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Pa6oTa Bbmonaeaa coBMecTHO c coTpyAHliKaMH 
·TamKeHTCKoro nonnTexanqecKoro HHCTHTyTa. 
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I1ccneJlOB8HIUI CTpyKTypbl OCHOBHbiX H B035y:a{JleHHbiX COCTOSIHHH.: aTO~ 

HbiX SIJlep C He'IeTHbiM A npencTaBnSIIOT HHTepec nnsr BhiSICHeHnsr .. npe.tle~ 

noB npHMeHHMOCTH MOJlenbHbiX npeJlCTaBneHHil: 06 9THX .srnpax •. C. TO~KH .SP 
Hnsr coBpeMeHHhiX npencTaBnennil: He'IeTHbie · srnpa c 93, 95 n 97. ueil:'I,'pt)ira~ 

JlOn)I(Hbl o5naJl8Tb CXOJlHbiMH CBOil:CTBaMH: CpeJlH B035y)I(JleHHbiX COCTOSIHHH 

9TH X .SIJlep JlOn)I(Hbl llpO.SIBnSITbCSI OJlHH H . Te . )l(e OllHO'IBCTH'IHble COCTOSIHHSI 

cxeMbi ypoBHeil: Hnnbccona. 3Toil: pa6oToil: Mbi Ha'InHaeM ny6nHKauniO HOBb 

peaynbT8TOB. H3y'IeHHSI CXeM pacnana H30TOITOB TynHSI 161, 163 H 165 H 

niOTeUHSI 167." 

I1aoTonhi nonyqanncb B peaKunn rny6oKoro oTmennennsr npn o6nyqeHJ 

TaHTana npoToHaMir' c aneprneil: 680 MaB. 

1. Pacnan 161 Tm ... 161 Er. 

I1aoTon Tynnsr c MaccoBbiM tincnoM 161 BnepBbie ua6nronann Mnxe
/ 1,2/ 

nnK n np. . npn 6oM6apnnpoBKe ap6n.sr npoToHaMn c aneprneil: 20 M~B. 

fiepnon nonypacnana aToro naoTona no nx naHHhiM paBeH (30:!:..10) Mnu
111

• 
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J1ccneJlOB8HIISI CTpyKTypb! OCHOBHbiX H B030Y)I(JleHHbiX COCTOSIHHH_, aTOM-

HbiX SIJlep C HetieTHbiM A npencTaBnSIIOT HHTepec nmt BbiSICHeHHSI,. 'ripene,.; 

noB npnMeHHMOCTH MonenhHbiX npencTaBneHnli: o5 aTHX- SIJlpax. · C 'i'otiKH _ape~ 

HHSI COBpeMeHHbiX npeJlCTaBneHHii: HetieTHbie. SIJlpa C 93, 95 H 97. Heii:~pQH8MH 

JlOn-)I(Hbl OonaJlaTb CXOJlHbiMH CBOii:CTBaMH: cpeJlH B03oy)I(JleHHbiX COCTOSIHIIM 

3TH X SIJlep JlOn)I(Hbl npOSIBnSITbCSI OJlHH H . Te . )l(e 0JlHO'I8CTH'IHbie COCTOSIHHSI 

cxeMhi ypoBHeii: HnnhccoHa. 3Toii: paooToii: Mbi HatiHHaeM nyonHKaunro HOBbiX . 

peaynhTaToB naytieHHSI cxeM pacnana naoTonoB TynnSI 181, 183 n 185 n 

niOTeUHSI 187 •. 

11aoTonhi nonyqannch B peaKUHH rnyooKoro oTiuenneHHSI npn o5nytieHHH · 

TaHTana npoToHaMH c aHeprneii: 880 MaB. 

1. Pacnan 161 Tm ... 161 Er. 

11aoTon Tymm c MaccoBbiM tincnoM 181 BnepBbie Haonronann MIIxe-
11 2/ 

nHK H np. ' npn 5oM5apnnpoBKe apoHSI npoToHaMn c aHeprneii: 20 M·aB. 
Ill 

ITepnon nonypacnana aToro naoTona no nx naHHbiM paBeH ( 30±_10) MHH • 

3 
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. /2/ 
flpH IICCne.llOB~HIIJ;I C!IeKTpa KOHBepCHOHHbiX '9neKTpOHOB 6binii 06Hapy)J\eHbi 

. K -nHHIIH "'eTbipex raMMa-rrepexonoB: 84,4 ( 1000), 143,9 ( 100), 146,8 

(330) II 172,1 K9B (210) (B CK06KaX YK838Hbi OTHOCUTen,hHbie HHTeHCHB

HOCTH K -nHHHfi). 
161 

Tm o6aapy)J(eH TaK)J(e cpenii rrponyK'l'OB p0.aKUHII rny6oKoro pac-

merrneanH, !IpH o6nyqeHHH T8HTanoBOH MHllieHH IIpOTOH8MII C 9Heprnefi 
/3,4/ . /3/ 

'680 M9B •• nanxcypeH II np. II3MepnnH rrepnon rronypacrrana 
161 ( /4/ 
·. Tm-:- T 1; 3 = 37:!:..5) MHH. A6nyMannKoB II np. nayqanii crreKTp KOHBep-

cnoHHbiX 9neKTpoHoB TynHSI-1'61 II o6Hapy)J(HnH 29 raMMa-rrepexonoB. Ha oc

HOBe nony"'eHHbiX naHHbiX 6bma npenno)J(eHa cxeMa pacnana, BKmo~aBrnaH 

B ce6S! ypoBHH 5/2- 59,5 K9B II 7/2- 143,95 K9B pOT8UIIOHIIOH nonOCbi oc

HOBHOrO COCTOHHHSI (3/2- /521/) II 5/2- 172,0 K9B II 7/2- 250,0 K9B po

T8UHOHHOH llOnOCbl COCTOHHHSI .5/2- /523/. flpennaranHCb TaK)J(e ypOBHli C 

9H~prHSIMH 146,7 II 353,8 K9Bo 

B iiacToHmefi pa6oTe nponon)J(eHbi nccneaoBaHIIH cneKTpa KOHBepcnoHHb!X 

9neKTpOHOB II H3y"'eH raMMa-cneKTp TynHH-161. 3TH HOBbie .ll8HHbie1 a TaK

)J(e HOBbie peaynhT8Tbt' ClleKTpOCKOllli"'eCKOro H3y"'eHUH SI.llepHbiX peaKUIIfi, 
/18,19/ . . 

