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MOCKOBCKO~ o6naCTH. 

C AKCC8pT8~H8~ KOXBO 03H8KOMBTbCH B 6H6nHOT8Ke 0~~ . 

YqeHal ceKpeTapb CoBeTa 
K8UAaA8T ~H3HKO-M8T8K8THQ8CKHX HSYK B. Li.li!.YPABJ!EB 

OE~AH XAPAKTEPHCTMKA PAEC 

AKTY811bHOCTb T8KH. 1.\HKpOCKOllH'ISCKHe KSTO;D;bl C 

cnoaHbiX H;n;ep B HSCTOH~ee BpeKH npe;n;CT8B11HIDT O;D;HO 

HbiX H8llp8B118HH£i COBpeKeHUO!\ TeopeTHQ8CKOi1 H;D;epHO.ti 

CTH~8HHeK B ;D;8HHO£i 06118CTH HCC118AOB8HH!\ HBH110Cb ~ 

nHqecKHX KOAenea, onHChiBSID~Hx Ha e;n;HHoti w•aHt~ecKo 

xapaKT8pi!CTHKil H,l(pa B WHpOKOK ,1(H8ll830He SHeprl!ti .B 

TSKI!X KO;D;enel\ HB11H8TCH KB8SHQ8CTI!'IHO-w0HOHH8H WO;D; 

ycnemHO npHM8HH118Cb ;D;1IR HSy'leHHH CBO!\CTB HI!3K011e~ 

Hei1TPOHHHX H pa;n;Ha~HOHHbiX cHnOBHX WYHK~I!l\, sneKTP 

I! S8pH,l(OB0-06KeHHHX rHrSHTCKHX pe30H8HCOB B cwepl! 

BSHHHX H,l(pax. B p8KK8X STOi1 KO;D;enH yCT8HOB118HH 06 

WP8rM8HT8~HH O;D;HOKB83H'I8CTH'IHbiX I! O;D;HOWOHOHHHX CO 

BS~HaH ponb BaaHwo;n;eticTBHH KBSSH'ISCTI!~ c WOHOHSMI! 

Typbl H;D;epHbiX COCTOHHH« llO Mepe B03p8CT8HI!H SHeprH: 

npeT8H,l(Y8T HS OllHC8HH8 Wl!pOKOrO Kpyra CBOtiCTB BOSI 

H,1(8p B 061!8CTH HH3KHX, UpOMe~yTOQHHX I! BbiCOKI!X 3HI 

20-30 Ms~ . 9Ta MO;D;811b BHrO,l(HO OT111!'188TCH npOCTOTOi 

CBOero npaKTH'I8CKOrO npi!MeH8HHH, ll03B011HID~HMI! npOl 

p8CQ8Tbl KSK ,1(11H 8H8111!38 y•e I!M8ID~I!XCH SKCnepHMeHT! 

,1(11H npe,l(CK838HHH HOB~X 3WW8KTOB. 

B nocne,l(HI!e ro,l(bl 6onbwo« HHTepec npoHBnaeTCl 

Ml!pOBSHHbiX H;n;ep H B TeOp8TI!'I8CKOK,I! B SKCnepHK8HT! 

,l(OBSHI!e ;D;8WOPKHpOB8HHHX H;D;ep HB11H8TCH O;D;HI!M 1!3 ca• 

KOB HOBHX CB8;D;8HH£i 06 8TOMHOM H;n;pe. llpH STOW 38Tp€ 

HOBbl TeOpHH, KSK CTpyKTypa Cpe;n;Hero ll011H I! OCTSTO' 

HbiX 01!11, Bbi;D;8118HHe K01!11eKTHBHHX CTeneHea CB060;D;bl. 

HOrO I! OKTYll011bHOrO rl!rBHTCKI!X peaOHSHCOB, 'ITO HB11 

HeamHX ;D;OCTI!~8HI!£i SKCll8pi!M8HT811bHO£i H;D;8pHOi1 WH31!KI! 

118TI!H, CBH38HO C 1!3y'I8HI!8M ,1(8~0pMI!pOB8HHHX R;n;ep. 
0,1(HO 1!3 B8EH6~WI!X HanpaBneHHU COBpeMeHHOi1 H;D;e 

Hl!8 H;D;ep llpl! cpe;n;HI!X I! BbiCOKI!X SHepri!HX B036y~;n;eHI! 

aHeprl!l! B036ya;n;eHI!H Cy~eCTBYIDT HeKOTOpHe BSEHble HB 

STO - YC110EHeHI!e CTpyKTypbl H;n;epHbiX COCTOHHI!~ C SHe 

paauoro po;n;a no;n;cTpyKTyp B noBe;n;eHHI! Hel\TpOHHhiX 11 

COB I! B ll110THOCTI! ypOBHeti, OC06eHHOCTI! rny60KO CBH 

CTOHHII« H K01111eKTI!BHbiX COCTOHHH« H,l(ep. 

lllparweHTa~HH (pacnpe;n;eneHI!e cHnhl) o,l(HO'IBCTH'IH, 

HrpaeT BSKHY~ ponb npl! BHHCHeHI!I! npo~ecca ycnozHeH. 



!&60p8TOPKB TeopeTHlJ6CKOI ~HSHKH 06~e~H6H

HCCll6;ztOB8Hd 

.. .,.,.,.uA~KIIIX H8YK 

B.r.COJIOB:OEB 

c.r.KA,llMEHCKml 

B.B.IIAlllKEB!tftl 

T6JILCK06 yqp6E;zt6HHe: 

~OB8HHI AH CC~P, MOCKB8 

" 1985 r. 

n 1985 ro~a HB 

~&aaaoro coBeTa K0.47.01.01 Jia6opaTOpHH TeopeTH

HHCTHTYTS ~epHHX HCCJie~OB8HHI, r. ,lly6H8 

6H6liHOTeKe OHffH. 

