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11eii 11o·•soJ111eT P,.r11~TpHpoBaTb JJOCTaTO'IHoe 'IACJIO co6b1TIJ,i. (Ta1111·~Hbllolll MHWeH11MH •M•IOTCK 
• .· \! ".. ' ' ' .• ' .,; 

KJlpa ,aTOMOll BO'•llyxa H Kllpa cjloT03MYJ1bl"H1t). El yrKOpllTt'JIMIOil OOnafTll ~ueprnii. 8 Ol"llOBHOM . 
I > ' \ 'I. I ' • • '~ 

UM<'Hllll B ("TOJI KllORellllllX (" mpaMA nc11e11uMe11;ani.HO ODpeJl<'JllflOTU n•itPHll• lleJIKHX npoU<>l"COI<. 

1ia.K. 11anp1111<' i: . n•.,.;1111:1° po....ueuaa Ta:.;enblx i,;napK01111en •. TeopeTU'l~!'oe, n.-cnenosaune npo1te("ri>tt 

Ha wpax •1u1•<>Tt"K. ("Jl('Jl()~:;..;JlbHO. Heo6~JlHMLIM .VCJIOBH<'M KOf>peK,THQffi l!~BJJe'l<'HA:I llHcjlopMa-

11~11 •J6' ;i11aJ1orn•1111•x 1111111lf'("rax Ha HYKnOHe H npo11epKn ceoTBeTrToytowux 4Jeuqweuonoruqer1<11x . " 
MOJ!Cn<•ii . 

H.-ifixo111n10 ,,.·o6o ~'lepKHYTb yHHKaJlbHO<"Tt. ">Krnep11a.reHTOH 11a JIJlf'flllblX 1.1nweH:1x nna aua­

JJH..a n1H•rT1><1m· r11<•11110-s1ie11e11uoii Ka.pTllHbl an.po11-11y1woHHblX n•a&1M011eikTs11ii. B 1<a•1erToe,np11-,, 
Mepa. ~•u~nu n u ·11aT1K• na 1w'ly111»Ta.TLI "lKcnep11~u·t1Ti\.JlbHOro lll~· qeuu.x ltHK.UJOlHBHhlX cneKTpos 

h, A·- '1,.\ ! !-.->]. ~oTOpLI<' npnneJtn K ryute<"TtwnnoMy nepecMOTJl.V ·rTaHllal>THblX npenrTallJleuurl 

o xapa1<n•1mr.1x "l".'MeHax H rTaJl.HllX pa.1DHTHll npo1wrro11 MHf>.K<'t"TIWHHn1u !>OlKJleH11:1. TaK. rJ1a6a11 

'JaBMr11L1ncTh noK:na:reneii a e a.nnpoKf"HMa.llHH 

Edrr••A-h,X /<fp ~ Ao (I.I) 

OT nma perHCTIHlpyeMblX nerKHX an.po11011 h, [1.:1]. TaK llil.'l~ll<lt'Mall •• ..1-yHur.iepranbHOCTb- llll­

Knl03118HblX fnf'KTJ>OB, HaxOilHJlafb ·ll llBllOM RpGTllBOpe'l!fll C )lllPOJJOntPii rJ1ay6epa (6.7] 11 fTllM~._ 

JlHpGBa.lla J>alBllTH<' HOBblX <j>eHOMeHOJIOrll'lel"KHX llOllXOllOB [8- l!i]. 
0

3aMPTUI. '11'0 Hl"ROJlb30BaHHe HOBblX rHllOTP'' 0 MPXaHH"<Max 
0

UIJ01lef<"Oll Ha •npax JlOJl)f(ff() fiLITh 

OCHOBa.110 Ha JleTaJlbUOM aHaJIH3e pe3ynbTaTOB B .\")t\'.(' lnBeCTHhJX MOJ!Pn.HX II . rTporo roHopJI. onpa.H· 

ll<UIO JlllWb 11p11 HeB03MOJKHOCTH OlfHCaHHK B HllX rymecTBYIOUUIX "> KfllPJlllMeHTanbllbl X llllHHblX. 

npHMepoM. rm• nQll06uoe ycnOBHe HP ,8bllfOJIHl1e1;r•. KBJl:IPTf:I . Ila llalll IHl"Jlllll. C<'f>llll J'aOOT [ l{j-

20]. nonunue11111o1x TeOpeTH'leCKOMY omtcaHHIO n1>011ecroo a11popo;i.;11eu11• f"i'-rocTO•HHii ua :111pax . 

npu "ITOM HCTO'IH llKOM He BllOJJHe KOppeKTHblX 111,!BOJlOB 0 apoT1111opP•11111 .ll<"lKJlY T<>OpllPii II 31'rfi<'-. 

pHMeHTOM MO;t;eT 6b1Tb HCUOJlh30BaHHe ynp0111et1HLIX UOllXOllOli II paw;;ix Moneneii l.IHOroKpaTnoro 

parrPKHH.I. lll>ll'IPM _BHe OOJlacTeii HX .llOllYCTHMoro npHMeneuit:1 . ( npllMPpOM •llPfb MO>t;l'T fJl\'­

JKHTI> pa6oTa (21]}. Boo6t.ue. 'ITO KacaeTCll o6nxrne11ux A-3asuq1MorT11 1·n<'KTpoo ilrl - rrX. ro 

OOnbWHllCTHO MOlleJleii [17-20], npennO)f(<'ffHblX II nocne11u11e rom.1. HCXO/L1 •Ill 11"1 npe11nOJ10lt;PHll• 

0 .U:aJIO•.Tll Ii 'lTHX npoi;te-ccax 3<fMt>eKTOB, CBJl3.a.Hlll>IX ( HeynpyrnM B'\a.HMOJleiiCTRl1eM Ua.lfa.JlbHhiX 

a.llpoHOH h B llllPpHoii cpe.ue 'BOllOTb 110 MOMeHTa o6pa308aHHll l):tpl,I er. no- BHJllllJf> ' 1.V • (>/lllHTIWll · 

HblM OObeKTHHllblM JIOBOilOM B nonb3y TaKoro npe1111onoJKeHH:I llBn• an. aHanorux c npo11eaa•111 

Tlllla .Ilpenna-Slna. hA --+ µ+µ- x (M ••• - > 4r.1B), 11n~ KOTOpbl' UOllOOHa:I Ma.JIOCTb npenna­

IUllJlafh BOOJIHP tJ'l('BHJlHOH (22-24]. 

(°JJeny<>T , Ollll<LKO. OTMeTllTb, 'ITO OCHOBHLIM Mf'X1lHH3MOM B npouecrax THna llpenna-SIHa npu 

ZF > 0 jlBJJJl('T('J'I aHHHI'HIUIUJUi OlIHOi M'\ BaneHTHl.IX l(OMllOUell'r HiUIPTa.JOIUPrO a11poua r MoprKHM 

113.pTOHOM MHW<'HH, B 0Tl1H'l11e OT anpopollUl<'HHK qapMOHHll. l"JlP /lOMHllllPYIOT 1111arpaMMbl, ro­

OTBe1'rTBYIOUllle •·Jtn11ruuo :>r<ecTKllX rnioouos [l!lj. Cronb cy111e1·T1w11110<• pa3JIH'IHe s wexaHuntax 

.j 



I 
JU•YX 11pouerco1111e11aeT YKa:JaHHYIO a11ai1or1110 He BUOJllll' o60l'llOll.lllllClll 

Ila BJl'Jl llll awropa, 6onbwa1 •1aCTb ~Kcnep1tMell'raJ11 , 11oro M:\Tl'Jl11.u1 .. 110 ""' '"" •.ll'l'PllLIM B:Jall· 

MO.llt'HCTB~llM npu. 8blCOKllX 3 HeprllllX. 11aK011ne1111oro K 11a•1any 90 -x I ()Jllll\, ....... r I f>IJ'l ' b o6hllClteHa 

lf KOJrnt.tecTaeHHO onn caun. 6e'l npHBJJellCllffSI Ka.KMX- Jrn6o "'ltOOTM'l<"C"ll.H>t " I K llC)'IP,, {' Kenon~ 

sa1111eM CJIH llOl'O Teopf'Tll'lec1mro llOilXOJla. KOJlJH'KTHO y•111Ti..1Ba10llll'n• Hl•IH'k 11J u noroKpaTllblX 

U3aHMOJlei'icTBMi a.npoHHLlX CHCTf'M B jlJlepnoit C']>(>Jl(_1
• 

HacTo•ma• 111lccepT:~nn1 oc11os11a. Ha pa6oTax. 1n.mon11e11111..ix B p;iMKAX 1;\KOio11w1xo11a. 

P<\lileJI 2 norume11 BblBO.ll.Y o6m11x sblp;i;o;e1mii IlJlll HHKt110JHB111.1x rnl'K 1 pon "'' llll pax 11 11x 

;>ac'leTy 111>11 6oJ1bWUX 11onepe•1Hb1X llMnynbcoB 11rntrTJ>HPY<'Mt.1x 1!111t1tpyK>UlHX rorToKH ll ii. 

C 11 c110J11>'10Ba11HeM H!'KOBap11a11Tnoro 1popM<\llH 'IM<\ BaTcoua. [25,26] 11a110 1 q><H'OI' KBallTOeo­

Mexauu'lerKOf" o6ocHOBaUl1f' BhtpaiKeUHH, onHCbJHtUOUlUX H.HKn1()3H8HL.Ie npou~f- fbl n T<'Op HM MllOl'O­

KJlaTHOl'Q p<\CC<'lllHf:ll (TMP). JloK<~1airn. coBl1ecTiotocTb rip11Me11~eMblX MeT011011 11 pat.tKax TMP c 

yu10BMeM ynwrapHOcTH S -MaTpm11..1 pacreJt1uu1 11a. sw.1>c. HoK3.3a~10, 'tTo HCUOJlbJoBalJUJH('Clll pattee 

[2i,18j <j>OpMyJJb! llJlM llHKJllO'llll\lll>IX caeKTpOB llJlOll<'CCOll pA --+ pX !I MOJleJIH l'nay6epa COJtep­

)K(l.T llf?'TOllllOCTb. npHUOIUIUl.YlO K ·rna.lfHTeJtbIU-.IM OILBt6KaM Hp'1 JXl.f"-IPTaX cneKTpOB c 6onbWKMK 

P.1.· CytuerTuP1rno. 'ITO r-r<\1UlapT11oe r:iay6eponrKO<' np116n11lKe1111e oKa.lblOaeTcll B npoT11eope•11111 

npaKTll'lefKll CO eceii COBOKyn11oc·ri.10 .1tallllblX [1 - f'i) !10 npon~ccaM h,A --+ /i..,X. fla;1ee B80Jl~TC~ 
OC'HOBllblfJ' npenno!IOil\CHHj( MOJleJUI r rq>OMelh.yTO' lllblM" JBlJUtpylOUUtMH COCTOJUIMJIMH. rlpKBeJle­

llbl pe3yJ11>TaTbl pac •JeTOll B Jta1111o ii MOJlCJ!H HllKJllOlllRll"blX cneKTp08 hA ...... hX (h = p,ir - ) Dpll 

6on1>w11x nonepe'IHblX 11MnyJ1bcax (p.1.:; 6 - 7 r.)B/,.). Ko-ropble uaxoJ.UITCll e xopouieM cornac1111 

r n.c11ep11MCJ1TaJJblll>IMH na1111b1MM [4,5]. Upc;1cranJ1e1111oe o6bxcHeHHP H JieTa/lblfe>e KOJIM'ICCTBel:l -

110<' orrncarrne ~<jl¢t<'KTa Kpo111v1a. - "a.110MaJ1b11oli " (o > I) A-·•aBJtCHMOCTK np11 6oJ11>w11x P.l · 110-

BUJHtMOMy, JI (' i.tM{'PT aua.noron. 

11 pa3J1eJ1e ;J JlllCCCpTa.111111 B MOJ10Jllt (' llJlOMl'>K _VTO'll!t~Mll JlllllllPYJOUlllMlt corTOllJJllJIMll pac­

rMOTpeHbl 11pouccri,r h1 A ~ h2 X B OOJl<\fTll <llJl<\rMCHTau1111 H<\lleTa.ioinero aJ1po11a; .nano 

OIHl(' a.1rne 60JlbWOl'O Ha.fiopa ')KCnepMMCllTa.JlbllhlX JlailJlblX (2,3) no UHBapHaHTHblM ceqeHBJIJ.'. 

Eclrr1"A-h , X /cL3p . 

11 pellMYUtefTllOM UJ>f'Jl JIOlK\?1!1101'0 nOilXOJlil JlllJIJl<'TfX 801MOlK.HOCTb Koppe1nunro paC'leTa 1111-

KJllO"llHlllb!X c11eKTpo11 Ila •npax np11 <jrnKc11posa.1111i.u nonepe•rnhlX 111'111y.rll.cax per11crp11pyei.tHX 

COCTOJlllHK, B OTJUPUte, nanpKMCp, OT <t>enoMeUOJiOrH'lN:KHX sepcHi [8-11.,14,15), DpllfOlt.HblX, sooG--­

LUC rosopi1 , 1rn1Uh JlnJI 01rnca11uii cneKTpOB, npottwreq>uposauublx no P.1.· 

flp1tBeJ1ellbl MCTOJlltKa par•reTa H Kpltllbl(' JIJlH Cl!t'liTJ>OB J!llJlBPYJOlllllX aJlpoBOB pA ...... pX , 

rr+ A ~ rr+ X 1t h'+ A --+ f\+ X. no11y•1e1111ble np11 £ 0 = IOO I'3B, Pl. = 0.3 11 0, 5 I'3B / c 11 cpasne-

1rn11 C JlaHllhlMH [2) . 
KaK cnc11y<'T "' or11on111>1x npc11noJ1olKe1111i1 Mo11cnH [29-31], npocTpat1cTseirHo-apewe11mu1 Kap­

T1111a. B'JallMOilCUCTBH• r H.llflOM JIOJl>Kll a 6b1Tb en1111oii IlJIJI acex npollecCOB .hA ...... It' x' r~e perH­

CTp1tpyeMoe corToxHll<' h' cQ!leplK111 xoTx 61>1 OJLHll 111 B<\llelJTHblX Keap110B a.npoua h. B Ka'lecTBe 

Kp11Tep11J1 IlJlK a1taJIOfll'!l!hlX n poucrrofl 11a 11yK11011e 6b1JIH ucnOJib308aHbl npe.ncKa.laJUts· B MQile.!Ill 

Klla ' •KOJ\Ol'O f'leTa [:J2,:J:J] II llX qlal\11('1111(' r 'lKrnep11MCHT3.Jl~UO 11a6100.1t_ae1'lblM U.;Bene11.11eM cnell'­

rpc I. llp1me.ue11bl 11aii11e1mL1<.' 1<Ull1CllMOI" 111 JlJlll 1111eap11aHTllblX teqeu11ii COOTBeTCTB)'IOIIll'IX npo­

Uel'('OB pA _, /\. 0 x' pA ~ 11+ x II 11" + A _, h"+ x. no K6Topb1M 11a cel'QilH• cyrueCTBYK>T J{OC'raTO'lllO 

TQllllbJ(" OOhlTllhfP naHHbJP [2~3 } . 

.~ 

llanee B pa.:mene pa.cn t0TpeH1>1 upouec.·hl a.npopolKJleH11• m1011os ua mpax. JI~• KO~'Ophlx M<'­

xa11113u o6pa.JOBalU " · CGH3al!Hblii c ojlpa.ruenTauYeii npoM!'lKYTO'lllblX JiHJlllPYK>UlHX KJlacTepoo, IH' 

•BJ1aeTCJ1 .llPM.11.Hnpy OIU.ll ~J. llpn11Q1111TC• o6utee Bblpall<eH11e .nn• cneKTJ>OB h1 A --+ h2 X c y'leToM 

KOHe'IHOii JlJlmtbl OC'.la.lOB'lHIUI aJlpottOB h2 Ha OJlHOM 111 llYKJIOllOB llJlpa. [loKa.UHO, 'ITO Hal!Ml'Hb· 

m11e pacxolKJletUU 311cn<'p 11weuTOu [2) .1tJI• npoueccoo rr+ A - rr- X COOTOOTCTBY]()T MaJlblM ~ 11 

113.CWTaOax 11.npa) BllPMCRo ll <jlopMllpoB<lHllS ,.. - - t.te10HOB. 

[lpu pac'ICTe <"I' ' 0 nv.l' n pouecc08 pA --+ .-± X 6b1JJ Bb16pa11 MeTOJI. C88l3.Hllbl.H r all3.JIH10M ('lll'K · 

TJ>OB pN ~ ,..± x B LIO.lll:Jlt KBapK-rmooun1.i.x cTpyn (MKrC) (:J4-J6). 0TMCTllM, 'ITO r-rpyKTypa 

BL1pa:.t<eu11ii J111• " " Y.e uTapublx cneKTpoB, 110.ny'laeMblX 11 MKrc. noJBOJtaeT oT~JJHTb Hpyr oT 

11pyra Bt.:llaJlbl. o6yc;1osn•1111ble pa.l.Jl•'IHhlMH wexau111Ma.MH o6paJOoa.11na 11"-M!''\OHOH. KalKJIOM.Y ra ­

Kowy BKJ1a.ny .. MOJl('. ,JI (2!-J-31] COOTBeTCTByeTonpenene1rna1 npocrpaucTneHllO- BJ>eMCllllaK Ka.pTltlla 

upouecca. ea mpe. •no .llO!llKHO y'IHThlBaTt.e• 11p11 BblBOJl<' <jlopMyn _ J1J1a cneKTpoB pA ~ 11" X. ll 1rn­

BCJ1eHbl pac'leTllble ~ pll"B bll'. OllllCblBalOUlll<' 1111oapnat1Tllb!(' fP'l<'llH• npoU<'CfOB pA ~ ,..± .\' llJHI 

P..1. = 0.3 H 0.5 r~B c COB~teCTHO c .1taH1tblMll (2]. Hl?CMOTpH "" ·~aKTll'l('CKOC OTCYTCTBll!' II «tJla'l<' 

cll06Qum.vr: na.paMl?T"OB, ilOCTllruyTO XOj)()WC'f' cornacK!' .. ,KCttCpHMl'HTOM llJIJI o6o11x npoueffOll H, 

-.TO Beet.Ma cymcx TBPHP.O. 11n~ Hr<'ro na6opa :ll!l<'P C, Al.Cu, Ag. Pb. 

Pa.:i.nen 4 DOCBUil"H npo6Ji<'Ne 011ur.an11• npouecroB il..llJlOJ)(}lKJlellll• Ila •1111ax '13.CTHU, fOJlf:'JllK<I.-

II(llX O'lapoBallll blP Ba.Jle HT II bit' KBapt.:11 . 

Kax OTMe'laJ1ocb BbJW<'. B 6oni.u11111rT& COBJ>eM<'llllhlX llOJlXOJlOll npH 11cci1e11osanmr 11po1t<'f· 

OOB hA ~ cc}( Hpl'JlllO:Jara.eTCM 11Jlelll'6Jlf'>KllL<<\• MaJIOCTh f .P'll'llllii U!'ynpyroro BJallMOJl<'iin llllH 

u.a.qanbHblX a.ll.J><>HOB ny n.1101taMH iutpa. 1 0<"Ttt1rnn B c·1opo11P ttonpor o6 o6ontoHa.HHO<"TH Tahoin 

II~IOlKellH.•. 3aMl'Tlnt CJleJlYJOIU<'('. Jla>t<I? PCJlll JIOllY"1' 11Th. •no ., npOlll'ff<\X hA - rr.\ rv ­

UleCTBeBHh.I Ha4aJlbllhlC COt°T OJlllM• f' 'lelKfWl\'l"lfO.ltlolMU ("('1J~llil.SIMi1 hN - 1na.MMQJWMCTR'1JI. MellhlllUMU . 

'lei.I Tllmt'IJtO a..apo11111,1e (20-:Jo .1t6), TO Ma.JllJ Jiii 01111 ua.fTOJlhKO, •ITOOb! MOllOlO 6hlJIO llX 11006!lll' 

ne Y'llITblRa.Tb np11 on1-1ca1ntH A -·.tatUlf'HMOf'Tlt! oll('JUUlllO, '·ITO Jlait\(' OTJIOCHl"eJlbHO Ma.Jlblf'. HO 11<'· 

uyneBLle3Ra~el£MJI (T~~~ I UJ>HBellH 6t.t I\ UC'Jlf'CMOTJJY " n1w1tlflHOllt11.1x '" Ollf'llOK a:.,= ;~-6 Mfi [16-20} 

wu ce'1e11.1u1 11orno111e1rn• 't<\fJM0111u o MJll'Jl!IOU q><'Jl!'. ( Oo111a• rr1.u11<a ua r0Kp<\1U1?1111x nrna. /I. l'K 

[37J .. KOTOpa.til 6bl11a Jlalta J!Ulllh R pa6oTf' { 16]. UhlrJUUUtT Hf' BOOJlll<' yfif'JlHT<"JlbHO. llOCKOllloK.V •t•111 

COKpa.1ueHJUI cyu1ec-TBf>HllbI nMUJI> tlJlH .r,.. ....... 0 11, B 11jHllllHtlW. J!OJlit\llhl JlPTaJlhllO pa.rPtlfTbll\'tTh­

a /.t.J'Uil K~noro OTJie!I Mtoro ·lKf'll<"JUIUPHTa }. YTo Kara.<'·1c~ cmnra11ni1 JlJIJln ·1Kc11<'pl1M«-11ra11h111.1 x 

.naUHHX no certeHHJIM hA _. J/f/1.'A.'. TO llJJl1 llflJlll(Ull1 hal\ MllllUMYA1 llH)'X C"1\06oiu11 .. 1x napaMP'f poB. 

a:,. II Tt1; ~ 0110 ue MO:A\:eT CJ1y....-:11Tb f'()l)ht~ 'Utl.J~t JtUUO}lOM I\ noJlh'\.Y 11011o6111.1x 110JlXOJ1011. 

flp<:>JJ.JIO~("lta a.JlbTCptt a THfutaJt MOJL('J!I:. ofip~1 \01\<llfH)f ' lilJ)MOIUUI n • llJUU - MJlf'Plll.IX l\\0111:\IOJlf'fl · 

cr1nu1x. npennonaraK>Ula.Jt 11pP11P6Jl<")t.'.tt11yto Ma.J1n<·Ti. nP11u•111111.1 rr .~ b ~· I in ·tTOM KOl>JH'h r111.11t Y''' ' I 

MltOl'OKpaTHLiX ueynpyrux BUHMOJlC"it<"TBHH n Si!JlpP JlO a.1'\ ' I a ofip;.i Ull~<lll l "r·r- uap1.t ll<nBoJ l llJI }\ClJlll 

llt>f"T1M?11110 onnl'aTh n1)a.hT l1'-leno1 nrH) rot.\oK~· 1111orT1. na11111.1 x [:~x- 10) 11 0 nH' h rpar-.1 r/a"- A - J / i. >.: / d.r .. 

14 COOTBC1'('T8YIOHUfM HH1 <'1Jla.Jlh11b1M <.("lf'lllfHM. 

Mcn011bl0Ba1tlfa.J1 MOJlPJJh npPJt11011artu1a pan11tor-rpa11f'1111<' u ~JllH' 11po~u ·Jt\~" 1'1 1 1111oii aJlpc1110110 

11o6t1olt cncTt"Mt~ II. coxpa.11i110u1f'ii onmttlllM' t·noiirTl\a. .1a11a J11.11010 a1J.pu11a ('2!• .ii }. 11pu•1PM ; 1h1 ~ 

p OM.JteHJISI f'i'- napt.J MOrJIO llf>PJltJl f'CTttOl\t\ I h JIJOfi<W 11UrJIO ll<'~·11p~·1 11 x f0~'Jl;ljll'lll1U ff f' 11 \ h .'lntl;l\lll 

1 B p a6oTr {19] n · t1 ("("H' IOUI ~ 1U1 T JJ11a;11H 1. ( lt t" 11110:11w 10•111 01 lll flll 11 •1.11- 11'. ollj wJtt'~ hUo1111 \I 11 ... . 1.1 ;1 11. 1•1.1.11.1 11.1 \. 
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llJJ.pa.. 

Tlpe.ucTa.811eHhl proynhTaTbl pa.c'!eTa HHTerpanhHhlX ce'1e1rn1I "" 111c>111<11•• ~.,.., 

R(A 1/A2) = A2u•A,-Jf.;X /A 1u'"'-'"'' (1.2} 

)lnll .!Ut<jl4JepeHUHanJ.HblX It llHTerpanbHblX Ce'leHllii npH pa:UIH'llll~~ -'!i~Jll • ~~ Hllll" I olkJUUIX HHO­

HOB. 3aMeTKM, qTo cornac11e c .naHHhlMH [38-40) llOCTHrHyTo 6e3 eAMlllH II II(~~· l~Hll'IUOl ff llJ.pa.Merpa., 

c HCHOnb30BaHBeM ».n• HOpMHpOBOK nHillb ljlHKCHpoBa.HHblX 3KcnepHMl'll I 

Pac'leT ce'leHKii npoueccoB pA __, Jf,PX cymecTBeHHO 6one.• mo"'''" """"Y •111.••1KrCnbHOro 

BKna.».a. aa. mpax JJ.ByxcTyneH'la.T.blX nepexoJJ.OB BHJJ.a. p __, M __, J / ¥•.\" (At i'l '"'u.11· Ut''lORhl H 

Me30HHble pe30HaHcb1) 1t neo6xo».HMOCTbJO HX y'leTa. 

3a.,na.qa. KoppeKTHOro BblJJ.eneHKll Me30HOB c Manoii )lnHHOii o6pa30hi111HI n I'·"' ' ' "V"·'f ... llHUI 6bl· 

na. perueHa c nOMOlllbJO MOJJ.enH -KBapK·rHIOOHHblX CTPYH [34-36). 

llpKee.ueHbl HToroeoe BblpaJKeHHe ililll HHKnJ03HBHhlX cneKTpon d<7'•" ·J/.;' /1l 11l ' 1• 1 , Y''" rwsa­

JOUlee 8l(ll3.JJ. npoMeJKyTO'lllblX Me30HHblX Kana.nos, H pe3ynbTaTbl pa.C'l('JOll ll<'JIH•lllll llHJla ( 1.2) 

(A 2 = 1) npu Ep ·' 800 I':JB e cpaBHeHHH c )laHHhlMH '[41). Cne.uyeT oco6o 111•11•·111111. J•M'll· • pac­

npe.ueneHKii no nonepe'liloMy KMnynhcy R,.18 (pJ.) )lnll Jlllep C, Ca, Cu, W, 11i.u11111111•11111JH 111w11eble. 

AHanorK'IHhlii nOilXOJJ. 6wn HCtIOnb3osaH JJ.1Tll onpelleneHHll A-3a.BHCHMOf 1" 11 11p011<'crax allpo­

poJKJJ.eHHJI 'l<iCTHU c "oTKphlTblM qa.pMoM". lloKa.3a.Ho, 'ITO corna.Cll'e c :IKCll<'JIHMl'lf row MOlKeT 6hITb 

ilOCTHlKHMO nHIUh" MOllenH c 6onbIUHMH ».nHHa.MH ljlopMHposatrnll oqa.pona1111wx a».po11os, npesbl­

rua.JOIUHMH paaMepY Jlllep. llnll ce'leHHii npoueccos pA __, h<Ch7;)X H ir- A -+ D(D)X npHBe.ueHbl 

pac'leTHble KpHnhle, xa.pa.KTepH3YtolUHe A-3aBHCHMocTb, B TOM 'IKCJie c y'leTOM nonynenTOHHhlX 

pacna».oe Ac. D , 75, B cpaeneHHH c cymecTBYJOlllHMH onhlTHhlMH naHllblMH. 

B pa31leJie 5i 113naratoTCJ1 pe3yJibTaTbl pa6oT no allpOH-lll!CPllbIM 833.HMOlleiicTBMllM npH ceepx­

Bb!COKHX 3HeprHllX. 

KaK H3BeCTHo, cneUI11jlHKa 3KcnepHMeHTOB na. llJJ.epnhlx MKLUeHllX, Bblno1111lleMhlX ll KOrMH•tecKBX 

ny'lax, Tpe6yeT y'leTa. HeKOTOpblX nonpa.BOK, 6<'1 KOTOJH.IX l!CB01MO;KllO H3BllC'ICll ll l' JlOOOBC!lHOii 

HHljlopMa.llHH o xapa.KTepncTHKax a.1lpo11-nyKno1111b1x 83a.HMOll<'iiCTBHii. Ta.K, B 6o11bLUHIICT11e :>I<.c­

uepBMeHTOB 'la.CTHUbl, Tepll!OlUHe 3Hepnito MeHbllle neKOTopoii 3a.ila.HHOii, ne perHCTpHpyJOTCli. 

( Ha.npHMep, a 3Kcnep11MenTa.x Ha. Tllni...Illa.ne ycTa.HooKa. ue perncTpHpyeT na.'lanhHblX a..upo1100, 

KOTOphle TeplllOT Mellbille 53 cnoeii 3HeprHH [42]) . 
llpRae.ue11b1 cxeMa. H pe3ynhT3.Thl pa.c'leTa. ( ».nll pa.31lH'IHblX JIJJ.ep ) cooTeeTcTBytomeii nonpa.BKH 

K H3MeplleMoii BenH'IHHe u;i,.:d -nonnoMy Ce'lel!HIO HYKHOH-Jlllepuoro 83a.HMOJJ.eiicTBHJI, B pe3ynbTa.Te 

KOToporo npoKCXOJJ.HT poJKJJ.enBe no Kpaiiueii Mepe o.nnoro Me3ona.. YKa.Ja.BO Ha. cymecTBeHHOCTb 

Ta.KOH nonpa.BKH JJ.a.ll<e )lJIJI nerKHX llJJ.ep. 

flpe.ucTaaneHa. yTO'IHeHHall <jlopMyna. ».nll BbI'IHCJieHkll nonpa.BOK Ha. neynpyroe :iKpa.HHpoaaHHe 

K BeJIH'IHHa.M u;i,.:d, OTKyJJ.a. cne.uyeT HX OTHOCHTenbHa.JI ManOCTb no cpa.BHeHHIO c a.HanorH'IHblMH 

HOnpa.BKa.MH nnll ui:,~ . 

C y'leToM H3JIO>KeHHoro onpe.ueneHhl c "IeHHll u:',.:d H u;,.4,,d ililll Jlllep C, Fe H Pb npH Ha.qanbHhlX 

3HeprHJIX ».o 5 T3B. (CpasuenHe c ».a.HHl>·MH, nony'leHHhlMH Ha. ycTa.noeKe "ITHoH" Ep<l>H.[43,44]). 

llpe.unoJKeHa. MeTOJJ.HKa. pa.c'leTa. napuHanbllblX K03<jl<l>HUHeHTOB HeynpyrocTH llHOHOB H npoTO­

HOB na J1JJ.pax. Pe3ynhTa.Tbl ».nll YKa.3a.rlHblX senHqHu, o6ycnoeneHHhlX poJKJJ.eHHeM ir
0 -Me30HOB Ha. 

Jlllpe Fe e HHTepsane Ha.'lanbHhIX 3Heprull 0, 5 - 5, 0 T3B, naxo».JITCll B corna.cuu c 3KCnepHMeH· 
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TanbHblMH )laHHblMH ycTa.HOBKH " lluou" [45). 

B pa.ccM0Tpe1111bIX BbIWe npotlecca.x :i11eprnll uaqa.nbHhlX ll.ilpouoe ne npeewruana'necKonbKHX 

T3B. llpu 6onee BblCOKHX 3HeprHllX ( £0 ~ 20-30T3B) paC'leT ceqe1rnii Ha lIJJ.pa.x He~~JibKO ycnolK­

HlleTCJI BB11.UY pocTa. Ha.KJIOHOB )l11<jlpa.KUHOHHblX KOHYCOB hN-B3a.HMO/leiicTBllJI - CTa.H)la.pTHble Bbl­

pa.lKeHHll Teop1rn MIIOroKpa.ruoro pa.ccellI!Hll nepecTa.toT 6LITb )lOCTa.TO'IHO TO'IHblMH. 

ITpune.ueHbl KoppeKTHble <jlopMynhl, onpenei1J110m11e 11eynpyrne ce'leHHJI npoTOH-JIJJ.CpHbIX e3a11-

Mo.ueiicTBnil npH npou1sonb11b1:< :meprHllX, e TOM '!Bene pa.c'leTHall cjlopMyna. illlll nerKHX Jlllep - r 

ra.yccoBCKOli napa.MeTp113a.u11eii )lllll O)lHO'latTH'IHOii l1ilep11oii nnoTHOCTH. 

llnll OlIHCa.HUJI 6Hna.pHb1X npoueccos 6binH HCI10nb30Ba.Hbl MO.Uem1 c KpHTH'letKHM [4( 17) H HM­

KpllTll'leCKHM [48,49) noMepouaMH. Onpe.ueneHbI Heynpyn1e ce,1eHH• B3aHMOlleiicTBKll npoTOHOB c 

llnpa.MH aTOMOB B03JJ.yxa. u;;.:" llpH Ha.'lanbHblX ~ueprHllX )lO 1013 I':JB c y'leTOM nonpa.aoK Ha. 

Heynpyroe 3Kpa.m1pona.HHe 11 nopor perncrpa.UHH. TeopeT11'1eCKHe npencKa.3a.HK11 cpa.s11Hea10Tcll c · 

3Kcnep11MeHTanbHblM H lla.HHblMH, 11011y•1ennhIMH Ha. pa.3llH'IHblX ycTa.HOBKax (FUJI, Akeno, Fly's · 

Eye H llp.). llpe.ucra.BnlleT HHTepec 11 H3BJie'lenHe cooTBeTCTBYtolllHX 3TllM ycTa.HOBKaM 1la11111;1x 

0 llOJIHblX CC'leHllJIX uft, c HCfl0Jlb30Ba1rneM TeopeTH'ICCKllX npenCKa.3i>.H)fii 0 BeJI)l'IHHax b - 1ta.­

KJIOHe llHljlpaKUHOIIHOro K011yca. pp-pa.cceJIHHll, KaK II llflOTHBOnonOlKHaJI npoue.uypa. -, Ha.xOJKJteHlfe .• 

eeJIH'IHH b c noMOUlbto TeopeT11'!ecK11x 111a.'!eHHii crf:, np11 pa.3JIH'IHblX 3HeprH11x. B o6onx cny'la.­

llX 113BJle'!eHHble no)lOOJlblM o6pa.30M onbITHble )laHHhle rpa.BHllBOLIOTCJI c np~CKa.3a.HHJIMH MOJJ.eneii 

[46-49). 

Bo ecex pa.c'leTa.x. npe.uC"ra.ene1111blx "».11ccepTau1111, ernn 'To He orosopeHo oco6o (Ka.K. 11a­

np11M<'p, npu onpe.uene11H11 u;;.:" ), 11cnonb3oeanan., Monenh <l>epMH JJ.Jlll OJJ.HOHYKJIOHHoii llJJ.epnoii 

llJIOTHOCTH, 

c na.pa.MeTpa.MH H3 [50) . 

r - R 
p(r) =Po/(!+ Pxp{--}) 

c 

B pa.3)lene 6 c<jlopMyn11posa.111,1 oc110s11b1e pe1y11bTaTbl 

( I.:l) 

B llp111!olKeH1rn np11eeneM cn11coK ny6mrnau11ii anTopa, 11a ornose KOTOphIX ua.nuca.11 11a.cr0Am11ii 

JJ.OKJia.)l. 



