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P6-3312 

Mccnenoaaane pacnana 
160 Tb _. ISO Dy 

C nOMOWblO llBYX nonynpOBOilliHKOBbiX repM8 HHeB biX neTeKTOpOB npoBe

neHO nccnenoaaaae cneKTpa raMMa-nyqetl 180 Tb OnpeneneH bi a6conJOTHbte 

HHTeHCHBHOCTH H MynhTHn::> nhHOCT n nepexonoo n SI.npe 
160 

lly CnenaH Bbi
r;on 0 llByXKB83H'I8CTH'IHO!l npHpone ypOBHSI C aaeprHetl }264,4 K SB H npen

nonomeuHe 0 CymeCTBOBBHHH pOTDUHOHHOtl nonOChl Ha STOM COCTOSIHHH. 3K
cnepHMeHT8nb Hbie ll8HHbla Cp8BHHB8JOTCH C npellCK838HHSIMH paanH'!HbiX MOJle-

netl Sinpa . 

TipenpKHT 061>9llHHQHHOrO HHCTHTyTa SLQepHblX HCCnel:(088HHAo 

.ny6Ha, 1967. 

Vrzal J ., Gal a n P ., Galanova T ., Liptak J ., U rba nec J., 

Finger M. 

The Decay 
116

T b-
160

Dy 

P6-3312 

Gamma- ray s pectrum of 
160

Tb was investiga ted by using two 
germanium semiconductor detectors. The absolute intensities a nd mul-

t . 1 ' t ' f t ' ti . 160 1p0 a n 1es o Y - r a ns1 ons 1n a Dy nucleus have been inves-

t igated. A conclusion was drawn about two- quasipa rtic le na ture o f 
the 1264. 4 keV en ergy level a nd a n assumption was made a bout the 
existe nce of r o ta t iona l band on this s ta te. Experiment.o.l d a ta a re com
p a red w ith the predictions of different nuclea r models. 

Preprint. Joint Institute for Nuclear Research. 
Dubna, 1967. 
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na.a n., ranaaosa T ., JllmTnK H., Yp6aaeu H, 
PB-3312 

Hccnenosaaae pacrrana 
180 Tb.. 160 Oy 

IlbtO nsyx rronyrrposonnHKOBLIX repManaeBb1X n eTeKTopos rrpose
aaaae crreKTpa raMMa-nyqe!\ 180 Tb Orrpe.neneHbi a6contOTHble 

~ H MYIIbTUrronbnocTH rrepexonon n SlApe 
160 

fl y C.nenaa Bbl 
a3H'!8CTH'IHOH rrpnpo.ne ypoBHSI c aneprne !\ 1264,4 K3B H rrpen

cymecTBOB8HMH pOTaUHOHHOll IIOIIOCb! H8 3TOM COCTOSIHHH. 3K
Hh!9 ASHHble Cp8BHHB810TCSI C rrpeACK838HHSIMH pa3rrH'!HbiX MOAe-

r 06'bettBHQHBOrO HBCTHTyTa SIJl9pRbiX HCCnettO&aBHA • 

.lly611a, 1967. 

J a n P., GaliJ.nova T., Liptak J ., U rbanec J., P&-3312 

lecay 116T b- 160Dy 

t f 
160Tb . . d . 

3 - ray spec rum o was mves bgate by usmg two 
:.emiconductor detectors. The absolute intens ities a nd mul-

f 'ti . 160 :> Y - tra ns! ons tn a Dy nucleus h ave been inves-

:onclusion was drawn about two- quasiparticle n a ture of 
keV en ergy level u nd u n assumption was made a b o ut the 
f r o ta tional band o n this s ta te, Experimentul d a tu. a re co 
the predictions of different nuclear models. 

eprint. Joint Institute for Nuclear Research. 
Dubna, 1967. 
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Bne u eHn e 

PaunoaKTHDH b"~' naoTo n 160 Th pacnauaeT CSJ c nepnonoM nony pa c n ana 72, 4 

UIISJ ny TeM /1- -H3 11y 'le HH H D CTa6HllbH blil H3 0TOU 
160 

fl y Mccn euona nne nany~e-

HHH, conpono >Kn a10me r o pac nau 160 Th , nocne OTKpblTHH ~noro na oTo na B pa6oTe 

I l l 121 
EoTe npononnnoc b MnorHMH anTopaMn . • B Te '!enne MHorn x neT no .'! po 6 no 

li CClle.QOBallHCb {l -cneKTpbl , CHeKTpbl KOHBepCHOHH biX 311eKTpOHOB, ~ '0T0 31leKTpOHO B 

H 311eKTpOHOB OT.Qa'IH C TIOMOlllbiO p8 311H'IHblX MarHHTH biX cne KTpOM e TpOB, a TaK >Ke 

cneKTp bl y -lly '!e l! C TIOMOlllbiO CUHHTIIllllSJUHO HHblX H Kp HCTallll-llH<j>paKUHOII H!oiX 

c neKTpOMeTpOB, 

f3
- 13,4 1 f3 - - / 5/ 

HccnenonaHHH cne KTpa -nany'leHHSJ , cneKTpo n - e - connaneun ii 

H 
- / 3,6,7/ - 160 

~~ - y -coanane HHI! UOK83a11H, 'ITO {3 - c ne KTp T b CllO;I<I!bi tl II COCTOilT 

no Menbrnen Mepe na 6 Ko Mnon eHT. 

CneKTp KOHBe pcHOHH biX an eKTpoHOB, B03 HHKa JOD!Hx n pn pacnan e 160 Tb, Ha n-
/ 4,5,8, 9/ / 9 / 

6onee nonpo6no nccnen o naH B p a 6oTa x • lOa n n np. nayqann c neKT p 

KOHBepcHOHH biX aneKTpOHOB c noMOPi biO Ge3 lKe n eanoro MarHHTHo r o {3 - c neKTpo-

MeTpa c nnol!no l! <j>oKycn ponKofi Ha y ron rr,F2 n p n pa a pen• e HHH 0,04 - 0, I'll .. 

CneKTp bl y -nyqel! 160 
T b nccnenonannc b B oc noanoM c n oMo :!Ib !O CUIIHTHn -

B 
/4,5,8,10 / 

llSIUHOHHbiX cneKTp OMeTpOD. pa6 oTa X H3y'lallHCb cneKTp bl <j10T0311eK T pO-

HOB H 31leKTp OHOB OTTi a'IH, B03HHKa!OliiHX n p H B3aHMOUeJ1CTBHII y -K BaHTO B C paa-

nH'IHhlMH MRrneHHMH. Han6one e TO'IH hle nannwe o 6 aneprnHX H nnTe HCHBHOCTHX 

MllrKIIX y -nyqell ( Ey < 400 K3B) nony 'le Hbl Ha npeUH3 HOH HbiX Kp 11CTa1111-ll ll<j>[18K-

/ 8,11,121 
UHOHH b!X cneKTpO MeTpax 

3 



Ylayqanucb TBK>Ke CITSKTpbi e - y - coa1Tanesui!
191

, y - y -coaiTanesu l!/3 ,13,14,15/ 

11 5 / 160 113-19/ u cyMMapHbiX coaiTaneunl! ITpn p aciTane Tb . Eonbwoe KonnqecTao pa5oT 

ITOCBHmeso uccnenoaasn10 y - y - yrno BbiX KoppenHUHir. Hau5onee TO'IHbJe peaynbTBT bJ 
119/ 

ITOny'leHbi a pa5oTe HKneauqa If np. , a KOTopol! BITepabte uayqanncb y rno ab
1
e 

KOppSITSIUHH y - nyqefi 

119/ 
Tapa . B pa5oTe 

160Tb 
C ITOMOIU b !O ITO!TyiTpOBOJl HHKOBOrO Ge ( Li) - neTeK-

ITpHBOJlliTCSI T BK m e OTHOCHT81TbHhl8 HHTSHCHBHOCTH HSKOTO[lhlX 

y - 1Tepexo '10 B B Rape 
160 

Dy, OITpeneneHH bte c noMOIUb !O Ge (Li l - neTeKTopa, 

2. PeaynbTBTbt H3MepermfJ 

~ I. C IT e K T p H 0 T H 0 C H T e IT b H hl e H H T e fl C M B H 0 C T H 

y - n y " e ti 
160 

Tb 

HaMH HayqancH CITeKTp y -nyqeti , coiTpoao>Knmoruux paciTan 160 T b .. 160 ny 

n p e iTapaT 5b!IT ITO!Ty'leH Ha peaK Tope ITO peaKU HH 15 9 
Tb ( n. y) 160 Th . CITeKTp y -ny-

'leii H3M8[lSlnCSI C ITOMOlllb!O Jl ByX Ge ( L.i) - llSTSK TOpOB K08KCH81TbH Or O Tl1118 C 'IYB-
3 3 

CTBHTen bH biM o 6'be!AOM ~ 5 CM 11 ~ I 3 CM • Paapema10IU8H CIToco5 HOCTb o6o Hx 

;JSTSKTOpOB COCT8B!Tli!T8 5 6 K3 B ITpH 3He prrm ~ I M3a, Yla MepeHHH 6binH Ha'laTbt 

CITYCTH ~ I 5 MecHu ea ITOcne HaroTor~ne HJrH ITpeiTapaTa. K 3T0 '·1Y apeMen u ace noa

Mo ;K ll bte paJl H08KTII BH bl8 ITpi!MSCH C IT SpHO)lOM ITO!TypaCIT81l8 3H8'1HT81Tbl!O MSHb!l!HM, 

'ISM y 
160 

Tb ( 72,4 llHH), pac 1Ta n i1Cb, n peiTapaT conep>Kan numb ne6o rrb ::J:>·2 KOmi -

'ISCTBO ( < 0,4% ) nonro~oraywero H30Mepa ( T 1/
2 

= I2 neT) 

E biiT 11 np o aeneHbi 3 cep1111 H3Mepeuu l!. 0TnerrbHbre y 'laCTKH 

15 2 F:u . 

y -CITSKTpll ! 60Th 

ITpencTaaneHbt ua puc . 1-4. LlrrH OITpenerreuuH 3Heprl1 i! HCITorrhao aanHCb nauubre pa 
/ 9 I2/ 

6 0T ' , B KOTOpblX TO'IHOCTb lf3MCp8HI1SI 3Hepr11H 6 b!IT8 IIY'Ill!S 'ISM 0,05%, 

3ueprHH C!T85 bJX ITH HHi!, KOTOp blS pasee He H85!T!Oil81THCb HITH H85!TIO/lll !TI1Cb TO!TbKO 

H8 CUHHTHITITSIUHOHHOM CIT8KTpOM 8Tpe , 01Tp8Jl81T8Hhl ITO ITO!T0 )!(8HH!O B y - CITSKTpe 

C TO'IHOCTb!O :!:_ 0,5 K3B, 

B CITSKTpe y - ny'leii 
160 

Th M bl ua6rr101larrn, KpoMe xopomo naaecTHbi X y >Ke 

IT8p8XOilOB, HSCKO!TbKO HOBblX ITifHH i! , nepeXO{Ib! C 3HeprHe l! 486,5; 1069,0 H II02,5K3B 

pa uee ITpH HCC!T81lOB8HI111 113!TY'I8HHSI 
160 

Tb He H85!T!Ofi81THCb, nepSXOil C 3Heprne i! 
/ 20,21 / 1069 ,0 K3 B 113BSCT8H 113 paCIT8Jl8 160 Ho 

II 55,6 11 86,8 K3B, 

4 

11 pac iTOITO>Keu Me>Kny ypoBHHMH 

B y -ciTeKTpe 180 Tb , nonyqenaoro c noMO<U b to !\ p11cTann-nml>pa~ 
/11,12/ 

y -cneKTpOM9Tp8 1 o Cl aapy>K9Hbl H0Bbl8 y -nHHHH MBIIOl! 11HT9 

c 3Heprnel! 230 , 7 n 337,1 K9B. Haruu naHHbie nonTnep>KilB IOT cymecTao 

aaHHhiX nepexonoa. 

Ha pnc. 4 npencTaanesa >KeCTKall o5nacTb y -cneKTpa ( F: y > t 

MepeHHBSI C IIQMOllibiO Ge ( Li) -)leT9KTOp8 C qyBCTBHT91TbHbiM 0 6 'b9MO ' 

3TH H3MepeHHSI IIpOBOJlHITHCb C ~HIIbTpOM, COCTOS!lUHM H3 5 MM CBHHl 

H '1 MM KBilMHS! C U91Tbl0 oClsapy>KeHHII >K9CTKHX nepeXOilOB M81IOi! HHT 

c 3ueprne~ 6onbme 1300 K9B. OnuaKo a 3TOl! o6naCTH npo!!annacb T O 

c 3Heprnelt 1408 K3B, npnuanne>Kamall n onro>KnaymeMy naoMepy Is~ Eu 

3neprnell 1250,8 K9B pasee a ommoqHbiX cneKTpax y -nyqe l! H KOH 

31TCKTposon 180 Tb ne sa6 n!OilBITBCb. 3ToT ncpexo.~ "ibi iT o6napy>KeH B 

!15/ xaanuca a cneKTpe cyMMapHhiX n Y - Y c oananesn!l c nepexono 

0THOCHT91IbH bl9 HHT9HCHBHOCTH y -nepeXO)lOB OIIpenenli!THCb C I 

IO% , o6ycnoaneHHOI! B OCHOBHOM nor;1elliHOCTbiO KpHBOl! ~~eKTHBHOCT 

PeayiibTBTbi n a Mepesnl! npuaenesbi a Ta6n. 1 n cpaaHHBBIOTCll c nauu1 

/9/ /15 / lOa sa H np. , Muxa3nnca ( cunsTHnnllnHOHBbie· y -cneKTpoMe~ 

/12/ / 11 / Pon>Kepca , Llarnaca ( KpHcTann-nu~paKnnouHbie y -ciTeKTpc 

/19/ HKneanqa u np. ( nonynpoaonsnKOBbil! }-'CIIeKTpoMeTp). nonyq 

COr!TBCH9 HBiliHX llBHHbiX OU OTHOCHT91IbHbiX HHT9HCHBHOCTHX 

TBTBMH YK83.'1HHbiX pa60T, 

y -ny• 

B Ta6n. 2 yKaaaHbi aepxsne npenenbi nsTeucnasoc TeA seKoTopbil 

eMblX nepeXOJlOB C Bb!COKOB036yJKJleHHblX ypoasel! H8 COCTOSIHHSI OCHC 

OHHOI! IIOIIOCbl 
180 

Dy . 

HbiX 

2.2.·M y II b T H II 0 II b B 0 C T H H a6COIIIOT 

H H T e H C H B H 0 C T H II e p e X 0 Jl 0 B B Sl 

MynbTnnonbHOCTH nepexonoa onpenenllnHcb nyTeM cpaaseuHll 3 

KO~~HUH9HTOB BByTpessel% KOHBepCHH (KBK) C TeopeTnqecKHM 

qnc neHHll KBK Mbi ncnonboonann HBH6onee Toquble naHBbte o cneKTJ 

/9/ 
osubiX 3rreKTpoHOB 180 Tb • B 9Tol% pa6oTe onpeneneubi a6co1 

5 



191 13 , 13, 14, 15 / ;,. TBK)I<e c neKTpbi e - y -coananeuHi! , y - y - coanane HH I1 

/ 15/ 1 / 13 -1 9/ :oanaa euHA npu pacnane 60 
Tb . Eon&lll oe KOmPiecTao pa 6oT 

r en o aaHHIO y - y - yrno abrx KoppemiuHri . HaH6onee TO 'IHbie peayn&Tll Tbr 
11 91 

lOTe fiKn eBH'I8 H n p , , B KOTOp OA BnepBbl e H3Y'IBn i!Cb yrnOBbie 
I 60Th y - n y'let! 

1191 c noMo m&ro nony npoaon HHKoaoro 
Ge ( Li) - neTeK 

npHB0!1HTCH TBKme OT HOCHTen& H~e HHTeHCHBHOCTH 
HCKOTOp biX 

• onpeaen eHH bie c lTOMOIUh iO Ge ( Li) - aeTeK Topa , 
a n Hnp e 160 fl y 

2. Pea yn&TllTbi 1!3Mepennr1 

K T p H 0 T H 0 C H T e n b H M e 

! if 160 Tb 
H H T C H C H a H 0 C T H 

ancH c ner< Tp y - n y'le11 , c onpoao*Illl!OlllHX pacnaa 160 Tb .. 160 fl y 

onyqeu ua peaK Tope no peaKUH I! 1 ~ 9 Tb ( n . y ) 160 Tb C ne J< Tp 
y - ny-

: noMont&IO n ayx Ge ( Li) - neTeK Topoa KOaKcnan&HOI' O 

bC~AOM "' 5 CM
3 

H "' 13 CM3 , 
THIIB C 'IYa

P aa pe lUll!OlUBH cnoco6 HOCTh o6onx 

aanHna 5 - 6 K3B npn suepr HH "' I M sa . YfaMepe uHsr 6brn H Hll'IBTbi 

'SlUe s n oc ne Har oTof>ae uHH npenapa Ta , K 3TOMy apeMell a nee noa 

r naHbre npn MecH c nepHonoM nonypacnaaa 3 HB 'IHTen&Ho MeH&LUHM, 

, 4 !1HH), pac nanHcb, !lpenapa T coa ep man n Hw& ne6onb::J J·=> r< onH-

o ) nonromHBylllero H30Mepa ( T 
11 2 

= 12 neT ) 1 ~ 2 F: u . 

·aeHbr 3 cepHH H3MepeHH A, 0 Ta enbHbie 
Y'IB CTKH y - cneKTpf! 160Tb 

puc , 1-4, llnsr onpeneneHnsr 3HeprH J1 ncnonbaoaannc& naHHbre pa

:>pb1X TO'IHOCTh H3Mepeunsr 3HeprHn 6brna ny qw e 'ICM 0 ,05%, 

n HHHA, KOTOpbre pauee He Ha6n iOAannc& nn H ua6n iOacn Hc b TOn bKO 

:noM c neKTpoM eTpe , onp eAen eHbi no nono )KCHHIO a 

5 K3B, 
y - c neK Tpe 

y - nyqefi 
160 

Tb Mbl HB 6nroall nH, KpOMe XOpOlllO 113BeCTHblX y)l<e 

l hKO HOabiX .lii!HHft, !lep eXO/l bl C 3HeprHe A 486,5; 1069,0 H I IQ 2, 5K3B 

OBBHHH l!3 n y'leHHH I SO Tb 
He Ha6n Jonannc &, !lepexoa c suepruei! 

/ 20, 2 1/ 'eu H3 pacnana 160 Ho 
H pacnono)l<eH Me )l<a y ypOB HSI MH 

4 

B y -cneKTpe 180 
Tb 1 nony qeaaoro c noMo •n&ro :ipHcTann-nH!jlpaK!lHOHHOro 

I 11,12/ 
y -cneKTpOMeTp8 , 06HapyJK9Hbl HOBble y -nHHHl! Manol! HHT9HCHBHOCTH 

c 38eprnel! 230,7 H 337,1 K3B. Hamu naHHbte nonTne p*na iOT c y mec Tao aaaue yKa-

aaHHblX nepexonoa. 

Ha puc. 4 npenc Taane aa )1<9CTKaH o6nac Tb y -cneKTpa ( F:y > 1000 KaB), H3-
3 

-neTeKTOpa C 'IYBCTBHTenhHblM 0 6 'beMOM ., 13 CM • Mepeaaas c noMom&IO Ge ( Li ) 

3 TH HaMepeHHH npOBOUHnHCb C !jlHnbTpoM, COCTOHlliHM H3 5 MM CBHHUB, I MM Menu 

H .] MM K8UMHH C uenb !O 06Hapy)l<eHHSl )1<9CTKHX nepeXOUOB Mllno!l HHT9HCHBHOCTH 

c sueprHell 6onbme 1300 Kaa. OnuaKo a sTo l! o6naCTH nposraunacb Ton&Ko nHHHS! 

c aaeprnel! 1408 Ksa, n p uuanneJKa mas n onro lKHBymeMy uao Mepy 152 Eu . 1IHHHH c 

aueprnei! 1250,8 Kan paaee a OniiHO'IHbrx cneKTpa x y -ny'le A H KOHB9pCHOHHblX 

aneKTpouoa 160 Th ue ua6n 10aanacb. 3ToT nc pexo,'" "i brn o6 aapylKeH a pa6oTe Mn-
115/ 

xasnuca a cneKTpe cyMMapHbrx H Y - y coananeun ll c nepexonoM 197 K3B. 

0THOCHTenbRbie HHT9HCHBHOCTH y -nepexon oa OnpenenHnHCb C norpeillHOCTbiO 

10%, o6ycnoaneHHO!l B OCHOBHO M no r ;J9lllHOCTb!O Kp i!BOI! a!jl!jleKTHBHOCTH neT9KTOpa. 

PeaynbTBTbi Ha Mepeuui! npHaeneabr a Ta6n. l H cpaauuaaroTcsr c naHHbiMH pa6oT 
/9/ /15 / 

!Oaaa H np. , Muxaanaca (cuHHTHnnSI!lHOHHbie· y -cneKTpoMeTpbr), EaMa H 
/12/ /]1 / 

PonJKepca , llarnaca ( KpHcTann-au!jlpaKnHoHBbre y -cneKTpo MeTpbi) u 
/ ]9/ 

.HKneBH'I8 u np. ( nony npoaoaHHKOBbri! ~neKTpoMeTp ). !lonyqeuo xopomee 

COrna cHe B8lll HX .:tB HHblX 06 OTHOCHTenbBbiX HHTC HCHBHOCTSIX y -ny qe f\ c peaynb-

TaTaMH yKaan HBbiX pa6 oT, 

B Ta6n. 2 yKaaaabr aepxuHe npea en bi HHTeucuauoc TeA aeKoTopbiX npea nona r a 

eMbrx nepeXOAOB C BbiCOKO BOa6yJKL1CBHblX ypOBHe A Ha COCTOSIHHH OCHOBHOi! pOTBilH

OHHO i\ llOROCbl ISO Oy . 

