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P2·80-278 

Xoporno HaaecTHo, aacKonbKO B8)KHO aKKypaTHO y'IHThi

aaTb :acp¢eKTbl KynOHOBCKOr'O B38HMO.AefiCTBHSJ npH 8HanH39 

9KCllepHM9HTanbHhiX Jl8HHbiX oll ynpyroM pacceSJHHH 38pSI

)1{9HHbiX '18CTHU ( HnH SJ.Aep) aapoHaMH HnH SJ.Ap8MH C uenbiO 

nony'leHHSJ HOBOfi cpH3H'I9CKOii HHcpOpMaUHH (HallpHMep, 0 ae

llleCTBeHHhiX '18CTSJX 8MllnHTYA SJJlepaoro pacceSJHHSJ Ha Hy

neaoii yron). 11aaecTHo TBK)Ke, 'ITo BKnroqeaHe Kynoaoac

KHX :acp¢eKToa a cxeMy pac'leTa aMnnHTYil aapoa-aapoaaoro, 

aapoH-SJJlepaoro H r.a. pacceSJHHii He caoaHTCSJ K npocToMy 

Jl06aaneHHIO CHHrynSipHbiX KynoHOBCKHX BMllnHTYJl K HeCHII

ryngp!IbiM SJaepHhiM. 

TaKaSJ ynporne!IHaSJ npoueaypa yqeTa KynoaoaCKHX :acpcpeK

Toa BCTynaeT B npoTHBope'IHe C ycnoBHCM YHHT8pHoCTH, 

DpH paccMoTpeHHH paCc;f!SIHHSJ :aneMeHTap!ILIX ( To'le'IHhiX) 

'laCTHU HaH6onee npocToft cnoco6 yaoaneraopHTb ycnoaHro YHH

TapaoCTH llpH BKni0'19HHH KynoHOBCKHX :acpcpeKTOB COCTOHT B JlQ-

6aane!IHli K cpa30BbiM CJlBHraM X 8 
1 HliAYUHpoB8HlibiM CHnb

HhlM ( st)lepHbiM) B381fMOJl9HCTBH9M 1 cp830BhiX CJlBHrOB 'IHCTo 

Kyno!IoacKoro paccestHHSJ X c. TaKoii peuenT y'leTa Kyno!IOBCKHX 

:acpcpeKTOB H8XOJlHT onpaB)lBHHe B paMKaX 9HKOH8nbHoro llpH-

6nH)K9HHst lloTeHUHBnbHOH TeopHH pacceSJHHSJ TO'I9'1HhiX 'IBC

THU, B aToM npH6nH)K9HHH To'I!Ioe paaaeneHHe KynoHoBCKHX 

H stJlepHbiX 9cpcpeKTOB B cpa3oBbiX CJlBHrax 

.... 8 -t c .... 
X (b)= X ( o) +X (b) 

( 1 ) 

stBnsteTcst cneacTBHeM npeanonaraeMoii BililHTHBHocTH noTeH
UHana B38HMO)l9HCTBHSJ 

.... 8 .... c :+-. 
U(r)= U (r) + U (r, 

.... ~. J 1 



H nHHetiHOT'O COOTHOlli8HHB 

-+ 1 +<X> -+2 2 x(b)=-rv_[ u(vb +Z )dz (2) 

M8JKJJ:Y tfla30BbiMH C.QBHT'BMH H II01'8HUHanbHOfi 3HeprHei1: B 3fiKOHanbHOfi TeopRH. 3aBHCHMOCTb QJaGOBbiX CllBHT'OB KynOHOB-
CKOT'O pacceSIHHB LlBYX roqeqHbiX 3apSILlOB Z l H Zcz OT 
IIPHUenhHOT'O rrapaMerpa b 1lB8TCB XOpOlliO H3B8CTHbiM BbiPB.IKeHH8M 

n =a I v , (3) 

r.ae V H k - CKOpoCTb H HMIIynhC OJl.HOi1 H3 'l:IBCTHU B na6oparopaoH cHcTeMe n.pyroH • .HBHbJH BH.a B.oepaoli cj:Ja3hi 
s ~) X ( b onpen.enSieTCSI KoHKperaoH rrapaMeTpH3BUHeti rroreauu:

s ~ ana U (r) 
B caMoM o6meM cnyqae aerroreauHanbHoro pacceHHHB HeT0'19tJHbiX a.apoHOB B IIpaBylO 'lBCTb COOTHOlli8HHSI (I) I(. ~ 

go6aBnHercH lfHrep<jlepeHL!lfDHHoe cnaraeMoe x b) , HB-HbiH BH.Q KOTOporo, TBK )K9 KBK H BHJJ; tJHCTO SI.aepuoit tfla3bi 
X 8 (b) , onpe.aenSieTCSI .aeranSIMH a.apOHHO.it tlHHBMHKH (noKa qro aegocraroqao xoporno K3yqeaaoli). OgaaKo HeKoropbie CBOfiCTBa BenHtJHlfbJ x1 Cb) Moryr 6biTb ycraaoanelfbi Ha OCHOBBHHH ,QOBOnbHO 06JllHX coo6paMeHHi1. QqeBHilHO, qTo oaa rro.oo6Ho )( c ~ ti) xapaxrepH3yercSI 3nexrpoMarHHT-