· 2 Heynpyroe pacce.llHHe Ha .11.npax c 6onbWr.tMlf nom·pc''lHblMB BM-

nynhcaMH 

2.1 HHKJII03HBHble npoueccw e Teopuu MHOroKpaTHoro p11<·f·1·M1tHJ1 

.llo flOJ!llilellltJ! pa6oTbl [51] neTaJlbHoe KBallTOBO-Mexann'leCKoe OOoCllOl\;Wllt' "'~J>all(el!HK, HC­

llOJlb3YCMblX 11 TM P JlJll! pac'!e"ra J11t<l$epe11UHaJlbHblX ce4e1111ll, 6wJto Jl<Lt111 Jllttut, /lJIJ! 61111apHhlX 

nµouercos I A - IA' [6,52] 11 1 A - 2A' [-52-54]. ( Honpo611hlil o61op rM. n [55] ) IIpo6neMa 

['(>OJ>CTlt'leCKoro 01111Cil.lllll! npo11erro1• ll!!KJllOJHBHOro Tltna n1rnMeHHTeilbllO K pea.KUllH pd -+ pX 

1tCCJ1enosa.i1acb elll~ B pa6oTax [56,57]. 01rnaKo cooTBCTCTBYJOlllee o6o6llletu1e TMP 6wno npose­

JleHo B lli!JlblleilweM llHWb ua <l>eHOMCHOJIO!'H'leCKOM ypoiw1e [58], a Bb!Jlall(el!Hll J!Jlll HHKJll03HBHblX 

('fl<'Kl'J>OB aJlJlOllOB fl'1 CllOll(HblX J!J!pax BBOJlllJ!l!Cb [.59] no cyTH .nena no npOCTOK aHaJlOTHH c Jl}!a­

f'OllaJlbHblMlt '111e11aM1t B "~'1et111J1x KBa.31tynµyrnx npoueccon poJKneHHll [.54] 
llJu KoppeKT11oro Bhrnona<1>opMy11 n11J1 n11<1><1>epe11u1taJlhHhlX ce4e1111ii npoueccos lA-+ 2X y.no6-

110 11rnoJ1b3ona'(b 11eKosap11a11Tnoe pa311oll(e1rne BaTcona [25,26]. . B · Ka4ecTBe nepBOro wara B 

paco1aTp11saeMoii 3ana4e 11cc11enyeM npouecr I+ A -+ 2 +a+ A' B npennonolKeH11lf, 4TO o6pa.30Ba­

nne COCTOl!HHH 2 11 a JIOKaIIH30BaHO na OJillOM HYKJIOtle, orpaHH'llfBa.llCb npH 3TOM npH6JIHlKeHHeM 

01t1101-o ueynpyroro' aKTa B J!Jipc. '.JTo wHa'lacT, 'ITO see coy11ape11nx B ll.llpe, KJ>OMe aKTa poJK.neH.Hll 

I + N - 2 +a+ N npennoJiaraJOTCJ! ynpyr11M11: 11N -+ 11N (11 = I, 2, a). HuTerpepyll pa:JJ1oll<eu11e 

[51] no BCeM npoMelKyTO'IHblM llMny11braM ( c Y'leTOM MaJIOCTll llX nonepe'llfblX KOMTIOHCHT ) H 

cyMMupyx no ~urna.M nepepacrel!nHii: 0 $a$ I; 0 $ d $ A-1-1; 0 $ c $ A-1-1 (a, d, c- 4Hcna 

ynpyrnx e3a11MOJtefirT1111fi c nyKJ1011aM11 rorTox11uil I , 2 11 a; A - aTOMllblK uoMep ll.npa-Meweuu), 

llOJIY'lllM CJICJIYIOUlee npenrTaBJICHllC JIJJM napUlli!JlbllOH a.MTIJIHTym.i: 

A 

Ff1E) = J pEl(A,1)4>j(i., ... ,TA)4>,(r,, ... ,rA) I1 dr. ; 
k=l 

·1 I 

p(E)(A, 1) = (' lfi)2 j d2bd2b0 exp( -iji-l.lb.- ip0 J.b0 ) IT { [1- f11(xb + x 0 b0 - S,)]x 
2~ i=I 

x0(z, - z,_.J} r\2+"Jfx; ii" - B1+1; ba - s,+l) exp(iti.z1+1)0(z1+1 - z,)x 
A-1-1 

x II {[I - rn(b-.5,+J+l)]0(z1+;+1 - Z1+;)[1- foa(b,, -S1+;+1lJ}, l2. l) 
J=l 

rne p., P2 tt Pa - HMnynucL.1 11a.t1aJibHOiJ H KOHel1110K lJacTKU; ~.(Ti, ... , TA) H + 1( Ti, ... , TA) - son­

llOBhle <l>YHKUHJI lla'laJlhHOro II K011e•1noro COCTOJlllllH xnpa; Zt H s. -npoJIO!LbHble H nonepe•rnh!e 

KOMllOHeHTbI pam1yc-ueKTopon rt (orb z 11anparu1eHa BJIOI!h Pi ); Zo = -oo; x = E2/ Ei ""'P2/P1 -

JlOJIJ! :iHeprirn , y11oc11Mal! 4acn1ueii 2; x 0 = 1- x. B~mt'IHHa ti. npencTaBJllleT co6oii MHHHMaJlb­

Hhlii nponoJibllbtil nepenaHHblil llMTIYJlbr B peaKtlHll l + N - 2 +a+ N, ti.""' [Mi+a - ·m~}/2E,. 
<!' / HKUllll npo<l>llJIM B (2. J) OllJ><'JIC'JIC'llhl CllCJIYIOWHM o6pa30M '. 

r""(i) = '211'~p. J f. v(ii)exp(-iifi)d2q (11 = l,'l,a); 

!) 

r · .-

r (2+a)( - - ) I f J2+"( - - ) ( ·- ·- - )d2 d' 1 x, ;, ia = (2x-)'PT 1 x; q, q,, exp -iq; - iq0 ; 0 q q,,, (2.2) 

rJle /11, 1 ... fao H Jf2+a) - au:nnnTy.nhl ynpyroro pacceJIHHll Ha uyxnoHax 'lacTHU 

I, 2, a H nepexo.na l -+ 2 +a, uopMnpoeauuwe ycnosullMH 1/ •• 12 = du;',,/dfl, l/,2+0 >1 2 = 
du1N-(2+a)N /dxdf!,dfl ,,. 

IlpH BblBO.ne (2.1) npenuonaranocb, 'ITO [60] npu paccMaTpHBaeMblX Bh!COKHX 3HeprHJIX aMUJIH­

TY.Uhl 3JleMeHTapHhlX npoueccon 3aBHCJIT JIHWb OT nonepe4HhlX nepenaHHblX HMnynhCOB H cyme­

CTBel!HO OTJIH'IHhl OT Hynll IllfWb npH MHHHMa.llbHblX (JlonycxaeMblX KHHeMaTHKOif) IlpD.llOilbHblX 

nepenaHHhlX HMnynbca.x. ( Ilocne.nHee B npeHe6pelKeHHH 3<1><l>eKTOM OT.Ua'IH HYKJIOHOB [61] - cnen­
CTBlle coxpa11eH11ll 3HeprHn ). 

llo1rnax aMnnuTy.lla. npouecca < JIF(p1; P,,p0 )li > MOlKeT 6h!Th uony'leHa nocne cyMMHpo­

sanHll (2.1) no sceM nepecTaHOBKaM BHyTpH Bhl.neneHHblX rpyun I - n A - I - I - uyxnoHos, no 

eceM pa36HeHHllM A - l - HYKllOHon na JlBe npoH380JlbHhle rpynnbl', a Til.KlKe uocne cyMMHpoBaHHll 

no sceM A - uyxnoa&M, ua KOTOJ>hlX B03MOlKeH axT poJK.neHHll IN -+ (2 + a)N. H11ll<e Mhl 6y.neM 

paccMaTpHBaTb .llll~peHUHanbHble ce'leHHll npoueccoe,npocyMM:HpoeaHnwe no eceMy cnexTpy 

KOHC'IHblX COCTOllllri 11.11pa. Ecna np11 3TOM llJ>HHllTb ycnOBHe nonHOThl CHCTeMbl KOHC4HblX COCTO­

JIHHll, L: If >< fl = l, TO BWpalKeuue .nnll ce'leHHll, oupenenxeMoe MaTpH'IHhlM :ineMeHTOM 

< ilF+ Fli >, npenCTaBHTCl! B BH.ne cyMMbl .n11aroua.nb11wx 'lneuoe < illp(El(A, l)l2li > n 'lneuos 

Bii.ila < ijp(E)+(A,/).f'(El(A,l')ii >, COOTBeTCTBYIOIUHX HHTep<j>epeHUHH napu11anbHblX aMnnHTy.n 

c 3.KT&I(]( ]>O»caellllJI •a. J>3.3HhlX HYKJIOljax. Ilpn 3TOM MHOlKl!TeilH BHJla exp[iti.(z - z')], Y'IK­

ThlBalOlllBe n~HYIO nepe.na'IY lllmynbCa B a11Te j>Oll(JleHHJI, 6y.nyT np11cyTCT80Bil.Tb JIHUib B 

e~aroaanbllbll[ (•a-repqiepeannouHblX) 'lne11ax. 

Jler.iw Y~. •TO Ma.IIOCTb, o6ycnosneHHall llOJlOOHb!MH MHOlKIITeJl~Mll, ~ exp(-ti.212 /2), 
rJle c - xapa1C~ JVIIHa cB06o.mloro npo6era ·e uep11oii MaTep111<. 

lillll<e Hae 6'1oT IDITepeCOBaTh nponeccw Ha ll.llpax c cymeCTBeHHblMI! 3HepreTH4eCKHMH IIOTe­

pnOI, AllJI KO~ ti. ( T.e. npQuOJlbHblP 1urnynbCbl HYKJIOHOB OTJla'IH) MoryT JlOCTHraTb BCJIH'IHH 

nopaiu:a co~.fla6. OuaKo_ylKe npH ti.""' 200 MaB <)>aKTop exp(-ti.212/2) npllBOJlHT K Ma­
nocr•"' 1%. -

0rpa.HJl:'I.._ J'W!'NM nnwb .naaroHaJlbHWx no axTy IN-+ (2 + a)N 'lneuos e Jl11<1><1>epeuu11-

8JihHOM ceqe .... B wonen11 HeKoppen11poBa.Huwx uyxnouos .nnll sonuoeoii <j>yuxu1111 upa, 

141,( Ti, ... ,TA)l2 = ft p( Ti, ) 
•=I A ' 

. j p(Tj,)drj,· =A, (2.3) 

BhlpalKeHHe .ll.U .1111<1><1>epeuu11a.nbuoro ceqeuu nocne uernolKuofi KoM6111 TOpHKH [52] (A ~ 15) 
CBOJIHTCll K BIUIY 

d IA-(2+o)A' 
6 

=~d~dfl., = (:;)• j exp{i91:b- b') + i9,,(b,, - b~)}d2bd2b'd2b,,d2b~d2 Sdzx 

xr\>+
0

>(x; b - S; 6,, - S)r;r
2
+

0

>(x; b' - s;b~ - S)p(s, z) exp {- f [f11(xb + Xabo ~ S)+ 

+r;1(xr + x.,b~ - S) - f 11 (xb + x0 b0 - S)r;, (xb' + x,,b~ - S)]T(-oo, z, S)d2 S-

- j {r22(6- S) + r;2(b' - vecS) - rn(ii" - S)r;2(ii°' - S) + r 
0
,,(ii",, - S) + r:,,(ii"~ - S)-

JO 



r.,,(bo - S)r:,,(b~ - S) - [r ,.,.(b,. - S) + r:,,(b~ - S) - r ,.,.(b,. - S)r:0 ( b~ - S)Jx 

x[r22(b - S) + r;2(b' - S) - r22(b- S)r;,(b' - S)]}T(z, oo, S)d2 s} , (2.4) 

r.ne 

1
,, 

T(z.,z.,S) = p(S,z)dz, 
,, ii= -pu, ifo = -Pol.· 

HanoM-HH\f, '!To (2.4) onucblBaeT uerore1--e11Tnhlif 3KCKlII03HBHhlii npouecc I + J\ __, 2 + o + A' 

B npu6nm1<euuu OJlHOro neynpyroro coynapeuu.11 B JIJlpe. Bo3MOJKno ero o6o6memrn ua cnyqaif pe­

aKuuii c npOH3BOllbHhlM 'IHClIOM qaCTllU B KOHe'IHOM COCTOllHHll. Slcno TaKJKe, '•TO COCTOJIHH.11 2 

11 0 MoryT fihlTb MHOro'!aCTH'lllblMH, H B 3TOM cnyqae B (2.4), KpoMe JlOneii YHOCHMOH :)Hepruu, 

<1>uxcup0Ba.H nonHhlH nonepe'!Hhlii HMlIYJlbC Ka.JK)loro COCTOJIHH.11. 

IIepeii.ueM Tenepb K onuca.uu10 HHKlIID3HBnoro npouecca. c ua.6mo.neH11eM OJlHOro H3 o6pa.3o­

ea.nnhlx cocTo.11uuii. Ecnu perucTpupyeTc.11 '!a.cTuua. 2, TO npu onpeneneH11H JlH<l><!>epeHUHa.JThnoro 

ce'!eHHJI HHKJll03HBHOfO npouecca. HeOOXOJlHMO cyMMHpoea.uue no BCeM B03MOlKHhlM KOHe'IHblM co­

CTOJIHHJIM CHCTeMbl 0 c y'leTOM BCex npoMeJKyTO'lllblX Ka.Ha.JIOB. ( Ilpu BblBO)le (2.1), (2.4) Y'l11Thl-

8a.JIHCb JIHlllb ynpyrne nepexonhl oN --> oN ). 

Orpa.uH'!HMC.11 noKa. cny'!aeM JIHlllb ynpyrnx coyJla.penuii perucTpupyeMoil. 'la.CTKUhl 2. Bhlpa.­

JKenue JlJI.11 a.MnJIHTYJlhl BH)la. (2.1) JlJl.11 onpenene1rnoii lIOCJleL!OBa.TeJibHOCTH nepeXOJlOB Oo --> v, --> 

•.• --> VA-1-2 --> 0 '6yJleT BblfJllllleTb cnenyIOULHM o6pa.30M: 

·(>:) _ r. 1 2 2 . - ·- - II' - - -I· (A,l, v;) - -( )2 d bd b0 exp(i<]7> + iq,,b0 ) {[1 - fu(xb + x 0 b0 - S;))x 
• 211" •=l 

;< 0(z; - z,_ 1)}r\2+0 \x; b- S1+1 ;·b,. - S1+1) exp(it.z1+1)0(z1+1 - z,)x 

'i. - J-1 

X TI {[1- f 22 (b-S1+i+1)]0(z1+;+1 - Z1+;)[6v,_,v, - exp(it>v,_,v,Z1+;+1)X 
j=l 

xfv,_,v,(b,. - S1+;+1)]}, (2.5) 

r11e v 0 = o 0, vA-l-l = o, .6.J1;_ 111, = (m~, -m~,_J/2£0 - MHHlfMaJILHhle npononhHhle nepe.u.aHHble 

uMnynbCbl e nponecca.x v;_ 1 N1+,+1 - v; N1+;+i · Uonua..11 a.MllJIHTyna. .F(:E)~A, /) JlOJIJKHa. BKlIJO'la.Tb 

8 ce6.11 'IJieHbl, COOTBeTCTBYIOlllHe BCeM B03MOll<HblM nepexona.M BH113. Oo --> •• • --> 0 c 'IHClIOlll 

coyJlapeH11ii A - l - I. 0Tc10na, B qacTHOCTH, cnenyeT, '!TO 11Ha.roua.JThHhlli no aKTY 1 + N --> 

2 + N + · · · •rnen e nu<1><1>epe11uuanbHOM ceqenuu nn.11 "csepncu" nepexonoa o 0 --> v 1 --> • • · --> 

VA-1-2 ~ Q H U~-" /t1 ~ · · ·-" µA-l-2 -+ Q HMeeT BB.Jl 

du(A,l,v;,µ,) p~ j _ A __ 

dxdf!
2
df!

0 

= (2ir )4 j<P,( r,' ... , f'A)l 2 II df't exp{ iif(b - b') + iij,,(b0 - b~)}d2bd2b'd2b,.d2b~ x 
l=l 

' TI -• - - - - - (2+o ) - - - -x {[1 ~ r 11 (:rb+ x0 b0 -S,)J[1 - r; 1(xb' + x,,b~ -S;))0(z; - z,_ 1)}f1 '(x;b-S1+1;b,.:.. S1+1)x 
=I 

A-1-1 
c2+,.·) - - - - II - -x r; ' (x; b' - S1+1; b~ - S1+i) exp[i(t. - t.')z1+iJ0(z1+1 - z1) {[1 - f 22(b - S1+;+1)Jx 

i=l 

x [I - r;/b' - S1+;+1 )]0( z1+;+1 - Z1+, )[ov,_,v, - exp( i t. ,,_,v,Z1+;+1 )f v,_,v, (b,. - S1+;+1 )]x 

11 

I. 

x[o.,_,., - exp(-it..,_,.,z1+;+1 )f~,_,.,(b~ - S1+;+1 )]}. 

3aMeTKM, '!TO npOH38e,ll.el!KIO BeJIK'IKH 

gi~)(i') =Cry - exp{it>ryZn )f,,('f - S.) 

(2.6) 

- <!>ypbe-o6pa.3oB 3JieMeH'roe S - Ma.TpKu 3JieMe11Tapublx npoueccoe B (2.1 ), (2.5) 11 (2.6) - cooT­

eeTCTByeT 8 Teop1111 rna.y6epa [6] ClIOll<eHHe <l>a.30BblX CJlBKroe Xn( i' - Sn) OT Pa.3JIH'lllb1X 3.KTOB 
83allMOlleilcTBHJI D llJlpe. 

Ka.l!<.QOMY coyna.pe11K10 CHCTeMLI o o (2.6) Moll<no nocTa.BHTb e COOTBeTCTBHe <!>a.KTop 

gt~ t,'l(b0 )g;'.~~i/,' l(b~). 

Ilocne 1111Terp11posa.nKx ce'!eHKx (2.6) no df!
0 

11 d2 b~ 

g•(b~) - g•(b0 ) 

Ta.KHM o6pa.3oM, A - I - l -coyna.peHHllM CHCTeMbl o B ce'!eHHH du(A,1,v;,µ;)/dxdf!
2 

BeTCTByeT <l>aKTOp 

[ (/+2)(b ) •(l+2)(b )][ (l+3)(b ) •(/+J)(b )] [ {A) (b ) •(A) (b )] 
9cr 0 v 1 O' 9a~µ 1 a 911 1v2 er 9µt1J2 a ··· 9vA-1-aa o 9µA-i-

2
a a · 

COOT-

(2.7) 

Ilnx y'leTa ecex npoMeJKyTO'!HblX H KOlle'IHLIX cocToxuuii 11eo6xonHMO npocyMMHposa.Tb (2.7) 

IIO unneKCa.M µ, v, a, xa.pa.KTepH3YKllllHM 3TH COCTOll!IHll. IlocKOJlbKY H3 YHHTa.pl!OCTH Ma.TpHU 

s};l( ~. q;,) 0JlH03Ha.'IHO cnenyeT YHHTa.p11ocTb g}~l( i'), YKa.33.HHa.Ji cyMMa. eCTb npocTo 3JleMeHT 

0.,00
; enHHH'IHOii Ma.TpHUbl. 0'leBHLIHO, 3.ll~OrH'lHLIH pe3yJibTaT CDpa.BenJIHB llJlll BCex na.pUHa.Jib­

llblX ceqeuuii du( A, l)/dxdf!, (0 :$ ·1 $ A- 1 ), COOTBeTCTBYIOlllHX BCeB03MOll<llblM KOH<!>Hrypa.UHllM 
CTOJIKllOBeHHH. 

Mbl npHXOJlHM K ebrnony, KOTOpbili 3apanee 11a.npa111ueanc.11 113 coo6paJKe11uli "3npa.eoro CMbl­

cna": npH Y'leTe ecex npoMell<yTO'lHLIX COCTOllHHH 11ena.6n1011aeMoii CHCTeMbl ee xa.pa.KTepHCTHKH 

Bbma.u.a.IOT H3 Bblpa.JKeHJ!ll Jl.Jlll ce'leHHll Ha. l!Jlpe. Qqee1111110, 3TO DpJIMoe cnencTBHe YHHTapOOCTH 

s - Ma.TpHUbl 3neMeHTa.p11oro 83aHMOL1eHCTBllll. 

IlpoeeneM .u.a.nee cTa.1111a.pTHyKl 3a.Me11y B = (b + b')/2, iJ = b - b'. HcnoJib3Yll e Monenu 

(2.3) 113BeC'rnble npufinull<e1111J1. [6], cnpa.eenmmwe np11 R ~ r ( R - pa.nuyc .11npa., r -pa.nuyc 

3ReMeHTapuoro B3aHMOJleHcTBHR ), 

jr •• (b-S)p(S,z)d2S c:: p(b,z) jr.:(b-S)d2S, 

j r •• (b - S)r:.(b' - S)p(S, z)d
2
S c:: p (<b + b')/2, z) ...!, j l!vv(iiJ11 ~xp{-i<i(b - b')}d2q, 

Pv {2.8) 

a TaKJKe ycnoeue lb0 - bj .:: r OTJIH'!Hll OT nyn.11 HHTerpana. 

J r<2
+ao)(x· b - 5· b - S-) r•(2+o~ )(x· b' - S· b' - S) p(S- z)d2 s 

1 ' ' , O' I ' ' a ' ' 

COOTBeTcTnyiouree fimnocT11 npnuenbttblX na.pa.MeTpoe JlBYX CllCTeM, pOlKJleHHblX Ha 011110M 11y­

Kno11e, nonyqa.eM nocne 11ecnoi1-.11b1X npeofipa.3ooa1111 ii rnenyKluree Bb1pa.J1<e11ue JlJill HHKJll03HBnom 
cet.ieHHJI: 

4du'A-2X I 
(I) - J 2 2 - -

d:rd2q - (2ir)' d 11d fh/z p(IJ,::) !l.,(r,/I) 1•xp(u/!i 

J'I 



-!er:•• - w11 (x,6)] T(-oo, z, B) - [er~•• - w22 (,6)] T(z , oo, B)}, (2.9) 

rne 

Wvv<'f) = J d;;; exp{-iiff} d
2q (v = 1, 2) , 

- J der1N-2X 
fl12(x , ,B) = dxd2q exp{-iiff}d

2q. 

BbipalKeHHe (2.9) OIIHCblBaeT rrpouecc lA __, 2X B 1IpH6JimKeHHH OJlHOl"O Heyrrpyroro B3aHMO· 

neiicTBHll HaneTa10meii qacTHUhl, 1 N __, 2X . 

c llOMOl.UblO MeTOJ!OB, aHanOrH'IHblX paCCMOTpeHHhlM, MoryT 6b1Tb HaiineHbl Bblpa)KeHHJl, orrpe­

JleJIJllOIUHe BKIIaJihl B Ce'leHHe der 1
A-

2X /dxd2q 'IIIeHOD c 1IpOH3BOIIbHOii KpaTHOCTb!O Heynpyrux 

833HMO.UeiiCTBHll '13CTHU 1 H 2, xax I! •meHOB, COOTBeTCTBYIOIIUIX B03MO)KffhlM IIpoMe)KyTO'IHhlM 

KaHanaM. BBIUlY rpOM03JIKOCTll OHH 3Jiecb He npHBOJlllTCJl. 

Heo6xonnMo HMeTb B BHJiy, 'ITO JIJIJI npoueccos c ne6onblllHMll pelynhTHPYIOIUHMH noTepllMH 

3HeprHH (x :; 0, 9) He Y'ITeHHhle naMH HHTep<j>epenuHOHHhle 'IIIeHLI ( ~ exp[i~(z - z')] ) MoryT 

oxalaTbCJI cymecTBeHHblMH, H pac'leT HHKIII03HBHblX cnexTpOB ~ornacHO (2.9) H aHanorH'IHhlM 00· 

nee CIIOlKHblM BhlpalKeHHJlM, Boo6me roeopll, ne 6yneT BIIOJIHe KoppeKTHblM. 

B 3aKJIIO'leHHe nOK3)l{eM, 'ITO npHMeJIPJIHhle BLirne MeTOJlhl B paMKax TMP cor11acy10TcJ1 c 

y cnoa11eu yH1nap11ocTn S·MaTpHUbl paccellHHJl Ha JIJ!pe. Onp<meJJHM er;:.d • nonnoe ce'1eH11e Bcex 

B03MOlKHhlX npoueccos po)KJ!eHHJI npH B3a11MoneiicTBHH qacTHI(hl 1 c mpoM. OrpaHH'IHBaJICb cny· 

'laeM MaJIOCTH aMIIJIHTYJl HeynpyrHX npoueccoB lN __, vN H COOTBeTCTBeHHO y<1eTOM JIHlllb 

'IIIeHOB HH3lll1lro nopmKa no TaY.oii MaJIOCTH, c HCIIOJib30BaHHeM (2.8) HMeeM 

er~:.d = j L Il { P~k) dfk0(z• - Zk-1)} d2b L [[gl~!(b)g~l~)(b)]x 
p k= l ;; v,J'#-1 

[ c2> (-b) ·<2> (b-)J [ <A> (b-) •(AJ (-b)J " - j" IIA {p(rt)d_ e( >} d2b . x 911111'J 9µ,µ-;i • . . g ,,A-il YµA-il - . L.J ~ TJc Z>; - Z.t:-1 x 
k=I 

(1) - •(I) - (2) - •(2) - • (A) - •(A) - (i) - •(i) -

[ 
A ] X E[g._,(b)g1µ, (b)J[gv,v,(b)gµ,µ,(b)] ... {gvA.:,J{b)gµA_.J(b)]- !]911 (b)g11 (b) = 

= j d2b { 1 - [ 1- ~ j p(S, z)d2 Sdz[ 2Ref11 (b- S)- f11(b- S)r;1(b- S) Jr}'.'."! 

'.'."! d2b[ I - exp[-erf:'1'( -oo, oo, b) ] ] , (2.10) 

'ITO cmrnanaeT c H3BeCTHblM Bblp3ll<CHHCM J!JIJI er~:od• nony'laeMbIM B aHaJIOfff'IHOM cnyqae H3 pa­

BeHCTBa er~:.d = er:~ -er!:~ -0'::: c np11MeHeHlleM OIITH'leCKOii TeopeMbl erf~ = ( 47r /P1)Im 1:.1.(0). 
HarroMHHM, 'ITO BO n cex 11p111wJ~e1111hlx Bb!We BhlKJiaJIKax np<mnonaranacb MaJIOCTb npononbnLix 

paccTOllHHii, xapaKTepH3YIOlllllX BlallMOJ!CHCTUHe '!aCTHU c OTneJibHblMH HYKIIOHaMH, 'no cpaBHe­

HHIO c MClKHYKJIOHHhlMH pat CTOJlllllXMll , T.e . 8 M3ClllTa6aJC l!Jlpa B33HMOJlCilCTBHJI C'IHTaIIHCb IIOK&-

~3083HHhlMH B TO'IKax p a rno11<1l1<1•1111x roorseTCTDY'°llll<X 11y KJIOHOB. B paccirnTpHBaeMoM noD.Xo.n.e 

KpnTepHeM .11.Jill -TaKoro DPl'llllOIIOlk<!HHll B o6nac ru na<1anhHb<X 3HeprHii no necxonbKHX T;,B MO­

lKf'T 6b1Tb llOCTaTO'IHO To•rnoe Ol!HC:lllKt' [U,H] llaHHb<X no er::.d c IIOMO!Ilb!O npocTOll <j>opMyJibl 

(2.10). ( AHaJIOr!l'!HaJI ¢lopMy11a ~><lpM<Ull.110 OK<rn..iaaeTCJI cnpaB<mJIHBOii H B p<mlKOOHHOM IIOD.Xone 

1:1 

(62,63], rne, onHaKo, ylKe HeJib3JI rooopHTb o6 onp<meneHnoii npocTpaHCTBeHno-speueHHoli xapTHHe 
npouecca 

2.2 M o.AeJIL r.nay6epa H ee npOTHBOpe•me Ha6.1110.AaeML1M 34>.PeKTaM npH BLl­

COKHX 3HeprHax 

0TMeTHM !Ipe)KJ!e Bcero, '!:TO IlOJl TepMHHOM "MOJ!eJlb rnay6epa" B npHMeHeHHH K IIpoueccaM 

MHOlKecTBeHnoro polK.11.eHHJI Ha mpax npHHJITO IlOHHMaTb p a38HTHe TpanHUHOHHhlX IIOl!XOJlOB. [6], 
Halll<mlllee 0'.l'p3)l{eHHe B pa6<>Tax {27 ,28,58,59]. y CIIOBHeM OilHCaHHll B naHHOi MOJ!eJIH JIBJIJICTCJI Ma­

JIOCTb .11.llHHbl (HJIH BpeMeHH) o6pa30BaHHJI KOHe'IHblX anpoHOB B HeynpyroM hN ·B33HMOJlCHCTBHH
1 

th < d, rne d. :l<f><l>eKTHBHoe MelKHYKIIOHHoe paCCTOJlHHe B mpe. YKa:iaHHoe ycnoBHe npaKTH'leCKH 

HecymecTBeHHO !IpH OIIp<meneHHH er::.d ' B OTJIH'IHe OT JIH<l><!>epeHUHaJihHhlX Ce'leHHi neynpyrux 

hA · B3aHMoneiicTBHi, rne HeOOXOJlHM xoppeKTHhlii y'l:eT 3IICMeHT&pHblX ce'l:eHJul H cnexTpOB o6pa. 

30BaBlllHXCll B JIJ!pe COCTOllHU. 

BnepBble OilHcaHHC HHKII103HBHLIX cneKTpOB Ha JIJ!pax B MOJleJIH rnay6epa 6blno Ilp<mIIOJkCHO 

B patloTe [27] H xacanocb naecTaoro 3KcnepHMCHTa [64] no nponeccau pA--. pX. IIpHIM'.!leH~e 
B [27] J>C3YRbTaTbl, K&3aJIOCb 6bl, neMOHCTpHpoBaJI11 COl'nacae OilYTHhlX Jl&HHblX c p&c'leTHl>IMJI a 

CBHJ!eTenbCTBOBaJIH B IIOJib3y TPaJIRUHOHHOii KaPTHHhl MHOroKplLTHOfO pacceJ1HllJl. 

3aueTHM, 'ITO npa BblBOJ!e BblpaJKeHHll (2.9) J!Jill HHKJIJ03HJIHOro ce'leHHJI HCIIOJib30BaJIOCb Hlllllb 

YtnOBHe, '!:TO COCTO.llHHe 2 OCTaeTCll npaKTH'l:eCKH Hell3MCHHblM Ha Ilp<>JtOJibHblX p&eCTOJIHHJIX, 

cpaBHHMhlX c pa3MepaMH mep. Ecnu np<mno11o)KJ1Tb, '!:TO OHO 11.!leHTK'l:HO COCTOllHIUo, per11cTp11· 

pyewouy na ac11wnTOTH'l:ecxu 6onblllHX paccTOJIHHJIX, Mbl npHXOJlJIM x OIIHCltdl,Bm rnay6eposcxoro 

THua. B 3'.l'OM cnyqae JIJIJl npouecca · lA -+ IX xoppeKTHblli BLIBOll npllJIQIIaT x tn<mYJOmewy 

BblpaJKeH1110 nn• nn<PcJ>epeHUHaJ!bHoro ce<1eHux ( B ·npH6JIHJKea11a <j>eliawaaoscxoro cxelimrnra B 

meueaTapHhlX CTOHKHOBeHHJIX ): 

dcrlA-IX oo 

E-;pp- = (2:)2 f; / exp{-er;;[T(-oo, oo, B) t ijhiJ}x 

xd2Bd
2

,B 6(x - x1 ... xn) dx1 ... dx,. exp{w1N(iJ)T(z,.,oc,B)}x 

xii [exp{w1N(X; ... xn.6)T(z;_i, z;, B)} p(B, Z;)dz; n;N1(z;; Xi+l ···z,.,6)9(Z; - Z;-1)J' 
i=l {2.11) 

r.ue 

w(f) = j ~~;~ exp{-iih f}d
2
pJ., 

i
d IN-IX • 

n;N'(x',x".6) = ::~d~PJ. exp{-iihz"P}d2pJ., 

Zo = -oo; x H x, • <j>eiiHMaHOBCKHe nepeMeHHble B JI.C. 

• BLipaJKeHHe (2.11) cymecTBeano OTJIH'laeTcJI OT HaitneHHol &11ropaMH [59] <j>opuynbl nn• &B&­

norH'!Horo npouecca, KOTOpall HCil01Ib30BaJiaCb 3aTeM (27,28] Jlllll pac'leTa. HHKJII03HBHblX CIIeKTpoB 

rrporonoB B peaKUHH pA --. pX. B blilHCaHHaJI, O'leBll.!lHO .. no • n anor1111 c Bblp&llCeHHeM nn• ce'!eHal 



I 
KBa.:rnynpyrnx npouecros, yKa.3amrax <)lopMyna ( 11aup11Mep, (3) pa6oThl [28]) cooTseTc'rnyeT cnoJKe­

Hll!O nonepe4Hb!X K01tfiOHeHT nepenaHHblX l!MfiYJibCOB LlJ!JI scex aKTOB pN --+ pN II pN --+ pX' 4TO 

nesepHo n11J1 npoueccos pA--+ pX c 1aMeTHhlMll pe1ynbTllpy10UlHMll noTepxM11 3Hepfll1L 

Oco6e1uro 3Ha411TellbHOii OKa.3h!BaeTCll ourn6Ka, nonycKaeMal! np11 onpeneneH1111 cneKTpos c 

6ollblll11Mll KOH<?4Hh!Mll PJ,· B pa6oTe [29] 6b111 nposeneH pac'Ier 11Hsap11aHTHhlX ceqe1111il (2.11) nnll 

npoueccos pA --+ pX c 11cnonb30Ba1111eM Tex JKe napaMeTp113au11il ll Tex JKe np116JI11JKeH11il, 4TO 11 

B [27). Pe1yJ1bTaTbJ TaKoro pac4eTa nnll mpa sonh<j>paMa np11sene11b1 Ha p11c. 2.i s Bl!LlC Kpnsoil 

2, KOTOpal! ne>td!T cymecTBeHHO HKlKC K3K 3KCilepl!MeHTaJibHblX 3Ha'!ettllil [64], TaK II pe3yJibTaTOB 

[27] ( Kpl!Ball 1 ). 
KaK n0Ka1ano s [29], HcnoJ1b30BanHe nl06o11 pa.3yMttoii napaMeTp113aunn nnl! cneKTPOB pN -+ 

pX s paccMaTp11saeMoii Monem1 npnson11T K 3Ha'IllTeJibHOMY pacxoJKneH1110 c naHHhlMH [64] no A-

1as11cHMOCTI! ceqeanil pA -+ pX. ( QqeBl!LlHO, auanorn'!Hble pacxoJKneHKll nonJKHbl aa6monaTbCll 

II npH cpaBH<?Hllll c 6onee T04Hb!Mll naHHbIMll [4.5] LlJ!ll cneKTpOB c 60JibllIHMH p,L)• 

CnenyeT OTMCTllTb, '!TO MO,llCJlb rnay6epa npOTHBOpe411T II 3KCnep11MeHT1WbHblM naHHblM [1-
3] no 1111xn101HBHhlM cneKTpaM h 1A -+ h2X np11 oTHOCHTCJJhHO MaJJbIX PJ,· B qacTHOCTH, 

cna6al! 3aBllCIIMOCTb IlOKa.3aTeJJeii a B annpoKCllM3Hllll BHLl~ ( 1.1) OT Tnna perncTpnpyeMblX 

anpouos h
2 

[1-3] 11e cornacyeTcll c npennono>KeHlteM o MaJIOM (th <I) speMeHH o6pa.30BaHHJI Ko­

HC4HblX anpoHOB B h1 N - coynapeHHllX. B oco6ea11ocTH yKa.3aHHhlil •¢>cpeKT 3aMeTeH s nponeccax 

pA --+ /(+ X (2) 11' pA --+ K 0 X (3) BBHLlY cymecTBeRHO OTJ!ll43IO!IUIXCll ceqeHllll af:. H a{.{". li, 

XOTJI, ua Halli B3fJll!Ll, T04HOCTb :ixcnepnMeHTaJibHbIX naHHblX He ll03BOJ!lleT B HaCTOJllUee speMll 

nenaTb on1103ua4HhlX BbIBOnos 06 "A-yunsepcanbHOCTH" nnll scero Ha6opa cneKTpos h1 A-+ h2X 

[2,3], JICHO, qfo yJKe npn :iaepnm E0 = 100 I':JB [1] KapTHHa MHO>Kenseunoro po>KneHnll ua llnpax 

OTJ!H'!aeTCll OT "'IHCTO" rnay6epoBCKOii. 

2.3 Ilpouecchl Fla 11,npax B MO,!leJU1 c npoMe)KyTO'IHbIMH JJH,!lHpy!OIUHMH COCT0-

1!HH11MH 

EonbllIHHCTBO :i<)l¢>eKTOB, o6Hapy>KeHHhlX npH ':'!Kcnep11MeHTaJibHOM 113y'!emrn npoueccos. h1 A -+ 

h
2
X [1-3], MOJKeT 6b!Tb Ka'!eCTBeHHO OO'bllCHeno B Monenn [12,1:3,65]. BKpaTne cyIU110CTb npenno­

>Ke1111oro nonxona 3aKJIIO'laJiach B cnenyJOIIUIX npennono:lKeHnllX. 

1. B npoueccax h
1
N - -+ h

2
X c 11e6011b11111MH pl, o6p33osaane KoHe4Hh!X anponos B o6nacT11 

¢>parMeUTaUHll h, BKJ!IO'!aeT cTanHIO npoMe>KyT04HOrO COCTOllHHll H" BaJiedTHblil COCTaB KOTO­

poro HneHTll4eH eaneHTHOMY COCTaBy h,. 
2, Ilpn paccMaTpHsaeMhIX 3Hepr11J1X o6pa.3oBasweecll nocne ueynpyroro h1 N -s3aHMonellcTBH• 

n1UI1<py10mee cocTOJIHlle lI 
1 

npol!BJilleT B llJlpe anpononono6uble csoiicTsa H cnoco6ao K nocneno­

aaTeJihHh!M B3al!~!OneiicTBllllM c ce'ICUlleM, paBHhlM ceqeHIUO ponHTeJJbCKOfO anpoHa h1 (a{!;N '.::'. 

a~ "; dah,N-H,X /d3p '.::'. daH,N-H,X /d3p; dall,N-h,X /d3p '.::'. dah,N-h,X /d3p). 

3. <!>parMeHTaUllll H 1 B KOH<''IHW(' anpo11w npo11cxomn 3a npenenaMll llnpa BBllLlY 6oJibWOii 

aem1q1rnh! nopeun-<j>aKropa E/m. 
4. Ilpouecc <)lparMenTamrn 1w 'l1UHICl!T ryuiecTseHHO oT 'Incna. coynapeH11ii m1nnpy10meli cn-

cTeMbl c ayKnouaMll llnpa. 

l!l 

pnseneHHbJe rrpenUOJIOlKeHllll ecrecTBCHHbl nm! MOJleJieii J>PKOM611H3HllOHHOro THna [66,67], H 

KoTOpbrx 1wynpyr11~ BlaHMOJ\('RCTBHll npo11cxonllT ;mwh 3a C'leT MopcKux napTouos. TaK, s paMK 

npennoJlOlKelmfl i - 4 MO>KHO npl!Hl!Tb, 4TO npoMe>KyT04HOC COCTOllHHe lI,, o6pa.30B3Bllleecll noCJie 

11en11<1>paKunouuoro h1 N-B3a11MonelrcTBJ1ll, npencTaBJilleT co6oi1 KJJacTep 113 saneHTHb!X KBapKoB c 

•racTH'IHO iiJIJ! no1mocTblO ~conpauub!M" o6naK<JM MopcKll.X napTOHOB, CrrycTll onpenene1111oe spe­

Mll (.t•) -no conol!Hne <jlparMeHT11pyeT, 06ycnaBJ111sai: octrosu.v10 nomo co6b!Tllli a 0611acT11 ¢>par· 

MPHTamrn 11a11eTa;ou1Pro anpoua. ECJII< xapaKTepHoe speMs: soccTaHoBJiem1£ napTontroro o6naKa 

npoMeJK)TO'IHoro cocToJ1H11H ll 1 tu < d. no,MOJKHhI i;paTHble s1anMonelirTBHJ< cncT.eMht H 1 c 

Hy1-J10HaMI! llnp<i llp11 noM, B npeHe6pe)KeHl!ll RKnanoM lKenKHX nponeccos B nonuoe ceqe11Ke 

h,A-s1a.l!MO,lleHC rBHJl. 

