' [ou.uj -~A jut [fu.u.J + Jv fH jU rou.u.j + 

+Jv -JN(I+?p"'j',.)l~•f '[fUU.1- lf}2~•f [ttNU.f}J 
(3.20a) 



,/-u.{IC"'·U-·1 .,Jifi/Jvjii;/{ou.u.j + JA./f{IUU}-1- Jv/H jii:{{OWj.:. 

. -0v}H(t+/'r.J'-,.J/f'[tuu-J -lf-}2;'1 ftu•iu.plj (3.206) 

~ f f2UiT' A r t.& fU;7' .f"u.{IC=·U.}"' ../2ri+( r~ ,;--y- {ltNU]- l'f vU. fOUU.fj + 1'1 ../T [lt.IU.f]-

(Jv fM {tf/p_fi.))~•l '( /iffiftU•IU•J- )2,";:
1 

°[/ll·fU.-J}-

J:... !7I'j fTiiT' ru:-' r)J ( (3 .2DB) - (jA -gPJcN ../3(../ii;;( {lfl•lll':] • vii;;( {lll·fU.•] 'j j 

jlu.{K.= tm) ~ Jif7 IJA J¥l{fll'tllj + 'H-Jii;(fouu.;J + f: .JffiVZlfj -

-jv 2-7;{t+j'-p"')'11)Jf{ Jitii'[fU•IU•J- JfJ!i [trNu-I} + 

.j.f 1.. jll•l/ ru;r nz- .)/ (3.20r) 
{JA ·qp) 21'1 -3-l ../iiH( [111<{1/f] + ../2fiiT {lll·ftl·}jf 

§ 2. KnaccHpHRanHa rrepexonoB. 

Barronaeaaoe paanoxeaHe aaanorHqao HaBec!aouy paanoxeaum B !eOpHH .P -pacnana. 
Knaccu~iKa~a nepexo~oB no c~eneaHM aanpe~a npoBo~~ca ~oxe no aaanoruu c J -pacna~ou. 
C~enea~ aanpe~a onpe~ena»~ ~a KBaB~OBHX qucna: ll H &r • 

B paapemeHB&X nepeXOA8X £l paBHO 0 H I H qeTHOC~~ Be M6HH6~CH (a~ouy YCXOBHD 
coo~Be~CTBY»T npaBuxa o~6opa ~~ =0 H I). Bepoa~aoc~~ paapemeaaax nepexo~oB onpe~exae~ca 
Kou6uaa~HUH ua~puqaax axeuea~oB: 

j'-o (- f} ::: Ji[jv {000) + Jv 1M {000-j - Jf !r [ lfOpd J (3.2I) 

(3.22) )'-,(-!)= Jf/"j11 [1of} -Jv!Nft'l't :J'-"JJf{./Jtl21f}- lfttol-]}

--/.?-[olfp] + ./f lf.uttp} -($4 ""JI')2~ ./f{ jf [12/fJ + .fF [IOt-J)j 

fix aaaxorou B J -pacna~e HBnHDTca cpepllllle~cKHl! H rauoB-~ennepoBcKHl! uaTpuqalie axeuea~a. 
O.zmaRo, RpOKe S~HX ~yx ROil6HHa~l!, B ~eOpHH ;-saXBata nOHBJIH8TCH 81!le H. tpeua: 
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: · .. :;?tl~~ !flJA { /2lj -,!f~V b(f~p ~Ax lf/~21']- 'Jf'{tOI-}) .. ~If jf'jflfpjf. · 

.. · . .. . +Jt.!2to;lp]• (j11 -Jp)!M Jf(/f[t2(~] ~ JF[tOt-J)j: (3.23) 

Ilepe~~.w nepBoro 38Rp~~a. 8,lleClo .· /,l ~0~! H 2 H 'll6~HOC~lo 116Bile~Cile BepOil~HOC~~ . 

· .. · nepeX~ll~B onpe,lleXlle~Cil. C1leiylliiiHIIH . KOM6HB8!lHillo!H 118~pH~Hwt S1leMeH~OB: 

fa{'}=./£ fffjA[~IO} + * [OOOf}+{JA~JP)/R /F[tiD']I . (3.24) 

J'-'{1 = fflJvfOif} -~~~ JhmJ ~ J~' ]Hfotf'] ~ /f£10fp) + JviH{I~,o:;A•)/IIf~J~jf3·25 ) 
· · )'{·2.)'= ./f{3r ./F[off] +J~fFrmJ; !JrfH .!i{Oif-J· !ftt2.fp] -JrfH(i1'P"/'o)-!Il(((-Jj;<3•

26> 
: . ' ( ' \ 

.. _·: 112{-2} =-./F/-Jf9,.[112]· 9vJ:H(f'j'p7,.}{/JltJ2']-./!{ff.t:}} -If.!£ [OI.2j>] +If [12.2.p]- . 
.! • l Q' (/' . .. . (3.27) 

. . . -(J~."'Jp)frtJf{Jf{fJ2•J + lf£~12·J)j i 

fi{J}= JJ{JfjA£tJ2]- jf fH!v~'/'rJ'4(/f[t~2•]-Jf/tf2.-J} f f4/i[02Zf]~ !;-/f [12.tp] + 

. +(dA"jp)li:t{./f£62•]. )f[ff.l-J}j . .. · . (3•28) 

TiepeXOl!H fk -oro aanpe~a. 8,lleClo U. =·ft.. H lt.+I, a B3116HeHHe 
. . n._ . 

'lle~BOC~K. onpe,lle1l!le~Cil IIHOZH~e1lell (-I). KOM6HB8nl!ll 118~PH'IlBYX 31leMeH~OB, onpe,ll61IIlll~81l BepOil~-

HOC.U B o6~eu cnyqae, 6Y1!a yae npuBe.lleBa paaee ( c11. 3.20) • 

. ':8 / -uesoaa 

) . 
• ~81lee MY C1le;ztyeu, B OCBOBHOM,·p860':8M /58-60/. 
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2 • 
r.z<e c ~ J ) :- 'li!CJIO KOHe'lHUX cocro_aHI!lt aa .eJ<~~HII'lHUlt IIHTepBaJI :mepr11a 

.• (z1 ~ zdf- d~ l ~ ~j_· c ~ I -: 7 d£1 j dEj :: - 11'} + AN ..., . . 

IIo.z<cTaBI!B ll (3.29) llaTpll'lHUii alielleHT raiii!J!bTOHI!aHa llllai!IIO/IeltcTBI!ll (3.18) 14 

llSHllmnyp no 'riepelleHHUM aeltTpiao, nony'lHII ~ni!H-Teliaopli /IO'lepaero ll/lpa: -~ 
,• _,, 

<:l;'Y, T vJJJ/~N; I r II.'>= 27rtL <~ty} "/HJ'IFH>(FH/J•/FN)q~'·f"JH.J-/FH'>*= ~ 
• , , ·• .. . ' \ 1 • ' •• • (3,30) \. 

=21rfL (~,/-" T;~ <Y.Hc {2m:rt1><FNF-!/I<~><Yoi{ fzm:rN'>. 

< ~ ' 

'<'JNf,fvJ&JJ;N.-,rz~><1fi;;f~/H;,/{iZ, fzm >~ 
. ~ ' . ..:. 

0TCD,liS . . , , . . , 

GgJ =ft(cl.lm}/~2 .j;Ji(2F+1I; <A~ L-H:~)J2>.+f ~,(~ 7;_~- ·• 

, l j .. (. ;: f}ij'-u{IC}jfu{ICf '· . ; ~ !+. ~- "'. 2.n.. _·· 
L u.·ul~'"' 6/ · · . · . 

L SK J"u(-t<J }'u'{K') : i u..ui . t + ,\ ;, 2m- i , 
3)1ec:& · fu,u'(/(., K'; I) -npocTall KOu6HHaUIIII Koatl)@!UileHTOB BeKTopaoro cnozeal!ll: 

(3~31) . 

, ·' . ., • " I :, ·; ~ " .' . •. , (~ . ·- r~ 

juu'(J', KJ ~ :.(-1/"rJ i t-e../r211~t)(2tAI}(2j+l}(2iiJ • <j '/2 j'-Yz: w> 
,; 

· ~(J.·uf/ Jjfz):{J;~;j: ~~~· J/ 21 . 'I+ j_l•e'-L . 
· · · · 1. 1 c] 

F , . , • .· . . 'j 'I . 
a T;.rr_ -Cni!H-Teaaop!i 11eaoaTo11a B cocTOIIHIIH F 

(3.32) . 

3HSHI!6 Cni!H-T6H80p0ll noaBOJilleT nOJIY'liiT:& BCe xapaKTepHCTHKH DSPUIIS:rJ:&HUX nepeXO,liOll-B npo~ec-
\ 

ce aaxBaTa. 

§ 4. BepoaTHOCT:& paspemeaaux 11 sanpemeHHHX nepeXOAOB 

BepOllTHOCT:& DSPUIISJ!:&HUX nepeXO,liOB CBII3SHS CO CDHH-T6H80p011 HyJ!eBOrO paara 

~- .. )21~' J ~: d.Q. (3.33) 
I 

r11e aaterpHpoaaaHe ae)letcs no yrny auneTa ll,llpa. 
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r.lle 

F 
IIO,liCTSBIIB l!BHUlt Bll.ll Goo 

(,·~ •11.){~- :!; • U.+ f) 
/If I 

(3.34) 

/u•l{-11·~
2

+ 
(3.34a) 

A :_I -I( (~•J,··u}{~-7; •U•O JJ,,(·U·I}+ 
F. 2f.+{ Uti ,/' 

(3.340) 

B.cnyqae npOIISBOR»HOrO aaceneHIIll ypOBHelt CBepXTOHKOlt CTPYKTypu BepOl!THOCT& napUHaR&HUX ne

peXO,liOB paBHS: 

(3.35) 

( ~ :t -OTHOCII'reR»HSll BepOl!THOCT& aaceneHI!ll COOTBeTCTBYilll\ero ypOBHll: ~., + ?; • =' .J. ) ;B 

cnyqae CTSTIICTIIqecKOrO aaceneHIIll ypOBHelt CBepXTOHKOlt CTPYKTypu wopuynu(3,34) nepex~,lll!T B 

-~opuynu, nonyqeanue MopuTolt u_~Y.liZ~~II/34/: 

1./ '13 2 '2'ft•1 f l z. l l j 'vi~ lf(c( l"}; 7 21;+ 1 /u{·U·f} 1-j'u•tf·u-r) •.Jiu{u) + j'u<~(u•2.) (3 .36) 

IlpaKTI!qecKH Hai!OOn»wlllt IIHTepec npe,llcTaBRl!llT paapeweaaue nepexo,liU 11 nepexo,liU I aanpeTa • 

. nns 5TIIX cnyqaeB COCTBBHeHa CBO,liKa ~opuyn (CU. T80nl!uY 3.11 4 ).Bocnon&SOBSBWIIC» COOTHOWe

HIIH¥11 (3.21)_--(3.28) ,llnB uaTpllqHUX sneueHTOB 0 KOZHO npe,liCTBBIIT& 38BIICIIUOCT& BepOBTHOCTII 

nepeXO,liOB OT. K~HCTSHT B3811UO,lleltCTBIIHo 

§ 5. YrnoBoe pacnpeneneHI!e HAep OTAaql! np11 saXBaTe qacTI!qHo nonl!piiSOBaHHux 

.)' -!.leSOHOB 

Ecn~~ BupazeHIIe (3.33).He IIHTerpllpoBaT» no yrnau BuneTa H,llpa, TO UOEHO nonyqi!T& 

yrnoBoe pacnpe,lleneHI!e H.llep OTJ1aq11 npu aaxBaTe qacTuqHo nonspl!aOBaBHUX u~aoaoB. YrnoBoe 
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"' "' 

l-~ 

o--o 

o-I 

I- 0 

3/2-I/2 

3--2 

I --2 

I/2-3/2 

3/2--5/2 

I- I 

I/2-I/2 

3/2-3/2 

T a 6 n H ~ a 3 

Bepoi!THOCT:& aaXBaTa . .JL -MeliOHOB ~!4r~z"!)./(2 :T;'fi.t.·•tn2. 
npH paanHqHOM aaceneHHH ypOBHe~ CBepXTOHKO~ CTPYKTypa/60f.paapemeHHae nepeXO~H 

F;. F.. CTaTHCTHqecxoe aaceneHHe 

2 
)'a (-1} /'·2(-1) 

-
)',z.(-1) + /'/(z.J 

3 j'/(-t} 

~ j'/(2} t .fl~Y-tJ + f- .fl·
2
(zJ 

! f .1':(-1-+ f j'/(2 ) /:{-1 + /,(2) 
~ j'/(-t) + £- .1'/(z} 

t j'/(-t) + t j'/(2) 1 j't2(2) 

} j'/(-t) + {o j'/(z} . 

l )1.(-t) - JF .!'t(-tJ/ + f Jli(2) [ ./'o(-1) + J2 j't{-1) 12. + f .J'/(2.) 

l J'·(-1} _ g )'{-I} r 4 *j'/(2) [JI·(-t} + fi' .Jit{-tJ/ /•2{-1 + j'/(-t) + j!/ (2) 
{J'·(-1)- jf J'·{·tlj2.+ ~ jt/(2) [J'.{·IJ 4 Jl-'Jt,f''r + :t .f',2(zJ 



"" """ 

?;-=J 

0-0 

0- I 

0-2 

3 -.2 

3- I 

3/2-I/2 

I - 0 

I·- I 

I- 2 

I - 3 

. I/2-I/2 

I/2-5/2 

Tac5mtna 4 
u /, i '13 2?4 2. Bepoa~aocn aSXBa~a .)L-11eaoaoB w'l4viZ"!J'/ 2:r,~1 ~ np11 

pa3JIH'lHOII aaceneHI!II ypOBHelt CBepXTOHKO!t C~pyKTypu. 

llepexo.llll nepBoro aanpe~a ( 4 Jr=-I). 

_, 
' 
fi, F_ 

CTa~I!CTI!'leCKoe aacenea11e 

j'o
2
{1) .ft:(l} 

I 

fiY·2J +j',('J -- J'-:(-2) + /-:(') I 
I 

J'i (-zJ, + ,1'2
2
(3) .)L-;{-2) + fo(3) I 

i 

f{( ./6 fi{-2)-fzfzl,+ 6.)'/(3}} 1 {(J'tf-2} + ./6.JM-2f2._,. !;P,2{1) ~ fiP§ j'tt2)'f:zt2J + .)':(JJ + fi/(1) ' 

ff:z2{3} .· {-;;:t(-2)+ ;;4(3) fif-2) + ,/4(3} 

;[(J!F fifz)- IF fi(·2V2 
+ 8ft

2
(31 J[( JF J'tf·2J + ff /zr-zy~ V"Y~ j'/(2)+fi(-2)+ JL:{'}+ ,;4.(3}1 

. ~ fit 2 l 3)'-11) j'/{-2) + .)'/(t/ I 

~ 'l~ . v2. z z 1 )'•( 1)" 7( '$j',(-z) --,jJz{-2) + 2)'1(1) + 6.)'2{3) ./'o
2
{ t} + i{fl{-2} + J?;;i-J.Y~4J'tT'1 }':{t/ •}4(-2) + )'tf2} + )!zPI .. }'7rtJ 

. h [3(J',f2/-_j'z(-zJf + 6,/'/(z) + !j-,;{(3/ j f [3V,f2} +j'lfzJ/ + J )': {31} .f'-~{-2) + )'i(-z) + .)'i(3J + .)'/{f) 1 

. 6j'z~2) + f )'}(3) 'J .)'ff£3) /4(-2) + .)l-;(3} 
i 

2 If 2 . z 
)'.

2
(1} + 3 JL:{'J .l'·f' J .,. .I',Y-21 + .l',[t J .J'o (1) +,. .Jt,(-2} + :f jl,{l) 

i 

f {lfJ'z:z{-2} + f fiz{3)j :fJ'2zN ,;4(-2) + .,Ji:(3) 



pacnpe~eneHHe Hwee~ BH~: 
(3.37) 

z.J;.(e) = .~; ( t+ c~.F!'p (cje) ~ 

r~e e -yron llellt~Y Hanpa:BneHHell nOJIHpRaaUTtlltl llesoa~owa B coc~OHHRl! F J,l aanpaBJieHH

eM BUJie~a HAPS o~AaqH, ~- . -BeJIHqRHa nonHpRsaUHH 11esoa~owa B coc~OHHRH co CnHHOM F. K). 

nocne no~c~aHOBKH (3.32) B (3.3I) nonyqaw 

o{ = 3 2 '1; +I j F(ZF•f) ' 
F h'J;+i'. F+ ( 

iJF -IIF 
(3.38) 

rAe 

BF = L }u,ll•(K-,IC;· G::o)iSKJi,.,fX)ji,/(K'} 
' ) 

(3.39) 

a BeJIHqRaa Ar. R Ar. onpeAeneaa coo~HomeHHHIIH (3.34). 
HHH60Jiee RH~epeCHU 0--1 nepeXOI\lio ~aK KSK B ll~OII ·cnyqae OC~a~oqHaH OOJIHpH-

saUHH ~ -lleSOHa llaKUHIIaJI~Ha R 3~~eK~HBHU~ KOB~WHUH6H~ acHIIII6~pMH c(/) AOC~Rra-
e~ sa11e~HO~ BCJIJIIqJIIHU. B cnyqae .. 0--- Q nepeXOAOB KaK C HSIIeHeHJIICII qe~HOC~H, ~aK R 6es 

HSileHeHJIIH KO~Il,lleH~ aCHII':'e~pHR d.. paBeH 
(3.40) o{=+i 

B cnyqae . 0-1 nepeXOAOB llKeell Cll6AYDID,116 BaPa~eHilH AJIH KO~IlUHeH~a· acHIIKC~pMH: 

r) I d.. (IJ. tr::(-l; =: 2. ') fo f 

/. . m) I 
d\a1r=(-tJ I = 2J+ f 

/'; (-:1-f} + "liFl fo{t}fi{-:1-t} -.Jt;(Y) 
fi (1) + /; (-:J-f) . 

.J';{m) -lt./i{i;(f' .fo(•Y) }4(1•t)- .)!;{-:~) 
)',2.(·1} + .JA~{:t•f)·--~ 

(3.4I) 

. (3.42) 

Kpo11e ~oro, BalltHO HCCJieAOBa~~ acHKIIe~pHD B nepexoAe I/2 

qeTHOC~Il). B STOll CJiyqae 

- I/2 ( 6es HSileHeHHH 

K) no~qepKHell e111e pas ( c11. rn. II ), q~o yrnoBoe pacnpeAeJieHHe aAeP oO:AaqH onpeAenae~cH 

BeJIJIIqHHOI! c£,f/:. , KYAS BXOAJII~ BeJIHqHHS OOJIHpHSaUHl! f}: · Bee!! CHC~eiiU - TOrAa 
~- -l4CBOBOB 0 onpeAe-KaK yrJIOBOe pacnpeAeJieHHe llJieK~pOHOB 0 B03Hl!KaDID,IIX npH pacnaAe 

JIHeTCH BeJIHqHHO~ OOJIHpl!SSUHl! Calloro 116SOHS ~ 
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B t .=: 3':;;- [ }'-DM- jf j,(-1} + JF _14(2;} 
2 

I 

8- =:Q 
(3.43) 

:T•I 
fiepeXO;llH 1 B KOTOp!.!X BllnOJIHR6TCR ycJIOBl!e AT = (-J.) 1 H83!.1B8DTCR 11 YHliK83II>-

HUUll~ EC3Ill BOCn03II>30B8TI>CR COOTHOW6Hl!RIIll (3.42) 1 TO JierKO yae~TI>Cl1 1 I!TO B 3TOU cnyqae KO~ 

3WW11~6HT 8Cl!UM6TPllli,OK831lB86TCR1 BOOa~e He 38Bl!Cl!T OT M8Tpl!qH!lX 33!6M6HTOB: 

d.-
2 e 

-. GA + JGp - 2'JGII Gp 

(21+1}~2+:1~ -2.1J~Gp 
(3.44) 

nonRpHSaUliR R~ep OT~aq11 onpe~eJIReTCH cnuu-Teuaopou nepBoro paura. nocne ycpe~

HeHl!R no yrnau BuneTa ueMTpl!HO Hueeu: 

<~> = 

B cny11ae 0- 'J nepexo~oB nonRpl!aa~R au.11a Blll!l!cneHa B paaoTe/58/; 

(3.46) 

r~e 

(3.47) 
(7+1),/l~(t'J)- .J):(;.{'•r)) 

. )'; ( t 1j + _/f(;t:T~I~ 

BeJIUql!HY nO.IIRpll38~ll, B npl!B~ne, MOZHO H803ID~8TI> no 8Cl!MM6Tpllll aneRTpOBOB nocneAYD~ero 

npo~ecca )' -pacna~a. Hcc.lle~oBaHHe noJIRpHsa~l! ~oq~pHl!X R~ep uor.11o a11, B ripliHUllne, ~aTI> · 

H638Bl!Cl!MYD l!H~OpMa~D 0 KOHCT8HT8X MDOH-HYK3IOHHOro B38l!MOA6~CTBl!Ho 0AU8H0 1 nO-BH~l!MOuy, 

113-88 B88l!MOAe~CTBl!H C 33!6HTPOH8Mll npOl!CXO~T 6!lCTpaR ~enOJIRpll38~l1 i!Apa/6!/. 

Bime OCT83Il!CI> B6 paCCMOTpeHH!.IMll T8Hl!e. BTOpl!qHl\fe npouecca, H81C ~I1PICYJIRpHaH no-. 

nRpaaa~R '/ -KBaHTOB 11 ¥" -KoppenR~R npll aaXBaTe )" -ueaouoB. CooT:aeTCTBYD~e-
SKcneplllleHTll TPYAI!ll, H0 1 nO-J!IiAliMOJ.IY 1 B ayAY~eu Cllory'T 6hiTI> npOBe~eHilo TeopHR 3Tl!X BTOpllq,:_ 

Hh!X npo~eCCOB ~eTa3II>HO paapa60T8H8 pR~OU SBTOPOB/62-6~/. PaayueeTCli1 BCe H8C8D~eCR l!X 
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$0pMan~HUe _COOTHOIDBHHH MO~HO nerKO nonY:qHT~ H8 Od~X wopuyn,_OCHOBSHHUX HS npHMBHeHHH CnM

HOBOli .MaTpH!lbl nnOTHOCTH. Mu He dy.11e11 npHBOl\IIT:& STHX COOTHOill8HMli, a OdCYlKJleHHe CSMHX yxa-

8SHHWC BTOp:Mq~UX npo~eCCOB npOBel\€11 B rJI.IY,. B CBl13H C aHaJII!30!4 KOHltpe:rHUX CJiyqaeB .)'-

aaxBaTa. 
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IY, OCHOBH~E HAfiPABREHMH 8KCfiEPMMEHTAKDH~X MCCREAOBAHM~ 

jl-~ 

§ I. SaxBaT ueaonoB Bo~opOAOM 

Bonpocau .f -aaXBaTa B BO,JJ;opo,JJ;e nocBHIIIeHo 6on:r.moe 'll!CJIO pa6oT/3,66-;70/ .llay

qenae aaXBaTa B aTOuapHOJ.I BO,JJ;OpO,JJ;e 1 '1TO MaRCl!MaJil>HO COO~BeTC~BOBaJIO 6a npe,l1;CTaBJI6HllfiJ.I 0 

n 'll!CTOJ.I n OllbiTe,ynapaeTCH B Tpy,JJ;HOCTll, CBH3aHHae C 14CDOJil>30BaHlleU ra.30BOit J.ll!MeHH,B HSCTO

HIIIee BpeUH B pH,ll;B na6opaTOp!41t TOJ!l>RO npOBO,l1;l!TCH 06CyE,JJ;eHHe H HCCJIB,ll;OBaHHe pa3nH'IHaX·Wll3ll

'leCRl!X ll TeXHli'IBCRl!X acneRTOB TSKOrO 3KCnepl!UBHTS, fiO 36XBSTY B XH,JJ;ROJ.I BO,ll;OpO,ll;e· l!J.IBDTCH 

uuoroqacneHHae aKcnepaueH~an:r.uae ,JJ;a~uae1I4 • 7I-77/,KoTopae 6~·co6paHa B pa6oTe/78/( cu. 

Ta6naey 5), 

Ta·~nH!Ia 5 

CBO,JJ;Ka 3KcnepllileHTaJI:r.Hax ,ll;BHHaX no 3axBaTy ~ -ueaOHOB BO,ll;OpO,JJ;OJ.I / 78/, 

BepOHTHOCTI> aaxBaTa ,11;aua B ceK-I 

:ro,JJ; UEPH ql!RarcKHit yHHBepca- 1 KOJiyll6l!ltCRlllt 

TeT YHHBepCl!TeT 

-
420 ± 75 /7!/ 420 ± !20 / 72/ 

!962 434 ± IOO / 73/ srs ± 8s/74/ 

425 ± 60 /7!/ 
f---

4so '± sci / 75/ 1428 ±as /76/ 
!963 464 ± 42/77/ 

445 ± 42 / 75/ 

1---
!964 460 ±.42 /!4/ 

Cnelll!Wll'leCRlle ueaoaTOUHae ll ueaouoneeynHpHae npot~ecca B lltli,JJ;RO.II BO,ll;Opo,JJ;e npl!BO

.,JJ;HT K o6paaoBaHl!D ueaouoneeynHpHoro Houa {f~p)+, C nouo~D ueaouoneKyJIHpHax BOJIHOBax 

WYHRlllllt BepOHTHOCTl> aaXBaTa ~-ueaoH~ TBKl!J.I l!OHOM !.IOZHO CBSCTH K BepOHTHOCTH aaXBaTaaTO

uapuau BO,ll;OpO,ll;OU, TOI!HOCTl> TaKoro CBe,JJ;eHMH paC[IBHl!BaeTCH B HaCTORIIIee BpeuR npllllepHO.B 

0,5% /79-82/, BepORTHOCTl> 3SXBaTa O'leHI> Cl!Jil>HO aaBl!Cl!T. OT KOHCTaHT. CJia6oro B3al!MO,JJ;eltCTBliH, 

OC06eHHO OT OTHOCl!T8Jil>BOrO 3HSK6 3A ll Grv ·, AHaJIHa 3Kcnepl!U8HTSJII>BaX ,ll;SHBaX DOKasaBaeT,'ITO 

3H6'18HHH KOHCTaHT B 06111eU COrJiaCyiOTCH C npe,ll;CKaSaHliHJ.Ill TeOpl4111 B 'ISCTHOCTII, 'ITO ~A 14 jv 
HueDT paauae sHaRl!, 
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Ta6mn~a 6 (I'/ . 
06JIBCT:& •)tOHyCTllMHX 3HB'I6~11ll !1JA npll paSJIII'IHbiX 311B'I611HHX "''ff! ; 
~~-= ( 46~ ± 42) cex I ( n~ ltBHHHM pa6oTu /78/) 

~ - j... 'Jr(IJ J'liA 
I,25 I3 6! +3,48 

• -3,24 

I,I9 ·u 17 +3,59 
• -:-3,35 

-· I,I5 9 44 +3,67 
• -3,43 
--·-

B TB6Jlll~e 6 · npiiB6)t6HU )t0HYCTHMU6 3HB'I6HHII OTHOmeHIIH~~ npll 116KOTOpUX 3HB'I6Hli-

11XJA~V ,coOTBeTCTBYD~e nOCJI6)tiiiiU.3KCnepliM6HTHJI~HUK itBIIHUM 0 B6POHTHOCTH!460 ± 42 C6K-I~ 
06JiaCT:& .ztOnyCTliMUX 3HB'I6Hlll! JP/jA . ,JtOBOJll>HO ·BeJIIIKa.STO CBH3BHO H C 60JI.UOl! SKCnepi!M6HTBJI~
HOl! norpemHOCT~D 1 II C T6M 1 'ITO BepOHTHOCT~ 3axBBTB B Me30MOll6KJl!llpHOU 110116 CJIB60 SBBHCIIT 

OT B6Jlii'IIIHU Hll.ztY~pOBBHHOrO nceB)tOCKBllllpa, ~ 

B rBMH~TOHliBH B3BIIUO,Jt6l!CTBHII BXO,ltiiT 1 no Kpal!Hell uepe 1 TPH 1163BBIICHMUx KOHCTBHTU! ." 

. Jl. t dY ll"' ; 6CT6C.TB6HHO, HeOCfXO)tliMO no M6H~mel! Mepe CTOJI~KO 3:6 SKCnepHM6HTOB )tllll liX 

onpeieJiellllflo B03MOEHOCTll 3:6 BO)tOpO)ta HB-aa M630MOJieKyliHPIIbiX S~~eKTOB HC'IepnHBBDTCII O)tiiOl! 

B6Jlii'IHHOll - B6p0HTHOCT~D BBXBBTBo KOH6'1110 1 HCn0~30BBHll6 nOJIHpH30BBIIHUX MHmeH~ll n03BOUHJIO·. 

6u, B npHH~IIne, H3MepHT~ II ltPYrlle xapaKTepHCTliHII npo~ecca 3BXBata H noJiy'IHT~ 1163BBliCliMYD 

HH~Opua~D 0 KOHCTBHTBXo flpH 3TOM 1 nO-Bli,JtliMOuy, 0'1611~ Cllll~HO B03pBCTYT 3KCnepliM6HTBJI~HUe 

TPY.ltHOCTII, flOSTOMy B 6Jl11Eal!mee Bpeua TPYitiiO OEllitBT~ 3HB'IliT6ll~HOrO nporpecca B HCCJI6)t0BBHHll 

aaXBaTa aa BO~topo~te. 

§ 2. SaxBaT / -ueaoaoB RIIPBMH · He3 

~ccJie.ztonaalle npo~ecca aaXBaTa ~~ueaoaoD a;ltpaMll He3 

u ' 3 f +ne --H+v (4.!) 

npe)tCTBBJIII6T cy~eCTBeHHUl! IIHTepec B CBH3ll C ltBYMH 06CTOIIT6ll~CTBBMli,Bo-ne?Bb1X1 3)t6C~ OTCyT

CTBYDT Heonpe.zteJI6HHOCTH B li~TepnpeTa~ll peay~TBTOB 1 xapaKT6pHUe )tllfl norJI0~6Hllll ~-M630HOB 

B Zll)tKOM BO;ltOpO;lte.B ltBHHOM CJiy'!ae SBXBBT npOliCXO)tliT H3 ;ltByx COCTOIIHlll! CB6pXTOHKOl! CTPYKTy

pu U630BTOM~ He3 ,aaceJI6HHUX COrJIBCHO CTBTliCTli'I6CRliU B6CBMo BO-BTOpUX1 TeOp6Tli'I6CHIIe 0~611-
HII lllt6PHbiX MBTpi['IHUX SJI6M6HTOB MOryT 6UT~ BUH0ll116HU Bec~ua TO'IH0 1 ToKo BOJIIIOBBII ~YHK~fl 

CliCT6MU Tpex Tell li3B6CTRa ,JtOBOJI~RO XOpomo, 
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He 3 H H3 ~ aepKanDHUe n~pa; cnaa H HSOCnHH coo~Ee~c~Eeaao paEau .~ = I/2+ H 

T oi I/2. B OCHOEHOe COC~OHHHe S~HX H~ep IIOryT ~aBaTD EKna~ 12 $1z , 11Prz t .~tp1~ H 2~9i' 
Kounoaea~u 183/, ITepeqHcneaaue coc~OHHHH uory~ OnHCHBa~DCH BonaOBHIIH WYHKUHHIIH, HMeDmHIIH 

·. pasayD· nepec~aHOBoqayiO cHuue~pi!D: CIIMMe~pii'IHOII - c.xeua lOara 184/ £11 = OJ ·, aH~IICHMMe~
pHqaoll lfl =[({(j H WYHKUHell cliemaaaoll cHuue~plli! til. = [2.1} • lla ananHaa SKcnepHIIenanDHUX 

~aHHUX Od Si'leK~p0119.rHH~HUX WOPIIW9.K~Opax, uarHHTHUX IIOMeH~ax, ceqeHIIHX 89.XB9.T9. Hell~pOHOE II 

, Op?~OHOE·~ei!TOH9.Ull / 85-88/ cne~eT, 'ITO ~OMI!HIIPYil~ll HEnReTCH·CHMUeTpl!qHoe ~ -COCTOHHI!e, 

Bru1a~ nonaocuiO aHTHCHMMeTpHqaoro 5 -cocToRHHR, 22P-H z+p -cocTOHHIIl! npeaeelpellti!MO uan.' 
ITpHuecD ttl) :-c'oc~ORHHR ( o{.:z> ) 'I! S -coc~ORHliR cuemaaaoll c~uue~pHII ( c{

8
• ) o~oro ;o-. 

Pll~Ka: /~J2-fc<4/ - 0,01( , TaKHM Odpaaou, EOnHOBYJO tPYHKW!IO OCHOBHOrO ~OCTOHHllll He3 ll 
H3 MOEHO 39.nl!C9.~D E EH~e 

(4.2) 

~ll 0Dl!C9.HHH pa~anDHOII 39.EIICHMOC~H liCnOnDayeTC!l mllpOKIIII Knacc tPYHKUHIIo ITapaueTpH ~YHKQHII 

onpe~enRJOT oduqao liS BapHaQHOHHUX pacqe:roB aaeprHll CERSI! c ncnonDaoBaHHeM pasnH'IHUX @op11 

OOTeHQH9.nOB B3aliiiO~ei!CTBllll ~YX Ten, HeKOTOpUe liS 3TliX EOnHOBUX tPYHKUHII OPl!Be~eHU B Tadn,7. 

Tau ze codpaau pesynDTa:ru pacqe:ra BepoR~aoc~n saXBaTa .~ -uesoaoB n~paUII He3. . 

. KaK duno OOKaaaao. B rnaBe III, BepO!!THOCTD 39.XB9.T9. · j'- -MeSOHOB B .He3 C TO'I-

BOCTDD ~0 qneHOB OOp!!,.Ka ( 1 /2M )2 · paBHa 

I. I 3 2! .2 2 2f ,, 1 1,./='t(rl.'l'J/7 j'-o{·!.}+-j't("'}+ /'\21 (4.3) 

.. ll SaBIICI!T OT "eBRTll MaTpli'IHUX aneueHTOB: [000] ,[OOD-j , [IOI} , [IOij , [I2I] , [I2I+} , 
[IIOp] t [OIIp] t [IIIp) , lls HliX nepBUe l!eTupe ~aDT OCHOBHOII BKna,. B BepOHTHOCTD ne~exo~a, 
'ocTanDHUe xe npHdnHSHTenDHO aa nopR,.OK MeHDme l!X, 

CTPYI!Typa BCeX 119.Tpi!'IHUX aneueH~OB T9.KOBa :· 

(4.4) 

+ ~r;(.f){KWII}Ul,. 2o(lc{:D {J(WU}s:tJ} 

B COOTB6TCTBIII!ll C npaBII09.Ull O~Ciopao, !0-COCTOHHlle He "ae~ BKna"a B rnaBHUe 119.Tpli'IHUe ane

lleHTU, a BKna,. ae~aroaanDaoro uaTpii'IHOro .aneueaTa {KWU]55~-nopR,.Ka aecKonDKIIX npo~ea~oB. 

' ( X) - COC~OHHIIe BH()Cl!T OCHOBHOI! BKnaA B 119.Tpl!qaue :meueH!rU [I2r} ll {OIIpj , KOTOpue,, 

OAH9.KO, C9.11H Ha OOPHAOK MeHDme OCHOBHUX, KOHKpe~HUe 'IIICneHHUe paC'IeTU, BUnOnHeHHUe B pado-
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Ta6ml..(a 7 
Pac'leTbl .:aepOHTHOCTil nepexo,lla ~-+ He3 -H3. + j) 

.. Pa,llllanbHaa aa:allcll»ocTb <:t'f :a rbepw W:a IlY ceK -I 

~HKqM!I llp:BilHra / 99/ 
A,Fujii, j- A. e<rp[- f~{?:~ t- z:, ,. ?:.z~) qz j I,78 I,46 

H.Pr1makotf /))/ - · ( 'C.~z + ?:~~ + t~1 )/l. 

~YHKqil!i KllKYTbl ll ilP• /IOO/ 
A,Fuj11 /S9/ J-[ (1/~tt(T.;·J.~- eq:p(-v(-r.;-JJ)} I,5 I,66 

~ · ecllll 't; >J. 
0 1 B OCTanbHbiX TO'llt8X 

~YHKqil!l KllKYTbl M ilP· /IOO/ I,55 I,55 

c.wernh 1901 
I,45 I,60 

~YHKqil!! MaHra M Ba~n.ll~ /IOI/ 
l 

I,56 I,56 

L. Wolfenst·e'1n/9I/ •t I,45 - O,I4 . 

~YHKqil!l nanna,lleuoca /I02/ 

A.F.Jano 1921 1 ·{ =if•!'-<)- 0«/>(-J«·JJJ/.,. I 178 I,46 
' · eclll! 1. >d. 

. 0 B OCT8nbHbiX TO'lK8X . 

J ,Duck / 9)/ . .~YHKUil!l rapMOHil'leCKOrO OCqllnli!ITOpa I,25 

H.G.Wahsweiler/97/ 
~YHKUil!i KllKYTbl ll ilP• /IOO/ I,55 I,35 I 

} "'~f-}:tlo{T.t+'&l+'tJ)j I,85 I,22 

R.J.Oakes 1941 
~YHKqi!H llp:allrira / 99/ I,70 I,50 

~HKUilH llpBilHra-ryHH8 fLU~/ I,93 I,4I 

~YHKUilH raycca 
t0,2 

·r,5 
O.A.Sa~Mil,llOpora '-O,I 

I,5I5 ± 0,055 
ll ,llp. /95/ ~YHKUil!l llpBMHra. / 99/ 

tO,I 
I,7 

. -O,I 

A.Bietti /96/ . ~yHKUilH llpBilHra / 99/ I 
I,4B~rJ $ I,57 1 

----- -- -· ---------- -
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Tax/9?,98/; OOKS3aBSDT 1 q:ro cyuuapHUH EKna~ MSXUX KOMOOHeHT E EepOHTHOCTh aaXEaTa HeEeHHK. 

