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TeopeTH48CKOe H 3KCnepHMBHTOnbHOe H3Y4BHHe CTOTH4BCKHX 3nBKTpO

MOfHHTH~X MOMBHTOB OTOMH~X HABP BBABTCH HO npOTHmBHHH MHOfHX neT. 

B nocnBAHHB fOA~ AOCTHfHYT 3H04HTBnbH~~ nporpecc B 3KcnepHMBHTOnb

HO~ TBXHHKB HX H3Mep~HHHill, .4TO n03BOnHnO cy~BCTBBHHO pOCWHPHTb H 

o6nOCTb HCCnBAYBM~X-HAB~ H cneKTP AOCTYnH~X H3Y4BHHW B036YmABHH~X 

COCTOHHHW 3THX HABP. B pe3ynbTOTB 06bBM H·K04BCTBO 3KCnepHMBHTOnb

HOW HHIOPMOUHH 3H04HTenbHo so3pocnH (cM.nocneAHmm KOMnHnHUHml2 1)~ 
3TO C03AOBT 6npeAeneHH~~ CTHMyn AnR 6onee AeTOnbHOfO OHOnH30 CTOTH-

4BCKHX RAePH~X MOMeHTOB B POMKOX cospeMeHH~X MOAene~ HAPO. 

B HOCTOR~e~ po60TB pOCCMOTPHBOWTCH MOfHHTH~e MOMeHT~ HH3Konemo

mHX COCTORHH~ 4eTHhlX H30TOnOB onoso. ~MemmHeCH AnH 3THX HAep 3KCne

PHMBHTOnbHhle AOHH~e ~THOC~TCR rnOBHhlM o6p030M K HHmO~WHM KBOAPYnOnb

HhlM BH6POUHOHHhlM COCTOHHHHM, 0 TOKme K OTHOCHTenbHO AOnro mHBJ~HM 

BLICOKOCnHHOB~M COCTORHH~M (5 :f J ~ 10). 

4n~ fHPOMOfHHTHOfO OTHOWBHHRg (2i) BH6POUHOHH~X KBOAPYnOnbH~X 

COCTOHHH~ H3BeCTHO KnOCCH4eCKOH leHOMeHonorH4ecKOR OUeHKO g..r:!Z/AIJI. 

~3BBCTHO TOKme, 410 H06nWAOWTCH 30MBTH~e OTKnOHeHHH OT 3TO~ senH4H

Hhl. _B HAPOX, rAe KonneKTHBHOCTb 2i-cocTOHHH~ HPKO BblpomeHo (Ru, Pd, 

Te H T ·A·), 3H04eHHR g (2i) H ~1X ~3MeHeHHB OT RAPO K HAPY. XOPOWO OnH-

CbiBOWTCR B POMKOX MB6721 41. Ho cneAyeT HMBTb B SHAY, 4TO 3TO leHOMe

HOnorH4BCKOH MOAenb HOPHAY C APYfHMH nopoMeTpOMH HCnonb3YBT BXOAH~He 

HenocpeACT~BHHo s oneporop MorHHTHoro MOMeHro rHpoMorHHTH9e loKTOPLI 

npoTOHHOfO H He~TPOHHOfO d- 6030HOB, CBH3b KOTOP~X C rHpOMOfHHTHLIMH 

loKropoMH HyKnoHos He,r.PHo. A s H3oronox onosa,· rie senH4HHo g(J) 

He TOnbKO HOH6onee 30M~~JH~M o6po30M OTKnOHHBTCR OT. 3H04BHHH Z/A,. HO 

H MeHHeT 3HOK npH H3MeHeHHH 4Hcno He~rpoHos, MB6 HenpHMeHHMO. 

MorHHTHLIB MOMeHT~ 2i~YPOBHe~ H30TOnOB onoso HCCnBAOBOnHCb HO 

6o3e MHKPOCKOnH4eCKOfO nOAXOAO B npH6nHmeHHH cny40~HO~ .I03LI (nCe) B 

po60TOX1 5,Gl Ho BCneACTBHe AOBOnbHO CXBMOTH4eCKOfO XOPOKTBPO HCnOnb-

30BOHHbiX MOABne~ PHA BOmH~X atleKTOB Y4TeH He ·6~n. 
G~1.t!:L ,. 



4n~ On~COH~~ CTPYHTYPM B036ymAeHHhlX COCTO~H~~ ~ 4~THhlX ~30Tonox 

onoso Mhl ~cnonb3yeM HB03~40CT~4HO-IOHOHHY~ MOAenb ~APO (KeU); noA

po6Hoe ~3nomeH~e OCHOB MOAen~ MOmHO Honr~ B MOHorpo¢~~~71 ~ 0630-

poxiB,gl. ~~XOAHM~ roM~nbTOH~OH KeM in~ clep~4e~H~x ~AeP, 3on~coH-
Hhl~ B HYHnOHHhlX nepeMeHHMX, COAepm~T ~n~Hhl;brseTC~BeHHhle 30 AB~me

H~e He~TPOHOB ~ npOTOHOB B COOTBeTC~By~~~X CPeAHHX non~x, He~TpOH

-~e~TPOHHOe ~ npoTOH-npOTOHHOe MOHOnOnbHOe cnap~BOTenbHOe B3QHMO

Ae~CTBHe B HOHOne 40CT~~0-40CT~UO ~ cen~pa6enb~hle MynbT~nonbHhl~ ~ 

cn~H-MynbT~nonbHhle C~nhl B HOHane 40CTHUO~AhlPHO. 3TOT rOM~nbTOHHOH 

nocpeACT~OM xopowo ~3secTHM~ np~eMos (cM.,Honp~Mep, 110 1) npeo6po3y

erc~ s roM~nbTOH~OH cHcTeMw B30~MOAe~crsy~~Hx loHOHOB c pa3nH4HMM~ 

MOMeHTOM~, 4eTHOCT~MH ~ 3HeprH~M~ B036ymAeHH~. 8 nepBOM npH6n~meH~H 

loHOHhl TPOHTY~TC~ HOH ~AeOnbHMe 60~0HM. ~X 3Hepr~~ ~ CTPYHTYPO HOXO

A~TC~ s pe3ynbrare pemeHH~ ~3secTHbiX ypasHeH~i1 np~6n~:meH~~ c'ny4a~Ho~ 

I03hl <nee) An~ HB03~40CT~U c cenapa6enbHhlM~ c~naM~. B nee ~OM~nbTO

HHOH KeM_An~ 4eTH0-4eTHoro ~APO ~MeeT d~A roM~~bTOH~OHO CHCTeMM He

B30~MOAe~CTBY~~HX loHoHos. Dneparop B30HMOAe~crsu~ loHOHOB Hqph (ero 

·H03MBO~T·TOHme oneporopoM B30HMOAe~crsH~ HB03H40CTHU c loHoHoMu) cMe

WHsaer COCTO~HH~ C P03HhlM HX 4HCnOM, np~4eM B nepBOM np~6nHmeHH~ OT

nM4eH OT Hyn~ n~Wb MOTP~4HM~ aneMeHT Hqph MemAY COCTO~HH~M~,OTn~40~

~~MHC~ HQ OA~H IOHOH. 

