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B IIOCJie.llHHe. rO.llbl Be.llyTCH pa6oTbl IIO HaKOIIJieHHIO 3K3'0TH'leC-
• · 178m2 · · . · · · · 

KOro H30Mepa Hf, KOTOpbiH .,HMe.eT aHOMaJibHO BbiCOKOe 3Ha'le-

HHe BpeMeHH JKH3HH ( T ·=31 ro.n). llaHHOe H.llpO HBJIHeTCH 'leTbl- · 
. c·: ·: .·· .·; . ·,_ l/2_ . ·>· .,_•: ,, ·.. · ·. ..: ·rr · :,. ' 

.peXKBa3H'laCTH'IHbiM H30MepOM C KBaHTOBbiMH 'IHCJiaMH . I ::1.6 H 
. ·.: '. l , ·, J , , • ~.; ·~::, • .::. • • •• .. c·.. ~ ' . ~ " : :· • ~ 

3HeprHeH B030YJK.lleHHH 2, 4"47 M3B. Co3.naime 3K30TH'leCKOH MHWeHH 
... -178m2 " ' · '·' .. ·· • · . . · " · · . · · • · -

H3 · Hf II03BOJIHJIO Obi. H3y'laTb HOBbiH KJiaCC H.llepHbiX peaKl{HH 
~ .: . . '. . ' .::. ·. 

C BbiCOKOCIIHHOBbiM napTHepOM. 
·· · ··· ·· · • · · · · · · 178m2 · • . . :· 

B.llYOHe Ha_ UHKJIOTpOHe. Y-200 .llJIH IIOJiy'leHHH Hf HCIIOJib-
. . . • . . . .. . 176 ·'-: 4 : . ; . . . . . . . . .: 

3 yeT.CH, H.llepHa>I peaKUHH Yb ( He, 2n) , KOTOpa>I HBJIHeTCH, Be-

po>ITHO, OIITH~iJibHOH, CneUH¢H'le6KHe ~~e6oBaH~~ .~ 3THX p~66TaX 
cocToHT B o6~cne'leHHH ·BHCoKofi ~-HcToT.H o6~y'laeMoro HTTep6HH 

OT npHMeCeH ~a¢HH5!. ~pH BbiCOKOHHTe~CH~~OM OOJiy~eHHH M~We~H, 
. 176 . ~- . . '. . 

CO.llepJKaWeH ."'100Mr Yb ( 967.), 3a He.neJIJO IIpOH3BO.llHTC5! OKOJIO 
14 178m2 · . '· · 15 178g 

10. H.llep . H30Mepa Hf ("'30Hr) H 2.10 H.llep Hf 
• y_, r,,· 

("'600Hr). 

TipH XHMH'leCKOM Bbl.lleJieHH~·Hf~ IIOJiy'leHHO~O j H~epHOH peaK

UHH, H3BJieKaeTC5! TaKJKe Hf, nepBOHa'laJibHO IlpH6yTCTBOBi~W~H ~ 
.. .... . . ·; ·- .... . . . .1:' .•. J. . ;,·•:·· ' • ' 

• MHWeHHOM MaTepHaJie. JKenaTeJibHO, 'ITOObl 3TH 3arpH3HeHH5! He 

npeBbiWaJIH 1 0;,• OT Hf, IIOJiy~eHHOrO B• ~,UepHOH peaK·U~H. 3Tb. 3Ha-
. . i':· . ' ..... ,·,· . .... -6 . 

'IHT, 'ITO IIpHMeCb Hf B Yb He .llOJIJKHa npeBbiWa Tb 10 r /r. UeJib 

HacTo>Imefi pacSo~H. c(?cTOHJI~ B npoBepKe 'IH~T~T~ "yb, T. e. B on

pe.ne.neHHH Hf B MHWeHHOM MaTepHaJie. 

np~ Bu6ope no.n~o.nHmero ;~eTo'.na aHaJIH3a rlcxo,nHJIH H3 · Taro, 
'. 1 : . f 11: ' . ' . :-. ; . • . ~~:. ·.: : ._ . 'l : •. .; _ .• ' - . . . . 