B.ld.IYPABJIEB 

.· 

OEtilAfl XAPAKTEPllCTilltA PAEOT!I 

AKTY8HLHOCTD T6M!l. MHKPOCKOIIHIJ6CKH6 M6TO}l;!l OllHC8HHH CTPYKTYP!l 
CHOlKH!lX H;n;ep B H8CT0flll!66 Bp6Mfl npe~CT8BHHIOT O]l;HO HS H~H!ClOHee 81CTY8H:O
H!lX aanpaineHHM coBpeMeHuo~ TeopeTHtJecKoM a;n;epHofi WHSHKH~ Eon:omHM ;n;o
crHllt6HHeM B ;n;aHHOM ~CinaCTH uccne;n;OB8HHL1 HBHHOC:O YTBepllt;n;eHHe MH!CpOCKO
llHlJeCKHX Mo;n;enefi, onHC!lBBIOli!HX aa e;n;xHott !PHS.HtJecKoi1 ocHoBe paanxtJHue 
xap81CT6pHCTHKH H;n;pa B Wl'lpOKOM ;n;HimaaOH6 SHeprl'lfi_ B03Clyllt]l;6Hl'IH. O;n;liott. HS 

T8KHX .I.IO]l;6Hell HB1Ifl6TCH KB83l'llJ8CTHlJHO-!POHOHH8H UO~en:& H;n;pa {K<l>M). K~!~ 
ycneWHO npl'I.1.16HHJI8C:O ]l;JIH H3YIJ6Hl'IH CBOfiCTB Hl'I3KOJI6~8li!HX COCTOHHHfi H]l;6p, 
H6i1TpOHH!lX H pa;n;HauxoHH!lX cHnoBux IPYHKUHH,_aneKTPHtJeCKl'IX l'l MBPHl'ITH!lx 
H 38pH]l;OBO-OClM6HH!lX rHraHTCKl'IX p630H8HCOB B ClP6Pl'IIJ6CKl'IX l'l ,ll6<lJOPMl'lpO
B8HH!lX H,llpax. B p8MK8X STatt·uo;n;eJIH yCT8HOBJI6H!l.OClll!l'l6 38KOHOM6pHOCTl'l 
!Pp8rM6HT8UHl'l O~HOKB83l'IIJ8CTl'llJH!lX l'l O]l;HO~OHOHH!lX COCTOHHHH, B!lHCH6H8 
BBlKHBH pon:o BSaHMo;n;encTBHH KBBSHIJBCTHU c qoHoHaMH B ycnolltHeHHl'l cTpyK

Typu H.ll6PH!lX COCTOHlll'lll no Mepe B03p8CT8Hl'IH SHeprl'IH· B03ClYlK.ll6HHH. K<l>M 
npeTeH;n;yeT H8 Olll'IC8Hl'l6 WHpOKOrO Kpyra CBOHCTB B036YlK.ll6HH!lX COCTOHHHll 
H,ll6p B OClJI8CTl'l Hl'I3Kl'IX, llpOM6lKYTOlJH!lX l'l B!lCOKHX SHeprl'lfi BOSClylK~6Hl'lfl ]l;O 
20-30 MaE. STa uo;n;en:o B!lrO;n;HO OTHHtJaeTcH npocroTott H npo,llyKTHBHOCTLIO 
CBOero np8KTl'IIJ6CKOrO llpHM6H6HHH, ll03BOJIHIO~HMl'l npOBO,lll'ITL lJl'ICJI6HH!l6 
p8ClJ6T!l K8K ,llJIH 8H8Jll'l38 YlK6 l'IM6!0ll!l'IXCH SKCnepHM6HT8JILH!lX ,ll8HH!lX, T8K l'l 

,llJIH npe,llCK838Hl'IH HOB!lX 3WW6KTOB. 
B nocne;n;Hl'le ro;n;u Cion:omofi HHTepec- npo.ID3JIJteTc.a: K HayqeHHIO .zi6WOP-, 

MHPOBBHH!lX H;n;ep ~ B re~peTHtJecKOM,H B aKcnepxYeHTBJILHOM nnaHe. Hccne
.llOBSHHe .ll6WOPMHPOB8HH!lX H,ll6p HBJIH6TCH O,llHHM HS C8M!lX 60r8T!lX l'ICTOlJHH-, 
ROB HOB!lX CB6,ll6HHfi 06 8TOMHOM H,llpe. IlpH STOM 38TparHB8IOTCH T8KH6 OC
HOB!l. TeOpHH, K8K CTpyKTypa cpe,llHero, llOJIH H OCT,8TO,lJH!lX HYKJIOH-HY~HOH
H!lX CHJI, B!l]l;6H6HHe KOJIJI6KTHBHUX CTeneHefi CB060 . .1\!l~ , 0TKp!lTH6 KBB,llpyllOJIL;.. 
HOrO H OKTYll011LHOrO rHr8HTCKHX pe30H8HCOB, __ IJTO H~JIH6TCH O]l;HHY HS Kpyn
H6HWHX ,llOCTHlK6HH~ SKCll6pHM6HT8JILHOll H,ll6pHOl1 W~SHKH llOCJI6,llH6rO ,ll6CHTH_-:-, : 

JI6T~H, CBH38HO C H3YIJ6HH6M .zt6WOPMHpOB8HII!lX H;n;ep. .. . 
O;n;HO HS B8lKH6i1WHX H8llP8BJI6HHi1,COBp6M6HHOl1 H]l;6pHOll ~HSHKH- Hayqe

HH6 a;n;ep npx cpe;n;Hl'IX H B!lCOKHX,SHeprxHx BOac5ylK;n;eHHH. B sTat! o6nacTH 
aHeprHH BoaCiyE;n;eHHH cyll!eCTBYIOT HeKoTopue BaJKHue HBneuxa. Ilpellt;n;el3cero 
STO ..; yCJIOlKH6HH6 CTpyKTypu H;n;epH!lX COCTOHHHH C SHeprHeli, 06HapyEeHHe_· 

paaaoro po;n;a no;n;CTPYKTYP B llOB6.ll6HHH HeliiTpOHH!lX H rHrBUTCKHX peaOH8H-. 
COB H B llJIOTH,OCTH ypOBHell, OCOc56HHOCTH rny60KO CBH38HHUX .ll!lPOlJH!lX CO-
CTOHHHM H KomieKTHBH!lX cocTOHHHLi ~ep. _ 

<l>parM6HT8UHH {pacnpe;n;eneHH6 CHJI!l) O]l;HOIJ8CTHlJH!lX COCTOHHHLi B fl]l;pe 
HrpaeT BaEHym poni npl'l BuHcHeHHH npouecca ycnolKH6HHH CTPYKTypu cocroa-

