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B paOoTe/1/ ~aHO OO~ee B~paxeHHe BORHOBOH ~yHKUHH B030y~

~eHHOrO cocroHHHH,Heo6xoAHMOe ~nH HayqeHHH CTPYKTYP~ B~coxo

neiB~x BOB6y~eHHHX COCTOHHHI.C HCfiORL30BaHHeM 3THX BORHO

BHX ({lyHKIUII B /l/ BhlqHcneHIII M8TpHqHhle aneueHThl .lUIH anJ4a-

H raMMa=nepeXO~OB 0 BhiCOKOB086y~eHHHX OOCTOHHHI H8 OCHOBHhl8 1 

OAHOWOHOHHIIIe H AByxuaam~aoTH~HYe cooTOHHHH B qeTHo-qeTHHX 

cwepa~eCKHX H~pax. DhiXO noxaaauo, qTO npH anJ4a- H raMMa-pac

na~ax yqaOTBJ8T Cp8BHIT8XiHO He60nim08 qHOXO KOMROH8HT BOn

HOBOI ({lyHK~IH B~COKOB086y~eHHOrO OOCTOHHHHo fiOBTOMJ 8H8nH8 

3KOnepHM8HT8JliHHX AaHHYX RO 3THM nepeXOA8M UOBeT AaTi CBe~e

BHH o BenH~IHax O!AeniHYX xounoHeHT BOnHOBHX ({lyHKUHI Bhlcoxo

Boa6y~eHHHX OOOTOHHHI. 

B /2/ 6111na npoannmcrpapoBaHa ~eKTHBHOOTi no~o~a, B 

KO!OpoM HCROniBY8TCft HBHYI BHA BOXHOBO~ WYHK~HH BhiCOKone&a•e= 

ro COCTOftBIHo AaBO K8~8CTB8BH08 o6~ftCH8HH8 88BHCHUOOTH OHIO= 

Bol ({lyHK~H .lUIH $ =Hel'l'poHa OT uaccoBoro qHcna A 6ea o6-

pa•eHHH K Ofi!HQ80KOI MOA8nH HApS, JK888Hhl KOppenft~H Me~ 

paanRqHIIIIIH npo~eccauH H T • .A. 

AnH auanHaa axonepMM8BranLBYX AaHHhiX no npHBe~eHHhiM Be= 

poft!BOO'l'ftM 318K!poM8rHR'l'HhiX fi8p8XOAOB C BhiOOKOneza~x 000!0= 

ftBHI (B !OM 11HOn8 0 Bel'l'poHHHX pe80B8HCOB) He06XOA8UO HU8'l'i 

BYp8K8BHft- .ooo'l'B8'l'O'l'BYD~X MB'l'pH11HHX aneMeHToB. B .ASBBOI 

padote BY11HoneBY ua'l'pH11BIIe aneues'ftl .lUIH E ~ - H .P ..1- nepexo

AOB H8 OOBOIBhll 1 liJXK188H1180!111HIII8 H O~HO({lOHOHHIII8 OOOTOHHIH 

B 118!BYX .A8toJ111poJ8BBHX JI,Ap8X B 118 O~OKB88H~80TH11HY8 000!0= 

iiBIR • sa cocto&DR uaaauc'l'll~a nnmo wouos B He'leTBHX .Ae

({lopKBpoB&BHYX HApax. 
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D pV!Be,lJ,eM Bblp8lK8HV1 fl ,1\Jlfl BOJIHOBhiX \IJyHKI..\VI~, KO TO phle MOlKHO 

V1CITOJlb30B8Tb B OITVICaHVIV! B036y~eHHhiX COCTOfiHVI~ ,n;e~OpMHp0B8H-

Hh!X f!.LJ.ep c auepr11et! (2-3) MaB VI 6oJiee BllJIOTb .n:o TBKVIX aHep

rV~~, npVI KOTOphiX pe30H8HChl eme He rrepeKphiB8~TCflo BOJIHOBhle 

~yHKIJ;VIV! BhiCOIWJie:i8!liVIX COCTOfiHMt1 "tteTHo-qeT!IhiX, HeqeT!IO-He"tteT-

HhiX VI He'ieTHhiX A 
BV~.n;e: (If£ • o+) 

.n:ewopMVIpoBaHHhiX fl.n:ep aanV~meu B CJie,n;ymmeM 

W I i2f 
lie 1!fr1= Z Z ~?T(f1,6,l23<)o<:6 rX:6 Yo -t 

(1 / a () '' ' l,z ~ ,,, '~ t 
3,) o. 

I (lt .. <t' . (I) 

+ L L~tr(f.t:~Yz6'-;f;3s1~Z.)rt;d, {)(;~~()(~&. 0(:.~. Yo~.,+ 
f.,f,,?J}~ t,t' 

.;,, o,,zJ "~ 
.,' /.uSl,(t'J 

+ L L_ tJ('/T r, z') t~ 3~J 0(,~6. Ci(; ~~ f2 J+ rt) ,,1 ~)Yo + . .. 
f,,,, t,t;J z., a. 

LJ/ <n,a 

It" (!(11):= L_ t:?Tr-1. &'! ?l6 .. }tX;,6,cx;. a~ 'Y: + 
-1,, 'l. 
a,, e, 

<np2t . 

(2) 

\/} +- + + +'\J/ 
L t5KfT(/J,6,, 'l~6,,'f1 3:s/•6.)d~.l,cXr,z/Xp3 6/X,tgt 1o + •.. + 

-?,,r.,r,,r~ t 
6., 3,1 3s

1
8, 

+L_' 

:npJ2J(f) 

+ L L tt<1T (~,6,1 z~a.)rX.taJX~z. Q: (t;'?) Yo+ ... 
1,,z~ t, 3 a.) a. 