B Hocro~~e~ pa6ore s sonHoso~ IYHHUH~ so36YmAeHHoro cocro~H~~~ MM 

_6YAeM Y4HTMBOTb cMew~saH~e OAHO- ~ ABYXIOHOHHMX HOMnoHeHT. OcHosHoe 

COCTO~H~e ~APO 4J O, HOH ~ B nee,. no-npemHeMy pacCMaTpliBaeM KaK dJoHoH

Hhlt1 BOHyyM. ~TOH,-
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B ( 1), (2) Hcnonb30BOHM cneAY~~He o6o3H04eHH~: Q\f\1 , Q )..~ 1 -onepa

ropbt POlil)!eHH~ H YHH4TOlKeHH~ QOHOHQ c MOMeHTOM ). ' era npoeHQHei1 /"-

11 HOMepoM 1 (aHeprHei1 W)..i); d._ ;m' o(jm-onepOTOPhl POlKAeHH~ ~ YH~4-

TOlKeH~~ HB031140CTHU~ HO YPOBHe cpeAHero non~ C HBOHTOBMM~ 4HCnOM~. >· 

j,m=nlj, m; HBOAPOTHMe CH06H~ .03H040~T CB~3b yrnoBNX MOMeHTOB. 

BonHosyrn IYHHUH~ (1) MomHo ucnonb30BOTb An~ onucaH•~ crpyHTYPN 

COCTO~H~II, Y HOTOPMX rnOBHO~ HOMnOHeHTO OAHOQOHOHHO~, B rex ~APOX, 

rAe B30HMOAei1crsue loHoHos He cnumHOM cunbHO, r.e. s nepsy~ o4epeAb 

B ~APOX nonyMaru4eCH~X. 3AeCb MOlKHO HOAe~TbC~, 4TO Bn~~HHe rpexlo-. 

HOHHhlX H donee cnomHMX HOMnOHeHT 6yAeT He 04eHb 30MeTHhlM. K6He4HO, 

aHepruH H3y4aeMMX cocro~HHII He AOnmHM npeswwaTb 3-4 MaB. B nonyMor~-

4ecHHX ~APOX OH03MBO~TC~ HeBenHHH ~ nonpOBHH, CB~30HHhle C npHHQHnOM 

naynu, Aei1crsy~~~M MemAY HB_031140CT~UOMH B ABYXIOHOHHbiX HOMnOHeHTOX 

. BOnHOBO~ . IPYHKllllll ( 1) 111 1. 8 3TH X IKe ~APOX UJ ( 21)!:: 6. ( 6. -aHepreTH-

. 4ecHo~ ~enb s noAcHcreMe HyHnoHos c po3s~TMM cnopHsaHHeM). noaroMy 

npH H3y4eH~H. CBOI!CTB COCTO~HHi1 C 3HeprH~MH B036ymAeHH~ [X;;? 2 W( 21) 

He06XOAHMO Y4HThlBQTb CMeW~BOHHe HonneHTHBHhlX H HeHonneHTHBHhlX BeTBei1 

B036YlKAeH~i1, 4TO H AOCT~raeTC~ BHn~4eHHeM B (1) HeCHOnbH~X OAH0¢0-

HOHHhlX HOMnOHeHT C AOHHbiMH j!i 112 1 •. 3oMeTHM, 4TO POC4eTM CTpyHTypM 

H HeHOTOpNX XOPOHTepHCH1H HH3HOnema~HX COCTO~HHII H30TOnOB Sn H COCeA

HHX c HH~~ H30Tonos Cd H Te c sonHoso~ IYHHQHe~ (1) ylKe nposoAHnHcbl 13 1. 

0AHOHO sl 13 1 HCnOnb30BOnC~ c~nbHO o6pe30HHhl~ OAH040CTH4Hhlt1 60311~ H, 

HPOMe Toro, OCTOT04HOe MynbTHnOnbHOe B30HMOAe~CTBHe He .COAePlKOnO 

H30BeHTOPHOi1 HOMnOHeHTM, ·T.e. B 40CTH4HO-AMP04HOM HOHOne nn-, pp- H 

np-B30~MOAellcrs~~ cosnaAOnH. Yme s csoet1 cospeMeHHO~ lopMynHposHe 

MOAenb ~cnonb30BOnacb An~ on~COH~~ H~3HOnelKO~~X B036YlKAeH~i1 B ~30TO-

nax 106~112sn1 14 1 ~ 142Ndl 151. B ar~x-pa6or~x poccMarp~san~cb 3neKT-

PlltteCKlle XOPOHTep~CTHHH COCTO~HHi1 · (8([,.,\ )-IOHTOPM, 30P~AOBMe nepe-

XOAHMe nnOTHOCT~) ~ 6Nn~ nony4eHN BnonHe YAOBn~TBOP~TenbHNe pe3ynb

TaTN. 
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MarHI1THUiA11nonbHWt1 oneparop B KeM, ecn11 ero C4HTOTb OAH040CTI14-

HUM onepOTOPOM, BUPOlKeHHWVo 4epe3 onepOTOPU KB031140CTI1l\ H ~OHOHOB, 

HMeeT BHA &[ M~1}. - j1-il{vc-+:J [d~ J.. ] + 
3 . JtJ%. ( ) i•4:~.. J•"'• J:z.ioo,_ -1,£\ 

iii%. . 
. L (-1 >(t¥1.:_ S')(G+ 4-(-~Q. }l 
+ z L~.jl.. L j.J'2. ~.j.:. 1fti ) ;-~.,.....;. } 

I 

(3) f/Q(M~fJ.) = 

- d:z.-14-1 .. 
o(bt'ot:z. - (-) o{3:~.--:~« ... 