J 
dah•\H,)N-I' 

d,1 d3p = CJ;' (2.12) 

HOCKOnbKY cyMMapHa~ nepOllTHOCTb pacnana If, no BCeM KaHaJiaM paBHa enllHllHe. ( 1In¢>paKUlf­

OliHbIM npoueccaM cooTBCTCTBY<'T lf1 = h1 mr6o H1 = h; , 
l:l np1rneneH 11oi\ cxeMe cyruec-rneHHYTO ponb nrpa!OT nsa xapaKTepuwx BpP\feHHblX I<HTepna­

na, th !! tu, conep>Katunx 1ropeHu-¢>aK'J'Qp E/m. IlonqepKHeM, 4TO th - speMll o6pa.30BaH.llll 

KOl!e4Hb!X anpoHOB - COOTBeTCTByeT B napTOHHOll Monenll speMeH.11 anpOHH3aHllll JTllLlHpy10mero 

napTOHa, rorna KaK tH - opeMll BOCCTaHOBJieHllll anpouorrono6Hb!X CBOHCTB - speMeHH ¢>opMHpo-

83Hllll rrapTOHHOfO o6naKa. 

TfpaBOMepnoc-rb Monen11 CBll3aHa c BbllIOJTHeHUCM nepaBCHCTb 

t11 < d ~ th > L, (2.13) 

rne L -xapaKTepHhlii pa.3Mep ll,llpa . 

B OTJlll'IHe OT Monenn rnay6epa c MaJiblM BpeMeHeM anpol!HJaUHll th < d npencTaHJICHHall 

KapT1tua coOTBeTcTsyeT B3aKMone1'\cTBH10 c ll,llepHbIMH HYKJJOHaMll ne perncTpupyeMbIX qacT11u 

h2 , a npoMeJKy1'04HblX cocTOllHKii Hi, npH4eM yc110BHe nopMHpOBKI! n11x cneKTpos (2.12), soo6rue 

roaopll, 3aMeTHo noBbllllaeT ponb xpaTHblX ueynpyn1x coynape1rni\. 

B paMxax sepol!THOCTHoro orrHcaHHll s :iliKOHaJibHOM apu6m1JKenK11 6b11111 naiinenw [12,13] Bbt­

pa>KeHHll nnll CC4eHHii npoueccos h,A ..... h2X. npOKHTerpnpoBaHHWX no nonepe4HOMY llMIIYJJbCY 

anpOHOB h2: 

rn<-

d h,-1 h1A-h2X A ~ 

dand = L Nn(ah,N) d2· ' 
• n= l 

dat;)-h, - da~~N-h,J' 
~= <Lx . 

il<Tn,-h, 1 j dah,N-H,x d H,N-H,x 
(n) nd ( ) C7nd ( ) ---;r;-- = a"-' dx X1 dx X2 hN '! l 

x6(x - x 1 ••• xn)dx.i . .,dxn, n ~ 2, 

' r::; N-h,X 

~(xn)X 

Nn(a) I f [aT(-oo, oo, B)]" exp{-aT(-oo, oo, B)}d2 

an .• 

(2.14) 

(2.1.'i) 



h,N - nonHoe ceqeHHe mm1ut1paKUHOHHOI'O h,N -B3a.HMOl(ellcTBHJI . 

Bbipa.lKeHHe (2.14), onpel(en1110mee cneKTpbI h1A -+ h2X B HCllHcf>pa.KUHOHHoi o6Jia.cTH 

(:z:~0,9), nonyqeno B npHl5mtlKeHHH 

fiqh1(H1)N-H1X 

dx 

d h,(H.JN-H,x + uh,N 6(x - I ), <Tnd d 
~ dx (2.16) 

r.11e du!~(H,)N:H,X / dx - cneKTpbl B HCllHcf>pa.KUHOHHOli oona.CTH, u~'N -cyMMa. Ce'leHHH ynpyroro 

pacceJIHHJI I! .llH4>PaKUHOHHOH .llHCCOUHa.UHH anpoua. h, Ha. HyKHOHe. 

BepoxTHOCTHa..~ Tpa.KTOBKa. (2.14) aecbMa. npocTa.. BenH'IHHbl du(~)h, / dx npCllcTa.BnlllOT co6oli 

.11H4>ct>epeHUHaJibHble Ce'leHHJI n -Kpa.THOI'O He,tlHcf>pa.KUl!OHHOro B3a.HMO.llelicTBHJI B Jl.llpe c perHCTpa.­

UHeli h2 B KoHe'IHOM COCTOJIHHH, Tor.na. Ka.K MHOlKHTenH Nn(u) onpClleH.llJOT :>4>4'eKTHBHoe 'IHCHO 

HYKJJOHOB, Ha. KOTOphlX npH :>TOM npo11cxo.11HT nocne.11n11li He.tlHcf>pa.KUl!OHHbli a.KT R3a.llMO.llellcTBHll 

c nocne;zy10meli <j>pa.rMeHTa.UHeli 3a. npe.11ena.MH Jl.llpa., h1(H1)N-+ h2X. 

Ilp11 cpa.aneHHH c • .na.HHblMH [2) np11 cf>HKcHpoaa.HHOM Pl.= 0,3I':>B/c npe.unona.rana.cL 4>aKTo­

pH3a.UHJI HHKHJ03HBHhlX cneKTpoB Ha. ll.llpa.x (12,13,62): 

iuh1A-h2X 

Jxd2p.l. 

exp{-Pl/ < Pl >} duh,A-h,x 

1l"<p1> dx 
(2.17) 

r .11e K0:>4><l>HUHeHT nponopUHOHa.JlbHOCTH He 33.BHCHT OT x H a.TOMROI'O HOMepa. ll.llpa.-1L11WeHJ1. Iln.11 
BeJJH'IHH < Pl > Bb16Hpa.n11cb 3Ha.'!eHHll, ooecne'!HBa.JOUUle y.110BJJeTBOpHTeJJLHoe corna.c11e c :i~c­
::iep11MeHTOM [2] llHll K3.lKllOH 1!3 perHCTpKpyeML!X '13.CTHU h2. 

3 a.MeTHM, '!TO IlO.llOOHble no.nroHO'IHble npOUCllYPbl ( BKHJO'!a.ll 6onee "1130mpeHHy10" - cf>HTH­

poBa.HKe 34>4>eKTHBBblX Ha.KJJOHOB .nn.11 npoueccoB c onpe.neneHHOli Kpa.THOCTblO coy.11a.peHHli [11)) 
llBHJIHHCb xa.pa.KTepHLIMK .llJlll ny6nHK3UHil cepel(HHbl 80-x I'O.llOB [8-15) BBllJlY OTCYTCTBHJI KOp­

peKTHLIX MeTO.llOB pa.cqeTa. cneKTpOB na x.npa.x npH cf>HKCHpoaa.HHblX Pl.· 

B pa.6oTa.x [12,13,65) ce'le111111 duh,N-•,x /dx (h1 = p, 1l"+, K+; h2 = p±, ,..±, K±)ona.pa.MeTpH-

30Ba.nKcb cor11a.c110 .na.HHLIM (68) , a .nn.11 cneKTpoa h1(H1)N -+ H 1X BLil5Hpana.cb npocTeihna.J1 

cf>OpMa. 
J.qh.(H.)N-H,X 

x 
_ const = uh,N· 

Ha pKc. 2.2 npe.ncTa.BneuLI B Ka.'lecTBe np11Mepa. nony'leHHhle pe3yHLTa.Thl .nn• cneKTpoB 

pPb-+ hX (h = p,1l"+,1l"-). AHanorH'IHoro corna.c1111 c .na.HHblMH [2) y.na.nocL .nocTB'IL K .nnx 

.npyrH.X npoueccoB (65). 

K npxseneHHblM pe3ynbTa.Ta.M cnel(yeT, o.nHa.Ko, OTHecTHCL HHWb Ka.K ·" HyneBOMY np11l5JJHlKe­

HHIO B 3al(a.'!e on11ca.HllJI llHKHJ0311BHhlX cneKTpOB [2), rna.BHhlM oop~M BBll.llY HeB03MOlKBOCTll 

KOppeKTHOli 11opM11pOBKll ceqe1111li II norpem11ocTeil ca.Moil a.nnpoKCllM3.UHll .(2.17) 

qTO Ka.ca.eTCll OCHOBHL!X npel(IlOJ!OlKeHHli MO.lleHH [12,13), TO, O'leBll.llllO, Wexa.HB3l4 OOpa.30BaHHll1 

CBK3a.HHLiil c cf>pa.rMeHTa.uKeil npoMelKyTO'IHhlX n11.nHpy10IIn1X Kna.cTepoB H ( eCJllf OH cymecTByeT ), 

.llOHlKeH .llOMllHKpOBa.Tb npell(Jle BCero B npouecca.x "llK.llHPYJOUlero" THna., hA -+ hX. 0TCIO.ll3. 

cm lyeT npKHUHilHMbHa.JI BallCHOCTb HCCJie.tlOB3.HHll Ta.KIIX IlpOUeCCOB Ha. OCHOBe oonee .neTaJibHOI'O 

a.nna.pa.Ta., Y'IHTb!Ba.IOmero 113MeHeHHe nonepe'IHOro l!MllYHbCa. anpoHHhlX CHCTeM B Kpa.THhlX co­

y.na.peHHJIX. 

~ 
't 
~ 

2.4 OnHcaHHe 31f>lf>eKTa KpoHHHa ~JUI ·nH~HPYIOIUHX a~pOHOB 

B cny'la.JIX pa.ccMOTpeHHL!X Bblllle npoueccos ·· hA -+ hX c 6oJibllIHMH Pl. BhlBO.ll KOHe'!HblX 

Bblpa.lKeHHH .llJlll ce'!eHHH B IlpCllCTa.BneHHOli MOUeJJH cymecTBeHRO ynpoma.eTCJI. 0.nHa.Ko c POCTOM 

nonepe'IHL!X HMilYllbCOB perHCTpHpyeMbl~ COCTOllHHil MOlKeT B03HHKHYTb BOilpoc o6 o6meii. npa.Bo­

MepHOCTK npe,nnoJIOJt<eHHil [12,13], CBJ13a.HHL!X ~ npeo6nana.10meii poHblO nepHcf>epH'leCKHX anpoH­

HYKJJOHHLIX B33.HMo.neilcTBHii.. 

Ka.K H3BeCTHo ( CM., aa.npHMep, (69;70)), c pocTOM P.L B npouecca.x h
1
p-+ h2X Ha.6n10.na.eTc11 

nepexo.n OT 3KCilOHeHUHaJibHOH 33.BHCHMOCTH l!HKJII03HBHhlX cneKTpOB ~ exp{-bpl.} K CTeileHHO­

MY y6blBaHHJO ~ 1/p'.t, CBJl33.HHOMY c IlpOllBHeHHeM KOHCTHTyeHTHoro Mexa.HH3Ma. 833.HMO.llelicTBHll 

H <j>pa.rMeHTaUHH. 0.nHa.Ko ecnH IlpH perncTpa.UHH HeJJH.llHPYIOlllHX '13.CTHU (h2 t hi) CTeileHHOH 

3aKOH y6waau1111 Ha'IHHa.eT .neiicTBOBa.Tb yJKe npH Pl.?: 1+2 I':>B / c, TO B npouecca.x hp-+ hX 3a.­

BHCHMOCTb ~ exp{-bp.l.} npocnellCHBa.eTCJI BilJIOTL .no Pl. "' 5 +.6 I';,8/c. 

CneumjlHKa. hA-B33.HMo.neilcTBHl! 3a.KHJO'la.eTcx, B 'laCTHOCTH, B TOM, 'ITO npH BLICOKHX Pl. Ko­

He'!HLIX '13.CTHU Ha ll.llpe .llOMKHHpyIOT npoueccbl Il03T3.HHOro, OT coy.na.peHKll K coy.na.peHKJO, Ha.pa.­

!IlHBaHHJI nonepe'IHoro HMilyJihca, H 34><1>eKTHBHa.JI BenH'lllHa. J6.1hl B 3Hel4eHTa.pHOM coy.na.peHllH 

MOJt<eT OKa.33.TbCJI HeOOHLllIOH. 1Io.no6Ha.JI KapTHHa. JIBJilleTCll Tlllllf'IHOH .llJlll Bcex Mo.neneli MHO!'O­

Kpa.THOro pa.cce.llHHJI, OCHOB3.HHhlX Ha IlPCllilOHOlKeHHH 0 JlOKaJibHOi npllpone hN-B3a.HMQllellcTBlfll 

(25]. CnClloBa.TenbHo, MOlKHo npe.nnonoJt<HTb, 'ITO Mexa.HK3Mbl anpoH-HYKJIOHHL!X B33.MMo.nelicTBKil 

B npouecca.x hA-+ hX (h = p, 1!"-) (4,5) npH Pl.~ 6 - 7 I';,8 /c, B OCHOBHoM, ocTa.IOTCJI TeMH lKe;. 

'ITO H npH Ma.JILIX Pl. . ( IIonpaBKH, o6ycnosneHHLie .n11cf>pa.KuHeii <l>peHem1, Ma.JILi (71,72) H MoryT ·; 

He IlpllHllMa.TbCJI BO BHllM3.HHe ). 

B paccMaTpHBa.eMoii. .3ana.qe .neTa.JILHoe on11ca.HHe 3JieMeHTa.pHL!X cneKTpoB npH :i: -+ l H 

Pl. -+ 0 HecymecTBeHHO, B CBJl3H c 'leM npH RX napa.MeTpH33.UHH 6blJia Bb16pa.Ha. ynpomeHHa.JI 

cf>OpMa.: 

duhN-HX 

dxd2p.l. 

duHN-HX b2 
dxd'p.l. = ~n(x) 

2
; exp{-bAPJ.} + u;N 8(x -1) 6(ih); 

duHN-HX J du:;f'-HX H-hX I - ' 

dd2 = dd' D (xH,x,p'l.)6(x-xHx)x 
X Pl. X P.l.H 

. b2 
x8(ih - ii .l. - x'prn) d2prnd2p~dxHdx' = ~h(x) 2~ . e,xp{-bnp.J.}, 

(2.18) 

r.ne bH " bh - ycpel(HeHHble na.pa.MeTpb1, om1cwaaio1.U11e pa.cnpClleneHHe cnexTpoa no nonepeqmJM 

iu.myJILCaM. 

HHKJJJ03HBHhlil cneKTp duHN-hX /dxd2p.L cooTBeTcTayeT nor.iie.uHeMy He.llH<j>pa.KUHOHHOMY a.K­

Ty B3a.HMOlleiicTBH.11 npoMelKyTO'IHoro a..npoua H s .11.npe H ero <j>pa.rMew >UHH 3a. npCllena.MH ll.llpa. 

MHHl!MaJibHOe .nonycTHMoe 3Ha<Jem1e .nii.11 napaMeTpa bn s (2.1 8) ~olKeT 6LITb Ha.il.lleuo H3 

•>OTHOIUeHl!Jl 

bH ~ bhk~1 /k~ , (2.19) 

fllC ki,
1 

II k1j - KO:><j><j>l!Ul!eHTbl ynpyroCTH llJ111 HellH<j>paKUl!OHHblX npoueccoa hN -+ hX H. 

H N _, H X . ( (2 . 19) cnel(yeT 113 ycnos11.11 < Pl.h >mm'°" < Pl.H > k/.1/k/l, onpelleJJllJOlllero llOJJJO 

cpellHero nonepe•rnoro l!Mnynbca npoMelKyTO'!Horo anpo~a, y HOCHMYJO pernc:tpt'p) @ltbi1<1 aJtpoH~t \ 

'
fF" ,., . ., I\ :A,-P ;u•:'-.L t;}U{ - Epenall - . .. . ···~ 

! 7 I 18 \ l \. 'i i 
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h ). 
0TMeTHM T3.KJKe yCJIOBHe HOpMKPOBKH, BhITeKa.IOmee H3 (2.12): 

j +H(x)dx 
hN hN _ _ { 26,5 M6H, 

l11ot - <1d = (Jh.N - 17,5 M6H, 

h 

h 

p, 

1f 

(2.20) 

( ,ll3.HHbre [73]). 
B 3THX np(\!(IlOJIOJKeHHllX B HGilOJihJYeMOH MO.lleJIH Bhlpa.JKeHKe ,nJIJI KHBa.pna.HTHoro ceqeHHJI 

npouecca. hA ...... hX MOJKHO CBeCTH K BHJlY (29] _ 

A dCThA'-hX 
x----

dxd2p.1. 
'E F~"--hX (x,p.1.) ' 
n=l · 

tJqhN-hX 
Ft"-hX (x,p.1.) = N1(uhN) x--:;--:;;--cx1.-p.1. 

hA-hX( ) xNn(CThN) J ( /J) <( · ) Fn . . XiP.I. = 
2 

n-l Jo P.1. u X - Zt···Xn X 
47f CThN . 

X [ti +n(x;)<f>H(X;+1···xnf3)dx;1 +h(xn)<f>h(f3)dxnd
2/3, n ~ 2 , (2.21) 

r.ne .f>h(H)(z) = b~(H)/(bl(n)+z2 )3' 2 • 3ua.'leHHll .nmi cneKTpoB xduhN-hX /dxd2p.1. B CTpyKTypHhlX 

ct>YHKUHllX Ft"--hX(x;p.1.) on~eJillJ1HCh nenocp(\!(CTBeHHO HJ [4}n [5] ('ITO HMeeT npKHUHilHa.Jih­

uoe 3Ha'leHH(' .. IlOCKOJihKY ,llaHHble [4,5] COOTBeTCTBYIOT ueHTpa.JibHOH o6.na.CTH (xF ~ 0) ,llJIJI npo­

ueccoB hN ...... hX); BHJl ,llJlll •h(x) ua.xo,nHJI~!I H3 DOJIHHOMlla.JlhHOH a.nnpoKCHM3.UHH ,naHHblX [68] . 

l.fro Ka.ca.eTCll na.pa.MeTpH33.llHH ,llJlll npoMeJKYTO'IHhlX cneKTpoB +n(z) ' TO npK ct>KKCHpoBa.HHOM 

K03<1><l>HUHeHTe ynpyroCTH ki: pe3YJihT3.Thl ,llJIJI ceqeHHH (2;20) OX3.3a.J!llCb BeCbMa. 6JIH3XHMH npH 

Bb16ope +H(x) ~ x", v = (2ki:-1)/(1- ki:) H +H(x) ~ x"(l -x), v = (3ki:- l)/(1- kji). 

OcTaJIOBHMCll sna.'la.Jie na. pe3YJibTa.Ta.x no -1\poneccaw pA -+ pX . Ilpn ct>nxcnpoBaHHOM 

ki:, MOJKHO onp(\!(eJIHTb cQOTBeTCTByIOmee 3H3.'leHHe ,llJill na.pa.MeTpa bH, 'o6ecne'IHB3.IOmee HaH­

MeHb!llee BOJMOlKHoe pa.cxolK.lleHHe pa.cqeTHhlX,.qa.J!H_hlX_ ': .3KcnepnMeHTa.JlhHhlMH [4]. Ta.xa.s 33.BHCK-

MOCTh npHB(\!(eHa. Ha. pHC. 2.3 B BH,lle xp:aBOit bHp· 
YKa.JKeM, 'ITO npH ki:, > 0, 7 c pocToM ki:, o6mee corna.c:ae c 3xcnepHMeHTOM yxy.nllla.eTCi, 

oco6enno B o611a.cTK P.1. < 0,3 I':>B/c. 
Ha. pnc. 2.3 npHB(\!(eHhl Ta.xlKe xpKBhle .nn1 b, (onTKMa.JibHble 3Ha.qeu:a1) II bHpm;n = 

b,k;'/ki: ( BeJIH'IHHhl bp JieJKa.T B HBTep»a.Jie 3, 7 ~ 4,0 (I':>B/c)-1, 'ITO BeCbM3. 6JIH3KO )( HX 

c~eM; (no x) 3ua.qen1110 [68,74]). Ha.n11yqI1Jee corna.cne c .na.BBhlMH [4] .nns ecex mep ,nocTHra.-

eTCJI npK ki:, ~ 0, 65 7 0, 67 . 
Ha. pnc. 2.4 K 2.5 np(\!(cTaBJieHhl pa.cqeTHble KpKBhle .nns HBBa.pna.aTBhlX ceqeulllt npoueccos 

pA -+ pX (A = Be, Ti, W) H noxa.JaTeJieii. ap B a.nnpoKCKMa.UKH Edu•"--PX /d3
p ,..,. A

0

• co­

BM• CTBO c 3Kcnep11MeHTaJibHblMH .na.HHblMH [4) npH 3HeprHll HaJieTa.IOlllHX npoTOHOB Eo = 400 I':>B 

H yrne perHcTp3.UHH B JI.C. 0. _, = 17 MpaiJ. IlpHB(\!(eHHble pe3yJibT3.Thl COOTBeTCTBYIOT ki: = 

0,65 [29,31] , 
Ka.K CJI(\!(yeT H3 pHC. 2.3, OTITHMa.llbHble 3Ha.qeHHll ki:, ~ 0, 65 + 0, 67 JieJKa.T B6JIH3H BHJKBei 

rpaHHll!-1 .nonycTHMhlX BeJIHqKH ( c y'leTOM k:' ~ 0, 5 [68,69)). 0TCIO,ll3. MOJKBO C,lleJIBTb BhlBO.ll 
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0 'l'OM, 'IT<> nponecc 41Pan&eHTa.IUIH Hp BOCHT, B OCBOBBOM, CTpyiB..bli xapuyep ( bn..u .. COOT­

BeTCTBYeT npeue()pe&eBJ(X) nooepe'IHLDDI uepe.aa.HHblMK t1Mnym.caMH B a.KTI! ct>ParMellTanHH no 

cpa.BHeHJID c xa.pUTI!pBWM11 Pu , o6ycnoonellllblMH He.nH$pUUHOHHhlM H N-pacce.a11eu ). 

llplDIElpHO Ta llCe xapTlllla ( c Y'leTOll BecJtOJibKO MeBblllHX K03<1><l>K1t11eHTOB yopyrocTH ) cnpa'. 

BeJlJil[Ba 11 JlJlJl nponeccoB c y'la.cTHeM IIH:OROB. 

Ha p11c. 2.6 • 2.7 npencTaBneRW Jle3YJILTaThl pac'leTa [29] no Dpe>QeCCa.M r- A-+ r- X (Eo = 
200 I' :> B , a ..... = 96,3 .MpaiJ, 3KCDeplOleBTa.JlbHble Jl3.BHble R3 palioThl (5]) . Kpai:Bble, ORHCblBa­

.l)Il]Jle ll!HBapaaBTBHe oe'lem ,ll.llJI llJl.l!p Be, c" • w (pRC. 2.6) H Rou.33.TeJIB a. (p•c. 2.7) 

OOOTBeTCTBynT 1:;:. =0,6; bn. =3,2(I':>B/c)-1; b. =3, 9(I':>B/c)- 1• 

3a.i.teTID!, 'ITO lIQl[a.:Ja.TellJI a.. EUI~, B006me roeops, cl>YHXllllOlK nepeueBBLIX x H P.J.. • 

npB'lei. a 6, z:, pL) pacTYT Ka& c poc:TOll P.J.. , TaK • c yweahwenaeu z . IlpH 3TOll4 B 3KcnepaueuTe 

{5) ( Eo = 200 I'3B, 9u. = 96,3 .MpaiJ) 3Ha'leiiu nepeweueoi x ~ P.1./0. _" Eo 11p• <t>BKcR­

Jl0"3BllllX P.1. ~ B 1,6 pa.:sa 6onbllre, 'leM .wrs aaa.notK'IBLIX 11poTOBHhlX Jla.HllhlX [4] 

E0 = 400 I'3B, ~ . ... = 77 MpaiJ). 3THM • o6hac11uoTCJ1 eecKOJ!bKo MeHhW•e 3Baqennll .nna 

a.-(p.J.. ) ( pHC. 2-7) DO cpaaueBllD c aBallOl'll'IBhlMI 3Ba'leBUMR a,.(P.1.) (p•c. 2.6). 

3aael-BD pa31Dl'llUDTCJI • cpeJillie 'IJICJla BeW14>palHlllOll.HblX 113a.HMQlleiCTBBH ,llJI.I JlBYX nponec­

OOB. T 2111, JUUl upa~oe• pacryT e npe.ne.nax n,, ~ 3, 5+5 (P.1. = 0, 77+6,91 I':>B/c) • 

- =2+ 3 (PL=0, 96+5,78I':>B/c). 

Het!DTOpOe Ol'IUIOIH!lllle TeOpe"rB'l0CIHIX KJ>llBblX OT xcnepJD1eBTanbllhlX SHa"leBllA [4,5) DpR 

P.J..::; I I'3B/c • PJ. ! 6 I'3B/c 001JiCJUeTC.1,0'leBJIJIHO, BeB03MOlKBOCTblD TO'lBoro OIOICMBJI 

:MreMeBTapHhlX CllfSTpoB BO BCeM HHTepBa.Jie f!epeMeBBJ.IX z II PJ. e,nHllHlOI Dapa.MeTpaKll 11. R 

•e· 
~ T&K:&e, 'ITO pe3YJlbTaTu pac'leToe cneKTpoe c 6onL!llHMll P.1. ua llJlpax 8 npH-

MffllPllJIOM lIQID(Qlle Becblla "IY8C™TeJILlllJ K Bellll'lllliaM KO:i4>4>HDHeBTOB yopyrocTH k;J • na­

palll!7pOB b8 .n.u nponeccoe H N -+ H X. IlollBJlewie e 6y.izymeM Jla.BJILIX no Z-3a.llllCllMOCTH 

~ " • a;u nponecam hN -+ hX a paaBblX otinacro: P.1. cnoco&:raoaano &.I tion.ee 
~ Olrpe.lr ...... xapa.KTepJICm lll3aDl.QlleliCTBU npo:wacyro'IJIWX a,llp<>BBWX COCTOllad c 

llJKIH!llJllOI &pa 

B -..m7ielllle OT!lleTHM, "ITO fl ~ epe1.ui TpYJlBO II}MlllllOlllOITL .llOCTaTO'lBo opoc:Ty., 

U.'l'qNl&T'HJIJ!Jll> ~ KOTOpaa ofieore'DIBaDa 6Y aBalfOl"ll'lllOe KOllI'leCTJ9ellJIOe OIIllC&lllle 3Cf>-

4>ST& Kpomsua - xapan-epBOi A - 3allllCJDIOCTll c -a.sa.TellllMll a• > l op• 6ollLwllx f'J. · 

2.5 IIcuumc:m Ii[ pJIC)'BJ(- It pm.,11e11y 2 

Piie. J.1 llmiapuaTooe te'leBHe Dpo®Ca pW-+ pX B llQlleJlll rn yfiepa (t .. < l) e 3aUCB­

MOaI or l'J.. Dpll E., = 300 I'3B • e = 11 •paiJ . Kpuu I COOTBeTC ·syeT pe3ynLT&Tllll (27), 

Kp.HRll 2 - pac'reTY no 4>oi>lll)'Jle BllJl& (2.11) c TellH Hee aapaue-rpaMH .nu CDeltTpOB pN-+ pX . 

:}~ ll'UIHble IP paOOnl [64). 
PIK. 2-2 Kioapa&BTBHe ce'lellll nponecooB pPb -+ hX (h = p, r+, lr-) np• Eo = 

100 I'38 II P.1. = 0, 3 I'3B/c. IlpillM:Dll!BHLie KJ>HBble co<htieTcTBYIOT pe3yJibTaTaM (12,65]. 3Kc­

DeplDl!ellTaJlblll.re JlAllBWe ll3 pa6oni f2j. 
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Pac. J.S 38'.a11ea11a llapaMeTJ>OJI 3JleMeBTapHLIX nponecCOB, coBlllecTIIMWe c oHBcaBHeM .naH1ILiX 

(4). 

Pac. t>~ HBllapJJaHTBWe ce'leHHll nponeccos pA-+ pX (A= W(o), Ti(6), Be(D) (4)) B 

:saacJlllOCTII OT PJ. npH Eo = 400 I':>B II e •. c. = 77 Mpail. 

P•c. 2.5 Dollas&Te.IIB a, B A-:la.JlllCU40CTB, COOTBeTCTBy1011.u1e pac'leTBb!M H :ucnepHMeH­

Ta.Jll>HLIM Jl&HRYll pBC. 2.4. 

Pac. 2.8 HuapnuTllWe ce'leBH npoqeccoa ir-A-+ ir-x (A= W(o), Cu(6), Be(D) (5)) s 
S&llllCBMOCTll OT P.L np11' Eo = 200 I':>B H e •. c. = 9~, 3 Mpail. 

Pac. 2. 7 Ilo&ua:re.'!H a. ~ A-3&BllCllMOCTH, cooTBeTCTBYIOJUHe pac'leTHl>ll4 H 3KCDepHMeH­

TML~ ·~ puc. 2.6. 

• 6 PHcyHKH K pa:t.l(eny 2 
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I 
3 HHKJII03BBHble cneKTpbl a.npouou B o6nacTB cf»parMeHT~BB B 

a.npoH-Jl,ZlepHbIX B3aBMO,ZleBCTBBJIX 

3.1 IlpoQeCCLl a,npopOlK):leHHJI h1A-> h2X 'o6ycJIOBJieHHLle pacna.noM JIHJIHpy­

IOl.QHX KJiaCTepoe, npH <l>HKCHpoBaHHLIX nonepe'IHLIX HMDYJibCax 

CxeMa pa.3BHTHll npouecca h1A--+ h2X Ha Tll)l(MOM Jl.llpe npe.ucTaBJieHa Ha pHc. 3.1. CornacHo 

MOJlMK [12,13), llHKJ1103KBHoe ce'leHHe dqh,A-.h,X /d3p B o6nacTH .pparMeHTaUKH h, onpe.uenlleTCll 

a.upoHaMH h2 'o6pa.3yJOIUHMHCll B pe3ynbTaTe pacna)l.OB IlpoMelKyTO'IHblX n1U1Kpy10IUHX KnacTepoa 

H,. 

IIpK BblBOJle BblpalKeHHii Jinll yKaaaHHoii senHqHHLI HeOOXOJl.KMO HMeTb B BIUIY, '!TO MeTOJl.bl 

(51) npHBO)lllT K y'leTy nHUib.)l.HaroHanbHLIX no HeynpyrHM aKTaM 'lneHOB B Jl.H.P.PepeHUHanhHOM 

ce'!eHKH Ha impe. 3To 3apaHee orpaHHqKBaeT HX npHMeHHMOCTb, B OCHOBHOM, HeJlK<t>paKUHOHHOH 

o6nacT,1>10 ('x ;: 0, 9) . ( IIonpaBKH, o6ycnoaneHHble HHTep<t>epeHuHei napuHanbHblX airnnHTYJI. c 

pa.311B'!Hali KOH<j>HrypauHeii CTOnKHOBeHHH [51):)1.nll )l.H<j>paKUHOHHLIX npoueccos, aoo6me roBOpll, 

MOryT OKa3aTbCJI cymecTBeHHhlMH ) . Hcxo)l.11 H3 :noro, He Hapyura.11, B npHHUHne, TO'IHOCTH no)l­

XQlla, MO)l(HO HeCK~JibKO ynpOCTHTb BblKJia)l.KH, HCilOJib3Yll npH6JIHlKeHHYIO napaMeTpH3aUHIO )l.JIJI 

3JleMeHTapHhlX cneKTpoB: 

ddh,(H,)N-H,X 

dxd2pJ. 

d h,(H,)N-H,X duh,(H,)N 
= und +c(x-1) d;JJ 

d'Jid2pJ. d2pJ. 
(3.1) 

T.e. OTO)l(.llecTBHB Jl.H,PpaKUHOHHble aKTbI c ynpyrHMH. B 3TOM cny'lae BblpalKeHHe Jl.JIJI HHBapHaHT­

Boro ce'leHHll Ha. impe npHMeT cne.uy101UHli BH)l [75): 

dah 1A-h'JX X oo J · - -
E -. = (2ir)2 L exp{-u:;/i"T(-oo, oo, B) + ipJ.f3}d2 Bd2{3x 

P n=t 

x6(x - x, ... Xnx') dx, ... dxndx' nH·-h•tx~, x' ;ii) exp{w'"" (x'ii)T(z,., oo, B)} x 

Iln [ d '// - - - d - l X exp{w' (x; ... xnx'{J)T(z;_i.z;,B)} p(B,z;)dz; fl" (x;;.x;+t···xnx'f3)0(z; - z;_ 1 ) , (3 .2) 
i=l 

r.ne 
. du'.•(H .JN 

wd•fl(f) = j d•ff exp{-ipl.f}d2pJ., 
d2pJ. 

d h.(H,)N-H,X 
f!"d(x;, 'f) = J' 17"~ d2 exp{-ifh 'f}d2

pJ., 
X; PJ. 

nH,-h,( ' ;;) J DH,-h,X( ' p'- ) { ·p'- i'l}d2 1 
.ii. Xn,X,fJ = Xn,x , l. exp_, l.fJ P..L.· (3.3) 

HanoMHHM, qTo a 3a.ua'le onHcaHHll cneKTpoa Ha mpax c 6onhUIHMH PJ. . [4,5), r.ne MO)l(HO 6u­

no npeHe6peqb nonepe'IHOil nepe,uaqeii KMnynhca a .nH,PpaKUHOHHLIX aKTax, KOHe'!Hoe ablpa.)l(eHHe 

(2.20) 34>4>eKTHBH0 CO)leplKanO nKUib KHKnl03HBHblli cneKTp du:::-•x /dxd2pJ. ' COOTBeTCTBY· 

JOIItHii nocne.uHeMy HeJlK,PpaKUHOHHOMY aKTY B3aHMoneiicTBHll H a mpe H ero .ppani:euTaUHH 

H --+ hX 3a npe.uenaMu mpa.. B oomeM cny'lae, npK npoH3BOJibHblX PJ. u:T ,PparMeBTaIUIB 
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JIOJilKeH 6b1Tb y'ITeH OTJl.enbHo, u B03HKKaeT Heo6xonKMocTb onpe.ueneHHll llBHoro BHJia <l>YHKUKH 

DH,-•,x . CooTBeTcTsy10mee ypaaHeHue HMeeT cne.uy10IIIKii BHn: 

d h,(H,)N-h,X J d h,(H.)N-H,X 
and - DHi -h2X(- ' ii'. ) _17~nd"-:---=o-..,,--

dxd2pJ. - x,x' ·J. d£d2fJ. x 

xc(x - xx') c(p-: ii J. - x'pJ.) d2fiJ.d2p~d£ dx'. (3.4) 

3.2 CneKTpbI JIHJIHPYIOIQHX a.npouoe hA -> hX c MaJibIMH PJ. TeOpHJI H 
3KcnepHMeHT 

KaK YKa.3b!Banocb Bblure, neTanhnoe 11cCJ1e,uosa1rne npoueccos hA --+ hX HMeeT npHHUKnH­

anbuoe 3Ha'leHHe )lnll npoaepKH npe.ucKa.3a1111li MOJl.MH [12,13]. HapllJl.Y c o6'hllCHeHHeM 34>4>eKTa 

K poHHHa nnll JIHJIHpy101UHx a.upoHoB [29), BeCbMa cymecTBeHHblM KpHTepBeM .nn.11 npKMeHJ1eML1X 

DOJIXO)l.OB MO)l(eT 6L1Tb OilKCaHHe aHanorK'IHblX npoueccoa B o6JiacTH ManLlx PJ. (30] B cpasHeHKHH 

c cymecTByIOIUHMH )laHHblMH [2) ( h = p, ir+, K+ ) npH PJ. = 0, 3 H 0, 5 I';,B / c 

OcTaHOBKMCJI Ha HaK6onee ea)l(HLIX MOMeHTax pa.c'!eTHoii 'lacTH [30) . 

IlpH napaMeTpK3aUHK cneKTpOB B He)l.H<j>pa.KUHOHHOii o6na.CTH B Bblpa.)l(eHHJIX BHJia (3.4) KC· 
IlOJih30BanKcb 113.HHble [68]: 

rne 

du~;:-•x 

dxd2pJ. 
f,(x,pJ.) du•N-•x 

dx 

, ( . ) _ { [b~(x)/2ir) exp{-b,(x)pJ.}, x;::: 0,5 Jh x,pJ. - . 
[b,(x)/ir) elp{-b.(x)pi}, 0,3 :5 x < 0,5. 

(3.5) 

BenH'IHHhl du•N-hX /dx H b,(x) a.nnpoKCHMHpoeanHcb BLipa)l(eHHllMH du'N-hX /dx ~ (1 -

x)P(x) H bh(x) ~ R(x), r)le P(x) K R(x)- IlOJI.HHOMbl 2 76-oii cTeneHH. 