·IIpHBO.llHmHX K o6pa30B8HliiO 9p61ISI-161 , !103BOnHnH llOCTpOHTh cymecT-
161 

B,eHHO 6onee nonnyiO cxeMy, pacnaaa Tm. 

YcnoBIIH 9KcnepnMeHTOB H nx peaynhTaTbi 

161 
I1aoTon Tm Mbi nony'lJanii. B peaKuun rny6oKoro pacmenneHHH npn 

o6nyqeHHII TaHTanoBofi MHrnenn rrpoToHaMH c 9Hepriiefi 680 M 9B na BHy'l'peH

HeM ny'lJKe CHHXpOUHKnOTpOHa llpH TOKe llpOTOHOB 2,3 MKa. 06ny'lJeHHH TaHTa

noBbiX MHllieHefi llPO.llOn)J(anHCb OT 0,5 .llO 2 'lJ8COBo 113 o6ny:t~eHHOH MHllie~~ 

BbinenHnHCh 9neMeHTbi rpynrrbi penKHX aeMenh, KOTOpbie paanenHnHCh xpoMa-
/~ . . . 

TOrpa!fJH'lJeCKIIM MeTO.llOM • flony'lJeHHaSI TaKHM o6pa30M cyMMa H30TOI10B 

4 



Tynmt, o6pa3oBaBUil!XCSI B Ml!UieHl! rrpll o6ny'leHl!l!1- cjlpaKUl!SI Tynl!SI -ucrronh-

30Banacb anst .rrpl!roToeneHl!SI l!CTO'IHI!KOB anst oeia-crreKTporpacjloB l! raMMa

crreKTpoMeTpa. McTO'IHl!Kl! anSI oeTa-crreKTporpacjloB l!3I'OTOBnstnl!Cb MeTo-
/6/ 

aoM aneKTpOnl!Tll'19CKOI'O oca~aeHl!SI Ha rrnaTl!HOByro Hl!Tb allaMeTpoM 

0,1 MM1 8· anSI I'8MM8-CI19KTpOM9Tp8 - ITyTeM Bbll18pl!B8Hl!SI p8CTBOpa 1 110-

ny'leHHOI'O rrocne xpoMaTorpacjll!'lecKoro pa3aeneHl!SI 1 Ha TOHKofi anroMlllill·

enofl cjlonbre. M3MepeHHSI Ha'll!Hamich 'lepe3 1 ;5-2 '!aca rrocne KoHua oo-

ny'leHl! st •. 

McciieaonaHl!SI c;rreKTpa KOHBepcrroHHhiX aneKTpoHOB rrpoH3BoarrnHcb c 

llOMO!llbiD Tpex 09T8-C119KTpOrpacjloB C llOCTOSIHHbiM oaHopoaHbiM M8I'Hl!THbiM 
/7/ . 

rroneM • Pa3peUiaromast crrocooHocTh crreKTporpacjloB - 0 104 - 0 107%. Ilnst 

perrrcTpaUllll aneKTpoHoB l!crronb3oBaHbi c!JoTorrnacTl!HKll Tl!lla HMK<PM-P-50JL. 

To'IHOCTh orrpeaeneHl!SI aHeprl!rr raMMa-rrepexoaoB obma B aTrrx OllhlTax 

He xy~e 0,05% (eM. Taon 1), 'lero yaanocb aool!ThCSI 1 ncrronh3YSI anst 

rpaaynpOBKII 3H9priiii nl!Hllll KOHB9pCI!OHHbiX aneKTpOHOB II30TOI10B
160 

Ho 

161 Ho II 166 Tm 
1 

167 Tm 1 KOTOpbi9 coaep~8lliiCb B IICITOnh30BaHHhlX Ha-

MII IICTO'IHllKaX. 

3Heprnrr raMMa-rrepexoaoB 1 B03HllKaroUinx rrpn pacrraae rrepe'll!cneH
/8-11/ 

HhiX H30TOITOB 1 orrpeaeneHbi B c TO'IHOCTbro 0,005-0,02%. MHTeHCIIBHo-
" · u/12/ 

CTII lliiHl!II Ollpeaenstnl!Cb 110 llllOTHOCTl! 110'19pH9Hl!II • 

MccneaonaHl!SI raMMa-crreKTpa BbiilonHeHbi c rroMOIQbro raM Ma-crreKT-
. . 113/ 

poMeTpa c rronyrrpoaoaHl!KOBhiM Ge ( L1) - aeTeKTopoM • t{yncTBHTenh-
3 

Hblll 00o9M aeTeKTOpa 6,4 CM 1 pa3pelllaiDUI8SI CllOCOOHOCTb CI19KTpoMeT-

pa - 31 5-4 KaB. KpHBaSI acjlcjleKTIIBHocTl! perl!CTpaunH raMMa-ny'lefl obma 

rrony'leHa C l!CilOnh30BaHl!eM l!CTO'IHI!KOB 

He xy~e 10%. 

226 Ra ll !69 Yb 

B Hcrronh30BaHHhiX HaMil l!CTO'IHI!Kax Hapstay c .161Tm 

C TO'IHOCTbiD 

coaep~a/Il!Ch 

II apyrl!e ll30TOI1bl Tynl!SI1 oopa3yiD!llll9CSI 11pll oony'I9Hl!l! TaHTana llpOTOHa

Mll c aHeprnefl 680 Man, l! l!X ao'lepHHe l!30TOilhi. B rrony'leHHhiX ciieKTpax 

5 



. 161 162 
BMecTe c nnHHHMH Tm Mhi Ha6mo.llann nHHHH Tm ( 21,5 MHH), 

163 ) 165 T ( · . 166 ( ) t67 ( ) Tm (2 qaca 1 m 29 qac), Tm. 7,7 qac, Tm 9,6.llH., 

161 ( 161 /14/ 
F.r 3 1 1 qaca) H Ho ( 2,5 qaca) ( CM. T86.:'1HUbl ne.llepepa H .llp. ) • 

" 115/ 
Mo;>KHO 6bmo TaK;>Ke O;>KH.llaTh rroHBneHHH nnn•m, cBH3aHHhiX c pacrra.lloM 

