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llaMJ1111u <P.JI.manuP,o noceJ1111ae111cJ1 

ll30MepHLIM C,IIBHrOM Ha3LIB8.CTCH H3MeHeHHe :rneprHH 

ypoeHen H.!Ipa ecneacTeHe ceepxTOHKoro KOHTaKTnoro e3a­

HMO.!ICHCTBHH aTOMHhlX 3neKTPOHOB C 3apH.!IOM H.!Ipa. 3To 

H3MeHeHHe 3HeprHH nponopUHOHani.Ho 1'1'(0)12 
"'.IlllOTHOCTH . 

3JICKTPOHOB Ha MCCTe H.!Ipa • H<r2>- cpemreKBa.!IpaTHlfHOMY 

pa.!IHYCY pacnpe.!IeneHHH HnepHoro 3ap»1Ia. 3KcnepnMeH· 

TanLHO Ha6n101Ia.e114ou eenntJHHOH HBnHeTCH H3MeHeHHe 3Hep­

rnn H.!IepHoro nepexona /nono>KeHn'e pe3oHaHca/ npH noMe-

. meHHH H3ytJaeMoro H.!Ipa B XHMHlJCCKHe COC.!IHHeHHH, HMeIO-­

mue pa3HLie 3HalfeHHH I 'I' (0)1 2 • lboMepHLIH C.!IBHr urnpoKo 

H3ytJaeTCH B RrP cne1npoCKOilHH /I/ H B HCCJIC.!IOBaHHHX 

C µ ·Me3oaToMaMH / 2/. 

Ilpe.!IJIO>KeHHe HCilOJlb 30Ba Tb , cnepXTOHKHe MarHHTHLie 

B3aHMO.!ICHCTBHH .nnH onpeneneHI-JH MarHHTHLIX MOMCHTOB 

KOMnayH.!I-H.!ICP, B036y:>K,IJaeMLIX. npH 3aXBaTe HeHTPOHa, 

IlpHHa.!InC)KHT <l>.JI.lliannpo /3,4/. He.a:aBHO 3TO npe.!IJIO)KCHHe 

6Lmo peanH30BaHO 3KcnepHMCHTaJILHO /S/. B CBH3H C 3THM 

Mhl IlPC.!IIlPHHHJIH IlOilhlTKY paCCMOTpeTL B03MO:>KHOCTH 3K· 

cnepHMeHTam.-noro H3YlfCHHH ceepXTOHKoro KOHTaKTHoro 

B3aHMO.!ICHCTBHH, Il03BOJIHIOmero onpe.a:enHTb u'3MeHeHHH 

<r2> npH B036y)K,IICHHH H.!Ipa. 

BL1pa:>KeHne, onncLrnaromee c.a:enr pe3oHaHca, HMeer 

BH.!I: 

/1/ 

r.a:e AE1s BLipa>KeHo e MJfKpoaneKTpoH-aonbTax, ecnu 

Al '1'(0)12 BLipa:>KaTL e e.IIHHHuax 1026 
CM-~ 3.!IeCL A<r 2-> 

o6o3HatJaer H3MeHeHne <r 2 -> npH nepexo.a:e H.!Ipa H3 HalfaJIL• 

Horo COCTOHHHH B KOHClJHOe. Al'I' (0)1 2 - pa3HOCTL 3JieKT • 

POHHOH IlllOTHOCTH B .IIBYX coe.!IHHeHHHX. 
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11MeromnecH B HaCTOHlllee apeMH CBe,lieHHH O BeJIH'IHHe 
Al '1'(0)1 2 , peannJyeMoii JIJIH paJHhIX xnMH'lecKnx. :rneMeinoa, 
rrpe.ucTaaneHhI Ha pnc. 1 /.uaHHhie H3 o6Jopa/l/ /. O6pa­
IQaeT Ha ce6H BHHMaHne 3KCIIOHeHunaJibHhIH pocT C yaenn-
1.feHHeM Z · peann3yeMh1x Al'I' (0)1 2 • HaM HenJaecTHo KaKoe­
nn6o o6'bHCHeHHe 3Toro Q)aKTa, IIO'JTOMY IIOKa MO)KHO HaJ­
BaTb Jllllllb HeCKOJibKO IIpH'IHH, IIpHBOUHIQHX C yaennl.feHneM 
z K TaKOMY pocTy: 

a/ B03pacTaIOmaJJ CTerreHb , pemITHBH3Ma JIBH)KeHHH 
3JieKTpOHOB, 

,• 6/ B03pacTaHne BJIHHHHH 'JQ)Q)eKTOB 3KpaHHPOBKH, ; 
n/ .ao3pacTaHne qiopMaJibHoii naneHTHOC_TH /.uirn aKTHHn-