Ecnu.Hu npeHe6peqh, MOEHO EupasHTh Ece a~epHue ua:rpnqHue aneMeHTU qepea o~H napaueTp

cpe~HeKEa~pa:rnqHuM pa~yc nepexo~a He3 H3• 

lla :ra6n.? EH~Ho, q:i:o ·peaynh:ra:ru pacqe:ra EepoaTHOCTH nepexo~a He oqeHh qyECTBH

:renhHU K EH~ pa~anhHOM EOnHOEOM WYHKUHH 1HO CHnhHO SSBHCHT OT EenHqHlJU cpe~HeKEa~pa:rnqHo

ro pa~yca. Tiocne~ane aKcnepnueHTan1HUe ~aHHUe o wopuwaK:ropax,nonyqeHHUe E onu:rax no.pac

ceHHHD aneKTPOHOE /I04/ a~paun He3 n H3 H saXEaTy. 1f" -ueaoHOE /I05/,noaEonHDT y:roqHHTD 

a:ry BenH'IHHY· n Tell cauuu yueH1mHTh Heonpe~eneHHOCTh pacqe:ra •. Pacqe:r EepoaTHOCTH aaXEa:ra 
. 3 ' 

~ - ueaoHOE !!~pauH .He c Y'IBTou sKcnepnuea:ranhaux ~aHHUX :raKoro po~a 6un EunonHeH E pa-

6o:re 1951. Oc:raHOEHMca Ha peaynhTa:rax a:ron pa6o:ru. 
. 2 

.llJIH onncaHHII npouecca )'-aaXEa:ra EEO~IITCII :re ze 11~epaue cpop).!(jlauopu: F(f), 
'ITO H ~Jill OnHCSHH!! OOUTOB 00 pacceHHHD SJ!eKTpOHOE H no pa~aUHOHHOMy 38.XESTY 7T' -Me30HOB, 

~ ,z 2 2 z 8 z. 
/H(!te -H~/ =(G.+ 3G,.r)ft -,-G. f"sf$·) (4.4) 

r~e 

. 2. 
PaanH'Ille 3SKJ!DqaeTCII E T011 1 'ITO E. .f:. -aaxEaTe nepe~aHHUM HHnynhC paEeH ~· = 012? ~-2 

1 

TOrAa KaK npH aaXEa:re T -MeSOHO.E 72. = 0,4? I ~2 • a E onuTe c SJIBKTPOHalo!H I f-2~~~ sr2• 

TIOSTOMY SKCnepHHBHTSJ!hHUe pesyJihTa:ru' SKCTpanoJll!pOESJli!Ch B HYEHYD 06J!aCT1 nepeASESeMUX Hll-. 

nyn1coE. ·.llJia aKc:rpanoJIHUHH ncnoJihsOBaJiach EOJIHOEal! WYHKUHii S -coc:rol!HH~, npnqe~o~ npuuech 

'cocTOl!HHII cuemaHHOM CHUMeTpl!l! noJiaraJISCh paEHOM 0,03. Pa~aJI1Halt WYHKUllli 6panach E wopue' 

npe)IJIO:IeHHOil E / 99/; npli Ta~~~~ EU6ope XClp~~O Oni!CUEaDTCH SKcnepHHeHTSJl1HUe ~aHHUe no 
pacceHHHD SJieKTPOHOBo B HTOre 

F.t .. + 
.s (012?). = 0,82 - 0,03 

~· (0127) =. 01023 ± 01005 • 

BepOIITHOCTh 3aXBaTa jL-Me30HOB1 BU'II!CneHHSl! C HCnOJihSOBaHHeU noJiyqeHHUX 3HS'IeHHM WOPM

WSKTOpOB F$ H [$• 1oKaaanach paBHOM 

1.1 . + -I 
W meop. = ISIS - 55 ceK 

Tipi!Ee~eHHalt om116Ka OTpazae:r TOn1KO aeonpeAeneHHOCTh B 

npHHHuanoc1 1 q:ro 3~J'1 =· ~ I 1 I6 H. J~ = ? • 

Pacc'IHTaHaaa BenH'IHHa ~epoa:ruoc:ru_peaKUHII 
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(4.I) xopomo cornacyeTca co cpe~HIIu· 



