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I. B B e ll e R H e 

nnoTHOCT~ HHSKoneza~X COCTOHHHI B CP6llRHX H THZ6~ 

Hllpax HeBenaKa. Cpellftee pacc~OHRHe )). M8Z,ly HHSKOneza~ 

ypoBRHKH c onpelleneHHHKB aua~eHBHKH cnHHa I H ~eTBOCTH ~ 

COCTSBnHeT H8CKOn~KO MaB. CTpyKTypa OCHOBHHX H RHSKoneaa~X 

COCTOHHHI llOCTSTO~BO XOpomo ODHCHB88TCH B p8MK8X DOnyKHKpo

CKODH~eCKOrO nollXOllB o nouo~ KBSSH~acTRU H wososoB. 

C pOCTOM 3BeprHH B08~Jill8BHH yBenH~BBS6TCH nnoTHOCT~ COC

TOHBBI, fipH 3B8prBHX B08~Yall8BKH, p8BHHX SReprBHM CBH81 Rel

'fpOR8 ..B, , cpellJiee paccrosne KalltJlY ypoBBHIIB c onpe~nes

BHKH aua~eBHHilB I 7 
B epellBHx H THsema Bllp&X npgRHM&eT asa

~eBBH B HBT8pBale O'f I 3B llO IO laB. 9BeprBH CBH81 B81TpoR8 

13, Q~ ll)lep, nea&JIPIX B BORe } -QTS~Hn~ROCD B B(SJIHBI Bee, 

B811esneTOH oT 4 llO IO MaB. fipl TBKBx- aseprBHX Boa6ysllens 

nnOTBOCT~ COOTOHBHI B08p8CT88T B __ Io5-Irf pas. 

CTpyKTypa BHCOKOB08~Yll£ll8BBHX COCTOHBHI 1 T.e. OOOTOHBKI 

0 aueprHel OBH81 B81TpOB8 .B, B 60nHe. Bee, BBJIH8TCH B8C!I-

118 CJIOlltBOI. CBOICTBS 8THX COC'fOHHBI ODHCYB8DTCH H8 OOHOB8 

CT8ftCDqecJCOI 110ll8mt Rllp81 % .e. CBOIOTB8 BB8KOJ18li8JUIX B BH

COKOB086Yll£ll8BHHX COCTOHBII OD.ICYB8DTCH C DOIIOUIJ 110ll8J18I, 

HII8DIIIHX DpiBilHD.18JIJ,BH8 O!niAIIJI. 

fipe.ltC'f8BJIH8'f BBTepeO BSHCBBU 118X8BB811, O'fB8TCTB8BBHI 

sa wpar~~es~au.am ollJioqacTH~BHX, llByxq&cT.aqsHx, Tpexqac!M~BHX 

B 'f.lt. COO'fOHBd DO IIBOI'D ypoBBBII 8TOIIBOro Hltp&, H DOBft~J,·, 

K8K npOBCXOllBT yBenaqeBBe nnO'fBOC'fB COC~OHHBI C POCTOII 8B8prBB 



BOS6y~~6HHH. Efi/ 6~n0 YK838HO, liTO B38HMO~e~CTBH6 KB83Hti8C

THU C !POHOH811H M0'1t6T 6~Tl> O~HHM H3 Y6X8HH3MOB, OTBeTCTBeHH~X 

38 !PparYeHT8UHil O~HOti8C THtiHbiX COC TOHHliH. B/I/ ~na MSytleHHH 

nponecca !PparMeHT8UHH H pOCT8 nBOTHOCTH COCTOHHHii C yBenHtle

HHeY aHeprHH B036y~~eHHH 6blna HCilOnl>30B8H8 MO~enl>, KOT0p8H 

npHYeHaeTca ~2/ ~na B~'tll!CneHHH aHeprutt H CTPYKTYP~ HepoTa

UHOHHhiX cocTOHHHl Het~eTHhiX A ~e~PopMHpoBaHHhiX a~ep. Pact~eThl 
nnoTHOCTH I/2+ COCTOHHH~ B 239 tf no 3TOii YO~enH IlpHBenH K 

yBenHtleHHil B roo paa IlpH aHeprHH t= .B, nnOTHOCTH I/2+ coc

TOHHHl no cpaBH6HHil C YO~enl>ll H638BMCHYHX KF83Hti8CTHU. Ha 

3TOH MO~eJIH 6blna npo~eMOHCTpHpoB8H8 !PparY6HT8UHH O~HOt18CTHti

H~X COCTOHHHii no MHOrHY H~epHbiY ypOBHHY. B/I/ 6b1JIO YK88aHO 

H8 He06XO~HYOC Tl> yCOBepmeHC TBOB8HHH 3TO~ MO~enH nyTeM ~068B

JieHHH K BonHoBoH IPYHKUHH t~BeHoB KB88HtlaCTHna nnmc ~a H 6onee 

!POHOHOB ~H TOrO, tiT06bl HCilOJil>30B8Tl> ee ~H HSytleHHH B~COKO

B036y~~eHHbiX COCTOHHHl. 

B HacToameii pa6oTe c~PapryJIHpoBaBa MO)leJI:~> UR onMcaBBR CTJ)YK

TYPH Bos6y~~eHHbiX cocTOHHHii Het~eTH~x ~e!PopMHpoBaHH~x ~ep. 

ITonyt~eHo ceKynapHoe ypaBH6HHe H B~paxeHHH ~R KO~HUHeHTOB 

BOBHOBbiX !PYHKnHii B086yJK~eHHHX COCTOHHHH. Ha IlpHYepe J3S 11 
Ilp0~6MOHCTpHp0B8Hbl B08MOJKHOCTH MO~eJIH ~H OilHCSHHH ITBOTHOCTH 

H CTPYKTYP~ B~coKoBOa6yJK~eHH~x cocToaH»l. 

Mo~en» c~PopuynHpyeu B paMKax rronyYHKpocKonHt~eoKoro no~

xo~a B TeopHH anpa, Kor~a aBHO Bhl~eneHo cpe~ee none H B3aHMo-
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~eiiCDHH, npHBOUBtHe K napHWII KOppellHUHfDI C:Bep:mpoBOUIIt81'0 

~Hna, a ~8KSe Y'IIHTYBBD~CH :B38HMO~eiiCTBHH Me~ KB83H118C!HU8-

MH. 

rSMHJl~~HH8H 1 OfiHCYB8DBtHII B38HMO~ellCTBHH Mes~ HyKJlOHSMH 

B H~pe,aanHmeM B cne~yDDteM BH~e: 

H = H .. r + H,. •• + H, , (I) 

r~e H.., -cpeJUI'ee noJie aeiTJ>OHHoft H npoTossoll CHCTeM, Hpei·e.

B38HM0~8ICDHH1 DpHBOMDtHe K D8pHYM KoppellHUHfDI CB8pXIIpoBOM

Dt81'0 ~Hna, H, -Myn~~Hnonl.-llyn~orHnoJI~oe B381!Mo~elcTBHe. K 

3~My 1'8MHJI~~OBH8Hy MOI'yT 6y~ A06a:&Jl8HH qJ[8HY CDHH-IIyJl~TH

DOJl~fiHH-MyJl~THDOJl~HOI'O B38HMOA8IICTBHH 1 raMOB-%8JlllepoBCKHe 

H ~pyrne. 

llo~en cl)oplynpyeM .us CJlY'IIBH He'lleTHoro A Ae~JIIHpo
:aasaoro upa. O«So~eae aa CJIYllall cwep~qecKOro &Apa npo

BeA811 B CJ181Q"DitliX pa<So!8X. 

Pacc•otpHM BBSJMOAelcTJae KB&3H'II&corau c woaoaaMa B ae-

118TBOII oo A Aewop~apo:aaasOII .vtpe (cM/3 •4'>. B se11eors011 A.
sApe HM88TCB OJUI'8 KB88H118CTHU8 B AOfiOXH8HH8 K KB83H'IIBCTHU81 

H ctoBOBBM 118!'BQ-118TBOI'O &Apa. fipiiOy'fCUHe 3~01 KB88H118CDUH 

npooAHT JE aeCSoJiaOMy HBMeBeBHII wososo:a. OJUI'BKO MY 3THII as

•eaeneM npeseCSperae11 a cutaeM, 11~ B He'lleTBOM A -&Ape 1)<>

HOBY !8KH8 ae, lt8K B 118TBO-q8!JOII &Ape C A - f. KOBC!BB!Y 

J11JI:r.TIIDOJI~yl!J,THDOUBYX B8811110A8ICDHI ~KCBPYIJTCH ltpll OII

p8AIJI~BBB fOBOBOB B 118TB0-118!HYX B~pax, D03TOMy Dpll BY'IIHCJI8-

BRBX B88IIIIO~ICTBBH KB88B118CTBU 0 fOBOBBBI Be! BB OASOI'O OBO

CSOIBOI'O D8piKI!pa. 
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~----~---=------::-----------

EcJI!1 npiiiHH'rl> BO Bm1MBHIIIe ceeyJIHPHI>Ie ypaBHeHIIIfl ;zr.JIH onpe

;zr.eJieHIIIH aHepr~~ ~OHOHOB ~~ (r;zr.e qepes 9 o6osHaqeHo A~j, 
Tip111118M tal ).}I , j -HOMep KOpHH CeKyJiflpHOI'O ypaBH8Hl1H), 

TO COOTBeTCTBymmym qaCTn raMIIIJlnTOHIIIBHa (I) MO%HO 38TIIIIC8Tn B 

cJie;zr.ymll\eL! B~;zr.e (cu./3 •41): - - 111 ~ - 11 '- ') .!:_[_ ( ,:rv.~J1 u,, { £6'Jt-l(1'J1 t- _ 

H"': ~ t{>I}.BWJ- T T y1 ('' (tM•tM}'- w; a,~ 
-.-f [ * [ v;,.j( ~~tv)At~v)+ /'fwjj{~;~{~++ {),}+ (2) 

.1 ~ ~~~ -

+ ( Q
1
+ + G

1
) { {'M.B M .. /fn:J..B '"I'!) J · 

3;zr.ec:D ~ -onepaTop ~oHoHa, E(l} == Ycl-+(Efl)-ii' , r~e 
C -KoppeJIH~OHHBH ~yHKU~fl, ..\ -XIIIIIlfqeCKIIII noTeHD,HaJI, 

[ M -o;zuJot~aC'l'lllqHafl· aaeprHH; qepes (y r) ol1osHa'lleH8. 

COBOKYflHOCTn KB8HTOBI>IX 11111C8JI, xapaKTepiii3YD~X -O;lUJQq8C 

THliH~>~~ ypoBeHn cpe;zr.Hero noJIH, tS' = tl.; 

.~ _ ~ u ,, _- Jtzr, ud~' = u~tf:.,, +- u.,,v.. . 
Vy~' r ~ r' ' r I '' • ' ' ' 

KOa~IIIUIIIeHTI>I npe6pasoBaHIIIfl Eoronro6oBa. MaTplllliHI>Ie aneueHTI>I 

OT -onepaTopa MYJil>TIIIflOJinHOI'O MOMeHTB C f = )}( 0603H81111111 TBi 

(cY/41): 

r;zr.e 



~ 
c(i~ -onepaTOp po~~eHHH KB83H~8CTH~. 

y - L ~1(iiJ 11;;1 w, { tM~ E(¥:1) 

S - i, i' [ ( t/1).,. E (r1/ - w; ]'' J (3') 

3~ec:o CYJIMHpol!8HHe npo:BO~TCH no O,ZUJO~SCTH~HI.O.f ypo:BHHM HeA

TpOHHOA If npoTOHHOA ClfCTeM. 

BonHOBym ~YHKnHm He~eTHOrO A/-H~pa, onHC~BaDmyD COCTOH

HifH c ~assw asalleHHeY K" , aanHmeu B :BH~e 

~ ( K"} == C,' tTL r~,+r -+-L Ij~' o(y; o,.,. +-
fT I/ 

+~ L ~!I• ~; ~+ ~~+ + -if I L ~::S·~;~~ ~: ~~ 1 lfo ~ (4 ) 
f,f& ~ lla'b " ) 

r~e ,¥o -:soJIHo:saH ~ymcnHH • ocsoBaoro cocTOHHHH qeTHo-lleTHo-

ro H~pa, qepea ( ftT ) o6oasa~eaa co:soKyiisocn K:BaHTO:B~X 

11Hcen OlUI011aCTH11Horo cocTOHHHH c MHHW Kj; , a 11epea i _ 

HOMep COC'l'OHHHH. YCJIO:BHe HOpMHpol!KH (4) HM66T l!H~ 

( 1/;.(K') lJ{ (K")) = 1 = (S'l/t +I I (JJ,~:)z + 
I ifT 

+ L. L.·( ~;:z~l + z Z ( f~;'')ll 
lfz 'ltr "irr f J • 
• /1•1s 

BHqHcnHM cpe1Uiee aHaqes~e, 111'/. no cocTOHBHD (4) H :s 

(5) 

peayn:oTaTe no~liHU 
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1i J ( lf(K") HI! ¥1{K"J)- ?J(c)/{1-·fJ;.{):;~J(?l 
+I L. (~~~vz t- L. L_ ( ~~;4~~l) -.t J}=o. 