-m1C!$11Ll~ Zi~"C:J~Il07Z1JU:1iJ 
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HHH Ha WHpOKOM HHTBpBane aHeprHH. ~parMBHTaUHfi wanoqaCTH'lHNX COCTOR
HRH RBHRBTCR npH'lHHOH cy~eCTBOBaHHR 6on:&mHX WRpHH y rHraHTCKRX peao

HaHCOB 11 paaaoro po~a no~CTPYKTYP rny6oKHX ~upoqaux cocTORHHiii a~pa. 
· ~parWBHT8UR6lt 3THX COCTOHHH~ onpe~enRDTCR WHOrHe ~H3H'l6CKH H86nro~ae

MU6 BBHH'lHHN, K8K H6iii.Tp0HHU6 CHHOBUB ~YHKUHH, pa~HaUHOHHbiB CHHOBUB. 
ilJYHKUHH, cTpyKTypu rHraHTCKHX peaoaaacoB, ceqeHHH ~oToriornOUl6HHR 11 
T .~. , Hayqeime ~parM6HT8UHH M8HO'laCTHqftUX COCTOHHHiii B8lltHO ~na R~6P,HOiii 
4)113HKH 1l uenou •. Oao noaBonaeT npo,nBHHYT:&ca B KaqecTBeHHOiil. H KonH'leCT
BBHHOiil. HHTepnpeTBUHH aenpepUBaoro. cneKTpa. Eom,moiil. HHTepec npe~cTaB
naroT H3Y'l6HH6 M6XBHH3Ma wparM6HT8UHH B R~pax~ 66 3aBHCHMOCTI> OT M8C
COBOrO qncna, cpaBHB~He wparM6HT8UHR B c4)epH'l6CKHX H ~e4)opMHpOB8HHUX 
H~pax, paC'lBTbl 4!parM6dT8UHR B KOHKp6THUX ~pax ••• 

Uen:& pa60TU -'R3Y'l6HH6, tlJp8rM6HTaUHR O~HO'l8CTR'lHbiX COCTORHH~ npH 

HH3KHX, npOM6~YTO'lHbiX H BbiCOKHX aHeprHHX B ~etlJopMHpOBaHHbiX H~pax pe~
K0361.!6Hl>HUX aneM6HTOB ·" 8KTHHH~OB: I. 11ccne;ztoBaHH6 .pacll(enneHHH cwepH
'lBCKHX UO;zt060HO'l6K B ;zt6tlJOpM11pOBaHHOM H;ztp6 H ponH ;zt6tlJOpMaURH B M6XaHH3-
M6'tlJParMBHT8Ul1Ho 2. l13y'l6HH6 H3M6H6HHH tlJpari46HT8UHH npH nep6XO;zt6 OT 
CtlJ6pH'l6CKI1X K ;zt6tlJOpMHpOB8HHbiM R~paM. 3. llony'l6Hl16 CU6KTpOCKOUH'l6CKHX 
;zt8HHbiX

1
'KOTOpb16'Cp8BHHB8IDTCH C 3KCU6pHI46HTOM HHH cny:ataT H6KOTOpbll4 OpH-

. 6HTHpOM •;ztHH HOBbiX 3KCU6pHLI6HTOB. 4. 061JHCH6Hl16 UOB6~6HRH C6'l6Hl1it peaK

UHit O;ztHOHYKHOHHbiX nepe;zt8'l ~nH H6KOTOpbiX H~ep. 

Hayqaaa HOBMaHa R npaKTM'lecKaa ueaaocT:&. B ;ztnccepTaUMRnpo;zteMOH

cTpHpo,BaHbl WHpOKHB B03MOJKHOCTH lt<llM B onM'caHHM npouecca l{JparM6HT8rtMH 
O~HO'l8CTl1qftbiX COCTORHMH B ;!16tlJOpMMpOB8HHUX H;llpSX npH npOM6JKyTOt{HUX R 

BbiCOKHX aHeprMHX. 
HOBbll\4 BKHB~Ol\4 RBHRIDTCH MCCH6~0B8HH6 ponH CT8TM'l6CKOiil. ;z~etlJOpli48UHM 

B l\46XaHM3ll46, !liPBrli46HT8UHH O,llHO'l8CTH'lHbiX COCTOHHHH B ;!16tlJOpMHpOB8HiiUX 
fl~pax R H3yqeHH6 38BHCHL!OCTH !lip8rli46HT8UMH OT.!liOPMbi·R~pa. llony'l6HU tlJOp
MYJlbl, orincuBamUlHe pacnpe~eneaMe o~aoqacTH'lHOiil. cunu B ae'leTHbiX ;z~e!l1opu:H
poBaaaux H~pax, cneKTpOCKOllH'l6CKH6 tlJaKTOpU peaKUHH O~HOHyKnOHHbiX nepe

;z~aq THUS (d~p) H (d,t) npH O~HOBp6M6HHOM Y'l6T6 ;!16tlJOpli48UMH l1 B38l1-
l40~6HCTBMR KBaaM'laCTHU c woaoaaMM. Ha ocaoBaHMH aTHX !l1opMyn npoBe~eHbl 
'll1CH6HHU6 paC'l6TU 4)parM6HT8~l1H·O~HO'l8CTH'lHbiX COCTORHHiil. B H6'l6THbiX ;z~e-

4)opMHpOB8HHbiX a;z~pax, KOTOpb16 U03BOHRIDT BblflBHTI> OCHOBHb16 38KOHOW6pHOCTH 

npouecca tlJparMBHT8UHH, OC066HHOCTM !liPBrMSHT8UHH HH3KOH6Jlt81JlHX H rny6o
KOH6llt8Ull1X ;llblpO'lHbiX COCTOHHHH H nonyqHTI> Cll6KTpOCKOllH'l6CKH6 tlJ8KTOpbl ;!IHH 
U:HOrHX COCTORHHit. Peayn:&T8Tbl 3THX p8C'l6TOB y~OBH6TBOpHT6Hl>HO BOCnpOH3-
BO;ztHT 3KCU6pHM6HT8Hl>Hbl6 ;!18HHbl6 H MOryT cnylltHTI> HBKOTOpUM np6;ztCK838HH