165 163 /15/ 
H3oMepoB Tm ( 12 MHH) n . Tm ( 11 MHH) • TaKHM o6pa3oM, rrpn 

n.lleHTHtPHKaunn nnHnii:, rrpnHa.llne;>Karunx pacrra.lly 
161 

Tm , neo6xo.llnMo 6bmo 

rr·pOH3BO.llHTh TIUaTenbHhlll OT6op •. f1pn 9TOM OCHOBHb!M KpUTepneM cny;>KHn 

nepHO.ll rronyp8CII8,ll81 C KOTOpb!M H3MeHHn8Cb HHT9HCHBHOCTb nHHlllle f1epn-

O.ll rronypaCII8.ll8 
161 

Tm ( 39±_3) MHH1 ITO HBIUIIM ll3MepeHHHM 1 38M9THO OTnll-

qaeTCH OT rrepl!O.llOB rronypacrra,lla .llpyrl!X li30TOIIOB1 CO.ll9p;>KaBIUHXCH B Ha-

16 I 
IUIIX l!CTO'IHIIK8X1 'ITO II03BOnHnO yBepeHHO Bbl.ll9nHTb nHHI!ll Tm , llnH 

6onee,To'IHoro yq~Ta 

Thi pa6oTbi Eaii:epa 11 

BKna.lla 1!3oTona 
162 

Tm Mhi ucnonh3oBanu 

/16/ 162 
.llP• , 1!3y'laBIUliX raMMa-crreKTp Tm • 

pe3ynhTa-

B Ta6nlllte 1 .ll8Hhi pe3ynhTBThi 113Y'IeHIIH cneKTpoB KOHBepciiOHHhiX 

aneKTpoHoB II raMMa-nyqeii: 
161 Tm. 

3Hepriiii Bcex raMMa-nepeXO.llOB1 3a 

IICKniO'I9HlieM nepeXO,lla 1838 K9B 1 .ll8Hhl no pe3ytlhT8T8M H3y'I9HIIH cneKTpa 

KOHB9pCIIOHHhiX aneKTpOHOB. 

IT~rpeiUHOCTII B onpe,lleneHIIII OTHOCliTenbHbiX IIH~9HCIIBHOCT9ll nliHlill 

KOHBepciioHHhiX aneKTpOHOB He npesbriUaiOT TPli.llUBTH npoueHTOB. ToqHoCTp 

onpe.lleneHIIH OTHO~eHIIll IIHT9HCIIBHOCTeii: niiHIIH1 6nii3KIIX no 9Heprllli II IIH

T9HCIIBHOCTli1 nyqrue. · B Tex cnyqagx, KOr.lla IIHTeHciiBHOCTh mrmm onpe.llene

Ha C Olllli6KOM 6onbiUe Tpii.llUBTII npoueHTOB ( cna6bie nliHllll linn niiHIIII' nO'ITli 

COBnB.ll8IO!Uli9 no 9Hepr1Ili C .llpyrliMII niiHIIHMH) nepe,ll 3HB'IeHII8M IIHTeH

CliBHOCTII llOCTBBneHbl 3H8Kll npii6nii3liT9nhHO Hnli M9Hbllle. K -nHHIIH nepe

XO.ll8 59,51 K9B He Ha6niO.llanach ( ee aneprnH 2 K9B 1 3a npe,llenaMII MIIHII

ManhHOH aHepriiii 1 perucTpiipyeMoii: na oeTa-cneKTporpa!jle) II ee HHTeHCIIB

HOCTh Bbl'IIICnena no T90p9TII'IeCKOMY OTHOIU9HliiO K/L l .llnH M 1-JiepeXO.llBe 

0THOCliTenhHbl9 IIHT9HCIIBHOCTli raMMa-ny'leH .ll8IOTCH C TO'IHOCTb!O He Xy

;>K9 20%. 
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~ 4.: 
5.\ 
6.1 
7 .j 
s: • i 
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IO.' 
II.. 

12. 
13. 
14. 
rs. 
16. 
I7. 
IS. 
I9. 

Et, K3B 

2 

(~,04 
27,92±.0,03 
45 ,54±.0,03 
59,51±.0,03 

(72,66±_0,1) 
77,05±.0,05 
7S,07t.0,04 
79 ,35±.U ,04 
84 ,40t.U ,03 
94 ,38±.0 ,03 
99, 76t.O ,04 

I05 ,S8±.0 ,02 
I07,22t.0,05 
II2,56t.0,03 
I22,55t.0,05 
I23 ,SOt.O ,06 
I2S,90t.0,07 
I3S ,6S±.U ,07 
I40 ,40±.0 ,07 

.,. 

T A E n hl U A I 

8HeprHH H OTHOCHT8HDH~e HHT8HCHBHOCTH nepeXO~OB, B03HHK8ID~X npH pacna~e 

I61Tm --p I6IEI" 

0THOCHT8RDH~e HHT8HCHBHOCTH 
B~BO,ll 

K L, L,, L... Mt. M~ M~ Jr 0 uynhTHUOnhHOCTH 

3 4 5 6 7 8 Sl IO II 

- - - - . 200 - - -
- 2000 . 300 -'~200 ! 500 ,-tG-o :)()\) '. MI 
- 2400 IIOO I50C 1 700 300 450 I EI 

• (20000) 2900 '1?36" ~0 :voo r§o ~ : MI+(3 ,4±.U, 7)% E2 
( ~ 200) o.c. I - - - - - - . 

: 
200 o.c. - - - - - --
700 50 ' 7SO 700 - rio I70 E2 

-!ISO ·-12. roo .;.go 2S' 2.~ E3 (E2) 
2IOOO. ·2ooo 300 120 sihe . 70 3~ Ml+ (1,5±.0,5)% E2 

200 25 I35 130 ~ 34- E2+Mf <21. 

3:JO 40 != 42.. - ....... ~ - - ,.. 

1500 

~-;; 
""'20 .t:";t 8,fJ5 L.~5" - MI. 

- 90 

j itts_ 2¥2. l.i-=1- I E2 (E3) 
I400 ISO 20 ~ .e:.lr] "'· 900 MI 

550 so· I~ 

~ ~ 
~· 

... ] 500 MI 

~ ~~~ 't 
. .._._, 

1'11-t E2 
.IJt. <~ 

. 
130 .,:IS 

== ~ ~ - 11-4 
I 50 20 flo/5 L4,j 1--J 

11tl-t/!L 

* 

.. 
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k - ' ... L .. 
i 2 3 4 

• ' 1 

s ' . ·6 7 8 9 

~Z-4S3,~u 

20. '-I43 ,92±.0 ,08 260 .. 4S :· 130 I2S S> LfP 3' 
2I. I46 ,6S±.O ,08, \ I~O I~. .IS ..... 2:. 

