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6brno paccMOTpeao B38HMonelicTBHe KBH3H'IHCTIIU c <PoaoHHMH B He'leTHbtX- A 

ne<!>opMHpOBHHHbiX Hl\pax H 6brno noKa3aHo , 'ITO oao HrpaeT BBlKHYJO ponb , B 121 
6btna l!C

c n enoea aa C.TpyKTypa OC HOBHbiX H B036YJKlleHHblX COCTOH HH li He'leTHbiX ne<!>opMHpOBHHHblX 

Hl\ep e o6nacTH 153 ~ A ,;; 187. BbiHCHHM, KHKYJO po,,b HrpaJOT B3HHMonelkTBHH KBH3H'!HC 

TH H C <!>OHOHHMI! B He'leTJ!O- He'leTI!biX ne<jlopMHpOBHHHblX Hl\pBX ( HBCKOnbKO aenHKB npHMeCb 

K COCTOSIHHHM, 6nH3KHM K .llBYXKB831f1.J8CTHl!HhiM , K BKOBbi 3HeprHH H BO RHOBbie 4>YHKUHH KOR

neKTHBHbiX COCTOSIHHJI H COCTOHHI!il CnOlKHOJI CTpyKTypbt ) H KHK Benl!KB npHMeCb 113 - 3 8 3THX 

B38HMO.QefiCTBHA K llBYXKB83J.PJ8CTHqHbiM COCTOSIHHHM B lJeTHO-lJeTqbiX Hapax. 

PaccMoTpHM aeqeTHO-He'leTHoe ne<!>opMHpoeaHaoe Hnpo , rne HMeeTcH onna npOTOHHaH 

KBH3H'IHCTIIUH H Ol\HB Hel\TpOHHHSI KBH3H'18CTHUH B l\OHOnHeHHe K <i>oHOHBM '!eTHO-'IeTHOI'O 

Hllpa. I'aMHnhTOHHB H 1 onHCbtBBJOI..UHA aaaHMoae Ac TBIHI KB83H"'BCTHU c ljJoaoHaMH ,aoabMeM Ta
/1/ 

Koil JKe, KHK e B onaoeyJO <I>YHKUHJO 3armwe M e cnenyJOmeM anne: 

+ 

(I) 

rne a 0(1 -Qnepa Top KBa3H'IHCTIIUbi, Q 
1 

(Ap.) - onepaTop <!>oaoua 

MynbTHnonbHOCTH Ap. 
1 

cyMMHpoea nHe no s ( v) .. 
ITpOBO.llHTCSI ITO O.llHOl.J8CTH"'HbiM ypOBit51M 

cpenH e ro nonH aeliTpOHHol! ( npoToHnol!) c ucTeMbi ; a ~ ± I , r B ±I nnsr .naaHoro 3 Hal.f e -
HH SI ICtr HnH o-= r , HnH a= - r YcnoBHe aopMHpOBKH ll) BMeeT ann: 

npH'IeM eenH'IHHa C ( • 0 v 0 l 0 

3H'I8CTHUHMH H a ypoBHHX 

Hl!eM ICtr • 

•o 

H al!neM cpenHee 3HH'IeHu e 

Ill 
e , nal!neM C( s 0 ,v0 l H 

(2) 

onpe.nenHeT BKRBll .0ByXKB83Hl{8CTHl{H0T"O COCTOSIHHH C KBB-

H "o B BOnHOBYJO <!>yHKUHJO COC TOHHI!SI C l\HHHb!M 3 HH 'Ie -

H no 'I'(JCtr) H H3 ycnCBHH MHHHMYMH 3 He p rHH, K HK 
Ap.t 

D s u v r ( • 0 v0 ) .CeKynHpnoe ypa eHe HHe , onpenenHJOmee aaep-

rHH '7 j OCHOBHOrO H B036yJKl\eHHbi X C OCTOHH>di , nony'IHM B c n e nyJOJlleM BHl\e : 

3 



I 1 l I t(a 0 ) +dllo)- '1 1 - ~ yl (>.jl.) 
t(a) 

Ap. 2 3 

>.p. 3 3 
I ( a0 a) v • • 

+t(ll.)~--~1' 
v • -I 

.., I (11
0 

v) v11 11 
+ "" 0 l - 0 • 

11 d a 0 ) + t( 11) + a/•1' - I) 
I I 

+ 
- ,, 

(3) 