'ITO.~YBCTBHTeJibHbiH MeTO.ll HAA B npHCYTCTBHH XOpOWO aKTHBHpyiO-

mH~1~5! P33,. IIO-BH.n~~o·~;, ,,~~JI~: ~p~ro;eH [ 1]. PUHKOM Ob!Jl. ·R~:._ 
' " • - <'. ~ ' t·; :. - ; -~ < -. ' ; ; : ' • : > ,· ' ·,' 

IIOJib30BaH ME!T,O.ll'1 Jia3epHOH cneKTpOCKOIIHH o6pa3l{OB Hi', noJiy'leH-

HbiX IIOCJie 0~ ,neJI~·HHH Yb [ 2 ], •. B . HaC~~H~e~ p~6oTe ~m{caH . aKTH-
.. ' ' - • - ! '. \ - .. , • ~- '· 

BaUHOHHbiH M~~~.ll OIIpe.neJieHHH ,, Hf'.v C IIOMo'mbJO peaKri~H 
' · _, ·,c ;· ,,_ 1 

HMeHHO BH6op l76Hf( a:, 3 n) I77w 
.l- . 

Bbl.lleJieHHeM. XHMH'leCKHM c 
t76' 

H30TOII Hf, HeOOXO.llHMOCTbiO o~pe~eJIHTb peaKUliH CB5!3aH c 

3TOH 

T.K. aHaJIH3HpyeMoe .. BemecTBO npowno cenapaUHJO HYKJIH.llOB c .... . . }. . . . 177' . .. . . . . '. ·. 
A=176. Pa.nHoaKTHBHoe,.-.. H.npo ... w HBJIHeTCH y.no6HHM .llJIH 

.. - -· ... ·:~ ~- .:~.,. >· . . ·_: :., . ·rr· ); :.. . 
7-CIIeKTpO~eTpHH;_ ero. CBO.~C:Ba IIpH_Be.lleH~ _HHJKe: ~ =1/2 , T 1/2 = 

13~ MHH, OCHOBHble 7-JIHHHH E =115 K3B (I =58.5%), 186(16,1), 
- . 7 7 

··_t,.:,.;;-• ...........,.____...___ 

~·:•-:.tal;i·KniiL<ii ?.H:nttJT I 
· ~:<i-" .. !f!iMR t!Cr :le .. r.o\)nuai 

SHSJlf:'!OTEKA . 
. .._..._. -· 



271(3,9), 367(4,2), 377(4,6),_417(6,1), 427(13,1), 611(5,9), 

1015(4,8), 1036(10,2), 1067(3,i), i183(3,7). 

II. 3Kcnep!fMeHT 

llpenapaThl raqJHHH~ Bbl,lleJieHHOrO H3 HTTep6HH, _H KOHTpOJihHble 

o6pa3Uhl, ~O,llep~aBWHe H3BeCTHOe KOJIHqecT~O r~~HHH, npHrb~aB
JIHBaJIHCh B BH,lle MHllieHe~ Ha· llO.llJIO~KaX H3 5 MKM. Al.'· B KaqecTBe 

" . ' ·. - ! ' ~ . ' ~ . • -

norJIOTHTeJieH 3HeprHH npH H3MepeHHH ~YHKUHH B036y~.lleHHH HC-

ilOJlh30BaJIHCh Al ~OJihrH TOJ111!HH03~ zQ' MKM. CTOllKa MHlli~HeA 3'a~H
MaJiaCh B Me,llH03 KacceTe (il~03paqHQCTh 60%), KOTOpaH iK~enJIH
JiaC~ H~- OXJia~,llaeMOM BO.llO~~ ./J.ep~a;~Jle H3 . Me,llH: 06.J:iyqeHHH. npo-

~ ' . ) ···. ~. . ' . ' ; ' ~ . ' 

BO,llHJIHCh Ha BhiBe,lleHHOM nyqKe UHKJIOTpoHa. Y-iOO RHP 0!1Hl1 C 
. .,. ' -

3HeprHe3 36 M3B. B OllHCaHHhiX YCJIOBHHX C~O~Ka MHllieH~3 B~,llep~ 
~HBaeT'. HHTeHCHBHOCTh rJ'yqKa • 

4
He++ ,llO 10 MKA 683 OUJiaBJieHHH 

' . '~ . . 
HJIH CJIHilaHHH. llOCJie 06JiyqeHHH. CTOllKa pa36HpaJiaCh H ~OJihrH 

llOCTynaJIH Ha XHMHqecKy~ o6pa60TKY H H3MepeHHH 7~aKTHBHOCTH. 