HoliManocrhJO -X 1(b) -a , K nogo6HO X8 (b)- Hl1ePHhlM pagaycoM r 8 -x'(b)=0 npa b»r 8 • OrciDaa cpegyer, qro yqer aarep¢epeHL!KOHHoro cnaraeMoro x1(b) B cnyqae B,QpOH-BllpOHHOT'O pacCeSIHHH CBO.QHTCSI K "lHCneHHO Manofi (nopHt:(Ka a ) nepeHOpMKpOBKe HeCKHf'ynHpHOH HgepHOH 
s (~ <jla3hi X b) ( B ary JKe nepeHoMKPOBKY Moryr 6b!Th BKmo-"leHhi H 8<}J¢JeKTbi 3neKTpOMBT'HHTHOfi crpyKTypbi a.apOHOB). no3TOMy CITpaae,lVIHBOCTb BJJ;llHTHBHOT'O COOTHOUI8f!HSI (l) .anSI cfla30BbiX CllBHT'OB a.apoH-a.QpOHHOT'O paCCeSIHHn MOMHO 
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C't!HT8Tb Ollp8B.!18HHO:i1 C JlOCTBTQ'qJIO Bb1COKOJ1 CTeneHb10 TQq

HOCTH JlnH nro6oi1 JlHH8MH'lleCKOH TeOpHH anpoa-anpOHHOrO 

B3aHI...10Jlefi.cTBHSI. Baa.ay aesaaepweHHOCTH TeOpiHt: cunhHbiX 

B38}f.MOJlefiCTBHfi 8,Up0HOB HHcflopM8llH51 0 SUlepHb:X ¢a30BbiX 

CUBHrax X 8(ii) (a 6onee TO'!HO~O HeCRHrymipHblX <)>a30Bb!X 

CUBHrax X 8(iJ)+ x1(b)) nonyqaeTC5! B OCHOBHOM H3 8KCITe

paMellT8 na6o c noMOlllhiD npoue.oypbi !PeaoMeHonoraqecKoro 

¢asoaoro aaana3a, na6o npyrax 9KaaaaneHTHbiX ell npoue-

nyp. 3KcnepHM€HT8J1bHbi€ ,oaHHbl€ 0 BbiCOK09Hepre-

THqeCKOM anpoa-anpoHHOM paccesmua coaMeCTHhl co cneny

mmeH rrapaMeTpH3auaeH aec·aarynsrpHbiX cocTaBnSIIOlllHX ¢a3o

BbiX CJlBHrOB 9TliX llpOU8CCOB! 

y (b)~ 1-expi(x 5 +x 1 ) 

~ 1- exp ix s + O(a) 

tot ( 1 . ) 
_a __ ~-exp-b

212B. 

4rr B 

( 4) 

3nech atot -ponaoe ceqeHu:e anpoH-atJ,poaaoro B3aaMoneH-

cTaa5I, l - OTHOU18HHe B€lll€CTB8I-lHOfl H MHHMOri: qacTeki 

aMnn»TYilbi pacceHHliH anpoHOB aa ayneam1 yron, B - na

paMeTp H8KnOHa .O.li~)(1JepeHUH8J1bHOro
 C848HIHI ynpyroro pac

cestHHSI. 

DapaMeTpR3aUR5! (4) oco6eHHO uorryn5!pHa npR reopeTR

'<eCKOM aHanH3e rrpoueccoB anpoH-smepnoro. ( h A ) H 5!Upo

-5!nepHoro ( A 1 A2) pacce5!1!Ril. 

2. 06LUeiipa3H8HHOfi "nHH8MH48CKOfi." Teopaefl: pacceSIHHH 

8.!1pOHOB H Hnep BbiCOKHX 3HeprHi1 51!lepHbiMl1 MHUI8H..;IMH 

SlBJ151eTCSI 3fl.KOH8J1bH8H MOJl8J1b fnay6epa-CHTeHKO/l,2 ( B 

paMKax Koropoii xapaKrepRCTRKH ( hA )- H ( A1 A 2 ) -

pacceHHHfi CBSI3hiB8IOTCSl C H3BJ18K8€MbJMii H3 3KCnepHM8HT8 

xapaKTepRCTHK8MH ( h N)- H ( N N ) - pacce5!HRil 

H BOJ1HOBblMR ¢yHKllliSIMR H848J1bHblX H KOHe'l!HbiX COCTOH1Uif1 

5!Uep. B qaCTHOCTR, nn5! <jla30Bb!X CUBHrOB ynpyrHX ( h A r 
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( A1 A2 ) - pacceJIHHfi B npH6nn>KeHHH HeKoppenHpOBHHI<Ol"'O 
pacnpe,qeneRHSI HyKJIOHOB B SI.O:pBX HM€€M 

-+A C-+-+ (~~)~ ~ 
expiy (b)=f llexpix (b-sk)(l-y b-sk )r(sk)dsk, 

"hA k=1 hN hN 

~ A:t A2 c exp ixA A (b)= f IT n explx 1 2 k=l£;,1 NN 

(5) 

rJJ.e r~(s)=Jp(vs2 +z 2 )ctz, 8: p (r) - TBK li83hiB8:9Mhi9 O.llHOqaCTH'liHbi€ M€pl!bi€ IIJIOT-
HOCTH. 