:9z Y~ 1 f.I!J, ~~ , 
ITpoBe~eM Bap~pOBSHHe H BYITOnHHU pH~ rrpeo6pa30B8HHI, B peaynD

TSTe rronyqHM cne~mmym CHCTeMy ypaBHeHHA: 
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K.lt~t .. : 
B Blipat:eHMB JUm ~tr oeeTCH eute ;ua 'IIJieHa, nonyqallutHxca 

H3 nepBOrO qHKIH'Il6CKOI nepeCT8HOBKOI HRA6KCOB JJ~$1 • 

B npaBOR '118CTH ypaBH6HHH (9) BYA6JIHM ROrepeHTHYe 'IIJI6BY 

B nepeltHDiell yp8BH6BII6 B CJI8JI;YIHilell BIIAe: 
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Heo6xo~o pemHTb CHCTeKy ypaBHeHHA (9') ~H pasnHqHYX 
rll .. • 

saaqeHHH V , J H J~ H fiO,ACT8BHTlo r_,t:r B yp8BH6-

HH6 (8). B peaynbTaTe nonyqHK ceKynapaoe ypaBueuHe. PemeuHe 

CHCTeKY (9') YOXHO npe,ACT8BHTlo B BH,Ae OTHOmeHHH, r,Ae B 8H8-

K8H8Tene CTOHT onpe,AenHTenL CHCTeMY, 8 B qHCnHTene - onpe,Ae

nHT6Blo, KOTOpHl H8 Hero nonyqaeTCH 88K6HOI KO~HUH8HTOB fipH 
,-j'J.: r;,Jr COOTB6'ro TBYJlntMJIH CB060MYKH qneHaKH. Ms ycnOBHH 

p8B8HCTB8 Hynm onpe.AenHTenH CHCT6MY nonyqaeK yp8BH6HH8 ~H 

uaxo~.AeHHH nonmcoB ceKynapuoro ypaBHeHHH (8). OMaKo Ha-aa 

6on1.moro qHcna paanHllHYX BenH~v,u v , J H ~~ !OllHOe 

pemeHHe CHCT8MY (9') npe.ACT8BnH8! 60BbmH8 Tpy.AHOC!H. 

llepeA.AeM K npH6BHM8HHOKY pemeHHD CHCT8KY (9'). 0T6pOCHM 

B ueA ueKorepeH!HYe qneaw H nonyqHM 

,; 
1 

I ·~~> l',"t' [ /lnJIJ~iJ- rr@/J/~1 + y:,J//ftv:J-rTfqJ/':uiY 7 
pfl := j• I'' ~L £(~1+"'1- fl c{JI1~W/& -f,· J 
}t~ I'/.,} T.ll•l (I3) 

c;. t'l/ .,. WI t- ""~c - ,,. - - ,. 

llo~CT8BHM (!3) B (8) H nonyqHM HBBYA BH,A CeKynapuoro ypaBBe-

HHH 1 ) ) -If,~ ( 1/(pll)l 
~(J'} -f; - t L L Y. .1 

I " I £(>'/ ""W, 1·· 
J.f' Jt -1/• 1.JI 1/ '-,,}~. Jt , h,~Z. I 17,[ ""'¥1~7!~1-rTtf"Jil/1''/+ lt"lyr1-(J'fW!fs!tl. 

I ·) I ({,'V,'f' C(t'/+ w,-,,· ~'"f,J+Ic11• -?; ( ) 
--L_L-. -
~~ • ~~~ tt,J 1-w + w -1.- J}l·i -o. 

I·~· Ytf I ~~ ' , 

3.Aeclo ?; -KopHH ceKynapuoro ypaBueBHH, L = !,2,3 •••• 

ReBaR ll8CTL ypaBaeBHH (!4) HMee! nonnca nepBoro nopH.AKa npa 

II 



H He HM88T non~COB npH 

1:- ~M~ V..'r""'IL + w,, , a non~ca rrpw ? :: cf,;i + w1 
HBRH~TCH nHmHHKH. 

UpH6HH~eHH08 pemeHH8 ypaBH8HHH (9') B BH~e (13) 6nH3KO 

K TQqHOMY pemeHH~, T.K. pORn OT6porneHH~X HeKorepeHTH~X qneHOB 

HeBenHKa. OMaKo pacrrnaToi1 sa oT6pacbiB8Hlle HeKorepeHTH~x qne

HOB HBJ1B8TCH IIOHB118Hiil6 nHmHHX IIOJI~COB H T8M CSMbiM JllliDHJ..!X KOp

Hei1 B ceKynHpHoM ypa:sueHHH (14). Aei1cTBMTennno, non~ca ypaB

ueHHH (14) onpe~eJIH~TCH KSK KOpHH ypaBH6HHH 
l 

, ,,~ ; z[_}_ {{!'ttrJ/ .. .J {bfr;1} J-
t(~} ... '1 t "'i·-? - r L~l Y.: tbl+ IAJ -II"~ "~: t'frl H) -t"&t r' /z I f . J I• 

·J".t. ( l:'(r11) z 

-t) L. Y., "' = o. (15) f;- v' :, t:C1'l"' ,..,1 ... wl• + wl:. ·-}' " 

KopHH ypaBHeHHH (15) pacrroJio·KeHbl ue11~ noJIIOCSMH 

,.,! 
t' (II/'+" w, -1 = 0' 

,,e (16) 
t:( II) + ~ + W/1 ..f "1, - f = 0, 

KOTOpble He 38BHCHT OT Y • Ka~~i1 KOpeHn ypaBH8HHH (15) CTOJin

KO pas rrpOHBJIH6TCH B BH~e IIOJIDC8 yp8BH8HHH (14), CKOnnKO 3H8-

t~i:mHi1 B IIOCJie;nHeM qneHe (14) npHBHM86T B6JIH'IHH8 Y , p8BB8R 

..;, ' ;.t ., vl • • • • AJIH K8JitAQI'O SHaqeHHH y pemaeTCR 

ypaBH6HH6 (15) H K8~~« IIOBDC (16), KOTOpbl~ He 38BHCHT OT 

Y , npOHBJIHeTCH CTO»nKO pas, CKOJinKO 3H8'16HH~ npHHHY86T 

Y • IT OSTOMY BM6CTO O;IU!OI'O nonJOC8 yp8BH6HHR (14) IIOHBJIH6TCH 

HeCKOX~KO noxDCOB,BXe~ct:sHe qero B03HHKaDt KKmHHe KopHH ypaB-

aeHHH (14 ). 
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EcnM He yliHT~Ban __ Baam~o,ZJ;ef,\cTBHH KB83Hli8CTHU c ciJoHOHaMH, 

TO SHeprHH B036y~AeHHHX COCTOHHHit onpe,Z!;eJIHmTCH HS ypaBHeHHf,\ 

(16) H HS ypaBHeHHH 
,.,e 

t(l)+C171t-~.-? =0, (16') 

T.e. OHH paBHS CyMMe SHeprHM KB83Hli8CTHU8 IIJimc O,Zl;HH~ ,ZJ;Ba 

HJIH TpH clJOHOHa. ilpH BkJimlleHHH B38HMO,ZJ;ef,\CTBHH KB83Hli8CTHU C 

clJOHOHaMH SHeprHH BOS6y."!t,ZJ;eHH9X COCTOHHHI OTCTynamT OT nonmcOB 

(16),(16'), HO lllfCJIO BOs6yllt,ZJ;eHHblX COCTOHHHf,\ He l'!SlleHHeTCH. 

~MeeTCH COOTBeTCTBHe Me"!t,ZJ;y ITOJimcaMH (16), (16') H KOPHHMH ce

KYJIHpHoro ypaBHeHHH, co,ZJ;e~a~ero HeKorepeHTHble qneHbl. Pacqe

Tbl IIOK83b!B8IDT, liTO Me~,ZJ;y ,Zl;ByMH IIOBIDCSMH (16),(16 1 ) pacnOJIO

"!teHO HecKOJihKO KOpHeR ypaBHeHHH (14), 1IpHlleM TOJihKO O,Zl;HH KO

peHh SH8liHT8JihHO OTcTynaeT OT ITOJIDC8 1 OCT8JihH96 KOpHH paciTOJIO

"!t6Hbl B Henocpe,Z!;c TB6HHOI 0JIH30CTH OT IlOJIDCa~~CCJI8,Zl;OB8HHH IIOK838-

JIH, liTO HCTHHHSM pemeHHeM (14), COOTBeTCTBYD~ pemeHHD CHC

T8Mbl (9') C Yli8TOM HeKorepeHTHb!X liJieHOB, HBJIH8TCH T8KOe, SHep

rHH KOTOpOrO 3H8liHT6JihHO OTCTyiTSeT OT COOTB6TCTBYD~ero ITOJ!m

C81 0cT8JihH96 KOPHH HBnHDTCH JIHmHHMH. 

AH8JIOrHliHOe IIOJI0~8HHe HMeeT MeCTO IIpH HSylleHHH HH3KOJie

llt8~X uepoTauuoHHhiX cocTo~HHit B Belle'l'HblX rro A AeciJopMHpoBaH

HHX HApax (cu./2 , 3 •4/). B S'l'OU CJIYll88 HMeeTCH CTOJihKO KOpHel 
,} PDI 0 B6JIHSH rronnca e (~, + w1 - ? = , cKOJihKO paccuaorpH-

BaeTCH paSJIHliHhiX cocorOHHHit .f c OAHHaKoBWH ·aHalleHHHUH KS: 
ilpH yqeTe COO'l'BeTCTBYD~X HeKorepeHTHbiX qJieHOB JIHmHHe KOpHH 

HC'IIe3JIH K OCT8JICH TOJihKO OAHH, aHeprHH KOTOporo M8KCH-

U8JihHO yAaneaa (Hs Bcex xopHel, BKJimliSH JIHmHHe) O'l' rronnca 
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J~eT HeKOrepeHTH~X q~eHOB He TipHBO-

;1\HT K 38MeTHOMY l13MeHeHlUl 3H8tl8HHff HCTHHHOrO KOPHff. 

TaKHM o6pa3oM, ceKy~aprroe ypaBrrerrue (14) Aono~HaeM yc

~OBHeM o6 HCKnDt~erruH ~HmHKX Koprre«. TaKoe yc~oBue c~opuynH

poBaHo TipM COCT8B~eHHH nporpaMM~ pemeHMff ypaBHeHHff (14) H8 

3BM. 
1: oi1•J•i 

Haii.~tet.l HBH~R BH.lt qiyHKUH« l}vr H 1\l":r , Mff 3Toro 

B ~opMyJibl (10) If (II) TIO.ltCT3BMM F,!f:; B BH,lte (13). B pe3yn:J>-

B B~paJ:erruu Mff 
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nyqanTCa HS nepBOrO nyTeM IJ,HKnHqeCKO~ nepeCTaHOBKH HH~eKCOB 

31z.93. 
( 

• .z 
Ben.eqHHa c;J onpe~enHeT BKJia~ O,lUIOKBSSHqacTIIJ'qHo~ KOII-

noHeHT~ B ycnOBIIJ'6 HOpMHpOBKH (5) BORHOBO~ ~YHKIJ,Hif (4); Benlf-
. ~Jz. I )('7'\li)' 

qHua (c, z L ~"s 
~ 

SHqaCTHIJ,S B COCTOHHHH V 
onpe~enHeT BKRS~ KOMflOH6HTH~ - KBa

nnnc ~OHOH li; ; B6RHqHH8 

(c~/ -1 r(F:~~~~ 
IJ,S B CO~TOHHHH V 

onpe~enHeT BKRS~ KOMflOHeHT~ KBSSHqacTH

IIJIJ)C ~a ~OHOHS (}/ PI 6}z+ ; BenHqPJH8 

(cp:}z 4 \(11,1:.>1•'). l 
~~ A ,u onpe~enHeT BKna~ KOMflOHeHT~ KBSSaqac-

tr r n+ ()+ 
'l'HIJ,S B COC TOHHMH V nnnc TpH ~OHOHa ~ , f.X/z If /1 • 

B BOBHOBOA ~YHKIJ,HH (4) yqTeHO TOR~KO O,lUIO O,lU!OqacTHqHoe 

COCTOHHHe f C ~aHHbiM 3HaqeHH611 I{T • KaK IIOK838HO B/2,4,5/, 

B HeKOTOp~e HHSROne~a~e COCTOHHHH ~anT 38M8TH~~ BKna~ ~a 

KT • C O,lU!Oq8CTHq~x COC TOHHHH C O~HSKOBbiMH SHaqeHHHIIH 

pOCTOII SHeprHH BOS6y~~8Hifll pon~ CllemHBaHHH ~yx, Tpex H 6onee 

O,lU!oqaCTHqH~ COCTOHHHA IIOB8'1' BOSpaC'l'H. O,lUISKO O.lUIOBpeueHHYI 

yqe'l' H8CKOR~KHX O,lU!oqaCTHqH~X COCTOHHHA C ~SHHYII auaqeHHeU ~K 

He OKSSNBae'l' BXHHHH& HS BROTHOCTL HepoTaiJ,HOHHYX COCTOHHHI 

H He B6CbM8 cy~eCTBeHeB ~H OIIpe~neHMH KOIIIIOB8H'l' BOnBOBOI 

~yBKIJ,HH. 

