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© 1975 06"beOuHeHHbiU UHCI!IUI!IYI!I JIOepHbiX UCCAe006QHUU )ly6Ha 

BBE,4EHHE 

B nocne~uee BpeMJI npoBo~JITCJI HHTencHBHLie uccne~o­
BaHHJI CBOHCTB Jl~ep, HaXO~Jill(HXCJI B~anH OT nHHHH f~- CTa-
6HnLHOCTH. flpH {~ -pacna~e 3THX Jl~ep JacenJIIOTCJI BLICOKO­
ne)l(all(He YPOBHH COCe~HHX Jl~ep, KOTOpLie B CBOIO O'lepe~L 
HJny'laiOT JanaJ~LIBaJOllUfe npoTOHLI una ueiiTpOHLI. Hccne­
~OBaHHJI lj>opMLI DpOTOHHOrO /ueiiTpOHHOro/ cneKTpa no-
3BOnJIJOT nony'IHTL CBe~eHHJI 0 CHnOBOH lj>yHKI.\HH f~ -pacna­
~a H 0 CTPYKType Jacen.lleMLIX COCTOJIHHH I .. 

He~aBHO 6LinH OTKpLITLI HOBble HJny'laTenH JanaJ~LI­
BaJOU(HX · 

2
· DpOTOHOB H nony'leHa HHij>OpMaUHJI 0 CHnOBLIX 

lj>yHKUHJIX /~<+> -pacna~a B HJoTonax 11'>,121 Ba. llpe~nona­
raeTcJt, 'ITO OCHOBHOH BKna~ B CHnOBYIO lj>yHKI.\HIO ~aJOT 
paJpeweHHLie raMoB-TennepoBCKHe ;r-Tj nepexo~LI, CBJI­
JaHnLie C lj>parMeHTHpOBaHHLIMH DO CDeKTpy 'faCTH'IHO­
~LipO'IHLIMH B036y)l(~eHHJIMH ( 1 g~' 

2 
, lg;JJi ~nJt clj>epH'feCKOro 

Jt~pa H In[ 404.:l,p[ 404it B cny'lat(~elj>op'MupoBauuoro He'leT­
uo-ueqeTuoro OCTOBa. MaKCHMYM CHnOBOH lj>yHKI.\HH pacno­
no)l(eH B o6nacTH 3Hepruii 5 M3B B cneKTpe BoJ6y)l(~euuii 
~oqepuero Jt~pa. 

KaqecTBeuuoe TeopeTH'IecKoe uccne~oBauue cunoBoii 
li>YHKUHH f3 -pacna~a BnepBLie npoBenu HKe~a H ~p/ :1,4/ ~nJt 
06'LJICHeHHJI 3aMe~neHHJI CKOPOCTH paJpeweHHLIX r- T (3- ne­
pexo~OB Me)l(~y HH3J<One)l(all(HMH COCTOJIHHJIMH TJI)I(enLIX 
.IIJJ.ep. B ~anLueiiweM JIMa~a H ~P·· 5. 6/ paJBHnH cTaTBCTH­
'fecKyiO TeopHJO f3 -pacna~a. B KoTopoii 6LinH nony'feHLI 
HeKOTOpLie 06ll(He JaKOHOMepHOCTH DOBe~eHHJI CHnOBOH lj>yHK­
UHH, ua6nJO~aeMLie B 3KcnepHMeHTe. MaKpocKonuqecKoe 
onucauue cunoBoii ~YHKUHB f3 -pacna~a ua ocuoBe o6ono-
1fe1fuoii MO~enB CO cnapBBaHBeM H 3apJI~OB006MeHHLIMH 

3 



ocTaTO'IHbiMB canaMB 6wno npoBe,IJ;euo B pa6oTax 17-9~H3y­
qeuae CBllOBOH 41YHK.UBB B ,IJ;e4lopMBpOBaHHbiX/7 •8 / B c4lepa­

'leCKBX/9/ JI,IJ;pax DOKa3ano, 'ITO TeOpBJI ,IJ;aeT B03MO)KHOCTb 

npocne,IJ;BTb He TOllbKO 3HepreTB'IeCKYID 3aBBCBMOCTb CB­

llOBOH 41YHK.UBB, HO B npe,D;CKa3aTh, KaKBe nepeXO,IJ;bl ar­

paiDT ,IJ;OMHHBpYffill(Yffi ponh B ee 4lopMBpOBaHBB. 

B ,IJ;aHHOH pa6oTe npoBe,IJ;eHbl pac'leTbl 3Heprail r- T 
B036y)K,IJ;eHBH B (3(+) -pacna,IJ;a BX B paMKaX Bb1WeyKa3aHHOH 

MO,IJ;ena 17 •81 .IJ;nJI ueqeTHbiX B30TonoB II 7 -I 23 Ba · B pacqe­

TaX BCDOllb30BanBCb CXeMbl O,IJ;HO'IaCTB'IHbiX ypOBHeH B c4le­

puqecKoM a ,IJ;e4lopMaposauuoM noTeu.uaanax CaKcoua-By.IJ;­
ca/I5,I6/. 

r AMHJih TOHHAH B3AHM0,4EHCTBH.Jl 

CxeMaTa'leCKBe ocTaTO'IHble B3aBMO,IJ;eilcTBHJI, 3aBBCJI­

Il(Be OT CllBHOBbiX B B30CllBHOBbiX KOOp,D;BHaT HYKllOHOB, Bbl· 

6epeM B cne,IJ;ywll(eM BB,IJ;e/Il.I2': 

·v c1 , 2) 0 ' l<o a -b -; 1
2 

, 
ar p I 2 I /1/ 

.. . 
r,IJ;e a B T - CllBHOBble B B30TOllB'IeCKBe MaTpB.Ubl, co-

OTBeTCTBeHHO. raMOB·TennepOBCKBMB CBnaMB Ha3biBaeTCJI 

'laCTb 3TOrO B3aBMO,IJ;eHCTBBJI, CO,IJ;ep)Kall(aJI T ± ·MaTpB.Ubl, 

npeBpall(aiDil(Be HeHTpOH B npOTOH B o6paTHO. 3TH CBllbl 

CBllbHO BllBJIIDT Ha CKOpOCTb r- T {3 - pacna,IJ;OB i ll-l-i.' B 

reuepapyiDT B He'leTHO- He'leTHbiX a TOMHbiX JI,D;pax KOnneKTHB­

HYID BeTBb BbiCOKOlle)KaUUIX B036y)K,IJ;eHBH CO CllBHOM B 'leT­

HOCTbiD 1+. / 8 -IO,I3/ 0TMeTBM, 'ITO K {3a ar z T z KOMDO· 

HeHTa B3aBMO,IJ;eHCTBBJI /1/ B03Myll(aeT MarHBTHble ,IJ;BllOllb· 

awe MOMeHTbl a M1 -nepexo,IJ;bl B JI.D;pax. 