I 
4S ,;;- £--1 

012~. c.IS6,S2±.0,o8' 'I "o c:.,.s, _,. , ..... l - I , - -\ - " 

23. I62,88±.0,08 90 cna6. ), ) ,. 
I_ - - - -

-24. I72,0'S!_0,06 770 ' roo IO ;t!d e.r,-: "'-¥ -
. 2S. I72,92±.0,07 20 - -· . - ,- - -'· .. 

26. I78,4±.0,I 20 - - - - - -
~ 27.' I82,0±.0,I 20 - - - - - -
~ 28. ' 190 ,3±.0 ,I 130 IS "'20 - - - -

2.-tl..C 
~9. 206 ,90±.0 ,OS roo cna6. - - - - -
"'30. 2IS '70±.0 ,06 I40 ,.20 - - - - -

! E(KSB 1~~, '1v 
.!Sh!BO,ll 0 

~~ Er, KSB MVJI:&THIIOJI:&H. 
"' 3I.: 2I8,I0±.0,06 40 3SO E2 ·, 4I • .(401 ,0±.0 ,2 

32. ' 238,1 ±.0,1 80 '· 42. 469,8±.0,2 - -~2E> 10 
H':J,'f 
l.'f-1.8 

'33.: 244 ,SO±.i.J ,08 20 2SO . E2 43. 493,9±.0,2 

L 
2.,C,(, 
lLl.t!O 

2,(,~." 
u'·L 
t=J8,9 
Ltot8 
~10 ,}... 
;:~ 

•34.: 
-3S.I 
~36.: 
r37. c 
38.' 
39.< 
40. 

2SO,IOf.0,08 
2S2,SO£u,o7 

· 26S ,3±.0 ,I 
272,0±.0,I2 lJ 
283 ,4±.0 ,I . 
3S3,8±,0,IS 
372,S±.O,IS 

~2S,~ 

330t+-. 
~ Lf'fli 
~ Lt·'3~-0 

* 

40 
40 
2S 

~-20 
36 
20 
IS 

C..u.. Tao.t.2. 

~- £. Cc."l- ~ · 2lS' k ev l 

7SO 
600 

IISO 
IOOO 
<3SO 

S80 
soo 

E2(+M1) 
E2 
EI 

· ~ 11A 
~e Ei 

E2(+M1) 
E2 

1'~-~/( 

3t1"r 

44. S9S,1±.0,2S 
4S. 777,8±.0,3 
46. 870,8±,0,3 
47. 1247 ,3±.0 ,6 
48. I648,3±.0 ,6 
49. 1838 ±. 2 

IO II ~ 

sso E2 
I2SO Jg· E-f 
300 E2 / 
- -

(14 70) } I670 MI 
(200) 

- - -- -
6SO E2 

IOOO EI ,E2,MI 
soo MI 

'" ~- ~~~R.lfuHon:&H 
7 - -
6 - -

IO - -
4 - -
IS - -
I! - -
6 - -
IS 1SOOO E2 

- 700 -



B Ta5nnue 2 rrpoBeaeHo cpaBHeHue·aKcrrepnMeHTanbHhrx n TeopeTuqec

KHX 3HaqeHHH OT!!Olll9HHH K08QJQJHUH9HTOB BHyTpeHHeli KOHBepcun raMMa-rrepe

xoaoB 
161 

Tm H 3HaqeHHH K08QJQJHUH9HTOB BHyTp9HHeli KOHBepCHH Ha K -o5o-

. /17/ 
noqKe. TeopeTnqecKne Koa¢¢uurrenThr orrpeaens:rnncb rro Ta5nnuaM • B rro-

cnenueli KOJIOHKe Ta5nnuhr aaeT,¢·s:r 3aKmoqeuue o MynbTHnonbHOCTH rrepe

xona, Bb!T9K8JOIUe.e ll3 ITpOBeaeHHoro Cp8BH9HHSI. nns:r raMMa-rrepexoaoB C 

8!1eprHeH AO 190,3 K8B 8TH 38KJ1JOq9HHSI caenaHbl no OTHOlll9HllSIM HHT9HCHB-

HOCT9H nmi:nli BHyTpeHHeli KOHBepcnu Ha K , L
1 

, L;
1 

,L III - rrono5onoq-

Kax. nns:r onpeneneHUSI MyJ1bTHllOJ1bHOCTH Jlpyrux raMMa-nepeXOAOB Hl!TeH

CHBHOCTH raMMa-nyqeli H KOHBepCHOHHbiX 8J1eKTpOHOB B Ta5nnue 1 npuBe

Jl9Hbl I<; OJlHHM 9JlHHHU8M no TeopeTuqecKH_M 3!1~qeHHSIM K08QltPHUH9HTOB BHyT-

peHHeli KOHBepcuu Ha 

146,65 K8B (Ml) H 172,05 KSB (Ml). 

··:"' 
161 

CxeMa pacnana Tm 

161 
Ilpu nocTp09HHH CX9Mb! pacrraaa Tm Mbl HCllOJ1b30BaJ1H

1 
Haps:ray 

. I 18 19/ C pe3yJ1bTaTaMH H8CTORIUeli pa5oTb!1 CB9A9HHSI
1 

nonyqeHHhie B 1 npu 

cneKTpOCKOllUqecKoM HCCneaoBaHHH H3J1yqe!IHSI 1 B03HHK8JOIUero npu s:raepHbiX 

16 1 
peaKuns:rx, rrpnBOilHIUHX K o5pa3oBnHHJO Er . 

/18/ 162 161 
TboM u 3n5eK I!3yqanu cneKTphr TpHTOHOB B peaKuun Er( d t) Er 

161 
H nonyqunu aaHHb!9 o5 ypoBHSIX Er 1 B035YMA8JOIUIIXCSI B STOll peaKUHH. 

. /19/ 
XareMaHH n ap. nccneaoBann cneKTphr raMMa-nyqeli, B03HHK8JOIUHX B 

peaKUIIH 
160 

Dy( a ,3ny) 161 Er. 

HaqHeM c paccMoTpeHns:r ypoBHeli poTaunol!Holi rronocbr OCHOB!Ioro coc-

/4/ 161 
TOHHHH. 8 Hallleli pa5oTe . 5b!J10 ITOK838H0 1 qTo OCHOBHOe COCTOHHHe Er 

HMeeT xapaKTepHCTHKH 3/2- /521/ H qTo npu pacrraae 161 Tm B035yMJl810TCSI 

·ypOBHll 5/2- 59,51 K8B H 7/2-143,92 K8B pOT8UllOHHOH ITOJ10Cbl SToro COCTO-

9 



EJ;RSB 

I 2 

I. 27,92 

2. 45,54 

0 .li. 59,5! 