B (3) BBeAeHW cneAYIOIIIHe HOBWe OCi03H04eHHSI: U~-~ , V~+~ -H3BeCTHble 
J1J2 J1J2 ( ) 

6HnHHeV.Hue KOMCiHHOl\HH KO:JI~Hl\MeHTOB npeo6p030BOHHSI 5oroni060BO; M.
1

. • . J1 J2 

npHBeAeHHW£1 OAH040CTH4HUH MOTPH4HUH aneMeHT MprHHTHOro AHnOnbHOro one-

pOTOpO, B Koroputl BXOASIT rHpoMorHHTHue laKTopw HYKnoHoB. 

BUOHUleM Tenepb BU.pOlKeHHe Aflll MOrHHTHOrO MOMeHTO ft::r COCTOSIHHSI ( 1) 

f<-s -<: < I.J:\v (JJ} l<"l'Yl ( M 1 OJI ~" {J 3')) .:: j-<1 + fz. -r f3 
rAe 

L[ . . . ~ M 
4v(2T+1) <rr.fo lj r) Rlrv) Q~drv) MJ,J}JJ,i.L x 

3 . 
. i ~· j.i,_j 

_p.., = 

• 
><HJ,-i,_ f ~ ~ ~} ( y/' lf.~i· + HJ,+jl.<p.:,-~. \P:;r·i' ) 

1.J'J:z.J1 . J•J' J'J.t J!J J'J.t- ' 

(4) 