8H8'16HH6M peaynDT8TOB TpeX H8B6CTHUX 8KCnepHM6HTOB /106-108/ no. 38XB8Ty J"-M680HOB B He3: 

~~~. == 1490 ± 40 ceK -I 
I 

(4.6) 

. SaBI!CI!MOCTD BepOHTHOCTI! peaK!IIIJ! (4,1) 'oT OTHOmeHHfl KOHCT8HT nPHBe,lleHa Ha PIIC,2, 

.PHc,2, 

"'w·"-of 
.... 

• .. • "t./t: 

SaBHCHKOCTD BepOfiTHOCTII 38XB8T8 KDOHa B He3 
C 06pa30B8HIIeK H3 OT KOHCTSHTH ~aB6,ll6HHOrO 
nceB,llOCKanHpa (no ,llSHHHK pa60TH /95/),WTpiiXOB

KO« noxaaaa paa6poc aKcnepHKeHTanDHHX ,llaHHHX, 

MeHDmee liS ,llByx 8H8'16HH« KOHCTSHTH IIH,llylUlpOBaHHOrO nceB,llOCKMHpa 88Knll'l6HO B IIH'lepBaJie 

.;~J~ ~ll. (4.7) 

HeCJIOTpfl Ha 60nDmyll TO'IHOCTD BKCnepl!KeHTS (- 4%) 14_ paC'I6T8 (-3%) 1 TO'IHOCTD UOJiy-

. '16HHHX CBe,lleHH«-DJip nO'ITII He OTJIH'l8e1Cfl OT T0~0 1 'ITO KH Hlleev ,llJifl BO,llOpO,lla, llpH'IHHS SSK~ 

nnqaeTCfl B TOM 1 '1T0 1 K8K 8~0 XOpomo Bll,llHO Ha pHc,2, BepOfi~HOCTD 38XB8T8 He 0'16HD qyBCTBI4-

T6nDHa It !P • K0~6'1HO, .zena'lenDHO ,llanDHe«ruee yBenl!'IBHHe TO'IHO~TII. KaK 8KCnepiiK6HTS
1 

T81t II 

pac'leTa. Ho, nO-BII.l!IIMOIIY t B 6JIHllt8.limee Bpellfl TPY.llHO OJJI,ll8TD 3811eTHHX C,llBHrOB B.BTOK HanpaB

neHHH, T.K. TO'lHOCTD axcnepl!KeHT~ yze ceaqac AOBonao BeXHxa. noaTOJIY HHTepecao l!ccne,llOBaTD 

,llpyrHe xapaKTepHCTIIKII BTO« peaKIIJiH, fl03%0JIY . B pa60Te /109/ 6HJI npOB6){6H TBOpeTH'IeCKIIII 

aaan~~a yrnoBoro pacnpe,lleneHHfl fl,llep OT.ll8'1H B peaK!IIIH (4,1). 

B CHJIY H6COXpaHeH~fl 'IBTHOCTH B cna6HX.B38l!IIO,lleacTBIIHX yrJIOBOe pacnpe,llBJIBHIIB 

H,llep TpHTIIfl np11 aaXBaTe qacTH'IHO noJIHpl!aOBaHHHX ~-weaOHOB aenOJiflpllaOBa~aulll! fi~P81114 He3 

He 1130Tponao: 

ZJ(e )- .1 ;. o.P~ e . 
(4.8) 

~OpMyJia ,llJifl paC'leTa KOB~H!1116HT8 8CIIII116TPHII B paapemeHHOII nepeXO,lle l/2~1/2 ,llJifl CJIY'I8fl 
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npORSBOn»soro·saceneHRR ypossea CBepx~osxoa c~pyx~yp~ wesoa~owa 6Hna nonyqesa B /109/. c 
·yqe~ow c~a~RC~Hqecxoro sacenesRa ypossell csepx~osxoa · c~pyx~ypH · wesoa~o11a , He3 · 

c<~ f 
a BenRtmHa P ""' fl. • 

{_A(·f) -If ,/li(·f}olo /f'./11!1.1} 
. )'/{-f) ... ./'t''f· () .. )".! (2) 

(4.9) 

DpR pacqe~e BXO~R~X B (4.9) Ua~pRqHHX aneMeB~OB IIOZHO orpaHRtm~»OR BKna~OK· 
~OUKO 'CRMKe~pR~HOro ,s' -OOC~ORBRRe B S~OM cnyqae 'y~ae'rCR 1 He HOOOUSYK RBH~A BH;ll, p~;l!H
an»HOA sonsosoll wysx~H, BHpaaR~» see s~eps~e uaTpRqs~e aneues~~ qepea O;l!RH - [oogl : 

[I OIJ = -3 (oocj; 
[OIIpj =If {!.IOpl ; (4.IO) 

[nap] .. .J.flooo];. 
(I2I] = 0; 

(IIIp] = O. 
noaTowy B pauxax npHsa~oro npR6nuzeHHH xoa~QResor acHuue<rpRH oxas~saeorca soo6~e se aasH-

(4.II) 

~ ""'J'l(l ~ 1/GM) 1 

Gp ""· (!P - J ~ -§•(11'-P"j'-")) 2~ 
(4.!2) 

DpH.STOII senuqzsa: ·I' passa nonapRaa~H ueaoaoroua He3 npz CTa<rHoorzqecxou aaceneBHH · 
.. ypossell csepxorosxoll corpyxoryp~ : f.""· t !;. . , . 
. Bxna;ll ua~.xounosesor B sepoaorsooor» nepexo~a·S%, so T.K. s o( BXO;l!HT oorsomesHe uaTpzqs~x 

aneuesToB, uozso ;llyllaT», qoro ToqsocT» pacqe~a s ~enou nyqme a~oa senutms~. ( B pa6oTefi09/ 
npiiBe~eB~ B~Oe lleH»mue asaqeHHR BBJIH'li!B~ 'o( 1 qTO OBRSSHO C HBCKOUKO ;!!pyrHII onpe~ene-
HHeU BenHtmB~ P ) • cJ. 

o,s 

32. 

PRo. 3. SasHcRuocT» xoaw~R~esTa acHuueTpHR yrnosoro pacnpe~ene
HHR R~ep TpRTIIR OT JP/;A / • 
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Paee•II!TaaaaH no l))opMyJie (4.II) aaBIIeiiMoeu ct. oT JP/;11 np11 t_(/'1 = -!,24 Jr' 
npe.zteTaBJieHa Ha p11e, 3, ilpll ~~ = 8 K031j)i))II!IIIBHT aeiiMMeTpllll o( paBeH 0_,5§_•. B OclJiaeTII 

4 ,;; ~- ~ !2 OO'lTH JIHHeMHO aaBIIeiiT OT J.P/j,.. 
O~.ztaeMoe SHa'leHIIe f' . .ztJIH He3 --0,1 /SI/,CJie.ztOBaTeJI~HO, Slj)lj)eKTHBHU~ K031j)ij)H~I!-

eHT aeiiMMeTpllll o(f) OKa3UBaeTeH nopH.ztKa 0,04- O,Q~,ilO-BII.ztiiMOMy, B HaeTOH~ee BpeMH 

TPY.ztHO 113Mepi!T~ BBJIII'liiHY TaKOro nopH.ztKa. 

B npiiH!IIIne, BOSIIOlKHO YBBJIH'lBHIIB 31j)lj)eKTIIBHOro K031j)ilJII!IIIBHTa aeHMMeTpllll nyTell l!enOJI~

S~BaHIIH nOliHpii30BaHHUX MIIIIIBHIIli /I09/,8TOT BOnpOC no.ztpOOHO l!eeJie.ztOBaH EyXBOeTOBblll'll ilono-

_Bhlll /SI/, B IIX paOoxe Heclle.ztYeTeH aaXBaT ~ -11eaoaoB nol!aoeT~D nollapl!aoBaHHbiMII H~pau11 
He3, ABTOpU noKasallll, 'iTO .113-aa B3aHMO.zteMeTBIIH, oOyellaBliiiBaiO~ero TOHKYD H eBepXTOHKYIO 

expyKxypy MeaoaTOMOB, npoHeXO.ztiiT ellli~HaH .ztenol!HpHSa!IIIH ~-uesoaoB.II a.ztep MHWeHH.lloaxo-

uy BBllll'liiHa K03~H!IIIBHT.a aeiiMIIBTpi!H B el!yqae nOllllpii30BaHHOl1 IIIIIIIBHII IIOlKBT OUT~ yBellll'leHa 

TOJI~KO npHIIepHO B 2,5 paaa no epaBHB~IIIO e aCHMIIBTpHel! npH SaXBaTe HenOJIHpHSOBaHHUMH H.ztpa-

1111. 

K sa.zta~e SaXBa~a MIOOHOB.H.ztpalll! He3 '~u e~e BBPHBIICH B rJI,V!!, 

/). 6 
§ 3, 8aXBaT J1- -MBSOHOB H:ZlPaMI! oU 

K aaeTOH~eMy BpeMeHH nol!yqeau aKenepMueaTaJI~Hue .ztaHH!le no noJiaoli,BepoHTHOeTH aax-
~6 . 

BaTa MIOOHOB H.ztpalll1 ~ ,Mbl 11X cly.zteM oOeyJK.ztaT~ noa.ztHee. Cel!qae paeeMOTpi!M·peaK!IIIIO 

P. 6 6 /-+ M. -He +v, (4.!3) 

r.zte KOHB'lHOe H.ztpO He6 ~C)pasyeTeH ll OeHOBHOII eoeTOHHIIH, Bu.ztelleHHe peaK!IIIH (4,!3) 113_Bcel1 .. 

COBOKYnHOeXH npo~eeeOB, llbl3b1Baei!HX aaXBaTOII IIIOOHa H.ztpOM ·t_ 
6 

1B03MOJKHO, ll npHH~ne, no 

. j -paena.ztY ll.ztpa He6 ; noeKOli~KY OeH.OBHOe COeT.OliHIIB HBllliBTeH e . .zti!HeTBBHH_bllol CBH3aHHbl~ eOcTO

fiHIIBII axciro H.ztpa (eu~ p11e.· 4) liE) H Bee nepexo.zt~~ aa BOa6yJK.zteaaue ypoBnll He6 npiiBO.ztliT K .ztpy-

r1111 xaaal!au peaK!IIIII. 

Plle.4. CxeMa Hllam11x ypoBael! H.ztpa He6 . 

liE) S.ztee~ 11 .ztallee exe11a ypoBael! npHBO.zti!TeH no .ztaHHIIM pa6oTu/IIO/. 

48 



SKcnepaveHTOB no HayqeHHD peaK~H (4,13) nOK8 H6T 1 HO B TeopeTaqeCKHX pa60T8X 

OHa paCCMOTpeHa ~OBOJILHO no~p06HO /111-113/, 0co6on nOJIHOTOn OTnnqaeTCH pa60Ta ROAAepa H 

.l[llt;HKepa /1!3/, peayUT8T!i KOTOpOl! nepeKpW!SDT 60JILIUIIHCTBO peayJILT8TOB ApyrHX 8BT0p0Bo B 

Hell HCCJ19AY9TCH qyBCTBHT9JILHOCTL paccqHTSHHOrO asaqeHHH BepOHTHOCTH peaK~M (4,13) K BM~ 

BOJIHOB!iX cj)yHK!1Hn I!Aep "' 6 M He6, flpH. STOll paCCII8'rpiiB8lO'rCH cJ)yHIC~II 1 B!i6paHHbl9. paaee ~aa
naqHblMH 8B'rOpalll! II IICCJI9AOB8HHbl~ IIVII AJIH Oni!CSHHH Apyri!X CBOllCTB H~ep ~ 6 H He6,Ec'reCT

BeHH01 TaKa!! aaanna necLua noneaeH ~H BblHCHeHIIH cTeneHH Ha~elltHOCTM npa BblnonseHHII pacqe-

'rOB a~epHblX uaTpllqHbJX sneueaoroB _;t-aaxnaora. 

Ta6nn~a 8 

KoHcJ)Hrypa~ll 

He6(J =D, T=I) 

'~ I 
..,Q.. ... ., . 

"'a... "'a. 
I.ODO -
0,94I -0.339 
0,940 -0.340. 
0.940 . -0.342 
'0,904 -0.425. 
0~967 -0.253 

.0.937 -0.346 
0.973 -0.230 

PacqeT!i BepOIITHOCTH nepexo.z~a P. 6( )'-, v ·) He6 c 

060JIOqeqHJiMU BOJIHOB!illll cj)yHK~IIMH;nonyqeHHblllll pa3JIIIqHbJUII 8B~OpaMR 
. . ( no ,liSHHblll pa60'r!i,/II3/) 

Koacj)arypa~all Ji6 W. < ceK-I) · 

(::/ ti: I, T = 0) 

~ I ~~ I ~Q 6 a 
"'a... .. Q. 

., 
a.. 

I,OOO - ~ - /II3/ · 828 -
0,988 0,!47 o.oss /II7/ 786 1056 
0,920 0.370 O.IOO /II2/ 759 ID20 
0,974 0,<!26 -0.067 /II8/ 779 IOSO 

. 0.923 0,366 -O.I27 /II8/ 723 975 
0.979 O.I30 0,I45 . /IIB/ . 805 IOBO 
0,969 0.242 0,053 /II8/ 783 IDS~ 

-0.996 . -0.077 O.OI8 /II9/ '807 !086 

7.90 ± II I052 ± I3 

. 

(a) 

(6) 

B oraOJIII~e 8 npaBe,lleH!i peaynLTSTbl Ao,ll,llepa a AEOBKepa .z~nn Bepoa<rHOCTII peaK~II 

(4.I3),nonyqeBHble 111111. c nouoW)D.o6onoqeqBbJX cj)yHK~ll 11a paaJII!qBbJX pa6oor (ubl coxpaHIIJIII 

OCTpOyMHO DOACq~'r8HHOe 8B'r0p8MM cpe~Hee SBaqeHHe BepOHTHOCTII DO paaJII!qBbJU pa60TaM C yKaaa

BI!ell cpe~neKna.z~paTaqnoro OTKJIOHeHHII). 

06onoqeqnall VO,li9JIL 1 B KOTOpolt. yqHTblBSe'rCII BSSI!IIO~el!CTBI!e Melli~ .HYKJIOHalll!1 
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HSIIC!01Iee y;zta'IHO OIDICb!BaeT l!SBBCTHble CBOltCTBa ll;ztep j;_' II He6/Il4/:CTpyKTypa OCHOBHbiX C~C-
,, "'''t······ ,;•"' 2. ,, 2 Jl ' ' 

TO!IHIIII BTIIX ll;ztep onpe;zt81Ili8TCll KOHqlllrypa~llllllll . f : '$ II f : '5 COOTB8TCTB8HHO,flpiiii8Cl> OC- · 

TSJil>HbiX KOHqlllrypa~lt, oC!yC110BJieHHS!I CIDIH-OpC!IITaJil>Hbl!l B3ai!MO;zteltCTBI!ell 1 HBBBJII!Ka II CJiaC!o_ 

BJIII!IeT Ha 3HaV:eHIIe BepO!ITHOCTI! ~ -saXBaTa,ropaa;ztO BaEHee C 3TOII TO'IKII apeHI!ll ;ztpyrall 

cTopoaa TeopeTI!V:ecKoro pacv:eTa -:- Bll;zt pa;zt~~aJil>HbiX BOJIHOBbiX WYHK~lt HYKJIOHOB B a;npax .4 
6 

11 

He6 •. 

~ PeayJil>TaTbl 1 npi!Be:zteHHble B TaC!JI; 8 1 nOJiyv:eHbl ;zt11!1 oc~JIJI!ITOpaux WYHK~lt.B O;ztHOII 

• , CJiyv:ae (ce;ztl>lla!l rpawa TaC!JII!~) SHaV:el!ll!l OC~JIJI!ITOpHbiX V:aCTOT ;ztJill p -HyKJIOHOB B.!;. 
6

11 He6 . 

noJI~raJII!Cl> paSHbiMII /IIS/ 1 B ;npyrou. ( BOCl>llall rpawa)- O;ztliHaKOBblllll /II6/,0KOH'IaTeJil>Hble pe-' 

3Y111>TaTbl npll S_TOII O'leHl> CI!Jil>HO MeHl!IOTC!I, Ho:3TOMY • npex;ne '!ell CTaBIITl> SKCnepi!IIBHT no IISyV:e

HIIIO peaK~I! (4,!3) C. ~eJil>IO onpe;zteJieHllll KOHCTaHT 1 HeOC!XO;ztllliO npOBeCTI! ;ztOllOJIHIIT8Jil>HOe I!CCJie

;ztOBSHI!e pa;zt~~aJI~>Horo pacnpe;neJieHI!!I HyltJIOHOB B ll;ztpax J;.' 11 He6 .Pacv:eT 1 -pacna;na He~ .... -46
1 

ocHoBaHHbllt Ha npe;nno11oxeHIIII o noJIHO!I nepeKpusaHHII·pa;ztl!aJil>HbiX WYHK~lt HYKJIOHOB B He6 ~~~~~ 
BllOJIHe COrJiaCyeTCll C Ollb!TOII, ilOSTOIIY 1 Bl!;ztllll0 1 HeT OCHOBSHI!lt onacaTl>Cll KaKOrO-JII!C!O 0'16Hl> 

. ' • 6 

cymecTB8HHOro HapymeHI!ll aap!!;ztOBOlt CII11118Tp1111 ll;ztep~ II He6 1! 0 CJI6;ztOBaTeJil>H~ 1 IIOZHO C!b!JIO 6bl 

onepeTl>C!I Ha peayJil>TSTbl SKCnep11118HTO!! l!O ynpyrOMY paCCB!IHI!IO SJieKTpOHOB Ha-!l;ztpax ~ 6 

• 
. . . 

. Tpy;ztHOCT1> 1 O;ztHaK0 1 SaKJIIOV:aeTCll B.TOII (I! lib! STO ;zta11ee C!y;ztell He pas llO;ztV:epKIIBaTl>~. 

v:>ro a;nepHb!e MaTpll'lHble aJielleHTbl jL -saxBaTa He cBO;zt!ITC!I npauo K aJieKTPOHHblll wopuwaltTOpau. 

B paccMaTpiiBaeMOM cJiy'lae·aJieltTPOHHbllt WOPMWaKTop onpe;neJI!IeTC!I pacnpe;neJieHHell nJIOTHOCTII sa-

• pll;ztS 1 C03;ztaBS8110l! npOTOHallll KaK B S - 1 TaK I! B f' -o60JI0'11K6 1 a 'uaTpi!V:Hb!B·. SJieliBHTbl · fo -

SaXBaTa ~aBI!C!IT JII!Wl> OT pacnpe;zteJieHIIH p-HYK1IOHOB,STO·peaKO .nOBblmaeT TpeC!OBSHilli.R OC!paC!OTKB 

II I!HTepnpeTa~l! SJieKTPOHHbiX SKCnepi!MBHTOB, 

HeCOMHBHHblll llO;ztCl!Op:&eM B .yC_TSHOBJieHIIil !l;ztepHOrO MaTpll'lHOrO SJieMeHTa j' -aaXBaTa 

ll;ztpou ~'. C!uJio 6u HCCJie;nosaHIIe woTopox;neHH~ J.r-ueaoHOB Ha ~' c Bbl;zteJieHIIeM KaHaJia,oTse-

'laJO!llero OCHOBHOMY COCTO!IHIIIO He6 /!20/., . 

§ 4, ~ ~· -Me30HOB aipaUH ci2 

PeaK~a· 

/~ .. c'2. ~ 8 12
r a) (4.!4) 

'I!CCJIB;ztOBaJiaC:& KaK TeopeTH'leCKII / 33 1 34 ,!2!-!23/ 1 TaK II SKCliBPillleHTSJI:&HO /!24-I30/IIHOrll11.11 

SBTOpallll, Qco6oe BHIIIISHIIB K Hell 06yCJIOBJI6HO Tell, 'iTO· BepO!ITHOCT:& nepeXO;zta Ha OCHOBHOB COC-

TO!IHIIB BI2 onpe;neJI!IeTC!I nO'lTII noJIHOcT:&IO ra.Moa-·TeJIJieposcKolt · SWWBKTIIBHOlt KOHCTa~tolt c~!ISR 
f . • ' 

2. 2 I .2 . 2. 
GG·T ~~. + jGp - J'~Gp 

(4.!5) 
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ConOCTaB~eHMe BepOHTHOCTH 8TOrO.nepexo~a C EepOHTHOCTbD o6paTHOrO j -nepexo~a HHTepec-

HO C TO'!Kll apeHHli cpa:eHeHHli aKCl!a~bHOl! KOHCTaHT!l C:SliSll E j'--aax:eaTe .II j-pacna~e •. 

o+ 
c'2. 

Pile. 5, Cxeua c:eaaaHH!lX COCTOliHllll li~pa,BI2, 

TipH aax:eaTe MeSOHa H~POM c12· li~po B12 MOEeT o6paso:eaTbCli He TO~bKO :e OCHOEHOM 0 

HO ll :e :eoa6yz~eHHOM COCTOliHliH ( CM, pHC. 5).·B pa6oTaX /I26 ol30/ 6H~O Henocpe~CTE6HHO 
nO~'!eHO OT~OWeHHe :eepOHTHOCTll nepexo~a Ha OCHO:SHOe COCTOHHHe B12 K CYMMapHOl! :eepOliTHOCTll 

nepexo~a Ha :e.oa6yQeHH!le no~noporo:eue COCTOliHlllio 0Ka3a~OCb 0 '!TO OTHOCHT6~bH!ll! EMa~ 8TliX 

COCTOHHlll!- He·6o~ee !Q%, STO CB!I3aHO C T6K 0 '!TO BC6 nepeXO~ B B036yz~eHH!l6 no~oporOB!le 

cocTOHHliH- 6o~eeBucoKoro nopa~Ka aanpeTa, '!eM nepexo~ :e OCHOBHOe cocTOHHlle fi~pa B12• 

·SKcnepliM6HTa~bH!le ~aHH!le no sax:eaTy ~-MeSOHOB li~paMl! c!2 C 06paao:eaHli6M BI2 B OCHOB-

HOY COCTOHHllll 0 C06paHH!le :e pa6oTe /!30/, npl!:eeieHH B Ta6n, 9, 

Ta6nllua 9 
BepoaTHocn nepexo~a :e OCHOBHOe cocTOliHlle BI2 

npH aax:eaTe MDOHa H~pOM c!2 

SKcnepliMeBT W' ( E 103 CeK - I ) 

. /!24/ 5,9 :!: !,5 

/!25/ ! 9,!8 :!: 0,5 

/!26/ 9,05 :!: 0,95 

/!27/ 5,8 :!: !,3 

/!28/ 6,8 :!: I,I 

/!29/ 6,7:!: 0,9 

/!30/ -r0,30 
6,75 -0,75 
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PacCMOTP~M Tenepb·peayllDTaTU TeopeT~'IeCKHX pact~eTOBo BepOHT30CTb nepexo~a c12 

( o+, T=O ) - B12 ( 1+ , T=I) panna 

·W' =4(~zm;l([Ji:(-'J _,. /:f2Jj (4.16) 

Ec1IIl npeueCipeqb cKopocT11biM~ •me11a11ll 11 MaTp~'l11biM sneMe11TOM [121], a TaKllte nono~n [~wilt] = 

{KWU} ,TO BepOHTJIOCTb aaXBaTa W' CBO,lll!TC!! li CJle~yDl!lell B6Jlll'lll116: 

2. 1 ')~ 2 2 lA/= Tlo(.{~ ~ ftol] • 
(4.17) 

r~e, cornac11o (3.13), 

[101}- (1; T=tj£?/c-'~J.(1'tJ/o+, r=o> · 
I ~ 8 

0rpa11ll'I~B3l!CD OC110B110ll K011\llllrypaiJ,11ell 1 S I p · ~fl OUllCaHIIH l!~ep c12 
II B

12 
,MOJIIIO <JI3KTOpii30-

B3TD MaTpll'l11b!ll SJleMe11T [101] OT110CIIT6JlD110 pa,llli3JlD110ll II yrnonoll nepeMellllbiX: 

< ~~ r=i/F"r'<!;J:(ro/jo~ r=t> = <'~ r=1jfrz:-'-15Jjo~ r=6 < tpj;~(JtJ/Ip> . 
(4.IB) 

~11Terpan oT pa,llllallb110ll \IIYIIKIJ,IIll Bu~cnaeTca nenocpe~cTBe11no c noMompD O.lll!Ot~acT~'I-

HbiX BOJl!!OBb!X ~Y11KIJ,IIll, napaMeTpbl KOTOpb!X, B CBO!O O'lepMDt MOllt110 nony~TD 113 Onb!TOB Xoip-

mTa~Tepa /I3r/, a MaTpll'l11blll sne11e11T .OT ~ -TOT lite, 'ITO 11 n oCipaTHOM npo~ecce ·1 -pacna~a. 
TeM ·caMUM, c TOti11ocTbiO ~o onyllteHHbiX t~neHoB, nepoaT1IOCTD nepexo~a c12

..,.. B
12 

n ji:-3BXBaTe 

nupalltaeTca 'lepea De1IIl'I~11Y ?:j J -pacna~a B12--c12 11 ynpyr11ll wopMipaKTOP c12 
,Onylltell11ble 

'1Jl81lbl M0llt110 O~e1111TD C UOMOIIIb!O np!!MOPO M0~8JlD110PO paC'16T3,"M110PII8 3BT0pbl/33,34,12!,123/ 

IICU0JlD3Y!OT npll STOM' BOJl110Bble ipy11K~IIII CX8Mbl j t! CB!!311. ~3B8CT110 t O,lllla!IO, 'ITO STII ipyHIIIJ,IIII 

~aiOT sanumeHnull np11Mep11o n 4-:-.S pas pesynuaT ~a nepoflT1IOCTII J -pacna~a B1
2-- cl

2
• 8To 

CBH3a110 C TeM, 'ITO B CXeMe j-~·- CBH311 OKa3b!BaeTCH 3aBbiW811110ll B81IIl'll!11a 

~o: r"'/f'li'-'S.fo•, r=o> . 
ECT8CTBe11liO, 'ITO T3KOe lite ·aaBbiW81111e B03111lltaeT II B pac'leTe ~ -saXDaTa. 

\l>JI3MM311~ II \!lop~ Henocpe~CTB811110 paCC'IIlTBJ!I! BepO!!TIIOCTD j -pacna~a kJ ll f" -
aaXBaTa ~ B paMKBX MO~eJlll npOII8lltYT0'1110l1. CJ3!!3ll/122/ ,flpll OIITI!MaJlDIIOM 3118'18llllll napalleTpOE 

Mo.nenl! /II4/ (a..fK = 4.5) Ee1IIl'llllla 1'1 xopomo cornacyeTCfl c aKcnepMMe11TOM; np11 aTOM If- = 

= 7300 celt -I; . . 

pacna~a M 

!1CXO~fl 113 COOT110melll!l! ( 4-,18), MOlKHO CJ3!!33Tb 3113'18111111 M3Tpll'lllllX 3Jl8M811TOJ3 J -
j- -3aXBaTa J3 cxeMe 

(/ {IOI]/1ne- ~~"Jb . 

i -j CJ3!!31! II _cxeMe npoMelltyTO'I110ll CJ3fl3ll: 

(W,}ned.,Jb 
(W,J;-j (/LIDI]z/),i-J· = 
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~cnH'npe~nonO!HTDt qTO TSKSH nponop~H CnpaBe~Ba He TOnDKO ~R OCHOBHOrO liST

. pl!qaoro anelleHTa £101} , HO II ~H BC6X OCTSliDHUX:. 

(/U011/2jfll' <fT 

(/ [(o(f}j- j = {J£KWUJ/Zj"''· 4 
. (/fKWU.JJ2Jj·j. (4.20) 

IIOXHO o6ol!Tll rpolioSAAIIe pacqeTu B cxe11e npollexyToqaoll CBRSH, IICnonsya pacqeT B cxeil.e j -j 
CBR3H il aKcnep:llll6HTSnDHOe 3HaqeHH6 BepOR~HOCT:II \l.j 

. ('wJ)3Kett-. 
~ = ('7JN (WJ)j-j 

(4.21) 

fipe~CTSBneHIIe 0 TOqHOCTH COOTHOmeHHH (4.19) H (4.20) UOEHO DOnyqi!TD 113 npHIIUX pacqeTOB 

·IISTpHqHUX 3li6116HTOB [/lWt.L] ,npoBe~eHHUX 4\nSIIIISH~OII II 4\0p~OII (Clio pi!C.6). 

PHCo 6. 3aBIICI!JIOCTD USTpHqaux aneiiBHTOB nepexo~OB 

)'- + ci2- B12 +II oT napalleTpa a..JK uo

~enH npoMeEyToqaoll CBH31! /!22/.0nTI!IISnDHOe 

aaaqeaHe a.jK = 4.5 ·• 

CpaBHeHlle pacqeTOB c SKcnep:lllleHTOil noaBol!ReT, npes~e Bcero, onpe~enHTD BenHqu

HY ralloB-TennepoBcKoll KOHCTSHTU GG-T .noliY'!eaaoe aaattealle Go-r cornacyeTca c paBeacT-
. ' . ' 

BOll 

XOTH TOqHOCTDt 0 KOTOpoll nO~TBep~eHO 3TO paBeHCTB0 1 De npeBOCXOAHT 20%. 
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aaXBaT;y 

101 /I06/ 

2 
3Haa KOHCTaHTY GG~r G

l r;t ·.. t 
, aTaKJte KOHCTBHTY =, F +3li.r H3 OllliTOB no 

JL -MeaosoB B He3 ,uolEI!o O~eHBTD BenHQHHY·~epMH6BCKOrO 'IXeHa.PeayXDTST O~eH-. ; . 

jGFj = g 8~:; fG,..rj (4.22) 

corxacyeTCH C COOTHOW6HHeH, CX6AYO~II H3 TeOpHH (ell. ·I.68),XOTH TO'IHOCTD.TSKZe HeBenHKa. 

'ITO KSCil.eTCH nOIIIiTOK onpe;ll;enHU BnHHHH6 ;II;ODOJIHIIT6XDHI>IX KO.HCTSHT B3aHIIO;II;el!CTBHH 0 

TO.TO'IHOCTD TeopeTzqecKHX H 8KCnepHII6HTBBDHI>IX O~eHOK BepOHTHOCTa SaxBSTa ;ll;nH STOro H6;11;0C~ 
. . . ~ ~ 

TaTO'IHil..Hil. p!IC. 7 D0Ka81l.Ha SaBHCHIIOCTD 111- OT B6nH'IHHbl OTHOIB6HBH !P(Jtf DpH Cfo = "'(.~ 
( WI' pacc'!IITSHO no q,op11yJie (I.2I) ). · · 

JrftA 

Pxc. 7. 3aBHCHIIOCTD BepoaTHOCTH. aanaTa ~ -11eaoHOB B c12 c o6-

paaoBasHell Bl2 B OCHOBHOII COCTOBHHH. OT KOHCTSBTbl HaBe;ll;eH

HOrO nceB;II;OCKaJIHpa.CDnOilHBB KpHBil.H.- no ;ll;ll.HHI>III pa60Tbl/34/ • 

. TO'IKS C YKS38HHOI! B03110ZHOI! B6TO'IHOCTD0 paC'IeTa - ;II;SHHI>Ie 

~Jlll.llllll.HAil. H ~op;~~;a /I22/.SKcnepHII6HTil.JlDHI>Ie·;ll;aBHI>IB- H3 pa6o

Tbl /!30/. 

~OnOJIBKT6JlDHYD·BOSIIOZBOCTD Onpe;ll;eJieHHH KOHCTil.HT npe;llCTil.BHJIO 61>1, B npHH~ne, HS-

116peHIIe KOppeJiliJJ;IIH 't -KBSHTS II ael!Tpi!HO (B;llpa OUS'III) npll 3axBil.Te )' -lleSOHa.PaC'I6T TS

KOro po;~~;a ;ll;nH pell.K~BH ,-+ c12--- B12,+ ~ Bi>IDOJIH8H nonOBblll /63/. 
. ' BI2 +K· 

llOCKOJIDKY B .Ail.HHOII CJIY'IM llli Hlleell ;lleJIO C paapemeHH!ill nepeXO;llOII, BeKTOp f 
(BIIDYXDC Rel!TpKBO) He IIOZeT BXO;II;HTD B BepOBTHOCTD 31l.XBil.Til. B CTeDeHH B!iiB6 BTOpoa. ll03TOIIY 

. Bee B03110lii!Iie KOK6HHil.llHK BeKTopoB f , K (xunync ~oToHa) H '"f' (cnxs }- -KeaoHa) ,KOTOp!ie 

xoryT BXOAHU B .BepOHTBOCU, HC'IepllliBil.llTCH CJI6AYil111,111111. B!ipll.J:6HIIRIIII (8;ll6CD yueHO Tll.KZe, 

'ITO B CHJIY. C0Xpll.H8HIIH 'leTHOCTH B l -n~peXO;llll.X1 -;:. MOlleT BXO;lli!U TOJIDKO KBB;llpll.TII'IHO) : 
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, ~ -;( ) - nce:s;z~ocKaJiliP, onpe;z~eJil!IOIIJ,Illi yrJio:soe pacnpe;z~eJieHI!e ll:ztep o:r;z~aqll np11 aaXBa:re noJia-

, p1!30BSBH0Io0 )'--lleSOBa; ( ""f'l: ) ~ OKSJil!p, onpe;zte~l!IOIIJ,Ill1 yrJIOBYJO KOppeJI~UIIIO 'y -KBaHTa II 

'll;ztpa 0':;118'11! npll aaxaa:re H6HOJ!l!pii80BSB!ib1X IIBSOBOBi (it5')(itfj II (citxff~J(itf} • 
B cJiyqae l!l!CTOro raiiOB - :reJIJiepOBCKoro nepexo;z~a IDOPIIYJia yrJIOBOil r-" KOppeJil!-. . . . 

!11111 111166T npOCTOl1 Bll;ll (peayJII>TBT He SBBIICIIT OT TIOllllpiiSBUIIII j.L -11630Ha): 

w(e1~)- 1 - re(lrJR.(f. -rJ . (4.23) 

no pacqe:rau / 63/, np11 Jp~ = 8 KOa~I!UIIeHT :x;(}) B nepexo;z~e c
12 

....,:_ B
12 

IIOEeT ;z~ocTH-
ra:rJ> B6Jill'll!Htr 2()%, np~l!ell (liTO OC066HHO BBEHO) Jp , BXOMT B ~ Jll!HellHO,:r.e. no SHBK)[ 

)£. IIOEHO onpe:zteJII!U SHBK df' • . · . 
MOpi!TB II rpiiH6epr /132/ paCC'II!TanH yrJIOBOe pacnpe;zteXeHHe l!;ztep OT;!IB'III B nepeXO

, ;zte cl2 ( o+)~Bl2( 'rt ) npll 33XBBT6 TIOJI!!pii30BSHHUX , jL- -IICSOI!OB. 0peHe6perall nepeXO,liSIIII 

Ha BOa6yll;zteBHbl6 COCTOl!HIIl! OCTSTO'IHOro l!;ztpa, OHII HOJiyl!llllll All!! ltOSifxl\IIUIIBHTB yrJIOBOrO pac

npe;zt6JI6HIIll ll;ztep 

w(o)- {~ ~!} ~e 
(4.24) 

,3B8'16Hl!e-o{ = 0,5 - o,s" B. S~BIICIIIIOCTII OT 3H3'16HHll !P/J
11 

B ~HTepBaxe 0 - 8 •. STOT pacqe:r . 

BJmOJIH6H B paiiKBX CX611bl J-d, CBl!SH. Erq peayJII>TBTbl npHBe,lleHU 118 pHc.8.1lJJ:ll CpBBH6HIIll ftpi!B6-< 

;zteH pacqe:r, OCHOBSHH!lll HB H6'1YBCTBIITeJII>HOCTII BeJIII'II!Hbl o( K H,ll6pHtr11 IIBTpH'IHUII SJIBIICHTSII 

nepeJ(O:zta. 0peHe6peral! 11 CKOpOCTHblllll n 'IJI6HSIIII, a TBKllC J''IIITIIBBll IIBJIOCTI> IIBTplll!HOrO llJie-

116HTB. [121] no cpaBH6HIIIO C [!OTJ, IIU nOJiy'IB611. Bblpa:w:ealle AJ!ll o( ,B006Die He 3B:SIICHII66 OT 

IIOA6liH l!;ztpa (3.44). 

0 

P11c.a. AcHIIIIeTpHll yrJioBoro pacnpe:ztelleHHll H:ztep o:r;z~aqx B
12

B . 

38BIICIIIIOCTII OT KOJiCTBiiTbl liBB6;!16BHOro nceBAOCKalll!pa. 

KpHBBll 1 -pa~l!eT B CXelle J'i CBH311/I32~;KpiiBBll 2 .:. 

pacqe:r B npii6JIIIxeHHll, He aaBl!Clllllell o:r napa~e:rpoB · · 

llOAenH ( no ~OpllyJie 3.44). 
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§ 5~ SalOlaT .!'-.:.MeSO HOB l!l!paMII oi6 

PeaK~H j- + 010 -N" ... Ji (4;25) 

. . (6 
(eBHSaHHHX) ypOBHet.t·# (plle.9) e BOS6yx~eHIICM HIISWI!X BaaaBaeor 6on»woa I!HTepee.K eozane-

Hlll0 1 SKcnepiiMCHTan»HHC ~aHHHe no BepOHTI!Oe~HII nap~all»HllX nepeXO~OB HS STH ypOBHII 1 nony

~CHHUe B paSHUX naOopaTOp11HX 1 eTpa~aiOT 6on»WOit HCO~H03Ha~BOeT»IO {CM. pile •. !0 II II).· 

P11e. 9. Cxeua eBHaauHax eocTOHHHt.t·H~pa IV I6• · 

ITPIIH~nii~HHM ~oeTOHHeTBOU paceuaTpiiBaeMolt aa~a~11 HBnHeTeH TO, ~To 11ay~eaze nap

~anDHUX nepeXO,ltOB B eBHSaHHHe COC~Of!HIIfl fiApa /VIG U03BOnHeT Bll~enHT» 3~CKTU,·o6ycXOB
XCHHH6 paaXH~HHUI! ~XeHSMH raMHX»TOHHSHS exaOoro B3aiiUO,ltelteTBI!fl! 

I) DepOIITHOCT» nepeXO,lta QT--Q- B006~e He 38BHCHT OT n CX860ro uarHeTHBUa ",HO qyBCT

BHTCXDHS It BCXIIUHC /fp t 

2) BepOHTHOCTD n,epeXOM QT _.;.,.I- He SaBHei!T OT jP .,HO SaBI'!eHT OT ~H 

3) BepOIITHOCT» U6JlCXO,lt8 QT - 2- SSBIICIIT OT jp II J~>~ • 
flepeXO~ HS ypOBHI! 0-,I- II 2- OTHOeHTefl It nepBOM;y aanpeTy. 

flepeXO~ HS ypoBeH» 3- xapaKTepllsyeTCfl 6oxee BUCOKI!K nOpH,ltltOU aanpeTa; .eCTOCTBCHH0 1~TO ero 

BepOHTHOCT» 6y~eT OTHOCIITCX»HO uaxa ( SltCnepi!UCHTSX»HHe ~SHHHe H61!0Cpe,ltCTBeHll0 UO,ltTBCplQa

IOT BTO /I33,!34/). flOSTOyY B ,ltSX»Heltweu MOXHO paCCMSTpi!BST» TOXDKO·Tpl! ypOBHfl! 0-,!-112~. 

Y1t838HH8fl Bume SaBI!CIIMOeT» BepOIITHOCTII nepeXO~OB OT KOHCTSHT BSSI!MOAeltcTBHfl ~exa

CT oqeH» npH~XeKSTCll»HOlt IICCXC~OBSHIIC aaXBaTa J"-MCSOHOB B oi6 e ~OqRI!. apeHHH nonyq~HIIH 
IIH~p!.!a~H 0 ltOHCT8HTax KDOH-HYKnOHHOrO BSaHKO~elteTBI!fl. ·BnepDae Ha 8T0.06paTHllll BHHMSHIIC 
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- IDanHpO H EnOXHH"eB /135/, B CBOeH pa60Te OHH B paMKSX O;l!;HOqacTHqHOH MO;l!;enH 06onoqeK 

( j-/ CBHS:&) paccqi!TanH BepOHTHOCT:& nepexoAa ·Ha ypoBHH o- H I- H I!OKaaanH, qTo, ecnH 

.He yqHT!lBaT:D uaTpilqH!le aneMeHTil, aaBHCHIIllle oT cKopocTeH HYMOHOB, TO OTHomeHile Bepo-

·HTHOCTeH nepeXO;l!;OB Ha ~TH ;l!;Ba ypOBHH,He aaBHCHT OT MaTpHqH!lX aneMeHTOB H1Ha060pOT 1 Bee:&-
'· . ~. 

118 qyBCTBHTen:&HO K BenHqHHe KOHCTSHT!l HHAY~POBSHHOro nceB;l!;OOKSn!lpa, . 

nocneAYDmaa TeopeTI!qecKHe pa60T!l no ~-aaXBaTy B .o16 "~HH!l Teu, qTo B HHX • .t \ ,. 

: ;l!;SH 1 00 CYI!l6CTBY 1 06lllllll 8HanH3 npHrO;l!;HOCTH O;l!;HOqacTHqHOH MO;l!;eJIII B TeOpiiH .J'- -aaXBaTa, 

ITpOBeAeHHe TBKOrO BHBnHaa Ha npHIIepe ;l!;BBE;l!;ll MarHqecKOrO HAPB npe;!!;OTaBnHnO OC061lll HHTepec 1 

_nOCKOn~KY a.ziec:& HCilOn:&30B8HHe O;l!;HOqacTHqHf1X O"eHOK BCer;l!;a. H8H6onee onpaB;l!;SHO. Ho cne;l!;OBa

Ten:&H01 ~A6C:& ~O~HO 6!lnO nonyqHT:& HHEHHH npe;!!;en 3W~6KTOB 1 He YQHtllBSeMllX O~OQSCtHQHOll. 
110;!!;6n:&ll, 

B neps!lx ;l!;Byx·padotax (~anamoBa,BenHeBa H BpaMEHHa /I36/,SpHKCOHa·H CeHca/137/) 

HCCne;l!;OBanac:& QYBCTBHTen:&HOCT:& H;!!;epH!1X IIBTPHQHilX aneM6HTOB ;U-SaXBaTa K BMIDQ6HHil 

KOppenH~H MeE;l!;Y HyKnOHaMH, PaCCIIOTpeHIIe 6!lnO OCHOBBHO Ha npe;!!;no~eHHOII SnnHOTTOII H ~naya

;0011 /I3B/: a 38T6M IIIHpOKO paaBHTOII ~HOrHMH BBTOpaiiH /I39/ ./140/ 1 TSK H83!1Ba;IIOM 11 qac

THQHO-;l!;llpOqHOII 11 OO;l!;XO;!!;e, 

ITornOI!l6HHe llllOHa B H;!!;pe npHBOMT K po~eHHil "napll11 113 11QSOTH~11 (HeHTpOH -n,) 
.j 

~AilPKH 0 
( npOTOH-f' ) 

(4.26) .· 

Bcne;l!;OTBHe B38HIIO;l!;eHcT~HH 116EAY HyKnOHBMH B H;!!;pe 1 He. OBO;l!;HIIOrO K 08MOCOrnacOB8HHOMY nonll 1 

( 11 0CT8TOQHOro. B38IIIIO;l!;el!cTBIIH11 ). B03HIIK86T B3aiiMOAeHcTBII6 116llAY "qacTII"eH11 H 11;!!;1lpKOH11 , . npll-- , . . . .. " . . . ~ 

BO;l!;HI!l66 K IIX paCCCHHHil ;!!;pyr Ha ;!!;pyre, B npo"ecce paCC6HHIIH MOryT 113M6HHT:&CH KBSHTOB!le 