TipMBe~eu ~puyn~ ~a 6onee npocToro cnyqa11, xor~a Bon

HOBBH ~yHKIJ,HR He CO~epMHT KOIIIIOH6HT KBaSHqacTHIJ,B nnmc TpH 

~OHOHa. B 3'1'011 cnyqae BORHOBBH ~yHKIJ,Hll Hll66'1' cneAYO~A BH~: 

15 



BMeCTO ypaBHeHH~ (8), (9),(10) H (II) HYe~TCR 6onee npoCT~e 

ypaBHeHHH: 

(20) 

( ) 1/' I -z/;; Jf. . I ) L ~ .... ~.~. 
tM • ~-?• 11,. ,.. ! ~ t~.r,jl; + +f.- y, ry;: , . 

}• J" ~-,, 71• )]).1' (1'• P' .J,'· }'• , l]JI' 
ll' [ ( '~''""·Jtl•V.)... {'~"4tf~.; • .; 7';,~r -r r::r .,.ro~~,)'ftr,l.)- yH/,)ff~Y.J; zl,·~r ,. 

fii, ( l'(l.) t- WI r "'/~ - ?.·) (21) 

( irl;J tt~~~' . /t~~J /uY.JJlJ~:~ • (Tr 1f:1.) /r~~.)- /kJ/!I.~.J)JJ,;:·~ J 
+ ~ ( £(Y,c) t WI + U,'lr- ?1) I ' } 

r_11·' =- .!.. i ) .,;; [ f(iv~ ,4~~ -'J/''ft;)JJ,i·T (22) 
rJ·r + lttJ ,.~1 + w1,-?• L rl' rv + 

~~ ~ IJ• 

~ I '(yy} .If;~ -(]' -~,;-JJJj~~ T ] 

rr; , 
EcnH B yp8BHeHHH (2I) yqecTD TOJibKO KorepeHTH~e ~neH~. 

H oT6pcxmn HeKorepeHTH~e, TO nonyqmt 

;D.' I : !... 1;' 1/ ( !'Y) 

"J'I<r ~ ff, eM.,. w1 -r,- S/' ' (23) 

rAe 

(24) 

CeKynHpHoe ypaBHeHHe .ltnH onpe.lteneHHR aaeprwl Boa6ys.lJ;eHHHX 

COC TORHHtt 1 j HUeeT CJie.ll;yiiDJ,HI BHA: 

. , ).[ ~: (Crtw)l. = c2s) 
t(f)- f; - f L Y. £(1} + w# - ~. - $.'' 0 . 

I " I , {I II 

16 



8TO ypaBH6HH6 CO~ep~HT XHmHHe KOpHH, M6TO~ HCKBDqeHHH KOTO

pYX T8KOM ~e, K8K ~nH ypaBH6HHH (14). 
r-16·' c i 

q»yHKUHH rp'ltr H /' HM610T CJil;Icy'llii(Hl BH~: 

(27) 

3. fiOByMHKpOCKOfiMqecKHl llO~O~ K H3yqeHHil CTpyKTypY BYCOKO

B036y~~6HHYX COCTOHHHl 

~aHHYil MO~enb UO~HO paCCM8TpHB8Tb KaK KOHKp6TH38UHIO 06-

~ero ITOByMHKpOCROITHqecKOrO ITO~XO~a K M3yqeHMil CTpyKTypy BYC0KO

B036y~~6HHYX COCTOHHMl, rrpe~n~eHHOro B/1 , 6/.ilpHBe~eM OC

HOBHYe nono~eHHH aToro no~o~a. 
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B OCHOBY l13yt!eHI'lff B03Ciy~;neHHNX COC TOflHI1H TIOJI0"'16H8 on

pe;neneHH8ff onepaTOpH8fl ~OpM8 BOJIHOBO~ ~yHK~I111 B BH;ne CYMMN 

t!JI6HOB C p83JH'It!HblM t!I1CJIOM KB8311ll:8CTI1~. L1MeeT MeCTO 11epapXliHI 

KOMTIOHeHT BOJIHOBO~ ~yHKI(I111 C p83JII'lll:HblM lii1CJIOM KB83Ht!8CTH~. B 

CJiytiae He~TpoHHNX pe30H8HCOB qepe3 K03~111(116HTN BOJIHOBO~ ~yHR-

~l'IH Bblp81!t8IOTCH H6H TpoHH!i6, pa~aUMOHH!ie 11 el -mupHH!i. 

CornacHJI ,G/ ,BoJIHOBaH ~YHKil.HH BbiCoKoBo3Ciylif.,ZJ.eHHoro coo-

TOHHI1fl H6t!6THOrO A 
BKn: 

11!. (I1 = L b~;;(~Jot.;:T ¥c + 
41f 

+ L_ .b:]i (~cr. Y."z,l, r;.)()(.~ o<11:~ d,:6i ¥: + 
V,l:,ll> •,•&,r, 

+ L_ I_ i>;Jvrr) <X~~n; lf. + 
ytr 1 
.:_ ) I :n. <r ) "~- • + n + 11f -L L DI'lf{v , ~If..~~ Ol,rot~6",_01.1,6j~L, ro ...... 

11:¥.,11, ., ' G:... ... 'l• 
Koa~H~HeHT~ ~ onpe.ZJ.eJIHIOT BKJI8,ZJ. COOTB6TCTByn~e~ KB83Ht!8C-

THtiHO~ KOMTIOH6HT!i. l3MeCTO onepaTOpOB o/~~ of-1: BBe;neH!i onepa

TOp!i woHoHoB napHux BHCipauHtt il; . 1fo HBJIHnTCH BaKyyu:a

MH .lUifl onepaTOPOB o(.,,. 11 .J2.f · BOJIHOB8ff ~YHKI(Hfl KpOMe Jl1 He 

co;nep~HT onepaTopoB WOHOHOB. JTo CBH38HO c TeM, t!TO onepaTo

pu ~OHOHOB 38TIIWbiB8IOTCff B BH,1le cynepTI0311l(I1l'l ;nByXKB8311ll8C THt!Hb!X 

KOMTIOH6HT 11 IT03TOMY 1.10 i(HO Ct!I1T8Tb, liTO COOTB6TCTBynmHe CJI8ra-

6Mbl6 BKJI!Ot!6Hbl B (28). 
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K0:3qJ¢11~HeHTbl BOJI!ICBO« qJYHK~II!I.f (28) HeTpy.zuro COJ10C T8:Bl1Tl> 

c KOsifJ'.PH~HeHTaM~t :soJIHo:so« ¢YHK~Hl1 ( 4). HarrpvLMep, o:nHoimaaHtJac

TH'IJHbie K0:3¢rJJ11Ul18HThl C:BH38Hhl TaR: 

Jc;t = Z/b~],{fJI'. (29) 

Bonno:saH q,ynR~HH (28) HMeeT :secE>Ma OCilJlHit :su;n. Ee M01KHO 

11CilOJI:&30:B8 T:& l(JIH 0Ill1C8Hl1H COC TOHHlriH TipOM6''tYTOtiHOit SHeprHH 

:B036y~l(8Hl1H 11 l(JIH BhiCOKO:B036y~l(eHHhiX COCTOHHI1«. C pOCTOM SHep

rHH :soa6y~;nenl1H :s (28) anatJHTeJI:&Hy~ pen:& 11rpaeT :see Cion:&wee 

'IHCJIO 'IJJI6HOB C y:seJili'!Jl1:B8~~Cfl 'IHCJIOM R:B8311'1J8CTH~. Ilpl1 :3Hep

rl1HX :B03Ciy~l(eHl1H, ClJil13Kl1X K 3Heprl111 C:BH311 H6HTpOH8 ~~ , BOJI

HO:Bhle ¢YH~ Tl1Il8 (28) COl(e~aT ThiCH'IJI1 p83JII1'1JHhiX M8JIOK:B83H

'18C THt!HhiX 11 MHOrOK:B8311ti8C TH'-IHhiX !{OMIIOHeHT. T8KI1e BOJIHO:Bble 

¢yHKU~H o6na;na~T C:BOitCTBSMH KOMnayHl(-COCTOflHHM, :BBel(eHHhiX 

H .Eo poll. JJ.et:tc TBHTeJI:&Ho, o6paao:saHMe BhiCOKo:soa6y·>K;neHHoro coc

TOHHHH Mo~eT Hl(TH qepea Ol(BH KOMTIOH6HTbl, a pacrra;n - qepea 

;npyr11e KOIIIlOH6HThl BOJIHOBOit ¢yHK~I1H, Tell Callblll pacna;n COC

TOHHI1H He 38:BHCHT OT CTIOC06a o6pa30:B8Hl1H. B:BM;z(y ClOJI:&moro t!HC

na KOMilOH6HT :BOJIHOBOK ¢YHKUMH BbiCOKOB036y~;neHHOrO COCTOHHHH 

OTl(eJI:&Hhle M8JIOK:B8311'18CTHt!Hhle KOMITOHeHThl HeBeJIHKH. 8TO IlpHBO

l(HT K cylllecTBennouy aa~~e:nnenHm :sepOHTHOCTH f -pacna:na 11 K 

yBeJIH'leH~m BpeMeHH ~H3Hl1 ITO Cp8BH6H11D C Ol(HO'IJSCTH'tJHhiiiH COC

TOHHHHIIH. 

BoJIHOBhle ¢YHRUHH THrra (28) M01KHO Mcnon:&aoBaT:& :nnH orrH

caHHH B036y~AeHHhiX COCTOHHHK C 3HeprHeit {2-3) Ma:s l(O TSRHX 

SHeprHK, np11 KOTOpbiX pe30H8HChl eme He rrepeKpbiBSDTCH, T.e. 

Kor:na :shlnoJIHHeTCH ycno:s11e 

r; L~ }J, (30) 
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r)!e r;, -aet.!TpoaHaH WHPHHa, j) -cpe)!Hee paccTOHHHe ueuy 

ypoBHflloiH c onpe;lleJieHHhDoiH aHalleHHHMH I 37 
• 

Cne)!yeT oTMeTHT~, liTO ecJIH BOJIHoBaH ~YHKUHR onHc~BaeT 

COCTORHHe, SHeprHH KOTOporo npeB~ruaeT SHeprHD CBH3H H61Tp0-

H8 .B, t TO ee CJie)!yeT 38UHC8T:D B BH)!e 

lA ( t) = y:-; (t·-~J·~- r;z;+~ ~ ( I7, (3!) 

r)!e ~. -aaeprHH p630H8HC8. 8TOT 3HepreTHli6CKHt4 loiHO~HTeJI:D CBH-

88H C BOSYO~HOCT:Dm B~JieTa Het4TpOH8. 

ilpHB6)!6HHa& H6~TpOHH8fl WHpHH8 npH 38XB8Te Ye)!JieBHOrO 

Het4Tp0H8 li6THO-li6THhDol )!6~0pMHpOB8HHhDol R)!pou,B peayJI:DTSTe KO

TOpOrO OClpsayeTCR B~COKOBOS6y~)!6HHOe COCTOHHHe, OllHC~B861o106 

BOJIHOBOt4 ~yHK~Het4 (28), Kloi66T CJ!e)!ym~~ BH)!: 

r." ~ [;" / L h;~ (.;) u,j' , (32) 
J.,. • s,p I 

3)!6C:D/;p::: 
2%Z/J MaB, @yHK~HH IJ, YKS8~B86T HS TO, liTO COCTOH

BH6 V )!OJilltHO Cl~TD liSCTHIIHhDol. ilpH SSXBSTe S -Hei.tTpOBS B 

(32) 

RM C 

CyMMHpOBSHH6 Y npOBO)!HTCH UO O)!HOli8CTHIIBhDol COCTORHH

K37 = fz +. 
·- 1. 