:6y,IJ;eM nonaraTb, 'ITO Bee pa,D;aanbHble MaTpB'IHble 3he­

MeHTbl B3aBMO,IJ;eHCTBBJI /1/ O,IJ;BHaKOBbl B 'ITO OHB BKlliD'IeHbl 

B KOHCTaHTY B3aHMO,IJ;eHCTBBJI K{3 , KOTOpaJI 3aBBCBT OT N B 

z cne,IJ;yiDil(BM o6pa3oM: 

N-Z 
K = --K 0 , /2/ 

{3 A 

r,IJ;e Ko - napaMeTp, onpe.D;enJieMwil B3 pac'leToB fgft AJIJI 

ueqeTHblX JI,IJ;ep. 

4 

qaCT.b B3aBMO,IJ;eHCTBBJI /1/, BllBJIIDil(YID Ha 6eTa-npo­

.UeCCbl, 3aDBWeM B npe,D;CTaBneHBB BTOpB'IHOrO KBaHTOBa­

HBJI: 

r,IJ;e 

T <~ l 
J1 

V r-T=2K :l TI+)T(-) 
f3 {3/L J1 Jl' 

:l -~ i "II ;II i -,. 
---~PP . 

(jm) . • J m 
y 2) t1 I' I' 

n 

1 111 j m 
n n 

/3/ 

a. a 
J nmn im . I' I' 

/4/ 

a+. (a. ) - on epa Topw po)K,IJ;eHB.R /yHH'ITO)f(eHH.R/ 
-'nmn ·'rmp 

ueiiTpoua /npoToua/, a · · j n II r/ ! ! j P · O,IJ;H?'IaCTH'iHble 

npaBe,IJ;euuwe Ma TPH'iuwe 3neMeHTbl on epa Topa o . 

B ,IJ;anbHeilweM ucnonL3yeM CBOHCTBO onepaTopoB 

(!) (_)+ 
T JL 0 T J1 • /5/ 

nocne nepexo,IJ;a K npe,D;cTaBneuuw KBa3H'iaCTHU onepa­

Top T1~ 1 ) npauuMaeT BH,IJ; 

I I) q II 
T !1 T !1 t T JL , /6/ 

r,IJ;e BBe,IJ;eHbl cne,IJ;yiD~ue o6o3Ha'leHn.R: 

T~ =! 
np 

+ J1 -
d pn D n p (J1) + ( -1) d pn D p n (- J1) l 

B - " J1 
T =!lb C (JL)+(-1) b C (-fl)l 

J1 np pn np pn np 

I + I + I D (f1)~ a. a. 
11 np J n .I p 

+ " 
C (!f)=la. 

n p Jn 

f 
a. 

Jp 
I 

I i 

J1 

/6a/ 

/66/ 

/7/ 

d = -
1- u u 

pn - p n 
\ 3 

. '' " . d- 1 . I' ., ' . J I I 0 ~ j :_., o· -- V V .-' j I a ' j / 
n · ·' p ' pn - p n n • p 

\ 3 
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bpn =V~ upvn<inll;llip>, bpn=v~vnvp <inllal!ip >. 

J,neCL a+ (a) - onepaTOpLI po:>K,neHHJI /yHH'ITO:>KeHHJI/ KBa3H­

'IaCTHU, a U H V - K034MilHUHeHTLI npeo6pa30BaHHJI lioro­

mo6oaa. 

C DOMOIULIO l}lopMyJI /5/ H /6/ B3aHMO,neHCTBHe /3/ 
MO:>KHO npe,ncTaBHTL TaKHM o6pa30M *': 

r-T ·v coli ·v int 
v/3 -:::. f3 + f3 , /8/ 

r.ne 

·v coli ! 
{3 = 2K{3 J1 

B B+ 
T

11 
T

11 
/8a/ 

. int q B + 
v {3 = 2 K {3! T T + c.c. 

/1 /1 /1 
/86/ 

. coli 
J,neCL V {3 ODHCLIBaeT KOJIJieKTHBHLie B036y:>K,ne.HHJI 

·v '" t THDa 'laCTHUa-,nLipKa B He'leTHO-He'leTHLIX JI,npax, a {3 
COOTBeTCTByeT B3aHMO,neii:CTBHIO KBa3H'IaCTHU C KOJIJieKTHB­

HLIMH B036y:>K,lleHHJIMH H HrpaeT CyiUeCTBeHHYIO pOJIL B He­

'leTHLIX JI,npax. 

llOJIHLIH raMBJILTOHHaH CHCTeMLI BKJIIO'IaeT B ce6JI TaK:>Ke 

,nBH:>KeHHe CB060,nHLIX KBa3H'IaCTHU 

+ 
H 8 qp = . I E j a j m a j m , r = n , p , 

(Jrmr) T T T T T 
/9/ 

+ 
* B /8/ He y'ITeHLI -'lneHLI THna T ~ T ~ , KOTOpLie 

npHBO,nJIT K DpOCTOMY C,nBHry BCeX O,nHOKBa3H'IaCTH'IHLIX 
ypoaHeii H HecyiUeCTBeHHLI ,nnJI nocne,nyiOIUero pace MOT­

peHHJI. 

6 

r.ne E: 
J T 

2 2 
=y(f. -A) +fi 

J T T 
T 

- 3HeprHJI KBa3H'IaCTHU, f . 

lr 

O,nHO'IaCTH'IHLie 3HeprHH, AT - XHMH'IeCKHH DOTeHUHaJI, 

a f1 r - 3HepreTH'IecKaJI IUenL, o6ycnoaneHHaJI napHLIMH 

B3aHMO,neii:CTBHJIMH. 

