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1. BBE,l{EHHE 

Bonpocbl JI.u;epaou clla3HKB, JI.D;epaoii: xaMaB, .11.u;epaoii: reonoraa, 

6aoMe,D;aQaHbl a, HaJCOHeU, cllB3BKB KOCMB'IeCKaX HCCne,D;OBaHaB 

o6ycnOBBnB 6biCTpO paCTYlUBB BHTepec K coy.u;apeHBJIM JI,D;ep C JI,D;

paMB npa Bhlcoxax 3HepraJix. Ha.u;o OTMeTaTL, 'ITO JI.D.epao- JI.u;epable 

B3aBMO,D;eBCTBBJI C 3Hepraeii: DOP.Il.D.Ka HeCKODLKaX COT ana TbiCJI'I 

M3B Ha HYKDOH JIBDJllOTCJI COBepweHHO HOBOB o6naCTLlO clla3aKa 

BbiCOKBX 3Hepraii:, CTaBweii: ,li;OCTYDHOB onaro.u;apJI C03,D;aHBlO nyq

KOB penJITaBBCTCKBX BOHOB B ,l(y6He, Caxne a liepKDB. KaK HOBaJI 

o6nacTL, OHa, C O,li;HOB CTOpOHbl, xapaKTepB3yeTCJI OTHOCaTeDhHO 

He6onhWBM o<h.eMOM 3KCnepaMeHTanLHoro MaTepaana, c .u;pyroii: -

ite.u;ocTaTO'IHO pa3pa6oTaHaoii: Teopaeii: 3THX peaxuaii. Bee 3To 

D03BODJieT Bbi,D;enaTb HaMe'lalOIUIIeCJI TeH,D;eHUHB B .D;aTb BM KpaTKylO 

xapaKTepBCTaKy. 

Caaqana paccMOTPBM 3XcnepaMeHTanLHYJO cTopoay npo6neMbl. 

3.u;ecb npoacxo.u;aT nepeceqeaae ,D;Byx MOIUIIbiX aanpaaneaaii: ac

cne.u;oaaaaii:. llepBOe H3 HBX BMeeT CBOB KOpHB B B3Y'IeHBB B3aBMO

.u;eiiCTBHii BOHOB DpH HB3KHX 3HeprB.IIX. ll03TOMY paCCMaTpBBaeTCJI 

BCe TO, 'ITO MOliCeT rOBOp8Tb 0 JI,D;epHOB CTpyxType, B 'laCTHOCTa, 

BbiXO,ll; pa3na'IHbiX fparMeHTOB XaJC JI,D;pa- CHapJI,D;a /l-6/, TaK B .ll,D;pa

MHWeHa /?- 20~ o6pa30BaHBe HOBWX H30TODOB, ranep-/lB/ 8 H30-

JI,D;ep a T • .u;. BTopoe liCe .aanJieTcJI npo.u;onJKeaaeM H3y'leHaJI npouec

coa MHOJKeCTBeHBoro poliC,ll;eHHJI B a.u;poa-a.l{pOHBbiX a a.u;pou-JI.u;ep

uwx CTOnJ(HOBeH8.RX. 0CHOBHOe BHaMaHHe npH 3TOM y.u.en.aeTCJI 

BMRYJILCBbiM 8 yrnoBbiM xapaxTepacTBKaM /Zl-251, pacope.u;ene

H8JIM DO MHOliCeCTBeHHOCTH poliC,ll;eHHWX 'laCTJIJl / 2&-2&/ H T • .IJ.. 

lie3ycnoauo, BeB03MoliCHo B pa6oTe Taxoro o61oe~~o~a co aceu non

noToi Depe'I8CJIHTL BCe B03MOliCHble BODpOCW, B03HHJCaJOlUBe B HX 
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paMKaX. KpoMe TOro, BbUICHeHHe "pa3YMHOCTH" DOCTaHOBKH BODpO

ca HY:>K.D.aeTCJI B npe,!l.aapHTeJibHOM TeopeTH'ieCKOM aHaJIHJe. Pa

JyMeeTcJI, COJ,!I.aHHe BCe06beMJIIDIIJ;eH TeOpHH ,!J.JIJI ODHCaHHJI BJa· 

HMO,!I.eHCTBHH COCTaBHhlX CHCTeM JIBJIJieTCJI HCKJIID'IHTeJibHO TPY.D." 

HOH Ja,!l.a'ieH. 0,!1.HaKO DODMTaeMCJI Bhl,!l.eJIHTb HaH6onee nepcneKTHB· 

Hhle H DJIO,!I.OTBOpHhle, Ha HaW B3rJIJI,!I., TeopeTH'ieCKHe DO,!I.XO)l.bl. 