AJl 
3nech I ( •• I -MaTpH'IHble :an eMeHT bl onepaTopa MynhTHnonbaoro MOMeHTa (AJl) 

l ( •) • y C ~ +IE(o) - A l " ( C -Koppe nSIUIIOHHBSI <jJyHK UHSI, A -xHMH'IeCKHl\ noTe HUH a n)_, 

, = u u ~ - v ' . CyMMHposaaue no Ap.i CBSI38HO C y'leTOM B38HMO!leliCT-. 
BHR KB8 3 lf\{8 C THU C KB8.llpynonhHblMH H OKTynonhHbiMH ciloHOH8MH C 

KOnne KTilBHbiX COCTOSIHHll CU>.jt '!eTHO-'IeTHbl X SI!lep H BenH'IHHbl 

/3 ,4/ I 
B • Ypa saeane (3) OLlHO H TO *e nnSI a•r H as-r , T , e . 

i 
I 

y 

= 1,2. 3aeprHH 

(Ap.) Bbi'IHCneHbl 

B38HMOUel!C TBHe KB83H-

'IBCTHU c <jJoaoHBMH He npHBO!lHT K cnHHOBOMY pacwenneHHIO yposaell . M cnonb:aySI ycnoBHe 

HOPMHpOBKH , nony'IHM 

- • ~ I 1 
C(ao "o) s1 + >.jl.t ~ 

+ I 

AJl 2 2 I I (s0 s) v 00 

(t(s) + dv0 ) +w'¥-'1
1
l
2 

+ 

Ap. 2 o 
I (vov) v"o" 

v 
(l(s

0
) + •(v) + w~~'-

2 ,, ) 

(4) 

¥ • 2 ¥ 2 2 ¥ ¥ 
llwo I <•o o) v•o•+ll••o I (vov) '~--ov +llwoll .. ol <•o•olf (vo'6 )'1,-otcr"•o•o 

>.jl.t )2-~~ 
(Doavr Y (>.jl.) 

(l(o) +dill +W 
1 

_, f )2 

Aaanaa peweanll (3) nOK83biBaeT, 'ITO aaaHMoneficTBIISI KB83H'IB CTHU c <jJoHOHBMH a 

He '!e THO- HeqeTHbi X ne<jJopMHpOB8HH biX SI!lp8X HrpaiOT 6onee B8*HYIO pOnb no Cp8BHeHHIO C 

H 9 l.f 9 THblMH SI,Op8Mif . 3TO B 3 8HMO.lle«cTBH9 npHBO.llHT ~ ony CKBHJf lO ::mepr~tdt KBK O THOCHTenb

HO l( o 0 ) + l(V O) , , T8K H OTHOC HTenbHO noniOCOB l(s) +l ( v
0

) +W~ , l (s 0 ) +dv) + W~ 
.QnSl C O C TOS1HH I1, 6nH3KHX K JlByXKB83H1.{ 8 C TH YHbiM , on y cK B HH e 3 HeprHH '1t OTHOCHTenbHO 

l ( s
0

) +l(v
0

) p8BHO cyMMe o n yCKBHHI' OTHOCH T enbHO t(o 0 ) "dv0 l B COOTBeTCTBYIO-

UIHX He tt e THbiX A -Sinpax, a 

2 2 2 
C (s 0 v 0 ) • C(s 0 ) • C (v

0 
) • (6) 

2 
( C (o) - BKnBLl O!lHOKB83H'I8C TH'<HOrO COCTOSIH ifll B H eqeTHOM A -SI !lpe ), T,e , ponb n p H-

Mece li K neyXKB831i'·I8CTHYHOMy COCTOSIHHlO yaeniPJHBaeTCSI. 

B a aiiMonell c TBHe KB83H'IBCTHU c <jJoaoHBMH npHBOLliiT K o6paao a a HH IO KonneKTHBHbiX 

4 

'l 
l 

11 

~ ~ 

HepOT8UHQHHbiX COCTOSIHHl\ H 

B H9'19THO-H9'19THbiX SI!l p ax ] 

H aeqeTRblX z - Sinpax, HX 31 

Type ananorJPIH bi X COCTOAfUttf 

ll18Hbl OTHOCHT9nbHO non tot 

mero nonroca B netteTHOM 

nenSi eTCSI T9M COCT051HH 0 M B 

o6p830M, o611lyiO KapTHHY BO 

SI!lep MO*HO nony'IHTb HB OC 

Z - S!nep. 