"qacTH~", 11 "AilPIW", Hanp1111ep: 

(4.2i) 



II 

fl ell 
ll 0. (p/--1 

:=;:; (PT' 

p·' 

(4,28) 

II T,;zt, ilOSTOIIY pOllt;zteHIIe Henocpe;ztCTBeHl!O B aKTe S8XB8T8 MIOO!l8 nap!l 11 '18CTIIU8-;ztllpKa
11 

C on

pe;zteReHHilMH KB8HTOB!lMII t!IICR8MII BOBCe He OSH8'18CT ( B npOTIIBOITOROlKHOCTh O;liHOqacTI!qHOMY 

ITO;!IXO;zty), qTQ I!MeHHO STIIMII KBSHTOBilMII 'IIICR8MII II xapaKTepiiSYOTCH KOHO'IHOe COCTOHHII6 H;ztpa: 

" 

Jf p-1 

. c" 0 . (Pt~ 
(4.29) 

06llt!HO, ITOCTynaH B ;ztyXe M6TO;ll8 TaMMa::.J\a!lKOBa, Yt111TilB810T TORhKO T8KII6 CTORKHOBOHIIH '18CT11Uhl 

II 11;llhlpK11 11 (KaK O;liHOKpaTHhle, T8K II 14HOrOKp8TH!le), KOTOplle !!6 BllBO;liHT Hll·l!aCTIIUYt !Ill 
11 

;llhlp

KY-" sa· npe;ztCRhl n,OROC!l COCTOf!HIIit, orpaHII'ICH!lOit MSrllqecKIIMII 'IIICRSMH. ECRII. npll STOll HO Yt114-

TilB8TD T8Kllt6 T8K H88!lB8CIIIlX , 1111;zty11U!X ll838;ll ;zta11rpa11M11
, COOTBCTCTBYIOilUIX ITORHp1138UIIII OCHOBHOrO 

COCTOHHI4H H;ztpa, TO CYMMIIpOBaHIIO BCOBOSMOlKHilX ;llllarpaMM Tl4na'(4,26)'14 (4.29) OCy~eC~BRH6TCH 
C ITOMOmhiO CT8H;zt8pTHOlt ;ztllarOH8RilS8UIIII raMIIRhTOH148H8 H8 6ase 11 '18CTI4'1HO-;zthlpO'IH!lX 

11 COCTOHHil~ ... 
BOHHOB8H ~YHKUIIH KOHe'IHOrO fl;ztpa npe;ztCT86T B BI4;!1C cynepnOSIIUIIIl T8KIIX COCTOHHillt 

~ =L_ 0-(rv,l//P-i n.,), 
1 ,.,p·l ~ 

(4.30) 

r;zte B \(lyHKUJ4f!X J p -ln.>, BllnonHeHhl Bee npaBHRa BeKTOpaoro cnollteHIIH IIOIIeHTOB,. a KOa\tlil)14UII

eHTI>I cMemHBaHIIH a( n. ~ p"l) onpe;ztenamTcll cBoitcTBallll uo;ztenhaoro raiiiiJIDTOHIISHa - KSK cneKT

poM O;liH0'18CTII'IHhiX,COCTOl!HIIit ( C8MOCOrRaCOB8H!lllll nonell ), T8K II CBOitCTB81114 OCT8TO'I!lllX B8ai4-

MO;ztel!CTl!l!it, 
' ' . . •t 

B T86RI!Ue 10 nplllBO;liCHbl KOS!j){j/IIUIIOHT!l 0. ( II. , p ) ;!IRH BOJIHOBbiX \PYHKUIIlt COCTOl!HIIlt 

0-, I~ lll 2- ll;ztpa JV 16, IICHOJih30B8HHble B paC'IBT8X /60,123,136/, ilpll OTHOCIIT6Jih!l0 HC60JihmOII, 

58 



Ha nepB!li\·BSrJIH,ll 1 IlKJI8,ll8 M8JlllX KOMTIOHCJIT BOJIHOB!lX lj)yi!KW!I\ 1 OHI! B ,1161\CTBIITeJIJ>HOCTll CI!Jil'>IIO 

BJIIIHIOT Ha, OKOHqaTeJil'>Hill! peayJIJ>TaT pacqeTa; Tijlll nepeXO,lle OT O,liHOqacTI!qHOll I!O]IeJill .K 110]18Jill 

CO Cli8WliBBHll811 KOH-Jlllrypal.\lll\ BepORTHOCTll napl.\llaJIJ>HilX nepeXO]IOB B peBKWlll (4.25) I!SIIeHHJiliCJ> 

B ~5-2 pa3a /!36/. TOT xe peayJIJ>TaT 6!lJI TIOJiyqeH B pa6oTe 3p11KCOH8 ll CeHca_/I37/; r]le. 

paCCMBTPIIBBJIOCJ> TOJil'>KO OTHOWCHV.C BepOHTHOCTel\ nepeXO]IOB 0+ _._ 0- II 0+ --.- !-. 

K 0 H Q H r Y P A U H H 

'JJ/' e:' 2:5. p~' Jsp. fti' clr:~. 
I .. I 

!{' i f2 fl p~ 2srz p~' q'~2 ~ ~ 

j-i-CBH3l'> I.OO 
Ha pa6oT!l /I4I/ 0.999 0.055· o-

/!38/ I.oo o.os 
/60/ 0.999 0.054 

j-j -CBRSJ> I.OO 
/I4I/ 0.995 . O.OI8 0.026 -0.096 '-0.020 

I- /!38/ U.98 o.OI4 -O.I6 -0.08 -0.02 
/60/ 0.977 0.0!4 -O.I93 -0.089 -0.026 

J-i -CBRSJ> I.OO . 
/I4I/ 0.983 0.007 0.054 O.I74 0.035 

2- /!38/ 0.98 -O.IO 0.06 O.I4 0.09 
/60/ 0.968 -0.!37 0.070 O.I?I 0.099 

llocJie]lyiO~e pa6oTu /60,93,I23,I43 •I44/ 6MJI~~ 6oJiee o6cTOHTCJil'>HilMII. B qacTHOCTII 1 ·B 
HIIX IICCJIC.liOBaHa qyBCTBIITCJil'>HOCTl'> BepOHTHOCTell paCCI!8Tp11B86MilX napUil8Jil'>HilX nepeXO,liOB K pas-

. Hill! napaueTpal! IICTIOJIJ>3Y8KOI\.MO.li8Jill. BapJ>IIpOB8HII8 K8C8JIOCJ> BIITIJIIITY.llll OCT8TOqHoro BSaiii!O

.li8~CTBIIH uex]ly HyKJioHal!ll,o6ueHHOro BapllaHTa 11 pa,llllyca BSalluo]lellcTBIIH. OHo 6!lJIO .liOTioJIHeHO 

8H8Jill301l "onopH!lX ,li8HHilX" 1 IICTIOJI])SyellllX .liJill onpe,lleJieHIIH napalleTpOB MO.lleJill. 0CHOBH!le peSYJIJ>

, T8Til pa60T!l /60/ (KOTOplle qac:rllqHQ fiOBTOpH!OT Ylle IIBB.eCTH!le peaylll'>T8Til 60Jiee paHHIIX pa6o:r)*) 

npiiBe,lleH!l Ha p11c. IO 11 II. 

!£) ITOI!IIMO pa3l!Hqftfl B Bll6ope napaue:rpOB I!O.liCJill, pacqeTl:l pa3HilX BBTOpOB OTJillqa!OTCH .llpyr OT 

,llpyra TSKXe B .liPYriiX OTHOW8HIIHX 1 B qacTHOCTII 1 B Cfi0C06e yqeTa M830HHOII. ~YHKW!II• KaK 

OTueqaJ!OCl'> B!lme, B II, np11 STOll B03HIIK810T paaJillqllll Me'S)l.j HIIL!ll ~ I0%1 q:ro 1 B npHH!lHTie1 Tpe

. 60B8JIO 611 BHHIIBT8Jil'>HOrO paa6opa. 0.11HBKO Hllllt8 6y,lleT TIOK838H0 1 qTO 06Uiee _.liJIR BCeX SBTO

pOB paCXOllt,li8HII8 pacqe:ra II 3KCnep1!118HTa 3HBqiiT8Jil'>HO npeB!ll!!ae:r STY BeJill.qi!HY • 
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I 

Ha pac. IO naKaaaaa aaBRCHMOC~h BepaaTnacTe~ nap~aanDHUX nepexa~aB B peaK~HR .(4.25) aa 
ypaBHR 2-, I- a o- a~pa ;VI6 aT aunnHTy~u -\C ac~aTaqnux B3aaua~e~cTBH~ uex~y nynna-

aaMR. Jacqe~ npaBe~eH ~na.can ·Tana raycca c a6uennuu BapaanTOM Pa3enwen:D~a. 

Ta6nHUa II 3aBHCHMaC~h BepaR~HaCTH nepexa~a.Ha acnaBHae 
cac~aRHHe a~a /'1 I6 a~ wapubl ac~aTaqnara . B38-

HMa~e~CTBHH 11ex~y nynnanaua /60/ ( r-. = !,8/ ) 
" -c:;-

Bapaaa~ ·pacqeTa w ( » ro4.ceK -~) 

' ' J-J CB_H3h -- .. . .. : 3,!8 

llaTeHUHan raycca ( Vo = 40 MSB ) 
!,53 

llaTei!UH8Jl HlKaBU ( v.; = 50 MaB . ) 1,44 

... 

SaBHCHMaCTh aT ·~ ~naH6aJiee can:Daaa H3 Bcex paccuoTpeaaux. B Ta6nnue II npHBenenu pe

syn:&Taoru pacqe~a :SepoaTaac~H nepexa~a aa ypoBeHh 2- ~na ~yx BapHaH'faB pa~an:DHa~ aaBHCH

uacor» acTaT'aqaa~o BBaHI!a~ell.c~BH!l -. Tana raycca R Tana Hl~aBUi na6mo~aeuue uex~ HHMH pac
xallt)leHHH ra'pa3~a MeH:Dmero uacmTa~a, qeM 116X~ KaxnuM 113 HllX ll cnyqael! qHCTa~ a~aqaCTilqHall. 
11a~enn ( Vo = 0). 

Ta6nH~a I2 

.. 

2-

r-

o-

.qyBCTBHTen:&HaCT:D BepaaTHOC~ell. napuaan:DHUX 

nepexa~aB K BapHaHTY o6MeHHara·BaaHMO~ell.C~

. BHH i60/ 
·· '< V.. = 40 Ma»; J(sA = 8, z. =· I,8! ) -
CRJibl Poaea~en:&~a -CHnu Canepa 

!.53 1.46 

0.36 0.30 
.. 

0.19 0.18 

!tis ora6JI~-12 BH~HH uacmora6u pasnHqaa, Basn~KaiDil\era np11 aauel!e 'o6Mel!nara BapaanTa Paseit~en:D
~a· ~pyra11- Bapliaaorau Canepa /60/, 
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g 
~(L 

0 30 60 v. 
Yo 

' 
·~ 

~<) 
~ 

:i 

® 

g 

a. 

0 "' 60 v, 

cJ.6--t/I6 -SSllHCHMOCT:& :sepOliTHOC~elt 0~ napalleTpOll IIO;lleJlll. (JA/Jv = .;.I.,2I 

• . ?/.= I.B f ). · .. 
PHc. IO. llap~an&HHe nepexoA~ 

A) o+ 
I. 
2. 
3. 
4. 

2- . 
813.1 :: B; K :: I. 7 f . 
3P/! ... =I6; e = I.7f . 
31'/!• '"B; C = I.22f . 
31f.., =I6; & = I.22f, 

B) B) o+ - o-. 
o+ -- I-. I. JI'/JA= 8; f=I.7f. 

I. 
2. 

t:: I.7 f . 
f = I.22f. 

a - SKCnepHMBHTSXDHHe ;llSHHHe /I33/ , 

ll - sxcnepHMeHTS~HHe ASHHHe /I34/. 

2. N!• = B; g =I.22f. 
3. jf'{f• =I2; g =I. 7 f. 
4. !PJ;A =I2; t =I.22/. 



Cy~eCTB6HH0 1 qTO BCe paCCMOTpeHHUe BSpl!aHTU napaMeTpOB MO~eXH OCTSBXHIDT OOqTJ! 

ueHsMeHHW! saMeTuoe pacxoJK~eHHe TeopHn' H :l!tcnepHMeHTa. KaK BH~Ho ua pHc. 1P a,<l,B, liaHnyq

mee cornacHe pacqeTOB C 3KCOepHM6HT8XDHUMH ~SHRUM!! ~OCTHraeTCH npH OqeHD <lOXDmRX-SHaqeHHHX ' 

SMOXHTY~U BSaHMO~e~CTBHH (\fa = 60 MaB), 

B pa<loTe /60/ noxasauo, qTo <~To suaqeul!e aeBoauozuo cornacoBaTD c ~pyrHMll lla -

BeCTHUMR ~SHHUMll. ~0 H~paM. 016 -N !6; uanpHMep, peaKO 38BUmeHHh!M OK83UB88TCH nMoJKeHHe M- , 

nonDHOro rnrallTCKoro peaouauca,B o16 ; ·lip!! "onT~Man~liux" ~e auaqeHHHX napaMeTpOB (B pa~oue, 
<lnHllKOM K SHaqeHHHM pa<loT.SXXI!OTTS I! ~nayapca /138/ H.iHXXe /I41/) BCe paCCMOTpeHHUe Be-

pOHTHOCTl! nepexo~a OK8llb!BSIDTCH 3aBumeHHUMl! 00 cpaBHeHHID'C,SKCOepRM6HTOM,HaM npe~CTSBXHeTCHi 

qTO B STOll CKa3h!BaeTCH O<lll\ll~ He~OCTSTOK TP8MUI'!OHHOrO "qacTJ!quo:-,lU:IpOquoro" JIO~XO~a. 11!3-

BeCTH01 qTO TaKOe aaBumeHl!e Ha<lXIDAaeTCH TaKllte B pacqeTaX BepOHTHOCTI! ~OTOOOrXO~eHHH l! 

~opu~aKTOpOB Heynpyroro paCCeHHI!H 3XeKTpOHOB Ha 0I6 C BOB<lyJK~eHHeM ypOBHe~ 0Tpl!~8T8XDHOn 
qeTHOCTl!.Tl!Oa 11 qaCTl!~a-,lU:IpKa" /I45,II~/. 

·W(o") 
lt/(t") bnn>n»>>Thn?h77?? 

g 

a.· 

373~ 

Pnc. II. SaBHCl!MOCTD oTuomeHl!H BepOHTHOcTe~ nepexo~oB 

'1. ( o- ) I w ( r ) OT KOHCT8HTU H~BeAeHHOro 
nceuocKanHpa: 

l. Vo' = 50 MaB; 

2, \1., = 40 MaB; 

t. = I,8f ; I= 1.22! • 

t. = 1,8f ; t = I.?~(~YHKUI'lll 
SnnHOTTa H ~nayapca /I38/). 

3, j -i ci!HBD - C yqeTOM 11CKOpOCTHUX11 qneHOB, 

4, i -i C~HSD -.<lea yqeTa 11 CKOpOCTHb!X11 qneHOB (135/ 

a - SKCnepl!MeHT8XDHUe A8HHUe /I33/, 

· 6 - SKCnepli1.!6HT8XDHUe A8HHbl6 /I34/, 
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fipliBe:ztell TB!Cllte ;ztBHH!le !10 paC'leTy OTHOmeHII!I BepO!ITHOCTII nepeXO;ztOB 0+- 0- H 

0+- r ( pi! C. II) • S;ztec:& cpaay 6pocaeTCil B rnasa HeO;ztH03HB'lHOC~:& SKCIIeplllleHTan:&Hb!X ;ztSHHilX. 

ECJIII pe~yn:&TBTb!t nony'leHH!le B /I33/ t BIIOnHe C-~BMeCTIIII!l C !j;f, -8 llpSKTII'l6CKII H63SBI!CIIIl0 

0! B!l60pa napalleTpOB IIO;ztenll, TO ;ztSHHb!e /I34/ Tpe6yJOT :ztn~ CB~ei'O 06:b!ICH6HIIIl CICOpee·oTpllt<a-

T6Jil'>Hb!X, 'lell I!OnOlltl!Ten:&H!lX SHS'le~lll! JPIJA • _ . . · 
COBCeli·He;ztSBHO !IInne II ~llt6HKIIHC /I23/ TSKllte npoBeJIII IIO;ztp06HUI! SH8nll3 nepeXO;ztOB 

Ha CBil38HHUe COCTO!IHI!Il /VI6 llpll aaXBaTe IIIOOHOB ICIICJIOpO;ztOM. HX o6~e BUBO;zt!l He OTnll'lSIOTCil 

ox Tex, 'lTO 6b!nll c:z~enai!U-B pa6oxe.I601.·B xa6n. I3 npi!Be:zteH!l HeKoxop!le pesyn:&TaT!l lK11.ime 11 

. ~eHKiiHCS. 0Tli6Tllll 1_ 'lTO yqeT ll;ztyllli!X HS3S;zt :zt~~arpaMM ( B ;ztyXe 111lpll6nllllt6Hll!l XBOTH'leCKI!X IJ/S~ 11 ) 

BHOCIIT O'leH:& He6on:&mlle 113lleHeHIIH B BepO!ITHOCT:& paCCIIBTpi!BaeM!lX nepeXO;ztOB. 

Ta6JIIIt<a I3 

3~A 
0 

8 

6 

BepOHTHOCT:& napi<J~an:&Hb!X IIepeXO;ztOB Ha CBHSSHHb!e ypOBHII 

/VI6' !Ipll 3SXBSTe IIIOOHOB KI!CnOpO;ztOII - pacqeT l!{I!JIJie II 

I 

3,0I 

!,68 

0,735 

~llteHKI!HCa /I23/. 

I - BOJIHOB!le iJIYHKI<!!II pa60T!l /I4I/. 

2 - pac'leT c yqexou 1111:ztYIIliiX aasa:zt" ;ztllarpauu. 

t.,= I,75/ W- s Io3 ceK -I. · 

o- I- 2-

2 I 2. I 2 I 

---
3;Io 2,53 2,36 20,0 I7,6 O,I96 

!,76 !6,0 I4,I 

0,795 I3,7 !2,0 

3-

2 

0,!82 

06!llllll liTO I' paCCIIOTpeHIIIl pa3HUIIII dnopalll! '.)1 -3axBaTa B KIICnOpO;zte TSKOB, 'lTO ;ztaH

HUe 110 BepOHTHOCTII napnllan:&HUX nepeXO;ztOB B CBHSSHH!le COCTOHHI!Il A/!6 H6BOSIIOlltHO.IICIIOn:&30~ 

BST:& B HBCTOH~ee BpeMH ;ztJIH Ollpe;zteneHIIH KOHCTBHT cna60I'O BSSIIMO;ztei!CTBIIIl. EcTeCTBeHHO, B CB!I

SII.C STIIII 06paTIIIICil K IIH!lll xapaKTepiiCTIIKSII STIIX nepeXO;ztOB. 

SpalllltllHOM 6un npose:zteH pacqex·aciiMMeTpllll yrnosoro pacnpe:zteneHIIIl n:ztep ox;zta'll! /11!6 

!Ipll 3aXB~Te IIOnHp1130BaHHUX jW -11630HOB KIICJIOpo;ztaf60/. 
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-d. 
~0 

0 30 60 v., 

Puc. I2. AcuwweTpUH yrnoBoro pacnpe~eneHUH H~ep OT~aqu 

ft/16- B nap~~Hani>HOM. nepexo~e o+ -- I-. 

I. ~. = I,a/; J = 1,22/ 

2. ~.=r,af; {=I,7/ 

Ha puc, 12 OOK838B8 38BUCUMOCTI> KO~WUUHeHT8 8CUMMeTpUU ol AnH'nepexo~a H8 ypoBeBI> 

:f = I- OT 8MOnHTY;zu,l B38UMO~eltCTBUH _MeE;!IY HYMOHSMH __ V. ;·· o( MeHHeTCH oqeHI> Cl!nDHO, 

3TO 06ycnoaneHO BUCOKO!t qyaCTBUTeni>HOCTI>~ OTHOmeHl!H wepMHeBCKOrO U raMOB-TennepOBCr.oro 

M8Tpllqaoro aneMeHT8 K BMDqeHUD KOppeXH!Illlt MeE;!IY HyKnOHSMll. 

Ta6n~~ua I4 
AcuMMeTpliH yrnoBoro pacnpe~eneHHH a~ep OT~aq11 ;./ 16 

B naplll!ani>HOM nepexo~e aa ypoBeHI> ~ = 2-

BapuaHT pacqeTa -~ 

j-JcBH3I> 0,69 

~HKili!H Snn~~oTTa 11 ~nayapca 0,68 

no wopwyne (3 .44) - - 0,66 

---·-- ----·-
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o( .~H nepexo~a H8 OCHOBHOe COCTOHHH6 2-; H8060pOT 1 ·oqeHb cna60 38BHCHT OT V. 
(01.1. Ta6n. I4 )·1 HO peSKO li8HH6TCH B 38BHCHIIOCTH OT OTHOI:l6Hl!H Jp~~A >f)_- llOCKOJ!bKj' B~po

nepexo~a H8 OCHOBHOe,COCTOHHHe.3HaqHT6JIDH0 60J!Dm6 1 qeM CyYMapH8H BepOHTHOCTb _ne-

peXO~OB H8 ypOBH~ 0- I! r 1 peaynbTliPYIOil\8H DeJlllqllll8 .o\ 1 paccqi!T8HH8H C yqeTOll DUCBe

. qi!B8HIIH -B036yllt~eHHUX COCTOHHIIII 1 !.laJIO OTJlllqaeTCH OT o( ~nH ypODHll 2- ( pliO. I3) • 

0 
JP/gA 

Pl1c. I3 • ACIIMMeTpi!H yrnonoro pacnpe~eneHI!H n~ep OT~a'l!ll 

lr'I6< z. = r~sf) . . 
I. napUMaJIDH~<it nepexo.zr. na ypoBeHb 2-; i =I 122/ ; V. =SO MaB. 

2. napqllanbnuit nepexo,14 na ypoBeHb 2-; l=I 17{ ;V. =40 Man. 

3 • CyliM8pHUfi KOS!MIIUl16HT 8Clii!M8TPHII c{ · = £. cJ; ~/ElY.· 

{: I.7f V. = 40 M:JB. 

4. Cyr.:uapnull ItOlltNIIUMeHT · aCIIMMeTpllll 

£ = !.22/ ; \{ = 50 Man. 

§ 6. 3KcnepllM6HT8JI:bHUe 381!8'1!ll 113Y'I!8IUIH napUli8JibRHX 

nepeXO/!Oil npl! 38XD8T6 /"_ -M630ROB JierKIIl!.ll 1!/lp8Mll 

KaKne eme H~pa 1 KPOMO paCCMOXpeHHHX He3 1 ~ 6 1 ci2 l! oi6 1 MOrlll1 61>1 6UTb l!COOJ!b~ 
B Ka'l!eCTBe MllmeHell MH 11ayqeHIIH napq~~aJibHux nepexo~oB B ;c. -saxnaTe?. Cpaay _lite 

oTna~aJOT cpei4HIIe 11 Tnlltel!Ue n~pa 1 r~e nJI~THOCTb yponHell ocTaTO'I!HOro· n~pa neJIIIKa n na~eJieHIIe 

lf) HanOMHIIM 1 qTo TO lite CaMOe liU BII~CJ!ll npll paCCMOTpeHlll! 38XB8Ta B ci2 (08PUII8J!DHI>I~, nepe-. 

XO~ H8 OCHOBH~e'cocTOHl!IIO BI2). IlpllqliH8 06mafi -.B 060IIX CJIY'I!8HX npOIICXOJIIIT noqTll ql!CTI>Il'l 

raMon - TeJIJieponcro!ll nepexo~. · 
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0\ 
0\ 

Tae5mi!J,a I5 

XapaKTep ~epexoAS : auaK 

-:;.~~ ft 

0-- 0 

0 ~I ci2_ BI2 

I- 0 Ji 6_:. He6 + 

:Be9- :rti 9 -
3/2-I/2 

BII- B*eii + 
3 ~ 2 BID~ B~10 + 

c13~ B13 
1/2-3/2 

pi9- iJI9 
+ 

3/2-5/2 

' Ji 6.:_ He6 
I~ 2 + 

11I4-ci4 

He3 - H3 -
1/2-1/2 

F19-QI9 + 
I --I N14-c1~ + 

3/2-3/2 Be9-li. 9 -

BepouTHOCTD paapemeHHNX nepexo~oB B xerKHx ~pax /60/ 

c n 1t1 H M E a 0 A T 0 M A ·CTaTl!CTli1!6CK06 

~=:!;+1;2 ~: =::h:.:..rz aacexeulle· 

2[ooo/G.,
2 2G2. 2[ooo] r 

--
fuotlG:.r 

2(1 t 2. [log 3Gp - GA 

J [1od
2 G; 2. 2[ (' y· ( 2.} J[tal] 8 :rGp- ~ + .9q, . 

fltot/{7(-}GP- GAY+ tGp2
} +[101/~~T 

t;{O,l[~t(fGP -Gj· + % Gn 
~ [tot/{s(j-GP - GS + fG; J · 2 ·L101lG? 9 p. 

2[( I 2 . I 2J [101] :;-Gp- GA) + g-Gp 
.· 

z[coooJGv- fltotJ(fGp -G;.t+ if£toiG, zi{oooJGv +- [fou(f0.: ~)t 

2[leooJG.,-' /fliOI}(tG, -~lj\;tmt!G; z[foooJG., + /f£10fJ(fG, -G:.Jt + flt10ot; 2.[ooc/Gj,2 
+ J-ctot/Ci~r 

2.[cooo1Gv- Jfc10tJ(f<11' -GJ+ fs£10!/G; ~[lDooJG., + ,/fCIOil(f_£!1'_-~)t+ 8~ l101fG; 



napunan~HHX nepexo~oB HeB08MOXHO B cnny 6on~mMx aKcnepnMeHTan~uux TPY~HOcTe~. ~a~e B'pa~o

He a;zlep .Jfj, ~ .JIIJ TaKa!! aa~aqa,, flO-BR~RMOMY, MO~eT 611T~ pemeHa ,O'leH~ H8CKOpO, ilOSTOMY npli 

pemeHRII flOCTaBlleHHOrO BOnpoca MOXHO orpaHII'!RT~CH anal!llSOM CaMHX nerKIIX l!~ep, TaKO~, aHaliR8• 

aT He3 ~o F 19 - 6un npoBe~en SpaM~l!HOM,/60/ 
KaK roBOpRl!OC~ BJ1We B CB!!311 C 06cy~~eHII9M ~-saXBaTa B KRCl!OpO~e, Cy~eCTBY»-

1!\Bl! TeOpRl! He B COCTO!!HIIR 06ecnel!IITb He06XO~MYIO TO'lHOCTb BH'lRClleHRl! l!)lepHHX lo!aTplll!IIHX :llle

Me!ITOB B cnyqae aanpe~eHHJlX nepeXO)IOB, 06paTIIMCl! K paspemeHHHM nepeXO)IBMo 

B Ta6l!I!U8 15 npnBe)leH!1 BepO!!THOCTII TBKIIX nepeXO)IOB, BllpaxeHHUe l!epes KOM6RHBURII 

Slj)\JieKTRBHJlX KOHCTaHT II l!)lepHHe !.IBTPRl!HHe 3l!eMe~TH (3)180:& Onyll\9Hbl 11CKOpOCTHble 11 l!l!CHH II p!!)l 

)lpyrnx 'll!CHOB npiiMepHO Taro ze nop!!)IKa MBliOCTII), Bo BCeX Cl!Y1J8l!X BepO!!THOCT~ pa8pemeHHOrO 

nepeXO)IB npn Halllll!RR CTBTIICTR'leCKOrO saCellfHIIl! ypoB.re~ CBepXTOHKO!t CTPYKTYPll O!lpe)lell~eTCll 

)IByMl! OCHOBHUMII KOM6RHaURl!MR KOHCTBHT: (TV R (;G~T , ilOSTOMY (»Mel! B BR~; '!TO TO'lHOCTI> 

BJl'lRClleHRll Onyll\eHHUX l!ll9HOB H9B9lli!Ka) R3Y'l6HIIe pa8pemeHH!1X nepeXO)IOB npR TBKIIX ycl!OBRl!X , 

He CMOXeT )I06aBRT~ Hll'lero OC06eHHOrO no cpaBH9HRIO C flO)IpOOHUMII CBe)leHRBMII 0 nponeccax 

3BXBaTa MIOOHOB B~paMII He3 II c12
, 

2 

li-

P11c. 14. Cxeua ypOBHelt a~pa B13, 

COBCeM IIHBH CRTYBURH C nepeXO)IBMR 118 O~)lell~HJ1X COCTOl!HRlt CBepXTOHKOlt CTpyKTypu, 

3)1ec~, B 88BIICRMOCTR OT 8H8"19HRlt Clli!HOB HB'lBll~HOrO R ·KOHC'lliOrO COCTOl!HRll Mep, KOHCTBHTH 

cna6oro B8811M0)19ltCTBRl! BXO)Il!T.B BHpBJI[eHRe )llll!_BepOHTHOCTe~ nepeXO)I~ B CBMHX p88l!R'lHJ1X KOM-

6RHBURHXo EcTeCTBeHHO, Han6on~WHlt·IIHTepec npe)lcTaBnl!nR 6u TaKHe cny"'aH, r11e BepoaTHOCT~ 

nepeXO)Ia 00060 'lYBCTBIIT9ll~H8 K B9lllll!Ril8 HBRMellee 118B9CTH!1X KOHCTaHT, B 'laCTilOCTR, K Bellll-

ql!lle !JP . ·. , . 
,, Oco6o RHTepecau nepexo)IH Tllna I/2 -3/2 np11 nonollil!Ten~HOM sHaKe uarHRTI!Oro MO-
> • 

MeHTa ll)lpa-MIIW8HRo KaK BII)IHO.IIB Ta6l!RUH. 15, 3)18C~ BepOl!THOCT~ sa;saTa 118 HR3Wero COCTOl!HRl! 

/; = ·~ - !/2 onpe)l8lll!8T~l! ( C TO"'HOCT~IO )10 C)lellaHHHX BJ1We orOBOpOK) l!RW~ KOHCTaHTOlt ~ , 
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-' Ta~e ycJIOBII!I peaJIIIayJOTC!I np~ aaXBaTe j' -lleSOHOB IUIPSIIH 'ci3 (c o6paaOBSHIIell BI3 B oc

HOBHOII cocTO!IHIIII) IIJIII-!!~paliH FI9 (c Bu~eJieHHeu napnwaJibHOro nepexo~a aa -ypoBeBb·3/2 + 

. ll~pa' oi9 nwE'= 96 K~B ) - cu. pile. I4 II IS. . 

fl!. 

F'' 
PHc. IS. Cxe11a ypoBaelt !!~pa ol9; 

Koaeqao; o6a 3KCnepHIIBHTa 6HJIII 6u oqeHb Tpy~BU 1 !10 1 nO-BII~IIOIIY 1 CTOIIT II~TII Ha 

3TH TPY~OCTII, yqHTUBall ~eHHOCTb noJiyqaellolt_IIH~OpllaUHH. 

§ 7 • V!SIIepeHII!I fiOJIHOlt. BepO!!THOCTII. SaXBaTa :. · 

KaK yse OTIIeqaJIOCb, Bpell!l nepexo~a )' :...11~30!16 Ha K -op6lley ("" IO.:.I4 . Celt.) 

IIHOrO IIBHbme ero BpelleHII. 'JI.IISHII. ilOSTOIIY nOJIHOe Bpeli!I.'JI.IISHII ~ -lleSOHa B lleSOSTOIIe Onpe

~eJI!IBTC!I npaKTIIqecKH CYI!IISPHOlt BepO!!THOCTblO ero pacna~a II SaXBaTa H~pOlle VJSIIepeHIIH Bpelle- . 

HI! 'JI.IISKII t: a CJIB~OBSTeJ!bHO t II fiOJIHOit BepOHTHOCTII SaXBaTa npoBe~eHH B HSCTOIIII!Be BpeiiB ~~~ 
6onmoro· qllcJia 11~ep /36,I47,I48/. ~KcnepHMeaTanaae pesyJib~aTH.nottasaaa,aa p11c. 16., 

Puc. I6 •. lloJIBaH ae.poHTHocn aa:Daia I'" -11esoaoa 

H~pa1111 (no pa6oTe /I471). 
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OpH IISllllX z nol!Haa :Bepoa:ruocu, aana:ra W 

a~a aaBacawoc:rD o:rpasae:r :ro, qTo.aaXBa:r a~e:r ua o~~el!DBIIX npo:roaax fi~pa, a nllo~uoc:rD Me

aoaaoro OdllaKa·B Odl!SCTH ft~pa B cnyqae lle~KHX .3llelleHTOB nponopUHOHSl!DHH ;!
3 

, OpH yBel!H

qeHHH ~ npOHCXO~T OClladlleHHB TSKOtt CHliDHOtt SHBHCHIIOCTH, 0CHO~HIIIIH WSKTOpaMH UO~SBlle-. 
HHft SSxBSTH B Odl!aCTH Tl!ZellllX ~~ep l!Bllft6TC~ npHHUHn Oayl!H .( yBel!HqeHHe OTHOCHTe~HOrO BeCa 

COCTOl!HHn, B KO!Op!le sanpe~eH·nepexo~ uenTpOHOB)·H "paSIISSIIBSHHe" BOliHOBOtt WYBKUHH . . . 
Me30Ha. 

8TH waKTOPil OTpasea!l B zanecTHOll "~opMylle OpzuaKOBa" /3/ . . 
(4.3I) 

a~ecD ~Jf'1-'"a~eRTHBHiln aapa~" a~pa, yqzT~aD~ll ero KOHeqH!le paa11ep!l ( c11. pac. I); 

W(H/) -sepoa.Tuocu s.anaTa B Bo~opo~e; O -oTpaeeT aaMeHeHHe ~aaoBoro od:&ella pe-. 

aK~HH npa nepexo~e OT BO~opo~a R ~py: 

;r = < ~~~~I<}:>H/ . -(4.32). 

~Opllylla npHIISKOBa nonyqe.Ha 131 B oqeHD npOCTIIX npe~nono:aeBHaX 0 ·a~epuon CTPYKTY

·. pe H lleXaBHBIIe _~L-SaXBaTa, KOTOplle B -~SCTOH~ee BpeMII He npe~CTHBliBDTCII yde~TBliDBhliiH,. 

Tell He lleBee. ecliH paccllaTpHBan ee l!HmD xa'K. nonySIIIlllpzqecxy~ WOPIIYliY. a r H t- KSK 
napaMeTpll no~oHKII, oBa xopomo oUHchiBaeT "odeyD aaBacaMocu W oT A a Z • 

B TeqeuHe ~a:reliLHoro BpeMeHa .Teopaa He Morl!a·~aTL ~a pacqeTa no11uon BepoaT

HOCTH aaXBaTa uzqero nyqmero, qe11 ~opwy11a ITpHMaKoBa. B nocne~ee Bpella HHTepec R npodne11e 

nOliBOtt.BepoaTHOCTH .)'-SSXBSTS BHOBD BOapoc B CBft3H C ycnemH!ill HCnOliL30BSHHBII B 3T02 aa-

~aqe.COBpelleHH!iX npeicTaBlleHHn o.Ko~eKTHBH!iX Boadys~eHHIIX a~ep. rro~poduoe.paccMoTpeHHe 

sonpoca ASHO B rnaBe YI. 
§ 8, Pal!IISUI!OBH!ill SHXJ!HT 

PaAHSUHOBH!ill SSXBHT ~~ueaoaa a~anorzqea l!BliBHHil BHyTpeHHero TOpiiOSHOrO Hsny

qeHHft aneK:rpoua npa }( -aaXBaTe. HaBecTHO, qTo pacqeT!l BHy:rpeaaero TOpMoauoro H3llyqeuaa, 

ocuoBaHa!le aa yqeTe npocTellmell AHarpauMH pa~ailiiOHaoro aaXBaTa aneKTpoaa 

n. 

(4.33) 
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HSXO~HTCH B_oqeH:& XOpomeM cornacaa C,3KCnepaMeHT8MM no onpe~eneHMD OTHOCHTen:&HOM BepOHT

HOCTH-TSKOro npo~ecca a_~opM~ cnnomHoro cneKTpa WOTOHOB. 

l!epB~e pacqeTU pa~SIUIOHHOrO 38XB8T8 _f- -MeSOHOB npe~CTSBnHnM C060~ HOBTOpe- , 

HHeaHanoraqHux-B~acneiD!M ~H K -saXBaTa. O~aKo, ~axe orpaHaqaJiaHc:& npocTeMmea 

liMarpaMMOMJ 
(/, )) 

'I 
(4.34) 

P" .f-

npHXO~TCH CTOnKHYT:&CH CO cne!UIWMqeCKMMM ~nH ~-38XB8T8 Tpy~OCTHMM, BUSBBHH~MM HeOnpe

~eneHHOCT:&D cneKTpa BOs6yx~eiDlH OCTBTOqHOrO H~pa, PasyMeeTCH, MOlltHO 6~n0 6~ H36eXST:& 3THX 

Tpy~HOCTel!, asyqaa pa~a!UIOHH~I!- aaXBaT HS BO~opo~e ,O~HSKO s~ec:& ,KaK roBOpanoc,:& BU!Ile 0HMeDTCH 

CBOM, qaCTO 3KCnepMM8HTSn:DH~e -Henplll!THOCTM t Heas6eXH!le ~axe npa HCcne~OBaHMM 06!lqHcfrO _ sa:x

BSTa~ Tel! He M~Hee _ pa~SW.OHH!ll! saXBaT · .f -MesOHOB npOTOHBMM paccuaTpaBaeT_Cll BO MHOrax 

TeopeTHqecKMX pa60TSX /I49-I56/, 3HaqeHHe 3TMX pacqeTOB -onpe~enHeTCH rnaBHUM-o6pasOM-

TeM, qTQ C HX HOMOIIl:&D MOXHO nonyqaT:& BSXH!le O~eHKM TSKM:X:' ~arpa1111 pa~l!a!UIOHHOrO 38XB8T8 

.• IIDOHOB, KOTOp!le npaKTHqecKM Hecy~eCTB8HH~ npa paCCMOTpeHMII SBXBSTa sneKTpOHOB, llpaBe~eM 

HeKOTOpue HS HH:X:: 

~ - ~r v· ~ - - t/ >-f-< >-;-~ 
p ~ p , 

(4.35) 

/'" 

l!OCTpOeHH!le HB STHX ~~rpBMMBX ( C yqeTOM Kan1!6pOBQqHOM HHBapaaHTHOCTH) aMHniiTY~ nepe:X:O

~OB HrpBDT pon:o 3~8KTMBHOrO raMIIn:DTOHHaHB ~nH pacqeTa pa~a!UIOHHOrO SSXBaTa cnOlltH!lMH H~

paMHo TaKMe pacqeT!l ~~nonneH~ PHliOM,SBTOpOB, a HX no~po6H~I! aHanHS ~aH B pa60Tax/144-IS6/, 

HaH60nee cy~eCTBeHH~e BUBO~!l TBKOrO aHBnHSB COCTOHT B cne~D~eM: 

, a) OTHOmeHae nOnHOI! BepOHTHOCTH pa~S~IIOHHOrO 38XBSTB K nonHOI! BepOHTHOCTM npOCTOrO 

.SaXBSTa (~na,paSHUX H~ep OHO COCTaBnHeT npHI!epHO IQ-4) cna60 qyBCTBHTen:&HO K BU6opy H~ep
HUX BOnHOB!lX ~YHKIUII!; 

6) xapaKTepHCTMKII pa~a!UIOHnoro saXBaTa (oco6eHHO B!lCOK03HepretmqecKaa qacT:& cneKTpa 
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\,qiQTOHOB) B6Cl>1!8 "'YBcTBII,T61!l>Hli K Be1!11"111He HSBe;zteHHOl! nce:B;ztOCK81!l!pHOll KOHCTSHT!i jp 
~SMepeHIIl! C~eKTpa !POTOHOB pa;zti!SQHOHHOrO 38XB8T8 ~ -MeSOHOB Ha l!;ztpe 0~40 

6»lJIII npoBe;zteHli. B pa6oTe. /I 57 I. CooTBeTCTBYID!I\IIe pa~"'eTli Bliii01!HeHli TomcyKOll ·II Py;no.w /I44, I~/ 
~3 COnOCT8B1!eHIIl! 3TIIX ;zt8HHliX nonyqaeTCl! HeCK01Il>KO 3aBHmeHHOe ao cpaBHeHI!IIl c 

npe;ztCK831iB8el!lil! TeOpllell. 3H8"1eHIIe 

p.eTII'IeCKoro pac"!eTa If). 

OT I3 ;no I8 - B 38BIICIIllOCTII OT'B8pii8HT8 TeO-

§ 9. On!iTli no periiCTPSDMII Hel!TpOHOB-

' ' . . 
-nonozeHIIl! o aecoxpaHeHIIII "!eTHOCTII B cna6ux BsaHKO;nellcTBHRx: npl!Miill cne;ncTBHell aecoxpaHeHIIa 

."'eTHOCTII l!B1Il!eTCl! 8CIIlllleTplll! yrnoiloro pacnpe;neneHHl! Hel!TpOHOB Ilpl! 38XB8Te II01!l!pii30B8HHliX )'-

Ta61!11!1a I6 

8KcriepH-
li6HT 

/I 59/ 

• /I60/ 

. /I60/ 

/I6I/ 

/ISS/ 

ACIIlllleTplll! yr1IOBOrO pacnpe;zte1!eHHl! Hel!TpOHOB npll SaXBaTe 

MIDOHOB l!;ztpal!ll M;24 
1 $32 II Ca40 

·, 

fl;ztpO nopor -A -o\ 
I!IIWeHII periiCTP8QIIll 

,s32 41 5 USB 0,027 ± 0,007 0148 ± O,I5 

,s32. 5 MaB O,CI9 ± 0,007 0,43 ± O,I7 

Hl4 5 !.laB 0,020 ± 0,005 0,7! ± 0,2.2. 

ea.40 7 MaD 0,066 ± 0,022 0,54 ± O,I9 

~40 7 lolaB ' O,I02 ± O,OI8 017! ± O,I5 

06~ee Blipazeaue ;nna yrnoBoro pacnpe;neneHlll! HellTpOHOB ·oTHOCHTe1!J>HO BeKTOpa nonapll

~-llesoaa 1111eeT B~;n: 

71.l{e)-.1+i~~e = I+A(M~, (4.36) 

. -ocTaTO"'Haa nonl!pHaaQHl! 1- -11esoaa aa K -op6l1Te, c;( = d(E,}- 11KOS4ldiHitHeHT 

8CIIlllleTp11H11
1 l!B1!l!I01111lllCl! qiyHKQHel! SHeprllll Hel!Tp0H8o 

!f) BapJ>llpOBaRHe K8C81!0Cl> Bll;zta qiOpll~SKTOpa HSBe;zteHHOrO nceB;ztOCK81!Rpa: i3{1~·Bli6llp81!0Cl> B no- . 

1!1DCH0ll (O;ztHOlleSOHHOil) np1161!11ZeRHll (COOTHOWeHHe I.37)H C y'leTOll 11118CCIIBHiiX11 ;ztllarpallll (COOT

HOmeHl!e I .46). . 
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~aKTHqe~KH B ODHCHB89MHX onaTaX HSMepHeTCH BCer~a HHTerpa~LHaH no CneKTpy He«T-. 

· Ji6iloB ,s' ( · E,_ ) acMuueTpHH, cooTBeTCTBYIJilla!l perHcTpallllH Bcex He«TpOHOB c aHeprHe«,6o~L-
:. <. , (•I 
· mel! H9KOl'OpoJI 3a;t8HHOJI En , . 

c_, 
J: o<(En}$(£,.)dE,;_ 
E,., • 

j $(£,.)dE,_ 
£'" . 

....._ 

rJ. = (4.37) 