EcTeCTBeHHO, Hawe MHeHHe He JIBJIJieTCJI a6COJIIDTHhlM, a OTpa:>KaeT 

CyllJ;eCTBYIDIIJ;ee DOJIO:>KeHHe Ha )l.aHHhlH MOMeHT 6e3 npeTeHJHH 

Ha DOJIHOTY 063opa. 

HaH6onee npocTMMH JIBJIJIIDTCJI 6opHoBcKoe npH6JIH:>KeHHe H npH-

6nH:>KeHHJI ":>KeCTKHX"/ 29 •30 / H "MJirKHX" / 3!/ c<!Jep, KOTOphle DOJ· 

BOJIJIIOT OIJ;eHHTb DOJIHhle ceqeHHJI H He B COCTOJIHHH ODHCaTb KaK 

ynpyrHe, Tax H HeynpyrHe npou;eccM. Mo,11.enb Jl,!l.epHoro <!Jaii:ep6o

Jia /3 2- 38/ CTaTHCTH'ieCKaJI / 39 - 45/ H rH,!I.pO,!I.HHaMH'ieC

KaJI /IS, 33, 46 -.5 3/ MO,!I.eJIH, MO,!J.eJib "KorepeHTHOH" Jl,!l.epHOH Tpy6-

KH / 54• 55/ H ,!l.pyrHe <!JeHOMeHOJIOrH'ieCKHe MO,!I.eJIH / 22 • SC,-ti 3 / 

HJ·Ja orpaHH'ieHHOH 06JiaCTH HX DpHMeHeHHJI He MoryT npeTeH,!J.O· 

BaTb Ha Ka'ieCTBeHHOe 06bJICHeHHe 3KCDepHMeHTaJibHhlX ,!l.aHHbiX, 

'ITO B HaCTOJIIIJ;ee BpeMJI Bhl3hlBaeT onpe,!l.eJieHHhle TPY.D.HOCTH B HX 

paccMoTpeHHH /eM. HanpHMep, 137 • 64 -titi/ /. lionee paJpa6oTaHa 

MO,!I.eJib BHYTPHH,!I.epHoro KaCKa,!l.a /ti 7 - 69/, D03BOJIJIIOIIJ;aJI aHaJIHJH· 

poBaTb H DOJiy'iaTb pa3JIH'1Hhle xapaKTepHCTHKH. 0Ha ycneWHO 

ODHCMBaeT a)l.pOH· Jl)l.epHOe pacceJIHHe npH 3HeprHJIX a,11.p0Ha ,11.0 

10 F:JB/701. IIpH eme 6onhwHx 3HeprHHX oHa BXO.D.HT B npoTHBop~
'IHe C 3KCnepHMeHTOM, B 'ieM, no-BH,!I.HMOMy, CKaJMBaeTCJI He

JaBepWeHHOCTb MO,!I.eJIH, HeyqeT MHOrO'iaCTH'IHhlX BJaHMO,!I.eHCTBHH 

H, B03MO:>KHO, pO:>K,!I.eHHe 'iaCTHIJ; qepeJ npOMe:>KyTO'iHhle pe30HaHCbL 

B HaCTOJIIIJ;ee BpeMJI BCe·TaKH 3TO - e)l.HHCTBeHHaJI MO,!I.eJib, )l.aiDIIJ;aJI 

HaH6onee nonHoe onHcaHHe. O,!J.HaKo ynpyrHe peaxu;HH JaTPY.D.HH~ 
TeJlbHO paCCMaTJ)HBaTb B paMKaX ee HCXO,!I.HhlX. npe,!I.TIOJIO:>KeHHH. 

3HaHHe :>Ke Hx Heo6xo.D.HMO .D.JIJI onpe,11.eneHHJ1 nonHoro, Heynpyroro 

H ynpyroro Ce'ieHHH. 3'rH BeJIH'IHHhl MO:>KHO paCC'iHTaTb B llpH6JIH~ 
:>KeHHH OllTH'ieCKOrO llOTeHu;HaJia/7 !• 72/ H B "'folding" - MO·

,!I.eJIH / 73 - 76 /, Hy:>K,!I.aiDmHXCJI B HCXO,!I.HhlX 3Ha'ieHHJIX napaMeT

pOB, KOTOphle MOryT 6MTb HaH,!I.eHhl TOJibKO B cpaBHeHHH C 3KCTie

PHMeHTOM /75, 76/. IIpH 3TOM Bcer.D.a ocTaeTCJI OTKPMTMM aonpoc 

0 CTipaBe,!I.JIHBOCTH TIOTeHIJ;HaJibHOrO TIO,!J.XO,!J.a K Jl,!l.epHO- Jl,!l.epHhlM 

BJaHMO,!I.eHCTBHJIM, KOTOphlH O'r'iaCTH CHHMaeTCJI B rnay6epOBCKOM 

HJIH 3HKOHaJibHOM TipH6JIH:>KeHHH, nepBOHa'laJibHO llOJiy'ieHHOM B paM

KaX TIOTeHu;HaJibHOH TeopHH, HO HMeiDIIJ;eM <!JopMy, He JaBHCJIIIJ;YID 
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OT TIOTeHu;HaJia, 'ITO TI03BOJIHJIO npHMeHJITb ero ,!I.JIJI OTIHCaHHJI 