.uo~/. . . . . . . . 
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. Jlng .ttallbHeHWeI'o ll0CTaT0'IHO KOHCTaTaunH T0I'O, 'ITO 
MHO)KHTem, A l'I' (O) 12 6narorrpnHTCTBye'r nccne.uoaaHHHM rrpn 
O0nhIDHX Z ', T.e. B 06JiaCTH, r.ue cymecTBYIOT H,npa C HH3~ 
KOJie)K8.lllHMH HeiiTpOHHbIMH pe 3 OHaHCaMH. 

,ll;nH o6cy)K,neHHH smepHoro qiaKTopa 8<r2>/<r2.> MhI aoc­
IH).JihJyeMcH rrpocTeii:meii MOJieJibIO aKCHaJibH~-CHMM_eTpH'IH~ 
ro .,neqiopMHPOBaHHOro HJipa, rroaepXHOCTb. KOTOporo OIIH· 
CbIBaeTCH Bbipa)KeHHeM 

r(0) ... R(l+a P
2 

(cosO)). 

Ilpn ManoM HJMeHeHnn rrapaMeTpa .uecpopMaunn a 

.(Aa 2_$0,1) 

L\<r 2 > 
<r2 > 

-1 l{a 2 -·a 2)=l l,:\a 2 • 
... ' l i ' 

/2/ 

/3/ 

MO)KHO HaJBaTh_ no 'KpaiiHeii Mepe JIBe o6naCTH,, a KO· 
TOpbIX cne.uyeT 0)KH)laTb 6oJibillHX H3MeHeHHH napaMeTpa 
a rrpn JaxBaTe HeHTPOHa: o6naCTb .11eJIH1llHXCH H.nep n 

o6nacTJ, CHJibHO ,IIeqJopMHPOBaHHhIX HJJ;ep, Hal.{HHaIOmaHCH 
c A= 152. 

B rrepaoii n3, Hnx, cornacHo Mo.nenn CTpyTnHcKoro 161 , 
JaBHCHM0CTb 3HeprnH HJipa -OT rrapaMeTpa a HMeeT ,naa 
MHHHMyMa c a = 0,3 /OCHOBHOe COCTOHHHe/ n a = 0,6 
/HJOMepaoe COCTOHHHe/. Ilpu JaXBaTe HeiiTpOHa B HeKO· 
T!)PhlX cnyqaruc MoryT peanH30B8TbC.5I YP0BHH, ,K0TOpbie xa'." 
paKTepn3yIOTC'1 CMeCblO BO.ITHOBbIX cpyHKUHH, 0IIHCblBaIOlllHX 
C0CT0.RHHH c rrapaMeTpaMH a = -0,3 n o_,6. OnTHMHCTH'leC­
Ka.R -OU:eHKa a )lJI.R TaKoro CMemaHHoro COCTO.iIHHH- M0)KeT 
.lI0CTHraTl> 3HaqeHHH _a = 0,4.5, 'ITO -C00TBeTCTayeT 
A<r2>/<r2>=0,l. TaKoro )Ke nopHJIKa.aenu11uttaAa2· MO_)KeT­

peannJo-uaT&CJI B -06:JiaCTH A = 152, r.ne O'CHOBHble.-co-c=rO,rnn.s: 

.11,nep71MeIOT a-0,3111. a JUUi BblCOKOJle:lKau.tHX -8036ym:,!leHHbIX 

COCTOHHHH He HCKJllO'feHa B03MOiKHOCTb,· '{TO a..O. -
Ou:eHKa BeJIHtflIHhl- H30MepHhIX C.lIBHrOB C a= 10-1 no 

qiopMyne I 1/ c ncnon1,3oa~mrnM '.JJ;aHHhIX HJ pHc. 1_ ,naeT 
cne,n:ymmne aenntt11Hhl: .llJIH 35 U AE 18 = 2300.10-6 