.· _ 4 _r.;:: _ [ [ . :r; Mc-tJ H . li.' _ ~~· ) 
fl2.-

3 
~~~ <J"J10IJ r> ll,(r.,JP1 ~.(Jv) J'4J.._uj1jz.(~··il. ~.4 .. • 

I i• d'4j,_ 
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CnoroeMOe )'- 1 CBSI30HO C BKnOAOM OAHOQOHOH~0£1 40CTI1 BOnHOBO" 

¢YHKL\IH1 ( 1) B ft J" B cny4oe, ecn11 B30I1MOAe"cTBI1e IDoHOHOB. cno6oe 11 

B ( 1) AOUI1HI1pyer OAHO OAHo¢oHOHHOSI KOMnoHeHTO, 3H04BHI1e j'A- 1 CiyAeT 

Cini13KO K TOMy, 4TO nony40nOCb B nee. 

4neH jJ- 2 OTfll14eH OT 0 ni1Ulb B TOM cny4oe, ecn11 B ABYX~OHOHHYIO 

) 
. lT + 

40CTb BOnHOBOH ~YHKL\1111 (1 BKn104eHW ~OHOHU C /' =1 • 0H OTpomoeT 
I 

Bni1SIHI1e HO _fl·J CBSI311 HI13KOnem011!11X B036ymAeHI1£1 C pe30HOHCHUMI1 MOrHI1T-

HUMH COCTOSIHI1SIMH ( MOrHHTHUM AHnonbHUM pe30HOHCOM) ,pacnonolKeHHb!Mll npH 

3Hepri1SIX B036YJKAeHHSI Ex~ 7-11 MaB. npyn1MH cnOBOMH' 4neH f"?: OTBeT

CTBeHeH 30 MOrHHTHYIO nonSipH30l\HIO SIAPO. no CBOeMy npOHCXOmAeHHIO OH 

OHOnorH4eH nonSipH30l\HOHHOMY cnoroeMOMY B BWpomeHHI1 AflSI ~J COCTOSI

HHSI He4erHoro HAPol 10 1. 06o nonHPH30l\110HHUX cnoroeMwx CBSI30HU c OA

HHM H reM me 4neHoM H•p~ B roMI1nbTOHHOHe KeM 11 OAHI1M 11 r~M me 4neHoM 

B oneporope '7l10111~) (-vu~-~ ). r- J1 J2 

l.:u He BKn104HnH B ( 4) BUpameHHe A.nSI t-3 • 3TOT 4neH CBSI30H C BKnD-

AOM B ~J ABYX~OHOHHUX KoMnoHeHT sonHosotl ~YHKL\HH ( 1). CnaraeMoe !'-3~ 
; 

~ p.p H B HOCTOSIII!HX pOC4eTOX He Y4HTUBOeTCSI BCneACTB11e MOnOCTH. 

npeJKAe 4eM nepe"TH K OCiCYJKAeHHIO pe3yflbTOTOB pOC4eTOB, OCTOHOBHM

CSI HO napaMeTpH30l\11H MOAenbHOrO rOMHnbTOHHOHO H APYrHX TSXHHqecRvtX 

AeronHx. OCimHe npHHl\Hnu su6opo nopaMerpos KeM on11caHu sl 81. noreHuH

onu cpeAHero nonS! AnSI npoTOHOB H He"rpoHOB B3SITW B ~opMe ByAca-CoKco

HO (napaMerpw eM. si 17 1Anll A=115,121). PaA~OnbHW" ~opM~OKTOP 40CTH4-

HO-AWP04HUX CHfl OA11HOKOB AnSI BCeX MynbTI1none" :11 11MeeT ~OPMY npOI13-

BOAHO" no POA11YCY OT l\eHTpOnbHO" 40CTI1 noTeHl\110nO BYACO-COKCOHO. 
. . 

0THOUleHI1e 1130BeKTOPHO" 11 1130CKOnSipHOtl KOHCTOHT MynbTI1nOnbHUX Cl1n 

'(l? ~,?. ) /£ ~ ;>. ) = -1,5 nony4eHO HO OCHOBe 3KCnepi1MeHTOnbHWX AOHHWX 0 

nonomeHI111 E1-pe30HOHCO B 1130Tonax . ·sn 11 npeAno~araercl! He saBvtCRII\HM 

or .A. 3H04eHI1ll ~~ ;>.). 11 Ge~ ;>.) onpeAenllni1Cb B KOlKAOM liAPe TOKI1M 

o6p030M, 4T06W BOCnpOI13BeCTI1 C T04HOCTbiO ~ 1 00-2dd R3B 3KCnepi1MeH-

5 



TOnbH~e 3Hepr~~ H~mO~W~X COCTOHH~~ C AOHH~M~ JT C y~eTOM B30~MOAe~
CTB~H IDoHoHos. np~ a roM oKo3onocb, 4To nony4eHH~e 3H04eH~H a? 6:,) 
cno6o 30B~C~T OT ) ~ He C~nbHO ~3MeHHffiTCH OT HAPO K HAPY· 

np~ onpeAeneHH~ KOHCTOHT~·~30BBKTOpHoro cn~H-Cn~HOBOro B30~MO

AB~CTB~H ·Ge ~ 01 ) M~ op~eHn1poson~~b Ho :JKcnep~MeHronbHLie AOHH~e po-

6or1181 0 1.11-pe30HOHCe B 120sn. ·tnH ~30CKOnHpHO~ KOHCTOHT~ a:~01) 
6~no Bbl6pOHO 3H04eH~e 'Ge ~ 01 }=0, 1 ~ ~ 01 ). TOKOe 3H04eH~e OCHOBOHO 

HO pe3ynbTOTOX OHOn~30 B POMKOX K•M AOHH~X 06 ~30CKOnHpH~X 1•-ypOBH~X 

B 206, 208Pb 1191 • 

B sonHosym ~YHKQ~ffi (1) 6~n~ BKnm4eHLI &oHOH~ aneHTPHllecKoro r~

no c 2 ~). ~ 6 ~ MorHlnHoro r~no c )\71 =1 •. B DAHDIOHOHHym 4ocrb ( 1) 

BXOA~nH n~Tb H~mO~W~X 2•-COCTOHH~~. B ABYX~OHOHHY~ - BCB ABYX~OHO~-
-> -7> -;> 

Hble COCTO~H~~ c" WA,.;,:'" LJ).Ljl. ~ 6 MaB (A1+/\2 = 2), 0 ABYX~O-
HOHHLie COCTO~H~~. COAepmo~~e 1•-loHOH~, C 3Hepr~~M~ AD 15 MaB. noc

neAHee ycnos~e. ropOHT~posono BKnOA B ft 2 BCeX pe30HOHCHbi.X 1+ -COCTO~

H~~. 

BXOAS!IllHB B IJ1 ( M1 ,u.) rHpOMOrHHTHble QOKTOPbl HyKnoHoB g
5 

H g
1 

HB

n~ffiTCH B HOWetl MOAenH nopOMBTPOM~. Bee POC4BT~ B HOCTO~IllBtl po6ore 

s~nonHeH~ co 3H04BHHS!M~ gs. ~ g1 cso60AHbiX HYKnoHos. Bn~~HHe nepeHop

MHPOBKH g6 H gl ~ HO 3H04eHHS!. )"~ 6YABT 06CYlliAOTbCH npH H3nOlliBHH~ 

pe3ynbTOTOB. 

06cymAeH~e pe3ynbTOTOB H04HBM C POC4eTOB B POMKOX nc• (To6n.1), 