BhlCOK03HepreTH'ieCKOrO pacceJIHHJI. 0TMeTHM, 'ITO HaH60JibWee 

'IHCJIO DODbiTOK peWHTb Ja,!l.a'iy ynpyroro paCCeJIHHJI 6b1JIO npe,!J.OpH· 

HJITO HMeHHO B rnay6epoBCKOM DO,!I.XO,!I.e. 

Kax HJBecTHO, 3HKOHaJihHOe npa6nH)I(eHHe K npo6neMe pac-

ceJIHHH 'iaCTHll CJIO:>KHhlMH CHCTeMaMH - TeopHJI MHOrOKpaTHOrO 

pacceJIHHJI /TMP/, pa3BHTaJI B pa6oTaX /77-82/, DOCJiy:>KHJia OCHO" 

aoii: .D.JIH pac'ieTa wHpoxoro xnacca npou;eccou a,!J.pOH" Jl,!J.epHoro 

BJaHMO,!I.eHCTBHJI, KOTOpaH ycneWHO 06bJICHJieT 3KCDepHMeHTaJibHble 

,!J.aHHhle npH npoMe:>KyTO'iHbiX H BbiCOKHX 3HeprHJIX. cllopMaJibHOe 

npHMeHeHHe cxeMhl TMP K H.n.epHO·JI,!J.epHOMY pacceJIHHID He npe.D.

cTaBJIJieT npHHIJ;HTIHaJibHOH CJIO:>KHOCTH, H 6b1JIO OCyllJ;eCTBJieHO 

pH.D.OM aBTopoB 183 - 871. OcHOBHaJI BOJHHKwaJI Ha 3TOM nyTH Tpy.n.

HOCTL, ,!J.OJiroe BpeMJI He TI03BOJIJIBWaJI DpO,!I.BHHyTbCJI Bnepe,!l., 

CBJIJaHa c cyMMHpoaaHHeM pH.n.a TMP. IIonwTxa pemHTb ee "B no6", 

npe,!J.llpHHJITaJI C HCllOJib30BaHHeM npe,!I.DOJIO:>KeHBJI 0 rayccOBCKOM 

pacnpe,!l.eJieHHH TIJIOTHOCTH BellJ;eCTBa B CTaJIKHBaiDmHXCJI Jl,!J.pax, 

xoTopoe noJBOJIJleT Bhl'iHCJIHTb xa:>K,IJ,MH qneH p11,11.a TMP, yseHqa

nacb ycnexoM TOJibKO .D.JIJI pacceJIHHJI nerKHX Jl,!l.ep /83-85, 87-99/ 

r.n.e 'IHCJIO qneHOB p11,11.a HesenHKO. IIPH nepexo.D.e :>Ke K cpe.D.HHM 

H TJI:>KeJibiM H,!l.paM 3TO 'IHCJIO KaTaCTpO<IJH'ieCKH pacTeT, KpOMe 

TOrO, CTaHOBHTCJI HenpHMeHHMhlM npH6JIH:>KeHHe rayccOBCKOrO pac

npe.n.eJieHHJI .D.JIJI nnoTHOCTeH JI,!J.ep. Ilo3TOMY nonyqeHHble peJyJILTa

Thl MOryT npeTeH,!I.OBaTb JIHWb Ha npH6JIH:>KeHHOe OOHCaHHe xapaK· 

TepHCTHK JI,!J.epHO"JI,!J.epHOrO pacceJIHHJI, TO'IHO TaK :>Ke, KaK H ,11.0" 

CTHrHyTwe B npH6JIH)I(eHHH ":>KecTxoro" HaJieTawmero x,!l.pa /IOO,!Ol( 

TpaxTywmero JI.D.PO- cHap .II.D. B xaK 3JieMeHTaPHYID qacTHllY c 3<1!-

<!JexTHBHOH aMDJIHTY.D.OH BN -pacceJIHHJI. 

,lJ,pyrHM MeTO.D.OM ou;eHKH cyMMhl p.11,11.a TMP JIBJIJieTCJI nepexo.n. 