38, 

,n:nH 1~2 Eu AE IS = 140.10-6. ae. HeKoTopoe npep:cTaa­
neHne o coaBeMeHHhIX 3KcnepnMeHTanLHhIX B0JMO~HOCTRX 
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.riaeT pa6ota /S/, a °KOTop'oif 6LITIH H3MepeHbI CJJ.BHrH pe30-
H8.HCOB 'c ,• T0°lJHOCTbffi + 10 .1 o-6 36. Cort6cT~BneHne 3THX 
.u.aHHhIX rro3aomieT p·a~ueHnBa TL aoiMO)KHOCTH H3MepeHHH 

·- • U ' C • .• ~- ,1' • • , • , • -~- • a 

H30MepHbIX. C.D;BJirOB B HeHTPOHHbIX pe3oHaHcax JJ.OBOflhHO 
OIITH~ltCTHtJeCKH, XOTH peann3aUHH Ti'iwro THIIa ':rncrre­
pnMeHTOB corrpHm~ira C , .IIononmfrerrhH,bIMH _- TPYJJ.HOCTHMH.' 
3TH. ·.u.aHH'Lie rro6y.n;n.im Haic IIO.IlPCf6Ho paCCMOTpeTL a'orrpoc· 
0 Ka)KyIUeMCH CMemeHHH pe3oHaHca, BhI3hIBaeMOM rioiepHMH 
:rneprnn .Ha oT.n;atJy B pa3nnqHbIX coe.u.n~eHHHX.. ·_. 

IlpH 3axaaTe HeHTPOHa lfaCTb ero KHHeTHtJeCKOH :rneprHH 
En TepHeTcH Ha oT.n;_aqy. B rrepBoM rrpn6nn)KeHHH aenIItJHHa 
'.HOH IIOTepH Et ·coana.n;aeT c. OT,Ilatfeii: .u.n.ii cnytJaJI ci:fo6o.u.­
Horo rroKoHmerocH H.IIPa /8/ 

- . m 
E --E =R 

t m+M n 
/4/ 

/ m H M - MaCCLI Heii:TpoHa H H.IIpa - MHIUeHH/. 
·3neMeHTapHbTe BbTKnam<H .u.nH H.n;ep,, o6pa3yIOIUHX n.u.e­

anLHbIH ra3, ,IlaroT cnenyromuii:. 6one·e ··TOtJHLiii: pe3ynLTaT: 
,. 

Et .... ril'+mM ·:·cE n ,-K), /5/ 

r.u.e 1 K :,-, cpe.IlHJIH KHHeTH'feCKaSI .aHepI"lfSI JI,ripa-MHllleHH. 
KBaHT0B0Mexa,1mqecKoe paccMoTpeime 3axaaTa B TBep­

llOM Tene cHoBa -B rrepsoM rrpn6JIH)KeHHH .u.aeT Et =RI,[: , . 
a · B cneay10meM, YlfHTliIBaIOIUeM H3.MeHeHHe MaCCbl H.n;pa. 
rrpn 3aXBaTe HeiiTpoHa,:- BLrpa)KeHne /5/. K .u.n-110.n;HoaToM-­
Horo KY6HtJeCKOro KpHCTarrna -HMee.T BHJJ. 

\ K
0

~ j . _r'.h ca cth ,( h w /2k~ g (ru) d-w , :'/6/, 
:~ __ : , 

r.n;e .g(w) -- cneKTp ·qacTOT KPHCTanna /d.L Hpnm:i)KeHJle;/: 
,l(JIJI· .cnytJaJI BLTCOKHX'; TeMnepaTyp. (T;;>:Oif) B -MOlle'JIH ,l(e6aJI: 

,;', ;_,": ·, ' (} ,. 2 ' ·,,, ::· ',_.:· --:. 

