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113BeCTHO/I/' tIT0 CJia6b!0 B3a:t1M0.zteiiCTBHfl aJieitTp0H0B C 'pa.B

HHMJ/! u npoTEtnonoJiot.t11uM1t1 HMnyJ!Ilcairn · :a61nrn11 nonepxHoCTFI <I>ep1.m 

npttB0)VIT J:t Il0HBJieHmo CBepxnpOB0].tll!MOCTH MeTaJIJia. C:aepxnpoBO;z(ff

-'.).!,11letf COCTOHHvie flDJilleTCH SHepreTIIIl!eCIUl 6oJiee Bl,ll'0;ltHhIM, 't!eM C0CT0ff-

-?'' ,. 'HMe'.;,;Il·OilHOCTI>IO ii'.:ilpOJit.I(eHIIOro .cpepMH-raaa, :K0T0poe :Haao:ae.M HOPMaJII>-

HUMe OdHbBbIDaHC:0-:Ha· HeKOTOpm.J;:.CXO.I(CT:Be ~r1JepMl1"".'Cl1CTeM ff.ztpa 11 Me

TaJ(Jia/2/,~: paoo:M6ID,p1'tfa B3alltM~,'l{eiloTBM.fl HYKJI0H0R ,B · CJI0:JKHbIX ff.ztpax 

11 1':CCJie.I(yeM B03M0JKH0CTI> nmrnJieHl1fl Ta1toro C0CT0fIHl'Ifl aT0MH0ro 
.~ • . ·•·,,. •. { 1rc;· •if•: ~~· _:·. ·-\:~· .. -· .~· .... : ' ;,-:-- ·,.' ' '~ ... ·· • 

. fl.n;pa' ltOTOpoe 6yJJ,eT 3HepreTM.treCKl1 6onee HL18Itl1M, tieM HOpMaJil>HOe 
. ,..' :, t\i :•::. ... .. /·._.-. ~ : · · · ~-- · a:~;:; \J · ·, ~ ,:> 1: 'j : · · · ·: · ... ·. ~--... :·, :· . · ' "" ··: :_ :..._) .,.t:_ .. ,:. .• 

COCTOflHl1e. 3TO C0CT0flHJl.le uaaoBeM cnepxTeKyqHM COCTOffHHeM aTOM-

noro H;n:pa. 

Mccne;n;OBaHHe B03Hl1KHOBeHHH CBepxTeKyqero COCTOHHHH aTOM

Horo H;n;pa npoBe.I(eM c noMorn.:oro :aap0:au;M.ouuoro npHHu;:vrna Eoromoc5o

•. na13 I, .. HBJifIIOIIJ,erocH o6o6meuieM Ha:aecT~oro MeTo.it~· (!Joita/ 4/, 11 c 
. ·; . . ,'• ,.":<.·,.·,·. .·. . \; 

noM011rr,10 1mTeMaT1rqecitHX MeTo.itoB, pas:aiErb!X · B Teo}iut c:aep:mpoBo.itw-. 

MOCTH/I/. +~ 

0cUOBbIBaflC!, ua 000JI0'C!et!HOH MO,I(eJI1'1 H;n;pa 1'! 111M0fl B BH.itY cpe.zt

mrn H TflllteJIHe H;npa, paccMO:l'Pl'iM CJia6Lie B8a~Mo;n;ei1CTB1'U/5 / npoTo-

: 1Itfrf ··(tdiivf ·Heih.Tpo1ion}; -~uaxo;n;fmu1xcH Ha o;n;uott m Toii ~e o6oJiotrKe 

.. ,.: .. ~:som1a·11 :.:'§Heprii!II F116':ifepXJIOC'.:'1i!'':(t>epM1'l.. COCTOHHHe rtpOTC)Ha . 6y;zteM xa-

,, ·paKTep1t1a6:aarr:6 uaoopou KnaHTOBhIX qx,iceJI .g , _ onpe;n;enmom.Hx 060-
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JIOtIKY, II,· KBaHTQBNM. tIMCJIOM rn npoen:u1rn MOMeHTa · Ha oc:r, CJ/1MMeTpM:t1 

H.ztpa. CtIMTaeM, tI'rO IlOJie H,zwa HeCKOJI:f,KO OTKJIOHffeTCff OT uenTpaJI:&

HO-CMMM0TP,MtIHOro,, ·ITOSTOMY He 6yi(eT 3HepreTMtiecitoro BhlpOJT\;zteHHH 

no m • 

§ 2. QQ[.Q~liQ~-Q~~~!~~I~~~-QQQ!Qfftl~~ 

Pao~MOTP111M CJia6hte B3aMMO.zteHCTBMff npOTOHOB (HJI~ Hei1TPOHOB), 

HaxO;ZJ;fllllHXCfl Ha BHemneii o60JIO_tI,Ke H,zcpa. HYKJIOHbI, o(5,pasyroll\Me saMK-
. : . . .. , . . . . '. ~ ~ 

HYTbie BHYTP(3.HHI·le 060JIOtIKM, cos;n;aroT ueHTpaJII,HO-:-CMMMe~p:til!HOe no-

. ~e, KOTOpoe HeCKOJI&KO. MCKaJ$aeTCfl HYKJIOHatm BHemHew, oc5oJIOtJRM. 

, .·, . ra1rnJil>TOHMaH, 'onMCbIBalOntllit'i Bsa1-rno,zceticTB:£ie npoTOHOB, HaxO-
. ,,,t 

.ZCfllllIDCCff Ha O;ZJ;HOH 111 TOH ~e o6oJIOtIKe, aaniimeM B CJie;n;yromeM.BM;n;e: 

H = I:. i E(d,m)-EF J a:.c-s) a-.-(-5) + 
1,m,o 

n;. 

->:,, . )',+' l;v_'L J(&Jm,,m,jm/,m.y a,.,:.,(-<) a:,:,_,,_l-<) tl,,,,;_g;_(-<J a~/,;M I 

' - · ('-s,o;~o;,,m,1 m~,m,;m;) 
I I f mrt-~ ,.l!fl, +J7?z. j .m,-=tm, 

(I) 

r.zte N - tJMCJio ypo1mei1, fJ =- ± I . xapaKTepirnyeT nanpaBJien111e 

· CilMHa,· q-,,:(, a.P?(T' - onepaTOP.hl pOJC,2{0HMfI ·~ norJionteHMfl npoTOHa. 
. ·, l .. , 

. E(8rm} ::::; £ (-5/ -:~ -- - aneprm=r npoTona B cocTOflHLIM --s , ~ , 
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. ·: - napaMeTp, Mrparom;Mti .pom:, XHlAMtI8CROr9 ll0TeHD;l/18.Jia,: l3 HOpMaJII>HOM 

COCTOHHJUl: OH paBe~I 3HeprYIM. IlOBepXHOC.TH <JJepMM •. <DyHRD;Itlfl .. · ,· . 