2.2. ·M y n b T H n 0 n b H 0 C T H H a 6 C 0 n !0 T H bl e 

H H T e B C H B B 0 C T H n e p e x o a o a B Sl n p e 
160 

Dy 

MynbTHnOn bHOCTH nepexo n o a onpeaensnHCb nyTeM cpaaueHHH aKcnepHMeHTanb -
/ 22/ 

Bbi X Koa!jl!jlanHeHTOB aayTpeaue A KoH nepcHH ( KBK) c Teo peTH'IeCKHMH • llnS! Bbi-

quc neHHH KBK Mbi ucnonbao oanH aau6onee TO'IHbre naBHbie o cneKTpe Koane pcH
/ 9 / 

OH Hbl X sn eKTpouoa 160 Th 

5 

B aToll pa 6oTe o npenene Hbi a6con roT Hbre HHTeH-



CHBHOCTH KOHBBpCHOHH~X llHHHii C norpBWHOCTb~ :::; Jon.· .• CaSJat.rBaHHe IUKan HH-

TBHCHB HO C T BH y -ny qeii H KOH BBpCHOfll! biX 3/lBKT pO HO ::l np0 130 !Ufn0C b TBKHM o opa -

30M , 'ITODbr 3KcnepH MBHTDnbHOe 3HB'tBHHB KBK n mr nSJTH HaH5onee HHTBHCHBH br x 

n epeXO!lO B 'IHCTOA M YilbTHI!OilhHOCTH KBK MOlliHO TOY I!BB C OBnano C TBO pBTH'IBCKH M 

3HB 'IBHI!BM. B KaqecTae penepHbiX Mht HcnonbaonanH n epexonhr : 88,8 ( E2); 197,0 

(E2 ); 288,6 (EI); 879,2 (E2) If 11 77,7 (E l) K3B . 

·cpaBHBHHe a K cnopH MBHTanbHL>rx :JilH'IBHHil KBK c TeoreTH'IB CKH M n npencTaaneno 

n Taon . 4 . B brBonbr o !'I03Mo ;•uyc,rx MYilhTHnonhrrocTSJX n epe xo : toa, cnenan n bre Ha 

OCHOBB 9 T OrO CpBBHBHHSI , np~neneH~ B n OC !lB/lHBM CTO!lGUB T llOilKUW , npH OKOH -

'lllTBilbi!O:'vf ::ln ;1 2 ,1B.'IBI!!!ll Myll h THfiO!lhHOCTBti nepBX0 '1 0l3 \.1 b l Y'I.'IH TBKlKB p e3yll hT8 T b ! 

/13 -1 5 , 17,1 9 / 
paOO T no K3:\1C jJBH H JO yrllO BbiX y- y - KOp pB.'ISI UH I1 ( T BD!l , 3) 0 a T [lK)KB 

/20,21 / 160 160 
BbrBOilbl, c n enaHHbre a paooT a x no H3Y'IBHH~ pa cnana fl o .. D y 

Ha ocnoae n ony 'leHH biX HBMH a r:a'IBHHil KBK H naHHL IX o5 a6com o TH bi X HHTBH

/ 9/ 
CHBf!OCTSIX KOHBBpCHOflflblX 3 /lBKTpOI!OB Mb! onpenellHilU 8DCO!l ~THb!B HfiTBHCHB-

HOCTH y -ny q eti H I!Oilll b !B HI!TB HCHBHOCTH nepBXOI10B 0 B03f!HK8JOIUH X npH p acnane 

160
Tb (Tao n. 5 ), HcnOilh3Y SI no ny'IBHH~B HHTBHCHBHOCTH nepSXOilOB B % fiB p acnan , 

M~ COCTBBHilH DB !lBH C HHTBHC H B HOCTBi! raMMa -nepBXO!lOB (Ta on, 6) H Ol!pB!lBilHilH 

HHTB HCH BHOCTH KOMI!OHBH T fl - - pacnana na oTnenhflbte ypoB HH 
160 

Dy . IlnH onpe -

n eneHHSI 3HB'IBHHil Pog ft Mbt npHHSIIlH B KB'IBCTBe 3HeprHH pac n ana 160 Tb 

/ 6/ 
3H8 'tBHHB 1830 ~ JQ K 3 B 0 COO T BBTCTBYJOIUBB rpaHH'IHOti 3 HBprHH 1745 ~ JQ K3B 

HaH 5 onee lKBCTKOil p- - KOMI!OHBHT b t , aacenHJOme ti ypoaeHh 86,8 K 3B a 
160 

D y . 

3, 05CYlKABHHB 

CTpyKTypa ypoaHeti <t .:\TH0 - '1 .:\Tnoro ne<!>opMHpoaanHoro Sinpa 160 D y Hccneno -

aanach a awweynoMHHYT ~x paooTax no H3y<teHH~ panHoBKTHBHoro pa cnana H n ep 

15 o 160 I 23-25/ 
Tb H Ho , B TBKlKB MBTO!lOM K y nOHOBCKOro B03DYlKilBHH SI H MBTO!lOM 

/ 26,27 / 
HnepH btX peaKUHti (a , 4n) • Ha ocuoae peaynhTBT OB 3 THX HccnenoaaHH r1 

H llBHflbiX HBCTOH IUBH p800T b! 

npB/lCTBBilB HHBH HB p HC, 5, 

6 

! 60 160 
HBMH npennar aeTcH cxeMa pacnana Tb .. Dy, 

3, l. 0 C R 0 B H 0 e C 0 C T 0 Sl H H e 
160 

Tb 

CnHH OCHOBHOrO COCTOHHHH 
t 6u Tb onpenenRnCH no HaMepeHHJO 

/28/ 

pacnpeneneHHSI 
y -H311Y'tBfiHSI opHBHTH p OBBHHblX 51/lBp 0 B T B KlKe 

/ 29/ 
MarHHTHOrO pe30H8HC8 BTOMHbl X ny'IKOB , 8 3 THX paDOTBX nonyqe 

cnHRB [ = 3, fl npo 160 T b COCTOHT H3 65 npOTOHOB H 95 HB tiTpOHOB, 

HHilhCCOHB 65-0MY npOTOHY COOTBBTCTBYBT opDHTBilh 
3
2 + [ 411 J , OTHOC! 

OCHOBHOMY COC TOHHH JO B S!!lpBX TBpOHS! C 
A = 155 ~ 163, noaTOMY 

TBTb, 'ITO B S!/lpB 
160

Tb 
HB't.:\TRb1H npOTOH HBXO/lHTCSI B COCTOS!HHH ~ 

95-My HetiTpOHY B S!!lpe 
16 1 

Dy 
B OCHOBHOM COCTOS!HHH COOTBBTCTB 

TB!lb £ [642 j , B B B03DY)I(JlBHHOM COCTOS!HHH C 3HeprHeti 75 K9B -

2 
..£[ 521] , KOTOpBS!, KpOMB Taro, OTHOCHTCS! T BKlKB K OCHOBHOMY COCT• 

2 
169Gd(N =95). EcnH npHHS!Th, 'ITO HB'l .:\THb1ti HB ilTpOH B OCHOBHOM C OCT 

5 + 
38HHM8BT opDHTBilh 2 [642], TO npaaano rannaxepa - MornKOBCK 

[ TT = 4 + . 3TO rrpOTHBOpB'tHT Y 
BO/lHT K KB8HT0Bb1M xapaKTBpHCTHKBM 

B b1UIB 9KCnepHMeHT81lhflblM tP8KTB M 0 B TBKlKB 3H8'lBHHS!M fo g It /l ll!'I 

161) ( ) / 28 / 
xonoa aa ypoaaH D y pHc. 5 • B p aooTe JllKoacoHa H np. cne 

)I(BHHB, 'ITO OCHOBHOi-!Y COCTOS!HHJO 
160 

Tb COOTBBTCTByeT KOHtPHrypai 

+ n 521,, npHBOil!'!IUBH K 3HB'!BHHJO [ TT = 3- , 'ITO XOpOWO cornacye· 

pHMBHT81lhHh1MH llBHHb!MH , 

3,2,Y p 0 B H H 160 Dy C n 0 n 0 )I( H T e 11 h H 

q.:\THOCTh!O 

B gnpe 160 Dy XOpOWO H3BBCTH8 THnH'tHBS! /lllSI <t.:\THO-'t .:\TH b1 X 

BBHH~X !'!llBP pOTB!IHOHHB!'! nonoca OCHOBHOrO COCTOS!HH!'I , npH 

Ha5nJOnaJOTCS! TOnhKO naa HH)I(HHX ypoBHS! nonocbi c I " = 2+ 

pacna. 

H 4+, 

HO; TpBTHti ypOBBHb C l TT = 8+ H C a aeprHeti 581,0 K9B oopaayeTC!'I 

160.. TT + / 20 21/ 
pacnane ocHOBHoro cocTOS!HHS! tto c I z 5 ' • HH)I(HHe Tpl 

poTBUHOHHOA nonocbi HBDnJOnanHCh a onbiTBX no KynoaoBCKOMY aoa6 

gnep 160 Dy • 
YpoaHH ocaoaHoA poTanHoHHoA nonocb1 c 6onee B brcoK 

/2 
= 8; 10; 12; . 14,) 5bmH o5Hapy)l(eHbr a paooTax 

S'!MH CI!HHOB 

'lBHHJO cneKTpOB y -nyqeti, B03HHK810IUHX npH peBK!IHH (a , 4 n) · 
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>Haepcnonnwx nnunn c norpewuocTb~ 
~ 1 0"~ . CBSI3biBBH»e IIJKan HH 

·~ y - n y qefl 11 KOHBBpCHOHHb!X 3 /lBKTpOHO::J 
npOBOQHilOC b T8KI1M o6pa -

3 KCnep11MBHTO:JnbHOB 3HB'IBH»e KBK anSI f!SITH nau6onee HHTeucuanbiX 

'IHCTOfi MyllbTJ.if!OilhHOCTH 
KBK MO lliHO T04Hee COBnano C TBOpBTH 4 BCKH M 

B KaqecTae perrepH hiX Mhi »crro nb3onanu rr epexon~>I : 88,8 ( E 2); 197,0 

(E I); 879,2 (E2) H 1177,7 (E I) K3B, 

Hne 3KcrrepRMenTanbH L>IX 3llH'IBHI1I1 KBK c Teope TuqecKRMu npeacTaan eno 

iLIBOilbi o !303Mo ;•ifr,Jx MynhTHrronbliOCTSIX rr epexo:10a, caenaHHbie na 

> CpllBHBHHSI , Tlp'IBBilBHhl B nocneaHeM CTOn6ue TB611HU W, n p11 OKOH -

rr;'2 .1B.1BII1I II Myn h TRnonbHOcTefi nepexo1nB 'V!hi 
17,1 9/ Y4JJH TllKlliB PB3Y ilbTOTW 

KOpp erJSIUJ.iil ( T a6n , 3) 
1 

a T.:JK>KB 

pacnaaa 
160 

Ho .. 160 Dy . 

no H3 .\1e ;.>BHH~ yrnODb!X y- y 
/20,21/ 

IllHHbiB B pa6oTax no H3y'IBHHIO 

•Be nony'IBHHhiX HBMH 3J:aqeuuil KBK H LlBHHLI X o6 a6comoT Hh1X 

/9/ HHTBH

onpe!lellHili! ll6COil iOTHbiB HHTBHCHB

I Bi! H nonl! b!B lli!TBHCHBHOCTH nepex0!10B, B03HHK8IO!I{Hll npH PBC fl81lB 

HBBpCHOHHblX 3 /lBKTpOIIOB MLI 

5 ). l1crronb3YH nony'!BHHhie HHTeacuanocTu nepexoaoa a % na pacnaa , 

1 6ananc HHTeucuanocTeil raMM a -nepexoaoa (Ta 6n . 6) u onpeaenunu 

(! - - pacrraaa HB OTilBilhHblB ypOBHH 160 Dy . Iln H onpe -
f KOMnOHBHT 

!Hull Pog ft Mbi rrpHHS!nH a KB'IBCTBe 3Hepruu pac n aaa 160 Tb 

1 6/ I :!:_ 10 K3B, COOTBBTCTBYIOlllee rpaHH'IHOfi 3Hepnm 1745 :!:_ IQ K3B 

rKoi! {J- - KOMnOHBHTbl , 38CBilSIIOlllel! ypOBBHh 86,8 K3B B 160 Dy . 

3. 06cymaeaue 

a ypoaa eil '!ATHO-'I!Taoro ae¢opMupoaaunoro Hnpa 160 Dy uccneao -
yrrOMSIHYThiX pa6oTax no H3yqeunro 

paauoaKTneaoro pacrraaa Sl llep 

/23 -25/ 8 TBKlliB 
MBT OilOM KYilOHOBCKOro B036YllillBHHSI H MB TOilOM 

/ 26,27/ 

• Ha ocaoee pe3ynhT B T OB 3THX uccneaoaaaail 
It\: (a , 4n) 

HBMH rrpeanaraeTcSI cxeMa pacrraaa 160 Tb .. 160 oy, 
'OSI!I{B 1\ pa60Tbl 

na puc . 5. 

6 

3, I, 0 C H 0 B H o e C 0 C T 0 S1 H H e 
160 

Tb 

Crrna OCHOBHOr O COCTOSIHHB 
16U Tb orrpeaenHncH no H3Mepeanro y r noaoro 

/28/ 
pacnpeaeneHHSI y -H3flY'IBHHSI OpHBHTH p OBBHHhiX BllBp 1 a TBK>KB MBTOJlOM 

/ 29/ 
MaraaTaoro pe3oaaaca aToMHbiX rry'IKOB • B 3THx pa6oTax rronyqeao 3Haqeaae 

CITIIHB I = 3, fl apo 
160 Tb COCTOHT H3 65 rrpOTOHOB H 95 HBI1TpOHOB, B C XBMB 

HanbCCOHB 65-oMy npOTOHY COOTBBTCTByeT op6HT8flb ; + [ 411 J , OTHO CS!lll8SIC SI K 

OCHOBHOMY COC T OSI.IIH IO B SIIlpBX Tep6HSI C A = 155 +- 163, n osTOMY MO>KHO C'IH-

+ 
TilTh, 'ITO B Bllpe 

160 Tb HB'IATBh!tl rrpOTOH HBXOilHTCSI B COCT OSIHHH + [ 411 J . 

95-My Het\:TpOHY B Sl)lpe 16 1 Dy B OCHOBHOM COCT OSIHHH COOTBBT CTByeT op6H-

T8flh __£ [642 j , a B B036y>KQBH.IIOM COCTOSIHHH C 3Heprae t\: 75 K3B - op6HT8flh 
2 

£[ 52 1). KOTOpaB, KpOMB Taro, OTHOCHTCSI TBK>KB K OCHOBHO My COCTOSIHH~ Slllp8 2 . 
1 ~ 9 Gd ( N =95). EcnH rrpHHSITh, 'ITO HB'Ie THbl tl He i!TpOH B OCHOBHOM C OCTOSIHHH 

160 
Tb 

5 + /30/ 
3a.IIHMaeT op6aTanh 2 [ 642 l . TO npaaano fannaxepa - MomKoecKoro npa-

BOJlHT K KBaHTOBhiM xapaKTepncTHKaM 1
17 

= 4 + . 3To n poTHBope'IHT yKa3aH.IIbiM 

B bllliB 3KcnepHMBHT81lhHbiM ¢aKT8M, 8 TBK >KB 3 H8'1BHHB M ~o g ft llflSI {3~ -rre p e-

160 ( ) / 28 / xoaoa aa ypoaaa Dy pHc. 5 • B p a6oTe Il>Koacoaa H ap. caenaao npeanono-

>Kenne, 'ITO OCHOBHOMy COCTOBHHIO 
160 

Tb COOTBBTCTBYBT KOH¢Hr ypallHSI p 41 It + 

+ n 521~, npHBOJlSIU18B K 3 HB'IBHHJO I" = 3- , 'ITO xopowo cornacyeTCSI c 3Kcne-

pHMBHTilflhHbiMH llBHHhlMH, 

3,2 , Y p 0 B H H 160 Dy C n 0 n 0 >K H T e n h H 0 1!: 

'IATHOCTh!O 

B Slllpe 160 Dy xopowo H3aecTaa THnH'IHB SI anSI 'IAT.Ho-'IATH bi X a e ¢opMHpo-

aaH.IIbiX B !lep pOT81lHOH.118 SI f!Onoca OCHOBHOrO COCTOSIHHSI, n p a pacnaae 
160 

Tb 
IT + + 

ua6nJOJl810TCSI TOnhKO llBB .IIH>KHHX ypOBHSI nonOChl C I = 2 H 4 , COOTBBTCTBBH-

IT + 
HOj TpBTHtl ypOBBHh C I c 8 If C 3 HeprHet\: 581,0 K 3 B o6pa3yBTCSI TOflbKO npH 

160.. IT + / 20,21 / 
pacnaa e OCHOBHOrO COC TOSI HHSI tto C I = 5 , HH>KHHB TpH COC TOSI HH SI 

poTannoanotl nonOCbi na6nroaanHCb a onLITax no KynoaoacKoMy ao36y>Kaeanro 

Sinep 160 Dy . 

HMH CnHHOB 

Y poeaa ocaoeaotl poTanaounotl rronocbr c 6onee B biCOKHMH 3Ha'le

/ 26, 27 I 
~ 8; 10; 12; 14,) 6bJnH o6Hapy>KeHbi a pa6oTax no H3y-

'IBHHIO cneKTpOB y -nyqetl, B03 HHK810U1HX npH p eBKilHH (a , 4 n) · 
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{3- -pa~nan 160
Tb (1 17 K 3 3) H8 ypOBHH pOT8UHO HHOfi nO!TOCbt OCHOBHOrO 

cocTOSJHHSl 
130 

Dr 381Tpew eu no KBBHTOBOMY 'l l!cny K ( ·~ K > A l . OnHaKo 8 paoo 

/ 3,4 / 
T a x obrna o t5napylKeHa l i<eCTK8 Sl KO ~In oHeHTa {3 - - c iTeKT p a c E 3 1740 

rp . K 3B , 

/5/ {3 -E aKcTp~M n np . uccnenoaanu - e - coBITan e HHS! n p u paciTane 160Tb 
II ITO -

K838llll 1 'ITO 3T8 KOMITOHeHT8 HUeT He ITepBWR B030Y*UeHHhlA ypoBgHb OCHOBHOfi 

160 / 6,7/ fJ-
pOT8UHOHHOti ITOnOCbi Dy . B p a6oTax no H3y '!eHHIO -y - coananeHIIfi 

Ohl!TO noK838H0 1 'ITO mQCTK8H '18CTb {3 - CITeKTpa 
160

Tb COCTOIIT H3 UByx KOMno -

HeHT C rpaHH'IHhlMH 3Hep!"HS!MH 1745 H 1552 K3B 1 38Ce!T S!IOW HMH ypOBHH 2+ H 4+ 

pOT8UHOHHOA nonDChl OCHOBHOI"O COCTOS!HHS! 
1 ~11y . 8 CBS!3H C STHM cnenyeT OTMe -

THTb HUeHTH'IHOCTb X8 p8KTepa (3 - p acnana SJ nep t 52F.u' I 54 F.u ' 160 Tb 111 82 Ta 

C X8p8KTepUCTHK8MH 1 17 = 3-. Bo acex q eTbrpex c nyqagx f3 - pac nan Ha ypoa

K --aanpemeH H biM, HH OCHOBHOfi p OT8UHOHHOA nonOChl llO'IepHHX S!Ue p SlB!TSleTCSl 

8 COOTBeTCTBYIOWIIe 3H8'1eHIISl eog ft H8XOUS!TCS! B n penena x 11, 9.5-eogft <;_ 13, 8. 
171 

B pa6oTe il ll<ene iTOB8 H np. npoaeneu KOnH'IeCTBeHHb!f\ 8H8nH3 K - 38npemeHHb!X 

f3 - nepexonoa 
160 

Tb H noK838Ho , 'ITO R X aepoS!THOCTH MOmHo oobSJCHH Tb 

npHMeCRMH no KB8HTOBOMY 'IHC!TY K B H8'!8nbHOM H KOHe'!HOM COCTOS!HHRX. 3TH 

BbiBOllbi HMeiOT M eCTO H nng pacnana 
152 

Ta . OnnaKo , KBK noKa3aHo B pa6oTe XaH 

/ 32 / 
ceHa 11 np. , Ha nnqne npnMecer'r no KBB HT OBOMY •mcny K I!MeeT 3H8'1HTenbHO 

MeHbWe e BniiHHlle H8 BepOS!THOCTb f3 - paciTana B SJnpax nepexonnon ot5nacT II 

8 152 F.u H 154 Eu . 

Ha p11c . 6 noKa3ano cpaaneHIIe a KcnepuMeHTanbnwx nannwx o poTaUHonuoA 

nO!TOCe OCHOBHOI"O COC T OS!HHH 160 11y C n peUCK83DHH S! MH pa3nH'!Hhl X MOUe!TbHhlX 

npenc T aaneHll fi o C Tp y KTy pe Hnpa . 0 6pawaeT na ce6 g BHHManne HCK!TIO'IHTenbHO 

xoporuee cornac11e aKcnepn~teH Tan bH biX 3Ha'!ennn aueprnA ypoauen c aueprHRMH, 

B bi 'IHCneHHblMH no T8K H83 b! B8eMOtl Bp8 Ul8TenbHO-KO!TeoaTenbHOfi MOUenH ( R Y - M0 -

/ 311 
nenb ) , p83BIIBBeMO II <!>accnepOM H np , , nony'leHO TBK*e UOBO!lbHO xo p o we e 

COI"!l8CI!e C n p eUCK838HHS!MH MOUenll 8KCH8nbHO - HeCHMMeTpH 'IHOrO S!Upa (3TH 

/ 31 / 
3 HeprHH B LI 'IHCneHbl B p800Te no HeCKOnbKO BHUOH3MeHeHHO A MOUenH ilaBblllOB8 ). 