4 

_________ ,_"·4U£i; .DE-.. __ p: Cl ·,;.o;.,;.-:y_~ 

. 7 • ' 7 . +-Yc· (rYJ= 2_ f~r (1, )r{~.z. ~ +-

-:~~""· 
' t 

~ "tJ'n-< . +- +- x_r 7;/ 
+ L- L 01<'11" (3,6,1 ~8;.1 f"6) :X.J,o,rX~z_. f1 2l Iu ..... · +

-1,/f•dl t 
8,1 o~, 63 

t11J2J(() +-

+- L. .L t1111 ();, )tXJ~3,S2J (t;J,)'Yo -r-' 'I (3) 
~,;f), t,) 

B 3TVIX !JlopMyJiax rrpHBe,IJ,cHw TOJibl\0 rAaJIOKBU3Jl4CJC1':l4llLJe 

KOMTIOHGHTb!, KpOMe lll1X eme MM610TCfl MHOrOH:B83l1'iCJCTll4Hble !<OIA!IO-

HGHThl. OrrepaTOphl KB83M'i8CTl1l.\ O(f~ CBfi38Hhl C 0!1Cp8TOpUi.1!1 

'i8CTl1~ 
+-ap (., CJIG.l\Yl011\l1M COOTHOUJGHl16M: 

o<;6 == v1 at~, +37Jiar 6 , (4) 

r,n;e ZJp , Vf - l\03!pyl1IJ;l1eHTbl ITpeo6p830B8HllH .EorOJJIOOOB3 

(eM. f 3f). BOJIHOBb!G rVYHKl~MVI (I), (2) VI (3) Mo;rmo 31.:11111C8Tb 

'iCJ.l83 onepaTOphl ay& 1 !{aK 3TO C)\8JIUHO B/l/. 

B ¢opMynax (I), (2) 11 (3) K03ilJ:1!Vll.\l1CHTbl (~
1

7l OJI]J0.LI.C-

Jlf!IOT BKJI8,ll COOTB8TC HlYIOL\CW KHD:3J1'i8C TV!4H0£1 KOMI !I 1}J Ull 'rJ,i 
1 

(. 

HOMep B03CiylK,Z\CHHoro COCTOH!lllfl C A8HHbiM 3H8"tteHJH:M Krr. COBOKyrr-

HOC Tb KB8H TOBL!X 4l1C8JI 0Jill04<JC T>l4!JOrO COC Tf)HIIl1 H 0603lla4 Cll8 

4epe3 (13) ,l\Jlfl HeiiTpOHllOi..i l1 "ttepe3 ("l6 ),1\Jifl ITpOTOHHOi..i mlCTe:~, 
6 .. ~I. CyMMllpGB8Hl18 110 r 03H848CT, 4TO (JHO npOBO,l\J.1T-

Cfl ITO O.l(H048CTJ.1'iHWA COCTOriiiVlRM HeUTpOHHO~ !.1 flJ·OTOHHO~ CllCTeM. 