B npHHimne cooraomeHHJI (5) pewa10r npo6neMy yqera 
KBK CHJibHhiX, TBK H 3Jl€KTpOM8:I'HHTHbiX B38:HMO.O:ei1c TBHii' 
B nponeccax (hA)- H ( A 1 A 2 )- pacceJIHHi! (pa3yMeer-
CSI, a paMKax npHH.HToi'r .O:HHBMH't!ecxoH Mo.aena). B rrpaKTH
qeCKHX Me IIpHM9H9HHRX TeopHH MHOI'OKpaTHOI'O pacceSIHHSI 
(TMP) COOTHO!lleHHJI (5), KaK npaBHITO, HCITOITb3YIOTCJI ITH!llb 

JJ.ITJI pacqera xapaKrepHCTHK ( hA ) - H ( A1A2 )-pacceJIHHil, · 
o6ycnoaneHllbiX 'tiffCTo H.a:epHbiM hN- H NN - pacceSIHHeM, c c 0 r.e. B npeJJ.ene XhN , X NN = . Yqer :me acPcPexroa xynoaoacxoro aaaHMO!leHcraHSI o6hlq

HO IIpOH3BO.QHTCSI nyTeM .Q068:BJI€HHSI K paccqHT8:HHhiM B paMK8X 
TMP '<lfCTO RJJ.epHblM CJJ.BHl"'aM x~hA H x• <jleaoMeHono-AtA l"'H'ieCKHX 'iHCTO KYITOHOBCKHX CJJ.BHI"'OB Xh~' X~A2 nonyqa-9MhiX ''pa3M83hiB8:HH9M" ~8:3 KYJIOHOBCKOI'O paCC€SIHHH TG

qeqHbiX aapsr.o:os no 3apsm.oBhiM pacrrpe.QeneHHSIM aayrpH pac
ceHaaeMhiX o6'beKToa. 

c f c ~ ~) :\ ~ xhA = z Xo(b-s r(SjdS. 
(6) - - -

c c -Jo -Jo -Jo -Jo -Jo -Jo -Jo 
X At~ = z 1 • z2 • f Xo ( b- s- s) r 1 ( s) r 2 ( s) ds ds . c 
X 0 (b)= 2 n ·ln ( b • k) . 
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Dpa6nH)KeHHbill xapaKTep TaKo:fi rrpoueJlypbi BKliiO<tJ9HH51 Kyno

HOBCKHX a¢¢eKTOB B CXeMy TeopHH 8JlpOH-51AepHoro H 51Jlp0-

51Jl9PHOrO pacceHHHli oqeBHJleH. QqeaHAHa T8K)K9 B8)KHOCTb 

OU9HKH TO"lHOCTH 8TOti npouenypbi, ecnp: y'tJ:eCTh, qTo TeopHB 

hA- u A 1 A 2 -pacceaaaii, nocTpoeaaas:r no TaKoMy cMe

lllBHHOMY peuerrTy, 38'tJ:8CTyro IIpHM9BH9TC51 K 8H8liH3Y 8KCIIe

pHM9HT8llbHblX ll8HHbiX C UellhlO H3BlleqeHH51 H3 HHX HOBOii 

¢H3HqeCKOfi HH¢JOpM8llHH 1 
B OCHOBHOM 0 M8llbiX BeliH'I!HH8X1 

• ./3/ 
H8ITPHMep, p83HOCTH Ce<tJeHHfi hp- H hn -B38HM0Jl9HCTBHH , 

paana'tJ:HH a napaMeTpax, xapaKTepaayiDmax pacnpeneneaae 

npOTOHOB H HefiTpOHOB B 51Apax
14•

51 a T.Jl. 

nop51AOK B9liH'1I1Hbi HeKOTOpblX CllaraeMbiX B <jl830BbiX 

cnan:rax hA- H A 1 A 2 -pacce51HHfi, ae y'l!HTbiBaeMhiX orrHcaH

aofi ynpomeaaofi cxeMofi HX pac'tJ:eTa, MO)KeT 6biTb oueaea 

H8 OCHOBaHHH AOBOllhHO 06IIIHX C006pa)KeHHfi. TaK, H8IIpHMep, 

o<tJeBHJlHO, 'liTo KY noaoacKHe ¢a3bi h A- H A 1A~ pacce51HH:fi 

He MoryT 6biTb 'I!HCTO aemeCTBeHHbiMH, 8 llOli)KHbl CO.U9p)K8Tb 

MHHMble Jl068BKH, y<tJHTbiB810IIUie B COOTB8TCTBHH C ycliOBH

eM YHHT8pHOCTH H8liH"lH9 rrpoUeCCOB aeynpyroro KYliOHOBCKo

ro hA- H A 1A2 -aaaHMone:HcTaaii. B ocaoaaoM 3TO rrpouec

Cbi D036y)K.Q9HH51 H p83B8ll8 H.Upa B KYDOHOBCKOM IIOJle anpo

Ha HliH .apyroro SI,llpa, C9'tJ:eHH51 KOTOpblX ( H COOTB8TCTB9HHO 

MH}{Mhl8 '1!8CTH KyliOHOBCKHX CJJ.BH.roa) IlpOITOpUHOH8llbHbl 

BenwmHaM Za 2 " ZI(Z2a)2
RnR ( Z2(Zia)2). 