HHKJIJ03HBHhie cneKTpbl h(H)N--+ H X , KaK H e [29), napaMeTpH3oBanKcb .nnll HeJlH<t>paKitH­
OHHhlX npoueccos B BHJie 

d h(H)N-*HX 
17nd 

dxd"Jh 

duh(H)N-HX 

dx 

b2 
H 2ir exp{-bHpJ.} duh(H)N-HX 

= <7hN x"(v+ 1) = uv(x) (3.6) 

c He 3aBKClllUHM OT x rrapaMeTpOM bu H K03<l><l>HUHeHTOM ynpyrocTH ki: = (v+2)/(v+ 1). (uhN = 
u~0"[ - u;N). 

lIK<t>paKUHOHHa.JI ·,,acTb cneKTpoe h(H)N--+ H X Y'lllTblBanacb cna l.eMLIMH BHl!a. 

b" 
u!N ..A. exp{-b~'Pi} 6(x - 1), ,,. (3.7) 

r)le b~1 

- HaKnOH nH<t>pa.KUHOHHoro Kou yea a ynpyroM hN-pa.cceJIHHH. YrrpomeHHall . 3anxcb (3. 7) 

npe.ucTaBnllnacb onpaenaHuoii, nocKonbKY HeKoTopoe pa.3nH'IHe e 11aKnoHax Mll >oueccoe ynpy-

roro pacceJ1HHll H nH<t>paKUHOHHoli nHccouuaum1 Ha HyKnoHe secbMa HecymecT1 • rrpu pac'leTe 

cneKTpOB Ha llJipax B HeJlK,PpaKUHOHHOii o6nacTH. 
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c Y'leTOM (3.5) - (3.7) BblpaJKeHHe .Zlllll HHKJI10311BHLIX cneKTpOB hA ..... hX MOlKHO CBeCTH K 

BH.ZlY 

r.ne 

d hA-hX oo 

E U;d;~ '.:::'. (
2
: )

2 
j Jo(Pif3)d2 f' j D(x') dx' f; {[6(x - Xi-··xnx')x 

Xdx, ... d:tndx' 9h(xn , x' , {3) 9H(x,°_i,XnX'{3) ... 9H(x.,x2· ··XnX
1

)] X 

X t (Nn+1M::> (t/> (x'f3))'1} 
l=O ( ut:f )n+l- 1 H ' 

t/>n( z ) = u~N exp{-z2 /2b~1 }, 

9n(x, z ) = Uv(x) bt/(b~ + z2
)
3

/
2 + 6(x -1) t/>n(z); 

• Jlellll'IHHbl Nn(u) on~enll!OTCJI BblpalKeHHeM (2.15) . MumKHTMH 

~( 
1 

{3)- _ { <!v(Xn) b!(xnx')/ [b~(xnx') + {3
2]3/2 , XnX' ~ 0, 5, 

T Xn,X, - 2 _uv(;tn) exp{-{3 /2bh(xnx')}, 0,3 $ XnX' < 0,5 

(3.8) 

COOTBeTCTBYIOT nocne.nueMy HenH<jlpaKUHOHHOMY aKTY B3aHMQlleAcTBHll COCTOJIHIU H B a.npe H 

ero tpa.rMeHTa.UHH H -+ hX BHe mpa.. 

i:BBLlil BH.Zl <jlyHKUBB D( x' ) B (3.8) npH Bb16pa.HHOi na.pa.MeTpH3aUBB 

. 1 { &P(x')} 
D(x')= ' ··, •\-. .. _[v+(l-v)x')P(x')-x'(l-z')--a;,- . 

B BblpaJKeRHH (3.8) <jluypHpyJOT, B006rue roBopa, .nsa. na.pa.Merpa., 3Ra'leH11 .. KOTOpLIX tteB03-

MO:&BO H3Blle'lb nenocpencTBeHHO H3 cymecTB)'loWHX 3KCnepHMeHT3.IlbHLIX .lla.RHLIX no npoueccaM 

hN -+ hX . 3To BellH'IHHbl bh H v = (2kji-1 )/(1-kji) 'xa.paKTepH3YIOIIllle B3a1D4QlleitcTBHe np<r 

MelKYTO'IHLIX a.npoHOB H c BYKJIOHaMH. 3a.MeTHM B TO JKe BpeMll, 'ITO na.pa.MeTpH3allHll BH.Zl3. (3.6) 

c BellH'lllHOH bn = const cooTBeTCTByeT MHHHMa.JlbHoe .nonycTHMOO 3Ha.'1eu11e bamin = bh(x '.:::'. 1), 

npH'leM .nm1 uenH<jlpa.KUHOHHLIX npoueccoB hN-+ hX. (h = p , ir+, K+) YKa.3aHH<le 3Ha'leu11e 6Jn13-

xo 1t 5 (I':JB/c)- 1 [68]. 
B pac'leTax [30] 11cnonh30Banl!Ch BellH'IBmd ··bii · =- -5, 5 + 6,0 (I':JB/c)-'. (Bee 3Ha'leHlUI 

B yKa.3aHHOM HHTepBa.ne OKa33.IlHCti, npa.KTH'leCU 3KBHBa.neHTHblMll npH on11ca111111 .naHHLIX [2] ). 

u~J:, u!N, <1hN B bl' .o.n• Tpex TllilOB a.npottoB ( p, ir+, K+ ) on~en"111ch cornacno [73] . 

B n~bl..IJ.YilleM pa3.nene 6L1no noKa3a.HO, 'ITO onTBMa.IlbHoe orrHca.ttHe npoueccoB npa cyme­

CTBeHHLIX ( BnllOTb.llO 6 - 7 I' :J B/c) Pi .llOCTHlKBMO.B a.aa.norH'lHOH MO.ZlellH npH kiJ. '.:::'. 0, 65 . 

Pe3yllbT3.Tbl [30,31] no KHKJII03HBHblM cneKTpa.M pA -+ pX npH kiJ, = 0,65 WBMecTBO 

c na.HBblMll [2] Jtllll pa.3JIB'lHblX uep Il!'E'JlCTa.BJieHhl ua. pHC. 3.2(a) (Pi = 0,3 I':JB/c) H pBC. 

3.2(6) (Pi= 0,5 I'38/c) . 
Aua.norB'lH:i.d pac'leT 6L1n npoBeneu nn• npoueccoB ir+ A -+ ir+ X . IlpHBE'JleHHble ua. pHc. 

3.3(a.) ,(6) KpBBble COOTBeTCTBYJOT kiJ. = 0,63 ''ITO uecKOJibKO npeBblWa.eT Be.ZlB'lHHY.Jtoo4>4>•­

!lBeHTa. ynpyrocTB ki:. = 0, 6 , ualtneHHYIO npH onHca.uBH cneKTpoB ir- A-+ ir- X c 6omdmou 

Pi · 
qro Kaea.ere• .Qa.nHLIX no npoueccaM K+ A -+ K+ X , To BBH.ZlY 6onh11IBX 3KcnepBMeHTa./lblil>lX 

oWB6oi: Mhl npBBOJl.llM nHlllb pe3YllhT3.Thl pac'leTOB nn• a.nep CB Cu ( pHc. 3.4(a.),(6) ). IIJMl!l 

CTa.BJieHUY,e KpHBbl~- COOTBeTCTBYJOT kjJK = 0, 70. 
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HeKoTopoe OTJIH'l11e na.paMeTpoB JVIll npoueccoB H N -+ II X OT auanorH'lHbIX semPrn11 [29], 

O'leBKJlHO, ne llBill!eTCll npoTHBOpe'IHBblM, IlOCKOJihKY COOTBCTCTByeT cyrueCTBCHllO pa3HblM xa.pa.K­

TepllblM nonepe'!HhlM HMnynhCaM npoMeJKyTO'IHblX a..npoHOB 

Tlo.nqepKHeM, 'ITO pelynhTaTbI no A-3ae11c11MocT1t scex paccMoTpeHHblX rneKTpos ttaxon•Tcll 

B cornaCHH c .nallllblMH [2) npaKTH'teCKH BO BCeM HllTepsa.ne 0 , 3 $ x :S o. 8~ . 

06cy.IUIM BKpa.Tue OTJIH'tlle npennolf<eHHOl'O no.nxo.na. [30 ,31] OT HeKOTOpblX CXO.llHblX MO.lleneii , 

nollBHsurnxcx e 80-e ro.nb1. Ka.K OTMe'ta.nocb Bblllle, 11x ocuosHhlM uenocTaTKOM llBJilleTc• <J>euoMe­

norror11•1ecKoe on11ca11ue npoueccos JIHlllb ua. ypoaHe HHKJI10111e11blx cneKTpoB hA -+ hX , npo11u-

1erp11poeatt11L1X no Pi 

B 3TOH C8ll311 yMeCTHO Bbl.llellHTb pa.6oTy (76), B KOTOpOlf B MOllellll C JIH.llHPYIOlllHM 6a.p110H­

HblM (anT116ap110HI1LIM) KJiacTepoM .na.110 onucam1e ~Kcnep11MeuTanbI1blX na.1111L1x [77] no cneKTpaM 

du(p(p)A _. p(p)X)/dx . 3neMeHTapHbre HHKJIIOJIIBHhle ce'leHu mrn11py10ru11x KJia.cTepos a ne­

.ntt<jlpa.>.u110HHbIX npoueccax 3.necb nopM11posa.n11ch na. een11't11Hy nonuoro ueynpyroro ce'ten11x Ha 

uyKJIOHe 1a Bbl'ICTOM (itnll aHT116a.p11011oe) ce'lel!l!ll aHl!HfllJillUHH. 3To npuseno K llCKYCCTBeHHOMY 

3aBblllleHHJO 3HepreTH'teCKHX noTeph, TaK KaK 3aMeTlia.ll 'taCTb Heynpyroro ce'teHl!ll ( ~ 5 M6H) co­

OTBCTCTByeT lll!<jlpaKUllOHHblM npoueccaM, .ZlJill KOTOpblX 3HepreTH'leCKHe llOTepH HecymeCTBCHl!bl. 

KaK cne.ncTB11e, .llllll y110BJieTBOp11TeJibHOro on11caHJtll A-3a.BllCllMOCTH [77) aBTopaMH [76] 6bln11 

BBeJJ.Cllbl CllCKTpbl duHN-HX /dx ~ x~ c 1aBblWeHHblM (= 0, 75) K03<jl<j!HUHeHTOM ynpyrocTH. 

IIocrrenHee 8 pa.euoii Mepe OTHOCllTCll K pa.6oTe [14], B KOTOpoii, KaK II B [8-10), cpaeHeHKe c 3KC­

nepHMeHTa.IlhHblMH .naHHLIMH [2] npu Pi= 0,3 I':JB/c nposo.n11rrocb c noMOIUbJO uopMHpOBO'lHhIX 

MHOJKHTerreii. Boo6rue, Ha Haw B3rrrm, ue Bnonue KoppeKTHblii yqeT nu<jlpaKUHOHHOli 'laCTH cneK­

Tpa. 8 3JieMeHTapHhlX B3aHMO.lleiiCTBllJIX xa.paKTepeH npaKTH'teCKll .Zl/lll BCex p.WOT [8-11,14,76] . 

CnenyeT TaKJKe yKa3aTh ua 11cnoJih30Ba1111e aBTopa.M11 [9,10] Mo.nen11 c nocTOllHHoli ll.nepHoii 

nnoTHOCTb10, 'ITO np11so.n11T K 3aMeTHWM. pa.cxolKiteHHllM c senH'IHHaMH 3<jl<jleKTHBHLIX HYKJIOllHLIX 

'IHcerr a 6orree pea.nncTH'tecKoii Monen11 THna. <t>epMH. B pelyJILTaTe sseneHHblii aBTopaMH [9,10] 

cB06o.nnhlli rra.pa.MeTp, llMCJOlllllii CMblCil cpenHHX 3H2preTH'teCKHX llOTepb B 3JICMCHTapHhlX coy.na.­

peHHJrX, 0Ka.3a.JIC'1: HeecTeC'rBeHHO MaJlhl.M 

Heo6xo.nuMo OTMeTllTh, '!TO naHHhJe [2] np11 Pi= 0,3 I'38/c on11cblsa.n11ch TaKJKe B paMKa.x 

a..ZlbTepnaTllBHblX llO.llXO.llOB, B 'laCTHOCTH, B aJUlllTllBHOH KBapKOBOH MO.lleJIH [78-80], B MQlleJIH na.p­

TOHHblX CTpyu [81-83]. He BllaBa.l!Cb B no.npo6uy1<> IIllCKycc1110, no.nqepKHeM JIHlllb, 'ITO CaM <jlaKT 

Ol!HCa.HHll 3KCnepHMeHTallbHblX naH!lblX c nOMOlllblO pll!la na.pa.MeTpOB npll onpe.n:eneHHOM ,Pi JIBHO 

tte.nocTaTO'leH .nnx BbtBO.noe o npe1u1ymecTaax Toro umt HHoro no.nxo.na.. Yro Kaca.eTcll 11a.6n10na.e~ 

Moro pocTa. noKa3aTerreii <> B A-3aBHCHMOCTH c pocTOM Pi , To B a..n.n11THBHoii KsapKoBOii MOllMH 

3TOT 3<j><j>eKT llCCJiellOBa.IlCll B pa.fioTe [84); Ha Haw 83fJillJJ., TO'tHOCTb llOCTHrHyToro on11ca.HHJI ( c 

y'teTOM KOM6111111poBal1HOli 3aBllCllMOCTH <>•1x,pi) ) Tpe6yeT .lla.JlhHeiiwero cosepwencTBOBaHHll 

MeTonos [8-1] . B TO JKe speMll, s Mo.nem1 na.pTOHHblX cTpyH Ha .naHHOM 3T ne na.JKe Ka'teCTBCHHoe 

o6"bllCHett11e nose.neHHll <>h(Pi) awxo.n11T 3a pa.MKH 11cnoJih3yeMblX ynpow• omHx npennonolf<ettHii 

[82). 
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3.3 0 pO)l{.QeHHH A 0-rHnepoHOB H x+ -Me30HOB B pA- H 71"+ A- coy.napeHHJIX 

CyMMllPY" pe3yJihTaTbl [29-31} no llHKJIJ0311BHMM cneKTpaM hA -+ hX , MOJKHO np11nT11 K 

Bb!BO.lly 0 .llOMllHllpOBaHllll B YKa3aHHWX npoueccax B3aHMO.lleiiCTBHH KOJIJieKTHBHOro THna [66,67], 

B KOTopwx Henocpe.llCTBeHHO yqacTBYIOT JIHUlb o6IIU1e .llJlll Bcex BaJieHTHblX KBapKOB rJIJOOHHble 

Mopll . B TaKoil KapTHHe H3MeueHHe BaneHTHoii CTPYKTypw JIH.llHpy10mero coTOJIHHll H , eCJIH OHO 

npo11cxom1T, .llOJilKHO ocymecTBJillTbCll B aKTe pacnana H-> h' X 3a npe,nenaMH ll.llpa. 

0Tc10na CJienyeT, qTo B o611acT11 <j>parMeHTau1rn uaneTa10mero anpoHa npocTpaHCTBeHHO­

BpeMeHHaJl KapTHHa B3aHMO.lleiiCTBllJI c ll.llpOM .llOJllKHa fiWTb e.l(HHOii .llJlll BCex npoueccoB hA -+ 

h' x ' rne perHCTPl!'.PYeMoe COCTOllHlle h' coneplKllT XOTJI fibl 0.llHH 113 saneHTHblX KBapKOB anpoHa 

h. 

llnll OTfiopa aHanorH'IHhlX npoueccos Ha ttyxnone s pafioTe [75} fihlJill 11cnonb30BaHbl npe,n­

CKa3aHHll 8 MO.lleJIH KBapKOBoro cqeTa [32,33} II llX cpaBHeHHe c 3Kcnep11MelJTaJibHO HafiJIJO.llaeMoii 

3a8Hcm•OCTblO cneKTpOB OT nepe_MellHOii x' 

0TMeT .. - B TO lKe speMll, ' qTo npe,nCKa3aHHJI [33] .llJll! llOKa3aTeJIJl n 8 annpOKCllMaUHH 

xduhN-h'X /dx - (1 - x)n (3.10) 

8 pme CJiyqaes 3aMeTHO_ OTJIHqa10TCJI OT COOTBeTCTBJIOIUHX 3KCnepHMeHTaJibHblX 3Haqenuii [68,69}. 

Mhl He fiyneM 3.llecb xacaTbCll npuquH TaKoro HecornacuJl; OHR MoryT fihlTb pa3HblMH - OT 3Kcne­

puMeHTaJihH~ 3$j>eKTOB, o6yCJIOBJieHHblX BJillllHlleM pe30HaHCOB, .llO He,llOCTaTKOB Ca.MOH MO.lleJIH 

[32,33} . 

OcTaHOBHMCll JIHillh Ha npoueccax , rne Taxoe ttecornarne OTCJTCTByeT HJIH MHHHMaJibHO. 

Ha Haw B3rJill.ll, on11caHHe nono6Hb!X npoueccos na Jl.llpax [75} cOBMeCTHO c nponeccaMH hA -> 

hX JIBJilleTCll cyruecTBeHHblM apryMeHTOM B Il0Jlb3Y MO.lleJIH hA-B3aHMO.lleiicTBHJI [12,13,29,3J], 

KaK u, Boo6me rosopl!, nonxonos [32,33] . 

HaufioJibillllH HHTepec npe,ncTaBJilleT pacqeT HHBapHaHTHblX ceqeHuii polK.lleHHll A 0-runeponoB 

ua ll.llpax, pA -> A 0 X , BBH.llY o6w11pHocT11 11 TO'IHOCTll 3KcnepHMeHTaJibHblX naHHhlX [3). 
IlpocTeiiwaJ1 nuarpaMMa, onucbrnaK>IUaJl <j>parMeHTau1110 B naHHOM npouecce [33}, npe,ncTaBJiena 

Ha puc. 3.5 H COOTBeTCTsyeT B napaMeTp113auuu (3.10) noKa3aTeJIIO nm••P = 1 npu 3KcnepxMeH- · 

TaJibHOM 3HaqeHHH n,.cn ~ 0, 9 [85}. 

Ilp11 onpe,neneHHH ceqeHuii paccMaTpHBaeMblx HHJKe npoueccos np11MeHllJIHCb Te JKe npHfiJiuJKe­

HHll H annpoKCHMaUHJi (CM. (3.6), (3.7) ), qTQ H npH ptLc'!eTe cneKTpOB hA-> hX. 

CymecTBeHHo, '!TO napaMeTpbl bH , xapaKTep113y10mue pacnpe,neneHue no nonepeqHoMy HM­

nynhcy B npoueccax H N -+ H X , H .Ko3<1><j>11u11eHTW ynpyrocTH s Henu<j>paKUHOHHOM paccex­

Hllll kji = (v + 2)/(v + 1) .llOJllKHW fiblJIH fib!Tb _ paBHbl COOTBeTCTBYIOIIUIM BeJIH'IHHaM, uaii­

neHHblM npu onucamru cnexTpos 11unupyK>1UHX anponos [29,30]. HanoMHHM_, qTo npu He~JlhlllHX 

P.t bH = 5,5 + 6 (I':JB/ c)- 1 .llJIJl Tpex T11nos anpoHoB (h = p, tr, K), yfihlBaJI no 3HaqeHJrii 

'bn ~ 3, 0 (I'3B/ct' np11 P.t! z I':>B/e ; se11uq11Hbl K03<j><j>11u11eHT08 ynpyrocTll COCTaBJilllOT 

kiI, = 0,65+0,67; ki:, = 0,6+0,63; kjiK = 0, 7. 

Ilp11 napaMeTp~3aUHll cneKTpOB duh(ll)N-h' x /dxd2p.l llCll0Jlb308aJillCb 3M1IHpuqecKHe 3aBH­

CHMOCTH, OIIHCb!BaK>UlHe COOTBeTCTBYK>Ullle :>Kcnep11MeHTaJibHbie naHHble [68,86}. 
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Tax, f(rl! npouecca pp _, A 0 X yxa3aHHaJl 3asuc11MoCTb uMeeT c11e,nyK>m11ii sun [86}: 

duYP-A 

d "d2pl. 
= exp{c, + C2X + C3X

2 + C4XP.t.il- CsPi + C6P1 + C1Pi + CsX4 + C9X 5P.t}X 

x.!. (1- x)('••+<uPll .116/(I'.1B/c)1. 
x (3.11) 

llanbu• .111Iax cxeMa n peo6pa3oBaHuii 11 BbJq11CJieHHil aHanor11qHa np11BeneHHHOil Bhlllle Jllll! npo­

ueccos h/ - hA 

Ha p11c 3.6 npencTaBJieubl pe3JJibTaTbl pacqeTa 1111sapnaHTHblX ceqeHHii npoueccoB pA -+ 

A 0 X nnx Jiep Cu64 
'' Pb207 npu 3HeprHH HaqanhHb!X apoTOHOB 300 I':JB H yrnax peru­

CTpau11u I B Jl.C. 0, 9 ' 1, 2 H 1, 5 Mpad B cpaBHeHHH c 3KCnepHMeHTaJibHblMH naHHblMH [3]. 

YKa3aHHble yrnw perHCTpauuH COOTBeTCTBJK>T nonepequblM HMnynbcaM runepoHoB, ue npeBblllla.­

K>lllllM 0, f; I'3B/c ' '!TO ll03BOJIKJIO HCllOJib3?BaTb B pacqeTax 3Ha'lenue bn = 6 (r3B/c)- 1 [30). 
( HeKoTopall nen:oouenxa ceqem1il 11a TllJKeJibfX mpax -e HHTepsaiie P.t! 0, 1 I':>B/c MOJKeT fiblTb 

ofiyCJIOBJieua pOCT?M bH npu MaJiblX nonepeqJ{bJX HMllYJibCax ). 

PaccMoTpHM Tenepb npoueccbl pA -+ K+ X u tr+ A--+ J(+ X [l). Ilpaeuna iisa.pxosoro cqeTa. 

[33) JlJIJI aHanOrH'IHblX npoueccos Ha JiYKJIOHe npHBOnl!T K BeJIH'IHHaM npK+ = 3 H n.+ K+ = 1 OpH 

3KcnepHMeHTaJibHblX 3Haqemrll)C c.OOTBeTCTBeHHO 2, 56 ± 0, 20 H 1, 55 ± 0, 40 [68) ( no npyrKM 

naHHblM [69), 2, 87 ± 0, 19 H 1, 26 ± 0, 05 ), qTo JKa3blBaeT Ha .llOMHHHpoBanBe .UHarpaMM c "co­

xpaHllK>lllHMCll" BaJieHTHblM U-KBapKO!.<. 

PeJyJILTaTbl pac'leToe HHKJIK>311BHblX cneKTpoB pA -+ J(+ X u tr+ A -+ K+ X , cornacuo 

H3JIOlKeHHOii Bblllle MeTO,llilKe, npe,nCTaBJieH'!I Ha puc. 3. 7 H pHC. 3.8 COBMeCTIIO c naHHblMH [2). 
( BsH.lly OTHOCHTeJibHo fionblllHX 3KC_nepuMeHTanbHblX OlllH()o,K Mb! npusonuM KpHBwe JIHlllh .an• 
.llBJX ll,llep ). 

Ilo,a:qepKHeM, qTo onucaHue scex paccMoTpeHHhlX npoueccos hA -+ h' X 6wno npose,neHo 6e3 

KCUOJib30BaHHJI KaKHX-JIHOO JlOflOJlHllTeJibHb!X ceOfionHblX napaMeTpOB no cpaBHeHHIO c COOTBeT­

CTBYK>lllHMll npoueccaMH hA -> hX. 

3.4 K onHcaHHIO cneKTpos nHOHOB B npoueccax 'Ir+ A -+ 'Ir- X H pA -+ 'Ir± X. 

IlpuMepoM npouecca Ha mpax, s KOTopoM perncTp11pyeMoe cocTOl!HHe He coneplKllT sa­

neHTHblX KBapKoB HaneTaK>cuero anpoua, l!BJilleTcM npouecc ir+ A -> tr- X . QqesunHo, s 

3TOM CJiyqae npocTpaHCTBeHuo-epeMe1rnaJ1 Kapnrna ofipa300a1111J1 perm ' p11pyeMblX an:poHoe Mo­

JKeT He BUOJ!He OOHCbJBaTbCJI MOJleJiblO (29-3 l]' 3To 00,llTBeplK.llaeTC> HenooueHKOii cneKTpOB 

xd<1'+ ,._,-x /dxd2 p.t e pafioTe [30] no cpa0 11e111110 c nattHbIMH (2] .llJIR cpemmx 11 TlllKeJiblX Jlllep 

11paKT11qecK11 so sceM llHTepsane 0, 3 ::; x ::; 0, 88 . CnenyeT TaKJKe OTMeTllTb, qTo npoueccy 

ir+ N -+ tr- X cooTee-.cTeyeT [33} sen11'l1111a n,+.- = 3 np11 3Kcnep11Me11TaJibHOM JHaqeHuu no­

Ka3aTenx n,«n = 2,80 ± 0, 14 [68]. 0TCK>Jla Mo;i.Ho npe.ano110JK11Tb, •1To n11arpaMMa Ha puc. 3.9 

noc-raToqlfo Toqlfo Olll!Cb!BaeT BblXO.ll lf- -MC'lOllOB, per11cTp11pyeMblX B o6nacTn <j>parMeHTa llllll Ila · 

neTaK>cueii '!aCTHUbI. B To"'<' epeMll rncTeMaT11•1erKoe np<'Bb1111e1111e iKrnep11Me1nai1b111.. 111,1x 

:,!)< 



no cneKTpaM ir+ A - 'Ir- X Han pac'!eTHbIMll [30] csH,UeTeJihCTByeT o Harrwrn11 MexaHll3Ma anpo­

polK.UeHllll, He CBl!3aHHoro Henocpe.ucTBeHHO c aKTOM <jJparMeHTan1111 KJiacTepa H ,+ 3a npe.uerraM11 

ll.Upa. 

B paMKax Mo.uerr11 [29-31] TaKoe nose.ueHHe cneKTpos MOlKeT 6b!Th crre.ucTBHeM Marroii .UJillHhl 

o6pa30BaHllll BTOpH'IHb!X a.upoHOB, eCJIH OHO o6ycnosneHO JIHlllh 3MHCClleii rmooHOB II TO'!e'!H01IO­

.uo6Hb!M polK.QeH11eM qij -nap. 0TMeTHM np11 3TOM, 'ITO Ce'IeHllll npoueccos Ha ll.Qpax OKa3b!BaJOTCll 

'IYBCTBllTeJihHb!Mll K TaKOMY H3MeHeHHIO npocTpaHTBeIIHO-BpeMeHHOH KapTllHhl, JIHlllh ecn11 yKa-

3aHHall senH'IHHa cymecTBeHHO MeHhllle .QJil!Hhl_pacna.ua nH.QllpyIOmero KJiacTepa H 11 cpas1111Ma 

c .un1111oii ero cso60.u11oro npo6era s ll.QepHoii cpe.ue. 

PaccMOTp11M npouecc h1A - h2 X ., cxeMa KOToporo npe.ucTasne11a 11a pnc. 3.10. 

HaneTa10m»ii a.upoH h 1 nocne 11e.u11<j>paKu1101rnoro s3a11Mo.ueitcTBHll c 11yKrro110M ll.Qpa nepe­

XO.UHT B npoMelKyTO'IHOe Jill.Qllpy10mee COCTOJIHHe HI ,. KOTOpoe HCilb!TblBaeT nocne.uosaTeJihHble 

coy.uapeHHll c ayKnoaaMH. CrrycTll xapal<Tepuoe speMll r nocne oqepe.uuoro He,Ull<jlpaKUHOHHoro 

coy.uape1111.11 o6pa3yeTCJI a.upo1,1 h2 • .Ilanee npouecc pa3BHBaeTcJ1 TaK lKe, KaK 11 s cny'lae pern­

CTpaun11 JIK,U11py10mKX a.upoaos,_npoxo.ux -qepe3 cTa.u1110 npoMelKyTO'Ii!Oro cocTOJ!Hilll H 2 , .un11ua 

<jlparMeRTauiin Koroporo s na6n10.uaeMble a.upoHhl h2 cymecTse11110 6onhwe pa.u11yca ll.Qpa. 

BhlpaJKe1111e .unx crreKTpos h 1A - h2 X npHMeT s 3,THX npe.unonolKeRHllX cne.uy10m11:ii s11.u [75]: 

duhtA-h'lX ~ X [oof hiN - h'lN - ·- ..... 2 2 
E d3 - (

2
7r)2 L; exp{-o-.., T(-oo, z, B) - o-.., T(z, oo, B) + ipLf3}d Bd {3x 

p n=I 

xo(x - x, ... xnx') dx, ... dxndx' f!H,-h'(xn, x', iJ) exp{wt'f f (x' iJ)T(zn, z, ii)} + w;•JJ (/f)x . . 
n - II d"ff - - - - d -xT(z,oo,B)} [exp{w1' (x; ... xnx'{3)T(zi-i,z;,B)} p(B,z;)dz; fl~ (x;,x,·+1···xnx'f3)x 

i=l 

1 00 00 

x0(z; - Z;- 1 )]0(z - Zn)exp{- z - Zn} - dz+ L; L; j exp{-o-;;,NT(-oo, z, ii)-
. T T n=l m=n+l 

-o·;;,NT(z, oo, ii)+ iihiJ}d2 Bd2{3o(x·.:... ~ 1 ... xmx'x") dx 1 ••• dxmdx'dx"x 

xnn,-h,( , · "'ii) nn,-h,( ,, iJ) { diff( . , "/f)T( B)+ Xn,X ,Xn+l•••XmX Xm',x •. ,. _ e:~. W1 Xn+l···XmX X Zn,z, 
n 

_._,_,dif/( 11i'f)T( B-)+ diff( "{3-)T( B-)}il[ { diff(. 1 11jf) r-2 Xn+l•··XmX fl z, Zn+b W2 X Zm, OO, exp W1 X; .•• XmX X JJ X 

i=l 

m 

xT(zi-lt Z;, B)} p(B, z;)dz; n~d(x;, Xi+i···Xmx'x"iJ)e(z; - Z;_i)J Il[exp{wg'" (x; ... Xmx"iJ)x 
j:l 

xT(z;-1tz;,B)} p(B,z;)dz; fl~a(x;,x;+1 ... xmx"/f)0(z; - z;_i)J0(zn+i - z)x ' 

z._z 1 ] 
xex-p{---"} - dz , 

T T 
(3.12) 

r.ue·BenH'!HHhl w;'"(f), f!/d(x,f) (1=1, 2), f!H,-h,(x,x',iJ), f!H,-h,(x ,x" ,/f) onpe.u~Hhl pa­

sencTBaM11 BH,Ua (3.3); cooTBeTCTBYIOmHe <jlyHKUHH <jlparMeHTanHH DH,-h,x H DH,-h,x ,11snJI­

JOTCll peweHHl!Ml! ypasuemtii BH.Qa (3.4 ). 

IlpH Bblso.ue (3.12) npe.unonaranocb, 'ITO sepol!THOCTh o6pa3oBa.HHll a.upoHOB h2 nocne o'!e­

pe.u11oro He.u11<jJpaKUHOHHoro fl 1 N -coy .uapeHHll xapaKTepH3yeTCll 3KcrroneH!UlaJihHOii <jlopMoi co 

cpenHHM speMeHeM o6pa30BaHHll B n.c. r. O'!eBH.uHO, c y'leTOM nopenu-<jlaKropa, r = r(x 1 •• • xnE0 ). 

29 

MLI ouya<:a.eM 3Jl0CL )laJlblleEuHe Dpeo6pa30saHBJI (3.12), UOCKOJILKY KOHe'IHoe BLlp~eHHe, co­

.ueplKalllee pm c HaOOpa.llR ~KTHBHLlX HyKJIOHHLlX 'll!Cen, OKa3bIBaeTCll B o6meM cny'lae BeCbMa 

rpoM03)lKJ[M. 

Ha p11c. 3.11 DpeJICTaBJleHLl pe3YllhTaThl pac'leTOB, ·cornacHo (3.12) [75], ce'!e1111il npoueccoe 

71".,. A~ 71"- x (A= c, P6) npH Eo = 100 r:>B II PL= 0.3 r:>B/c. 

rpa.BlIIIbl KOpflJl.Opa )lJIJl 3Ha'lellllii £Jq•+P6_,- X /d3p COOTBCTCTBYIOT BeJlll'IHHaM T! / ( / -

JlllHHa cB06o.llHoro npo6era Jr-.Me30HOB B a.npe ) 11 r ::> R ( R · pa.a.11yc mpa). 

Ananor:H'IH.a.11 KapTIHa xapa.in-epaa JlJIJI cneKTpoB Ha JIJlpax Ag108 11 Cu64
• 

KaK cne.uyer 113 pile. 3.11, )IQlleJih c .MaJll,l1l epeue11eM o6pa.30Ballllll BTI>pK'IHLIX a.a.poHOB UpH­

BOJUl"T K HaHMem.Jllllll pa.cxo)ICJlelllHM c JlalfJILlJol.H [2) no npoueccaM ir+ A -+ ir-X. 

0TJIOCHTeJll,ll-&I'. 6JnI3ocTb KpRBLlX, COOTBeTCTBYIOIUKX Ha pllC. 3.11 KpaHHHM 3Ha'leHBJIM T ' 

o6ycn0Bne11a palleHCTBOM ceqeRHif o-;;.N = o-;~ N . 0'1eBHJlHO, B cnyqae, 11anp11Mep, npoueccos 

pA - K- X axaJiorll'IHLlil pa:Wpoc 3Ha'le1Ulii EdaPA-x- x / d3p . 6hln 6L1 6o.nee 3Ha'lllTeJihHLlM. 

( lleTaJlbHLli pac'leT )'Ka:JaHHLlX cnen·pos np11 pa3HLlX 3Ha'leHHllX r s HacTOllillee epeMll ue 

npe.ucTaBJI.lUI 6H 1111Tepeca BBHJlY OOllhDIJIX 3KCDep11MeHTaJibHLlX OlllHOOK [2]). 

K cymecr.BellllOli He.uoolleHKe 11HBap11aHTKLlX ce'!eHJtii npHBOJlHT TaKJKe npHMeHea11e Mo.uen11 

[30] K npouecca» pA - ir± X. 

Ha p11c. 3.12 npeucTaMeHLl B Ka'leCTBe npllMepa pe:JynhTaTLl pac'leTa HHK.UI03HBHhlX cneKTpoB 

pPb ~ ir+ x Dpll. Eo = 100 r:>B II PL= 0, 3 I':JB/c, nony'leHHLle B Tex lKe npe.unonoJKemux, 'ITO 

11 COOTBeTCTBJIDilllle KpB.BLie .llJlll Jil!JlJIPYIOWHX npoTOHOB [30] H i\0-rnnepoHoB [75]. AttanorH'!Hoe 

pacxm1meHHe cnau:ru.IlOI [2] xapa1nepHO II ,UJIJI Ce'leHJtii Ha6onee.11<>rKHX JIJlpax (C, Al, c~ Ag). 

OueIIKa 3<jllpeKTKBHLlX HYKJlOHHLlX 'lllce.n ·a npoueccax pA -+ ir± X [1] npHBO.llBT npHMepuo K 

TOMY JKe BLlBQlzy, '!TO ll B CSI)"lae npoueccon ir+ A -+ 11"- X , YKa3hIBa:JI aa 3Ha'lllTellhHLlit BKna.u 

TO'le'lHOilOnOOHLlX ( B M.aclllTa6ax mpa ) aKTOB o6pa30BaHHll Me30H08 H llX nocneny10mee B3aHMO· 

.neicTBHe c nyKnoeaM11 llJlpa. 

.Ilnll a.Hal!H3a )lOlIJI lll!OHOB H Me30HBLlX pe30uaucos, o6pa3yJOID.HXCll JIOKaJlhHO B p.V -

B3allMO)leiCTBHll, B pa6oTe [87) 6una KCDOJih30BaHa MOJleJih KBapK-rlllOOHHhlX CTPYH (MKrc). 

MoneJih 6hlna npennoJKeHa e pa6oTax {34-36] H xopowo :iapeK0MeHJloea.11a ce6a npe: om1cae1111 

OOJibllIOro KOJIIDl_ecTsa 3KcnepHMeHTaJih1iLlX Jlatl.HLlX (CM., Hanp11Mep, [88]). MKrC - Yyn1>T11nepH­

<jlep1f'lecKax MO)lenh, OCHOBaHUa.Jl ea l/NrPa.3JIO-iKeU-HH a.MilJIHTYJll;I B KX.ll (N, - 'IHC.UO UBeTOB) H 

MOJleJill HBeTHLlX Tpy6oK. B ocHOBa.Hll.ll MOJlenH neJKHT npe.ucTaeneH11e o TOM, 'ITO 1urK11e e:1au110-

.ne:liCTBJU1 a.upoeoB npH BHCOKoii :meprIH ODpe.ll.eJilllOTCll. llJ(arpawf,laMH IlHllHH.llpH'leCKOro TKna -

IDO-"'_epGHOM (pHC. 3.13(a)~ M MROrollOMepolllW.MB lleTBl!emuurn. Heynpyrne npoueccw OHpe.ueJI~lOT · 

al aceB03M:O)KHLlMll "p.a.3pe3aJllla:MJI" QIIHOro IUJ1I BecKOllhKJIX UllJillHJlp<>P (pHc. 3.13(6),(e)) m16o 

paape:iaHJieM Mel!Ucy 'HllMJL ( Uorne.mree ()()()'l'Be'l'CTB~T npoueccaM ynpyn. l pacce11.11Hll • .n.•4>p&K-

1UIOHHOi Jl)!CCQll!laUHB ). 

KM1U1u 1H3 neyx neno'!eK a.n,poeos, cooTBeTCTBYIOiltHX pa3pe3&HHJO .11BarpaMM Ull.UHH.D.pH'le­

CKoro Tima (pllC. 3.l3(6)) no cso1l.M CBO.li:.cT8aK a.11anoct1'ltla nn&11apB0My cny<ia10 (p•c. 3.lJ(r)). 

iM.Hon"}IWMepmurn1e npouecc1.1 Cl)OTBeTCTBYJOT cneJlYIOllllOI 'Inell;&).( pa.3JIOJ1Ceu1111 B pm no CTellel!Dl 

lfN, lK IBOJ;&]IJl°aIOT, K&K BllllHO H3 pm:.. 3.13(•), 3a C'leT toro! 'ITO. CTa.JIKRB~ a.apoaax, 

.ID.OltlJIMO sa.11~ KBapmB, ~IOTCJI JlOllBllllll!Tel!LuDe ll!lleTHWe 001.el[TH - qq-a&pY II rJUOOHLI . 