t =n JiJH.n;eKc yKa3biBDeT HD HeiriTpOHIIYXl, 
I 

npoTOHHy~ CVIcTeMhl. CyMMVIponaHVIe L 
~~~·}-1J 

t =P - Ha 

03H848eT, 'iTO OT-

6, a._zl 
CyTCTByiOT 'iJiellbl ~.=-:}_. , -1_.=~3 ',' -1,=~j !.1 liTO 

E (1,)< E (~.) < E OJ) • l.{epea Yo oooana11eHo rrpoH3Be,neHHe 

KB83H'i8CTVIIIHbiX BaKyyMOB ,l\Jlfl HCHTpoHHOU !.1 TipOTOIIHOL! CViCTGM, 
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T.e. 

f::=J{'f::f' Yv"=nru~ _,.~a;,a;_)Yov 
J ~ I 

(5) 

r;L(e a~(, 'Yov =0. 

B /I/ yKa3aHO, liTO np0l13Be,ll;8HH8 BM,ll;8 ()(;.., o<f- B BOJIHO-

B~X WYHKUMHX (I), (2) w (3) cJie,n;yeT 3aMeHMTh Ha onepaTop~ 

11JOHOHOB napH~x BM6pauHil. OnepaTop~ rf>oHOHOB napH~X Bw6pa-

UI1ti, OHIJ8.1\8JI8HH~e OT.l(8JlhHO ,ll,J!H Hei.1TpoHHOil M npOTOHHOil CMCTeM, 
~ 

11M810T Blll,ll; 

S2_+-dtjM =f '2-{ X3rt)A7rrJ - Y1,;A(n)j 
.J prf, ' (6) 

P,l\8 ) - HOM8p IWpHH COOTB8TCTBYIOll\8PO CeKyJIHpHOrO ypaBH8HMH, 

?1 - 6JIOK11pOB8HHbliA ypoBeHh, OCT8JlhHbl8 0603H8'118HMH ,ll;8Hbl B /
4

/ • 

BOJIHOBble tPYHKUlll~I (I), (2) W (3) HBJlf!IOTCH OpTOHOpMlllpOBaH

Hbi!.IMo <iallpl!Mep, yCJIOBl'ie OpTOHOpM11pOBKM ,1\Jlff BOJIHOBO!t\ iPYHKUMll 

(3) l!JMCCT BV.,l.\: 

( 

H ) '\'n ,;;, Y (tn lf (t'/ = J; / = 2 L_ t..r(.J I t;r f!J)t-
, f / ,, • .l. 1 " / 

lft;n)t t~n-<t 

+ x_ ~ ~r(~,~.1 frlz1 ~6;)5;TO.l1fzlz1fs6J f-.· o + 
~o,f•dJ t 
6o 1 621 c~ 

.... ;z ) > t 'If c, 11 J(J (t ) P' (~ 11 .,?. J (t) 

.s 03 J.,- (~) t>,.r f~) +- 0. •' 

f) 

(7) 

l 

I 

... _,_ ... 

3 o I! p11B8,1\eM BhlpalKeHMH 3JICKTpi1118CKOPO Vi M8PHI1 THOr 

TI'ITIOJihHbiX onepaTopoB v. BOJIHOBJ>~e rpyHKu,vm KOHe4HLlX cocTo 

OrrepaTophl £)- v. v{)).- nepexo,l\oB B KBa311qacni'4 

rrpe,1\CT8BJI8HM11 11M810T CJI8AYIOll\Mi1 BM.l(: 

m {!_--),) =-t;-, { (f+/({EA)If'+>[?!y~~ 15(fr)r ~ 21;;1 (/l~f) + .i(ft/) 

.f (?t /f(FAJ/r~>[r,t)lr,,; +vi vfjl ( Ar;,) + v4fft)) J) 

m (){))= 2._ {<fr/f(t0)/f~>[7f,;!JJr,o+~21,;; (2/r;,;;+ Z/(ff~ 
Vt f' 

+ <r+tr(JAAJI?~>f?~yr'if rrr)- ~ 21r~:r21r;,Jf ilrrtJ)J} 

3.n;ecL <rztrrnJI(&'> ('/gfr(,t{JJ/f'a'> - M8TpM'IIf 

aJieMeHTb! OT aJieKTpr.qecKoro v. MarHI'ITHoro MYJibTl1IlOJien. A< 

~,w r if 1rw · ~,rv 
u rr = 21, Zt ~ Zl,· (/1 ) (/rr = Y, Ztf' - vr "'f I 

A (ff J = ~ +- 6 (J(f
1
& X~-6 .i(,, J: ~ f- t(f l X,~ 

2/frrJ= ~ ~tXt't (}(r-z Jir,Q ') = _!_ 2:. 6 ~,t ()(' 't 
I Vi" 4 

+ 
13(frJ = ~tXre ()(·,~ 

-:- + 
13(ffJ= 2. 3 x,., ?'<f't 

& 

7 
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3. II pV!Be,Z\eM Bhlpal!CeHVIH aJieKTpl1l~ecJwro vi MarHI'l THoro MYJib

Tli!TIOJibHhiX onepaTopoB VI BOJIHOB~e rpyHKIJ,VIll KoHe4HLIX cocTOHHlil~i. 

OnepaTophl E) - Ill .,£{) - nepexo,lJ,oB B KBa3l!ltiacnltiHOM 

npe,li,CT8BJieHlll1l ll!Me!OT CJie,l.(yJOII\lllti Blli;LI! 

m ({--~) c- 2._ { (?+/({EA)I?'+>[?Io~~ 15(fr)r ~ v,r,~; (vf~fJ + ./(ftJ)j + 
r,r' ' -l 

+ (f+ /r(FA)/(>{t,r ir,,; + ~ vfjl ( Ar;,) + v4fry)) J) 

(8) 

m (JI))= 2_ {<f+/ff_t0}/?~>[1fy~+;~(f1}+~ZI,;; (2/r;yJ+ Ziftr/)ll-
y, f' 

+ <r+lr(J)A)/~~>rYrr'~ rrr)- ~ Vr~: (21(;,;1- ilrrtJ)J} (9) 

3.Itec:& <rztrrnJtr'&'> <r~trt..t~JJI?'a'> - MaTplli4Hhle 

aneMeHThl OT aJieKTp11tiecKoro VI MarHVITHoro MyJihT11110Jiell • .U.anee, 

21r7} = v, llj· = zt,· 1lj ' 7/f;:' = ?J, 11, <!: Zf ?If, < ro) 

j/ (ff :J = ~ ~ 6 (?((& X?-i! /lfrtJ"'" /;-.fP<tt X,'.! 

2/frtJ= ~ 1=dt1 rXr-z 21ftt1=~+ 6 ~,tfXJ't 

+ 
13(f(J = L.tX1c o<rz 

l. 

~ + 
/3(ff}= 2. 3 x1-t CX..(& 

& 

7 
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0$ fyy') ~f. ux;& x.ft ~(?P}""'L t~<!t Xf'g . 
& 

BOJH!OBble (pyHKW1l1 ICOHel.l:HLIX COCT0f!Hl1li B03RWM B Bt!,D,e: 

~BYX~BB3Ml.l:8CTM4HOe COCTOHHHe HetJeTHO-Hel.l:eTHOrO H,ll,p8 

t- f-

c:<-'>rZ,. eX ?,t; Yo l 
(II) 

J\JlYXKBa3kil.l:BCTlltHJOe HeliTpOHHOe COCTOHHI1e tJeTHO-l.l:eTHOrO HAp8 

+- ()(+ 11/ cX.J1z,1 .J; z; r o , (I2) 

OAifO·POHOHHOe COCTOHHHe l.l:eTHO-tJeTHOrO r~.O.pa 

~+0/JYl (!3) 

r.o.e onepaTop woHoHa 

4/(A/ )= f X. [~J,V: -1f.frJ-'I,j:jr,,Jt-Y,~ k;;- fj//('il?ttl~ 
/ ?,f I I 

o6oaHaqeHHR .o.aHbl B 1141. BonHonyD WYHKUV.D Hel.l:eTHoro ~-HA-
pa 38fli111JeM B BI:,Z\e 

1f(r')=Cl).{c<I.~ + 2 2:~:~1zro<;t 4?/.,.(,~JI)}J! (14) 
, Mi ~z , 

-lh. I 
HBHbl~ BH,Z\ tiJYHKU11i1 C~o 1 l)-:lo·H -r np11Be,D,eH B /S • 

llpt~ne.neM l!aTpl11.l:Hble ant.MeHTbl MH E;- 11 vd) -nepexo-

t\OB C BbiCOKOJie.~.all\l'IX COCTOHHI1i1, Ofli1CbiB8eMbiX BORHOBOi1 :.!JYHKlll1etl 

(I), H8 OCHOBHOe A.BYXKB83l'ltJ8CTI1t!HOe 11 OAHOliJOHOHHOe COCTOflHUfl 

B tJeTuo-tJeTHbiX .newopMt~ponaHHbiX HApax. 

MaTpl11.l:Hble aJieMeHTbl .llRH nepeXOAOB B OCHOBH08 COCTOHHI1e 

11M810T C318.l\Yl04HV. Bll,Z\: • 

u 

f\ 
l 

'j• 

.!1( 

t 
i 

'

'! 
l 
' 

~ j 

fl(E)) K fTi- o;) = 

•<t 
;:: 2 2:: Zf}ryZ('(tf/1{0)/fzl-)t;'il(f, 81 f.-J) +(f!,t/('(EA)/?,->~ 

f.,f.z3 t ,,y, 
I 

JJuo; tr,~o;J= 
(-} /}(Zf 

-= ~ L Zly,rz {(q, +/f'fA))/'!.t. +>6Krfrr 6, f, -l)rl(p, .. ff'(,tO)/r,-? 
f'}fz,l> t 

J/l3 JT>IX tliOpMyJI Bl1AHO 1 \ITO B raMI.I8-118}JGXOA8X HU 0 

TOHHI1e yqac TBJIOT TO]] blW ABYXKB83l-1t!8C Tlll.l:Hb!e I'O~!ii!O 

l.l:3CTI-Ill8-;lLhlpK8 BOJIHOBO~i '.{iyHKlll111 (2) • 

1\~aTpt!l.l:Hb!C 3]]8M8l!Tbl AJIH £)- l-1 .,f/). -1ICpC;X0 

KB83l'iti8CTI1t!HOC HellTpOHHOC COC TOHHI1e 1 OllllCb!B:,er!.OC 

IDYHKll1Wl1 (12), 11MeiOT cneJ\yiOa;;;V. Bll.l\: 

II(. • Jii w;( ~ I'? 'I) I 
vU F) 1 /( - tf ~ 1/cl·' 'JI '1 /, = 