Koropue cocrosnS!mT ornposHym T04KY AnSI nocneAYffitllero oHon~3o. B~pome

HHe AnH _)). (21 ) s nc• nony1.1oerc~ H3 s~pomeH~tl (4), ecn~ nonomHTb s 

H~X f< 2=0 ~ R1 • R1 , = 8 ii,. KOK ·B~AHO H3 T06n. 1, K04eCTBeHHOH TeHABH

Q~S! ~3MBHBH~~ )A(21) OT H30TOnO K ~30TOny BOCnp0~3BOAHTCH yme B nc•. 

B~nOAOBT H3 3TOtl KOPTHH~ 3H04eHH9 fl ( 21) B 116sn , rAe flreop H 

6 

·~ 

'p. 

• ) + 
)J. :JKcn. 11MBfJT P03Hue 3HOK~ • YMeHbmeH~1e o6conffiTHotl sen~li~H~ _fc-(21 ) 

np~ ysen~4eH~H li~CnO HetlTpOHOB B ~30Tone OT 62 AD 68 CBH30HO C 603-

pOCTOH~BM BKnOAO B CTPYKTYPY 21-COCTO~H~H HetlTpOHHLIX KOH~~rypoQ~~ 

(1h 1112 1hl1/2)..,. ~ (3s 112 2d 312 )y, ~Meffill!l1X 3H04eH~H ~qp<O •. 

3TH KOHI~rypoQ~H H04~Homr AOMHHHposorb B crpyKrype 21-YPOBH~ s 120sn. 

~ 6onee T~menux ~30Tonox, 4TO ~ np~BOA~T K ~3MBHeH~ffi 3HOKO fl(21). 

B nerKHX ~30TOnox AOM~HHPYffiT KOH0HrypOQH~.(1g7/ 2 1g7; 2)¥ ~ 

(1g?/ 2 2a3; 2 ).., C nonOlliHTBnbH~MH 3H04eHH~M~1 ~ qp' 3TOT QOKT OTMB;,.. 

1.1onc~ ~ s p~6ore120I. 

4pyr~e TeopeT~4BCK~e POC4BTLII 5•61, pe3ynbTOT~ KOTOP~X M~ TOKHIB 

npHsenH B T06n.1, Tome·npeACK03~BOffiT CMeHy 3HOKO ~(21) B Qen04KB 

~3oronos sn, xor~ v. npH APyroM 3H04eHH~ A, HemenH snocneACTB~H no

K03on 3KCnep~MeHr1 20 1. Po3nH4H~ B .KOnH4eCTBBHH~X pe3ynbTOTOX HOmetl 

po6or~ H po6or1 5 , 61 cs~30H~, noMHMO ecrecrseHHotl po3HHQ~ s crpyKry

pe OAH040CT~4HOro cneKTpo, C He snonHe OABKBOTHLIM J4BTOM BKnOAO 

nporoHH~X KOHIHrypoQ~tl s crpyKrypy 21-cocroHH~tl s prtftoroxl 5 ,61. 

Tax Xe KaK H MW,OBTOp~l 5 , 6 1 HCnOnb30BOnH cenopo6enbHOe KBOAPYOOnb

HOB B30HMOAetlCTBHe B KOHOne 40CT~QO-A~PKO, KOTopoe, OAHOKO, COABP

lliOno TOnbKO H30CKOnHpHy~ KOMnOHeHTy. noMHMO 3TOro, OAH040CT~4H~~ 

603HC B 151 6~n orpOHH4BH YPOBHS!MH HB30nOnHBHHOtl HetlTpOHHO~ 060n04KH, 

r.e .sKnOA nporoHoB s crpyKrypy 21-cocrostHH~ He YliHT~soncH ~osceM. 

Bl 6
1 OAH040CT~4H~tl 6o3Hc 6~n pocmHpeH AD 2-3 rnosH~x o6ono4eK, 

*) Heo6XOA~MO CABnOTb 30MB40HHe OTHOCHTenbHO 3KCnepHMeHTOnbH~X AOH

H~X o · )L (21) s ~3oronox Sn. Bee ar~ AOHH~e 6~m1 nony4eH~ s po6o

re1201, OTKYAO ~ 6~nH B3S!TLI (c COOTBBTCTBYffilllBtl CCLinKotl) B KOMn~
nstQ~~ 12' 21 1. Ho s 121 1 3H04BH~st )A- ( 21) s ~3oron~x 116 •.122 ' 124sn 

npHBBABHbl co 3HOKOM~npor~sononomH~M~ op~r~HonbHotl po6ore 120 1 
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pac4eTM 6unw npoBeAeHhl He B nc¢, a B npw6nwmeHHM TaMM0-40HHOBO. 

MemAY reM, HOH noH03MBO~T Haww pac4eru, BHilOA npoTOHHhlX HDHIM

rypauwt1 BeCbMO DIIIYH1MO BJH1SieT HO }d2;). HeCMOTPSI HO TO, 4TO npOT01-

HUe o60il04HM B Sn 30MHHyTU M .3HeprMll HMmOtiUH1X ·npOTOHHbiX HOH~'Mrypaunt1 

C /t =2+ 60ilbWB 5 l.isB, MX BHilO,t: B HOPII.MpOBHY OAHO~OHOHHOt:i BOilHOBOtl 

~yHHl.IMM 21-COCTOSIHWSI COCTOBilSieT 10,:;~15%. HOM6Dilb111MH BHnDA, npM6M13M

TellbHO OAMHOHOBMi1 BO BCBX M30TOnOX, AOeT KOH~MrypOUMSI (1ggJ2 2d
512

)
11

,. 

MMB~I!IOH 60ilbiiiY~ BeM14MHY ;Uqp·-:::2,2f\0 >0. ~1MBHHO ·ee BHilOA, HO HOW 

B3rllHA, B 6onbwoi1 creneHH o6bHCHHeT pa3H~UY pe3YilbTOTOB·pa6or1 5 1wl 61 

AononH~renhHOe BD3pacraHwe fV(2i) Bl 61caH3aHo c or6pacueaHweM BHna-

AO 06POTHbiX OMnllMTYA ~, HOTOPhle B Sn COCTOBnll~T 20-30,% OT COOTBeT

CTBY~IIIMX OMnllWTYA ·tp (AnSI HOW6onee-t BOIHHbiX HOH~Wrypauwi1). 
.• + 

Ha BKilOA npoTOHHbiX KOMnOHeHT B CTPYKTYPY 21-ypoBHei1 B M30Tonox 

Sn 6on bltiOe enw H HMe OK03ueaer M3DReino pH a H KOMnoHeHTO ocraro4Hb1X 

CMil B KOHOilB 40CTWUO-Ab1PHO. B Sd OHO yeenW4WBOeT BHilOA npOTOHHbiX 

HOMnOHeHT, 4TO npMBOAMT H 3H04MTellbHOMY yeenM4BHW~ TeopeTI14eCKWX 

3H04eHI1i1 B( E2 ,o+ -->2+1) 18 1. TaKot1 w.e s~~eKT. 11Meer Mecro 11 AllH 
g.s. 

;U-(21). TaK, npw ~ F>=o 3H04eHI1e jt-'(21) e 116sn nony4~eTcH no4TI1 

B A B a p a 3 a Me H b we , 4 e lA y K a 3oO H o B T a 6n. 1, a e 1 2 0 sn - no o 6 con~ THo t1 