..an. ~er.a <le'leHD polKJ101lllS llT0pll'IBWX 'llU:Tllll lleofiX'lll.SMa 1U141<>pM&IUl• 0 4>Y•l[U.X 
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I 
paenpeneneHHll KBapKOB B eTaJIKHBaJOIUl!Xell a.a:ponax H <jlyHKUHllX <jlparMeHTaUHH KBapKOB H ,llH­

KBapKOB BO BTopH'!Hhle a.a:poHbl. B MKrC see 3TH <jlyHKUHH B o6naeTJ1X x -+ 0 H x -+ 1 onpe­

ilCJillIOTell eooTBeTeTBYIOIUHMH penll<eBeKHMH aeHMDTOTHKaMH, a DpH npoMell<yTO'!HblX 3Ha'leHHllX 

x - e DOMOillbJO HHTepnoJillUHH. Bee HeOOXQ!lHMble naM <jlyHKu1111 <jlparMeHTaUHH 11 pacnpeneneHHll 

KBapKOB 11 ,llHKBapKOB npHBe,lleHbl B pa6oTe [88]. 

HHKJmlHBHH:i!: eneKTp ir-Me30Ha, poll<,lla10meroel! B pN-B3aHMQ!leiicTBHH, onpenenlleTeJI Bhl­

pall<eHHeM [88]: 

r.ue 

_x_ ddu = f Wnrp~ (x) + Y~'>rp~>(x) + y~2)'P~)(z), 
t1tnel X n:l 

00 

Wn =Un/ L: Un 
n=l 

- BepOllTHOCTh pa3pe3aHHll HMeHHO n - IlOMepOHOB. 

~·-'(z) = t;,(x+, n)f;(x-, n) + f;(x+, n)f;,(x_ , n) + 2(n - l)J;(x+, n)J;(x_, n), 

1 [(4m2 ) 112 

] 
X± = 2 7 + X2 ± :t • 

(3 .13) 

(3.14) 

(3.15) 

(3.16) 

Bem!"IIHhl 1;,, '· H /. B (3.15) eooTBeTeTBYJOT BKJi aJlaM .lOIKBapKa, BaJieHTHOl'O KBap-

Ka H :11opeK1UC KBapKos. BKna.ll HaneTaiomeii 'lacTllUhl 3as11c11T oT nepeMeHHoii x+ , a BKJia.ll 

HyKnoHa.-MHllieHH - OT x_ . <l>yHKUKH f 99 , f, H f, onpenenllJOTell esepTKa.MH HMDyJILeHLIX 

pa.cn~enead KBapKOB B DpoTOHe H <jlyHKUHH <jlpa.rMeHT3.UH11 BO BTOpH'!Hhle a.a:
0

pOHhl . IloCJie,llHHe 

ilBa 'lneua. B (3.13) Y'IHTLIBa.JOT BKna.a:hi .llH<!JpaKUHOHHoii .u11ecouHa.uHH HaJieTa.10mero a.llpOHa. H 

HYKJIOHa-MJlllleJUl. Ce'!eHHll o6pa30BaHHll n-noMepoHHhlX nHBHeii Un B (3.14) onpenenllJOTell, B 

COOTBeTeTB1111 c npa.BxnaMH ArK, BKJia)laMK rpa<jlHKOB, co.ueplKamHX k - IIOMepOHOB (k ;:: n), B 

MHHMYJO 'lacTL a.MDJIHTY.!lhl . ynpyroro paeeellHHll. Heo6xo.n:KMhle <J>opMynhl H '!KCJieHHhle 3Ha'leirnll 

napaMeTpoB npHBe,lleHhl B paOOTe [88]. 

CTpyKTypa Bblpa.llCeHHA (3.13) K (3.15) 1103BOJilleT OT,lleJIHTh .ll,pyr OT .upyra BKJiaJJ.hl B ee'!eHHe, 

o6ycnoBJieHHLie Pa3JIK'IHhlMH MexaHK3MaMH oop'd.30BaH111r 1r-Me30HOB. 

TaK, BKJiaJI BTOporo 'IJieHa B (3.13) eBll3a.H e JJ,H<jlpaKUHOHHoii nHccoUHa.UHeli ·HaneTa.iomero npo~ 

TOHa. H, eorna.eno MOJl6/lll [29-31], onpenenlleT BhlXOll n110HoB c fioJILwoii nnxnoii o6pa.30BaHKll L 

( no npennonollCeHJUO, np11 pa.ccMa.TpHBa.eMbIX 3HeprHllX L ~ R , r.ue R - THDH'IHhlii pa.a:xyc llllpa. 

[29]) . 

TpeTHii 'IJieH (3.13), eooTseTeTBYJOIUHli JJ,H<jlpaKUHOHHoii JJ,Heeou11a.1U1H ny1moBa-M111,lleHH, .lla.eT 

HH'ITOll<Hhlii BKJiaJ! B paceMaTpHBa.eMoli o6naeTH x 2 0, 3 (2] , H ero o6cyll(JleHxe 3neeb JIHWeHO 

CMLiena. 

llanee, Mb! npennonoJKHM , 'ITO •1ne11bl s (3. 13), cooTBeTeTBYJOUIHe.paape3a.11H10 o~peneneHHoro 
'IHCJia noMepoHoB, onHcLIBaJOT TO'le'!Hono.ll.o6Hoe polK.!leHHe Me30HOB. ( Pa3yMeeTell, 3TO :i~nono­

llCeHHe CaMO no ce6e 11e JIMeeT OTHOWeHHll K penlKeoHHOMY DOJlXO.ll.Y (88] ·). 

PelyJILTa.Thl pac'leTOB HHKJIJ03HBllhl.X eneKTpos ir±a-Me30HOB B npoueccax pp -+ ir X cornac110 

(3.13) - (3.16) npl:Be.neHbI B pa.6oTe [87] H HaxO,llllTCJI B eornacHH c e)'llleeTBYJOIW!MI 3KenepHMeH­

TCUlbBhlMI: JJ,aHHblMK (68 ,69,90] npH pa.3JIH'IBhlX 3HeprnllX E0 • 

Heo6XOJlHMO OTMeUITh, '!TO 8 MO.UeJIH [88] nepBhlH '!JieH (3.13) Ollpe.llU89T-- ll:U DpDlhIX 
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IIHOHOB, TaK IIHOHOB, o6paayJOUlHXCll B pe3yJILTa.'re pa.coa.)J.a. Me30HHhlX H 6a.pHOHHhIX pe30HaHeOB. 

0.ll.Hll.Ko BKnanhl N' H ti. npH paccMaTpHBa.eMbIX x HecymecTBeHHhl, H opH pa.c'!eTe cneKTpoB 

Ha. llllpax pA -+ 1r x , BBHllY 6JIH30CTH xa.paKTepHCTHK B33.HMOJJ,eiiCTBHll c HYKJIOH3.MH DHOHOB H 

Me30HHhlX pe30HaHCOB, HeT HeOOXO.ll.HMOCTH pa3JIH'laTb o6a YKa.3aHHhlX Ka.Hana.. ( Ilo Kpa.iineii Mepe, 

DpH TO'IHOCTH cymecTBYJOIUHX Ha. eerOJJ,Hll 3KCDepHMeHTaJihHhlX JJ,3.HHbIX [2]). 
Hcxo.ll.ll HJ JToro, 3.ll.ech Mhl orpaHH'IHMCll TeM, '!TO npencTaBHM HHKJIJ03HBHoe ce'!eHHe npouec­

eoB pN -+ 1r x B BHHe cyMMbI: 

duPN-•X 

d3P 
d pN-•X du•N-•X 

u(I ) + _ (_2_) --
d3p d3p 

(3.17) 

r.a.e darti-·X /d3p COOTBeTCTByeT KaHany, CBll3aHHOMY c <jlparMeHTauHeli npOMeJKYTO'IHOl'O COCTO­

llHHll H H o6paaoBaHHeM nHonos 3a. npenenaMH llllpa. (L ~ R), a. dur:i-·x /d3p - noxanH30BaHHoMy 

pOlKJJ.eHHIO DHOHOB c npene6pelKHMO MaJIOH Jl.JIHHOH <jlopMHpOBaHHll. 

CooTBeTCTBy10mHe Ka.Hanh! nng npoueccoB pA -+ ir X cxeMaTH'leeKH H3o6paJKeHbI Ha. pHc. 

3.14. ( YKa.3aHhl nHlllh neynpyrHe aKThl B3aHMo.a.ei!cTBHll c llJlepHbIMH HYKJIOHaMH ) . 

llanee, ecnH npencTaBHTh HHBa.pHaHTHoe ce'!eHHe Ha. llllpe B BHHe CYMMhl 

daPA-•X 
E -­d 3 p 

dupll-•X du•A-•X 
E~(_1)~- + E~(_2)~-

d3p d3p , (3.18) 

TO nepBoe cnaraeMoe (3.18) B npH6JIHllCeHHH (3.1) 6yneT onpeneJIJIThCll BhlpaJKeHHeM BHHa. (3.2) 

( c yqeToM 3a.MeHhl du~~N-h,x /dxd2pl. _, durti-.x /dxd2 pl. ). IlJill BToporo cna.rae1o1oro (3.18), · 

o6ycnosneHHOl'O TO'le'IHODOJJ.OOHbIMH aKTaMll polK,lleHHJI Me30HOB, MeTOJlhl (30_,~1] npHBO,llllT K cne­

ny10meMy paBeHCTBy: 

dur~-.x _ x [
00 J ,N - •N d•11 - - · - -E-d-3- - (

2
ir)2 '2: exp{-u,0 , T(-oo, Zn, B) - (u,., - w,N (fJ))T(zn, oo, B) + ipl.fJ}x 

p n=l 

rne 

n 

xd2 Bd2c(x - x, .. . xn) dxi ... dxn wN-.X (xn, iJ) IIfexp{w:;t1 (x, ... xniJ)T(z;_i, Z;, B)} x 
i:::l 

00 00 J - nd - pN -xp(B,z;)dz;flyN(x;,X;+1 ... Xn/J)E!(z; - Z;-1)] + L L exp{-u,0 ,T(-00,zn,B)-
n=l m=n+l 1 

-u;:,T(zn, oo, B) + iPLiJ}d2 Bd2 {Jc(x - x 1 ••• xmx') dx 1 ... dxmdx'n•N-.x (xn. Xn+i···xmx' iJjx 

xnH.-.X (xm, x',iJ) exp.{w:'// (x'iJ)T(zm, oo, B)}Ilfexp{w;t(x; ... Xmll'iJ)T(z;_,;z;, B)}X, 
·' i:::l .; · .. 

n-1 m 

xp(B,z;)d~;E!(z; - z,_,)] II n'j/N(x;,X;+1 ... Xmx'iJ) II [exp{w;~1 (x; ... Xmx'iJ)x "r,· 
i:::I i=n+l . . . ' 

xT(z;-1> z;, B)}p(B, z; )dz; nH:N(x;, X;+l·· ·XmX' iJ)E>(z; - Z;-ill] .,·· 

flPN-•X (x, f) 

flH.-•X(Xm,X',iJ) = 

d pN-•X 
= j...5!L_exp{ - iih1}d2pl.; 

dxd2pl. 

j DH.-•x (x..:,x',]il.) exp{-i]iiiJ)d2p'; 

32 

(3.19) 

(3.20) 



npH 3TOM <jlyHKUHll DH. -•X nom1rna. ynosneTBOpllTh y pa.BHeHHJCl 

d<T•N-•X j _ d(f<(H. )N-H. X vll·-.xc , p' ) - ----
dxd2pl. = x , x' J. dx d21h x 

x c(x - xx') 6(f-ii l. - x'pl.) d2fad2p~ dx dx' . 

IlpH BhlBOJle (3.19) HCDOilh30BallHCh OCHOBHhle IlpeJlDOilOlKeHHll [29 ,30), CBll3aHHhle c pacnp<>­

CTpa.HeHHeM B mpe npoMeJKyTo'l'.HhlX anpoHonono6HhlX cHCTeM H H H. c nnuHa.MB <jlpa.rMeHTa.­

uuu, npeBhlllla.JCllIIJIMB pa.3Mephl m ep. 

1la.m.HeAwa11 cxeMa. npeo6pM<>BaHHA H Bbl'l'.BCJleHldt a.HanorH'l'.Ha. npB84meHHOA B [30) . 3a.MeTBM 

nHWh, 'ITO, Ka.K u B cny'lae npoueccos pA -+ A0 X, pA -+ K+ X, ,..+A -+ K+ X [75), na.pa.­

MeTpbl, xapa.1nepuly1Cl1I1J1e pa.cnpeneneHBll cneKTpoB H N -+ H X H H, N -+ R,,X no x H 

Pl. , sw6apanucb TeMH JKe, 'ITO H npH pa.c'leTe cneKTpoB mUlBPY1CllIIJIX anpoHoB Ha. mp~ [30]. 

Kpou:e TOro, nocKOilbKY MOJle/lb [35,36) IIJ><lllCKa.3hlB<MiT 3aBHCHMOCTb cneKTpoB pN -+ ,,. X JIHWb 

OT BpollOJll>HblX HMDYJibCOB DHOHOB, JlJill 0IlHC3.HHJI COOTBeTCTByJClmeA 33.BHCBMOCTH OT Pl. 61>1na. 

BCBom.30Ba8:a. 3MilBpB'leCKall. na.paMeTpB3aU1!ll ~ exp{-bpl. } [68). 

IIony'leBHble pac'l'.eTHble KpBBble JlJ!ll npoueccoB pA -+ ,..± X ·[87) IlpeJlCTaBlleHbl Ha pI1c. 3.15 -

3.19 COBU:etTBO C JlaBHhlMB (2) . 

Ku BHJlliO H3 tiPBB4meBHblX rpa<jlu1Cos, .nocTxrHyTO cornacHe c 3Kcnepuu:eHTOM JlJ!ll o6oxx npo­

neccos npH pa.3Hb1X 3Ha'leBBJIX Pl. II JlJ!ll seem Haliopa imep ( C,Al,Cu,Ag , Pb). 

Pe3yJibTaTbl pa6o1' [30 ,31,75,87] ,_ npeJ:tcTa.sneHHLle B na.HHou: pa.:JJlene, neM0HcTpHpy11>T B03-

MOJl(HOCTb KOJilptlKTH(lro onHca.HHJI npaICTH'letKH scell COBOKYHHOCTH Jla.HHblX [2) no nponecca.M 

h,A -+ h2X B paMia.x MO.lle/Jeli: MHOroKpaTHOro paccellBBJI, 6e3 npHBne'leHHll Ka.KHX-JIIIOO npHH­

IUIDilaJibHO BOBLIX rHnOTe3. 

3.5 IlO.ADHCH K pucyHKaM K p a3.Ae.11Y 3 . 

P•c. 3.1. CM. B TeKCTe. 

P•c. 3.2. HHBapila.BTHble ce'leHJlll nponeccos pA -+ pX B 3&BIICllMOCTH OT x npH 

Eo = 100 I':1B II Pl. = 0,3 (a.) H 0,5 I' :1B/c (6). 3Kcnepuu:eH'i'aJibBLle .llaHHLle H3 pa.6oTbl [2] . 

P•c. 3.3. To Jl(e, 'ITO Ha pHc. 3.2 , nn.11 nponeccos ,..+A -+ ,..+ X. 

P•c. 3.4. To •e, 'ITO sa pHc. 3.2, nnll nponeccos• K+ A-+ K+ X. 

P•c. 3.5. JlHarpa.u:Ma., onI1c1>1BaK>ma11 <1>parMeHTallBJO Hp-+ A0 X B U:Qlle/III [33) . 

P•c. 3.6. H!fBapHaBTBLle ce'leHilll nponeccos pA-+ A0X npB Eo = 300 I':1B B yrna.x pern­

cTpa.IlllII A0 B n.c. 0,9(a.), 1,2(6) H 1,5 MpaiJ (s) B 33BBCBMOCTB o.T nonnoro BMUynbca rHneposos. 

ti, D • ucnepBMeBTanbBLle .lla.BHLle H3 palioTbl [3]. 

P•c. 3.7. HBBapBa.BTHLle ce'leBJIJI nponeccos pA -+ K+ X B 3&BBCBMOCTH OT x np11 

Et = 100 I':1B B Pl.= 0,3 I':1B/c. o, 0. ucnepHMeHTanbHhle Jla.HBLle B3 pa.6oTLI {2] . 

P•c. 3.8. To JKe, 'ITO Ha. pBc. 3. 7, JlJI.11 nponeccos ,,.+A -+ K + X. 

P•c. 3.9. JlH~rpa.MMa., onBcblBaK>ma.JI nepexon rt _:. ,..- B MQlleJIH [33). 
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E uc. 3.10. Pa.3BHTHe npouecca. h 1A ~ h2 X Ha TllJKenoM ll.llpe. Cpenaee speMll r o6pa.3oBa­

HHll anpoHOB h2 npennonaraeTcJI cpaBHHMbJM c nna uoii cso6onHoro npo6era h, B llnepuoil cpene. 

( YKa.3aHbl nHlllb uenmppaKUllOHHhle aKThl 1naHMoneiicTBllJ1 ) . 

Enc. 3 .11. To lt<e, 'ITO Ha pHc. 3.7, JlJUI npoueccon ,,.+A .... ,,.-X. 

Enc. 3.12, puc. 3 .13, puc. 3.14. CtL 3 TeKCTe. 

Enc. 3.15. HusapHaHTHble ce'!eHHll npo.ieccos pC -> ir* X np11 £ 0 = 100 I':JB. 3Kcnep11MeH-

Tanhllhle naHHhie H3 pa6oThI [2) . 

Enc. 3.16. To JKe, 'ITO Ha p11c. 3. l5, nrrq apoueccoe pAl -+ ir* X. 

Enc. 3 .17. To JKe, '!TO na pKc. 3.15, nm< npoueccoe pCu .... ,,.± X. 

Eec. 3.18. To JKe, 'ITO Ra pMc. 3.l5, nn~ npoueccoe p,tg ~ ,,.*X. 
Eec. 3.19 . To lt<e, qTO Ha p11c. 3.15, nm1 upoueccos pPb .... ,,.± X. 
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4 .sI~epHhle 3«l>«l>eKThl B nponeccax a.n:popo 'C~eHB.ll q apMOHB.ll H 

oqapouauuhlx a.n:pouo~ 

4.1 06pa30BaJIHe J /t/J-'IaCTHIJ, B IlHOH-.11,llepHhlX coy.nP 'JeHH.llX 

06HapylKeHHe 34>4>eKTa "nonasneHHll" J /.P no cpaBHeHHlO c nponeccaMH THJJa llpenna-5IHa 

B CTOJIKHOBeHHllX penl!THBHCTCKHX HOHOB (91] llBHJIOCb CTHMYJIOM Jlfl .l HoBoro 3Tana HCCJie)lOBaHHii 

a~anorH'fllhlX npoueccoB B anpoH-Jl.llepHhlX coynapeHHJlX (24,40,4I ]. 

TepMHHOM "nonasneH11e" MOlKJ[O oxapaKTepH30BaTb H nponecrbl a.npopoJ1CJ1eHH.11 qapMOHHll, 

ecJlll KMeTb B BHJlY yMeHbllieHHe OTHOWeHHJI 

R(A/ H-) = crhA-J/.;X /Acrh•-J/.PX ( 4.I) 

c pocTOM A - aTOMHoro HoMepa llJlpa-MHUieHH (38,39,41]. AnnpoKCHMaUJIH uhA-J/.;X '.::'. 

p-11•x A0 COOTBeTCTBYIOT npH 3TOM 3Ha'leHHJI a < 1 , B TO BpeMJl KaK nnq KOHTHHyyMa 

llpe.iUia-5IHa. (Mµ+µ- > 4 I':>B) avy '.::'. 1 [24,41]. 

Ilpo6neMa TOOpeTH'lecKoro on11caHHJ1 npone,ccoe hA-+ ccX 3aTparneanacb B KOHUe 80-x ro­

.-B pJl.lle pa6oT [92-95], BblBOJlbl H oueHKH KOTOphlX, 0.llH'.'-Ko, HOCHJIH, CKOpee, Ka'l:eC~BeHHblii, 'l:eM 

JmllI'leCTBeHHblH xapaKTep. 

qTO xacaeTcll 6onLUIHHCTBa pac"leTHhlX Mo.neneii [I7-20], TO, KaK JKa3bIBanocL BO Bee.ueHHH, B 

BU He BilOJIHe OOOCHOBaHHo HrHop11py10TCll 3cpcpeKTbl, CBJl3aHHh!e c HeynpyrHM B3aHMOneiiCTBHeM 

B Jl.llepHoii cpene Ha'lanLHhIX anpoHOB. IlpH noM l!BneHHe "nonaenemu" Jf,P npH z:; 0,5 xo­

nK'l:eCTBeHHO OO'bllC!llleTCK, B ocHOBHOM, 3a c'leT 34>ct>eKTHBHoro "nornomeHHll" · cc- cocTOl!HHii B 

Jl.llepHoii cpene. ( '-I:Hcro MaTeMaTH'l:eCKH Taxoe OO'bllCHeHHe ue Ubl3blBaeT 3aTpy.nReHJ1ii BBHJlY Ha­

nK'l:HJl y aBTOpOB [i7-20], KaK MHHHMYM, JlBYX CBOOO.llHblX napaMeTpoB. OnHcaHJ<e )Ke cneKTpoB 

hA-+ JI.PX npH x -+ 1 B MQilenH co "cKphlTblM qapMOM" (19] .noBO.llHT :>Ty MHHHMaflbHYIO 

UH<l>PY .no Tpe: ). 

B pa&nax [96,97] 6bln npenno:lKeir anLTepHaT1!:BHhlii no.nxon K H3y"leHHIO nponeccos anpopo­

J1CJ1eH11x CC-COCTOJ!HHii Ha ll.llpax, c yqeTOM OCHOBHblX npennonu&eHHH MO)leRH [29-31] c npoMelKy­

TO'IHb1M11 mull!pyIOJlIHMII COCTOJlHIDIMH. 

Pacc1.1.0TpHM npouecc hA -+ J / ,PX c TO'l:KH 3peHHll yxanHHoii Mo.nen11. 

EcnH 6bl pol!CJleHHe nap cc np0Hcxo.n11no, B ocHOBHOM, B aKTax <1>parMeHTaUHH npoMelKyTO'IHblX 

a..npoHoB· H , A-3aBHCHMOCTb HHKflI03HBHblX cnexTpoB dcrhA-JN ~ / dx Mano OTRH"lanacb 6bl OT 

auanorH'!Hoii 3aBHCHMOCTH nnll cneKTpoe JIH.llHPYIODlllX a..npoHoB I A -+ hX ( <tTO onposepra.eTCll 

naHHblMH [38-41]}. 

Ilp<l!lllOJIOlKHM, OJlHaKO, 'ITO .llOMHHBPYIOJUHM MexaHH3MOM B o6pa30BaHHH CC-COCTOllHHH llBflll­

eTCll B3aHMo.nelicTBHe MOpcKHX napTOHOB np11 coy.napeHHH h HJIH H c 11yxnoHaMH J1.npa. B 3TOM 

nyqa.e A-3aBHCHMOCTh B paccMaTpHBaeMblX npoueccax np11o6peTa.eT coaepweHHO HHOii BH.ll, B 'leM 

! OlKHO y6e.nHTbCll Ha cnenyIOIUeM npocTOM npHMepe. 

IlycTb Ha ll.llpO HaneTaeT 'lacTHna 1 c THilH'IHO a.npoHHblM ce<teHJieM H, COOTBeTCTBeHHO, 

Manoi .nn11Hoil ceo6QnHoro npo6era B ll.llepHoii MaTepHH. B pe3ynhTaTe O.llHOI'O 113 coy.napeHHii c 
~ . 

HYKJIOHaM:H ll.llpa 06pa3yeTCJ1 llloKanbHo) 'lacTHila 2 c npeHe6pelKHMO ManhIM ce'leHHeM . Tor.na, 
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ecJIH perHcTpHpyeMble :~Mnynhchl qacTHUbl 2 5PH3KH K MaKCHManbHblM ( x '.::'. I), axT pol!CJleHHJI 

IN -+ 2X MoJKeT npOM3oiiTH nHUib B nepBoM coy.napemrn, B6JIH3H nepenHeii nonyccpepbl Jl.llpa, 

'ITO npHBOJlHT K A -3aBHCHMOCTH ce'leHHll dcr 1"'·-•X(x -+ I)/dx ~ A 213
, EcnH Mbl paccMaTpHBaeM 

HHTerpanbHoe ce'l4'HHe 

J 
dcrlA-2X 

O'IA-2X = - ---dz 
ant dx ' 

TO npH OTCYTCTBHH B ce'leHHllX cr::: a6cop6THBHOii KOMllOHeHTbl, T.P.. npH BblllOJilleHHH ycnoBHJI 

BHJla (2.12), aKT JN -+ 2X MOJKeT npoH30HTH Ha.nI06oM HYKJIOHe Jl.llpa. IlpH .3TOM Cpeil!IJIJI 

3HeprHll qacTHllbl 1 B nponecce IN-+ 2X 6y.neT, soo6me roeopll, MeHbUie Ha'lanLHoii 3ReprHH H 

_3aBHCHT oT cpenHero <111cna npertbl.llyuuoc coyJlapeHHii . 0Tc10na cnenyK>T npocTble c~THoUieHHll: 

cr;:,-2x = M;':,-2x (E), N;f,-~x = M;':,-2x (E)/crf:,-2x (E). 

O<teBH.llHO, ecn11 HMeTb B BH.llY noKa3aTenb a B annpoKCHManHH N;fj- 2x '.::'. A0 
, To OT­

cyTcTBHIO 3aBHCH'MOCTH crf:,- 2x oT 3HeprHH E HaneTaIOxueii qacTRllLI 6yneT cooTBeTCTBo­

BaTb a = 1 , T. e. "npo3pa<1HoCTb" l!.llpa npH H3MepeHHH HHTerpanbllblX ce-qeHJl.ii . YMeHbweRHe 

crf:,-2x c pocToM E np11ee.ueT K a.> 1 , T. e. K 34>4>eKTHBHoli aHTH3KpaHHpoBKe B cr/:,-2x . 

Ecn11 lKe uf:,- 2x - pacTymal! c 3uepr11eii BenH'IHHa, Kax, B 'lacTHOCTH, B cny'lae a.npopollC.ll<lHKll 

'lapMOllHll, JlOJilKHO Ra6JIIO,llaTbCJ! nonasneHHe (a < 1) Ce'leHHH polK.lleHHJI cr/:,-2x. 
c 3TOii TO'IKH 3peHHll "aHoManbHblM" .llOJilKHO npencTaBJil!TbCll He mmasneH.Re J /.P B 3Kcne- . 

pHMeHTax Ra llJlpax [38-41], a OTCYTCTBHe Taxoro no.nasneHHll nnx nponeccoB TKna 1Ipenna-5IHa 

[22,24,91] . 

Pa3yMeeTCll, npH pac!l'eTe ce<teuJi:ii nonlKHbl 6b1Th xoppeKTHo Y'lTeHbl KHHeMaTHKa npon.eccos 

H, B <tacTHOCTH, pa3JIH'l:He MelK.llY 3Ha<teHHllMH nepeMeHHblX x = x • . c . H Zp ( 'ITO ocOOeHBO 

cymecTBeHHO npH OOJibllIHX Maccax perHcTpHpyeMblX COCTOllHHH ). 0.llHaKO npH .nocTaTO'IHO BLl­

COKHX 3Heprnllx 3To, xaK npaBHno, He npHBO.llHT K 3Ha'IHTenhHblM H3MeHeRHllM B A-3aBHCHMOCTR 

npoueccos. 

lhax, Mbl npe.nnonaraeM, <tTo o6pa3oBaHHe napw cc B npouecce hA -+ J /,PX npoHCXOJlHT no­

KanbHo B onuoM H3 aKTOB coy.napeHHll h HnH JI c uyKnoHaMH ll.llpa. ( Mo.nenH rmoou-rnJOOHHOro 

H qq-CJill!IHHJI [98- 100] He npOTHBOpe'laT TaKOMY no.nxo.ny ). 

Ce"leHHll nornomeHHll 11 Heynpyroro paccel!HHll napbl cc B ll.llpe npe.nnonaraIOTCll paBBLllH 

RYJIIO. ::'.ho MOlKeT 6b1Tb KaK CJie)lCTBHeM OOJibllIOH .llJIHHbl cpopMUpOBaHHll J 11/J (94], Tai( R cnen.­
CTBHeM MaROCTH TaKHX ce<teHHH JlJill oqapo~aHHblX K~apKOB H CBll3aHHblX CC-COCTOllHHH. 

IlpH aHanH3e cneKTpOB hA -> J /,PX , npOHHTerpHpOBaHHblX no nonepe'IHOMY HMllYJibCY J /"1, 
.llJill .llH4>ct>epeuu11anbHblX ce'leHllii h( JI )N -+ H X MOlKHO Hcnonh30BaTb np116n11lKeHHY10 3allllCb 

(2.16). B 3TOM cnyq~ BblpalKeHHe .llJill MHKJII03HBHblX Ce'leHHii npoueccoB hA-+ J /.PX npKHRMaeT 

cnenymUllli BH.ll [96] : 

dcrhA-J/.pX 
dx (x, E) 

oo - dcrtn)JN I: N .. (crhN )d;-(x, E), 
n:=l 

h-JN 
~(x,E) 

dx 

duhN-J/.pX 
dx (x,E ), 
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l1 

ii 

r.ne 

•-JN 
~(:x,E) 

dx 

1 f tJ.q•N-HX duHN-HX tJgBN- J/..,x 
---n-1 n~ ( x 1 ) "~ (x ,) ... d.:t (:tn, x, ... Xn-1E)x 
Uh.N X1 2:2 n 

X~(:t - X1-··:tn ) d:t, •.• d:tn , ft 2:: 2, ( 4.2) 

N1(u) = ~ j (a - exp{-uT(-oo, oo, .8)}) d2 B; 

n-1 

Nn(a) = N1(u)-L N;(a }, n .~ .2, 
i=1 

E - :meprJU1 Ha.neTa.10mero aJlpoua. h , 'eemPnma t7r.:N , KaK 11 BO B<JeX n~ <l>OPMYHa.x, 

rrpe.ncTaBJJ.JleT co6oii norume Ce'leKlle HeJJlf<!Jpa.K.IU!Ollll01'0 hN ·B33.IDlo.neiiCTBIU.. 

4>1mrqecKHii CMblcn (4:2) BeChMa npocT. ·Be:JUl'UIHhl dut;;jJ
1"' /dx npe.ncTa.BJillIDT co6oii JUJ<l>­

<t>eperutJla.JlbHWe Ce'leHlUI n-iq>a.THOro HeJI.]tc}>pa.K!DlOHHOI'O BlaJ'IMQlleikTBHJI c nyKJIOHa.M:H lUIJ>3. c 

o6pa.30BamreM B nocne11.BeM wy.na.pemrn cc-cocTOllHIU., B TO npeMll Ka.K MHOJKHTeJill Nn(l7hN) onpe­

neJl.flJOT ~eKTHBHoe 'IHCJlO HyKJIOBOB, Ba. KOTOpLIX npoHCXOJOI T YK&la.HHhlii a.KT h( ii) N -+ Jr '<f;X . 

Cne.nyeT OTMeTlrTh, '!TO ecnH .llJlJI Ha.JieTaIOIIUIX IlHOBOB BblpalKeID!e ( 4.2) c xoporneii TO'IHOCThlO 

llC'lepnh!Ba.eT BOlMOlKBble Ka.Ha.JJhl peaim.1111., TO .llDl! npoueccOB pA -+ J f tf;X OHO MOJKeT CJIYlKHTh 

JllIIllh nepBblM np116mllKeHHeM BBllJlY ueo6.xo,llJIMOCTH yqeTa npOMe.lKYTO'IHhlX MelOKHblX COCTOl!· 

mtii [101). Ilo 3TOii npH'lHHe pa.c'leT ce'leHHii polK.QeBB..t 'lapMOHHll Ha ll.llpa.x B nJU>HHl>V{ ny'lKa.x 

npe.ncTaBJil!eT co6oii, B006me roaopa, cymecTBeHHO 6onee nerKy10 3a.na.'ly, na xoropoii Mhl nna.'la.ne 

II OCTallOBRMCl! . 
B pa.6cn-e [96) .nmi ce'leimii du~~H)N-HX /dx ncnoJ!hlOBa.Jia.cb cTene1rnaJ1 napa.MeTpRlanHll (3.6), 

npH'leM noKa.3aTeJill v <juacupoBaJIHCb senwuurn.MH Ko~11unenToB ynpyrocT11 , ua.ii.neHBhlMH npn 

OilHC3.HHH cneKTpoB hA-+ hX [30]. ( k~. == 0, 65, k1l. == 0,63 ). 
B np1uu:roii Mo.nene cneKTpbl npoueccos hN ~ J /tf;X ll H N -+ J /tf;X ne .nonlK!Thl cy­

mecTsenno 0Tn11qaThCJ1 Qlll!H OT .n.pyroro, B csuu c qeM npu napa.MeTpelaUBH. 11110HHhlX .nal!llhlX 

6blna HCilOJib3C>BaHa e.llH.HaJI «j>a.KTOp1130BaJlHaJI <jlopMa: 

duw(H.)N-Jf.;X 
· d (xF, E) = f(xF )F(E), 

XF 
(4.3) 

np11'leM pa.cnpe.neneHHJI f(xF) np11 XF > 0 , onpe.neiiJDll!Ch <jll!TllpOBaHl!eM 3KCDepKMeHTaJihHblX 

TO'leK [38) no npoueccaM 7r-p ~ J /tf;X <j:lyBKllJUIMH a(l - xF)i. '-lro Ka.ca.eTCJI B11Jla F(E), TO 

nnJI E:::; 300 I'JB npnHHMa.nacb 3as11c11MOCTb [101] 

F(E ) ~ (1- C/VE) 0(VE- C), C == 6 ( I'3B )-''2, ( 4.4) 

onu.cwBa.IOilla.Jl 3uepren!'IeCKHii xo.n nonnh!X ceqeHJtii 7f N -+ J / 1/!X snnoTb .no 3ueprwli 

E '.::' 40 I'.:>B . Ka.x cne.nyeT ITT (4.3), Mhl npe.nnonara.eM, '!TO crreKTphl 7rN-+ J/ 1/JX HMe­

IOT orornaKOBbill BHD .llllll CBOOO.D.HhlX IJ ll.llepHwX HYKDOHOB. 

Ha ocuose Bb1palKe1I11J1 ( 4.2) onpe.ne.11xm1ch 1rn-rerpa.nhnble .ce<JeHHJI 

1
1 du~A-J/,pX 

.~n~-JNX(E) = d (xF,E) dJ"F. 
O XF 

(4.5J 

a TaKlM' OTHOWeHllJI BliJla ~ 1.2) .llllJI .llllQJ<j;epeHUHaJlhHblX • H.HTl'rpanbHblX ce'leHHll. 

PacrMOTJ>HM pe1yJibTaT L1 on.11caH11J1 [96,97] cywecTBYIOlllHX 3Kcnepu:MeHTa.JlhHblX .na.Hnllix no 
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nponeccaw d .--+ Jf,PX [38-40). 

B pa00re·[38) upllllP,llellH. .ll&llBl>le no SBTerpaiu.lllolll _.. (4.5) (c rien- aepuomax;u 

pacna.na B(.P-. µ•1r)) aa upaJt a.TUMOB ~a_..... llJJll ,,_,.... ~ ,_.. 

- E._ = 150, 200 • 280 I':>B. 
B npo-llllLII 1J¥'1eTaXAU llOplmpOllD ce'lellJdi ..-Pt-+ Jf'r/tJC ....,.,_.._wan.--.. 

Ha. Bu7 .. ~.,._,,,.x , pa.s11a.a, cornacllO .[38), 6,5 K6K nps E,._ = 150 I':>B. (3aafei-ni, scraT&, 'ITO 

3aBHCnrocTL (4.4) BilOJIBe KOppeKTHO OIDICl\IBaer AalllDH!' iJB) DO CA!'leHUll 1rp-+ JI.PX lip• 

)'KMallHLIX Bl>IIIIe 3BeprllIX ). 

Ha. pHc. 4.1 npencrasneua llOll}"leB:BaA KpSBa.a JOm ___. Ba-;;::-'l•X COIDll!CTllD c :.icc­

neplllle11Ta.JILBHK11 .llaJIBHKll (38) np• pa3JDl'DlhlX 3eepmm E.- . .llocnrnryro Tax&e COl"Jia­

c•e c pe3YJIL_TaTaMB (38) llO" lllRJJJOODllWK CDeK-rpa;IP --- Pr-JHJC /dz . 3-ro BSJlBO 113 pn. 

4.2, r111< IrplllleJlellY pa.<;'leTRYe. 3~pEleBTaJILIDii!I!' - .llJU Be.llFlmlLI l/RPr/B(:ty} = 
. (195tf.qi-p-J/•JC /~F)/(tf.q•-Pl-J/•X /d:ty). 

ChYeTEt BeKOTOpOe xapu;.Tepuoe OTKJIOIR!Blle KpmmB I/ RPrtB(z,.) rll 31<ClleplOIC!BT&llLllYI 

TO'leK [38] np• x F !; 0, I • IIQ1¥16uaa: Tell.l9!BIUU YO:mn ,--n. ua pocr up• z ,. ...... 0 ll&J(a.ztj)B 

B ce'leBSK hN ...... dX MeXallli3uoB, CBI'JllllBNX c ~ .llJlUPp;>lllSll LUCrepOB iJ . 
B 3&mep1Dle11Te E-537 {39) npo~ r- A ...... J /fi<X (A= B e, Ca, W) JJCX:1Pl~•nwn. ap11 

E._ = 125 I':>B . Bo J06ewa-oe IIDlpOltOl"O mp..,,a..- .,....at up• ClllHCIElll pe;y.u.Yana (39J 

no~ ce'leBHSM (llOCJIDIILKY B(Y,-. µ+If")= 7,4± 1,2'5 (38)} ~--­
( 4.5) ~ fiMn:a nl>IDpa.Ha B COOTBeTt:TBS& ro cpt"JUll!!l1i ~ ~ JUUi ~ 6e­

pE1JJ1U:. 