I+ - B03li Y)I(,4EHH.H B HE 'IE THO- HE 'IE THblX 
.JIAPAX 

IIpe.nnono:>KHM, 'ITO B3aHMo,neiicTBHe /3/ a Hel.feTHo­

He'leTHOM JI,npe reHepHpyeT KOJIJieKTHBHLie COCTOJIHHJI, DpH­

Ha,nne:>KaiUHe Be TBH HeTO:>K,neCTBeHHLIX 'laCTH'IHO- ,nLipO'I­

HLIX B036y:>K,neHHH CO CDHHOM H 'leTHOCTLIO 1 1. B rapMOHH­

'IeCKOM npH6JIH:>KeHHH MO,neJibHLIH raMHJibTOHHaH, ODHCbiBaiO­

IUHH 3TH Bo36y:>K,neHHJI, BLI6epeM B BH.D.e 

H=H 1 V''" 11 
sqp {~ /10/ 

KonneKTHBHLie 1 - cocTOJIHHJI paccMa TpaoaiOTCH KaK o.n-

HOi}IOHOHHLie BO 36y:>K,neHHJI, BOJIHOBaJI i}lyHKUHJI KOTOpLIX 

HIUeTCJI B BH,ne 

IIJl. ·, = Q ~ I IJl '· -- .l ! r i C 
1 

( 1 ) -- s i C 
' 1 1 0 n I'll n p n p I n p n p ( -,d I:~~~ /11/ 

i 
r,ne r np H snp - ,nByXKBa3H'IaCTH'IHLie aMDJIHTy,nLI I -ro 

B036y:>K,neHHJI, a 

HOpMHPOBKH I '11. 

: 
1!10 - i}IOHOHHLIH BaKyyM. Y CJIOBHe 

CBJ13LIBaeT r i H s i cne,nyiOIUHM o6-
• I 

pa3oM: 

2 2 
!!ri -si 1-1. 
np np np 

PewHB ypaoHeHHJI .naa:>KeHHJI 

[ H , Q ~ ] ~ uJ Q ~ , 
I I I 

np np 

/12/ 

I:l 

/13/ 

Haxo,nHM ceKynspHoe ypaaHeHHe .D.JIB onpe.neneHHJI 3Heprau 

B036y:>K,neHHJI (:,) i; 

7 



2 ~ 2 b2 b2 b b pn 
l I ( 

pn ) - ~- ll I ( pn - pn ) - _1_j_ -
w. + E 2Kf3 np w.-E w.+E 2Kf3 np w.-E 

I pn I 

-II 

pn 1 pn 1 pn 

1 2 
(j)i ~) l = 0' 

pn 

1141 

r.ne E pn = E P +En - ,nByXKBa3aqacTaqaaJI 3HeprHJI ueiiTpoa-
npoTOHHOH napbl. 

KaK H3BeCTHO, npa oT6pacbiBaHHH MHO)I(HTeneii, co,nep-

1 
*amax . E , nonyqaM ceKyn.11paoe ypaBaeuae B Me To-

w i 1 pn 

.ne TaMMa-,lJ;aHKOBa. 
Auana3 ypaBHeHHJI 1141 noKa3biBaeT, qTo npa nono)I(H­

TenLHOM 3uaqeaaH Kf3 nepBoe peUJeuae aaxo,nHTCJI Bblllle 
nopora ue8Tpo-npoTouaoro ,nByXKBa3aqacTaquoro Bo36y)l(­
,neHHJI, H BO~MO)IQiai+~HTyaUHJI, KOr,na Me)I(JJ.y HeKOTOpbiMH 
nomocaMH E pn H E pn ae no.IIBn.lleTCJI peUJeaae w i , HO 
3aTo B TaKoM cnyqae Me)I(JJ.y ,npyrHMH nonrocaMH 6y.n.eT 
,nBa pa3naqablx peUJeHHJI. 

BocnonL30BaBUJHCL ycnoBHeM uopMapoBKH 1121, nerKo 
MO)I(HO nonyqHTh Bblpa)l(eHHJI ,nnJI ,nByXKBa3aqaCTHqHbiX aM-
llllHTY.ll. r i H S i np np 

1 
b +L b 

r 
np 

\1 yi 

pn I pn 

w - E 
pn 

. b 
S 1 - 1 pn + L. b 

np·- ·-- 1 pn 

\ y (j) _;. i . E 
pn 

r.ne L . a y. onpe,neneHbl cne,nyromaM o6pa3oM: 
I I 

-2 
1 b pn 

L.=l--I(--
1 2Kf3 np w. -E 

1 pn 

) l / 

8 

1151 

H 

b ( ... 1:..__ 
/I bpn pn w. -E pn np I 

1 
Wj +Epn 

2 - 2 
(b +L b ) ( b + L b ) 

Y = I l pn 1 pn _ pn 1 pn l . 
i np (w. -E ) 2 (w. + E ) 2 

1 pn 1 pn 

1161 

Ilpa nepexo,ne oT ccl>epaqecKoro .11,npa K .necl>opMapoBau­

HOMY raMOB- TennepOBCKHe 1 + -COCTOJIHHJI pacmennJIIOTCJI 
aa cocTOJIHHJI, xapaKTepa3yeMble npoeKuaeii yrnoBoro Mo­
MeHTa Ha OCh CHMMeTpHH K = 0 H 1, H BCe cl>opMyllbl 1131-
1161, nonyqeaable B ccl>epaqecKoM cnyqae, coBna.n.aiOT c 
cl>opMynaMH pa6oT/ ll/. 

XapaKTepuoii Benaqaaoii ,nn.11 raMoB-TennepoBCKHX 1~­
cocTOJIHHH JIBllJieTCJI BepOJITHOCTh {1 -pacna,na HX Ha OCHOB­
Hble COCTOJIHHJI COCe,nHHX qeTHo-qeTHbiX JI.!J.ep. IIOCKOllhKY 
onepaTop {3 < ± >-pacna.na JIBn.lleTcJI reuepaTopoM raMoB­
TennepoBcKoro BO 36Y*.D.eHHJI I eM. 131 a I 41 I, MO)I(HO 
O)I(H,naTh, qTo B3aHMO.D.eHCTBHe 131 6y.n.eT reuepapoBaTb 
KonneKTHBHble COCTOJIHHJI, xapaKTepH3YIOUUfeCJI 6onblll0H Be­
pOJITHOCThiO {3-pacna.n.a. 