BBili1411He B ABO P030 60ilbWe. 3yo HBHO CB5130HO C yMeHbWeHMeM BKilOAO 

HOH~I1rypOU1111 (1ggJ2 2d512 )1i . 

B nC¢ CTPYKTypa 2~-COCT051HI1i1 nony4aeTCSI HeHOillleHTWBHOi1, B Hetl 

.ADMI1HHpy~T 1-2 Hei1TpOHHble ABYXHB031140CTI14Hhle HOMnOHeHTbl. B 0Tili1411B 

OT 21-COCTOSIHMt:i, y KOTOPhlX B 1130TOnOX Sn 3HOKM OMnllWTYA </1 11 If AilS! 

. . + 
BeAYIII11X ABYXHB031140CTI14HhlX KOMnOHeHT COBnOAO~T, Y COCTOSIHI1i1 22 3HOH11 

P03Hb1X 0Mnll11TYA p031li140~TCH, 4TO BeABT K Cl11lbHUM HOilB60HM51M B 3H0-

4eHL1llX p..(Z~.) M AOBOilbHO HeperynHpHo11 nepeMeHe ero 3HOHO OT M30TO

no H 1130TOny. ~3DBeKTOPH051 COCTOBilll~I!IOH cenopo6enbHbiX HBOAPYnDilb

HbiX Cl11l npOKTI14BCKW He BllMHeT HO j'-(2~). 
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I 

J 
1 
!;·· 

I 

·' 

J 

I 

Pe3ynhroru pac4eTDB c y4eTOM B30MUOAei1cTBI1ll ~OHOHDB npeACTOB

neHu B T06n.2. 0HO AB051HI1M o6p030M CH03biBOeTC51 HO 3H04eHM51X ~(2;,-2 ). 

Bo-ne~BbiX, B CTPYKType 2i-cocT051HI1i1 B03HI1HOeT cuewMBOHMe P03HbiX OA

HOQOHOHHbiX HOMnOHeHT. 3TOT 3~~eKT MOmHO POCCMOTPMBOTb HOH nepeHOPMM

POBKY BHilOAO P031li14Hb1X ABYXKB03M40CT114Hb1X HOMnOHeHT B CTPYKTypy CO

OTBeTCTBY~I!Iero .COCT051HI1ll. BO-BTOpbiX, 30 C4eT BHiliD4eHI151 B ABYX~OHOH

HY~ 40CTb BOilHOBOt1 ~YHHU1111 (1) ~OHOHOB C i" =1+ nOHBil5leTC51 BHilOA 

nDil51PI130UWM OCTOBO ( 41lBH fo 2 B ( 4)). 

06CYAMM PDilb YK030HHbiX 3~~eHTOB AeTOilbHee. B CTPYKType 2;-co

CT051HI1Vi He nOHBil5leTC51 30MeTHbiX npi1Mecet1 HBOApynOilbHbiX ~OHOHOB 6onee 

BbiCOHI1X'3Heprwt1, n03TOMY OClCOil~THOH Belli1411HO nonpOBOH H 3H04eHI151M 

fo (2;), ~OCC411TOHHbiM B 0C!Ii 1 HeBelli1HO (!f. 0, 1 f-0 ). 0AHOHd .B TeX 1130-

TOnOX Sn, rAe I )A.(2i)IMon,oTHOCI1TenbHhle ~3MeHeH~H ,M(2i) nony40IDT

Cll 3H04wrenhHhiMI1. Honpi1Mep, e 118sn 3H04eHI1e ;v1<2i) DH03h!BaercH 

no 06COiliOTHOt1 Belli1411He B 3 P030 MeHbWe 3H04eHI1ll _,M-(2;), POCC411TOHHO

ro B OC!II (cp. ro6n.2 11 ro6n.1). 

OpOTWBOnOilOIHHOll CI1TYOU1151 11MeeT MeCTO Allll MOrHI1THbiX MOMeHTOB CO

COCT051HI1i1 22. B 1130TOnOX Sn cpeAHee paCCTOllHI1e MeiHAY Hei1TPOHHbiMI1 ABYX

HB031140CTI14Hb1MI1 COCT051HI1llMI1, nocrpoeHHhlMI1 HO ypOBHHX He30nOilHeHHOt1 

OClOil04HI1, MeHhWe 100 KSB. B TO me BpeMH MOHCI1MOilbHble MOTPI14Hble 31leMeH

Tbl e30I1MOAei1cTBI1H Hqph r11na u~~~(2i)= (Q21 IIHqphll [Q;11 . Q;1212 ) 

11MeiDf Bell11411HY .nopHAKO 500 KSB. 003TOUY P031li14Hhle OAHO~OHOHHble HOMnO

HeHT~ B BOilHOBhlX ~YHHQI151X 2+-COCT051HI1i1 C ~> 1 CMeWI1BO~TC51 04eHb Cl11lb-
• ~ 

HO. 4PYri1MI1 CllOBOMI1, ABYXHB031140CTI14H051 CTPYKTYPO COCT051H11t1 2~ C . . 

~ =2,3.~. CMilbHO OTil1140eTCH OT CTPYKTYPhl COOTBeTCTBYID1!111X OAHO~OHOH-

HhlX COCTOHH11t1 Q~1 lfJ 0 (i=2,3 ••• ). 0TpOIHeH11eM 3TI1X 113MeHeHMt1 11 HBilHIDT

CH 3H0411TellbHble 0Tni1411H ;.c; 1(22) (Ta6i1.2) 11 )'..(22) (To6n.1). 

3oMeTHOe Blli151HI1e HO f-(2~) OK03biBOeT 11 cnMHOBOH nOil51PI130QI151 
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Ta6n~1.10 1 

MarH~rHble MOMeHrbl ( B S!A. MQfH. j.N0') 21, z-cocro SIH~~ 4erHhiX 
. *) 

~30ronoB Sn, POCC4~rOHHhle B nc~ 

HAPO 112sn 114Sn 116Sn 118sn 120Sn 122Sn 1~4Sn 

.fo(2:j >reap 

+) 151 fo(21 reap 

. + 161 
ft(21 >reap 

+) 121 ,M-(21 SKCn 

,«-{2z\eop 

~ 

0,49 0,38 0,29 0,02 

0,02 -0,04 -0,18 -0,28 

0,32 0,22 ·0,15 0,12 

0,74 0 -0,32 0,04 

0,60 0,67 -0,70 -0,62 

-0,06 -0,12 -0' 10 

-0,30 -0,28 -0,20 

0,03 - -0,07 -0,15 

-0,28 -0,14 -0,30 

0,17 1,25 1,24 

*> 3H04eH~SI r~pOMOfH~rHhiX QOKropOB B3Strbl KOK y CB060AHhiX HyKnOHOB. 

ocrosa. B ~3oronax Sn c A~ 116 nonStp~30l.I~St ocrosa ropa3AO 30MerHee 

sm1Ster Ha J.A. (2:j>, 4eu Ha A (22>, a Ha4~HaSt co 118
sn, p. 2(2i> ~ 

~~(2z) CrOHOBStrCSt OAHOfO nOPS!AKO, HO MOnbiM~ no a6con~rHO~ Ben~4~He. 