K :: t k T +O (( ..J!.) ) , - - , -, -/7 / . 
' 'I; ... ,, ; 

r.u.e 0 D,- TeMrrepaTypa .lle6aJI. _ 

6 

H3 nocne.u.Heii: ¢opMyJihl cne,n;yIOT JJ.Ba o6CTOHTEWhCTBa: 
a/ J).OJiiKeH cymecTBOBaTb TeMnepaTypHblH CJJ.BHr HeiiTpoH-

·:1 
~ a 

·1 

it 
I 

u 
'i 
It 

aoro peaoHaHca, aocTttra10mttii am1 A=200: ~E = 
= .63. l0-63a;:'l00°C *; '· 6/, paanHtJHe ae6aeaCKHX TeMnepa-.. . ' . '. . . , 

Typ T8K}Ke AOn}KHO npHBOAHTb K aop:OnIJH"r.enhHOMY CMe,me - . 
HHIO peaouaHCHOii nHHHH,KOTOpoe, OAH8KO, HC"leaaeT npH Bbl­
COKHX TeMnepaTypax. 

YtJeT 3THX- o6c'roHT~JTLCTB MO)KeT cTaTh .u.ononiutTe·hL-.. .. , ' ' 

HbTM ycnO)KHeHHeM IIPH HHTe_prrpeTaUHH 3KCnepHMeHTanhHO 
H3MepeHHbTX 3HalfeHHH ClIBHra pe30HaHCHOH nHHHH. K 
ClfaCThlO, HeiiTpOHHhTH_ 3KCnepnMeHT n:aeT eme OllHY .u.onon-, 
HHTenbHYIO xapaK:repHCT.HKV - .TaK Ha '3bIBaeMoe .u.onnnepoa­
CKOe ymnpeHHe pe3oHaHCHoti JTHHHH; ,Kaa.u.paT ·:noro ymn-. 
pemrn B o6enx 00cy:>K;1IaeML1x Monem,x paBeH . :·,_• 

- 2 4 · _ ... 
~r =·rRK . 

.. , ...... 

:·;' , ... 
'/8/ -

OtJeBHJJ.HO, pa3HOCT.h 1KcrrepnMeIITaJT?HbTX mnpHH :,IJ,flJI, 0)1.HO-,' 
ro _H Toro )Ke pe30H~Hca ~- lIBYX coe,n;HHeHHHX IT03BOnHeT 
oueHHTh H3MeHeHHe K H ylfeC:Tb_ C~H3aHHoe C 3THM pa3-
nHtJHe B nono:>KeHHHX pe10HaHca·. 

3TH pe 3 ynh'Ta TLT. norrytJeHbT .IIJT H. rrpoCThIX Mo.u.erreii n.n;e -
anLHoro ra3a · n' O.IIHOa TOM~oio KpH~Tarrna.- Ilpe.u.cTaBJIHJIO 
6hl ,onpe,IIeJieHHbtiL ·HHTepec paCCMOTpeTh rrpnMeHHMOCTb' 
¢opMyJT /5/ n /8/ B o6meM CJI\'lJae MHoroa TOMHO_ll perneTKH. 

. B- 3aKJTIOlfeHHe. aBTOpbI Bhlpa)KaIOT 6naro.u.apHOCTb 
B.B.naiu~eBttlf),: H.n·.rrrraKnne n JI.6,.IlnKeJibHepy 3anone3~ 
Hbie. ·n C'f_HMYJIHpyrotirne o6c\-)KneHHH. . 

t·t 

'L 

' f:,• 

~ ~~ : ·, ~ 

* AHanorHtJHhiii--c-ianr ·a JirP cneKTpOCKOITHH H3BecTeH 
C 1960 TO.Ila H HOCHT Ha 3BaHHe "TeMnepaTypHOI"O · KpaCHOrO 
CMemeHHH". , 
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IlpuAoJ1Ce11ue 

/IO/ 
KaK CJie,!lyeT H3 TeOpHH JIJM6a, ', pe30HaHCHaJI JIHHHJI 

nornomeHHJI OilHCbJBaeTC.11 Bhipa)KeHHeM 

- - 2 
f' !<ii e _JP r I .A•> I -211 

WnCE>-=-i;;- r>. pi (E-Eo -E.\ +El )2 +·r 2/2 
/9/ 

r,!le Eo H r - IlOJIO)KeHHe H IIIHPHHa pe3oHaHca Y )KeCTKO 
3aKpenneHHoro .11npa, E I H E ,\ - JHeprHH HaqaJihHoro . H 
KOHe-•rnoro COCTOJIHH.11 CHCTeMbI, B KOTopyro noMemeHO no-

➔ ~ ➔ 

· rnoll{a10mee .11.IlPO, p - HMilYJihC HeHTPOHa, r - KOOp.IJ;HHaTa 
MeCT-OHaxo)K,neHH.11 nornmuaromero ll.Upa, p. -exp(-E./kT) x 
x[ ~ exp(-E rlkT)]-1 • 

1 1 
_ . 