J l:lh 

=:-? ~ { ~!~ {<lJ; +/r{O)/)jt>~,. (~cj,);1 1;)-Jj (3; ~/f'(O)/J·~ 
[) t?t.Zh 

- ~/-~ {01 t/{'(FA)!Jt) (; nr ( ~"7, -3; ~)-?'/ (~t-/r(cA)I..J -)~ 
r M( ~/.nt.lt 

+22:_ L ( dtp +b 0{ 11 )Z/?f' (ff/('(Etl)/f'-)6K1T(.!J/ ij-1 -'>;' 
9,,;3 t 

dl?lf 1 

+ Z (p+/f'(E))/!f'~>t:r (~I z,, ~/ ?,, f3; f~i')j + 

+) 3. ' 1.< nJlJ (,) 
+ G ~ {u~,l rxr~,)+ y (~J)[aJ//((Eti)/Jt> t;r (J z/; ~; 2 

,·;~.nJ?J (,) 

- 61 (.J//f'(EA)jJ->fKT (-!J-Z/1 .!J;3;J] + 

~ 
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fl(E); K fTi- o;) = 

<.(t ·~t 

;:: :> L zl'"Y z <Yt t//{t-1)/fzl->t:.'Tirf, g; 1· -;) + (tt,~f{'(FA)/~.-> t,!l(fl, z, '?~,')} 
f., r~,a t ,,,, .J 

(IS) 

J/(A); /r,~o;)= 

_ (-/ /}tZf ,.(t 
=-~ L Z/Y,f-t {(q, +/I'(Afd}/t_ +->6KT(r, l, '/z -l)rl(p, .. f/'(.A AJ/f,-/e{r(r,l, f,l)} 

f<Jiz1 1> t · 

(16) 

li13 3T>1X tj)OpMyJI BMAHO, 'liTO B raMr.la-lle]J0XOt(8X HU OCIJO!liJOI. COC

TORHUe y'llaC TBYIOT TOJI b!W ABYXKB83l<I'li8CTU'l1Hhle I'O~.l!JOIIC !l TLl TV!lU 

'i3CTHU8-.ll.blpK8 BOJIHOBO~\ i1YHKUMH (2) • 

1~aTp>1'iHbiC 3JieMeliTbl ,lJ.JIR [)- ll vtn -110])C;X0ll,0B P )!ByX-

KB831ii'li8CTM'liHOe HeilTpOHHOC COCTORHI1e, OllllCblB~.er.WC B01Ili0H0!1 

WYHKUllet-\ (I2), ur.~e10T cnMy!Ou;;;ll, Bll,zr.: 

r 71; , 'I)' J/(t:)jK '-tt,/'/11 ?·, ~;?/, = 

(•) I :Zh I (;ZJ1 ] 

= J. ~ { ~;.~ [(J.,; +/f{CA)/>;r>~r {~l~~~~?)-6, (-3; +(f(O){J-)~,-( ~-?;,J:JI'?,) -

(·) 1/ t.Zh I 1 ,-;{;, I 1 7} 
- ~/ ~ [01t/f(FA)I~ t > ""' ( -!J?;,, 31 ?) -c'l' <-y-/r(cAJ/1-)~rr ~-z,, ~,61 )) • 

\ (+)( s?t . .lll./t 
+2L_ 2_ ( dtp ..-{cJ{ 11 )Z/?f' (ft//'{Etl)/y'-)6K1T(~I' ?/, J:>; 6,/; fZtf }) +-

~f;3 t 
gd/1,(( , 1 I 

+ 6 (p+/I(E))/r/ .. >o~r (~1 2/t ~/ 7~ fZ1 f-i>)j + 

J. ' vt.<nf2J(") 
+ v7 tr {u~~ (tr-5,)+ .Y r:~J)[< <vr/({EAJ/Jr> t,.-r (J z~'~ ~; 6/ ') _ 

,.;.nJ/J6') {17) 
- 61(.J//I(D)/!r>tKr (~-z1,~;3;J} + 

':-1 

__ ,_ 



II 

) . 3 . r',zJ?Jl.! (It} 
+ Zl~r~. ( f o;J + ( ~JJ){ <-1/ +I rtEA)/-3 •> &; r(y6,

1
.Jlj)-

I 

cl r'..lhJ7.J(1t) 7 z 
- 6; (\;tlf'(n)!J->tK~~Or 67 > -l -l/J)J 

I J . I ) ' lit' k' 1/j . I I l ) -
vUf.t ;,) t( 7 1'/ (J;'/t~~,.);- . 

. ( ) i..lh r.llt 

= 2L_ [ 'l(/1 {~' (--J:~-If'(.IIA)/J;.)~rOr4 1 -:JZ/)-(-}r//'(.ti)}/J~~r(-}~,J-l;J} t 
-1 f ' ' 

p<Jh I , #f./It 1 1 

1- z~~·j [ll (Jlt/f'(.i{)J /Jt > o~:v Ob, I~;;;;- < -o/ t/1'(..-tf))/-d-;>o~jT" (J-Z;, jl'?)]-

" - r \ (-lr ' £)t'2h-lt 
-). ~ 2_ (ctr',. C cit.,) 'Zf;f' (ptll'(..tl,/)ff t-> r:n, f}o/

1 
Jy'i')

1
fij f ~Z) ..-

?,f;~ t 

/211-U . 
+a (f,./1'(.-iftl)!f'->~,u1 z/IJ;; 1/;tt,fg!}-

- r "'[ t-J 1 J J .lr . ,·2n121 (.,) ~ 2 L_ u.,~~, r;..r f.J1) -Y o;;£6.-<tt-!rr.-'~)J/-d -~-'> &;-rr.u./ .J' 6) _ 
.,1, 3 T . 7 1 '/' f' 

t'2h-flJ (..,) 
- O;+lf'(jfA)/-1-> t.x~~r~-z/,-?J;ij)]+-

(-1 3 J 1/'1~ (It) 
1' 'ZI ..J~; (X (.J/}- y (-J} )[6) <.J; +/!'(.-IIA)/.?Jt> ;;F(~ ~-; ~ ~/)-

, iz"JlJ r.,; 
-(~I rff'(./fri)/-J-)t;,71 (J/?~-J-z;;J} 

..... 

(18) 

::l:lTplltrHb!tl aJiel4eHT E ;\ - rrepexoAa 11a OAHo\[JoHOHHoe coc-

1'uliHl1e C BO.'lii0B0;1 ,PyHKl{l1ei1 (13) l1MeeT Bl1A 

vi( { Etj¥'',~ Kl ~·fA/)}~ 
-1 "'- "' (-} il.t ' ~ l -· L_ L._ 7/p,y1J(y, rff'(t'"A)/f!Jt-'>{4 ~7i'(f,·~ iV)i!/{/ -t 
f.,f, { 1 l f 

,;'u .· . -;)~ . - . _L_J?/u /)./1/ 
t- t:J1 -;- (tj.l, '/12) J f•fl j- (9, +jf(c~)/9.-) bafr~ Z, f5t') jp; 9, + 

L 

£J /.u . 
7-6 (5 J'll(fr ~~ ~ -~) Y/f? J} + 

I ""'"' ""' { f+l . ,1/-111-lp ,J '/' i111<p 
+IT L._ L_ v~~· 6(-t>+/!'{E,J)f~~)[6'o y(.U,.J!z, n'l~l} Yr'-::- t -(.U ~~, 

~~.1~ ~?; 6 1 r / ~· , 

(+} I I fZH?I" 
1 

I I ' Jh ~~~H.,!f" r 1 1. 

+71.~;4 '0+/f(Erl)/-1-){6 R,~r~z~~t,ll,?-l'/frr• -6'rr {-36,-Jt~U,lr!. 

{) . 17 c'.1.n.lp /,1~ ,'111.-l,P 
+2(7 :~(z~/ f{?,l)/ l~ )6 '[8 '51-r (~;1 .J 1-lJZ:?'-t?'/ !t ·H' - t,, ( .Jl

1
Yj'6;? 6; 7'.. 6~ 

' ? ' ,:?;,.lp 
(f) /J o. 11-<p 1v-Y'I ,; , , ' ' 

+2/n, (?+/ f'{Etl}/l'-) {6 5,T f.U~ )/-z1 u;z'l:J I H' -6 ,.,-( .J,l,-!J 1>, U, U/ J 

(•} { 't''~t . ,I 
+3V? L_ 2._ V,,f_l IJ(f~,./rffA)/f_t t-){3 rr(f,l;kZ,fV;f. -.?/ ¥;~: 

Y·;f•,Y•,'It t 
. 6,1

1 

' .-~1' 
/}tltt I I r;)/1] ''!'(.' I >[.'f. ' -r:;,il (P,t1 f,.-ltf$6ffl).Lf.sf~ +(p1f,, E)/ ?1- 3 JJT(f-l,f-c,fjl,f,.-· 

- {~t I ......:...¥/] ~n(y,l,~t/116 f~6) "'!,~,.] -r 

-r.!. ~ 1 "> · ZI.M ( "11. 7 1v'Y/ v 1 tt70 Jr i.u,JI. 
~ L- lf- r~t. ·L/r1{f;JIN:r -L~)It:rJJJLZ<.r,f/f{&V/%~>0,- (y;; ,,,,,J,6 <d~ J 

{~t,Jl.sf(r!) 
+- <r.rff'(F..l)/fl->t;_r{f 6/fdJ]+ 

N r J J l) . . ,:ull/fJ # /J r'.<t.JJif/ 
.,.z ~ Zl,..yzL(X[f,)t Yff.J;(r,+/f(lil)/f_.+-){g t;,. (r;,l,?J·l)lj,y

1 
+-~>il (P,l,f}t) 

J i ;.u.i_rft/ ,,)~ ilt~(l/ . -A/"J 7 Z -{X {f.)+ Y!tJ)<?~~If(O)/fr-;>( ~~ (f',J;f,l) rp;,.': r/,11 {f,t,~ -zJP,. rcr)J; 

B MaTpliltrl!OM aJieMeHTe ~Jiff .kl) -rrepexo,lla Ha O.l\HO\{JOH( 

(-J (+/ !']{'(+) 
TOffHHe MHOl!WTeJili! 71rr· 1 7) Jf' 3<UleHeHH Ha U 'Jf' 

H3MeHeHH 3HaKJl Pff.lla trJieHoB H :seJIJ!tiHH. 

ltla cpa:sHeHlilff cpopMyJib! (19) c \{lopMyJiaMH (IS), (IE 

lil (18) :Bl1,l(HO, tiTO llpH rrepexo~e H8 O~HOWOHOHHOe COCTC 

ytraCTByeT 3HHtiHTeJI:DHo CiOJI.Lwee trHCJIO J<eMrroneHT BOJIHOE 

II 



----------- .. --~ --.w.l-......,.'"uau.u 

Ll /)t ' 
f- 6 0 J''!l(fr i, fs ·6) Y/f? J} +-

I ~ "" { N ,~t2nlp tl~/ i111ll' - Afi · 
+IT L_ ..::::__ Zl-.~4· 6(Mif'{EA)/~~:>[6'o TT(.u, J!zJz)~zJ Yz 7,- t -on:c zc'z'o Y77 /)r 