Ma Tpaqable 3neMeHTbl {1 - pacna.na qeTno- qeTaoro .11,npa 
Ha pa3nHqHble COCTOJIHHJI (<Ji B ueqeTuo-aeqeTHOM .11,npe 
THlla 0 + • 1 + paBHbl · H.· 

1 . ( + i J I, IJI . 
I IJI ' I [ Q T I fl ;> = --M {3 ( +) = < () ! ' i ' 11 ' ' K f3V 2 y i 

Mi -=<IJiii[Q T<-i]!IIJI li 
{3(-) 0 . i ' 11 '' 0 > = -

K {3\; 2 Yi 

1171 

Mo>KHo noKa3aTL, qTo 3TH MaTpaqable 3neMeHTbl y,noB­
neTBOPJIIOT cne.nyromeMy npaBHny cyMM / 131 : 

. 2 i 2 2 -2 
~ II M {3

1 <-> ! - ! M f3 (+)I l = I ( bpn - b pn ). 
1 np 

1181 
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KpoMe HH.D.HBH,IJ.yaJibHLIX xapaxTepHCTHK OT,IJ.eJibHLIX co­

CTOBHHH, llOJie3HO HCCJie,IJ.OBaTb llOBe,IJ.eHHe ycpe,IJ.HeHHOH no 

:mepreTH'IeCKOMy HHTepBaJiy i'lE CHJIOBOH•<iiYHK~HH {3 - pac­

na,IJ.a B JaBHCHMOCTH oT 3Hepraa B036y:>K,IJ.eHHB. CaJIOBLie 

4lyux~HH {3 -pacna,IJ.a, corJiacuo /8/, onpe,IJ.eJIHM cJie.D.YIOII.UIM 

o6pa3oM: 

(±) 

s/3 
1 . - ! I M 1 2 

!l E(!lE,il) {3 (±)I • 
/19/ 

MaTpH'IHLie 3JieMeHTLI {3 -nepexo,IJ.OB onpe,IJ.eJIBIOTCB H3 

/17/, a ycpe,IJ.HeHHe npOBO,IJ.HTCB Ha HeKOTOpOM HHTepBaJie 

3Heprau B036y:>K,IJ.euau. 

FAMOB- TEJIJIEPOBCKHE B3AHMO,l(EHCTBH.Jl 
B HEIJETHhiX .Jl,l(PAX 

PaccMoTpHM KOJIJieKTHBHLie raMoa- TeJIJiepoacxae xoJie-

6aHHB B He'leTHbiX B,IJ.pax. flpe,IJ.llOJiaraeM, qTo B He'leTHOM 

B,IJ.pe HMeeTCB O,IJ.Ha KBa3H'IaCTH~a B ,IJ.OllOJIHeHHe K KBa3H­

'IaCTH~aM H <llououaM ueqeTuo-ue'leTuoro ocToBa. BoJiuo­

BYIO <iiYHK~HIO He'leTHOH CHCTeMbl Hll(eM B 3H,IJ.e 

j ~ i I-f-

1 'P . > = n k 1'11
0 

·> , 
' Jkmk 

r,IJ.e 

i '+ 
n ""N 

k .i k 
-t + ! a. m . 
J k k ( j, m •fl' 1 ) 

jkjv 

R ii. 

/20/ 

<j m 1 fllikmk>a.-t Q'(11). v v J m 1 
v v 

B ,IJ.aJibHeHliieM BH,IJ.eKC k OTHOCHM K He'leTHOMY HeHT­

pouy, a HH,IJ.eKC v- K.He'leTHOMy llpOTOHY.AMnJIHTY.D.LI CMe­

liiHBaHHH N ik a R J~ lv Y.D.OBJieTBOpBIOT ycJIOBHID uop-
11 

MHpOBKH: 

/21/ 
i i 2 

N 2 I ! R k lJ 1 
j k (j .il i i 

+ 
B /20/ npe,IJ.noJiaraeTcB, 'ITO B03Myll(eHHeM <llououa Q i (fL) 

He'leTHOH KBa3H'IaCTHUbl MO:>KHO npeue6pe'lb, T .e. CeKyJIBp­

HOe ypaaueuae I 14/ onpe,IJ.enseT 3Hepraa o,IJ.uo<llououuLix 

COCTOBHHH, a /15/ r ~p H S~p 

10 

raMHJibTOHHaH, OllHCLIBaiDII.UIH B3aHMO,IJ.eHCTBHH He'leT­

HOH KBa3H'IaCTH~LI c 1 + -<llououaMH npa noMOII.UI /8a/ a /86/, 

MO:>KHO npe,IJ.CTaBHTb B CJie,IJ.yiDU(eM BH,IJ.e: 

H ~H ·v coli 'V int 
- sqp + {3 + {3 /22/ 

)].JIB B,IJ.pa C He'leTHbiM 'IHCJIOM HeHTpOHOB, pernaH ypaB­

HeHHB )l.BH:>KeHHB 

' t k . ' ' 
[H,n~ l~w;, n~, /23/ 

nocJie uecJIO:>KHLIX BLI'IHCJieHHH uaxo,IJ.HM cexyJispuoe ypaB­

ueuue 

- 2 
J,. ! _1_ 

(d ~L d ) 3 W . -E. kl· i ~,.,. 

/24/ jk ; •. i,/ Y; WI.. -(d. -E. 2 j • I 
. ' J,. 
I I J,. 

Kopuu JToro ypaBueuuB W ~, onncLIBaiOT Juepruu cocTOB­

uno /20/, a (oj. - 3Hepruu 1' -aoJ6y:>K,IJ.euuu He'feTuo-ue-
1 

'feTuoro ocToBa. HcnoJibJYH ycJioBne uopMnpoBKH /21/ H 

ypaBHeHHe /23/, HaH,IJ.eM O,IJ.HOKBa3H'faCTH'IHble H TpeXKBa3H-

'IaCTH'IHble aMnJIHTY.D.LI N. u R .i.~.i_,. cooTBeTcTBeuuo: 

r,IJ.e 

I II 
J,. 

N. 
.I k 

1/\l•Z .. 
I 

3 1 d k ,,-Lid kv 
c\---

R iki, 
iiI' 2j + 1 

k 
w k vY; ;'- wi -Ei 

v 

N. , 
jk 

3 Z.~--1 
2jk +I i ,v \ y i 

(d - L d- )2 
k1/ i ku 

k -2. 
( W . • - uJ . - E . ) 

/25/ 

I I Jv 
)].JIB B,IJ.pa C He'leTHbiM 'IHCJIOM llpOTOHOB B Bblpa:>KeHHBX 

/24/ H /25/ CJie,IJ.yeT llpOBeCTH 3aMeHy d • 0 k I/ H 
k ' " ku <--

(- v • ( +) 

Tenepb paccMoTpHM {3 ~ -nepexo,IJ. Me:>K,IJ.y ue'leTHbiMH 

B,IJ.paMH. llpHBe,IJ.eHHaB BepOBTHOCTb nepeXO,IJ.a Bblpa:>KaeTCB 

CJie,IJ.yiOU(HM o6pa30M: 

II 



B<±> (j ~ j )=-1-l<i liT<±> llj ~1 2 

r -T k v 2 i + 1 v 11 k , 
k 

/26/ 

(+) (+) 
r,ZJ,e T 

11
-- onepaTop f3 --nepexo,ZJ,a /eM. /4//. 