4. 78,07 

s. 79,35 

' 
6. 84,40 

TABJIMUA 2 

0rrpe,lleJI6HH6 MYJII:.TrlriOJII:.HOCTH raMMa-rrepeXO,llOB t BOSHHKSIOIIIHX rrpH pacrra,lle 
I6!Tm. -~ I6IE-. 

MeTo,ll· SKcrrepHMeHT - T_ e o p H. H 
orrpe,lleJieHHH 

EI ! , E2 E3 MI M2 

3 4 5 6 7 8 9 

L, : L. 6,7 0,88 O,OI 0,0!5 !0,8 !3,8 

L, : L, 2,2 2,!5 0,0!6 0,0!5 !0,98 II ,0 
L.: L,, 0,73 0, 76 0,86 0,90 6,48 0,24 
M,: Mn 2,3 2,2 0,0!7 _0,0!5 IO,I !0,25 
M.: Hnr 0,66 0,735 0,83 0,905 6,53 0,26 

L, : L. 3,4 2,7 0,03 0,0!4 II ,22 9,85 
L,: L., I .-3 0,78 0,87 0,98 6,62 0,32 
M,: M,, 3,0 2,78 0,035 0,055 !0,2 O,IS 
~.: M., !,4 0,77 0,88 0,975 6,65 0,32 

I( : L, 0,9 33,9 0,92 0,06 72,4 33,9 
L, :· L, -o,o7 3,35 0,08 0,02 II,I6 8,94 
L.: L,. I ,I 0,8! 0,96 !,06 6,70 0,44 
M.: ~~ I,O 0,8 0,94 !,OS 6,7 0,43 

L,: L., .... r ,I 0,8! 0,966 . !,08 6,708 0,40 

K : L,, 70 33,9 0,93 0,06 72,4 33,9 
L, : L, 6,7 3,52 0,09 0,0!6 II,3 8,85 
L, : L., !,25 0,9 0,984 !,09 6,728 0,47 
~.: M,, !,75 0,8! 0,95 !,08 6,7 0,46 

-

Bb!BO,ll 0 
'H MYJII:.THITOJII:.HOCTJ 

~; 

~0 

(!.IT) 

EI 

MI+(3 ,4±_0, 7)faE 2 
·~~ 

E2+-
!AI<: 3 % 

E3 (E2) 

lJI+(I ,5±_0 ,S)%E 2 



1 2 3 4 5 6 7 8 9 10 
I< : L,., 1,5 30,2 1,38 0,144 550 18,2 

7. 94,38 L, : L,. <.0,18 3,89 0,13 0,025 II,35 8,6 E2-t 
. L .. : L.., 1,03 0,84 1,016 1,13 6, 76 0,55 M1~ 2 ~~ 

8. 105,88 I{: L, 7,5 9,4 10,47 6,7 7,3 4,80 M1 
L,: L,. 10 4,17 0,15 0,027 II,5 8,4 

9. 107,22 L,: L, -0,20 4,20 0,16 0,028 II,65 8,3 E2 (E3) 
L,: Lnr ·1,1 0,85 1,16 1,21 0,82 0,6 

I< : L, 7,8 9,3 10,3 7,08 7,3 4,81 
10. II2:56 L,: L, >9 4,36 0,19 0,03 II,55 8,13 MI 

d..K. 1,55 O,I8 0,70 2,50 1,5 10,1 

I< : L, 7,0 8,93 10,15 7,59 7,3 4,95 . 
II. 122,55 L,: L, )'5 4,81 0,22 0,04 II,65 8,2 M1 

-- oll( 1,1 0,16 0,64 2,25 1,4 9,8 
; 

K : L, 5,8 8,52 9,8. 8,1 7,34 5,15 

12. 143,92 ·I L,: L,. 0,34 5,13 0,32 0,065 II,75 8,15 E2 
L,: L,, 1,05 0,892 1,16 1,35 6,956 0,83 

i 
; 

J.," 0,47 0,10 0,40 1,4 0,85 5,3. 

K : L, b,7 8,55 '10,0 8,1 7,3 5,2 :> 
13. 146,65 L,: L, ... IQ 5,4 0,34 0,07 II,82 8,15 M1 -.... 

d.. I( ' 0,80 0,097 0,38 1,35 0,80 5,0 

14. 156,52 rl~ 0,33 0,080 0,32 . 1,16 0,70 4,0 E2 ""'$ 
K: L, 7,7 

i 
8,8 9,55 8,09 : '. ''7 ,3 5,45 ... 

15. 172,05 l, : L., IO 6,03 0,45 0,07 ·. II,95 7,8 M1 
rJ.,· /( 0,52 0,064 0,25 0,84 :· . 0,52 2,9 

-- ---- -· 



/!.11 Gl IS\ hC! nv 
I 2 3 4 5 6 7 ; .. 8 9 IO' 

" : L, 8,6 8,8 9,4 8,1 7 ,.35 5,6 
16. 190,30 L, : L, -o, 75 6,35 0,54 0,12 12,2 8,0 E2(+MI) 

rl.r~.. 0,20 0,049 0,185 0,62 0,39 2,05 

17. 206,90 ctK. O,IO 0,040 0,145 0,48 0,31 1,55 EI ,E2,MI 
18.- : 215,70 cl~ 0,28 0,0355 0,13 0,43 0;28 1,35 MI-

19. i ~B,IO clrc. 0,114 0,035 0,125 0,41 0,27 1,30 E2 
I 20 •. 244,50 ell(. 0,080 
I 

0,026 0,090 0,28 0,195 0,88 E2 

21. I 250,10 oL" 0,052 0,0245 0,084 0,26 0,185 0,82 E2 (+Ill) 

22.: 252,50 ot" 0,066 0,0235 0,081 0,255 0,!8 0,80 E2 . 
23. 265,3 ot" 0,022 0,021 0,071 0,22 0,158 0,68 EI 

;:; 24. 272,0 o/,11. 0,020 0,0197 0,066 . 0,20 0,145 0,62 EI 
2g3, I, <irc.. - Q,fO o.ot8 0.060 0.18 o.t3 o.ss He E1 

