
• V 0 

B .M. r oJioBH.H 

TI OJ1SIPl13AIJJ10 HHhIE 
3<l><l>EKThl 

B HYKJIOH-,[(EllTPOHHhIX 
B3Al1MO,[(EllCTBI15IX 

TIPl1 TIPOME)KYTQqHhIX 
3HEPrl15IX 

AY6HA 



~

_.,-::·':;,.a,, •• , 
. 

. ; ' 

,c-1tJ'k 
\ 

' \ 

JIE~Hlf l(JI5l MOJIOl(blX Yf/EHblX _ 

i' 

Bbmyc,c 60 

PEl(A~HOHHhIH GOBET . . 

A.H'.CucaJC$1,l-l · - npeiJceiJamellb 

· A. T. </Jiuzunnoa -'-. 3aM. npeiJceiJameJLJt · 

B.H.Hec,copo.Mllbllt ..:..... yl.feHbllt ce,cpeinapb 

JJ:B.EeJL$1,e<l 

BJI.I'epiJm 

T.5l.)f(.a6ui{JCa$1, 

B.A.Hw;umim 

.B.lllup~oa 

'l 

J 
I 

I 

0,) 

~ 
!j~ 
.1 

IIpe,lJ,HcJ10B:11e 

CJlrC,,t 
l,-G4f 

3TH Jl8KIJ,J1Jf TIO)ll'OTOBliJI .11.0KT0p qJJ13HK0-M3T8M3T:11l!8CKIDC H3YK 

c_-i;aplllllil H3Yl!Hillt C0TPY.lUIBK .Jla6opaTOpl1l1 fl,nepHHX rrpo6J1eM E~ M; roJI0BHH 

C.'U8Jlbl0 .ITJ)Ol!8CTh l1X .M0JI0,IUlM Yll8HHM OlIBJf, · l13Yl!aJOUJ.ID,1 ''rrpo6Jl8Ml1 

B3a:11M0,n8:tlCTBHfl•HYKJI0H0B·c ,ne:tlTJ)OHaMJ1'ITpJ1·rrpoM8lKYTO'!Hilii:·sHeprJIBX: 

. B 9KCIT8PHM8HT3JlbHID: · HCCJl8,U0BaffiIBX, ITJ)OBO.lUIBllll1XCfl , E~ M'. roJIOB:11-

HlIM, 9TH rrpo6J18Ml1 33HHMaJIJ1 60J!bil!08 M8CTo: HM ITOCBfllll8HO'' 60JI88 50 ' ' 

,ero, pa6oT. 

· ;c;Ey,Uyl!H , qJJ13l1KOM.,'.9KCTI8PHM8HT3TOJ)OM, E. M. ro.Jiomrn , ,riocTaT0l!HO 

X0J)Olll0 BJl3,U8JI, B0JTIX)CaMH '-T80pl1H l13Yl!38Ml1X RBJl8Hill!:.· 

·. • Tpar:11l!8CKaR CM8PTh Bf{833ITH0 06op:saJ1a ero l!CH3Hb' ••• ' 

Ho M08:tl rrpocb68 OK0Hl!3T8JlbHYJO ,n:opa60TKYM3T8PH3Jl3 ,nJIR IT843Tl1 

ITJ)OBBJI ,U0KT0P_ .qJJ13HKO-:-M3T8MaTHl!8CKIDC. H3YK r. Jf • .lhlliaC0B. 

Ha,n:eJOCb, l!T0 9T0T TPY.n E.M.roJI0BHHa - rrpe,n:cTaBHTS.rifl rrepB0I'0, 

ITOKOJIBHHfl qJJ13HK0B, H3l!8Blll:11X pa6oT3Th'B Jla6opaTOpHH fl,n:epaux rrpo6JleM 

cpa3y TI0CJl8 rrycxa B 1949 r. CHHXJ)OlUIBJI0TJ)OHa Hallle:tl Jla6opaT0PHU, 

0lIBlK8TC.li, IT0J183Hl1M .• ITpHXO,URlll8:tl B OlIBJf H3Yl!H0:tl M0JI0,U8lKH~ 

IIol!eT_Hillt ,ll,Hp8KTOP Jla6opaTOPHH R,U8PHHX rrpo6Jl8M OlIBH 
l!J18H-K0ppecrroH,UeHT PAR B.Il.,lllK8J18IT0B 
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BBEJlEHHE 

Ilpe,zinaraeMHe JJBKJ.Ulli nocBJimeHH JJ83YJJhT8T8M 9KCil8J)HM8HT8JlhHUX 

HCCJJ8~0Baffif8 B38HM0~88CTBH.fl HYKnOHOB C 'A88TJ)OH8MH I1JJH IlJ)OMBJKYTOq

HHX 8Hepnmx 7,;::::: 100 M9B + 1000 MaB. EY~T OilHC8lfil KaK ynpyroe 

pacceHHHe, T8K H coy,napemm. IlPHBOMIUHB K P83B8JJY 'A88TJ)OH8. B noc

JJ8~81,1 cJJY1IBe paccM0Tpem1e orpaHH•rnHo npoueccoM Ni. ~ .t/pn. 
KOHeqHOe COCTO.RHH8 KOTOporo CO'ABJ)I!HT , JJHWl, TPH HYKJJOHa. J3 JJBKUJIBX 

6yl]3T OCB8~8HH H8 TOJU,KO paOOTli llOCJ18,!UlWC ~eT,HO H HCCJ18~0BaIDIR 

Toro BpeMeHH, KOr'Aa (pH3HKa IlJ)OM8JKYTOqlfilX 9HeprH8 TOJ!hKO H8qffff8JJ8Ch. 

J!BKUHH C_O'A8PJK8T KpaT.IcyIO HH<lX)PMal.000 0 60JJhllIHHCTB8 · 9KCnepHM8H

TOB B YKa3aHH0:8_o6JJaCTH 8HeprH8. ABTOP. He TeopeTHK,. HO BCB 'llt8 

OCM8~8TC.fl rOBOJ)HTb O H8KOTOPHX T801)8Tffq8CKHX HCCJl8'AOBaHHHX. 

rJJaBHHM o6pa30M, peq1, no:8'AeT O Tex pa6oTaX, .. Ha KOTOPH8 CCHJ!aRJTC.fl 

9KCil8PHM8HT8TOpH IlJ)H mrrepnpeTaUHH CBOHX P83YJJbT8TOB. BeJ)OHTHO, He . 

Bcer.na YK838lfil.JIYlllllHe'H3 T8KHX pa6oTH,YJIC KQHeqHo,He.Bce, KOTOPH8 

CJl8'AOB8JJO 6H YilOMI_IHYTb- Bo BC8X CJIY1l8.!IX BH60p CCHJJOK HOCHT OTT8HOK 

cy6wKTHEH08 60JJhmea HJJH MeHLmea 38HHTeJ)8COBaHHOCTH aBTOpa. MeTO

)JJ1lieCKH8 ~eTaJili 9KCil0PHMBHTOB,'KaK JipaBHJIO, B JJBKUIDIX He paCCMaT

PID38IOTC.ll, T8K RaK STO 3H3'li1T8JlbHO YBeJIWIHJIO 6H HX 06'1,BM. 

I. 0BIJlEE OllHCAJil1E J4 OIJPEJlEJIEHIDI 

.Ue8TJ)OH npB'ACTaBJl.fleT co6o8 e.n;HHCTB8HH08 CT86HJ!bH08 CB.!138HH08 

COCTO.!IHHB 'AByx HYKJIOHOB (IlJ)OTOH + H88TJ)OH), xapaKTePH3yeMoe CJI8-

·~ OCHOBlfilMH napaMeTpaMH [1,2]: 

4, 
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i 

·,,:,,· 

OE'hE)J.11HEHHblH 11HCTl1TYT 51)1.EPHbIX 11CCJIE)J.OBAHl1H · 
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SH8PI'llil CBR3M 4 = 2,224575(9) MsB, 
pa,nMyc R« = 1, 963( 4) <lM, 
M30TOTICIIllli Ia = 0, 

MOM8HT, '!8THOCTb J.,,. = 1+, 

MarHMT~ MOM8HT . ..Jll = 0,857406(1) n,n.MarHeT., 

KBa,npynoJib~ MOM8~T a = 0,2859(3) <Pri2 • 

acMMTITOTM'!8CKaH HOPMMPQBKa: 
. ,4. 

s = 0,8802(20) qr.,:·112
, 

Q_~ = 0,0271(4), 

MHTerpaJibH8H nepo.HTHOCTb 
'1 = (6,0± I ,0)%. D-BO~ 

.l{e8TpoH H8.HM88T B036YJRJJ.8HHHX COCTOHHMn, a HBP8JIHTMBMCTCK8.H 

BOJIHOBaH qJYHKUJfH ( :Mi.I{) (/3M ero OCHOBHOro COCTOHHIDI MOlK8T 6HTb 

BHpallteHa qepes pa~aJibHHe S -, ~ ..:BOJIHOBHe qJYHKUIDf ( ll (z.) M 

W{ 't) - COOTB8TCTB8HHO) M . HOpMMPQBaHHYlO CTIMHOBYIO BOJIHOBYIO qiymc

UlflQ tf_JM <j = 1, fat= 0,±1) 

,-1... ( 1 f I r ( ) 5 . W('2.)} 
1.(-JJM "c:1 _e I= 'fire Cl 2:. -f: {:t 1K" i..JM 

3,necb $,~ = 3 (~ ~)-{~ 2)-(~ ~) - TPMTIJI8T~ onepaTOP 

B38HMO)l88CTBIDI TipoTOH8 M H88TJ)OH8. 

HopMMPQBKa :Ml.I{ YllOBJI8TBOPfl8T YCJIOIDfJO 

J [U{e)~+uJ(z/]de.::; /3; +P~ = 1. 
Ms Toro.lf)a.KTa, ~TO pa3M8P ne8TpoHa 3H8'!MT8JlbHO IIpeB.bl!Il88T o6JI8CTb 

ne8CTBIDI;,~:nepHHX CMJI ( 0MV ~ 1 <IM), CJI8JJ.Y8T, ~TO HYKJIOHH; o6pa-

3YJ()IIU{8 ne8TpoH, 60JiblllYJO '!8CTb BpeMeHH TipoBO,nHT BH8 o6JI8CTH B38M

Mone8CTBIDI. TiosTOMY 8CHMTITOTM'l8CKH8 .BMll fl ( t) · , uJ { ~) 
BOJIHOBHX qJYHKililll , lf. { z,) , lV { 2) TIOJIHOCTbIO orrpeneJIHeTCH SH8P

rne8 CBR3H ne8TpoHa M 8CMMTITOTM'l8CKHMM HOPMMPYJ()IIU{MM KOHCT8HT8MM As 
" ~ = fl~ As . 
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iJ (z) = 115 exp(-rJ...2.)
1 

uf(t) = t}_'l:J/(S ekf (-u1.e)[f+ 12- + (;'z):l] 

3nech ,,(, .= -Y MEd , /11 - rrp1rneneHH8H Macca nByx HYKJI0H0B. 

IlpH aHa~se l1 0ITHCaIDlli 9KCI18Pl1M8HT0B l!ame •' Bcero J1CIT0JIJ:.3Y!OT 

cJienYl{ll]Uie :sapnaHTH B0JIH0BHX IPYHKJJ,lf:it .ne:il:TpoHa: lllYHKUim ( lL) YJOJib

TeHa [3J, ll - n uJ -¢YHK1U1l1 xrom,TeH0BCKoro Tnna [4J, IPYHKUm! 

raPTeHaysa [5,6J, Malt Tu [7,SJ, XaManu-JllKoHcToHa [9J; Pett.na [10J, 

ITapH~CKafl B~n [11), B~n, TI0CTpo8HH3fl Ha 0CH0B8 6oHHCKOro .~0T8Hll,l13-

Jl3 [12), MOCICOBCKaR ( ]1~ MrY) BOJIH0BaR lllYHICIJ,Hfl [ 13]. 

CCI1Jlltl1 Ha pH,n ~n M 0ITHC8Hl18 TI0,11,X0,ll,0B K 0TIP8,ll,8Jl8HIDO HBK0T0PHX 

napaMeTpoB .nf:il:TpoHa M0~H0 HafiTH, H3TIPl1M8P, B [1,2,14]. 

Il0JIHPl138JJ,H0HID18 C0CT0HHJ1R ,ll,8HTpoHa MoryT 6111'1 0ITHC3H1J Ha fl3H

K8 ccpepm1ecm1x 11~ ,11,eKapToBux TeHsopoB [ 15-18). B o6meM CJIY'Iae ,11,JIH 

9T0ro H806X0,!IJ1M0 BB8CTl1 8 H838Bl1Cl1MHX I131)3M8TpoB. Ilpu l1CTI0Jlb30Ba

lli1J1 ciPeputiecYJ1x TeHsopoB TaIIBMH napaMeTpaMH 6y,11,,,yT cpenHJ1e sHalfeHHH 
. ·. ,.;.. (iS) . " , . . 

t~ =:<-?:em , > 0I18:£_3T0poB ?:em , e-!:= :ts,. I']_/~ {_ , 
CBfl33HHHX C 0I18paT0P3Ml1 Sl CITHH3 ,ll,8HTpoHa 

~ (fi) "' l--ro == Y Sz , 
,.,_ " 
0±1 = f-(t)&(.sx ±. ;,,s:) J 

i'oW ::- (ii)(3s; ~iJ S.±1 ~ :j (1:}[{1 c1Js: f.5z(5x± ;,~)2. 

/\ · ~)( A · A .t_,. 

~±-2- :==- ( i 5x _± ~s!I) . 

6 

'\"' .. 
(Y* ., ) 

OrrepaTopu "' 't'e,,,, 
A 

2' &n 

ynoBJieTB0J)RIOT YCJI0BHIO 

/1) A+ 
(-:1) 'Ce-n, . 

)LJIR rrapaMeTpa ten,, 9TO C00TB8TCTBY8T 

'Cw, = (- :f) mt ;_n, . 

(Y1) 

B cJiyqae, ec~ rroJIHPJ1saJJ,H0HHOe cocTOHHHe reHepnpo:saHo -coxpaHHIOI!le:il: 

l!8THOCTb 6J1H8PH0:il: peaKJJ,He:/l: C H8I10JiflPl130BaHHHM H8l!8JlbHHM C0CT0HHH8M, 

TO napaMeTpH i.en, 06Jiana10T Ta~e CB0:il:CTBOM 

t-cm = (-1) e+m t e-1n . 

KoM6Hl!Hpya 9TH COOTHOillSHHR, IlOJiy<lliM eme 0,]J,HO IlOJI93HOe COOTHOill9HH9 

e * -te.m =- .(-1) tem. 
,,..., " " 

CBSl3b neKapT0BHX onepaTopcrn :ii , Yy C .5 A:: HM88T BH,11, 

/\. · A .I\. A '\ A r:'\, A 

C) -, (?-. f 3),/ c r' (' s \ '--(/ ,_,.1., 
J'[, = _:ji 'i';fj =\i-lvi~- +<-;j c./

1 
u~c_.=3.,.y_ -A.· 

~ . 

Ha6JI10naeMHMH B8~l!HH8MH B 9T0M c~yqae 6y.nyT l1X CP8,ll,Hl18 3H3lf8HUfl 

~ A A 

0>. = .,:: C)_;,, 9 . ::: L 0 . ;:,, C)_ . = .L ~c,·. :> • Jc.., _r ' '-J Ji,J J ✓u (., 

3Ta cHcTeMa nepeonpe.neJieHa l1 Me~,11,y ~~ CYm8CTBY8T CBH3b 

~x + <:Ry , + ~:z = _O 

C1PepHqecICJ1e H neKapTOBH TI0JIHPH3aJJ,H0HHH8 napaMeTpbl M0ryT ' 611Tb 

BHpameHH .npyr l!epes ,npyra: 

t-10 =fl~) t1:1:1 = +(V(~ ± i<J;;J} 
(Y2) 

'· 
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tu;= (~)~7-J -C;.±1 =f(~)(fYx~ ±~.?), 

f"- =(1...h)(~x-:Pyy-J:tL9x:1), · (YJ) 

:f{ ~ -{ Its)( tf1 -i1-,{ );~ = (~)(-t11+-[1-1J/?~ ~ (VJ) t10 J 

~ :cc ( J/f.)(t:4 + t-,)-( w)~I 9dy =:fyx = -L ('J/f)(-czt -~-.J j 
9;y == -(1/f,)(t~ - t~_J-(w)i.to/:Pxi! =>:4,('. ~-('f)(~1-t~_;i); 

. . 

:4_:z = ii tw ) :4-1- = ~J : c.(rf )(i,:;1 t ti-1-) 
' . . 

. Tipeo6pa3OBaHHe ITO~HPH331.l,MOHHUX rrapaMeTpoB ien, 
(Y4) 

OT O~OJI 

. . * 
CHCT8MU KOOP,JJ;I1H3T K ,npyro8 BUITO~fl8TCH no qiopMy~aM [19] 

itm'(!C) = {[7J1;;/(,e-,,,r j+ t~nt (IC),1 

i e. (IC l ::= :z. 7J 1= ~s I A: __,,. .t') t ~q;' (t) . 
I'll I m' hlm' {' . 

3nech ,t , i{:' 1 
- CHCT8MU KOOP,JJ;I1HaT, B KOTOPUX onpene~eHU 

t. J;{J , ~"l' ( tf:-=, I:} - M3TPHU3 KOH8'IHIDC noBopoTOB [20], • 

apryMeHT KOTopo8 ( ,t .-,t' i rrpencTaB~HeT co6o8 Ha6op yr~oB 38~e-

pa, oITHCUBaIOlllHX rrepexon oT K K A::.' . Ilono6Hue rrpeo6pasoBaHHfl 

.D:8YJ3PTOBUX ITO~flPH331.l,MOHHHX napaMeTpoB OITHC3Hll, HarrpHMep, B [ 16]. 

* B'aTOfi pa6oTe o6cyllt,naeTCfl T8I'JIC8 HCTIO~h3O:f!l3HH8 M8TPHU· KOHSl!HOro , 

ITOBOpoTa, BB8.D:8HHHX pa3HHMH aBTOpaMH, H yKa311Ba8TCfl Ha B03MOllt

HOCTh BO3HHKHOB8HHfl CYIU8CTB8HHhlX norpemHOCT88 TIPH HeaKKypaTHOM 
o6pamemm c pas~trno orrpe.n:e~eHHHMJI Ii) { K-1 k J H~ ';i) ( /( ..::,p ,t '.} . 

8' 

I 

KOJJIBIBCTBO HB38BHCHMHX TIOJISIPH381.l,MOHHID( napaMBTJ)OB ,ne8TJ)OHa". 

YM8HhmaeTcH, ec~ ero noJISipHsamrn reHePHJ)YeTcH 6HHaPH08 peaKI.J,Me8 c 

HBTIOJISipH3OBaHHHM Hal!a~bHHM. COCTOHHHBM (21] •. · B·.9TOM c~ae 

t.,,0 =01 -t.,1 = t1_11 t.u = -tj_ 1 i t.,u = -t~ ; 

-~ = fly::: ~IJ =5;.z "'0 . . 
IlapaMeTp. "t,-11 CT8HOBH~CH l!HCTO . MHHMHM, H 

BMBCTO Hero paccMaTpHBaIOT BBJJIBIHHy • i t-1-1 

BO MHOrHX pa6oTax 

• IIapaMSTPH · t J.m 

TIPHHHMaIOT l!HCTO ,ne8CTBHT8~bHH8 3H8l!8HHH. TaKHM o6pa30M, H838BHCH

MHMH OCTaIOTCH ~b napaMSTPH 

·{
11 

(-t1A'tf Lt11);-iitJ, t.,.;, tu; (Y5) 

9)!f I :rx,o ;Pyy J ~~ J ~z!• • (Y6) 
' 

IlpH 9TOM, KaK H B o6meM c~ae, 
-,,. •. . ., 

~x +:Yyy' +~~ ~o 
06.JiaCTh H3M8H9HHH IIOJISIJ)H331.l,MOHHI:lX napaMeTpoB: 

- fi ~ £t·, ~-,g '. -1· ~Cr)·,:::; + i 
/l. - 1'1 - ,t . . J. ' . :Jt_ ,• 

-if£~ -tw ~ -if -~ .;_· CJ?.. ~ j_:i"' 
N - C.c. - I 

- ff.~ -ti,(~ i -~ ~ ~- ...:. + .2. '-- - Ji.I - ,..,, 

-1" ~ ~~n /L 
-3 ~ 2 -2 +3 

- )0( .!J!:I . 

,9· 



I • 1 • TIO.JiflJ)}fM8Ttlli8 ne:0:T"OOHOB 

B OTJ!Wlli8 OT xopomo paspa6oTaHHHX crroco6oB H3M8P8HHH ITORHPH-

,3au;mi HYKJIOHOB [22] orrpeieReHHe IlOMPH3all,HOHHOro COCTOHIDffi ,ne8TJ)OH

HHX rryqKQB HaXO,nHTCH eme B. CTa,mm paspa60TOK H CTaHOM8HHH. EORh

mHHCTBO HCIT0Rh3Y8MHX B HaCTOHmee BpeMH MBTO,D:OB,pemeHHH 9T08 sa,naqH 

OCHOBaHO Ha a3HMYTaRhH08 saBHCHMQCTH ceqeHHH aHa™3HPYJOm88 peaKl.l,HH 

cl + .fl -- E ( 0, 'lf) .,_ X . (Y7) 

IloRaraH, qTO peaKI.J,HH Ill)OT8Ka8T C COXJ)aH8HH8M qeTHOCTH,. ee a3HMY

TaRhHYIO saBHCHMOCTh MOJKHO 38ITHC8Th B BH,ne * 

I(A Y J ==.I;, (e}[ 1. + tU> 7;," (0) -

- l(t11 + t-1_,rr;., r0J-r-41-t-1 r1;,{ r0)J CJ>s'':f .,. 

+ (t.u, +t,-.1.,}Tu{0)ws(JJJ) +. 

+ i (t1,,-t(-(r1;1 (&)-(tu+~_1)~1 (0JJ~Mi-
. . 

- i{ t:_.1., ~t.t-1) T;2, ( f}) Jill. (t:f )).. 

* B ™TepaType 60Rbll88 qacThID BCTpeqaIDTCH !VOPMY~. COOTB8TCTByromH8' 
c~qaro~ Ror,na rroRHPH38I.l,HH rryqKa co,nepJKHT YM8Hbll8HH08 4HCRO Hesa

BHCHMHX KOMITOH8HT (Y5}, (Y6). 