K ODTH'IeCKOMY npe,!l.eJiy DO aTOMHbiM HOMepaM CTaJIKHBaiDmHXCJI 

JI,!J.ep. Ilo aHaJIOrHH C a,!l.pOH" JI,!I.epHbiM pacceJIHHeM MO:>KHO O:>KH)l.aTb, 

'ITO npH 3TOM 6y,11.eT JaMeTHOe ynpollJ;eHHe. ,lJ,eHCTBHTeJibHO, pe3yJib" 

TaT pa60T /l0 2-l0 5/ D03BOJIHJI He TOJibKO KOppeKTHO yqeCTb 3<iJ

<!JeKTbl JaTeHeHHH H nepepacceJIHHB B ynpyroM Jl,!l.epHo-JI.D.ePHOM 

pacCeJIHHH, HO H TpaKTOBaTb HeynpyrHe peaKIJ;BH, B qaCTHOCTH, 

peaKu;BH B036y)l(,!l.eHHJI H CTpHTIHHra, nepeJapJI,!I.KH II ICB&3HyDpYroro 

pacce11HHH H MHOrHe ,11.pyrae. IIo-cyllJ;eCTBY, B HHX 3aJIOlKeHhl 

OCHOBbl KOJIB'ieCTBeHHOH TeopHH Jl,!l.epHO· JI,!J.epHbiX CTOJIKHOBeHHB. 

MHOrHe H3 B03MO:>KHOCTeii, ,!l.aBaeMbiX 3THM DO.D,XO,!I.OM, ellJ;e 

He peaJIH30BaHbl H He pa3pa6oTaHbl, O,!I.HaKO ,!I.OCTHrHyTble pe3yJib• 
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TaTbl n03BOJIJUOT Bbl,!l;eJIHTb ero H3 BCeX ,!l;pyrux. Y'IHTbiBaJI Teope

TH'IeCKYIO CJIO)KHOCTb nO,!l;XO,!l;a, Mbl CKOHUeHTpHpyeM BHHMaHHe 

Ha KOHe'IHbiX peJyJibTaTaX H npaKTH'IeCKHX npHJIO)KeHHJIX. B paJ,!l;eJie 

2 npuse,~~;euo peweuue Ja,~~;aqu ynpyroro pacceJIHHJI. B cne,~~;yrollleM -

paCCMaTpHBaeTCJI aMnJIHTy,!l;a B036y)K,!l;eHHJI O,!l;HOro H3 Jl,!l;ep H no

npaBKH Ha KOHe'IHOCTb aTOMHbiX HOMepoB. B 4 paJ,!l;eJie npoBepJieTCJI 

rHnOTe3a ~aKTOpH3aUHH nOJIHbiX Cel.feHHH H ,!l;aiOTCJI ~OpMyJibl ,!l;JIJI 

pacqeTa nonuoro, nonuoro ynpyroro a ueynpyroro cel.feHHH JI,!l;ep
HO- Jl,!l;epHbiX B3aHMO,!l;eHCTBHH. 

2. OIITH'IECKHH IIPE,4EJI B YIIPYTOM 
Jl,4EPHO- J/,4EPHOM PACCEJIHHH 

B pa6oTax1
102

-
106

1 ,!l;JIJI aMnJIHTY.ll:hl ynpyroro JI,~~;epuo-JI,~~;epuoro 
pacce.IIHBJI ( F (q) ) B OnTB'IeCKOM npe,~~;ene no aTOMHbiM A fl-. A 13 
HOMe paM cTaJIKBBaiOlllHXCJI JI,!l;ep I B - JI,~~;po- cuapJI,~~;, A - JI,!l;po-

MHWeHb/ 6wno nonyqeuo cne,~~;yrolllee Bhlpa)KeHue: 

Fop t ( ) i p 2 - . 
AB-.AH q = --K(q)fd b[ 1- e X(bl J elqb 

277 /1/ 

r,~~;e p - HMnynbc HaJieTaiOlllero JI,!l;pa B, q - nepe,~~;aHHbiH eMy 
2 2 R2 

nonepe'IHbiH HMnynbc, K ( q) = exp I .9.. ( _1_ + 
4 A 

RB 
-)) - MHO)KBTeJib, 

B 

CBJ13aHHWH C nonpaBKaMH Ha ,!l;BH)KeHHe UeHTpa Mace Jl,!l;ep I84,8SI, 
RA , R8 - pa,~~;aycbl JI,~~;ep A H B cooTBeTcTseauo. x (b) - ~aJo
BaJI ~YHKilBJI, KOTOpaJI ,!l;aeTCJI ,!l;BOHHbiM p.ll,!l;OM CBepTOK ~YHKilHH 
TOJilllBH 'I H T 1

102
• 

103
1, onpe,~~;enJieMwx, KaK o6wquo, qepeJ A B 

O,!l;HO'IaCTH'IHble nJIOTHOCTH p A( B) ( r) . 