Ha p•c: 4.3 ~ _uainelmu: A-~~ ,~"'-'HJC llpll E.- = 

125 I':>B ' a Ba p•c. 4.4 - pe3YJILTaTY pac'leT& ~ .... ,B.(z,.) - (1..2} .... ~ 

C, .Al, Cs • P6 up• Ba'laJILID,[I :meprllll 

• ~ A - 3aBllCIDIOCTJI BelDl'lill .,..-,.._,,.JC 
.!_ tT,;-A-Jf+_I = .!.. r- tlzr 
A A],.~ G,. 

(U ) 

o611:acn. E ~ 530 I':>B ; a caMJ1 BellJl'DBI (4..6) -..•u -a. a CXJOI•1:u:m c :Balllpa­

~ 3Ba'leBIDO (40}~ upayr.-pqu... ~ ,__..-.m .. .--[40)_ 
ce'lellllDl ( 4.6) npJIBeQl!llY ~ pHc. 4.5. 

Han<WBJD1, 'l"IO ~ OllllKalllle ~ 11r- A -. J/-#X MJCllti•:Jm a~ 

_.. - fie3 •mrun-veaRI11 UK11X-.a6o 1QUW apaMl!I'p09.. 

4.2 DpoQeCCY 

B OTD.'llle OT .IS>CTIITTlyror II ~ ............ c --- [38-4.GJ llO ..._ 
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rpa.nbHblM ce'!eHHJIM H cneKTpaM 71"- A ..... J /1/JX ' npH OIIHCaHHH npoueccoB pA ..... J /1/JX [41] 

B03HHKnH onpe.neneHHhle TPY.UHOCTH [96] , csnaHHble c B03MOltrnoii He.nooue11Koli ce'!eHHii H eeo6-

xo.nHMOCThIO y'leTa· B mpa.x .11syxcTyneH'la.ThIX nepexo.11os BH.na p --> M --> J / 1/J ( M - npl!Mhle 

IIHOHhl H Me30HHhle pe30HaHChl ). 

Ha TO, '!TO BKna.n Ta.KHX nepexo.nos B ce'!eHHJI npoueccos pA --> J / 1/JX MOlK'eT 6h1Ti. cy­

mecTBellHhlM, YKa3hlBaIOT, HanpHMep, .naHHhle [38], Corna.CHO KOTOpbIM HHTerpanbHoe ( XF > 0 ) 

ce'leHHe ir-p ..... J / 1/JX IIQ'ITH B .[!Ba pa3a npeBOCXO.[lHT a.Ha.JIOI'K'IHYIO BenH'IKHY .[lnJI npouecca 

pp-> 111/JX. 
BnepBble a.HanH3 BKna.na npoMelKYTO'IHblX Me30HHhlX Ka.Ha.JIOB B npouecca.x pA ..... J /1/JX 6bln 

npose.neH B pa6<>Te (101). Bhlna Hali.neHa KOMnaKTHa.JI <j>opMyna, onKch1Ba10maJ1 polK.lleHKe J /1/J B 

1>e3ynhTa.Te .nsyxcTyneH'!a.Toro nepexo.11a ]J --> ir __. J / 1/J : 

du•-•-JN; l J . 
x = (

2
11")' dada'nv-•(a,a')!Y- 11 (a,a',E0 )exp{ialn x} [N(O,uf:,'-

-w.,(a, a')) - N(uf":,' - w.,(a,a'), u;.~ - w,.(a, a')).] [u;.,';' - w,.(a, a'}t
1

, (4.7) 

r.ne 

J 
duPN-•X 

n•-•(o,a') = dz exp{-i(a.+a')lnz}dz, 

J 
duhN-hX 

w,,(a,a') = . dz exp{-i(a+a')lnx}dz, 

J 
du•N-Jf.;X 

n·-11(0,a',Eo) = dx -~;t;z'E0)exp{-ialnz+ia'lnz'}dzdlnz', 

1 J - . - 2 N(ui,u2 ) = -- [exp{-u1T(-oo, oo, B)} - exp{-u2T(-oo,oo,B)}]d B. 
<72 -U1 

(4.8) 

( AuanorH'IHble BhlpalKeHHll ucnoJih30BanHCh np.K HaxOlK.UeHHH ce'!eHKil B HeliTpOHHhlX ny'l\(ax ). 

B J>e3YIIbTaTe npose.neHHhlX pac'!eToB y.nanoch·OO'hllCHKTh A-3aBHCllMOCTh, ua6n10.naallly10cll B 

3KCilepu,eBTa.x [102-103].'0Ka3anOCh, 'ITO BenH'IHHbl noxa3a.Teneli a llllll ce11:eH11i pA-+ J /.PX 
(102) H nA-+ Jf!f;X (103], npoKHTerpupoBa.JWhIX..IlO_-X B HHTepaa.ne OT 0,2 (0,25) .no 1, npH­

HHMaIOT 3HaqeHHll 0,84+0,91 B 3a.BHCHMOCTH OT Bbl6opa napa.MeTpOB B cneKTpa.x 3IIeMeHTapHhlX 

npoueccoa. ( Ilp11 3KcnepKMeHTa.JihtlhlX 3Ha'!eHHJIX (102,103] a ~ 0, 9 ). Bhlno ycTa.HosneHo, '!TO 

BKJ!a.[l OT npoMelKyTO'IHhlX Ka.Ha.JIOB B ce'!eHHe MOll<eT .[lOCTKraTh 40 3 II CHilbBO BnHlleT na 3aBH­

CHMOCTb OT a TOMHoro. aoMepa. ( Be3 y'leTa nepexo.nos p( n) -+ 7r -+ J / 1/J a ~ 0, 8 ) . 

3a.MeTHM, 'ITO BblpalKeHl~e (4.7) nony'leHO B CTaH;apTHhlX npe.nnonolKeHHllX TeopHH fnay6epa. 

0.llHa.Ko .nna: HellBHoro y'leTa nepexo.nos BH.!la p-+ n-+ · · ·-+ J/.P B pac'l:eTa.x [101] 11cnonh30Ba­

nach napa.MeTp113anKll dupp-pX /dz= const = uf:,'. IlpaKTH'leCKH (c 'IHCTO paC'!eTHOlt CTOpOHhf) 

3TO B 3Ha'lll~enbBOH Mepe HHBenHpyeT no.11xo.n [101] c MO.llCilhlO [29-31], B KOTOpoii '.nnll cneKTpOB 

p(H.)N-+ H,X npe.nnonara.eTcJI a.Ha.nornqaall 11opMHposKa (2.12). 

B pa.60-re (101] npHHHMa.JIOCh TaxlKe, '!To ace IIHOHhl, polK.na10muecll B pN-coy.napeHHllX B 

KHHeMaT1111:ecKOii o6nacTH z > 0, 2 , JIBnJllOTCJ! llpllMhlMH. B CBeTe nocne.nBHX 11aHHhlX [89] Ta.­

Koe npe.nnonolKeHHe MOlKeT nOKa3a.ThCJI cnopHb!M, 0.[lHa.Ko, Ka.K 6y.neT BH.[lHO 113 .[la.IIbHeilUiero, OHO 

Bnonue COOTBeTCTByeT TOH TO'IHOCTH, c KOTOpoii, B npHHUHIIe, MOI'IIH 6b1Tb OilKCa.Hbl pe3ynhTa.Tbl 

[102,103]. 

4& 

PaccMOTpKM npo6neMy y'leTa Ka.Ha.nos p--> M --> J /1/J 6onee .neTanbHO (104). Ilpe)KJ.le scero 

nejle.n Ha.MK B03HKKa.eT 3a.lla'!a KoppeKTHOro Bbl.lleneHHJI IlHOHOB H Me30HHblX pe30Ha.HCOB c Ma.JIOH 

.[lnHJIOii o6pa3oBaHHll B pN-coy.napeHHJIX, KOTOpble H onpe.nenJIIOT BKna.n YKa3aHHblX nepexQllOB B. 

o6pa.30BaHHe '!apMOHHll Ha Jl.llpa.x. 

B [87] npH IlOMOIUll MQllMH KBapK-fnlOOHHblX CTPYH (MKfC) [j5,36] 6blnH onHCaHbl HHKIIJ03HB­

llhle cneKTpbl nHOHOB B nponecca.x pp ..... 71" x H pA -+ 71" x . 0TMeTHM, 'ITO cneKTpbl, nony'laeMble 

B MKfC, Ka.K H so BCllKoil .nyanbHoii Mo.nenu, ecTh cyMMa cneKTpos scex 'laCTJlll .naeeoro TJma, 

H npllMhlX, H pO.UHBlllHXCJI B pe3ynhTa.Te pacna..na pe3oHaacos. Ilpu noMOIUH MKfC MOlKHO Ta.KlKe 

onpe.nenHTh cneKTpbl OCHOBHhlX Me30HHhlX pe30Ha.HCOB ( p, w, ,,, f,, a, ~ ... ) H, 3Ha.JI [105] Ka.Hanbl 

H llIHpHHhI pacna.na 3THX pe30Ha.HCOB, OT.[lenHTh npllMhle Me30Hbl OT paCila.[ll!blX. 

CTae.napTHaJI <j>yHKUHll <j>parMeHTauHH .nnJ1 npouecca hp -+ M X B MKfC B ca.MOM o6mew 

BH.[le MOlKeT 6b1Th npe.ncTa.BneHa Ka.K 

G;[
99

) = aM(l - z)l':f,,>P;(,,)(z), (4.9) 

r.ne noKa3a.Tenb /J:{
99

) Bhl'IHCnlleTcll TeopeTH'!ecKH npu z -+ 1 , P:{.,)(z) - HeKoTOpblJ: ·no­

IIHHOM OT z ' onpe,nenJleMblii 3MII1IpH'leCKH H o6ecne'IHBaJOIUHii nnaBHhlli nepexQll OT o6nacTB 

z-+ 1 K z--> 0 . B 6onhllIHHCTBe .cny'!a.eB MOlKHO npH~llTh P(z) ~ 1. Ko3Cfl<1>Hl{HeHT aM onpe.. 

.nenlleTcll nnoTHOCThIO qacTHU, po.nHBlllHXCll B neHTpa.JibHOii o6nacTH npH z -+ 0 . B [88,106] 

6blno nony'leHo a, = 0, 68 , a B [107) - a, = 0, 27 . KpoMe .Toro, B [107] B3· TeOPeTH'lecKHX 

coo6palKeHHli 6blnH Haii.ueHhl KOHCTaHTbl aM .[lllll Me30HOB co CilHHaMH 2++' 3-- H 4++ : 

a~2 = a!2 ~ 0, 38~! ; a!, = a;, .:::! 0, 21a! ; a;. = a!. :::! 0, 13a! . 
.3Ha.JI 3TK KOHCTaHTbl, MOlKHO nony'IHTb cneKTpbl p, w, J,(1270), a,(1320), i.i.(1670), Ps(1690), 

. J.(2050), a.(2040) -Me30HOB. 

B [104] npe.ncTasneHbl pac'!eTHble ·KpHBble du /dx .nnll p,. w H J,(1270)-Me30HOB B nponeccax 

pp-+ M X npH E 0 = 400 I'aB. XopoUiee cornacne·c pe3ynbTaTaMH [89,HiS,109] .na.eT OCHOBaHHe 

npe.nnonara.Th, 'ITO MO.[lenb [1()7] ' 6y.neT npaBHilhHO onHCblBa.Th u· cneKTpbl pe30Ha.HCOB c. 6onbl1Ill­

MH cnHBaMH, Ta.KHX Ka.K a,(1320), w~(1610), p3(1690), J.(2050), a.(2040), 3KC~epHMeBTanbBble 
.naaHble no KOTOpblM OTCYTCTBYIOT. 

TaxHM o6pa3oM, 3a.lla'!a cBO.UHTCll K cne.ny10me1o1y : H3BecTeH HHKIIJ03HBHhlli cneKTp du••-M'X /dz 

Me30Ha M' , KOTOphlii pacna..na.eTcll Ha HecimnhKo '!acTHU, M' -+ a + b + c + · · · . Hae HBTepe­

~yeT BBKIII03HBBhlil cneKTp '!aCTHUbl a . IIQ11o6Hble 3a.lla'IH .nocTaTO'IHO nQllpo6uo paccMoTpeBhl B 

yqe6BHKaX no penllTHBHCTCKOil KHHeMaTHKe (cM., HanpHMep, [110]). Pac'leTHble <j>opMYJlhl BecbMa 

rpoM03.llKH, H -i.nech Mhl orpaHH'IHMCll IIJl.lllh cso.nxoil ocHOBHhlX pe3ynhTaTOB. ( IIQl!Po61iocT• cw. 

·B (104)}. 

Ha puc. 4.6 npuse.neHbl cy1rnapHble BKIIa.llhI .nByx- H Tpex'lacTH'IBYX pacna.nos B pOJKJlf!JDle 

IlllOHOB B cpaBHeHHH co cneKTpaMH npllMhlX IlHOHOB. ( 4eTblpex'laCTB'IHble pacna.llhl B .nauuoi 3&­

.na'le He npe.ncTaBnllIIH HHTepeca, B 'laCTHOCTH, BBH.llY ManOCTB ce'leBHii polK.lleBHll pe30HaHCOB c 

IlO.llOOB:blMH KaHanaMH pacna..na ). 

Kax cne.nyeT H3 puc. 4.6, npu z > 0, 3 _npaKTH'I,eCKll see nHOHhl B nponeccax pp-+ 7r X llBnll­

IOTCll npllMblMH. 3TOT BblBO.ll He MOlKeT H3MeHHTb II y'leT pacna.noB 6apHOHBblX pe30Ha.HCOB .0. • 

N' . KaK noKa3anH pac'leThl (104], ce'!eHHll polK.lleBHll 3TBX 11:acTHU ClilllllKOM Manhl [89], 11:T06w 

cymecTBeHHO H3MeHHTh npHse.neHHhle Ha p11c. 4.6 pe3ynhTaTbl. ( .BBB.llY 6onbwoi pa3HOCTI uacc 
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.- • 11 .P"~ - ·~~ ~KpOBaKH ao6DcT• z ! 0, 1 ,. 
ft-, 'l1'0 B paOOn [101) 9llJe - IS ofiaaCTW % > 0,2 C'DnJIICI> Dpoo.DOl­

y~ new+- J -'Ill, a w:tmocn&. .9JllOllLDO- &.KTpoe DllllSlle c mepr_. ~ead 
df - Jf•X • - ~Tl>, no Wpe&M>CTL, .-yen· ... (Ull) gp• panere"' -­
,__ ,,,_ .. - .1/# ,&ma-111 -· { ._. ~....,.. "IUUOCTlo--(98) 

• ~ - I •- {102,101} ). 
-'---- dipA1ol ..-p' ~ -.--~ llpPllU - pen-a-re 

,,. ... h. .... T.JL. (cx. (HM)). q.p, ..-nJI ~a: c:m5TJIUI TfSllOPIDlll'.. JIPYIW& ._ 

----~_.&Ill&; - •• - _,.6 ...... nnwrw.. 
a a n a ., F • ___... a 11• pA-+ 1,./IX , _..,..._, 'ftO • ~ 

- 'l'-+ JI - .1/<#J a upe *" r ••• ~. ~ nmopm, llmS llpwwl[ - ( Xon, 
a ;..,.. '--•o6wM:nl..,._ __ wo1a1urw•llplDDDI- ). 

Pwm•a --~ .11+ ~~aa.p11C...4..7.Kaa:111 
•lllJ. ~ ~ .... ....---_,y IDllJD....., ~ • llpmOC· 

--•r-~--.,__pML-•tUqOe.~JIUCMStpmt pA-+.1/1/IX c 

I I - P.L .,,..._.... ... -....... I ... (HMj: 

~f.X ~/#% 
lz,pi. ~) = ~.L 

Jo!_A-JJ•X 
+ (2) 

t#stPpi 

~_....,HI 1 ""/ . .:..,.L = (211"}' ~ ap{-C:r(--.z..B) + i#J1JJU/J l(z - Ia-..)x 

:xa._._ Sl""--.11~c ..... Ees1z-1'Il(a.<w:l'<~)r(,,._a.r..D)lx 
i=1 • -x,(.ii • ..ra)&.-8(7;; - r..-a~ ll ~.,.;Sit-a-.I> ; 

i=I 

~HI 

1
.,.,. _ £.... ~(211"}'~~/ ap{-<!r(-t»,z,.,j)--:fr(r...r...B)+ii.JJIU/lx 

l(:s-z.-1..) x .&.- h... n-s-1H•(z...EfiC/6-.J) ii ~J(S»_.zJ)T(r;-a.r;. B)}x ,_ ... 
-x,(.i,,77)1z,-8(~ - Z7-•~ l!. ~..,(:s1;~~1 SJl"'-•(a;.,,..a...zJ)x 

. -· 
J( n ~"";;Pcz.a.-J>rt4-i.Z;;.B)),(B.z,;)h.8,{.I;; ~"-•>)II .... .<~·~·.-J) . (.UO} 

ii=D Od .. 
/

.....:!1._-•I 
U""'-•x(::r.i) = ::,PPL ap(-9.i. 7}.fp.J.~ 

J
~-1H• 

U---'"""(z. E. M = h,,/!p.i. (z, E. p.1.) u:Jt{- ip.i. flip.._-

:J..q a ·-JI • ..,.... 
ae-..---- II , ll.u,Jlllfll « 

.-. <lf#X JhJ7.J. a {4.1.0) ~ qllJIJ" 

~·~---~ 
1'1• 

KaK ynpyroro, 'raK ll ueynpyroro pacceEuur ua ll}'IlIOllaJC ll,llpa. 

B pac'leTax [104] cneKTpbl Dpl!MhlX IlJIOHOB H 1Le30llHHX pe3011aBCOBy v,,::-111.x /dztl.2p.J. 'oape-­

JleJIJIJlllCb cornacHO M~Jll[Ke, DpHBellilfflHoi BYUre; n;llJI OlaC311JlA COOTBeTCT~ ...... w:nmcTII 

OT Pl. 6b1Jla BCD01lb30BaHa napa.Me'l'pll3amur ~ exp{-bp.J.} {68,69}. 
HHKJI10311Bllble ce'leHH a.Apopoll(JleHBJI J /.P Ka H}'KJIOHe napu1e'l'p:DOBalDlc::& B Im.Ile (111}: 

dof5,•)N-Jf•X 
(~) d2 ~ (1- lzp - zol}"(l - M,./..;a)'"exp{-b(a)p.1.} , (4.11) 

Xp Pl. 

rne c = ci/(1 + c2/..(i), b(s) = 1/(b1 + b2/..(i). 3Ba'lellJU ua~ z 0 , c1 , ~, "1 , '2. • 
n .llllll Ha.lle'l'a.JOillllX DBOHOB )[ IlpoTOHOB np~ B patloTe [lllj. ( .llJU lteJOllllblI peJOllallCOB 

OHB Bbl6BpallllCb TeMB JKe, 'ITO B .llllll DBOHOB ). 06mu HOplOpoBKa ce'lead (4.10) Ta.a:JICe COOT· 

BeTCTBOBa.lla BeJIB'DlllaM [ 111 J. 
Cornacuo o6mHM npllH.mmaM (30,75J, J>acnpe.neneHBJI nn.a cneITpoS HN-+ HX • H.N-+ 

H .X JlOlllKllbl 6HJil!I 6L1Tb )[JleHTll'IBLIMll KCD0Jlh30BaBllblM pauee [30]. 

Jin.a cpaBHeHBll c 3KcnepxMeBTaJibllLlllll JlaBllbllOI (41J BWIBCJI.aJIJICb OTllOlllelDU llllJl& (4.1) 

Jlllll HBTerpallbHLIX II Jlll4>4iepeHilllallbHLIX Ce'leirai. 

Ha pile. 4.8 n~cTaaneHL1 uaA.o.eBBble a (104) OTHoUiemu (4.1) Jlllll ce'lemd., npollBTerpa:p(>­

aaHJIJ;(X B o611acTK 0, 15 ~ Xp ~ 0,65, 0 :5 Pl. < oo np11 E0 = 800 I':>B. Ilpl(B('Jlellbl TaJUR 

COOTBe'l'CTBYIOIUBe proyJlbTaTLI pa6oTH [19]. 
0'1eBIUUIO, qTo, HeCMOTpll Ha «!JaKT11qecxoe OTCYTCTBBe cB06Qnm,o: napaMeTpoB, Dp1IMeJlell1faJI 

M()JleJib npHBOJlHT K 3Ha'IHTeJibHO ny'lllleMy cornacHlO c naH1lblMK (41] .llllll T.-.en:oro .sJlPlL ~ 

paw a. 

'·ho KacaeTc.11 OTHornenBii R,.111 (xp) nnll ce'leHlli, npoHHTerp11poBaIIJIJ;(X no Pl. , TO :meci. 

cornac11e c 3KcnepHMeHTOM OKa3aJJOCb n.pKMepHO Ha TOM JKe. ypoane, '!TO )[ B paOOTe (96}. B Ka­

'leCTBe npKMepa Mbl npKBOJIHM m1:A.o.eHHY10 [104) 3aBH£1lMOCTb Rw18(xp )· .llll.& upa BOJIMl>pava 

(p11c. 4.9). IlpH cpaBBCHHH c a.Ha.IIOrH'IBblMll pe3YllhTaTaMI pa6oTb1 [19) Tpymro OTJla.Th Dpe.llllO­

'ITeHJle xaxoi-J1H6o 113 1.mneneii. ( Kpnhle .llllll 6oiree neruoc uep ae.nyT ce6_.a cxQlllll,lM o6pa.30M ). 

Bo3MOJICHO, o6e MOlleJIH Ha naHBoM ::>Tane He Ha.GTOJlbKO To'IBbl, 'IT06LI neTaJibHO ODBCLIBaTb 3a­

BBCllMOCTb ce'leHJlii pA -+ J /.PX OT Xp • !IaJibHeiruxe 3ICDepllMeHTH, DO-SllJUIMOM)', ororyT 

DpollCHHTb CBTyamo<>. 

BaJKHL1M npeKMyme<:TBOM npewtoJKeHKoro m:wxo.na IBJI.aeTc.a B03MOlltBOCTb KcCJl~BalUlll sar 

BHCBMOCTB cneKTpoS hA -+ J/,PX OT TpexMepnoro nmym.ca. 'lapMOBII. ( MQlleJlll _(16-20]. 

BacTOnIUli MOMeHT BeCbMa nanex• OT 3TOro ). 0TMe'l'IM, QllBaIO, 'ITO pac'leT 3aBBCJl)(OCTJI OT 

. P.i. cornacuo (4.15) npe.acTaBJI.aeT co6oii, B006me rosop11, Be'l'pBBia.Jlhll)'lO Sbl'IICJIBTeJlbll)'lO sar 

na'ly. 

Ilony'leHllble B (104] pac'le'l'Hble xpHBI>le RAtH(PJ.) .M• ce'lemd: hA-+ J/"1X, npoBllTerpI­

poaaBBhlX B o6JlacT11 0, 15 :5 Xp ~ 0, 65 , IIp111M'JleBH ua pac. 4.10 - 4.13. Cornacie c 3KcnepllMeB· 

TOM [41} .llll.I scex 'le'l'LIJ>ex uep ( C , Ca, Fe , W) MOJICHO c'IJITa.Tb BDOJIHe y.DPBJieTBOpBTellbHLIM. 

4.3 3aKJIIO'IHTI!Jll>Hhle BhlBO.Qbl 0 npoQeccax hA--+ J/tfJX H hA--+ µ+µ- x 

0TMeTBM npel!C.lle acero Te BLIBOJl.hl, KOTOpLre HenocpenCTBeHllO CJlell)'IOT B3 Il~CT&BJleJlllblX 
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; 

I 

pe3yllhTLTOB (96,97 ,101,104] 
1) npH TO'IHOCTH cymecTBY!OlllKX Ha cero.UHl! 3KcnepHMeHT3JlbHblX ,llaHHblX ,;eT .JO:TaTO'IHblX 

ocHoBami:ii nonaraTb, 'ITO ce'l eHHe nornomeHHJI napbi <;c B m epHoii cpene H ce'le!'t'.• FJeynpyroro 

pa.cce1lHHJI cc Ha HyKnOHax mpa cymecTBeHHO OTJIH'IHbl OT Hym• 

2) :><jMl>eKT "no.uaBJieHHJI'" J /1/J B HHTerpaJ!bHblX ce'leHHllX nponecCOB hA ---+ J /,PX o6ycno­

BJieH, .6 OCHOBHOM, pocTOM ceq•rnHii u(hA -; Jj-1/•X) c pOCTOM 3HeprHH HaJ!eTalCIUeiO '".llPOHa; 

3) .dCKa>KeHHe CTpyKTYPHbIX <l>YHKU!lii MOpCKllX napTOHOB .unll mepHbIX HYKJIOHOB He npllBO.llllT 

K 3aMeTHOMY :><jMl>eKTY B Ce'leHHRX a.upopO>K,lleHRJI cC Ha ll.Upax. 

3aMeTHM TaK>Ke, 'ITO, c HaUieii TO'IKH lpeHHJI, TaK Halb!BaeMaJI .UR<j>paKUllOl!Hall K01dllOHeHTa 

[38] anpopo>K.lleH11J1 J /1/J ' ( c noKaJaTeneM B A-laBHCHMOCTll a ~ O, 7 ) o6ycnoaneHa H~ " HoBhIM 

Mexa.HY3MOM o6pa3oBa.HllJI J/1/J" 2, a npOCTO COOTBeTCTByeT nepBoMy qneuy pa.3JIO>KeHHJI (4.2) 

( = N1(uhN )duhN-J/.pX /dx ), npennona.ra.iomeMy o6pa3oBaHHe cc B nepBOM He!lR<j>pa11.uH0HnoM 

aKTe ~oy.ua.peHHJI B mpe ( N1(u,N) ~ A 0
•
74 , N1(u.N) ~ A 0

•
79 

). 

Ha <j>oHe ycneUIHoro 01111ca.HKJ1 npoueccos hA _,. J /,PX B npHMeHeHHOli Mo.uenll CHTya.UHJI c 

nponec~K THna. llpenna.-5!Ha. Ha mpax, hA -+ µ+ µ- X , Mo>KeT noKa.Ja.TbCl! napanoKCaJ!bHoii 

Cne.uyeT, onnaKo, npHHJITb ao BHHMaBue, 'ITO "npolpa'IHOCTb" mep nnl! npenn-JIHOBCKoro KOHTH­

nyyMa. ( Mµ+µ- ~ 4 I':JB) HMeeT, no cyTn nen<L, OTHOCHTeJibHblii xa.paKTep. Ta.K, .uaHHble [24,41] 

o6 yMeRbUieHHH R1]j8 c pocTOM XF u pocTe aDY c pocToM perHcTpHpyeMoro_nonepe'IHOro 

HMilyJibca. napu µ+ µ- YKalblBa.IOT Ha KpaTRble Bla.HMOJl')HCTBHl! B mpe COCTOJiHHli c onpe.ueneH­

HblMH ce•reHHeM ll cneKTpaMH. 

KaK y>Ke yKaJuaa.nocb, npHllURil\fa.JibHoe oTJill'IHe npoueccos THna Ilpenna.-5!Ha OT npouec­

cos anpopo>K.lleHHJI cc 3a.KJIIO'laeTCJI B npllMOM yqa.cTHH BO B3aHMO.UeiiCTBHH aa.neRTHOii KOMIIO­

HeHTbl Ha.neTa10mero anpona h . IlpH x F > 0 npoueccbl aHHHrHJIJIUHH OllHOI'O H3 Ba.neHTHblX 

KBapKOB (a.HTHKBapKoB) h c MOpCKHM napTOHOM MHWeHH llOJl>KHbl llOMHHHpOBaTb B cneKTpax 

duhN-µ+µ- x /dxF . CooTBeTcTBeHHo, >KecTKHe cTp,vK·:ypuble <j>yHKUHH aa.neHTHblX KBapKOB npn­

BeJIH 6bl K cymecTBeHHOMY pocTy 3THX cneKTpOB, orofieHHO npn x ::: 1. 

fipencTaBH!>f BeKTOp COCTOllHHl! anpona h B MOMeHT -BpeMeirn, npe.uUieCTBYIO!IlKii BlaHMO.Ueii­

CTBHIO c mpoM, B BH.lle cynepnoJHUHH aeKTopoB cocTo.surnii c pa3JIH'IHOii .uoneii HMnynbca, yHocH­

Moit MopcKHMH na.pToHaMH. OcHOBHoii BKna..u B ua6nionaeMbie ce'leHHJI npoueccoa nrnallpenna-5lna 

nomKeH COOTBeTCTBOBaTb COCTOllHllJIM c OTHOCHTeJibliO illeCTKOii B<WieHTHOii H MllrKOii MOpCKOii KOM­

IlOHeHTa.Mll. Ho no.uo6Hble cocTOJIHllll 6ynyT o6nana.Tb 6oJiblllllM K03<p<j>HUHeHTOM_ ynpyrocT11 npu 

Blal!MO.UeiicTBKll c HyKnOHa.MJ1 mpa, 'leM cpenHee anpOHHOe COCTOJIHlle, 11, ooo6me I'OBOpll, MeHb­

IIIHM He,llK<j>pa.KUKOHHbIM Ce'leHHeM. 06a 3THX <j>aKTOpa B Bblpa;t<eHHJIX, no.uo6HblX ( 4.2), npHBO,llJIT 

K pocTy noKaJaTeJieii a a A-JaBH· HMO< r11 HHKn!OlKBHblX cneKTpoa. 

0'1eBH.llHO, aHa.norH'IHblii MexaH« M ~.o>KeT 6b!Tb cymecTBeHHbIM TaK;Ke a npoueccax anpopo· 

>K,lleHHJI Ha. mpax bb-coCTOJIHllii [11'' 
llnll neMOHCTpa.um1 Henpo1 Haopc•< DuCT11 nono611oro no.uxona. 6blna npoae.ueua [97] oueHKa ce­

'leHHii npoueccoa llpenna-5!Ha Ha llL ..x, hA-+ µ+µ- X , B npocToii napToH11oii Mo.uen11 [113]. B 

Ka'leCTBe nepaoro npK6n11>KeHHJ1 .um1 1., Ta.10IUero npoToHa. 6blnH l!cnonblOBaHbl cTpyKTYPHbJe 

<l>YHKUHH, cooTBeTCTBYIO!lllle c)>enHeI>t ·•roToHHOMY cocTOJIHHIO Kai< noKJ.laHO B pa6oTe [97], np1' 

2 CeJt3a.HHOl'O, no MHCHKIO a.BTOJIOll [19, 'clCpblTblM "la.pMoM" B 80.:bl 1.:1LUHH H&JieT310l.Uero a.n.poHa 
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3Ha'leHllllX K03<1><l>RUKeHTa ynpyrocTH kjJ = 0, 9 H He.uR<j>paKUllOHHOI'O Ce'leHHJI 17HN = 7 M6 .uo­

c rnraeTCJI anonHe y.uoaneTBOpHTeJibHoe onHcaHHe na.HHbIX [41 J no OTHOWeHHllM RDY (A/ H) .UJIJI 

K nerpanhHbIX ce'leHHii npH E0 = 800 I':JB . 

PalyMeeTcll, nocnenHHii pelynhTaT ynoMJIHYT 3.Uecb, rnaBHbIM o6pawM, a Hnn10cTpaTKBHblX 

ue1IJ1x. 

4.4 06 A-3aBHCHMOCTH B a.Apopo)l(,zteHHH oqaposaHHhlX 'lacTHU 

IlpH a.Ha.JIR3e npoueccoB hA-+ hc(h,)X MbI 6y.ueM HCXO.UHTb, B OCHOBROM, Ill TeX >Ke npennono­

JKeHHli, 'ITO K npH onucaHHR cneKTpoa hA-+ J/.PX. B 'la.cT HOCTK, 3TO .Ka.caeTcJI npeBe6pe>KHMoit 

Ma.nocTH ce'leHHit norm;>meRHJI H Heynpyroro pa.cceJ1HHJ1 c(c}-KeapKa B mepHoii cpene. EcJIH B 

Ta.ICOM no.uxo.ue npRHJITb, 'ITO o6pawsaHHe. qa.cTHU c "OTKpblTblM qapMoM" , Ac, D ,. . ., npH pa.c­

CMaTpllBaeMblX 3HeprKllX npoKCXO,llHT la npe.uena.MK ll.llpa. (Ka.IC 11, IlO-BK.llHMOMy, J /.,P [94]}, nnll 

KHICJI!OlKBHbIX cneKTpoB duhA-h.(h;:)X(x, E)/dx MO>KHO npll.llTH K Bblpa.JKeHlllO BHJla. (4.2} (c ~e­
HOii duh(H)N-J/.pX /dx-+ duh(H)N-h. (h;:)X /dx ). 

CTporo roaopJ1, Taxoe Bblpa>KeH11e 6yneT TO'IHhlM JIHUib .,llJIJI cneKTpoB oqa.posaHHX 'la.cTJm, 

He co.ueplKa.!IlKX BaJieHTHblX KBa.pICOB Ra.neTaK>mero 3JlpoHa h , IlOCICOJibKY OHO He Y'lRTLraaeT 

HeynpyrKX BJaKMo.ueiicTBHit aa.neHTHciro KJia.cTepa. H nocne a.ICTa. o6pa.30Ba.IDUI cc·. 0.lllla.ICO B 

nepBOM npK6m1>KeH11H 3TK B3a.HMo.ueiicTBHJI MoryT He y'fllThlBa.TbCJI H .un• O'lapoBaHllblX anpoBOB 

n JIHJlHpy10mero" TKna., BBK.lly Toro, 'ITO KBapK c(c) c MOMeHTa caoero o6pa.30Ba.HRJI .llOllJKeH necTH 

·ocHOBHYJO non10 KMHYJibCa perncTpKpyeMoro COCTOJIHIIJI hc(h;) (95]. B ocOOeHHOCTR, 3TO npencTa.­

BJIJleTtll onpaa.uaHHhlM npu OllKCaRllH cymecTBYJO!IlKX 3KCnepHMeHTa.JibHhlX .ll~WX [114-120] no 

A-3aBRCllMOCTK cneKTpoa hA-+ hc(h,)X , ne OTJIH'laIOillHXCll BblCOKoil TO'IHOCTbm. 

BolMOJKHa. K HeCKOJibKO HHall Ka.pT11Ha. npouecCOB .hA-+ hc(h,)X , COOTBeTCTBYJODI.all Ma.Jll>lM 

BpeMeH<LM o6pa30BaHBll O'lapoBaHHblX anposos, T < d . B 3TOM cnyqae B!.lpa.JKellJle .llJI• llHKJIJOlllB­

HblX cneupoa npKHllMaeT cne.uy10Ulllii BK.ll [121,122]: 

duhA-h 0 (h0 )X l J 
x _ (x,E0 ) = (

2
ir)

2 
dada'nh-h.{hzl(a,a',E0)exp{ialnx}x 

X N (o-hN _ whN (a a')· 17h.(hz)N _ wh.{h-.)N(a)) 
tn 1n , ' 1n 1n ' 

(4.12) 

r.ue 

nh-h.(h;:)( a, a', Eo) J 
d17hN-h 0 (h0)X 

. dx (x,x'E0)exp{-ialnx+ia'lnx'}dxdlnx', 

duh(H)N-HX 
w:::"(a,a') = j •n dx (x)exp{-i(a+a')lnx}dx, 

d ho(hz)N-h.(h-.)X 
w::;<h-.)N(a) = j 17•n J_ (x)exp{-ialnx}dx. ( 4.13} 

ilm1 napa.MeTpKla.UHH HHKJIJOlKBHbIX ce'leHHli pea.KUHR AcN -+ AcX H DN-+ DX B (4.12) 

6hlJIH ucnonb30Ba.Hbl cnenyJOUlHe coo6pa.>KeHHll [121,123]. Ka.K yJKe yxaJuBa.nocb, c-ICBapx, uaxo,IUcb 
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II 

B cocTaBe A, Hnll D , J1Bm1eTcJ1 nn.U11py10Ul•·" '> qTo cnenyeT ll3 ycnoBHll paBeHCTBa cxopocTeii 

c-KeapKa 11 nerx11x K»apKoB. 3To ycnoeue .a.aeT cpe.a.Hee 3Ha'!eH11e .a.onH 11Mnynbca B A, (D) , paB-

11oe < x, >A
0

=e 0, 71 (< x, >v=e 0..-83}. Bw6Hpall <j>yHKUHIO pacnpe.a.eneHHll cocTaBHOfO c-KBapxa 

B 0'13.p083HKOM a.a.poKe B K3.1!60Ilee npOCTOM 811.D.e c(x) ~ x"(l - x ), nony<lHM, '!TO npHee».eHHbIM 

3H3.'leHllllM < x , > OTBe'!alOT aAo = 2, 5 , av = 5 . 0TCJO,[J.a, c y<leTOM M<l.nOCTll ceqeHllll (!;:; , 
MOlKllO npl!HllTb dCTAoN-A oX /dx ~ x 2 •5 (1 - x); dCTDN-DX ~ x 5 (1 - x). Ko:i<j><pHUHellTbl nporrop­

UROH<J.nbHOCTH <j>HKCHpy10TCll 113 ycnoBllH CT;n(A, N) = 2/3 CT;n(pN) , CT;n(DN ) = 1/2 CT;n('1r N) , 

cnpaeennHBblX B MO.D.Mll COCTC.BllblX xeapKOB If HeB33.l!MO.D.eilcTBYJOUlero c-KBapKa. 