~~~;6 ~?;~/ f' ,. I ' I 

+) {.Zw?l' Jh ~~~n.!,P -,.!/(; 
-r 7J ~lJ~ (J+/r{Eri)/.J'->{6' t;.~r1~, ~·g, n: 1~z'/f, r ~ - 6'rr (-!;6, .ft, u; z'c'J Y n~] +-

{+! f i 17 c'J.11.lp /,1.-H; i211.lj> 
1 1 

, I ' ·-,I/; 
+Vzz~(lt/f{?A)/z • )6 [8 rsrr (..J;,lJ'-uz:z~t~'/J ~~~- t,, ( .u,~ 6, 131 7 -6') Y-1..,. J +-

(f/ r':l.l1lp 1)'/ /}t'.lJt.lf' I • ' 1 -)..JI/7Z 
+Zin~ (?+/r{Etl}/?0 [6 ~r f-:JZ, :;'-z, u;z'n?f'~~~ -6 ,.,-(.n-3 6, u, u/ .rJj ~·];-+-

"" {t) J { ,,,·~t ;)A'/ 
+Jfz' ~ L-'ZI,,r.z zg(f,,./f'(FA)/f_tr) 3 rr(f,lJ~·lJ'Jd;f.·t?/t;,1f,.-

f/l•;f•,'lf t 
~,6' .. ' 

{Sot I I -),H/ . ~~<fl I ,.!_11> - t,il ( f, 11 ~ -l;f'$6 f'~ z') Jf;p~ ] + (p,f/f'(E.AJ/1,->[a 11J{f.l,f.Jt,fi6,f,. -zfY,11, -

_ trt -¥;', 2 ~p(f,l,~Z 1 r;'1 6'f~z·/1f,tf• ]j t' 