· J (-5 / in,j m2 j ,n;, rn£) ·. 

mMMM CBOHCTBaMM: 

J ( ~ J m,, m,. ~ _m,'1 mi).· ~- ·1 ( sf m/, ~; ; m,: m0 , .. 
. ~ . . ··.• . . . . ' . . . . . . _, ' ... -"• . . . -

J (-5/ m,, m.1- i m,~"'l) - J (-5j-m,,-m2.;-111/J_~_m1)·; 

(2) 

G0Bepm11M 1nrne11noe 1taHomrttec1toe npeo6pasoBairne 41epMH""."aMn1111-

JJ;Jrn Toro' llT06bI OHO He HapymaJIO KOMMyTan;HOHHbIX CBOliCTl3 HX, 

Heo6XO,l{HMO, tIT06bI ·.BbIITOJIHflJIOC:F, ycJIOBHe 
·- ' . . . -.. ' 

l,n(-s} =_LLP?(~)-1-+ V:,(-sJ!J.-1 = 0 

0rrpe'Aemn1 HoBoe :aa1tyyimoe cocTomme C.~ 
~~ ':""-."-. 

-... i· 

(4) 

(5) 

11 natil-(eM cpe)luee . sHatiemrn. H 
a MMeHHO: 

no HOBOMY BaKyyMHOMY COCTOHHMIO, 

=- :l L l E(~/m}-£F-J 'V;, (:s):i + 
~m ·, : 

+ J... 
.N { J (~,,,,,.mi m;-;n) Um{~} 'O;,,(B) IL,,,,(«; 'll;,;{,V; o.. 

(6) 
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- Onpe~eJI~M WYHRUIUI . /LM (-:S) I -~ {-s) MS ycJIOBHH MHHMMyMa . 

qJOpMhI t, (u; #) ·rrpii~ iianw:ttvrn: .ztonoJIHMTeJII>Horo ycJioBi1H ·(4). · 

. . CooTBeTCTBy1omee ypaBHein1e· CTau11ouapHOCTH o~eT 

3[(u,'1J') = 3 t tr"',,,,-) + ~ ,t (s) ?m (s>} = 0, (7) 

r'Ae ;\tn (-s) - MHOJKHTeJI:& 8tt~epa, BapJtiaru,rn . JlLm (-!>)., itJ;(-s) 

paccM.aTp1rnaroTcH RaK IiesaBHCHMhie. B pesyJI:&TaTe noJiyttaeM 

···'~~(-BJ lL,,,(9-v;i_:~J ·+ 

+ U,.(5 ~~UN .~~,-J (oS f n;,-m; m:• ,:') LLm,( 5) v;,, {5) = 0 , . 
. 

(8) 

r'Ae 

~"!(5) = £ (-g,mJ- 0 - ~ ~ j(8/ m,m'i m5>??) 'lJ;,,(-5)~. . (9) 

. _Jvrn /,l,m(-5),, 1/;,(-!3} . ,Y'AOBJI0TBOPHIOII{HX·(8)_., .l(u,v;1itareT 
aHeprmo ocHOBHoro cocTofln11H. \rfYpa~ne1rne ( 8) 'AOnycRaeT pememrn 

U (~ \ = I..: 0. .(-5, m' .... "1 / .F /, 
·. ·~ ·~ . ,. . } 

'f 

V: (-s) = BF (-B;mJ: !' 

(IO) 

ItOTopoe C00TBeTCTByeT H0pMaJr:&H0MY C0CT0ffHHIO. <I>yHRIJ.1'1ff &,: (-5,m) . ..:.. I 

eCJIH E(~,,.,J<E,: H 6',:(&.,m) _o , ecJIJtI £(s,>nJ>EF. 

].{Jrn pemeHMH ( 8). BBe'AeM HOByto Het1aBeCTHyro WYHRUMIO 

-· ... I ·.• . . . , ; . . 

C., (-5} . N ~' J (5 / ttl,-m j m•,c "') lLm,(«) -v;;,, («) , 

.~_.'---....... :' :r: • .- •-. • • • ', ~- ' • ·~ 
., ' \ 
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. ·~-·~ 
. ~~--~·'"'· 

CBH3aHHYIO C L,l;_;, (-S) H 1J;, (-5) . . . . 

.. ,.. ···• . . . '.'.\ . . . . 

t~ M = J l;., (":,:. + lc;M{«f I 

. (I2) 

:UJUI C~ (-S) IlOJiytJaeM CJie,7.1;y10mee ypaBH8HIIIe: 

PaccMOTpHM B3aHM0,7.l;e~CTBHe npOTOHOB; Hax0,7.l;flmHXCfl Ha BHem-- - . . 

.. 
Heit 060JiotJ1te, xapa1tTep1rnyeMott -8 = -So , aHeprijH npoTOHOB E (so~~ 

~ .... \.. • ' ·.::~ .,._ J<'• , ~: 

Ha KOTOPOW (}JIJII3Ra R SHeprHH IlOBepXHOCTIII ~epMH, T.e. . 

EF - A, ~- '£ (-50, Jn} ~ £,: '.'f- A::, .. 

Ilepeti}l;eM B (I3) OT cyMMbl It IIIHTerpaJiy III IlOJIYtJIIIM 
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r'Ae J, = -:;;, - nJioTHOCTI> ypoBHeti, E(:5;,.,m,J :-- £;: -.&, , 

E (4'0,m.1.)· ···£ ,7·,A' . ·. E(sp.,m~J-~ £., : . . ., •. }lJrn Toro, tIT06bI 
M F. :•~ , • • • • ; ,F-,• .:~ ; : •, ,., • • ·• • 

: IlOJij'tll'ITI> acI1MllT9t'ff~!~Cityro:-qJopMy,J)elileHHff (I3 )' npM MaJibIX J , 
,.--,. ;, :i ~ 

nepei1'AeM It .np:t16iiirn-ce_irnoMy .ypaBR8Hl1IO': 
.l .', , 

c,., ( 5.) . .. c __ (-<.) . _£, C,,,_ ~ -&.) • j. ( "'·) . J ( 8. / m, - ,,, ; m.;-m._) + , -; <\ 1 "t:'."~)L~,,,. ·- .. · . (I4) 
.. , ... . ~-j~~. ·.· j,,·,_ ,-,✓£: ·('.ti m'> - £. /.: d [J(. . ··.· .. ··' . , 1·· ,.. . . },(1:11 .. ·1,-

. . ·.c .,., . / F " I m . m' Jn' .,, (-" \ . 