_eM_llPH'H3Y'l6HHM p68KUHH O;ztHOHYKHOHHHX nepe;zta'l. 
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Eon:&mOH'HHTepec npe;!ICTBBMDT HCCHe;!IOBBHRH 4)parM6HT8UHH B HBKOTO

pbiX a;ztpax, ;z~aroUlMe BoawoxaocT:& o61>HCHHT:& noBe~eaMe ceqeaan peaKUHiii ay
xnoaaux nepe;zta'l. llOKaaaao, 'ITO HB OCHOBaHMH H3Y'l6HHR 4)parM6HTaUHH O;li

HO'l8CTH'lHbiX COCTOHHHlt B pH~6 fi~6p MOlllliO nony'lMTI>_ ,B8EHYIO HHtlJOpMaUMIO 0 

;zt64!0p11.8UHH H;ztep. 
B U6ll011. 1 npHB6;!1611Hbl6 B ;ztHCCepTaUHH MCCJIB;ztOBaHHH HBHHIOTC!i ;!18Hl>

H6ltmMM p83BHTH6LI K<llM n;ztpa B OnMCaHHH B036YJi;li6HHbiX COCTOHHHiil. ;!16tPOPMH

pOBSHHbiX ~ep. 

nna 3Sm!Tbi,Bb18BHraJOTCH CH68YIOSH6. peayn:&TaTbl: 

I. Bb1HCH6H8 BaJKHaH pon:& CTB6Hn~HOit ;zt64!0pMaUHH B npouecce wpar
Y.6HTSUHH llO;zt060JIO'l6K B ;!IB4!0PMHpOB8HHUX ~pax.·TioRa3SHO, 'ITO CTS6Hn:&
HSh ;z~ewopu.auza HrpaeT onpe;ztenHJOlflYJO pon:& B MexaaHawe Boa6yE;I~eHHH no;zt
o6onoqeK, aanpHwep, e10 onpe;ztenaeTCH 2/3 o6nacTH noKanHaauHH cHnu no;zt
o6ono'lKH, a B3aHMO;zt6iii.CTBH6 KBaaHtiaCTHU C tlJOHOHSMH ;ztOUOHHRTen:&HO pac

mHpH6T 3TY o6nacn !Ia 30-40%. 
2. !ttccne~oBaHo .B oilao!floHOHHOM npH6nH:ateHHH HaueaeaHe wpar:MeHTaUHH 

O;ztHO'l8CTH,'lHbiX COCTOHHHiil..npH nepexo:zie OT CtlJepH'l6CKHX K ;zteqopMHpOBSHHUM 
H;ztpaM. lloKaaaao, 'ITO .no;zto6ono'lKH c op6HTan:&HbiMH MOMeHTaY.H 1~2 B ;z~e-
4!opuHpoBaHHbiX H;ztp8fC tlJparMeHTHPOBaHU, _CRHI>H66. lleM _B cwepHtieCKI4X. Paa
liH'lHe MeXSHH3LIOB tlJparMeHTBUHH.O;!IHO'lSCTR'lHOit CHHbl B ;zteqopMHPOBSHHbiX H 
c4)epH'l6CKHX R~pax npi4BO;!IHT K cyriteCTBBHHO HHOMY. llOEe~6HHIO CHliO,BOit . 
4!YHKUHH BHYTPH.o6nacTH noKanHaauHR cHnu no;zto6ono'leK: B :ztewopwzpoBaH
aow ~pecHna pacnpe;zteneaa OTHOCHTen:&HO paBaowepHo, B cwepHtleC::Kou. RA
pe UO;ztBBnRJOillaH qaCTI> CHHbl OCTaeTCH CKOHUeHTPHPOBaHHOil :S Y3KOM RHTep-: 

Bane. 
3. TipoBeAeau pacqeTbl 4)parweHTBUHH 6on:&woro 'IRena no;z~o6onoqeK B 

a;ztpax pe,nKoaewen:&aon li BKTHHOH;ztOBOil o6nacTelt:. 151 ,lb3sm, 151Pm, 
155no, l?lYh, 173Lu, 239u H 237Np • TionyqeHbl cneKTpOCKOlll1'l6CKH6 
waKTopu ;z~na MHcirHx no;I~o6onoqeK B aTHx·~pax Peayn:&TaTu pacqeToB y;ztoB
neTBOPHTen:&ao co'rnacyBJTCH C aKCnepHMeHT.an:&li.biM14 ;ztBHHUMH. lJaCTI> 3THX 

peayn:&TSTOB MOEBT CliYlltHTI> HeKOTOpblll np6;!1CKaaaHH6M ·;z~nH HOBUX aKcnepH-
·~ . . ' . 

LIBHTOB. 
4. PacqeTbl tlJparu.eliTaUHH HH3KOCUHHOBbiX COCTOHHRa B H30TOU9X W H 

Re U03BOJIHIOT 06l>HCHHTb aKcnepHMeHTSlii::H·O 06HapyzeHHYIO BHOMSJIHIO B 
C6'l6HHHX peaKUHll O;!IHOHYKHOHHbiX nepe;zta'l THUB (d,p), (~,t) ;ztllfi COCTO
HHHll ~~2~ H 3/2- .B 3THX ~pax. TIOK83aHo; 'ITO ;llliH ~ep ;!ISHHOll 06JiaCTH 
H6T He06XO;ztHLIOCTH 6p8Tl> 8HOW8lll>HO 60lll>WYIO i:'eKC8~6Kanon:&HyJO ~ewcpMaUHD 

J9 4 , KBK 3TO ~enanOCL B pa60TSX ;z~pyrHX aBTOpOB (B ;z~pyrHX TSOp6TH'l6-' 

CKHX no;z~xo;ztax). 
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· 5. llpe~cTaBneaaue B ~11ccepTa~H11 peayn:r.TaTu cnyxaT ~an:r.aenmeuy 

-pa3B11THID KB83UqaCTHqHQ~OHOHHOll MOA6JI11 HAPS B-OTIHCBH1111 B030YX~6HHNX 

COCTOHH11H A6~0pMHpOB8HHNX H~ep. ' 

Anpo6al!11H A11ccepTau1111. Pe3ynnaTu, npe~cTaBneHHue B AHCcepTa~H11, 
AOKJI8ANB8JI11Cb 11 OOCYJKABJI11Cb HB C6MHH8pax JiaoopaTOp1111 T60p6TliqeCKOii 
W11311K11 06~e~11H6HHoro 11HCTHTyTa HA6PHNX uccneAoBaHutt, 34 u 35 CoBe~a
HHHX no HA6PHOH cneKTpOCKOn11R 11 CTPYKType BTOMHOro 'flAPS (AnMa-ATa, 

I 984; JleH11Hr pa~, .1985). 
fly6n11K8l(1111. flo M8T6p118JIBM ~11CC6pT8~1111 onyoJI11KOB8HO lli6CTD pa60T. 