Peay~LTaTa nepBax aKcnepHueHTOB no onpe~e~eHHID Koa~~HillleHTa acHuueTpHH He«TpOHOB, co6paH-

Hae B pa60Te /ISS/, n~Be~eHH B Ta6A, !6. 

~YHKilll!l , o( (E,.) CO~epliG!T KOHCT8HTH C~a6oro B38HIIO~eltCTBHH H BCRJ HH~Op118illliD 0 

uexaHH·a~e · HcnycKaHHil HeliTPOHOB (a~epHue uaTpHqHae a~euena) .EcTecTBeHHO nonaTa~LcH, pac-

cqHT8B H~epHHe M8TpHqHae 3AeMeHTH 1HCnO~L30B8TL ~8HHH6 no 8CHMM9TpHH ~~~ Onpe~e~eHHH HDH 

YTOqHeHHH KOHCT8HT 3~6KTHBHO;O. rauHADTOHHaHa, · B pH~e pa60T /!62-!64/ ~YHK!liiH clo(E,.) pac

CqHTHBanacL Ha ocHOBe npe~no~ozeHH!I o llexaHHaue"npsuoro" HcnycKaHHH HeltTpOHa.npH aaxBaTe 

j'-M930H8 npOTOHOU, 

MaTPHqHa« 8~6M6HT T8KOrO npo~ecca paccqgTHB86TO!I Henocpe~OTB6HH0 1 KaK TO~LKO 

38~8HH O~OqacTHqHHe BOAHOBHe ~YHKnHH npOTOHa B H~pe-IIHWBHH ( ~ ) H HeJI~pOH8 1nOKH~8IDillero 
a~po ( "fn. ): ..... 

f "}( -·~'C. A 

Hi -J ~ Yf_ e 11- ~ Y{, dt . (4.38) 

B KaqecTBe ~ BH6HpaiDTC!I ~YHR!liiH UO~eDH HeaaBHCHMHX qacTH~ 1 
~ - HCKaZeHH8H BO~Ha He«TpOH8 1 B38HUO~e«OTBYRllll6rO·C nOKH~aeUHM.!I~pOU K8K co· 

cpe~HRM O~HOqacTHqHUM (OnTHqeCKHU) nOT6H!lii8~0M v(~,_) : 

V(r, .. ) = u(t,.) + i w(z,,) . 

ECDH B TaRO« UO~BAH npeHe6peqL CDHH-Op6HT8~LHHM B3aHUO~eJICTBHeM 1 TO R03~HillleHT 

acHuueTpHH o<(E,.) ~aRTOpHayeTCH y~o6Hau o6paaou: 

o<(E,.) = d,( j(E,_) , (4.39) 

a~ecL o(H -KOawwH!llleHT 8CHMMeTpHH HeliTpOHOB B cnyqae aaXBaTa ~ -MeSOHa npoTOHOM: 

2 2' 2 
Gv - 2.G11 + {G"- Gp) 

- G: + 2 G: + {G"- Gp/' 
ci'H (4.40) 

J(E,.)-· OTHOmeHHe H~epHHX M8TPHqHHX aneUBHTOB, 

lla ~HauqecKHx coo6pazeHu« HCHH orpaHuqeHH!I Ha BeDHqgHy o(H H J(E,) 
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/!(£,.)/ ~ j_ • (4,4I.) 

npll 11TeopeTl!IIBC!Cl!X11 BHSIIBHllliX ROHCTSHT (!.68) 

HellTpOHU npl!IIOrO lleXSHl!SIIS ( "npllllbiB HellTpOHU11 COCTaBJlliJCT Jlllw:& HBCiOJI:&myiO -: 

IISCT:& nOJIHOrO lll!CJ!a HellTpOHOB, OClpaayl!lll1,11XCll npll SSXBSTB IIIDOHa, ,llpyrall, OCHOBHSll )lOJlll HellT

pOHOB oelycJIOBJieHa pacna~o11 cocTaBaoro 11~pa, 11, corJiacao Tpa~~OHHblll KPl!Tepl!llll PeaR~ll, 

ll~ll1,11X 11epes COCTSBHOB l!~po, ~OJIEHS CibiT:& COCpe~OTOI!eHa B llllrROll IISCTll BHepretlllleCROrO 

cneRTpa. Cxe11a napaJIJieJI:&Horo yqeTa cTaTliCTllllecRoro 11 npl!Moro uexaaHauoB npll pac11eTe cneRT-

pa aellTpOHOB npll )'- -aaXBaTe no~poelao l!SJiozeaa Jll!leiKl!Hblll _II65/, . . 

p(Mev)-:-- 96.2 

10.77 -~max (Mev) 0 

~-~ 
/~ 

74,9 _____ .. 79.5 p(Mev)- 87.0 

~e.,.,!Mevl 0 

P11c. I7. CnexTp BOselyz~eHHll 11~pa npH ~-sa:oaTe

pac11eT Jll!lei!Cl!Ha no uo~eJlll q,epiiH- raaa /I65/. 

·Buxo~ HellTpoHOB HcnapeHll.fl, l!Mel!lll1,11X <meprl!IO B. l!HTepBaJie 6 ... c + de , np11 pacn~
. ~e cocTaBao_ro .R/lpa c aHeprHell Boaelyz~eHHll £ t = C'......r +cr1_ onpe~telilleTCll corJiacao HSBecTHOll 

4JOPIIYJ!B CTSTl!CTl!lleCROll IIO~eJlll ll~pa /!66/ 

Y(c, Cmoa;)dt - oC ~[i fo(t-nla.<t:.- c)'jJc. (4.43) 

BeJllllll!Ha C mAA . om~osHai!HO CBl!SaHa c BeJllllll!HOll HMnyJI:&ca HellTpl!HO ~ = / f; J 
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C mrv.r:. + lJ :: ~t . (4.44) 

nycT:& /?-. {tm4:C) dC-,rvx:_ - BepoaTHOcT:& Boac5yllt)leHIIHH,llpa, norJIOI!laiOIJlero .I' -ueaoa, B IIH

TepBaJI Cman:. - cmtUX!. +de""'~· Ee pacqeT np~BO,lll!TCH B paMKaX TOll lite MO,lleJIII neaaBI!CI!MbiX 

qacTII!I, qTo ilcnoJI:&ayeTCH,llJIH pacqeTa MexaHilaua npHMoro HcnycKaHHll(npe,llnoJiaraeTcH, qTo 

Bltlla,ll nocJie,llHero B nOJIHYIO BepOliTHOCT:& aaXBaTa npeHecJpea!!MO.MaJI), B npe,lleJI:&HOM Bapl!aHTe MO

,llSJII!- HeaaBI!CI!MbiX qacTII!I, MO.llellll ¢epUH - rasa, le{6~~) HBJIHeTCll npooTol! WYHK!Ilfell c MaKcl!

uyuou np11 3Hepri!HX nopH,llKa HecKOJI:&KHX MaB. Ha.p11c, I7 noKaaaHbl peayJI:&TaTbl ]I06KHHa ,llJIH 

~{cm~}B cJiyqae ·ca40 11 Pt208 • MHTepecao npHBeoTI! cooTBeTcTBYIOilll!e aaaqea11a cpe,llHe~· 
3Heprllll Hei!TpiiHO! 

Vv =- rt, 1 1-M/c. 

fv = 92.,2 HJfc_ 

r 
r-

P!2oa 

Ca_ltO (4.45) 

STI! ,llaHHUe OK8&yTCll flOJieSHbiMI! B ,llaJI:&Hei!WeM - npll OClcym,lleHIIII npOClJieMU nOJIHOI! BepOHTHOCTII. 

aaXBaTa. 

'; 

"' 
" . ~ 6 

.2 

Q 

"' ~ 
~ ~ 

Pile, !8, COOTHOW6KHH MeXaH!t!SMa 11 npaMOr0 11 IICnyCK8HIIll 

aeltTpOHOB I! uexaHI!3Ma 11cnapeHIIH /!65/, 

, ltlaTerPI!pya Y(c, tman:) BllecTe c f{(c,IUX) no ciC.ma,oc , noJiyqaell cneKTP aei!Tpo-

HOB 11cnape!ll!a Sf!); DKO.HqaTeJI:&HUI! peayJI!.TaT noxaaaH Ha p11c. I8, r,lle npiiBe,lleHTaKllte pao-
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Cl!l!TaHH!lll B MO;lleiD! ¢epl.!ll - rasa cneKTp " nplll!b!X11 HellTpOHOB, ]lllll cpaBHeHl!ll Ha pl!c, 19 no

Kaaaa peayl!DT8T· pacqeTa BliOXl!H~eBa l! ]lOlll!HCKOrO / 163/ Ha OCHOBe OITTl!qeCKOll lo!O;llel!l!, K 

COE8li8Hll~, YK838HH!le 8llTOpll npl!BO;lll!T TOliDKO ;ll8HH!le 0 Kaca~~eCl! MeXaHl!SMa npl!MOrO l!CITYCKa-

Hllllo. 

Pile. 19. CneKTP "npllll!lX11 HellTpOROB npl! aaXBaTe ~ -ueaoiloB 

ll;lipaul! Ca40 - O;llROqaCTl!qHllll pacqeT /!63/, 

Cnl!OmHall KPIIB8ll - C yqeTOM norl!omeHl!ll HellTpOHOB 

(KOMnlleKCHllll OnTl!qecKHll ITOTeHUll8ll); 

nyHKTllpHall -·6ea yqeTa norl!omeHl!ll, 

Opll l!HTepnpeTaUllll aKcnepl!MeHTOB /!63/ no aaXBaTy ~-MeaoHOB c HcnycKaHl!eM 

RellTpOROB npe;llnonaral!OCDo ljTO, BCe HellTpOHbl C SHeprlllli!H ll HeCKOliDKO Mall llBllllDTCll 11 np!llolbllolll 11 

·II qT0.8liDTepH8TIIBHllll I!BX8Hl!Siol- pacna;ll COCTBBHOrO ll;llpa- ;llaeT llKll8;1( llllmD B MllrKyiD qaCTD 
. ' \ 

cneKTpa ·. ( £~~.. < 3 - 5 MaB). TaKa a KOH~enUllll 6ulla · noneprHyTa KPIITI!Ke B pa;lle pa<loT nocne;llHIIX 

li6T /!67-!69/ B CBRSII.C YK888HIIlll!ll Ha. B8EHYID p0liD.P680H8HCHOrO MeXaHHSMa IICnyCK8HIIll H9llT

pOHOB0 KOr;lla norllomeHIIS ~-Meaoaa npiiBO;liiiT K KOlll!SKTIIBHOMY BOa6yX;ll9HIIID,R;llpa, 00;llp06HO 

peSOHaHCRllll MexaHHSK HCnycKaHIIll RellTpOHOB 6y;lleT paCCI!OTpeH B rl!, Y, Ecllll rOBOPIITD KP8TK0 0 

CHTY8Ul!R.SaKnDqaeTcR B cne~meK. B ml!pOKOK IIHTepBane aHeprl!ll HellTpOHOB, BnnOTD ;llO Belll!

ql:H nopl!;llKa IO Mall, peaoHaHCHblll 11exaHl!SM l!cnycKaHI!ll HellTPOHOB ;llOl!EeH. cymecTBeuHO npeo<lna

;llaTD Ra;ll npHMHI!, STO ;ll9li89T HeOnpaB;llaHHll~ l!CnOliD80B8Hl!e OnTl!qecKOrO O;llHOqacTl!qHOrO.nO;llXO

;lla K pacqeTy 8CIII!II9TPIIII B·yKaaaBHOll 06naCTll SHeprl!ll, BMeCTe C·Tel! OTna;llaeT II B8XHOe Ka-

qecTBeBHOe cne;llCTBl!e TaKoro no;llXO;lla - nol!OEeHl!e o ljlaKTOpl!aaUllll KOSW¢11UlleHTa aCI!MMeTpl!ll 

(COOTROmeaze (4,39)), 
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,_ 

Ta6mu~a I7 

ACHYMeTpHH yr~OBOrO pacnpe~e~eHHH H6~TpOHOB -

npo~KTOB ~-3aXBaTa (no ~aHHUM pa60TU / 47/) 

H~pOM Ca40 

P/'" = 0,190 :!: 0,015. 

oHeprHll OTceq!Cll -A 

7,0 0,054 t 0,012 

II,O O,IOO t O,OI6 

I4,0 0,!34 :!: 0,020 

I8,0. 0,!93 t 0,025 

19,0 0,234 t 0,026 

23,0 0,235 t 0,040 

B CBli3H C 3THM OKS3S~Cb oqeHb BSEHUMK 3KCnepHM6HTU no H3MepeHHD aCHMM6TpHH 

Hel!TpoHOB ·npH 6o~bmHx qeM IO MaB aHeprmlx "oTceq!Cll" £:: /47 •170,I7I/, r~e peaoHaHCHU~ 
M6XSHH311 OKS3UBa6TCll yze liMO CYII.\6CTB6HHUM, B Ta6JIH!16 I7 H.l!a pHc,'20 H 2I npHBe~eHU no

JIYqHBIDHe mHpOKyD H3B6CTHOCTb ~SHHUe rpynnu EBCeeBa_/47/, ~X HHTepnpeTa!1Hll npOBO~JiaCb SB-· 

TOpaMH Ha ocHOBe npe~no~oxeHH~ o npl!MOM MexaHH3Me HcnycKaHHll He~TpoHOB.TipHIIeHHll wop11y~y 
t•J 

(4.39) K ~aHHUM B Ta6~!1e I7, no~yqae11, qTo yxe c _C:n = 18 MaB 

cf..H:-1. (4.46) . 

(o~HOBpeMeHHO f{E,.) = I). 

Be~~1HS c(H CBli3SHS C KOHCTSHTSIIH 3WW6KTHBHOrO raMH~bTOHHSHa 00 WOpMy~e 

· (4.40), YcJ!OBHe. c;fH = -I y,li;OBJ!eTBOpl!e'l:CSI TOJibKO npH Clr.e~JO!IliiX COOTHOmeHHIIX 116E~ 

KOHCTSHTSIIH /!72/: 

Gv = Jv(t+fR}-+ Js = 0· 

GA- Gp. = Jl1• /;,)- (JP -!r)/;{ =Or (4.47) 
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lllll! 

gs=- Jv(l+ /1,} '::: -jv 1 

q - g - 'fofl2f( o ,...... ·2o 
oP or-:- }.'2/f ()A= 'JAI 

(4.48) 

~TO pe3KO paCXO~TCH C 11 TeOpeTM~eCKHMR 11 3H8~eHHHMH KOHCTSHT (!.57) H peaynDTSTSMH BCeX 

~pyrnx axcnepnMeHTOB no nx onpe~exeHHD. 

Pnc. 20. 3aBMCHMOCTD K03WWHUH6HT8 aCHMMeTpHH OT.cpe~He~ 

3HeprHH He~TpOHOB - no ~8HHhl![pa60TC! /!70/ • 

CnnowHaH nHHHH- pac~eT KnenHa n BonD@eawTeliHa /I991. 

IJo~p06HOe 06Cyllt~6HIIe MeXSRH3Ma HCnyCKSRHH He~TpOHOB npM jt--SaXBaTe 6y~eT 

npoBe~eHO HHllte, B rx. Y. TaM lite 6YAYT 06Cyllt~eHC! peaynDT8Tb! COBCeM He~BBHMX 3KCnepHMeHTOB 

KannaHa./173/ no onpe~eneHnD.cneKTpa ncnymenHC!X ne~TpoHoB •. 

I I 

Pnc. 21. CneKTP He~TpOHOB H3 ca4°- peaynDTSTC! pa60TH /17°/. 
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Ta6mu~a IB 

CpelUiee 
ll:ztpo qacxo HeliT-
MHme- pOHOB Ha 

HR aKT aaxnaTa IV =0 

;e I.262±o.o59 0.449±0.027 

Si 0,864±0,072 0.6II±0,042 

~ 
Co.. o. 746±0.032 0.633±0.02I 

Fe. I .I2s±0.04I o.495±o.oia 

.AJ I.6Is±0.060 0.36o±0.02I 

J !.436±0,056 0.396±0.02I 

.flu. I.662±o.044 0,37o±O.OI5 
pg 1.709±0,066 0.324±0.022 

Pacnpe~exeHHe qacxa HettTpOHOB Ha aKT .1'-aaxnaTa 

no ~SHHUK, pa60TH /!74/ 

I 

0THOCHTeX»HHe BepOHTHOCTR ~ 

n.. =I fL, =2 fL, =3 f/.,=4 

0.464±0.028 o.o52±o.oB 0.036±0.007 -0.0023±o:o04 

0.338±0.042 0.04s±O.OI8 -o.o02±o.ooa o~o03 ±o.oos 

0.335±0.022 o.025±o.o09 o~OQ4±o.o06 o.oo3 ±o.oo3 

0.4I6±0.0I9 0.074±0.0II 0,0!4±0.00? -O.OOOI±0.003 

0.456±0,023 O.I44±0,0I7 O.Q3I±0.009 o.oo? ±o.oo5 

o.,!~~to,023 o.oa7±o.or5 o.o3s±o.oo9 o.oo7 ±o.oos 
+ , 

0.425-0.0!6 O.I56±0.0I2 0,032±0.006 o.OI4 ±o.o04 

o.4a3±o.az5 0,!37±0.0!8 0.04s±O.OIO O.OII ±0,006 
-

ft. =5 fl., .,6 

-o.ooi±o.o04 o.oQ3±0.004 

o.o02±o.oo5 o.o03±o.o06 
•' 

+0.002±0.003 

o.o02±o.oo4 o.oor±o.003 

0,0002±0,004 

o.oo3 ±o.o03 o.boo3±o.oo3 



IIoKa llte·OTI.!8TIIII ~onee. paHHIIe sKcneplluenu rpyn!IU KannaHa·no IIS1.!8p8HIIIl 1111HOllteCTBeHHOCTII11 

_ (~c<j ) HBltTpOHOB - 'qi!CJia HeltTpOHOB Ha O;lll!H aKT aaXB.aTa /!74/. 

- B Ta~JI. '!8 1 BSRTOlt liS pa~OTU /!74/, CO~paHU O~pa~OTaHHUB C yq8TOII SWWBKTIIBHOCTII 

periiCTPSUIIII ;ztaHHbi8 no IIHOl!lecTB8HHOCTII HeltTpOHOB .I<JIR ~OJI:&moro 'li!CJia R.I<ep -· OT ./It .110 Pt. <n>· 

cpe~Hee qiiCJIO HeltTpOHOB; ~ -OTHOCIITBJI:&HSH B8p0RTHOCT:& IICnyCKSHIIR HeltTpOHOB Ha aKT aax

BSTa: £. f,;_ "'J., . 
"' STII .I<aHHUe aHa~allpyllTCR SBTOpSIIII B paiiKSX CTSTIICTI!qecKOlt 110.118~ pac!la.J<a COCTSBHOrO H.I<pa 

C UBJI:&Kl CBH3ST:& (fl.> II. iliYHKUIIKl paC!IPS.I<BJIBHIIR Fn_ C iliYHKUIIelt B03~Yllt.I18HHH H.J<pa npz ~ -

SSJ(BaTe. /?,(£/ (CIIBKTpOU HeltTpHHO) II Cp8AH8lt 3Heprllelt B03~YlK.I18HIIH £~. • Pacq8TI:I 

npOBO.J<RTCR B pai!KaX 110.118~ H83SBiiCIII.!I:IX qaCTIIU npll'paa~qHJ:IX WOPMSX IIIIIIY1I:bCHOrO paC!IP8.116-

J18HIIH npOTOHOB B H.J<p8:.' Bl:lpOlKABIIHillt ljiep1111-raa, ljiepw-raa npll KOHeqHolt T81106paType 1 pacnpe-

. · ABJ18HIIe raycca. AHSJIOrllqH!lll BO!IpOCSM IICIIYCKaHIIR HeltTpOHOB np11 /" -aaXBaTe !IOCBR~eHU 

TSKllte pa~OTI:I / 2,!75,!76/. IIapaueTpU ll~nyn:&CHUX pacnpe.I<eJISHI!lt !IO.J<~I!pallTCH .I<1JH nonyqeHI!H 

Hallnyqmero cornac11R c 3KcneplllleHTOI4 H TOqHoro BocnpollaBe.I<8HIIR (n.>. 

Ta~JIIIUa !9 

. ll.I<pO 
l.!llmeHII 

.Al 
5i 
C4. 

Fe. 
' 

;J 
J 
.Au.. 
pg 

PacqeT pacnpe.I<eneHIIR q11cJia HeltTpOHOB no 110.11e~ 

ljiep1111-ra~a (K7"=I2 MaB)-no .I<SHHUII pa~oTu /174/ 

SIP!jleKTIIBHaH 0THOCIIT8JI:&HSR BepORTHOCT:& 
11acca 'qi!CJia HeltTpOHOB .If.. 

Hf/1 tz,:O tz,_ =I fl., =2 
' 

0.74 0;4!5 0.483 0.!02 

0.95 0.534 0.46! 0.005 

I.39 0.593 0.407 

0.76 0.460 0.467 0.073 

0.49 0.337 0.464 0.!80 

0.50 o.375 0.473 0.!46 

0.38 0.329 0.459 0.!90 

0.36 0.3!5 0.46! 0.203 

/1. =3 

0.0!9 

0.005 

0.023 

0.022 

OAHIIII 118 napalleTpoB Taxoro po.I<a HBJIHeTcH OTHomeHIIe a~eKTIIBHOlt uaccu HyKnoHa B H.J<epHou 

Bell\eOTBe H'~. K 11acce cBo~o.I<Horo HYKJIOHa M 
B. Ta~JI. !9 'npiiBBABHI:I TllllllqHUe peayJI:&TaTU aHa~aa . .I<nR O.I<HOrO 113 cnyqaeB- ljiepi!H-
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(X) 

0 

Ta6mu~a 20 

XapaKTep auny:riDc- BapHaHT 
Horo pacnpe;~~e:ne-

Hl!ll HS~TpOHOB B pacqeTa 
upe 

a 
cpepw-ras 

~~.T =o 6 

B 

a 
· ¢epw-ras 

I( T =12 LI3B 6 

B 

Pacnpe;~~e:neHHe a. 
raycca 6 

(PkM)<f'· =20 I43B 
B 

.. 

Pacnpe;~~e:ne~me tmc:na nel1.TponoB na aRT .fL -saXBaTa ;ll:rla a;~~ep .1/J 
nO ;llaHHllM pa60Tll / 174/: 

a) pacqeT no uo;~~e:riH HcnapeHHa; 

n.,·=o 

0.337 

0.343 I 

0.333 

0,404 

0.409 

0.388 

0.404 

0.407 

0.3137 

6) c yqeTOM uexaaHsua npauoro acnycKaHHR ael1.Tpoaa; 

B) C yqeTOM MexaHH3Ma npRMOrO HCnyCKaHHll H MeXaHHSMa 

;liBYHYK:riOHHOrO nor:no~eHHll MDOHa, 

0THOCHT6:riDHall BepOllTHOCTD qHC:ria H6l1.Tp0HOB F,_ 

1!.=1 II. =2 n. =3 

0.464 . 0.180 0.019 

0,463 0.166 0,029 

0.472 0.175 0,019 

0.370 0.172 0.049 

0.377 0.151 0.054 

~ 0.397 0.167 0.041 

0.373. 0.169 0.048 

0.380 0.149 0.053 

0.400 0,166 0.041 

n. =4 

i 

' 

0,005 
I 

0,009 

0.006 I 

0,009 

0.006 



raa npm KOHeQHO~ TeMnepaType (K7" = I2 MaB). laHHHe, co6paHHae B Ta6n. 20, noKaaaBaro~ Ha 

UpHMepe H~ep ~ . BnHHHHe MeXaHHBMS UpHMOrO HcnyCKSHHH aenTpOH~B H M9XSHH3MS UOBepXHOCTHO

ro ~YHYKXOHHoro norno~eHHH. PacqeT nocne~Hero upoae~eH no SmHrepy /177/(cM. § IO). 
06~ee aaKnmqeHme rpynna Kannaaa TaKoao, QTO cornacme TeopHH c aKcnepmMeHTOM He 

oqeaL xopomee, XOTH yqeT npHMax upo~eccoB R npRBO~T K ere aeKOTopowy ynyqmeHRD. 

§ IO. lfcnycKaaHe aapREeHHHX qacTHU np11 nornomeHHH / -MeaoHoB 

Hllpallll 

0CHOBHUU KSHSXOM peaK~H J" -aaxaaTa HBXH9TCH RCnyCKSHHe He~TpOHOB, CornaCHO 

~aHHall MopliHara H ~pan /I78/ no aHanHay aaea~, o6paayro~xcR npH norno~eHHH I' -MeaoHoB 

TflllemiiH H~pallll SIIYXDCRH 11 1! f3t. ,nHmL L!6Hee 3% SKTOB 38XBSTS npHBO~~ K BWieTy aapH

llt9HHOn QSCTHnu, ilpll STOll QHCXO O~HOSSpH~HUX QSCTHU (npOTOHOB, nenTpOHOB, H~ep TpHTHH), HC

ny~eHHUX HS O~H SKT 88XBSTS, COCTSBXH9T 2,2%, QIICXO o{ -QSCTIIU - 0,5%, MOPH!!Sra R ~pan 

He Hll9nl! BOSMOZHOCTH HneHTH~I!~pOBSTL OnHOSapH~Hae QSCTHua, OTHOCH Bee RX K_UpOTOHSMo 
' ' / 

CneKTpa 11 UpOTOHOB 11 II o( -qacTHu npHBe~eHa Ha pRe, 22 R 23, Cpe~'!HH SHeprHH aapHllteHHb!X 

·qacTRU noaonLHO BenHKa - 6onee IO MaB. 

/~ 
/ '\ 

\ .. 
\ 
\. 

'·-.......... 

Pmo. 22. CneKTP c:{-qaCTHu npR aaxaaTe · ,t-
·MeaOHOB B fiJ1:3t .KpiiBble I ,II ,III -

pacqeT llWRR /I79/(CIIo T6KCT); . 

rRCTOrpaMMS - peaynDTST 31\CUepR
MeHTS /!78/, 

"' 

Jo:mitted proton energy in MeV 

P11c, 23, To ze, QTO aa p11c. 22· 

nXH npOTOHOB 

AHanHa naHHax, OTHOCH~XCH K aaxony sapnzeaaux qacTRu, 6un Banonael! B pa6oTe 

llmHH /I79/, B STOn pa60T6 BaQHCXHXCH CU6KTp RCUapeHHH o{ -qaCTHu'R UpOTOHOB, RCUYCK8611HX 
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npM nor~O~eHMM ~-MeSOHOB _THXBHaMM H~pauM,'PacqeT BUITO~HeH npM paa~qHUX npe~nO~OXBHMHX 

0 pacnpe~elleHMI! Mllnyli:&COB HYKliOHOB B H~pe: 

a) pa~npe~eneHMe qy-ro~:&~6eprepa /I80/. 

F(P) == A 
(8 + p2j2. 

r~e A M B - nOCTOHHHHe; 

6) pacnpe~el!eHMe WIH ljiepMI!-raaa c 1< T = 0; 

B) pacnpe~eneHMe ~H ljiepw-raaa c 1< T = 9 MaB. 

Peayl!:&TaTH pacqeTOB CBe~eHU B Ta6~QY 2I, 

Ta6l!M!Ia 2! 

BepoHTHOCT:& McnycKaHMH aapHxeHHUX qacTMI\ npM aaxBaTe 

IIIDOHOB THEel!HIIM H~paMI! ljioToauyn:&cMM /I79/, 

PacqeT BHITOl!HeH ~l!H Tpex c~yqaeB pacnpe~elleHMH npOTO

HOB B H~pe: 

a 

6 

B 

_s_~~Jlli_MeHor 

a) pacnpe~eneHMe qy-ron:&~6eprepa /I80/; 

6) ljiepw -raa ( 1< T = O); 

B) ljiepMM-raa (1< T = 9 M:JB), 

o( -qaCTMI\ll npOTOHbl 

7,9% 2,3% 

O,I% 0,02% 

0,45% 0,23% 

0,5% 2,2% 
-- -···-

KaK BM~HO MS npHBe~eHHUX ~aHHUX 0 B CTaTMCTHqecKO~ MO~el!H Heli:&3H O~HOBpelleHHO 

.cornaco:saT:& ~aHH&e o BulleTe npOTOHOB n o( -qacTHI\. 11a:secTHo, uo pacnpe~eneHIIe qy 11 

roll:&~6eprepa oxaaanoc:& Henp11ro~H&II H ~l!H o6~HCHeHIIH ~pyrnx aKcneplllleHTOB /I8I/, TOr~a KaK 

ljiepi!IJ - pacnpe~enenne c If. T = 9 Ma:s o6blqHo Hennoxo npoXOMT np11 onHcaHMH ncnycKaHMH o( -

qacTHII • Tor~a cornacne nonyqnn, KaK :s11~o 11a npi!Be~eHHoro uaTepMana, 11 11mMII (Bapl!aHT III). 
O~HaKO B STOll BapHaHTe oqeH:& Bel!HKO paCXOE~eHIIe T60pllll C 3KCneplllleHTOII B OTHOWeHIIII-BUXO

~a npoTOHOB. 3To no6yMl!O Snnrepa /!77/ paccuoTpeT:& ~onol!HI!Ten:&Hutt uexaHIISII ~cnycKaHIIH -

npHMOe nor~o~eHHe ~ -lle30HOB KOppel!llpOBaHHUIIII napa1111 HYKliOHOB, qTQ aHal!Orl!qHo IISBeCTHO

IIY 11 KBa81l~ei1:TpOHHOIIY11 llexaHIISIIY nor~OI!leHIIH r -KBaHTOB 60l!:&mi!X aHeprlltt /!821. 
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Cor~acHo 3HHrepy /177/, B&~eT npoTOHOB nponcxo~T npH nor~o~eHHH ~-ueaoHOB 
~apoll npOTOHOB, HBXO;D;fiii\IIXCll B CHHr~eTHO!.I COCTOl!HHH, B ero pac'leTBX He y'IHTb!BBeTCfl BSBHMO

;n;ei!C!BMe MeE;n;y HYK~OHBMH napb! M OCTB~bHb!MH HY~OHBMM H;n;pa, 8BXBBT npOHCXO~T KBK 6bl HB 

CB060;D;HOM( 11 KBB3HCB060~H01111 ) ;n;eliiTpOHe, Pac'leT noKaSb!BBeT, 'ITO MexaHHSM napHOrO nor~O~e..:. 

Hill! ;n;aeT· 8BIIeTH&ll B~a;n; B no~y!O BepOHTHOCTh aaXBaTa. H Mil IIOEHO 06'I>l!CHHU 60~bm0ll B&XO}I 

npOTOHOB, 

C~e;n;yeT, O;D;HBKO, HMeTb B BH;D;y, 'ITO Ha;n;eEHOCTb TBKOro pac'!eTa He HCC~e;n;OBBHB H t 
~ • ·t . 

BII;D;HllO, ee ;n;OBO~bHO Tpy;n;HO O!leHII'Uo Ilo XO;n;y ;n;e~a tJ/HSM'IeCKH HCHBll II;D;efl ;n;ByeyK~OHHOrO nor-

~O~eHIIfl 11 06pacTaeT11 !le~&l! pH;D;O!.I }IOITO~HHTe~bH&X 'IBCTH&Xnpe;llnO~OllteHMll, 3;n;eCb H BOnpoc& ~0-: 

·Ka~3B!lMII 11 KB8311;n;el!TpOHa 11 B ll;n;pe (1!3 coo6pazeHIIll, Cllfi3BHH&X C SBBIICM!.IOCTJIIO ";n;~H& aa~e'lll-
- . 

llBHMl!11 OT n~OTHOCTM H;n;epHOrO lle~eCTBB, f!CHO, 'ITO cy~eCTlleHHB ~mb nepll~epM'!eCKBfl 06~aCTb 

H;n;paj O;D;HBKO rpaHI!llB STOll 06~aCTH ll&61!paeTCl! Ha OCHOBaHI!I! I!HtYI!tHBH&~C~06pazeHI!ll), 
3;n;ecb · I! Clle;n;eHI!B llepOl!THOCTI! 3aXBBTB I!IOOHa 11 KBBSI!;n;el!TpOHOII11 K BepOl!THOCTI! SBXBBTB I!CTI!H-

. H!lll ;n;eliTpoHoll.' .pac_'!eT KoToporo 6&~ np;lle;n;eH paHee /!83 •184 •185/. 3;n;ecb I! npe;n;no~ollteHI!fl 
ci xapaKTepe noc~e;n;y10~ero ;n;BI!EeHMll ll H;n;pe uy~oHOB nap&, I! pH;n; ;n;pyr11x npe;n;no~ozellllll, 60~b

WI!HCTBO 1!3 KOTOpuX He~b8ll Henocpe;n;cTBeHHO npoBepi!Tb HB OllbiTe, a 060CHOllBU TeOpeTI!'IeCKH 

TOllte O'leHb Tpy;n;HO, 

He;n;a:sHo d&~o 'oTueqeuo /38/, 'ITO HcTO'IHHKOM 6&cTp&x.npoTOHOB B npo!lecce ~ -

3aXBaTa MOEeT 6!lT:& cnoe_o6pa3Hbill 11exaHHS!l nor~o~eHI!fl )'--Me3oua, o6yc~oll~·eHHhlll 'era naai!IIO

llellcTBHeu c o6MeHHbiMI! To'KaMil B ll;n;pax (cu.-I.70), BOSHI!KBIO~eM KaK ·c~e;n;cTBI!e coxpaHeHHll 

BeKT.OPH~ro TOKa.Pacqe:Cul38/, npolle;n;eHHbie MH H;n;ep ca40 , 1J 107 I! P& 208 no uo;n;e~ ljiepw -

rasa, a TB!Cllte c_nOMO~IO npO!le;n;yp& CYMMI!pOllBHI!ll no BCeM COCTOHHI!l!M OCTBTO'IHOrO H;n;pa

Tl!na 11 ~ . af~11 noKaaa~, 'n'O llepOHTHOCTb TBKOrO npO!leCCB COCTBB~eT OKO~O 

I% OT no~oll BepOHTHOCTM, Peaym>TaT!l npi!Be;n;eH& Ha PJ!C. 24. 

20 •o 10 Ep{He.V) 

PMc. 24. CneKTP npOTOHOB, o6yc~o:s~eHHb!X uexaHIISMOM (1.70), - no 

;n;aHHbiM pa60T& /38/, ~e Kpl!llhle . COOTlleTCTllYIOT paSHbi~ 
BapHaHTa!.l pacqeTa npoxollt;n;eHI!ll npoTOHa qepea ~osepxHoCtb H;n;pa. 
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B C118;ztyllll\8t1 I'118Be, B CB!13ll C b6cylltl18Hllell KOJIJI8KTliBHOI'O B03!5Ylltl18Hllll l!l18P npll .Jl -
38XB8Te, !5yl18T p8CCMOTP8H 811\6 Oltl!H - p830H8HCHU!1 - 118X8Hll311 l!CttYCK8Blll! aapl!llt8BHUX ~8CTll~. 

Ta!5Jill~a 22 

f 
d. 

0THOCliT8nDHUt1 BUXOlt Ol1H038Pl!l1BHX ~8CTll~ B 3B83l18X 

(no l18HHUII pa!50TH /186/) 

e,N,o .;ysr:.. C,K.O + ~.lh:. 

0,44:!: O,I5 0,86 :!: 0,06 0,79:!: 0,06 

0,56.:!: O,I5 O,I4 :!: 0,06 0,2I :!: 0,06 

H8l1aBHO Battcea!58pr, KoJII'aBOBa 11 Pa!5H~ /I86/ npoBeJill noltp0!5HH!! aaaJilla SB8Sl1, o!5-

paayDIIIliXCl! irp11 saxsaT8 118SOHOB lll1P8llll BMYJI:DCI'IH. B cny~a8 Tl!lltenilx l!;lt8P HX peayn:&Taoru noit

TB8Plltl181JT l18HHUe 1!0pliHI'8 ll ~pal!: OTHOCliT8JI:&H8l! BepOl!THOCT:& BHJI8T8 XOTl! !5U Oli:BO!! 38pl!

Z8HH0!1 ~8CTI'l~ 3l16C:& COCT8BJil!8T 3%. B JI8I'Kl!X l!l1P8X (yi'JI8POl1t KliCJIOPOltt 830T) STO 3H8~eHHe· 

Bospacoraeor li:O IS%, ~oro cyll\eCTBeaao npeBHm88T ~~PY nopl!l1K8 3%, no~eaayD paaee Coreaap

li:OII /!87/ npll pei'liCTpa~ll 3B83l1 C. OOIIOIIU>D npo~aBOBOti Ka'11epu, 

Bat!cea!5epr 1'1 l1P• /!86/ npliBOltl!T l18HBHe 0--;;~~li:Hell ~CJie 'aap~zeHHHX ~~CTZ~ B 3Bea

ll:e: 2.!0 l1Jil! Jiei'RnX ll !.04 .l11!l! Tl!llteJIHX lll16Pt a T8KZe COOTHOmeHlle BHX0l18 npOTOHOB ll l18!1T

p0HOB (ell, ora!5n.·22). TeopeTH~ecKoro aaaJillaa BTHX peayJI:&TaTOB noKa He npOBOltliJIOC:&. Kpo11e 

ororo, yKaaaaHue anopu cne~anao liHTepecoBaJiliC:& aclllllleTpllellyrnoBoro pacnpelteJieHHl! npo-

TOHOB OTHOCIIT811:&HO B8KTOpa_ttOJil!pll38~ll ~-116SOH8, AClllllle~pllll He 0!5HapyEeHO, 

AB8Jill3 IIHOI'Ony~eBHX 3B63l1t 0!5paayDli\I'IXCl! npll OOI'11011\6Hllll jt-11630H0Bt !5H11 ttpOBe

l16H.T8KZ8 B pa!5oore 11881. 
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Y. MEXAH118M liJC!lYCKAHllfl HmTPOHOB IJPM 11. -SAXBATE 
J . 

§ I. 06 aHanorHH uezny npoueccaMH ~ -aax:saTa H WoToaW@eKTa 
j 

0UHCaHHhll1 :S rn, IV MeXaHI!3M npl!MOrO I!CnyCKaHI!l! HeltTpOHO:S :S J'-aax:saTe aHanOrl!

qeH HSBeCTHOMY B l!~epHOlt WHSHKe uexaHH3MY npl!MOro ~OTOS~eKTa, KOr~a ~OTOH, :S8ai!MO~el1cTBYl! 

c o~HHM Ha npoTOHOB HnH Hel1Tpono:s l!~pa, nepe~ae'.r euy.:scro aHeprHD H nepe:so~T era nenocp~~

CT:SeHHO ( itnpl!M0 11 ) B Henpepl>IBHl>ll1 cneKTp,ll~el! Upl!MOrO ~OTOS~eKTS <5JiJia :SH~BIIHYTS :S OBOe :ape

Ill! KSK aJioTepHaTHBS M6X8HH3MY KOnJieKTIIBHOrO :SOB<5y~SHJ!l! l!~pa (1! era nocJie~D~erO CTaTI!CTJ!-. 

qecKoro pacna~a) npl! norno~eHHII { -K:saHTOB - ~l! o<5:&l!CHeHI!l! <5o.Jiomol1 ~OnH 6NC'.rpux qacTHu 

B cneKTpe ~OTOUpOTOHOB, 

'0 

10 

P11c. 25. CneKTP WOTOHel1TpOHOB np11 pacn~e 

.~noJioHoro rHraHTCKoro peaoHaHca 

:s ca40 - no ~aBHW pa<5oTu /!40/. 

·i • 

0 Eo 

PHc. 26. To ze, qTo pl!c, 25,

~l! npOTOHO:S. 

BnocJie~cT:SHe oKaaanoco, qTo Teopl!l! npl!Moro ~oToa~eKTa ~aeT peaKO aaeHZeHHNe no cpa:seeBI!D 

C llKCU6pi!MeHTOII aeaqel!l!l! :SepOl!THOCTJ! ipOTOnornO!l1eHI!l!, !lCUOJioSOBaHI!e OnTI!tteCKOl1 MO~eJIH ~Jill 

,UOCTpOeHIIH :SOnHOBl>IX WYHKUI!l1 ByMOHa B KOBeqHQM COCTOl!HIIH ( CM,, HanpHIIep, /!89/) Be_ ycTpa

HHJIO 3TOrO H6~0CT8TKa, 

B TO lite :speMll 6!lJIO ycTaHOBllel!O /!40/, '!TO pacna~ COCTa:SBOrO !!~pa npi!BO~T He 

TOJioKO K I!CnyCKSHHD Me~eHH!lX, HO _H <5h!CTpllX - C 8HeprHel1 ~0 !0 Ma:s - npOTOHOB I! H6l1Tp0HOB, 

8TOT peayJIUaT,. nonytteHH!llt B paMKSX 11ttaCTII'lHO-:zu,tpOitHOr0 11 no~o~a K OUHCSHJ!IO ~nOJibH!iX :S03-

.· <5y~eHHl1 mtep, aacTa:SJIIIeT nepecMoTpeu Tpa~l!UI!OHHU!1 KPI!Tepalt· OT6opa "npllwx" eyKJIOHOB :s 

cneKTpe WOTonpo~KTOB, Ha pHc. 25 11 26 npHlie~eHN cneKTPii ~oTonpoToeo:s I! \lJOTOHel1TpOHo:s, 
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~ 

:BS!IT!le liS pa60T!l /I4Df.·( Mo;n;eJil>HllB ~apaueTpa, noiiOlltBHH!le :B OCHO:BY STOre, )l;OBOJ!l>HO CTaporo 

pacqeTa, 6UJII! Ba6paH!l YCJIOBHO; OH He rO)l;I!TC!I )l;JI!I )l;eTaJibHOro cpaBHBHI!!I C SKCnepi!IIBHTOII.Aa!l 

STO~ ~BJII! IIOJ!tHO BOCnOJibSOBaTl>C!I 60Jiee,-nOS)l;HI!UI! paC'!BTaMI!). ITpOTOH!l I! HenTpOH!l C SHeprne~ 

B!lme_5 M~BCOOTBBTCTBYIOT pacna;n;y ypOBHe~ COCTa:BHOrO !l)l;pa Ha HI!SKOJielltall\l!e 11 )l;llp01!H!le11 ypOBHI! 

OCTaTO'!H~rO ~;n;pa;M!IrKa!l qaCT:& cneKTpa o6yCJIOBJieHa T811 lite CaMilli IIBJCaHI!SMOM, HO COOTBeTCT

:ayeT nepexo;n;au Ha BOs6yllt)l;eHHlle COCTO!IHII!I KOH6'qHOrO !i;ll;pa.o 

Cy~eC~BeHHYIO pOJil> B ~OpMI!pOBaHI!I! BCe~.KapTI!Hll ¢0TOpac~enJI6HI!!I !l;ll;pa l!rpaiOT He 

Y:<U!TllBaelllle o;n;Ho'!aCTII'lHOn uo;n;em.IO KoppeJIH~II ueE;n;y. HYitJIOHaMI! :a. a;n;pe, KOTOpaMI! npeHe6pera

IOT, :B 1!aCTHOCTI! 1 H :B. TeOplll!' npKUoro ¢0TO~eKTa. 0HII npi!BO)l;!IT K.KOrepeHTHOIIY BOS6yllt)l;BHIID 

paSJII!'!HllX CTeneHen C:B060)l;!l !IApa, COOTB6TCTBYIO!l\I!X OT)l;BJ!l>Hllll 111!aCTII1!HO-)l;!lp01!Hllll11 KOH~I!rypa-