B [121 ,122] .a.11<j><!JepeKU1!anbHbie ce'leKHll polK.a.eKl!ll A" D ew611pan11cb B Bil.Ile 

dCTpN-A oX -~ (1 - x)0,4 ' 
dCTpN-DX ~ (1 - x)3 (4.14) 

dz dx x 

e cooTeeTCTBHlf c .uaHHblMll ISR [124,125]. Ilnll y•1eTa 3aeurnM_qc-TH OT E B aKTax poll<JleHHll 

oqaposa11Hb1X a.upoHOB 1tcnonb3oeanHc~ pe3ynbTC.Tbl [126]. 
31tecb ·11 .uanee Mbl He KacaeMCll npouenypw rrepec'!eTa ( cM., 11anpHMep, [127]) HHKnJ03HBHblX 

cneKTpOB hA --+ h,(h,)X 'CBll33.l!HOfO c perncTpanHeii B 3KCIIepHMeHT3.X [;14-120] rrpllMblX pac­

IlaJll!blX nenTOHOB. 

Pe3ynbT3.Tbl onHcaHHll :>KcnepHMeUTaJJbilblX iiau~wx [ 118] no A-3ae11cHMOCTH B npoueccax 

pA --+ h,(h;;)X --+ v,(V,)X apH E, = 400 I':JB Ha oCHoee BbipalKeHHH (4.12} - (4.1>1) npencTa­

eneHbl Ha p11c. 4.14 8 BHJle nyHKTHpl!OH Kpueoil. 

PacqeT aHanOfll'!HblX ceqe1111il B MOJleilll [128] c 6onhWHM epeMeHeM (T > R) <j>opMHpoeaHHll 

O'lapoeal!Hb!X aJtpOHOB c IlOMOUlblO BblpalKel!Hil nrna ( 4.2) OTilll'laIICll OT npencTaeneHHOfO Bblllle 

nlllllb 11cnonb3083.l!HeM HeCKOnbKO HHOil 3a811CllMOCTll [\29] OT Js B :>neMeHTapHblX ce'!eHHllX 

pN ~ h, (h0 )X . 
CooTBeTc:rey10ru11e pe3YIIbT3.Tbl Jllill noKa3aTeneii a(xµ) 8 TC.KOH MO,I{eIIH npHBe».eHbl Ha pHc. 

4.14 e BHJte cnnonrnoil KpHeoii . 

KaK cne.uyeT H3 p11c. 4.14; o cornae11u c ncnepuMeHTOM pe'lh MOlKeT HJlTH TOnbKO e cnyqae 

T>R[128] 3
.· ... 

IIpelKlle, 4eM nepeiiT11 K pe3ynbTaTaM onHcaHHll .upyr11x :>KcnepHMeHTanbHblX naHHblX e Mone­

nH [ 128], OTMeTHM cneny10ruee. 

B pa6oTe [96] npH BbI6ope .popMbl JlIIll cneKTpoe pN--+ A,(D)X , eMeCTO (4.14), ucnonh30Ba-

nHcb 6onee Il03JlHHe .ua11Hwe [131]: 

dCTpN-A 0 X 

dxp 
(1 - Xp )

2 
' 

dt1pN-DX 

dxp 

(1- Xp)
3 

Xp 
(4.15} 

KpoMe Toro, e [96] JtH<j><j>epeuuHanbHble ceqeHHll H N--+ H X H H,N ~ H,X napaMeTpH3oea­

nucb B BHJte (3.6) c <j>HKCHp083.HHblMJI KO:><j><j>HUHel!TC.Mlf yrrpyrocTll, 8 OTnH'!He OT [128,132], r.ue 

11cnonb30eanacb npocTeilwaR <j>opMa dCT /dx = const = CT•N . HecKonbKO oTnH'l<J.nCll e pa.6oTax 

[96 , [128,132] 11 BHJl 33.BlfCllMOCTll OT Js B ceqel[lfl!X hN --+ h,(h,)X ((4.4} BMeCTO [129]). 

01tt1aKO, K3.K Bll.D.110 113 np11ee1teHl!blX B [96] ll [128,132] KpHBblX, c y'leTOM HeBblCOKOH TO'IHOCTH 

i A-3a.BHCKMOCTb B npoueccax pN - Ac(!J)X Hccne.nooanach Tautce [130] e llpeJlOOno>KeHKM, 'ITO OCHOBHOi IaHaJI 

o6pa.3oBa.HKI O'lapoea.HHblX 11a.cTHU cooTee-rsTeyeT <t>pa.rMCHTaUHK npoMelKyTO'IHblX 1ma.cTepoe H . O.n.auo ' 11 3TOll 

cnyqa.e 3 H3'1.CHKl ,llJU. ROKa.3aTelleii: a Q)(a.3blBa.JIMCb .na)l(e MCHbWHMll, 1ft:M B MQll.CllH [121,122] . 
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.a.aHHJdX (118-120] , -:-axHe H3MeHe >rns npaaT&'IPc.1111 a .. c .. a ,...'l llCb • a pe3ynhTaTax onHcaHHll A-

3aBHCHMOCTIL Ilo aaanorH'!HOH np1NJIBe pac:'{e'T Bll.114.J~OI! n powe..ay ro'IHblX, Me30HHblX KC.HaIIOB R 

peaKUHllX pA --+ h,(h"E)X · no THny npoee!IE'llHOTO {104} .nnll npoueccoe pA --+ J /1/JX rrpencn­

Bllllncll aa .a.a HHOM J'rane Heuenecoo6p3.3HblM' 

Ile.nee Mbl npHBOJlHM OCHOBHble 'IHcneHHble ~YJ!bTaTU ,ia.6oT (128,132]. 

IloMHMO lleJIH'IHH a(xv) , npenCTaeneHHblX Ha p l!C- 4.14, B [128] onpenenllnHcb 3Ha'!e1111J1 rra­

paMeTpoB al x) ll /3( x ) B a.n n po><rHMC.Ullll 

, pA-A.(D)X 
•• •f f 

npH E, = 400 I'3 B (pHc. 4.15 ). 

dCTPA-A o{ D)X /dCTPN-A ,; D)X '.:e 

dz dr 
~(z) A'*> (4.16} 

IlpH cpaeneHHH c JlaHHblMH [120] no npoueccaM pA --+ ho(h;;)X --+ µ+(µ-)X rrpH E, = 

300 I'3B HeT HeOOXOJlllMOCT H B .ueTanbHOM pac'!eTe BBHJlY 3H3.'lllTenbH.blX :>KcnepHMeHT<J.nbHblX 

OlllHOOK: <lµ - = 0, ·9 ± 0, 12 ; <lµ- = 0, 7ti ± 0, 13 Jl1lll HHTepeana XF(he(h"E)) ~ 0, 1 (120], '!TO 

JlBHO cornacv eTCll c pe3ynbTaTaM11 p Hc. 4. 15. 

IlpH ana...IH3e e [128] n p oueccoe nA --+ A,X [117] ( £ 0 = 58 I'36) nnll cneKTpoe nN --+ 

A,X npHHHManacb 3ae11cHMOCTb [133], 

dCTn N- AoX - (1 _ x) l ,5 

dx x 
z > 0, 5. 

IIocKOnbKy B 3KCIIepHMeHTe [117] BMH'IHHa x <j>HKCllpOB<J.nBCb B6nH3ll TO'IKH XA . = 0, 8 ' 

npH orrpene;1eHHH OTHOWeHHil THna (4.16) MOlKHO 6blll0 c JlOCTaTO'IHOil TO'IHOCTblO npeae6pe'!b 

3aBRCIU'OCTblO OT ,/8 B aK r ax poll(JleHHll :\, . 

IIony'leHHoe e [1 28] 3Ha'!eHHe 1tm1 no Ka3aTenR a,, - 0,78 npH 3KcnepHMeHTanbHOM 3Ha'!eHHH 

0, 73 ± 0 , 20 [117] . 

B (128] Bbl'IHcnJlIIHCb TC.KlKe OTHOWeHHll BH.Ua 

R (µ+ + jl-) = (dCTPA -hoX-µ• X + dCTPA-h;;X-µ - X) I (d(JpA-,.•+ X + dCTPA-•- X) 

11'+ + 11'- dxµ+ dzµ - dz,+ dx,-
( 4.17) 

llpH x. = Zµ . Ilnll HOpMHPOBKH ce'!eHHH dCThA- hofh;;)X /dx HCl!Onb3083.nHCb .uaHHble (134]; Hl!KnJ0-

3HBHble cneKTpbl d(T•A-•X / dx Bbl'IHCnllnHcb cornacHo MeTOJlHKe [65] . CooTseTcTsy10max KpHBall 

R(z.) ·Jlnll mpa -7u64 rrp.rnene11a Ha p11c. 4 .16 e cpaeueuHH c 3KcnepHMeHTanbHblMH .uaHHblMH 

1114-117] . 

B pa.6oTe (132] accnenosanHCb npoueccbl 11'- A --+ D(D)X . IIapaMeTpH33.UHll .un>1 ce'!eHHil 

poll<JleHHll Ha HyKnoHe 3.Uecb aw611panaci. B BHJle 

do" - 'V-DLX 

X p 
~ (1- ZF )

1
'" , 

d cf1r-N-;DNLX 

dxp 
- (1- x F)7

•
9 [135] , (4.18) 

r1te DL(DNL ) - per HcTpHpyeMhle D - Me30Hbl, co1teplKaU1He '(He co1teplKamHe) eaneHTHble xeapxH 

ua'!anbHblX 11'- -Me30HOB. CneK-rpbl ( 4.18} HopMHpoeanucb cornacuo .uaHRblM [135 ,136] . 

Ha pHC. 4.17 npe.uc:raeneHbl KpHBble .unll BMH'lllH a(x ) It /3(x) B annpOKCHMC.UHH BHJla ( 4.16) 

nn. N;f~A-DL(DwL 1X (x) Ilp.11 E.- = 320 I'3B . 

B :>KcnepHMeHTe [119] onpenenllnacb A-3as11cHMOCTb Jlllll HHTerpanbHblX ce'!eHHH rrpoueccoe 
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ir-A --> D(D)X -+ µ+ (µ-)X JI}JH E,,- = 320 I':>B . CooTBeTCTBeHHo, pHc. 4.18 H p11c. 4 .19 

110CilpOJl3llOJJ.JIT pa.c'leTHble ]leJilfq]ffi}jl JlJIJI IlOKa.:Ja'reHe.il <lµ+ JI <lµ - B 3a.R11CHMOCTJI OT HJIJKHero 

nopora penicTpamm MIOOHOB, a p11c. 4.20 · OTHOIIleHlLI U.;n1(ir - A--> DX -+ 1r X)/u;n.(tr-A --> 

DX -+ ,,.+ X ) JJ.Jll pa.:JJIY'IJfhlX JIJ].ep np.H Pµ > 20 I':>B / c . Bo ncex CJI)"lal!X TeopeTH'lecKHe ~pen­

mra3aJll[ll oIMbIBaIOTCll a cornacJDI c naHHhlMlI [119]. 

((.5. llo.IUIHCH K p.ucyrucaM K piu.ne.ny 

J>.ac. 4.1. Pac'le"!'Jfhle 1! :n,cnepJIVeHTaJllilll>re [38] :ma'leKUI Jl)Ill 11.BTeI'pa.lll.lfhlX (x;/.., > 0) ce­

"!reHHit .nponeccoB tr-Pt -+ J /.PX .... µ+ µ - x np.H pa.:JJI11'11IllX 3Hepnu:x Ba.JleTaJOIIlJIX IDIOHOB. 

P11c. 4. •. 2. Bemr'DIHhl l/RP1fH JVUI npouecca 11"-Pt-+ J/,PX npa :>neprHH na.neTaJOm;RX 

Il1!0ROB E.r- == 150 I'3B (a) H E.- = 280 I':>B (6). 3xcnepJDreHTaJlhHbl.e..D.3J[BHe 113 paOOThl [38]. 
Pac". 4.3. A-3a.BHwocrb JIHTerpaJlb!IllX (xF > 0) ce'lemdi nponeccos 11"- A --> J /,PX npH 

311.e.pT1!1! .Ha.lleXa.IOJllllX IDIOHOB E.r- = 125 I' 38. 3xcnepnteHTa1Iblfhle ,na.imhle 113 pa6orhl [39). 

PllC. 4.4. 0THOllleHIJI RwfB• B npoueccax . 1f- A-+ J / ,PX npJ1 :.ueprllll aa.neTaJOIIUIX DJIOHOB 

E.- == 125 I'aB. 3xcnepJDla11Ta1Iblfhle naaHhle Jl3 p.a6orhI (39] . 
PBc. 4.5. A-33.BJlCJIMOCTh BemI'lllll u•- A-Jf.,x (0, l ; 0, 8)/ A (xpxnaJ1 1) H u•- A-Jf.;X (0, 2; 

0, 8)/A (xpJIBaJI '2) .np11 3Hepr1!1! ua.neTaJOillKX Il1!0HOB E.- = 530 I':>B . 3xcnep1D1eHTa.nbHhle 

,lialilliile 113 pafioTLI _[40] . 
P.ac. 4..6. (a) CyMMaplfhle JIJUia.nhl 1fto1 nayx- 11 rpex'l.acnl'rnblX pa.crulJlOB B polK.lleHJle IIHO­

.HOBB J!I>'CPYJU!.P!lHJLID<. (6) lfux.n:J03HBHJ.Ie cnexrpN 1rdir npJCMhlX IIHOHOB npH E, == 400 I':>B . 

'3.xcnepHMeRTaJibJfhle JJ.aHHb!f. 113 pa.6oTN [89]. 

PJ1£. 4."T. Gu:. B T~CTe. 
P11c. 4.8. O"I'HQIII!lHHK R(A/ H) JVUI KHTerpa1Ib!IllX ce'leHH:ii nponeccoB pA --> J /.PX np11 

Ep = 80.0 I'af!. Il,Y.HX!£11JlBall xpHBa.ll cooT»ercrsyeT pe:Jym.Ta.TaM patioT.W [19]. 3xcneplDleBTa.Jib­

BJile Jia.HHliie H3 pa6oTbl [41 ]. 

Pi&e. 4.9. G>imo.ID.e1111J1 RwfIJ(xF) 11 nponecce pW-+ J/1/JX ~ cpa.BJieHllll c Jla.HllhlMll (41] 

'npB" il!;p == 800 I'3'8. IlyrucrHpHaJI xpHBall COOTBeTcr:s.ye:r J>!l3Y1IbT3.T3ilf Jl9] . 

P,ac. ·4.lQ. 0"1'HonmllHll Rc/H(pJ.) B IIJ>Dllecce pC -+ J /T/>X B qwllieH1!1! c .Ua.HJW:lil [41] 

lilJUI iEp === ·800 I'dJ. 
PJIC. ·4.11. T.oie., 1J,'.I'Oll3. p.11c. 4.10, .!lJlll lllpo11ecra pCa-+ J /,.PX . 

lPJU.. 4..U. !f:o ilKe, 'llll'O lllll. p.JtC. 4.10, JUJJI 11I~ca pFe ....,. J /,PX. 

JP.a.c. 4.'1.3. '!:o JKe., ll!Iro Illa 'PHC. 4.10, lUUI .np.onecca. pW --> J /1/JX. 
°PiJIC-. 4.14. 'Il<Ura3.a::rerut .a (du/dx ~A") .Jl.)1.1 .upo.ueccOB pA--> hc~he)X-+ lll,(v.)X lllPB 

.Efp = .tiOO r iJB JI pa!l1llllX !Ul.a!l!lHJ!J[X .a:. = p,,f Ep - .clmro.lllHlliK lll .nym:T.11Jllll1J! llipJJJJblf! • pSJJll;Ta­

!£lol pa.c!leTOB C0012!1eTCJ'D!lllllO !ll'lllQllerut (128J.JI lllQllenI (121 ,122J. ~J(~eB'l'.a..l.ll>Hlile Jla;H]lhle :113 

pa6on;rjl18] . 
P<JK..4 •. 1.5. Ila.JlaMe:JlPbl ~(.i:) JI .{J(x) B .A•5&1Ullll!MOCTJ~4.l.6) . .!U!ll:ill,llil1>eE111lBHb!XlHyxJICllDihlX 

•mce.u !N:/;-""'-.X (a) .:11 N::fJ-tD.x ~6J npll E, -== 4D.O T::a!B . 
IP.-c. 4..i6. Pac'J.!lJ:llbl!l ,OJlBQIOOlDlK R(::zc 1 .rn ~ C11.H !B llllBllllDIOCTil r01I' z,.(== 
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x. ) npH vs = 28 I':>B B cpa BHeHHH c 3Kcnep11Mel1Ta.JlbHblMH naHHblMH [11~116] JJ.m! Jl.llep 

Cu64 (\7) H Fe56 (0, x). 
P uc. 4.17. IlapaMeTpbI o(x) (a) H /3(x) (6) B A-3aBHCHMOCTH (4.16) nm1 3<j><j>eKTHBHblX 

ayKnOHHbIX queen N;1_/_DL(D,.,.)x npn Er = 320 I':>B. . 

Puc. 4.18. IloKa.:JaTenH Oµ B A-3a8HCHMOCTH JJ.Jill lfHTerpa.nbHblX ce<IeHHH npoueccos 

ir - A -+ DX -+ µ+ X npH Ep = 320 I':>B H pa.:JHblX 3Ha'leHHJIX MHHHMa.JlbHoro nponoJibHO- ~ 

ro HMnyni.ca MIOOHOB. 3KcnepHMeHTa.JlbHble naunble H3 pa6oThl (119). 

Puc. 4.19. To lKe, <ITO ua puc. 4.18, JJ.JIJI npoueccoa ir-A-+ DX-+µ- X. 

PHc. 4.20. OTnmuenHll <7in1(ir-A-+ DX -+ µ- X)/<rini(ir-A--> DX --> µ+ X) JJ..lll pa31IH'I· 

HblX mep npH Er = 320 I' :> B H Pµ > 20 I':>B. 3KcnepHMeHTa.JlhHMe naHHb!e H3 pa6oTb! [ll9]. 
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5 AApou-uepBble , B3allMOAeiicTBB.ll np~ cee~~:s:opBTeJihBbtX 

3BeprR.llX 

5.1 06 H3BJle'leHHH ce'leHHR HyKJIOH-HyKnOHHblX B:JaHMOJleRCTBHR H3 3KCnepH­

MeHTOB H~ JlJlpax 

0JIHOH K3 Balt<HeHWHX xapaKTepHCTHK, H3MeyaeMblX B KOCMH'leCKHX ny'lax, llBlllleTCll aeynpy­

roe ce'leHHe HYK1lOH-HYKJIOHHblX B3aHMo.neitctBJdl. 3aepreTH'leCKa.ll 3aBHCHMO,CTb 3TOH eenH'lll,Hbl 

JIBlllleTCJI 3aTiaCTYJO KpHTK'IHOii Jlllll pa3JIHTIHblX Mo.neneii CKllbHOro B3aHMOJieKCTBHll . 

HanHTIHe B cueKTpe KOCMB'!ecKHX 11yqeii: qacTHn ceepXBblCOKHX 3HeprHii no3\\QJilleT H3Mepl1Tb 

3TY sen:H'IHHY B 3uepreTH'leCKHX HHTepBa.nax, aenocTyIIHblX coepeMeHHLIM ycKopHTellllM. TaK, Ha.­

npuMep, B npoeKTe AHll_nnaHH!>OBallHCb H3MepeHHll npu 3Hepru11x 10
15 

- L0
17 

38_, '!TO 3Ha.TIH­

Ten:bHO upeBbIIUaeT 3ueprH10 HaH6onee MOlllliblX ycKopuTeneii. 

Be'°1.y Toro, <!TO 3xcnepHMeHTbl B "KoCMHKe" eblno11HllJOTCJ1 Ha J1nepHL1X MHWeHllX, B03HHKaeT 

npo611eMa KOppeKTHOro H381le'leHil.ll H3 TaKoro pona naHHblX KH<!>OpMaUHR o6 311eMeHTapHOM aKTe. 

B pa6c>Te [137] 6L111a. npoaHa.JIH3Hpoeaua npoµenypa TaKoii o6pa6oTKH H paccMoTpeHo BJIHllHHe 

HeKoTOpblX noupa.BoK Ha. orrpenen:J1eMy10 sellH'IHHY Heynpyroro ceTieHHll HyKnOH-HYKllOHHOro B3aH-

MQlleitcTBHst, uf¥n1:, = u. 
KaK 61>1no noKMaHQ u pMJielle 2, c yqeTOM nHWh 'llleHoB mnwero rropllJIKa no aMnnuTynaM 

neynpyrHX nponeccoe · lN -+ vN , 111111 senH'IHHbl CT~~od cnpauennHBO npocToe e1>1pai1rnuHe (2.10). 

Ileperr11weM yKa3aHHYJ0 <l>OP~Yi!Y Jl1lll cny'la.ll HYKllOH-JIJlepHblX B3aHMOJieHCTBHH: 

(1;..~d = ~fat~ CT~t - CT~f = J d2b[ l - exp{-CTT(-oo, oo, b)} l 
(5.1) 

( CT;'.t, CT~:, CT~f - non!foe, nonHoe yrrpyroe H KBa3Hynpyroe ceqeHHJI B3aHMOJieHCTBHJI HyKJIOHa c 

JIJIPOM). 
Ha pHC. 5.1npencTa.enena3asHCHMOCTh uenH'IHHbl (5.1) oT aToMHoro HOMepa., pacc'IHTaHHall c 

<t>epMHeBCKHM pa.cnpeneneHHeM JIJlepHOK IlllOTllOCTK (1.3) (napaMeTpbl H3 pa6oTbl [138]). 3KcrrepH­

MeHTa1!hHble naHHble [139] npencTaBlllllOT co6oi\ 3HaTieHHll CT;',.:d , rronyqe1rnble npH ycKopHTellbHOii 

3ueprHH E, = 280 I':JB. IlpnseneHLI TaKlKe aHa.J1orH'IHble pe3yn&TaThl Jlllll nuoHHLIX ny'IKOB. 

KaK BH,IUIO H3 pHC. 5.1, BblpalKeHKe (5.1) c nocTaTo'IHO xopoweii TO'IHOCTbJO onHcblBaeT on1>1T­

RL1e )l~HHble [139]. c npyroii CTOpOHbl, xopowo Jl3BeCTHO, '!TO )lllll ormcaHHJI IlOllHblX ce'leHHK 

B3aHMO)leKCTBHJI a.npoHOB c llJipaMH npK TaKllX 3HeprHllX neo6XO)ll!M yqeT nonpaBOK, o6yc11ormeH­

HblX HeynpyrHMH KaHanaMH (JIH<t>PaKnHOHHOH )lJICCOUllaUlleil). 

IlonpaBKK Ha ueyupyroe 3KpaHHpoBaHHe K Be1lH'IHHe (1;:.:d o6cylKJlallllCb B pllJie pa6oT [140-

142], npH'leM 6bl110 o6uapylKeHO, '!TO 'lHClleHHO OHH Mallbl. <l>113H'leCKH TaKaJI MallOCTb o6yrnoe11eHa 

cymecTBeHHOii B3aHMHOH KOMileHcanHeii rronpaBOK, COOTBeTCTByIOmHX ce'leHHJIM CT{';,t H CT~t 
B [137] 6blJ1a nony'leHa rnenyJOmall <1>opMyna nnll yKa1a1rnoii se1111'IJ1Hb1: 

flq!~0,(N A)= -4ir j exp{-CTT(-oo, oo, b)}d
2
bx 

J dCTvv \ ( -)\2 ( CT101 )' d 2 
x dM;dq2(q=O) F D.,b l- 4ir(a+b) M, . 

(5.2) 
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B nm.t BLlpaJKeIDIH F(A,b) = / exp{iru}p(i,z)clz, rae A = (M; - m'k)fl.E - _...... 

upo,apni.m.di nepe.naHBHI omym.c B pealDlSa N N -+ M X , o • • - __,,,. • ~ 
nponeccax NN-+ NN H NN-+ MX (~paaeHCrBO•u-aapoqeLC&C 

N N-+ MN H NN-+ NN ). &mt~~ mepeaa'fd (4 = O)• ~ 
paBeHCTBO aaxnoHou, ·a= b, TO (a.2) ~ s IJwpalllelDle (30) patk7rY {142).. Y.i!T n -~ 

CTH OT ~ upllBQllBT K Jl()IIOJIHllTe.llb..,. _......... ~ Ba Beyllffl"Oe xp:umpoaainie .. 

cne.noBaTeJIJ>HO, HCllOITh30Ba!Dle BMpurem (5..1) Will --IE!.YllPJIVlV ~~ 

ceTieHHll u .nallBHX Ha mpax llBJISeTCJl llllCWl1le Ollp3BRaRWNM (Do q>a.IB.ei: irepe, a uepBOlll Irp11-

6.Joolce111111). 

06cyJ01M Teuepi. eme Q101Y nonpany, IOTOpYID ~ ywnman.u 3"lc:llll!p:nRJnU: c: llDC­

MJI'le<:KJDlll JIY'laMH. KaK H3BeCTHo (CK...,Jianv--:p,[140}), B OOJiwmmcTne TaiuD :n:cuqw iw. 

np11cyTCTBYeT onpe.neneHHld uopor Tf}'BCTJlrreJJl>ROCTll y~ lllL? ~ pl!lrllln.,. 
po&aTb cOOLITHll C MaJIOJt UOTepeli 3BeprHH HaJie'raJOIW!i qacrJl1d. rpy6alf Ol(eHJra BJUI~ TaJIJDl 

oo6u.THlt B UOJIHoe ueyupyroe ceTfe:Blle Ha l!JlPalC aTOMOB 1!03~&ma npoD~ B pa6ate [l 
OneHHM YK33aBlfYl<J uoupaelC}' 6onee Koppe11THO. 

B paMKax MeTOJlOB, H3JIOJKellBHX e pa3.Ql!lle 2, B CJI)'Tfae Jle6rJm.lllRX :meprerl!'leCX11X ooTepi;. 

ltJll( ClleKTpa 6LICTpLIX HYJUIOHOB B !l}'IUlflH-llJlejlHHX coy.napeHIU MOll:HO llOJIY'lllTb CJieJl,YlOmee 

e1>1.pall:eJD1e: 

MNA-NX 1 J _ _ . 
-. - = - d2 bdaexp{ia(l - x)-uT(-oo,oo,b)}[exp{wDD(a)T(-00,00,b)}- lJ, (5.3) 

2ir 

r.ne 

WDD(a) = j dulzD exp{-ia{l- x)}..:x (5-4) 

IlpK BblllQlle (5.3) M1'I. npene6perml' 3'Jl41eXTa.MB, CBll3allllWOl : y '!eTO:M Be1lI'Ulll ~ =(Mi -
m 2)/2E np• pacc:MaTpllBaellblX 3Hepnrsx xoCMll'lecKllX JJY'feI. d. le-"'. B 31fJJ.Y aam.Beiun!e ynp<>­

memn' TaKOi YTfeT JIBHO He OTBe'la.11 6bl o6m.eii TO'I.HOCTll IIOJlXQll~ . 

33.MeTllM, TITO CTaHJXapTm.di nopor pet'ICTpamot B XOCMHTfecax ll)"lalC COOT:ooTCBYeT z,. = 

0, 95 (42}. c .npyroi CTOpoHl>I., flf(e up• " = 500· I'3B1 [73] B JllrCcpst.ne .o, 95 < x < 1 pacno­

llM&e'l'CJ[ Ilpa.KTI'IecJal Beel> IBa:Jll)'Upyrlllt. llllX nponecca NA-+ •• x . no II03BOJUeT npoBeCTir 

upllliJillJKeHHoe HRTerpipOBaBlle B (5.4) • (5.3), pa311ara.JI 3IC1IOR ,, ·-o (5.4) B Pll.ll JI JICIIOJlb3Jll 

. napaMcerpDalUDO [ 141} Jl)lJl ceTieHllJl .ll1141pa&IlKOBHOi JlllCCOIXlla.ItE!t . 

11.nll n.a.m.tleHmJlx pacTieTOB 6LUia. e:Ll6pa11a rayccosa uapau:eTpF13mt:I QllHO'lacTK'DIDlf ll.1¥lJ>BOi 

ITJIOTHOCTB [141}, 

p(r) = (.;R)3 exp{-r2/R2
}, (5.5) 

.~JIJl Qep c A :5 20 • napawerpll3altllll <liepMJr (1.3) [50J .wu Jl.ll2Y '- A > 20. 

Pe3ym.TaT 11HTerp11poBaH1l.1: (5.3), 

A<T- - 11 
daHA-N:C 

"'" - ro dz dz , 

JlJU! pa:'lJlll'lllLIX I.lleP npBBeJleB Ha p•c. 5.2 ( BaMll 6L1JI0 sLl6puc 

'E =·JOO I'3B). Hai.n.eBHa.JI uonpaatc.apacTeT c aTOMIWll HOMep 

113 p:.R. 5.2, cymecT:eeBHa. JiaJKe amt nel'IDC a.a;ep. ( ~a;::4 = 

'52 

(5.6) 

·7 = 30 M6 , TITO COOT:ooTCTBJeT 

:>.1'.0HY - A0
•
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-B pa&m! [l'4a] Qllellia amulOl"ll'IBOi 9e>tlPillllli DpllBQ.llllJla K 3B3.'iesmI> 13 M6 ). TaKJlM OOpMoM, 

ee f"l'!ll" ~eTI:ll B006x-- '80 :soex ~cneplUleBTa.x, B IWTOpblX ae perncrpirpyJOTc;;; 

fihtcrpYe ~-

~' .-ro nonpaaia JlQIB03J.llO Cllal>o 3a.Bi!Cl!T OT :H!eprl1111. Ta&. HaHpKMep, pa3JIJl"1He npR 

·B~ 3DD I':JB (<T = 30 "'6) • !leil!Q>TllL1C SPS, l,aa· l014 :>B (a = 53 .a6) , He npeBWIIaeT r2'K. 

5..2 Heyepynte cie'lemu: • ~e SJ03~ eeynp)TOCTll a NA­

• "Z~Qll~ 

B ~ }43,44] !IIJ>• :nmmmJ1 ~ :ll3JIOJkellBOi J11WJUe, ~ BeJllPynte re<ie­

:n:u a::,'.., (ii= N , or) :e:a. llJIP3ll ~ 1lleJJeJa • CB'IDlll.a ~ ~ 0, 5 + 5 T:> 

ill~ DcyClllJBJ1!311llble :aeymppwm ~. ne }"DY~ woor.om.ay llX -.aa.a 
dmacJilll :lllepnD E < 10 T:>B IBeJQBJIWllIM'T ~ (143] ("fTI) '.YIOL...rena!O lleBLIBe XCE,jllD(eE· 

'lJ1ILIW1DolJX mmrfux l43,«J). 
!B ~JILllll~- ~:Jl)'alllll-~ -~-· ~3Mlll! 
~ ~ [Q,+c].JSJCn.'70'UID :zi)j>OWO ( • ~ 10% TO'IBOC:Tll) OllICWIU> 

Jlall ~ .ISIJfll3R JU!!] 
liD Dl<ll!FJP""'R!r.lll!Wlm ~"'Ql'O"""U'Ofil OTiiOlll<!>IUla 0:/a-;! ~ l,f> , IDn>pOe npa&T1PR!ODI Be 

-e;ro11 c 1Ul'!PJlJlfli [.llM]. 

IB ~ IPB.J.n;n.ni~,.44j6wll! 1BBllll6llLl DlllipaaDI (5.6) Ha mlpOI" pencrpa.-

11.11Jl, ~ lB ~Jl:BileBi1lil 2Jly;aI3>Ql!iP 3lley.l'Jdi <OK ,,3;uu-a,. pailKHMB 11.,3 , 25,5 B J4 M6 

000~.;IULll NC-. JN Fte-. JY.Plr<~TKJdi HeoQx;Qu:Mo Or.tlll!TJITL, 'In> B nyfiall­

lllZIIDlK }a.,JJt.,a-tllJ 3!llll 1IIWlp"JWll JlilL1I .eep Fe JI n OK " i aJ1'llCJ. llHlCA10llYO 3aBffJ!JPJIBHVI ~­

~[i43J • Mqne;a)I C~Jmq>WTpu.alil!eii (5.5 ' ·<illS ~ lllM)l'llDCn., ll~ 

_..,~H!r.am.IHEIE.!IImlJIYe~mllmm" mra:o~crieni-~­

lmiDC 3BiWf!Bllii ~ -~ ~ npoBenelra.. Jl,8il ~ JABlllll[ )-

B ~SJI. "11"'-._....,..,J01l'OI 'Biltm~m;re 3.lla"lmin l[G,44] •~~a­

'!lalDlJI mo <le-1lmlJIDI ~!. lll D"'.,!;, ((<11 ..6) =- pa.3lllilX ~llep~ ~-

llrillt IBll!DllD iJ[3 lll~ ~-=ToCIB, HpOCT.aJ! q.op.i.y.na (2.10) c rien-~ -

!$'1l) nmmnre ,YJll'.)B:lle~ IOlillClilBaeT Jli!.HHhH~ 14:3,44] :a T:>B'- JlPllIUOJB" 3lll!p'ldi. 

@6c)1.lIKlll :reney.h ;pe3J'.!IhT.a'l1.Ll 1'117~45Jno ~ ~&OJ t ~uw1mm ~­
a'OCllll! k.,.~ mmHDB lB IH.JiKl111ll!illl IDiJll LmX JilZ :mepill.IDC. 

~ Jle:ll.lra11Bli ~11!131 11epe3 lllKKn:I03.KBllhle amnp11 r'-- ea~ 
la'~.,._,.x'jdiz: ~ih=!N,~) ~~-

~ 
lJ ~ :J.o"-'-"'' ;r 

· r~ a!!d dz iJ:x , 
(5.7) 

J;11:e Z.n 'wipeil~llll ~aan.nni\ D-llBOHllB, ~~ aamJOi ~ 

~ 

Ta.6nMua b. L 

< E >, I':>B 700 1500 3500 

u;;0 d(3t.:cn .) 235 ± 23 243 ± 30 258 ± 35 

a;~d(.:nccn .) 240 :I; 21 250± 25 261 ± 30 

a~~imeop.) 230 235 241 

a;:=od( 3tccn.) 176± 20 180 ± 25 193 ± 33 ./ 

a;;'.h11eop.)_ 173 17& 183 
, ... 

u:::bd(3x=cn.) 1755±96 1832 ± 105 1920 ± 125 
r ·-. 

'• ·: 

u;:O~( :nccn.) 1838±90 1907±118 1986±125 

a~~J(meop . ) 1748 1763 1779 

u;:;,~(:ntcn.) 1563±98 1612±105 1709±120 

a;.!'.~( meop.) 1558 157~ 1596 

< E >, I':>B 400 600 870 1500 2600 4800 

u;;0~(3tccn.) 742±58 748±38 761±40 7.68±42 773 ±85 ... 

a;!od(:nccn .) 735±39 740±34 742:£:41 748±54 761 ±88 779±133 

a:-;~J(meop .) 710 715 719 726 735 ,'744 

a;/:d( .nccn.) 618±43 629±37 643±39 650±45 658 ±86 
- .. ... 

u;fod(meop.) 586 591 596 603 613 ... 

B [45] nnll Ha.JCOll<neHHK napuManhHh!X K03<\><1>HUHeHTO.B ueynpyrocTH 6i.m npn1eueu annapaT 

TMP s ero TpanMUMOHHOii . TpaKTOBKe, npennonaraIOm.eji Manhle nnMHhl <l><>PMKposaHKll KoueqHhlX 

anpOHOB B hN-'coynapeHHllX B lUlpe. B TaKOM nonXone, HHTerpHpyll ·paseHCTBO BH.na (2.9) no Pl. H 

nposonll cyMMHposauHe no sceM B03MOll<HhlM neynpyrHM aKT3.M lN °-+ lX K 2N-+ 2X 'MOJKHO 

npMnTH K cnenyIOmeMy Bblpall<eHHIO-nnll HHKnI03HBHhlX cneKTpoB: 

da1N-2X 1 J x~ = 
2

.,.. exp{ialnz}F(a)da, 

F(a) = w12(a) N (af,;' - w11(a); a?.;' - w22(a)) , 
(5.8) 

rne 

J 
daiN-jX 

w;;(a) = ~exp{-ialnx'}dx'; (5.9) 

3<\><1>eKTKBHhle uyKnouuhle qffcna BMna N(<11,a2 ) onpenenenhl B (4.8). • 

CornacHo (5.7), npH uaxoll<neHHH senM'llU! k~A Bhlpall<enMe .(5.8) -nonJKHO 6blTh np_oKHTerpH-

posaHo no x B MHTepsa.ne ( x 0 , l) . 
3aMeTHM, qTO 3HaqeHHll Xo ' onpenenlleMhle 3<jl<jleKTHBHOCTh!O perHCTpaUHll KOHeqeblX qacTKU, 

KaK npasnno, sechMa Manhl. TaK, B paccMaTpMBaeMOM 3Kcnep11MeHTC [45,145] noporoBaK .3Hepr•• 

perKCTpaUHll .,..0-Me30HOB coCTasmma 5 I':>B np11 uaqanhHhlX 3HeprHllX 0,5 T:>B H Bh!We (T.e. 

Xo ~ 0,01). 
IlpH Xo = 0 HHTerpHpoBaHHe (5.8) naeT: 

x---dx = - da x'°F(a)dx !a
l dalA-2X l !co · la' , 

dx 211' -co o 

= -i jco F(a) da 
211' -co a - i 

= w12(i) N (ai,;' -w11(i);a::' -w22(i)) 
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IIocs:oJI&Ky B j>ea.n&Holi Ja.Jla'le x 0 <t:: l , JHa'leHHll w;;(x 0 , a) B cymecTBeHHOli 06nacT11 HHTerpH­

poBaHHll (5.8) Ma.JIO OTJIH'laIOTCJI OT BeJIH'IHH 

w;;(x
0

, i) = [ x du{;:-;x •o d-x-dx. 

0TCJOiia BblTeKa.eT Meroix pac'!eTa HHTerpanbHblX xapaKTepHCTHK THna k~A(xo) , CBJl3aHHblH c 

pa.3JlolKeH•eM 3<fl<l>eKTHBHblX HYKJIOHHblX '!Keen N (uf/:' -w11 (x0 , a); uf/:' - VJ22(xo,a)) B PAA no 

Ma.JiblM BeJIH'IHHaM 6u(x0 , a) = wu(x0 , a)~ Wu (xo, i) H .522(xo, a) = w22(xo, a) - W22(Xo, i) (CM. 