10 

i 

I 
l 

l 

3.ziech . J;, ( /9) :;:.' ce'i.teHHe J)aCC8HlillH C H8ITOR.RPH30BaHHHM- HaqaRhHHM 

eocTo.RHHeM, /0 - aHa™sHpyromHe crroco6HocTH pe~Kll,HH. Ha H3HRe 

,neKaPTOBHX ITORHPH3all,HOHHHX rrapaMeTI)OB ceqeHHe pacceHHHH rrpe,ncTaBM

eTCH !VOPMYR08 

Z(&;y>)=- le (&)f(i+ ~~?-lfei!(&)+-
. ' ,- ' ' 

1-[]_ <j;J& {0)+ J(f:z fix~ (&)easy 

+ /s (YJ« ~ ~JJ }[Axx (0) ~ ~.Y ( f) )] e-DS (o?JJ 

+-[ j_ ~J'l.y(0)--j~rJ!.x~{6J)] i!-hiY 

- §<J;
3 

[ /lxx~,(P)-AY!I (P)]c1ir!i(:t!P)]. 

AHa™3HPYIDmH8 crrbco6HocTH Ii STOM cRY4ae o6osHaqeHH Jl,;_· , ·.;/l{j 

EcJiH H3MepeHHR BHITORHBHH rrpH ,nocTaT04HOM qHcRe a3HMYT8RhHHX yrRoB; 

T0'8H8JJH3 SKCil8PHM8HT8RhHHX ,naHHHX Il03BOM8TBHJ{8™Th.qReHH, rrpo

rropI.J,HOHaRhHH8 .!i<11. (11/!J') , CL>5 ( tf.lY) · · , M = 0, 1 ;2. IlpH · nsBecT-
. . 

HHX C8ll8HHH H8IlOMPH30BaHHOro pacceHHHH ( I;, ) H aHa™3HPYIDmHX 

. crroco6HOCTHX ( '!Jnr ) 9TO .naeT B03MOJKHOCTh onpe,neRHTh t".UJ , t.t..i,, , 

~-.t.. . Pas,neJJHTh B~a)Ul ( ~1 ± t:1--1 ) H ( 41 ± -t,2_ -I } B 

CRaraeMHX, rrporropI.J,HOH8RhHHX J/11..!f H ~ :!:J' , MOJKHO, HarrpHMep, 

rrpoBe,n.R H3M8P8HHH ITPH H8CKORhKHX yr Rax · t9 H HCITORh3YH J)a3™lJHH B 

yrROBOtt·saBHCHMOCTH t ((;)), H 7l1 (0) . 
·cxo,nHHe coo6pameHHH MOJKHO C(VOPMY™l)OB8Th H ITPH OITHCaHHH ITORH-

~ ' ' ' . 

PH381Jl1H ,ne8TpoHOB ,neKaPTOBHMH rrapaM8TpaMH. 
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I 

.. KaK M3B8CTHO, ceqemrn 6HH8PHHX peaKIJ,IDt He 38BHCHT. OT rrpo,noJib-

H08 , B8KTOPH0:0: rro~pH3a~ JlY'!Ka . ( t"f,o 
1 
~ ) • Ilo9TOMY ,nJI~ H3Mepe-

Hlffi 9TIDC ·BeJIHlJHH JIPIDCO,!OiTCH HCJIOJib30B8Tb rrpeueccmo CJIHHa ,ne8TpoHa 
. ' . .. ,' . . . ' 

B MarHHTHOM JIOJI8, rrpeBpamaH rrpo,nOJibHYIO JIOJIHpHsaumo B rrorrepeq~yio 

[23). 

IlpH He6oJiblllHX sHeprHHX ,ne:8TpoHoB Ii Kal!SCTBe aHaJIHslipyme8 

peaKUHH Hepe,!J,Ko HcrroJib3YIOT peaKUHIQ 'Ne(~ p)~lle . _ · CxeMa 

O,nHOro H3 TaKIDC JIOJIHPHM8TpoB [24) JIPHB8,U8Ha Ha PHC.1. IlOJIHPH30BaH

HH8 ,ne8TpoHH, rrpoxo,nH qepes BXO,nHoe OKHO /1) H CUHHTHJIJIHUHOHHHfi 

Cl!8T'!HK ( 2) , rrorra,naIOT B rasoBYIO MHlll8Hh / HM8l'I 9Hepr~ . 20-25 MsB. 

HerrpoB3aHMo,ne8cTBOBaBlllH8 B MHIIISHH ,ne8TPQHH H_ aJibipa-qacTHUH -

IIPO.nYKTH peaKUHH- rrorJiomaIOTCl'I q)HJibTJ)OM ( 3). IlpoTQHH, 6Jiaro,naJ)R 

BHCOK08 9K30T8PMHllHOCT~ peaKUHH (a= 18,4 MsB), rrpoXO,Ul'IT qepes 

q)HJihTP H H,n8HTHtPHUHPYIOTCl'I Cll8Tl!HK8MH E(4) H E(5). BcJie,nCTBH8 

UHJIHH,npHll8CK08 CHMM8TPHH ,U8T8KTOpa ero 9qxp8KTHBHOCTI, C ---(r+~ ~) 
3aBHCHT . TOJihKO OT t,to . . 3TOT JIOJIHPHM8Tp HM88T BHCOKYl() aHaJIH3HJ)Yl()

mYI0 crroco6HOCTh ¼ = -0, 6 .H 9~8K'J;'HBHOCTb 1, 8x10-
4 

JipoTOH(HatJ:aJih

HHfi ,ne8TpoH. no MH8HHIO aBTOpoB pa6oTH, JIPH rro,nTOpMallrnBB.HHH ~e8Tpo

HOB BXO~ qlHJibTpoM ( 6) JIOJIHPHM8Tp_' pa60TOCJIOC06~H JIPH 9H8PI'lfif 

,ne8TpoHOB .no 100.MsB. IlpH6op HCJIOJib30BaJICl'I [25) B. HCCJI8,UOBaHlffiX 

yrrpyroro ( w-d )-paCC8l'IHlffi C BHJI8TOM ,ne8TPQHOB rro,n yrJIOM B c.u.M. 
@= 180°. 

Ta lite peaKUHH rro.n yr JiaMH & = 25°, 45° IIPH ~ = O°, 90°, 

180°, 270° 6HJia HCJIOJih30BaHa ,UJil'I orrpe,neJISHHl'I JIOJif!PH3aUHOHHHX rrapa:-

M8TpoB ,n88TpoHOB i t(f , t.U, , t~f . , ~L, 

15+100 Msl3 [26J. 
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Yrrpyroe paccesnme ,ne:llTJ)OHOB C 9Heprne8- 94-157 MaB Ha. f3e , {! , 

.II£, l'u HCCJie;oooJiocb B pa6oTe [27J. r.ne 6HJIO . noKasaHo, '!TO B 

9THX YCJIOBIDIX 38M8THO OTJIH'iaeTC.fl OT HYJ!fl JIHlllb_ B8KTOpHa.fl aHaJIHS,HPYJO

ma.a cnoco6HocTb i ~ 
IlpH 9H8PrHH .ne8TJ)OHOB OKOJIO 420 MsB aHaJIH3HpYIOJJJ,He CIIOC06HOCTH 

de. - H cl.Be -pacce.aHIDI HCCJI8,I{OB8JIHCb B [ 231 ~ PesyJibTaTH H3Me

peHH8, BM8CT8 C qacTb!O ,naHHHX [27], JIPHB9.D;8HH Ha PHC.2. 

TiyqoK IIOJ!flPH30B8HHHX ,ne8TJ)OHOB, IIOJIY'i8HHH8 Ha YCKOPHTeJie 

SATURN TI (CaKJie), 6HJI HCIIOJ!b30B8H [281 .D;Jlfl H3MepeHHH aHaJIH3HPYIOme8 

cnoco6HocTH yrrpyroro ad-, Zp ~pacce.aHH8 H HHKJII03HBHoro pac-

ceHHIDI ,ne8TpoHOB sr.npaMH .tl • C , , .Nt •. '7>8 IIPH 7j_ =191 

H 395 MsB. B HHKJI!03,HBHOM OIIHT~ 6HJIO IIOKa3aHo, '!TO IIOMemeHHe B .ne

T8KTOP qJHJlbTJ)OB- ( fe. , 1,5-7 ,0 CM), HCKJIIOqaIOIIlHX pemcTpau,mo Me,n

JI8HHHX IIJ)O.D;YKTOB Heyrrpyro8 peaKIJ.HH, YB8JIH'iHB88T 3HaqeHlffi aHaJIH3H

PYIOIIlHX CIIOC06HOCTe8. 3TOT 9q)qJ8KT, HJIJIIOCTPHPY8MH8 PHC.3, oco6eHHO 

saMeTeH B cJiyqae i- T.;1 • AHaJIHSHPYIOJJJ.H~ cnoco6_HocTH ynpyroro ap -
pacceHHHH JIPHB8.D;8HH Ha PHC.4. 

AflTOPH IIPHXOMT K BHBO,ny, qTo B HQCJie,noBaHHHX HMH ycJioBHHX 

HHKJII03HBHaH pearuurn Ha CJIOJKHHX H.D;paX MomeT 6HTb HCIIOJ!h30B8Ha KaK 

aHaJIHSaTop JIHlllb B8KTOPH08 IIOJ!flPH3al1,lrn ,ne8TJ)OHOB. Yrrpyroe ;ifo -pac

CeHHHe IlPHrO.D;HO H_B Ka'i8CTBe aHaJIH38TOpa T8H30PHHX KOMIIOH8HT nojH

PH3al1,lrn. PH.n BOT!J)OCOB IIOJ!flPHMeTpHH ,ne8TJ)OHHHX nyqKoB o6cym.neH B 

pa6dre (29}. 

OTMeTHM ny6JIHK8l1,lrn o HeKOTOPHX HeTpa.IUfUHOHHHX crroco6ax HSMe-

- pemi:.a IIOJIHPH3811,HOHHHX napaMeTJ)OB ,ne8TJ)OHHHX nyqKoB. Eiomiep , ~ 

[30]. IIP9,I{JIOmHJIH .D;JIH H3MepeHHH_ B8KTOPH08 IIOJ!flPH3al1,lrn ,I{88TpoHa · 

IIOJih30BaTb 3q)q)8KT rrepe.naqH IIOJ!flPHSaUHH IIJ)OTOHaM B peaKUHH 
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di-Jl.~P+X. 

C yt!STOM 'ZJ -BOJIHH B' ~Jl TIOJIRPH3aUIDI 9/, KOHS'lHOro TIPQTOHa B 

8T0:0: peaKI.urn CIDI3aHa C TIOJIRPH3aUHe:0: 5?e ,ne:0:TPQHHOro fIY'lKa BHpa

llt8HH8M 

2 = (1-1:P,;)~ . 'P 

IlpH ~ . = 7% 8TO npHBO.lJ;lfT K P;, = 0 ~ 895 ~ CxeMa TIOJIRPHMSTpa 

npHBe,neHa Ha J)HC.5. !IytIOK ,ne:0:TpoHOB rra,naeT Ha 6JIOK yrJiepo,na (,IJ;lfC

COUHaTop) TOJllll.HH0:0: 7,6 CM. IlPQTOHH OT pa3BaJia ,ne:0:TpoH'a, BHJI8TaJOil(H8 

Brrepe,n < 6 = 0~ > , HarrpaBJIRIOTCR MarHHTHHM IIOJISM Ha TIOJIRPHMSTP 

JANUS [22], H3Mepmom,mt HX TIOJIRpHsaumo. !IOJIRPHM8TP HCTIHTHBaJICR TIPH 

7j_ = 500-800 MsB,H 6irno TIOKa38HO, 'ITO TIPH 800 MsB 8q¢eKTHBHOCTb 

.lJ;lfCCOUH8TOpa ,ll;OCTHraeT 10%. ABTOPH ClIHTaIOT, lITO HX MSTO,ll; MOlltST 

6HTb HCTIOJlb30BaH TIPH 8HeprHRX ,ne:0:TpoHOB OT 400 MsB .no H8CKOJlbKHX 

I'aB. 

HoBH:0: crroco6 H3MepeHHH rrapaMeTpoB T8H30PH0:0: TIOJIHPH38UHH ~. 

~,t OIIHCaH B [31,32). ABTOPH npe,nJIOllrn:JIH HCTIOJlb30BaTb saps,noBo-

o6MeHHoe pacceHHHe clp ...:,, ( rpp) (l.. Ha BO,nopo,n;e HJIH COCT8BHOM 

s,n;pe. EHJIO rroKasaHo, 'ITO rrpH HeK0Top11x KHHeMaTHllecKHx ycJIOBIDI~ 

npe,n;JiaraeMH:0: M8TO,ll; ,MOJK8T 611Tb scixPeKTHB8H B lllHJ)OKO::A: o6JiaCTH 8HeprHll. 

Bo3MOlKHOCTb B o.6meM CJIYllae onpe,n;eJIHTb Bee TIOJIRPH3aUHOHHH8 

rrapaMeTpH ,ne:0:TpoHHoro TIYlIKa Ha OCHOB8 H3M8peHHH a3HMYT8JlbH0:0: 38BH

CHMOCTH ceqeHH:ll pacceHHHH ,n;e:0:TpoHOB Ha TIOJIHPH30BaHH0:0:' BO,nopo.n;H0:0: 

MHlliSHH pacCMOTpeHa B pa60T8 (33). EHJIO TaKJKe npe,n;JIOlltSHO [34) ,ll;JlR 

H3M8P8HHH TIOJIHPH38UHH .n;e:A:TpoHOB HCTIOJlb30BaTb peaKll,HlO 

cf'/!.~ C + e -r:f 

16. 
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C perHCTJ)81.l,lf88 ,IU3yx l'.J.aCTMU ( ~ , . e ) KOH8'1HOrO COCTOHHHH H H3M8P8-

HH8M a3mzyTaJihHOR 3aBHCHMOCTH illCHSKOWIJiaHaPHOro J)83Jl8Ta. 

r. 2. OcttoBHHe MOJleJll1 Nct-:oaccemma · 

IDiTepec K npoueccaM coy,11,apeHHH pa3JJH'1HHX 11acTMU X c .n.eRTpo

HaMH onpe,11,eJJHeTCH TSM, '1TO IlPH illC H3Y'18HHH MOllteT 6llTh Il0JJY118Ha 

HH(p()PM~I.l,lfH: 

a), 0,B03MOlltHOCTH HCTIOJJb30BaTh co,11,epmammtcH B .n.eRTpoHe "TIOl'.J.TH 

CB06o,11,HHR" _He8TJ)OH B K8.'18CTB8 . "HeRTpoHHoR MH1118HH;,' 

6) 0 X8J)8KT8PHCTHK8.X ,ne8TpoHa, 

B) o ~yx11acTH11HHX JC-Cl.. -B3aHMo,ne:ilcTBHHX BHe sHepreTHl'.lecKOR 

IlOBSPXHOCTH, 

r) o Mexa:imsMe ..VN -B3aHMo,11,e:ilcTBHa, Ka.K npocTS:lru!ero TIPHMepa 

H,11,SPHHX peayJUfll, 

.n.) 0 cymeCTBOBaHHH HO xapaKT8PHCTHK8.X MHOro11acTH'1HllX'B3aHMO

.n.e:AcTBHa, 

8) 0 B03MOllCHOCTH IlOJJY'18HHH HS:ll:TJ)OHHHX Ilyl'.J.KOB C Y3KHM 9Hepre

TH'18CKHM pacnpe,11,eJJeHHeM H C IlOJJHPH331.l,lf88, IlPH8MJJ8MO:ll: ,11,JJH 9KCTI8PH~ 

M8HTaJJbHOro HCilOJJbSOBaHHH. 

B o6JJaCTH IlPQM8lltYTOtJHblX 9HeprHa T80P8TH'18CK08 OTIHCaHHe pacceH

HHH tJacT~ X H.n.poM .fl o6lltJHO cTpoaT Ha ocHoBe npe,11,cTaBJJeHHH 

onepaTopa ¼. -nepexo.n.a Mem.n.y HatJaJJhHHM H KOHetJHHM cocTOHHHHMH B 

BH,11,8 pasJJOllt8HHH no ,11,Byx11acTHtJHHM B3aHM0,11,8:ll:CTBIDlM tJaCTMUll 

l,-HYKJJOHOM H,1J,pa [35] 

T, ==~ti,+~ t1., Gt-+£ r" Gt,-Gt-. -1-
.(A. ,_ . "Jl -:J •• ., . :I I( 

'?Jr _l.J) "• £
· l!!-~J 
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X C 

(Y8) 

.i 

3,11,ecb G·~·lf)yHKI.l,lfH 'pa~JIJ)OCTpaHeHHH (nponaraTOp)·H~JI8T~ea 11ac-
TillUl: M8llt,nf IlOCJJ8.nyJOII1HMH coy,11,apeHHHMH . C HYKJJOHaMH H,!JJ)a. MaJJOCTh 

9HeprHH CBH3H ,11,8:ilTJ)OHa H 3Hal'.J.HT8JlbH08 (B C1)8,11,H8M) pacCTOHHHe MelK,11,Y 

o6pa1YJOmHMH ero HYKJJOH3MH Il03BOJJHIOT H3){8HThC.ff, '1TO IlPH ,11,0CTaTOl'.J.HO 

60Jih!illfX 9Heprirn'x HaJieTarome:A tiacmnw ,11,JJH ornicaHHH Jccl -pacceHHHH 

OKal!C~TCH ,11,0CTaTOl'.J.HHM yqei Jilflllb H8MHOrHx Il8PBHX '1JI8HOB PH.n.a (Y8). 

IIIHpoKoe npHMeHeHHe TIPH oTIHca·HHH xd -pacceHHHH HamJio HM

IlYJihCHoe TIPH6JJHll(8HH8 [38,39], IlPH KOTOIJOM 13 BHJ)8llt8HHH (YB) OCTaB

JlHIOT ,1J,B3 Il8PBHX '1JJ8Ha 

T = -txp + t;l'.fl; (Y9) 

' . 
OTIHCllBaIOmHX 0,11,HOKpaTHOe pacceHHHe .>( Ha KalK,11,0M H3 HYKJJOHOB 

,11,8:ll:TpoHa~ Ilpe.n.noJiaraeTCH, l'.J.TO H3M8H8HH8 COCTOHHHH HYKJJOHOB MHW8HH 

sa BPBMH B3aHM0,11,e:ll:cTBHH C HaJJ8T8IOU(8:ll:.iiacTHU8:A npeHe6peJKHMO M8JIO. 

OnepaTop ,zu3yx11acTwmoro B3aHM0,11,8:ll:CTBHH -t-x, ·o6ll'1HO Bllpallt8.IOT 

tJepes aMTIJJHTy.n.y ynpyroro Jeri .:.pac~eHHMH Ha 9Hepr~TH'18cKo:A no

BepxHOCTH. - BHYTP8HHee ,11,BHll(8HH8 HYKJJOHOB TIOKOHmerocH Ae:ll:TpoHa, OTIH

CllBa!OT BoJJHoBo:A ¢YHKI.l,lfe1l 'ero ocHciBHoro · cocTofiHHH. 

' YcJJciBIDI IlPHMeHHMocTH HMTIYJihCHoro npH6.mi:meHHH paccMaTb~:saJJHch 

B (37], r.n.e 6llJJH J10Jlyl'.J.8Hll TaKJKe OU8HKH H8KOTOPllX ero norpemHOCTe:A. 

· OueHKH BHesHep:reTH11ecKmc slf)lf)eKTOB npH ltltl. -eoy,11,apeHHHX 

06lltJHO no~ytJaIOT, Blll'.J.HCJJHH . t-NN' C HCTIOJlh30BaHH8M Ka.Kor~~JJH60 N'Jtl--
IlOT8HI.l,lfaJia. B 9TOM CJJYtJae, 8CJJH Ha11aJJbHll8 H KOHEJqHlle l'.J.aCTHUll CtJH-

T8IOTCH CB060,11,HllMH, HX ,IU3Hllt8HH8 0IlHCllB88TCH TIJIOCKHMH BO~H8MH H 9TOT 

· BapHaHT -npH6JJHmeHHH Ha3llBaIOT TIJJbCKOBOJJHOBI1M •. HMny JJhCHllM ri£H6JIMlKeHHeM 

rnmmr. 0,11,HaKo ·He Bcer.n.a KOH8tJHll8 '18CTHUH MOJKHO Cl'.J.HTaTb CB060)J.HllMH. 

. B3rufM0,11,8:ll:CTBH8 M8lK,11,Y "HHMH, . 06lltJHO · - Ha3!Il3a8M08 .. B3aHMO,U8:ll:CTBH8M . B 

KOH8'1HOM COCTOHHHH (BKC), MOllt8T 0Ka.3aTb" cymecTB8HH08 BJlHHHHe Ha 
' 
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9HepreTWieCKOe H yrJioBOe pacrrpe,neJieHHH rrpo,llYKTOB peaKUHH [38,39). 

HaH6oJiee qeTKO BKC ITpoflBRfleTCfl ITPH Ma.JIHX HMITYJibcax OTHOCHTeJibHOro 

~HJKeHHfl KaK08~RH60 rrapH KOHeqHHX qaCTHU. BoRHOBafl ¢YHKIJ.Hfl TaKon 

rrapH m1eeT pe30HaHC~ xapaKTep, qTO, B OCHOBHOM, o6ycJIOBJieHO 

KB83HCM3aHHHM BHPTYaJibHHM COCTOHHHeM, xapaKTepHCTWieCKafl 9HeprIDI 

KOTOporo MHOro MeHb!Ile 9HeprHH CM3H OCHOBHOro . COCTOHHHfl ,ne8TpoHa 

[40]. 

IlpH pa6oTe B KHHeMaTwrecK08 o6JiaCTH, 6RH3K08 K.YCJIOBHffM yrrpy-

roro pacceHHHH HaJieTaromen qacTHUH CB060~M HYKJIOHOM,. HCITOJlb3YJ()T 

MO,IJ;eJib crreKTaTopa (CM). 3Ta MO,IJ;eJib OCHOBaHa Ha rrpe,ncTaBReHHH O TOM, 

qTo HaJieTaromaH qaCTHUa roamio.ne8CTBYeT RH!Ilb C O~M H3 ttYKROHOB 

,ne8TpoHa. BTOJ)OMY HYMOHY ,ne8TpoHa HMITYJibC He ~epe,naeTCfl H .OH 

flBRfleTcfl' RH!Ilb .cB~eTeJieM (crreKTaTop) coy,napeHHfl. B KOHeqHOM COCTOfl

HHH HMITYJibC CITeKTaTOpa OCTaeTCfl TaKHM, KaK08 9TOT HYMOH ·HMeJI B 

,ne8TpoHe. 