. ' 

~HII: BOSHI!KaeT KOJIJI6ltTIIBHOe BOS6yllt)l;BHHOe COCTOHHI!6 !l;ll;pa- 11rl!raHTCKHn peSOHaHC 11
1 KOTO-

.P06 110llt6T pacna;ll;aTbCH·no MHOri!M KaHaJiall. 

3a;n;a'IH ~oTopac~enneHIIH 11 ~-aax:aaTa oqeH~> 6JIIISKH no c:aoen ocHOBe. B o60IIX cny

'la!lx peqb ll)l;6T 0 pac~enJI6HIIII !l;ll;pa BHemHIIM noJieu,~eKT ltOTOpOrO IIOJitHO paCC'!I!TaTl> no TeOpllm 

BOSyY~BHI!n. ITpaltTII1!6CKH )l;6JIO CBO)l;I!TCH K o6me~, :B npi!H~ne, npo6Jielle nOCTpOeHI!H BOJIHOB!lX 

~YHK~~ n;n;pa :a· KOHe'!HOII cocTOHHI!II.· 

I -~ ~M k·: I IJ1i. 
IC ~·· I 

LJ l--ids;. J'k 

Sf> ~'\11$* 
J.p. .~J~ 

--- . ..U ' 

~ ~ ~ 

P11c. 27• Cxeua nepexo;n;o:a nep:aoro'nopn;n;Ka aanpeTa np11 aax:aaTe 

,f-IIBSOHOB H;ll;paMI! Ca40 - 1!3 pa60T!l / 60/; a) o+...-o-; 
6) o+--r-; :a) o+-2-. 

'•"\ 

ITpa:a;n;a 1 B aa;n;aqe jL -SaXB?-Ta l!llelllTCH CBOII CJ!OlltHOCTI! 1 CB!ISaHH!le C 60JI:bml!ll 1 .'!ell B CJiyqae 

~~Toa~eKTa, slia'!eHIIeM nunyn~>ca, nepe;n;a:aae11oro n;n;py. Ho aTa oco6eHHO,CTl> He u_ollteT c:aecT~ 
Ha HBT CTOJ!l> cy~eCTB6HHll~ B aa;n;aqe ¢0TOpac~enJieHI!H S~~eKT KOJIJieltTI!BHOrO BOS6yllt)l;eHI!!I !lAP~· 
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§ 2o 'KollliBKTI!BHOe BOSdY:atl!BHI!e lll!pa npl! .,fL -aaXBaTeo PeSOHBHCHlllll 

IIBX8HII8M I!CnycKBHI!H Hel!TpOHOB · 

Teopi!H KOllliSKTI!BHOrO BOady~eHHH HAPS npH ~ -SaXBSTe /~67,!69/cTpOHTCH B noll

HOI! SH8l!Ori!H ~ TeOpHell \l}OTOS~eKT8o OpOCTUe 111l8CT1!1lHO-,llblp01lHlliS11
, B03dyJUeHIIli Onpe;~tel!eHHOil 

IIYliDTI!OOliDHOCTI! 1 KOrepeHTHO CKli8AlliBBliCD Apyr C Apyrou, OdpaayDT KOllheKTI!BHOe COCTOHHI!e HA

pa - rHraHTCHI!Il pe30H8HC - BOBdys;~~aeuoe B nepeXOABX COOTBBTCTBYD~erO nOpliAKB sanpeTao 
' I 

PaccuoTpllll aanaT ~-lleaoHa qeTHO-'leTHUM HAPOMo AHal!oroM ~noliDHOro rHraHT-

.. CKOrO pe30HBHC8 B BTOII Cl!Y1l8e liBllfiBTCli KOlllleKTMBHOe BOaely:atAeHHe C :J = !- B KOHB'lHOII HalleT

, Ho-He'leTHOII a;~~pe; euy OTBe'laeT nepexoA nepBoro nopHAKB aanpeTao Touy ze nopHAKY aanpeTa 

COOT;BBTCTBYDT KOllliBKTIIBHllle BOSdysAeHI!li C :J = 0- I! 'J = 2- ,HBllf!Bl~ecli SHSliOrallll rllrBHTCKI!X 

peSOHSHCOB Cni!HOBO-BOliHOBOrO BOadyz;eHIIli B IICXOAHOII qeTHO-'leTHOII RApe /!9Q-!92/o 

·~~~~~~ 

~t~ 
-;;;.. -------.__ 
~ ~----..__ 

---........... ---......_____ 

2 

FHCo28oPeaOHSHCHHil IIBXSHII3M I!CfiYCKBHIIfl HellTpOHOB npH 

j-SSXBSTS .- cneKTp He.llTpOHOB 113 Ca40, COOT

BeTCTBYD~X ~epeXOASM nepBOrO nOpiiAKB sanpeTa/60/o 

, . OepBHe KOliH'lBCTBeHHHe OUBHKII peSOHSHCHOrO 116XSHII3118 IICnyCKBHIIfl HellTpOHOB np!! ;U-
3SXBSTe 6HliH CABliBHH B pa60TSX /!67-!69/Ha npl!llepe ;llBS:at,llbl IIBrll'lBCKI!X HABP Ca4°.H oi6oB 

. STOll Cl!Yqae nepeXO;IIH nepBOrO nopliAKB sanpeTe ABDT OCHOBHOil BMBA B nOliHYD BepO!iTHOCTD ~ ~ 

SSXBSTS. (Clio RO;llpOdHee rlloVI); nOSTOIIY·UeCD CIITYBUI!fl OC06eHHO dJIII3lt8. K SSAS'le \l}OTOB\1}\l}eKTBo 

Ha pHco27 11 28 noxaaaHa cxe11a nepexo;~~oB nepBoro aanpeTa np!! aaXBaTe )l- -ueaoBOB 

!i;llpoll Ca40 I!. paCC1li!TSHHHit B COOTBSTCTBI!I! C STOll CXei!Oil peayl!DTHpyD~Il cneKTp HellTpOHOBol!liH. 
. ' . . 

CpaBHBHI!li OOKa3aH BKl!a;ll npHIIOrO IIBXBHII3118 I!COYCKSHI!li HCilTpOHOB 1 paCC1li!TBHHHil B paMKSX On-

Til'lSCKOit IIO;llenH/!63/o~S~e npll O'lBH~ dOliDmllX OTCe'lKSX COBKTpS peri!C~pllpyeMHX HCilTpOHOB (Bill-

· me 5-7 YaB) peSOHBHCHHil IIBXBHI!BII I!CnyCKSHI!li HeltTpOHOB liBllfiBTCfl OCHOBHHIIoAHBl!Orll'lHHil pe-

. SYliDTST nOliY'lBH I! npll pacqeTe ~·-aaXBSTS B KI!CliOpO;~te /!69/ ( Clio pi!Co Z~ I! 30)o 
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\... 
(~ 

";'~ 

~! 
~ --. 
~I 
2 

,;• -~"-----'~· • £. 

Pnc. 29. To ae, qTo Ha pac. 2~ -~xa-o16: Pac. 30. To ze,qTo Ha pac. 2~-~H o16• 
-r----

~·. 

]lam>Heilllllle.pacqeTN cneKTpa HeliTpOHOB npn pesoaaacnou BOsCiyllt~eHHH H~pa· B npo!lecce 

~-saXBaTa CiblnM~;;oBe~eHN D6epanneM 1193-195/)(cu.pac. 3! a 32). - .---------------~ 

• c• 

Pac. 3!. Cxeua ocHOBHNX nepexo~OB nepBoro 

nopH~Ka aanpeTa npa saXBaTe ~ -
uesOHOB yrnepo~ou·/!93/. 

.. 
... 

•. 
o .. . .. ,. 

,. 

... .. .. 

·•.. 

·~ 

Pac. 32. CneKTP nei!TpOHOB npa saXBaTe 

~ -MeSOHOB yrnepO~OM H KHC-
XOpO~OM /!93/. · . 

§ 3. 06 SKCnepHMeHTaX~HOM aayqeHHll pe30H8HCHOrO MeX8HHSM8 

llCHYCK8HllH Hei!TpOHOB 

Haneionee pesKne pacxollt~eHHH Teopan npHMoro acnycKaHHH n.Teopaa pesonancnoro ac-
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nycrtaHl'lfl HCilTpOHOn npll jL -saXBaTe KaCaiOTC!! l'IHTeHCI!ni!OCTl'l nh!XO,l\a n lll!TepnaJie. 3-IO M3n, 

no:nouy l'ISY'IeHlle HeiiTPOHHblX cneKTpon noaBOJ!llJIO 6u noJiy'lllT:C np!!MOLI oTileT Ha nonpoc o Mexa

Hl'laMe HellTpOHHOI! 3Ml'ICCI'!II, B HaCTO!llllBEi npe!JH IIM8IOTC!! Jllllll:C npe;nnapl'!TCJI:CHbl8 ,l\aHHbl8 TD.KOrO 

po;na. /!?3/, !COTOpble L!OlltHO paCCMaTpl'lnD.T:C TOJI:CitO .Kalt lta'leCTneHUOC nO,l\TBCpllt;ztei!lle npeodJia;na:.. 

IO~ell pOX~'! peSOHD.HCHOrO MeXaHl'ISMa, 8!tcnepl'IM8HThl n 3TOM HanpanJieHl'll'! CJie;nyeT npO,l\OJ!lltUT:C.O,l\-
, . 

HD.ItO, nMeCTe C Tell, HD.,l\0 06paTl'ITb nHIIMD.HII8 Ha p!!,l\ CJ!e,l\CTnl'll1 l'l,l\811 0 noa6yllt;zt8Hllll rllr3HTC!tllX 

.peaOHD.HCOB ·npll aaXBaTe ~ -M830HOB 1 ltOTOpble MOryT 6b!Tb no;nneprHyThl 31tCnepl'IMCHTSJI:CHOil npo

neplte, . 

a), CTpyKTypa II TOHKS!! CTpy!tTypa Hei!TpOHHblX cne!tTpOn .llll'lpi!Hbl Kna3HCT8UllOH8pHbiX 

COCTO!lH~Il, nHOC!!~X OCHOnHOI! nKJIS,l\ n rllraHTCID!Il peaOHSHC npll jL-SaXBaTe, Henellllltl'l: n 

palloHe ca40 - nop!l;nlta I-2 Man. llp11 pacna,l\e rHraHTC!toro pesoHaHca nosHIIItaiOT rpynnu HellT

poHon, cooTneT.cTnyiO~e pailJ!l'I'!HblM ";nupo'!Hb!M11 yponHRM ocTaTO'IHOro R;npa. CTPYKTYPY HellTPOH

Horo cneKTpa MOmHO nll,l\8T:C yllte Ha npi!Mepe nepnh!X pacqeTOn (pl'!C, 2o 1'1 30), 0;nHaKO' ypOBHll 

"'laCTl'I'IHO-,l\llpO'IHOr0 11 noa6yllt,l\8Hllfl o6pasyl!lT Jllllll:C !tap!taC rl'!raHTC!tOro peSOHD.HCa," B ;ztel.l.cTnl!

Teli:CHOCTH· nos6yx;neHIIl! ll;npa nepe;naiOTCl! 11 Ha ;npyr1re, 6oJie·e cnol!mu·e cTeneHll cno6o;nhl !!1\pa, 

.'ITO COOTneTCTnyeT 11pa3Ma3blnD.HI!I0 11 rl'!raHTCKOrO pe30H3HCD. 1!0 COCTOl!Hllll!.! Tl!na ,1\BC 'lD.CTl'!Ubl -

;nne i\biPitll 1'1 T,;zt, BOaHII!taeT 11TOH!tD.ll CTPYKTypa" nos6yllt,l\8Hllll !l,l\pa II COOTneTCTnyiOll\D.l! ell 11 TOH-, . . 
ltD.!! CTPYKTypa" :JHepreTll'!8Citl'IX cne!tTpOn npo;nyltTOn pacna;na. I:ll'lpllHD. Jllli!lll! TOil1tOI1 CTPY!tTYPhl 

Heli!TpOilHbiX Clle!tTpOn n jl-3aXBaTe, ltalt• MOlltHO CYMT:C no ,l\ai!HllM 0. \POT03qi:,PeltTe II ;npyri!M 

0). Xapa!tTep~CTl'IKH iecT!toro Y -llsJiy'leHII!!, conponollt,Z\aiOmero g.-aaXBaT. 106e-
' (I . ) 

panJI:c oOpaTHJI nHlluaHHe /I94/ 8a OI\HO HHTepecaoe cJie;ncTnlle nos6yllt;neHII!l rHraHTcltoro peso-

HaHca n .f- -aaXBaTe. Ypona11 ~oJIJieltTl'lnHoro noa6yllt;neHl'lll !!1\pa, o6pasyiO~ecR npl'! nornoi:~eH:Il! 

·J"-M830Ha 1 l'IMCIOT ,l\OnOJI:CHO 60JI:CIIll'l8 pa,l\lla~OHHbl8 ml'lpl!Hll, COOTneTCTnyiO~Ie nepexo;ny !!,l\pa n 

HHamHe. COCTOII!!l'l!l, llM 6hiJIII npone,l\BH1l OU8Hl<:ll ,l\Jil! CJ!y'lal! aaXBaTa MIOO!!On l!;ztpaMll 012 , !10 3TI!!.! 

OUeH!tSM, n cpe;nHeM O,l\l'IH pas Ha 4 000 SitTOn 3aXBaTa DOSdyllt,l\CHHOe ll;ztpO B12 I!CnycltaeT J( -· 
·KnaHT c xapaK:repHoll aHeprHen B palloHe ? Ma:s. 

n). PesoHal!~Ha!! c:rpyKTypa cne!tTpoB npoTOHOB. 06paso:sarme npouelltyTO'IHUX ltBa3l'!

cTaul'loHapHUX COCTO!!HIIl.l. !!,l\p~ npll SaXBaTe J"-MCSOHa npl'IBO,l\l'IT It CIIJI:C!!Oll CB!!Sl'l HenTpOHHUX II 

npOTOHH~X ltaHaJIOB pacna;na, llOSTOMY cne;nye:r O~AaT:C a@~eltTa, !tOTOphln npa!tTII'ICC!tl'l nOJIHOCT:Cl!l 

aanpe~eH B TeOpiiH npRuoro aaXBaTa~ aaeprn11 Boa6ylltl\8l!l'lll !l;ztpa MOllteT nepe,llaBaT:cCl! He HellT-

. poHy, a npoTOHy, T.e. MollteT H,l\TII peaK~!! A(.f'~ "P}B, 6ea nhlneTa HellTpoaa. Ka!t 11 B onHcaH

Hon Bblme :reopJUi 3l'!l!repa /I?G/ ( CM. rn. IV' § IO)' nepe;naqa B036yllt;nerrlll! npOTOHY' ltOTOphll.l. 

He y'laCTnonaJI Henocpe;ztCTBeHHO B altTe norJIO~eHIIH MIOOHa, MO~eT 6UTb CJie,l\CTnl'leM !tOppelll!Ul'll.l. 

Mellt:z~Y. HY!tJIOHaMI!, 0C06eHHOCT:CID npe,l\JiaraeMOrO MeXaHl'!SMa !!BJ!l!6TCH, TO, 'ITO, n OTJIII411C OT Me

xaHl'!SMa 3nHrepa, OH ;nonlltel! npl'!:secTII It :soaHH!tl!OneHHl!l peaoHaHCHOlil CTPYKTypu 8Hepre:rn'leC!toro 
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cnexTpa npoTOHOB. OTHOCHTen~H~n BKna~ paccMaTpHBaeuoro npouecca ~ nonHyro Bepoarnqcr~ ~ -

38XB8T8 onpe~enfieTCH, npe~~e BCero, COOTHOilleHHeM.npOTOHI!~X H nenTpO!!H~X WHpMH ypOBI!en rM

raHTCKOrO peaOH8HC8 1· BOa6y~~88MhlX npM 38XB8T8 M830Ha, 

PaCCMOTpMM ~nl! npllMepa 38XB8T MIDOH8 H~pOM Ca4C1, flopOrM HenTpOI!I!OrO M npOTOHHOro 

paaBana H~pa K40 npMMepHO paBH~- 9,2 M3B M 9,0 MSB, O~HaKO H~po A39 , COOTB8TCTByromee 

ero npoTOI!HOMY paaBany, nueeT ~oBon~HO cno~HYID o6onoqeqHyro crpyxrypy- THna ~e "~PKM" 

nnroc o~8 q8CTHU8. PaHee B pa6oT8X /!96-!9?/ 6~n paccuoTpeH·cBo~o6p8SHblll uexaHMSM "cTpl!-, 
XllB8HHH11 HyKJIOHa B iPOTOH~epH~X peaKUMI!X 0 npHBO;l(l!llllln K pacna~ COCTOI!HHII THna "qaCTHU8 -

~pKa11 1!8 COCTOI!HHH THI!8 11 ~Be ~pKM - O~Ha qaCTMU811
, flpHBe~eHH~e l!yKnOHH~e mHpHH~, COOT

B8TCTBYIDIIIII8 T8KMM KaHanaM pacna~a, OK83~B8IDTCI! qacTO cpaBI!HM~MH C rrpMB8~8l!I!~MM mHpHH8MH 1 

OTBeqaroiiiiiMH o6~qH~M KaHanau pacna~a - Ha ~~~~poqH~e" ypOBHH ocTaToqnoro l!~pa. O~H8Ko, KOnH

qecrBeHHal! oueHKa "cTpl!XHBaHM:I" ~oBon~ao cno~Ha M npoBe~eaa B aacTOI!IIlee BpeMI! TOn~Ko ~nil 

HeKoTop~x !l>oToH~epnux peaxunl!. 

§ 4, 06 8CHMMeTpHH yrnoBoro pacnpeAeneHlll! 6~CTp~ Hei!TpOHOB 

Bonpoc~ MeX8HH3118 Hel!TpOHI!OI! 3MHCCHH npM J'- -aaXBaTe aacnylK!lB8IDT OC060ro BHH

M8Hlll! B CB1!3ll C Y~BMTen~H~MH peayn~TaTaMH, nonyqeHH~H npM MI!TepnpeT8UHH on~TOB no MSyqe

HHID yrnOBOrO pacnpe~eneHMff 6~CTp~X Hel!TpOHOB ( Clio COOTI!Oill8HMH (4,48) ), 

flpMqHH~ oqeH~ 6on~mol! acHuuerpHH yrnoBoro pacnpe~enenHH 6~cTp~x HenTpOHOB .ocTa

ID.TCH 1!8HCH~l!M ~0 CllX nop, 0~H8KO yJKe MM8IDIIIII8CH 3KCnepMM8HT8n~H~e H TeOpeTHqecxne peayn~

TaTg sacTaBnl!IDT.ycoMHHT~cH B npaBHn~HOCTH pH~8 o611lllX nonoxeHHI!, 1!8 KOTop~ 6gna nocrpoeHa 

HHTepnpeT8UMff ~8HHgx no 8CHl!lleTpMH ll KOTopge npnBenn, B KOI!eqHOM cqeTe, x·coOTHOmeHHHM 

(4.48), B STOll pi!~ OCHOBHgM HBnHeTCff nonoXeHHe 0 !l>aKTOpH38UMM KOSIP!l>HUMeHT8 8CHMM8TpMM o( 
1!8 MI!OXHTenH, O~H HS KOTOpgx 38BHCllT TOn~KO OT KOHCT8HT 0 ipyrol! - TO~KO OT H~epugx M8T

pHqagx sneMeHTOB H OT aueprnH. 8To nonoxeHlle l!BnHeTCH cne~cTBHeM oqeH~ ~ecTKMX npe~no~oze

HHII 0 npHMOM MeX8HH3118 HCnycKaHHff Hei!Tp0HOB 0 pon~ KOTOpOrO BeC~Ma orp8HHqeH8o fiOSTOMY ec

T8CTB8HHg nongTKH 1!8IITH KaKMe-TO donee OCHOB8Ten~H~e apryMeHT~ B·non~ay nonozeHHH 0 !l>aKTO

pM38UHH KOSIP!l>llUHeHT8 8CHMMeTpMH, B 8TOn CBRSH npHBneKaeT BI!HM8HHe pacqeT 8CHMMeTp!lM HeiiT

pOHOB0 B~nOnHeHHgl! flpHM8KOBgll / 3/ C nOMO~ID npoue~ypg THna "npaBlln CY141!11 
( ~~ 

afPto~ ), KOTopaH 6y~eT no~po6Ho paao6p8Ha B rnaBe YI. 

PacqeT flpHM8KOBa OTHOCllTCI! Henocpe~CTB81!HO K MI!Terpan~HOI! 8CllMMeTpHH H~ep OT~aqM. 

npH 38XB8Te j'-118301!8 

.f'-+ A- 8+ v (5.!) 
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COOTB8TCTBYD~e~ BCeM BOSMO!HUM COCTOHHHHM H~pa B - KaK CBHSaHHHM, TaK 1<1 B HenpepNBHOM 

CUeKTpe, ECnH ~anee npeHe6peqD nepeXO~aMH B CBRSaHHUe COCTOHHHH 1<1 cqHTSTDt qTO npH BOS6yz

·~8HHII H~pa OT~S'I!H B B o6naCTD HenpepUBHOro cneKTpa B8CD liMDynDC OT~aqn YHOCIITCH 1!8i1TpOIIOM 1 . . . . . . \ 

TO B pauxax ~ ~~~ nerxo nony'I!IIXD BupaxeHI!e ~nR liHTerpanDHoro xos~HUI!eHTa. 

HetlTpOIIOB · ,2 · 2 . ( 2 
G - 2 GA 4 GA - Gp) 

d.. = G-! + 2 G: + ( GA- Gpll 

aCHMIIeTpHII 

(5.2) . 

KOTopoe coBna~aeT c (4.40), 
O~HaKO Dpiiii8H8HII8 3TOrO npOCTOrO B~pazeHIIH K 06~HCH8HIIID 3CHMIIeTp1111 B~neTa 6UCT

pUX HetlTpOHOB saTpy~HeHO no cneAYID~M npllqi!HaM: 

·a) ~opuyna ilpl!uaKOBa (5.2) OTHOCIITCH (~axe ecn~~ npeHe6peqD nepexo~au11 B CBHsaHH~e_coc

TOHHIIH) K liHTerpanDHOh aCI!MMeTpHII HeltTpOHOB DO .BCeuy SHepreTI!'1!8CilOMY cneKTpy, II npHM8HHTD 

ee K OT~enDHUII y'l!aCTKaM cneKTpa HeT OCHOBaHI!lt, 

6) ~opuyna fipllllaKOBa il!aKTII'I!8CKII OTHOCIITCH .K IIHTerpanDHOlt aCI!IIM8TPHll 11 UpHM~X11 H8ltTpOHOB, 

OllliC~BaH TOnDKO Te npoueccu, KOr~a l!etlTpOH, BOSHHKmlllt Dpl<l nornomeHliH _IL-MeSOHa npOTOHOM, -

11He ycneBaeT11 nepe~aTD HH SHepriiiD, HH IIMDynDC OCTaDIIteyYCH H~py, fiOSTOMY ee np11118H8HHe CHO

Ba HaTanKI!BaeTCH Ha npo6neuy llSBneqeHHH "npHIIHX11 HeltTpOHOB ll3_Bcero HetlTpOHHOrO CDeKTpa. 

B) Kor~a il!Opllyna (5,2) nplllleH!I6TCH K OIJliCaHI!Il aCll!4MeTpHll 11 npHMbiX 11 -HeltTpOHOB, H6HBHO 

~enaeTCH oqeHD cHnDHOe npe~nonozeHHe o TOM, '!TO no~aBneHHe uaTpll'I!HHX sneueHTOB npauux ne

pexo~o! Sa C'l!eT 06pa~OBaHIIH COCTaBHOro !!~pa, a TaKE8-BOSHllKall~e npH STOll ll31l6H6HIIH 

il!aSOBHX C~OTHOmeHlllt ueZAY Hllllll - O~HaKOBU ~H BCeX o~oqacTll'I!HUX nepeXO~OB, TaKOe 

npe~nonozeHHe HllOTxy~a H,e cneAYeT. Ecn~~ OTKaaancH OT Hero, waxTOpHsaUIIH xoa~Pil!HUI!eHTa 

aCHMMeTpllH llOEeT B03HllKHYTD TOnDKO cnyqaltHO, · 

fiO-Bll~UOMy, ~H o6~HCH8Hllfl 60n»mOlt aCHillleTpllH 6&CTpUX HetlTpOHOB He06XO~MO BHlt

.Tll sa paMKll npllH!ITUX npe~cTaBneHHlt o MexaHI!sMe l!cnycxaHHR 6ucTpH~ HeltTpOHOB~ OnuT l!ay'l!eHII!I 

il!OTOR~epHux peaKUIIlt 11 peaKUIIlt norno~eHHR ~-uesoaoB noxaauaaeT, '!TO a~ec» uoxeT oxaaaT»CR 

cymeCTBeHHUM 118X3HII311 ~YHYKnOHHOro nornOIIteHII!I - sa C'l!eT KOPOTKO~eltCTBYID~X KOppen!!UIItl 

118EAY HyKnOHalll!, ilpaB~a, KaK.DOKaSHBaeT pac'l!eT iiB4/; aci!WeTpllll B&neTa He~TpOHOB npH aax

. BaTe )' -Me30HOB CB060~HUIIII ~eltTpOHallll HeBeni!Ka, I'JHTepeCHO OUeHHTD, '!TO. ~aeT nornomeHHe .J'
UeSOHa napolt DpOTOHOB, HaXO~H~XCH B CI!HrneTHOII COCTOllHHH, KOHe'I!HO, B STllX ll D0~06HHX _OUeH

KaX Ba&HO COXpaHllTD 11 CKOpOCTHUe 'l!neHU 11 
- UOCKOnDxy pe'l!» ll~eT 0 ~OBOn»HO ~On»mi!X CKOpOCTllX 

· HyKnOHOB lf): 

lf) Y'l!eT 11CKOpOC~HUX. 'l!neHOB 11 npH pac'l!eTe KOS!liill!!uBeHTa aCHIIII8TpHH B paMKaX O~HOqaCTll'I!HOtl 110-

~ ~en!! npoBenH BonD!lleHmTetlH c coTpy~IIKaMa /202/, Kos~HUIIeHT o( cymecTBeHHO yMeH»wancll 

no CpaBHeHHil·c paC'I!eTOM ilpiiiiSKOBa: OT -0,4 ~0 -O,I, 
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HeKoTcipyro ·Hal.\elltJ\Y ·na noHv.ua1111e 6on:Pmoil aci!MMeTpllll HeiiTpOIIOB B ;t- -aaXBaTe )laeT 

. npOBel.\6111100 B pa6oTe /I9S/ paccMOTpeHI!e aCIIMM6Tp1111 BbllleTa 6b!CTpb!X HeWrpoHOB npll lj)OTOpac

menlleHIIII nl.\pa, Ee ~cT~~HIIKOM HBllHeTCH ycTaHOBlleaaaa B /I981.ynopH7.\0~eaHan HHTeplj)~peH~n '· 

BOJIH npOTIIBO!lOJIOlltHOil.~eTHOCTII B' pai\OHe r11raHTCKIIX peaOH8HCOB COOTB6TCTBY!Jilli!X MYlll>TI!OOJI:PHb!X 

B036Ylltl.\0HIIi\, 06illl!6 ~epTH TaKOi! IIHTepwepeH~II coxpaHHIJTCH II B Clly~ae pacmenlleHIIH Hl.\pa-npll 

~~38XB6T6, 07.\HaKO 7.\llH npOB67.\6HII!l.KOHKpeTHb!X pac~eTOB _B HaCTO!lmee Bpe~H He XBaTaeT )laH- ' 

HLIX 06 11 ail)t»eKTIIBH1IX aap!ll.\6X11 0.7.\HO~aCTI!~Hb!X nepeXO)!OB B )'--88XB6T6 1 !181l0)li!Mb!X CBH3l>IO HyK

JIOl!a C COOTB6TCTBY!Jilli!MII KOJIJI6KTI!Bl!b!MII !l036yll!l.\6HIIHMII 11 0CTOB8
11

, · 
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VI. no~HAR BEPORTHOCT1 SAXBATA 

§ I. ~IISJ!lqectme OCHOBaHilff ·~popuyl!!l npllMattOBa11 

- B C'Boel1. pa6oTe 131 npllMSKOB IICXO~IlT 113 aij)WeKTllBHOI'O raMIIll:DTOHIISHa HI. B wopue 

{I.63), onycKaR B HeM nocnei\HIIe.na cnaraewx lf) ( 11cKopocTH!Ie qneH!l"}. CooTlleTCTBeHHO non.,. 

Hal! JlepORTHOCT:D 38XBSTS, paccqnT!lll86MSl! C IlOMO!Ill>lll (!.66), SSIDIC!lBSeTCl! B BU;!Ie: 

J "~ 

w(a)=Iw(~-IJ=Z 4.e"rnf.L{z~a-)2 J#,;- · 
I . I . 

·[ G: /<Iff v:;N in;'(- i jJ "t.) 'ft'•) Ja.>t t-
(6~I) 

-1- ~2/<1fq;t·l ~(i{J"ii)'f("&•)f{ja.>t. . . . 

+ (G; :- 2GAGp}j < fj{'l/'4{-t.j:; "?) 'f(z.J ??ja. >/J ' 

(6.2) 

0CHOBHOe np1!6JlllllteHHe npi!IISKOBa ( 11 ~. ~ 11
) COCTOIIT B ll!lHeCel!llll 

.· l!s-no:z~ suaKa cyuii!I ll (6.I) cpe:z~nero snaqeHlll!·Bellllqi!H!l (~ta.-/- ( o6oaHaqll~ ero ( '[, >: ) c 

COOTll8TCTBYill!ll8l1. 38MCHOl1. B IISTpllqH!lX Sl!8118HTSX . . 

en-f(-ifa~ii) ~ ea:p(-'<7)~~t). (6.3) . 

t;-l><t 
11 aaueqal!, qTo 

nocne sToro, l!cnon:DayH Teopeuy·noJIHOT!l 
. I 

MY ~ = I;. + L. =I;. + L 
l,J ' i#; .l l~i 

(a./~ 
' , Jiei'KO npoBeCTII B (6.I) IIHTei'pl!pOllSHIIe no dv : 

.i 

z. 

lf) C~OTBeTCTBYilllllll8 nonpaBKII K wopuyl!aM npi!MSKOlla 61Illll paccqi!TaH!I B pa6oTaX /!
9
9-2°

21. 
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"' z <1(
3

- s: (. 2 z ) W'(al = .Z <Z>~t- 272 J<-tGv + 3 ~-r • 

{ 
.<.cl)-F "·{/., fyyc,/Ja:_> 

• {J/ + 
<a-f.[:__.L:f-la.> - (6.4) 

- /-l~',,tif"tf!-Y:f'liWJ6G:z Gt 6."':} S.:..(<J> .. Z,'j) 1/(r..)-UJ(t·)··la.) j. + _'\_'f.C./~1 ¥('• l ' 1 v + u-r • 6J <JTI•i _ T 11 -; I' • 

:l(G/ t- 3G 2
) l' Y 6-r 

Ilp11 nonyqeHIIII (6.4) y11Teuo, 1lTO ,paa~aral! ootfl/t<1>.}(·t;-~)j =: ea/' jt'<p .. ffii;J B pll.zt no ewe

.. Pl'l1l6CRilM rapMOHI'IKaM, MOlKHO C XOpOI!leli TO'lHOCT:&IO orpaHI!IlJI!TI>Cl! nepBUM '1316HOM ( '\!TO C!esyC3IOBHO 

cnpaBe,ll311'1BO B C3Iy'\!aHX J = 0 11311'1 J = I/2), 

[JepBoe cnaraeuoe B \PllrypHb!X CKOC!Kax npl!BO,lli'IT K Be311'1'\!l!He Z3f>1' :-

f.} 

Z
l( I( 

Jff· ::- 2' 

IJJ 

<a./ -F ~~ '<.· /lf(r.,J/-ja > 
(a;j~ ~~{~"fa.> 

• 

(6.5) 

Tenep:& paCCMOTPIIM BTOpoe, KOppe3Il!111!0HHOe cnaraeuoe B (6,4), CTOlii!Uili B '\!l!C311'1Te1Ie, 

3TOro Bb!pallteHI'Ill MaTpll'\!Ub!li 33IeMeHT pasoC!:&eM ua cyuuy .ztBYX '\!3IeHOB 1 C00TB6TCTBYIOIIUIX rrpOCT

paHCTBeHHO Cl!MMeTpll1lHb!M II aHTIICIIMMeTpii'\!Hb!M napau HYK3IOHOB: 

I 'L.L +;:, r» r»J/, 2 z. ~ ~ J t.t 11.; . lla> . <(Ltfi lf{~}· -'l;- 2j JlGv + q_.r 6i5i; 2 )/~ · 
(6~6) 

·.JJSvn..(<IJ.fl · 'i'/) to*l~l<tVz)Fa. tt'l~. "t'1dtd~' 
(9.} J;;o_-:;_•j T l1{l ct. l / . 

!lepBb!li MHOEMT631:& B Bb!pallteHIIII (6,6) nerKO Bb!'\!IIC3Il!6TCl!, llHTerpa3I:&HHli MH0lKIITe31:& SaBl!Cl!T OT 
. - (!I -

Bb!C!Opa l!BHOrO. Bll,lla KOppe3IH111!0HHOli \PYHKUIIII~~ : 

(t~:..-·,j 
Fa_ lt:.,-z:/=:= /h/.-'lft~#_c:-IP,...I»Ifr-2._._~i!. G:,i?;)J '':"Jja) (6,7) 

(t) 
[Jpi!MaKOB Bb!Cil!paeT Fa. B Bll,lle: · 

Fa.(l:t, ':t)==C/1 
:Oa{7:)2Ja(tJ fIt /l{!t- ~'/} j ~6.8) 

r.zte 
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1 ' 
0 , 

j'-t- t/ ~ cL 
Jt- "tJ> cL 

c. {t) C" (t) 
(K08i)!c])IIU116HT It onpe.z~eJIH6TC!I HOpM!!pOBKOII 'a. ) , 

(6,9) 

(6 .IO) 

BOaBpa~a!IOD CHOBa K OOOTHOmeHII~ (6,4), 0 yqeTOM (6,5)-(6,10) nonyqaeM 11c])OpMylly. 

npi!MaKOBS11 /3/: 

Sa.) . (6.II) 

. 8Ta i)!opuyJia BJ:lq!!OJieHa C TQqHOCTDID ]lO qJieHOB nOp!!]lKS t/z i w!H!) - BepO!!~HOCTD SSXBSTS 
. ~ I . -.f -MeaoHa npoTOHOM - BOSHI!KaeT. 11a KOMC51!HaUlll! ai)!ifleKTIIBH!lX KOHCTaHT; np11 a.<;< tO A napa-

MeTp ~~ ]laeTC~ BUpaEeHI!eM: 
. rL 

r ~ 'fz. ,..,JJ SMt.{W,.r..) .IJ("') 1-;;:-- .• 
Oa. - -' "• · ··· <~)a. -t. fa. .. «."' (6.12) 

0 

£. no oTeneHHM Jj't.. : 

"' (d )J[ I ( 2. J 2. J t = T, 1-;o <~>~~.'t.) (T.:) ,r . ... (6.13) 

nol!al'Sf! <~>~ =" 0, i6" "r l! t. = /,251 1 DOl!yqi!M 

nol!OEI!B dj't0 = ~ 'f 7 
nllpl!qec!COMY SHaqeHl!ID 

(6 .14) 

1 npl!MaKOB DOJiyqaeT g~ = 3.0, qTQ oqeHD C5Jil!3!CO !C ODTI!Mal!DHOMY au.: 

s = 3,13 1 !COTOpOe COBM60THO C <~>a.= 0,75- 0,80 npl!BO]ll!T, Ka!C 'C5bl:.;, 

no noKaaaHo B rn, 1Y, K xopomeMy corJ!acl!~ o aKcnepl!MeHTOM (eM. p11c. I6). 
Mbi.Bl!]lellll, qTo np11 BbiBO]le if!OPMYllbl npl!MaKoBa C5biJIII o]lella~u caMble paaJIIIqHue npe]lno

l!OEeHl!f!, MHOI'l!e 113 Hl!X 1 B3f!T!le no.OT]l6liDHOCTII 1 !CaEYTOf! BDOl!He eOTeCTB6HHbiMl! 1 O]lHaKO .oqeHD 

TPYllHO npe;r~ooraBl!TD oee5e oC5ycl!OBJieHHJ>ll l!MII oyMMapHull ~c])lj)e!CT. B.cBHSl! o 3TI!M l!.cJIOJiil!l!OOD 

'OTHOIDeHIIe lC cj)OpMylle ilpl!MaKOBa KaK lC y]laqHQ Hall]leHHOll DOllySMnl!pl!qeOKOll c])opMyl!e, qTO ·ae 

KacaeTCf! DOJIOE6HHbiX B ee OOHOBY KOHUenUllll, OHl! BI>SBal!l! 60JIDIDl!e BOSpazeHl!f!, 
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llpH SHSnHSe MBTO~a llpHMSKOBa HSH60nimee BHHMSHHB BCBr~a npHBneKaeT ero rnaBHOB, 

HCXO~HOe nono~eHHe - ycpe~HBHHB BXO~H~X B BepOHTllOCTH nap~anbH~X nepeXO~OB SHaqeaHli 

3aeprHH HeliTpHHO - • ~ ~" • ,llelicTBHTenbHO, a~ecb MHoro ieacHoro. Bo-nepn~x, 
MOJKHO nll npe~nonarau KaKyro-To rpynnHpOBKY nepexo~oB npH .!'- -aaxnaTe B yaKoli odnaCTH 

3Heprl!H BOSdy~~eHHH OCTSTOqaoro H~pa? BO-BTOp~x, ~a~e ecnH TSKSH rpynnHpOBKa no KSKHM-TO 

npHqHHSM ll HMeBT MeCT0 1 TO OT B~6opa 3HepreTHqecKOro nono~eHHH 3T0li rpynn~ oqeHb CHnbHO 
2. 

( no ~opMyne ITpuuaKoBa - KaK <Z>~ ) aaBHCHT nonHaa nepDHTHOCTbo ~cnonbSOBSHH~li ITpHMaKo-

B~M MeTO~ - MeTO~ THna 11npSBlln CYMM 11 - He ~SeT BOSMOJKHOCTH OTBeTHTb HS 3TH Bonpoc~. S~eCb 

HeOdXO~MO donee ~eTSnbHOe paCCMOTpeHHe CBOliCTB H~ep. B 3TOM MOryT nouoqb H~epH~e MO~enH. 

§ 2. PacqeT nonHo~ BepDHTHOCTH B OAHOqacTuqHoli. 

o6onoqeqHoli uo~enu, 

~roliTeH, Py~ H TonxyK paccuoTpenu 3TH Bonpoc~ B pauKax npocTelimen - o~HoqacTuqaon 

odonoqeqHoli uo~enu /35•203/, HecuoTpa Ha Bee He~ocTaTKH TaKoro no~xo~a, oa OKaaanca oqeHb 

noneaH~M ~na YHCHeHHH ~aKTHqecKHX Tpy~HOCTeli TBOpHH H KaqeCTBeHHOro nOHHMSHH~ pa~a SSKOHO

MepHOCTeli, KOTop~e npe~~e B~na~anu us nona apeHHH. 

. KaK BH~~o us Ta6n. 23 u 24, us pa6oT~ 12031, npeo6na~aro~aa qaCTb nonHoli BepOHT-

HOCTH s~aTa nMaeT Ha· nepexo~ nepBoro nopa~Ka sanpeTe lf), npuqeu 3TOT pesynbTST He ue

HHeTCH npu HcnonbSOBaHHH caM~X pasnuqa~x ~opM o6onoqeqaoro noTeH~ana - rapMOHHqecKHli oc

~nnaTop, decKOHeqHaa npaMoyronbHaa aua, aua KOHeqHoli rnydHH~. STOT pesynbTST Bneqe~ sa 

COdOli PH~ BS~H~X cneiCTBHli. 

Bo-nepB~x, yze B o~HoqacTHqHoli uo~enu .Mbl uueeu ~eno c 3~~eKTOM rpynnHpOBKH HaH-

6onee MHTeHCHBH~X nepeXO~OB no 3HeprHH BOSdy~~eHHfl OCTSTOqHoro.a~pa, 

BO-BTOp~x, nooKOnbKY paspemeHH~e nepexo~ cy~eCTBeHHO ocnadnea~ no cpaBBBHHIO c 

O~HOKpSTHO sanpe~eHH~MH 1 SSBHCHMOCTb nOnHOli BepOHTHOCTH SSXBSTS OT cpe~Heli 3HeprHH 'aeliTpH-
2 ~ 

HO HOCliT xapaitTep He < 1 k 1 a npl!dnH~aeTCH K { 1i~ 1 KSK 3TO CBOliCTBBI!HO nepexo~all nepBOrO 

aanpeTa. 8To e~e donee noB~maeT Tpe6oBaHHfl ~ npaBHnbHOMY B~6opy aHaqeHHli <1>~ . 
qTO KacaeTCH OKOHqaTenbHUX peaynbTaTOB ~IOliTeHa, Py~a H TonxyKa /56/, TO OBH OKa

sanHCb HeyTemHTenbHUMll - TeopeTHqecKHe SHaqeHHfl nORHOli BepOflTHOCTH SSXBSTS npeBUCHnH HSMe

peHHUe Ha onuTe npHuepHo B~Boe ( crl, ora6n. 25). 

lf)'PaapemeHHUB nepeXO~ H~T B dD1!bmHHCTBe. C1JyqaeB C HSMeHeHHeM r1!SBHOrO .KBSHTOBOrO q}!C1!S 

HYit1IOHa 1 T, e, o6yC1!0B1!eH~ HCK1I!OqHTe1!bHO 3~~eKTaMH 11 aanaa~BaHHfl11 : 

<n 'l / j.{; t)jn£ )' = <n'tj i- t(1 t/-f · · ·jnl > · = ~n • - fy~n'!j'ljnf> + • · • 
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\0 
....:! 

Ta6Jmua 23 
Pacqet uatpHqaux.aneueHTOB OAHOqaCTHqHHX nepeXOAOB npH 3axBSTe UDOHOB 

KHonopOAOK 12031: 
A£ -aHeprHH nepexoAa; j t1j2 

- HBaApat uatpHqHOI'O aneueHta. 

THn ilOPHAOK rapuoHllqecKHil. OCUHXXHTOp :. BecKoHeqHaH_npauoyi'OXLHaH Hua KOHeqHOil. I'ny61!HH : 

nepexoAa aanpeta -c.= I.8f HUS: 
" 

R.. = 4.55/ fl.= 3.73 ' Vo = 52 !JaB 

~~,,f.- ttl~ "E /Ht 4£ /M/2. 11.£ /M/2. 

I$ -- 2$ 0 25.5 ! o.oio 29,6 . 0.007 23.7 0.009 

Is-- Icl 2 25.5 0.02I 23.5 0.030 2I.7 0.027 

If.-2$ I I2.7 O.I74 I9.4 0.095 II.? O.I40 

If- 2f 0 25.5 0.042 . 39.8 0.009 2I.9 0.044 

If- 2f 2 25.5 o.on . 39.8 0.003 2I.9 o.on 

If ...... Icl I I2.7 I.IO? I3.3 I.048 9.7 I.I59 

If - I J. 3 I2.7 o.OIO I3.3 0.006 9.7 O.OIO 

.If _..:.. 2J. I· 38.2 0.004 62.7 0.004 27.7· 0.004 

Ip _ Ij 2 25.5 0.082 . 29.I 0.056 23.! o.oao 

I:/11/2. !.463 !.258 !.484 
--~ 

.~ .. 

I 
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CD 

Ta6lli!US 24 

THn 

nepexo~a 

tt;li- n;4 
2/! - 3$ 
2$ -- 2f'. 
2 s·- z'J 
2$ .....,.. If 
If ~ 2p 