-t!. L {2._ Zl,f;/ (-~"'!. 1 yj/J v 1 .lt'J.v/ Jr i.zt,.f23 (f,) 
.z M'•tfJ,t tdd f·t. .t/(f~) N1-L(/J)I!In)L2<P~+/f'(6V/%,.>~r (f,t,~·l)'" 

(.Zt,JlJ((~} 
+- <r~t/f'(FA)Jf~->t;.r(f, t/?d))r 

(') r J 1 } ) . ,;;~(f/ . 0- /} rd.JJ(r/ - ),l'l J-
rZ ~ ?t,.~L(X(f,)t Y&.J; (1,+/((E;I)/~+-){g t;r (r;,l,'!J -1) ~!l f-~>11 (P.Z;!JZ) Jlf- rs / 

J 1 ;.u~ft/ . ,~..,~~ at.J;t;J . -,v; 
7 2 -(X (f,)+ Y!ti)<f,~"/f'(EA)/tr-:>( e;r (f.l,r;t~J ~;,? ~-~,. {f:ti?J -zJfj., y~)JJ (I9) 

B M8Tpl1ll:I!CM 3JieMeHTe ,li;Jiff hf A -rrepeXO,ll;8 H8 O,li;!!OcJ;OHOHHOe COC-
f-J f+l rJrf+J rJI r-J 

TOffHHe MHOli01TeJil1 vy,. 1 Z//f' 3all6H6H!i H8 Vyf' 
1 

fA ff' 

l13MeHeHhl 3H8Klf pff,ll;8 liJieHOB l1 BeJIHlll1H. 

Via c·paBH8Hl1ff !POPMYJih! (19) c \PDPMYJI8Ml1 (IS), (16), (17) 

l1 (18) Bl1,li;H0 1 liTO 11pl1 Hepexo,ll;e H8 0,1\HO!POHOHHOe COCTOffHl1e 

yqacTByeT aHaliHTeJII:.Ho CiOJI.Lwee lll1CJio KoMrroueHT BOJIHo:so~ !PYHK-

II 



"""· 

1\11!1 (I), tiCM !1pl1 nepeXO,l\6 Ha OCHOBHOe COCTORH!1e ,11 H6CKOJLbKO 

UOJJblllee, 'l!CM rrp11 11 cpeXO,llC Ha ;n.DyXKB83111.!8C TJtlqHQC COC TORH.Itl6 o 

5. i.laTp11qm,xe 3JreMeHTb! .llJJR E ,.\- lll ,A{;\ -Hepexo,noB 

c Bb!COROJie;'Kall\ero cocToflHl1R, onl1CbiBaeMoro BOJJHOBOVi WYHKU.Itle~ 

(2) JHJ .LI.ByXKB8311q1:JCTIJqHoe HeiiTpOH-npoTOHI!Oe COCTORH.Itle, Onl1Cbi

BUCMOC BOJJHOBO~ tlJyHKU,l16~ (Il) B HeqeTHO-H6qeTHOM ,ll6rpOpM11pO

B8HHOM f!Ape, l1:.!CIOT CJJ6AJ'l011\.ltl" Bvi,l\: 

J/(E);k~-kJ(.11 l,1 71 Zj))= ~ 

- (-J i11j7 p?/Hj7 

= L z~ 1 [<~,+f((fA)/J~>t;-:~ Z;,yl/)-6',-(4//I(E~}/~~b,f/(1-lr,?/6;)}+-
~ 'I ~' ' 

(-1 . ,..,, c "/' 

.,. ~ ~1 7 
[ Ot•f((O}/l•)(, (l1 ~~ z a;} -6; (7,•/l'(til.}/"?->~,r-1, t1l-?/) j-

z 
(,11/':< t 

-3L_ ~ Zl;~ [<yt/rtn)/9~> c G;'ilr J;16,1 r,z;,f ~ f '-c; .. 
ftf:6 t 

/11f'J.f 

+ <?•(r{F),}/p'-> f11, (~1 ?1 -v~:~?8;?'6)) + 
J t#pJ23 r .. J 

+ ,:.:, .L vt: (X (J,
1
}+ Y r~;)[ <J;//((DJ/~+ > t,r ( M,, y. z;)-

Vl. ~ 3 '/ 
I t'Hf'J2J (~t) 

· - z
1 

(J;//r(EAJ/.1-) t',r ( 1-Z1, 71 6;)}-
I I J 3 ,/"PJlJ(p) 

-Vi' };_zi t
7 

(X7z1) + Y fz;)[<r;:~tr(E )}/lt )6 .tt~O,z,, rt;)-
?,) I 

'i tJt'HflJlJ(P) 
-3

1 
<r

1
+/((EA)/z-)tJ rr( ~~ z11 r-z;;J (20) 

Ji(J/)j Krr;~KJ'(~1 Z1,.7tZ/))= . 
ty . 1 ¥ 

-= L zrt"t l<+·lrtJAA)/JJ->ti, (->;-·&~~ ?1 z; J-o,<!J1 ~;rr_tfA)/J.,.>~rru,Jh'fJ+ 
~ :t 

(+) t'np t'up 
t-L_ 'If., 'l { <y+/((.LIA)/z.::> {,, (-i1 ~J-Z,/-~j <v'"lr(..i·0)/7f>},-r-}l1, rz;}}t 

l I 

12 

(-) r ' dflf,P,(t 1 , 

+32:_. L zr,r l <r•/f'(-10)/~~-> Orr(-1;-6.;-1 vt/ ,flif -c)t<1/(;z t 

, fr'nf':<t 
-t- 61 (f+ I!Y..ti).J/7-> J-:r o,z,.J7d;~f~f tJ] "~-

) II',Pcf1_;(H/ 

+ ~ :> 21:-~ rxl~) r Y/JJJ){(.J;r/((,t{A)/!J+)?y~f (-5<?,1 ~2/, 
~ 'I 

ttltp.J?Jf;,) ' 
+ ( .J//f'[:tO)fJ;-> rr (1-6/J/df )j-

0 J . If' H/'..f2.J(f') 
-~L ?1-y-z (X 3(v)t-X M)L(vr/f'(.;{.iJ)/r+>6/ .rr(.Jr6h l0 

7,~ 

fl1 f' Jl3 (/>) 
+(7//f'(AA)/7-)~rtJ1 ~1 ?-Z,/) j 

~a aTHX q>opMyJI Bl1.l\Ho, uo np.ltl E). -M .,.t{ A-nepexo.Lli 

,l.\ByxKB83JtlqacT!1qH~e COCTOf!HHR B HeqeTHO-HeqeTH~X fl,l.\pl 

BYDT .l\BYXKB83!1qacTllqHbl6 .ltl qeTblp6XKB83l11.!8CTl/lqHbl6 KOMI 

BOJIHOBO~ WYHKUl1!1 (2). 

