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l.Baep;eHHe 

PyTeHln:'r-97- HeHTpoHop;ecpHl(HTHb!H Ht30TOII Ru, aneMeHTa nerKOH 
IIJiaTHHOBO:ii rpyiiiihl, - HMeeT OTHOCHT&"lbHO KOpOTKHif. rrepHO;D; _nony~ 

paCIIa/1a, T 1t2 = 2,9 11""· OH paciiap;aeTCJI e--t3axBaToM, s ero raMMa
cnexTpe Ha6JIIO)l;aiOTCJI TOJibKO )l;Be HHTeHCHBHble JIHHm.:r, COOTBeTCTBy

IOII\He raMMa-KBaHTaM c aHeprnei\ 216 KaB (86%) H 324 KGB (10,2%) [1). 

~ PyTeHHH l!MeeT Hecxom,xo cTeneHeH o:KHcneHHH, ID3 KOTOphiX Ha.H-

6orree ycTOH'iHBhi Ru(II), Ru(III), Ru(IV), Ru(VIII), H o6pat3yeT MHO' 

ro't!HCJieHHhle npocT:&Ie II KOMnneKCHhle coe;r(HHeiurn· [2-4]. Co"i~T~ 
aTnx xopowHx, c TO'iKH tlpeHHJI pap;HocpapMaxonorHH, cf>H'JH'iecxnx H 

XHMIPfeCKHX CBOi1:CTB p;eJiaeT 97Ru .B _nepcneKTHBe IIOJiffiHbiM ;D;JIJI Jip;ep

HOH Me/1HliHHbl. BIIepab!e TaKaJI oqeHKa 6hlna cp;erraHa·s 1970 rop;y [5], n 

c Tex IIop H\'>IIpepb!BHO BeAYTCJI Hccnep;oBaHHJI s o6rracTH pap;nocf>apMa

I{eB-TH~ecxoii. xllM~H -coe~HHeHmi, Me"ieHHh!X-- 97Ru. C0rn~o JIHTe'pa

. TYPHb!M p;aHHb!M [6], MOJKHO IIorry'iaTh MHoro'iHcrreHHble n pat3Hoo6pa

t3Hhle pap;nocpapMaqeBTH'iecKne IIpeiiapaTbl (P<PII) c 97Ru, aHanorH"i

Hble IIO csoi<cTBaM xopowo HtlBeCTHb!M P<PII c pap;noHyK.'IHIJ:aMH 67Ga, 
111!n, SSmTc, "iTO CIIOC06CTByeT nporH0::3HpOBaHHIO IIpHMeHeHH.SI 97Ru 
B llp;epHOH Mep;Hl(HHe. 

Hcxop;H H:J XHMH'9:eCKHX caoiicTB pyTe~ H TexHe!l;RSI oqean;n;Ho, 'I:JTO 

MHorne Ru-col(eplK~He IIpeiiapaTbl IJ:OlllKHbl 6MTh ycTOH'iHBee pJip;a 

_ WHpOKO HCII0JI:&O.yeMbiX npenapaTOB C SSmTc, 't!TO IIOOBollireT rOBOpH'I'·b 

0 BepOJITHOCTH IIOJiy't!eH~ Tex COe)J;HHeHIDi C 97Ru, B KOTOpbie HeiTbOJi 

6biJIO BBeCTH 99mTc. Il;eJihiH PJIIJ: GKCIIepH,.;eHTOB IIOIJ:TBepp;Hll IIepciieK

THBHOCTh IIpHMeHeHHJI 97Ru IIpH peweHHH t3ap;a'i MeiJ:Hl(I!:HCKOH p;nar

HOCTHKU n TepaiiHH. HaiipHMep, gl!J! pagnonMMyHoTepamm IIony'ieHbl 

CTa6HJibHbie coe;n;HHeHIDI 
97Ru c MoHoKnOHaJibHbiMH aHTHTenaMH (6, 7). 

IIoKat3aHo, 'iTo 97RuDTPA, r11e DTPA - aHHOH p;HaTnneHTpHaMHHIIeH

TayxcyfHoi KHCnOTbi 1 B HeKOTOpbiX CJIY't!aHX p;aeT ny"<IWHe proyJII>TaTbi, 

'ieM 99"'TcDTPA Hl!H 111InDTPA IIpH o6cnep;oBaHHH KaHaJIOB CIIHHO-
MOt3ro:Boi lKHIJ:KOCTH [8]. . 