IlpH pacqeTax pacceflHHfl HaJieTalOlll,e8 qacTHUH COCTaBHHM fll(J)OM rrpa '··," ' -, . . ·' . ,· ,-

BHCOKHX 9!ieprIDIX H Ma,JIHX nepe,naqax mlrryJibCa 3Ha~TeJibHOe pacrrpo-

CTpaHeHHe JIO~RO 98KOHaJibHOe rrpH6JIIDKeHHe, paspa6oTaHHoe H~3aBH

CHMO CHTeHKO [40] H rJiay6epoM [4I,42J. OCHOBH 9TOro IIPH6JIIDKeHHH 
• ' ' • - I, 

MOlKHO C(p()PMYRHJ)OBaTb CJie,llYIOmHM 06pa3C>M [42]. 

1., 3a BpeMH B3aHMO,IJ;e8CTBIDI COCTOHHHe. HYMO,Ha MH!IleHH He H3M8-

Hff8TCff ( HYMOH "sa~opomeH"). 

2.- HaJieTaromaa qacTHUa pi3crrpocTpaHH8TCfl qepe3 ffl(po JIPHMORHH88~ 

HO (aHaJiqr reoMeT~~eCK08 OTITHKH). 

>3. Ilepe,naqa rrpo,nOJibHOrO HMrryJibCa rrpeHe6peJKHMO MaJia. ,3TO 
"J' ;·,, 

YCJIOBH8 xopomo BHJIORHH8TCH TOJibKO l(Jlff oqeHb Ma.JIHX ,yrJIOB •. OHO H8 . . . . ' , .:. . ' . . ' 

rrpHHUHITH8JlbHO, . HO .. II03B<;lJlfl8T ~O~Tb 3Ha~T8JlbHO . 60JI88 JIJ)OCTH8 ·. H 

y,no6HHe .nRH pa60TH cpopMYRH-
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4. B3amio,ne8cTBHe HaJieTaromen qaCTHUH C HYKROHOM MmIIeHH 

JipaKT~8CKH H8 OTRHqaeTCfl OT ee B38m!Ol(88CTBIDI co CB06o~ HYKRO

HOM. 

5~ ~a3H pacceHHHH HaJieTaromen_qacTHUH Ha OTl(8JlhHHX HYKROHax 

MH!IleHH a~THBHH (aHaJior OITTHKH H KB83HKJiaccmm). B rrpHMeHeHHH K 

paccemIBIO Ha ,ne8TpoHe 9TO rrpH6JIIDK8HH8 y,IBTHB88T o~o- H ~YKpaTHH8 

paCC8flHHfl HaJieTalOlll,e8 qacTHUH Ha HYKROHaX fl~-Mmll8HH. IlepepacceH

HHfl BHCIIlHX TIOPff~B 'IIOJIHOCTbIO KOMITeHCHPYJOTCff BH89Hepr8TW!8CKHM' 

BMal(OM B ~nHoe pacceHHHe [43l, T.e. C yqeTOM BHe9H8pr8TWl8CKHX 

HRH BH8MaCCOBHX ITOJipaBOK. 

IlepBOHaqaJihHO BHBO,l); (p()PMYJI 9TO:&i MOl(eRH6HJI ocymeCTBReH B paM-
/ 

KaX JIOTeHUHaJibH08 T80PHH, HSIIpliMSHHMOii: l(Rff OITHCaHHH B38m!Ol(88CT-

BIDI qacTHU 60Jib!IlHX 9HeprHn. B paMKax T90PHH BaTCOHa 9TOT BOITpoC 

61:m paccMoTpeH B [41J, a TaKJKe B [42-45L IlPH 6onee o6mHX rrpe,nrro

JioJKeHHHx 1cpopMYJIH rnay6epa 6HRH JIOJIYtl8HH H3 TeopHH BaTCOHa Tapaco

BHM H UsP9HOM [46]. B 9T08 pa6oTe no.IJ;TBepJK,neH xapaKTep~ ,nRH 

9tlKOHaJibH08 MO,I1;8RH BHBOl(O TOM, qTo HaJieTaromaH qacTHUa H8 'MOlK9T 

60JI98 qeM Ol(HH pas pacceHThCfl Ha Ol(HOM H TOM me· 8YKROH0 MmIIeHH. 

ABTOPH OTMeqam, qTQ cpopMaJihHO B HX BHBOl(e 9TOT Jl83YJihTaT HBRH8T-

CH CJI8l(CTBHeM H838BHCHMOCTH 8MITRHTY.IJ; -t:.K.i. OT Jipol(OJibHHX nepe,naq 

mlrryJibCOB !1'YK83HB8IOT, qTo 8CRH Jipel(ITOJIOJKHTb [46], qTo aMITRHTY.n:H 

txi 38BHCHT OT TP8XMepHo8, a H8 OT HHBapHaHTH08 nepe,na~ mlrryJib

ca, TO IIO.JIYl!HTCH KaqecTB8HHO HH08 pesyJibTaT _: .HSHYJISBOii BMa,n ~

JIORHYJO . aMIIRHTY.DY tiJieHOB MHOrOKpaTHoro ( C, > ;._. ) pacceHHHH. CHCT8-

M8TWIBCK08 -0ITHC8HH8 T80PHHYIIPyr6ro pacceHHHH a,npoHoB ,ne8TpoHaMH, 

BK.lno'liaromee · IIOJIHYIO cJIHHOBYIO CTPYKTYPY N'11-aMITRHTy,n, yqeT ~ :_ 

BORHH B ~.ll H H898KoHaJibHH8 JIOJipaBKH, ,naHo B [45], r.ne rrpHBe,neHH 

TaKJKe CCHJIKH Ha J)Rl( pa6oT, 8BTOPH KOTOPHX J)a3BHBaRH H COBepmeHCT-

21 



BOB8JIH srutoHaJihHOe .rrpH6JIHl!t8HH8. HeKOTOJ)li8 BOilJ)OCli, CBSI3aHH!18 C 

TOqHOCTh!O S:tlliOH8JlhHOro no,nxo,na K pacceHHHID qacTHU COCT8BH!1MH CHC

TeMaMH, paCCMOTJ)8Hli B [47]. 

. OirncaHHlie BHllle TeopeTmecKHe npe,ncTaBJIBHHH cnpaBe,nJIHBli JIHlllh 

JIPH cpaBHHTSJihHO He6oJihIIIHX nepe,naqax HMJIYJihca ( /-ti ;E 1 (fsB/c)') 

tVd-H He MOryT HCTIOJlh30B8ThCH, HanpHMBJ), npH aHaJIH38 ynpyroro 
, 

pacceHHHH Ha 60JihlllH8 yrJili. 0~ H3 no.nxo,noB K OTIHCaHHID T8KHX rrpo-
. . 

JJ,8CCOB 611Jia Mo,neJih no,nxBaT8 HYKJIOH8 (O~OHYKJIOHHIDl: o6MBH) [47], 

,nonoJIHeHHaH TI03~88 .noJIYmBHHBM O cymeCTBOBaHHH .B COCTaBe_ ',nefiTJ)OHa 

TIOMHMO MyxHYKJIOHHOro COCTOHHHH TaKJKe COCTOHHH:fi //\IN'*> , co,nep

l!ta~ H306ap11 [48,49]. ,!ll)YI'Ofi no,nxo,n [50,51] OCHOBaH Ha J)8CCMOTP8-

HHH M8XaHH3MOB J)88KIJ,HH, B KOTOPliX IlJ)OM8J!tYTOqH!18 COCTOHHHH TIOMHMO 

HYKJIOHOB co,neJ)l!taT TaKJKB TIHOHli H L1. - pesoHaHCli [ 51-54 J • 

3q)peKTli.TIOCJI8,nOBaT8JlhHliX nepepacceRHH:fi'TIPH HeynpyrHX 

coy,napeHHHX BTI8J)Bli8 611JIH paCCMOTPBHli 8BepeTTOM [55]. OH 

Nd-
TIOKa3aJI, 

qTO poJih,-~fumx H TJ)Ofumx nepepacceHHH:fi B STHX npo11,eccax MOl!tBT 

611Tb ,nOBOJlhHO CYJll8CTB8HHO:tl:. Mo,nBJih, HCTIOJih3YIOmaH BH89H8preTHqecKHe 

sJieMeHTH -t -MaTPHIJ,!1, npHMBIDIJiac1, K aHaJIHSY peaKJJ,HH pd-? ff>'1.. , 
H8TIJ)HM8P, B pa60T8X [53,54]. B paMKaX s:tl:KoHaJihHOro· npH6JIHl!t8HH~ 

ceqeHHH J)88KIJ,HH t;D{p;i,P)efl npH Tp ~ 600. MsB H KOMTIJiaHap

HO:tl: CHMMBTpHqHO:tl: KHH8M8THK8 paCCqlfTliBaJIHCh YoJIJISCO_M [58, 63) Ilo,no6-.: 

Hli8 pacqeTli, BHTIOJIH8HH!18 C yqeTOM o~o- H MYXKJ)aTHliX nepepacceR

HH:fi, noJIHO:tl: cTIHHoBo:tl: cTPYKTYPli ;1/N-aMnJIHTY.n, 0 -BOJIH11 B ~.U, 

B3aHMO,nefiCTBH.fl B KOHeqHliX COCTOHHHHX H 683 orpaHHqeHH:fi SfiKOH8JlhHO

ro npH6JIHl!t8HHH, OTIHC8Hli B JJ,HKJI8 pa60T [56-61]. 06 sqxpElKT8X O?¥e.mi 

LL -Hso6apo:tl: B rrpoMeJ!tYToqHoM cocTORHIDf npH HeynpyrHx coy,napeHHHX 

/vd-7"' #ff'L · cM., HanpHMep, [62]. 
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B nocJie~e ro~ 3HaqHT8JlhH08 BHHMaHHe. y,neJIH8TCH [64,65] 

pa3pa60TK8 HMflYJlhCHOro TIJ)H6JIHJ!t8HHH H OTITHqecKHX ·TIOT8HIJ,H8JIOB Ha 

OCHOBB YJ)8BH8HHH ,!lHpaKa. Bli~CJI8HH.fl, BHTIOJIH8HH!18 C T8KHMH Mo.neJIHMH, 

OIIHCHB8JOT HSKOTOpHe IlOJI.1ipli8~0HHH9 napruv1eTpH 1JIJ"lW9, qeM STO y,na-

8TCH c,neJiaTh B HepeJIRTHBHCTCKOM TIJ)H6JIHl!t8HIDf. CJie~eT, o~aKO, HM8Th 

BB~, qTo B H8CTOH~ee BpeMH H~T .cnoco6oB KOPJ)SKTHOro sa,naHHH 

peJIRTHBHCTCKHX A/;'t/.-aMTIJIHTy,n, BKJiroq810lll,l1X KOMTIOH8HTH C TIOJIOlmT8Jlh-

. HliMH H OTPHJJ,8T8JlhHliMH SHeprHRMlf. ECTh H ®yrHe H8 .no KOHJJ,a . RCHlie 

npo6JI8MH TIOCTJ)08HH.fl TaKHX MO.neJie:tl:. CqlfT8R, qTo ynpyroe ;xi_ -pac-

C8RHH8 M0l!t8T CT8Th XOJ)OlillfM T8CTOM HCTIOJlh3Y8MliX NIL/ ..:aMnJIHTy,n, 

aBTOPhl pa6oTH [64] TIOCTJ)OHJIH ynpo~eHHYID peJIHTHBHCTCKYID MO,neJih 

SToro npo11,ecca.;,!lHiI¢epeHJJ,HaJihHh18 .ceqeHH.fl H H8KOTOPhl8'TIOJIHPH381J,HOH

Hhl~ napaMeTph!_6HJIH paccqHT3Hli ,nJIR SHeprHfi 500 MsB H 800 MsB. 

,BI,JqJfCJieHH.fl IlJ)OBO~JIHCh C yqeTOM O,nHOKJ)aTHOro Jf MOfiHoro pacceHHH:fi, 

S.7 Jf ;Q~BOJIH B B~.ll •. lIJiCJI8HHhl8· p83YJihT3Thl 6h!JIH TIOJiyqeHli ,nJIH 

H8p8JIRTHBHCTCKO:tl: Mo.neJIH, ,nJIR J)eJIRTHBHCTCKO:tl: Mo,neJIH C TIOJIHliM rrpona~ 

raTOJ)OM H ,nJI,R peJIHTHBHCTCKO:tl: MO,neJIH C nponaraTOpoM TOJihKO ,nJIH 

ITOJIOJKHT8JlhHliX- SHeprHfi. Pe3YJihT8TH pacqeTOB ITOK338JIH, qTo ceqeHHH 

He_qyBCTBHT8JlhHli K BKJiroqeHHID peJIHTHBHCTCKHX Sq)peKTOB. HcKJiroqeHHe 

rrporraraTOJ)a ,nJIR OTPHU8T8JlhHliX .·• SHeprHfi B_ peJIHTHBHCTC,!(O:A: MO,neJIH 

ITPHBO~T K P83YJihT8T8M, ·MaJIO OTJIHq8!011lHMCH OT HepeJIHTHBHCTCKlfX. 

IlOJIRPH381J,HOHHhle rrapaM8TPhl B J)83HO:tl: CT8IT8HH, HO ,nOBOJlhHO cymecTBBH

HO qyBCTBHT8JlhHH K peJIHTHBHCTCKHM Sqxp8KT8M~ 3aBHCHMOCTh OT SHeprm1 
' ' ·, ' - ,. ~-

H8JI8TaIOOJ.8fi qacTHJJ,!1 qeTKO He ITJ)ORBJIHBTCR; B pa6oTe [65J BUCK33h!Ba-

IDTCR coo6pal!t8HHH O TOM, qTo pa3JIHqHe B rrpe,ncKa33ID1RX HepeJIHTHBHCT

CKO:tl: Jf p8JIHTHBHCTCKO:tl: Mo,neJie:tl: CBH33HO C JIOl!tHHMH KlfH8M3THqecK11MJ1 

CJ1HI'YJIHPHOCTHMH, · B03HHKa!OlllHMH H3-33 JIOp9HJJ,9BCKOii H8HHBaJ)H3HTHOCTJf 

YP8BH8HMR lllpe~epa. Af3TOPH cqJITaIOT, lJTO J)OJih TaIDU CJfHrYJIHPHOC-
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Tefi YM8HhmaeTCfl C l)OCTOM 9HeprID1 M pasJIBqMe M8ll!.l{Y peRHTMBMCTCKMMM 

M H8P8RflTMBMCTCKl1MM M0~8MMM 6y~eT CYIIJ,8CTB8HHHM Jilllllh npM 9HeprMHX 

nOPfl,nRa H8CKORhKl1X COT M9B. 

QqeHh MHT8P8CHHMM flBMIOTCfl BOnpocH, CBH38HHH8 C KOppeKTHHM 

OTIMC8HM8M pe~HTMBMCTCKl'.!X ~efiTpoHHHX nyqKOB M reH8PMPY8MHX HMM 

peaKUMfi. O~aKo MH He paccMaTpMBa8M STM npo6ReMH,. TaK KaK OHM 

B03HMKa!OT, B OCHOBHOM, 38 npe~eRaMM aHaJIB3MPY8MOfi HaMM o6RaCTM 

9HeprMfi. YnOMHH8M Jilllllh H8CKORhKO pa6oT [62-72), B KOTOPHX MCCRe

,nyeTCfl STOT Bonpoc M r~e TIPHBOMTCH 3HaqMT8RhH08 K0~8CTBO CCHROK 

.Ha MCCR8~0BaHMfl ~yrMX aBTOpoB. 

, L 3. l1sMe:DfieMH8 B8JIWJ:MHH. 0rrl)8Il8J!8IDffi l1 0Q03HatI8IDffi -

HeTI0Jial)H30BaHHH8 C8t,!8Illifi. 3HaKOMCTBO C 9RCIT8PMM8HT8RhHHMM 

~aHHHMM O B3aHM0~8:A:CTBID1 ,H~OHOB C ·~efiTpoHaMM HaqHeM .: C , OTIMCaHMH 

sHepreTnqecKofi saBMCMMocTH noRHHX ce~eHMfi Gt.or .' Ey,nyT· npHBe~eHH 

. w~e rro~e .ceqeHMH ynpyroro /fief. -pacceHHMH (6yAf')coi .• 
.Il,iqxf)epeH[(HaRhHHe ceqeHMfl ynpyroro pacceHHMH npM ~HKCMpoBaH

Ho:A: HaqaRhHO:A: 9HeprID1 lo . 38BMCHT Jilllllh OT o~ofi Kl1H8M8THqecRO~ 

nepeM8HHOfi • ( t9" MJIB t ), M 9KcnepMM8HT8RbHO orrpe~eRH8MHMM BeJIBqJi

HaMM HBRHIOTCH (d6(0:-t;J/dQ) B c.~.M.HJIB •; MHBapMaHTHoe ~eqeHMe 

d6 ((To)/ dt . CBH3h Mem,uy HMMM HMeeT BH~ 

f d6IJ52)= Ls~(mNttrw,/7[5-(mN-llJd/J. 'i dG') 
{ £ / l ~o/TS ( ---;J;t, . 

IlpM o6c~eHID1 HeynpyrMX /1/d-coy~apeHIDt 6y~eM rOBOPHTh 06 

HHRJII03MBHHX ceqeHMHX d6 / of,Q HJIB 6 ( 0) ~ 06 HHRJII03MBHHX cneR-, 

TpaX d.6 I JS2, d r; } MJIB 6 ( &,, ) T;,) , 0 ITORYHHRJJI03MBHHX, ceqemrnx 
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d.6/dQld.QJ... , MJIB · 6(01/ 01..), M o ceqeHMHx d6/dfl.,df?td"4, 
HJIB G' { &-11 6),._,, 7;) , . H3MepeHHHX D Kl'.!HeMaTnqecRH no~oM • OTIHTe. 

lfHTer PMl)O~HMe. 9TMX nocRe~ ceqeHMfi no 0 , Kl1H8THqecRo:lt_SH8P-,

rMM o~ofi H3 pacceHHHHX qaCTJfU, TIPHBOMT K ITOJ1YHHRJII03MBHOMY_ ceqe-

IDf!O ..1',. . 

d6/JS21 dQt. == /(d6'/d.R1dQ.t.d-;;)d?;, 

a MHTerpMl)OBaHMe no Hanpa~eIDf!O BHReTa .qacTHUH "2" -~aeT MHKJII03MB-

HHfi cneRTp_ 
-\;-

,d6/of.S2, d:r; == J(d6/r'-.Q1 ci.QLdT.r)dS?_J., 
. . . . . . ,, 

EaRhHefimee YM9Hhill9HM9 Mt;fxf>BpeHUlfaRhHOCTH ceqeHMH TIPMBOMT R '· _,,, } J • 

MHKJII03MBHOMY ceqellliIO 

d6/ d91 =f(J.6'/tlS?1 clT; )cir,; ===J (cl6/clfl1cl.St,i)cl.2J., 

B ,PH~e pa6oT H3yqaJIBCh MHKJII03MBHH9. ceqemm, COOTB8TCTBYIOmHe 
• < ., ' ' • .,. 

PfryICTpamrn: B_cex qacTHU s_a~aHHoro THTia (Bcex Til)OTOHOB, Bcex _SaPfl-

ll!e~ qaCTJfU H_ .T. ~- ) , nona~aIOfl\HX Ha ~8T8RTOp. IlJ)H Teope_Tllq9CROM 

pacqeTe TaKl'.!X ceqeHMfi M0ll!8T 0Ka38ThCfl H806XOMMHM BRRIOqaTh B pac

CMOTP8HM9 pas~HHe KaHaRH reHepamrn: P8rHCTPHPY9MHX qaCTJfU. HanpM-
1 ' . ' ' • 

Me_p, npu-pel:'HcTpamra _Bcex 38Pflll!9HHHX qacTHU OT .. ,,od :-:coy,n;aPt:HMfi 

~8TCH yqeCTh BTOJ)JiqHH8 Til)OTOHH OT P88Rmrn: pd ~ ppa , . 
ynpyro pacceH~e Til)OTOHH cpcl..:,;,, pcl ) , ~8:8Tl)OHH OT,n;aqH OT T0:8 ll!8 

peaRmrn:. TaRoe ceqeHHe B·RHTepaType qacTo Ha3HBaIOT CYMMaPHHM HRH 

HHTerpaJihHHM ceqeHMeM. B STOM o6sope 6y~eT HCnOJih30BaThCH T9PMHH 

"CYMMapHoe MHKJII03MBH09 ceqemf8" (CHO). 

IlOJIBill13arrnoHHHe S<fmeKTH. 'MeMCOHCRHM corJiameHHeM [ 15] 6HRO 

P8KOM9~0BaHO 0603HaqaTh nOJISIJ)HSamrn: qacTHU CHMBoJiaMH i..,t_f!. HRH 
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ff , <J!., , a COOTBeTCTByromHe 8H8JIH3HpyromHe cnoco6HOCTH -r;_o 
" ~ ,,.... r 

HJIH Ji;_, , jl{j . Ec.JIH l' - . M8TJ)IDJ.8 nepexo,n:a 1)8CCMaTJ)HB88MOfi 

peaKll.IDf, TO 
A , A A A. ~ A A 

-t/(.£ ==-<Zl(_f.>ottt :::- Sp(FF + t:K.<j,.)/SJJ(FF+), 

""'-A A A " 

~ = 5p(FZ:icfF-1-)/Sp(FF-I-_}. (Yrn> 

Ilpli liCIIOJII>30B8Hilli .n;eKapToBwc CIIHH-TeHsopoB IIOJ.Lqp.asa@li ~ , Cc0 
H aH8JIH3HJ)yromHe cnoco6HOCTH elf.;_. ' Jl.0 . CBfl38Hll . X. M8Tp~uefi 

J)88Kli.IDf Bll1)8llC8Hl1flMH (Y10.) C i Kj_ , 38M8H8HHllMH H8 9t, , ~ . 
Bee TIOJIRJ)H3aUHH JJ:OJll!CHhl OTHOCHTbCfl K TIJ)aBOCTOJ)OHHeft CH9TeMe KOOJ)--,n:HH8T C OCb!O c . .. . . -

, H8ITp8BJl8HHOfi no HMTIYJlbCY qaCTHU, H OCb!O .!/ 

no (P: X lt) MR R,ILepHoii peaKURli' K0T0pa.H liHfilUrnpyeTC.fi IIOJI.H-
' 

J)H30B8HHllMH qacTHUaMH HJIH B KOTOJ)Ofi OHM reHep}fPY!OTCfl. AH3JIH3HJ)YI0- · 

mall crroco6HOCTb JJ:OJlllCH8 6HTb OTHecetta K TIJ)aBOCTOJ)OHHefi CHCTeMe 
➔ . ., .. 