If ~- 2f.. 
Ip _, 2,}., 
Ip_ __. If 
Icl - 2f. 
IcL - 2'J.. 
Id. --IJ 
Icl. -If 
I J.. -- 2 f 
1J.. -I3 

L/H/2 

f 

PacqeT MSTpHqHHX axeMeHTOB O~HOqSCTHqHHX nepeXO~OB O~H BSXBSTe MDOHOB 
H~pOM Ca40 /203/: 

/ . 2 
11£ - aaeprHH nepexo~a; jl'1/ - KBa.n;paT MaTpHqaoro axeMeHTa. 

' 

nopa~oK rapMOHI!qecKHl! OCUIIXXHTOp : BecKoaeqaaa npaMoyroxbaaa Hila Koaeqaoll rxy61!Hbl : 

aanpeTa -z;. = 2.03{ HMa; R. = 5.62 f /{ = 4.92/; \fo = 52 MaB. 

A£ /11F· A£ I t1l2. iJ£ /lf/2. 

0 20.1 0.063 32.4 0.017 17.9 o.on 
I IO.I 0.437 13.2 0.426 4~0 0.445 

2 20.I 0.065 ! 28.4 0.034 I4.4 0.062 

3 IO.I 0.039 '6.I 0.033 0.5 0.037 

0 20.I 0.095 25.9 0.067 16.2 0.099 

2 20.I 0.023 25.9 0.017 I6.2 0.021 

I 30.2 0.015 4I.O 0.006 26.6 0.004 

2 20.I O.I67 .' I8.8. 0.271 I2.7 0.234 

I IO.I 0.225 I7.4 O.II4 7.0 0.132 

0 20.I O.I87 -32.5 0.060 I7.4 O.I36 
I IO.I 2.226 I0.2 2.470 3.5 2.360 

3 IO.I 0.049 I0.2 0.053 3.5 0.05I 

I 30.2 . 0.022 49.4 0.016 25.0 0.012 

2 20.I 0.382 '22.I 0.396 I4.8 0.393 

4.093 '4.047 4.077 



Ta6JI11Ua 25 
ilOJIHSH BepOHTHOCTD jV -aaXBaTa B H~pax 0!6 II Ca40, 

I - pacqeT no O~HoqaCTIIqHon·MO~eJIII C HMOn KOHeqHon 

rJiy611Hlil /3 5{ 

2 - oKcnepiiMellT. 

fl~po I 2 

0r6 I.89.I05 ( o.98 t o~os ).ro5/ 225/ 

ca40 47 .o.ro5 ( 25.5 t o.s ). ro5/ 56/ 

PacqeT yKaaaHH!i!X aBTOPOB OTHOCIITCH TOJIDKO K JierKIIM 11 cpe~HIIM H~paM ( )\ ~ 54). C 

yBeJillqeHII6M MSCCOBOrO qiiCJIS BOapaCTaeT OTHOCIIT6JIDHliln BKJia~ nepexo~OB 60Jiee Bli!COKOrO nopH~

KS aanpeTa 00 cpaBH6HHIO C paapemeHH!i!MII II O~HOKpaTHO sanpemeHH!i!MIIe 3Ta T8H~8HilliH BII~Ha yxe 

113 ~SHHUX, npiiBe~eHHUX B T86JI, 23 II 24; OHS CKSSSJISCD HS peayJIDTSTSX pacqeTOB ~106KIIH8 
(COOTH. 4.45) II OC06eHHO HpKO npOHBIIJIS~D B He~SBHIIX pacqeTaX ByHSTHHS /

204
/, 

§ 3 • CBH3D OOJIHOn BepOHTHOCTII !k -aaXBaTa C ceqeHIIeM ., 
¢oTopacmenJieHIIH Hnpa.Pa6oTa ~OJIAH 11 BaJiegKa 

rJiy60KSH aHSJIOriiH MBX~Y peaOHSHCHUM M8XSHII3MOM B036yz~eHIIH H~ep Opll ~-aaxBaTe 

II rllr.aHTCKIIM pe30HaHCOM qiOTOOOrJIOII\6HIIH 6!>!Jia OC06eHHO XOpOWO OOKaaaHS B pa60T8 ~OJIM II 

BaJieUKa f20Sf, KOTOp!>!e YCTSHOBIIJIII KOJilltiecTB8HHYIO CBH3D uez~y BepOHTHOCTHMII 3TIIX l\BYX npo;.. 

ueccoB. 
By~eM IICXO~IITD 113 06ruero B!>!palleHIIH (!,66) ~JIH BepOHTHOCTII napUIISJIDHOrO nepeXO~a 

(a-f) B /-aaxBaTe: 

fl~epH!i!B MSTpllqH!>IB 3JieMeHT!>I J 1 ll Jiif ~SH!l COOTHOWeHIIHMII (!.67), 
I 

W co~ep'Jli!T 
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nonpaBKH, He CBOAHM~e K KOM6HHa~HM SWWeKTHBH~X KOHCTaHT G -nOpHAKa '%-t· H o{ Z , 
w Cne~yH ~onAH H Bane~Ka, B~pasHM nonHyro BepOHTHOCTD saXBaTa· 

· v2 ufl ufl · {oJ f 
6espaaMepHUe BeiD!qjjHU rty , riA H rtp : W:: f W(a. ~.t) : W + W ? ve-

'lepes 

. z 

uloJ - .f::!!::JiiiJ2[G.zH.z + 3G/'Hz + IG.z- 2. G. G;JN,2f 
w -2.71" }" r v '4 A (';o i"'J'P).

1 

(6.16) 

tl ~{-(/#j)J f/j<t~~£";'-'~(-ifa~"t:<)/a.>/2 (6.17a) 

11: = f f.(-ffllj fff<t[{ e-r6f ~(- '"id "l.)/a>(", . (6.!76) 

H;,. f { ~Fj f:~j<IJ.f r["'76FCY.rf'(-tj:l t;)fa. >t (6,!7B) 

B WOpMynax ( 6,16 - 6,!7) M~ onycTHnH ycpeAHeHHe no OpHeHTa~HM CnHHa HS'lSRDHOrO 

HApa, HlleH B BHAY, 'lTO BCe npHROllteHi!H HsnaraeMOrO WOPMSRHSMS OTHOCHTCH K 'leTHO-'leTII~M. ca

MOCOHpHlltei!H~M H~paM c AI~~ ( cu. noAp06Ho unxe). TaKaH KOI!KpeTHBa~H sa~a'lil cpasy ABeT 

iiSOTOnll'leCKHe xapaKTepi!CTHKI'l nepeXOAOB: 

. (!) 
-;;_ .. r;_ =0· 

} 'l ::1 ./. 7/!J= -J. . 

BBOAH onepaTOp HORI!OrO HSOTOnH'leCKOrO CHHHS 

-- A-
T=-L.fli 

i:f 

H HCHORDSYH O'leBi!AHUe nepeCTSHOBO'li!Ue COOTHOilleiiHH 

[TttJ cr.fl' 7 = +2.rc:'t' 
) ' J ( 

2 
npeo6paayeM CYMMY f.fv . 

(6.!8) 

(6.!9) 

(6.20) 

f1. 2 =· 1 L. (H_ Jfj Ji! <a/. ;:.•r/" M:f(-/T.; t,.JIJ''> <("I r'+'fl> <f'jrr-'lt'> . 
v 'f1,1; d" IT}'- 'Ill" ' r 'II I . I 

. < tJ I;. •r/' tn:/{ i'ja.J ~) J a_> . 
l 

(6.2!) 

IOO 



JlaTpll'lHUB aJielleHT!i <ftT('Jff> II <1/T{-'l/'). OTJIII'lHU OT HYJ!ll TOJI:&KO ,llllll TaKI!X 

cocTOl!Hllll .//) 11 II> ,r,lle 

[

Tf'=7i-=7i ~i I 

/J/ (II (JI 

.lf ::" li* = 7i. +1=-0,. 

(6.22) 

!,e, ,llJill .COCTOl!HII!l TOrO ze IISOTOITH'lJCKOrO IIYJibTllfiJI6TS 1 'ITO II COCT0l!Hll6 //;> , HO OTHO

Cll!llliXCH He K KOHe'IHOIIY ll.llPY.o a K !!,llpy-llllllleHII,. 

7'lHT!i:SS!I 1 'ITO . 

(6.23) 

:s HTore nonyqaeK: 

Hv2 =Jf{:!p/j# /<1/f<ii'J'~{i~ ~)ja.>/2.. (6.24) 
. z . . 

PaccKOTPHII :S&'IHCJieHHe /1v ,llJIB HaH~onee HHTeacH:SH&X nepexo,llo:s nep:soro aanp~Ta • 
.. B. STOll cny'lae '11' =- :!1 :: i- 11 :s np.e,lleJie ja.t-- 0 ( npeHe~peEeHIIB "aanaa,Jlij:Baa~ew") waT

PH'IH&ll SJIBIIBHT :S (6.24) npe:spaiJISBTCll :S IIHTpli'IH!i!l SJiel!eHT £{ -nepeXO,lla (a.-.. I ) 

(6.25). 

'!epea KOTop&ll :s&pazaeTcB ce'!eHHe ,llllnOJibHoro ~oTonornollleHHB: 

·. ~r£; =-L. ~~r£" ~£,)/<,1;;:. ~~SI:c:1a.>/
2 

t(£,.- Err._ E). (6.26) 

' r . . . 
• TaKIIII o~paa~11, B npeae~pezeHIIH "aanaa,llli:saallell" :seJIII'liiHa (~.24) nplll!o CBO,lli!TCH K. 6j(£} . 

' . " ' .. , 

friM d£ £ I 

(6.2'7) 

(6.28) 

pa nJIOTHOCTII. HJKJIOBOB B OCHO:SHOII c.OCTOl!Hilll !!,llpH-IIIImeHII: 

IDI 



'N/" ~(H:ljF(MJ/'", (6.29) 

COOTHOruel!lle (6,29) paccMaTpllllSJ!OCl> MI!OI'IIMI! SllTOpaMI! ll Clli1311 C 06CylK;llBI!IIBM paCCBHI!IIil 3JIBKT

pOHOB H;ztpaull /206-2°9/, Era cnpaBe;ztJJIIBOCTI> ;ztORaa~Ha ll pH;lle 'laCTHUX cnyqaell ( 11I'II;ztpO;lli!HaMII

,.ecKaH" MO;lleJII> OTHOCIITBJ!l>HUX KOJie6aHIIM npOTOHHOM II HBMTpOHHOM Xll;llKOCTI!; I'SpMOHII'lBCKI!~ OC

UIIJ!Jli!TOp), HMBIDTCH npHMUB 3KCnepi!MBHT8Jll>HUe yKaSaHIIH Ha T0 1 'lTD OHO HBnJIOXO llUnOJIHHBTCH II 

ll peaJI~Hux ycJIOBIIHX /2!0/, 

HcnOJII>30B8HIIB COOTHOmeHIIH (6.29) - nOCJIB;llHIIM STan llU'li!CJIBHIIH 11: -BBKTOpHOM 

'l8CTI! CyMMSpHOM llepOHTHOCTII nepeXO;llOll nepBOI'O aanpeTa, llepeM;zteM Tenepi> K BU'li!CJIBHIIIO 11aK- _, 

CII8Jll>HQI'0
11 

II- "nceB;ztOCKaJIHpHOI'0 11 CJISI'SBMUX- /'f,.Z II 11) , lJo-npeXHBllj' l!llBH B Bll;lly npi!JIOllteHIIB 

TeOpl!ll It 'lBTHO-'lBTHUM cauoconpHXBHHUM H;ztpau, III!TepeCH~ paCCMOTpeTI> CJiyqaM,· KOI';lla s: = 0; 

3TO COOTBBTCTByeT npOCTQii CXBIIB f..- ,s' CBHSII 1 KOI';lla OCHOBHOB COCTOHHIIB H;ll~a ~fa.> BCTI> 

cKa~ap no OTHomeHIIIO It rpynne Sl.t't ,nelltallle« ll ocHoBe Teop1111 cynepuyni>TIInJieTOB BllrHepaf2II, 
212

/. JlerJto noJtaaaTI>, 'lTO B cxeue l· $ CBHSII, ecJJII pacnpocTpaHIITI> ee 11 Ha · BOa6ya;zteHHble 

COCTOliHIIll H;ztpa, BUnOJIHHBTCll COOTHOmeHIIe 

M2 -M~- u2. 
nv -nit - r'l' 

Kpoue. Toro, B npe;llenax TpllmreTa L. ~ 1., .1• f : j"' 0: ,- ... 2 "'. 

~yoj:NA2{1j:l'f}·(2J:::: t:J:o. 

(6.30) 

(6.3!) 

TaKI!M o6paaou, ll cxeue L -S CllliSII y;ztaeTCH noJIHOCTI>IO. ClleCTII cyuuapHyro BeponTHOCTI> nepe

xo;ztoll nepB;ro aanpeTa,Jt BeJJII'liiHau Gj(£) 11 F{1), Henocpe;llCTBeHHO HSBJieRaeuuil· 11a ;ztpyr11x: 

aJtcnepllueHTOB. 

~Jill npOllepKII npalli!Jil>HOCTI! COOTHOmeHIIM (6.30), (6,3!) MOXHO llOCnOJII>30llSTI>Ci! npHilblll 

paC'lBTOM~ ~~JI~ II BaJieUJta f 2
0SJ npOlleJJII TSROM pac'leT ;l!Jlll KIICJIOpO;zta 0!6 B paMRSX 06bl'lHOI'O 

"'laCTII'lHO-;llblpO'lHoro" wopuaJll!aua ( c BOJIHOBblMI! WYHKUIIHMII JII>nKca /2!3,2!4/), ITpuBe;lleu peayJII>-

TaTu: 

H:jH/' =- 1,12 , 

1'1A
2
(o") : tttYr): 11AY 2/ "' o, 92 : ~ oo : 3; 9s. (6.32) 

06palllaHCI> It WOpuyJie (6.!9) 1 -BII;lli!M 1 'lTO HBTO'lHOCTI> nOJIOlKBHHUX B OCHOBy paC'leTa 

·cOOTHOmeHIIM (6,30) 1 (6,3!) npi!BO;ztr.T It HBTO'lHOCTII nOpH;ztlta !0-2Q% np11 Bb!'liiCJ!BHIIII OCHOBHOI'O .. ,,., . . 

cnaraeuoro noJIHOM BepoHTHOCTII w • Y'leT nepexo;ztoB IIHOM uyJII>THnOJII>HOCTII, a TaltlKe 'lJieHOB, 

SSBIICHIIIIIX OT CKOpOCTII HYKJIOHOB, ;ztaeT 60Jiee CYIIIBCTBeHHb!ii BKJIS;ll B W , ~OJI;llll II BaJieUKa 

!02 



(M~r 

llonuaa BepOHTHOCTD ~ -aaXBSTS B a~pax Ca40, 0I6 H ci2 

- pacqer ~on~ H Baneuxa /20S/, 
2 . 

(H() - uarpH'!Hlllt aJieu.eur nepBoro nopuKa aanpera, 
2 . 

11(Hr} - BKliS~ ~pyri!X MYliDTilnonelt: . 

I - pac'leT c noMOI!U>D n ~. of~ n 

II - o~HO'ISCTH'IHaR uo~enD; 

III - ope~Hee 1!3 BapHSHTOB I H II. 

l!~pa ca40 0I6 

R. 0.44 0.79 

- no ~opuyne (6.27) 2.73 0.77 

-
~J 9I.S as· 

/Fe(~J)( 0,40 0.63 
' ·. -

ci2 

0,83 

0.4S 

83 

0,72 

. 2 
(Mv} - no ~opuyne · (6,29) I.09 0.48S 0,324. 

I I.67 0.23I 0,073 

z II I.I6 O.I78 A(Ht} .· 

III I.4I 0.204 
' 

(Hv/-+ 4(Hi 2.SO 0,69 0.40 

vl' (B oeK -I ) 24.7.IOS 
. s 

0.79.IO 0,20,IOS 

vi' (B .CeK -!) 3.6 Io5 O.I6 IDS o.OG I05 

I03 
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npoaena oqenRY sToro ~ononnHTeninoro BKna~a B HI c nouo~D npocToM o~aoqacTHqaon uo~ena, 

no~06BO TOYy, KBK RDnTeH, Py~ H TonxyK / 35,203/ ~enanH STO, paccqHTUBBB UOHHYD BepOBTHOCTb . . . 
saXBaTa( 6naaKHe peaynbTaTu ~aDT oqenKH c nouo~n npaBHn cyxu). OKonqaTeninue peayniTaTu 
pa6oTu ~on~ H BaneqKa npHBe~enu B Ta6n. 26, 

§ 4, l!anbHellmHe IICCllel!OBBKHB·ponH KOnneKTI!BBUX !ldJd\eKTOB 

B t(-38XB8T6 
) 

Ycnex pacqeTOB ~o~ H BaneqKa BBHnca.~llninuu apryuenTou B nonay 11~e11 Konnex

TIIBnoro B036~eBHH H~ep npH ~ -BaxBB!e·H CTIIyYnHpOB8ll ~al!bHellmee HCcne~OBBHIIB·B 3TOY 
nanpaanenHII. . 

.Ro~ep H ~zonnep 12I5/ n~HueaHna IDOp~anaau ~o~ 11 Baneqxa K aaan~~sy saxaaTa uD

onoa n~paYH l!IITHH. SxcnepHueaTaninue ~annue /I48/( npaa~a, ne oqenb Toqnue) cau~eTeniCTByDT 
. - 1,1 ' 0 HenOHHTHOY no~aBX6HIIII BepOHTHOCTII 38XB8T8 B di" no cpaBHeHIID C ~ 

'W(£') = 6IOO ± I400 cex -I, 
'W{/i.7 = !800 ± IIOO cea -I. 

HeO'onbmoe npeaumeaue w(t.~ aa~· W{..&:/ YOllBO 6uno 6u nOHHTb, npHHHB BO BHIIYBHIIB cynep-
. . . . - . 1 

YYlliTIInlleTHYD CTpyKTypy COCTOHHHn .paCCY8TpHB86MUX H~ep, B cnyqae ~ npaKTHqecKH non-. . 
BOCTiD IICKl!DqanTca paapemenaue nepexo~ ~ OHH uoryT H~TH llllmi c coxpaneaaex cxeuu ~ara, B 

TO Bpeua KaK OCHOBBOe COCTOHHIIB /;. 
1 CO~eplli!T llllmD oqe~b ae6onmyJl npHMBCb KOYDOB6HT llO . 

cxeuoll ~ara [2I]. ~ [III] , . uo coot:ae~cTByeT ypoBHH¥ p-o6onoqKH :a n~pe He7• . . 
- .,, : 

Ro1utep II ~:&OBKep npOBO;lUIT OqenKy B6poBTHOCTell OMORpaTBO aanpeuteHBUX nepeXOAOB. 

(HCU0Xb3YH 3KCnep~lleHT8l!bHU6 ~aaaue no IDOT03~eRTy).ll nepexo~o:a O'onee BUCOKOII JlyllbTHUOllb~ . . ,, ,, 
BOCTII, 0HH 0Ra3UB8JlTCH Uplluepao O~H8KOBWH ~H B~ep tl..i II tli. II B BBCKOXbKO paa npeBuma-

JlT BepOHTBOCTb paspemeanoro nepexo~a B ~' ( HB OCHOBHOe COCTOHHI!e He6) - Cll, T80'X, 27, . . . - ' . 
Paayxeetcn, Ro~epy H AEqaaepy npHxo~tcn ~enati ~onol!BI!Tenaue npe~nonozea11a; :a KOTopux 

ae aya~al!llci npu npo:ae~eBHH. cBoux pacqeTOB ~ ~az~ uarHqecKHx a~ep ~on~ 11 Baneqxa, OBI! 

xacaDtca 11 ucnon:r.aoBaHHH cootaomeaull THUll' 11: = H,,.e· , u· au~enen11s ua sKcnepuuenTanaux . . 1 

~aHHUX no IDOTOpaCutenneHHJl ~ TOM ~Ol!H ceqeHIIB, KOTOpaa· OTBeqaet.B036ya~eHHJl COCTOHBIIB C 

1130Cnl!H011
7 

T = 3/2 ( ·n~pexo~ T = I/2- T : I/2, oqenis~no, He 11116JlT OTBOmeBHB S: ./'-aax

B8TY B /;.. ), IT03TOIIy 3~6Cb BUOl!Be BOBIIOlEll!l aeunoro OTnHUUe :aapHBHTU pacqeTa, KOTOpue 

npi!Be~T K KBKOIIY-TO IISIIeBeBHJl qi!IDPt npune~eBBUX B Tarin, 27, R BCe-TaKH ~M86TCH, qTo B 

paunax npHHHTOB·CXeiiU 3TH H3116HeHIIH He HOryT OK83BTbCH CTOllb 00ll:&mHIIII 1 ~T06U 06bBCBIITb paa

BIIq)' 3KCU6plllleHT8XiHUX aaaqeHHil BepOBTHOCTII 38Xn8TB B /i. 6 H Li, 1 , Bonpoc OCTBeTCH OTKPUTWI, 

He,lla.BHO ~e.;,~opecT / 2I8/ UOBTOpHn aaanza nepexo~OB nepaoro UOpJUtK8 aanpeTa B JUt-

I04 



TacS1IB~ 27 

BepoHTHOCTl> ( B CBK -I ) ·aaXBaTa / -lleSOHOB B HApax ji 
6 

H ji '1 

( no ,D;aHHHil pa60TU / 2! 5/) 

I!OJIH81! 
BKJiaA pasJIH'lHUX 'lJieHOB B sepoHTHOCTH sax:saTa BepOHT-

~~ HOOT!> 

PaspemeHHHe IlepexoAR nepsoro IlepeXO,ll9 OCTaJil>HUX CxopocTHue 

nepexoAR sanpeTa sanpeTOB 'lJIBHU 
l 

1s49 /216/ 366 3748 

// 1242 626 
1418 /217/ 358 3644 

H 
@ 

I 

// - 1316 643 275 2234 



pax C12H 016 , npOBB~H KOHKpeTH~B pac~eTU BOnHOBUX WYHK~A COCTOHHHA B paMKax CTaH~apTHOrO 
"qacTIIqHO-~poquoro" WOPManHSlla, 

STOT auanzs e~e pas no~qepKHBaeT TO nonoxeHze, KOTopoe uu or11eqanz Bume: Hey~a-
. . . 

-~a TeOpllll B npHMOII BUqHcneHHH nOnHOA BepOHTHOCTH ~-SaxBaTa B nerKHX H~pax HBnHBTCH OT-

pa~eHHBII 6onee o6mero nopoKa cymecrByD~en Teop1111. B o6nacTII nerKHx H~ep ~acrHqHo-~poquun 

~OpManHSM ~aer SaBUWeHHUB SHaqeHHH He TOn»KO BepOHTHOCTII ~-SaXBaTa 1 HO TSK~e ceqeHI!H 

~OTOSWW8KTa II BepOHTHOCTH.B036~eHHH·H~ep aneKTpOHaMH, flo papqeTall SnniiOTTa H ~nayap-

ca / 138/, BpayHa C COTpy~HHKaUH / 139/ II pn~a ~pyrHX aBTOpOB 1 B H~pe 016 nepexo~ HyKnOHa 

HS 1p - o6ono~KH B o6onoqKy ( 2 s , I J.. ) , wopMIIPYDIIUie r11raHTCKHA pesoHaHc, B6zpamr B ce-

6n fiOqTII BCD ~nOn»HYD CYIIMY ~OTOnornomeHI!H ( 370 MSB•ll6apH),B ~eACTBHTen»HOCTH IIHTerpan»

HOe ce~e1111e woTonornomeBIIH B o16 ·n o6nacTl! rHraHTCKoro pesoHaHca cocTaBnneT nzm» OKono . 

160 M3B•M6apH H1 no ~aHHHM rop6yHOB8 H 0CIIflOBOA /219/, ~YT» nH He nonOBI!Ha ~nOn»BOM_ CyY-· 

uu npi!XO~TCH Ha "xnocT" Kpl!BOM ~oTonornomeHIIH, npocTI!pam~enca ~aneKo sa npe~enu rllraHT

cKoro pesoHaHca. 

B THxenux n~pax TaKoro pacxo~eHl!H TtOpllll H aKcnepHlleHTa B aa~aqe wQTOa~eKTa 

He OTMeqanoc». Yze nepBue ·pacqeTu ~oTonornomeHHH B CBliHUe / 22°/, npone~eHHUe B pauKax roro 

Ee 11 qSCTHqHo-~pOqHOr0 11 ~Op~anl!Sll8 1 qTO npHlleHHeTCH npH OHIICSHI!ll nerKHX H~ep 1 npHBBnH 'K 

BflOnHe npl!eMneliOIIY COrJ!aCHD C SKCnepHlleHTOII, STO HOSBOJIHXO ~llaT» 1 qTO H B aa~aqe ~-sax-. 

BaTa np11 paCCIIOTpeHIIH .THEeJIUX H~ep ~OCTaTOqHO-nepeATH OT o.JOioqaCTHQHOA IIO~eJIH K 11qaCTl!qHo

~pOqHOuy11 ~opuaJIHsMy. TaKHe npnuue pacqeT!l 6unz He~~BHO BllnOJIHeHu ByHaTHHOII / 204/, Ta6nz

ua 28, BSHTaH Ra ero pa60T!l 1 HnJIDCTpHpyeT oqeH» xopomee cornac11e TeopHR c sttcnepHlleHTOM, 

OTMeTHM, uo B cnyqae razenux ~ep CBHB»-.f' -saxnara c ~oT:onornomeHI!eu yae He 

IIOEeT 6llTh ~BKTIIBHO HCflOJlhSOBaHa: S~eC» CHn»HO BOSpacTaeT 1 no cpaBHeHHil C nepeXO~SIIH 

nepBoro aanpeTa, OTHOCHTen»HllA BKJia~ nepeXO~OB HHOM IIYXDTI!HOn»HOCTH, 
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Ta611Hua 28 

H:z~pa 

N•58 

l'li60 

f11i62 

s,..II2 

s..II9 

Sn.I24 

pg206 

p12o1 

Pl208 

pt2IO 

nonHall BepoHrHocr:& aaXl!ara jL -MeaoHoB. 

- I - pacqer no O,lUIO'!aCrli'IHOlit KOl!ellll; 

II - pacqer ByHarHHa 12041; 
III - aKcnepllueHr. 

nonHaH BepoHrHocu aaXl!ara B I05 ceK -I · 

I II III 

II3,40 58,5 6I,I0 ± I,05 

I03,30 53,4 55,62 :t 0,97 

88,60 45,4 47,I6 :t 0,95 

280,0 II9,30 

224,I2 95,69 II2 ± 7 

I79,87 75,80 
-

464,5 I26,4 I36,I 

45I,3 I2I,62 I29,5 

442,5 I20,I2 I29,8 

435,40 II7,3I 

I07 
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~· 
VII. ITOMCKM HOBUX ~OPMYR~OBOK TEOPHH &-3AXBATA 

j 

§ I •. E.lUIHall TeOpi!ll npRMb!X n pe30H3HCHI1X npoueCCOB B 

06ll!lle OOJ!OllteH~tll 

,a.-saXBaTe; 
j 

npo6neuu pacqeTa noJIH!lX·BepoHTHOCTen, cneKTpOB u yrnoBoro pacnpeAeneHHH HenTpo

HOB npu H:z~epHOII .)'-saXJlaT.e c:maaHu c o6ll!llll MH uHorux saAaq H;llepHoll ilJi!SIIKH Bonpocou Ollll

caHIIH HenpepUBHOrO cneKTpa CIICTeMU HYKJIOHOB. ~SJ!Ollt6HHI1e BUme M3 ITOAXO;lla K np06Jielle - OA

HOqaCTI!qHUa, OCHOB3HHUa Ha OnTIIqecKon IIOAeliH II npe:z~nOJ!OllteHIIII 0 np!IIIOII 116X3Hi13116 npouecca, 

II IIHOroqaCTIIqHun, yqHTUB3Dil!llll liHmD pe30H3HCHUe npoueccu, OTpaEaDT Me pasJIHqHUe CTOpOHU 

HBlleHIIH. B.pa6oTax 1198 •221/ 6un paaBHT npi!6JIHEeHHUll BapuaHT e,ZU!~oll Teopi!H HAepHUx peaK~ll, 
003BOJIHDII!IIll O;llHODpelleHHO yqeCTD K3K npllllble, T3K H peaOH3HCHUe npoueCCU B pasJIHqHUX HAepHb!X 

peaKUIIHX. HH~e 6yAeT usnoieaa o6~H wopllyJIIIpODKa TaKoll TeOpi!H npulleHIITeliDHO K ~-aaXBaTy. 

B Cll6;llyD~ell paSAeJie llbl paCCIIOTp311 ee KOHKpeTHUe npilliOE6Hi!H. 

EyAell iiCX?AiiTD iiS ypaBH6Hilll illpe,ZU!Hrepa Mll BOliHOBOll ~YHKUIIH CiiCT6llbl A qaCTiiU B 

I!HTerpaliDHOll ~opue:. 

(t} - !A (~1. + 
1/;,j - Ei 

{ • (t] 

v~i (7.1) 
E 1t1-HD 

ffl 
3A6CD d -iiHAeKC KaHalla, E - ITOJIH3ll SHeprilll CIICT611U 1 ~~ -C06CTB6HH3ll ~YHKUUH r3llilliDT0-

Hi13H3 ft t ,ZU!3rOH3liDHOrO no K3H3JI3U ( SH3KII ± onpeAellliDT ee 3CilliiTT0THKy), a nOJIHUJI ra

.llilliDT0Hii3H onpeAeliHeTcH cyuuoll: . . . 
H =H.+ V . (7.2) 

. 
Bu6op fl. il V B KaSAOII KOHKpeTHOII cnyqae npoi!SDO,ZUITCH oco6o. B.saAaqe cue-

mHBaHilll "qaCTilqHO-AapOqHUX11 B036JlltA6.Hilll B 06JiaCTil HeiipepUBHOrD CnElKTpa 

H = H,("cBo6om~aH" qacTl!ua) + 
+ H,._("cBo6om~aH" AUpKa) + 

+Vpi. ( BS3illiOAelicTDile qacTiiUbl il Ab!PKII) • . 
H KaqecTBe V IIOlltHO BU6paT» He,ZU!arOH3liDHJD no K3H3JI311 qaCTD ~h t OTH6Cll ,ZU!arOHali»HJD 

qacTD BuecTe c Hp. + H~ K H. - TaKoll cnoco6 I!CnOJIDSODaH D pacqeTax 1198/.MoEHo; . 
oAaaKo, orpaaHqiiT» H. cywoll H, + Hh t yqiiTUD3H ;lll!arOH3liDHJD qaCTD D3allliOAencT-

Dilll D TOM xe npi16lll!xeuHn, qTo il ueAHarouan»HYD (TaKoll cnoco6 TeXHHqecKII ropaaAO npome nep-

Boro) - TaK CAeJiaHO B ~a6oTe /221/. . 
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0co6yD pox~ B YCT~HOBX6HHH CBHSH.paaXH'IH~X·KaHaXOB qepea Henpep~BHUA cneKTp Hr

paDT peSOHaHC~ UOT6HqHaX~HOrO paCC6HHHH - 11peSOHaHCU WOPU~0 • ilOCUOTPMU CHa'laXa Ka'leCTB6H-

HO C UOII01!11>D npOCTOA CX611U 1KaK BXO;IlHT 11peaoHaHCH.WOPMU11 B aa:ztaqy H KaKHe TPY:ztHOCTH BOSHH

KaDT npH HX paCCUOTpeHHH. 

,.-----·--· .......... 

- ~--/ 

l=-=t-
· ~m-------m-~=""" 

. . ·. . . " .. --- . -- --·-td-
. . 

I ff (!.' I 

PBc, 33 Puc,34 

llyeT~ npH SHepriiHX, .eOOTBeTeTBYDIIIl!X BOSOyli,lleHIID ;lllleKpeTHUX ypOBHeA B KaHaJJaX I 

11 II, Kaaax III- OTKpuT (.p11e, 33), Tor:zta, :ztBaroaaXHaupya raMHX~TOBHaH B npoeTpaacTBe 

·aaKpUTUX KaHaXOB I H II H npeae6peraa BXIIHBII6U Ha HX eBBS~ OTKpUTOrO KaHana III, nerKO HaM·. 

TH BOXHOBUe· WYHKqHH,. e~OTBeTeTBYilllll!e ypOBHD 11COeTaBHOrO H:ztpa 11 {j{_JL , H WHPIIIIU paena:zta 

aTux ypoBHeA B KaHan III: 

(7.4) 

llyeu Tenep~ B KaHane III B6XH311 ypcaaeA "eoeTaBHOrO H~pa" HaXO;IliiTea O;llHO'!aeTII'I

HUI! KBaaueTaqHOBapHUA ypoBeH~, eOOTBeTCTBYDIIIl!ll "peaoHaHey WOPIIU11 (pile, 34), Tenep~ yae 

HeX~SH npeHe6peq~ BSaHIIHOI! eBHS~Il OTKpUTOrO KaHaJJa III.II SaKpHTHX KaHaXOB I II II,- eKOpee, 

KaaaB~e~ 6u, Ha:zto BKXDqaT~ KBaaHeTaqHOHapaull ypoBeH~ B npo~e;llypy ;llllaroaan~~saquH Ha paBHNX 

yeXOBIIHX C ;lllleKpeTHHIIII ypOBHHIIII, llpH STOll mllpi!Ba pesoaaaea WOPIIH 11paenpe:ztenHTeH11 KaKHII-TO 

o6pasou uex:ztY ypoBBHIIH "eoeTaBHoro H:ztpa", S:ztee~ 11 BOSHHKaDT onaeaue uoueaTu. Bo-nepBux, 

STO pacnpe:zteneHIIe ;llOX'II.HO onpe:zteXHTiCH He TO~KO BeCOII KaHana III B ~YH~II 11COCTaBHOrO 

H:ztpa", HO H ;llOUOBHIITeX~HUIIH WSKTOpallll, CBHSaHHUIIII e SHepreTH'IeCKIIII nonozeHHell ypcBHH 11COC

TaBHOrO a:ztpa", Bo-BT9PHX, aa:zto nosa60TIITDCH o TOM, 'IT06u "peaoaaac WOPIIH" ae Oun Y'ITeH 

;llBaZ;IlU: O;llHH pas B peaOHaHCHOI4 0 :ztpyroll - B UOTeHquan~HOII enaraeMOII aMUXHTY:ztH pacceHHHH 

( 11n11 :ztpyroro,. 6onee cno'II.Horo npo~ecca), 

KaK UOKaSaJl OUHT pa:zta aBTOpoB, HBBeCTHaH npo~e;llypa ~em6axa /222,223/, COCTOH~aa 
B paa6HeHHH BCero npOCTpaHeTBa KaHaXOB Ha OT~pHTUe H aaKpUTUe, He O'leB~ Y:zt06Ha UOTOMy,'ITO, 

paccllaTpHBSH O'lepe;llHOI! OTKpuTHil KaHan, Ha:ztO BCHKHI! pas npOBO;IlHT~ ;llllarOHaxHBB~Il raiiii~TO-
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HHSHa B HOBOK 1 OpTOrOHan~HOU euy DO~npOCTpSHCTBB OCTan~HYX KaHanOB. B pa~OTB /I9S/ npe~o~. 
zeaa ~onee YAO~aaa npo~eAYpa, B npHH~Hne SKBHBaneHTHaa npo~eAYpe ~em6axa,·~eHTpa~n~u 

, . . . . '' .. . 
DYHKTOII ICOTOpOit RBnReTCR HCDOn~.30llSHll6 e~HOit ~fi BCero npOCTpSHCTBS paCCIIaTpHBS,6U~X KSHS-

nOB 11MaTpHtiol CBH3H11 • 

KaH BH~o .Ha (7.I)~·BaaHu~oe aa~enneHHe KaHanOB onpe~enaeTCH aenoBan~H~ onepa-
TO pOll 

I 

A ' ·v· . V E't' - Ho . , ·· .. 

KOTOpult, Hcnon~aya HHTerpan~HO~ npe~CTaBneHHe o~aoqaCTHqHolt WYHK~H rpzaa [£-;f.j·i 
aalll!meu B BH~e: 

V Em- H
0 

'{ 1"1 I (") Joo Je . ( !fo. } 
V=f fViJ}· >£'''-t/"'(~ V +

0 
V~t.>E'w-(Ej•~) jtV ,. (7.5) 

rAe ~· .~·noporoBaa aHeprHH. 

OcHOBaoe npH6nzzeBHe no~o~a KacaeTcs HHTerpan~aoro cnaraeuoro OABOqacTHqaolt 
. . . . . . . - . 

WYHK~H rpMaa, ICOTOpoe JlaqecnaeTCH B npe~nonozeHHH WSKTOPHSS~H OASoqacTHqaolt WYHK~B D 

o~naCTlil ABIICTBHH noTeH~axa B~nli3H a~eprllll "peaoHaaca wopll!i11 "l: ::' ?· + t;. 

1tj~:'(t) ~ s~~(cJ <fj (t") (7.6a) 

jCj(cJt ~ 2~. (~~ci/·+!;f(~L I 

> lj {l} 
(7.66) 

'P.f h2. 2 > 

~(tj ::o2.t< et'<R.)ljR. lJ· . (7.6D) 

KaqecTBO "peaoaaacHoro npMCSnzzeHHH" (7.6) ~uno npoBepeHo B pa~oTe./I98/ nyTeu aenocpe~- ... 

CTBaHHOro CPSBHBHIIH C peayn~TSTSUll TOqHOro ~cqeTa C DOTBH~anOU;BYACS~SKCOHS~ npHIIO:-· 

yron~aolt HK!i. naze .npll ll~non~aOBSHl!ll B ~qecTBe ~·(i:} oc~nnHTOpHHX WYHK~ll an-

npOKCHIIa~H oxaaaBaeTCH Bnonue np11euneuolt B m11poxou l!HTepBane aaeprnlt. fiOACTSBn~.(7.6) B 
\ > 

(7.5) •. noiyqaeu 

v t:lt'.' u v-- f vf> I~rEJ <~v (7.7) 
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c;·. E < e:1 
e;·, e > ~· ; 

(7 .a) 

a ~· -HOpMHpOBBHHSH HB 6AHHH~ ( He 8BEHCH~H OT 8HeprHH) ~YHKUHR AHCKpeTHOrO HXH·KES-

3liC'lB,UHOHBpHOrO ypoBHH B KaHane 1 
TenepD HH'lerpaliDHOe ypaBH6HH6 (7.!) CBOAHTCH K.CHC'lCMe anre~paaqeCKHX ypaBH6HHK, 

'OTKY~ cpaay nonyqaeu KOS~H~eHT~ ~S31IOEe~HH rf,~!J no ~BSHCY CO~CTB6HH~X COC'lOHHHK ra-
• r' ' 

MHliDTOHHBHB H0 t a BU6CT6 0 HHU H .) -MSTpH~y: 

S;K =~~.n/J{2•z.)~2m"[<s/{EJjv/~''M> •f < !lt(cJjvf!!i>11e(e:,!()j. 
(7.9) 

AIIMH':Y;llbl ltt(c,K} HSXOJUI'lCH H8 CHC'leW. XHHel1HblX H60;liHOpO;ztH~X ypaBH6Hlll1 

f{d,.eie{e) -l-11(jltc{E",j} = ~Y{EJ, (7 .IO) 

(7.!!) . 

I!Ue6T:pa3U6pHOC'lDt paBHyD n~liHOUY qi!CliY paccuaTpi!BSeMUX KSHS1IOB 1 a ee·cO~C'lB6HH~e B6K'l0p~ 

J...{I'J 11 coelcueaa~e aaaqeHHll Cp. (KouMeKCH~e) He aaEI!Cllt O'I' B~Clopa B~o;~~aoro I!XH B~xo;ztao.:-'" 
. I( . / ~ 

ro KaHana. B~pama IlK (E, j/ qepes X K 11 7' . · · 
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AK ( £, j) = L _:::..,_ ~' ~/(E)' (7.!2) 

/'•t 
Bl!.ll.illl, -:To ~ 1!14610'1' cllacn ypoBHeli "cocoraBHoro lillpa" (p11c. 35),_ a :{':,

1 
onpelleJIHIOT BOJI

HOBae ~YHK~I! STI!X ypOBHeli: 

. I (Jll 
y=-~-t ff;. (7 .13) 

.0TI4e'l'l!ll TaKXe CJiellYIO~ee 1!3 (7,!2) I! (7,6a) BaEHOe npell6JlDH06_COOTHOmeHI!e 

(t} -~ (' (!/ 
(\K {E,J) - . -- - o~<i C/ (E) . 

£ E; . q 

(7.!4) 

PaCCilO'l'pi!U TenepD nepeXOil Hllpa 1!3 OCHOBHOro COCTOHHI!H_B HenpepllBHllli cneR'l'P DOll ll6liCTBHe14 

11BHemHero noJIH". B aameu cnyqae pOJID 11BHemHero nonH" l!rpae'l' .cna6oe qerupe~epUHOHHOe Baa

I!MOilelic'l'BI!e HYKJ!OHOB Hllpa C )L -Ue30HOU Ha_ K- op61!T6 ueaoaTOMa. 
BepoH'l'HOC'l'D nepexolla B KaHan j · c-aHeprl!eli B036yX~~eHI!H. E _onpelleJIHercH uaT--

pl!qHaM 3Jl6146H'l'OM 

Ho-/ {£} == < 1/,,j' /!f/0 > (7 .IS) 

. 
.rile H~ -a~eK'l'I!BHilli ralli!JID'l'OHI!aH'(I.63). B "pe3oHaHCHOM npH6JIHxeHI!I! 11 O'l'HHCI!'l'eJIDHO 

~ I 
0 .J v VLE.'" - H.} I!Meeu: 

(7.16) 

.11o-j{E):::<ry;-ffrfo> +(fiJ;-jV E'"~H. 'f-fo> + f.(t(Ct:.J)*< 9ijv E'''~ Ho !f-fo> . 

I • Oneparop V ;;r;r-' fir IIOEHO B paMKaX ClleJiaHH!lX np1!6JII!E6HI!li . aanHCa'l'D B Bllll6 
. • -H. 

·. 1 r-1 r ("\_ I '"I • 
. V £,.,_ Ho H" = L.- 'n V E1j ? £(''- £-'"-~ < o/ If + 

/ J ' 

(7.!7) 

+ v8j> J£~·~-1;.~c) 0/c)< jei} j ' 
0 7· 

TaK qro 

No-/E)~"< ~-/f;.fo'j + f jt('(E,JJj*< !1;/;ffo> + (7.18)" 

• II2 



,.I'H•·m~.OI·I'o 
<>I 

-
:II 

I 

~
 

C\1 

~ 
II 

., 
t"') 

"" ,..... 
...., 

., 
1<1 

~
 

=
 

0151' .. 
l.iJ~ 

i 
I 
,
H

 

P
o 

II 
1<1 

7
)...!. 

.. 0 
...... 

.. 
........... 

., 
'IO

R
j 

\.,<
:) 

1<1 
.. 

...... 
0 0 

b 
:II 

0 
.. 8 

\0
 

II 
.a 

H
 

t-, 

~
 

,..... ·r, 
"' 

=
 

1 .1'11 •·""~·01·/'o 
.,.. 

=
 

§ 
~
 
~
 

.. 
0 

., 
=

 
~
 

'-
J
 

~ 
=

 "' 
tll 

0> 
., 