HaMH paCC 'IHTBHbl :aaep r 

o6naCTH 150 < A < 182. n p · 

I-IHnbCCOH8 H 3H8'!eHHSI W 7 
6 b lno HH onaoro c so6on a o r o 

aa B Ta6nuue. 

na n nSI I - 1 

B o BTopo M 

, Kor.oa cnHH 

aHTH n apannenhHbl, B T a 6mm 

KOnbKO KOnneKTHBHbJX C O C T O 

CTpyKTy pa BllaKone * amn 

6onee cno*HO A no cpa aH e HH IO 

Cpe!lH 3TII X COCTOSIHH ll LlOn*l 

HOH CTpyKTypbl , 06W8 SI K a p1 

n pnBOIUIWHMH K cnHHOBoMy 1 

a necb He Y'IHTbiBBnH Cb . no s 

C OCTOSIHHn H91J9THO-H9 1J9THhl 

6onbwol\ HHTepe c . 

M c cnenyeM , Ha c KonbKO 

'le THbiX ne<jJO pMI! p OB8HHbiX HJ 

H8MH , BonHOByiO <jJ y HKUl! IO Bo 

HOe ypaBHeHHe : 

l(p,) + dp2)-

nposeneHHble p 8 C 'IeTbl noK a 

tteTHO-tte TH biX H..n pax 3 H8 YH'I 



+ 
I- 'll 

(3) 

·o MOMeHTB (AI' ) 

A -xHMH'IecKHll noTenullanl,, 

0 C yqeTOM B38HMO)leflc T-

C = 1,2. 8nepr1111 

Bbi'·IHCneHbl 

, B38HMO.lleACTBHe KB83H-

nell. Hcnonb3Yil ycnoaHe 

+ 

(4) 

IH'I8 CTHU C lj>OHOHBMH B 

1 p enh rro c p a aHeHHJO c 

a n eprHH KBK OTHOCIITenb-

ojJ. ( ~ 
l ' < "o) + dv) + "'l 

"" HH 1J l OTHOC HTenbHO 

V 0 ) B COOTBeTCTByJO-

(6) 

-Rilpe) , T.e . ponb np11-

·OB8HH 10 KOnneKTHBHbiX 

'l 

' 

HepOTBUHOHHbiX COCTO!IHHfl H COCT051 HIIfl ClJOlKHOl! CTpyKTyp bl. '-IH CliO KOlllleKTIIBHbJX C OCTO!IHHII 

B HetteTHO - Het.JeTH biX Sl .llpax paBHO CyMMe T8KUX COCT OSlHiiA B COO TBe T C TBy JOlUHX HelieTH biX N

H Re'leTHbiX Z -!ill p ax, HX a u epr iiH onpe aeli !IJOT C!I UOli JOCBMil ( 3), 8 CTpyKTypa 6 1JH3K8 K CTpyK

Type BHBliOT'H'IH biX COCTOI!HHii ~ He'feT HbiX SlApax. 3neprHH COC T OSI HHA CliO lKHO l! C T pyK T ypbl o ny-

IUSHbJ OTHOCHT9nbH O non toea HeCKOnbK O 60nbWe , qeM OTHOCHT9nbHO C OOT Be T CTBy JO -

m e ro non10ca a ne'le Tno M A -11upe. C TpyKTypa T a Kn x cocTOilHHfi a 3 H ll 'IHTenb HOJ1 MeJJe o n pe -

.nenSieTCSI TeM COCTOSIHt.i e M B H e q e THOM ROpe, KOTO pOMy COO TBeTC TByeT 3 TOT ITOnlOC . TaKHM 

o6p830M, 061JlyJO KBpTHHy B036yJK)leHH biX COCTO!IHHil H e '! e THO-H e 'le TH biX nelj>opMIIpO B B HH biX 

SI.Oep MO>KHO ITOnyttHTh HB OCHO B8HHH COC TOHHHA COOTBeTCTBY 10lllMX He1.fe THbiX N- n aeqe T H biX 

z - 1111ep. 