'I A (B)( b) = A ( B) f p ( yb2 + z 2 ) d z /2/ 

f p ( r) d3 r = 1 

x(b) ~ f d2s 
a 

00 

~ 
m + n 1 

(-1) mn-1 xm yo nm-

m,n=l m!n! /3/ 

6 

3,~~;ecb BBe,~~;euw o6oJHal.feHHJI 

X 

71 

~ 'I A (s) 
2 

a(l- ip) 

r,~~;e a - nonuoe ceqeuue 

y 

p 

£: T (b- s) 
2 B 

RefNJO) 

Im fNN(O) 

NN -sJaHMo,~~;eHcTBHJI, 

HUe peaJibHOH l.faCTH aMUJIBTY,!l;W ynpyroro 

(fNN(q)) K MHHMOH npu HyJieBOH nepe,!l;a'le. 

p - oTaowe-

NN-pacceJIHBJI 

B aux Ol.feHb npocTo JanucwsaroTcJI paaee ,~~;ocTurayTwe pe-

JYJibTaTw 185, roo, WI, 107 I. HanpaMep, ~JOBaJI ~YHKUBJI qu-

)Ka- MaxcuMoaa 18 51 ,~~;aeTCJI swpa)KeHBeM 

X (b) 
CM 

~fd2 sxy, 
a 

a B npa6JIB)KeHBB ")KeCTKoro" aaneTarolllero .11,11;pa I roo, 101 I 
OHa BMeeT BB,!l;: 

X (b) ~ f d 2 s (1 - e -y ) x 
PRA a 

/4/ 

/5/ 

}J;JI.II He,!l;aBHO noJiyl.feHHOH 

BMeeM, 'ITO 
B.4>pauxo B r .K.BapMoiil10 7( ~a3w 

X (b) 
FV 

~fd2s ~ 
a m,n=l 

) m+n 1 n 
(-1 ntt-1 urn- x'"y . 

m!n! 
/6/ 

m+n< 5 

Kax BB.D;HO, BCe 3TH npH6JIH)KeHB.II .D;aiOTC.II y'leTOM TOJibXO HeXOTOPWX 

'IJieHOB p.11.u;a /3/, snepswe nony'leauoro H. B .Aa.u;peeswM I 10 21. )J;n.11 

Taxoro orpaHB'IeHB.II B o6llleM cnyqae BeT uuxaxoro o6ocHOBaHBJI, 

T .JC.. CXO.D;BMOCTb p.11,11;a /3/ BeCb.Ma CJia6aJI /p.II.D; .D;HarOHaJibHWX 

:me.MeHTOB xD y 0 MO)KeT BJIB CXO,!l;BTbC.II BJIH paCXO.D;BTbC.II B Ja

BBCBMOCTB OT 3Ha'leHBI X B y /. ll03TO.MY O'leHb Ba)KHO BMeTb 

3a.MJCHYTOe BWpa)KeHBe .lVII CYMMW p.II.D;a /3/, XOTOpoe 6WJIO Haii.u;e
HO B pa6oTaX 1104• lOSI, 
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') 2 [ u z l y(b) = : fd s z(e - 1) + u(e - 1) -UZJ 

a 

_gfd 2s[x+y-u- z-uz] _g f d2 
S ¢ (X, Y ) 

/71 

a a 

r.ne U, Z peweHHe CHCTeMhl TpaHCUeH,neHTHhiX ypaBHeHHH, 

l
u = xe-z 

z = y e -u 
/8/ 

e.naHCTBeHHoe, ecna x /ana y / MeHLWe e I e - ocHoBaHae Ha

TypaJILHoro norapatiJMa/, 'ITO BhiDOJIHJieTcB, ecna A /ana B I< 64. 

B 3TOM CJiyqae JlJIJI 'IHCJieHHOrO peweHHJI CHCTeMhl /8/ MO)KHO 

HCDOJIL30BaTL CJie,nyJOIUYIO HTepaUHOHHYJO npoue,nypy 

xe-zl -z 
u-1 u = X u = ... u -· xe 

I 2 n 

/9/ 
-ul -u n-1 z I = y z = ye ... z ~ ye 2 n 

KOTOpaJI, KaK DOKa3hiBa10T KOHKpeTHhle paC'IeThl, JlOBOJILHO 6biCTpO 

CXOJlHTCJI. )];JIJI 60JILWe:i 3KOHOMHH C'leTHOrO BpeMeHH Ha 3BM 

)KeJiaTeJILHO napaMeTpH30BaTL tiJYHKUHH TOJIIUHH CJie,nyJO~M o6pa-
30M: 

T(b) 2 
c (a + a b2 + a b 4 } e -a h 

I 2 3 /10/ 

TaKaJI napaMeTpH3aUHJI HeDJIOXO ODHChiBaeT tiJYHKUHH TOJI~H, Bbi

'IBCJIJieMW:e C BCUOJIIt30BaHHeM CaKCOB- BYJlCOBCKOro pacnpe,neJieHHJi 

,nJIJI Jl,nepHbiX DJIOTBOCTe:ii. fiapa:w:eTpbl C, a I , a 
2 

, a 
3 

, a 
B •a6AUije. 