B/7/ onpe)!eJieH~ B6JIHIIHH~ /1>/ HS SKCnepHMeHTSJI:DH~ 
)!SHH~x no uei.tTpOHHhDol H pa)!Ha~HOHHHY mHpHHaM. DHH oKaSSJIHC:D 

pS~HhDoiH /1/l.1:11 !0-9 B )!6~0pMHpOB8~H~X R)!pSX, ;i/, IQ-7 -!0-9 
- l 

B C@ep11116CKHX H)!pax H Jb/ ""10-6 B OKOJIOMSN'Ili6CKHX UpSX 

H B fl)!pax C A Z 40-60. B Ta6mn~e I )ISH~ npHBe)!eHH~e Hei.tT-

" pOBH~e IDHpHHU .!;.1 H 3H8lleHHfl O)!HOKBSSHIISCTHIIH~ KOMllOH6HT 

1:1 'll 37 2J'll 
D MH Hei.tTpOHH~x peaoHaHCOB c I = I/2+ B • 8Kc-

nep11MeKT8JI:DHHe )!SHHHe BSHTH 11a/8 , 9/. EcnH npoBeCTH ycpe)!HeHHe 

20 
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no pe30H8HCaM 11 B3HT~ Cpe)!Hee IIHCJIO liJieHOB B (32 
- l 

To n ony'HIM I b I "' . ro-9 • 

B p8MK8X llOJIYMHKpOCKOITHlleCKOrO ITO)!X0)!8 ,6,7 

Hbl Bb!p8"!6HI1f! .ZUHi napiJ;HSJI~H~X pS,lU18~HOHH~X H 0( 

B/! t 7 ,!D,I2 ,I3/ pSCCMOTpeH~ KOppeJIHU:HH M6l!t)!y npH: 

TpOHHhDoiH, pS)!H8~HOHH~MH H 0( -IUHpHHaMH Ha Hei!Tpi 

cax H yKaaau~ cnyqaH, HSH6onee c>nsronpHRTH~e M: 

HHR. KoppeJIHUHR )!Byx npo~eccoB, npoTeKSIOII\HX 11ep1 

~e COC T0f!HH6, HMeeT MeC'l'O TOr)!S, KOr)!S B 068 npo~' 

BKJI8)! )!SlOT O)!HH H Te :Ke KOMllOHeHT~ }) BOJIHOBOt.! 

BOSCly~)!eHHOrO COCTOHHHH. 

06~H~ ITOJIYMHKpOCKOflHli6CKHt4 llOAXO)! ll03BOJIHe· 

HOBH~e 38KOHOM6pHOCTH CTpyKTyp~ B~COKOBOS6y~)!6H 

H H3 3KCITepHMeHT8JI:DHb!X )!8HH~X llOJIYIIHT~ CBe)!eHHfl 

KOiolllOHeHTSX BOJIHOB~X ~yHK~Ldt B~COKOB036y~K)!eHH~X 

J!eTSJI:DHOe TeopeTH46CK06 H3ylleHHe CTpyKTyp~ Bb!CO 

HhiX COCTOHHH~ MO~HO BHllOJIHHT~ H8 )!OCTSTOIIHO npo' 

O)!H8 H3 KOTOp~X p8CCM8TpHB86TCH B )!8HHO~ pa6oTe 

4. AeTaJIH pac11eTOB 

qHcne~Hble pacqeTbl npoBe;lleHb! HS npHuepe 239 
239 lJ MH BHITOJIH6HHH pSClleTOB CBR3&f C T6lol t liTO 

HMemTCfl )!OCT8TOIIHO ITOJIHble 3KCnepHYeHTSJI~Hhl6 ASH 

TPOHHhDol H pa)!HS~HOHHhDol WHpHHau/8 , 9/ H liTO B 3T~ 
MSJIOCTH aaeprHH CBRSH He"TpoH8 ~" = 4,8 MaB H 

H6YliT6HHb!X B BOJIHOBO« ~yHK~HH (4) qneHOB KB83Hll 

Tpex ~OHOHOB. J!e~CTBHTen»HO, 3HeprHH nepB~X O)!H 
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H8fl ruHpv!H8 t j) -0 pe:ztHee p8CCTOHHH6 M6JillY 

JI8HHl&H 3H8ti8HHHMH I:77' • 

THTb, tiTO 6CJIH BOJIHOB8H ¢YHKUHH OllHC~B86T 

a KoToporo npeB~maeT auepr11~ CBHSH ueiTpo-

71! (I1 
I.). ' 

(3I) 

pe30H8HC8. 8TOT 3HepreTHqeCKHA MHO~HT6Jlb CBH

B~JI8T8 ueilTpoua. 

H8~TpOHH8fl ruHpHH8 llpH 38XB8T6 M6ltJI6HHOrO 

eTHl& :zterpopMHpOB8HHl& H;ztpoM,B pesyJILT8T6 KO

fl B~COKOB036y~;zt8HH06 COCTOHHH6 1 OllHC~B86M06 

(28), KM88T CJie;zty~~il BH;zt: 

. .,..,o ;· ~ i/ (;} 7i !' 
.Ls,p 7- IJT II ) (32) 

SB, WYHK~Hfl v~ YK8S~B86T Ha TO, qTO COCTOH

b qacTHqH~:&. ITpH sax:saTe s -ueilTpoua B 

llpOBO;l.tHTCH no O;l.tHOti8CTHt1Hl& COCTOHHH-

·- 2. 

B8JIHqHH~ /.hI H3 3KCll6pHM6HT8JlbH~ 

H pa;ztHa~HOHHl& WHpHHaM. 0HH OK838JIHCb 

B :zterpopMHpOBSHH~X H:ztpax,/J/,., I0-7-!0-9 

:ztpax l1 ;_t;~, !0-6 B OKOJIOMarHqeCKHX H:ztpax 

40-60. B Ta6nH~e I :ztaH~ npH:se:zteHH~e ueilT

H auaqeHHH O;l.tHOKB83Hti8CTHtiH~ KOMllOH6HT 
'JT 2J'll 

.. ""UULTV' peaouauco:s c I = I/2+ B • 3Kc-

:ztauu~e B3H~ !13/8,9/. ECJIH llpOB6CTH ycpe:ztH6HH6 

20 

-

no pe30H8HCaM H B3HTb Cpe;ztuee tiHCJIO tiJI8HOB B (32) n = 2, 
- l 

TO n OJIYtlHM IE I "" . ro-9 • 

B paMKax nonyMHKpocKonHqecKoro no:ztxo:zta £6 ,7,II/ nonyqe

Hbl Bblp8"!8HifH ;nJIH ll8piJ;H8JibH~X pa;ztHa~HOHH~X l1 0( -ruHpiiH, 8 

B/I '7 ,IO,I2 ,!3/ paCCMOTpeH~ KoppeJIH~I-U1 M6l!t.Z!Y TipHBe:zteHH~MH He"

TpOHHl&H, pa;ztHS~HOHH~MH H 0( -rul1pl1H8MH H8 He~TpOHH~X pe30H8H

C8X H yKasau~ cnyqaH, ua116onee 6naronpHHTHhle MH ux ua6mo.ne

HHH. KoppeJIHIJ;HH .Z!BYX npou;eccoB, llpOTeKa~mHX qepes O;l.tHO H TO 

~e cocTOHHHe,HMeeT MeCTOTor:zta, Kor:zta B o6a npou;ecca ocHoBuo« 

BKJia:zt :ztaJOT o:ztHH H Te ~Ke KoMnoueHTbl JJ' :sonuo:so« rpyHKD:HH BhiCCJto-

:sos6y~,neuuoro COCTOHHHH. 

06~11~ llOJiyMHKpOCKOllHti6CKH« llO;ztXO:zt ll03BOJlff6T B~HBHTb OC

HOBHb16 38KOHOM6pHOCTH CTpyKTyp~ Bb!COKOB036y~;zt8HHbiX COCTOHHHI 

H H3 3KCllepHM8HT8JlbHb!X ;l.t8HHbiX llOJIYtiHTb CB6;l.t8HHH 0 H8KOTOpb!X 

KOMIIOHeHTax BOJIHOBb!X rpyuKu;Hia Bb!CoKo:sos6y~K:zteHHbiX cocTOHHHil • 

neTSJibHOe TeopeTHqeCKOe HsyqeHHe CTPYKT.YP~ BhiCOKOB036y~:zteH

HbiX COCTOHHH« MO."HO BbiiiOJIHHTb H8 ;l.tOCT8TOtiHO TipoC~X MO;l.t6JIHX, 

O,ZlH8 H3 KOTOp~X paCCM8TpHB88TCH B .Zl8HHO« pa6oTe. 

4. AeTaJIH pact~eTOB 

~Hcneuu~e pact~eT~ rrpo:se:zteu~ ua rrpHMepe 239 lf • B~6op 
239 lf .Z!JIH B~llOJIH6HHH pact~eTOB CBH3af C T6M 1 tiTO .Z!JIH Hero 

HM6DTCH ltOCT8TOtiHO llOJIH~e 3KCTiepHM6HT8JILH~e ,Zl8HHb!6 llO HeA

TPOHHl& H pa,Z!H8IJ;HOHHl& WHpHHBM/8 •9/ H tiTO B STOM H:ztpe HS-38 

M8JIOCTH SHeprMH CBH3H H6"TpDH8 ~4 = 4 18 MaB H8B6JIHK8 pOJib 

H6Yt1T6HH~X B BOJIHOBOI ¢yHKIJ;HH (4) qneHOB KB83Hti8CTMIJ;8 H 6oJiee 

Tpex ¢0HOHOB. ~e~CTBHT6XbHO, SHeprHH nepB~X O,Z!H0¢0HOHH~X COC-
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TOHHH~ B 238 lf ClJIH3KH K I MsB, ITOSTOMY ITOJIIOC8 KB83Hll8CTHI.(a 

nmoc TPH woHoHa 6oJinme 3,5 MsB, a nonmca KBaSHqacTHu;a nnmc 

lleT~pe woHoHa 6onnwe 4 MsB. ITosToMy KoMnoHeHT~ KBa3Hll8CTHnB 

ITJimC lJ6T~pe ~OHOH8 OK83~B8DT HeelOJinmOe BJIHffHHe H8 ITJIOTHOCTn 

COCTOHHH« H BeJIHlJHH~ O~HOKB83Hll8CTHlJH~X KOMITOH6HT ~0 SHeprR« 

Bos6y•~eHHH 5 MaB. 

B p8Cll6TBX HCITOJin3YDTCH O~OllBCTHllH~e SHeprHR H BOJIHOB~e 

WYHKUHH rroTeHu;Hana CaKcoHa-By~ca, B~llHCJieHH~e B/!4/ ~H A=239 

C napaMeTp8MH ~eg)OJ1of8l.(Hl1 j3z. =0,22, .ft = 0,08. KOHCTBHT~ t;,._ -
w G.! - BSaHuo.nettcTBRll, npHBO~IIIHX IC napHw Koppenau;HHM cBepx

npoBo~ltll\ero THITB,H KOHCTBHTbl KBB,ztpynoJin-KBa.ztpynOJinHOI'O :Ji-
11

/ 

H OKTYITOJin-OKTyiTOJinHoro 

KBK B/!4/. 

c£0
) B38HMO.zte«cTBHit BSIJTbl TBKHMH ll£6 1 

Ham M8T6U8THll6CKHit annapaT npHCITOCOClJieH K HCITOJinBOBBHHID 

WOHOHOB, noaTouy YllHT~Baeu WOHOHDI c A = 4 H A = 5, xoTH 

ClOJinWHHCTBO COOTB6TCTBYIDIIIHX COCTOIJHHI He HBJiftDTCH KOJIJI6KTHB

HbiMH. 0~8KO M~ He ,lt6JI86M OmHClKH, T.K. B T6X CJIYllBHX, KOI'~B 

KopeHn ceKynHpHoro ypaBHeRHH (orrpe.nenamll\ero aHeprHm woHoaa) 

npHClnH~aeTCit K nonmcy, BOnHOBBit WYHKUHH o~HOWOHOHHoro coc

TOHHHH rrepexo.ztHT B BOJIHOBYD WYHKUHID .ltBYXKBaSHllacTHllHOro coc

TOHHHH. Jle6aBneHHe cP,oHOHOB ) = 4 H .A = 5 K woHoHau ..\ = 2 

H A = 3 pacwHpHeT o6nacn SHalleHHI cnHHOB .ztBYX KB83HqacTHU 

TBK, lJTO CITHH~ H lJ6THOCTH· npHHHU8IDT BC8 8H8ll8HHH OT 0- .ztO 5-

H OT o+ ~0 4+ • KOHCT8HT8 ~(tj B3HT8 'r8KOit liCe, K8K B p8Cll8T8X 

B OClJIBCTH pe.ztK03eMeJinH~X 3JI.8M6HTOB (C yqeTOM 38BlrfCHMOCTH 0'1' 

A), a 'Jt(~) B ~ec~tn pas MeHme ?tr"J • PeaynnTBTDI pacqeTOB 
M (>J 

cna6o 38BHCHT OT BeJIHllHH :;t H 'X , , 
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B llHcneHHDIX pacll:eTax YllHTD!BamTclt Bee 

ypaBHeHH~ .ztJIH O.ztHOWOHOHH~X COCTOHHH~ B 231 

5 MaB. Jlnlt pH.zta aHat~eHHit ~~~ , HanpHMep, 

:f }. = 3, )I= I 6epeTCH 70 ItopHett, T.e. 