HaMil paCC'IIITBHbi a neprHH ypoanell 11 Hx CTpyKTypa anll p!illB ne'leTno-He'leTHbiX S<llep B 

o 6 n a tTII 150 < A < 182. n p H p B C 'IeTax HCll011b30B811HCb cxeMa ypoanell aneprlfll noTe HU118118 

~ I I V 
Hllnbccona H 3HB'!eHJHI w 

1 
Y (~) TaKne JKe, KaK B • B npoaeuenHbtX pa c qeTax ne 

6 bJliO HH ounoro c ao6oano ro n a p a MeTpa. He6onbwa!l 'IBCTb pe3yllbTBTOB pac'leTa npeacTaane-

na a Ta6nnue . B o BTopoM cTon6 ue Ta6ni!Ubt npl!aeaenbJ a naqennll KJT , npH"'eM CH8'18-

na llllll ~~I , KOrna C ITJHi bl HyKnOHOB napannenbHbi , 8 JJOTOM .QnSI l: ~:::: 0 , KOr.OB CITHHbl 

BHTHnapannenbHht. B Ta6nnue a a Ho MHoro cocTOstHHA, 6nH3KHX K aayxKB83Hl.I8CTHl.J:HhJM, H Hec-

KOnbKO KOnneKTHBH hiX C OCTOHHHi% ll COCTOHHHA CnO>KHOH C TpyKTypbl . 

CTpyKT y pa 8113KOneJKamnx (ao I - I 1/2 M a n) COCTOSJIIH n n e q e THO-He'leTHblX !!llep llBlJReTCR 

6onee CnO>KHO ii no Cp8BH e HH 10 CO CTpyKTypofi COCT0 51 HH J1 B H e l.f e TH hi X H tt e THO-l.J:eTH biX stllp8X, 

cpeaH 3'THX COCTOS1HH 1\ llOn)KHO 6bJ Tb MHOro K Onn e KTH B H hl X HepoT8nlfOHHbiX Ji CO CTO SHJHA CnO>K-

HOM C TpyKTyp h l . 06I.U8 51 K 8 pTHI-I 8 yc nO>KHste TCfl KO p H Onl-t CO B blMH C HnB MH H OdtHI'v1 ) .'letic TBHfiMH, 

llpllB Oil>!llliiMII K ClliiHOBOMY pac m e nne nllJO ypOBHell ( C M . , nanp11Me p, / IO / ), K OT Opbl e 11 0 M II 

3 )leCb He Y'IIITbiBBliHCb . no a TOMy a KcnepnMeHTBllbHOe 113yqeHI!e CTPYKTY P bl B03 6yJKneHHblX 

c ocTO!IHHI1 He'!eTHo-ne'JeTHbiX S<ae p npn aneprllllX 110 1-1 1/2 M a s npeacTr,an><eT neCbMa 

6 onbwol! HHTepec. 
• 

VfccneayeM , H8 C KOnhK O Be nHKH IlpHMeCH K LlBYXKB83 H'-18 CTHI.fHblM C OCTOS1HHS1M B qeTHO-

'!e THblX aelj>o pMHpOBB HHbiX llllpax, B03HIIK810illlle !1 3 -38 B38 HMO)lel! CTBHil KB83 Hqa CTHU C lj>oHO

H8 MH. BonnoayJO lj>y HKUII JO B03 bMeM B BHI!e, cxoanoM c (I), H nony'IHM c n e,o.y JOmee ceKynllp-

noe ypaaaen11e: 

+ 

(7) 

Q 0 . 

npoBe)leHHbJe pBC'IeTbl llOK 83811H, 'ITO KB8311'!8CTIIU8 - lj>oHOH B38HMO)leHCTBIISI IIT'p810T B 

l.leTHO-t.teTHblX stll p8X 3 H8'4'HTenbHO MeHblllY10 ponh ITO CpABHeHH10 C H 0 '4'eTHO - HeqeTHbiMH H He-

5 



qeTHb!MH Sl)lpaMH , npuMeCH K llBYXKBa3H'!aCTH'IHb!M COCTOSIHHHM, KaK npaBHilO, He npeBb!WaiOT 

1-2%, a onycKaHHe OTHOCHTellbHO 3HeprHH llBYXKB83H'18CTH'IHbiX COCTOSirlHii COCTBBilSI IDT 

ITS ll 
( 10 .;. 50) K 3B, HanpHMep, B Hf llllSI COCTOSIHHSI C l:lr •8 -llll 514~ +624 t C(p

1 
pll ) •0,98 1 

ll 
Olly CKBHHe - 3Q K3B, llllSI COCTOSIHHSI C (Ir e 8-pp 5!4t + 404,4 C(p 1 p 11 ) ~.99,1 0llyCKBHHe - 5 K3B, 

ITll ll 
B Yb llllSI COCTOSIHHSI C (, • 3 + nn 521 ~ + 512 t C (p

1 
A.J ) ~.99 OllyCKBHHe COC TBBIJHeT 

168 2 
3 0 K3B, B Er llllH COCTOSIHHSI C Krr • 4 - pp5.28t+41h C(p

1
p

11
) •0,99 OliYCKBHHe-

30 K 3 B H T.a. TaKHM o6pa aoM, saaHMoaellcTBHe KBB3H'!aCTHU c ¢oaoaaMH ae OKB3htBaeT 6onh-

W O f'O B030et:icT B HSI H 8 llBYXKB83Hl{8CTH 'liHbie COCTOSIHHSI B qeTH0-1..feTHblX 51ll.p8X H 

Ill / 
pe T an~ HHX non~eH c oxpaHHThCH. 