~JIHTeJihHOCTh 06JiyqeHHH 

nonypacna.lla 
177

W. 

6biJia OKOJIO 2 qacOB C yqeTOM nepHO,lla 
;,.!~I 

HCXO,llH H3 O~H,llaeMOro HH3KOrO, CO,llepJKaHHH ra~HHH B Yb,Heo6~ 

XO,llHMO HCllOJlh30Ba;h ,llOBOJlhHO 6o.J:ih~Oe KOJIHq~c~BO Yb hnH'·aHa-
, I;~ 176" " i\' ''i ·.i: ~ ; 

JIH3a, nopH,llKa 1 r Yb HJIH ecTeCTBeHHOH CMeCH Yb. TaKHe 

~OJIH'IeCTBa npe,llC.TaBJIH~T Tp;y.llHcicT~ n'pH o6n:yqeHJ-iH Ha UHKJIOTpO

.He: a, KpOMe Taro, 06JiyqeHHble OKHCH P33: llJIOXO {{acT~OpHJDTCH, ' 

qTQ He COBMeCTHMO C Tpe6ye~o~ 6blcTpOTO~ x'HMHqecKoro -· Bhl,lleJie

HHH. ll03;~~y ra~HHH npe,llBapHT,eJib~O •Bhl.lleJIHJIH H3 Yb·,' HCllOJlh3YH 
~ ' : ' ' ,'. 0 ; j 0 i j i.' ' :• : ' . : .. " 0 A 

CeJieKTHBHhiH MeTO.ll pacnpe,lleJIHTeJihH03 XpOMaTorpa~HH Ha TpH-H-
" . . ' ~ i 1 t - ; ; - • ' . - ; . i \ -J 

OKTHJI~OC~HHOKHCH, KaK OllHCaHO HaMH paHee [3] . 

. . H3 npHr~ToBJieHHoro TaKHM.o6pa3~M 'KtikueHTpaT~ ra~HHH H3ro

~aBnHBanH MHWeHH ,llJIH 66Jiy~~HHH. ~30THO~HC~bl~ #aCTBOp Hf Ha-

HOCHJIH Ha llO,llJIO~KY H3 Al TOJifu~~~~ 5 ~KM, yria~H~aJIH H npoKa

.imBaJIH •. T~KHM ~e o6pa30M H3~~TaBJIHBaJIH KBJIH6pOBOqHble MHllieHH 

Hf, CO,llep~aBWHe OT 1 .llO 50 MKr. 

~JIH H3MepeHHH' MaJIOH akTHBHOCTH ~ CJiiqai'o6pa;UOB C npe

,lleJihHO MaJibiM CO,llep~aHHeM Hf Heo6xo~HMa XHMHq~bKaH QqHCTKa OT 

~OHOBhiX 7-aKTHBHO~TeH. ~.J:iH' OT,lleJieHH~ BOJlh~pa~a riT ~aKpOKOJIH-

,,; . .,,~. ; ... 
"• ·:~~c .... , ( 2 

I 

* 

\ 
I 
~ 

..,, 
I 

II 

)' 

qecTB Al (ilO,llJIO~Ka ·MHllieHH); a . TaK~e. OT :, 60JihlliOrO .KOJIHqecTBa: 
· - · r· · · " · ··· • ·, ·'.-:-. r 

pa.llHOHYKJIH.llOB, o6pa3y~IUHXCH B peaKUHHX H8: npHM~CHX Mg, . F:, 

CU B aJI~MHHHH, ·B npHHUHlle >. y iQ6HO npHMeHHTh, c;>eil~.lle,HJi,'T. ,BOJlh~.

paMOBOR KHCJIOThl_ B KHCJI03, cpe,lle, .ll06aBJIHH,. HeCKOiz~K() Mr W KaK, 

HOCHTenH. O,llHaKO OCHOBHY~ HaBe,lleHHY~ aKTHBHOCTh C0C.TBBJIHJI, 
IB - . i6. ·(4 . ;_ ' .). IB' . · 

F, nonyqa~IUHHCH, ·· B qacTHOCTH, B peaKUHH 0 - ·He, pn - F' 