C pa aHeHI!e naHHbiX eme pa3 UOK83btBaeT nonny10 HeiTpi!MeHnMOCTb npocToil poTauu

OHHoA cpopMyllbi , K8K OllHOKO M nO I!eHTHO I1 , T BK II llBYXKOMnpHeHTHOJ1 , ll!TS! p8C'I~T8 

3HeprHA ypoBHeA C BhlCOKIIMH Cni!H8MH , 

CocTORHHH c a ueprneil 965 ,8 n 1048,9 K 3 B a Hnpe 
160 Dy n3aecTH bi ymc 

/ 3 / 
naauo. B pa6oTe HaTana oun BITepawe paccMaTpnaaroTC SI c TO'IKH 3 peHnSJ o6ot5 -

IUeHHOil MOUenn S!Upa H Tp8KTYIOTCS! K8K COCTOSIHHS! y - BHop8UHOHHOA n onocw 

cK 17 =2+ 

8 

Y poaeub c s HeprHeli 965 ,8 KSB p a 3pS!•aeTCH TpeMH nepexonaMH Tnna I 

nonOCbl OCHOBHOI"O COCTOS!HHS! , 3TO n03BO!THeT OUH03R8'Il 
RH pOT8UHOHHOA 

nenHTb ero KB8HT0Bhle X8p8KTepnCTHKH 
17 

+ 2 
1 

'ITO noUTBepmnaeTCSl 

- KoppenHunH (Taon. 3). 
naHHLJMM no n3MepeunHM y rnoao ii y - y 

Ypoae Hb c a ueprnell 1048, 9 K SB BbiCBe'lnBaeTCSl n ayMSJ nepexonaMII 

TOS!HHH 2 + J{ 4 + OCHOBHOii pOT8UHOHHOft nO!TOCbl, 06a n e peXOU8 nMeto T HE 

'" = 3•. T, 
npnMeCb M Y llbTUnonbHOCTH M 1, 'ITO npnaonuT K 3Ha'leHHIO 

/ 19/ 
BhlBOll nonyqaeTCS! H3 on WT OB no JI3MepeHHIO yrnOBhl X KOppe!TS!UIIA K 

( y 962 ) ( ')' 87 } . 
y -ant5paunonHoli nonoc w c xapaKTepiiCTIIKBM H 

TpeTHll ypo aeHb 

rHeA 11 55,6 K 3 B HHTelJCHBHO aacengeTCSl npll pac nane OCHOBHOI"O 
COCTOI 

Pon ll<€ 
B cxeMy pac nana 160 Tb on oaeneH anepawe B pa6oTe E sMa 11 

ocnoae nayx cna6htX nepexonoo , pa3HOCTb a u epr11H Ko T opbtx xopomo co : 

c paauocTbiO aueprHH ypoaneii 1155,6 H 1048, 9 K3B. PaccMaTpllaaeMbi~ 
noyMH nepexonaMII c sHepr11e t! 1069 ,0 n 87 1, 8 K3B n a c o< 

p83pS!l!<8eTCS! 

2+ H 4+ OCHOBHOii pOTBUIIOHHOii nonOChl. 3 TH 
nepexO!lbi o6Hapy•eHbi B < 

/20 ,21 / 
pacnane 

160 
llo 

KOHBepCHOHH hlX sneKT pO HOB J{ y -nyqeA npu 

uoaneua TBK*e HX MYllbTH!IO!TbHOCTb - E 2 . B ua nrux 113Mepeuug:x; noaoJI 

!THBO npoHBIIIlCH !IHK C s u eprHell 1069 K3B (pHC, 3 II 4 ), 0 U H8KO nepe} 

M bi He o6napylKnnn H MO*eM oueHIITb TOllbKO aepxnnli npenen ero nHT• 

J < 0 ,1 8% ua pacnan ( Tat5n. 2). 

npn nayqeHHH pacnana OCHOBHOrO COCTOS!HHSl 
160 Ho 

UB8 COCTOSIHHH 
y -ant5paunoHHOii nonoc bt c a ueprnHMH 

120•211 
00118 

1288,4 (5+) ' 

( 6+ ) . Ha puc . 7 
npoBOUHTC51 Cp8BHeHHe 3KC!lepnMeHT8!lbHb!X 3H8'1eHHfi 

ypoaneli nonocbt c TeopeTn'!eCKHMH. KaK 11 B cnyqae poTaUHOHHOii non 

CO CTOS!HHSI
1 

H8HDyqmQe COBIT8UeHHSl nonyqeHO C pacqAT8MH no apawaTe 

TenbHOA Monenn <!> accnepa. 

Ha OCHOBe nonyqeHHb!X HHTeHCHBHOCTefi 
Y - nyqeli H8MH Bbi"' 

m eHHH npnaeneuH biX aepo51TBOcTeli E 2 - n epe xonoa c ypoBHRMH 

!IO!TOChl H8 COCTOS!HHSI OCHOBHOA pOT8UIIOHHOii nonce~ . 3TH U8HHhle n~ 
t60 'l /211 ts o Tb /9,15/ 

pacnany • o n n 

y 

THOll. 7 BMeCTe C U8HHb!MH ITO 

C Be!TH'IH H8MH , Bb!'IIIC!leBHb!MH !10 np8BH!l8M HHTeHCHBHOCTeli 

n c yq~TOM B38nMonelicTBHSl Memny ITOnocaMH c K = 2 n K 

Anara , ( 

= o. np~ 

napaMeTpa 
Z 

2 
= 0,05 MO*HO nony'IHTb xo pomee cornacne Me•ny :a 

T8llbH b!MH H TeopeTnqeCKHMH U8HHb!MH , 
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~u 
160

T b ( I "K = 3 ~ 3) Ha YPDBHH PDTBUHOHHoA 
0 

Dy aarrp e w eH no KBB HTOBoM y •wcny K ( 

18 0 6Hapy){<e Ha )!(eCT KB H KOl\llTOHe HTa 

lTOIJO Cbl OCHOBHOrO 

.\ K > A ) . OunaK o a pa6o

{3 - - crreK T p a c E a 1740 K3B , / 5 / {3 -a p. HCCIJ a UOBBIJH - e rp , 
- co arraueauH rr p u pacnaue 160 Tb u rro -

a Ta KOM!TOHeHT a HlleT He ITepB blti B036y)!{UeHH biJ1 YPO B'?Hb OC HOBHOfi 
160 / 6,7/ fJ -

IlOIJOCbl Dy . B pa6oTax rro H3 y '! e Ha JO - y - c oanaueanA 

10 , 'IT O ){( eCTKBll 'IBCTb 
{3 - c nei<Tpa 

160
'fb COC T Olf T 113 UByX KOMITO 

"'H blM H BHepr HH MH 1745 H 1552 KBB, 3 BCeiTSI JOII! RMH YPOBHH 2+ H 4+ 

lTOIJOC bl OC HOBHOro COC TOHHHH 
160 

Dy . 8 CBll3H C 3THM CneuyeT OTMe -

HO CTb XapaKTepa ~ - pac n a aa HUep 152 Eu , 154 Eu 160 T b H 18 2 Ta 
r HKBMH I" = 3~ B o a c ex q e T w p e x c n y q a gx {3 - p a c naa na ypo a -

p OTBUHOHHOft lTO!TOCbl UO 'I e p HIIX Rtle p llB!THe TCH 
K -3 a n p eureHH biM , 

HBXOUHTCH B n p e n enax J1, 9,5 fog ft '>.. 13, 9 , 
y JOWHe 3 HB'IeHHH fo g ft 

17/ 
~ nerroaa u up. 

160 Tb 
n poaeaea Korrn q e cTae an bt r1 a a amra K - aa rrp eiueHH biX 

)£lO B 
H IT OK838HO, 'ITO RX Be pOHT HO CT H MO)!{ HQ 0 6 b SICHHTb 

KBBHTOBO My 'IIIC!Ty K B HB'IBI!bHOM II KOHe'IHOM COC TOHHHS! X, 3 TH 

1
s

2 
Ta . O u naKo , KBK rroKaaaao r MecTo n u nR pac rraua 

1
, a a nnque npnMece n 

a pa6oTe Xa a 

rro KBBHTOBO!'vfy '!!ICilY K IIMeeT 3 HB 'IH Te l!bH O 

HUe Ha BepORT HOCTb 

I H Eu . 
{3 - pac n aaa a Hapax nepexoa aoA o 6 nac T n 

6 ITOK 8 38 HO CpBBHe Hne 3K C!Tep HMe HTBI! bH hl X llB HHWX 0 pO T BUH OHHO ft 

HO r O COCTOSIH HR 160 Dy 
C rrp etlCK83Q HH HM!I p83ITII'IH biX MOL\e l!bHbi X 

0 CTpyKType RL\ p a , 0 6 pa waeT Ha CB6 H BHH MBHH e HCKI! JO 'IH Te l! b HO 

cne BKcrrep n MeHTa l!hH w x aaaqe anti a aeprnfl ypoaaeR c a a eprH RMH , 

IT O TaK H83 biB8eM o l\ BpaUiaTe l! bHO - KOIIe6a Te l!bHO fi MOtlenn ( R V - M0 -
/ 3 1/ 

IeMOII <l> a c c n epoM H ll p , , nonyqeHo T8K)!{e llOBO!IbHO XO p o rnee 

!llC K8 3 8HHH MH MOL\el!!l BKCHBI! b HO - HeC HM MeTpH'I HOrO llllpa (BTH 
/ 31 / 

n e Hw a p a6oTe no 
HeCKOI! bKO BHLI OH3Me He HHO ti MOilei!H llaBblllO Ba ) . 

HWX e m e paa UOK83WB8 eT IT OII HYJO Henp HMeHUMOCT b n poC TQI\ pO TBUH -

, KBK OllHO KOMITOHaHTH OO , T BK U UBYXKOMITOHeH T H0 0 , UIJS! p BC 'IeTa 

!:tl C Bb!COKR MH CITIJHBMH , 

~ C <JHeprne ii 965, 8 H 1048,9 K<JB B HU pe 160 Dy H3BeCT Hbl YlKc 
13 ! 

e H a Ta Ha OH H arrepawe pacc Ma T p HBBJOTCR c T O'IKH a peans o 5o6 -

Hilpa II Tp aKTYJOTCSI KB K COCTOSIHRll 
y - an6paunoaaoA n onocw 

8 

Y poae Hb c a HeprneA 965 ,8 KBB paa p n lKaeTCR TpeMR rrepe xoua MH Tnna E 2 aa ypo a 

RH p OTBUHOHHO ii n o iJOC bl OC HOB HO rO COCT OSI HHH, 3 T O n03 BO I!ReT OUH03R8'1HO o rr pe-

Ue i!H T b e r a KBBHTO BL>Ie X8p8KT e pH CTHKH 
17 = 2 + , 'ITO nOUT Bep>I<UaeTCH TBKlK e 

UB HH L>I MII no H3 MepeHHHM y ri! OBOH y - y - Kop p e i!RUHH (Ta61! . 3), 

YpoaeH b c ane p r n eil 1048, 9 Ka a Bb1CaequaaeTCH nayMR rre p e x ouaMH a a c o c 

T OHHHR 2 + H 4 + OCHOBHO M pOT8 UH OHHO f1 nOIIOCbl , 0 6 a nepe xoua HMeJOT He60I!b iiiY 10 

npn Me Cb MYI!bTHITOI!hH OCTH M I, 'ITO rr p uaounT K 3Ha'!eHHJo I 
17 

= 3 +. T ai<oti >1< e 

/1 9 / 
Bb!BO/l nol! y'!a e TC H H3 OIT bi TOB no H3MepeHH JO yri!OB blX I<Oppei!H UH ii KBCI<Bil8 

( y 962 ) ( y 87 ) . 
+ 

T peT n ii ypoae Hb y - BH6paUH OH HO M n OI! OChl C xapa KTe p HC T HKBM H 4 H 3 Hep -

rne il JJ55,6 K<JB HHTeliCHBHO 38Cei!HeTCSI n p n p a cnane OC HOBHOrO COC TOHHHH
160

11 o 
/12/ 

OH aaeueH anepa we B pa6oTe E a Ma u P o u mepca B cxe My pac n aua 160 Tb 

oc HoBe nay x cna6wx nepe x ouoa , p aaHOC T b a Heprn A KOTo pw x x opowo c oanana eT 

c pa3HOCTbJO a HeprHi\ ypoau eii 1155 , 6 u 1048, 9 I< BB, P accMa T pHaaeMbiii y p o a eH b 

paapH maeTCR nayMH nepe x onaM n c a u epr u e n 1069 ,0 n 87 1,8 I<aB u a c ocTORHHR 

2+ H 4+ OC HO BHOA p OT BUH OHHOA UOI!OCW , 3 TH ne p e XOilhl 0 6Hapyme HW B cneKT pax 

Ha 

" 160 / 20 , 21/ 
I<o Ha epc HOHH biX aneKT p OHOB n y -ny 'le H n pH p a c na n e ll o , r n e ycTa -

HOBI!eHa TBI< lK e nx My l!bTH n OI!bHOCTb - E 2. B Ha m nx H3Mepe HH HX noaonb no OT'I AT

I!H BO n poHannc R nn K c a u epr HeA 1069 KaB ( pHc , 3 H 4 ), O n uaKo rrepe x on 372 KaB 

Mhl He o6uapylKHIIH H MOlKeM OU e HH T b T OI!bl<O aep XH HA npenel! e ra HHT e HCHBHOCTH 

J ::; 0, 18% ua p ac nan ( Ta6n. 2). 

n pn Ha y q e HHH p a cna n a OC HOB HOrO COCTORH HSI 1 ~ H o 
/ 20 , 211 

o 6 ua p y me u bl 

1288,4 ( 5+) H 1438,0 KBB 

eme 

UB8 COCTOSIHHH y - BH6 p BUHOHBO I1 ITO IIOCbl C BHeprHSIMH 

(6+) . H a puc . 7 npoaonHTCR cpaaueane BKcnepHMe HTBI! bH bi X aua q e HHil a u eprHH 

ypoBHeti nOI! OChl C TeopeT Hq eCKHM H, K ai< H B CIJyqae p OTBUH OH HOii noi!OChl OC HOBH Or O 

COCT OHHHR , HBH IIY 'IWee COB natleH HSI ITOI!y 'le HO C pac q i TBM H no Bp81UaTel! b HO - I<O I!e 6a 

T el! bHOil MonenH <l> a ccnepa . 

Ha oc a o a e nonyqe uu wx HHTe n c HanocTeil Y - nyq ei:j H8M H Bhl'IHC I!eHW OT HO-

w e uaR n pHaeneHHbiX aepo51 T HOc Tei1 E 2 - n epe x onoa c ypoaH HMH Y - BH6p8 UH OHHOil 

nO I!O Chl HB COCTOHH HSI OCHO BHOM p OT BUH OHH Oil nO IJ OChl , 3 TH ll8 HH hl e npuaeneHhl B 
• 160 / 21 / 160 / 9 , 15 / 

T B61J, 7 BMeCTe C 0 8HH bl MH n o pac rra ny Ho H Tb H Cp8BHHB 81QTCSI 

c ae i!H'IIIHBMH, Bbi 'I HC I!e BB blMH no npaB HI!a M HBTeHC HBBOC Teti Anar a , 6 e a y'I AT a 

11 c y q a TOM B38HMone tiC T BHSI MelKny !T OIJO CBMH c K = 2 H K = 0. n pH 3 HB'IeHHH 

napaMeTp a Z 
2 

= 0 ,05 MOlKHO non y'IHTh xo p o rnee cornacHe Memuy a i<c n epHMeH-

T BIJ bH blM H H TeopeT H'IeC KH MH OBHH bl MH, 

9 



KonneKTHBHa, npnpoaa co c TOHHHH c ane prneA 965 , 8 K3B noaT eepmaaeTcH 

TB K JK. e OUWTBMH UO nccneaoaann~ Ky nonoacKor o B03DymaeHHH BR6pBUHOHHWX COCTO-

S'lHH ft B Hape 15o nr / 24 / 
. Jlnn aenwmH bi B (E2, o + ... 2 +I l HOHBMH 1 6 0 

nonyqeno 3Ha<Jenne (0.07 ·:t. 0,02)e
2 2 

6apH o 'ITO COOT£\e TCTByeT (2,7 :t_ 0,8) oaHO -

'IBCTH'IHWM eaHHHUBM. 

3Kcnepn MeHTBnbHOe 3HB<JeHI!e 3H eprHH Y - BH6paUHOH HOrO ypOBH!I 965,8 K3B O<JeHb 

XOpOWO COrnacyeTCH C pe3 ynbTBTBMH BW'IH CneHHft, OCHOBBHHWX HB CBep xTeKyqeft 
/33 / 

Moaen n Hapa . B o63opno n pa6oTe C onoeb e na y KB3D HO 3 HB <J e HHe 3Hep rHH UnH 

nepnoro ao36ymaennoro y poBHI'l c K = 2+ B na pe 160 ll y • pa BHOe 870 I<3B. 

Pac<J~Tbl no CBepXTeKy<Jeii MOLienl! HLipB UOK83 hiBB~T , 'ITO 3TII COC TOHHHS'l B HLipBX 

lly HMe~T npeHMyfl !BCTBCHHO KOnneKTHBHyiO npHpOLI)' , TBK IWI< HX BOnHOf\f ,f B <I'Y IIK -

UIIH HDnH~TCH cynepn03HUHe ii DOn HOBbiX <l•yHKUm"t 6onb liiOrO 'IHCn B UBYXKBB3H'IBC 
/ 33 / 

TH'IH hl X KOH¢Hrypaunft • 

J1n11 npnaenenHort aeponTH OC TH 

865,8 K3B nony<JBHO 3HB 'IBHMe ~g h 

rr -nepexona ua y p one ub c aueprneA 

8 , 85 :t_ 0 ,1 0 . 3Kcne p HMeHTDnb HWe 3 HR· 

<JeHiiH £og fl LlnH p- - nepexonoa nepaoro nopHUI<a 3a npe meHI!H na HBHHII3UJHe 

7T + 
Konn c i< TIIBH ble cocT oflHHH c K = 2 Haxoal'l TC!I B npeaenax 6 , 3 -+ I I , 6 , npi!<J~M 

/ 33 / 
nonoaana 113 n11x npeBbll.lla e T 8 , 5 • Ha w e 3Ha'!eHHe £o ~ ft x opomo c ornacyeT -

C'l C 3Tli MII LIB HH biMH . 

3.3. Y p 0 B H II C o T p H u a T e n b H o A 

'I ~ T H 0 C T b ~ 

B npenwnymnx pa6oTax no H3Y<JBHH~ pacnana 160 Tb yc Ta noaneno cymecT 

aoaa uHe n!ITH y poB Hei1 c o TpiiUaTenbHOi'I 'I~THOCTb~ B 11ape 
160 

Dy . B pa6oTax 
/ 9/ / 12 / 115/ 

IOaHa 11 LIP· , E aMa n Pon~<epca H MHxaannca 6blnn 3KC n epnMeHTBnbH O 

onpeLieneuw D03Momuwe KBBHToawe xapaK TepncTHKH n o6cy>K.Lianacb npnpoLia aTIIX 

c ocTo nun li . OLIHBKO OLIH03HB'IHB!I nuTe pnpeTaung CLiena na He 6w na. 

Y poB HH c an eprnen 1264 ,4 n 1358 , 3 K3B anepBble aaeLieHbi a cxeMy pac na -

LIB 
160 / 3 I 

Tb B pa6oTe HaTana HB ocnoae y- y - c oanaa eunA. Ka >K.abii'i H3 &THX 

ypOBHeA p a3p!!maeTCH T peMS'l nepexoaaMH MynbTHnOnbHOCTH El HB COCTOHHII!I 
~ + 

2 . II 3 y - an6paunoHHo A n onoc w n ua nepnwn B036ymaeun wn ypoaeub ocuoa-

10 

non nonotw . M e may o6onMn coc TO!IHH!IMH nponcxounT cna6wn nepexou 

M I + E2 c ane prne n 93 , 9 K&B. nepexoa~>I c paccMn Tp n aaeMbiX y p 8Blleii 

rne COCTO!IHH!I OCHOBHOH pOTBUHOHHOA nonOChl B HBIIIHX H3Me peH H!IX He 

Bepxnne npenenbl HHTencnanocT e!"t aTHX nepex oaoa oueneH I.< B Ta ri n . 2 . 

TnnonbHOC Te fi yKB3BHHbiX nepeXOLIOB c n eayeT OT pHI!BTeUbHBS'l <JeTIIOCTl 

MOJK.Hhle 3HB'IBHH!I c nn HO B 
I = 2 nnn 3 LITIH paccMa Tp n aaeMbiX ypoB HE 

y - y -KOppeUI'lll ll ll OLI H03 HB'IHO OfiJ 
TBT bl pa6 oT no n3y<JeHn~ yrnoBbiX 

CUHH COCTOHHH5! 1264 ,4 K3B , pBBH~lll 2, B TO BpeMH KBK a n!l ypOBH S'l I ( 

0 3HB'IBHHH ' cnnHB H8 6bW pe!lle H Oa H03HB'IHO. 