[121]). Tpy;xoeMKOCTb Ta.KOH npoueixypbl npH Xo < 1 c 'IHCTO Bbl'IHCJJHTeJibHOH CTOpOHbl 3Ha'IH­

TeJibHO HHlKe, 'leM cTaHiiapTHoe pa.3JJolKeHHe (5.8) B PAA no KpaTHOCTH HeynpyrHx coyixapeHHii:.
4 

IlpHHHMa.ll BO BHHMaHHe Man&ie JHa'!eHHll x 0 :; 0,01, npH onHcauHH 3KcnepHMeHTaJibHblX ixau­

HblX [45] no k!: Y'IHTblBancll JIHlllb nepswli •rnea pa.3JJOlKeHHll no 6;;(x 0 , a). B 3TOM npll6JJlllKeHHH 

BblpalKeHHe ixn• napuHaJibHblX K03<f><lmnHeHTOB aeynpyrocTH HMetlT CJieJlYIOIUHH BH;x: 

k:.,(r)A(xo) ~ k:.,(r)N (xo) N(t:J.uN(r); 6.u,o) 
N(O; u{;,(-lN) ' 

(5.11) 

rite 

6.uh = uhN . 11 duhN-hX 
in- xm d 

:o dx x' 

kN(w)N( ) 11 x duN(r)N-•' x 
ro Xo - d ~o a::_(r)N - X • 

lln~ cnexTpos 3JieMeHTapHbIX npoueccos N(11'±)N-+ 11' 0 X H N(11')N-+ N(11')X HCUOJihJOBa­

nac& napG-cTpH3aUH.ll H3 pa6oTbl [146]. 

Pe3yn&TaTbl pac'!eToB aeJIH'IHH k:_(•)A itilll impa Fe 56 npH MHHHMa.n&11oli 311eprH11 perH­

cTpupyeMMX 11'0-Me30HOB Eo = 5 I':>B npHBeJleHbl 8 Ta.6JIHJte 5.2 COBMeCTHO c l{aHHblMH [45]. 
(B CK06Kax B nepBOM CTOJI6ue YKa.JaHbl Ha'laJihHbie 3HeprHH, COOTBeTCTBYIOIUHe TeopeTll'leCKHM 

D)leJlCKa.JaHHJIM), 

Ta.6nllua 5.2 

3HepreTH'leCKHH k~;'(:>11:cn.) k:.,F•(meop.) k;~e ( .nccn.) k;[' ( me op.) 
HHTepsan , T:>B 

0,4 - 0,6 (0,5) 0,187±0,008 0,185 0,271±0,007 0,25 

0,6 - 1,0 (0,8) 0,196±0,008 0,190 0,267±0,008 0,25 

1,0 - 2,0 (1,2) 0,183±0,010 0,195 0,282±0,010 0,25 

>2,0 (5,0) 0,198±0,012 0,200 0,262±0,012 0,26 

IlpeJlCTaBJieHHall Ta.6mma neMOHCTpHpyeT yixosneTBOpHTeJibHOe cornacHe 3KcnepHMeHTaJlhHblX 

;xaHHblX c pac'!eTHblMH. 

Bo3MO)l(HO, <j>aKT TaKoro co r nac11J1 BblfJilliIHT napa;xoKcan&HblM, nocKon&Ky npH pac'!eTe HH­

KJII03HBHbIX cneKT p OB 11' 0- Me30 HOB Ha lliipax 6wna HCilOJ!bJOBaHa OObl'IHal! MO)le/lb rnay6epa c 

MaJiblMH speMenaMH th < d , 11e npenno n a r a 10max cymecTsosa 1rne KaKoli-nH6o npoMe)l(yTo'tHoli 

• AHanor K"IHblii: MeTOJl MOJKeT 6 W: T b Hc nonb30ea.H K npH p ac 'leTe HHTer p anbHblX ce ti eHHii: , J:
0 

dxdtT JA.-lX /dx 

(121]. 
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<j>a.Jbl B npou ecca.x h1 N -+ h2X . 0 6paT11M, oixttaKo, BHHMaHHe Ha n a p a MeTpH3aUHIO :meMeHTap­

IblX aKTOB [146], HCnOJib30BaHHYIO B [45] . .llm1 y 'leTa pea.KUHR nepe3aplliIKH p +-+ n cneKTpbl 

duNN-NX / dx B [146] 11opMHpOBaJIHCb Ha nonHoe Heynpyroe ce'!eHHe uf:.N c ixonOJJllHTeJJbHblM 

CJIOBHeM 

I duNN- NX dx = ut.,N k" , x _,_ 
<o 

r ixe k"=0 ,5 - Ko3<j><j>HuHeHT ynpyrocTH B npouecce N N-+ N X . AHanorH'IHble ycnoBHll Ha.KJiaiibl­

!la.JIHCb Ha nKOHflble cneKTpbl, 11' N -+ 11' X . 3 To B 3Ha'IHTen&aoli Mepe c6JJlllKa.eT xcnon&30Ba.HHNii 

B [45] noixxoix c MOiieJiblO [30,31,75]. c KOJIH'leCTBeHHOli TO'IKH 3peHH.11 pa.3Hllna MelKJly HYKJIOB­

HblMH (nHOHHblMH) COCT O.llHHJIMH B [146] H npoMeJKy TO'!HblMH aixpoHaMH H (H.) B [30] COCTOKT 

JIHlllb B HeCKOJJ&Ko OTJIH'laIO!UHXC.11 Ko3<fl<l>xuueHTa.x y npyrocTH B npouecca.x H N-+ H X (ki:. = 
0. 65; ki:. = 0, 63[30])11 N(11')N-+ N (11' )X (k<1 = 0, 5 [146]). 'ho Kaca.eTCll o6pa30BaHU HenlllUl-

YIOIUKX JIHOHOB B 3JieMeHTapHbIX coyitapeHH.llX, TO, KaK cneixyeT K3 [75,87] , OCHOBHOil Sima.JI 3llecb 

lOJIJKeH COOTBeTCTBOBaTb He <j>parMeHTaUHOHHOMY MexaHH3My, a TO'le'IHOilQllOOHhlM (s Mac111Ta-

6a.x Jlllpa) aKTaM pOlKJleHH.11 H <j>opMllpOBa.HHll Me30HllblX COCTO.llHHH (KaK K 8 MQlleJill rnay6epa) . 

0TCIOiia MOlKHO 3a.KJIIO'l11Tb, 'ITO 'IHCJieHHble pe3YJlbTaTbl B nQllXOlla.JC [45] H [30,75] He llOJllKHbl 

cymecTBeHHO OTJIH'laTbC.11 ixpyr OT ixpyra, '!TO, no cyTH ixena, H HallIJIO OTpalKeHHe 8 y;xoBJieTBO­

pHTeJibHOM onxcaHHH ixaHHblX [45] 

5.3 3aBHCHMOCTb Ce'leHHH u;:od QT HaKJIOHOB .AH$paKUHOHHhlX KOHYCOB a,ApOH­

HYK110HHhlX B3aHMO,AeHCTBHH npH ceepXBbICOKHX 3HeprH.ax 

B IlJ>eJlCTaBJieHHblX Bblllle pacqeTa.x Ma.KCHMa.JibHa.ll 3HeprHll Ha.JieTaIO!UHX Ha upo a;xpoHOB 

COCTaBJillJia oxono 5 T3B . 3To itasa.no B03MOlKHOCTb HcnoJib30Ba.Tb npH onpeixeneHHH ce'leHH• 

::Od <j>opwyny (5.1 ), nOJJy'la.ewy10 B cTaHitapTHblX npH6JIHlKeHHllX TMP (2.8). OllHUO yJKe npa 

l Heprau £ 0 ~ 20 T:>B npH6JilllKeHHll (2.8) u, cneuosaTeJibHO, BblpaJKeHH.11 THna (5.1) nepecTaioT 

6b1Tb llOCTaTO'IHO TO'IHblMH . 

HanoMHHM o JaKJIIO'IHTeJI&HOM 111are npH BblBOiie (2.10) BblpaJKeHH.11 ixn• u;:-.d : 

J 2 { [ 1 J - 2 - - - - - - ] .. } .. • d b 1 - 1 - A p(S, z)d ~dz[2Ref 11(b - S)- i:'u(b - S)r; 1(b- S)J ~ 

~ I tflb [1- exp{ - a;
1/:T(-oo, oo,b)}j . (5.12) 

IlOMllMO npH6~.JKeHHll, CBll3aHHOfO c 3a.MeHOH IJOJIHHOMa (1 + z/A)A = eJ(p_.{z} TO'IHOI :ucoo-

'leHTOit exp{x} ·npH A-+ oo , 3;xec& opeum •noc& BblnonHeHHe cooTH0111eHHit 

j ru(b - S)p(S, z)d2S ~ p(b, z) j ru(b - S)d2S , 

I 1ru(b- S)l 2p(S, z)d2S ~ p(b,z) j 1r11(b- S)l 2d2S . (5.13) 

1 'leBHJlHO, (5.13) COOTBeTCTByeT DpeHe6pelKHMOli Ma.JIOCTH paitHyca 3JieMeHT apuoro B3aHMO­

(eHCTBH.ll no cpa BHeHHIO c p a.a:RycaMH Q ep . H3BecTHo, oixHaxo (CM., HanpHMep, [73]), 'ITO c pocroM 
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3Uepn!H Ha6nIOJ!.aeTCl! MOllOTOHHhlii pocT napaMeTpa uaKnOHa .Lllf<j>paKl(lfOHHO!'O KOHyca y npyr 

ro hp -paccel!Hlfll, T.e. c.vmecTsyiOT ueKoTOphle npe.uenhlrhle 3HeprnH, m~we KOTophlx ycnmm<' 

r ~ R ire MOlKeT BblflOJllll!TbCll. K •1eMy 3TQ rrpt1se.neT, ueTpyuuo rrpe.u1rn.neTb n3 rrpocrh!X ¢i 

\H'ieCKlfX coo6palKeHlfii, CBll3aJIHhIX c "pa36yxau11eM" 11.Llep 3a C'leT pocTa na.Lll!YCOB HyKnOHOI 

HaJCQllllmHXCJI Ha nep11<j>ep1!ll, II, COOTBeTCTBeHHO, pocTOM no608blX ce'!eHmi. Jl.llel 

B [147) 6bino norryqeuo BblpalKeHHe nnn 11;;:<.d , cso6ouuoe OT y1<a1aHHhlX orpauH'leHHll 11 cup 

ee.unHBOe e MonenH MHOI'OKp<nHoro pacceaHHll [51) npu npou1sonbHblX rneprH11i.. . 

hA 
(I prod j d2 B [1 - exp A {- ;~l j exp {-IB ;b

51
2

} T(-oo, oo,S)d
2
S-r 

+ 1!~~}'2 J exp {- 'B ~ .sr1 2

} T(-ro, oo, .sr)d2 s}] 
r.ne b - HaKno11 Kouyca ynpyroro hN -pacce.111111 

(5.14 

3aMeTllM, '!TO (~.14) cnpaee.unHBO nnll npOH3BOnbllblX .11nep, BKnIO'laJI caMble nerKHe, BBHn' 

3aUHCH llOJlHHTerpanbHOI'O Bblpall<eHHJ! 8 lIOJllfllOMllaJibl!Oli <j>opMe, [l - exp A { • •• }) • 

B npe11e6pelKeHHH peanbeoli '!a.cTblQ aMnm1TyJlbl f•N ( O) eTopoe CJiaraeMoe no.n 3HaKoM exp A 1 

(5.14) nponopuH011anbHO ynpyroMy ce'!eHmo· 11~('. OTcIOna, e oTnlf'IHe oT (2.10), npH y'leTe K<>­

ueq11oro pa.nHyca hN -e3aHMOJlelicTBHll ce'!el!He 11;:.d 3a811Cl!T 8 OT.llenbHOCTH OT 11~.1: H 11~{" 
(Ha 3TO 6blno o6pameuo en11Ma11He TaKll<e e [148], 

Ilpu HcnonhJOeaHHI! rayccoeoii napaMeTpH3aUHH (5.5).nn.11 p(r), Bblpall<eHHe (5.14) npHHHMaP"' 

BH.ll [147 ,149j: 

[ { 
A11'

11 
{ B" } 11::.d = 2ir j BdB 1 - exp,. ir(2b .;•R2 ) exp - 2b + R2 + 

Ajf,N(O)l
2 

{ 8
2 

} }] + E 2b(b+ R2 ) exp -b + R2 • 
(5.15) 

Pa3yMee:rcJ1, eCJIH neo6xonuMo orrpe.ueneHue ce'!eHH.11 11;;'.4 c Bh!CoKoli TO'IHOCThIO, CJie,uyeT 

y'lecTb nonpaeKy Ha Heynpyroe 3KpaHupoeauue corna.cuo Bhlpa>KeeuIO Bl!.lla (5.2). ( Bbimicblea 

HHe YTO'IHeHHOH <l><>PMYnbl .l!nll Ll.11;~.d 'aHa.JIOrH'IHOH (5.14 ), He npenCTaenllJIOCb uenecoo6pa.3HblM 

BBH.llY MaJIOCTH Ll.11~~., . KaK noKa3b1BaIOT oueHKH, BKna.n .nauuoli nonpaBKH B o6<>3pHMoi o6nacTE 

Ha.'laJlbHhIX 3Hepruii ne M:Oll<eT npeBbllllaTb HPfKOnhKHX npoueHTOB ;. 

5.4 Onucauue 3KcnepHMeHTaJibHblX .naHHblX no u;;;,~•· . Onpe.neneuue noJIHLI:l. 

ce'leHHH H HaKJIOHOB B pN-B33HMO,neHCTBHllX H3 ,naHHblX no u;;o~·· B KOC­

MH'leCKHX JIY'IB" 

KaK cne.uyeT H3 npnee.neHHblX eh!we <j>opMyn, .nn.11 paC'!eTa tteynpyrHx ce'leHHii Ha ll.llpax nv 

CBepXBblCOKHX 3HeprHl!X ueo6XO.UHMLI .naHHhle 0 rrapaMeTpax hN-B3aHMO.l!eiicTBHll, BKJlIO'laJI DOJ 

Hoe ce'!eHHe, HaKJJOH .l!H<!>paKuHOHHoro Kouyca 11 OTHoweHHe Re f(O)/ Im /(0) • Ha cero.nn.11 Ma 

CHMa.JibHble 3HeprHH, npH KOTOpblX ")TH naHHble MoryT 6h1Tb nony'leHbl HenocpenCTBeHHO H1 311 

riepHMeHTa (HMeIOTCll B BH.ll)' pp -B3aHMo.nelicTBHll) - no >tteprn11 SPS (JS ~ 540 I'aB) Ii 

(; 

0 
:: 150 T:.B ucTO'IHHKOM HH<l>OpMan1rn MoryT 6hlTh numb TeopeTn •1ecKHe npe.ucKa3aHHJI, no­

KOnhKY 3KCnep11MeHTbl B KOCM114C< KllX Hy4ax npH TaKllX :)Hepnux, KaK npaBHHO, BblllOJIHDOTCll 

1a xupax aTOMOB so1nyxa. (0•1esun110, orqH'nene1rne ce'lefmli na TaKl!X llnpax 11 cpaauettne c 011blT­

,1brMH nam1bIMll CTaHOBllTCll npll ·noM Ba.-KHblM Kpl!TeplteM nn.11 COOTBeTCTBYIOUJ.HX TeopeTH'leCKHX 

IOJl)<OJlOIJ) . 
B pa6oTax [150,151] nooene1111e uey npyroro ce4eHllll a;;.:;;r a11an11311poaanocb e Monenl!X c 

,>NIOpMrpynnoeh!M KpllTU'leCKllM llOMepoHOM (P h:n) [46,147,152) u 11a.11KpHTl1'.teCKHM noMepoHOM 

. <t>pyaccaponoM) [49,153-1.55]. 

OcTaHOBHMC.11 BKpaTue na. Ka.-KJ101i 1n n11x. 

B Teop1rn c PKII nonIOcuax aM11m1Ty,1a pp -parcel!HHll 3an11cb1BaeTCll B cne.nyIOIUCM Bii.ile (no-

11po6nocTu cM. e [149,151,156,157]): 

Jm Ml'Ju:. k2) /3<0 exp{-xa(O} F2((,x), (5.16) 

rne 

/3(() g2 0,4734 ( 0•227 /•\(0. ,T = 0,407 (' ·
139 

/c
2

, /c
2 -t ' 

( = ln(•/«ol' So = I r.JB'' 
(5.17) 

.t - MacwTa6na.11 DKpeMeHHa.11, COOTBPTCTBYIOW.all nepe.naHHOMY llMllYJILCy; g
2 

= 10, 8 ± 
O, 05{I':>B /c)- 2 - BepWHHHall <1>y11xnu.11 ceu11 noMepou-'laCTHJla; F,((j, F2(< x) H a(O- Ma.cWTa6-

Hble (j>yHKU:HI!, onpe.uenl!IOUflfe 1nepreT11'leCKy10 11 t -3as11c1tMOCT1t aMnmtTY.UhI. Bee 3TH <l>YHKUllH 

6b1Jllt TeopeT1t'1eCKH onpe.neneHbl H Bbl411CDeHbl B pa6oTe [152). 

B o6nacTH HH3KHX u BhlCOKHX :meprnli cymecTBeHHhlli BKna..n enoc:iT a.MnnHTYl\hI c nepepac­

ce1rn11eM PKII npyr ua .npyre. B o6nacTH aCHM!lTOTll'lecKn 6onbWHX 3Mepr11li BKna.Jlhl seTsne11uil 

llblMHpa.IOT, 11 aMnnHTyna paccellHHll nc)leT ce611 KaK E"·227 
• OnuaKo a IJHTepecyIOmeil ua.c o6na­

<.TH npaKTH'ICCKll .l!OCTJl)l(llMblX 3Hepr11li BKJia)l BeTBJICHl!il Q'leHb eenHK ll o6ecne'IHBaeT 6onbWYIO 

cKopocTh pocTa DOJil!h!X ce'!e1mli, ~ {2 . BKnaJlbI seTeneirnli B PKII Y"HTblBa.IOTCll c noMOIUhIO 

TO'lllOfO cyMMHpoBaHllll KBa3113HKOHa.JibHOf0 pJl.l!a [158]. 

BH.ll aMnnHTY.l!hl paccellHHll e Teopu11 c uanKp11TH'lecK1tM noMepoHOM 6wn B3.llT naMH H3 pa6oThl 

[153). IIonHoe ce'!eHne u uaKnoH .nH<t>pa.KUIIOHHoro Kottyca npn 
t = 0 onpe.uen.11IOTCll cnenyIOmHM 

o6paJOM: 
11f:, = 11p f(z/2) • 

b(€,k2 = 0) = [211.(R2 + o~Ofaf%,({)] !1(z/2), 

rne 
, = [2C1./(R2 + o~E))exp{(Ll.}, 

(5.18) 

(5.19) 

(5.20) 

"• = 8ir1.exp{(Ll.}. IIapaMeTpbi fp = g,(O)g2(0) II R2 = m + R~ xapaKTepH3YIOT eepwuny 

CBJl3H anponon c noMepoHOM , a K03<j><j>IJU:l!eHT ilHBHeBOro'yCHJieHH~ c HMeeT BH.ll c = 1 +11vv/11.r. 

ITapaMeTphl 11MeIOT cne.uyIOmue 1Ha'!euu.11 [153]: 

·•, = 3,64 (r:>B/c) 2
, R 2 = ~,56 (I':>B/c)-

2
, C '.'.::'. 1,5, 

~ = <>p(O) - 1=0,07 ± 0,03, o~ = 0, 25± 0, 1 ( I':>B/ct
2

• 
(5.21) 
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B .Ua.JJbHeil:meM 6bl11 nony'leH HoBblil: Ha6op napa.MeTpo 

-y, = 2,4 ± 0,03 (I':iB/c) 2
, R2 == 3,30 ± 0,02 (I':iB/c'­

~ == 0,12±0,02, a~ ==0,22±0,2 (I':iB/cJ- 2
• (5.'.l!a 

Bhl'IHClleHllll B [150,151] nposo.u111111cb np11 o6o11x Ha6opax napaMeTpon. Jlyqmee cornaCHe c 3KI 

nepu1eHTOM COOTBeTCTByeT na6opy (5.2laj. 

Ce'leH11e ud({) .llHcjlpaKUHOHHblX npoueccos ynpyroro pacceJ1HHJ1 11 .u11cjlpaK1U10HHoil: .u11ccou 

aUHR B MQUMll Ksa3H3HKOHalla 3allllCb!BaeTCJI B BllJl0 

ud({) == u,[f,(z/2)- f(z)], f(z) == f (-z):-• 
Jl:l vv. 

J,(z) 
f (-z)•-1 
v=l v2z.1! ' 

1 C-1 
u,, == cud({) ' <Too({) == --c-ud({) . (5.22) 

IlonHble ce'!eHHll 11 .upyrHe .xapaKTep11cTHK11 npoToH-npoTOHHblX B3aHMQUeitcTBHil: .Ullll o6eRX 

:w:o.neneii npHBe.ueHbl B [151 ]. IlpH HH3KllX H cpe.uHHX 3HeprHJIX o6e MO.llMH O.UHHaKOBO xopowo onK­

CLIBalOT 3KCnepKMeHTallbHLie .uaHHLie, HO np11 { > 15 HX npe.ucKa3aHKJI Ha'IKHaIOT cymecTBeHHo 

OT1111'18.TbCJI .upyi; OT npyra. 

IlpK { > 15 ce'!eHHJI c «t>pyaccapOHOM c Ha6opo11 napaMeTpOB (5.2la) BblXO.UllT Ha acllMilTO­

TH'lecKKii peJKKM ~ {2 H CTaROBllTCll OOllbllle Benll'IHH Ce'leHHH, KOTOpble IlOllY'leHbl B TeopllH C 

PKII, .ua10me1 Ha acHMnTOTHKe poc~ ~ {"·277 
• 

HaKllOHbl .UHcjlpaKUHOHHOI'O KOHyca B TeopHH c PKII pacTyT KaK {'·139 H 3Ha'IHTMbHO npeBbl­

lllaIOT Benll'IBHY HaKllOHOB, nony'laeMLIX B TeopHH c cjlpyaccapoHoM, B~O.UlllUllX Ha acHMIITOTH'le­

cKHI PeJKKM ~ {2 TOllbKO npH { > 20 • 

IlpH pac'leTe ce•ieHHI ,<?,;.~" [150,151,159] HCU01lb30Ba110Cb BblpallCeHHe (5.15), COOTBeTCTBYIO­

mee rayccoscKowy pacnpe.ueneHHJO p(r) [141] .umi _ll.llep aToMoB B03.uyxa (<A>== 14,4). Y'IHTbl­

Ba11acb TaKllCe nonpaBKa .(5.2) Ha Heynpyroe 3KpaHHpOBaHHe, a npK aHallH3e 3KCilepHMeHTallbHblX 

J(aHHblX B KOCMH'leCKHX ny'lax - nonpaBKa (5.6) Ha nopor 'IYBCTBHTellbHOCTR ycTa.HOBOK. 

Ha pHC. 5.3 np11se.ueHbl KpHBble, OilJICblB~~rioie - er;;.~" B .UBYX pa.ccwaTpRBaeMblX TeopHllX. 

3KcneplDleHTanbHble naHHble B3l1Tbl H3 pa6oT [141,160-163]. BH.llHO, 'ITO .uo { ;:: 25 o6e TeopR 

.UOCTaTO'IHO xopowo OilHCblBaIOT cymecTBYKlIUHil 3KcnepKMeHTallbHblll MaTep11an H npaKTll'leCKH 

coena.ualOT B npe.ucKa3aH11.uc:. KpRTR'leCKHll H Ha.uKpHTH'lecKHll (c Ha.6opoM na.pa.MeTpoe (5.2la) ) 

noMepoHhl npoxo.nllT 'no TO'IKa.M <l>HAH [141,160], n& HllllCHeMy Kpa10 KOpH.llopa FUJI, nocpe.uHHe 

KOpH.llopa Akeno [163] H npnw qepe3 TO'IKY "Fly's Eye" [162]. 

0TMeTHM ~.UHO HHTepecHoe OOCTOll,TMbCTBO. Ha pHC. 1 B pa6oTe [151] 6LI11H npe.ucTaB11eHb! ce'!e­

HHJI <Tl': • .llllll o6eHK Mo.uenell; TaM npe.uCKa3aHHll TeopllH c cjlpya.ccapoHOM JlOCTHrallH ll npeBb!lllall 

cooTBeTCTBYIOIUHe npe.ucKa3aHHll TeopHH c PKII yJKe np11 { > 16. B CJiy'lae llCe B3aH!'oneilcTBH 

c ll./J.Pa.MH aTOllOB B03JlYXa KpHBa.JI, COOTBeTCTBYlOIUaJI cjlpya.ccapoHy, neJKKT CHCTeMaTH'leCKH HHlKP 

BO BCeM HllTepBalle 15 < ( < 22 • 3To OO'bJICHJleTCJI TeM, 'ITO, XOTll Il011Hb!e ce'leHHJI BO cjlpyacca­

poHe npH { > 16 nell<aT Bhlllle, HaKllOHLI b( {) np11 3TOM nell<aT cymecTBeHHO HHll<e HaKJIOHOB B 

PKII 

Ha pKc. 5.4 H 5.5 npHse.ueHbl nonHble ce'!eHHll pp -B3aHMo.ueiicTBHll B TeopHllX COOTBeTCTBeHHo 

c KpHTH'lecKIM nowepoHoM 11 cjlpyaccapoHoM (Ha6op napaMeTpos (5.21a)). Ha 3THX ll<e pacyaxa·· 

ti " 

11>e.urTaB11eHbl pe3yllbTaTbl BblJlelleHHJI CP.'IP.Hllil pp ll) 3KCnepHMeHTa.JlbHblX .Ua.HllblX n6 B3aHM:>­

'"CTBHIO npoTOHOB c llJlpaMll aTOMOB 803.Uyxa npn KOCMll'JeCKHX 3HeprHJIX. 3Tll .UaHHble 6bl11Y. 

"il.ueHbt cne.uyKllUllM o6pa30M. Ilpe.unonara.JJOCb, 'ITO uaKllOHbl b(() HMelOT HMeHHO Te 3Ha'leHHll, 

OTOpbte .uaeT TCOpHll. c HCil01lb30BaHHeM 3THX 3Ha'leHHil c DOMOlllblO HTepaUHOHHOii npoue.uypbl 

3811CKallllCb COOTBCTCTBYIOIUHC Bbtpall<CllHJIM (5.J.5), (5.2) Bellll'llllibl IlOllHblX CC'leHHll ul':. 'o6ec­

IC'IHBalOIUllX cornacne c .uaHHbtMH [161-163]. Kpyll<KaMH co cTpenxoil o6o3Ha'leHI.i Te 1Ha'leH1U1 

1.1.ueneHHblX TO'leK, KOTOpbte llell<aT Bblllle YHHTapHoro npe.uena .Ullll .ua1rnoil TCOpHH. 

\fa pHCYllKOB BH.UHO, 'ITO o6e TCOpllH O.llHHaKOBO xopowo cornacylOTCll c 3THMH BLIJlelleHHblMll 

aHHbtMH. B To ll<e epeMll llCHo, 'ITO Pe3YllbTaTbl [161-163] TpetiyJOT, BOo6me roBOpll, 6onee 6bt­

rporo pocTa Haxnonos xo11yca, 'leM TOT, xoTOpbtll woryT .uaTb o6e TeopHll. Bonee Harnll.llH:> 3TO 

MOHCTPHPYKlT pHc. 5.6 11 5.7, r.ue npHBe.uCHbt TeopeTH'lecx11e KpHBble b({) B cp&llBeHHH c 31!'.cne-

~HMeHTallbHbtMH .uaHHblMll, nony'leHHbtMH YKa3aHHblM Bblllle nyTeM ( c Toil JIIlllb pa3Huueii, 'ITO B 

l•LllHOM CJiy'lae <j>11Kc11poeanHcb TeopeTH'ICCKHe JHa'leHHJI uf!,({)). Pa3yMeeTc11, UBne'leHHbte no-

1¥>6Hb!M o6pa30M 3Kcnep11MeHTallbHble JHa'ICHHll HOCllT yCJioBHbtH xapaxTep, ao 11unn:>Tc11 BCCbMa 

'IOJle3HbtMH .llllll IlOHHMaHHll o6meil: TCH.UeHUHH pocTa HaKllOllOB. c 3TOli TO'IKH 3pe11Hll Teopllll c 

Kil HecKonbxo ny'lme y.uoBJieTBOplleT Tpe6osaHHllM 3Kcnep11Me11Toe c KOCMH'lecKHM• ny'lawH. (K 

lfL110rH'IHOMy Bb!BO.UY IIpHBO.UllT II pe3yllbTaTbl [159] .llllll Ce'leHHil u>;.~" B YHBTapHOM UpEmene 

ll Kalf(Jloil: HJ TCOpHll). 

lln11 6onee KOppCKTHblX 3aKlllO'ICHKi 0 npeHMYIUecTBax KaKoro-111100 H3 TCOpeTH'leclUIX llQW(O­

D HeOOXO.UHMbt, O'leBH.llHO, cymecTBeHHO 6onee TO'IHbtC 3KCnepHMCHTallbHble .U3JIHLIC 0 ce'ICHHJIX 

la 11.llpax npH { ! 15 ' 'ICM Te, KOTOpbtMH Mbt pacnonaraeM 8 HacTOlllllee BpeMll. 

5 Ilo.nnHCH K pHCYHKaM K pu.neny 5 

P•c. 5.1 3as11cHMOCTb eenH'IHH u{;'.:d A u;:'od OT aTOMHoro HOMepa .mpa A npH ycKopH­

,,,, hHblX 3HCprHllX. JKCnepHMeHTallbllblC .uaHHble ll3 paOOTbt [139]. 

P•c. 5.2 3aeHCHMOCTb nonpaBKH ~u;;:d OT aTOMHoro 110Mepa mpa A npH EP == 300 I':iB 

Hc. 5.3 Ce<IeHRll <?,;;;;r B TeopHllX c ..:p:.1T11'1ecKllM (cnnomHaa KpHsaa) H HanKpHTH'lecK11111 

~1cpoHaMH (nepXHJIJI lllTpHXDYHKTHpHaJI K:>JIBa.JI COOTBeTCTByeT napaMeTpaM (5.2la), HllllCHllll -

21)). 

PBc. 5.4 IlonHoe ce'ICHHe pp -B3aHMO.UCAtTBHll B TeopHH c xpHTH'lecKHM noMepoHOM. 

BC. 5.5 Ilonuoe CC'leHHe pp -B3aHMO.Ue:1:cTBllll B TCOpHH c aa.uxpHTH'lecKHll DOMepoHOM (ua-

1p napaMeTpoB (5.2la)). 

Pac. 5.6 HaKnoH .UHcjlpaKUHOHHoro Ko11yca pp -paccel!Hllll B TeopHH c KpHTB'lecKHM nm1epo-

Pac. 2.7 HaxnoH .llllcjlpaKUHOHHoro xoHyco. pp pacceJIHHll B TeopHH c uanxpHTB'ICCKHM nowe-

1111.1 (Ha6op napaMeTpos (5.21a)). 





6 Ocsossble p e3y Jib T aTbl 

IlpHBOJllll.f OCHOBHhle peJynbTaThl pa6oT' Ha KOTOpbIX OCllOBaH HacTOllIUHH llOKRaJl. 

1. B He1msapHaHTHOM rronxone BaTco11a snepswe na11 cTporHii swoon Bhlpall<eHHli nm1 nH<jl4>e­

pelUl•anbHhlX Ce'leHHii HHKRI03HBHhlX npoueccoB Ha impax. IloKaJaHo, 'ITO npHMeHlleMh!e B paMKax 

TMP weronbl cornacy10TC J1 c ycnosHeM yHHTap HOCTH S-MaTpuuw pacceimm1 Ha lln pe. 

2. IlpennoJKeHa Monenb aJlpOH-llnepHbIX B3aHMoneliCTBHli, OCHOBaHHall Ha f HlIOTeJe 0 rrpoMell<y­

TO'lllblX HHnHPYIOlllHX cocroJIHHllX B rrpoueccax h 1 N -+ h2 X . Monenb OO"bllCHlleT 3Kcnep uMeHTanb­

Ho Ha6n10naeMoe noseneHHe HHKn°IOJllBHblX cneKTpos e npoueccax, o6ycnosneHHhlX cj>parMeHTauHeii 

HHnHpy10UU<x KnacTepos Ja npenenaMH llnep. 

3. llaHo OO"bllCHeHHe H Konw1ecTsem1oe onHcaHHe 3cj>cj>eKTa Kpo11HHa nnll HHnHPYIOIIlHX aJlpOHOB 

- aHoManbHO 6wCTpoli A-JaBHCHMOcTH nHcj>cj>epeHuHanbHhlX ce'leHHli npoueccos pA -+ pX [4) H 

-ir-A .-+ 'Ir - X [5) npJ:! OOHbWHX Pl.· 

4. B paMKax Monenn c npoMell<yTO'IHhlMH Hl!JlHPYIOIUHMH cocTOllHHJIMH pa3BHT Meron pacqe­

Ta HH"HI03HBHhlX cneKTpOB Ha impax B o6nacTH cj>parMeHTaUHH npH cj>HKCHpOBaHHblX nonepe'IHhlX 

HMnynbcax perHcTpHpyeMblX anpoHos. llaHo -onHcaHHe 6onbworo Ha6opa 3KcnepHMeHTaHbHhlX naH­

Hblx [2,3) no npoueccaM pA--. pX, ir+ A--. ir+ X, K+ A-+ K+ X, pA--. A0 X, pA--. K+ X, 

-ir+ A -+ K+ X rrpH pa3HblX JHa'leHHllX x H Pl. . 

5. IloKaJaHo, '!To noMHHHPYIOIUHM MexaHHJMOM B rrpoueccax anpopoJKneHHll DHOHOB -ir+ A --. 
'Ir-x H pA -+ 'Ir± x B o6naCTH cj>parMeHTaUHH nonll<HO 6h!Tb TO'le'IHOnQnop1me (B MacJllTaOax 

imep) o6pa3oBaHHe Me30HOB c HX nocnenyIOIUHM B3aHMoneliCTBHeM c imepllbD(J( HYKJIOHa.Mll. llas:o 

onucaHHe 3KCDepHMeHTaHbHhlX naHHblX (2) ITO T4KHM _npoueccaM npH cjlJIJl'.cllpollallHf;lX "p 

6. Ilpennoll<eHa Monenb o6paJOBaHHll '!apMOHHll B anpoH-imepHblX coy.napeHXo:, npe,ixnonaraa>-
,,., . ~ , 

mu npeHe6pell<HMYIO Ma.IIOCTb Ce'leHHJi paccellHHll H nornomel!lui:" cc ,COCTOllHKH B ll.llepHoit C{M\11-

IlpencKaJaHHll Monenn nnll npoueccoe ir- A -+ J /,PX cornacyioTc.a npa.xn1:<1ecn co lllCeMli ~ 
CTBYIOIUHMH 3KcnepHMCHTaRbllblMH nannh!MH (38-40). 

7. IlpOBeneH y'leT npOMCll<YTO'IHb!X Me30HHblX Kauanos u npoueccax pA -> J/.p.A c npe11 

BapHTenbHblM Bb1neneHHeM lIHOHOB II MC30HHblX pe30HaHCOB c Ma.JIOH nmrnoii o6pMoBaHJlll B 

pN-coynapeHHllX. Bnep11b1e naHo om1ca1rne 3KcnepHMeHTaHbHblX naunux (41) no OTHOWeHilllM. 

R,.tH(PJ.) nnll YKaJaHnwx rrpoueccou npH pa3Hh!X Jlla'!ellHllX nonepequoro HMnynbca 'lapMOllHll 

8. llaHo KOHH'leCTBeHnoe 06"bl!CHen11e A-1ae11cHMOCTH B rrpoueccax aJlpopoJKne1111ll O'lapoea11-

HhlX 'lacTHu. IloKaJaHo, '!TO cymecT~YJOIUHe 3KcrrepHMeHTanbHhle na11Hwe (114-120) MoryT 6b1Tb 

onHCallbl HHWb B npenrronOlKCHHH OOJibWHX nnHH o6paJOBaHHll '!aCTHU c "oTKplilTblM 'lapMOM". 

9. IlposeneH aHanHJ norrpaeoK Ha Heyrrpyroe 3KpaHHposaHHe 11 rropor perHcTpauHH npH orrHca" 

HJlH 3KcnepHMeHTaHbHblX .naHHblX no ce'ICHHJIM pOlKllCHHll u::.d B KOCMJ('leCKHX ny '!ax. Ilpen­

CTaBneH 3cj>cj>eKTHBHblli MeTO.!l pac'leTa rrapUllaHbHhlX K03<J>4lHUHeHTOB HeyrrpyrocTH k~:' B 

hA-BJaKMo.neiicTBHJIX. HaiineHHbie JHa'!eHHJI nnll se1111'1HH u':r~~1" H k1:.(r)A rrpH 3HeprHllX 

0, 5 7 5 T:>B cornacy10TCJ1 c .naHHblMH, rrony'leHHblMH 11a ycTaHOBKe " IlH011" Ep<l>H . 

10. B Mo.neJillX c KpHTH'leCKHM 11 11anKpHTH'leCKHM rroMepottaMH orrpenenett w ce'leHHll 

u;;.~•· npH Ha'lanbHblX 3HeJ>rl!JIX no 1013 I':>B c y'leToM nonpaeoK Ha Heynpyroe 3KpaHKpoBaHHe 

H nopor perHcTpauHH. Ilpoeene11 cpa.BHHTenbHhlii a11anHJ npencKaJaHHii e paMKax n syx Mo.nen<0ii 
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