00MM pa60TN • .lJ.11CC6_pT8~11H COCT011T 113 BB6~6H11H 1 Tpex rnaB OCHOB
HOrO COA6PlK8H11fl 11 38KJIIDq6H11fl 1 CO~eplKHT III CTp8H11~ M8lli11HOUHCHOrO 
T6KCT8

1 
24 p11CYHKa, 8 T80Jl11l! H 0110JIHOrpa~uqeCKHH CUHCOK JI11TepaTypu 

113 98 H83B8HHJ.1. 

CO.D.EPJli:AIIIiiE PAEOTbl 

BB6A6H116 C0~6pl!t11T Kp8TKYID xapaKT6p11CTHKY MHKpOCKOflUqeCKOrO nOA
:XOAB ,· B paMKax KoToporo c~op14y"n11po:Baira KBB3HqaCT11qHo-~OHOHHaH MO~en:r. 
HAPB• flepeq11CJI6Hll OCHOBHhl6 AOCTHJIC6H11H .!40A6nH. llp6ACT8BJI6H CJKBTU!.t 00..; 

_. 30p HCCJI6AOB8H11H 1 nOCBH~6HHllX ~parM6HTBl!1111 OAHOqaCTHqHNX COCTOHHH!.t B 
Ae!!JopMHpoBaHHNX H~pax. C~opMyn11poBaHa 38Aaqa u3yqeli11H ~parMeHTBLIH11 
OAHoqaCTUt!HhiX cr,m B p8MK8X KciiM ~JIH A6qJOpM11pOB8HHhiX HASP• 

rnaBa I HOCHT npeH14Yl1(6CTB6HHO BBOAHblll xapaKTep. KpaTKO CcllOpMy
JIUpOBBHbl OCHOBHbl6 llOHOlK6H11H KciiM npHM6HHT6JILHO K ~6~0pl4HPOB8HHblM HA

paM. 
B § I CTpo11TCH raM11JibTOH11BH KtiiM. raMun:r.TOH11aH BKJIIDqaeT cpeAHee 

none B ~OpMe llOT6Hl!118JI8 CaKCOHa-ByACB, KOPOTK0~6HCT:BYIDUQ'ID qacT:r. OCTa
Toqaoro B3811MOA6J.1CTBHH 1 npi!BO~llll(j'ID K napHNM KOppenH~IIHM CB6pXnpOBOAH-
11(6rO Tllll~, ~anbHOA6!.1CTBYIDll!YID qaCTb OCT8TOqHoro B38HMOA6!.1CTBI!ll B BHA6 
MynLTHTIOJlbHNif cun. flpr.tB6A611N OCHOBHhl6 ypaBH6HHll MOA6JIH AJIH OTIHCBHHH 
OAHO~OHOHHhiX B030YJKA6HHJ.1 B qeTHO-q6TIIllX A6~0pMHpOB8HHNX HApax. 

B § 2 npi!B6~6HN OCHOBHN6 ypaBH6HIIll MOA6JI11 AJIH on11C8HHll B036yx
A6HHIIX C_OCTOHHHll H !!JparM6HT8l!1111 OAHOqaCTUqHNX COCTOHHr.tll B OAHO~OHOH
HOM npi!CiJil1JK6H11H 38 cqeT B38HM0~6!iCTB11fl KB8311qaCT11ll C 1'0HOH8MH. 

B § 3 paCCLIOTpeH 146TOA C11JIOBNX ~YHKL!11ll 1 HCUOJib30B8HHNll .B KciiM AHH 
pacqeTOB ~parM6HT8l!H11 O~HoqaCT11qHNX COCTOHH11ii Up11 .npOM6JKYTOqfiNX H Bll
COKHX 3H6prr.tHX. llonyqeHN ~OpMynhl, OUl1ChiBBID~l16 !!JparM6HT8l!IIID UOAOOOJIQq
KH H Cll6KTpOCKOUUqeCKl16 ~8KTOphl peaKL!Ull OAHOHJKJIOHHhiX nepeAaq THUS_ 

(d,t) H (d,p) • llpH aTOM HCUOJIL30BBH CJI6AYID~IIll BRA BOJIHOBOH ~YHK-
L!Ul1 A-HeqeTHOrO HApa: , 

4 

.. 

i . i 
I 

'J 
,! ,, 

'J.Ii (Kn) == ~ ?,1~ C~o<;~ + ~ D~ («+Q"'")g f'I'o ; (I) 

'Wo - WOHOHHN!.t :BaKyyM, o{+, Q+ - onepaTopu pOi!!A6HUH KBaauqacTu-

llbl u woHoaa; i. - HOMep cocTOHHHH B aeqeTHOM HAP6; g = "t , t .. .X]Cj , 
j -·HOI46p OAHOqJOHOHHOrO COCTOHHUll.MYJibTHTIOJibHOCTH A C np06KL!H6H 

jJ. • COBOKYTIHOCTD KBBHTOBblX queen AJIH JIIDOOrO O~HoqacTUqHoro COCTOHHUll 
0003HaqeHa qepea ("o) , a AJIH COCTOHHU!i C ~BHHOll np06Kl!l16ll yrnOBO
ro J.touenTa Ha ocr. CHMMeTpnu HAPS K a qeTHOCTDIO n - qepea {S'~J; 

6' - 3H8K aToll np06Klll11d (6"-:: ±.t), c; , Di - B6C0Bble K03~11l!l1-
6HTN KB83HqSCTHqHoi\ KOMTIOH6HTN H KOMUOH6HTN 11KB83UqaCTl1l!8 ® qJOHOH11 • 

4/0pMyna 1 Olll1CblB8IDIJl8ll wparloi6HT8l!IIID llOAOOOJIOqKJ-1 nlJ B A6~0pMIIpO
B8HHOM HAP6 11M66T BHA 

sY\11 <l> = ~ < ~~~1 t c:K c~> . (2) 

GneKTpOCKOU11tl6CK8fl CHJIOBSH <lJYHKL!HH peSKL!HR Tlr1n8 (.d., t) - peBKL!IIH nOA-
XBSTB HM66T BHA 

Sntr(') = 2, (a~~lt\}; c;K C(J. (3) 
SK. 