6. MaTp.ltlqHu£1 aJieMeHT EJ.-nepexoAa c BbiCOKOJJe: 

COCTOJ'!Hlfff, 0!1ltlCbJB86MOro BQJJHOBO~ \l}yHK1\.Itl6H (3) ,Ha COC 

HeqeTHOrO ,#" ,l\6tlJOJlll1pOB8HHOro R,l.lpa, Olll1CblB86MOe BO 

WYHKUl1e~ (I4),11MeeT cJJeAYm~U Bl1,l\: 

Jj([J; ,f w;~,(f) = 
. (-) /Y01 

= C~o ( ~ zr~:~ {Oo+/f(O)(J:J+-> -(-'J 0 ~"/f'(Etl)/-~->} 6rrf-Y-

~ (r) t'11.<t 
-L_ 2_(ft,o + 3Sfn)Z11r[z q+/f'(EA}/p'+> ~rnr-.,.1 1ld 1-
U~l t 

fl1 ,( t 
+ (?+//(0.)/r'->t:., Oo f 1 'jZJ'tJ} + 

I ~ (+} J V1 ~· 
+IT L?l~o~ {Xr.J.)+ .1 [-1;}[(~~~-!f{[A)/JJ-) -(-'lo~/r(O)/-'Jt-)}151 ; 

~~3 

+- ~ "" n< ".J'.I' [ t "' r--J r - ¥; C~.L-,.. L P-1vH,. ~T L- l/?-1" L <f,t-/!'(tA//f/>'Yy,p~ 1 

~) J.;Z ?·dz 
- ~/'/ { 11 

+ <9~+/f'(O)/r;l-> "f,,1, )t;ii(J)-

lJ 



~·-··-·~ ......... ---·~ --~-.1.~~-

(-) r ' dt'n,o.lt 
+3L_ L.. Ztrr l<f~trr.tU)/~+> f5Krl~;3,1> vl/11;(1/+ 

9;r~z t 

1 t'Hf'.Zt 
-t 61 (f+ lf'UJ).)Jr-.> J.·r r:.J,z/1 'lt!;;f6;f 't; J + 

I ·~-~ ~ 

J r>',Pv~(H/ 
+ ~ ~ 21{-~ (Xl3t) r Y/!J)){(J/"Irr.i1)Jf!>+>o~~f oc,-1 ~2JJ+T;J y 

(r'11p.}2_jfn) , 
+ (.J;+!rf-'lA)!~-> rr(1-3;J1 c1 )j-

, "r>-4(f') 
-~_L zt;-: (X3(7t)+X(tJ}[<vt-!r!-ti))/rt->6; ~rO/z/1 z c/ft-

?,~ 

r#f'Jl3(,o) 
+(71 f!f'(Af).)jr-> ~r (~1 6_; / ?-Z/)) 

(2I) 

J.1s sTHX wopMyJJ BM.llHO, uo np11 E~ - H vt{ A- nepexoAux Ha 

.llByxKB83HqacTHtjH~e COCTOHHHH B HeqeTHO-HeqeTH~X H,llpax yqacT

BYIOT .llBYXKB83HqaCTl1tjH~e H qeTblpeXKB83Ht!8CTHt!H~e KO!AllO!JeHTbl 

BOJJHOBO~ ~YHK~Hl1 (2). 

6. MaTpllqHblitl sJJeueHT E ,\- nepexoAa c Bb!COKoJJe::~alllero 

COCTOHHMH, OTil1CbJB8eMoro BQJJHOBOitl \l)yHK~Hei.f (3),Ha COCTOHHMe 

HeqeTHOrO ,A/' ,lle~OpMllpOB8HHOrO H,llpa, O!HlCbiBaeMOe BOJJHOBOK 

~YHK~He~ (I4 ), MMeeT CJJe,l\yiOU\11~i BM,ll: 

vt/([)/ ,f w;~/f) = 
. (-) .//(11 

:: C..oo ( + ~o~ {Oo+/f(O)/]j+)-(~o~-lf'(Er!)/~->} e,-rf'V-

~ (f) t'~t -<t 
-L_ 2__rft? + 3Jtn)Z11r[tq+/r(Er!}/p+> t;,-f-3".,.1 1t~r'-z; 1-

U~l t 
r'n~ t 

+ (f+/!'(0.)/?'-)f,_ rOof, fZJ'tJ} + 

I "'" (+/ · J 1 1"Jl3 (>r/ 
+ r:z L?~o~ (XO.)+ Yr-3J}[<~Q,./f{[A)/JJ-) -(~o~/r(EA}/~f>J~rf ~J) r

~~3 

+ ' ""' n( ~.!'/' [ I "' ('-/[. - VI; C~.L-,.. L P~v-36,. ~T L- '2/f,f~ (p,t/l(tA/jf,t-_>'!f;,r;r -+-
lyt) ~ ~ ?•/ll 

- tl.l") ( 11 

+ <9, + rrroJ!rl-> "'f,,r, J (,, (.JJ-

D 

II!J.IIllll.lllll,..l 



-~T~, ?l['f~ {(-V/f'(EA)/J~ (Y/(/Ji/;'!)+ 
+ O,t/f(EAJ/Jj-)(6 ~~(/~y-_/{()j t;_':o.)+ 
+ (i'L_(dtt>t-JJt,)2: zt;,;: {(f,+l/'(l"A)/fJ~> t._';~~ ~~ o c?. )J,;.)h'~ 

t ~f')fJ,3<t "K y "'JTI " f,fz 

-3 t'lr-lt A~ 
:z ~rO~f.JzJfJ-l<!)Yf,,"{)-

( +lr - ,~. t'".u -~ · t#.lt . - f, (OJt?.->(3,~. r,-fUdz~/kgJ1'",/+frr~ 1 o" o '7)1.vtV/lj1 I r' J' '/(.tO.I.Jf~O~ r,,pz/_ -