KOOJ).11)1H8T C Z no HMITYJlbCY nytIKa HaqaJJbHillC ( aHaJIH3HpyeMHX) 
-;,,- ~ -'> < 

tiaCTHU H :/ - ITO ( 'Pill X P OllZ: )-peaKll.IDf, aHaJIH3HJ)YJ01nefi 

TIOJlflJ)H38UH!O nyqKa. 

YqacTBYIOmHe B peaKll.IDf noJJflPH30BaHHHe qacTHUll peKoMeH,n:o:saHo 

TIOMeqaTb ITJ)H 38ITHCH peaIUJ,IDf CTJ)eJJKotl: tta.n: CHMBOJIOM qacTHUll, HarrpH.::· 

Mep, .fl(d;-B) !3 • a .,_j[ ➔ C+ 3 . 
CorJJameID1e He orrpe,n:e.JIHJJO CHMBOJJOB, 06osHaq3IOmHX TIOJlflJ)H38UHOH

HOe cocTOflHHe cHcTeMH, cocToflmefi H3 HecKOJJbR.HX qacTIDJ.. He 6HJJO~ BlI.:: 

pa60TaHO peKOMeH.n:aUHfi H Jl:Jlfl OITHCaHHfl TIOBOJ)OTa H nepe)latIH TIOJlflJ)H38-

UHH- qame Bcero napaMeTp11 ,n:enoJJ.HPH38JJ.}lli (nooopoTa CTIHHa) o6osHaqa

IOT .· ~.fl , K08qlq)J1JJ,lleHTll ~epe,n:aqH TIOJlflJ)H3aUHH_-,,ej . , KOJ)1)8JlflUHOH-

HyIO acHMMeTpHIO...:A.,t_ti.M , KoppeJJ.HUHIO · noJJ.HJ)HsaUHfi KOHeqHHx · qac-
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THU-f' Jl8A.o . l1cnoJJh3YeMHe 3JJ:8Ch . CHMBO~ ,,t, • .J3 COOTBeTCTBy

!OT 38JJ:8HH08 KOMTIOH8HT8 ITO~flPH38UHH ( oC ) HaqaJJbHOfi qaCTIDUi H H3-

M8J)fl8MOft KOMTIOH8HTe ITOJlflJ)H38~f ( .)3 ) KOHeqHoft qaCTIDJ.ll. qepe3 Aq_ • 
✓1A o6osHaqam KOMITOHeHTll IT0JlflJ)H3aUHH qaCTHU HaqaJJ~Horo COCTOfl

HHfl, a 16 , ~ - KOHeqHOI'O COCTOflHl1fl. 'B Y..aqeCTBe o6mero 

o6o3HaqeHIDI ITOJlflJ)H33UJfOHHOft xapa~TeJ)HCTHKH peaKUHH H8J)8,n:KO 
. .)6A,, 

YTIOTpe6JJHIOT o6osHaqeHHH THrra .J1 .Aa.A: [ 16, 17] .. · EoJJee y,n:o6Hafl 

IPOPMa saITHcH sTotl BeJmqHHH (Aa..A.4 /.Ag)B ) HcrroJ11syeTcfl, 

H3ITJ)HMep, B [21,45]. B 8TOM 1)83,n:eJJe 06301)8 ITOJIBJ)H38UHOHHillC 8(jxpeK

TOB B !Ir/ -coy,n:apeHHflX HCITOJlh3YIOTCfl 0603HaqeHHfl 8TOI'O THTia. 

Ill)l1 YITPYroM :oocce~m:ru ;,/cf .-1v'd 1 
M8TJ)J1UY ITJlQTHOCTH Ha-

liaJlhHOI'O COCTOflHHfl Ha fl3llKe. cqiepHqecKHX TeH30J)OB ;MOllCHO. 3aITHC8Th 

.f;o1 ==}(i+;ft~~(t'/)tit;_(N»'J (1+:f.temfclJie; (J/._ :, ·c, .(Y11) 
K>t),9 b·q,,, . · , , 

IlOJIBJ)J138UHOHHOe ceqeHHe 8Toro npouecca .B C -~ .M. IIpHMeT, ,BM [ 21] 
' . . . ' ,. - ~; ·. 

I((}: Y)T(e'm 1
; 1.,;11/)~ Sp(:f~,n j+'ie_,/11, {N'')£_'m' (ti)=. 

;10 (&; 2- fem (/\l)L,/lf (d)C(fml J,M)e'm; l¼')e i(/!f;/fl)Y_ 
C;4111;N .. ' · 

B 8TOM BhlJ)allCeHHH _z; ( (}, - ceqeHHe J)aCCe.Hmrn ITPH HeITOJlflPH30B8H-

HOM HaqaJJhHOM COyTO.HHHH, ten, (N') • i,li41 ( d.) 

(Y12) 

- ITOJJ.Hpnsa-

UHH·cTaJJKHBa10U(J1XCfl HYRJIOHOB H ,n:efiTJ)OHa. IlOJIBJ)H38UJffl KOHeqHoro coc

TOfl~ xapaKTePH3YeTc.H BeJIHqHHofi T (.A.
11 

-Aa,) EcJIH • KoppeJI.H

UHOHHHe 8rWJeKTll B JJ:3HHOM OIIHTe He H3M8J)fl!OTCfl, TO T ( e Im'; .(, 1 /l/ ') = 

= te',,nl/11') -tj,'/lft /d') . ~YHKUHfl c(eml ,t,/l() - ,n:J1HaMHqecKH8 
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rrapaMeTP peaKI.Ulli ()ll1P) - HB.JIBeTCH 0606meID1eM ll3BeCTHHX rrapaMeTpoB 

BoJihq>eHmTeAAa ,l(JlH CJIYtiaH A/IV -paccemoo:1. ApryMeHTH )ll1P COOTBeT

CTBYJ(JT ITOJIHJ)H3al.U1HM qacTIBl-yqaCTHHU pacceHHMH ll pacrroJiaraIOTCH B 

IlOCJle,l(OBaTeJlhHOCTll 

C (rryqoK, MHllJeHh 
/ 

pacceHHH3H. , 
qacTnua 

qaCTIDJ,3). 
oT,n;aqn 

IloMHMO ITOJIHPH3al.Ulli qacTHU )ll1P 33BllCHT TaYJKe OT RHHeMaTnqeCKOfi 

rrepeMeHHofi 6/x mm t . nocJie,n;oBaTeJihHOCTh apryMeHTOB B T ?It )a,) 

HMeeT Ell.I( 

T (pacceHHH3H qacTHUa, qacTHU3 OT,l(aqn) • 

HyJlll BMeCTO KaKO:A:-Jlll60 rrapl:I CHMBOJIOB B C r F) mrn T (. .. ) 
03HaqaJOT, qTo ITOMPH33ll11H COOTBeTCTBYIOmefi qacTHUI:I He· 33,l(aHa 

( B HaqaJihHOM COCTOHHllll) llJlll He ll3MeP51eTcHi !cV'{':l:i " 'KbHeqHOM). 

C (o O) :;:, i. . ,{ ~ D) =' 1 COOTBeTCTBYJ(JT Herro

JIHP~30BaHHOMY paccemooo, a I ( {)*, :f )r(e 
1

/11; 0) = 

-= li ((/~)telfl (tv1)C(ffiJ
1
0/f1PI~ D)e-lfltf' - pacceHHHe ITOJIHPH30B3HHO-

ro rryqKa·HyYJ!OHOB Ha HeITOJIHPll30BaHHOM .I(efiTpoHe C ll3MepeID:!eM KOMTIO

HeHTH te'111' - IlOJIHPll331.Ulli pacceHHHoro HYKJ10H3. 

IlpHBe,n;eM tteK0Top1:1e cooTHomeHHH, xapaKTepll3Y10mHe cBoficTBa cHM

MeTpllll rrapaMeTpoB C( i..) B CHCTeMe ueHTpa M3CC 6IDJapHOfi peaK-' 

I.Ulli alt "7 C/3 [21 J. CBoficTBa cipepnqecKHX TeH3opoB oTHOCHTeJihHO 

apM¾TOBCKOrO corrpHmeHHH IlpllBO,l(ffT K 

::E-111 

C(tm; /.Jlf/ t'm; l 1M)~ = {-:l}C (e1-m;.t1 -N/t,
1-1n'; 1_/-N)1 

a coxpaHeHMe qeTHOCTH B paccMaTpHBaeMofi peaKIJ,Hll ,n;aeT 

. :fm f--£e I I f I \ 

C (em 
I 

lM/e'm ~ //flt)-= (-1) , C (e-m; J., -111/e, -111; ,(,1-/ll / · 
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~3 9TOro BHpa~eHllil CJie.nyeT TaKl!te, 

IlPll qeTHO:A: CYMMe MOMeHTOB ~e.. 
CJI9A,Ylll!li9 COOTHOlll9HHR 

qTo e (f; 0; £11//e 1m ~ ,0 1/1/) = 0 
• IlpH 8TOM BWIOJIIDmTCR 

2.rn=m+-/v{+m'+fof', ;Ee= e1-~ +-l 1 -1-L/. 
IloBe.n;eHHe J1JJP OOJIH3H rrpe.n;eJibHHX yr JIOB 1)aCC8.!IHIDl . /y ,I:= 0 H f} -J-= 'jf: 

Cr ). [ ~ (6)*)']/m-tlf1-11J1-//11J 
0*...,,,o ,._ f.r~ ~ J, · · · · ' 

c( . )6l,.L~'i1 ,..:_ [ ct>.S (~j) /111-Nf;/-_/ll'< 

- ~ 
IlJ)H yrrpyroM pacceHHHH BHIIOJIH.!IeTC.!I T8Kl!te COOTHOllieHHe 

t( 
2.11/ . 

) = (-i) C, (e'm~ L/11//tm;i,lt/). 

IlOJIHPH33ILHOHHIDI: Il31)aMeTp ·r KOHeqHoro COCTO.!IHIDI _6HHaptto:A: 

pearo.um C HeJIOJIHPH30BaHHl:IM HaqaJibHHM COCTOHHHSM B eec.~.M.HM88T 

CJie.1QIJOIUHe CBOfiCTBa: 

T(t 1~m;LJ-#J=(-:t/fNT(tm ;L;/21)-J! 
1 

- He 38:BHCHT OT :f T (-t'm'; L; 
1/11 ') 

T (f'm': i.//111
) 

I I I 

[

- ,l(8fiCTBHT8JI8H JIPH qeTHOM e f- £J , 

qncTO MHHMHtt mm HeqeTHOM e1 +I./, 

?7 (t 'm';J;'N') = (-i)e'-1-LJ'+m'+N' 7" (t 1mj .lJ 1/tf)
1 

OTKy.n;a CJie,IIYeT 

7'(e 101 1/o)=o IIJ)H H8ti8THOM e If LJ I 

*SJteci. H .n;aiiee B OK06Kax C, T( ) no,iwaa}MeBailTCR T8 xe CHMBOJIH, 

B no.n;o6mn: BHpalleHIDiX, np:i;me.n;eHHWC. BHme. 
\ 
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B6JJH3H !IJ)El,neJibHHX yrJIOB: 

.JI- * /m1-M'/ 
tl --"?o r[e'm' 1/lll'1~lJ.tiJ(fL.)J I / ,t.,/- J 

f)* ==-'tr r {e111/1 4 I /11) ,-. [ Cf)$ ( f.JJ /IJJ'-11/' I 

CBoficTBa C (I) H 'T' ( ) IIJ)H ITOJIRPH30B8HHHX HaqaJihHllX 

COCTOHHIDIX OITHC8HH, HarrpHMep, B [21 J. 

B Jia6opaTOPH0:£1: CHCTeMe rro~HPH38lJ,HH KB.lK.Il:08 qa?THl.l,bl ,noJDKHa 6HTb 

sa,naHa B CBoe:£1: CHCTeMe K00p.IJ;I1H8T [15,21] (CM. pHc.6). Ilo.JIRpH30B8H

HOB ceqeHHe IIJ)H 9TOM ITPHHHM88T B~ 

-1.(&;'! )T( ) SN';5d1 == 
c!l(N-111) 

=L/0)2 [te,,( tV)]SN[tlft(( d)]scJ C(8n1~M/e1
m~ 1//tl'l,c{ ) 

eL-mM 

, I 
r,ne HH,nBKCH SN , sd , S/1/ 1 , S cJ_ yK8!3HB8IOT Ha . CHCTBMY, B 

KOTopofi sa,naH COOTB8TqTBYICJm1'ifi napaMeTp. J]JIP JI.C. MOlK8T QllTb BHP8-

JK8H qepes J]JIP - c.n;.M. [21J 

[!(fm; £M/e 1111'1L//ll)/\C = 
e' "r 

= Z e(eml ~/ll/e'm'~L/lll 1)dm''111r (-ws)d.N''N' (-wR). 
m"/11" 

3,nech C.Vs , WR- - yrJIH BHKB. cooTBBTCTBeHHO pacceHHH0:£1: qacTHl.l,bl H 

qacTHl.l,bl OT,naqH. 
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CB0:£1:CTBa JJJIP,--; JI. C. JfMBIOT. B~, CXOJUIWl C OITHC8HHllM B!:lllle .l{JIH 

.lllIP- C .n;.M.,HO BHI'JIH,nHT 6oJiee CJIOJKHO. TOJihKO CJIB.l{CTBHe H3 COXpaHe

HHH qeTHOCTH B JI;c. HMBBT TOT JKe BH,n, qTo H B c.n;.M. 

IlpH HCITOJib30B8HHH .neKa-pTOBHX CITHH-T8H30P0B MaTpHrzy IlJIOTHOCTH 

, HaqaJibHoro COCTOHHHH f iitL · CHCT8Mll MOJKHO npe,ncTaBHTb B BH,ne: 

JJ/n ( N' cl) =J>,'rl ( N) , JJ i'l ( cl) = J; ( l -f-~ [il ~ X 

A 

fr 1 + ¼ z<Ji§l. + tz !?u!ii - + 
i_,j-h ';f 

" -'\ 

+ tr~ -~_y){Qx -~y > tf~z ~cl. 

IlOJIHPH30B8HHoe ceqeHHe ynpyroro I/cf -J:19CC8HHHH OITHCHBaeTCH . qiop

MYJI0:11 

T(i;jk)I{B; JJJ= Sp ( fyl/J j+ 0.1)k) I 
,A 

r.ne 0 ·k. - orrepaTOP IlOJIHJJH381UfH KOHeqHoro COCTOHHHH C KOMTIOH8H-7J . 
TaMH noJIHPH3aUHH c - KOHeqHoro HYKJIOHa, j/4. - KOHeqHoro .ne:llTpoHa 

( c.,~ j k = X 1 ;/; ~ ) • B o6meM CJIYqae 9TO BllpaJKeHHe oqeHb rpoMos,n

KO H B JIHTepaType 06HqHo IlPHBO,nHTCH ero liaCTHHe. CJiyqaH, COOTBeT

CTBYJOmHe YCJIOBHHM BHIIOJIH8HHH KOHKP8THHX 9KCil8PHM8HTOB. 3TH BHpaJKe

HHH MoryT 6HTh npHBe,neHH K BH,ny, CTPYKTypHo cxo.nttoMy c BHpaJKeHHeM 

.n~ I(01 Y)T( )5N',So/ , TIJJHBe,neHHHM BHIIle •. IlPH STOM 
' . ' -U-111-111 )-y> 

C$8p!1qecKHe Il8paM8TPH IlOJIHp!138UHH 38M8HHIOTCH ,neKa-pTOBUMH,e ('' 

38M8HHIOTCH COOTBBTCTBYJ(J!UMMH TPHI'OHOMBTPHqecKHMH $YHKW1HMH. BMBCTO 

CHMBOJIOB. el?J apryM8HT8MH napaMeTpoB P88KUHH B 9TOM CJiyqae.HBJJH

IOTCH KOOP.nHH8THh18 HH,nBKCH CITHH-T8H30poB X , Y . , i!!: ( mm $ , 

rz. ~ · e > B c.D;.M. ·• s, 111, L - B JI. c • .nJIH BeKToptto:11 noJIHPH381Ufil 
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H X:X, f(,,j', ... ( SS, 517, ... )-" B c.u..M.,SS,St! , ... -B 

JI. c. ,ll;JIB ee T8H3OPHIDC KOMTIOH8HT *. IIepeBO,ll; ,neKaPTOBIDC cIIHH

T8H3OpQB B Jia6opaTOPHYI0 CHCT8MY 3HaqHT8JlbHO 6oJiee rpoM03,ll;OK, qeM 

c(l)ep:IN8CKHX cIIHH-T8H3OpQB [16,17). 
CM3h pacnpocTpaH8HHIDC o6osHaqeHHA: H8KOTOPIDC noJIBpH38UHOHHIDC 

tta6JIIO.naeMIDC B8Jllil!HH B JI.C. C ,llilP B ,neKaPTOBOM 6a3HC8 HM88T BH,ll; 

iJcl -pacceHHHe 

.fly=- (! ( Y; oo/ 0;00) 1 tlJ= 1c,J' e.«J N,v = C (~ oo/~ oiJ i 

Jc =K:' = ~ss =C (SJ)0/~00)1 R.1=~:1

=0s.<, = C(➔ oc/~00)1 
I .. ~ l ~' A = f<.t = 0 -"S = c. ( £1 oo / s1 oo// .///-=- k~ :,..1lJ ,U_ = e (-t1 oo/ ,t.1 oo). 

J;/-pacceHHHe 

.I( =Aio =c C(i00/000); kL) = e{.ij, 0/040), 

"Z>io,~o = c..(iO;O/Kf)/>)1 ~!.j,K.e= c[Lj1 0/Rf,o). 

new uaga rro,nap113aum,: ~ tJaCTlill ~ · 9acrm1e rn!Il1 

_ J(JK.'== C (i,
1 
oo/0

1
j'k- ')1 ky~ = C(jl!-1 o/ 001 L) . 

HeynpyrHe Jt//-coy,napeHHH ( 1-/d' ➔ ·10<>~ ) . :11:HTepecyromaH 

peaK"JJ.HH OTHOCHTCH K THTTY 

H8C 

* )lJIB y,no6cTBa pa3JIWI8HHH KOMTIOH8HT TIOJIBPH38ll.HH HYRJIOHa H B0KTOP

HO8 no~pH38ll.HH ,ne8TpoHa TTOJI83HO, coxpaHHB ,ll;JIB HYKJIOH8 cHMBOJ!ll 
X , 'Y , z ( S, N , iJ ) , BB8CTH ,nJIB ,ne8Tpotta o6osHaqeHHH m, 
YfJ , zo c so , 1110, ~o > • 
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a+8 ➔ 1. + .t -1--15 (Y13) 

H co,nepimT B KOHeqHOM COCTOHHHH TPH qaCTHLU:l~ MOrY!llHe pa3JI8T8ThCH 

H8KOMl1JI8H8PHO. 3TO B8,ll;8T K PH.IlY OTJ!Hllll::8 paCCM8TJ)HB88MOro npouecca 

OT 6HHapHO8 peaKUHH, TTJIOCKOCTh KOTOpo8 npH.nOKOHme8cH MHIII8HH O,Il;H0-

3HaqHo sa.naeTCH H8TTpaBJI8HHHMH HMIIYJ!hCOB H8JI8T8!00{88 H O,nHO8 H3 KO-
. ' 

HeqHID{ qacTHU. IlJIOCKOCTb peaKUHH (Y13) c TpeMH KOHeqHHMH qacTHU8MH 

McilKHo 6npe,nefuh Jilflllh B qac-riioM c~ae, 
0

K6r,na HMIIYJihcH Bcex RoHeq:... 

HIDC qacTHti ROMnJiaHapHH c HMIIYJihcoM qacTm.m JIYlIB8. B o6meM c.nyqae B 
raqecTBe OCHOBH08 OTcqeTH08 TTJIOCK~CTH ( X , ~ ) Bll6HJ)am. ~.IU-IY . H3 •. _.,,.. . 

TTJIOCROCTe8, CO,ll;BJ)J!C8mH?{' HMIIYJihC. Pa__ .. HanpaBJieHHe STbro . HMIIYJ!hCa 
~ ,·.:. ·. -

TTPHHHM8IOT 38 OCh z. .. HanpaBJieHHe OCH '!f TTPHIIHCHBalOT O.n;HO8 H3 
. --,,. 

'HOJ)~aJie8 J ~. , a OCh ·; onpe,neJIBIOT B8RTOPHHM TTpoH3B8,ll;8HH8M 
- -9 - . ; . -
X ,..._, ( '!:I X r. ) . HMnyJ!hCll qaCTHU ROHeqttoro COCTOHHHH ~ 

i = 1,2,3,. xapaRT8PH3YJOT BeJIH~MH · ~- H yrJiaMH 6}. , y_. 
. . - G 

IlOJIBpHHe yr Jill O ==- 0 i !=- 7f . OTC~THB8IOTCH OT ~ • a 83HMY-

T8JlhHll8 0 ~ Yi ~ ~ "fl" - OT BH6paHHo8 TTJIOCROCTH ( k ~ r ) . 
06o6maH o6osHaqeHHfl, HCTTOJ!h3OBaHHll8 TTPH OIIHC8HHH ynpyroro 

pacceHHHH, noJIHPHSOBaHHoe ceqeHHe tteynpyroro pacceHHHH sal1HIJleM 

[21,74,75) 

1;, ( f}.,-,,) r7 ( ftm1 1 ~ m., 1 l3 m 3 ) "" 

::: I;, ( ~ii? },2_ te,n (a)~ (~)e (em/,l_/ll}t1nt-r1 ~/l7.f; ~/113) X 
?~~N . 

x exp[i(M-111):I. 
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BoJiblllHHCTBO HCTIOJib30B8.HHIDC s,nech o6osHaqemrtL M8Jl0 OTJIWJ:aeTCH OT 

HCTIOJib30B8.HHHX B (Y12), HO ,IlJ1P 38BHCHT Terrepb He OT O,n;HOfi roi:HeMa-
/f" - . 