¢Top o6pa3yeT c_w npoqHue KoMnJieKCHhle~coe.llHHe~HH, Hero He

B03MD~HO.OT.lleJIHTh·.Jla~e-npH MHOroKpaTHOM'nepeoca~JieHHH BOnh~-
_." .. : t ~ . . 

paMOBOH KHCJIOThl. H3BeCTHhiH MeTO.ll 3KCTpaKUHH BOJlb~paMa aMHHa-

MH HJIH qeTB pTHqHhiMH aMMOHHeBhiM~ OCHOBBHHHMH TBK~e He npHro

,lleH ,llJIH ero OT,lleJieHHH OT ~Tapa" ll03TOMY onpo6oBad MeTO.ll 3iC

TpaKUHOHHOH xpoM'a.Torpa~HH Ha TpH-H-6yTHJI~oc~aTe H3 coJIHHO-

KHCJIOro.paCTBOpa. MHllieHb BMeCTe C Al-ilO.llJIO~KOH paCTBOpH~T B 
. ' 

7M p-pe HCl, paCTBOp HaHOCHTCH Ha" KOJIOHKY (3X10 MM) b COp-

6eHTOM H:3 39% TB¢ .Ha Te~JIOHe 'Voltalef; · KOJIOHKY npoMbiBa~T 

He60JiblliHMH , nopUHHMH 7M HCl, noc·.ii qera·· B03MOlKHO H3MepHTh 

lg~~~~~~~~~-~--~~----~~--~--- ' 
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PHC. 1. CpaBHeHHe. raMMa -:-cneKTpOB o6JiytteHHOA MHllieHH Hf (a) 

. ~pa~UHH Bon~~paM~.· Bhl.lleJieHH~~-·H3 T~R:~e ~J;IllieHJi (6). 
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177W; eopClHpOBaHiiblfi Ha ,KOJIOHKe. 3qJqJeKTHBHOeTb (XHMH'L\ BbiXOJJ.Y. 

Bbi)J.eJieHHH W~on~ejeJIHJiae~ HeOJJ.HOKpaTHO H eoeTaB~Jia OT 71 JJ.O 

937.. Pa36po'c .. xHMHtieei<oro Buxon~· BHoeHT no6aBotiHYIO ·· norpem-. 

H~eTb B pe3yJibTaT aHaJIH3a OKOJI6 ±77.. B' OJJ.HOeTyneHtiaTciM npo~ 
' ·. . . . .· ., . .· . . . 18 177 

ueeee pa3J].eJieHHH OTHOllleHHe ·.;-aKTHBHOeTH ·-- F/ W· yMeHblllaeTeH 
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PHe.2.~yHKUHH B036yxJJ.eHHH 

177Hf (4He, p2n) 178mTa 

peliHble npH o6nytieHHH 

peaKUHfi 
176

Hf C
4
He, 3n) 

177
W H 

176 4 178m + Hf ( He, pn) Ta, H3Me-

eTOllKH MHme'Hefi natHf HOHaMH ~He. 
CllJIOlllHaH RHHHH - pe3yJibTaT· pa~tieTa·, lllTpHXOBaH eoe)J.HHH-

..• ·· 
eT 3KenepHMeHTaJibHble TO'IKH. 

4 

'·1) 
II 
! 

j·1 

J 
' 

B.·· .1 00 pa3, ·• t{TO J].eMOHeTpHpyeTe51 · Ha pHe .• 1 .. PHe. ~a llOKa3biBaeT 

H3MepeHHblfi Ge(Li)-JJ.eTeKTOpOM ;-eneKTp o6JiytieHHOfi MHllleHH, 

pHe; 16 .:. ·-BbiJJ.eJieHHoro w .. HCHO, 'ITO noene ,pa3neneHH51 eTaHOBHT~ 

eH BH~Hbl llO'ITH Bee JIHHHH. 177W, B JIHHHIO ·511 K3B rJiaBHblfi BKJia)J. 
~ . 18 . ' 

naeT yxe He: F, a JJ.pyrHe H30TOllbl. JIHHHH, 1039 K3B. npHHaJ].Jie-
~~ . . . 