B Ta 6n. 7 npeacTaanenw oTuoweHH!I npnaeae HH hl X aepO!!THoc Ten 

xoaoa c paccMaTpnaaeMwx ypoanen ua cocTonnn!l 
y -an6paunoHHO ll 

H annyqruee cornacne aKcnepn MeHTBTibH hlX 3 HB<Jeun l'i c npaannaMn anTe 

A n ara nony<JaeTCH n pn KBBHTOBbiX xapaKTepHcTnKax I 
17 

K = 2-2 an!l y 

1264,4 K3B H 3-2 an!l ypOBHH 1358,8 K3B. 

l-13 KBBHTOBblX xapBKTe pRCTHK y pOBHH 1264,4 K 3B cneayeT, 'ITO C 

nn6o KonneKTHBHY~ npnpoay n npeacTa Bn!leT OKTy nonb~oe Kone6aTenb 
/ 33 

!!Hne, nn6o OH !IBnHeTC!I aayxKBB3H<JBCTH'IHbiM . B o63ope ConoabeBa 

3Ha<JeHHe aueprHH OKTynonbuoro cocTO!IHH!I c K 
71 

= 2- LITIS! 
16 0 

Dy , p 

'ITO aoBOTibHO XO pOW O cornacyeTC!I C 3KCnepn MeHTBnbHbiM 3HB<JeHneM. 

B 3T0j:\ )Ke pa6oTe BBTOp YKB3b!BBeT HB TO 0 6CTO!ITBnbCTBO, 'ITO Hll >K I 

17 -aeHHble COCTO!!HH!I TllnB K = 2 B 'I ~T HO-'I ~TH bi X a e <jlopMRpOBB HH biX 

neKTHBH3npoaaHbi 3HB<JRTenbHO cna6ee, qeM cocTO!IHB!I c K 
17 

~ 0-, 

WHHCTBe cnyqaeB aoBOnbHO 6nH3KH K aayxKB83H'18CTH'IHb!M. 
/34/ 

rannaxep H ConoabeB Bb!'IHCTIHTIH Ha OCHOBe caepxTeKyqej:\ 

160 Dy : 
nolKeHHB HlllKHHX LIBYXKBB3H'IBCTH'!HbiX ypOBHBA B !!ape 

pp [ 41H - 5231 l K 17 =2-, E = 1400 K&B; 

~ n[ 521+ - 642 t l K17 = 1 - E 1500 K3B. . = 

8 y i<B3B RR OA pa6oTe BBTOpW npnDRChlBB~T COCTO!IHR!IM 1264,4 

nn6o nepey~ . nn6o aTopy~ KOH<jlBrypaun~. Ecnn npnuHTb a n!l o6onx 

K = 2 (Ta6 n. 7), TO BTOpB!I KOH<jlHrypaUH!I HCKTI~<JaeTC!I n OCTBBTCB 

aayXKBB3ll'IBCTH'IHOB COCTOHHHe 4111 
- 523 .t, KoTopoe cneayeT, no

/3 3 1 
npnnncaTb ypoBH~ c aueprnen 1264,4 KaB. B pa6oTe ConoabeBa 

BKnBa p83TIH'IHbiX aByXKBB3H'IBCTH'!RbiX KOH<jlnr ypaUH ft B nepBOe OKTY 

!IRHe Tnna K" ~ 2- an!l Hapa 
160 

Dy : 

11 



~KTHB H8' DpHpoaa CO CTOnHHn C 3He p rHeij 965 , 8 K3B DOD T Bepmu a e Tcn 

raMH no accnen o sann ~ Kynonosc Ko r o soa6ymaennn sn6pauno nn w x c ocTo
/ 24 / 

e 
160

0y HOHBMH 
16

0 • .linn BBDH'IHH bl B ( E 2, 0 +-+ 2 + 1 ) 
2 2 

fiB'IBHHB (0,0 7 ·::!:. 0,02) e 68pH o 'ITO COOTBBTCT ByeT (2,7 .!_ 0 , 8) OUHO-

BJlHHHUBM. 

lliMBHTBDhHoe 3HB'IBHHe ane prHH Y - BH6pauHonnoro ypo s nn 965,8 K aa oqenb 

nacyeTcn C pe3yDbT8T8MH B W'IHCDBHHA, OCHOBBHH WX Ha CBepxTe Ky qe ft 

/ 3 3/ 
a. B o 6 aopno A pa6oTe C o noBb e oa y Kaaa n o 3 Ha 4 e nu e a n cprn n nnn 

J6 y•aennoro yposnn c K c 2+ a n ope 160 ll y 
pasnoe 870 Kas. 

CBBpXTBKyqe fr MOD BDH napa DOKa3biBa~T , 'ITO 3TII COCTOnHI!n B Hapa x 

DpBHMYJllBCTBBHHO Konne KTH BHYIO Dpll p o uy , T a lc KaK HX BODHOR b! B 'PY IIK 

;n cynep no3HUHe i i BOnHOBbiX qlyHKU1!1"! 6onbllJ Oro 'IHCn a llBYXKB83H'IBC 
/33/ 

~' HrypaUI-111 • 

l.IIB~BHH0/1 BBpO!lT HOCTH fl - - n e pexona ua yposeHb c a 11e pnre ti 

::>n y qeno 3Ha4BHHe fo g ft = 8 , 85 .!_ 0 , 10. 3KCDBp HMB HT8 Db ll bJB 3H 8 - · 

n nH p- - n e p e xon o s n ep so r o nopHn Ka 3anpe rueHHn na HBIIH H3 UJ IIe 

" + e c ocTOHHIIn c K = 2 n a xonH T CH a npeaena x 6 , 3 -+ I I ,6, npH'I~M 
/ 33 / 

11nx npeBbiur a e T 8 , 5 • Ha w e 3Haqenlle fo g ft 
xop o m o c ornac y eT -

LJ aHH b!M II . 

3,3 . Y p 0 B H II C 
0 T p H U a T e n b H 0 A 

'I ~ T H 0 C T b ~ 

, JDY!UIIX pa60T8X DO H3Y'IBHH~ pacnaua 160 
Tb yCTB HOBDBHO cyruecT 

J ypo s ne 11 c oTpllua T e nbHO ii '!eTHOCTb~ a nope 160 Oy . B p a6oTax 

l/ 112/ / 15/ 
, E a Ma H Pon lf<e p c a 11 Mnxaan11ca 6brnn 

3KCnep~MBHTaDbH O 

103 MOlKH b!B KBBH T OBb!B XBpaK TBpHCTHKII H 06C)'lf<rranacb n p Hpou a 3TIIX 

D HBKO OUH03H8'1H8n HHTe pnpeTBUHn CUBD8H8 He 6wna . 

C 3 He prllefr 1264 , 4 H 1358,3 K 3 B snepBbre BBBUBH bl B CXBMY pacna 
/ 3 / 

pa6oTe H a TaHa na ocnose 
y- y - coan auenn/1 . Ka>I<ablti 113 3THx 

~ma eTc n T pe Mn n e p e xoaa M II MynhTIIno nbHOCTII El na COCTOHHHn 

- BH6 p8UII OHHO fr nonocw H HB nepswA B036)'*DBHHWft y pOBBHb OCHOB-

10 

n on nonotw. Me.uy o 6 oHMH coc TOHHIIHMH npo11cxon11T cna6 w n nepexon T Hna 

M I + E2 c 3Hepr lle fi 93 , 9 K3B. nepeXOU bl c paCCMilTJ1llB8 B'-1 biX y p o sl!eil Hll n py -

rue COC TOnHHn OCHOBHOA pOTBUIIOHHOA DODOCW B Ha!JJIIX H3MB p BH IInX HB H86D ~U8DIICb. 

B epxn11e npenenw HHTBHCHBHOCTefr 3TII X nepexouos oueneH id B Ta 0 n. 2. M3 M)'Db-

TIIDODbHOC Tetl yKB38 HH biX n e peXOUOD c n euye T OT pllllBTe nbHBn 'l eTIIOCTb H B03 -

MO)f{ HWB 3Ha'!eHHn CDIIHOB I = 2 nn11 3 unn paccMaTp rHiaeMbi X yposne il . Peaynh -

TaT bl p860T no H3y'IBHH~ yrnOB bl X y - y - KOppennUII !I OUH03 H8'1HO onpenenn ~T 

CD!iH COCTOnHHH 1264,4 K3B, paBH?Iii 2, B TO Bp8M5! KB K DDS! ypOBHn )358,3 BOnpoc 

0 3H8'1BHHH CDH Ha H8 6 wn pewe H OUH03H8'1HO . 

B Ta 6n. 7 npeucTasneHbi OT Howe HHSI npHseneHH biX sepoHTH OC Tefi E 1 - nepe -

XOUOB C paCCMaTpiiBBBMWX ypOBHefi H8 COCTOn HIIn y - B11 6 paU HOHHO I1 DOUOC b! . 

H a nnyqruee cornaCIIB 3KCDBpHMBHT8UbHWX 3 Ha'IBHII A C Dp8BIIU8M H HHTBHCIIBHOCTBH 

A nara nonyqaeT c n npH KBBHTOBbiX xapaKTBpiiCTIIKBX I "K = 2-2 ann yposnn 

1264,4 K3B H 3-2 ann ypO BHn ]358,8 K3B. 

J.13 KBBHTOBb!X X8p8KTBp11CTHK y pOBHn 1264,4 K 3 B CDBU)'BT, 'ITO OH IIMBBT 

nn6o KonneKTIIBHy~ np11poay 11 npencTasnneT OKTy nonbHOe Kone6aTenhHOe cocTo -
/ 33 / 

SIHHe, n116o oH SIBDSIBTCSI asyxKB83 11'18CTII'!HbiM. B o6aope Conoabeaa n p nsonnTcn 

3HB'IB HIIB 3HeprHH OKTynonhHoro c ocTonn11n c K " = 2 - ann 160 
Dy , pasn o e 1180 K &B, 

'ITO nosonhHO x opow o cornacyeTcn c 3KcnepiiMBHTanbH biM anaqeHIIBM . OnnaKo 

B 3TOA *e pa6oTe BBTOp )'K83biB8BT Ha TO 06CTOnTenbCTBO, 'ITO Hll)f(HIIB B036)'>K -

" -neHHblB COCTOSIHHn Tllna K = 2 B 'I ~THO-'I~TH b!X ne!jlopM11 pOB8 HHbiX S!UpB X KOD -

neKTIIBH3HpOB8H bl 3H8'111TBUbHO cna6ee , 'IBM COCTOSIHHSI C K " c 0-, II B 6onb

WHHCTBB CnyqaeB rrOBOUbHO 6UH3KII K DB)'XKB83H'I8CTH'!H b!M. 

/ 34 / 
fannaxep H ConOBbBB Bbl'IHCDHDII HB OCHOBB CBepXTBK)''!Bfi MOn enH pacno-

DO*BHHB HH)f(HHX DB)'XKB83H'I8CTH'IHbiX ypoBHeA B nape 
160 

Oy : 

pp ( 411+ - 523 1 l 

~ n ( 521+ - 642 r J 

K TT =2-, 

K" = 1-, 

E 

E 

]400 K3B; 

]500 K3B. 

B yi<a3 aHHOA pa6 0TB 8BTOpbl npHDHCb!B8~T COC T OSIHHn M 1264 ,4 H 1358, 3 K3B 

nn6o nepsy~, nn6o aTopy~ Kon¢nrypaun~. Ecnn n p nHnTb ann o6onx ypo sneA 

K = 2 (Ta6n. 7), TO BTOpaSI KOH!j>HrypaUHn HCKD~'!aeTCSI H OCTBBTCSI TOUbKO 

UB)'XKB83H'!aCTH'IHOB COCTOSIHHe 4JJf - 523t, K OTOpoe CUBO)'BT , flO-BHOHMOMy, 
/ 33 / 

npnnncaTb ypoBH~ c 3Heprn eA 1 2 64,4 Kas. B pa6oTe Conosbesa paCC'IHTa H 

BK DBD pa3DH'!Hb!X 0B)'XKB83H'!aCTH'IHbl X KOH!j>HrypBUH t! B n epBOB OKTynODbHOB COCTO

HHHB THna K" ~ 2- DDS! napa 
160 

Oy : 
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J> p f II I • - .;23 t - 95,06%, 

11 11 r l\1.1t - >21 ~ - 2,31%, 

u n [ li ~ 2 ~ - S.JO t I - 0, 98%, 
npyrue - 0 ,58'?: .• 

Cneno naTC JTbHO, cocTOHilllC 411 t - 'i2.1 ! H BJTH C! TCH llO~I! liH py toiiJHM , BKnan acex 

npyri!X l{Qil<!1Hr)'[)[JU J! ii II C ll pCDt li'lil C T 5%, no 3 TO :VI)' liB OCHOBe onpeneneHHS!, n p n-

/ 35 / TT - 160 
neneuuoro B pa6oTe , coc T o Hnne 1264 ,4 K3D c K = 2 B Hnpe Oy cneny eT 

C <JI!T8T b .1fi)'XKBB3H'HlC TII"'II J , I~ I . 3Hc p r l!l'l YflOillH! HCCKOJlbKO HH~< e , 'ICM 3HeprUH 

/ 34 / 
1100 K3B , p acc <JHTBHHBH nnH cocTOHHHH p p [ -III • - ,';23 1 I. OnuaKo 3To p acxom -

[IC! IIHC HeCylliCCT DC IIHO II e r o ~IO)I C H O 0 6 b<JCHI!Tb BK J1 ,1.'! 0 ~1 OI<T y no:Jb-OKT)' IlOJlbliOrO 

A3 .1 l!~ lO.'!C! JICTBI!H , y <J & T KO TO p oro ll fl li ilO!l liT K HCK O T OpO M)' )"M C !ib i!I CHI!JO 3 11epri!H 

/ 33 / 
ll D)' X KBBOII<JBC T II"'I! L I X COC T O Sl H I! i! 

OcuoaHo e coc T OHHne Ir.oTb, KBK )')!: e yno .~l!ruanocb , n :v~ eeT KBB IITOBb!e x apa K -

T epn c TJ!KH I TT : 3- , fl 0 3 TOM y /) - ne pexon Ha y p OBCH b 2- C 3 He p rneii 1264 ,4 K .3 B 

B fl!l p e 
160 

ll y nonmeH 6b!T b pa3pe nreHHbt~ c COOTBCTC T B )'JOI! IH~l 311B <JCIJI!e ~ ! Pog ft "' 

4 ,5 t- 5 ,0 . H:'l 6ana 11ca I!HT C H C H B HOC T eJ! HBMH llOi!)'<JC!HO 3HB 'ICIHJe fo~ ft = 8 ,0!_0 ,05 , 

KOT Opoe y K a3 LtBaeT ua c ymecTnonauue He K oToporo nononnnTeJTbHoro 3 a n pe T a , E c m1 

ll pC!!lfl OJTO ~<HT b, "'TO ypOBH IO l:o!64 ,4 CO OTBC!TC T B)'CT KOH 1•nrypBUIIS! pp [~li t - j2.1t !, 

To 3 tl~i".'l ne nue fl - n 2pexona Ha 3 TO cocToHHite MO )!W O o 6 bHCHI!Tb .\ - 3anpe -

T OM , CBH3BHH HM C 1!3 ~!C! HCHIICM CXCMb! CBSI 3 1! H)'KIIOHOB llp l! rt e pexone. 

/ 38 / 
B p a fio Te Eo u nTua 11 .:tp , y t<a:JLI BaeT cH ua TO o :'i c T OH T C! IIbC T BO , "'TO rtn H 

- 3a -
r .1 M~<a -nepeXO!IO B , npOI!CXO:.H llll l!X C H3 :>1eHeHHC!M CXC!M t.! CBS!3JJ I!)'KJlOHOil 

n pen.te HH bte nepe.'w ·, , ,r) a He'IC Tl!O - Heqe T H LI X H.:tpax , I!Me JOT MecTo nna pll3H h!X 

npaBnna O T u Opa no KBD HTOBO~I )' 'IIICny K B 3B 811CII~10CTII OT B3 11 l! M !l0 l! Op H C!l! T C: UIIII 

ll f)O C! I( U IIt"! Cn!IHB !18 OCb C ll ~fMeT pllll llil p a B IICXO!I HOM II KOHC 'IHO M COC TOHHIIHX, 8 

cnyqae 11 3 :VIeHeHHH uanpanne mHJ K- n epe x o :J HBJTHeTcS! K - p a3 p e '"C! Hf! bl\f n p :: y cnoB !I!I 

I !;I + I 1..: i < L 
r ' -

K .3 T o i > Ka Tero p !lll nepex o no B cnen ye T OTHeC T II paccMa Tpnaae~I LII'1 6 eTa - pllc nan 
160 

Tb Ha !lB)'XK8831i 'IB C T II'IHbll1 YV>BeHb Tl!lla P P [~ ! I f - .';23 t 
160 Oy 

a Hnpe 

12 

l 0 1l=i Qzl =i 

I 
I KL-3 
I 
I 3 

1 01£=~ 
Q 2t=-i I 

I -

Kr"-2 I -1 

B naHHOM c nyqae Mhl I!MeeM " I I + I K 
1 

I = 5, 'ITO np11 3H8"1 

npi!BO!IIIT K qeT wpexKpBT HOMY 38 1lpeT y no KB B HTOBOMy "'IICJT Y K , 

Uen~coo6pa3HO cpaBHHTb uam11 nauuwe c pe3yn&T aTaMn pa6oT b 

162 162 

B KOTOpO!l nccn enoaancH pacnan - - - 1 0 ~ IJ)" 0 

i6o Tb "
62 Tb 

p 411t + n521t p411f- n 
IrrK=Y3 l]fK= 

160 Dy 
~ ft =8,0 pp[411t- 523t1 -

IJI'K = 2-2 
t62. Dy 

~ft= pp[411t- 523t] -
IJiK = z-z 

3Ha 'leHne fog It = 4 ,9 yKa3 btaaeT Ha {J 

'18CTII'IH bl ll y poaeHb p p ( 4llt - 523+] B Hnpe 
162 

[)y 
HBnl!eTC H pa3 peu 

TpynHeHHbiM (. u ) . CnenoaaTen&Ho , HBllli'-!lle y noMHH)'Tb! X B b!W e 

JlHT K 3aMenneHHIO 
~ -pacnana H8 llBYXKBB311qBCTI!qHOe COCTORI 

npH6UII31!T efJbHO HB 3 UOpH!!K8 , 

YpoaeHb c 3Heprl!ell 1264 ,4 

13 

K3B B036 y>K!l8CTCH TBK )!<e 11p11 pa• 



p r r 111 • - .;21 t i - R5,0~;. , 

Ill! l 6.).1 ! - ;2 1 ~ I - 2,3 1% , 

nn [nH~ - SJOt I - 0,98?0 , 
apyrne - 0,58?: .• 

~DB T8/lbHO, COCTO~UU C 411 + - ;2.1 I ~ BmiOTCSl /1 0~11fi!H pyiOI1ll!M , BKnaa scex 

ld>urypll UH lJ He ll flC£\JJ JIIllCT 5%, no 3 TO:VI )' llB OCHOB8 Ollpea eneHHS!, llpll -

/35 / " - 160 s pa6oTe , coc T oswue 12 6 4 , 4 I<3D c K = 2 s ~ape lh cnenyeT 

·Y XK BB3H 'IBCTII'!Hl," l · 3ne prn~ )'flODl! Sl HeCKO/lbKO f!H~ce, '18M 3Hep ri1Sl 
134 ! 

'>BCC 'IHTa uHaSl nn H cocT OS!H IHI p p [ ·Ill ~ - 523 1 I . OnnaKo a T o p acxo JK -

m ecTnenno 11 e r a ~tO); : H o 06b~Cfll!Tb BK na:l o ~ r OI<Tynonb - OKT y nonhl!Oro 

T B IIR , Y 'I ~T K OT O p OrO ll fJ if B OliHT K H8KOTOpoMy )'M 8h b l!.l eHI!IO 3Heprlt n 
133! 

~CT ll'lti J ,J X COC TO~HH IJ 

H Oe COC TO~HHe l f>O .J'b 1 KBK )'>J: e )'ll0 \ 111Hil110C b
0 

If :Vlee T KDB IITODbl8 XBpllK -

" = 3-, ll 0 3T0~1Y ~ - n epexon Ha y p osea b 2- c 3 He p rue n 1 264 , 4~ 3B 
nonJKeH 6bJTb pa3pe!!J8HHbJM c c ooTaeTc T syrom H~t 311B'I811118\I l'og ft "' 

1e~ 6nna 11ca 11HT e u c u s noc T eJ1 HB MI! n o ny'!eHo 3 HB'I8HHe Co ~ fl = 8,0!._0, 05 , 

13 UBBeT na c ymecTnosaHHe He K oTo poro nononHII T enbuoro 3 a npe T a , Ecnu 

rb, 'I TO ypOBH IO J ~64,4 COOTBe T C T ByeT KOH Q' Ilr y pa!UISI pp (-l ilt - j2.1t ! • 
me {j - n 2pe xoQa Ha 3 TO COC T OS!Hlle ~W)J< UO OO'LS!C HI!Tb 

.\ -3anpe -

H t-JM c II3 ~renenneM cxe~n1 CDR3n Hy Knon o s n pu nepexo.'le . 
/ 38 / 

•Te Eo n lrTua n ::Ip , )'J(B .'JbJBlleTc~ na TO o '>cTO S! T e nbc T BO , 'ITO nnH 

conoa, npoucxoLt 5I fU HX c H3 MeHenaeM cxeM L.I CDS!3H u y K n onoa \ \ -3a-

Je p e xo ' " " s ne'!e Tno - neqe T HL IX S!::tpax , l!MeroT MecTo naa pll3 H b1X 

)pa no J( B8HTODO'·IY •mcny K B 3BDHCI!MOCTI! OT 038 1l , tllo l1 or u en T a UHII 

1 Ha liB OCb C ll ~tMeTplllr S!L!pa B HCXOLI HO M If KOH8 '1HOM COC TOS!HII S!X. 8 

ne nnSl nan p anne HUSl K- n epe x oa S!Bn SleTc Sl K - pa3 pe •"e HH hl\t ll l !l! y cnoB BII 

I 1\ I f + f 1\ I i ~ L . 