KaK H3BeCTHO, a MO,ZJ,enH He3aBHCHMbiX KBa3H'IaCTHU 

f3 -nepexo,ZJ,bl MO>KHQ pa3,ZJ,enHTb Ha ,ZJ,Be rpynnw: 

a/ nepe XO)J,bl C pacna,ZJ,OM He'leTHOrO HyKnOHa, T. e. KOr ,ZJ,a 

'IHCnO nap B CHCTeMe He MeHJieTCJI; 

6/ nepeXO)J,bl C H3MeHeHHeM 'IHCna cnapeHHblX HyKnOHOB 

B HeiiTpOHHOH /npOTOHHOH/ CHCTeMe. 

Hcnonb3YJI /4/, /20/ H /25/, nocne rpoM03JJ.KHX abl­

'IHcneHHii nony'IHM ,ZJ,nJI npHBe,ZJ,eHHOH aepOBTHOCTH f3(±tne­

peXO,ZJ,a Me>K)J.y He'leTHblMH JI,ZJ,paMH Bblpa>KeHHJI: 

a/ 'IHCnO nap B CHCTeMe He MeHBeTCJI 

'+) 2 2 2 2 2 (-) (-) 2 
s,;T(k •v) ;:; ak uku N 0 N 0 (1-2K~ + 2Kr:J0 ) • TJ 

- v VJk lv fil t-'2 /27/ 

6/ 'IHCnO nap B CHCTeMe MeHBeTCJI 

±) 2 2 2 2 2 (+) (+) 2 
B r-T (k •v ) :::: ak v k v N 0 N 0 (1- 2 "r:J 0 l + 2 K r~O 2 ) • TJ , /28/ 

v v Jk J v tJ tJ 

r,ZJ,e 

akvc < jk \la!\i v 
i 2 

\+! oi c !. t 
i,i '.j + 

v <Ui 

M f3 \-l 

+E. 
lk 

-wv i , 

\~) 

31 ~ ?; . 
1,1 .j~, 

\+) ~ 
0 = ~ 

2 i,i '·iv 

12 

i 2 
M <-> M i 2(+J (3 --k-

... R + E -W , ~ v w+. i E -Wi' i lv <Ui + ik 

1 

eu tE. -Wk, 
lv i. 

+ 
1 

w +E -Wv 
ik i, 

/29/ 

uk uv i i 
1--M r:J<+JM r:J(-) 

vkvv tJ tJ 

l 

I 

(-)_ !. 
0 - , 0 

2 i,i •lv 

1 1 v v 0 

+--- I k vM' Mi 
cui + E . - W !", w + E . - W k- ;-;-- r& l r:J <-! 

lk 1 i lv i' k v P tJ 

H 

-l 
,
1 
= 1 ( 2j i + 1) , 

2 
ecnH JI,ZJ,po c<iJepH'IecKoe, 

< j i Ki I Kr-1\ I j fK p. ecnH BJJ.PO JJ.e<iJopMHpoaaHHoe 

H3 /27 I H /28/ BHJJ.HO, 'ITO a npe,ZJ,enbHOM cnyqae Kf3 = 0 , 
N i k = N i = 1 nonyqaeM npHBe,ZJ,eHHble aeposTHOCTH {3- pacna­

,ZJ,a B o.i(HoqaCTH'IHOH MO,ZJ,enH CO cnapHBaHHeM. 

PE3YJibTATbl PACqETOB H OECY)J(,[fEHHH 

B pacqeTax Hcnonb3oaanacb cxeMa OJJ.HO'IaCTH'IHbiX ypoa­

Heii a c<iJepH'IeCKOM H ,ZJ,e<lJopMHpoaaHHOM noTeHn;Hanax CaK­

coHa-By,ZJ,ca. YpaaHeHHB illpe,ZJ,HHrepa c TaKHMH noTeHn;Ha­

naMH pewanHCb MeTO,IJ,OM, pa3BHTbiM B pa6oTaX / 
15

-' Ilapa­

MeTpbl cpe,ZJ,Hero nons H KOHCTaHTa napHoro B3aHMO,ZJ,eii­

CTBHB 6panHCb cor naCHO pa6oTe /l 6 /. IlpH Bbl'IHCneHHH xa­

paKTepHCTHK napHOrO B3aHMO,ZJ,eHCTBHJI L\ r H ,\ r B c<iJe­

pH'IeCKH-CHMMeTpH'IHOM 6a3Hce Y'IHTbiBanocb 20 ueiiTpoH­

HbiX H npoTOHHblX ypOBHeH, a B aKCHanbHO-CHMMeTpH'IHOM 

6a3HCe - 77 HeiiTpOHHbiX H npoTOHHbiX ypoaHeii. KoHcTaHTa 

raMoB-TennepOBCKOrO B3aHMO,ZJ,eHCTBHJI no,ZJ,6HpanaCb TaK, 

'IT06bl nony'IHTb y,ZJ,oaneTaopHTenbHoe cornacHe pac'leTHbiX 

H 3KCnepHMeHTanbHbiX 3Ha'leHHH £g f t ,ZJ,nB p.H,ZJ,a nepeXO,ZJ,OB 

Me>K,IJ,y HH3KOne>KallUIMH COCTOJIHHJIMH He'leTHbiX JI,ZJ,ep B 06-

nacTH A = 120. Bw'IHcneHHB npoao,ZJ,HnHCb no <lJopMynaM 

/27 I H /28/, B KOTOpblx y'IHTblaaroTCJI nonspH3aUHOHHble 

34J<lleKTbl B MaTepHHCKOM H )J,O'IepHeM JI,ZJ,pax. 