25. 353,8 ot" 0,035 0,0105 0,032 0,09 0,074 0,27 E2 

- 26. 372,5 all(. 0,030 0,0093 0,028 0,078 0,065 0,23 E2 . 
27. 1648,3 ot~~., 0,0010 0,00049 0,00106 0,0020. 0,0016 0,0035 . E2 

~-~----
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..:> 

I 181 - -
SIHI!SI. TbOM I!.. 3n5eK . aaomo;:wnii ypoBHI! 912 250 K9B I! 1112 388K9B 

. - 1191. 
aToll: rronochi. YpoBeHb 912 249,9 Kan BBOLliiTCSI II B paooTe • Pesynh-

161 ' 
TaTbl Hallll!X HOBhlX ·nccnenonaHI!il: pacrrana Tm II03BOnSIJOT YTBepmnaTb 0 

~TO B 9TOM pacii~Ll8 B030Y)!{LlaJOTCSI TaKme ypOBHI! 912- I! 1112- pOTaUI!OH

HOH IIOnOCbl OCHOBHOro COCTOSIHIHI (pi! Co 1) • Deil:CTBI!T8nbH0 0 pa3M8lllaSI 

raMMa-rrep9XOLlhi c aaeprllSIMll 105,88. ( M 1) 0 138,68 K9B 0 190,3 K9B (E2) 

I! 244,50 K9B ( E 2) , Mbi rrony~aeM saepriiii ypoBHeil: 912- I! 1112-
1 18 19/, 

249,80 II 388,45 K9B, xopOlllO sornacyJOllJll8CSI c pesynbTaTaMII • • B non-

HOM cornaClli! C T~KOH llHTepripeTaUII8H HaXOLlSITCSI II 3KCII8pi!M8HTanbHO 

orrpeneneHHbie MynbTIIIIOnbHOCTII raMMa-rrepexonoB. 
141 161 -

B Mbl BB8nii B CXeMy pacrrana Tm COCTOSIHI!8 512 512 15231 

C 9Hepr1Ieil: 172,0 K9B. Cylll8CTBOBaHI!8 9TOrO COCTOSIHI!SI IIOllTBepmnaeT-. 
118 191 . " 

cSI B ' • YTo~aeaiie sHa'!eHI!I! aaepriiii raMMa-rrepexonoB, cnenanHoe 

B HaCTOS!lll8H paooTa, IIOKasano, 'ITO ypOB8Hb poTaUI!OHHOil: IIOnOCbl 9Toro 
_ . 141 161 T 

cocToSIHI!SI 712 250,0 K3B ohln Bnenea B cxeMy pacrrana m aerrpa-
- 118 191 

BIInbHO. 3aepr1ISI yponHSI 7 I 2 512 I 5231 - 266,3 rro ' II 266,45 Ksn-

rro HalllllM HOBhiM naHHhiMo YnaeTcSI 1ILleHTII¢IIuiiponaTb .TaKme yponeHb 

912- 390,12 K9B aToll:. rronochi. MynbTIIrronbnocTII raMMa-rrepexonoB Memny 

ypOBHSIMI! STOll IIOnOCbl 0 a TaKme C ypOBHeil: poTaUIIOHHOH IIOnOCbl 512- /5231 

Ha IIonocy OCHOBHOro COCTOSIHI!.SI (eM. Taon. 2) IIOLlTB8p)!{Lla!OT rrpennomeH

HyJO IIHTeprrpeTaUI!!Oe faMMa:_rrepexOLl 94,38 K8B C ypOBHSI 712- Ha OCHOBH08 

cocToSIHIIe rronoCbi 512- 15231 ~I!CTbiil: nnn IIO'!TI1 '!I!CTbiil: . E2 -rrepexon, 

3TO xapaKT8pHO LlnSI poTa_UllOHHbiX rrepeXOLlOB BHyTpi! rronoc, CBSI3aHHb!X 

c OLlHO'laCTII'!HbiM COCTOSI.HII8M 512- I 5231. 

1181 " /19/ 
TboM II 3noeK , a saTeM XareMaHH I! np. BBOLlSIT n cxeMy 

ypOBH8ll 
161 

Er COCTOS!Hll8 1112- 15051 C 3H8pri!eil: 396,5 K9B.· HaonJO-
161 

naJOllli!8CSI rrpii pacrrane Tm rrepexonhi 146,65 K3B (Ml) II 252,5KsB 

rrosnonSIJOT BBeCTI! 9TOT ypoBeHb. Ero anepriiSI 396,41 KSB. M ynbTI!IIOnb-

HOCTI! rrepexonoB c sToro ypoBHSI cornacyJOTCSI c rrpenrronomeai!eM, 'ITO CIII!Il 

II '!eTHOCTb 9TOrO ypoBHSI 1112-. 

14 



PaeeMOTpHM Tenepb BOIIpoe 0 KB811TOBbJX xapaKTepHeTHK8X oeHOBUOI'O 

eoeTOSIHHSI .!
6 

I Tm • KaK H3BeeTHO (eM. ) 1 OeHOBHbE eoeTOSIHHSI S!Jlep 

--------------------------~----TynHSI e He'IeTHbiM A 06bi'IHO OIIHebJB8!0TeSI HHnBeeOHOBeKofl op6HTOfl . 
. + . . ' 161 

112 /411/. · Mc;>.lKHO 6bmo 6bi O.lKHJlaTh, 'ITO TaK.lKe o6eToHT neno H e Tm. 

0nHaKO HMeiOTeSI cpaKTbJ 1 KOTOpbie II03BOnSIIOT JlYM8Tb 1 'ITO 8T0 1 IIO-BHJlHMO-

My, He TaK. Bo-nepBbiX npu paena·ne .Tm 3aeenSIIOTeSI ypoBHH e TaKH-

MH BbieOKHMH eiiHH8MH K8K 9/2- H 11/2-.3TOI'O He Ha6niOJl8eTeSI IIpH pae-
163 165 

nane eoeeJlHHX SIJlep Tm H Tm, rne OeHOBHOe eoeTOSIHHe THIIa 
' 161 . ' 

112 /4111. B TO .lKe speMSI npu paenane Tm He ynanoeb o6Hapy.lKHTb 

TaKHe OJlHO'!aeTH'IHbJe eoeTOSIHHSI K8K 1/2- /521/, eHnbHO 3aeenSIIOU!HeeSI 
~ 163 .165 + + 
rrpu paenane . Tm H Tm , unu 3/2 /402/ - 463 K8B H 1/2 /400/ 