TW!eCKOfi ne~MeHHOfi ( & HJlH t ) , a OT _COBOKynHOCTH. HMflYJlbCOB 

KOHeqHID{ qacTHU, KOTOPYJO ,nJIH KJ)8TKOCTH 6y,neM o6osHaqaTb 

f!J-,n .,,_ ( P.r 1 6,,1 Yr i 11 6.t1 Y~; ?!J 1 ~, ~) • 

HaTIOMHHM, qTo TIOJIHPH3all,lffi K8llt,nOfi qacTIDJ.H sa,naeTCH B CBOefi CHCTeMe 

KOOp,nHHaT C , tr-, p;-" ! .½, ~ (ii, X 1{) , kc_ ~ (:( X ff;) . CBH3b 

,IlJ1P c aMTIJIHTy.noi F < a8 ~ 1,2,3) peaKUID1 HMeeT BH.n 

c(1) :::Sp[(Fiem (a)f,4"( (6) f r)~/}f/i:~m2, Te3~ J /L 
CBOfiCTB8 cHMMeTplill 9THX napaMeTpQB, Y..8K H TIPH yrrpyroM Jl8CC8HHHH, 

BHBO,nHTCH Ha OCHOB8.HHH cJie,ll,YIOlll.ero: 

f:I) cHMMeTpHH OTieJ)8TOpQB f'u ( ) : 
e ((,ml; ~ln). = (-:i)zmi.. c(f;_ mi;!},-;,); (Y14) 

/, = Cl; &I j/ "-1 ,3 

6) COXJ)8HeHHH qeTHOCTH B ~aKUIDI (Y13): 
. - .· z(mi+e,) ,,,_ 

c(eim;,; l}in)=-{-1) c(ei:-mi; lj,'17). (Y15) 

_,.. 
c---

3,nech 1/J.ln IlOJlyt1aeTCH H3 /};11 OTJ)8meHH8M HMilYJlbCOB Ii B 

IlJlOCKOCTH ( X , ~ ) H HMeeT BH.U 

f}.117 (P.r; 611 -Yr; ~I~) -Y.t.; 1) &3; -~} 

KoM6HHHPYfl (Y14) H (Y15), IlOJIYl!HM em.e O,n;HO cBOfiCTBO CHMMeTpHH JJDP: . 

- -:Eei ,.... ~ 

C(fimi,; /}in):;(-:1) c(fimi_; 1},n). 
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.-·-·•c....:. 

r-,, 

TipH KOMTIJI8H8PHOCTH BCeX ID!JIYJibCOB 9ln = ,s!-,i') H 

:t:ez, -J! 

, C(fLml; !}.,11 )-= (-i) c(f;_ 177;_; /}in). 
\ ," 

B 38BHCHMOCTH OT l!eTHOCTH CYMMH: 2 ei, _ Il8J)8M8Tp e { ) B 

KOMITJiaHapHoR KHH8M8THKe npHHHMaeT. l!HCTO ,neficTBHTeJibHOe HJIH - qncTO 
. '~. ' ' '; , ' .. ', . l · . . l . '. . ' i ',. S., 

MHHMOe 3Hf:ll!eHHe: 

(! ;, --
. .. [,nefiCTBHT8Jl8H IlPH l!eTHOfi 2 e- , 

; { . ) l!HCTO MHHMllfi IlPH HelleTHOfi :E ft: 
IlpH 9TOM KOJIHll8CTBO HesaBHCHMH:X IlOJIHPJ!30B8HHH:X napaMeTpoB 0.ieHhma

eTCH B .nB;9- pasa H HX. Ha6op-coBna.naeT c Ha6opoM. 6HHapttori ~aKIJ;HH. 

TaKofi me ~3Y~hTaT noJiyqaeTCH B HHKJil03HBHOM OilllT8, Kor.na ,neT8KTH-

pyeTcfl,JIHWh o,n;Ha H3 KOHel!HH:X qacTmi;. 

Ilpn H~KOMilJiaHapHOfi.reoMeTPHH peaKIJ;HH (Y13), B OTJIHtJHe OT 

6HHapHoro npo11,ecca, Bee noJIHpH3all,HoHHH:~· napaMeTpH: qacTHU c S' = 1/2 

H S = 1 MoryT,;JTI)HHHM8Tb H8HYJieBH0 3Hal!eHHfl •. 

,ll.nfl IlOJIHOro KHHeMaTHllecKOro OITHCaHHfl • ~aKIJ;HH (Y13), TIPH 

qJHKCHPOB8HHH:X Hall8JlhHOM COCTOflHHH H Maccax BCex ll8CTHU, .nocTaTOl!HO 

sa.naHHfl 5 napaMeTJX)B. [ 73). ITOBTOMY OnH:TOM c "IlOJIHOfi KHHeMaTHKOfi" 

flBJifleTCfl H3_M8l)e!fl18 HMnYJI.bCa ( BHeprHH) O.n;HOfi li3 KOHellHH:X l!8CTH11, H 

H8IlJ)8BJieHHfi BH:JleTa ,nByx H3 HHX. C Y'I8TOM 9Toro ,IU1P MOmHO Cl!J1T8Th 

38BHCH~ OT KHH8M8THlleCKHX Il8Jl8M8TpQB 

!/;in = ( 1r ~I 1 'Y.r ; 6l Y~.) 

HJIH 

f}.;,, = ( '1, 6-, /j}-t; 6>:2, //J ); r:p = 3J -yY1 
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IlPH aH3.JlH38 9KCTI8PHM8HT8JlhHHX ,naHHHX TIJIOCKOCTh ( X' , -i!: 
• .,,..;> 

qaCTO BH6HpaIDT TaK, qT06H HMTIYJlhC P., JI8llt3Jl B Heft H HM8Jl TIOJIO-

lKHT8JihHYID X -KOMTIOH8HTY, qTO COOTB8TCTBY8T -CHCT8MH OTCqeTa, TIPH KOTOJ)OM MMTIYJihCH /? , 
Y= 0. ,Upyrofi BH6op -p.!... CHMM8TPHqHH 

OTHOCHT8JlbHO TIJIOCKOCTH ( .!/ , ~ ) , OTIMC3H B [ 75 J. 

IIPH · oTIMcaHMM 'noJI.HPHSall,IDl: ·. qacTHU. ,neKB·vro:i311im · · napaMeTpaMM · 

napHHe CMMBOJIH em B {!_ ( ) H T ( ) MH 38M8HR8M B JI.C. s ; 
.SO , . : . ; .5S , ... , KaK 9TO npe,llJIOJK8HO B CHOCK8 Ha C. 3~. CBOft

CTBa CHMM8TPMM aHaJIH3HPYJO!llHX cnoco6HOCT8:tl peaKUIDf (Y13) npH 9TOM 

6y,nyT HM8Th BH,ll: 

fix·= t!(f:01 0/~o;tJ;!fr
1
YJ2.,)=-t(xo,,o/e;00;-Y;,,, -~)) 

.fly = C(.!:100/0 q o; !l.t/:f;) = f-C(J'o/0/~00; -!I} ;-Y!i); 

~ =- ~ (i!o,,i>/00,, o; !/f)!J1,,) =-e (200/0,,, C;,O;-Y-o-Y2)1 

flij ==- C ( i.i,
1
0/~ ~o; Y-!

1 
!:12) =- f:{!__([i/ p/00;0; ~Y11 --,:tz.)) 

,:.= ·X . y'·-r:. 
...., I I I 

.lt~y == ~'[x:_y
1 
o/~0~;Y-t1 ':fJ =-C(x~o/00;0;-~1 -J'J) 

.ltx.z = C (,x~
1
0/ 0 o,,o; Y{1 !lz) ~ f{!' {xi!.1 o/ 0,,0;0; ....:Y11 -.f'z.J) 

Jl.y-, , e(!H., o/ o, o, o; !f',1 Y',) ~ -c( !!c,0/o,, o, o; -¥,,>Y,). 
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B o6meM CJiyqae ,nJIB onpe,neJiemra CBO?CTB CMMM8TJ)ID1 8H8JIH3MP~ 

CTIOCO6HOCT88 ,llJIB qacTMU co CTIMHaMM ff= 1/2 H $ = 1 MOlKHO BOC

TIOJlb3OBaThCH COOTHOill8HM8M 

· Ai, t-Ala 
e( .. ; IJ',/:f2)=(-,:1) . e( .. i-9'.t'.1-Ji'z). 

3,nech J1lx , · IV~ - KOJIMqecTBO CMMBOJIOB . .x , ~ B aprYMeHTax 

{! ( ) . 

ffifl!Ce, TIPH OTIMC8HMM KOHKP8THHX 8KCTieJ)HMeHTOB, MH 6y,neM HCTIOJlb-

3OBaTb Te o603HaqeHMH JIOJIHJ)M381.0iOHHHX napaMBTJ)OB, KOTOPH8 HCTIO:11b-

30Ba.JIH 8BTOPH OPMrMH8JlbHHX pa60T. 

06paTHM BHMM8HMe Ha TO, tITO.BCe KOMTIOH8HTH IIOJIBJ)M33~ HYKJIO-:

HOB, B03HMK810ll1,He B TpexqaCTMtIHHX KOH8tIHHX COCTOHHIDIX, MOryT Ha6JIIO-

,ll8TbCfl H TIPH ynpyroM pacceHHMM CB06O.nHHX H8KOJIJIMHeapHO )UlHlKYIUHXCH 

HYKJIOHOB [ 73, 76, 77). 3aKOH coxpaHemra MMIIYJibCOB B 8TOM CJiyqae 

HM8eT BH,n 
--7'" - - -~+ p~ _.;,- ~- + p.t.-

KHHeMaTHKa peaKUIDf OTIMCHBaeTCfl TPBMH H838BHCHMHMH MMIIYJibCaMM, Ha-
,-;,. -'> _,.,. -

TIPHM8J) . Pa.. , 1 , ~ , BMeCTO ,nByx MMIIYJibCOB ~ , q, ,llJIB 
--,. -

H8IIO,nBHlKHOft MHmeHM ( Ji, = 0). IIJ)M H8KOMIIJiaHapHOCTH 8THX TPBX HM-- ~) _,,. 
rryJibCOB Ha HHX MOlKHO IIOCTJ)OHTb IIC8B,llOCKaJIBp {Pa_•~ 'I?, H 

II,OJiyqHTb ( ,llOMHOlK8HHBM H8 COOTB8TCTByromHfi BBKTOP) IIC8B,llOB8KTOp 

JIIOOorocHarrpaBJiemra. 3To o6ecrretIHBaeT BOSMOJKHOCTb HMBTb HBHYJieBue 

3HatieHHH JII0008 KOMIIOHeHTH IIOJIBPH3a~ pacceHHHOro HYKJIOHa. B tiaCT

HOCTll:, BOSHHKae'.r saBHCHMOCTb cetiemra_pacceHHIDI OT rrpo,nOJibHO8 IIOJIB

J)MSa~ IIytl:Ka H 6y,nyT Ha6JIIO,naTbCH Te KOMIIOHBHTH IIOJIBJ)M38~ pac

C8HHHoro HYKJIOHa, KOTOPHe sanpemeHH IIJ)M ynpyroM /1,1\/-pacceHHMM Ha 

Herro,nBHll!Ho8 MH!IleHH. OUeHKH [73J rroKaSHBaIOT, tITO IIJJH pacceHHMM 

i 37 



HaJieTaromero HYKJIOHa c·aHeprHen 100-500 MaB Ha .ItBHlKymeMcri nepneH.ro1-

KYJIBPHO.eMy HYKJIOH8 C HMIIYJibCOM 100-150 MaB/c npe,UCKa3aHHHe 3q>

¢8KTH ,UO~ HM8Tb BeJ!WiHHY, ,UOCTaTOqHYID ,UJIH me BKCITepHMeHTaJibHO

ro o6Hapymemrn. KaK H3BeCTHO, TaKHe HMITY~bCH C .nocTaToqHO 60JiblllOfi 

BepoHTHOCTbID npe,ncTaBJieHH B qiopMqJ8.KTOP8 ,nefiTpoHa. Il03TOMY npH 

cneKT8TOPHOM MeX~HH3Me Heynpyroro A./c(-paCC8HHHH orrncaHHHe Sq>-

~eKTH ,UO.Jll!CHH H80JIID,U8TbCH H B Tex cJiyqaHX HeKOMITJiaHapHoro pa3JieTa 

KoHeqHHX qacTmi, Kor.na <AIAI> -BepnIHHa noJIHOCTbID orrncHBaeTcH aM

ITJrnTY.UOfi pacceHHHH CB060nttHX HYKJIOHOB. 

OTMeTHM, qTo B paccMoTpeHHoM cJiyqae, KaK ·H ITPH Heno,ItBHmttofi 

MJmieHH, B C .1f.M. LlMe0TCH JIB!lll, .n;Ba He3aB!1.CHMHX L1MIIyJI1,ca' o6pasyxlllHX 

e,mrncTBe~ nceB,UOBeKTOP - HOPM3Jlb K ITJIOCKOCTH pacceHHHH B 8TOfi 

CHCT8Me. OTcro.na BM,UHO, qTo o6cy»maeMble ITOJIHpH3all,HOHHHe··sqxl)eKTH B 

Jia6opaTOPHOfi CHCTeMe KOOPnHH3T HOCHT qHcTO YJIBeMaTHqecroilt xapaK-

Tep. 

n. 3KCilEPWvlEHW M HX Wf.i'EPnPETAUWI 

IlpH ITOWOTOBK8 o63opa 6HJIH HCJIOJ!b30BaHH CJie,n,yIOmH8 ny6.JrnKaIU1H . 

06 SKCJiepHMeHTaJibHllX HCCJie,UOBaHHHX Ivel -pacceHHHH. IloJIHHe 'ceqe~ 

HHH [ 72-76}, ynpyroe paCC8HHH8 [28, 77-146], cyMMaplme HHKJII03HBHlle 

rrpoueccu [147-154], noJiyJ1HKJTI03HBHH8 npouecCII [154:-163], HHKJIID3HB..: 

ime cneKTPII [ 147, 164-173], aapMOBo-o6MeHHOe paccemrue [ 174~195], 

KHHeMaTHqecKH JIOJIHH8 OITHTll [147,149,159,169,170,193-224]. 
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rr. 1 _. lk1lnrua ce1mmw [ 72-76J 

IloJIHoe ceqeHHe t?t'ot (,eel) coy,napeHHfi qacTHUII X 

HaMH nPHBJieKaeT BHHMaHHe HCCJie,UOBaTeJiefi He TOJ!hKO KaK 

TerpaJihHaSI xapaKTepHCTHKa i::cl -B3aHMo,nefiCTB~, HO 

BH,l(e.JrnTb H3 Hero ceqeHHH Jc(//_ ·-B3~HMo,ne:'1cTBHSI •. 

c ne:'1Tpo

BalKHaH ill!

H Ha.nemnon 

3HepreTmecKasr 3aBHCHMOcTb no~oro ceqe.mm HYJUioH-nempom-mx 

coy.napeHH:'1 noKa3a1:d Ha PHc._7, 3aHMCTBOBaHHOM H3 [75, 76] Ha ocHoBe. 

npencTaBJieffif.A:.o 3apsrnooo:'1 CHMMeTpHH sr,nepHHX CHJI CJie,nyeT o~aTb 

paBeHCTBa no~ ceqeHHfi ,;u:/ - H JJcl -B3aHMone:'1cTBH:'1. OnttaKO, 

KaK BH,l(HO H3 PHCYHKa, ITPH SHeprHSIX 4 ~ 700 MsB CHCTeMaTmec

KH Ha6JIIDnaeTcSI 3aMeTHOe pacxomneHHe MemnY HHMH [75, 76]. IlPmHHa 

ero B03HHKHOBeHHSI He SICHa, HO .BHCKa31:ffialOTCSI coo6palKeHHR O 33BHllle

HHH ceqeffif.A: B [72]. B UeJioM conocTaBJieHHe OITHTHHX naHHHx Il03BOJISieT 

cql_tl'aTb, qTO pa3JrnqHsr 6-tot {;;cf) H ·5.t
0
n ( ad) He npeBHmaJOT 

0,8% npH -1 rsB/c H -o,5% npH -3 rsB/c [75J. 

CeqeHHSI ~t {Ille/) He CoBnanam C CYMM0:'1 no~HX ceqeHlftt li?J -
H )ii,; -B38HMO.l(eficTBHSI H MOrYT 6HTh npe,l(CTaBJieHH B BH,ne 

6fo£ (tvc/)= Ofot (JV,P) + 6tot(!V/l)-A (o. (Y16) 

3KcnepHM8HT8JlhHO orrpe,neJieHHaH 8HepreTHqeCKaH 38BHCHMOCTh. ",neq>eKTa" 

ceqeHHSI ..d O nOKa3aHa H8 PHC. 8, nOCTl)OeHHaSI no ,UaHHIIM pa6oT 

[75' 76,225]. Har JIH.l(Hoe OO'bRCHeHHe nOSIBJieHHH AO 61rno npe,l(JlolKe

HO B [230J, r.ne·oHo OIDICHBaJIOCh KaK Sq)peKT 38T8HeHHH (8KpaHHpoBa:... 

HHH) Onttoro H3 HYKJIOHOB ,nefiTpoHa npyrHM. EHJIO OTMetieHO [_39,226, 

227], qTo 8TOT reOM8TpHtiecICrot qJ8HOMeH SIBJISI8TCSI Jllill!h O.l(HOfi H3 ITPH

qHH, IlPHBO,nSIIUHX, K nOHBJieHHIO ".n.eqieKTa" ceqeHHR. .IlPYrHMH nPWIHHaMJ! 

0Ka3HBaIDTCSI, HanpHMep, .l(B0:'1Hoe pacceSIHHe, HHTepf)epeHUHSI aMITJrnTYn 
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PHc.8. 3KcrrepHMeHT8~hHO OTij)e,ne~eHHafl sHepreTH'I8CKafl saBHCHMOCTh 

.neteKTa ceqeHHH (cM. (Y16)), nocTpoeHHaH no ,naHHHM pa6oT 

[75,76;225] 
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O.nHO- H .!U3YKP8THIDC coy,napeHIDl Ha~eTa!Olllefi qacTmu,I C ~OHaMH 

,nefiTpoHa H T.,n. B ~e~OM, B paMRax 6eCCilllliOBOrO 9:tiKoHa~hHOro Tij)H6-

JIIDK0HIDI ,n~H BHCOIGiX sHeprHfi [230,231] _,neipeKT rro~oro ceqeIDffi HMeeT 

B~ 

LJo·~ ;L j s("!J[fm.£,,·@,Ym/4p{f-J-
. . 

---Re.fNt? (9;, Re/4p (-vJrl[t-);. 

~o. qTo TIJ)H :6o~bIIIID{ :meprHHx, Kor,na .noMHHHPYIOT ~e qacTH 

aMit~TY.Il /V/V--pacceHHIDI Brrepe,n; /j. 6 :> D H ~ot [ tV cl) < • 

.. ,d5totfN'n)+6'-td (NJ>) ~ IIPH MeHbIIIID{ sHeprHHx, Kor,na Re,/(o) 
He ITpeHe6pel!CHMH, ~ 0 MOlKeT HM0Th JII06o8 3HaK •. " _ 

06o6meHHe orrTH'IecKofi TeopeMH Jh7 /:;,n;, (o) "' ( P'f/ ~r) ~ot 
.nM coy,napeHIDI . ,4 + B ➔ . . . HerroMPHSOBaIDillX qacT~, a c~

qafi ITOMpH30BaHHOro-Haqa~hHOro cocroHHIDI MOlKHO 38ITHCaTb [228,229] 

Sp[j>,·~Jm~; (o)J=(fi:)~ot(j;~_· 
..:1·: 

C yqeTOM coxpaHeHHH qeTHOCTH H HHB8PH8HTHOCTH ITO OTHOmemno K o6pa

meHmO BP0M0HH B YTIJ)yrOM pacceHHHH 9TOMY BHpamemno MOlKHO Tij)H,naTb 

~ [21] 

( ~ Jfi,,,t -6 i/t--8,.,,)J,,,ho, {111) Re[fe,, (lf)¼t(B)]_ !Yi 71 

3,necb 

!L,jm)= (,!;$A ::!)(~ 1-1) . Sf'[ fe,,, + ~ +.ki"I' (c;}J 
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CYMMJ{POB8.HH8 B (Y17) rrp()H3BO,IUfTCfl TOJlhKO TIO COCTO.flHH.flM C lJ:8THllMH 

3Hal!8HH.HMH 
iropMYJIH, onnclIB810IllJIB ,neqieKT TIOJJ.flpnso:saHHoro noJJHoro j)d -

C8lJ:8HH.H, Blll38.IJ;8Hll B pa60T8 [230J. PaCCMOTp8HH8 rrp()BO,IUfJlOCh B. paM

KaX MO.IJ;8Jlll rJJay6epa H YlJ:HTllBaJlO KaK noJJ.Hpnsau.mo HYKJlOHHOrO nyl!Ka, 

TaK H B8RTOPHYJO TIOJJ.Hpn:iau.mo ,ne:A:TpoHa. EoJJee TIOJJHO STOT Iiorrpoc pac

CMOTP8H B [231), r,ne YlJ:HTllBaJlC.fl BKJJa.IJ; -;p -BOJJHH ,ne:ll:TPQHa, 06Cyllt,ne

Hll t--saBHCllMOCTh aMTIJlllTY.IJ; B HHT8I'paJJe ,nBO:ll:HOrO paCC8.flHH.H H BKJJa,n 

peaJJhHHX qacTe:ll: aMTIJlllTY.IJ; C ,nBO:ll:HllM·TI8peBOPQTOM CTIHHOB. 