BHnHo, qTo ecnH a anpoH-HJlepHOM pacce51HHH o6cy)f{Jlae

Mhie 3¢cteKTbi npeHe6pe)KHMO M8llbl npaKTH'tJ:eCKH ,t:J.ll51 BC8X 

MepHbiX MHllleaeti, TO a npoueccax pacceHHHH .uayx g.nep, 

OllHO H3 KOTOpbiX T5DKenoe (Za- 1) , OHH MOf'YT 6hiTb 

3H8't!HT9nbHhlMH H HymJJ.alOTCH B 8KKypaTHOM y'l!eTe. 0THOCH

T8llbHYIO pollh APYrHX aey"lTeHHhiX cnaraeMbiX, a HMeHHO, 

RHTep¢epeauwoHHbJX BKnanoB )( 1 (b) 
hA 

H 

oueHHTh Ha ocHoBaHHH o6nm:x coo6pa)Ke!-mH JlOBOllhHO TPY.UHO. 

Bo BCHKOM cnyqae 3apaHee H€llb35I RCKlllO't!HTb B03MO)KB0CTb TO

PO, 'qTO HX ITOp51JlOK B8llH'tJ:HHbl OITpeJl.9ll5I8TCH H8M8llbiMH ¢laKTG-

paMW THTia Za RnR zl Z2a 

3. To"-IHOCTh ¢eHOMeHonorut.IeCKoi.J: "aJlJJ.HTHBHoH"rrpouenypbi 

BKliiOqeHH51 KYllOHOBCKHX 8¢¢eKTOB B ·¢a30Bbl€ CABHrH (H no

Cp€ACTBOM HX B 8MllllHTY.Ubl H c.e'tJ:8HH51) npoueCCOB hA -pac

C€51HH51 Oll8HHB8li8Cb B pa6oTe/3/ qJiCll9HHbiMR M9TOJJ.8MH. 
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CyTb M€1'0.0.8 COCTOHT B cne.OyiDIUeM: 3H8'I8HH51 .l:OicfJ(JepeH-
UHanhHbiX ceqeHHl1: hA -paCCeSIH.lHI, paCC'IHT8HHbi8 B paM-
KBX "crporo:H:I/ TMP, rrpe.ucrasneaaott cooTHOIIIeHHSIMH (5), 
conocraBnHnHcb c peaynhTaraMH pac'tJ:eTa Tex me senH'tJ:HH 
cornacao npe.o.nacaHJHIM a.aaHTHBHOH rrpoue.ayphi. B o6oHx 
sapnaarax pac'IeTa Hcnonhaoaanacb rayccoaa napahterpn
aaruur O.!UIO'l:IBCTHqHbJX .si.Il8pHbiX IInOTHOCTefi, "lTO IT03BOnHnO 
.a;nSI "ro'liHofi"' rrpo¢Hnh-¢yHKUHH rrpouecca hA -pacceHHRH 
ITOny'tJHTb 38MKHYT08 Bbip8)K8Hl!8 B TepMHHBX BblpO:>K.Q8HHbJX rnrrepreoMerpa'IeCKHX ¢yaxuHH. HaqrolliHoe paannqne Me)K
Jl.Y 'llHCneHHbiMH 3H8'tJ:8HHSIMH C8'tJ8HHfi hA -pacceSIHlHI ( B 
CP8JlH8M M8Hblll8 } %) 1 IIonyqeHHbiMH B paMKBX llBYX OITH
CBHHbiX Bbilli8 B8pHBHTOB pacqera13~ MO:>KeT CJlY:>KHTb OITp8B
A8HH9M IIpHM9H9HHH "8Jl.OHTHBHOH" IIpoue.oypbJ BKli10l!9HHH 
KynoHOBCKHX 3¢¢eKTOB B ¢a30Bbl9 CJlBHI'H (H aanee-aMnnfi-
TYilbl H llHcp<jlepeHuHanhHbi8 ceqeHHH) hA -pacceHHHH H B 
cnyqae 6onee peanHCTHlleCKHX (He:>KenH rayccosa) rrapaMer
pH3aUHi1: s:~.uepHbiX nnoraocreti. K co:>KaneHHIO, cneuHcjJHqec
KHe csotl:craa rayccosofi rrapaMeTpH3BUHH HLWPHbiX rrnoraoc
reti:, llpHM9H9Hl19 KOTOpoti: IT03BOJ1HeT 38MeTHO ynpOCTHTb 
pacqer "roqabrX" saaqeaHti aMnnarya a.upoa-Hnepaoro pac
ceSIHHH, HHCKOJlbKO He ynpOJll8lOT BbJqHCJ19HHSI 8H8J10f'HqHbfX 
aenHqHH npH paccMorpeHHH H.Opo-Sinepaoro pacceSIHHH. K 
TOMY :>Ke qHCJ1eHHbi9 MeTOll:bi OU9HKH TOllHOCTH K8KOf'O-nH60 
rrpH6J1H:>KeHHH o6na.uaror reM aenocraTKOM, qro He nosaong
IOT BbiSICHHTb OCHOBHbie IIPHllHHbi BblCOKOti ( HJ1H HH3KOit) 
TOl!HOCTH _paCCM8TpHB88MOro ITpH6nH:meHHSI. 