+ l ""'; I" . . . . . ;;; "" m,- ~- - ,- . ?'' ,~r -.-. d-. --~-d:-,,(~~). ·. ~-· .. 

~- . . . 

, 
ROTopoe np11 MaJIIDC J aClUJilTOTH't!ecmi COBna.14aeT c (I3 ) , 3'AeCI> 

.. f' - Macca IlpOTOHa. Ilp1t16;q11JkeitHOe poruemrn (I4 }<,.~P~, ~aJIJ.,IX . 

Cm (~o} Hati.14eu B CJie)4yI{)!lleM B'J/f.)40/G/ 

tm {~o) .. (,.) . ](&o/m,-m; 1».;-m;}' 
. . ·1 (1o/mo~-~;~~;~#lr) 

. JI1v · · 

I -e "". 
> 

\.J -:·, )\,,.'·,': · .. •,,t 

I 

: ... ~-r .'.) :.fr•,~ '·:' . . - '' 

& =-J(-ao ,~0: '-mo• m/ -~) •"•f'C:fl (mo)'· 
• J I 0 

: '• t .• ~--. ';; . . . -- , 

. $ J ~~{5b)1 --
. l d11?" ~ , ,: m'=mo 

: '. JP1:t,_ 
(i) - , ' !rz_, _ _ olm . r ·. 

J d:!:-(dj, l ,- ' 
1 dm j,,.,,,. 1>10 . j,, /E(~1m:J- £pf:~" 

- .m, 
-fl,(m.) 

. :fm; [J~&!~:t·::',:! Cm,(~-)·. 

- ,,._ .) ~,~.:-. '~• 

. '. ./1'1 ,. I 

fl,{mJ :, ] 
, dq~,(~oJ . 

dm1 

:·_ ... _. 

(IS) 

(I6) 

(I?) 
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( . •. 

Ma npoBe.zteHHbIX BbltrncJieH11ii i.BII.zt~o,' qTo .ztJI~,i nc>Jiyqeiriur ac~~:_ 

IlTOTHqecKH CBepxTeityqero C0CTOffHHR,aT0MH0I'0 fl.ztpa H3 Boero B3aH-

MO.ztewc~~H~ . J ~: / '?r ~; i.,~~:'ti J :. \ n~o~oHo:s·,: '.·~ax~.zt~mMf~H 
I 
H~ ~~~: -:>. 

Hoti H Toti:· :iKe 060JI0~1te, cym~cTlieHHa JIHUII> He6oJI:&maH .qacT1> ee, a · 

· Hi~eHHO: J (-5,,Jm,-'71; m>m') , T ~e • ?Yfl\8CTB0HHDI JIHm:& :aaaHMo;neitCTBHfl 

npOTOHOB C . paBHhlMH , llL npoT~B.OfIOJIOlKUb1¥H:. np_Qeit~~1!~rt.ttoi,teHTa Ha OC:& 

CHMMeTp;t,iIII ff,ZJ;pa. OcTaJII>HYIO q~o.T:& 1rnaHMO;neii9TBHH npbTOHOB -Ha 060-
. ' . , . ,,, . . ... ·'" 

Jioq1te cJie,ztyeT yt1HTh1BaT:& no Teopm,i BoaMyll\eHHtt. IloaToMy ;ztaJI:&Heiii

mHe HCCJI8,1{0BaHIIIff 6y.zteM npOBO,z{H~:&, G B8aHMO.zte~CTBij8M 

, ~OT~~o~ ~dos~~~ T~: )c~-/m,-m; m;-"'j = 

HblMH 3HatieHIUIMH npoe1t~m1 MOM0HTa Ha 00:& CHMMeTpJIIH a;npa, Bbf<iHO

JIHM SHepr~IO _BOq~Y?K.zte~~oro _ QOOTOJIHI:UI. B pacm~aTpH:aaeMOM _:µ_pH63:I~-
·,;"~)l_f·:·~ ... ~.F.;:~ •. J '.:·£ \.J ~· .... ·:~1 ·.((~ :~ .. ::_:. :~-~ · · . · ·. ~ · :~\ -. . .. ,_ ... ~ .. 

gemIH ~~ (-5) npHHHMaeT SHatieHHe £ ( ~ .. »7) - £ /: ' a .,-~,,, (~) ,__ _______ _,, ,.,.-.. . 

nepexo.ztHT B t.,,,,(-5) = J 1£(-6,m)-£,],, + e,,.(!>)2- • B1i1paJ1teHHe 

ft(my d::::<. '·. ,.._ . c,~a~OBHt~,~ ~,~~H~. ;,:-_ f,~E) = ;; :~.I} . . =~-; J-\ KO-
;~;opoe IlPli . --~ ilf-$., /. ,rh :~: Mo (-.·•./ HBiiHeTCfl IlJIOTHOCT~io. "ypOBHeiL 

BOnH8H IlOBepXHOCTH ~epMH. ~aJiee 3allHllieM BHpaJKeHHe ;ztJIH C-(~ .. )-
• £ ••. 

,'!. )•.1.·~:r.: -· ,, ._, . 

(IS') 



- IO 

-t~~:c· · G- __ .· J(frtr~\m"~ .JfEF) _;:,:·::;\: ,,, .... .,, 
".I 

- :: '."_'. '\ ·:-'.' .. :\)ii,. ::: I,:_, ·? :(,{ .. '.: ,'., :_; '· .. :/': ._ct·:, :;.' ·-.·~::/i'.:_'. :' •. . . .,: .... ,, ... 

j,, .. :t_, ···:r-j·· ·.·j~'><:'{}a}£{1~;mJ:.E,;.],_· · •. Lf.-[\J:::'.'.fJiJm,;,/C,,.;{~o) ·j(EJ]. < 
, .• .l>1 .... . ' ... - / , ) . I . . h1. . d,n .· . . . . ' . :· 
:··t · ·· ·. -·f'-E;::. ·. · I · · · · - · · · • 

m . ' . 
:~iif:.T~~ .,,.~;_\· .. :r:(:~:~· .: .· ·-!~.:: .. ~, .. ·-~ ·.,, ·•· .. 