"O fl llll nepe x o Lt OB C/leLt ye T OTH8C T H flBCCMllT flRB8 8 MUil 0 8T8 - pllC ll8l! 

Y XKBB31! '1 8C T I! '!H bl lf YV>B8Hb Tl!na p p ( 41lt - '>23t 
a Hnpe 

12 

l 01L=i • Q2L=i • 

I 
1 Ki--3 

n 2f =-.?.. I 2. • 

Kt-"'-2 I l 
I 
I 

I 
I 

B n annoM c n y q ae Mbl n Mee M I K 1 l + I K 1 I = 5 . 'I T O npu 3naqe n nH L = I 

npRBOliii T K '!eT blfl8XKpBT HOM)' 3 a n peT y no KB B HTOBOMY 'lllCU Y K , 

/ 3 6 / 
p83YilbT8TBMil pa60Tbl ¢>yHK8 11 lip . U e n 2 c oo6pa3HO cpaBHHTh naw11 na n nhle c 

! 62 
B KOTO pOil Hccn ~JJ.U JjCl ll L,;M pu~,.;ltaJJ. • u ~ ' 'J • 

!6o Tb i62 Tb 
p 411t + n521t 

FK=3-3 
p411 f - n 523l 

T11K=r1 

i6o Dy 
pp[411t- 523t1 ED<J ft:: 8,0 -

P~'K=2-2 

t6~ Dy 
pp[411t- 523t] - ~ft =4,9 

rJiK = z-z 
3n a q enne fog It = 4,9 yKB3 bi Bae BB3Il -

'IBCTH'IH biH y pOB8Hb p p ( 4l lt - 523 t J B HOpe 
162 

Oy f!BUS!8T C S! pa3 p 8 lli 8HflbiM H83B-

Tp ynneHHb!M ( au ) CnenoaaTenbHO , nanH'!IIe ynoMS!HYTbiX B bllli e 3anpeTOB npiiBO-

niiT K 3B.M8l!/leHIIIO {3 -pacnana H8 l!B)'XKBB3li'IBCTI!'IH08 COCTOf!HI! 8 B S! L!p e 
160 

Oy 

np11611H3l!TenbHO na 3 nopHnKa, 

Ypoaenh c anepr11eil 1264, 4 K3B B036)'JKll88TCSl TBK ~ce npn pacnane u3oMe pn o -

1 3 



ro COCTO HHHH 160
Ho 

- / ~/ 
c K " = 2 , KOTopoMy B pa6 oTe npn nnca na x o n!jmrypauHH 

p 411~ - n 523 . E c n H COCTOHHHe I264,4 K3B HB/JHeTCH .OByXKB83 H'l8C TH'!HbiM THDS 

p p ( 4 11~ - 523 t J , TO paCCM8Tp HB8eMbiH {3 - nepexo.o .oonlKeH 6b!Tb Tnna a F , 

'ITO xopo w o o 6bHCHHeT axcnepnMeHTanbaoe 3Ha'!eane fog ft ~ 7,8 
/2 1 I 

Ha ocno ee ecex npnse.oeHHbiX !jlaKTOB M bi C'!HTaeM B03 MOlKHbiM paccMaTpnBaTb 

ypoBe Hb C aHeprne l! 1264,4 K3B B H.Qpe I SO Dy KaK .0 BYXKB83H'!a CTH'!HOe COCTOHHHe 

THDa p p ( 41lt - 5 23\ j . 

Y p oBeHb c s n epr nel! 1358,3 K 3B .oon lKeH HMeTb, KaK ylKe y noMn nanoc b Bbrwe , 

xeaHTOBbre xapaKTe pHCTHKH I" K = 3-2 e nonnoM cornacaa c .oaHHbiMH E aMa 
/ 12/ /12/ 

n Po.olKe pca • Ha ocno ee <~Toro aeTOpbr pa6 oTbi .oenaiOT np e.onono lKeHne , 

rr -
'ITO ypOB9Hb 1358,3 K 3B npe.OCTaB/JH9T poTa!lHOHH09 COCTOHHH9 DO/JOC bl C K = 2 , 

DOCTp OeHHOl! Ha ypOBRe I264,4 K3B, 0TROW9 RH9 n pHBe.QeHHblX BepOHTHOCTel! {3--ne-

peXO.OOB C OCHO BHOrO COCTOHHHH 
160Tb 

IlHOHROl! DO/JOC bl paBHO: 

ft(3- .. 2-) 

ft(a- .. a/ 

Ra ypO BHH. 2- H 3 npe.on onaraeMol! poTa -

= 0 • 40 ±. 0 • 10 

'ITO XOpOWO cornacyeTCH C TeOpeTH'!9CKHM 3Ha'!9HHeM 0,35, Bbl'lHC/19HHbiM DO n p aBH

/JSM HRTeHCHBHOCTel! Anara. 3To o 6 cTo!ITenbcTBO BMecTe c !jlaKTSM H, npnee.oeHRbiMH 
/I2 / 

B pa6oTe , D0 3 BO/JHeT HaM HHTepnpeTHpOBSTb ypOBHH 1264,4 H 1358 ,3 K3B KaK 

rr -cocToSIHHH poTaunonao l! nonochi c K = 2 • 

YpOBHH C aneprH!IMH I286,5 H I398, 7 K3B 6binH BBe.Qe Hbl B pa6oTe JOan a H 

/ 9/ 160 
.op . na ocnoee e - y -coena.oennl! n p n pacna.oe T b. Y cTano eneno , 'ITO o6a 

+ 
COCTO SI HHH p a3pH lKa iDTCSI .OBYMSI nepeXO.OSMH My/JbTHDO/JbHOCTH E1 Ha y pOBHH 2 H 

4+ OCHO BHO l! pOTSilHOHHOl! 00/JOCbl, 3TO ll03BO/JSI9T O.OH03Ha'IHO orrp e .oenHTb HX KBaH

TOBbie xapaKTepHCTHKH I " = 3-. 0TnowenHSI npnee.oeHH biX eepoSITHOCTe l! E 1 - n e -

p eXO.OOB C paCCMBTpHBaeMblX ypOBHell llOK83blB8IDT, 'ITO COCTO!IHHID C aHe pr n e l! 

1286,5 KaB cne.oyeT npnnncaTb 3Ha'!eane K • I, B TO epeM!I KaK .onH ypoBH!I 

1398,7 K3B OCTB IDTCSI .O B9 B03MOlKHOCTH: K = 0 HnH I. 3 TO D03BO/J!IeT HSM 

n p e.ODO/JOJKHTb, 'ITO paCCMSTp HBae Mbte y pOBHH HMeiOT OKTynonbHbi H KOne6aTe/Jb Hb!l! 

xa paKTep. 

DnH c o c TOSIHH!I c sneprnel! I286,5 KaB aTo npe.ononolKeHne no.ox pe nnSieTCH 
/ 25/ 

TBKlKe <~xcnepnMeHTanbHbtMH !jlaKTBMH. lllenToH nccne.ooE.a n cneKTP npoTOHOB, 

I4 

I 
~ 

160 
neynpy-o pacceHHHhl X HB SI.Opa x Oy, H yCTBHOBH/1 , YTO ceYeHHe DO~ 

HH C aneprHeD 1287 K3B DpH 6/J H3HTe/IbHO pa8HO ceYeHHID 8036ylK.OeHHH 

6paUHOHHOrO COCTOH HHH 965,8 K3B. 3TO 00380/JH/10 cnenaTb 3aK/IID'!e H 

3- c 3Hepnte t1 1286, 5 K38 . 
TH 8HOA npHpOne COC TOHHHSI 

Y pone Hb c s neprnel! 13 86 ,0 K 3B 8Be n en 8 pa6oTe E sMa H Pon» 

oc !loBe n8y x nepexonoB c sneprHHMR 230, 66 H 337,09 K3B, nnyrnnx A 

+ + 3 11 4 y -en6paunoHHOii nonoc bt , HaMH o6napylKeH HO Bbtt1 nepexoJ 

1102 , 5 !_ 0,5 K38 , KOTO pLII{ XOpOUIO pa3MemaeTCSI MelK.OY paCC M8TpHBi 

HeM H cocTOHHHeM 4 oc no n noA poTaUHOHHO A nonoc w . YKaaa uH we ro + 

cneKT pe K011 8epC HOHHblX sneKTpOHOB He H86ni0.08/JHCb, YTO D03BO/JH eT 

HM MY/I b TliDO/IbHOCTb E I. Cneno8aTenbHO , KBaHTOBbte xapaKTepHCTHKl 

1386 , 0 K38 non lK Hbi 6biTb: I " = 3- H/JH 4-. 0TcyTCT8He nepexona HI 

rr + = 2 D03BO/JHeT OT.Q8Tb npe.ODO YTeHHe 3!18' 
UHO!IHOe COCTOHHHe C 

1 = 4 , 3 TOT apryMe HT , O.OHBKO, He !18/JHeTCH CTporHM, H D0 3TOMY 

TOBNX x a pDKTepHCTHKBX H n p HpO.Oe y p08HH C aHeprnel! 1386 ,0 KBD ~ 

HepemeHHbi M. lfiO 
/15 / Mnxa:;~n n c Ha6mo.oan coena.oe HHH MelKny 

Y - nyYDMH 

rneil ~ 1250 
H 1!=\7 K38, YTO 003 80/JH/10 eMy nanpa8HTb !IOBblll D 

1250 
K3B Ha COC TOHHHe 283 ,8 K3B H TaKHM o6p8 30M 88eCTH H0fii ,I I1 : 

rne A 
~ 15 50 K3 8 . B cneK T pe y -ny Yei1 

1
"

0
Tu ( p Hc . 4) MLI oGIWPl 

COOT 8eTCT ByiDIUH J1 3Hepr HH 1250 , 8 !_ 0 ,5 K3B ; 11a OCHOBe 3T Or O 

KoTopaR pae na 1534 , 6 :!.. 0 , 5 Ksn. H aM 
s neprHID HCXO.QHOrO yp08HH , 

nepexo.o 486,5 :!_ 0,5 KBB , anepr HH Ko Toporo co8nanaeT c pa3HOCTbR 
I 101 

y po 8 ne A 1534,6 11 10 48,9 K38. B pa6oTe B o i1 H0 80A H .op . no HCC /1 < 

:;~neKT pOHOB OT.Oa'!H Y -ny qerr 160Tb 
.Qae TCR oue nKa HHT e HCH8HOCTf 

na pacnan ) .on!l nepexo.oa c anepr HeA I 44 8 K38. nepexon c TaKot1 ~ 
npOHCXO.OHTb M9lK.OY COC TO HH HH MH 1534 , 6 H 283 ,8 KBD. 0D118KO B li D 

HH!IX 3TOT ne peXOD H9 6bi /J o6HapylKeH ; Ol!eHKa ero HI!TellCH81IOCTll 

J $ 0,01% na pac nan ( Ta 6n. 
2 ), J.1MeiOIUH9CH 8 HaCTOHIIl9e Bp9 MH 

ypo 8He c aneprHe A 1534 ,6 KBB ne n0380/JH IDT aenaTb nwnon M o ere 

xa paKTepHCTMK8 X H n pHpO.Qe, 

15 



- 1201 80 
Ho C K 1T ~ 2 , KOTOpOMy B pa6oTe 1IpHIIHC8Ha KOH<jlHrypa!lHR 

EcnH COCTOHHHB 1264,4 KaB HBnHBTCH llBYXKB83H'J8CTH'IHb!M THIIB 

, TO paCCM8TpHBBBMblH {3 -nepexon llOn)!(BH 6b!Tb THIIa a F , 

/ 21/ '>.HCHRBT aKCIIBpHMBHTBnbHOB 3H8'1BHHe f!og ft ~ 7, 8 

l BCBX IIpHBBllBHHb!X <jlaKTOB Mbl C'IHT8BM B03MO)!(Hb!M paCCM8TpHB8Tb 

ruel! 1264,4 KaB B srnpe 
160 

Dy KBK llBYXKB83H'J8CTHqHoe COCTOHHHB 

- 513\ J. 

: 3Hepruel! 1358,3 KaB non*ea: HMBTb, KaK Y*e ynoMHHanocb Bbtll1e, 

,KTepHCTMKH I" K = 3-2 B nonaoM cornacuu c naHHbrMH E 3Ma 

I /12/ 
• Ha OCHOBB 3TOro BBTOpb! pa60Tbl nenaroT npennonomeaue, 

1T -58,3 K aB 1IpB!lCT8BHHBT pOT8llHOHHOe COCTOHHHe IIOnOC bl C K ~ 2 , 

ypoaue 1264,4 KaB. 0Taoweaue npuseneHHhiX aeposnaocTel! f3- -ne-

S.HOI"O COCTORHHR 
160

Tb HB ypO B HH. 2- H 3 npennonaraeMol! poTa-

pasa:o: 

ft(3- .. 2-) 

ft(3- .. 3/ 
= 0,40 ± 0 ,10 

fiBCyeTCR C TBOpBTH'IBCKHM 3H8'1BHHBM 0,35, Bbl'IHCneHHb!M IIO 1Ip8BH

: Tel! Anara. 3To o6cTal!TenbcToo BMecTe c <jlaKTBMH , npuseneHHb1MH 

f0 3 BOnABT HBM BHTepnpeTHpOB8Tb ypOBHH 1264,4 H 1358,3 K3B K8K 

1T -HOHHOl! nonOCbl C K = 2 

lHBprHSIMH 1286,5 H 1398,7 K3B 6brnH BBB!lBHbl B pa6oTe !Oa aa H 

3- e - y -coarra.aeaull npu pacnane 
160 Tb . YcTaaosneao, 'ITO o6a 

+ lli8 IDTCR llBYMll nepexo.QaMH MynbTHIIOnbHOCTH E1 H8 ypoBHH 2 H 

llllHOHHOl! IIOnOCbi, 3TO II03BOnHeT OU H03H8'1HO or:p e.aenHTb HX KB8H

CTHKH I " = 3-. 0Taoweaull npuse.aeaabrx sepoliTHoc Tel! E 1 - ne

aTpHBaeMbiX ypOBHel! IIOK83b!B8IDT, 'ITO COCTOSIHHID C 3Hepr,uel! 

reT npunucaTb 3Ha'Jeaue K • 1, B TO BpeMSI xax nnll ypoBHll 

:>Tell nee B03Momao c Tu: K ~ 0 HnH 1, 3To noasonsreT HaM 

1"0 p aCCM8TpHBBBMb!B y pOBHH HMBIDT OKTYIIOnbHbl H KOne6 a TBnbHb!l! 

' 

HHH c 3HeprHe l! 1286,5 K3B 3To npennono* eHHe nonxpennl!eTCH 

/25/ 
HTSnbHbiMH QJ8KT8MH. lllenTOH HCCneaoaan CIIBKTp 1Ip0TOHOB 

1 

14 

I W 
Heynpy-o pBCCB~H H hlX HB AllpBX Dy, H yC T BHOBHH , YT O CBYBHHB B036ymUBHHA ypOB -

HA C 3HBpru eR 1287 K3B HpH6H H3H T B H b HO paBHO CBYB HHID B036y)!(UBHH~ y - Bl-1 -

6pa UHOHHOI"O CO CT OA HHA 9 6 5,8 K3B. 3TO n03BOHHHO CUBHBTb 38 KHIDYB HHB 0 K OHHBK 

T HBHOA HpHpOUB COCTOHHH A 3- C 3 HBprue ft 128 6, 5 K 3B . 

Y rone Hb c a Heprue l! 1386 ,0 K aB eeen e u B pa6oTe 6aMa u Ponmepca 
112/ 

rra 

OCHOBB UBYX ne p e XO!lOB C 3HeprHHMH 230, 66 H 33 7,09 K 3 B 0 HUYWHX HB COC T OHH HH 

3 + u 4+ y -eu6panuoaao ft nonochl . HaMH o6HapymeH HO BhlR nepexon c aHeprn en 

11 02, 5 :!:._ 0 , 5 K3B , KOTOpblli XOpO UI O pa3MBW8B TCH Memny p aCCM8TpHB8BM b\M ypOB -

+ 
HBM H COC T OHHHBM 4 OCHO B HOA p OTBUHOHHO A nonOChl . YKa38HHhlB n epeXOUhl B 

cneK T p e KOH BBpCMO HH bi X 3HBKTpOHOB HB Ha 6 n rona ni!Cb, YT O n 03BOHA BT n p MIHI COTb 

HM ~<yn bTrrnonbHOCTb E I. C nenoeaTenbHO , KBB HTO BbiB x apaKTepMCTMKM ypoa Hsr 

1386,0 K3B UOH )!( Hbl 6b!T b : 1" = 3- l1Hl1 4-. 0 TcyTCT BI!B ne p exon a H8 Y - BM6pa -

UMOHHOB CO CT OAHHB C 
" + = 2 noaaonsreT OT!lBTb n pennoYTBHMe 3HB'!BHMIO c mnra 

I = 4, 3 TOT apry MB HT, OUHBKO, HB ABHABTCH CT pO rMM, 11 n0 3 TOMY BOnpoC 0 KBnH 

TO BWX xapaKTBpMCTI!KBX I! npMpOllB ypOBHA C 3 HeprMei! 1386,0 K3B OC T BBT CH nOKB 

Hepe w eHH WM . 

/ 15 / 
M11xa3nMc Ha6 nronan coenaneHMA M emny Y - nyYaMH 

160 T h c 3 n ep-

rHeii ~ 1250 H J!17 K3B, YTO no3BOHHHO BMY H8H p8BHTb llOBbl il n epB X0 !1 

1250 K3B H8 COCTOS!HHB 283,8 K3B ll TBKI!M o 6pa30M B BBCTM HOBJ ,Jft ypOilBHb C 3 HB p -

rue i! "' 15 50 K3B. B cneK T pe y -n yqeJ1 1" 0Tu ( p u c . 4) MLl Of>Hapy>K HHH HHK , 

COOTBBTCTilyiDWHR 3HBprHH 1250,8 :!:._ 0,5 K 3B ; 118 OC H OBe 3 T OrO MI .! yT0 1 f JIHnH 

3HBprHID HCXO!(HOI"O ypoBHH, KOTopa!! paBH8 1534 , 6 :!:._ 0 ,5 K3B. H aMH OO II ~If)Y~< e ll 

nepexon 486,5 :!:.. 0,5 K3B, 3Heprusr KOToporo coananaeT c paa HoCTbJO 3 HeprHii 
110 1 

ypoBHeil 1534,6 H 1048,9 K3B. B p a6oTe B oi! HO BOH H np. no Hccnenoaa rmro c neK T r>a 

3 nBKTpOHOB OTnaqH y -nyqefJ 16<>-[b !(8BTCH OUBHK8 HHTe HCHB HOCTH ( J ':. 0 ,07
01 

Ha pacnanl nns1 n epexona c 3Hepruell 1448 K 3B. ne pe xon c T a Ko J! 3 HeprHeR MO>I<CT 

npOHCXOllHTb MB)!(llY COC TOH HHS!MH 1534 ,6 H 283 , 8 K3B . 0!l1!8I<O B IW III HX 1!3MBflB 

HHS!X 3TOT n e peXOU HB 6h!H 0 6 Hapy me H; OJIB HKB ero Hl!T B I!CIIB IIOCTH llBB T npenen 

J ::; 0,01 % HS pacnan (Ta6n. 2), YfMBIDIIIHBCH B HBCTOHII! BB BpBM SI llBHI! bi B 06 

ypoBHe c 3Hepruel! 1534,8 K3B He noaaonl!roT nenaTb IlblllOULI o ero KDB IITO IJJ.I X 

X8p8KTBpH CTHK8X H npHpone, 

15 



3,4, H e K 0 T 0 p bl e Y p 0 B H H, 0 D H a p y lK e H H bl e 

n p 11 p a c n a n e 160 Ho 

120 / 160 8 paDOTe A BOTHHO l! H n p , y cTaHOBn e HO cymeCTBOBaHHe B Hnpe Oy 

ll BYXKBa3 H'IaCTH'IHOrO ypOBHII THna n n ( 52H + 523 t j , l iT K = 4 + 4 C 3HeprHeJ1 

1684,0 K 3B, 3 TOT ypo BeHb MO>KeT B03DYlKllBTbC51 H npH pa cnane I GO Tb 

( 0 rr= 1830 K3B). H nepexon Ha Hero n on >KeH Db!Tb n ep ao ro nopHnKa 3Bnp emeHHSI, 

38TpynHeHHbiM ( 1 h ) , T BK KBK He CODniDllBIDTCSI npaBHna OTDOp a UO aCHMflTOTH-

'! eCKHM KBa HTOBbi M 'llfCnaM, JlnH r pyoo i\ OUeHKH HHTeHCI!BHOCTH (3 - - pacnana 
1 6 0

T ~ ( p 411 t + n 52 U ) Ha 3TOT ypoaeHb Mbi Hc nonb30Banl! 3 HB'Ie nne fog fl > 
/3 7 / 

> 8,0 , nony 'leHHOe lln S! {J -nepexon a Me>Kny OC HOBHblM COCTOIIHI!e M I GI T~ 

p -f ( 411 j H B03DY >KlleHH biM COCTOSI HI!eM 16 1Dy n +( 523 j . 0Tcrona Mbl nony'IH

nH , 'ITO ypoaeHb c 3HeprHeti 1694,0 K 3B He n on >KeH 3ac en HTbCSI n p H pac n ane 160 Tb 

C HHTeHCHBHOCTb!01 DOnbtue r"! '!eM 0,4% Ha pacnan, noi!CKH HBI!DOnee HHTe H-
/ 21/ 

CHBHOro ne pexon a C 3TOrO COCTOSIHHSI C 3HeprHel! 728 K3B npHBenl! K OUeH -

Ke BepxHero npenena ero HHTeHCHBHOCTI! ~ 0,15% , Yf3 3TOro MO>K HO 3 a KnJO'IHTb, 

'ITO pacCMa T p HBaeMbl I1 y poBe Hb He B0 3DY>KUBeTC51 n p l! pac nane I GO T b C HHTeHCHB

HOCTbJO, npeBbJlUa JOII(eti "' 0, 2% Ha pac nan (f og ft z 8,3 ). 