481 K8B 1 KOTOpbie Ha6niOAanu TboM H 3n6eK 

ITo exeMe ypoBHefl HnnbeeoHa 6nH)!<atirnue B03MO.lKHbie eoeTOSIHl!SI 

AnSI He'IeTHoro 69-ro rrpoToHa, KpoMe eoeTOSIHHSI 1/2 /411/, eyTh eoeToSI

HHSI THIIa 7/2• /523/ HnH 7/2+ /404/. ITepBoe H3 HHX Ha6niO.[{aeTeSI o6bi'IHO 

y He'!eTHblX H30TOIIOB I'OnbMHSJ, BTOpoe - y He•IeTHb!X H30TOIIOB niOTeUHSio 

161 T 
ITepBOe He MO.lKeT 6bJTb OeHOBHb!M eoeTOSIHHeM m, ToKo B 8TOM eny--

qae paerraA IIpOHeXOAHn 6bi IIpeHMyUieeTBeHHO Ha yp'oBeHb 172,94 K8B -

5/2- /523/. 3To pa3perneHJihifl He3aAep.lKaJIJibifl 6eTa-rrepexoA. · OJI Ha6niO-

naeTeH B pSIAe eoeenmrx SIAep H II MeeT fog ft MeJibme IISITH. ITpu 6eTa-

paerrane 

fog ft "' 

161 Tm ypoBeJib 5/2- /523/ 3aeenSieTeSI He O'IeHb eHnbHO ( 11% 

6,4). Mo.lKJIO rrpennono.lKHTh, 'ITO Tm T I =39+3MIIH) Jia-. I 2 

XO.[{IITeSI B eoeTOSIIIHII 7/2 /404/.-

TbOM II 3n6eK Ha6niOAanii ypoBeJib e sHepriieli 189 KSB II erriiHOM 9/2. 
' + 

0HH rrpe.[{rronaraiOT, 'ITO 8TO yposeHb Tnrra 9/2 5/2 /642/. YpoBHefl e MeHb-

lliHMII eiiHH8MH STOff BpaUiaTenbHOfl nonoebi TboM H 3n6eK He Ha6niO.[{anii. 
. + 

ITpenrrono.lKIITenbHo BBOAIITeSI TaK.lKe yposeHb 13/2 5/2 /642/ rrpii sHepriiH 
/19/ 160 161 

268 KSB. XareMaHH II Ap. , H3y'IaSI peaKUHIO Dy (a x 3 n , y) Er , 

Ha6niOA8nH HapSIAY e APYI'IIMII raMMa -nyqaMII IIS!Tb H8XO.[{SIU!HX B KaeKaJle 
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raMMa-nepexogoB: 78,1; 198,6; 317,5; 426,1 11 518,5 K3B, Bee nepexoAbi 

Tllrra E2. EcTeCTBeHHo Ohino rrpennorro}lmTh1 'ITO 3TO nepeXOilbi B OAHoti 

poTaUHOHHoti nonoce, Dpn 3TOM OKfl3anocb, 'ITo, ncnonh3ya nepe•mcneH-:I 

Hbl8 aHepnUI nepeXOilO~; MO}l<H~OCTDOHTb llO.JOCV TOl!bKO· C ~ K = V~~) i4o1l 
. --- 1M.. ll···~~-"~..1" Al.•lfto,/4/ /18/ ~·~..W.\0> r..!.-,•~1"''"/lg'}(cf,t, 

CpaBHHBaa cBon pe3ylfhTaTbi .c naHHbiMII n , Xareii.:I.D..f.W--ll._p. 

llpHXOASIT •K 38K'niO'l8HIII01 'ITO Y~8Hb 189 ~ 6onee''rr 8Bl!nbHO llll8H-
. . + ~. 

Tircp_rrunpoBaTb KaK COCTOSIHHe ·Tlllla 9~· -~TOT ypOB8Hb 8CTb 

.ypoB~Hh c aaa.~_eHhweii 3Heprnerj e e>TO~MLlnhHoti ~. 
I 19/ + 

XarelviaHir n Ap. Ha6monaJOT cnenyJOmne ypoBnn 3TOii rronoc~>I: 9/2 
+ + . + + :-:--:r-

189,4; 13/2 267,5; 17/2 466,1; 21/2 783,6;25/2 1208,7 II'29/2 

1726,9 K3B, Darr.aMexp paaaaaKu a ..... B 9Toti rronoce paBef!_ +9,1::!:_0,3, 
. t'6!- -

Mcxoga II3 cBegeHnti o pacnage Tm, MOMHO BBeCTil ypoBeHb c 

BHepriieti 189,45 K3B, Ou pa3paMaeTca CIIl!hHbiM E 1 -nepexoAoM c 3Hep-

r1Ieti 45,54 K3B Ha ypOB8Hb 143,91 K3B (piiC, 1) II CBSI38H C ypOBHS!Mll 

266,45 n 396,41 K3B rrepexonaMu 77,05 II 206,90 K3B, Depexon 206,90 K3B 

yMe pa3Memeu B cxeMe pacnana M8MAY ypOBHSIMH 59,51 II 266,45 K3B, 

3Hepr1ISI nepexona 206,90 K3B OAIIHBKOBO xopowo YllOBl!8TBOpaeT l!JOOOMy 

ll3 AByX 8!'0 B03MO}l<Hb!X pa3M8Ul8H1Iti, 06paTUM BHIIMBHUe Ha 3H8'l8HUe a k 

Ana nepexona 206,90 K3B B Ta6n, 2. 3KcnepnMeuTanhHoe 3Ha'lenne a k 

paBHO 0,10; TeopeTu'lecKoe nna M 1 paBHo 0,3 u nna E 1 paBHo 0,04, 

Do llp8AITOl!8I'88MOti CXeMe pacnana nepexon 206,90 K3B A0l!M8H Ob!Tb Tlllla 

M 1 1 8Cl!ll 011 p83M8Ul88TCSI M8Mily ypOBHSIMH 266,45 K8B ( 7 /2-) II 

59,51 K8B ( 5/2-) II Tllrta E 1, 8Cl!ll OH pacnonoMeH M8}l(lly ypOBHSIMII 

( - + 
396,41 K8B 11/2 ) n 189,45 K8B (9/2 ), Mbi nonaraeM, 'ITO cyruecTByiOT 

ABa nepexoga c auepriieti 206,9 KaB, oTnn'laJOruneca no aHeprnu He 6onee 

'leM ua 0,1 KaB, Onnu U3 8THX nepexoAoB Tuna E 1 , gpyroti - TIIrta M 1. 
_.-- 16 I ~~C.40"(, ·· · · 

TaKIIM ojipasoM, rrpii pacrrage Tm y~ BrtonHe yBepeuuo - -
IIA8HTIIcpHUH OB8Tb YPOB8Hh 189,45 K8B CO CitllHOM 9/2 ll Il0l!O)KIIT8l!bHOti 

'leTHOCThJO, Ecnu Obi aToT ypoBeJib 6bm poTaunoHHbiM B nonoce cocToauna 
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5/2+ /642/1 T0 1 BepOS!TH0 1 cJie}lOBBno Obi O)KHJlllTb 3BCeneHHSI .. 6onee HH3-

KHX ypoBHeil 3TOil rronOCbl CO CIIHHBMH 7/2 II 5(2 qepe3 T'BMMa-nepeXOJlbl 
+ . . . 