,llnn peaKuull Tuna ( cl,p) - peaKLIHH · cpuBa TaKaH WYHKL!HH BurnH.ltHT, 

S~ ' K 2. f't . .,.tr (l) ""L ( a.ittu) u;- '--yKl•l) . (4) 

~K 
~K 

B (2-4) an\1 - K03qJWHLIH6HTN B p831IOE6HHH O~HOqSCTHqHOM BOJIHOBOll 
~KCHSJILHO-CIIMM6TpHqHoro TIOT6Hl!H8JI8 no 0001IOqeqHNM iJ!YHK

c~epnqeCKH~CHMM6TpHqHOI'O noT6HL!Hana 
WYHKLIHH «i'gK 
LIHHM ~lJ 

~K = L a.~1 'f,ui i 
n\J 

(5) 

'-'f H '\9y - K03ilJif)Hl!H6HTN KBHOiiHqeCKOrO npeo6pa30B8HIIH BoroniDOOBS~ 
1. 

a C1KC~) - cnnoBan WYHKLIHH, onHCblBBIO~aH <IJparMeHTBL!HID OAHOqacTnq-
aoro cocTOHHHH f ( c ABHHNM Kit ) a a cqeT BSBHJ.tOAellcTBHH KBasHqac
THLI C <lJOHOHSMH, OHa HM66T BH~ 

K~ ) =- Y4 c;t. -lJ { 1 l 
1: Jt F; ('l. -..L%) 

(6) 

r~e · ~ ('l•):: 0 - ceKynHpHoe ypaBHeHHe. Anll onpe~eneHHH ·aHeprnu '£.: 
COCTOHHHlli 6·- napaMeTp YCp6AH6Hl1ll C_HJIOBOM <lJYHKL!HH. 

·s 



.· 

rnaBa TI UOCBH~6H8 BUHCH6HRD PORR CT80HRbHOit ~6WOPM8UHR B Mexa
HR3M6 !IJparM6HT81\Rll COCTOHHRit U H3Jtl6HRD38BUCRMOCTH IJlparM6~T81\Hll OT 

!IJopMu a~pa. 
B § I Rccine~oBaHo pacutenneaue cllJeput~ecKHX no~o6onot~eK B ~e!lJOpMH

poBaHHOM noTeHuuane H3-3a cTa6Rnbaon ~e!IJop!ia~~:~u; THnRt~aoe pacnpe~ene
JIHe c'H11 no~000110tl6K no BIIYTP61IHHM COCTOHHRHM ~ellJOpMHpOB8HHOrO H,llpa 

noKa~aao aa pHc. I. 

,.,_ "( ""' '"' .. 
ffa 

1hfi. n 
'06 

04 

0.2 

nt.t•lf•"'- ~. s"'s1ztSllsr1sn rri'»' !'• 

""to "" 
08 Jsllz' n 

06 '''" 
0,4 

0. 

- - ~0 

"" "b ... ,,.. 

·1h11~ 

4r' r ... 
lS,. ~5· E,MoV 

Puc. I 

Pacnpe,lleneaRe'cunu aettTpoH-

_aux no~o6onot~eK 1h1112 H 
3s112 . no O~HOtl8CTHtlHUM CO
CTOHHHHM B noTeHuRane By,llca 
-C8KCOH8 C 8KCH81IbHO-CHMM6-

TpHtlHNMH KB8,llpyn01IbHOlil H 
reKC8,li6KBn01IbHOil ,li6WOPM81\H-

HMH. CTp~nKaMu yKa3aHo nono
~eHRe no~000110tl6K B cwepu
tl6CKR-CHMM6TPHtlHOM nOT6HUH-
8116 C T6MH ~6 napaMeTp8MM 
(napaMeTpN 30HU A=I55)· 

TI0~8BnflDU18H tl8CTb CH1IU UO,l!060110tl6K pacnpe,li6R6H8 no H6CK01IbKHM COCTOH
HH!lM B HHTepBane aHeprHH - 5-t7 M3B. Ho CHR8 no,li0001IOqeK C 001IblUHMH t 
(Ha pHc. I: 1h1112 ) oKa3uBaeTC!l pacnpe~eneaaon no 6onbmeMy t~Hcny 

COCTO!lHRlil H 001IblU6My 3HepreTHqecKOMY HHT6p.Bany, tl6M y no~000110tl6K C 
ManNMH 1. (nanpHMep 3s112 ) • 

B § 2 B O~HOWOHOIIHOM npH61IH~611HH H3Ytl6H8 38BHCHMOCTb wparMeHTa-
1\RU OT WOPMN H~ep. llyTeM Cp8BI!6HU!l wparMeHT81\HU O~HHX u Tex ~e'no~-
000110tl6K B p83HNX TRnax H,llep UOK838HO, 'iTO rio~000110tlKU C OORblUHMU op
OHT8JlbHbiMH MOM6HT8MH (1 ~ 2) B ~6WOPMUpOB8HHUX ll,llp8X <jlp8rM6HTUpOB8HU 
CU1IbH66 1 tl6M B CW6PU'i6CKHX. Ha pHC. 2 npe~CT8B116HO T8K06 Cp8BH6HU6 
~11!1 H6ilTpOHHOlil nO,ll000110tlKH 1g7/ 2 B H,D,pax 151

sm (~6WOPMHPOB8HHOM) 
147 

. H . Sm 1~1_W6PU'i6CKOM). BH~HO, qTO 06118CTL 1IOK81IR381\HH CHRN no~060-
1IOqKJr1 B Sm 3H8tlHT61IbHO lUMpe, qeM.B_ 147sm ( 6Ex ::i I2-tl3 YaB H 

AEx=8 MaB). Pact~eTu noKaauBaDT, 'iTO T01ILKO 38 cqei' cTaoR1IbHOlil ,lle
W~%~81\HH no~o6onoqKa 1g712 pac~ennfleTCH no BHyTpeHHHM cocToHHHHK B 

Sm H8 HHTepB8116 ~E~ "' 9 MaB. C ~pyroil CTOpOHU, H3 puc. 2 BH~HO, 
qTo B38HMO.lleilcTBHe c woaoaaMH pacnpe~enaeT cHny Ka~~oro ua aTRX BHYT-

. q ' 
P6HHHX COCTOHHHil no 14HT6p.B81IY A Ex :::: 4-t5 l~aB (CLio OT,li61IbHO BN,li6116H-
HUe KpRBN6 H8 pRe. 2 ,li1IH 

15
lsm ). C116,liOB8T61IbHO, T01IbKO ,li6WOPM81\HH 

6 

I 

I! 