.naaw 

Bcero B3JIO)KeHHoro .nocT&TO'IHO JlJIJI onpe,neJieHBJI tila3osoii 

tiJyHKUBB a a:w:nnaTy,nw ynpyroro AB-pacceJIHHJI. IIoc:w:oTpa:w:, K&K 

Bhlp&.>JC&IOTCJI 'lepe3 HBX &MDJIBTYJlhl ,npyrax pe&KUBH. 

8 

Ta6n~~:ua 

Hapo a c a a2 a I 3 

4 He 1 a/rr 4 0 0 

12c 0,4 a/rr 20/3 16/3 0 

ltio 0,34 a/rr 8 8 0 -
24~1g 0,28 a/rr 168/15 104/15 44/15 

28Si 0,275 a/rr 12 8 4 

31; 0,27 a/rr 192/15 136/15 68/15 

4oca 0,25 a/rr 16 8 8 

3. AMHJIHTY,llA B03EY)I(,4BHHJI 0,4HOFO H3 Jl,4BP. 
HOHPABKH K OHTHIJBCKOMY HPB,4BJIY . 

Cor.iiacHo pa6oTe/I04/ aMDJIHTy,na B036y)K,neHHJI o,nHo'lacTaq-
' 

Horo ypoBHJI H,npa A CBJI3aHa c tiJyHKUHOHaJILHoii npoH3BO,nHoii 

aMnJIHTYJlhl ynpyroro pacceJIHHJI no tiJYHKUHH T A 

oF q1t 

Fif (q) = fp_ (r )~AB(q) d3r 
If I o T (s ) I 

= .!P_fd2beiqbf o(l-e-x<bl) 
2 rr P. (r ) 3 If 1 

0 
d r 

A I 

. bl ox(b) l..l!..Jd2
be

1
qbe-x< fpif (rl) oT (s ) 

2 rr A I 
d3 r 

I 

T A (s1 ) I 

/11/ 

3.necL pif ( r) - T&K aa3waae:w:a11 o.nao'lacTB'IH&JI nepexo.naaJI 

DJIOTHOCTL H3 cocTOJIHBJI I i > B cocTOJIHBe l f>, a tiJYHKUBOHaJIL-

9 



uax npoH3BO~uax onpe~enxeTcx BBHOB 
OT 4JYHI<l(HH TOnii(HH 

3aBHCHMOCThiO 4Ja3bl 17 I 

ox(b) 
0 ~ fd 2s¢(x(s), y(b-s)) 

o T A (s 1 ) o TA ( s 
1

) ~ 
=~fd2sa¢(x,y) ox 

a a X oTA(s
1

) 

2 a¢(x,y) a¢(x(sl),y(b-sl)) 
=fd s o(s-s) = 

ax 1 ax 
1121 

Hcnon~o3yB Bblpa)l(euae ~nx cyMMbl px~a 17 I, a Tal()l(e ~a414Jepeu-

llHPY.II CHCTeMy 181, nerxo MO)I(HO HaRTH npOH3BO~HYIO ~ : 

I 
-z , -z 

- uz' u = xe u = e 
X X 

z -u , ye z = -zu 
X X 

u' + z'+ (uz)' -z 
= e 

X X X 

a¢(x, y) 

ax 
a 

- [ x + y- u- z- u z] 
ax 

x = x( s
1 

) y = y(b-s
1

). 

1 -z - e 

1131 

1141 

0I<OH'IaTeJlbHO nony'IBM, 'ITO aMDnHTy~a B036y~eHBJI HMeeT BH~ 

F. (q) = Jg_fd 2b eiqb e-x<blJp. (r )(1-e- 2 )d 3 r . 
If 211 tf 1 1151 

II0~06HbiM 06pa30M HaXO~BTCJI nonpaBKH Ha I<OHe'IHOCTb aTOMHbiX 

B HOMepoB peanbHO B3aHMO~eBCTBYIOIIUIX .ll~ep ( 0 B (A) F' ( q) ) · 

'laCTHOCTH, ~m1 nonpaBI<H nop.tl~I<a 1/B x aMnnaTy~e ynpyroro 

pacce.IIHHB F' ~~~ ( q) , cornacuo pa6oTaM 1104• Ios I, ~aeTc.ll co
oTuoweuaeM 

02.F' op\ q) . 
o F(q) =~fT (s )T rs) AB d2 s d2s =..!E..!.Jd2 beiqbe-X(bl 

B 2B B 1 B' 2 o T (s ) o T (s ) 1 2 2rr 2B x 

10 

B I B 2 
x 1ax(b) ox (bl__ ox(b) 