rHx cnyqaffx, HanpHMep, ~H A = 3, ~ = 

5. fiJIOTHOCTb COCTOffHHit B 239 U 

B/I/ p8Cll6TDI ITJIOTHOCTH !/2+ COCTOHHHl 

Hill B Mo.ztenH, B KOTopott BOJIHOBaa WYHKUHH HI 

?f ( K1 = C,i ~ ~~~: + f J;-}J,~;c 
ITpH yqeTe WOHOHOB A = 2 H ~ = 3 rrpH aHeJ 

HO, lJTO cpe,ztHee p8CCTOHHH6 

)J = ro4 aB. 

j) Me11t,zty yp1 

B ,ztaHHDIX pacqeTax·nnoTHOCTn cocTOHHHl 

BDillHCJieHHfl ITOJIO~eHHH ITDJIIOCOB CJie.ztYIDII\6rO Tl 

rrnmc o.ztHH ~oHoH, KBaSHtJBCTHUa nmoc .ztBa wo1 

nnmc TPH WOHOHa. B TaelnHne 2 npwBe.zteH~ CJ 

I 1T II+ l3' 1f 
M8~K,zty ypOBHHMH :: 12 B V , pac< 

rHH CBH3H He~TpOHB .13, = 4,8 MaB. !13 T8( 

rrepexo.n OT BOJIHOBo« WYHKUHH (33) K BonHOBI 

BO.ztHT K yBeJIHll8HH~ ITJIOTHOCTH COCTOHH~~ ClOJ 

PH.ztKa. 3TO OClCTOHTSJI~CTBO YK83~B86T HB TO, 

Bos6y~~eHHH 4,8 MaB B 239 zr BecDMa BenHI 

BOJIHOBO~ WYHKUHH KBaswqacTHUB nnmc .ztBa ~o1 

BOnHoBo~ WY~ (!9) K BOnHoBo~ ~YHKU** (L 

JIHlJ8HHD ITJIOTHOCTH COCTOHHH~ B 2-2,5 paaa. 
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238Lf 6AM3KM K I MsB, ITOSTOMy ITO~Ca KB83Hll8CTH~a 
@onona 6onnwe 3,5 MsB, a rronmca KBaauqacTM~a nnmc 

OHB 6onnrue 4 MsB. ITOSTOMy KOMIIOH6HTH KB83Hll8CTMqa 

@OHOH8 OK83HB8DT HOClORI>moe BRHRHHe H8 IIROTHOCTI> 

O~HOKB83Hll8CTHllHHX KOMIIOH6HT ~0 SHeprHlt 

ll6T8X HCIIORn3YDTCR O~Oll8CTHllHHe SHeprHH H BOnHOB~e 

TeH~Hana Caxcona-By~ca, BHllHCJieHHHe B/I4/ ~R A=239 

.zte@OJJM8~HH }z =0,22, jt = o,oa. KOHCT8HT~ c.,., -
TBHlt, IIpHBO.ztfl~HX R II8pHUM ROppeJIR~HRM CBepx-

0 THII8,H KOHCT8HTH RBa.ztpynoJII>-RBa~pynoni>HOI'O X- 11 / 

<£v) B38HMO.zteltcTBHlt B3lli'Fi T8RHMH lite, 

T6M8THll6CKHM annapaT IIpHCIIOC06JieH R HCIIOJII>80B8HHD 

TOMY YllMTUB86M qJOHOH~ c A = 4 H A = s, X:O'l'.R 

COOTB6TCTBYD~X COC'l'ORHHlt He RBJI.RD'l'C.R KOJIJI8KTHB-

lllH ue ~enaeM omHC5RH, T.R. B Tex cnyqa.ax, Ror~a 

JIRpHoro YPBBHeHH.R (onpe.ztennm~ero aueprHm 4)oHoua) 

R R IIOJIDCy, BOJIHOB8lJ qlyHK~R O.llHOqJOHOHHOI'O COC

BOJIHOBYD qlYHR~HD ~YXKB83Hll8CTHllHOrO COC

rpOHOHOB ) = 4 H A = 5 K qJOHOH8Jl A = 2 

illHpReT 06JI8CTI> 3H8ll8HHlt CIIHHOB .llBYX KB83Hl{8C'l.'Hq 

H ll8THOCTH· IIpHHHM8DT BCe 8H8ll6HHR 0'1' 0- .l!O 5-

+. KOHCT8HT8 ~(+} B8.RT8 '1'8KOit lite, R8R B pacqerax 

3JieMeHTOB (c ytl6TOM 88B~CHUOCTH 0'1' 

~eCHTI> pas ueubllle JI!("J ~ PeayJII>TBT~ pacqeTOB 
(•J (>) OT B6JIHllHH :;t H ~ · • 
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B llHcneHn~x pacqeTax yq~THBamTcH :see Kopnu cexyn!lpHHX 

YP8BH6HHti .llRR O~OqJOHOHH~X COCTORHHM B 238 lf ~0 SHeprHH 

5 MaB • .1lnR pR.zta SHalleHwM Af( , HanpHMep, MR ) = 2, )t= 2 

11 ,.\ = 3, )'I= I 6epeTCR 70 IWpHeti, T.e. j,.. .. J( = 70. B .ztpy-

rwx cnylfaRx, narrpHMep, MR A = 3, )t = 0 j,.,if 50. 

5. l1JIOTHOCTb COCTOHHHlt B 239 if 

B/I/ pacqeTH ITJIOTHOCTH I/2+ COCTORHHti B 239 Zf rrpoBe.zte

HU B MO.zteJIH, B KOTOpolt BOJIHOB8lJ rpyHK~MR HMeeT BH.zt 

r, r K1 = c,';; f/~: ~ f ;JJ,~:~; o; u· .. (33) 

IT pH ytfeTe !fJOHOHOB A = 2 H A = 3 npH aneprHI1 cY.:: ll, rro.nytie-

JJ HO, liTO Cpe.ztHee p8CCTO!JHH6 

)) = ro4 aB. 
Me~.zty YPOBH!IMI1 I/2+ paBno 

B .ztarrnux pacqeTax rrnoTHocTI> COCTORHMM onpe~enReM nyTeu 

BUllHCJI6HHR IIOJI0~6HI1R II~~COB CJie~ym~ero THIIa: KB83Mll8CTH~8 

IIJIDC O~MH tPOHOH, KB83Hll8CTHqa IIJIDC ~Ba tPOHOH8 H KB83Hll8CTH~8 
n.nmc TpH !floHona. B Ta6nu~e 2 npu:se.zteHbl CPMHHe paccTOHHH.R ]) 

I 7r 1/ ~ l31 7r 
Me'K,l{y YPOBHHMH = 12 B u , paccllMTBHH!ie npH auep-

I'HH CB!J3H HeltTpOH8 13., = 4,8 MsB. !18 T86JIHqbl 2 BH.llHO, liTO 

rrepexo.zt OT BOJIHOBO~ tPYHKQHH (33) K BOJIHOBOM ~YHKqHH (I9) IIpH

BO~HT K YB6JIHll6HH~ IIJIOTHOCTH COCTORHH~ 6onee, qey Ha ~B8 IIO

PR.ztKa. 3TO 06CTORTSJI~CTBO YK83~B86T H8 TO, 4TO IlpH SHeprHH 

BOS6y~~6HHH 4,8 MaB B 239zr B6CDM8 B8JIHK8 ponD KOMIIOH6HT 

BOJIHOBOM tPYHK~HH KB83Hll8CTHqa ITJIDC .ltB8 ~OHOHa. llepexo,n OT 

BOJIHOBO~ !fly~ (I9) K BORHOBOM tPYHKqHH (4) ITpHBO~HT K yBe

Rlfll6HHD IIJIOTHOCT~I COCTORHHM B 2-2,5 paaa. 3TO CBV1~6T6JIMTBY6T 

23 

' 



::·:.!.._"':__ -

0 TOM, qTQ ponb KOMfiOHeHT KB83Hq8CTHU8 nn~c TpH ~OHOH8 B 

BOnHOBO~ ~YHKUHH npH 3HeprHH 4,8 MaB He HBnHeTCH BeCDU8 3H8-

qHTenbHOR. ~o6aBneHHe K BOnHOBO~ ~YHKUHH (4) qneHOB KB83Hqac

THU8 nn~C qeT~pe ~OHOHa npHBO~T TOnbKO K He60nbMOMy yBenHqe

HH~ nnOTHOCTH !/2+ COCTOHHH~. B 3TOM cnyqae ~ = 30,6 SB 

npH I'= ..8, o Jro YK83lliB8eT H8 TO, qTO npM HSyqeHHH B036yllt

~6HHiliX COCTOHHH~ 239lf ~0 SHeprH~ 5 MaB MO~HO He yqMTiliBBTb 

qneHill BOnHOBO~ ~yHRUHH KB88HqacTHU8 nn~c qeTillpe ~OHOHa. 

B Ta6mn~e 2 npo~eMoHCTpHpoBaHa ponb qneHOB c ) = 4 H 

5 H BnHRHHe KOnHq6CTBa yqMTiliBa6MiliX ROpHe~ J~•w CeKynHpHiliX 

ypaBHeHH~ ~nH ~OHOHOB. ~3 T86nHUill BH~HO, qTO BKn~qeHHe qne

HOB ,.\ = 4 H ) = 5 npMBO~T K yBenHqeHH~ nnoTHOCTH I/2+ 

COCTOHHMR B 2-3 pasa. 3TO CBH~eTenDCTByeT 0 B8~HOCTH yqera 

qneHOB MynbTHTIOnb-MynbTHfiOnbHOI'O B38HM0~6tlCTBHH C ~ = 4 H 

A = 5. YMeHDmeHHe KonHqecTBa yqMTiliBaeulllx KopHeR ceKynHpHnx 

ypaBHeHMtl AnH WOHOHOB aaqHHaeT saueTHO CKaSiliBBTbCH aa nnor

HOCTH !/2+ COCTOHHH~, KOI'~B j,.,
11

r <_ 20. 
~ccne~eu saBHCHMOCTH nnoTHOCTH I/2+ cocroHHHtl B 23~ 

B 38BHCHMOCTH OT SHeprHH B036yz~eHHH.PeaynbTBTill BlllqHcneHHI AS-
Hill B T86n.3 H 4.ITpH 3H6pi'HHX B036y~~6HHH ! H 2 MaB pesynbT8Till pac

qeTOB C BOnHOBiliMH ~YHKUHHMH (4), (!9) H (33) COBfl8~8DT ~pyr 

c ~pyrou. ITpH aueprHH Bos6y~eHHH 4 MaB nnorsoc~ I/2+ coc

TOHHM~, paccqMTBHHaa c BonaoBoR ~YHKUMel(4), B !,5 pasa 6onD-

me flHOTHOCTH, paCCqMTBHHO~ C BOnHOBOI ~YHKUH6~ (!9), a npH 

aaeprHH Bos6y~~eHHH 5 MaB aTo paanHqHe ~ocrHraeT 2,5 pas. ~a 

Ta6nHUill 3 BH~O, qTQ C pOCTOM 3H6pi'HH B036y~~6HHH M6AneHHO 

B03p8CT8eT ponb qneHOB BOnHOBiliX ~yHKUHI (4) H (!9), CO~epma-

IJlHX ~OHOHill c A = 4 H .A = 5. 

· B Ta6nHue 4 npo~euoacrpHpoBaao, KaK yueHDmaerca 
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C pOCTOM 3HeprHM B036y·lt~eHMfl Cpe~Hee paCCTOf!HME 

COCTOf!HHHMH. PacqeTill npoBe,ZI;eHill ;no SHeprHM BO< 

HOR 8 MaB,H ~o aToR aaeprHH npo;non~aer JM6Hbmaj 

06CTORT8HDCTBO YK83biB86T H8 TO, qTo Bb16p8HH06 t 

Ul10HH06 npOCTp8HCTBO HBHH8TCf! AOCT8TOqHo 6onDm~ 

EMTb XOpOWMM 6a3l1COM ~nR pacqeTOB. HCHO, qTO H< 

HOCTH KOH!lJI1ryp8Ul10HHOI'O npOCTp8HCTB8 npH H6KOTC 

B036y~~eHHH yM6Hblli6Hl16 ~ ~on~HO npeKp8Tl1TDC~ 

,ZJ;Ommo B03p8CTaTb C pOCTOM 3H6pi'Hl1 B036y~;<A6HHR, 

CornacHo aKcnepHMearanbHiliM ~aHHiliM (cM.,Har 

cpe,ZJ;Hee paccTOHHHe ]),JP Me11t~ ypOBHRMH I/2+ B 

aHeprHH ! = .B, = 4,8 MaB paBHO .lJ.,x,o= ] 
pacqeTill ,11;a10T JJ = 33 aB. To eCTb B HameR MO."nE 

nnOTHOCTD I/2+ COCTORHlfl TOJ!bKO B 2 pasa M6HDME 

onpe;neneHHOtl aKcnepHMeHTanbHO. TaKoe He6onDmoe 

;nerenbCTByeT 0 TOM, qTO HCflOHb3Y6M8R H8MH BOHHC 

no OBoe~ cno~HOCTH 6nwaKa K BORHOB~ WYHKUHHM • 

30HaHCOB. IT03TOMy ."nBHHaR MO,ZJ;enb MO~eT CJiy~~Tb J 

~nR MSyqeHHff CBOICTB COCTORHHI npoMe~yToqHo~ 3f 

;neHHff H BlliCOKOB086y~~eHHSX COCTORHHtl. 