KoMIIJieKc 97RuPIPIDA, rp;e PIPIDA - aHHOH N-a-p-Htloiipoiinn
an;eTaHHnHp;-HMHHOyxcycHoi KHCJIOTbi, MO)KHO ycneWHO HCIIOnbOOBaTb 

BMecTo 99mTcPIPIDA s Tex crry..aJix, Korga Tpe6yroTCJI IJ:liHTeJihHble 

o6crrep;oBaHHJI IIpn t3a6oneBaHHJIX IIe'ieHH n lKeJI'iHOro IlY"'hlp"· .IJ:uar-
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HOCTHKa 9THX :Ja6orreBaHHif C HCIIOJibGOBa.HH€M npena.paTOB, Me~-reH

HbiX 99mTc, a<f><fleKTHBHa JIHlllb B II.BYX cny"<i:a.HX li3 IIJITH [9]. IJoJIO)J{H

. TeJihHble peo:ynhTaTbi npn ;a,Hai'HOCTHKe onyxoireBhiX oa6oneBaHl:ni ga-"'1 

97Ru-6neOM:UII.HH, KOTOpbiii O;i];HOBpeMeHHO BbiiiOJJHJieT ponb X:UMHKO

TepaneBTIP!eCKOrO areHTa [10]. Jl:nJI aTnx >Ke 11ene:ii npnro11eH 97Ru-. 
TpaHc<f>eppHH, HaKomJeHHe KOToporo B orryxomrx B 3-5 pao Bblme, ':!eM 

y 67Ga-!1HTpaTa [11]. . 
IIcKJII0""9:HTerrhHO xopoUiero Ka""9:eCTBa cii.HHTnrpaMMbi rre':IeHH p;e

BJITH IIaJ..I.H€HTOB B B03pacTe OT 6 H€;:I.€!Ib ;up 84 JI€;T 6biJIH IIOI.IJ't.l€Hbl C HO

BbiM coei\UHeHneM 97Ru-DISIDA-npoH3BOI\HbiM HMHHOI\HYKCYCHOH KH
cnoTbi KaK aJibTepHaTIIBHblM _co"ep;v.:HeHUIO 131!-6eHr&TbCKaJI po3a· [12]. 

IJpHBe}l;€HHbi€ IIpHMepbi H€ HC-qepiibiBaiOT BCex l13B€CTHblX JIHT~pa

TJpHbiX )J;aE:H~X, H9 I!03BOJI£IOT C;J;~JiaT.b BbiBO)J;, 't.!TO ecmr 6bt ~7Ru 6blr.l 

WHpO~O fl;OCTJ11€H, T.e. OTHOCHT€llb_.!l0 :n;eweB, peryn£:pHO IIOJiy"9:anCH 6bl 

B 6oJiblliHX xonn-qecTBax, TO OH Ha.we::r 6bl cBoe MeCT.O. B. pHAY pap;Ho

HYKJIH;IJ;OB, HaH6oJiee -qacTo HCIIOJibByeMbtX B JigeP~oH Mep;Hn_HH~. B Ha

CTO.Hlll.ee )K€ BpeM.H OH IIpHMeiDieTCH JIHWb B OT,iJ;eJI.hHbiX HCCJI€;D;OBaHHHX 

H OTHec€m K IIOT€HUH_ci.JibHO Ba)KHbiM M€.J];H:II.HiiCKHM HJIOIH;D;aM. 

PyTeHn:H-97 c BblcoxoH yp;eJII:.HoH aKTHBHocTI:.ro n: ~ OTHOCHTeJibHO 

6oJihll1UX KOJIH':IeCTBax MOJKeT. 6biTb rrony':IeH B HeCKOJihKHX Hp;ep

HbiX .peaK!1llJIX: 96Ru(n,1)97Ru, Mo(4He,xn)97 Ru, · Mo{"He,'xn)97Ru, 
Rh(p,X)97Ru, Ag(p,X)97Ru, 99Tc(p,3n)"7Ru. · B HaCTO>!Il1ee BpeM>! pe
aJibHO ero ·rrony"'i·aroT rrpn o6ny-qeHHH MeTa.~m·r'-l·ecKoro po;n;H.s: npoTo