XHT ' Ga, KOTOpblfi o6pa30BaH . Ha npHMeeH· Me)J.H H BbiJ].eJIHeTeH 

BMeeTe e BOJibqJpaMOM. Opoueee XHMHtieeKOfi o6pa60TKH Tpe6yeT 

MeHee .30 MHH; o6pa3Ubi_'TOTOBbl J].JI51 H3MepeHH51 . qepe3 !"60 >MHH. 

noe·ne KOHUa .· o6nyqeiiHH. 

·.!!.··· ;.ft.- .. -III. Pe3y~bTaTbl, 

177 
Ha pHe. 2 llOKa3aHa :H3MepeHHaH,;qJyHKUH51; B036yxneHHH _W B 

peaKUHH 176Hf (4He, 3n) B epaBHeHHH e, pe3yJih'TaTaMH paetieTa DO . ·. . .. 

qJOpMy JiaM eTa THeTHtieeKOfi MOJ].eJIH [ 4). A6eOJIIOTH3aUH51 3 ~_<enepH-

MeHTaJibHbiX TO'leK eJ].eJiaHa . nyTeM HOpMHpOB.:oKH K Teop~THtieeKOMY 
3HatieHHIO npH E' ' . BHJlHO Hen.iioxoe eOOTBeTeTi:me: MaKe. HMaJib'Ha51 

max . · · 

3HeprH51 UHKJIOTpOHa Y-200, 36-M3B, HaXOJJ.HTe51:B6JIH3H MaKeHMyMa 

dN.(r.u.l 
dt 
1.0 

. 0.8 

0.6 

0.4 

·a:2 

10 20 30 40 so mHt ( J.l9) 

·s 

PHe.3.KaJIH6poBOtiHa51 -3a

.BHeHMOeTb eKopOCTH eqe

_Ta B ll~Ke e E1'~115K3B 

OT ionuqecTBa ra~HHH B 
!", •• 

MHllleHH DPH'CTBH)lapTHhlX 

ycnoaHHX o6nyqeHHH H 

H3MepeHH51. 



CJlYHKUH:H:, B036yJK.zteHH:H. ll03TOMY i06Jiy'!eHH:H. npOBOllH:JJH:Cb; 6e3-.3Ha

t:{H:TeJibHoro ·;nor JIOIQeH~H 3H~prH:H: H:OHOB,. H:CnOJib~OBaJiaCb · TOJihKO 

o.nHa 5 MKM Al cponbra, · •3aiQH:IQaamaH o6pa3UH aT. npo.nyKTOB peaK

URR Ha BXOllHOH p"emeTKe' MellHOA: KacceTI:L .· "l13MepeHa: -TaKie CJlYHK-

6 . · · 178m rr -
6 

. 
URH B03 YJKlleHH:H · R30Mepa. Ta~ I· =7 . ·. OH ·a pa3yeTcH, . rnaa-

HHM ··a6pa30M; B: · peaKUH:H: 
1
?7H:f {

4
He 1 p2n). npH: • 3aMeTHOM BKJia.ne 

176
Hf (

4
He 1 _t>n) • • Ero nepH:o.n nonypacna.na ( 2; 5 qaca) OJIR3oK. · K 

•T 
177

W, H03TOMy ' 17~mTa Ha6JIJOllaJICH npH: BH6paHHOM ·apeMeHH6M 1/2 . 

peJKH:Me 06Jiy'IeHH:H - H:3MepeHH:H ., ...,.<llYHKUH:H: "B036YJKlleHH:H . DOJiyqeHH 

ripHMHM cnoco6oM 6e3 XRMH:qecKH:X su.neneHRA; 3TH .naHHHe HYJKHH 

llJIH onH:cuaaeMoro.MeTo.na aHaJIH:3a~ a TaKJKe npe.ncTaBJIHJOT .HeKo

TopuA CJlH:3H:qecKH:A H:HTepec. 

· C UeJibiO a6COJIIOTHOA KaJJH:6pOBKH: MeTOlla 3KCn~pH:MeHT 6HJJ DOB-

. N I natHf -12JJ9 
... ~':; l '• 
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90 100 110 
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120 Ex ~keV. 
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.,. ;· p 

o::: 

PH:C.4.<llparMeHTH raMMa-cneKTpOB 

cppiKURA: BOJibtppaMa, nocne o6ny
qeHH:H MRUJeHH:, co.nepJKam.eA: 12 

MKr natHf {a) I H: npenapaTa racp

HH:H, R3BJieqe~Horo H:3 0,92 r 

o6orameHHoro (967.) RTTep6H:H-

176 (6). 