' :~. i_ ._ . 
. ,.t;,r"~r;:~,-:-:-·,_ · .. ,·: .· . :.· ... t<'.·-.f.:··•:.-··: . . . . 

.1:· '· ·, J.:if• .'. fSBhtttMCJiflflrOPe.iiHibIO •·:.afiepriit'I0 B ·. '13oady,k,iteHHOM:' ·coCTOHHMHt:,. 

(I6') 

·-~ t. r·· 
~ ~ .. 

{.f7) 

--·'"',!)( J'.'.U ~,:-:+o;;~--.1)-,-,n j;~ A.ii",",( ·(B"'-T,r.-.•rrHH~.eam·e."M' .. '·J."·--· ·,;.._ _t·:;;;c,·· .,,,;,,-,._=z _, . __ ; ) .... c~·fl: Cl.m~·- ·'--~ = CJ(htl 4.--:i ',. . ··µ,a.1J..D Vl a..;;.o - OI..,.., __ . t Ol.;,,1 . u.. ,,..+ t 

.. ,_:,:n◊JIY·'tl:£1M" . ,,··,1.: .. :.- -~ ....... :.· ,-:_;:_•:::<,~>.: ·;;r;·_ 
I . 

! '•·· 

'-<~; _· ,.··,*:· '',}_(';::..: ;,; . ' . :·· + •·;J:i~ ....... >: ;;, ., ' 

.C!f d,m, (-!.) H oLm, (-s) C-5 = 
··. •."-;-~.t~·'(t: .~, -~~: :~,-.... .-:··r_:;·. --·r.'.~.-.. ):-

· ··:·T" ')··cc::· '}i: 

=2 ~ {E(!,m;J-EF} ~,($}'" + {E(,f,m)-£1'} {umc,•f- ~~f-}'-i-,-
-· •'•(·:~::;r·, ~: ( '~' ... , . 

. -~~->:: ::-

+ ii ~. J(4 jm\,:) ll,W {'1} v,;, ( ,5} U,.. ( ,5) v,;,. (<} 

',···.·.· 'I.:_ ·i)O~i. )_(:·· -J~,. , .. ····'. .. ~-~?:_c,'_'' _· .. , .i u;,;v_'.. . . (IS) 

.. f' :~ J (~!~1m)"u.;, (~~.?¼(~JU~~~! 1: (~}.::: ' ,,, " 
.~P'"r'",r;-·s>;_ ~- }·-./-:'. '·,;.,,:--,·. ,/_ ··::; p;,_· ··,-,'l•: _, .. . ;: ···. re :· _,,·7 ,. 

. Pa~HC>CTL'' .1 f, Mellt'AY 8Heprlu1Mi ··:a COCTO,.HHHHX c, ~ 11 C,~ . HaXO'AH!.! 
.... ·1.: 
n·n~.z{e 

.., , ,, L' 

:··-·· ·-·•·· --- ····-•- ... 
. _t-r·:.-_. ~ 

-.- ~~--~--- +.... "\~- \ 
'..f.';'~h ;._i:;:;,, 

. '. ,,...., \ : .... 
\'•' '·-• i --.. - ;; .. _:· t:, ;_, f'-•/' .-; .. ._- '... . . . . \ 

4 E:(<9 . :.<c:+m.1: ($Ji;f "J:,C$Jf".) ·_ <c: H c.) = .E- ( ~ , (I9) 

· >irr.. _ ~., !:i lfl i.'tl - -~Jr·;J'-.j ·-:~r:~r::··.··>· .'·l·:_~- (18~ . 

CJie;ztyeT J:aMeTll.lTL, lITO C,·::; cJ..;!o C0 -HBJIH0TCH :0:Yfl~pnoaMg;~~i1 ... ,> '.C · 

COCTOflHHti C HelieTHblM q11:cJIOM t-.IaCTUI.'(.; l103TOMY, qT06oI 11a6eJitaT:& 

nepexo;zta OT qeTHo-qeTnoro- :rt:ztpa R ueqeTHOMY n;ztpy, cJie,7.1;yeT npo-
'-. . . . . ... ... . . ' 

.:· 
,.,, ,; ~ 

~ ... . 
.' ... ., 
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• 

· Bhlt!~CJiim- paaw:,c~Ii--;<A~.f:i ··~ :;eJK:ztY 8I;eprMeti :neplloro l308C>y)IC.1{0H-
,. -,,--, \ .,. ·. . .. :::-':_·:,· .. ' . ' . . " , 

cBep~Te1v:y;~e,:ro .. cocTOHHMH '-cre~JIQ-:-tzeT!Jo;ro · ~'Ap.a, .:>:. HOrO·,.·M: OCHOBHQro 
Ha;·O;LtM~)7),. ·q;o· . . ,. '' . -·~' . 

~ . . 

Ii Er i.i.J:i.=- <ct a!.m~C&J cl;,,,(-sJH d.m~(~yc:1.,:0 c-sy:c~·>; ~·- -· _ 
. m. . . >: . :: . -: i - . ,. ·. ·. --,r, . "--~ -.'. ... . ·:--{?O) 

..: i.:·; 
'-.. ~ ... . }. 

a npv.1 

0TCI0.1{a BM;LtHO, l!TO rrepBoe· B036yx;ztem-ioe COCTOflHHe OT;zteJI,_eH6 OT 

' OCHOBHOro COOTOffHMH meJIDIO (20 ). CJie;ztyeT aaMeTMTD, qTo B He-
• • • ' '1• , , :. ' . • •.::' :• ,--~;--:;•,~. • ... 'i,'r., l' ---~ • · ' •~• • I .. ~.~ '• •.~ /"•t . 

qeTHbIX fl:ztpax (.mepteTHtiec1tah meJI:& He 1)fbJIEHa· 'nofl:BHTCH, :_. Tait Kalt, 
: . - . , . ~- : ;" ~ ~ .' .. 