/ 2 1/ 1 
B p a ooTe EoH'!-0cMonoac Ko11 11 n p . np11 pacnane 60 llo y cTaHoaneuo 

cymeCTBOBBHHe {3 - Bn op aUHOHHO H nonOC bi, COCTOIIII!eli 113 ypO BHel! 1263 K3B 

(0+0) H 1350 K3B (2+0) , Pac nan OCHO BHOro COCT0 51HH51 160 Tb Ha 3TH y pOBHI! 

HBn HeTcSI K-3an pemeHH brM . H ecMoT pH Ha 3To, B03DY>KUeHI!e ypoaHSI C I IT= 2+ 

Henb3 51 3apaHee HC Kn!O'IHTb, 0nHaKO n ep e xon C 3He prnel! 1350 K3B HaMil He 00-

Hapy>KeH; B Ta6n, 2 y Ka3B H BepxHHii npenen e ro HHTeHCl!BHOCTI!, pa BH bii\ 0,01% , 

'ITO COOTBeTCTBy eT 3 HB'IeHI!JO fo g ft ;?: 11,5, 

B pe3ynbTa Te 6onbruoro Konl!'!ecTBa paooT , nocaHme HHbrx l!ccnenoaaHI!ro p ac-

nan a 160 
Tb _. 

160 
Dy , H HacToHmeli pa6oT bi MO ~< HO C'IHTaTb ycTa Hoane HH biM : 

I,CymecTBOBBHI!•; poTaUHOHHO r"! nonOCbl OCHOBHOrO COCTOIIHHSI, 

2,CymecTBO BaHne IT + y - BI!Gpaun oB noro c o c TOHHI!H c K = 2 11 nocTpoeH-

HOI! Ha HeM nonOC bl, 

3.CymecTBoBaHHe n ayxKBa3 H'IBCTH'IHoro ypoBHH c K IT 2- THna 

p p [ 41 It - 523t j H COOTBeTCTBY IDIUero Bpamn TenbHOrO COCTOIIHHSI, 

4 , CyJUeCTBOBaHHe OKTy n onbHOrO KOne6aTenbHOrO COCTOSIHHSI C Xa paKTepHCTH-

KaMH IITK=3-1. 

5 ,CyuJe CTflOB8 HHe T pex y pO BHe li OTpHUaTenbHO li '11\THOCTH, npHpona KOTOpbiX 

B HaCTOSIIUee Bp eMSI eme He YCTaHO BneHa, 

16 

1 
J 

+ 

fl H T e p a T y p a 

1, IV. 11o th e . N a turwisse ns chaften, ~ , 551 ( 1943). 

2, Nu c lear Data Sheets, 'i_ , 124 ( 1964); 

Nuclear n ata, L N 3, 75 ( 1966 l; 

E . C .Jl >J<eneno a , n.K.neKep , B.O . Cepree a . Cxe Mbl pac nana panHOl 

A ~ 100. M.-n, 1863. 

3. 0. Natha n. li ucl. P hys. ,!, 125 (1957). 

4 , E .n.rpl!rOpbe B, E.C.Jl >I<eneno a , A .B.3onoTa BHH, E.KpauHK. vba. I 

cep .qm3., ~ 191 ( 1859). 

5, G. 11 ack s trom, J. Linds kog , lle rgmao, E. 13ashaod y, A. 13 ac klin . 

Arld v Fys., l~, 121 ( 1959). 

6. P.G . Hansen, W.R . Johns on, H.L. Nie ls en . Nucl. Phys. , ~5_, 171 ( 1964) . 

7. E.C . Jl>Kenenoa, O.E •. Kpa<j!T, B.M.MHxal!noa, IO.B.HayMoB, Yl3a. A ! 

qm3.,~ 1158 (1866). 

8. A.M. Clark . Canadian Joum . Physics, ;JJL 262 ( 1960) . 

9, G.T. F.wao, R.L . Graham, J.S . Gei ger . Nucl. Ph ys ., ~ 610 ( 1961) . 

10. H.A.BoliHoaa, E.C.Jl>Keneno a, H.H.)!<yKoacKHll, IO.B.XonbHOB, YI3B 

cep.qm3., ~ 852 ( 1960). 

11. D.G. Dou glas. Nucl. Phys ., 33,485 ( 1962) . 

12. F. Boehm, J .Rogers . Nucl. Phys . !L 553 ( 1963) . 

13, S . .Ofer . Nucl. Phys ., ~. 331 ( 1958) . 

14. R.G. Arn s , R.E . Suod, M.L. Wiedeobeck. Nucl. Phys. , !.!__, 411 ( 1959) . 

15, W. Michaeli s. Nucl. Phys., '!±._, 78 (1963) . 

16. G. ll e rtolini, M. Bellioli, E. Lazzarini. Nuovo C im . , ;!_, 1162 ( 1956 ). 

17. S. L. Gupta, N .K. Saba. N ucl. Phys. , 1..0~ 203 ( 1965) . 

18. Vcokata Reddy K. Phys. Rev., llli.._B33 (1965 ). 

19. j .M. Jalde vic, E. G. Funk, j.W . Mihelich . Report on lot. Cool. 

of Nuclear Phys., Gatlinburg, 1966 . 

20, M.n.AaoTHHa, E . O.fpHropbeB, E.C.Jl>Kenenoa, A .B.3onoTaBHH, E 

YI3B, AH CCCP, cep,<j>H3,, ~ 530 ( 1966), 

21. H.A. EoH'!- OcMonoacKaSI, H.Bp3an, E.n.rpHropbeaa, H.flHnTaK, 5 

Openpi!HT OYIHYI, P-2817, Jly5Ha, 1986. 

22. A.n.CnHa, H.M.Eaa.a. TaonHUbl Koa<I><I>HuHeHTOB aayTpeaael! KOHB 

.raMMa-ny'IH'. M . - n., 1961. 

17 



2 3 . ll . f:l bel.: , \ 1.(' . Ol,·" ·n, 0 . Skil brei rl. \nc l. P hp ., !._9_. 52~ ( 191\0) . 

24, Y. Yos hi 1.a" a , ll . I·: IIH"k , ll . II N s kiud , 11.<: . Olesen . 

\ucl. Phys .. Z:~ 273 ( 196~ ) . 

25 , \\' . "- . She ltou . Ph y~. Le tt . , t_O_ , 651 ( 1966) . 

26, II. \lor!na 0a , P .r.. ( ; u ~c l o t. Nucl. Ph ys . , 46 , 210 ( 1963) . 

2 7 , !; . l;otajim a , ll . \inci ~u erra . Ph ys. Lett ., I!_ , 6 8 (1964) . 

28. C.F. . J ohn so n, J . F . Scho ole y, ll. A. Ski rl c• y. Ph ys . Rev ., .!_~2108 ( 1960) . 

20, A. Y. l.abczas, .1 . Lindgren, ll . llarms. 

Phys. Re v ., ..!..::: 17% ( 1961 ) . 

30, C . J . Gallagher, S.A. Moszkowski. Phys. Re v., .!..!]_,_1282 ( 195 8 ) . 

3 I, A. faessler , W. Greiner , fl.K . She line . Nucl. Phys . , I_O_, 33 ( 1965 ). 

3 2, P.G . Hansen, ll.L. Ni e ls e n, K. Wi lsky . Nuc l. Ph ys . . ~ 57 1 ( 1966) . 

33. B. r .ConOBbeB. n penpHHT OH5H1, P -1 873 , lly6 Ha, 1865. 

34, C. .J . Gallagher, V.G . So loviev . Mat. fys. Skr . llan. Vid . Se l,;k . :1., N 2 ( 1962 ). 

35. H.H.nsTOa, B.r.Conoabea. H3n. AH CCCP, cep. <\>H3 ., .£§. 1617 ( 1964). 

36. L . Funke, H. Graber, K.H. l;aun, II . Sodan , G. Geske , J. F rana . 

f\ju cl. Phys., ~· 424 ( 1966 ). 

37. L. funke, fl . Greaber, K.ll . Kaun, H. Sodan. llissertation . Preprint ZIK- PhA 23, 1966. 

38. ~1. nonitz, A. Andree !, 'l. Kas tne r . Pre priut Z ft-: - p;,A, 21\, 1%7. 

PyKonHCb nocTynHna a H3naTenbCKHH oTnen 

3 MaS! t 967 rona. 

18 

1 

al 

.., 
i-' 
~ 

"" .. 
:r ,., 
" I 
;... 

"' .. g 
"' .. " " "' "' u " "' "' Q) .. .. 

f-o "' " ., 
:;; 

"' ,Q 

" Q) ... 
g 
"' .. 
0 

"' 0 
g 
" ., 
Q. 

" = ' ~ 
l .. ... 
~ 
g 
"' " "' u 

"' " t .. 
Q) 

:;; 

~ 
"' .. 
g 
:5 

"' 

.. 
3 .. 
:c 

:r .. .... 
"'"' .,-., -... 

·..0 

" . 0:: g- t c--

' "' 
' u 

"' " "' ~ .. 
::;: 

' !::' 
c. 
" 
"' 
"' ., 
Q 

-
' u ., 
~ .. 

J:l 

, ~ 

" .. 0 o. ;; .. ~ 
::! g_ 
"' "' Lll * 

"'., 
"'" ._o~ 

\!) 

lf'l 

.:t' 

C':l 

N Q. " .. 
Q) "' "' , Q. "' 
(T)~-

J' ... = 
~ t: , ... 

0 

lf'l 
+I 
-+4 

'·"' "" 

0 

L."' +I 
"' 
\.0 
.:t' 

71 
0 
L') 

.:t' 

.... 
.... 

,J:..I 

lf'l 
.:t' 

0"1 

a-. 
-i 

0 

lf'l 
, . ... H 
+I • 

..... 0 

~ ~ 

CX) 

\.0 
a) 

. 
.... 

0'1 

Cl) 

'" 

(\J 

<:::> lf'l 

·-· ·H 
Cl) 

-1 •.r. 
+I C\J 

::0 • 

t'-· -· 
~ 0 ...... 
~ 2 

1.0 (') 

-~ ~ 

~I Jl 

\!) "" · -f ... 

.... -; 
+I +I 

N · ~ -·· ..... 

.:t' - · -1 ·- ~ 

lt"l 
C\1 ---.. 

I I 

•'1'. c--
o 0 
+I +I 

M . ... 

c-- "" ...... -; 

0 

1:'
·~ 
;...; 

C':l 

1.0 

lf'l ..... 
N 

.:t' 

19 

("'\ 
(\J 

0 

lf'l 
0 

0 
,J:..I 

C'l) 

0 

c--. 
0 

"" (\J 

. 
lf'l 

( \J 
0 .:t' -i ... 

.. • 1.{' • 

··~ (-"' C:> 0 
+I +I +I o co •:J\ •r. +I 

~ 0 (\J 

0 
+I 

.:t' 

-7 
::0 

~ ~ ~ 0 

c--

"" I:'-
+I 0 

.:t' ... 1 .. \~ 

c-- -c- (\ J 

"" .... 
(;-,' I 
0 

N 

; I I 
-~ 
C.'\ 

.-'----

H 
CT'I 

( \J 

.... 

s:; -0 

-7 

-7 

Q 

+I •n 
0? 

•71 

0 
5-1 
C' J 

N 

--< 
+I 

•X) 

-=:!' 

N 

-=:!' 

-=:!' -a N 
0 - -t C• ~ ... .... .. .. 
lf'l C' 0 0 
.,.1 +I +I +I 

lf'l lf'l 0 - ~ 
- !:' N -'1' 

C') 

'"' 

lf'l 

co 
':J\ 
N 

. 
<0 

(\J 

lf'l 

( l'\ 
0 
0? 

. 
c--

d 

' -I 

c-
C') 
(') 

. 
.:0 

-7 

""' 'C) 
.:t' ~'I 

N <0 
0'1 0 ) 
C':l -=:t 

. . 
"" 0 ..... 

"' 0 
+I 
~ 
f .J 

('\J 

0 
d 

-"T 
1.0 

.... 

c-
o 
H 

!:' 

-~ 

\.0 

~I 
.:t' 

N 

<0 
N 

( \J 

(\J . 
N 

f8 
. 

'-' ...... 



01.-"
·n, 0

. S
kill>

reid
. \u

c
l. P

h
y~ .• !._9_. 523 ( l%

0
)

. 

ll. 
1·:1\"'k

, 
fl. llersk

in
d

, \I.C
. O

lese
n

. 

~
 273 ( 19

6
~
)
.
 

'h
y

s. L
e
u

., _g_o_, 651 
( 1

9
6

6
)

. 

.C
. G

u
~
c
lol. 

N
ucl. P

h
y

s., 4
6

, 2
10 ( 1

9
6

3
). 

. 
\'inci

~
ue

rra. 
P

h
y

s. l.ett.,
f!.., 6 8 ( 1

9
6

4
). 

j 
f-. S

ch
o

o
le

y, 11 .. ~. S
k

irlcy
. 

P
h

y
s

. llev
., !

_
~
2
1
0
8
 ( 1

9
6

0
)

. 

'· .J, L
in

d
gren

, n. 
llarrn

s. 

2
2

, 179b ( 1
9

6
1

). 

·r, S
.A

. M
oszkow

ski. P
h

y
s. R

e
v

., !.!.]_,_1
282 ( 19

5
8

)
. 

II. G
rein

er, R
.K

. Sh
e

lin
e. :-lu

cl. P
h

y
s., I_O_, 33 ( 196

5
). 

fl.L
. N

ie
lse

n, 
K

. \V
ilsky

. N
u

cl. P
h

y
s.,

§2_, 57
1 ( 1

9
6

6
)

. 

e
a
. 

npenpH
H

T
 

O
H

H
H

, 
P

-1
9

7
3

, 
lly

o
ua, 

1
9

6
5

. 

, V
.G

. S
o

lo
v

iev
. M

al. 
fy

s
. S

kr. D
an

. V
i<!. S

clsk
. l., N

 2 ( 1962 
). 

B
.L

C
o

n
o

a
b

e
n

. 
H

an
. 

A
H

 
C

C
C

P
, 

cep.t!lH
a., 
~
 

1
6

1
7

 
( 1

9
6

4
). 

:rab
er, K

.H
. K

aun, II. S
odan, G

. G
esk

e, J
. F

ran
a

. 

!_. 424 ( 1
9

6
6

). 

reab
er, 

K
.ll. K

ann, H
. S

od an
. D

isse
rtatio

n
. P

rep
rin

t Z
IK

-
P

h
 A

 23, 1
9

6
6

. 

d
reef, P.. K

as
tn

er. P
re prin

t 
7

.1
K

-
p:,A

, 
2

6
, 

191\7. 

P
y

K
onH

C
b 

n
o

cT
y

n
u

n
a 

a 
uaaaT

enbC
K

H
fi 

o
T

n
en

 

3 
M

aS! 
1

9
6

7
 ro

n
a
. 

18 

I ~· M
 

"' " "' " 1
0

 

"' E-

.., fo-o 

!! "" " ,. » " I >-

"' fo 0 0 ., "' "' 0 ., " fo ., "' ., ] "' ~ " ... =
 

g ., fo 
0 

"' 0 g .. ., 

=
 

3 .. :c 

., ,. ...... 
"'"' 
.. -., .... " 

. 
0

: 
c. 

.... <0 

.... " 

0 

c. 

=
 

" "' "' K 
" " I ~ l "' ... ~ 0 0 ., "' "' 0 ., .. ~ "' ., ] ., ~ ~ g ., 8 ... "' 

=
 

::;: 

.... ~
 c. " = ., "' Q 

.... .... 0 .. " ... "' o::t 

I
~
 

""' 
a

, 
0

."
' 

=:::: 
l 

g_ 
"' 

"' 
U

l 
;.; 

=
 " 

.
_
a
~
 

c. .. 
"' 

" .. "' 
., 

c. " 
(1).,_ 

" 

~
,
 

~ 
§ 

...0 

c:---

\,() 

m
 

~
 

C
Q

 

(\J
 

,,. 

0 m
 +
I 

-t4 

l!'\ 
~
 

0 ~'"I 

+
I 

('\I 

~
 
~
 

("
) 

61 
,, -<!' 

'-I 
._, +

I 
m

 
m

 
~
 

"" 

C1'l 
-
I 

0 

-
m

 
.--t 

'"~
 

+
I 

• 
--1 

0 

~
 

~ 

co 
m

 

·-
· 

-
f 

11"'\ 
-~1 

+
I 

N
 

Cl) 
::0 

0 
C'"--· 

~"""" 
-· 

-< 
2 

\() 
,, 

--< 
-< 

+
I 

+
I 

--1 
-:1" 

\,() 
""' 

. ._, 
... 

._, 
.._, 

+
I 

+
I 

(
\J

 
'-< 

.... 
·

-1 

~
 

-· 
._, 

... 
lt'l 
C\J 

___..., 

I 
I 

(""' 
(\J

 

0 m
 

. .,.._ 
c:---

0 
~
 

~
 

. 
0 

0 
0 

+
I 

+
I 

+
I 

C
'? 

._, 
m

 
... 

... 
(

I') 

c:---
""' 

• 
..._, 

..... 
0 

co 
~
 

0
)
 

':7\ 
0 

'-0
 

e--
m

 
o 

--1
 

"
"
' 

(\J
 

(
\J

 

C
l) 

1:'-
'J'I 

~
 

--1 

(
\J 

0 
~
 

·-I 
-1 

11'\ 
"':) 

.. 
.. 

.. 
1..("\ 

.. 
... 

0
'
1

0
0

 
~
o
o
o
o
 

+
I 

+
I 

+
I 

o 
+

I 
+

I 
·'I 

o 
co 

•:7\ 
l!'\ 

+
I 
~
 

-<r 
:"J 

-< 
~
~
O

N
~
~
~
 

-7 
~
 

~
 

~
 

0 
::-~

 
0 

co 
·-1 

-7 

c:---

"" 
c:---+1 

C
> 

~~ 
,t,l 

c--
~
 

t"'--
(
\

J 

""' .._, 
;

.1 
I 

0 (\J
 

·"
J
 

+
I 

I 
--< 
(
!\ 

~
 

,._, 
C

l'l 

(\J 

~
 

0 
-

~ 

m
 

c 
,;:..1 

J:..l 
-

c---
C

'? 
-

0
\ 

(
\J

 

m
 -

m
 

<§< 
N

 
(J'I 
0 M

 

Si 
0 <

() 

C
o 

0 6
' 

(
\J

 

..... 

. ._, 
to
M

 
,, 

·':1" 

Q
 +
I 

'"' C
') 

,,, 0 J:-1 
C

'J 

('\J 

"
-1 
+

I 
•X

) 

.::!" 

('\J 

.::!" 

(
\J

 
(\J

 

~I 
... -'T

 

"
t' ""' 'C) 
~
 

L
'l 

N
 
~
 

(]'\ 
0

') 
C

Q
 
~
 

('\J
 

c:---
~1 

0
-

8 
-7 

+
 

--1 
~
 

:'1\ 
~
 

. 
._, 

.!'\ 

c--
<.f

) 

0 
0 

+
I 

+
I 

to-
'" 

-
-1 

(
\J

 

\,() 
0 

8 ~ 

0 
('\J 

b 
+

I 
+

I 
c 

~
 

m
 

.... 
(\J

 
c:---

\,() 
~
 

(\J
 

'·-1 
-

. 
C

\J 
\0

 

(
\J

 

(\J
 

~
 

C
l) 

m
 

\,() 

to-

C
'J 

'J'\ 
c:--
C

X
) 

. 
. . . . . . . --1

 
...... 

. 
co-\ 

-1 
N

 
C

') 
~
 

m
 

<..c 
.:-

19 

LO
 

'"" 
0 --1 

N
 

-
i 

..... 



"' 0 

"' 

... 

I 4. 

.0:5 . 

l6. 

17 . 

18 . 

lg . 

20 . 

21. 

22 . 

2J. 

24 . 

n pollOIDK e Hue T a6nU U bl I 

2 :3 4 ~ 6 

962 ,1 - - }109 33 2~5 

965,8 - - 75 83_:8 

1002 , 7 - - 3 ,0.!_0, 7 2, 5.:!_0,8 

.i.06Y cB) - - - -' 
ll02 , 56) - - - ~ 

Ill5, 0 - - 5, 2.:!_1,3 6, 2.:!_1 , 5 

1177 ,7 - - 5l ,5.:!,D 48_:5 

.i.199 ,8 - - 7 ,6.:!,1 ,9 7.:!,1 

1250,86) - - - 0 ,5..!:_0,3 

1271 , 5 - - 21;,2_:6,0 20!,4 

IJ.LL , 8 - - 8,5!,2 ,1 7 ,3.:!_.l , lf 

a) - UHTe HCUB H OCTH y - n e p e XOllOB H OpMHpOB8H bl TBK , lJ T 06bl l y 
19 7 

• 17,3. 

6 ) - 3 HeprHK , On peueneHH bl e H8 M H C T OlJ HOCTb iO + 0,5 K3n. 

/ 20 / -
n ) - aneprnSI , onpe.aeneuna SI a pa 6 oTe np u ua y•teuuu pacnaua 180 11o 

,. 
' w 

H H H " H H H 
(!) 0'\ .::0 c..:: w rv 0 \D C) -..J "0 0 .::0 1.]1 1.]1 C\ -..J c:J -..J i\) ., 

"'?,; c:> Cl cr.: .::0 .::0 0 "'S.: m 
"' ~ :t: 

\.~ ~ ~~ m 
" "' "0 

"' ,. 
0 H H H H H H H H H "' 0 C\ 1.]1 w w N w o"\J H 0'\ 

" 'J w •Jl 1.]1 0'\ 1.]1 0'\ 1.]1 1.0 .::0 (l) 9.: .::0 co .::0 1.]1 .::0 
~ ~ ~ ~ ~ ~ ~ ~ 

'< '1.: 0'\ w .::0 w .::0 0'\ cr.: "0 
0 

I j I I l I ! j ! "' " CD 

? 
0 N r..; ;'\) '.0 
0\ m ex: co c:J (l) 0'\ 
"' 0'\ 0'\ 0 0 0 w w w 1.]1 .. 