Cne;nyeT HM6Tb B BH~, qTO B HBme~ MO;nenH D 

MBHHe TOnbKO q8CTb OCTBTOqHiliX BSBHMO;neRCTBH~. ) 

rBMHnbTOHH8Hy (I) ~pyrHX BH."nOB OCT8TOqHiliX B88H~ 

KHX KaK B38l1MO;neiCTBHe raMOBa-Tennepa HHH qJieHC 

u:ynbTHflORbHOI'O B88HUO;ne~CTBHR C ,\ > 5, npHBe~E 

HHID TIHOTHOCTH paccqHTiliBBeMiliX COCTOHHH~. 

OnHcaHHe cocTOHHH~ c I> I/2 B_ .newopuHpc 

HaTanKHB86TCH HB Tpy~HOCTH, CBR38HHbl6 C T8M, q~ 
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ponb KOMflOHeHT KB83Hq8CTMU8 nn~c TpH WOHOH8 B 

npH aHeprMH 4,8 MaB He HBRHeTCH B8C~8 3H8-

~o6aBneHHB K BonHOBO~ WYHKUHH (4) qneHoB KBaaHqac

qeT~pe woHoHa npHBOAHT TonbKO K He6on:Dmouy yBenHqe

TH !/2+ COCTOHHM~. B STOM cnyqae ~ = 30,6 SB 

~ • JTO yK83~B8eT H8 TO, qTO npH H3yqeHHH BOS6yR

OHHH~ 239lf ~0 3HeprH~ 5 MaB MOXHO He yqHT~B8T:b 
o~ WYHKUHH KBaSHqacTHua nnmc qeTUpe woaoHa. 

ue 2 npo~eMOHCTpHpOBaHa pOnl> qneBOB C ) = 4 H 

yqHT~BaeM~X KOpHe« J~•w CeKynRpHUX 

woaoHoB. ~a Ta6nHu~ BH~Ho, qTo BKnmqeaHe qne-

H ) = 5 npwBOAHT K yBenHqeHHm nnoTHOCTH I/2+ 

paaa. 3TO CBH~8T81Il>CTByeT 0 B8~HOCTH yqeTa 

bTMri01I:bHOro B38HM0~8~CTBHR 0 ~ = 4 H 

K01IHqeCTBa yqHT~B88M9X KOpHe~ ceKy1IRpHHX 

woaoHoB aaqHHaeT saueTHO cKaauBaT:DCR aa nnoT

L.,.rr< 20. 
38BHCHMOCTH IT1IOTHOOTH I/2+ OOCTORHH~ B 23~ 

OT 3HeprHH B086y~~eHHR.Peayn:DT8TH B~qHcneHHI ~-

H 4.ITpH SHeprHRX BOS6y~~8HHR I H 2 MaB pesyn:DT8T~ pao

BHMH WYHKUHRMH (4), (I9) H (33) OOBIT8~8DT ;ztpyr 

pH aaeprHw Boa6ys~eHHR 4 MaB nnoTHOCTL I/2+ ooo

qVJTaaaaa c B01IHOBO~ WYHKW'fel(4), B I,5 paaa 6on-

' paccqwTaHHo~ c B01IHOBO~ WYHK~Hel (I9), a npH 

··--~-··- "' "-- --- pasnHqHe llOCTHraeT 2,5 pas. fr1a 

O, qTQ 0 pOCTOM 3HeprHH BOS6yx:zteHHR Me~eHHO 

(4) H (I9), OO:ztep~a-

4 npo~eMOHOTpHpOB8H0 1 K8K yM8HDm88TCR 
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c pocTOM aaeprwH Bos6y'l(~eHHfl cpd;nHee paccTOHHHe ue'lt.llY I/2+ 

COCTOHHMRMH. PacqeT~ IIpOBe~eH!ll .llO aHeprHH B036y·l{(;neHJIIH 1 paB

HO~ 8 MaB,H ;no aTo~ aHeprHJII npo~on~aeT yueHbiDBTbCR ~ • 8To 

o6cTORTenDCTBO yKaS~BaeT Ha TO, qTo Blll6paaaoe HBMH KOHWMrypa

UHOHHoe npOCTp8HCTBO HB1IRBTCH .llOCT8TOqHQ 601IblliJIIM H MOllteT cny

~Tb XOpOWHM 683HCOM ;nnR pacqeTOB. ACH0 1 qTQ HS-38 orpaHHqeH

HOCTH KOHrpl1ryp8UMOHHOrO npOCTp8HCTB8 npJII H6KOTOpoi1 3HeprHlll' 

BOS6yllt~eHVJH yMeH:DWeHVIe .lJ ~01IJKHO npeKp8THT:bCR, VI ~anee .lJ 
,1.\0111!tHO B03p8CT8Tb C pOCTOM 3HeprHJII BOS6y-~.l\eHHR. 

CornacHo aKcnepVIMeHTan:DH~ .1.\SHH~M (cu.,aanpHMep,/IS/), 

cpe.l\Hee pacCTORHHe ]),IP Me'llt.zty ypoBHRMH I/2+ B 239 lJ npl'l 

aaeprHH t' = 13, = 4,8 MaB paBHO ..J)-#;tp= IS aB. HamH 

pacqeT~ .1.\BmT rlJ = 33 SB. To eCTb B Harne~ MO.l\enH Mill. nonyqi'J1IH 

fl1IOTHOCT:b I/2+ COCTORHlf~ T01IbKO B 2 paaa MeH»me ri1IOTHOCTif 1 

onpe.l\eneaao~ aKcnepHMeHTanbao. TaKoe ae6onbmoe paani'JqHe CBH

,1.\eTen:DcTByeT o TOM, qTo Hcnon:DsyeuaR HaMH B01IHOB8R WYHKUJIIR 

no cBoe~ cnoJKHOCTH 6nHaKa K B01IHOB!llM rpyHRUVIHM Hei1TpOHH!llX pe

aoaaacoB. IT03TOMY ,1.\8HH8R MO.l\e1I:D MO~eT cny~~T:b XOpome~ OCHOBO~ 

;nnff MSyqeHI'IR CBO~CTB COCTOffHMa IIpoMe~yToqHQ~ SHepr~H B036y~

,1.\eHHR H B~COKOB036y~~eHHSX COCTORHI'I~. 

Cne;nyeT I'!MeTb B BJII.zty, qTQ B Hamet;l >MO,Z\eRI'I lliJHHHl'a BO BHH

MSHHe T01I:DKO qaCT:b OCTSTQqH~X B38HM0,1.\e~CTBI'Ia. ~o6aBneHHe K 

raMI'!RbTOHMaHy (I) ~pyrHX BI'IAOB OCT8TOqH!llX B381'1MO.lle~cTBHM, T8-

KHX K8R B381'!MOAe~CTBI'I6 raMOBa-Tennepa 1'11IH qneHOB MY1Il>THIT01ID

MY1Il>TiiJITOR:bHOrO B38ID.fO;ztelitCTBI'IR C 1\ > 5 1 rrpMBeAeT R yBenJIIqe

HJIID IT1IOTHOCTJII paccqHT!llB8eM!llX COCTORHI'I~. 

OnHcaaHe cocTORHHM c I.> I/2 B . .IIei!JopMHpoBaHH!llX HApax 

HaT81IKHB86TCH Ha Tpy}{HOCTH 1 CBR38HH!ll8 C TeM, qTQ HeJIISB6CTHO, 
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K8K npoHCXO~HT BpameHHe ~pa, H8XOaRmerOCH B B~COKOBOS6y~~eH

HOM c OCTOHHHM. B Hamel MOlleJIH K HBJIHeT~H xopomm~ KBaHTOBblll 

tH!CJIOM 
1 

__ 'liTO yxy;zunaeT OmiC8HH8 BOS6y~ll6HH~X COCTOHHMtt ll6qJO}JIH

pOB8HHbiX Mep c ::! > I/2. C y'lleTOM aToro SaMellaHHH MSY'IIIIBI 

S8BHCHIIOC'l':& DJIO'l'HOC'fH COCTOHHHlt O'f SH8ll6HHI K"". 
B 'l'a6nHne 5 llBHbl cpe,1lHHe paccTOHHHH Me~llY ypoBHHIIH c 

S8ll8HHblllH J(1r B 239 'lJ DpH aHeprHH ~:: J3, • 1.13 T86JIHWi 

BMllHO, liTO DJIO'l'HOCT:& !/2- COCT~HHHI ,QJH3Ka K DROTHOCTM 1/2+ 

cocTOHHHtt, c pocToM K npoHcXO.IHT KellJ!eHHoe yBemsqeuHe 

cpellHero paccTOHHHH uez,lly ypoBHHMH. 

6. 3 a K n n q e H H e 

EoJI:&WSH DJIOTHOCT:& COCTOHHHI DpH SHeprHHX BOS6y~ll6HHH 1 

6JIHBKHX K 73, 1 C118,1ly6T HS MOll6JIH H688BMCHIIbiX KB83H'II8CTHU,BazHO, 

qT00H 0Hna DORyqeaa He TOn»KO DpaBHn»HaS IIROTHOCT:&,HO qT00H BO~

HOBH8 qJyHKUHH 3THX COCTOHHHI 6HKI IIHOrOXOJIDOH8HTHHIIH H CO~epzaxx 

OT11H'IIHH6 OT HY11H M8110KB88H'118CTH'IIHbl6 KOMITOH6HTY. 

0CHOBHHM llO,CTOHHCTBOII Hamel MOll6JIH HBJlft6TCH MHOrOKOIIIIO

H6HTHOCT:& BonuoBol WYHKUHH B~>~coKoBoa6y~~eHHoro cocTOHHHH. 

BonHoBaa WYHKUHH coltep~HT OllHOKBBSHqacTH'IIffY,m KourroueHTy H 

6011:&11108 'IIMCJIO TpeXKB8SHq8CTM'IIHHX 1 IIHTHKB8aH'118CTH'IIHHX H C611H

KB88H'118CTH'IIHbiX KOIIIIOH8HT. 

HaliK pemeHO ceKyJIHpHOe ypaBH6HH6 (25) H IIOJIY'II6HO Hec

K011:&KO ero KOpHett B6JIHSH aHeprHH CBft8H H61Tp0H8 ~" • A!H 

'116Tblpex KOpHel BH'IIHCJI6Bbl OllHOKB83H'118CTH'IIHbl6 KOIIIIOH8HTH H H8H-

60JI:&WH6 KOMIIOH6HTbl KB8SH'118CTHU8 IIJIDC OllHH qJOHOH H KB88H'118CTHU8 
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IIJIIOC llB8 qJOHOH8, KOTOpble npe~CT8B116Hbl :B TS 

7 aTH lie BOJIHOB!:le WYHKUHH npe.ncTaBJieH~ B 1 

KB83Hll8CTH'IIHI:lM KOMIIOH8HT8M. 

B Ta6n~t~ne 6 ll8Hbl cnyqaH, xor.na KopeH:& 
'l. 

30K K 110Jli0Cy, TOrM (d;J ~ 10-I\ H KOr.llf 

,llBHHYT OT 110JIJOCa, TOr,l\8 (C)) L :!: I0-8, T, 

C 3KCI1 epHM8HT8Jl:bHHMH ,Z\8HHblMH , 11pe,nc T8B1!el 

~3 T8611HUbl BHllHO, 'liTO llJIH COCTOHHHH ~ = 
HOrO B6JIH3H aHeprHH 110B8pXHOCTH ~epMH,B8JII 

• z 
rne' qeM ( c;) ,liJifl COCTOHHHH I = 6II~ 

H6CKOJI:&KO M6H:blll8 SHeprHH CBf!SH He~TpOHa. 

TBep~~aeT B~BOll, C,li6JI8HHbl~ ~I/, 0 TOM, qT 

ll8CTHllHO~ KOMI10H8HT~ BOXHOBO~ WYHKUHH H 

yBeJIH'II~B88TCH 110 Mepe 11pH6JIH~eHHfl SHeprHH 

TpOHHOrO COCTOf!Hlifl K }3" • 
Mo~Ho cKa3aT:&, q~o 110 nopH.liKY BeJIHqM 

HY TinOTHOCT:b H B6JIHqHHbl O~HOKB83Hq8CTHq 

B~x WYHKUH~ He~TpOHH!:lX pesoHaHCOB. TO ec~ 

C TeMH xapaKTepHCTHKaMH BYCOKOBOS6y~~8HH~ 

TOp~ HM8IDTCfl SKC118pHM8HT8JI:&Hb16 ASHHYe. 