.,._;_ •. \ -~ .. ,.·;-•!.•' r_.··-., l'- ., ~-~•.:,r!,·.·· ,. . • ;,:._·_-;. ,•.'.l C· ,··:::;_,d'"; .. 

np1il B036ylit;Lt0Hirn: OYlJ.YT "·iiac5JIIO;LtaTDCff nepeXO){hI Mew·· COCTOfi'Hli~M~;- .· 
. . ' 

: .. , _;1,· ·- • ."'•::,J .... :'""{· .... °;''". .. . .\·" .:·!rt~:1·, · •:·· 1.:·. -~·:~---. -·--: : ·. 

BHyTpi-r :rmemaeir oooJiottKM He nMeeTcH TaKJKe aHepre!r11qec1toti. meJIM 
. ' . ~ ... 

.. .. ,q-.•·- _· ,._._ ·. ·. .• . :.;. ,·· 1, .';··.\:;:}~1-.· _-·,·:-iC.. ~,~f; ... ~--•---::.• ,· , ' ·· 1 ,-·_--.:··. 

npn ':aos6y'1t;zt8HH11' HOPMi.3.JIJ,HOrO:' CdCTOHHMH'Ra.'K B- 'qeTHO-tteTHI:lX,TaK? 

H B WetteTiiFloc''nii>~f.''.PaaHOCTD. '<A~- ·. uet)ty•: b:iH}pXT~KYtI~M··_rM Hop-· 

MaJIDHb!M_ cooToi11iiHM1f 11b1yiim.?i?··:sH.a~l7l: > ,<. · ·.-- _'.·~: · ·· :" . 

. _. i ~.-, 
, ,. : .•·· 

L):. Em (-s) = < c.t H C-:S) :- <e,:'" H C" > = . 
. : " -~= 
. ~-

jE{Z~1? :{E(~~t,~JJr~~A,C~~:,,Jj ·.'.':, '. 
;,. . -~. • - I •• .• '. .I. • . • C ·-- ~-' • 

(2I') 

0Tcro.zi;a Bl1,l{HO, qTo CBepxTeityqee C00TOffHI1e HBJiffeTCH 3Hep~eTli1tJ6CltH 
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. . 

· 6oJiee Bm'O;ltH~IM ~:a- 6T;zteiieHo:·;oT 'HOp1mJI:OHOro COCTOflHHff-:11.\eJIBIO. 

,, :,, Ta1tllriio(5pc;l.3()M, nsat1MoneiiicTBHH Haxo';ztffll.\HXCH Ha O;itH01r v( TOli 

me· oe56Jioqfte>·npoTOHb1f<c- paBHhIMH FI . IipbTHBOii6JibiHI,IMH. npoem~HHMM 

MOM0HTa npMBO;ltflT K IlOHBJieHllIIO CBepXTeKyqero COCTOHHHfl aTOMHOrO 
.. 

fl;ztpa. HaJIH't!He _ 3HeprJ;.T11'16.,CROti meJIH ,¥,~Jft;zty nepBbJ.W~'B036ym;zteHHbIM H_ 
• .• \, ' ,·: ~-...-1:,.} .,' , '''..•·. • ~ .. , • . .,. .,· ., . ., •. ,· . _.,, •· 

ociioBHblM cBepxTeKy't!HM cocTOHHl'IHMlll rro;ztTBep~.ztaioT coo6pameHMH 

A.Eopa, MOTTe~:&COHa H IlHHeca/2/ <o BOSMOatHOCTH o6T>HCH0Hiafl TaKl-IM 

nyTe_M 8ff epreTH't!0CKOH meJilll B TmlteJibIX 't!eTHO-'t!eTHhIX H.ztpax. 

1 
.. 

1
'~) .§ 1+. ~l!Q~kHL!!Q£rnl!~!!HfLtlru2~~~rs~~r2_£2~~m1n!ln 

!!!Q!!!!Q!!Q_!!l1125! 
1!.~t:· ~~ t~~r-~-~- ··.:·i' -·::·r.t.·• -

·1 I-.. r; r_ .. : t';: ~-~ ..... ,. .; ;i'. ::'.,.;..: •i ! ·:~:-• (~;: . ~:LP: : ... :·,( 

. ,. ·--~ nq~Oll.\l,IO, ~?.-P.II~J.J;~OHHO;r'O, npirn~~na ~~rOJII060l3~ MOiKHO_ noJiy-
J :•~ ',': . . ;_. rtJ.:\ \:' . _! • . • , ·. • ·•· •. :.. ..·,·;_ .··-.• ·.: . •• ~ ·,._~ 

l 

llHTI:, Taitme ycJIOB:VIff 110.ffBJiemur CBepxTeity't!ero COCTOffHMfl CitlCTeMhI. · 