Pac'leTbl noKa3waaroT, 'ITO raM:oa-TennepoacKHe B3aH­

Mo,ZJ,eiicTBHB /3/ npHBO,IJ,JIT K ManbiM TpCXKBa3H'IaCTH'IHbiM 

npHMeCJIM B OCHOBHOM H HH3KOne>KallUIX B036y>K)J.eHHbiX co­

CTOJIHHJIX. 3TH npHMeCH 06bi'IHO He npeBbiWaiOT 1~ HOpMbl 

aonHoaoii <ilYHKUHH H cna6o 3aBHCBT oT Kf3 • Ha puc. 1 
noKa3aHbl pe3ynbTaTbl TeopeTH'IeCKHX pac'leTOB H 3KCnepH­

MeHTanbHble 3Ha'leHHB £g f t . PalyMHoe cornacHe pac'leToB 

13 



C 3KCllepHMeHTaJibHbiMH ~aHHbiMH llOJiyqaeTC.II npH 3Ha'leHHB 

Ko = 1,5-2 M:JB/cM. <1JopMyny"/2//.3TB3HaqeuuJI 

KO HCllOJib3Y10TC.II B llOCJie~yiO~BX pacqeTaX. 

H3secTuo, 'ITO nerKBe B30TOnbl Ba , Cs u Xe BMeJOT 

CTaTB'IeCKYIO paBHOBeCHYJO .n.e<IJopMal.{BJO, OTJIH'IHYIO OT HYJI.II. 

TeopeTuqecKue pac'leTbi pasuosecHbiX .n.e<IJopMauuii u 3Hep­

ruii .n.e<IJopMauuii .IJ.JI.II qeTHo-qeTHblx .H.IJ.ep 3Toii o6nacTu 

llpOBO,IJ.BJIHCb B pa6oTe 17 ·' C HCllOJib30BaHHeM llOTeHI.{HaJia 

Hunbccoua. HeiiTpouou36biTO'IHble .II.IJ.pa 3Toii o6nacTH B3y­

qanucb B pa6oTe IH B O,IJ.HO'IaCTH'IHOH CXeMe llOTeHI.{BaJia 

CaKcoua- By.n.ca. 

B .n.auuoii pa6oTe Bbi'IHCJieHH.II napaMeTpoa .n.e<IJopMauuu 

H3Y'·taeMbiX .II,IJ.ep npOBO~HJIHCb TaK )l(e KaK B
1

lll 
1

, Y'IHTbiBa­

JiaCb KBa.n.pynonLHaJI -{-! 20 u reKca.n.eKanoJILHaJI -ri
40

• .n.e<IJop­
Mauuu. 

6 

5 

¥ 

J 

fDfft 

~ t-J 
.... ---~--· ..--....-- ... ... 

L--L--~--~l~~--~ ~--~-----
121 IZJ 125 121 12J 125 Ill IZJ Jl 

suSn -s,SI ni SfTe 

d 000.110'(/(Q 

uln -~n 

p o6Mo 'f xa 

Puc. 1. CpaeHeHue 111eope111u<~ecKux u :JKcnepuMeHlllaAbHbiX 
3Ha<~eHuii fgft. HcnoAbaoeaHbl cAeoyrorque o6oaHa<~eHu.R: 
wmpux-nyHK111UpHa.R AUHUJI - oOHo<~acmu<~Ha.R MoOeAb, nyHK­
mupHa.R - oOHo<~aC111U<~Ha.R MoOeAb c y<~ellloM napHozo eaauMo­
oeiicmeu.R, CnAOWHUJI AUHUJI - paC'le111bl no (JopMyAaM /27~ 
U /28/, lllpeyZOAbHUKU - 3KCnepuMeH111UAbHble 3HU'leHUJI I. 

TBllB'IHa.ll 3aBBCHMOCTb 3HeprBH OCHOBHOrO COCTO.IIHB.II 

{ff; ( {3 20 , {3 40 ) OT napaMeTpa .n.e<IJopMal.{BB {3 ZO llpB <IJBKCB-

posauuo:M 3Ha"'eHBH {140 npuse.n.eua .IJ.JI.II Tpex B30Tonos :Xe ua 

puc. 2. KaK B~HO B3 pHCYHKa, <IJyHKI.{B.II {ff; ( f3zo, [3
40

) BMeeT 

14 

Z=54 

J 

z 
1 

·o.Jo~o.zs -0.20 -o.Js -o.JO -aos 

e,.,J 
A =0.08 
)~0 

N 
611 
6Z 
60 

o.os 0.10 0.15 o.ao a25 0.30 ~0 
Puc. 2. 3a8UCUMOC111b 3Hep2UU OCH06H020 COCIIIOJIHUJI U301IIO­
n06 Xe 0111 napaMelllpa KeaopynOAbHOii oe(JopMaijUU. 

,IJ.Ba MHHBMyMa: npB llOJIO)I(BTeJibHOH B OTpHI.{a TeJibHOH KBa~ • 

pynOJibHOH .n.e<IJopMal.{BH, npB"'eM llOJIO)I(BTeJibHa.ll ~e<IJop:Ma-· 
UB.II 3HepreTB"'eCKB 6onee Bhlro.n.ua. 0TMeTHM, "'TO 3asu­

CBMOCTh 3HeprBB ~e<IJop:Mal.{BH OT {3 40 OKa3hlBaeTC.II CJia6oii. 

,[l,anee BCCJie,IJ.OBaJIHCb CTpyKTypa B pacna,IJ.Hble CBOHCTBa 

raMOB-TeJIJiepOBCKHX B036y)I(,IJ.eHBH B He"'eTHhlX H30TOllaX 
11 7- 123 Cs. Ilpe.n.cTaBJIJieT 6onLwoii BHTepec ycTaHOBHTh 

06JiaCTb 3Hepruii, B KOTOpoii Jie)l(aT COCTO.IIHH.II, 3aCeJIJIJO­

~eC.II C HaH60JibWeii BepO.IITHOCTblO {3 (+) -pacna,IJ.a, H H3y­

"'BTb llOBe,IJ.eHBe CBJIOBOH <IJyHKI.{HH B 3aBHCHMOCTH OT 3HeprBH 

B036y)l(~eHB.II. Ha puc. 3 noKa3aH cneKTp raMoB-Tennepos­

CKBX B036y)I(,IJ.eHBH C HaH60JibWBMB 3Ha"'eHB.IIMB npHBe,IJ.eH­

HbiX BepO.IITHOCTeii {3 (+)_pacna,IJ.a B He"'eTHOM H30TOlle ll9Cs 
B c<IJepuqecKOH B .n.e<IJop:MHpOBaHHOH O,IJ.HO"'aCTH"'HOH CXe:Me 