noaroMy npe.ucraanHeTcH uenecoo6pasHbiM rroiTbJTBTbC51 
pa3BI!Th TaKoil noaxoa K pacqery aMITni!Tyll h A - 11 A 

1 
A 

2
-

paccegaaa, HCXO.ll51 H3 CTpOPHX COOTHOWeHHfi (5) TeOpHH 
MHOf'OKpBTHOf'O paCCeSIHHH, KOTOpbiti, He OIIHpaHCb HB CITe
UH¢HqeCKHe CBOtiCTBB KOHKpeTHbiX napaMeTpH38UHtf HJJ:epHbiX 
ITJlOTHOCTeti, TeM He MeHee, IT03BOJ1Sin 6bJ paccqHT!:.fBBTb 8TH 
aMnnHTYAbi c mo6oti aanepe.u san:aaaoti TO'lJHOCTbiO. Ocaoa
Hhre HJleH H TeXHH'IJ:eCKHe ITpH9Mbl TBKOf'O ITOJlXOJlB HH:>Ke 
Jl9MOHCTPHPYIOTCH Ha ITpHMepe BKJ1IOqeHH51 KYJlOHOBCKHX s¢
¢eKTOB B cxeMy pacqera aMrrnaryn; a.npoa-Hnepaoro pac-

/3/ ceHHHH. Y'IJ:HTbJBag pesynbTaTbr pa6orbr , ary sa.oaqy cne-
ayer paCCMaTpHBBTb HCKJ]lQqJITeJlbHO KBK M9T0JlHq8CKYIO. 
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0CHOBH85I U€HHOCTb ITonyqaeMbiX npH ee paCCMOTp9HHH pe

synhT8TOB COCTOHT B TO~, 'tJ:TO OHH UOITYCK8IDTCp8BHHTenc~ 

ao rrpocroe o6o6meHHe aa cnyqaH aaanH3a rrpoueccoa Rnpb

SI.Uepaoro pacceSIHHSI. 

4. UnR orrpe.neneHHOCTH sapHn pacceHaaeMoro anpoaa 6yneM 

C'llHT8Tb rronO:>KHT9nhHbiM, KpOMe TOf'O, .Unfl rrp~CTOTbJ CBO:ti

CTB8 CHnhHOf'O B38HMO.U9fiCTBHH a.npOM8 C rrpoT6HaMH H Hefi

TpOH8MH 6y.neM rronaraTh OllHHaKOBhiMH. Tor.ua coOTHOllleHHe 

(5) npao6peTaeT BHrr 

exp i X 
hA 

f dsr (8) [1- y C!i-s)llA-z x 

c ~ ~ 
2 -+ -+ iX0 (b-s) [ ~ ~] z 

x!fdsr(s)e 1-y(b-s)l, (7) 

TipeHe6peraSI KynOHOBCKHMH s!flcil9KT8MH, B 8TOM Bblpa

:>K9HHH nonyqaeM npOCTyld CBSI3h 'liHCTO HJl9pHblX ciJa30BbiX 

CUBHrOB hA -pacce51HH51 C UpO<jJHnb-<jlyHKUHeii hN -pac

C9HHHH Y H T.H. ¢YHKUHeit TOnlllHHbi Sl.llp8-MHUI9HH. 

= ifr cii- slTC s)ds + oc11 Al. 

(
~ ~ 

T s)=A r (s). 
(8) 

Y'lleT TonbKO rrepaoro qneaa pasnoJKeHHH no _o6paTHhiM cre

neHHM aTOMHOf'O HOMepa ITpHH~TO H83J;>IB8Tb rrepeXO.[J.OM K OIITH-
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qecKoMy rrpe,neny. 3aqacTyro npa paccr..wrpeHHH pacceHHHH 
8Jlp0HOB Ha cpe.OHHX H l'SI>K8nhiX SI.UpaX TaK:>Ke HCIIOnb3yeTCH 
r.a. npn6nH*eHHe aynesoro paaayca hN -B38HMo.ae:itcTBHH ( B << R! ) , orpa>Karomee KoporKoneHcrBHe naepHhiX cHn. 