·, 

I' ~ 
l 

lr 
~ 
0~ 

~ 
! 
iJ 
t4 

12 

tO 

: 
114 

Q2L 
2 

Puc. 3 

151Sm 

147Sm 

1g~ 

To ~e, 'iTo n aa pRe. 2, .l!Rll 
npOTOHHOil ~NpOtlHOit no~OOO- ~ . . 151 , 
110tlRU 2pa/2 B Pm R 

145Pm. 

Puc. 2 

CM1IOBNe WYHKUHH HeiiTpOHHOlil rio~o6ono~
KM 1g712 B 151

sm u 145
sm. (cnno

maue·ToncTue 1IMHHM). TOHKOil CnJIOlUHOit, 

nyHKTHPHOil, mTPBXDYHKTHPHOI H T.~. 
1IUHRHMH o6oaaat~eHbl CRROBble WYHKUHH · 

1-C,KCt> OT,li6RbHUX O,liHOKB83Htl8CTlltlHUX 
COCTOHHUi!, H8 ROTOpbiX CROHl\6HTpRpo~a
H8 OCHOBH8ll CH118 U0~000110tlKR 1g712 , 

YMH0~6HHN6 H8 COOTB6TCTBYIOUU16 WBRTO
pu (a~~t • CTpenKBMR yKa38HO . 

riono~eaue IW~o6onoqRu B o6oux H~pax. 

~ --~ .X 
0.2 
0.1 

~ 
:l: 
e
u~ 

0.6 

0.4 

0.2 

t51Pm 

2plh 

145Pm 

2plh 

8 10 ~M~V 

yllte onpe,li61Ifl6T B O~HOBHOM 00118CTb 1IOK81IH381\UR CR1IN no~0001IOqRH B ,li6-
_WOPMHpOB8HIIO!.I H,llpe, a Jl38HMO,ll6ilCTBR6 KB83Utl8CTRU C qoHOHBMH paClURpH
eT aTy o6nacTb ,liOU011HRTe1IbHO aa 4t5 MaB. 

~1IH nO,li0001IOqeR C H6001IblURMH 1 H J p83M6pN 001I~CTeit 1IOR81IR-
381\HR CH1IN B CW6PRtl6CKHX R ~e!IJopMRpOBBHHNX H,llp8X 01IR3RH. TipHM6pOM 
MOllteT C11Ylli.HTb pacnp6,!!6116HR6 CH1IU npOTOHHOH ~NpOtlHOil nO,l!060110tlKR 
2p312- B 151Pm H 145Pm (puc. 3). CpaBH6HRe KPHBUX H8 pRe. 2 14 3 
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noKaaunaeT, ~To no-paanoMy pacnpe~eneua cv.na no~o6ono~eK BHYTPH o6nac
TH 66 HOKanv.aanlut. TaK, 6CHH B ~eqJOpMHpOBaHHbiX H~pax pacnpe~6H6HH6 OT
HOCHT6HbHO paBHOM6pHO, TO B C~epv.~eCKHX H~pax Bbl~6nf!~TCH ~OBOHbHO ya
KH6 06JI8CTH, r~e CKOHll6HTpHpOBaHa 3aM6THaH ~aCTb·CHnb! fl0~060JIOqKH. 

PeaynbTaTbl pacqeTOB y~onneTBOPHT6JibHO Bocnpov.aBOAHT aKcnepHueu
raJibH&e ~auuue. Ha pv.c~ 4 npe~cTanneuo cpanueuv.e Teopv.v. c aKcnepv.MeH
TOII4 ~nfl flO,l{060JIOQKH lh1112 B 147sm H 151sm • 

~ 
~ 
~ 
!g ...... 
u 

1.2 

_, 
~ 

1.2 

"'· 

lhl.lh 

151sm 

lhnh 

Pv.c. 4 • 

8KCnepHM6HTBJlbHbl6 AaHHU6 0 pac

npe~eneHHH CHribl H6~TpOHHOH no~-
OdOJIOQKH 1h B 14?,151Sm 

·11/2 
H paCCQHTaHHbl6 B K~M CHJIOBU6 

2. 
4:JYHKIIHH C1h ( tt. ) H 

11/2 

s1h < 'Z. > • 11/2 

rnaBa ill AHCC6pTaUHH TIOCBH~eua paCQ6T8M wparMeHTaUHH B KOHKp6THbiX 
~e~OpMHpOBaHHbiX H~pax. 

B § I npe~cTaBJI6Hbl v. no~poduo npoaaanv.auponaHbl cv.nonue ~YHKIIHH 
pacnp6A6JI6HHH CHnb! pH~a HH3KOH6~a~x R rny60KOJie~a~HX H6llTpOHHbiX H 
flPOTOHHUX ll0~060JIOQ6K B HApax 155Gd, 171Yb H 173Lu • TIOKB3aH0 1 

~TO paccqRTaHHaH KBpTHHa pacnpe~6Jl6HHH CHJI ll0~060JIOQ6K K8Q6CTB6HHO 
COOTB_6TCTBY6T THTIH~HOMY TIOB6A6HH~ 'ce~eHHll peaKUHi1 O~HOHYKJIOHHUX nepe
·~aq ,l{JIH fl.l(6p .ztaHHOi1 OdJiaCTH. 