B ,~~/ ~~;
0

~~~~,2(

1

,_ HCCJie;ztoBa~Mn·, y~~/~~;·ff CBepxTeRy't!e~~~ ff;zte;HOH ~--:<[£ . 
.'.~r- '•'i'"j 10""'1!ft~-"-""..-::.•.-j'. ' ' .• ,. • "',:'::'. ;•i1j;,,~:_"_~·~r 

MaTep11;,. ~
1 

~~'..?_~!:~ ITOKa3aHp, -:IT01'ff;ztepHaJI Mai~·P11H oo;ria~?-~'.l\ .9i~i1-:-,:, 
.· ,>. -· \ ~ . :, ,,: . ,.: !..-• • •; ... ~ •• ,. 

CTBOM c~ep~~e1ty't!eCTH, ecJilii rrpeooJia.ztaroT c~JI.¥. np11~~~e.!!.~~., np11 '.' 
·,.,, _: • ~ ~ '. .... , ··~.:: . . .t .. ... ·- : ' " . • .-· ' ~- - . -· : • i 

aHeprHM noBepXHOCTH Cl>epM~. 1-iccJie;ztyeM .;r!:UJ..OB'Vlfl .HR~P,~_eHHfi c~e,px7 .. ,. 
. .·.• .. ·• .• : ... . -_ ...• \, • . :. . !,',, ..... '·· 

TeKytiero COCTOflHMH B · npMHHTOM HaMM M0,2(8JUI on11camu1· CBOMCTB H.ztpa. 

. -: ,.{ 
·:;;-' 'l 

])rn Toro, 't!T06hl penmT:& Bonpoc o TOM, np1:1 Kamix ycJioBJIIffX 

aHeprltln HOpMar.q,Horo c.oc~9HH~ •' Cn. He-,}1Ylt~T _ ?,iHHHMaJII:,ij{)M ,.n, .. 
cJie;ztoBaTeJI:&Ho,- ·;;HBHTCH cBkp~Te1ty1Iee cocT0HiI11E( C-!> ·· , -~~·~:zteM 

BTOpyro Bap0:aJ.J;MIO OT f(u, t1r) npr,i BbIIIOJIHeHitlM ybJIOBm1'<';:'(4}/i:r~e. 

a~l(a,..rJ = s~ l Utf!!'fJ.+,,'£.. A.;.t-5J ? .. (c5)Jt. ·.-•- .. -, t ~J"1 

''.(22)·: 
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Ecm1 nupalKeH11e (22) 6yJJ,eT) MeH:&me HYJIH JJ,1Iff peineHHff, COOTBeTCTByro-
~-

' • ,. • __'.~ - .,.,,, ':.::<o ,,. • 

mero HopMairI>HOMY .;C,QCTOHHMIO"· .. c;;- ::- · ·-, To aTo ;03HaqaeT, qTo oc.;.. 
• . • • • t • , ~ ' "'· • • ' '. .;, . • ~' ~ 

-HOBHhlM, 3HepreT11tr0CKI1: 60Jre'·e •·.;-BhirOJI.Hbllf. oy.zteT c:aepxTeKytzee COCTOff--. 
• • ,.,..,. : > ·:.. .-

,. 

Hfie (!5 • B_ peay11:nTaTe ,_B.I>JlUWJieHvIM nony;qaeM,; _ tITO c:aepxTeKytzee 
·. -...... 

COCTOffUMe aTOMHOro fl,zwa cyuiecTByeT. B TOM CJiyqae' iKOr.zt~ MMeIOTCH' 

pemeHMH ypaBIIeIU1fl 

C OTptu.~aTeJILI-Im.m CO()CT:S6HHbIM!I :.=matreHMfIMM E =.-2 s ' ' tS >, 0~ . 

MccJie.ztyeM aqnMIITO,TM.~ecma~ ·pem~m,rn (23).TIPH:· c~_pe~_eHMH J 
( . . . ~ 

K HYJIIO, KOr.zta E TaitJKe ·. CTpeMHTCH K eymo, OCTaBaffC:& OTpnn;aTeJII>HOM. 

IloJiaraeM · ;. 

nepexo.ztl'IM OT cyMMHpq:a"a'1rn:n It 11HTerpnpo:aaH:0:ro M noJiytIMM 

m-::. 

-..L)( dm' in )E(~,,.mJ-E,. I . :f_lm,}l&,jm,1'11') P(E') a ,{-5o) 1 = > 'O (25} ;· 
,;l, j'"L.• dm' \.;_ .. /) ""1 -J . ' 

m, 
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r.; •., H. 1::· •• ••• ~:· r: r ..: rJ o · ·· ~ ·t-~ .~ · .. \;:..!."• 

ICOTopo_e npM ~M,l5IbJX J ., . aCHMIITOTHl!eCKlf COBna;zt~eT 

ti =-·l, =. A~ ·»vs ~ BBe'AeM'-HoBy!O' WYHKUI1IO~.<Y 
c·· (24 f, :s:(25 f 

· ·r· · ·, , - f}rn '(-s~) .':r \ ·,>> 

, fm c~-J,~ 0,.,)t.) · h -} ~ 

np11:qeM . f m., (-so) . -, > 0 

.·.,· 
'< .. ·-,~,;:; 

. _-:,.-- I'..,;. 
.. '-(,_ 

,-:r,·..,~ 

. ~ /-. 
"'~:: ~ .. -

.,,;,~ 

B TO't!Ke YpaBHeHMe 'AJUl Im ( 5;,) 

.·fm
0

(-S0 ) +J(Er)_J(~;Jmo/m~) -

m·=.,.,,,., 
: . ..; 

-}';.'\:'-~ ... 

noJiy,IMM B cJie·'AYIO~eM BM'Ae: 

_ i' fJ,/J.,'f£(5.,M;JC:f,f '. ~ [Jc~o/i>l;,,,,)J(t) /m,(~)] ~·. 0, 
. . .--~ ,,.,, ;i_·. ,; - ·. I" · ... - t:lm . . . .· ... -: . , . (26) 

ITpI-i OTpeMJieHMl'I J K HYJIIO ypaBHemrn (26) HMeeT pemem1e B TOM" . 

cJiytrae, ecJn1 

f(EF) J (~o / trlo, mo) < .0 . (27) 
\ .,('.-\ 

---~~ {m
0

(-Bo))fl·, a Bioq~t7_1!~fl1~-~~e_H B (26) flBJifleTC_H BeJil1l!HHqt_:·: 

6oJiee. • BbICOKoro IlOPfl'AKa MaJIOCT_l'I, e cJrn: J ( ~a I m., .m ') He Me-

HHeTCfl 6h!CTpO B HHTepBaJie:: ·m' ,,', OT m, 'AO m:z, ', • IlOCKOJII,KY 
- . ~· .... ,- ·---~ . . .. 

--IiJIOTHOCTl> ypOBHeii. ;f (EF) )· 0 'TO ycJIOBMe c:sepxTeKytieCTH 

. aT9M.H0r.o ' fl'AP~ ,ITOJIYtt.~e).{ .B CJie;zi;y1omeM BH,1{0 : 