Jy Ol-s)T(s)ctL T(b) J y (b-s)cts= ~ T(b). 
a =a tot (1-i<) 

(9) 

Mcnonb30BaHHe o6oax ripa6nH>KeHaH rrpHBOAHT K npocTo
My pe3yJibTBTy: 

(I 0) 

C yTJeTOM KynoHOBCKHX 3cfJcfJeKTOB Ii3 COOTHOlll8HHSI (7) 1 ll8i'r
CTBYSI TJHCTO cfJoprv18nbH0 1 rronyqaeM 

(~·) - c ~ . 1 -c ~ X hA b = Z X (b) -I Z In [ 1 - -- exp - i X ( b) x 
A 

f ( ~ ~) c -+ -+ -+ -+ x y o-s exp i.\0 (b-s)T(s)ctsl-

-i(A-Z)In(1- l Jy <iJ-s)T(s)cts). 

(II) 

(12) 

Bbr'lJHcneaue rrocnenaero HHTerpana, co.nep>KaLUero .nanbHO-
AeilCTByJOillY!O KYJIOHOBCKyJO s -MBTPHUy exp i xg ' Tpe-
6yeT npaMeHeHIHI apyrHx Mero.aos a npa6na>KeHaH, ae>KenH 
Te, 'lJTO 06bi'lJHO HCIIOnh3yiOTCSI IIpH Bbi'lJHCneHHH CBepTKU: 
QyHKUHH ronnmHhi T(S) c "KoporKoaeficrsyromHMH" npo¢anh-

( ~ ~ 
¢YHKUHHMH Y li-s) aApOH- HYKJIOHROI"O pacce>rHH>r.Ilmi qacT-
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HbiX CJiy'!aeB rayCCOBCKOrO ( 0 ) H OAHOpOAHOro ( U ) 

pacnpeneneaHn HyKnoaos B g,a.pe 

peaynbT8T HHTerpHpOB8HH5I B {12) MO?KeT 6b!Tb Bblp8)K9H 

B TepMHH8X f'HIIepreoMeTpH:qeCKHX ciJyHKUHfi: 

2in 2 2 
~ (bk) F(-in,-in;b/2;Ru/b ) , b?: Ru 

~ 2in 3 2 2 
( Ru k) F (-in; -in~ - ; 1; b I R ) , b < R u ; 

2 u 

rAe 

<!>(a ,y ;x)~ 
1

F
1 

(a ,y ;x), 

F(a,,/3 ;y ;x) ~ [ 1 (a,fl;y;x), 

B cnyqae npoH3BORbHoro pacrrpe.a.eneHHH r ( S) nnSI Bbi

qacneHHH (12) cnenyer nonb3osaThCH o6mHMH npasanaMH 
ycpe,UH9HIHI 3KCITOHeHIUtanbHbiX Bblpa)KeHJfii 

< exp ¢ > ~ exp l _!.__ ¢ (n) , 
n= 1 n! 

¢ (1) ~ <¢ > ' (2) 2' 
¢ ~<(¢-<¢'>)> 

( 13) 
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TipHMeHHTenbHO K p8CCM8TpHB8eMoMy cny~aro 31'0 npH
BOJlHT K npencrasneHHIO Benw-IHHbi xc(b) B BHll€ p.Hlle 

HeqeTHhJ€ qneHbJ KOTOpOf'O qHCTO B€illeCTB€HHbl, 8 qeTHbi€ -

'IHCTO MHHMbJ.Vl3 CTpyKTypb! BblpaJKeJmii ( 14) An>! ¢ (n) H npo-

. c " u nopUHOHanbHOCTH Beni·PIHHbl X O llOCT'OSIHHOH TOHKOH CTpyK-
(n) ~ 

Typhi cnenyer, .qTo X (b)- an , TBK qro B cnyqae aapoa-

snepaoro paCC€SIHHSI MO~HO $aKTHqeCKH Of'p8HH'l:fHThCH yqe
TOM TOilbKO nepBOI"'O Cna!"'aeMOI"'O B cyMM8 (14). TipH pac
CMOTpeHHH SlllPD-SI.UepHOf'O pacceSIHHSI a<}J¢eKTHBHhiM napaMeT
pOM paano)KeHHSI SisngeTcSI senH'IHHa Z 1 a , rae Z 1 -

38pSl.U paCC€HB8€MOf'O H.Upa H B COOTBeTCTBYIDlll€M paano-

. . . (n) > 2 )K€HHH GaMernyJo ponh Moryr HrpaTb cnaraeMbie );: c n _ . 