Pe~oHaHCHa.11 JIHHH.11 HCilYCKaHHll -OilHCbIBaeTC.11 aHanorHq­
HbIM BhipameHHeM: 

. - Jir - 2 
WH (E)= _!:_ I p l < 1 1 e I,\ ;>,,I /10/ 

2•11 -~ j 2 2 
l/\ . (E-Eo -Ei +E ,\) :I- r 1/4 

Ilocne npocThIX npeo6pa3oBaHHii: /I I/ Bh1pameHHe /9/ npH­
BO.IJ;HTc.11 K BH.IlY 

w_n· = _1_ j dt Tc1E e jtEt 
211 -.oo -oo t . 

r -.
1 

jtH jpr-_ -jtH' -_ jj;•;- . 
~ <.1 e e e - e I i-> - ~ p.----------1'. 

2 •11 I •(E'."'"Eo-Et f+· f! 
/ll/ 

B /11 / __ / BXO,!lJIT _ r'BMHnbTOHHBHhl ff H ff 'CHCTeMbl, CO,IJ;ep­
)KaIUeH nornomaromee 11.upo, cooTae'icTaenHo ;no H nocne 
nornomeHH.11. 3TH ,!lBa raMHJibTOHHaHa pa3JIHqalOTCJI,. no­
CKOJihKy-Mac-ca H.Ilpa nocn.enor.llo~eHH-ll Bo3pacTaeT. B .IJ;an&­
He'HweM Macey HeHTpOHa 6yneM 060-:maqaTb m. a Ma.CCY 
H.IJ;pa .rto mffn:ameHHH HJIH nocne Hcny.c-KaHHJI HeiiTpotta-)( 

Bhlpa?Kemie /10/ _)lJI.11 pe30HaHCHOH JIHHHH HCnycKaHH.fl 
MO)KeT -UhlTb npHBe,!IeHo K BHilY 

. _00 00 jE t • -jtH: jpr jtH . -jp f • · l 

W H =; ..l_ f d t f dE
1 

e 1 L ::£ p. <1 !e e e e •. .ll.2_ . 
. 2" - oo -_oo 2 rr i i (E-E -E )2 r 2. / 4 ~ 

0 t + /12/ 
8 

. ·,~ 

BBe,!leM 060JHaqeHm1;x=E-E
0 

,y=E
1

_; f(x:-~)=L _ 1 
2 2 . 

- . ' :; ·l - . - 2•77 (x-y).+r74 

S( y) = f;;- f e _i ~Y cf, (t) dt ; w ( X) = w (E) ; 
. ~ . . ,. 

r' • 

. - . . jtH jj;"; -jtH'. -jp; . 
¢rr(t) = r P1· < 1 I e e e -,_ e 1.1>; 

. . ' . . ·.:.jtH' jp; j tH -_ ·;,..j ;;- • 
.¢H·(t)=-Ip.<1le e ,e .-e._., It>· .. 