TPYAHO npocneA~Tb, KOK KOHKperHO ~rpa rex ~n~ ~HbiX crpyKrypHbiX 

QOKropoB CK03biBOercSt HO Ben~4~He jk2, HO Bn~StH~e ABYX ~3 H~X npeACrO

BnSIBTCSI HBCOMHBHHhiM: 1)nonomeH~e ~ crpyKrypa pe30HOHCHbiX M1-cocroStH~~; 

2)CTeneHb KonneKr~BHOCT~ OAHO~OHOHHbiX.KBOAPYnOnbHbiX B036ymABH~~. 

f nOBHy~ ponb B ~OPM~POBOH~~ OAHO~OHOHHbiX pe30HOHCHbiX 1.11-cocroStH~~ B .. 
~3oronax onosa ~rPO!Or KOH~~rypal.l~~ (1~/11~;2)'tT ,(1~121g712)" ~ (1h11121h~v2)._,· 
OrHoc~renbHOB pacnonomeH~e coorsercrsy~~~X ABYXKB03~40Cr~4HbiX COCrOSt

H~~ ~ XOPOKrep ~X CMeW~BOH~SI cn~H-cn~HOBbiM B3Q~MOAe~crs~eM OnPBABnSt-

ror pacnpeAeneH~e BepoStrHOCr~ B(M1) no cneKrpy B036ymABH~~ S!APO, a 

STO, B CBO~ 04BPBAb, Bn~Ster HQ sen~4~Hy }J- 2• nonollleHM nporoH.HOfO 

40cr~4HO-AhiP04HOfO COCrOStH~ S1 ( 1g~/2 1 g? 12 ) 'II B l.IBn04KB ~30ronOB ~Sn 

Ta6m11.10 2 

BKnOA pa3n~4HbiX CocraBnSt~Q~X (CM.~-ny(4)) B MQfH~rHble MOMeHrbl 
+ • 

21,2-COCTO~H~~ ~30ronOB Sn ~ 

flAPO 

112Sn 

114Sn 

116Sn 

118Sn 

120Sn 

122Sn 

124Sn 

J'il 
i 

2+ 
1 

2+ 
2 

z+ 
1 

z+ 
2 

2+ 
1 

2+ 
2 

2+ 
1 

2+ 
2 

2+ 
1 

2+ 
2 

2+ 
1 

2+ 
2 

2+ 
1 

2+ 
2 

ft-1 ;v2 fVJ 

0,39 0,17 0,56 

0,41 -0,003 0,41 

0,31 0,12 0,43 

0,35 -0,01 . 0,33 

0,20 0,12 0,33 

-0,16 0,003 -0,15 

o,ooG . o.o~ o,o4 

-0,39 -0,01 -0,40 

-0,03 -0,06 -0,09 

-0,47 -0,08 -0,55 

-0,08 -0,08 -0,16 

-0,06 -0,12 -0,18 

-0,04 -0,01 -0,05 

-0,11 -0,06 -0,17 

fL. s ID ¢ M-( 2 + > 12, 2 o I r- J I ~ 1 SKCn 

0,54 +0,74.:!:_0,26 

0,36 

0,41 >0 

0,29 

0,32 -0,32.:!:_0,2 

-0,13 

0,06 +0,04.:!:_0,2 

-0,35 

-0,06 -0,28.:!:_0,14 

-0,48 

-0,12 -0,14.:!:_0;22 

-0,16 

-0,02 -0 '3.:!:_0, 2 

-0,15 

*) 3H04eH~~ }-1- 1, ft 2 ~ f-NJ POCC4~rOHbl C r~pOMOfH~THbiM~ ~OKTOPOMI!I 
CB060AHhiX HyKnOHOB. 3H04BH~~ }V~~~ POCC4~rOHbl C nepeHOPMI!IpOBOH

HbiM~ gs ,Ill g(, (CM.I 16 1~ TeKc~ HOCTO~~et:l ~·ran~). 
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npaKtl14eCKI1 CT0611nbHO. CI1CTeMOTI14eCKI1M 06pa36M MeHHIDTCH 3HeprHH HeiiT

pOHHbiX ABYXKB031140CTI14HbiX KOH~11ryp01.11111 (1gg/2 1g?/2)v 11 (1h1112 1hg/2)" 

C pOCTOM A 3Hepri1H nepsoll 113 HI1X POCTeT, 0 ee BKnOA B 8(U1) nOAOeT 113-

30 yMeHbllieHI1H CBepXTeKy4ero H030~111.1HeHTO U~-)J_ ; CO BTOpOII HOH~I1rypa-
J1 2 

1.111ell CI1TYOI.I11H 06pOTHOH. 8 nerKI1X 1130TOnOX KOHQ11ryp01.111~1 (1gg~2 1g?/2)u 

11 (1gg/2 1g?/2 )-.J Cl1nbHO CMeUJI1BOIOTCjl,~ B pe3ynbTOTe 3Toro OCHOBHOSI en

no f.11-nepeXOAOB ( .-. 15ft~) KOHI.IeHTPI1PYeTCH HO OAHOM "OAHOQOHOHHOM CO

CTOHHI111 C 3Heprl1ell W 1+- 8 MaB. 8 amenbiX ~130TOnOX Sn CMellii1BOHI1e Bbl

wenepe411CneHHbiX KOHI11rypou11~ cno6oe 11 6onbwHe 3H04BHI1H B(U1)f (- 8-

-10~~) 11MBIOT ABO COCTOSIHI1SI C 3Hepri1SIMI1 W x"' 7,5 UaB ~~ 9,5 MaB. 8 

uenoM ueHTP011A pocnpeAeneHI1H U1-c11nw cnerKo pocrer c pocToM A. 

KoHe4HO, KOHKpeTHble 4HCnO 30BI1CSIT 11 OT eeni1411Hbl 1130BeKTOPHOII 

KOHCTOHTbl cn~1H-Cn11HOBOro B3011MO.Aellc TBH H. KOK OTMe40nOC b, C£. ~ 01 ) 6bl

no Bb16pOHO no nonomeHI110 l.leHTPO TSill{eCTI1 U1-pe30HOHCO B 120Sn 11 HMBIO

ml1eCSI AOHHble Q pocnpeAeneHHI1 U1-CI1nbl B 3TOM S!Apei 1BI He npoTHBOpe40T 

HOUIHM POC4eTOM. 0T SIAPO K liAPY neni14L1HO ·~ ~O~) He 113~1eHSinOCb. 
Ko4ecreeHHO ~ni13KI1e KOPTI1Hbl pocnpeAeneHHSI c11nw pe30HOHCHbiX U1-

-nepexoAOB nony4oni1Cb 11 y APYrl1x oeropoel 22 1, ronbKO 3HeprHI1 coorser

crsymmux 1+-ypOBHell B 122 1 BbiUIB, 4eM Y HOC 1 HO eenl1411Hy ~ 1 MaB. 

Pe30HOHCHble ~1-cocTOl!HHSI cnnbHee APYrHx 1+-cocTOSIHI111 npuMeWI1BO

IOTCSI K HI13Konemomi1M KBOAPYnOnbHbiM COCTOSIHI1l!M. COM MOTPI14Hbl~ aneMeHT 

u 2i (2+) / B3011MOAeHCTBI1SI HeBeni1K U1i. i ~ 

Hbl (-0,1 UaB)AnH COCTOliHI111 2;. 8 

0,05t0,1 UaB. 3H04eHI1SI U MOKCHMOnb

nerKI1X 1130TOnOX Sn OHI1 HeCKOnbKO 