~ 
l,J 

a =
 

'10 
"" 

0> 
0 

~· 
0 

=
 

1<1 
' 

. 
0 

"" "' 
.. 

0 
1<: a 
!ll 

., 
co 

0 
=

 
d 

. \0
 

1<
\ 

. 0 
~
 

151 
,.. 

•. 1•w •. ••' 1 .oi·M
 

S! 
0 

"' 
\ 



+ J/(I::rE/tl~-1{e,j)l TC,(l) E'''-1~•l) < ~df?fo> 
r~e nepBaH cyMMa f BKniD~ae~ RaHanH C ~CRpe~HUM~ ypOBHHMH, 

} 

BTOpaa £
11 

< 
-Ra!laJibl c 

"peaoHaHcaMH i))opMu". 
, 4 / A 

MaTp~~HuM sJieMeH~ T~na <:~./~fa;> ae co~epmnT Ropo~Ro~encTByro~ero onepaTopa Tnna II 
~all ~TO B lj)yHRil,IIH JP,l IIOllte~ ORaaaT:&Cfl cy~eCTDeHHOM nepHIJ!Cp~IIHal! OClJiaCT:& ana~eHHll pa~

yca, TiosTOMY "peaoaaacaoe npndJIIlllteHIIe" ~a < ~t/1-Jo> 
< ~,jft;fo> ~ C,{l)<~ff;!o> · (7.!9) 

onpe~eJII!e~cH JlllmD aa~yxaa11e11 l))yHRil,llll fo> BO BHemHell o6Jiac~ll,ll,cJie~oBa~eJII>HO, ~ouocu 

s~oro coo~HomeHIIfl xyJKe, ~eM ~o~Hoc~I> coo~aomeHIIII (7.7 - 7,9). 
ECJIIl npi!Hf!TD (7.19), Bblp3llt6HIIe (7,18) Sallllme~Cll B Bll~e: 

Ha--;(t:)= < ?lj;/fy.jo) + J;.{;C(t:,jJ} * < ~ fif;.fo > (7 .20) 

11 1 ~aJiee, c·y~e~oM (7.12) 11 (7.13): 

fla-;{EF<!Jj;-jiy.Jo) + £. 
,, ' /' 

< ~l~vt v,t'>or~ /yo> 
1-c* ' ' 

/'" 

Tipiiii6Hflfl COOTHOmeHI!e (7.14) K (7,20), BII~M, ~~0 

<7 .21) 

Ho .. ,i{c}k-ej· ~ 0 ,, . 
~.e, O~HO~aC~II~HUe HOJIID~a aMllJIII~Y~ nepexo~a HOJIHOC~:&ID IIC~eaa~, .•raCHTCH" B~OpUM ROJI-

·neK~IIBH!lll cnarael!biM, a·llx IIH~eHCIIBHOC~:r.·"nepeRa~IIBae~cl!" B HOBUe rionnca, onpe~eJifleMble 

codc~B~HHbiMll aHa~eHllfiMH Ma~pl!Ull CBf!Sll Wxt{£) ( asanorli~Hal! ~eopeua "norameHll!!11 o~o~ac-
~H~HbiX nonrocoB nerKo ~oRaauBaeTca ~Jifl ~ -Ma~pn~). HeaaBl!CHMOC~:& noJiozeHlll! noJIDCOB 

aM~JIIl~Y~ ~ 0~ KaHaJia pac~enJieHHH no~~Bepz~e~ 36KOHOMepBOC~l> !IX ~paKTOBKll B Ka~eC~Be 

ypoBnell "cocTaBnoro fl~pa". 

I. TiapaMeTpbl pac~e~a. 

§ 2. EAMHBfl Teopllfl rrpa11ux H peaonaHcnux npoueccoB 

B /J- -aaXBaTe j rrpl!JIOllt6HHfl K peaKil,IIH 
~ ~ ,~· 

' 0 bP. lln.}N' ' 
j 

fl~po tl'~ paCCMa~pi!Bae~CI! KBK npO~OHHBfl 11~pKa11 B ~a~ Mara~eCKOM f!;ltpe oi6, 
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·xoTopall L!OlltBT HaxOlU!Tl>CH B ;zulyx COCTOliHIIliX f;J ( OCHOBHOe COCTOliHIIe II" ) H f'ri,_' (B08-

<lyll)lei!HOe cocTOHHHe /Iff c aHeprHelt 6,33 !.laB). l{pyrHe ypoBHH N·w He Y'<IITiiBSIOTCll. Pa: 

lUISA:&HUe BOAHOB!le WYHK~H "~PKH" nonaraJOTCll oc~nnnTopHuMH; aHa'leHHe oc~nnHTOpHoro napa

MeTpa l;, = I, 76/ BU6llp8BTCll B COOTBeTCTBIIII C ;l!SHHiiMH no ynpyroL!y paccel!HIIIl SABKTpOHOB 

/I3I/ Ha oi6• · 

raLIIInDTOHIISH 'i8CTIIUU - Hp - COCTOIIT H3 ero KHHeTH'leCKOit SHepriiH II SHeprHII !aaH

JIO;zteltcTBIIll c "Baxyyr.~or.~• ( n;ztpou o16). nocne;ztHee 6epeTcH B BH;zte npl!Moyron:&Holt nMU, napar.~eT
pu KOTOpOit nO;zt06paHii, B COOTBBTCTBIIII C /224/, no nOAOEBHIIIO O;l!HO'i8CTH'lHiiX HeltTpOHHilX ypoB

Helt HS;ll 0!6 II ~838M nOTeH~SA:&HOrO paCCBliHIIll HBitTpOH8 H~ KHC~OpO;zte. BonHOBiie WYHK~H Henpe

piiBHOrO cneKTpa ;ztnll Tl8CTHn!l B liMB ~nnpOKCIIMHpOB8nHC:& ;ztnll BOnH C ffO cornaCHO wopwynaK 

(7.'6), -a ;ztnll s -BonHii- cornacHO aHanorH'<HiiK WOPKYJIBK c HSKeHeHHilMH C(e) : 

qeuy COOTB8TCTByeT 

= i- (re ~ iK) atat. 
£- (i1 - 68 ) 

. . t/ z 

(7.22) 

r;zte Cs -aHeprHll C:Bl!SH HeltTpoHa B liKe: c4 ::: 2./ . 
B38llllO;lleltCTBHe Tl80TIInll C "~pKolt" :Bii6Hpanoc:& · ~ -o6pa3Hiill 0 06111'1HO. Hcno~:&aye-

llllMH ·napaMeTpaMH /I39/: 

3/'nn/ = 8, 5 H3g j o< ,. o, 135". 

2. Bos6yxneHHe •r~~raHTCKoro peaoHaHca" B 4L -aaXPaTe. Bepol!THOCT:& nepexonoB 

" nep:Boro nopl!.l!K8. aanpeta . 

PaCC'lHTSHHble B /221/ cneKTPii :BOa6yE;ztBHHI1 l!;ztpa'. N ~ B COCTOIIHHIIX o-. I- II 2-' 

oueita!OIIliiX nepexo;ztaK nepBoro nop11iuta aanpeTa B j'- -aaXBate, noxaaaHH Ha pHc. 36 ( aHeprHll 
. .116 

. JI036yE;zt8HIIll OTC'liiTHB88TCll OT nopora HBitTpOHHOrO paaBana l!;ztpa IV ). 

B Ta6n. 29 ~pHBe;zte~Y BepOHTHOCTH Jt ~38XB8T8 B 016, npOHHTerpHpOBSHHYe no COO-
. IS .I 

TOl!HHllll HenpepYBHOrO cneKTpa CIICTellli N + /1. H npocyKMHpOBSHHiiB no BCBK K8H8nBK, .Jin11 . 

COCTOl!HIIlt 0-, I- H 2-. S;ztec:& EB ;ztnll Cp8BH8HHII npHBB;l!BHH COOTBeTCTBYJlllliiB BenH'liiHH, nonyqeH

HYB C nOKO~IO CTaH;ztapTHOrO 11Tl8CTH'iHO-~pOltHOro" OO;l!XO;ll8 o<lonoqeqHOit LIO;lleJIH. 
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Ta<5Jlllna 29-
llHTerpan»Hafi BepoaTHOCTh peaKD;IIH oi6'(~ •. v~) AI IS 
(B eAKHHUSX I04 ceR -I) no pesyn»TSTSK pa<50TH /221/ 

o- r 2- r 

PacqeT.no eAKHO" 
0.66 4.89 3.08 8.63 

TeOpHH jU-BaXBaTa 

PacqeT B pauKax 
o<5uqaoro nqacTHqao-

0.93 6.29 4.33 n.ss 
~p~qaoro" no~o-

;zta /I69/ 

noxyqeaaue B pa<5oTe /22!/ BepoaraocTH nepexo;ztoB sauerao HHEe BHqHCneHHUX.paaee. 

Cywapaaa BepoaTaocu nepexo;ztoB B cocToaHHPIO-,r a 2':' HenpepuBaoro cnex:rpa--8,63~ro4 celt-! 
·cl1Ilt3Ra x excneplr1lleHta.JihHOI!J' saaqeHHil nonaol!· BepoaTaocm nepexo;ztoB B aenpepuBH'al!, 

cneRTP 8,9•Io4 cex -I( noxyqeBHOIIY aa ;ztaaaux no nonaol! BepoaTHocm sa.xBaT~ 9,8• ro'+cex-
1 

·a ;ztSHHHX no -nepeXO;ztSJI B CBHSSHHH6 COCTOHHI'Ifi f./ I6 ,....0,9• !a'+ Celt. -1), llpH SH8Jlll86.K0;7l~nD
BHX pacqeTOB uu yze BH;ztenm (cu. rn. YI),.qTo nepexo~ n~pBoro aanpeTa B<5HpanT B ce<5s.np~~. 
uepHo· 80% nonHoll BepoaTHOCTH aaXBaTa. noaroi!J' noxyqeHHYil HaW! nz!PPY -8,63•Io4ceK -I:.· 

cne;ztoBano <5a cpaBHIITh c DenmqHao" nopa;ztKa. ('7,0- 7,S)Io4 ceK -I 'Hanpauep, no ~OlWI a' 

Banenxa / 20S/, cyYKapaas ~epo~THOCTh »cex nepexo;zto» nepBoro nopa;7lK8. aanpera~ BKnllqaa nepe

XP~ B CBRSS~HI>Ie COCTOHHHR~ paBHS 7 ,9•!04ceK -1 ). TSKIIK o<5pasou,. noxyqeHHSH B6nl'lqHB8 .RBJIR- . 

eTcs Dee e~e aecxol!DKO ·aaBameBHOI!- npHuepao aa IS% -·no c~aBHeHIIIl c·aKcnepHueaTou.no-BH

AKKouy, B STOK CKSSI>IBaeTCR npeae<5peseBHe TSKHJI <5onee TOBKHK a~eKTOU 1 KSR nonRpHBSUZR OC-

. BOBBOrD COCTO.HHI!R 016 ( na;ziylllMe Baaa;zta AKSrpa~), ;zte!POp148D;IIR R;ztpa o16H ;ztp, . . 
qTO KacaeTC?. rnaBHOrO peayn»TSTS - cy~eCTBeHHOrO yM6BhW8HIIR paCCqHTSBHOI! Beposr- . 

HOCTH aa.xBaTa_ no cpanHeBHil c npesaiiKII uo;ztel!DBHKII pacqeT8UI'I, - ero np11qaHa saKl!llqaeTCR B 
TOll, qTo B cnyqa_e nermx s;ztep o;ztHoqacTnaae iPYHitD;IIR 6ecKoaeqaolt.RW, KOTopae :Bcer;zta ·11cnonD-
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SOBanHeb B TaKMX pae~e~aX, ey~eC~BeHHO OT~H'IaDTeH OT HaeTOHmHX ~jHKUHa HYK~OHa B HenpepHB-

, HOII eneKTpe l!). · 
;3;CTpyttTypa 3HepretH'IBCKIIX ellEllttpOB HentpOHOB 

10 

~ tt. ~ H•V 1z 

P11e. 37. CneKTP uen:rpoHbB B peaKUHII oi6 ( j'- , vtt- ) II 15 

( no peay~naTaJI pact~eTa / 2211): · 

a) 3/'on: = 8:5 MaB , 

6) J/it7r't: ' = II.O MaB, 

Ha pile, 37 npiiBB,zteH cneKTP HeltTpOHOB ll peaKUHII 016 ( / , J/n.. ) /'1 ! 5
, eOOTBBTCTBYIIl

mH!t BCell nepexo~a11 nepBoro nopH~Ka aanpeTa. PeaoHaHcHaH cTpyKTypa cneKTpa, KOTOpaH npez~e 

, B03HIIKa~a KaK C~eACTBHe npe~nO~OlltBHHH 0 pe30HaHCHOII B036ylii~BHIIII H~pa npll jL -SaXBaTe, HB

~HBTCH'eCTBCTBBHHHII pesy~bTaTOII BBaiiJIHO!t CBRBII paBnH'IHUX KaHa~OB II KO~~BKTIIBII3aUHII B036yz

~eHI!n H~pa B 06~aCTII H~npepHBHOrO cneKTpa, Q6~H KapTI!Ha cneKTpa HeltTpOHOB Ma~O IIBHHBTCH 

np11 I!SlleHeHIIII napawe:rpoB pact~eTa ( cpaBHIIM p11c; 37a 11-376), 

f H) B&me _wu oTuet~a~, t~TO He TO~bKO B Teopllll jL -aaxsaTa, HO 11 np!! pact~eTe ~otoH~epHHX 

peaKUH!t CTaH~apTHH!t 11t~aCTII'IHO-~pO'IHH!t 11 llOMO~ )taeT saBHmeHHHB 3Ha'leHIIH A~H BBPOHTHOCTII 

npo~ecca, Ha nepBH!t B3r~HA KazeTCH, ~TO, 06bHCHIIB C TO'IHOCTbD !5% 3KCnepllliBHT~~bHOB BHaQB

HIIB BBpOHTHOCTII j'--3aXBaTa B KI!C~OpO~e, JIU aBTOJiaTII'IBCKII - C noliO~D COOTHOmeHIIH ~on~

Bane~Ka - non~ae11 npaBIInbHOe aHat~eHIIB 11 ~nH ~oTo~eKTa. B ~eltcTBIITB~bHOCTII ~eno uozeT 

o6CTOHTb cnOliiHBB, nOCKOnbK~. COOTHOmBHHe ~0~-Bane~Ka nonyt~eHO CTporo·~nH OCUHnnHTOpHUX 

~YHKUH!t, a BBCb a~eKT YIIBHbmeHIIH BepOHTHOCTII CBHSaH KaK pas C Cy~eCTBBHHUJI OTni!'IIIBJI IICTIIH-

HUX ~YHKUH!t OT-OeUHnnHTOpHUX. 
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§ 3 • (f B03MOlltHOCTliX tii!CTO {fleHOM8HOJIOrl!tleCKOrO ITOJ!XO.M 

B TeO.ll.llll 
"') 

g, -saXBaTa 

HcnOHb30B3HIIe MOAeHbl!biX BOHHOBUX @yaK~~ ~ll pactleTa liAepHUX M3TPI!t!HUX aneueH

TOB liBHli8TCll Oc5Ut!HO rnaBHblll I!CTOtiHHKOII c5ecnOKO~CTB np11 11HTepnpeTa~lll1 A3HHUX no jL -aaXBaTy. 

MOAenll np!!c5nl!llt6Hllbl 1 OHII COA8PlltaT TO l!nll 11H06 tii!CHO napaMeTp0ll 1 31!3'1el!llll KOTOpbiX HOAc51!pa

IDTCll T3K, t!TOc5U Oc5~l!CHI!Tb onpeAeneHI!bl~ Kpyr 3KCnepliii6HT3Hbl!biX ~ai!HUX. 8Kcnep11116HTU ITO 113Y

ti8HIIID CH6KTpOB B03c5YlKA6lllll! liAep, norHOl!\6HIIID @OTOHOB 1 paCCeHHIIID 3H6KTpOHOD.ll T.~. Onpe;llena:

IDT "onopnue ~3HHUe0 , KOTOpue I!CnOHbSYIDTCll ;1\HH npOBe;lleHI!fi·pactJeTOB no ;" -saXBaTy, B03Hli

K36T, O~JiaK0 1 BOnpoc: HYlKHbl Jill BOOc5llle ll;llepaue MOACnll B K3'1CCTB6 °nocpe~HI!KOB 11 
1 CBllSUBSID;

IIIIIX Mellt;l\y codo~ ;I\3HHUC pa3Hllt!HUX 3KCnepi!MeHTOB? HeHb3H nil OCYI!\6CTBI!Tb TaKyiD CBH3b Ha 'IIICTO 

@eHOM6HOl!Ori1'16CKO~ OCHOBe 1 BBOM B TeOpliiD napaue:rpll TIIH3 "@Opl.!r}3KTOpOB0 
1 He 111!8IDIIIII6 KOH

KpeTHOrO MO~eHbHOrO CllllCHa II OTB8'13IDllllle K3KIIM-TO c5onee Oc5IIIIIM :rpec50B3HIIHM "C:rpororo" 

HOI\XOAa? B nocne~Hee llpeMH nonBIIHCll PllA pac5o:r, B KOTOpUX l!CCHe;llyiDTCll ll03MOEHOCTII ~aKOrO 

nOAXO;I\a, 

Kl!M II llpi!MaKOB / 226/ llllCTYnllnll C pa~OTO~, rAe, 'pa3Bllll3ll M6TO~!l 1 npe~Ollt6HH!le IIMII 

paaee B Teopllll .P -pacna~a, TpaKTyD:r cnoxaue n~pa, yqac:rBYDllllle B npo~ecco /- ~aaXBaTa, 

KaK 0 3Jielllei!T3pHUe" '13CTH~. 

PacciloTpHM KaKo~-nnc5o nap~aJibHU~ nepexo~ B / -a~Xlla:re: 

.f"- +A'"' -AI +v . 
llp11HIIM3ll rllnOTeay COXpaHel!HH BeKTOpHgro TOKa, I!Olltl!O npHI!O CBH33Tb BeKTOpH!l~ r}Oplllr}aKTOp II 

r}opMr}aK:rop "cnac5oro MarHeTHSMa" nepexoAa A'"' - A& , c :meKTPll'leCHIIIIII 11 uari!HTH!lllll Hao

BeK:ropl!hll!ll r}opMr}aK:ropauu nAep A... H Ae. -B nonaou cooTBeTcTBHII c :re11, KaK a:ro .Aenae:r

ca Oc5hlt!HO Allll HYKJIOHS (eM. rnaBy I, § 2). ~HH yc:raHOBHeHI!ll TaRO~ CBll311 He :rpec5yiDTCll HI! 110-

Aellbl!lle r}yHit~ll, HI! KaKlle-n~~c5o liHUe runo:reau, nanp1111ep, I!LmynDCH.oe npuc5nmKeHIIe (c·11. rn. I, 

§ 6). 
\ 

0AH3KO npii.Bll'IIIClleHIIII aKCII3HbHOrO r}Opllr}3KTOpa A6ll0 Oc5CTOIIT Cl!OlltHee, 8~eCb aB-

:rOpll CT3liHIIB3DTOH C Tellll lite TPYAHOCTHIIII,· KO:rOplle B03HI!Ka~ll II paHee / 227,22B/ npll nonu:rKaX 

nocTpoa:rb r}eaolleHonorntJecayro Teop11ro ~-saXBa:ra B He3. Mu yze paac5Hpanu aaXBaT 11eaoaoB 

HApaMu He3 B rn. IY. noneaHo BepHyTbCH K a:ro~ aa~a'!e c Tell, tJ:roc5u nocuoTpeTb, aacKOnbKO 

Cyl!\eCTBeHHO 'c5UHO IICI!OHb30BHHHe pa3Hli'IHUX IIOAenDHUX·npeAnOHOllteHIIU. 
. j 

EyAeLI IICXOMTb 11a Oc5l!lero BH}.la ua:rpH'!Horo aneuea:ra,onHCh!BaDII\ero npo~ecc /-+He.,.· 
~ H3 ~II 
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(7.23) 

. B cooTBeTCTBllll c ranoTesolt coxpaHHilllleroca BeKTOpHoro TOKa, cBalltell IV(IJll f;.{fl) c 

aneKTPII"lecKl!M 11 MarHIITHI>IM aaoBeKTOPHI>IMII iflopuiflaKTOpal.!ll a;llep HJ. 11 H/ · : , 

: H/: HJ2. fv(1/ " F, {1/ - f, (f) 
(7 .24) 

npll STOll 

t=;(o) = i , 

fHt -6' - 1/3 ~ 
F,(o)::: ; 21-l = - s; 411 2M · • 

(7 .25). 

ITpll ~~~ = 0,976 ~ 1 "'TO COOTBeTCTByeT paccllaTpl!BaeiiOlt pea~ll, 

F.;(~~ "()_ 853 1 

~ (12
) = 0, 896 &(o) 

(7 .26) 

2 ' ' 
Koe-KaKHe CBe;lleKl!!IO F;, (1~ I!Oll!IO n01ly"!IITI> 1 .. 06paTIIBmiiCI> K ;llaHHillll no 

BepoarHOCTI> J -pacna;lla onpe;llennerca Marplll!Hillll anelleHTOII r11na (7,23) 

· raa F;{o). = I .B iflopuyne MH Bpe11ena l!GISHII 

' J J J -pacnwzy /1-. He • 
2. ' 

npa 7 -- o.nona-

:::1131 :t20 (7 .27) 

Ha.xo;llllll 

5, (o) = :t(i.,Zf tC1Dt) • (7.28) 

. . .. . Tenepi>, IICII01Il>3Y!I 3KCneplllleHTa1Il>HOe 3Ha"!eHIIe /I07/ BepOHTHOCTII saJi:BaTa ~ ": 

..: I520 Celt -I II nO;llCTaB11H!I (7,26) II (7,28) B (7.23), ycral!aBlll!Baell CB!I3l> fit(1J ll Fp{?J 
npa / 'i / = 0.976 ,.. • . 

Ha pi!C. 38, BSHTOII as pa6oru 12281, noKaaaHa o6nacTI> ;llonycrMllblX sna'lel!l!lt "}<IJ('J' 
ll : ~(12},coan~aDIIll!X c altcnepl!lleHtanLHRMH.B npeAenax cyuuapHolt tpexnponearHon·roqaoctl! on

. pe,Jte.nealla'v1'lo 14 F,. ( o) • 
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Pnc. 38. CBHSb aMnnHTY~ nc~a~ocKanapaoro H aKcnanbaoro BSaHMO~ellcTBHH

ns 8H8nHS8 BepORTHOCTH S8XB8T8 ~MeSOHOB 

a~paMR He3( nd ~aHHbiM pa6oT~ /228/), 

·' 
KaK BH~HO HS pHCYHKa,·saaqeane nceB~OCKanapHOll KOBCT8HTbl qyBCTBRT6nbBO K Bb16opy 

' f; (~2) , K COlKaneHHil,· 3~6Cb BOS!.!OlltHOCTH CTpOroro iPeHOII6HOJI.OrHqeCKOrO UO~XO~a KQHqallTCR H 

01.\eHKH f/,. (~'-} . npHXO~TCfl npOBO~Tb H8 MO~enbHOll OCHOBe, 

MOlltHO, c~enaB pa~ npe~nonollteHnll, o6ollTHCb 6ea iPaKTnqecKoro HCnOnb30B8HIIH.WyHK-

.!!!!.\! II npHIIO CBHS8Tb /;; {y'l C ~8HHbiMR no pacceHHHil aneKTpOHOB, HO 3TO He OBHaqaeT He-

38BIICIIMOC711 no~O~ OT M08el!ell: CSMH npe~nOnOllt6HIIR HOCHT MO~enbHblll xapaKTep. ~erKO noJiy

qnTb cooTao.meHlle 11ellt~ F;. (71 11 fV(~/ , ecnH npe~no~olltHTb;qio .H~pa He3 ll He
3 .npe~

CTaBnHDT C060il npOCTO $ -~pRy B MarnqecKOM-H~pe He4•• B STOM' cnyqae BOl!HOBble iPYHKUllll .. 

H~ep He3 11 He4 iPaKTOPliBYilTCH OTHOCliTenbHO. npocTpaacTBeHHbiX ll cruiHOBbiX nepelleHHbiX ll nosTOMY 

(eCnH npliHHTb, KpOMe TOro, llllnynfCHOe npn6nHJJteHlle) MOlKHO Bblp8Sl!Tb fA((}n f;.{?~ qepea 

06~1l iPOPMiPSKTOp ITnOTHOCTR HyKnOHOB: 

fv(~2} = K{~J}v(1/ l7.29) 

~ a2J = -I< (~2.) fA(~~ I 

2 \ 2 . 
r~e fv ( ~ ) II fA ( ~ ) •BeKTOpHblll ll 8KCII8nbHbllt iPDPIItP8KTOpN HY:KnOHa, · 0TCIJ~a 

F;(7
2

l=-Fv(1
2

) ::~~ (7.30) 

C noMOmbll cooTHDmeHHH (?.29) nonyqaeM F;(~' = I,O?, OTKy~a; cornacuo pnc.38,'J-f/>{~~z 40 

lll~anee 1 3P/3A = !2. 
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KaKOBa TO'IHOCTD no~yqeHHUX COOTHOWeHHtt? B paUKaX npHBe~eHHOrO no~o~a - COBep

meHHO HeliCHO, ,llJI!! 8TOrO Ha~O liCC~e~OBaTD nplliieCD 6o~ee C~OlE!!biX KOIIIIOHeHT B tiJYHK~I! He3 

I! H3 ( -cf.s' 0 o(;J; H T,n,) - aa,ltaqa CBO,ltHTCl! 6yKBa~DH0 K TOiil 0 'ITO paCCIIaTpH'Bal!aCD B rl!, IV, 

PaCCIIOTpllll e~e O.ltHY IIOIIbiTKY 'll!CTO ~eHOIIeHOl!Orl!'leCKOrO IIO,ltXO,lta, 0Ha KaCaeTCH pac

CMaTpl!BaeMoro Blime nepexo,lta c12 - B12( ocHOBHOe cocTOHHlle) np11 sanaTe /" -uesoHa yr

llepo,ltou, ~MeeTCl! 60l!Dwoe 'll!Cl!O "onopHbiX ,ltaHHbiX "• Heo6xO.ltllllbiX .ltlll! ero'pac'leTa: Bel!l!'ll!Ha 

j~ f -pacna~a B12 -- c12 ( OCHOBHOe COCTOHHHe); pa,ltllalll!OHHaH Wllpl!Ha lj ypOBHH 1+, 

T: I npH 15 M3B B ci2, l!Blll!IOJllerocl! 11306apll1!eCKI!II aHal!OrOM OCHOBHOrO COCTOl!KIIH B12~ BeCD

ua IIOJ!Hble. ,ltaHHble no B036yz.z~eilliJO ypOBHH IS.I MaB 3J!eKTpOHallll. 

HeJtaBHO no,ltp06Hbllil aHalllla aTo.ro nepexo,lta npoBellll ~O~.ltll 11 Ba~e~Ka 12.291. npoc~e,JUI~ 
. Sa l!X Bbl~a,ltKallll ll paccyz,lteHl!RMH - B Hl!X O'leHD XOpOWO Bll,ltHbl BOSIIOlEHOCTll ll TPYJlHOCTH ~eHO

IIeHOl!OrH'IeCKOrO IIO,ltXO,lta, 

'v· 

·. Corl!aCHO 0611ll!M ~opuy~a11 (cu. rli.I), BepoaTHOCTD raMOB-Tell~epoBcKoro nepexo.z~a 

ci2( o+ ' T = 0 ) -- B12( r+ ' T = I ) onpe.z~e~l!eTCH, npez.z~e BCero, MaTpll'l!!llll a~elleHTOII 

pr = 

f I fiFr= /(t•! f't('j.(r:·J61 #ofJt + 5/(t~//F <tj'-'/zCft;)(C: x?}do 'it. ( 7.31) 

r.lte (c;/( fVi. • o6oauaqaeT onepaTop paHra I' o6pasoBaHHbllil 113 BeKTOpa 6 ll TeHaopa _2-ro 

paHra Czm ( -t) .. jJf' ~m. ('t) . : -· · · 
GpaBHHII BUpazeHHe (7.31) c BUpaxeHHl!llll .~~~a·BepOl!THOCTll J' -pacna,lta BI2 _ _._ cl2 

ll nepO!!THOCTll MarHliTHOrO BOa6yz.z~eHlll! ypOBHH.l5,! M3B npll paccel!HHll 3lleKTpOHOB ( MarHHTHOe 

BOa6yllt,lleHlle peal!llayeTCH B Hal!60Jiee 'IHCTOM Bll,lte npu.paccel!HHH 3J!eKTpOHOB Ha yro~ 180°, CM, 
Hanpuuep /213,2!4/): 

I 

1"("12 s 

1 f 
I " 12 I ri ( [ QA m. 

'l"~B.- C I) "'e;;2. 2.tr• 

(7.32) 

j};_ {&_=tso')--/(f+j 7i."1(7)fo1t· ~ (~ (b)f(dfll"r.7i!(J.(It•J +(:(1t•V f (I'P:/'n•t}(J.flr./'k33J 

- If J2{1z.){C2·~ 6'JtJ /I0 4)j2. . 
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B npe;'leJJe , ~/?.. << I 1!3 (7 .33) cJJeAyeT uaTp11'1Hhll1 aJJeMeHT paiJ.IlaJJ.llOHHOro .Mr - nepexo,l\a c 

ypOBHII IS.I MSB na OCHOBH08COCT0lll!l!8 ci2: 

I(,+JJr,m"~11o;'2 = ,;,.r~Htrr~Jx::. ./f<t/"11. +(j'l'"j'-... ,)?. Jllo+)/". Jl ,,...,0 /( ' l 
(7.34) 

.SaMCTIIM,. liTO BC8 COOTHOmeHI!H (7,31) -·'(7,34) 3alli!CaHhl B npe,l\llOl!OlltCHUII 0 He3aBU

CUMOM BKJJa,l\e KUllt,l\OrO 1!3 llYKliOHOB H,l\pa B nOl!HhlH onepaTOp nepeXO,l\a ( I!Mnyli~CHOe np116liHllt8HII8). 

]erKO Bl!,l\8T~, liTO ypaBH8HI!H (7,3!),(7.32) U (7.33) H8,l\OCTaTO'lHO ,l\llfl nenocpe,l\CT

B8HHOrO Bhl)!I!Cli8HI!H uaTpl!llllhlX 3l!6118HTOB, BXO,l\Hil\I!X B (7.31). llcnOli~30BaHII8 pa3lll!l!HhlX ( B TOM 

'IIICJ!e UO,l\eli~Hh!X ) OU8HOK ll03BOllll8T, 0,!\HaKO, HaiTI! Haii60llee cy~CCTBeHHYD 'laCT~ STIIX MaTpl!ll

llhlX 3JJ8MCHTOB. 

ITpellt;'l8 BCero, U3 COOTHOm8HIIH (7,33) II (7.34) MOlltHO U3BJJeq~ op611Tall~llh!H II CllU!lO-

BhlH uaTpll'lHUe sl!euenTu MI- nepexo;'la np11 ;~ 0: 

(t+, Pi§f<l/"'(1/0+, T:D) =-0,28 tO,IS", 
('+,r:~JJJ;.'rt'f!.qo~ r:o) = t,07NJ,D.3. 

' ' 

(7.35) 

0TCD,l\a MOlltHO C,l\el!aT~ BUBO,!\ 0 TOM, liTO II npll 60JJ~muX 7 , COOTB8TCTBYDI1\I!X .SHeprlll! ~efiTpii

HO B .f ~3aXBaTe, B uaTpllliHhlll 3JJ8MCHT (7,33) np~O-~JJa,l\aDil\I!H BKJ!a;'l ,( nplluepl!O 94%) ,ll;aeT 

Cnl!llOBaH qacT~ onepaTopa ( aaueTI!ll, 'ITO /P - )'-n. + I = 4, 70)· •. 
Tenep~ aeo6xo,li;I!MO paa,l\eJJI!TD BKJJa,l\hl IIHTerpaliOB c J• ( 1-r. ) 11 J2 ( J't- }.3;'1ec~ 

,l\ellaeTCH ,l\Ba pO,l\a UO,l\8Jl~HhlX npe;'lnOliOX8HIIll! 0 xapaKTepe CBH311 Cni!HOB B.llOl!Hhlll MOM8HT H,l\pa 

11 o BIIAe OAllO~a~TIIllllhlX pa,ll;l!ali~Hh!X BOJJHOBUX WYHKUI!i. E~e.'<l>l!aMMaH.l\ u <l>Op.l\ OTMel!ali~ 1122
/ 

( CM. rJJ. IY, § 4), 'ITO OTHOmeHI!e llHTerpaJJOB J• ( 7 't ) ll j2. ( , 1 t ) CJJa6o M8HH8TCH npu 

llcnoJJ~ao:aaHHII o6oJJoqeqBUX BOJJHOBUX WYHKUI!ll HAep 11 :aap~11po:aaai!U napaueTpOB c:anau HyKJJOHOB 

B mllpOKOM IIHTep:aal!e- M8llt.l\Y npeAeli~HhlMI! cJJy<~aHM!l L-S u j-j . ~Bnsu. <l>oJJ,ll;l! 11 BalleUKa 

Bhl'li!CliHDT STII IIHTe~pSllhl C llOMO~D OCUI!JIJIHTOpllhlX WYHKUUll, B 3TOM CJJyqae OTHOW8HI!6 pa:SHO 

J Jz.{F·J 

f J.(?t) 

·ft/ 
-0 -,~ 2" 
- J {- 6~ 

(7.36) 

~ BUpaxaeTCH qepes · 'laCTOTy OCUI!JIJIHTOpa 'hw II ~ II OKaSUBaeTCH paBHhlM 0,89!?,. a 

J -MO,l\eli~HhlH napaMeTp, KOTOph!l!,COrl!aCBO, pacqeTaM•KypaTa / 230/ UeHH8TCH OT 0,16 AO. 0,26 

fJ2.( 1t ) B 

r,l\e 

BO BCeM llH~ep:aal!e npoMe.lltyTO'IHOil CBH311. Talti!M 06pa30U1 OTHOCIIT8Jl~Hhlll BKJ!a,l\ 

uaTpll'lHhlll 3JJelleHT He npe;sumaeT 4%~ a llOCKOli~KJ' B :aepORTHOCTD )'- -saXBaTa 
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llll C jo ( -~'t ) ll, ~ ( ~'C-) BXOill!T HeKOrepeHTHO, npll Bbl'li!Cli6Hllll MOlltHO BOBCe orpaHll'lllT:&Cl! 

1!li6HOM C j. ( j1:. ), 
' B llTOre BOSHI!KaeT ClleiJ.YIOII{all npllc5l!llllteHHall Y!OPMYlla ;1\lll! I fEr r· 

/3}11/2£./J;"/2 = 3JT t,2 , h-l.(dtr,m~{'})/10~}/·(f- 2 /-tl 4 
) (7,37) 

27Tz, HI , m/ j'£ JrL(tt//T,""'/ 1/o•;r~o . J 1-h~ • 
TO'!HOCT:& HOTOpOM aBTOpbl O~eHI!BSIDT B 5%, } , 
0CHOBHOM CMbiCll wopMyllbl SaKl!JO'!aeTCII, Ha~ Bll;l\HO 1!3,1!3l!Ollt6HHOrO, B TOM, 'ITO llHTerpal! OT one-

, paTopa L 'l:;J.f'f't,.) ?1: , He Bbl'li!Cl!lleTCll, a 1!3BlleKaeTCII 1!3 KOMc5llHa~lll! i!SBeCTHbiX 

MaTpi!'IH~X Sl!eMeHTOB, 'n~CKOli:&Ky, O;l\HaH0 1 B T,m"J( r> CO;llepllillTCl! ( C BeCOM npi!M6pHO 6%) 

onepaTop f"£iJ;(,tt.}l; 1 tl>aKTI!'!eCKII ;1\Sllte npl! Bbl'li!Cli6Hi!l! rl!aBHOM '!aCTII MaTpi!'IHOrO 

al!eMeHTa ;~~el!aeTCII npe;~~nol!OllteHile MO;lleli:&Horo X3paKTepa o TOM, 'ITO. nOl!Hall BOl!HOBal! tl>YHK~H 
R;llpa ( TO'!Hee - BHClliHIIX HYKliOHOB) ~SKTOpi!SyeTCR C Bbl;l\Cll6HI!6M MHOEIIT6llll, SaBI!CIIII{6rO TOli:&KO 

OT pa)II!Sli:&HbiXnepeMeHHbiX HYHliOHOB ('ITO cnpaBe;liJii!BO ;1\llll l!JOc50ll Oc50li0'16'1HOll ~OH~I!rypa~l! (Ipf 

, HeSaBI!CI!MO OT xapaltTepa npOMC,lltyTO'IHOil CBIISII), 

Pl!c. 39. PacqeT nepOIITHOCTI! aaxnaTa ~-MeaoHOB 

yrl!epOil.OM / 229/; B COOTBCTCTBI!I! C rl!nO

Teaoll coxpaHeHI!II neKTOpaoro TOKa nol!ara-
.' 2. 

eTCR j'( ~ ) = 4,6. 

, , fiO;liOc5.HO TOllY 
1 

Kalt c5blll Bll'II!C~eH MSTpi!'IH~M Sli~MeHT J if" , Bbl<ii!Cli!!IOTCR I! ;llpy!'l!e 1 

, BXO,l\RII\He B 'nepO!!THOCTI> paccuaTpi!Baer.~oro nepexoJ~a, ·- jJ?, Jf 11 J6=f • 
Ha pl!c. 39 8 40 noaaaaHbl OHOH'IaTeJI:&Hble peayl!:&TaTbl pac'!eTon. B nepBOM cnyqae nona-

raeTCll 5 ~'!~A ~. 28 ', a KOHCTaHTa 11 CJiac5oro MarHeTI!SMa11 Bblc51!paeTCll B COOTBeTCTBI!I! C 
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. t . 
rHnOTeaon coxpaHeHHfl BeKTOpHoro TOKa ~- ( ·;. ) = 4,60; pesyn»TaT cpaBHeHHH c a&cnepHuea-

TOll 
~(I') 

FA (1) = f.O't + 0.07 
-4f0 : 

PHc, 40. PacqeT BepORTHOCTH aanaTa .I' -uesoHOB 

yrnepo.ztou 12291; nonaraeTcR r,.;-r'%(1) = I. 

Bo BTOPOM cnyqae npHHfiTO F),(/') = ;:;(J) .. ll 5 ~ !P!JA ~ 28; pesynTaT -

. J-(~J =- 5; T:H , 
(,6. 

(7.38) 

(7.39) 

llpHBe.zteHHUe peaynbTSTU ("OHil npaKTil'l8CKH He OTXH'lSIDTCfl OT TOrO, 'ITO nony'lHnll 

paHee MopHTa H ~Y~H/34/, ·~nai!I!SH.zt H ~op.zt /!22/ 11 .ztp,; eM. rn. I~) no.ztTBeps.ztaDT nieopeTH

'lecKHe" sHa'leHHH KOHCTaHT (!.57). 

Kpoue cnyqaeB. jL -;;sairnaTa B. He3 H ci2' KHM H ITpHI!SitOB B TO)( Ee_ ,ltyXe paCCJIOT- . 

penH 3SXBaT I!DOHOB R.ztpaMH ~ C O~paSOBSHH81l RAPS He6 B OCHOBHOM COCTORHHH / 226/, 

IT0.1Ule.zt8M O~IIU!e HTOrH paCCMOTp8Hilfl ~eHOM.eHOXOrH'lBCKOro OO.ztXO.zta, Ka!t_ BH_,lUIO HS HS-. 

XOEBHHOrO, B TeOpHH ~ -saXBaT~ .CXOEHUe R.ztpa BUCTynallT B KS'lBCTBB 11 3X8118BTSpHUX11 'lSCTH~ 
TOXhKO npH HSnH'lHil .ztODOXHilTBXDHUX npe.ztnOXOEeBHn 0 CTPYKType STHX R.ztep, B 0~~81( cnyqae 

~OpM~SKTOpU 0 XapaKTepllSYDIIU!e CXS~Oe B3aHI!O.zteHCTBH8 CXOSHUX R.ztep, HB CBO.ltfiTCfl It .ztpyrHil 0 on-
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peAenaeM~M HenocpeACTB6HHO Ha O~Te BenHqHHaMo naze B paMKaX HMnyn~CHOrO npHdnHE6HHR 1 noa

BOn!IIOI!I6rO pac!Cp~n CTPY!CTYPY STHX \(loput;f!aKTOpOB 1 HM61li!IHXCR SKcnepHMeHTan~HbiX AaHH~X H6AOC

.TaTO'IH01 'ITOClbl oeloll:rnc~ Clea npRMblx MOAen~HbiX p~citeToB. TaKl!M o6paaou, cTporall \(leHOioleHono

rn'leC!C.IIII no~OA O!Ca3biBaeTCH nO!C3 H6B03MOEH~M. 

. . B TO ze. BpeMa paccMo:rpeHH~e B~me paeloTbl 1226-228/ no!C3abiBallT nyT~ Hanelonee ar;l!-

r;l!eKTHBHOro ncno.ir~SOBaHHR RA6PHbiX MOAenell B paMKaX H6KOero nonyt;f!eH0146HOnOrH116CKOrO ·no~OAa, 
MOA6X~H~e BOXH0Bb16 \(lyHR~H>HCOOX~SyllTCH HenocpeACTB6HHO TOX~KO npH B~'llHCX6HHH H6KOTOpbiX 

BTOp0CT606HHbiX cnaraeMbiX B RAepHbiX JtaTpH'IHbiX SX6M6HTaX, rnaBHaR Ee pOX~ MOAeXell aaRnll'llaeT

CR B TOM 1 'llTO Ha HX OCHOB6 npOBOA.IITCR BbiA6XeHHe HS STHX JtaTpH'IlHbiX SX6M6HTOB HaHClOXee cy-

1!16CTll6HH~ qacTel\ 1 KOTOpble A8X66 He B~'I.IICXHilTCH 1 a 6epyTCH .118 Apyr.IIX SKCnep.I!MeHTOB, 

0TM6T.IIM B aaRXD'IleHHe, 'ITO·B pauKax TaK.IIX 061!1HX.KOH~enUHII 1 RaK HMnyn~cHoe npndxn

a:eHHe 1 'a npHHU.1106 H6 HCMil'leHa B03M.OXHOCT~ nOCTpO.IITD qHCTO \(leHOM6HOXOrH'Il6CKYil TeO pHD)'--

. aaxaaTa. IIo-BII,liiiMOJIY, .1111eeT c~tucx ( aanp11uep, .onaT~ ~a· peaK~ll ci2( .1':, \a) ) BI2) nocTa-

.BIIT~ aaAa'lly 0 11 nOXHOII Onb1T6 11 1 KOTOp~ll OOSBOXHX 6~ nony'IIITD He TOXDKO OCHOBH~e llaTpli'IHble . 

· aneM.~HTbl .T11na · £IOIJ , ao .11 Bee BTopocTeneHHble - i11na [I2IJ , [III/'], [oni]l! AP• B Taltoll 

11 00XH~II O~T11 1 HaPHAY C pacceHHlleM aneKTpOHOB 1 } -pacnaAOM .II ¥ -nepeXOAaM.II, npi!AeT-

CH BKnll'll.IITD TaKZe .IISMepeHliH BepOHTHOCTell nap~8XDHbiX·nepeXOAOB·B npo~ecce \(lOTOp0lJ£A6HHH ~
M630HOB Ha COOTB6TCTBYDIII.IIX HApax /I20/, a TaKZe CXOEH~e OOXHp.llaa~OHH~e H !tOppeXHU.110HHbl6 

.IISMepeH.IIH. 
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