IloJJHHe C8lJ:8HH.H ;cl -pacce.HHH.fl B l!HCTHX. CTIHHOBHX COCTO.fl~.flX 

H3M8p.HJlllCh B o6JJaCTH 1,1-6 TuB/c [76). UeJJhID STOrO 8RCTI8pHM8HTa 

6HJJO onpe,neJJeHHe A 6-i ( lv'N) ,n.mi H30TOTICTIHHa z = 0 H TIOHCRH 

,IUf6apHOHOB. ABTOPH OTM8l!aIDT, lJ:TO.¢ePMH-,nBHmeHHe HYKJJOHOB B ,ne:A:Tpo

He MomeT pa3Ma3aTh omn.naeMYJ(l Y3KYJ(l CTPYRTYPY C8lJ:8HH.H .no llillpHHll 

""80 MsB/c. 
.!Io.JIHlifr ceyemrn YJU)YI'oro N.d-:paccem:rua. [77, 95,101,117,118, 124L· 

Pe3YJlhTaTH H3M8peHH.H TIOJlHHX c~tieHH:ll: ynpyr~ro ,,ocf-pacce.fl~ CYM

MHPQBaHll B' Ta6JlllIJ;8 1. 

II. 2. YJIDYI'oe Nd-:paccemme 

.I\HqJqJepeHIJ;HaJlhHHe cel!eHH.fl ynpyroro t1/,::/-pacceaHH.fl·B nmpoKOM 

HHT8PBaJ18 yrJJOB HCCJ18.IJ;OBaJlUCh npH SHeprH.flX HaJleTa!OllU1X HYKJJOHOB , . . 

95 MsB [77-79), 128-156 MsB .[80-:-84,86), 240 MsB [92J, . 340 ·. MsB 

[95), c,,450 MsB [98,102], ,,,580 MsB [102,105], 800 MsB [1i5J, 1 TuB 

E 117). Pacce.ffHHR Ha MaJJHe yrJJH [94, too, 116,118,122,124,125) H3M8-

p.HJlllCh 6o~bme:A: qacThID C IJ;8JlhID onpe,neJJeHH.H OTHomeHH:A:_ peaJJhHO:ll: H 

MHHMO:ll: qacTe:ll: oeccrJIDIOBO.h aMTIJlllTY.nH 1~ -pacce.HHH.fl. BHHMaHHe 
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Ta6JJHUa 1. IloJJHHe ceqeHH.fl ynpyroro po/-pacce.HHH.H 

I in. , .MsB {G;,ttp}tot; , M6 CcHJma 

95 34±3 77 
340 · 6±1,2 95 
458 7,6±0,3 101 
534 8,9±0,4 101 
611 9,2±0,4 101 
680 10,2±0,4, 101 
737 10,4±0,'4 101 
818 10,4±0,4 101 
899 10,3±0,4 101 
976 11,2±0,5 101 
1000 13,8±1·,8 117 
1000 10,5±0,7 118 
1000 9,2±0,7 118 
1000 10,7±0,7 124 
1077 100,6±0,4 101 
1123 12,0±0,5 101 
2000 10,2±0,7 124 

MHOrHX 8RCTI8PHM8HT8TOPQB TIPHBJ18KJ10 A/rl -pacce.HHHe . B sa.IJ;HIDID TIOJJY

c¢epy [79,85,87-89,93,119,121] H, B qacTHOCTH, pacce.HHHe Ha yrJJH, 

6Jlll3RH8 R 0 = 180° [89,107,123). M:syqaJJa'Ch; TaRme 8HepreTH1-I8CKa.fl 

saBHCHMOCTh ceqeHH:A: pacce.HHH.fl Ha qJHRCHPQBaHHH:ll: ( 60JlhillO:A:) yroJJ 

[91, 109-111 J. 

Yr.nOiia.fI saBHCHMOCTh ynpyroro pcf-pacce.HHH.fI npu H8CKOJlhRHX 

SHeprH.fIX cxeMaTHlJ:HO ITOKa3aHa Ha pnc.9. BH.IJ;Ho, l!TO BO Bce:A: paccMaT

PHBa8MO:ll: o6JJaCTH xapaKTePHl:IMH ttepTaMH sTo:A: saBHCl1MOCTH .fIBJJ.flIDTC.fI: 

a) P83ROe YM8Hhill8HH8 B8Jllll!HHl:l C8lJ:8HH.fI C PQCTOM yr.na pacce.fIHJf.fI 

ITpH rrepe,nattax HMTIYJlhCa -t £ 0,5 (rsB/c)'. B ,naJJhH8:A:llleM STY 
I 

06.naCTh 'oy,neM Ha3HBaTh paCC8.fIHH8M Bnepe,nHJlll pacce.fIHH8M C M3JIO:ll: 

rrepe,naqe:A: 11MITYJihca. 
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6) CpaBHHT8~bHO c~a6aH yr~OBaH.38BHCHMOCTb ceqel-Il@ B o6~aCTH 

IIJ)OM8JKYTQqHID{ yr~OB. 
;,. 

B) Bo3paCT8HH8 ceqeHHH C J)OCTOM yr~a pacceHHHH IIPH & ?:- 130°. 

Yc~OBHO STY o6~aCTb 6y~eM Ha3lffi8.Tb pacceHHH8M Ha3a~ H~ o6paTHHM 

pacceHHHeM. PaHee MHOrHe 8BTOPH Ha3lffi8.~ STY o6~aCTb o6~aCTbID 

IIHKaII (pickup)-pacceHHHH. 

CpaBHeHHe ceqel-Il@ -ti-e/-pacceHHHH OKO~O 130 MsB [80-82), 

152 MsB [83), 794 MsB [113) c ceqeHHHMH ,Pef-pacceHHHH IIPH 6~3-

Km{ SHeprHHX IIO~TBep,lJ,H~O 6~30CTb ~ COBIIa~eHHe tt,tJ - H ;cl -pac

ceHI-Il@. 

II.2.1. YrwYtQe 1)8CC8HHH8 l!a MaJlli8. H Il]OM8JKYTQlJHU8 YtJili 

,Iof!WJepeHl.l,Ha~hHHe ceqeHHH. 

Ha Haqa~bHOM STaIIe HCC~e~oBal-Il@ IlPH IIJ)OM8JKYTOqHHX SHeprHHx 

TeopeT~8CK08 OIIHCaHHe yrrpyroro . /i/_o/ -pacceHHHH Bnepe,n CTJ)OH~OCb 

Ha ocHoBe pa3~HHX BapHaHTOB HMIIY~bcHoro rrpH6JIIDKeHHH H saIIHclIBB.

~ocb B BH~e 

6fJ~~(i) == 1;, f s,/(-c,p +1't,){t,, +-t1n)+].s(i)1 

~(y) = J /C/J(2) /~e.tp [-f i/.tJd~ 

tt - nepe~aHHH8 TpeXHMnyJI&c. 

3KCII~J)HMeHTa~hHHe ~aHHHe 06 aMII~Ty~ax yrrpyroro 1\/N-pacceHmm B 

TO BpeMH ~60 OTCYTCTBOBa~, ~60 6H~ Kpa8He H8IICl.JIHHMl!: , H . Ma~o

Ha~el!CHHMH. IlOSTOMY ~ pacqeTa ceqel-Il@ ·.tVe/-pac~eHHHH HCIIO~b30-

Ba~Cb-~HpalK6HHH THII8 

. _G;jij);: ·J{ ~P (f) + GN'n If) + I(9)} ~ (j) 1 
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CBSI3IIB810IllH8;,· ,J'C{-cetJeHHe C C8'18HlliIMH pacce.fIHIDI HYKJIOHOB HYKJIOHa

MH. 3,necb :Z. (f) - CS'lSHHe HHTepPepeHUIDf /Jfi - H If -paccemntll:. 

HcnoJihSYR .rlJl.fI aHaJIHsa 1-pacceRmrn mm · ?; = 190 MsB [77] 

J)8.C'l8THYIO CXSMY [232], aBTOPH BKCIT8PHM8HTaJibHO:tl: pa60TH ITPIDIIJIH K 

BHBO,ny, tITO ITPH pactieTax_ TaKHX CetieHHfl HS06XO,ll;HMO YtIHTHBaTb aMITJIH

TY.nH ,/4//1) -pacce.fIHIDI C nepeBOpoTOM CITHHOB H BKJIIOtJaTb B paccMOT

J)8HH8 T8H30pHHe B38HMO,lle:tl:cTBHR HYKJIOHOB C HYKJIOHaMH. HHTepnpeTaUH.fI 

cetieHHfl /JC/ -pacceRmrn ITPH 340 MsB [95] . ITpoBO,llHJiacb Ha ocHoBe 

BHpalKSHH.fI 

~7 (f) = .ff-[~? {9,)+ ~(1(9,)J; ~{f ) 1 L1. 

IIapaMeTp ~ YtIHTHBaJI HHTSJ$3J)8HUHOHHH8 S!W)eKTH, ITPITT8M OTCYTCT

BIDO HHTeppepeHUIDf COOTB8TCTBOBaJIO 3HatieHHe A = 1, ITOJl()lKHT8JlbHO:tl: · 

HHTeppepeHUIDf- .6 > 1, a. OTPHUaTeJibH0:8 - ,d <. 1. !Io OU,8HKaM 

aBTOPQB, Ha MaJIHX yrJiax £1 6JIH3KO K 8.rlHHHI.1,8 H YM8HbmaeTC.fI C 

* yrJIOM P8CC8.fIHH.fI ,llO Ll :,,(),5 npH {) ~0°. 

Ha ocHoBe STo:tl: Ee qJOPMYJIH ITJX)BO,llHJIC.fI aHaJIHs cetieHHfl )cl-
pacceRHIDI Jl1lH 450 MsB [102]. ABTopH YTBSPlK,llaIOT, tITO OHM ITOJIY'lHJIH 

YKa3aHIDI Ha CYJ!(8CTBOBaHH8 OTpm.taTSJibHO:tl: HHT8pp8peHIJ;IDf ITPH MaJIHX 

yrJiax pacceRHH.fI. 