. - . ' .. , , ;. ;\\ 

J (:S'orltl~/ m~J ·< · a 
,, 

(27) 

T •. e. M0E,1{y __ np9ToHaMH' HaXO'Affill,HMLICff Ha O,1{HOM :vi TO Li t!Ce OOOJIO'lite 
"" .: :' '(.' . ' 

'AOJIJF.Hp~ npe,OQ.J!cl'A8,':4'JJ P1IJH,:1 npHT.mlCeHirlfl. 
' '. - •. • •" . • • ' ' •. ~ • ' - l , t•:. i 

,"""', 
"\.,J 

-~ . ....., . ~ 

:\ '• 

0:-

(~ 
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·::~~· .;. ' .. 

..: 15 

'·,•t .,.. , 

.I{JI;1 onpe.zteJiem1ff KPliTk'tt:IecRoii Te:r.mepaT;yl)hl cl)aa0130ro nepexo;n;a 
. ' . . . " ,, .. , . , 

11]:;pa OT. CBepxTeKy-qero COCTOflHlifl li: .HOpMaJII,HOMY BOCIIOJI&3yeucn 

CTa.Ti1CTJtlt-IeCJnnir BapviaI.l;J,IOHHHM npHHUvlIIOM/.9/. CTaTHCTHtJeCKMU na

pi-!aUvIOHHblti npHHUMII, _np11ro;n;Huii ;n;JIH . onpe;n;eJieHvifl TepMO.IJ;HHa?vrnlleCKMX 

:neJHltIHH J{aK np11 uyJieBoi1, TaR 11 rrpn OTJUlt!HbIX OT HYJIH TeMnepaTy

_pax, RBJIHeTcn 0606me'in,1eM Bapuauv101rnoro npMH1tnna, npe;n;JioxeHHoro 
,, . . /3/ 
1::0I!OJU060BLIM . . • 

. -.~~_;-,: 
B peayJioTaTe BbltIMCJieHmll rronyqaeM, t:ITO CBepxTeKyqee: COCTOff-

\ 

Irne .. ~TOMJ!_oro. ~;n;pa np:L-7 TeMnepa~ype 0 OTJili'CIHOH OT HYJIH cyme- . 

c·r:syeT B TOM · cJry-qae, Ror;n;a MMeroTCfl pemem-rn ypanHeumI 

. i_ {28) 

C 0Tp11u.aTeJI:&HL!MH co6CTBeHHbIMI1 3HaqeHvlflMH E < 0~ JierKO· 1rn:;n;eTI>, 

t.i'ro np11 0 = O ypanHeHHe ( 28) nepexo;n;~T B ypanHeHMe ( 23). EcJIH 

COOCTB~HHOC 3Hff<r0HHe 'E :>. o, TO YCTOM~MBLIM flBJUleTCfl HOP!-iaJI:&HOe 

cocTOHHI-ie. EcJIM np11 B = O cymecTByeT CBepxTeKyqaa qia3a, TO ·IlPM 

rroBuIIIeiurn _ Tei.mepaTyPhI 0 6y71.eT yneJIMq11BaT:r,ca _ TaK~e E. HpM ne-
. ,, r.,, •,•' • 

pexo~e 1'13 CBepxTe1cyqeil qia3hl B HOpMaJII,Hyro rrp11 ,,KPHTMqecKOM. TeM"'.'" . 

ncpa,T;;~- &c co6CTB0HHOe 3H8t:I0Hl!e E ;n;.OJiiltHO oc5parifaTI>CR _B :HyJI:r,. 

OTCIO;zta _ ITOJiytiaeM ypaBHem-rn .IJ;J!ff orrpe;n;eJieHHff. KPHT:VX'q~CKOll TeMrtepa
TypH, a. I1MeHHO: 

+_!_ 
N' 

(29} 
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-.:.:·-·: .. _.'- .=' .., 

-~ i-.,.~ f t. - .. 

Yqwfii:aaa, qfo )E(s.,mJ~ Ef r. . ,7tOBOJII>HO Mano, 'Iil nepeXOl(fl OT .. 

CJMMhI It l'UITerpany-;· rionyti11M :np1i61rn}F.eHHO{f ·ypaBHeHYie 
.. 

m~ .. 

'f.,(s.); 4~. j.;;,;)~r,,;;Jj(~i~,~,y o/...\~.) - o 

"'' 
'. ·(30) 

JI.mi Toro, t!T061;( (30) HMeJIO OTJIM'\l.HOe OT HYJIH pewe1rne, Heo6xq.n;11-

M~-~l(;~;:o:6hl. ,1J;8TGpML-1I-Iai~T ~" 6WI. pi:aeH HYJIIO • . l/I3 ypa:sHeIUlfl -~ = 0, 
. . . 

yq11;~~;H cna6ocT:& · B~~~Mo.n;e!iioTBiiI~,' \ro~ytiaeM BhlpallteHlie ,nJIH TeM-
.. 

rrepaTyphI (IJaaoBoro nepexo.n;a 

m2, • . 

(0., ,~ - ; J~, j.(m') }(,S,/m',m') 
m, 

;t.'. 

(3I) 

-~r--

' 

HJIH 
.;-.,_ . 

.. :."':"'"- (d I} J-.-,J--........... . 0 . 

o•· :i. · 'I · \!; ··\~rr:·•· . .. i . ... 

(3I') 
~ . ~- .•. , ' 

r. ~- -.. ~ 

.,._t?.:.- .. §.·6~-''r~'..u-Boe. nni1onmrteHrle ·. ~IL-----~--------. . . : .. _,. ·\ :~,r 

. , l .. , :• • ' • , •• • •• t· ••. .. -• _., .. ..:.:• '• · • •·. ' • ~•~ . ~.t l ' •_., .• ·, • •. ' ,• . • 

. -·B · paaj;;eJie 2 MhI ·rroJIJtIMJii1 aCMMIIT'oTMtteCKYIO (popMy ·. pemeHMH 

_- 06ttoB1IOro ,·ypaBHeHHH ( I3 }~ · iPaccMOTpHi4 isi1 6oJiee rpyom'.f · rrpH6~H-

. '110HHbD( ·peuieHI1fl 3Toro 'yp.a:i3neHIUI • 
• t • " ~ •••• ·- .... _,. ,,.._c.-

• 1 •• ; . ..(\ 

. ,. ' . 

HeCKOJI:&KO yrrpOCTliIM ypaBHeirne ( I3 ) 11 samuneM ero,. 13 , CJie-:- ~-

,1.tyromeu BH;n;e: 
. ,~: •-· 

-.) 
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CM (&.) ~ - ; J JE 'f C&'.J J (-<. ,,,,, ;., ) . 

C
111

, (.s.) .t + (E' -£r) .t (32) 

CtrMTaeM, tITO JlE') H J {-&0/111:,~) · cJia6o aa:ancflT OT 