~3 T86JIHU 6 H 7 BH~HO, qTO BOJIHOB!:l8 

pfl~ 60X:&WHX KOM110H6HT KB83Hll8CTHU8 11nDC ] 

Pflll 60JI:&WHX 11HTHKB83H48CTHqHbiX KOMI10H8HT, 

OT6pomeHHbiX HeKorepeHTHbiX qJieHOB uo:.veT J1 

110H6HTbl, HO OH He llOJI~8H ITOBJIHH~:& HS B8Jll 

Hl:iX KOYTIOHeHT. B H8CTOH]q68 Bp8MH He f!CHO: 

60n:bWHX MHOrOKB83H'118CTHqHbiX KOMIIOH8HT B 1 

BHCOKOB036y~ll8HHbiX COC~Of!HHI H8~0CT8TKOM y, 

o!paxeHHell HX cxpyKTypbl. 
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XO~MT BpameHHe ~pa, H8XOAHmerOCH B B~COKOBOS6y~~eH

K HBJIHeT~H xopomHM KB8HTOB1ill 

1 __ 'll:TO yxy.muaeT OIIHC8HHe BOS6y·ueHH~X COCTOHHHtl ~ecpopuH

:t > I/2. C yt~eroll aroro Salle'll:aHHH Hsyt~ma 

ocn IIJIOTHOCTH cocroaHH.It O'l' aHaqeHHI Kr_ 
ra6nH~e 5 ~aHY cpe~He paccroaHHa Ke~~ ypoBBHilH c 

J(1r B 239 'lJ IIpH aHeprHH ~::: ./3, • £13 T86JIH~ 
llJIO'l'HOCTh I/2- COCT~HHH.It ,OJHaKa K IIHOTHOCTH I/2+ 

C pocroM K npoHOX0.1UfT Ke~eHHoe yBeJIB'IleHHe 

paccroaHHH Ke~~ ypoBHHilH, 

IIJIOTHOCTh COCTOHHHI IlpH SHepi'HffX BOS6y~~eHHH 1 
1 CJie~eT HS MO~eJIH He88BHCHMYX KB83Hli8C'l'HU•Bazao, 

llOHyqeHa He TOHhKO IlpaBH!hHaa II!OfHOCfh,HO qroOH B0~-

3THX COCTORHHR 0HnB KHOI'OXOMDOH8HTHHMH H C0~8pza41 

HyJIH M8JIOKB83H'Il8CTK'IlHYe KOMIIOHeHTY, 

Hamel MO~eJIH ftBJift8'l'CH MHOI'OKOMIIO

Th BOJIHOBO.It cpyHK~H BYCOKOBOS6y~~8HHOI'O COCTOHHHH, 

cpyHK~HH CO,llep'KHT O~OKB83H'I8C 'rJf'l!fY.Il KOMIIOH8H'!'y H 

qucJIO TpeXKB83Hq8CTH'IBYX1 IIHTHKB83H'I8CT.IfCIHYX H C6UH-

H pemeHo cexynapaoe ypaBHeHHe (25) H noJiyqeao aec-

ero ROpHe.lt B6JIH3H aHeprHH CBHSH HeiTpOH8 ~, • IJIH 

KOpHe.lt BYqHCJI8BY O~BOKB88H'I8CTHqHye KOilllOH8HTH H B8H

KOMIIOH8HTY KB83HqacTK~8 llJIIlC OAHH cpoHOH H KB83Hq8C'l'H~8 

26 

nJI~C ~Ba cpoHOH8 1 KOTOpMe npe,ZICT8BJieHM B T86JIH~e 6, B T86JIH~e 

7 3TH Jre BOJIHOB!le cpyHK~HH IIpe,ZICT8BJieHbl B BH.Zle p83JI01tCHI1ff IIO 

KB83MqacTHqH~ KOMnOHeHTaM, 

B T86JIH~e 6 .li8Hbl CJiyqaH, KOr.lla ROpeHh ypaBHeHMH (25) 6JIH-
• l. 

30K K nOJIIDcy, TOr~a (~') ~ IO-I\ H KOr~a KOpeHL (25) OTO~ 
,Z~BHHYT oT nomoca, ror~a (c)) .t ~ ro-B, r.e. MMeeTca cornacHe 

c aKcnepHMearanhHHMH .Zl8HHhlMH , npe.ZlcTaBneHHb!MH B ra6nH~e I. 

113 T86JIH~bl BH~HO, qro .ZlJIH COCTOHBHH _,P = 63I~, paCIIOJIO'KeH-
/ . z 

HOI'O B6JIH3H SHeprHH IIOBepxHOCTH ~epMH1 BeJIMqJrlH8 l C:O') MeHh-
• z 

me, 'tleM ( Cl'') .ZlJIH cocroaHHa f = 6II~ , aHeprirla KOToporo 

HeCKOJihKO MeHhme SHeprMH CBff3Irl He~TpOHa, 3TOT peayJihT8T no~ 

fBep~,llaeT Bb!BO.ll 1 C.ZleJI8HHbl.lt B/I/, 0 TOM, 'liTO BeJIJrl'IIMHa O.ZlHOKB83H

'118CTH'IIHO.It KOMnOHeHTbl BOJIHOBO~ tlJYHK~HH Het!TpOHHOI'O peSOH8HC8 

yBeJIH'lJ:HB8eTCH IIO Mepe I1pH6JIH~eHHH SHeprHH O~HO't18CTH'IIHOrO He~

TpOHHOI'O COCTOHHMH K J3., • 
Mo~HO CK838Th 1 'liTO no IIOpH.ZlKy BeJIH'IIHHM rrpaBHJihHO OIIHCB

Hbl llJIOTHOCTh H BeJIHt{MHM O.ZlHOKB83H't!:RCTH'IIH~X ROMITOHeHT BOJIHO

BHX tlJYH~H« He~TpOHHbiX pe30H8HCOB, TO eCTD MMeeTCH COrJiaCHe 

C TeMH XBp8KTepHCTHR8MH BbiCOKOB036y~.ZleHHHX COCTOHHM.It, IIO KO

TOpbiM HMeiDTCff SRCnepHMeHT8JibH~e ~8HH!le, 

~3 T86JIH~ 6 H 7 BH.ZlHO, 'liTO BO~HOBbJe, cpyaR~HH CO~ep~aT 

pH~ 60JihlliHX KOMIIOHeHT KB83HqacTH~a nJIDC .ZlB8 qJOHOHB~H TeM C8MbiM 

pa~ 60JihlliHX IIHTHKB83HQ8CTH'll:Hb1X KOMnOHeHT, BOSMO''fHO, qro yqer 

OT6pomeHHbiX BeKorepeHTHHX qJieHOB MO·"eT yM6H:DWHTD 60JihmHe KOM

ITOH6HT~, HO OH Be .liOJI~eH IIOBnHHTh Ha BeJIH~HHbl O~ORBBSHliBCTH'I

HbiX KOMnOHeHT, B H8CT0ff~ee BpeMa He HCHO,HBJIHeTCH ~H HBJIH~He 

60JihmHX MHOI'OKB83H't18CTHQHYX KOMnOH8HT B BOnHOBHX cpyHK~MHX 

BHCOKOBOS6y~~eHHHX COCTOffHH~ He.ZlOCT8TKOM MOAeJIH HJIH npaBHJihHbiM 

orpazeHHeK HX crpyxrypH. 
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Ha OCHOB8HHH npoBe~eHH~X HCCR8~0B8HHn MO~HO C~enaT~ B~Bo~: 

B38HMO~e~CTBHe RB83Hq3CTHU C ~OHOH8MH B 3HaqHT6R~o« CTe

neHH OTB8TCTB6HHO 38 ycno~HeHHe CTpyKTyp~ COCTORHH~ 8TOMH~X 

R~ep C pOCTOM aaeprHH B036y~~eHHR H 38 ~parMeHTauHD O~Hoqac

TH4H~X, TpexqaCTHqH~X H T,n, COCTORHH~ no MHOrHM R~6pH~ 

ypOBHRM, 

ft1ccne~OB8HHff ,l'ISHHO« M0~6RH npo~OR'I"BDTCR, ft13yqeHHIO KOMno

H8HTHOrO COCTaBa BOHHOBYX ~YHKQH~ BYCOKOB036y~~eHHHX COCTOffHHH 

H COCTORHH~ npOM8"ltYTOqHoH aaeprHH B036Yllt.zl8HHR, a TSK ·a B~qHC

neHHIO pa3nHqHHX xap8KT6pHCTHK H6~TpOHH~X pe30H8HCOB 6y~eT noc

BR~eHa Cne.ztyiOmaR CT8T~H, 
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OBaHMM npo:ae.zteHHbiX HCCJI6.ztOBaHH.It MO:itHO C.zteJiaT:& Bb!BO.zt! 

TBHe RBB3Hq3CTHn C ~OHOHSMH B 3HaqHT6JI:&HOU CTe

aa ycJio~HeHHe CTPYKTYP"' cocTORHHU aTOMHb!X 

SHeprHH B036y~.zt6HHR H Sa ~parM6HT8nH~ O,llHOqac

THqHb!X H T.n. COCTORHHI ITO MHOrHM R.ztepHb!M 

BaHHff .naHHO.It MO.zteJIH npO.ztOJI'I"B~TCff. £iayqeHH~ KOMITO

TdBB BOJIHOBb!X ~YHK~H.It BbiCOKOB036y~.zteHHbiX COCTOffHH.It 

rrpoue·~yTOqHo.lt 3HeprHH B03CiYllt.ll6HHR 
1 

a TaK "6 BJiqHc

qHblX xapaKT6pHCTHK HS.ItTpOKHbiX p630HaHCOB 6y.zteT ITOC-
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T a 6 n H u a I. 

llpHBe~eHH~e H8UTpOHH~e WHpHH~ H B8RHqHH~ O~OKBS3Hqac~q
H~X KoMrroHeHT !14.~. .ztna pe3oHaHcoB c I:c: ~,. B U!lu (11=2) 

t-B, • r:, •• -··l. I .h't 8B 8B -
6,7 o,6 • ro-3 o,3 • ro-9 

2I I,9 • ro-3 r,o • 10-9 

37 5,2 • ro-3 2,6 • m-9 

6.6 3,1 • ro-3 r,6 • ro-9 

81 0,2 • w-3 I,O • 10-IO 

103 6,6 • w-3 3,3 • ro-9 

Il7 2,4 • ro-3 r ,2 • ro-9 

145 o,6 • 1u-4 o,3 • ro-10 

165 0,2 • ro-3 1,0 • ro-IO 
185 1,0 • I0-2 5,o • ro-9 

20~ 3,9 • ro-3 2,0 • m-9 

237 1,8 • m-3 o 9 • ro-9 
t 

273 r,5 • ro-3 o,8 • ro-9 

291 I,O • ru-3 o,5 • ro-9 

347 4,o • ro-3 2,o • m-9 
397 u,4 • w-3 u,2 • ro-9 

410 u,9 • m-3 o,5 • m-9 

434 o,4 • m-3 0,2 • m-9 

463 u,2 • ro-3 0,1 • ro-9 

5I8 I,9 • m-3 I,O • ro-9 
535 r;1 • ro-3 o,8 • m-9 

580 1,3 • ro-3 o,7 • w-9 

595 3,3 • ro-3 r,7 • ro-9 

Cpe~Me 3HaqeHMH 2,3 ·IQ-3 1,2 • ro-

30 )-
r.t',:. 

Cpe~Hee paccTOHHHe Me~~Y y~OBHHMH c I 
= B11 = 4,, 

]) 
). ' J ... AJI Pac4eTh! c noJ 

4 
2,3,4,5 70 33,2 
2,3,4 70 42,2 
2,3 70 96,2 
2,3,4,5 35 33,3 
2,3,4,5 20 35,5 
2,3,4,5 9 47,4 
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a 6 JI .11 u a I. 

ITpl1Be~eHHWe H6MTpOHHWe WMpl1HH M B6JIJ1qHHH O~HORBS3HqacTHq-
rtl IJT ~,. U!lu r J HhiX ROMJIOH6HT b .1tJIH pe30HSHCOB C = .it B 11=2 

• r, • • f]/11. 
SB -

7 o,6 • m-3 o 3 • ro-9 
' 

r,9 • ro-3 I,O • ro-9 

5,2 • m-3 2,6 • m-9 

3,I • m-3 r,6 • m-9 

o,2 • m-3 I,O • ro-IO 

6,6 • ro-3 3,3 • m-9 

2,4 • ro-3 r,2 • m-9 

o,6 • ru-4 o,3 • m-ro 
0,2 • ro-3 I,O • IO-IO 
I,O • ro-2 5,o • ro-9 

3,9 • ro-3 2,0 • m-9 

I,B • I0-3 0,9 • ro-9 

I,5 • ro-3 o,a • ro-9 

I,O • ru-3 o,5 • m-9 

4,o • m-3 2,0 • ro-9 
u,4 • ro-3 u,2 • m-9 

u,9 • m-3 o,5 • m-9 

o,4 • w-3 0,2 • m-9 

u,2 • m-3 o,r • ro-9 

r,9 • m-3 I,O • ro-9 
I,'l • w-3 o,s • m-9 

r,3 • ro-3 o,? • ro-9 

3,3 • ro-3 I,? • m-9 
He 3HaqeHHH 2,3 ·ro-3 I ,2 • 

30 

. '· 
TaCiJIHI.la 2 

Cpe~Hee paccTOHHHe 11.e·uy Y,RC>BHHMH c Ix = I/2+ B 239lf rrp.11 
~ = B.. = 4 '8 M SB 

]),38 

~ j~"~ Pac4eTw c noJIHOBOH WYHKI.lHeU 
4 .. (I9) 

2,3,4,5 70 33,2 77,5 
2,3,4 70 42,2 90,9 
2,3 70 96,2 178,6 
2,3,4,5 35 33,3 78,1 
2,3,4,5 20 35,5 90,1 
2,3,4,5 9 47,4 163,9 
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'l'a6mu~a 3. 