1 
o T8 (s1 ) o T

8 
(s

2
) 8 T 

8
(s

1 
)o T 

8
(sz} 

i p 1 dz b iqb -x< bl 
-- e e x 
4rr B 

2 
X { [ J d2 s T (s )(1 - e -u n 

l B 1 

2 
+ ~ J Js1 uz l, 

;; 1- uz 
1161 

} 

J 
j 

r~e B03HHI<a101l(a.ll BTOpag DpOH3BO~HaB OT 4Ja30BOB 4JYHI<l(HH ODpe
~enBeTC.II xax 

a\ (b) 2 2 rf2 ¢(x. y) a y a y 
= -fd s--- --

oT(s)oT(s) a ay2 oT
8

(s
1
)oT

8
(s

2
) 

B l B Z' 

-u a , -u a u e ) 
- u e o(s - s ) = -- --0 (s - s . 
2 Y 1 2 21-uz I 2 

1171 

AuanorH'IHO MO)I(Ho 3anacaTb nonpaBI<H npoa3Bon~ouoro nop.11~xa. 
TeM caMbiM 3Hauae 4Ja3oBoi 4Jyuxu:aa ynpyroro pacceBHH.II B on

TH'IecKoM npe~ene DO aTOMHbiM HOMepaM ~aeT B03MOlKHOCTb pac

C'IHTbiBaTb KaK peaxu:aa B036y)l(~eHHJI, Tax a nonpaBxH ua xoueq

HOCTb aTOMHbiX HOMepoB. cJ)yHI<l(HOHanbHble COOTHOWeHHB ~n.ll ~py
rHX peaxu;ai H nonpaBox npaBe~euw B pa6oTax I 104, I05/. 

4. IIPOBEPKA FHIIOTE31J tbAKTOPH3~HH 
IIOJIHJJX CEqEHHR 

B Ka'leCTBe o~uoro B3 npano)l(eHBB onacaauoro BLIWe no~
xo~a Mbl pacc'IHTana nonuwe ceqeuax Jl~epuo-JI~epuwx B3aHMo

~eicTBHB B DO~Beprnu DpOBepKe rHDOTe3y 4Jai<TOPH3aiJ;HH, Bbi~
BHHYTOB B 4JB3BI<e a~pou-a~pOHHhiX CTOni<HOBeHHB /IOS-lOO/. Kax 

B3BeCTHO, B npe~DOJIO)I(eHBH, 'ITO a~poH-a,!Q)OHHOe B3aBMO~eBCTBBe 
OCyll(eCTBnJieTCJI nocpe~CTBOM 06Meua O~BM Bai<YYMHbiM DOniOCOM 

Ilowepauqyxa c BHTepcenToM a (O) =1, 6w.na ycTauoBneuw CBJI3B 

Me)l(~y awnnsTy~aMa pa3nB'IHhl~ npou:eccoB 11111, xoTopwe npa

BO~JIT I< cne~IOII(eMy COOTHOWeHHIO Me)l(~y DOnHbiMH Ce'leHBJIMB 
B3aa:wo~eicTBBB 'laCTBU: C, D, E, 'G. 

aCD aGD 
- = --. 1181 
aCE aGE 

B 'laCTHOM cnyqae ~poa- .tl~epuwx H x~epHo- .tl~epawx cTonxuoBeuai 
BMeew: 

2 
a AA ----

a a 
NA NN 

1. 1191 
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a2 
AB 

a a 
AA BB 

1. /20/ 

2/3 
Ecnu aNA- A , TO aAA' cornacuo /19/, .llOIDKHO 6b1Tb npo-
nopnuouaJibHO A 413 I 11 2/. 

HcnOJib3Y.II BblpaJKeHHe /1/ H ODTH'IeCKYIO TeopeMy, onpe,lleJIHM 

nonaoe ceqeaue .ll)lepao- .ll)lepaoro BJaBMO,lleii:cTBH.II 

a 
AA 

~ 
~ 
"t 

tct 

lo' 

10' 

~ Im F~~t ( 0) 
p 

2 J d 2b(l _ e-x{bl) • /21/ 

AA 

••pa 
AC~ 
ltDCa 
"C 
"J.Ie 

101 ~--~~--~~~--~--~~~~--~~~~ 
10• JD' 10~ A 

Puc.1. IIo11nr.1e ce'4eHUJI .ROepHo- .ROepH&IX 63auMoOerlc•6uu 6 3a6u
cuMoc•u o• a•oMHbiX HOMep06 c•a/IKU6QIOUIUXCJI JIOep, KpU6ble -
pac'4e• no ~opMyAe /21/, HaAe•aiOUIUe .ROpa yKa3aHw Ha Kap•uHKe. 
Kpu6aJI AA npeoc•ae/IJie• A - 3Q6UCUMoc•r. a AA ; aNN =45 M6. 