..... ..... _.. c ..... ..... ~ ... 
flmr BLI'IHCil8HHS! HHTe!"'pana I( b)~ fy (b-S)exp ix

0
(b-s)T(s)ds 

socnonhayeMCH npH6nH:>KeHHeM Hynesoro panHyca hN - saa
HMoAeikTBHSI H napaMeTpH3aUH8ll ( 4) AilS! npocj>Hilh-cjlyHKllHH 
y hN -pacceSIHHSI, B peaynbTaTe qero nonyqHM 

I(bl~1-r(l+in)(2Bk 2 )in T(b). 
( 15) 

C yqeToM 3Toro peaynhTaTa Bhrpa:>K·€HHe nnH ¢a3bi hN
paccesrnusr B onTH'IecKOM npeAene ( A>> 1 } rro aTOMHOMY 
HOM€py Slllp8 38ITHlli€M B BH.Ue 

xhA (b)~z x <(i,) + ; (i+, )T(b) x 
(16) 

[ A-z z 2 j"n - c ~ -A+A-r(l+in)(2Bk exp-ix (b)l. 
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nepBOe ( CHHf'ynSipHOe) CR8f'88M08 B 9TOM Bb!p8}K8HHH 

npencTaBRSieT qHCTO KYROHOBCKHfi ¢a30Bblfi CUBHf', 8 BTOpOe 

(perynSipHoe) o6'belll1HSI€T qHCTO 51JJ.€pHbii1:, X:A t H HHTep

¢epeHUHOHHbifi, xh1
A ' BKR8Ubl B 9TY aenaqaay. PaCCMOTpHM 

caaqana HeCKORbKO ITOUp06Hee KYROHOBCKYID qaCTb ¢a3bl 
c 

xhA B COOTBeTCTBHH c ycnOBH8M YHHT8pHOCTH oaa 

SIBR518TCSI KOMIIneK.caoH B8RHqHHOti:. Ee B8III8CTB8HH851 qaCTb 

npencraanSieTCSI cyMMoti: aeqeTHbiX cnaraeMbiX pg.o.a ( 14). 
H B HH3llleM nop51tlK8 no IIOCTOSIHHOH TOHKOi1: CTpyKTypbi na

eTCSI Bblp8M8HH8M 

Rexc (b)~ Z x(l){b) "O(a 3 ) ~ 
hA 

~Zf xc(b-s)r(s)ds~2Znlnbk + 
0 

"4"Zn Iln(s/b)r (s)sds +0(a 3 ), 
b 

(17) 

COBII8Jl8IDlllHM C Q:leHOM8HOROf'H'q8CKHM Bbip8*8HH8M (6) AR51 

KYROHOBCKofi <}Ja3bl hA -paCC8SIHH51. Jlng MHHMO:ti: qaCTH 

BentPUIHbT X hcA B HH3llleM nopSIAK8 no a B COOT-

B8TCTBIIII C pe3yllbTaTOM ( 13) IIM88M 

Im )( ~A ( ii) ~ ~I f[ )( ~ (b- s) 1 2 
r ( s) ds

-lfx~Cii-s)r (s)cts 11 + o(a4 ) ~ 

z f [ c ~ ~ c ~ ~ ...;- .... _ 2 
~ 2 Xo(b-s)- fx

0
(b-s)r (s)ds] r (s')ds. (18) 

0Ha onpenen5IeT aenHqHHY ceqeaHSI aeynpyroro 

roro) KYROHOBCKOr'O paCC85IHH51 anpoHa. 

ac.inel 
hA 

z f 

4 c ~ 

~ f db[ 1-exp -2 Im x hA (b) l ~ 

~ c~~2·+~ 
db I f[x 0 (b-s)l r (s)ds-

[ c~~~~2 4 - f x
0

(b-s)r(s)ds] I+ O(a )~ 

~ 2 2 4 
~Zfdq.lf(q)l [1-S ('q)l+O(a ), 

(KBa3RyiTpy-

( 19) 
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S ( ~) (~ ~ ~ ~ q ~ J r s)exp iqs ds, 

( ~) 1 c ~ -+-+ -+ 2n f q ~ -
2 

J x
0 

(b) exp iqb db~--. 
" q2 

c To o6CT051T8J1bCTBO, t:rTO BeJIJiqHHa Im xhA nponopun:o-
HBJibHa KBaapaTy IIOCTOHHHOfi TOHKOH CTpyKTyphl a (ToqHee, 
Im x~A - z a 

2 
). CBO.[UIT ee BmHJHHe Ha xapaKTepHCTHKH 

anpoH-SIJlepHoro pacceHHHSI npaKTl.PieCKH K ayn10. Y'l!HThiBBH 
TaK:>Ke, qro npyrne norrpaBKH K sen~PlliHe rrporropuHoHaJihHbi 
eme 6onee BbiCOKHM Cl'8II6HSIM a , y6e)f{.Q88MC.H, 'lJTO HCIIOJ1b-

30B8HHe cfJeHOM8HOJ10f'Hti6CKOf'O Bblp8)f{6HlHI (6) JlJ151 KyJIOHOB

CKOfi ¢a3bi 8llpOH-Sill8pHOf'O paCC8SIHH51 nefiCTBHTeJibHO OIIpaB
Jl,BHO C BLICOKO.fi CTeiieHhlO (-a ) TO'tJHOCTH. 