' i 1 
; '•• 

B 3THX 06o;rnaqeHH.11x Bh1pa)KeHHll_ /U/ H /12/ HMelOT BH,IJ; 
00 

• W(x)=·f S(y) f (x..:.y~dy • , 
. ' . . ~ ' - ,, /13/ 

-oo 

CMemeHHe AE H yurnpeHHe Ar
2
•p~10HaHcHoii JIHHHH onpe­

.u:enHM _Ka'K n-epBbTe ,!IBa Mci"MeHTa .cpyHKUHH W (x) / 9 ,121. •. 
;.1 

_00 _00 

AE=x= f xW(x)dx= JS(y)ydy, 
-oo -.OC:> 

2 -2 -2 -- 2 «> ·2 2 A r = X - X = I s (y) y dy + I .l. (x) X clx - (A E ) , 

/14/ 
r.IJ;e yqTeHO, q,j,o. f(x) ·- CHMMeTpHqHall cpyHKUHll, T;e. ff(x)xdx 
MO)KHO IlOJIO)KllTb paBHhTM HYJIIO. IIocKOJThKY Hae HHTepe·cyroT 
He CTOJibKO caMH BeJJHqHHbl AE: H Ar 2, CKOJTbKO HX H3Me­
HeHHe npH nepexo.Ile OT o.uHoro XHMHqecKoro oKpy)KeHH.H 
K ,D;pyroMy, TO qneH ff (x)x2 dx B BblpameHHJIX /14/ 
Tome MomI-io noJIO)KHTh paBHhIM Hynro, u6o rrpH n1060M 
q6pe3~HH~ nopeHueaoii: KPHBOH OH HMeeT 0.!IHY H TY )Ke 
BeJJHqHHy BHe 3aBHCHMOCTH OT XHMH4eCKoro OKpy)KeHH.H. 
TaKHM o6pa30M, ~CKOMOe CMemem1e. H yurnpeHHe pe30Haii-

- CHOR KpHBOH MO)KHO . npe.!ICTaBHTh KaK rrepBbie MOMeHThl 
cpyHKUHH S (y). BcnoMHHaR, qe.My COOTBeTCTByeT 0003°Haqe­
HHe s (y ), HaXO,!lHM: 

AE =i¢ '(O), 

Ar
2=-c/>"(O)+ [¢ '(O)] 2 , /15/ 

r,IJ;e lIITpHx Ha.Il c/> 03HaqaeT .umpcpepeHUHPOBaHHe no nepe­
MeHHoii: t • BocnoJTb30BaB1UHCb BbipameHIIeM cp (t), Haxo­
,IJ;HM ,IJ;JI.H rrornomeHH.11: 
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i\En=-f P
1 
<i l{H-H '+[H 'e J pr ] 

jpr 
e I.Ii>, /16/ 

2 . · .. '. -- . . . - · - - 2-
i\ r n = f p 

1 
< i I [ H '[ H 'e J P r l _ ] _ e 1 

P ' I h- (6. E ) . / 1 7 / H 

Ilocne,nHee paeeHcTeo cnpaee.nnneo c, TO'IHOCTbIO .no 1./N 
r,ne N - 'IHCJio .H,nep B cHcTeMe. · · 

IlyCTb pacc·MaTpHBaeMa.si: CHCTeMa eCTb KpHCTaJIJI. Bb1-
6epeM I Ha'lano oTc'leTa TaK, tfT06b1 r cooTBeTcTeoaano 

.. - ~ 

CMellleHHIO pace Ma TPHBaeMoro .Hnpa HJ ITOJIO:>KeHH.ff paBHOBe -
CH.fl . . Pa3JIO:>KHB r no HOpMaJibHbIM CMellleHHHM,: OilHCbl~ 
eaeMbIM raMHJibTOHHaHOM H ', ,c IlOMOlllblO o6bI~rnoro qiopMa­
JIH3Ma 1 13/ a cnyqae 1<y6H'lec1<oro KpHcTanna Haxo,nHM 

. -- -- z 
Ip <if[H 'ejpr.] e~-jprli>•- P =-_Mm. En1•/l8/ 
1 1 - 2(M+m) +m . 

r.ne ·E /- :rneprH.H HaneTaIOlllero HeiiTpoHa. · 
B;NklfHHy H-H' MO)KHO npe~cTaBHTh,KaK Ib8Ct.1k (a!ak+f), 

rne. ak H 8k - onepa TOpbl po:>K,neHH.ff H ):'11HlfTO:>KeHH.H qJOHOHa 
C KBaHTOBbIMH lfHCJia~m k. IlocKOJibKY ,D;JI.ff MOHOaTOMHOH 
peweTKJ:1 b-1/y'~TP Bruk paBHO ll3M~HeHHIO ·lfaCTOTbl 

o,nHoro ocuHJIJI.HTopa ~ Mf m ruk, ycpe,nHeHHOMY no aceM 

.H,npa~, T-.e. f J -~~ •i 3TH npocTb1e, a TaK:>Ke 6onee · 
--· --· ......... · ---··-· ·. .-'14/ 

cTporHe reopeTH'lecKa:e \ paccy:>KJJ;eHHH · noaaonsuor 
npe.ncTaBHTL 1 Bbipa»ceHHe t /16/ a BH,D;e /5/ .H /6/, r.ne 
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