lIOJIHaR CJIHHOBaR CTPYKTypa #N-aMITJIHTY.rl HCITOJib30BaJI8Cb ITPH 

pac'rnTax cetieHHfl ynpyroro jJ« -pacceRHH.fI 'B pa6oTe [233]. CetieHHR 

BHtIHCJIRJIHCb Ha 0CHOB8 BHpalKeHH.fI, ITPHM8HHMOro ,llJl.fI 6):14<100-120°: 

~~~ f0;d) ~ ff (A(0;)+!3(&,;)-1 e{&:,)]$(~). 
IIapaMeTpu A,B,C orrpe,neJIRIDT COOTB8TCTB8HHO BKJia,D;H fYl -coy,napeHHfi, 

pn -COy,llapeHHfl H HHTeppepeHUIDf M8J!!,D;y f!/1 -: H . fY' -aMITJIHTy,naMH. 

BeJIHtIHHH A/N -aMITJIHTy,n Tor,na eme He 6HJIH H3B8CTHH, HO cpaBHeHHe 

CTPYKTYP A,B,C co CTPYKTypo:tl: cetJjHJf.fI ynpyroro 

J103BOJIHJIO OU8HHTb 06JiaCTH B03MOlKHHX 3H8tieHHfl A,B,C 
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All/ -pacceRHHR 

;0,, (0~) ~ Jl (0~)· ~ ~!' (0~)/ 

; ~~(0:"') ~ i(e;) ~~~(0~J 

I c,/ ~ 6;>, ( 0 :N) + ~" ( P :,/V )1 

C£Js 1/0pd/~) = J cws(0;:/.t): 
PesyJibTaTH J)8.Cll8TOB BM8CT8 C 9KCIT8P:l1MSHT8JlbHHMH ,naHHHMH ,ll;JIR 9H8P-

rHA:.150 MsB [84), 240 MsB [92), 340 MsB [95), 460 MsB [105), 660 

MsB [108J 

PHc.10. 

npHB8,ll;eHH Ha·pHc.10. 

<5 {9e,µ); 116/cp 
I • 

,o' 
80 

.t,O 

0 

60 

~ 

101 

60 

. ' A 

~ 
• {50HeV 

~ 
't.V 

Q 

'eV 
20 

. 2. 
10- I . :'0>.,, • • • 

't06 60' so 0 100• 12.0• P,o• B,c.u.u. 
To lKe, 'ITO H Ha PHC.9, HO ,ll;JIR P83HHX HB'laJibHHX 9HeprHA: 

rrpoTOHOl? 

IIpHM8H8Hl18 TSXHHKH (p8"1:HMaHOBCKHX ,llHarpaMM K pacl!eTy cel!eHHA: 

N'c/ -pacceRHHR oIT11caHo, · HarrpHMep, :s [234). Bu,mcJieHHR BHITOJIH8HH 

,ll;Jl.fl ; .·~ 30~155 MsB,H ITOJIYl!SHO y,noBJISTBOPHT8JlbH08 corJiaCH8 C 

9KCIT8PHM8HTOM •. 

. Ce1rnmrn 1c/-pacce.HHHR npM 146 MsB [83) l1HT8PITP8TJ1poBa.mlCb_ 

Ha octtoiie · BapHaHTa HMny Jibcttoro ·npH6JIHlKSHHR, oITHcaHfioro B [ 235 J • 

47 



HcnonhsoBanacb noJIHaa crnrnoBaa CTPYKTypa IVA/'-pacceaJ-rna c aMJIJIH

Ty,naMH, paccqHTaHHI:lMH c noTeHUHanoM raMMeM-Tanepa. nononJ-rnTenbHo 

no MeTo~ [236) 6HJIH yqTeHH KYnOHOBCKHe 9(Pl)8KTH. PesynbTaTH BWIHC

neHIDt IlOKa3aHH Ha PHC.11. BH,nHo, qTo yqeT KYnOHOBCKoro B3aHMo,nea

CTBHff cyinecTBeHHo y~qmaeT cornacHe C OTIHTOM TIPH &Jt-_J ~ 15°. ,P« ,....__ 

B uenoM pacqeT cornacyeTca c aKcneJ)HMeHTanbHHMH .naHHHMH B npe.nenax 
./1--

10% BilnOTb .no I) ;d ~ 75°. 

HsMepeJ-rna npH 155 MsB [86) cpaBJ-rnBa.JIHCb c pac'leTaMH [237) H 

[238). IIpH B~cneHHax Hcnonb30Ba.JIHCh tVt•,l-aMIIJIHTYnH, onpe.neneH:

HHe Ha OCHOBe q)a30BOro aHa.JIHsa 8KcnepHMeHTanbHHX .naHHHX, 06 ynpyroM 

pacceHHHH HYKnOHOB eyKnOHaMH. KynoHOBCKHe 9(Pl)8KTH B STHX pacqeTax 

He paccMaTpHBa.JIHCb. YrnOBafl 33BHCHMOC;r c~qeIDf1i /Jef -paCC8flHHff B 

o6m;mc qePTaX npaBHnbHO OIIHCHBaeTCfl HCTIOnb30BaHHI:lMH Mo.nenaMH B 06-
, I(. 

nacTH ~cl :E 90-110°. 

He OCT3H3BJIHBaflCb Ha MHOrJO_C ,npyrHX pa6oTax, r.ne HMTIYnhCHOe 

npH6JIHl!CeJ-rne HcnonbsoBanocb TIPH pacqeTax;ceqe:HHA:.ynpyroro /V'cl -
pacceHHHa, YKalKeM, qTQ B [236f°''Co:nePJKHrcri Pfl.ll CCHnOK Ha TaKHe HC

cne,noBal-llifl. 

nna OIIHCaHHa ynpyroro _ifcl .:.pacc~~Hhll B o6naCTH, 6onee mHPO-:

KOfi, qeM STO B03MOlKHO B HMTIYnbCHOM 'irpH6.JIHJKeHHH, HCTIOnbSYIOT Mo.nenb 

rnay6epa Hee nocne.!(YIO!nHe ycoBepmeHcTBOBaJ-rnH H o6o6meJ-rna. 

B sTofi Mo,neJIH aMIIJIHTy,na ynpyrofo · I'll ..:pacceaHHa HMeeT BHn 

_,,,.' -r:;:r:: £p {f)s(f)+ .¼n fi)s(-f)+ 

(., 

+ kl<. jS(f)/4~ ( i-f-r)rl)~ 
(Y18). · 

3,necb ~P , f'N'n , -:;-. aMJIJIHTYnH ynpyroro pacceaHHa HaneTaromero HYK-
-;i.. ' 

noHa t/ Ha npoToHe H HefiTpoHe, o6pasyrom;mc .nefiTpoH, £ - HMTIYnbc, 

nepe,naHHHfi HaneT~ea qacTHUefi anpy-:-MHmeJ-rn, S{£'J = j e r-'ji/P(i)/~2 
- qiopMq)aKTOP .nefiTpoHa. IIepBaa C_TpoKa B (Y18) .co.ne~T BKna.n ~ 3M-', 
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TIJrn:TY.DY N/-paccemnm O.mIOKJJaTHHX #N -coy,napeHIDl, BTOpa.H . -

BKJia,n nocJie,noBaTeJibHoro pacce.Hmm HaqaJibH6a qacTHUU Ha pasJrn:qHHX 

HYKJIOHaX .neaTpoHa. 0,mIOKpaTHOe pacce.HHHe .IJ;OMHHHJ)Y8T TIPH MaJII:lX 

nepe,naqax HMTIYJibca, qTO, B OCHOBHOM, onpe,neR.HeTC.H ITOBe,neHHeM (p()pM-

qiaKTopa .neaTpoHa. ,UBoattoe pacce.HHHe· npH MaJII:lX f rrpeHe6peJmMo 

MaJIO ITO CJ)8BH8HHIO C O,mIOKpaTHHM, HOC YBeJIHtieHHeM rrepe.na~ HMITYJib

ca OHO H3M8H.H8TC.H CJ)8BJ:fHT8JibHO M8.IJ;JI8HHO. 3Ta oco6eHHOCTb noattoro 

pacce.HHIDJ 06MCH.H8TC.H 
0

T8M, qTo B HHTerpaJI, onpe,neJI.H~ ero aMITJrn:

TY.llY, OCHOBHOa BKJia.IJ; .riaeT o6JiaCTb MaJII:lX f. , r.ne (p()pMqlaKTOP S(j) 
6Jrn:30K K e,zunnme. II09TOMY aMITJrn:TY.na noattoro'· pacce.HHH.H saBHCHT OT. 

nepe,naHHoro HMITYJibCa, B OCHOBHOM, qepes CJ)8BHHT8JibHO Me,nJieHHo Me

H.HJOinH8C.H aMTIJrn:TY.IJ;Il' .iw fi1/t) . IIo~eHHe .ne:RTI)OHOM_ HMTIYJibCa j 
TIPH 9TOM TipoHCXO,nHT npeHMYll!8CTB8HHO qepes nocJie,noBaTeJibHYIO 

rrepe,naqy o6paSYJOmHM ero HYKJIOHaM HMTIYJibCOB f/L. OTHOCHTeJibHml 

HMTIYJibC HYKJIOHOB MHIIIeHH OCTa8TC.H MaJIHM. 

B T~HOM .IJ;JI.H·o6JiaCTH BUCOKHX 9HeprHa npe,nnoJio~eHHH O ~CTO 

MHHMUX /VN''-aMITRHTy,nax H3 (Y18) BH,m!O, qTo CJiaraeMUe, COOTBeTCT

BY.IOinHe O,m!OKJ)8THOMY H ,nBOaHOMY pacce.HHHIO, 6y,nyT HMeTb TipoTHBOTIOJIO~

HUe SHaKH. 3aBHCHMOCTb · HX BKJia,na B A/cl -pacce.Hmie oT • nepe,naHHor~ 

HMTIYJibca cxeMaTHqecKH TIOKasaHa Ha PHC.12. TaKoe TIOBe.neHHe aMITJrn:TY.n 

npH yqeTe Jrn:lllb S -cocTORHHR .nearpoHa IIPHBO.nHT K o6pameHHIO B HOJib 

Jm~;o/1 ). ITPH HeKOTOl)OM 3HaqeHHH t r::.. -f; o . IIocKOJibKY .neacT-

BHTeJibHU8 •mcTH ;VIV -aMIT.nmy.n Re-+ -P O , aMITJIHTy,na Tf!j° 
./N/V · Na 

B HOJib He o6pa_maeT~.H, HO ceqeHHe .noJI~O HMeTb npH i;::: -t. 0 rJiy-

6oKHa MHHHMYM- TaK0:'1 sqipeKT Ha6JIIO,naeTC.H TIPH ynpyroM 'pacce.HHHH 

a,npoHOB Ha .H,I(PaX co CIDfHOM S = 0, HO OTCYTCTBYeT npH ~cl - H 

d -pacce.HHHH. 3TO .naeT OCHOBaHHe npe,nnoJiaraTb, qTO OTCYTCTBHe 

TipoBaJia TIPH jJcl -pacce.HHHH B o6JiaCTH HHTepPepemum O,m!O- _H .nBY-

. KpaTHoro pacce.HHIDl cB.HsaHo He c oco6eHHOCT.HMH M -BSaHMo,neacT-

BH.H, a co cBoaci'BaMH .H,npa-MHIIIeHH, HMeromea cmrn S = 1. YqeT Toro, 
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'ITO OCHOBHOe COCTOHHHe ,n;e:0:TJ)OHa KJ)OM8 S -BO.mm CO,IJ;8J)J!G!T !TPHM8Cb 

r;J -KOMIIOH8HTH, JIJ)JfBO,!OfT K sarroJIHeHHIO HHTepPepeHI.(HOHHoro MmlliMYMa 

IIJ)H pacceHHHH H8IIOJIBPH30BaHHHX '!aCTHU HK Y,IJ;OBR8TBOPHT8RbHOMY OIIH

C8HHIO cetJe~ ynpyroro 1d -pacceHHHH. Ifs PHC.12 BHntto, '!To' YtJeT 

0-cOCTOHHHH Mano H3M8HR8T pesynbTaT·KaK B o6~CTH OnHOKpaTHoro 

pacceamm, TaK H IIPH IIpeBa~BaHHH .IU30:A:~oro pacceHHHH, Kor,n;a /-!;/ 
saMeTHo IIpeBmnaeT /t°/.. OnttaKo B. o6nacTH t.~-t 0 BKJia,n; 0-
BO.mru B C8'!8HHe.ynpyroro /lei -pacceHHHH HMHeTCH OJTI)e,IJ;8RHIOlllHM 
(CM. PHC.12). 

B .pa6oTe [ 120J OIIHCaHH HSMepeHHH ceqe~ yrrpyroro jlt:I' -pac

ceaHHH IIPH 7p .= 1-5,5 rsB~ pesynbT8TH KOTOpI:lX xopomo cornacYIOTcH 

c pactJeTaMH, ocHOBaHHHMH Ha Mo,n;enH rnay6epa.· B P8MKaX Mo,n;enH rnay-_ 

6epa pacqeT cetJe~·ynpyroro ;cl '-pacceHmm c . IIOJIH08 CIIHHOB0:0: 
/ .... . ~ ,, 

l1Atl-aMilJJHTy,n;o:0: BII8PBHe 6un IlpoBe,n;eH A.JI6eptt H ®· [239]. B 'sTOn 

pa6oTe·y,n;anocb ,IJ;OCTH'!b ~b Ka'I8CTB8HHO BepHoro OIIHCaHHa ceqe~. 

Hafi,IJ;eHHI:lX IIPH "1j (fcl) = 425 MsB [98] H 582 MsB [105]. BM8CT8 c 

TeM aBTopu o6paT~ BHHMaHHe Ha lIYBCTBHT8RbHOCTb rrpoueccoB • )#a' -

P8CC8HHJffi K Be~e o6men ql83H HYKROH-HYKROHHI:lX aMIInHTy,n; H YKasa

nll Ha B03MOlKHOCTb ee orrpe,n;eneHHH B_paccMaTpHBaeMHX OIIHTax BHe rrpe~ 

,n;enoB o6naCTH KYROH-a,n;epHon HHTepPepeHI.(HH, r,n;e otta orrpe,n;enaeTca 

IIPH ynpyroM //N -pacceHHHH. 

06o6meHHe MO,lJ;8nH rnay6epa, CBH3aHHoe C Y'IBTOM 'HesnKoHaRbHI:lX 

IIOIIP8BOK H 6onee ·KOppeKTHHM P8CCMOTP8HH8M PH.na ®yrHX sqxl)eKTOB, 

HsnomeHo B pa6oTe A.n6ePH·tt ®· [240J. B ,n;anbHe8meM STOT crroco6 

0IIHC8HHH t,1o/ -pacceHHHH 6y,n;eM H83.!ffiaTb MO,IJ;BRbIO AEH.· 
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Il. 3. 

3KcrrepHMeHT8RbHH8 HCCRB,IJ;OBBHHH IIOJIBPH38l.l;lfOHHI:lX Sqxl)BKTOB IIPH 

ynpyrOM Ii/cl -pacceHHHH Ha Manue H IIJ)OM8myTO~HHe·~~- [28,83,86; 

88,105,106,114,115,126-130,132-136,139-142,144-146] MOJKHo:crpyrnm

po:i3aTb CR8.nY1()1ll.HM b6pa.30M. 

1. PacceHHHe IIOJIBPH30BaHHI:lX IIJ)OTOHOB H8IIOJIBPH30B8HHHMH ,n;en...:. 

TpoHaMH (/cl_;;,, pcl ) .. H HsMepeHHe .. rroJIBpHSaUHH KOHetJHoro rrpoToHa 

rrpH pacceHHHH c rrbMPHSOBaHHHM HatJanbHHM cocTOHHHBM ( ;;4 _,,. f>~ ) . 
2. PacceHHHe· rronHpttsoBaHHHX ,n;e8TJ)OHOB Ha HerroMpHSOBaHHI:lX 

IIJ)OTOHaX ( df . -'i> tip ) , H H8IIOMPH30Ba.HHI:lX ·IIJ)OTOHOB Ha IIOMpH30BaH

H0:0: ,n;e8TpoHHon MHm0ID1 <;ii'~ pc/ ) . IDmr,n;a y,n;o6HO pa3ntt'!aTb pac

C8HHH8 BBKTOPHO IIOMPH30BaHHI:lX H T8H30pHO IIOMPH30BaHHI:lX ,n;efiTpoHOB 

( COOTB8TCTB8HHO 1:-t -=r djJ H cl;-f ~ of,,,o ) • 
• -">!J ➔_/ 

3 • .UeIIOMPH381.(HH H IIOBOJ)OT IIOMP~381.(HH IIJ)OTOHa <1a .:;, ,Ptr ) . 

4. KoppeMl.l;lfOHHaH aCHMMBTPHH ·IIJ)H pacceHHIDi IIOMPH30BaHHI:lX 

npoTOHOB Ha .noMpHsoBaHHHX ,n;etl:TpoHax ( fd' ~ pc/ ) . 
5. TpexcIIHHOBHe OIIHTH C B8KTOPHO IIOMPH30BaHHHMH · ,n;e8TJ)OH8MH 

(,~ ➔ fol ). 
. 11:Syt{eHHe npyrHX ~CCOB IIORHpH38l.l;lfOHHI:lX HMBHHn,. KaK rrepe,n;aqa 

_ II0:1ffiPH381.(HH <1,1/..·~ fJd, tf..:;, ,~c1 ·t•., IIO~J)OT IIOMP~381.(HH. ,n;~:0:

TPQHa ( df. ~ a; . ) , TP8XCIIHHOBH8 , O!ffiTH C TBH30PHO II0.1!~PH3C>B8~~ 

HHMH_ ,n;e:0:TpoHaMH ( f~ ..:;,f J . ) , TpexcIIHHOBHe OIIHTH c HSMepeHHeM 

(BeKTOPH0:0: H TeHsopHo:0:) IIOMPHS~UHH KOHetJHo~o ,n;e:0:TpoHa <fif-'?;;d>, 
. lI8THP8XCIIHHOBH8 OIIHTH ( jl~ 4 /> cf' ) , IIO-BH.!OfMOMY, IIOK8. He IIJ)OBO

,!OfROCb. 
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Il.3.1. ACIDJM8Tl)li8 :oocceglfflg TIOJHDH30BRHHHX rmoTOHOB 

PaccMoTpHM SKcnepHMeHTaJihHHe:.n:aHlille 06 aHaJIH3HJ)YIOmefi cnoco6-

HocTH '1J,{ilolo/d} H noJIBpH38WfH KOHe'l!Horo IIJ)OTOHa IJy(jJCl-~jJ'o/). 
YrJIOB8.H·38BHCHMOCTb 8H8JlH3HJ)YIOmefi cnoco6HOCTH ITPH Tpex_ SHep-

rHHX CX8M8TH'l!8CKH ITOKa3aHa Ha PHC.13, r.n:e npocJielKHBaIOTCR CJie,nyJO[I{He 

ee xapaKT8PHH8 'll8PTH-

Q.8 

DAI 1\~:, i ·l55M9h 

:.: JJ'' . l{t . J 438M:16 
f fl/6M,6 

o·~ 
-02 

-0.'t 

-0.G 

-as 

+H 
tljj1f 1 · 

o• 30° · 60° · 90' (20°. 160° /a0°· ,; 

PHc.13. ·0 YrJIOB8.H 38BHCHMOCTb 8H8JIH3Hpyrome:tl: cnoco6HOCTH A ynpyroro 
. y 

pd-pacce.HHH.H ITPH Tpex H8'll8JlbHHX SHeprHRX (83,.86, 126,139] 

a) IlpH MaJIHX yrJiax (MaJiux nepe.n:a'llax HMITYJihca)_; ·r.n:e .n:oMHHHPyeT 

o.IUioKpaTHoe pacce.HHHe HYKJIOHOB H xopomo pa6oiaeT HMTIYJihcHoe ni:m6JIH-
•, . 

meHHe, Ha6JIIO,n:aeTCR ITHK ITOJIOWTeJibHO:tl: ITOJIHpH38WfH. MaKCHMaJlbHOe 
1 ,, : ' 

3Ha'l!eHHe ,n:OCTHraeTCR npH HeCKOJlbKO MeHblliHX yrJiaX, 'l!eM STO IIJ)OHCXO-

,lUfT ITPH cBo6o~oM AIN-pacce.HHHH. 

6) Pe3~ cna.n: ITOJIBPH38WfH ITPH Bcex SHeprHRX tta6JIIO,n:aeTCfl 

BOJIH3H -t ~ 0,4 (I'sB/c) 2
• OrMeTHM, 'l!TO HMeHHo B STO:tl: 06JiaCTH 

JipOHCXO,lUfT H3MeHeHHe H8KJIOH8 t -38BHCHMOCTH Ce'l!eHHR. 

. B) IlpH 60JiblliHX yr Jiax ( o6JiaCTb o6paTHOro pacce.HHHH) aHaJIH3HJ)YJ()

ma.H crroco6HOCTb BHOBb CTaHOBHTCR ITOJIOmHTeJibHO:tl:. 

IlpH Cl)3BHJ1TeJibHO MaJruX SHeprHRX [83,86, 126,139], r.n:e B ;cl -
pacce.HHHH rrpeHMymecTBeHHo pa6oTaJOT o~oKpaTHHe /\/N-coy,n:apeHHR, 
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TeopeTH'l!eCKoe OITHCaHHe paCCM8TPHBaeMHX npoueccoB CTpoHJIOCb Ha oc

HOBe pa3JIH'l!HHX BepcHfi HMITYJlhCHOrD ITpH6JIHmeHH.H. TaKHe pac'l!eTH 'npH

BO,lUfJIH K Ka'l!eCTBeHHO ITpaBHJlhHO:tl: rrepe,n:aqe BH,n:a yrJIOBO:tl: 33BHCHMOCTH 

· Jf:y , HO c 6oJiee' HJIH Mettee· 3'mi'llJ1TeJihH!:lMJ1 pacxomneHHRMH rrpencKa

saHHHX n H3MepeHHHX ee qnc~eHHHX sHaqeHHfi. Xopomee oITHcaHHe attaJIH-

3HJ)y}Oll\l1X CITOCOOHOCTefi, J13MepeHHHX ITPll 0 < 200 MsB, ITOJIY'lleHO · B 

r241j. , 
B o6JiacTn, r.ue cymecTBeHHa poJib ,uBOfiHoro A/N -pacce.HHHR, 

OCHOBO:tl: T80peTJ1ll8CKOro OITHC8HHR ,A.14 -coynapeHHfi, KaK yme roBOPJ1-

JIOCh, CJIYmHT T80Pl1R re. B yrrOMHHaBme:tl:c.H pa60T8 [239] 8H8JlH3HJ)Y10mYI0 

crroco6HocTb µ-pacce.HHHR rrpn 425 MsB [98J, ·544 MsB [ 105] H 584 

MsB·[106] C ITOMOmhIO 3TO:tl:.MoneJIH y,n:aJIOCb OITHC8Tb Jll1llib Ka'll8CTB8HHO. 

IlpH 544 MsB-[105] pac'l!STH 8H8Jll13HJ)YIOme:tl: cnoco6HOCTJ1 TIJ)OB0,1UfJIJ1Cb 

TaKme aBTopaMH 3KCTiffPl1M8HT3JlbHO:tl: pa60Thl. ·C l1CTIOJlh30BaHU8M M> 

XaManu-)lJKOHCTOHa UM ynaJIOCh noJiy•mTh y,n;OBJI8TBOPl1T8JlhH08 _corJiaCl18 C 

3KCTiepl1M8HT8JlbHHMU naHHHMH 06 4 ( t) ' B TO BP8MR . KaK nJIR OITH

caHH.H ,mrqxpepeHUU3JlhHHX ceqeHHfi BOJIHOBYIO qiyHKUUIO ITOTP860BaJIOCh cy-

mecTB8HHO MOnJ1q)UUJ1poB8Tb; 

YrJIOBH8 38BUCJ1MOCTJ1 dy l1 .f:;. 6HJIJ1 J13MepeH!:J B onHoM 3KCne

pUM8HTe .[133] npn . -;; = 496 MsB J1 647 MsB. Tmrn:e J13M8P8HHR l1HT8-

pecHH, B tiaCTHOCTH, TBM, 'l!TO B uccJie.n:o:saHHI:JX peaKUURX fc! 4-j>Cl , 

lof ➔ fcl ·. npn CITHHe MJ1meHH .5d i O n .n:enoJIRpnsauuu ~NN i 1 

l13 paB8HCTBa Jl,y ( 6)) ::: i ({ii) CJI8nY8T, tITO J1CCJI8nY8MOe B33HMO

nefiCTBJ18 l1HB8Pl13HTHO OTHOCl1T8JlhHO o6pameHH.H BP8M8HJ1 (MOB). B Ka

qeCTB8 MBP!:J H3PYlli8HJ1.fl J1:0B 8BTOPH BBOMT B8JIJ1lU1Hy 

R= 
1-T 
1+ T 

== ~ {0)- fi_y({)) 

Ilpn cnpaBenJIJ1BOCTU HOB 

7 - ef) /VN ( {)) 

T = 1 ( K.. = o>. 06pa60TK8 3KCIT8PHM8HT3Jlh-

HHX naHHHX npirneJia K 

-zt<!>= 
LI(>= 

CpenHHM B3Belll8HHHM 3H8'll8HH.HM: 

-0,013±0,037 npu ~ 

-0,036±0,54 npn 7? 
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647 MsB, 



T.e. TIOK83aJia, l!TO B npe,ne~ax TOl!HOCTH orrnTa Hapymemnt HOB. He o6-

H8PYJK8HO. K T8KOMY lK8 Bl:IBO,ny Jll)HJilJIH 8BTOP!1 pa60T!1 [134), YCT8HOBHB-

IIIH8, l!TO TipH ~ = 500 MsB pa~HOCTb ( ~ :---4 ) = o,00~0,010 •. 

Paccemrn:e JIOJIB1)H30BBHHHX .IIeitTpoHOB. Hal)R,ny C H3Ylf8HH8M 

<,Ptf )-paccefl:mrn H8CKOJibKHMH SKCTI8?HM8HT8JibHUMH rpynnaMH ~CCJie,no

BaJIOCb pacceRHHe TIOMPH30BaHHOrO ,ne8TpoHHoro TiyqKa H8TIOMPM30BaH

HUMH TipoTOH8MH [28,106,133,135,143,145] H H8TIOJIRPH30BaHH!1X TIPQTO

HOB Ha TIOJIRPH30BaHH08 ,ne8TpoHHo8 MHineHH [106,136]. 

AHaJIH3HPYIOmaR cnoco6HocTb L_y [c/;p) · pacceRHHR BeKTOPHO 

TIOJIRPH30BaHHUX:,ne8TpoHOB H3M8J)RJiaCb TIPH sHeprHflX ,ne8TpoHOB Toi ·= 

= 191 MsB H 395 MsB [28), 498, 1198 H 159.8. MsB [ 129), 1600 MsB 

[144), 2000 MsB [145). PesyJibTaTU · . H8KOTOP!1X SKCTI8PHM8HTOB 

JIJ)HB8,U8H!1 Ha PHC.14. TaM lK8 ,UJifl .CP8BH8HHfl TIOK838HU· 8CHMM8TPHH 

.?ty {fc/) , HSMepeHHUe npH 6JIHSKHX siW>eKTHBHUX sHeprHHX lp (;ocl) = 

= f 1;j(d1) 
A:,(d'fa). 

• IlpH cpaBHeHHH STHX .naHHUX 

He TOJK,neCTBeHHa /1..j/ {/cl) 
qecKHa CMUCJI H SKCTI8PlfM8HTaJibHO HesaBHCHMa. 

CJie,nyeT TIOMHHTb, l!TO 

, HMeeT ,npyroa ¢HsH~ 

xapHHrTOH [242) o6paTHJI BHHMaHHe SKCTI8PHM8HTaTOpoB ·Ha B03MOlK

HOCTb TIOJiyqe:mrn T8H30PHO TIOJIRPH30BaHHUX·,ne8TpoHHUX TIYtIKOB TIPH pac

ceflHHH .ne8Tl)OHOB H Ha· B03MOlKHOCTb aHaJIHsa HX TIOJiflpHSaIJ;HOHlillX 

COCTOflmnl B'OimTaX TIO ,nB08HOMY paccemimo. 3KCTI8PHM8HTaJibHafl• npo

BepKa _ST08 B03MOlKHOCTH 6uJia Bl1TIOJIHeHa EYHC8 H ,np. [148].· B' STOM 

orrnTe TiyqOK ,ne8TpoHOB c HMTIYJibCaMH OT 2,64 .no 3,70 TuB/c pacceHBa~

Cfl c sa.naHHo8 nepe,naqea lfMIIYJibca Ha Bo,nopo,mioa MHilleHM. PacceRHH!le 

llaCTMIUl nona,naJIH Ha BTOPYIO BO,nopo,nHyro MHIIJ8Hb,H H3M8J)RJI0Cb a3HMY'.:.: 