I ~ 
05cyaHM BKparue HHTep¢epeHUlWHHoe cnaraeMoe XhA (b) 

B peaynhTHPYIDIUeM ¢aaoaoM cnsHre hA -pacceSIHHH. Paa
naraH HeCHHf'YJI.HpHyiO qaCTb <}Ja3bl B PRll ITO a H yaep:>KHBBSI 

s I X hA H nHlllh cnaraeMbie nopH.oKa a B x hA , nonyqHM 

1 ~ . z b2 
~ -( <+ i) aT( b) I 1 + ..!!!.__[ ln -- + 

2 A 2B 

00 

+ C + 4" J ln(s/b) r (s)s ds]J. 
b 

(20) 

B ayrpn Hap a 
paTHbie CK06KH 

b ~ RA ) seJIH'tJ:HHa, 3aKnJoqeHHaH B KBa.n

B Bbipa>KeHHH (20), ,UOCTIH'8eT ;,.f8KCHMYM8 
y C8MOit rp8HHU:bi Hllpa H I1pH6nH)f{eHHO paBH8 

2 
In RA + C C ~0,577. 

2B 
(21) 

Ma (20)H (21) BHAHO, qro yqeT HHTep¢epeHUHOHHOI'O cna
raeMOI"'O XhiA(b) B OCHOBHOM npHBO.O.HT K rrepeHOpMHpOBKe 118-
paMeTpa f Ha senH'tJHHy 

2 
Z RA 

/',.,~-nOn--+ C) 
A 2B ' 
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norapH¢MH''I6CKH 38BHC51JllYIO 10T pasMepOB SI.llp8-MHlll6HH. 

nng penHTHBHCTCKHX 8.llp0HOB ( ll = a ) qHCne.RHOe 3H8-

qeHH6 11e ae npeabiiiiaer 0,015 .anst caMbiX TSDKenbiX Sinep. 

3ro llpHBO.llHT llpHM6pHO K 5%-HOfi TiepeHOpMHpOBK8 HC

XO.llHbiX 3H81.!8HHi1 napaMeTpOB ! t KOTOpb18 06bP.U!O H3B8CT

Hbi ( H3 aH8RH38 3KCTI8pHM8HTanhHbiX tl8HHbiX 0 llH¢¢epeHUH

anhHbiX ceqeHHIDC. hN -pacceSIHHSl) c saMerao xyniiiefi rott

HOCThro. Ore rona BH.llHO, tiTo yqer aenHt:IHH X ~A rrpH pac

qerax xapaKTepHCTHK a.apoa-s:JAepaoro pacceSIHH5I 6bin 6bi 

npeBbiiii8HH8M ToqHQCTH 8THX pacqeTOB. 

CyMMHpyeM ocHoBHhie pesynhTaTbi npoaeneaaoro aaa-

nHsa. 3aaqeHHSI ¢a30BbiX CJlBHr'OB hA -paCC8SlHIHI,p8CCttH-

T8HHhi8 a paMKax "CTporoH" T MP H npH6RH)K8HHoii: an.nH

THBHOH npoue.ayphi p83nJPI8JOTC51 H8 BenHqHHbi IIOpSI.OK8 a 
HRH Z a 2 • 3ro o6crosiTenbcrao onpaB.llbiBaer npHMeHeHHe 

6onee TipOCTOl't B BbPUICRHT9llhHOM OTHOlll8HHH 81l.JlHTHBHOi:t 

npouenypbr K pacqery xapaKrepHCTHK anpoH-MepHoro pac
cesrHHSI C BbiCOKOii: roqHQCTbiO (nop.H.llKB a ).anSI nro6hiX 

MHlli8Hei1: H nro6oti napaMeTpH38UHH O.llHOt:IBCTH"'HhiX IInOTHOC

rei1:. TeM caMbiM pesynhTaThi npoae.aeaaoro HaMH aaanHsa 

cornacyrorcsr c pesynhraraMH qu:cneHHbiX pacqeroa aaropoa 
paoorbr !31. 

TipeHMyruecrao pa3BHToro Bbiiiie no.uxo.aa K aaanHsy anH

SlHHR KynoHOBCKHX a¢¢eKTOB Ha XapaKTepHCTHKH IIpOUeCCOB 

ynpyroro pacce51HH51 3aKnroqaeTCH B TOM, 'liTO OH aonycKa

er npocroe o5o5meaae Ha cnyqafl: paccMoTpeHHst npouec

coa HllPD-.H.llepHoro paccestHHSI. 3roMy aonpocy 6y.oer noc

BSIIUaHa cne.oyrowaa ny6nHKBI1HSI. 

ABropbr 5naronapsn ll.H.llam<nyca 11 A.C.naKa aa HHTe
pec K pa6ore H nonesHbie o6cy>K.ll8HHSI. 

Jlnreparypa 

1. Glauber R.J. Lectures in Theoretical Physics, 1959, 
v.1, New York, p.315. 

2. CHTeHKO A.f. Y<l>/K, 1959, 4,c.i52. 
3. Franco V., Varma G.K. Phys.Rev., 1977, CIS, p.1375. 
4. AnxaaoB r.n. H np. , H<P ,1978, 27, c. 333. 
5. Anxa30B r.n. npenpHHT lll15l <!>, 1979, N9473, 

PyKOITHCb IIOCTYITHna B H3UaTenbCKHH oraen 
10 anpenH 1980 rona. 

t3 