B § 2 R3y~eHa wparMeHTanv.u HH3KOCflHHOBbiX COCTOHHHit c K~= I/2-
H 3/2- B a~pax 183,185,187w H 183Re • AnanHa nony~eaaux peaynbTa~ 
TOB fl03BOJIH6T 3aM6THTb T6H.l(6HllHD K YM6HbW6HHID wparM6HTaW1H 3THX COC
TOHHHi1 C YB6nHQ6HH6M MSCCOBOrO qv.cna A, qTO COOTB6TCTBY6T 3KCll6pRM6H
T8JlbHbiM ~8HHbiM, nonyqeHHUM H3 pe8KURI'I TRna (d, p), ( o(, t) ~Jlfl ,l{SH

HbiX ~ep. Ha pv.c. 5 noKaaauu cv.nonue WYHKIIHH snlj(~ )v. cneKTpocuo
mtqecKHe . CHJIOBb16 WYHKUl!H sn1j ( 'l. ) ~JIH H6llTPOHHOH flO.l(OdOJIOQKH 3p1/2 

8 

0,61Snlj (~ )M38_, 

0,4 

0) 

0,6 L5nlj<~ )M3B~1 

0,4 

0,2 

0 

18\v 

3ph,n 

JB5w 

JB7w 

3plf2'n. 

6 '1 M38 

Pv.c. S 
Cv.nonue ~YHKIIHH sn1 j (1\,) . H 
cneKTpocKonHqecuv.e WYHKIIHH 

Sn1 j (t}) fl0~060JlO~KH 3pl/2 . 
B v.aoTonax 183,185,187w; 

B yKa3aHHbiX H.ztpax. YM6Hbm6HH6 wparM6HTaliHH COCTOHHHit l/2- H 3/2- B 
3THX H.ztpax C YB6JlH~6l!H6M MaCCOBOrO QHCJla MOlltHO Od:bHCHHTb T614 1 ~TO 

cocTOHHHH SOH v. SOH, ua·KoTopblx cocpe~?Tativ.BaeTCH ocaonuau ~acn 

CHnbl TIOA060Jl0~6K 3p1/ 2 H 3p3/ 2 B STHX H~pax flBJlHIDTCH Q8CTHQHbiMH 
H OHH HaXO.l(HTCH B 2~3 Mall OT ypOBHH ~epMH B 183w • C yB6JIHQ6HH6M 
M8CCOBOro QHCJI8 OHH npHdJIHlltaiDTCH K 3TOMY ypOBHID,WparMBHTHPYH BC6 CJia-

""' . 
dee H cnadee. "CnOJlb3YH cneKTpOCKOnHQ6CKH6 WBKTOpbl Sn1 j H paccqv.-. 
TaB CYMMBpHb16 C6Q6HHH (d,p) -~eaKUUH .l(JlH B036yllt.l(6Hl'lfl COCTOHHHit 
I/2- H 3/2- B H,llp8X 

183
•
185

•
18 

W . no WOPMYJIB 

0=.2: 
·-- JT<&.• :.Z, 

3 s Q. OWUCK 

ltJ.~ 
2jH. 

(7) 

MOJKHO Odl>HCHHTb l!6KOTOpyiD aHOM8JIRIO.B TIOB6~6HUH C6Q6HHi1 3TOii peBKIIHU, 
H86JID,llaeuy~ B 3KCfl6pUM61lT8Xo (CM. Tadn. I, r,lle .1(811& OTII0ill61IUH C6Q611Hit 
B pa3HUX H,llpax; 3KCnepHM6HTBJlbHU6 ,llaHHbl6 npe,llCTaBJI6HU B ,llBYX cnyqaax; 
a) c·eqeiil'.IH npocyMMHponauu no BCeM nHKau,dom:.ml'.IM RJIU paBHbiM 100 !.iK6 /cp 
6) C6Q6HRH npoCyMMRPOB8Hbl no ·nceM n!1KaM C 1=1 ). 
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Ta6nH~a I. CpaBHeHHe TeopeTHqecKHX pacqeToB c aKcnepHM6HTOM ~HH 
OTHOill6HRH ceqeHRH (d,p) -peaK~liH B paaHUX ~pax 
( Ed = 12 MaB, e = 90°) 

0THOill6HH6 9KCnepHM6HT PacqeT.Il 
ceqeHHfi a) 6) 

5 <183w> 
0,57 <o,8o 0,52 6" <rssvn 

5 <183w> 
0,41 0,62 0,37 6" (187w) 

iloKaaaHo, qTo ~nH aTRX H~ep HeT Heo6xo~HMOCTH 6paTL aHoManLBO 
6onLmy~ reKca~eKanonLHy~ ~e~opMa~HID J9~ , xaK aTo ~enanocL B MHOrHX 
pa6oTax ~pyrHx TeopeTHqecKHX no~XOAOB. PacqeTu cneiTpocKonHqecKHX 

183 rpaKTOpOB npOTOHHOrO COCTOHHHH 541~ B H~pe Re C )34=-0,03 TO~e 
nOATB6p~~aiDT 3TO (eM. Ta6n. 2). 

Ta6nH~B 2. Cn6KTpOCKOnliqecKH6 ~aKTOp.ll COCTOHHRH 54I~. B 183Re - . . 

j 
9KCnepliM6HT TeopHH 

(3He 1d) (o<,t) 

1/2 0,03 - 0,02 
3/2 0,04 - 0,01 
5/2 0,49 0,31 0,21 
7/2 0,11 0,08 0,05 
9/2 1,35 1,16 0,78 

B § 3 npe~cTaBneHu peaynLTaTu pacqeTOB ~~arMeHTa~HH HeCKOHLKHX Hefi
TPOHHUX H npoTOHHux no~o6onoqeK B HApax 39u H 237Np • 06cyx~eHo H 
06~HCH6HO nOB6~6HH6 CHHOBUX ~YHK~HH 3THX nOA06onoqeK. ilonyqeHU Cn6KT-
PDCKOnHqecKH6 waKTOpU AHH MHOrHX no~o6onoqeK, KOTopue MOryT 6UTL H3-

•~ . . M6p6HU B 3KCn6pHM6HTBX, 

10 

B 3aKnroqeHHH nepeqHCH6HU OCHOBHUe peaynLTaTH, ·nonyqeHHU6 B ~HC
cepTa~HH. 
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