- v7 f(tftt>~3Ftn~L ~~: [<~+IIYEtl}Mj+>(azf,~"{,~,/lz_, .. ,JJ~J~~~ 
T'/f.tl ~~ Z.t T'TI 

ti11,U ~ . ti1.U · 
+ rT (f,~ .. ,f., Z2

1 
~Jt)Y,,~J -6(JJ~/I'(cil)/.1s->(tz f;~r(f,l,1 f1 -l,.,J1 -~J'Y,,r'/+ 

+ t_''n.U -),uJ 
1 r(f,l,,~ft1~,"'1-l)Jf,,, j I~ 

" " (-} }. .!A. -~i ;.,~(f) 
+ L- L ~·f• X'rt,.j{(p,tf('(EA)/f,+)'tf,,? +(f,t/r(E,I}/f,~->¥f,1,~ J{, (J)+ 

'It/!• J,t r ( J . A . J ~;., .JJ~) 
+j 2 2:. Zl~~l [<;;+/f'tEmJJz+)- a (~+/r(EA)/J,~,->](Yj(/%~)-JtfPYr;J)~,r~)-

z,~. J,t 

-2:_ '2_~~: (Xl-JJ+ YhJ){(lj+//'{EA)/Jz+)(~~(/+g ~'!{:j-
~'1 ~. J . : 0 I j 

,I . -~ #'".!c.Jt" 
- (Mtr(O)/)J,-)(1f}':;z- ~~~'! )} fJ rY (J,) -

• -j L I: 1/{;: [ N /f(E!/!J/>(rr'/./XhJ -1',.'{/f f..J) •l ( ij;:'xf;;-f{'ff1AJ})-
~~~ J . -)./"i l - ~j"j J d} ;,Jif"J 

- <--~. ~1rrE r.J/l)2->(t'1'_,~1 xf4;-Y}{1 Y 1~.;)~ -(P.,, ~ :.rr~J-~~~ Yr~,J))Jt,?f~.~J+ 
+ 3 ~ (fl [ iJ,:lp . 

Vi' L- vMl <y,"lrrEAJ/f,">(l,J.z ~, (H,f!,l,/1,-l,ds'.t/ff-l,rv,:,v; + 
~~~~ t 

z,,t.~ 

+tt'~l71f' -A/J 
rlT Oi;f,l,lf,r -g,//s 1,1 Y,. tz) 'lfs 'I• ') + 

.,;111-lp . 
+ <vtrroJir~-->(3-l ~ ,rt~l/1- ~~rz 3'/fs z.~;'frl.~)'Y'j:;; -t-

d»tp . 
+ cr7T ('Jl/ftlt)frlf/fslzjr,z.~Ji/x1()] + o I 1 

(22) 

!4 
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KpoMe BblwenpHBeAeHHbiX !IJopMyJia (22) co.l(6pl104T .nonoJIHw 

T8Kllle KOMfiOH6HTbl BOJIHOBO~ WYHKU:llllll (3): n .2pi2_r(n/, 3,, 

h ZpJlJ(I'), 3tJ..R3 (~<)1 17JlJ,fH)J/.yn)1nJ0,tn}.R .3< (I'), r1 Jl.J. (,cJJZ
3 

•. ft 

EcJIH B !IJopMyJie (22) noJioll!.I1M G. •I, ~~{,. •0, 

JIY'{HM MaTpHqHbl~ aJieMeHT Et\ -nepe:x:oAa 1113 cJioJKHoro c 

HHH B OAHOKB83HqacTI/IqHoe. Vla ¢oPMynH (22) BIIIAHo, qTo 

Ma-nepeXOAe HB COCTOHHllle KB83HqaCTHU8 fiJIIOC \{JOHOH yqac 

3H8q.I1TeJihHO 60Jihmee qi/ICJ!O KOMilOH6HT BOJIHOBOtt ~YHK~lll 

Cp8BH6Hlll~ C l'BMMa-nepeXOAOM Ha QAHOKB83lllqacTlllqHoe COC 

CXOAHbltt C (22) BH,.ll HUeeT rpopMyJia .lUIH M8TplllqHoro 3JleM 

..U) - nepexo.na. 

BhlwenpHBe.neliHhle MBTpHqHble aJieMeHTbl E J -111 vd) 

AOB MOiltHO HCfiOJih30B8.TD AJIH 8H8JII-f38 CTpyKTypbl BbiCOKOJie 

COCTOHHH~ 1 KOTOpble 38C6JIHIOTCR B ( nf )-peaK~ fiX, B n p 

HAepHbiX peaK~HX H B pe3yJihT8T6 6eTa-pacna~oB. 

15 



KpoMe BblwenpHBet.leHHbiX !IJopMyna (22) co,l.\epJKlll T ;n.ononHH TeJLbHO 

T8K11e KOMfiOH6HTbl BOJIHOBO~ !IJyHKU1111 (3): n.<p.f&(n)> 3"Jl5 (p)> 

h zpJlJ (p)/ 3nJ?3 r,.)1 nJlJ.t,JJl1,tn)1 nJ21,rn)fl3J.P)/, Jl.J- (t>J1Z3 .. (I'J> 11 ~P '">n. 
/"' 4-. A// 

Ecn11 B rpopMyne (22) nonolKli!M ~..-..~" •I, ~.-! 1 .. •0, To no-

JIJ"{HM M8TpH'IIHbl~ 3JI6M6HT £,..\ -nepe~O]J,8 113 CJIOJKHOrO COCTOH-

HHH B O]J.HOKB83H't18CT11'11HOe. V13 @OPMYJibl (22) BH]J.HO, 'liTO npH raM

Ma-nepexo;n,e H8 COCTOHHH6 KB8311'11BCTHU8 fiJIXlC rj;}OHOH yqaCTByeT· 

3HB'IIHT6JIDH0 60JIDW66 'IIHCJIO KOMITOH6HT BOJIHOBO~ ¢yHKUH11 (3) no, 

Cp8BH6HH~ C raMMa-nepeXO]J.OM HB, Q;n.HOKBB311'11BCT11'11H08 COCTOHH118o 

CXO]J.Hbi!A C (22) BH,II; HM9~T rpOpMYJIB ]J.JlfL 1.48TpH'IIHOrO 3Jl8M6HTB 

.Ji A - nepexo;n.a. 

BblmenpHBe;n.eHHble MBTpH'IIHble aneMeHTbl E ~ - H hi) - nepexo-

.n.oB MOiltHO HCITOJID30BBTD ,ll.JIH BHBJIH38 CTpyKTypbl BbiCOKOJie.KBII\HX 

COCTOHHH", KOTOpble 3BC61IHJOTCFI B ( nr )-peBKUHHX, B npHMbiX 

HAepHbiX peBKUHHX H B peayJIDTBTe 6eTa-pacna.lJ,OB. 
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