F- 3an-

npoae.neH HbJe H CCn enoB8HHH ITOK838nH, 1fTO B38HMO.QeA'CTBHH KB83Htt8CTHU C ¢JOHOH8MH 

Hrpa!OT BBJKHy!O pOilb B He '!e THO-He '!eTHbiX Slll p8 X H HX He06XOilHMO Y'IHTb!BBTb 11 pH BLI"'!HCile-

HHH 3 Heprn i\ OC HOBH bi X H B036yJKa e HHb!X COCTOSIHH il H HX BOilHOBbiX <jJyHKUHii, 

B 3 8 K11 IO'IeHHe Bbi paJKa!O rny6oKyro 6naroaapHOCTb r .IOHr KnaycceH a a nposeaenue 'IHC-

n e HH b i X p8C l.fe T OB. • 
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, xax npaeHno. He npeBbiiii8JOT 

COCTO>ldHA COCT BBnHIDT 

2 
1-DJl 514~ +624 t C(p

1 
p

2 
) •0,!18 t 

2 
(p1 P2 l ~.99,, onycKaHHe - 5 xaa, 

,99 OfiyCKBHHe COCT BBfi>leT Tacll!lll!a 
2 

p2) ·0,99 onyc Kaaue - HeKoropue neporar<nonH!>e COCTOlllll!ll B neqerno-neqernux ll.IIpaX 

<jJOHOHBMH He OK83biBBeT 6onb-

F- il.npo Coer Ol! Hllll 
3ueprllll CR3B) . Je THbiX H.Qpax H aan- h C(•o vo) 

vo "o OIIIU pacqer 

I K B83H'IBCTHU C <jloHOHBMH 178Lu l+ 404t 624. 0 0 0,97 

!M O Y'IHTbiBBTb t!pH BLI"'HCne-
8+ 

>I X <jlyHKUHA. 
7- 404t 5I4t 120 0, 95 
o-

9ycceH aa npone a e au e 
9- 514+ 624. «wo 0, 99 

\fH C -
0-

174Lu I- 404t 512f 0 0 0 , 9b 
6- ..... 171 

4- 404+ 5211 303 29(; 0 ,97 
3-

172Lu 4- 40H 52H 0 0 0, 95 
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6-

.. r. IOarKnayccea • 0+ 404t 633 + 66 160 0 , 96 
7~ 
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3-

( 1965). I- 4II t 52U 4IO 260 0, 94 
475 

6+ 52'.H 5Id 350 0 ,96 
610 

3- 4IIt 523 t IIOO 0, 29 
2-

17oTm I- 4IH 52 It 0 0, 94 
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3+ 4IH 633 t 185 0, 96 
4+ 
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"• .. OllHt pac'let 

5+ 4IH 633f !00 0,9! 
2+ ,., 
3- !Jilt 523 t 870 0,53 
2-

!+ 5231 523 t !200 0, 5! 
6+ 

I66u
0 7- 523 ~ 633 1 0 0 0 , 97 

0- IO 
3+ 5231 52 It ! 90 !40 0,96 
4+ 225 

6+ 523f 5I2t 260 0,89 . I+ 

I+ 523 f 523 t 428 530 0,94 
6+ 

5- 523 t 65H 770 0,!2 
2-

5- 54! I 6331 850 o,or 
2-

I+ 54H 52It 1050 O, OI 
2+ 

I64rJ0 I+ 523 t 523 t 0 0 0 , 95 
6+ 
6- 523 t 642 ~ !39 !20 0 ,94 
I -

I - 4II t 52H 540 0,7! 
0-

I62Ho !+ 523 1 523 t 0 0 0 ,95 
6+ 

6- 5231 642 t roo IO 0 , 96 
I-

4- 5231 660 1 450 o, 7I 
3-

!+ 54H 523 t II40 0,02 
4+ 
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