COOTBeTCTBeHHO. Ha puc. 3a OTC"'eT 3HeprBH Be,IJ.eTC.II OT 

npe~nonaraeMoro ocuosuoro cocTO.IIHB.II .IJ.O"'epuero .II.IJ.pa 

2d ~~ 2 · Auanu3 noKa3biBaeT, "'TO B o6nacTu 3Hepruu 3-4 M:JB 
cocTO.IIHB.II cna6o KOJIJieKTBBH3Bpoaaubl u xapaKTepH3YJOTC.II 

MaJibiMB 3Ha"'eHB.IIM~ npuae.n.euuoii sepo.IITHOCTH B ~~T 
Cpe,IJ.B 3TBX COCTO.IIHBH BMeeTC.II O,IJ.HO CO cpaBHHTeJibHO 

6oJILUIBM 3HaqeuueM Bf~!T"" 0,3, KOTopoe .IIBJIJieTcJI no"'TB 

TpeXKBa3B"'aCTH"'HbiM COCTO.IIHBeM C KBa3B'IaCTBI.{aMH Ha 

ypoBH.IIX 2d;/2(2df12,2d3j 2 ) 1+ . B o6nacTB 3Hepruii 5-6 M:JB 
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Q6r e§+) 
r-T 

0..5 t 
q~ 

Q3 

0,2 

0,1 

l 
2 

' 
W -£(P!'f22tf} 

l 

0,6t er) r-r 
rM a 

0,~ 

0,3 

0,2 

O,J. 

l 
z ,; lf 6 7~-£?'1-d;.) 

Puc. 3. CneKIIP r- T 6036yxoeHUU OAJI 
119

Cs 6 ct,/JeputteCKOU 
/a/ U c)et,/JopMUp06QHHOU /6/ OOHO'IQCIIU'IHOU cxeMe. 

OCHOBHYJO CBny {3 (+Jnepexo,na B6BpaeT B ce6JI OAHO COCTOJI­
HHe c npase.neaaoii sepoJITHOCTbJO B ttJr=o,6. B sonaosoii 
lilYHKUBB 3TOrO COCTOJIHBJI ,nOMBHBpyiO~eii JIBnJle~CJI Tpex­
KBa3H'IaCTH'IHaJI .KOMDOHeHTa 2d ; 12 ( ~g.f,. 2 1 g; 12 ) I · 

Ha puc. 36 OTC'IeT 3HeprBB se,neTCJI OT npe,nnonarae­
MOro OCHOBHOrO COCTOJIHBJI ,noqepHero Jl,npa I I 9Cs, B KOTO­
poM He'leTHblB npOTOH HaXOABTCJI B none ,ne!llopMHpOBaHHOrO 
ocTo sa Xe Ha yposHe p[ 422 + ] * . HanH'IHe .ne!llopMaU.HB 

' ~OpMa CHnOBOB lilYHKUBH ManO'IYBCTBHTenbHa K COBHaM 
OCHOBHblX COCTOJIHHB MaTepBHCKOrO B ,noqepHero Jl,nep. 

16 

:/1') q6r '(3 .ll =1.2 3 

0,/i 

~2u 2 

P;6 t 5t) 
WI -

Jl==-12 i 

0,2L= g 

a6t 5(+> 
q4 r 11=119 

<V· 0 
l.,.c: 

q~ t ~(+) 
06 ~ 

) IIi' 5a (nf'11.3t])-+ 11Cs(pHU<J) 

0/f ·-
qz a 

I 
I =Fl' 
2 4 10 WJJ1te5) 

/, 

6 g 

Pfl_,')· 4. 3HepzeiiiU'IeC~~JI 3Q6UCUMOCI/Ib CUA060U fPYHKijUU 
S 73 u3omonoa I I 7- 3 Ba. YcpeoHeHue npoaoouAocb 6 
uHmep6aAe 3Hepzuu f1E = 0,75 M3B. 

pe3KO ysenB'IBBaeT 'IHCnO B036y~,neHHblX COCTOJIHBB, B HX 
nnOTHOCTb AOCTBraeT npBMepHO 15 M3B-I. Ilo3TOMY BHTe­
pecHO npocne,nHTb xo.n canosoii lilYHKUHH {3(+) -pacna.na, 
onpe,neneHHOH B /19/,' B JaBHCHMOCTH OT 3HeprHH B036y~e­
HHJI ,noqepuero Jl,npa. PacqeTbl noKaJwBaJOT, 'ITO canosaJI 
lilYHKUHJI p<+l.pacna.na II 9 Ba HMeeT MaKCHMYM npH 3HeprHH 
4-5 M3B /eM. puc. 46/, 'ITO xopomo cornacyeTCJI c 3Kcne­
PHMeHTanbHblMH ,naHHblMH rpynnbl KapHayxosa /I 91. Ilpa 
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Ta6nuu.a 1 
XapaKTepBCTBKB PJI,Z\a r -J 

3Ha'leHBJIMB B (+ 
B036r:>K,I\eHBH 

B I9Cs 
C HaBfiOnLWBMB 

r-T 

1HeprHff 
' (.,.) CTpyKTypa B036YJKJ(CHHf! 

hr-r f.Jtt COCTORHH!1 W; (:hB) 
n p r' 

4.47 0,0113 4.83 (42Jf - 42.11 ) 4131 88% 
(4041 - 404t ) 4131 IO,~ 

(404i- - 404' ) 4!31 56% 
(5411 - 532 f ) 4131 21,.; 

(4201 - 422 t ) 4131 8% 
4.50 os.~o 4.02 ('f! Jl -+ 4311 ) 4131 3,; 

(422J - lf20 1 ) '' T31 4; 
(4!31 - 413t ) '•:31 2.5% 
( 411 t + 4311 ) 4!31 C...'-1 

(4III + '•3I l ) 4I3t 58; 
'+.l ~ O.OM 4.67 ,4III - 43:!:i ) 4!3; 2!: 

(404; - 4!31 ) 1fi3i s: 
(404t - 404~ ) 4I31 (.5; 