TOpeH C HeCKOJibKH:MH: o6pa3UaMH:, COllepJKaBUJH:MH: H:3BeCTHOe KOJIH:

'!eCTBO Hf OT ~,2 llO 50 MKr. 06JJy'IeHH:H ~ H:3MepeHH:H ClleJiaHH B 

CTaH.napTHHX ycJJOBH:HX. Ha pH:C. 3 ~OKa3aHa KaJIH:6pOBO'!HaH 3aBH:

CH:MOCTb CKOpOCTH: cqeTa: B JJH:HH:H: E~= 1·1 5 K3B OT. KOJJH:'IeCTBa Hf, 

KaK R cne.noaano OJKH:llaTb, TOt:{KH: y.noaneTBop_H:Te.ribHO JIOJKaTCH Ha 

npHMyJO. -~;c,.· 

nocne., nony.'IeHH:H 3TRX .naHHHX MOJKHo, 6uno npoaecTR .aHaJIH:3 

. MRUJeHHHX Ma TepH:aJJOB. AHaJIH:3 y · 6HJJH: no.naeprHyTH ecTeCTBeHHHH 

H:TTep6H:A B tpopMe MeTaJIJJa.~eCOM 1,008 r H: KOMMep'IeCKH:A o6ora-
. . 176 

meHHHA llO 967. Yb B ~op~e OKH:CH: BeCOM 1,045 r (0,92r Yb). 

l13MepeHH:H ClleJJaHH nocJJe XH:MH:'IeCKH:X BI:llleJJeHH:H BO~btppaMa, KaJK~ 

llHA o6pa3eU H:3MepHJJCH HeCKOJJbKO pa3 .B Te'!eHH:e 5 qacoB 

nocne o6ny_'IeHH:~. B oa~:~oA cTonKe c aHaJJH:3RpyeMUMR o6pa3UaMH 

06JJy'IaJIH:Cb KOHTpOJJbHI:le o6pa3UH, cneKTpH KOTOpHX TaKJKe H3Me

pHJJH:Cb. nocJJe XH:MH:'IeCKH:X BI:llleJJeHH:A. Ha pH:C.4 cpaBHH:BaJOTCH 
176 

cneKTpH KOHTpOJJbHOrO o6pa3Ua - 12 MKr Hf, H: 967. Yb B 06-

JJaCTH: JJHHRR E~=115 K3B. BRllHO, 'ITO 3Ta JIH:HRH llJJH. nocneaHerd 

o6pa3ua H:MeeT HH3KYJO H:HTeHCHBHOCTb, Tpe6yeTcH cneuH:aJibHoe 

pa3JJOJKeHHe ··· cneKTpa, '!To6u o6HapyxHTb ee ... B .KoHe'IHOM H:Tore 

nnomaab nRKa E = 115 K3B 6bma oueHeHa B HeCKOJibKRX cneKTpax 
~ ~ ~ 

npenapaTa Yb, onpeaeneHo KoJJH:qecTBO Haep w R ycpeaHe-· 

HO. OTcJOaa nony'IeHo coaepxaHHe 
176

Hf B o6orameHHoM 
176

Yb, 
. -9 

paBHO~ ( 3, 6±1, 5) Hr, 'ITO COOTBeTCTB yeT KOHUeHTpaUH:H: 3, 9 •1 0 

r/r. • 

B CJJyqi~ .o6pa3Ua ecTeCTBeHHOrO HTTep6H:H H:3MepeHHaH aKTH:B-
"' 177 . • . . 

HOCTb W 6uJJa eiQe MeHbUJe, yaaJJOCb ycTaHOBH:Tb TOJibKO Bepx-
176 . . . . 

HIOJO rpaHRUY · coaepxaHH:H Hf :s1 1 6 Hr. B aaHHOM . c~yqae aemec-

TBO, eCJJH: cciaepJKHT Hf, TO B ecTeCTBeHHOA ~30TODHOA KOMD03H:-
. . 176 . .• ; . . 

UHH:. YqH:THBaH H:30TODHOe coaepJKaHH:e Hf B ecTeCTBeHHOA CMe-. . . 
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OnHcaHo onpe,o;eneHHe H: 
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