"0 
~ ~ ~ ~ 

'< "' m co co c:J D:l 

"' "' " " ~ ;; 0 0 0 0 0 0 0 0 0 
" 

~ ~ ~ ~ ~ ~ ~ ~ 

"0 0 0 0 0 0 0 0 H H 

"' H H H H 1.]1 w .::0 co 1.]1 
"0 .. 
0 

" .. 
"' "' 

0 

7 0 

26 , 2.:.5,0 30 , .J..:_G, O 

88 ,2.:..1.7 ,0 31 , .J..!_.;. '5 , 0 

3 , 9.:!_0 , 4 3 , 1.!_0, 4 

- "' 0 ,25 

- 1 , 62.:!_0 , H~ 

- 5,3.!,0, 6 

49,8,!_5 , 0 4~ , 6.:!_5,0 

7, 5!.0,8 7 ,3!.0,8 

- 0 , 48!.0 , 06 

23 ,3.:!_2,3 25,3!.2, 5 

- 9, 5.!.1 ,o 

" w 0 

~ ::J "0 
0 "0 
>< "0 (!) 
0 ;J "' "' "' .. " " !!: 

= 
~ 
"' "' " 
!!! -1 
0 .. ..., 
" 0\ 

0 
.., " ~: "' "7 " ..., ·-< "' ~ "' ~ 
0 .., 
0 

~ 
;; 

" (!) 
"0 

"' ,. 
0 

"' ._ 
0 

3 " 
"' 



"' 0 "' 

.L
 

14
. 

. .i:5
. 

16
. 

17
. 

18
. 

19
. 

20
. 

21
. 

22
. 

2J
. 

24
. 

2 
:J 

4 
5 

6 
I 

96
2

,1
 

26
:!_

5 
-

-
}10

9 
33

 

Y
65

,8
 

-
-

7
5 

8
3
~
8 

10
02

,7
 

-
-

3
,0

~
0

,7
 

2
' 5
~0

,
8 

.i0
6~

 c
8

) 
-

-
-

-
' 

ll
02

,5
C

) 
-

-
-

~
 

Il
l5

,0
 

-
-

5
,2
~
1

,3
 

6
,2
~
1

,5
 

11
77

 '7
 

-
-

5l
,
5
~
D
 

4
8~
5
 

.i.
lY

Y
, 8

 
-

-
7,

6.
!,1

,9
 

7+
1 

12
50

,8
6 )

 
-

-
-

0,
5!

,0
,3

 

12
71

,5
 

-
-

21
j,2

!,
6,

0 
20

+4
 

D
.U

.,
8 

.-
-

8,
5!

,2
,1

 
7 

,3
:!:,

.i
,l

f 

-
-
·
 

-
-
-

a
)
 

-
U

H
T

e
H

C
ft

:B
H

O
C

T
H

 
y 

-
n

e
p

e
X

O
ll

O
B

 
H

O
p

M
K

p
O

B
8

H
b

l 
T

8
K

1 
"
'T

0
6

b
l 

Jy
 19

7 
=

 1
7

,3
. 

6
) 

-
3

H
e

p
rn

H
, 

o
n

p
e

a
e

n
e

H
H

b
le

 
H

8
M

H
 

c 
T

o
q

u
o

C
T

b
to

 
:!:.

 0
,5

 
K

3
B

. 

o
) 

-
a

n
e

p
rH

fl
, 

o
n

p
e

n
.e

n
en

H
a

H
 

a 
p

a
6

o
T

e
12

0
1 

n
p

u
 
na

y~I
eH

JHf
 p

a
c

n
a

A
a

 
H

la
H

o 

><
 ' 

<v
 

H
 

H
 

H
 

H
 

H
 

H
 

o;
 

<1>
 

(J
) 
~
 

u:
: 

w
 

rv
 

0 
'i

)
 

C
) 

...
_J

 
'0

 
0 

~
 

V
l 

V
l 

(J
) 

...
_J

 
C:

> 
...

_J
 

i\
) 

., 
"it:

 
O

J 
c:>

 
~
~
 

-+=
 

0 
~~
 

O
J 

~
 

~
 

~
 

:t:
 

"' 
'-

~ 
~.

n 
(J

) 

" <1>
 

'0
 

CD
 ><
 

0 
H

 
H

 
H

 
H

 
H

 
H

 
H

 
H

 
H

 
"' 

C
\ 

V
l 

w
 

w
 

N
 

w
 

'" 
H

 
(J

) 
0 " 

"2 
w

 
"..J

l 
V

l 
0"

1 
V

l 
(J

) 
V

l 
1.

0 
~
 

O
J 

9
,:

: 
O

J 
~
 

V
l 
~
 

~
 

~
 

~
 

~
 

~
 

~
 

~
 

'<
 

'1.
: 

0
\ 

w
 

..c
o-

w
 
~
 

0
\ 

C?
,: 

'0
 

0 

! 
I I

 I
 I

 I
 I

 j 
! 

"' "' CD
 "" . 0 

N
 

r_
; 

,'
\:

) 
'D

 
0

\ 
O

J 
O

J 
co

 
co

 
en

 
0

\ 
"' 

0
\ 

0
\ 

0 
0 

0 
w

 
w

 
w

 
V

l 
.. 

~
 

~
 

~
 

~
 

~
 

'0
 

m
 

C
J 

en
 

CX
l 

co
 

cc
 

'<
 "' CD

 "' "' <T
 

><
 

0 
0 

0 
0 

0 
0 

0 
0 

0 

" 
~
 

~
 

~
 

~
 

~
 

~
 

'0
 

0 
0 

0 
0 

0 
0 

0 
H

 
H

 
"' 

H
 

H
 

H
 

H
 

V
l 

w
 
~
 

co
 

V
l 

'0
 .. 0 " .. "' "' 0 

0 

7 
8 

2
6

,2
~
5,

0 
3
0

,1
~
5

,0
 

8
8

,2
~

.L
7

,0
 

3
.i

,.
L~

.;.
5

,0
 

3
,9
~
0

,4
 

3
,
1~

0
,
4 

-
N

 
0

,2
5 

-
l

,G
2
~
0

,W
 

-
5

,3
.!,_

0,
6 

49
,8

!,5
,0

 
4
~

,6
;!

:,
5,
0 

7
,5

!.
0

,8
 

7
,3

:!:_
0

,8
 

-
0

,
4
8
~
0

,0
6 

2
3,

3
~
2

,3
 

2
5

,3
~
2

,5
 

-
9

,5
!.

1,
0 

-
-

-
-

-
-
~

-
-
~
-

" " 
<v

 
'0

 
=

 
::

I 
0 

CD
 

'0
 

" 
'0

 
CD

 
0 

;;? 
"' 

"' 
CD

 
.. 

"' 
" <T

 - =
 

~ CD
 

o;
 

0 " 
-l

 
o;

 
0 

.. 
'T

f 
0 

0
\ 

-
0 

... 
" 

CD
 

"' 
' 

.:; 
"'' 

" .. 
'"" -

iii 
"' 

"' 0 ... 0 ~
 

><
 " CD
 

'0
 

<1>
 >< 0 

._
 

"' 0 
* 

"' 
-

" 



Ta6.n uua 3 

B J~lBOll L! o M YllbTH.n Ollb HOC T fiX n e pe xonoo , c o np o BO>KllaJo umx 

p 
ac nn..a 1" 0 Tb -· ' co Cv no H3 r-.Iepe HHHM y r i iOBbiX Y·)' - KoppeiiSJu uii 

- Y poom1, 1\ te >K Ll Y KOTO- Pa6oTn 
~lCClle.Uye Mbi H nocnenooaTenbH OCTb M ynb T JWOllbH OC T b 

3uapnHI p bl M il np m sCXOJl SIT n e - ncp CXC!l3 
K BCKB ll cn nuoa 

ne pe xona 
(K a a ) pe XO.fl bl ( Ka o) 

(K an) 
4 J 6 

(! 3 
J. 

/~7/ 
1264 '4~ 1048 , 8 - 86 ,8 2- 3- 2 \ l + .1. ' 5~ ·. ~ 

2 .~ ':l , ') (Y2l 5) ( y 260) 
!1+1 ' 5% f) l '-51 

2- :.l - 2 11 111! 1\ 

2- 3- 2 " .. (1 , '.l+ q , 2 ) ::~ (' / 1YI 
-

2- 2- 2 n t~O , ':>% '.l / i 'l/ 
.. 

( r ·8'N) 12ri4,4-- 965 , 8 - 86, 8 
296 , 6 ( y 298) I L4/ 

2- 2- 2 I! 

2- 2- 2 11 + " 0 , 2% <) 
I L')/ 

2- 2-2 11 + .{, o, 25% f.l I1'JI 

2- 2- 0 " + ' o,I% '·1 /1 '.3/ 

( Y2~8 ) ( y 966) 1264, 4- 965 , 8 - 0 2- 2- 0 .p +~ 0 , ?%0. I 11J/ 

1264,4- %5 , 8 - 86,8 2- 2- 2 <.> +( If, 5+4, 2 )% 11 / l 'l/ 

879, 2 ( r 298) ( Y"879) '!/n > 360() / J.'31 
2- 2- 2 

2- 2- 2 '.l +(4:_:3 , 5)% 11 / J.. 4/ 

2- 2- 2 (\ f- ( 3 , 5::_2 , ':> ) fo ll ; ... ?/ 

2-?.- 2 ~ J + Z 1 , ?% II / l':J/ 

np0ll0 11 >K9HH9 T B 6 11 H:ll bl 3 

.i. 2 3 4 j G 

962,::: ( r 215) ( y 962) 1264,4 -? 1048,':1 ....,.86,8 2-3-2 (_) +f o , ~ " 117/ 

2- 3- 2 Q +(14 , 5.:!J3 , 5) I' /1.51 

(y 962) (Y87) 10118,9 --"? 36 ,8 - 0 3-2-0 f) +(0, 6f. 3 , 3 ) IJ / 19/ 

i.l77 ,7 (yll78 ) (y87) 1264,4 ~ :36 , 8 - 0 2- 2- 0 Q + 30% () I DI 
2- 2- 0 " + (2 ' 5::_1 ' 5)% Q /1 4/ 

2- 2- 0 ll + ::::0, 9% f) / 19/ 

127 i ' 5 ( yl?7? ) y87) IJ58 , 3 _,. 8 6 ,8 -> 0 3- 2-0 ll + 3':1% (1 /.L J/ 

3- 2- 0 I) + (il~7)/'b (' 114/ 

2- 2- 0 11 + ~ 1 , 2% <.1 I J..'.J/ 



"' "' 

"' "' 

3napnnl 
nepexoaa 

(K 3B ) 

J. 

2 L'J , 'J 

296, 6 

879 , 2 

1 

962 , 1: 

il77 ,7 

1271 ,5 

llccnenyeMbJ H 
KBCKB.Il 

(K3B) 

;: 

(r2i5) ( l' 260) 

(r298 ) ( r '87-J) 

(r2Y8) ( y 966) 

( r 298) ( y"879) 

2 

(r21 5) ( y 9G2) 

(y 962) (r87) 

(y ll78) ( r87) 

(y1'J7? ) y87) 

YpOBHH, Z..!SJ« O.Y KOTo-
n ocnenooaTenbiiOCTb pbl MJI rrpOHCXO.!l SIT ne-

peXOJl b l ( K 3 !>) CnHIIOB 

3 4 

1264 , 4 ~ 1048, 8 --. 86 ,8 2- 3- 2 

2- 3- 2 

2- 3- 2 

12ii4,4 -+ 965 , 8 - 86, 8 2- 2- 2 

2- ?- 2 

2- 2- ? 

2- 2-2 

1264,4- 965 , 8 - 0 2- 2- 0 
2- 2- 0 

1264,4- ~ 65 , 8 -- 86 , 8 2- 2- 2 

2- 2- 2 

2- 2- 2 
2- 2- 2 

2- 2- 2 

npO,ll011JK9HHe T at5nHUbl 3 

3 4 

1254 , 4 --,:> 1048 ,:1 --,.86 , 8 2-3-2 

2-3- 2 
10118. 9 ~ 36 , 8 ---;. 0 3-2- 0 

1264 , 4 -? 86 ,8 - 0 2- 2- 0 

2- 2- 0 

2- 2- 0 

IJ58 , 3 - 86 ,8 ---> 0 3- 2- 0 

0- 2- 0 

2- 2-0 

My!Ib T !iiT011bH OC T b P a6oTo 
n e p:)XCD.-3 

:; 6 

11 +J.. ' ') ~b 4
) 1~71 

n 1-\JHI n + J. , 5% ') /'.. 5/ 

, ... (1 , ) -t 'i, 2 )%0 / 1':J/ 
-

, t~ , J7b '-' /17/ 

II I t4/ 

n + 4 0 , 2% <.> / L"J/ 

ll + 4 o, 25% Q /l 'J/ 

. 11 . ' o,I% '·' /J. J/ 
n +{- 0 , ?% (> / J. IJ/ 
<.' + ( If , 5:_ 4 , 2 )% II / l 'l/ 

"I . 11 >3600 / J J/ 

f) •·(4:.:l , 5)%" / J. 4/ 
(_l jo (3 , 5:.2 ,'J ),.b11 j. ')/ 

'! + <- 1 , ?% IJ / l':i / 

5 G 

(_) +~ O, <J% " /17/ 
Q +(lli , 5:_1J, 5) 1' /15/ 
Q +(0 , 6• 3 , 3)1l / 19/ 

0 + 3~ 11 / lJ/ 
11 +(2 , 5:_1,5)% Q /14/ 
n + :E:, O, 9% n / 19/ 

n + 3:J% r_1 /i J/ 
IJ +( ll:_7);;; (' / 14/ 
ll +~ 1 , 2% <,l /J.. "J/ 



"' '" 

I 

6 . 

7 . 

n. 

-
9. 

-
IO . 

II . 

- -
r ·) 
J ' . 0 

1J. 

I 4. 

I5 . 

}." 3 neprnn 
nepexoaa 

(K 313 ) 

I 2 

I. 86 , 8 

2. 93, 9 

3. I97 , 0 

4. 215,5 

5. 298,6 

2 

309 ,5 

392 , :1 

6W' , ? 

765, J 

D79 , :? 

9(,:> , I 

9G 5 , b 

IOO? , 7 

tTI5 , 0 

T[77 , 7 
-

Ta6naua 4 

J X 10
3 

J\·\ynbTHil O.rlbiiOCTH npuHSITbJe Ko3¢$nuueHTbl KOHeepCHH a 
nepeXOJlOB , B LJ T e - MynbTK nOnb-

Ha6mo-

T eopeTu"'eCKife auatteHHSI I Ka JOwH e u3 KBK HOCTU I 
JWCMBSI 

3KcnepuMeHT. 
nliH USI 

3Ua'-leHJHt 

EI E2 :.II !J2 

3 II 5 6 7 8 9 IO 

I' I740.t280 38I I550 3080 27300 E2+( O• IO ) ~~J:! I E2 
I., 135.± 35 36 I40 '135 7100 

~I I050.ti20 9 ,4 go-./ J 35 , 5 775 

~II I050.ti20 I2 , 5 II20 5 , 8 I450 

y 
N T750 305 IJOO 2450 20500 !H+E2 111111! El +L12 I.II+E2 

E2 1600 E2+(0+I 2W'.!1 4::: , 6 168 305 

I 

y 166.ti8 
?70 Ll 17, 9.±2, 6 4,7 17,5 39 , 8 

27 ,4.±3 , 3 0,65 26 , 0 :3 , I 31 ~I 
1111 20 , 8.±? , 8 0,80 21 , 2 0 ,50 28 , 0 

K 33,I.t3,7 33 , 2 128 238 IT70 E 1 + ~ 0 , 3%!,!?. EI+ ~ 0 , 3%M2 
4,02.±1,03 3,85 13, 6 30 ,5 193 

I<' 15,0ti,7 15 48 97 ,5 :192 EI+ ~0, 5% ~ !2 EI+~ 0 , 5%1,!2 

Ll 1,54.±0,22 I ,65 5,'12 12,9 57,5 

1,, 0,31.±0,05 O,I75 4 , 40 0,95 7,0 

" II 5 6 7 8 9 ~0 

u 

K IJ, 5.t2, 11 IJ , 7 4.3 , 8 90 348 EI+ ~ 0 ,7~:!2 EI+ ~ O, 7~iJ? 
v 3, 53.±1 , 49 7,65 2.3 , 6 47, 6 I6 :l EI+ { 2 ~;'!;? 21 +~ 2:0'!2 

y 6 , 03.±2, II ?, 26 5,77 II , 7 30 , 9 E2 +( 0+11o ) ;,; ·u 11!11 >f :s;> 
El+( D.± 7) ~~li::! 

1: 6 , 46.±0 , 97 I,79 4 , 52 8 , 80 22 , 9 E.?+( 2.>.6e)~:u 11!11!1 .c:: +( ;> J+60 );;·u 
T-; 1+( 22, 5.±11, 5)~J2 --

I" :;, :16.±0 ' 37 I , 38 3 , 37 6 , 21 16 , 0 .E2 + ( 0+IO)~: :r J.IJJH E2 + 1: I , s;;:.rr [ o, 5:!.t0 , 06 O, I7 0 , 435 0 , 825 2 ') ") ET+( I5.t3 ) ~~i.!2 
I 

, ~~ 

¥ :.> , I4.t0 , 60 I , 16 2 ,79 '1, 97 12, 5 E~!+ ( O+ih );SrJI 11JJH 22+( o , 6 +:1 , 3);~ ; rr I 0 , 'I JJ.±0 , 086 o , I'll 0 , 34 0, 565 1, 75 El+( Ib.t5 );.;i::? 
I -r: ; ) , 89.±0 , so I , I 5 2, 76 4, 92 I2 , 4 S? +( 0+.'30 )%i.!I >IJJ l1 E2 I 0 , 'IJ!I.±O, 09 5 O, IJL 0 , 365 0 , 66 1, 72 EI+( I5.t5)%J I2 
I 

I" 0 , h'I.±O, 19 1, 07 2, 5'1 !I, 52 II , 2 E1 ET I" 0 , 9b.±O, IJ 0 , 37 2, 0? 3, 4? 8, 5 f.l + ~3%:.12 EI + ~ 3;.:;;r2 I" 0 , 7131J.±0 , 0f:,7 0 , 785 I , 6I 3,0 ~ , ~~ EI+~I 1 5%]2 ":T '" £.. T. r,~·10 
I 

I o. r rr .... o. o :.> ~ ·- () ()0'7 (1 ') j,.., A 1, Tr:: 



"' ... 

"' "' 

f\V:::t'¥1'tl 411~HTbl l\.Uttlj~p\.: t111. a X lU 

)\• 3 Heprnn Ha6mo-
nepe xoLI.a ,ll8CM89 

T eop e T li'teCKHe 3Ha'teHHS1 
3K C OepHM6HT . 

( K3B) nHHUR 3H8 1.J. 6 HHSI 

E1 112 :n 

l 2 3 4 5 6 7 

1 . 86 , 8 r I740.t280 381 1550 3080 

I., I35.t 35 36 140 lf35 

I,, 1050.t120 9 ,4 995 35 ,5 

I, II 1050.t120 12,5 II20 5 , 8 

2. 93 , 9 
y 

N 1750 305 1300 2lf50 

3 . 197,0 
y 166.±18 4:::, 8 168 305 

t , 17,9.±2 , 6 4,7 17,5 39 , 8 

I,, 27,4.±3,3 0,65 26,0 3,1 

llll ?.0,8.±? , 8 o,so 21, 2 0,50 

4 . 215,5 K 33,1.±3, 7 33, 2 128 238 

4,02;!:1,03 3,85 13,6 30 ,5 

5. 298,6 y 15,0±1 ,7 15 I 48 97,5 

t , 1,54.±0, 22 1,65 I 5,112 12,9 

l .. 0;31.±0,05 0,175 4,40 0 , 95 

npoll0/DK6U H 6 T S 6JII!U b1 4 

!t l ') I II I 5 6 7 v 

I v. 1 I3 ,5,±2 ,lf I I3 ,7 43, 8 90 6 9 ,5 

7. 1 392+. r S,5J;I ,49 7,65 23,6 47, 6 

f: .• I 68~' , ? y 6 , 03.±2 , II 2 , 26 5 ,77 II ,? 

9 . I 765 , J I I~ I 6 , Lf6.tO, <J 7 1 1, 79 I 4,52 I 8 , 80 
I 

r~j m9 ,:' 
I 

I r :: , :16.±0 ' 37 1 , 38 3 , 37 6 , 21 

I 0 ' 5:!.t0 ' 06 
I 

0 , 17 0 , 435 0 , 825 

II. I % :' , I I F :3 , I4.t0 , 60 I , 16 2 ,79 11, 97 
I 0 , '13J.t0 , 086 o , ILl I 0 , 34 0 , 665 I 

T:>o I 9G5 , h I F :' , 89.±0 , 50 I , 15 2 , 76 4 , 92 
1 0 , '1 3'1.±0 , 095 O, DL 0 , 365 0 , 66 I -----1--· 

1 J . .:00? , 7 r 0 , b'I.±O, I9 1, 07 2, 511 !1, 5? 

I 4 . IT I5 , 0 r 0 , % .±0 , IJ 0 , 37 2,0? 3 , 4? 