(4131 - 413! ) 4 T3o 70~ 
(!,dl t 4II o ) 4I31 ~Oj 

5.24 n.l4G 4.08 (4041 - 4r4t ) 4I3r 4;; 
(4021 - 4I3t ) 4!31 l. 5; 
(4021 - 420. ) 4~3i I, 

cltopMBpOBaHBB 3TOrO MaKCBMyMa ,Z\OMBHBpyiOU{YIO ponL Hrpa­

JOT B036y>K,Z\eHHLie COCTOJIHHJI C 3HeprHeii 4,5 H 5,2 M:JB. 
3TH COCTOJIHHJI BfiHpaiOT B cefiJI OCHOBHYIO /90fl/o/ CHny 

{3(-, lnepeXO,Z\a. CTpyKTypa TaKHX COCTOJIHHH DpHBe,Z\eHa B 

Jta6A. 1. H3 Ta6nuu.LI BBAHO, 'ITO B aonHOBLIX «llYHKU.HJIX 

3TBX COCTOJIHHH rnaBHLIMB JIBnJIIOTCJI TpeXKBa3H'IaCTB'IHLie 

KOMDOHeHTLI n[413 .1-)lp [404 ~]-n[404+ w1t n[413• ]lp[413 ·] -n[413.] 11 + 
COOTBeTCTBeHHO. 

18 

Ha puc. 4 ,Z\eMOHCTpupyeTCJI XOA cunoaoii «llYHKU.BB 

.I\nJI 'leTLipex He'leTHLIX B30Tonoa 
117 

- I
23 Ba. P ac'leTLI 

noKa3LIBaiOT, 'ITO c yaenu'leHBeM Maccoaoro qucna A non­

HaJI cuna f3 (+~pacna,Z\a yMeHLwaeTCJI, u nono>KeHue MaKcu­

MyMa CBnOBOH cllYHKIJ.BB CMell{aeTCJI B CTOpOHY C MeHLWBMB 

3HeprBJIMB B03fiY>KAeHBJI. 

HaKoHeu., ua puc. 5 cpaauuaaiOTCJI 3KcnepuMeHTanL­

HaJI / 20/ B TeopeTB'IeCKBe CBnOBLie cllYHKU.BB, non~'leHHLie 
B ccllepB'IeCKB CBMMeTpB'IHOM 6a3BCe ,Z\nJI JI,Z\pa II Xe B 

pa6oTe MapTHHCeHa u PaH,Z\pyna19/ u B HaCTOJIIIJ.eii pa6oTe. 

KaK BB,Z\HO B3 pucyHKa, HaWB pe3ynLTaTLI XOpOWO ODBCLIBa­

IOT aficoniOTHYJO BenB'IBHY B Ka'leCTBeHHOe DOBe,Z\eHBe CB­

nOBOH cllYHKU.BB B 3aBBCBMOCTB OT 3HeprBB raMOB-Tennepoa­

CKOrO B036y>K,Z\eHBJI. 

,5. ~(.&f. c'(-t-'® 
'f3 jv t-Jp/"' 

10-3 

Lo-'f 

a 1 I 1 b J r----

----- ,----- \r·-- -- =--
, -:_ I --, 1111 

V -•- -----~· • I J+; -~ ·~ . . I . . 1;------ ,! 
I I -L0-.5 

I . 
l_ _____ j 

to-6 

1 2 3 lf 5 6 
WJflteS) 

Puc. 5. Cpa6HeHue Jteopemu~ecKux u :JKcnepuMeHmaAbHOU 
cUA06biX tPYHK'L#UU f!30Jtona 11 7 Xe • S /:r.) onpeoeAeHa 6 
/19/, (gA/gv)2 = 1,55, D =6260 c., ycpeoHeHue npo6o­
ouAocb 6 UHJtep6aAe 3Hepzuu ~ E = 1 MaB. a - COOJI-
6€JICJI6Y€JI 6bJ~ucAeHu.RM MapJtuHceHa u PaHopyna /9/ 6 
o6oAo~e~Hou MOOeAu co cnapu6aHueM, 6 u 6 - peayAbJIOJtbJ 
HacJtO.RUieu pa6oJtbJ c K f3 = 0 u Kf3 = 0,13 MaB, coo•-
6eJtCJt6eHHO. CnAOWHa.R Kpu6a.R omHocumc.R K aKcnepuMeH­
"Y /20/. 
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PeJynLTaTw uccne~oaaHBB MO~no pe3IDMBpoaaTb cne­
~YIDIUBM o6pa30M: 

• 119,121 
1. TeopBB npe~cKa3LIBaeT ~nB B30Tonoa Ba MaK-

CBMYM B CBnOBOB $yHKUBB {3 (+) -nepexo~a npB :meprBB 

4-5 M3B, B $opMHpOBaHBB KOTOpOrO rnaBHLIMB BBnBIDTCB 
pa3peweHHble a. u. - nepexo~LI p [ 404 ~] -~ n [ 404 .1.] B 

p r 413 t l • n [413 .!.]. CocTOBHHB 3TOH o6naCTH ~aiDT npa­
Mepuo 90~ BKna~a a nonny10 cany [3<+Lpacna~a. llo3TOMY 

oua Moryr ua6nro~aTbCB a onwrax c 3ana3~WBaiDJ.UBMH npo­
TOHaMH. 

2.· llpH H3MCHCHBH KOHCTaHTW r- T B3aHMO~CHCTBHB 
nono~CHHe MaKCHMyMa H $opMa CHnOBOH $yHKUHH CYJ.UCCTBCH­

HO He MCHBIOTCB, a H3MCHBCTCB TOnbKO a6coniDTHaB Bepo­
BTHOCTb {-~( 1 )-nepexo~a /nanpHMep, DpH yaenH'iCHHH K{i B 

~aa pa3a B l('~'l yMeHLwaeTCB ua 40~/. 
3. cl>opMa CHnOBOB $yHKUHH HC'iYBCTBHTenbHa K CDHHaM 

OCHOBHLIX COCTOBHHB B~ep, y'iaCTBYIOJ.UHX B f3 -pacna~e. 
C yaenH'iCHHeM Maccoaoro 'iHcna A MaKCHMYM cunoaou 

I 1- 12'l 
$yHKUHH H30TODOB '- ' Ba CMemaeTCB B CTOpOHY MCHb-

WHX 3HeprHB B036y~~CHBB. 

B 3aKniO'ienae BLipa~aeM CBOIO npH3HaTenbHOCTb 

H.H.llBTOBY a B.A.Kapuayxoay 3a HHTepec K pa6oTe H 

UCHHLIC COBCTW. linaro~apHM TaK~e B.KapTaBCHKO 3a no­
CTOBHHYIO DOMOJ.Ub. 
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