TaJihHoe pacnpe,neJieHHe sToro BToporo pacceH:mrn. IloJiyqeHHoe pacnpe,ne

JieHHe ¢HTHpoBaJIOCb B!1palK8HH8M 
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PHc.14. a) AHaJIHsHpYJOinHe cnoco6HocTH ynpyroro pd-pacceHHHH TIPH 
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6) acHMM8TPHfl TIPH Td=146 MsB KaK ¢YHKUHH yrJia pacceflHHfl 

8u.c. B C.I:(.M. 

Ccl:lJIKH Ha JIHT8P8TYPY CM- Ha , c. 55, 56 
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/v1(Y) == ~ [ 1 + .Jfcos (2:f) + Bceis':f], (Y19) 

H OTIJ)e)J.8JJHJIHCb rrapaMeTpH AH BB 3aBHCHMOCTH OT rrepe.nai:rn: HMJTYJJhCa 

BO BTOJ)OM pacceamm:. ~H3WJ:8Cronl CMHci A H B HCeH H3 cpaB~emra 

(Y19) H [8]. ITapaMeTp A CruI3aH C T8H30PHOfi ITOJJHPH3aI.Uf8fi . ~ . • H 

COOTB8TCTBYJOmefi aHaJIH3HPYJOm88 CITOCOOHOCThID ~ • IlapaMeTp B 
CBH3aH C B8KTOPHOfi ITO:IDJPH3aIJ,He8 -Ct~ 
-41 HX T8H30pH08 rronapH3aIJ,HH. 

)J.88TpoHOB H KOMITOH8HTOfi 

TeHsopHHe attaJIH3HPYJOmHe crroco6ttocTH ~ H ~ 6HJIH 

Ha8.neHH E28J rrpH pacceRmm: ITOJJHPH30BaHHHX .ne8TPQHOB c stteprHaMH 

7;; = 191 MsB H 395 MsB )J.JIH yrJJOB pacceamm B Ql.TJ,l.COOTB8TCTB8HHO 

40-150° H 35-155°. BenWIHHH · 4r H A.!t!I HsMePRJIHCh rrpH sHeJ>-:

rHHx 'd' = 1600 MsB [144] H Tc) = 2000 MsB [145] B 06JJaCTH 

rrepe.nati 4-HMITYJJhca /-t/ ~ 0,9 (TuB/c) 2 H. /-6/ ~ 1,2 (rsB/c) 2• 

YrJJOBaH 3aBHCHMOCTb ~ { t):) orrpe.neJJHJJaCb [ 131 J ITPH 7J = 498 

MsB (140° ~ 6)-l?~ 175:
0
), 1598 MsB (26,8-41°) H ft = _ 1200 MsB. 

B ITOCJJ8M8M Cnytiae H3Mepem,:a ITpoBO~JIHCb B lllHJlOK08 06~8CTH YI'JJOB 

pacceam,:a OT 32,4° )J.0 170°. H XOJ)OllO COI'JJ8CYIDTCH C [144]. 

BHITOnttemmx ITPH 

· TeopeTWJ:ecronl aHaJIH3. pesy.rrhT8TOB. H3M8peHHfi -4 ., .. ~ 
, ~j'; , 

1000 MsB .7;; (j)d) = 800 MsB [1:44] H 7)(;/cl) = 
[ 145] ITpoBO~JJCH Ha OCHOBe MO,neJIH AEH [240]. CpaBH8ID!:8 P83YJJhT8TOB 

pactJ8TOB C 8KCIT8PHM8HT8JlhHHMH·.naHHHMH [144] ITOKa3aJJo, tJTO B OTJIH

tJHe OT cetieHHfi, Ma.JIOtJYBCTBHTeJll,HHX K HeSfiKOHaJJbHHM ITOITpaBKaM,. 

T8H30pHaa ITOJJHPH3aIJ,Ha B8ChMa tJYBCTBHT8JlhHa ~ HHM, KaK H K YtJeTy 

11/N' -aMITJIHTY)J., CMsammx c )J.BOfiHHM _rrepeBOJ)OTOM CITHHOB. B pa6oTe 

[136] yrrpyroe cf;; -pacceamre_H3yqaJJOCb rrpH S~KTHBHHX 8H8PI'HHX 

ITpoTOHOB 0 [,oct) = 600, 800, 1000 MsB. HCITOJlh30BaJJCH )J.88TpoHHml: 
. . 

ITYtJOK C T8H30pHofi ITOJIHPH38IJ,Hefi ±0,7 H B8KTOPH08 ±0,25, rra.naJOIIlIDt Ha 
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llG1,Il,Kooo.nopo~YID MHmeHh. ITapaMeTpH ~ ==- C { 01 N'o /0 O) , 9xx = 

= c ( 01 £S / 0 o) , sty :::: c( ~ rv'N/ 01 o) HsMel)RJIHCb rrpH 

rrepe.natJax 4-HMJTYJJhca 0,1 ~ (-t/ ~ 1,2 (TuB/c)
2

• 

IT. 3. 2. IloBQIQT B8KTQ:OO llDMDli3aJrnH IIDOTOHOB 

ITepe8)1.eM K OITHTaM, B KOTOPHX rrpH pacceaHHH ITOMPH30BaHHOro 

ITpoTOHa H8ITOJJHPH30BaHHHM .nefiTPQHOM H3M8l)R8TCH ITOMPH38l1,HH KOH8tJHO

ro rrpoToHa jJ ol ➔/cl . 
H3, l1CCJl8)J.OBaffi!:8, Bimo.iIHeHHHX ITPH SHeprHHX, 6Jilf3KHX K ID!:JKH88 

rpamru,e paccMaTpHBaeMo8 HaMH o6JJaCTH, YKameM Ha 8KCIT8PHM8HTH, r.ne 

H3M8l)RJIHCh rrapaMeTPH BoJJbipeHIDTefiHa VNN' , ,€. r [ 139], :ON,/\/ , R, 
R' · [ 126] rrpH 135 MsB H R. , /l. [ 128] rrpH 140 MsB. IloITHTKH 

TeopeTHtJecKoro OITHCaHHa OITHTHHX )J.8HHHX CTPQHJIHCb Ha OCHOB8 pa3JllftJ-

HHX Bepclifi HMITYJJhCHoro rrpH6~eHHH, HO rronttoro 

M8HTOB )J.OCTWJ:h He y)J.aJJOCb. 

OITHC3ID!:H :mcnepH-

He.naBHO 6HJIH BHITOntteHH 8KCIT8PHM8HTH ITO H3MepeHHID ueJJoro l)R)J.3 

rrapaMeTpoB Tpofittoro pacceamra rrpH sttepmax ~ · = 500, 650, 800, 

1000 MsB [133,134]. IIo6ym.nemreM K rrpoBe.nemoo sTHX_ HccJJe.noBaHHfi 

ITOCJJYlKHJIH pesy;~T~Tll T801)8THtJ8CKHX pa60T [ i42-244] , I',1(0 l10K833HO, 

tJTo rrapa.MeTpH ipofiHoro racceaHHH MoryT .naTh rroJJeSHYID HHipJpMar.um 

KaK O MaTPHU8 pc/ -pacceam,:a, TaK H O NN -3Ml1nHTy)J.ax C )J.BOfiHHM 
I . 

rrepeoopoTOM CITHHOB. HsMepeHHHe B JI. c. rrapaMeTpH 0,v-N , 055 

0,c,S , i£)$~ MOmHO HCITOJ!b30BaTh )J.M OTIP9)J.8Jl8ID!:H )J.8TIOJJflpH38UHfi 

.Ve , ~. , 0y. , 0i':- ., KOTOPH0 npe,ncTaBJJHIDT co6ott JilfH8fiHH8 

KOM6HHaIJ,HH B8JilftJHH -Vii.B c.~.M.CT8JIKHB8lO!UHXCH tJ8CTHU 8TH rrapa-

M8TPH orrpe.neJJHIDTCH BHpameID!:HMH [133) 
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'1 

" 

. ,,... ...... 

J.o = ~P ( FF ·f), 
A A 

.i.o V.tp == Sp (F~ F6..J> ), 

A. ,'\ . "· 

~-=Sp (6f5.,. )/Sp (FF+)_ 

. . .....:. ;'\. 

l1H,n8KCH ot, , J3 , j COOTBSTC~YJ()T 8,n:l:IHHl!H!lM B8~TOP3M X ~ 0,",r e) , 
y ,.._ ( ~ x ? ) , ~ ~ { i;., + ly) . AMnJIHTy.ny T ynpyroro ;xi -

pacceRHIDI MOJKHO 38IIHC8Tb B BH,ne (Y18). 

3,necb G;, - e,n:1:1HHqHaR M8TPHI.-ia, 67c
1 

Y, ~ - MaTpHJ..UI IIayJIH, ""' ;r_. 
J 

STHX onepaTOPH, ,ne8CTB~e B CIIHHOBOM fIPOCTpaHCTBe ,ne8TpoHa. ·J13 

COOTHOIIleHHa BH,nHO, qTo CP3BH8HH8 Sl<CTI8PHM8HT8JlbHllX 3HaqeHHa Z). 
✓ 

C npe,ncKa38HHRMH MO,ll;8JIH [45] TI03BOJIR8T YCT8HOBHTb,H8CKOJlbKO Y.IJ;OB-. . ., 

Jl8TBOPHT8JlbHO Ka~ H3 qJieHOB 8MTIJIHTY.nH OIIHCHBa8TCR T80PHe8. 

_B pa6oTe [133] napaM8TPH 0,v,v, .,VS,l , ~s-, t?)~ , 0.(,.(.. 
6HJIH H3M8P8HH IIPH 496 H 647 MsB B HHTep:saJie yrJIOB .pacceRHIDI OT 30° 

- • ' • • , r 

. 0 · 0 
.no 60_ JI.C. KpoMe TOrO,IIPH 800 MsB B o6JiaCTH 20-50 JI.C. onpe,neJie-

' . ' . ~ - -· ~ 

HU napaMSTPH .e>,v,V H ~ss. IIoJiyqSHHHe .naHHHe HCilOJlb30BaJill~b .n~R 

onpe.neJieHHR B c.~.~- napaMeTpoB '<?s"- , 0.ls ,KoTopue HHTepecHH, B 

qacTHOCTH, TSM, q~o TIPH cnpaBS,ll;JlHl?OCTH HOB .l{OJIJKHO BHIIOJIHRTbCR 

paBeHCTBo Ds.c == - .e>-l-s. Hs PHC.15 BH.ntto, qTo npH o6eHX sHeprHRi 

B npe,neJiax SKCII8PHM8HT8JlbHHX OIIIH60K STO J)8B8HCTBO HM88T M8CTO. 3TO 

eme o,IJ;Ho no.nTBeJ)JK,ll;eHHe HOB, nonyqeHHoe B o.IJ;Ho8 H·To8 ~e pa6oTe Ha 

OCHOB9 H3MepeHIDI P33HllX napaMeTpoB ;xi -pacceRHHR. 

B CT8Tb8 Po6apa H .np. ~136] OTIHC8HH H3M8P8HHR ~A.II\/ , <l)J'S H 

{() .t.;S _npH 500 H 800 MsB. AHaJIH3 .naHHIDC Il])()BO,n:l:IJICfl Ha OCHOBe 

HOB08 TeOpeTH1,18CK08 MO.l{8JIH (BEH),P83BHTO:il: B (243,244)1:1 OCHOBaHHOHHa 

BBe,neHHH B P8JIRTHBH3HpoBaHHYJO MO,ll;8Jlb Af5H .nonoJIHHT8JlbHOro KOHTaKT

Horo B38HMO.IJ;88CTBHR, KOTopoe MOEBT OHTb HHTepnpeTHpoBaHO.RaK Tpex-
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Pwc.15. IIapaM8TPH DSL H Its B ynpyroM pd-pacceRHHH KaK q)YHKIJ,HH 

yrJia paCC8RHlliI 8 B c.~.M. 
., C,I, 

HYKJIOHHH9 CHJIU. B paMKax SToro no.nxo.na 8MTIJIHTY.na ~cl -pacceRHHR 

sa,na:saJiaCb CYMM08 no,naMTIJIHTy.n O.IJ;HOKP3THI1X H .nBYKP3THI1X coy,napeHHa. 

BH1,!HCJI8HH8 O,nHOKpaTHUX 8MTIJIHTY.IJ; 6HJIO H,n8HTHl,IHO Af5H. B qJieHax 

,noo8Horo pacceRHHR HCTIOJlb30BaJIHCb_ peJI~THBHCTCK08 npe,IJ;CT8BJI~HH8 

/l/lV-aMTIJIHTY.n H P8JIRTHBHCTcKH8 .nHP8KOBCKH8 nponaraTop ·HaJieTaRXne8 

qacTHI.U:l, KOTOJ)afl TP3KTY8TCR Ka.K P8JIRTHBHCTCK8.R .IJ;HpaKOBCK8.RqacTHU8 

co CnHHOM 1/2. Hyru!OH-MHlll8Hb Cl,IHT8JICR ,nBHlKYlll.HMCR ,IJ;OCTaToqHO M8.IJ;

Jl8HHO,·qTo6u ero MOJKHO 6UJIO OTIHCHBaTb HepeJIRTHBHCTCK08 ~~- HcnoJib-

30BaJI8Cb H8P8JIRTHBHCTCK8.R q)YHKll,IDI Pe8,na C MRrKHM KOpoM. B qJieHax 

,noo8Horo pacce.HHHR BBO~fJIHCb BCIIOMoraT8JlbHH9 napaM8TPI1, T8KH8, qTo 

TIPH ~ = 1 MO,ll;BJib BBH CBO.IJ;HTCR K. Af5H. , 

PesyJibTaTH HS~epeHH8 noKasaHH Ha pHc.16. PesyJlbTaTu pacqeTOB \ 

no Af5H He corJiaCYJ()TCR C SKCTI8PHM8HJOM. IIpH BUl,IHCJl8HlliIX napaMeTpU 

$ onpe.neJIRJIHCb Ha OCHOBe qJHTHpoBaHHR BC8X ,ll;OCTynHUX ,naHHIDC npH 

500 MsB i·soo MsB. l1cnoJib30BaHHe nonyqeHHHX TaKHM nyTeM napaMeTpoB 
. 2 

Il03BOJIHJIO orrncaTb TIOJiyqeHHUe ,naHHUe IIPH /-t:! ;:f; 0,8-1 (I'3B/c) • 
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ABTOPH C'U!TaJOT, qTo ITPH 60JlbIIIHX_TiepeAaqax 3aM8THYJ(J PQJlb MO~eT MI'

paTb O.rr;HOHYKJ]OHHIDI: O6MeH, He BKJilOqeHHIDI: B MOA8Jlb. OTMeqeHo, qTo 

HCTIOJ1b3OB8Hl18 ~ TIOCTPQ8HHR A/Y.;-aMTIJJHTYA pa3HHX qla3OBHX Ha6o-

poB BBAeT K CYJneCTBeHHOMY pa3JIWllilO napaMeTpoB.KOHTaKTHOro B3a:11MO-

AefiCTBHR. 
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~c.16. IlapaMeTpH DNN'. DsL• Dss• °t.L B ynpyroM pd-pacceH,HHH Y.aK 

¢yma.urn: JiePeAaq.H -t. IloAPQ6Hoe o6'hSWHeHH_e H ccHJJKH Ha 

RHTSpaTypy CM. Ha c.60,61 TeKCTa 
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TI 3·3 • • • KOD:00.Jill . JlOBaHHH e aH8.Jill3li . 
Tp8XCTIMHOBhle OIWl'H DYJOilll:!8 crroco◊HOCW li 

PacceHHH8 noMpH3OB8HHHX TIPQTOHOB C sHeprHefi 800 MsB Ha 

B8KTOPHO nOJJRPH3OB8HHHX AefiTpoHaX HCCJ18AOB8J1OCb B pa6oTe [142]. 
. . , A A ~ 

IloMpH3aI.J,HR nyqKa MOrJJa 6HTb opHBHTHPQBaHa no S • 1\./ • l_, • a 

~e11TpoHH3.H MHill8Hb HMeJJa B8KTOPHYIO nOJJflPH38l.l,IDO no (HJJH rrpoTHB) HM-
- ,-.. 

nyJJbcy nyqKa ( ± L ) . BeJ1wrnHa BBKTOPHOil noJJRPH3aI.J,HH MHlllBHH B sa-

BHCHMOCTH oT HanpaBJJBHHH paBHBJJach 0,25 H 0,33. TeHsopHafl ee noJJH

PH3aI.J,HH HMeJJa 3HaqeHHe COOTB8TCTB8HHO +0,08 H +0,05. l13M8P8ID!fl rrpo

BO~JIHCb. npu, 6✓te < 2!J8
• Pe3yJJbT3TH H3Mepe~· no_nepeqHHX KOMITOH8HT 

noJJHpHsaI.J,HH pacce.HHHHX npoTOHOB Cc yqeTOM npeueccl1l1 B MarmITHHX 

rroJJRX) 6HJJH ucnoJJbSOBaHhi ~Jlfl BH~eJJeHHR · KoppeJmpo:saHHmc attaJIJ1su1:,yio-

IIUIX c:n;co6HocTeil A"_,,.,,0 , ·-'sf..- · , A,G(, · ~ 4 N~ u K094'¢IIUl!BHTOB 

nepenaiu noJJRPII331.l,HH Co,e_ls , c~ll,( . , {! S,l/ 11/ • C ,v,ll S • e/4--,ll,l. , 

{! L,(_ N • EHJJO nOKa33HO, qTo aH3JlH31IPYIOIIU18 cnoco6HOCTII .;{So 
1/ 

.Jl..q;, A,..,.L - sanpemeHHHe npu coxpaHeID!H qeTHOCTII, B npe~eJJax 

omu6oK onHTa, He OTJJHqaIDTCR OT HYJlfl. 

P83YJlbT3TH 8KCnepJIM8HT3 cpaBHHBaJJHCb C rrpenCK333HHflMII, noJJy

qeHHHMII H3.OCHOB8 MO~8JJH AEH. TIOCKOJlbKY l13M8P8HHR npoBO~JlHCb JlHillb 

Ha M3J1HX yrJJax, BKJ13A ~ilHoro paccerIHHR He npeBHill3Jl 5-10% l1 pac

qeTH BBJJHCb Ha ocHoBe yqeTa JJHllib o.rr;HoKpaTHHX coynapeffi!1l Ha Macco

Boil noBBPXHOCTH. HyKJJOH-HYKJJOHHHe aMnJJHTY,IJ,H CTpoJIJJHCb no cpa3OBHM 

Ha6opaM aHaJJHsoB: ApHma u np. ( pemeHHH 5PZ~ , S/1./ %G ) [246 J , 

u EHcTpIIUKoro u AP- [157J. 

B 6O~bill1IHCTB8 CJJyqaeB II3M8P8HHH8 B8J1H1-l1IHH M3J1H 'i1: J)33JIJ!qHtJe 

ql330BH8 Ha6opH He ~3IDT CYJn8CTB8HHO pa3J1Hl!3IDIIUIXCJ'I npe~cKa·2.aHHfi. 

li!cKJTIOl!eHIIeM HBJJ.HeTcR acJIMMeTpuR Au , KOTOpaR xopomo orrucHBaeT-
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\ ;~ 

CR crapHM pememi:eM SPZ.2. H 11.,v, L-, yrJIOBaR saBHCHMOCTb KoTopo:8 
1/ 

lfeTKO YR33HBaeT Ha CYJ!leCTBeHHoe pacxolK,ll;eHHe co BCeMH pemeHH.HMH • 

AHaJIHSHJ)yeMa.H pa6oTa (142] BXO,lUIT B 60Jibmo:8 UHKJI HCCJie;noBaHH:8, 

ueJibID KOTOPIDC RBJ!ReTCR no;ryqeHHe 9KCnepHMeHTaJibHoro MaTepHaJia, 

.nocraTOl!Horo ,nJIR ooccraHoBJieHHR aMTI~Y.n,ynp~oro 11d -pacce.HHHR 

Ha MaJWe YI'JW TipH 800 MsB. ,U.Jm H8XOlK,neHH.H 12 KOMTIJieKCHIDC BeJ!HlJHH, 

onpe,neJIRIOmHX T8J<YID 8MTIJIHTY.ny, Heo6XO,lUIMO TipH KalK,ll;0:89HeprHH· H Ha 
. . 

KalK,ll;OM yrJie HMeTb no Kpa:lltte:8 Mepe 23 He38BHCHMIDC H3MepeHH.H (HanpH-
. ' . a 

Mep, ce'tfeHHe HeTIOJIRPH30B8HHOro pacce.HHH.H H 22 IT?JIRPH3a~oHHHX na-

paMeTpa) • B HHTepeCYJ01ne:8 8BTOPQB 06JiaCTH yr J!OB J13MepeHH :I ,vo 

[114,115], A'oN. ~MN • ft:oss [144J, CJ'b.S • ('.}0 ,(,, • C.,, • 
'/ 7 1/ _ /, '.VV,,N 

t/v{) s • c,(,_() L [ 14oJ. .,1-VN • cot!/ ,v · • cr/4W N • G--v .s • csN ,(., • 
. I '7 . . .I / . , _, 

~ , ~ / [ 141 J. BMecre c napaMeTpaMH, onpe,neJieHHHMH B L~5 -~~- . 
pa6oTe (144], T8TI8Pb H3B8CTHO 25 TIOJIRPH38~0HHIDC napaMeTpoB. . ' { •' 

3KCTiepHM8HTH Tipo,l(OJ!lK8IDTCR7 H MOlKHO Olllli,l(8Tb, lf!O ny6JIHI<a~ 0 

BOCCT8HOBJI8HHH' 8MTIJIHTY.nH YilPYfOro /Jcl -pac~e.HHHR Ha MaJWe yrJW 

TipH 800 MsB TIORB.HTC.H B He,naJieKOM 6y.nYJ!leM. 

sAKJIDimmm 

IlOTIHTKa co6paTb B o,mi:oil paOoTe H llp08HaJlil3HPOB8Tb xapaRT8pHH8 

OC068HHOCTH A/cl- B38HMO,ne:8cTBH:8 TipH.npoMelKYTO'tJHIDC ~HeprH.Hx KalKeT

Cfl H8M O'tfeHb 8KTyaJibH0:8. 0,nHaKO, K 60JibWOMY COlK8JI8HHID, BHe38TIH8fl 

_ KOH'-rnHa aBTOpa noMemaJia 38KOH'tJHTb 9TOT HHTepecHH:8 o6sop. Il09TOMY ~ 

38KJIIO'tfeHHH TIO,nBe,l(eM H8KOTOPH8 HTOrH H OTM8THM CaMHe 8KTY8JlbHHe 

npo6JieMH Md- peaK~. B TOM l!HCJie H Te, KOTOpHe He cMorJIH 6HTb 

OCB81!l8HH B o6sope. 

64, 

1. ,llHHaMHKy A.Jc!- B3~o,ne:8CTBHR ~eJib3.H CBO,lUITb · TOJ!bK~ K 

cneKT8TOPHOMY HJIH TIOJIIOCHOMY MexaHH3MY. Ha 9TO YR33HBaeT aHaJIH3 KaK 

YTIPYI'HX, TaK H HeynpyrHX · lllt/-pea:immi. BKJia,n HecneKTaTopHIDC ,lUI

arpaMM, nepepacceRHHe HYKJIOHOB HJIH HX B38HMo,ne:8CTBH8 B KOH8l!HOM 

COCTORHHH (BRC) MOlK8T 6HTb He TipoCTO CYJ!leCTBeHHHM~ a HHOr,na ,nalKe 

onpe,neJIR~ qJOPMY H JiH~pe~aJibljHX ceqeHH:8, H TIOJIRpH38~0HHIDC 

xapaKTepHCTHK. 

2. BRC ,noJIJKHo'noHHMaTbCfl B o6o6meHHOM CMHCJie, T.e. Kor.na 

Hap,H.ny co BSaHMo.ne:llcTBHeM ,nByx HYKJIOHOB c He6oJihmHMH OTHOCHTeJibHH

MH HMnyJ!bCaMH, BH'tfHCJIReMHM B npH6JIHJKeHHH 9qqJeKTHBHOro pa,nHyca, 

YlIHTHBaeTCfl o6pa30BaHH8 ~03MOJKHIDC 6apHOHHHX pesoHaHCOB ( L1 -Hso6a

PH.H.JIT).) B.IIJ)OM8JKYTO'tJHOM~COCT0.HHHH. TaKHe o6o6meHHHe,,BRC B Heyn

pyrHX JVc/'-pea~lIX MOryT HMHTifJX)BaTb, Ha nepBH:8 BSrJIR,n; HOBH8 

9K30TH'tfecKHe RBJieHHR, KaK, H8TipHM8P, ,lUI6apHOHHH8 pesoHaHCH, KYMY

JIRTHBHH:8 9qxp8KT H T.,n. Il09TOMY 3HaHHe MeX8HH3MOB BRC 'tfpe3BH'tfa:8HO 

BalKHO, oco6eHHO-TIPH aHaJIH3e rro,no6HHX RBJieHH:8. 

3. HccJie,l(OB8HH8 lv'c/- B38HMO.l(8:8CTBH:8 oco6eHHO . HHTepecHo C 

TO'tJKH speHHR HSBJie'tfeHHR HOB0:8, HeTPHBH8JlhH0:8 HHqJOpMa~ 0 CTPYKTY

pe ,ne:llTpoHa.Ha M8JIIDC BHYTpH,ne:8TpoHHHX paCCTORHHRX. ,ll.Jm 9T0:8 ueJIH 

BalKHO 3HaTh MexaHH3M .IVc/- npouecca H peJI.HTHBHCTCKH8 9qxp8KTH B 

,ne:8TpoHe. HaH6oJiee npocTHMH H nosTOMY y,no6HHMH npoueccaMH ,nJIR Hsy

'tfeHHR J)eJIRTHBHCTCK0:8 H KBapKOB0:8 CTPYKTYPH ,ne:llTpoHa MOrYT 6HTb 

npoueccH ero ~parMeHT~. B KOTOPHX TIJ)e,l(CT8BJ!fl8TCR HHTepecHHM 

HCCJie,l(OB8Tb HHKJIIOSHBHHe CTI8KTPH H oco6eHHO TIOJ!flJ)H3a~oHHHe .HBJieHH.H. 

4. ~o CHX nop HeT T80PHH, KOTOpafl 6H O,l(H03Hal!HO Yl!HTHB8JI8 

J)eJIRTHBHCTCKHe 9qxp8KTH B ,ne:llTpoHe. Ha 9TO oco6eHHO YR33HBa8T tIYB

CTBHT8JlbHOCTb TIOJIRPHS~OHHHX X8paKTeJ)HCTHK B npoueccax THIIa ~par

MeHTa~ d f- p -r ~ + X . _ IlosTOMY npe,ncraBJIReTc.H qpesBma:llHo 
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m-ITepecHHM 8KCITepHMeHT8RhH08 HCC~eAOB8IDf8.ITOJIRPH38UHOHHHX flBJieHHfi 

" B d IV- P88KUHSIX. 

5. B HeKOTopux Km-IeM8TW!eCKHX 06R8CTflX, CBR38HHHX C 

o6p830B8HH6M li306ap B rrporvm;;cyTOlJ'.HOM COCTORHIDl, spJeKTbl MdryT KOH

KypnpOB8TI, C oco6eHHOCT.ffM,1 Ilp0RM8llli.fi H_eHyKJIOHHhlX CT8i16He;..1 CB06o~ 

AH B Aei:iTpoHe_:.m,m MoryT 6h!Th N'N'1f-. Ll.1. NNW" H ®Yrne 

KOMITOHeHTH ql()KOBCKoro CTOR6~a. IT03TOMY Ball!HO B~e~Th T8Icyl0 Killi8Ma-

TW!eCKYJ() 06R8C'1'.h, rAe 6H H83B8HHHe flBJieIDffl J)83A8Rfl~CJ,, .tITO MOlKHO 

CA8R8Th, KaK Il0Ka31:IB8IOT ITOCR8Affife HCCR8AOB8~fl. 

KoHetIHO,.B o6sope ocBe~eHH He Bee npo6ReMH c/-rf- BSaHMOAe8-
• • ~ ' < • ' • • •• , ' • 

CTBH8 JipH npoMelltyTOtIHHX 8H8PrHflX, 8,,'l'ORhKO, Ha Ham B3rRflA,. CaMHe 

rRaBHHe ~ ~KTY8RhHHe. Oco6eHHo xoqe:rcfl OOJ)aTHTh BJ;illM8IDfe tIHT~TeRfl 

Ha JII)OOReMH, CBfl38HHHe C JII)OflBJI8IDf8M, HOBHX ¢H3W!eCKHX flBJieHHfi B 

06CYJKA8eMHX P88KUHflX. 
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