60nbme,· 4eM B HmenbiX, H, 4TO ,1\0ll{e 6onee BQli{HO, 11MeiOT OA11HOHOBblt1 3HOH 

ARH BCBX Y4HTbiBOB~I1XCH HOMH U1-COCTOliHHII (U >0). flocneAHee o6CTOli

TBnbCTBO o6ycnOBI1no, nO-B11AI1MOMy, 11X KOrepeHTHblii BllnOA B _)Az 11 era 

OTHOCI1TenbHO 60nblliYIO BBnH411HY B 112- 116sn. 8 6onee Tl!menbiX 1130TOnOX 

3TQ HOrepeHTHOCTb HC4e30BT, 3HOHI1 MOTPI14HbiX aneMeHTOB U, OTBe40IOmi1X 

P03HlH.! 1~ -cocrol!HHRM, OH03biBOIOTCll po3HbiMI1, e pe3ynbTOTe 4ero f- 2 yMeHb

t::oercS~. 
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• Uarpi14Hble aneMeHTbl u~~c2;), onpeAenHIOmne eeni1411HY nonRpi130Q110H

HbiX npi1M~Cell· B CTPYKType 2i-COCTOliHI1111 B ~PeAHeM HO nOPRAOH MeHbWe 

U~l (2~). Ho B JHll{enbiX li,I\POX, rAe B CTPYKType 1!12(2+) B~ni1HO CMeWI1BO-. 

HI1B OAHO~OHOHHbiX HOMnoHeHT Q;2 ~0 11 Q;)~O' nonRpi130Q110HHble 3ID~eHTbl. 
AnSI COCTOl!HI1R 2i. o~peAeMTIOTC~ TOHme 11 CBll3biO HOMnOHeHTbl Q;3 1JJ 0 C HOM

noHeHTOMI1 (Q;JQ~ i) 2+ 410 , 4TO npi1BOA11T H cnomHO!l 11HTep~epeHQI111 p03Hbl~ 
cnoroeMbiX B jA- 2 11 AOBOnbHO BbiCOHOH 4YBCTBI1TenbHOCTI1 _f-z(2i) H nOPO:

MeTpOM rOMI1nbTOHI10HO. 

0TKPbiTbiM OCTOBTCll Bonpoc 0 Bnl1l!HI111 ,HO A (2i) OPI1HQI1nO noynll, 

Aellcrey~amero Me~AY KB031140CT~I.IOM~ BXOAllm~tMH B loHOHbl. B pa6ore1 11 1 

noH030HO, 4;0 3H04eHI1R U~~.(2i"") B Sn 113MeHl!IOTCR noA ABHCTBI!eM 

npi1Hlll100 flayn11 He3H0411TenbHO. 4TO HOCOEHCll 4neHO f- 2(2i), TO ero 

113MeHeHI1SI TOKll{e,CHOpee BCero,6yAYT Heeeni1HH.KOCB8HHHM CBM~8T8RbCTBOM 

B n6nb3Y iaKoro npeAnomeH~tll Mom~~ ~411TOTb pe3ynbTOT pa6orbl1 23 1, rAe 

11CCneAOBOnOCb Bn11l!HI1e npHH1.111nO flayn11 HO MOrHHTHble MOMBHTbl COCTORHI1H 

He4BTHbiX 1130TOnOB ono~o. CornOCHO pe3ynbTOTOMI 23 1 113MeHeHI1R f- 2 He 

npeBbiiiiOnll 10%, npl14eM 06COniOTHOR Beni1411HO JA z B03pOCTOna. 

HecKonbKo enos o nepeHOPMI1POBHe HyKnoHHbiX r~tpoMorHI1THbiX laKTopoe. . . 
Cr.eneHb cornOCI!ll TeopBTI14eCHI1X 11 3HCnepi1MeHTOnbHbiX 3H04eHI1H JL(2i) 

(Ta6n.2) He n03BOnReT CAenoTb HI1KOHI1X onpeAeneHHbiX BbiBOAOB OTHOCI1Tenb

HO B03M0li{HbiX 3H04eH11t1 g:~~ 11 gi~~. Mbl pacC411TOnl1· fl;IDiJ.i(2i) C nepeHOp

MI1POBOHHbiMI1 3H04eHI1liMI1 g
8
(n) 11 g

8
(p), HOTOpble 6blnl1 onpeAeneHbl B POM- · 

HOX pac4eTHOt1 CXeMbl KeM B pa6ore1 16 1 no MOrHI1THbiM'MOMBHTOM COCTOliHI1H 

s
1

/
2 

HB4eTHbiX. l!Aep Sn 11 Tl (g 3 ~ij)(n)=0,88gfree(h); g3ibib(p)=0,91gfree(p). 
. s . s s s 

Pe3ynbTOTbl pac4eTo npi1BeAeHbl B ra6n.2 (6- ll KonoHKa). ~3Me~eH~ll 

jt-(2i) He3H0411TenbHbl 11 He Bnl1l!IOT 30MeTHbiM o6p030M HO CTeneH·b corna

CI1R reop1111 11 3HCnepi1MeHTO. 

~TOH, Mbl POCC411TOnl1 B POMKOX KeM 3H04eHI1R MOrHI1THbiX_A11nOnbHbiX 

MOMeHTOB,2i- 11 2i-~pdBHet1 B 4eTHO-~eTHbiX 1130TOnOX 112- 124sn. 3oMeTHOe 
- + ' . 

enl1l!HI1e HO 3H04eHI1e ~(2 1 ) OH03biBOeT Cni1HOBOll nonl!pi130Q11ll OCTOBO. Ee 
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8n1HIHIIIB .HO fv (2z). He TOK 80lHHO. nnR 3TIIIX COCTOHHIII~ Clonee 80lHHbiM OK03bi-

80BTCH CMBW11180HIIIe P03Hb1X OAHO~OHOHHbiX KOMOOHBHT. B UenOM jl(2z) ~~03bi-

80IDTCH 4Y8CT8111TBnbHbiMII1 K TOHKIIIM ABTOnHM CMBWII180HIIIH KOH~IIIrypou111n. Teope 

H14BCKII1e 3H04BHI1H f- (21) K04BCT8BHHO cor_nocyroTCH C 3.~cnepii1MBHTOM, XOTH 

KonwiecT8BHHoe cornoc111e ocTa8nHeT menoTb ny4wero. 3Kcnepii1MeHronbHble 
. + ~ . 

3H04BHIIIH f- (21) A080nbHO PB3KO IJBHHIOTCH OT 11130TOOO K 11130TOny 111, CTpo-

ro r080pH, A80lHAbl MBHHIOT 3~0K no Mepe POCTO A. M~MBHBHIIIH TeopeTII14BC

I{~l( 3H04BHII1n JA-(21) Clonee nn08Hbl, 0 1113MBHBHIIIB 3HOKQ npOI1CXOAIIIT TOnbKO 

OAIII~ po3. 3TII1 4BPTbl XOpOKTBPHbl Ill AnH pe3ynbTOT08 APYriiiX OBTOpoel5,6l. . 
no3TOMY BBCbMO menorenbHbiM npeACT08nHeTCH Ill YT04H8HIIIB 3Kcnep111M8HTOnb-

HbiX 3H04BHII1n _f- ( 21) • 
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