Tnna M 1 c ypoBHSI 189,45 K3B 9/2 5/2 /642/. 11cnonh3YSI IIMeiOumecSI JlBH-

Jlbie1 HaM He yJlanocb nocTpoiiTb aTn ypoBHII. B CBSI3II c aTnM rrpeJlCTaB

inieTCSI_ 6onee aepoHTHhiM 1 'ITO ypoBeHb 189,45 Ks·a nMeeT xapaKTepiiCTIIKII · 

9/2 112 + /660/. 

Mo)KHO BBeCTII B cxeMy pacnalla 
161 

Tm eme Tpii ypoBHSI 590,45; 

1060 1 2 II 1838 K8B1 pa3MeCTIIB Me)KJly 8THMll ypOBHS!MH ceMb nepeXOilOBo 

E 2 -nepeXOil C 8Heprneil. 78107 K8B MO)KeT · Ob!Tb TBK )Ke KBK 

+ 
paaMemeH Me)KJlY ypoBHSIMH 267,52 ( 13/2 ) 11 189,45 Kaa.· B aToM 

CnnhHhiil 

/19/ 
B 

Cnyqae p83MeiiiaeTCSI TBK)Ke rrepeXOil 128,90 K8B ( C ypOBHSI 396,41 K8B) • 

OueHnM HHTeHcnBHOCTb 6eTa-pacnaJla 
161 

Tm 
16 I . 

Ha ypoBHll Er. Tiony-

qeJ!Hbie HilMI! CBe}leJII!SI 06 HHTeHCHBHOCTSIX T'BMMa-nepeXOilOB llOK83biB8IOT1 

'ITO B030Y)KJleHHbie ypoBHH pOTBUHOIIHOH llOJIOCbl OCHOBIIOT'O _COCTOSIHl!SI 38- . 

. cenSIIOTCSI npn 6eTa -pacna}le cna6o. Tipe/lnonaraSI aTo, npuMeM, 'lTd qncno 

pacrra}loB 
161 Tm 

onpeJlenSieTCSI llHTeHCIIBJIOCTbiO T'BMMa-nepeXOilOB B OCHOB~ 

HOe COCTOSIHI!e 161 Er • 3TO JlBeT HBM B03MO)KHOCTb OUeHl!Tb IIJ!TeHCI!BdOCTII 

raMMa-rrepexollOB a npouenTax na pacnall 
161 Tm 

II IIHTeHCllBHOCTII 6eTa-

par:rra}la Ha yponun 

161 
Tm ( pnc. 1). 

16 1 Er. 3Tn cae}lenuSI npuaeJleHbi Ha cxeMe pacrralla 

Tipet\CTaBns:reT llHTepec ouennTh ana'leHne MaTpll'IHbiX aneMeHTOB JlnSI 

6eTa-pacnaJla Ha ypoBHll 
161 

Er. 3KcnepnMeHTanhHbiX naMepeHnil paaHOCTII 

Mace 
.t61Tin 

4
16tEr 

He rrpoBOJlnnocb, rroaToMy Mbi ncnonbaoi3ann no

. /20/ 
nyaMrmpnqecKyiO oueHKY JlnSI aToil paaHOCTli Mace - 3,5 Mas • Tiony-

qeJ!Hhie HilMI! 3JIB'IeHliSI rogft (puc. 1) COT'JIBCYIOTCSI CO C}lenaHHbiM 

Bbiiiie rrpellriOnO)KeJIJieM . 0 CTpyKType OCHOBHOT'O COCTOSIHl!SI 
161 

Tm, 

B CBSI3li c TeM, 'ITO JlnSI pSIJlB yponueii 
16 1 

Er IIOKB He ll3BeCTH0 1 

KaK~'OIIll aacenSIIOTCSI c 6onee BhiCOKliX yponHeil . 
161 

Er. JlnH STliX yponHeii 

YK838Hbl M8KCliM8JlbHbie B03MO)KHbie 3HaqeHl!SI HHTeHCliBHOCTII 6eTa.-paCri8Jl8 

HB 8Tli ypOBHli li MI!HliMBJlbHbie 3H8'1eJ!liSI rog ft. 
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EeTa-p.acrran ( K -aaxBaT) ua ypoBeHb 1838. HneT c l'cig ft == 5,0, To 

~CTh Mbi HMeeM neno anech c paapemel!ahiM ueaanep)_!WHHhiM 6eTa-rrepe-

. xonoi-.1. B ::noli o6nacTM Z H N TaJWH 6eTa-nepeXO/I MO;KeT 6h!Th 

cBH3aH TOnhKO c uepexonoM .. P7/2/523/ :::;::::! S/2/523/ HpH pacnane 
161 . + + 
· Tm 7/2 /404/ Ha TpexKBa3H'WCTH'HIOe cocToHHHe 9/2 /; P7/2/523/, 

P7/2/404/ - n 5/2/523/. 

ABTOphl pa6oThl rny6oKo 6naronapnhl H~H.ITHTOBY H B.H.IToKpoBcKoMy 

aa ueHHhle ~6cy*neHMH peaynhTaToB aToii pa6oThl H noKTopy X.PHne aa 

npenocTaBneHHe peaynhTBTOB HccnenoBaHHH peaKUHH 160 Dy (a , 3n y) ·16
.1. E r 

no :ux orry6nHKOBaHHH. M J;>I BeChMa npnanaTenhHhi CTyneHTy -JlHITnoMHMKY 

p .HpMaTOBY 38 IIOMO!Uh B H3MepeHMHX If o6pa60TKe raMMa.:. CfleKTpoB. 
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