Bh!HeCeM v!X aa 3Hait I1HTerpa.na, B 8TOM CJiyqae ',e~, {~) 6y,1.1;eT 

aaBil!C0T!J TOJII>ItO OT -$ • B peayJr.&TaTe. no.nytrl1M 

~-+A 

I=-~/ J j JE' C(-<.) 

. /t(& .. J"'+ (E'-£F).t. 
'flpl-'IHI1:i.mfl BO BHJ.1Mam,rn' tITO e (-~o) << ~ 

I . -C(~o) = 2A .e FJ 

·· B 3TOM cJiytiae 

, Hafil,zi;eM, tITO 

' 2 

£,., (-!.o) = {E£-5o;,,,J-£Ff'·+ ~A'- e r J 

I 

npM -.. J-:-+o. 
I 

E,,, (13o). - A e ;; "j • , 

(33) 

· . (34) 

'ra1t:t1M oc5pa30M, B ST.OM rpy6oM npH()JI:m1tem1H TaRJlte HMeeTCfl 

mgJIL MeJre.zi;y BQ;:3C>y2K,zteHHbIM 11 OCHOBHplM qBepxTeKytffilM COCTOHHHflM:t-!, 

' .. a Tam1ce M8JK.ztY· CBepxTeitytIHM 11 HOpMaJIIJHbIM COOTOflHil,flMH. YcJrbBHe 

CBepxTeRytieCTH B STOM CJiyqae · CBO,ztW]Cfl H: T.pe6oBaIUUO J <. >. o, a 
' . TeMnepaTypa waaonoro nepexo.zta onpe.zteJiaeTca wopMyJiofi (3I ) • 

. B RatieCTBe ,ztpyroro rpy6oro rrpm5JI11i1CeHHH paccMoTpm.1 cJiytiati, 

Ror,zta E (-5,,N) He . aaBI1C11T OT· »J ·. , T. e • HMeeTCH BhIPOlK,lt0H11e no 

· K:BaHTOBOMY: tIIl!CJIY m . ·~ :<I.'or,l{a .z{JIH OOOJl 04 \lLI -5 = ~~ HMee~ 

, .E(;o) ~- £/ 11 MS YPpBHeHii'ff (I3) n~JIYtIHM, · 'q;() ~., . : 

. 06T.t]1HlteHIIMil lfll(l\lT}'T ,.· 

lU{cpIU.U HCCJU!,IJ.Oll~1' 11 !l \l 
6H6n510TEKA : 

(35) . 
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,I(aJiee U,,,· (4o) ~ = 1!,.(~~).t = ~ , €,,., (~ = ,C-,,, (~ .. ) · .. 
' • ,- I < ~ ' • • • . . . ~- . ,. ' ! 

' B 3TO?.i CJiytiae. paCCTOfl.mrn M.0!§.ll.Y B036yJK,I{eFIHblM I1 OCHOBHbIM CBepx

'l'~KYtI~M COCTOflmlHM11 (5yJJ;eT ~p_orro:pu;~;OHaJII>I!O:_ .J . 
_Tr:· : /}. 

' '> • -~ -~~ _.. t .,., •• # a,. H ""--,, ~~ ... __.--., "'•!> ;'j> <~ """° 

§. 7 •. ~AIUIIQqEHJZfE - · · 

.. Mhl pacCMOTpeJIItl. ,I{QBOJII>}lQ_)1,I{ea1r1rnMpo:a_aHHYIO. M9;n;~,JI:&_ J;l.T_QMiioro 
' . ' . ' . 

. -•""1C-·.,. ... ~.-.·,-.~-:..---------_,....-........... . .--. .... ~ .. - ........ ~-----,., ·- -

ff,I(pa ;· v1toTopan .. rrn1meTCfl BecpMa He .. nQJIHOW 11. cTpa,ItaeT, MHor:r,tM11 He-
•· . :. - ' . '- -

;n;ocTaTKaMl-1 •.. AttaJiortt't!Hhie BH't!MC,?IeHl'lfl. MOJKHO IIP0B8CTH M. ,I(Jlfl., .?J;PYrl-IX 
._ • . . ,"'" ~ . -··' . ·: .• . .- .· . :,.-" t __ -- :·· · ... · 1 _!. ·.• .. t ·. , ... ,.::.: :_·; ' , ' 

MO,I(eJieti fl,I(pa, _B KOTOPhIX YtIMThlBaIOTCH B3allMO,I(6MCTJ3.It-Ifl Bce:x:. _HyICJIO-- . . ... :._ . 
. ;·... . 
·.: HOB. YtieT n-f B3avn.m;n;ei1:CTBM~, Hapst.zi;y C Ji-;_/>' 11 n- n 

B3al1MO,I(8HCTBHHM1'1, Kalt .rro1taaaHo B/5/ ,zi;Jiff CJiytia.ff., a;n;epHpit MaTepl1x1, 
. . .. , . ·~ .. 

Be,zi;eT It 60.1II>llII-fa~ ;)"yJIOJK~IeHJl!flM M Tpe6yeT . MQ.7.r~I(llHita,W1ll MaTer.mTHtiec

ItOro arrrrapaTa • 

TioJiytJeHHbie pesyJI:&T~TbI :rroiTBepJi;n;aIOT COOc5paJB:eIHiff, ,I(aHHhle 

. ~.-1/8~ ?/, ·, 06 iu.1ero~k-t1cH wvrsVIqe~~oti '.aHanorirn Me]t,Z{y· @ep1,m-c1-i~TeMa-

. lllrl MeTaJIJia 11 H;n;pa Vi 11JIJIIOCTPMPYIOT IIJIO)J;OTBOPHOC.TT, _ npvIMeHeHiriff 

MaIDeMaTHtJeCKMX MeTo,zi;oB;· pa3BliTLIX B TeOpMH CBep:xnpOBO,I(MMbCIJ.'H/I/ 

,I(Jlff':.H3ytJelU!fl· CBOMCTB aTOMI-ioro 'ff'}.(pa?t) o , ' :• ,- ·, 

·, ;.¼ _:~~ ~\- _: ,. :'.~(~'i i :{ I 1~-

B saitJIIO't!eHHe Bh!pamam rny6mtyro 6Jiaro;n;apHocT:o· H .. H .. BoroJiro6oBy 

l ., ('." 3a llOCTOHHHLI.W MHTepec IC pa60Te·~,1a:;:BeC1l:i'Ma I{6HHble. aaMet.tamrn:. 
••• ••--•,.-•;...,-•-•,••• •••-•- 1'.•••-,1. .... ..,..._ ......... ._ ..... .:.. ... _______ .._,., . ..,.,a••,••.•••• 

, ....... 

--~---------------~---~---
x) ll()p.JJe Toro,. Kalt __ ;l(a~H;H pai'.loTa. i'.lblJ!a rroirnp-cT_f10 nojroT.OBJJeHa 
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