7'\ :r + :UIIf Cpe~Hee paCCTOHHHe ~ U6XAY ypoBHHMH cjf =l/2 B 
~JIH j,.u =70 npH pa3JIHtlHWC SHeprHHX B036ylit,A6HHH 

!, A )). ~· 
T a 6 JI M u. a !Ida :a PacqeTH C BOJIHOBOI ~YHKUHI (I9) -,4) 

I,O 2,3,4,5 66,7 • ru3 66,7 • ro3 •• Cpe~Hee paccTOHHHe J) ue~~ ypoBHHMH c IT= 
I,O 2,3,4 76,9 • ro3 76,9 • I03 

1,0 2,3 143 • 1o3 I43 • ro3 

2,0 2,3,4,5 9,4 • ro3 9,4 • ro3 Mt, a :a }) 3ll 

2,0 2,3,4 II,4 • ro3 II,4 • 103 
1,0 66,7. 10:; 

2,0 2,3 17,9 • 103 17,9 • ro3 
2,0 9,4 • 10:; 

3,0 2,3,4,5 1,43 • 103 1,70 • ro3 - :; :;,o 1,4:;-10 
3,0 2,3,4 1,64 • ro3 1,89 • ro3 

4,0 165 
3,0 2,3 3,23 • ro3 4,17 • 103 

4,8 :;:;,2 

; I 
4,0 2,3,4,5 165 246 5,0 27 

I ' 4,0 2,3,4 203 289 6,0 7,1 
4,0 2,3 454 568 8,0 0,5 
5,0 2,3,4,5 27 66 

5,0 2,3,4 35 78 

5,0 2,3 48 185 

I 

l 
.~.· -'1!!!i"·.r 
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'l'a6mu.ta 3 • 

.D r + :u1lf paccroHHHe ue~ ypoBHHMH clr =1/2 B 
j.out =70 ITpH pa3nHqHHX SHeprHHX B030y~~eHHH 

.D, ;,. 
Pacqer9 c BonHOBoH WYHKUH~ {19) T a 6 n H u a 4 

,5 66,7 • 103 66,7 • ro3 

76,9 • ro3 76,9 • ro3 Cpe~Hee paccTOHHHe ]) ue~~ ypoBHRMH c IT= 1/2+ B 239tf 

I43 • ro3 I43 • ro3 

9,4 • ro3 
9,4 • ro3 

II,4 • ro3 II,4 • ro3 

17,9 • ro3 r7,9 • ro3 

1,43 • ro3 r,7o • ro3 

1,64 • ro3 I,89 • ro3 

Mt, 
}) .z.._ 3B 3 B 

1,0 66,7•103 

2,0 9,4. 103 

3,0 1,43,103 

3,23 • ro3 4,I7 • ro3 4,0 165 

165 246 
4,8 33,2 

203 289 
5,0 27 

454 568 
6,0 7,1 

27 66 
8,0 0,5 

35 78 
48 ISS 
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r 1 
I 

I T a 6 n H n a s. 

Cpe~He& paOOTORHHe Me~ ypOBHRMH 0 ~8HHYMH ~DpK 8H&prBH 

C • B.., B 239lf 

J .. JJ,aa 
1/2+ 33,2 

1/2- 33,1 

3/2+ ,...,7 

3/2- 32,1 

5/2+ 39,5 

5/2- 41,3 

7/2+ ' 40,2 

7/2- 48,5 

9/2+ 47,6 

9/2- r;o,o 
11/2+ 57,9 

11/2- 53,2 

13/2+ 66,2 

13/2- 73,6 

15/2- 75,8 

34 

~""' .... - ·' . -- ···-·-·-~ ........ ...-.................... . 
!'~ : • • j 

'~ '· 

CTpyKTypa OOOTORHHI,\ o ~ =I/2+ B 23~ , pac 
B6nHSH Bn = 4,8 MaB 

===================================================== 
~· - Bit ' c T p y K T y 

ltaB 

-0,2629 631# 10-9% 622t + Q8 (31 )· 

761~ + Q8 (31) o,o2% 752t + Q8 (31). 

62ot + Q8 C~1 >· 

0,3364 631~ 4,8"10-7% 633~ + Q2(22)· 

6:;1t + Q2(22) 0,01% ?43-t +Q1?(32} 

'152t + Q8 (31} 

752t + Q2(22) 

11,114 631~ 2,6"10~ 624t + Q2(43) 

604t + Q2(43) 4,~ 6201' + Q2(43) 

606~ + Q2{43) 
622~ + Q2(43) 

7341' + Q2(43) 

0,300? 611~ 10-5% 624l- + Q2(43) 

613t + Q2(43) 0,01% .501. + Q5(41) 

==================================================== 



T a 6 n H ~ a 5. 

paCCTORHHe Me~ ypOBHftMH C l8BHYIB ~npM 8HeprBB 

C., B., B 239'lf 

Jr })) ,. 
1/2+ 33,2 

1/2- 33,1 
3/2+ 34,7 
3/2- 32,1 

5/2+ 39,5 
5/2- 41,, 

7/2+ ' 40,2 

7/2- 48,5 
9/2+ 47,6 

9/2- 5o,o 
11/2+ 57,9 
11/2- 53,2 
13/2+ 66,2 

13/2- 73,6 

15/2- 75,8 

34 

Ta6JIHUa 6 

CTpyKTypa COCTORH!tf~ 0 It" =I/2+ B 
239V , pacnOJIOJP.:eHHblX 

B6JIH3H Bn = 4,8 MaB 

========================~============================================ 
~· - B~~ , c T p y K T y p a 

ltaB 

-o,2629 631~ 10-9% 6221 + Q8(31)+ Q4 (33) 89,6% 

761~ + Q8(31) o,o2% 752~ + Q8(31)+ Q2(22) 7,4% 

620-t + Q8(31)+ Q1 (30) 1,'7% 

. 0,3.364 631~ 4,8.10-7% 633~ + Q2(22)+ Q7(44) 68,4% 

631t + Q2(22) 0,01% 743t +Q17(32)+ Q2(22) 30,5% 

'152t + Q8(31)+ Q2(22) 0,9% 

752t + Q2(22)+ Q5(54) 0,1% 

11,114 631{. 2,6.10~ 624~ + Q2(43)+ Q1~) 62,3% 

6011++ Q2(43) 4,~ 6201' + Q2(43)+ Q1(44) 5,4% 

606~ + Q2(43)+ Ql(22) 4,2% 
622~ + Q2(43)+ Q1(22) 2,8% 

734.,. + Q2(43)+ ~~1) 2,8% 

0,3007 611~ 10-5% 62~ + Q2(43)+~2(20) 99,8% 

613t + Q2(43) 0,01% 501. + Q5(41)+Q1 (31) 0,1% 
===================================================================== 

It
· 

' . 
. 

··'1. . 
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Tae5mn:ta 7. 
r u+ ug 1r 

CTpyKTypa COCTO.fiHHa C /( = 7l :S U , pacnonollteHHwc 
:Sc:5JIH3H J3, =4,8 Ma:s 

CTpyKTypa 

.1, -.8.. c;.. , 

Ku 

-0,2629 .. 63H ro-9~o; ,622t lf752tn63!l ,624+ n752~ 69,7% 
,.76!~ "7521 n62.4~ O,OIS%;,622t ,752t n63U p642t p52It 14,3% 
,76H p642.1 p52It 0,003%;,622t n752h63I~ p642t p532~ IO,U% 
~76I~p642fp532~ 0,002%; 

0,3364 w63n 4,8·I0-7~; ,633t n63IJ 11622t p533i p632~ 52,4% 
.. 63H ~r622t ~r63I1' O,OI%; , 743t ,63ILr622t p400t f52It !7 ,91-,.6 

,633~ ,63H 11622t p52~ p52It II ,8% 
n743t ~63U ,6221 ,7431 ,622~ 4 ,I % 
,7t~3f ,63U ,6221 »725+ ,62~ 2,8 % 

II,II4 ,63Il 2,6·ro-6~; 
.. 60~ .. 624l ,63H 4,15~; 
.. 604,,632t,63I~ 0,05%; 

0,3007 "6II~ ru-5%; 
.. 6131 .. 624~ 1!63H o,or~;·; 

n633t ,63U ,6221 n6I5Lr63I~ 
.,7431 n63Il n622.1 n503t H63U 
,624t "624-l- ,63H p52If p52If 
.. 624J. n624~ ,63U p65It p402~ 
.. 6201 ,62~ ,63U n624l n63U 
,624-l- n6Z4l ,.63U r523i- p523~ 
n624t n62~ n63H p633f p633t 
, 624t ,624-J ,63U r40Ut p40Cof 
, 62~ ,624~ ,63U ,7521 ,.,752-t 

,624~ .,62~ n63IJ p52It p52It 
..62~ n624J n63ll p65!1 p4li2~ 
n624J n62lU n63IJ f 523t p523t 
n624Jn624l- ~t63I~ p633t p633t 
.,624-i n624~ .,63H ,40ot ,-40Uf 
.,624+ n624J n63H n752t n752t 
"624t n62~ n63U ..,620f n63lt 

• 

I 1 3 /b 
I ,3y.i 
!6 '?',.6 
II,B% 
6,8 % 
4,7% 
3,5 ~~ 

3,4 ~0 

3,I % 

26, ?to 
I8, 8/o 
7,5 >ti 
5,6 'jo 

s,4 ;.; 
4,9 % 
3 ,1~ ;.; 

........ '-~- ~---·· ···-·'· ....... ·-········---. """"-··-···-·· 
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Y CJIOBHll OfiMeHa 
npenpHHTbl H C006!lleHHSI 011HJ1 p8CCbin810TCSI 6ec 

HMHOrO 06MeHa,yHHBepcHTeTaM, HHCTHTyTaM, na6ope 

H8Y'IHblM rpynnaM H OTJlenbHblM y'leHbiM 6onee 50 C 

nony'laTeJJSIM H3Jl8HHA 011.Hl1 npeJlOCT8BJISieTCSI BO 

SBHTb HHHUH8THBY B 6ecnn8THOH fiOCblJJKe ny6JJHK8UH 

06MeHa fiPHHHMaiOTCSI HBY'IHhl9 KHiirH, >KYPH8Jlbl1 npj 
ny6JJHK8UHH no TeMaTHKe 01'Ull1. 

EJlHHCTBeHHhiA BHa ny6nHKauHil:, KOTOpbiil: HaM n 

9TO penpHHTbl l OTTHCKII CT8TeH 1 y>Ke ony6nHKOB8HHbUI 

H pSIJle cnyqaes Mhi caMH o6pamaeMCS1 K H8Y'IHh: 
6onee KpynHbiM fiOJJY'I8TenS1M H8IUHX H3l18HHii - C npc 
CJ18Tb H8M K8KHe-nH60 KHHrH HJlH BbWHC8Tb llJJSl H81U' 

>KypH8Jlbl, H3Jl810IUHeCSI B HX CTp8H8Xo 

0 T,lleJlbHble 38Dp0Cbl 

11308TeJJbCKHlt OTIJeJJ e>KeroJlHO BblfiOJJHSleT OKOI10 

coB aa BbiCbinKY H3Jl8HHR Ol1Hl1. B TaKHX 3anpoca:x 

YK83b!B8Tb HHJleKC 38l:Jp8IUHBaeMoro H3Jl8HHSI, 

A.npeca 

nuccMa no seeM sonpocaM o6MeHa ny6nHKaUHSIM 

OTJlenhHbie ll3Jl8HHS1 cneJlyeT HanpaBJISITh no a11pecy: 

MocKB8 1 

r.n8BHbiil OO't.fT8MT1 n/R 79 
Haa8Te.nbCKHil oTae.n 

06'beaHHeHHOrO HJICTHTYT8 

naepHbiX HCC.neaoBBHHil. 

Allpec JlJISI noCbinKH acex ny6nHKauuil: B nopSIJlK« 

6ecnnaTHOil: llOJlnHCKH Ha H8Y'IHble >KYPH8Jlbi: 

MocKBa, 

r.naBHbiil OO't.fT8MT1 n/g ~ 
Hayr.rno-TeXHHr.recKaR 6Ht5n; 

06'beaHHeHHOrO HHCTHTYTB 

RaepHbiX HCC.nea0138HHil • 