12 

l 
I 

I 

j 

l 
I 

~ 

: 
ct 
<o 

a HHTerpupy.ll KBa,llpaT MO.llYJI.II aMnJIBTYJlbl ynpyroro pacce.IIHB.II, 
aaii:,lleM nonaoe ynpyroe cel.feHue. 

e) 
u 
.HI 

Tor,lla 

paBHO 

ull 
AU 

Jd2 q[F~pt(q)[ 2 
= fd2 b!l- 2Ree-x(bl + e-2 Rex(bll. /22/ 

cdl 

cel.feHBe Bcex Heynpyrax npou:eccoB /ceqeaae peaKnaa/ 

= u - uel = fd2b[ 1- e-2Rex(bl] • 
AB Afl /23/ 

Pacl.feTbl noJIHblx cel.feHuii: no !l>opMyne /21/ npe.llCTaBneHbl Ha 

puc. 1. KaK BH.llHO, a A HMeeT llOICaJaTeJib A - JaBBCHMOCTH 
A 

~r 2ospb\ A 

~ \ ~ 
II 
~ 

I.J f.' )( 

A \ 

\ 
\ 

\ • I I 
1.1 

1.0. , , .,,...... •v<"""":~·~ ~ ........., 
• 2 3 " 5 6 e, 115 

(a )2 
Puc.2. O.HoweHue R = AB 011.111 pa3HbiX C.a/IKU8QIOIIIUXCJII 

u a 
.AA BB 

JIOep, yKa3aHHI>IX Ha puc?'HKe. To'4Ku- pac'4e• no ~PMYAe /21/, 
Hapuco6aHHWe Kpu6r.Je pacc'4u•aHw 6 MOOeAu xe~Kux c#f!p. 
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DpBMepHO 

rBDOTe3bl 

e~BHBUY, a He 4/3, qTo CBB~eTenbCTByeT He BDOnb3Y 

(a R )
2 

4>aKTOpH3aUBB. 0 TOM lKe rOBOpJIT H pacqeTbl R = A B 
R R a a 

AA BB 
/puc. 2/, cornacyiOIIUieCJI c peJynbTaTaM& pa6oT/30,I13,114/, 

r~e C BCDOnb30BaHBeM 4>a3bl /4/ 6blnO Hai~eHO, qTo 4>aKTOpB3aiJ;BJI 

&MeeT MeCTO B Dpe~enax 20~, KOr~a pa~BYCbl CTanKBBaiOIIUIXCJI 

~ep oTnuqaiOTCJI He 6onee, qeM Ha 50~. Ha~o JaMeTHTb, qTo 

MHoroxpaTHble nepepacceJIHBJI B BeTaneHBJI HapywaiOT BblnonueH&e 

4>aKTOpB3aiJ;BB /115/. 0MaKO OTKnOHeH&e OT e~BHBUbl eaue He rooo· 

pBT B DOnb3Y ManOCTB 34>4leKTOB nepepacceJIHBH, KOTOpble 6onbWe 

BCero CKa3biBaiOTCJI Ha ~H4>4>epeHIJ;BanbHbiX xapaKTep&CTHKaX. Pe· 

310MBpyJI ECe BbiWeCKa3aHHOe, DpBXO,II.BM K JaKniOqeHBIO 0 TOM, 

qTo B JI,D.epHO" Jl~epHOM B3aBMO~eiCTBBB 4>aKTOpH3aiJ;BJI B 061UeM 

He &MeeT MecTa. KoHeqHo, oxoHqaTenbHoe cnoao o 3TOM oonpoce 

np&Ha~nelKBT 3Kcnep&MeHTY, cpaoHeH&e c KOTOpbiM npoae~eHo 

o pa6oTe/104/, a TaKlKe Ha puc. 3. 

\ 
eeo 
-.:' ....... 

'Sc 
.;.· 

10 

to 

.to 

£ s " s ' 7 • ' 
A"'•a''' 

Puc.3. lloAHoe Heynpyzoe cet~eHue OA.R pa3Ht.IX eaauMooeiic•eYfOIIIUX 
.Roep. 3KcnepuMeH•aAt.Ht.le •ot~Ku ea.R•t.• ua pa6o• / 116 - 119/. Kpu
ea.R - pact~e• no (JopMyAe /23/. 

3AKJIJOqEHHE 

KoppeKTHbli nepexo~ K onT&qecxoMy npe~eny no aTOMHbiM 

HOMepaM CTaJIICliBaiOilUIXCJI .R,II.ep D03BOn&n peWBTb He TOm.KO 

1~ 

~ 

I 

I 

Ja~aqy ynpyroro JI,D.epHo- JI,D.epHoro pacceJIHBJI, Ho B paccMoTpeTb 
HeKOTOpble HeynpyrHe peaKIJ;BH. 

ABTOpbl 6naro~ap.11T JI.H.JianH,D.yca, A.B. Tapacooa, A.C.Ilaxa, 

X.X.MycynbMaH6exooa 3a noneJHble .D.Bcxyccuu H BHTepec x pa6oTe. 
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