15 . T f77 , 7 r 0 , 7E8.;t0 , 0G7 0 ,785 I , 6 I 3 , 0 
1 
-I O, :IG+O, O:.!L 0 097 0 , 21f7 .b: !115 

l6 . 1 TI< ') , ~ I 1' 0 , bO.±O, I:.! 0 , 763 1,75 :) , 87 
-

~ 'I ' 0 , G:lJ:.±O, 075 0 , 6bl I , 56 ;) ' !+0 ' , :J . 

l I "' O, IO:J 0 1 0f,5 0 , :!00 0 , :155 
[ . j I 0 , 55I.t0 , 078 O, G'f5 1, '1 7 :' , JO ~-):.~--

I 
"J ··- ••••• ~ - -- • - -- - 11j-Jilll71 1 Dl "" 

nepexonos, BbJ Te- MynbTKnonb-

I KB lOW H e H3 KBK 
I 

HOCTU 

~,!2 

8 9 10 

27300 I 1::2+( O• 10 )~:; ! :II E2 

7100 I 
I 

775 
1450 

20500 lH+E2 mat E1+Ll2 l.l l+E2 

1600 E2 +(0+ 12)).~.1I E2 

~'70 

31 
28 , 0 

IT70 EI+.£: 0,3%!11?. E1+ (, O, 3%M2 

193 

~9 2 EI+~o,5%:!2 .si+~ o,s%:112 

57,5 
7,0 

8 9 I O 

348 EI+~ 0,7%:!2 EI +~0 , 7;;; ;p 

16:! EI+.f 2 7;'12 ::1 +~ 2~:!2 

30, 9 E2 +( 0+110)%:U >!Jll! I E;) 

E1 +(IJ.±7 ) ~~l.i :2 

I :!2 , 9 I E2+( 2J..68)~;.!I VIJJI1 ! E2 +(:' J+60 )%·n 
B1 +( 22 , 5.t'l , 5 )~J?. 

16 , 0 E2+(0+IO)%:;r I!JH! I E2+ ~ r , s~; :.r r 

2, 22 E1+( I5.t3) ~~i.I2 

12 , 5 'S ~! + ( Of-;1;1 );SIJI HJ!H I E2 +( o , 6 •:1 , 3 );;;; n 
1, 75 EI +C.Io.±5 )~; ::? 

12 , 4 E? +(0+30)%;n ~!JIH I E2 
I , 72 :;;r+C I5.t5)%rr2 

II , 2 EI ET 

8, 5 EI+ " 3%:.!2 in+~ 3~J2 

7 , 35 
1, 05 

EI + ~ I ,5%:.t2 '~I 1- .!, I , 5%:12 

6 , 97 ?. I+ ~ 2, 5::011? ~I+~ 2 , 5;;:r2 

5 , 97 21+~ 0 , 5~!1:! :·;I+ .!S o , s~~r: ~: 

=] o , ::6 

5 , 50 : r+ ~ ?5"~'!2 ~I +~ :~~ ~ · r) 



Ta6nHua 5 
Ta6nHua 6 

Eana ac IIHTencHoHocTeil nepexoaos , conposoY llBiOWHX 
At'ScomoTHbJe uuTencn aHOCTH nepexoLJ.OB npu pacnane 

1 
fO Tb 

pacnan 1 ~ 0 Tb 
]\tyN~ 3uepruR J al 

nn nepexona 
K+L+M ( %) ly( ,, ) J nepexona ( %) 

i 3 6, 8 61'i , 0.!_3 , 2 .._J , 8.::.1 , 4 7~ , 8.::.3,5 

2 93 , ':1 0 , 10.::.0 , 02 0 15+0 03~) 0 , 25.::.0, 03 ' -, 

Y poaeHb flpHXOilJIT YXOilHT 

F ](%) E J('!O 

3 J. 9? , 0 1, 32.::.0 , 04 5 , 3.::.0 , 5 6, 62.::.0 , 5 -
i 2 3 4 ~ 

4 215 ,5 0 , 16!,0 , 0.;. ~. 2 3!,0 , 45 4 39+0 45 ' -' 0 86,8 7Y ,8 

5 230 , 7 .C. O, l'C3 a) 0 , 00.::.0 , 02 o , os.::.o , o2 
::165 , 8 25,C 

6 298 , 6 0 , 46!,0 , 03 26 , 0.!_2 , G 26 , 46!,2 ' 60 II Toro: J.0.:. , 8+6 , J. 0 0 

7 30':1, 4 O, 012.::.0 , C015 0 , 8':l!,O, J.O C, 9C.::.O , .i.O 

8 337 , I <. 0 , 0035 a) 0 , 32£0 , 04 0 , 32.::.0 , 04 

9 392 , <+ 0 , vu..::.o , cc1s J. , 29.::.0 ' .i.4 1 , 30.::.0 , .L4 

10 486 , 5 .C. 0 C00 a) o , 12.::.0 , 03 0 , 12.::.0,03 
' 

1I 682 , 2 0 , 005.!.0 , 0C: .:. 5 0 ,83.::.0 , i.6 0 , B:t.::.O, 1.6 

.i.2 765,3 0 , 012:J.::.O, COJ: 1 , 93!,0 , 25 1 , 94.!,0 , 25 

13 872 - < 0 , 18 < 0 , 18 

~4 679, 2 0 , 123!,0, 06 30 , 7.::.3 , 1 30 ,83!,3 ' 10 

.L 5 '162 , ;_ O, C35.i..::.0 , 002 9 , 24:_1 ,80 9 , 28.::.1 , 80 

16 965,8 0 , 0885.::.0 , 005 24 , 9.::.5 ,0 25 ,0.!_5 , 0 

~r n 197 , 0 6, 62 86 , 8 79 , 8 u0 , e 

879 , 2 3C,83 

952 , 1 ~ . 28 

i06~ , :0 o,cs 
Il77 , 7 J.5 , 21 

ilYY , S 2 , 24 

.L27l,5 7 , 78 

lJJ.L , e 2 , 92 

H Toro : 71.! , 'J2.::.4 ,.._ 79 ,8!,3 , 5 

J..7 J.002,7 o, 0008.::.0 , 0001 5 0 , 95!,0,12 0 9~0 12 , -' 283,8 682 , 2 0 , 84 J.97 , 0 6 , 62 

i & .i.069 - <. 0 , 08 < 0 , 08 765 , 3 .i. , 'J4 

19 .i.l02 , 3 <. 0 , 0005 a) 0 50+0 06 0 , 50:_0 , 06 , -' 872 0 , 18 

20 .Lil5 , 0 0 , OClG!,O , OOOJ. 1 ' 63.::.0 , .:.8 J. , 63.::.0,lb 

21 J.J.17 ,7 0 , 014.::.0 , 001 J.5 , 2!,J., 5 J.5,2.::. ... . ~; 

22 u 99 , S 0 , 002.::.0 , 0002 2,24.::.0 , 25 2, 24.::. q25 

2J 1250 ,8 < 0 , 0002 a) 0 , 15.::.0 , 025 C, I5.::.0,025 

24 1271 , 5 0 ,006!,0, 0006 7 , 77.::.0 ,7 5 7 , 78.::.0 ,7 '] 

25 1Jll , 8 0 , 002.::.0 , 0002 2 , :-;z.::.o , 2 ~ 2 , ':12.::.0 , 29 

1002 , 7 0 , )5 

.LJ.02 '3 0 , 50 

1J.l5 , 0 I , G3 

..:.250 , 8 0 , 15 

J..1Toro: 6 , 19.::.0 , 39 6 , 62.::.0 , 5 
-~ / 9 / 

a) - UHTeHCIIBHOCTH KOHBepCHOHHb!X aneKT~?~9B H3 pat50Tbl • 

15) - liHTeHCHBHOCT b y -ny~eA H3 pa60Tbl . 
a) - npe.aen HHT eHCHBHOCTH KOHBepCHOHH biX 3lleKTpO HOB 1 Dbl ttHCll e HHblli npH npeo-

nOllOmeHHH MYllhTnnonbHOCTH El. 

27 
28 



Ta6nHua 5 

JT Kbie nHTeucusHoCTH nepexon.os npH pacnane 
1

~
0

Tb 

r HR 

:o.aa 

18 

I ':I 

~0 

,5 

, 7 

, 6 

, 4 

, I 

, .. 
i, 5 

' , 2 

13 

12 

, ... 
,8 

,7 
:; 

2, 3 

5,0 
7,7 
Si ,o 
0 ,8 

1 ,5 
.... ,s 

J a) 
K+L+M ( %) 

6fi l ~3 1 2 

0,10!,0 102 

i l32!,0, 04 

0 ,16!,0 , 0..: 

L 0 , 003 a) 

0, 46!,0 103 

O, Ol2!.0, C015 

< 0,0035a) 

v,v ... J.!.010015 

L O, C00 a) 

o, oos.!.010C: ... 5 

0 ,012::>.:.0,COJ: 

0, 123!,0, 06 

O, G35.i.!,0 , 002 

0, 088 5!,0 , 005 

0, 0008!,0, 000l5 

< 0 ,0005 a) 

0 , 0016!,0 ,000.!. 
0 ,014!,0,001 
0 , 002!,0 , 0002 
~ 0,0002 a) 

0 ,006!,0 , 0006 
O,C02!,G,0002 

ly( •; ) 

... J , 8!,l , 4 

0 , 15+0 o}l) - , 
5 , ~!.0 , 5 

.:. , 23!,0 , 45 

0, 00!,0 ,02 

26,~2 , 6 

0,89!,0 , J.O 

0,32£0,04 

.~., 29!,0 , l 4 

0, 12!,0, 03 

0,83!,0 ,.1. 6 

1 ,9::l!,0, 25 

< 0,18 

30 ,7!,3,1 

Y,24!,1 ,80 

24, 9!,5,0 

0 , ':1 5!,0, 12 

~ 0 , 08 

0 50+0 06 , -' 
1, 63!.0 , .:.a 
.!.5 , 2!, ... 15 
2124!,0 ,25 

0,15!,0 ,025 
7 ,77!,0 ,75 

2,:72!,0, 2::1 
/ 9 / 

C IIBH OCTH KOHBepCHOHHbiX sneKT~?~?B H3 pa60Tb1 

J nepexona (%) 

7Y ,8!,3 , 5 

0 ,25!,0, 03 

6, 62!,0, 5 

4,39!,0 ,45 

0 , 08!,0, 02 

26 , 46!,2 , 60 

0 1 90!,0, 10 

0,32!,0,04 

1 ,30!,0 ,.!. 4 

0 ,12!,0 , 03 

0,54!,0,16 

1, 94.!.0 , 25 

< 0, 18 

30,83!,3110 

9, 28!,1 ,80 

25 ,~5,0 

0 :/~+ 0 12 I -I 

< 0,08 

0 , 50!,0106· 

.1. , 63!.011& 

.l5,2!,.c 15 
21 2Lf!, q25 

0 ,15!,01025 
7178!,0 ,7':; 
2 , ':12!,0129 

CHBHOCTb y - ny'leit H3 pa60Tbl • 
n HHTeHCHBHOCTH KOKBepCHOHH bi X s n e KTpOHOB , Bbl'iHCn e HHblfi npH npeLl-

<e HHH MynbTnnonbHOCTH E 1. 

26 

Ta6nHua 6 
EanaHC lfHTeuc uoHOC Te fi nepexonos, conpono>"- naiOWHX 

pacnan 1 ~ 0 Tb 

YpoaeHb npuXOUIIT Y xoanT 
PaaHOCTb {% ) 

F J(%) E J (j[) 

1 2 3 4 5 6 

0 8618 79 18 

::f65 ,8 25 1C 
l 1Toro: J.O.:. I 8:_6, .l 0 0 .!.04 , 8+61.!. 

~ r n 
00 , 0 197 10 6162 86 18 79 18 

879 12 3C , 83 

962 11 9, 28 

iC6~ ,D olcs 
Ii77 , 7 .1.5 121 

.dY':i , 3 2124 

I27i 15 7, 75 

lJd , C 2192 
YI Toro: 7tti ~2!,4 ,J.. 79 18!.315 4 y+5, 4 

I -4, 9 

283 ,8 682 , 2 0 184 .1.':17,0 6162 

765 ,3 .i. , :.14 

872 0118 

.i.002 , 7 O, J5 

l.l02 ,3 0 150 

.l..l..i.5 , 0 I , G3 

.1.25018 0115 

J.1 Tor o: 61.i.9!,01S9 6, 62!,0 , 5 0 43 ... g1 d l 1 -v 1 4~ 

27 



'I 

I' 

n ponon >Ke HHe Ta6nHUhl '6 

I 

1 2 3 4 5 6 
I 

0,34 :1 65,8 298 , 6 26 , 46 682 ,2 I 

I 
392 , 4 1,30 879 , 2 30,83 

I 
Y65,a 25 , 0 I 

I -
I 

I 
V1 Toro: 27, 76::_2 , 7 56, 67,!.5, 9 28 , ~.!. 5 , 5 

0 

I 

I 1048 ,3 21.5 , 5 4,39 765,3 1, 94 

309 ,5 0 , 90 962 , .1. 9, 28 
'I 337 ,1 0 ,32 

I 4S6 , 5 0, 12 ! 

! l-1Toro: 5, 73:_0 ,4'7 u , 2e.!.2 , .1. 5,49.!_2, .1. .1. 

.!.i55 , G 230,7 "-' 0,082 (872) <.. O, IS 
1069 N 01 08 

I MTor o: N 01 08 N 01 26 <. 0 ' 18 I 

I 1264 , 4 93 , 9 0,25 21.5 ,5 ;1 , 39 ! 

298 , 6 26, 45 
ll77' 7 .1.5,21 

YfToro: 0 25+0 03 ' -' 46,06.!_3 , 2 45 ,8,!_3 , 2 
.. 

12815, 5 0 1002 , 7 0, 95 
II99 ,8 2 ,24 

11 Toro: 0 3,lY+0,29 3 ,.1. <:!+0 ,29 

I 1358 ,3 0 93 ,9 0 , 25 
309 , 5 O,YO 
392 , 4 1 ,30 

127J: , 5 7,78 
J.1 Toro: () 10 ,23+0 81 10 2+0,8 

1385, 9 I 0 230,7 0, 08 

I 

I 337 ,1 0, 32 
1102 ,3 0 50 

J.1 Toro: 0 0, 90:!:.0 , 07 0 , 90:!:.0, 07 

1398 ,5 0 Hl5 , 0 1,63 
1311 , 8 2 , 92 

J.1Toro: 0 4, 55.!_0,34 4,55.!_0,34 

28 



npoOOn >Ke HHe Ta6mi llbl '6 flpoaomr:e Hue Ta6 .. uUbl 6 

--

2 3 4 5 6 l. c 3 " 5 r. 
v 

298 , 6 26 , 46 682 , 2 0 ,34 i 534 , 6 0 4Pt:; " ;.;v t - 0 , ... 2 

392 ,4 I , 30 879 , 2 30 , 83 .:.250, 8 O, .i.5 

965 ,8 25 , 0 -
YI Tor o: 0 , 27!,0 , 04 0 , 2'1!,0 , 04 

J.1 Toro: 27 , 7G:__'t!. , 7 56, 67+5, 9 28 , ~+ 5 , 5 
--· - -

215 , 5 4,39 765,3 1 , 94 

309 , 5 0 , 90 962 , l 9 , 28 

33'7 , 1 0 ,32 

406 , 5 O, .i.2 

J.1 Toro: 5 , '73 ... 0 , 47 11 , 22+2 ,1 5,49+2 ,l..i. 

230 ,7 tV 0 ,082 (872) 4.. 0 , 13 

1069 N 0 1 08 

11 Toro: N 0 1 08 N 0, 26 <. 0 ' 18 

93 , 9 0 , 25 215 , 5 ;1, 39 

2':18 , 6 26 , 45 

ll77 t 7 l5,21 

J.1Toro: 0 , 25+0, 03 46, 00+3 , 2 45 ,8+3 , 2 

0 1002,7 o , ;;5 

II99 18 2 , 24 

11Toro: 0 3 , l 9+0,29 3 , 1':1+0 , 29 

0 93 , 9 0 , 25 

309 , 5 0 ,90 

3:12 , 4 1 , 30 

127J:, 5 7,78 

H Toro: () 10 2.3+0 81 10 , 2+0 , 8 

I 
0 230 ,7 o , os 

337,1 0, 32 

1102 3 0 , 50 

H Toro: 0 0,9CJ::.0, 07 0 , 9CJ::.0 , 07 

0 1H5,0 1, 63 

1311 , 8 2 , 92 

J.1 Tor o: 0 4, 55!,0 ,34 4, 55!,0 , 34 
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"' 0 

(t~, (EZ,J;Ki -t]l r B 
t'> (E2,J,Ki -.J~l)~ 

(El,22. ~ 00) 
(E2~2 ~20) 

Y> 
B 
B (£2..'22 _, 40) 
B(E2,22_. 20) 
B~2 1 32.., 40l 
B(£2,32-"20) 

B(EZ142...,20) 
&(E2,42 ... 40) 

HcxoaHbiA 
ypOB9Hb 

( aKeprnH) 

1264,4 

1286,5 

1358,3 

1398,7 

19i 
!OaK " ap. 

0 , 53 

0,095 

0, 81 

-

Kon e'IHblif 
ypoaeub 

ITtlo.: 

2+2 
3+2 

2+0 

4+0 

2+2 

3+2 

2+0 

-

Ta6nHua 7 160 
OTHoweauR npuae.aeHHbi X aepowrnocTeR E2;ne pe xo.aoa a Dy 

nonocaMH · Y" c 2+ Y." -= 0 

Te opHH 
3KcnepH M e H T -·---· ---- --~--

/ 15 / LlaKKble ~~0 12 11 HawK 6e3 C nonpaaKoA 

MuxaanHC nonpaaKB z - n.os pacnally Ho Jl8HHbl9 2 

o, :J:>. 0,58,±0 ,06 0 ,51.±0,05 0,70 0, 52 

0, 082..±._0 , 012 0 ,05 0,086 
0,05 0,059.±0,010 

0,66,±0 , 15 0 ,~0 0,75 
0, 35 0 , 65,±0,10 

0, :21.±0, 04 0,15 0 , 84 o, 16 
-

T al5nnua 8 
0 THOllJeHHR npuaeneHHbiX aepostTHOCTeR EfeOnepexo.o.oa c ypoaHeA 

oTpHilaTenbHOfi qQTHOCTH a rutpe Dy 

3 K C n e p -~ ~ : H T T e 0 p H S1 
-

/9/ /15/ 
! 1 e 2 It ~ 3 

!OaK " ap. Muxaanuc Halllu 
ll8HHbl8 K1= I Kj~2 l'j ~ 0 y t= I Kt~2 Kt = 3 

2, l~.±O, 2 2, 3,±0,6 2, 3,±0,3 0,5 2,0 - o,n 0,7I 0,86 

1,70,±0,35 1,9.±0,8 1,37,±0, 22 - - 0,75 1,33 - -

0,80,±0, 15 - 0,72..tO,II 0,5 2,0 - o,n 0,7I 0,86 

-

0,96,±0,10 0,80,±0,33 1,10,±0, 33 - - 0,75 1- 1, 33 1 - -



"' 0 

"' ... 

(1~\ B(E2.,JiKi_,)j J-J 

~(E2,J,Ki _, J}l)Ki r, 

& 
B 

£2122 __, 00) 
(E.2122 ~20) 
,(E2.22 __, 40) 
,(£2.,22-> 20) 
llf-2,32-) 40) 
~(£1.,32 .... 20) 

~(E2 1 42.--t20) 
&(E2,42..,40) 

HcxollHbiR 
ypoaeHb 
( :>HeprHSI ) 

1264,4 

1286 , 5 

1358,3 

1398 ,7 

/ 9 / 
IOaH H llP· 

0 ,53 

0 ,095 

0, 81 

-

Kou e 'IHblll 
ypo s eub 

I TT K 

2+2 
3+2 

2+0 

4+0 

2+2 

3+2 

2+0 

4+0 

Ta6naua 7 
OTaoweHHSI npuae.neHHbiX seposrruocTeA E2-ne pe xo.aoa a 

160 
Dy Me >Kll.Y 

nonocaMB . Y" ... 2+ Y,
17 c o+ 

- -, 
Te opH SI 

3 K C n e p H M 9 H T -·-- ~ ...... ----·--
/ 15/ 

Muxaansc LlaHHbie ~!'o 121 1 
H awa Eea C nonpaaKoli 

pacna.ny Ho ,ll8HHb1 9 
nonpa BKB z - 0.05 

2 

o,=>?. 0,58.±0,06 0,5I.±0,05 0 ,70 0 ,52 

0 ,05 O,G59.±0,010 0,082.:L_0,012 0 ,05 0,086 

0,35 0 ,65.±0,10 0,66.±0,15 0 ,!+0 0,75 

- 0 ' '21.±0 '04 0,15 0, 34 0 ,16 

T a6nuua 8 
0 THo w eHHSI npuaeaeuHbiX eepoSITHocTeA EteOnepexonoa c y posue A 

OTpunaTenhnoA 'I ~THOCTH s Ra pe Dy 

3KCnepHM9H T T e opH SI 
-- -- -

I t ~ 2 IJ ~ 3 
/ 9 / / 15/ 

IOaH H llP· Mnxaanuc H a wn 
Jl8 HH bl9 Kt= I Kje2 lit ~ 0 li t= I Kj e 2 Kj=3 

2,Lf.±0, 2 2,3.±0,6 2, 3.±0,3 0,5 2,0 - o,n 0,71 0,86 

1,70.±0,35 1,9.±0,8 1,37.±0, 22 - - 0,75 1,33 - -

0,80_±0, 15 - 0,72.±0,II 0,5 2,0 - o,n 0,71 0,86 

-

0,96.±0,10 0, 80.±0,33 1,10.±0 1 33 - - 0,75 1, 331 - -
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