HaMH c aHeprne:ii 70 MaB, c BbiXOI\OM 1,4 MKn/MxA·'< [13], n B peax11n>~x 
Jll\ep rel!HJI c aHeprne:ii 30-35 MaB c npnpOI\HbiM nnn o6ora111eHHbiM 
Monn61\eHoM, c BbiXOI\OM oxono 100 MKKH/MxA·'I [14,15,16]. B nepBoM 
Crryqae npoHGBo;n;cTBO pa;n;noHyxnn:;u;a B03MO:JKHO TonhKO npn HaJIH"'iHH

cHJihHOTO"'-IHoro YCKOpHT€Jl.H C COOTB€TCTBJIOlll.eii 9HepnreH 11pOTOHOB 

n MH~HeH H3 MeTaJIJIH"'iecKoro poinJI - ;u;opororo 6naro"po;n;Horo Me

TaJIJia. Bo ·BTOpoM cnyqae pacc"'-!HT!='!BaTh Ha Bbi<;oxyro.npolmBO;tJ;t:I-:feJib

HOCTh MO:JKHO.T?JibKO npH TOKaX Q:"-'!aCTUII, B HeCKOJihKO COT MHKpOaJ..{

rrep Ha CII_eD;Ha.JIHOHpOBaHHbiX D;HKJIOTpOHaX. 

PenmTb tlal\a'<y xpynHoMaclliTa6Horo npon3BOI\CTBa 97Ru (nony

-qaTh KIOpHeBble KOJIH':IeCTBa Ha MOMeHT KOHII.a o6ny':IeHHJI) npeAr:TaBJIJI

eTCJI BOOMO:JKHhiM, 110 HaWeMy MH€HHIO, B CJiy-qae, €CJIH B Ka'9:eCTBe 

M>IllleHn 1\lUI npOTOHHOH 6oM6api\HpOBKH UCITOllbtlOBaTb TexHel\UH-99 

[17,18]. 
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<f>yHKfiHH B036Y>KI\eHHH >11\epHOH peaKIJ,HH 

" BbiXOI\ HYKJIHI\a 

<PyHKI\MJI BotJ6y~)1eHnJI peaKI\llH 99Tc(p,3n)97Ru BncpBbie 6h!rra 
H3MepeHa Ha~m B HHTepBa.~e oHepr;r:ii npoTOHOB OT 20 110 100 MaB I<3-

BeCTHhiM M_eTO,il,OM CTOiiKH {ponhr [19). 06ny'9:CHH:e IvfHilleHell: IIpOBO;t:J;Hr.IH 

Ha ny'!Kax npoToHoB l!MHCHHoro ycxopnTen>~ H-100 HHcTli.TyTa ¢nm!Kii 
BblCOK~X 9Hepan\ B IlpoTBHHO (PocCHJI) .H .ll30XpOHHOr.o II.llK3IOTpOHa 

Y-120M IIHcTnTyTa Jll\epHbix ilccl!ei\OBaHHH 'Ielli"Ko:ii axap;eMnH Hayx 
(P>Ke>K) npoToliaMn c aHeprneii 100 MaB n 35 M:>B cooTBeTCTBeHHO. 
Proyl!bTaTbi :>Kcriep>IMCHTOB xopo111o coBnann 1\PYr c 1\pyrmyt n noKa-
3a.~n, '!TO MaKCllMal!bHOe Ce'!eHUe o6pa30BaHMJI 97Ru(440. M6±i5%) 1\0~ 
cTnraeTcJI npn Ep=32 M:>B .. BbtXOI\bi pal\llO!iYKiiHI\a 1m "TorrcToi"· 
MHIII~Hn Bo3pacTaiOT OT 1 MKn/MxA·'< 1\0 10,5 MKu/MxA·'! npn yae~ 
l!H'!eHHn :>Heprun oT 30 ri,o 100 M:>B (p>Ic.1 ). 

Tc. r/cM2, 
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PHc.l. -Ce'!eHne o6paaoBaH~" n BbiXOI\ 07Ru B peax1111n 99Tc(p,3n )?7Ru: 

Bo BC~M l\llaJia30He :>Hepru:ii· 97Ru nony'!aeTc>~ npaxTWiecxn pai\HO

trooTOIIHO'I:J"HCTbiM , Tax xax 6onee nerxHe IIDOTOnhi PYTeHWI nMe~T 

xopoTKHe nepHOI\bi nonypa~;,a11a (<2 '!) [1] u ce'<eHrur nx o6paaoBaHIDI 
Meti:hrue, '!eM y 97Ru. Y11ellbHaJI aKTllBHOc.;,,, c y'<eTOM o6paaoBaHIDI B 

Jll\epHbiX peaK!1IDIX CTa6HllbHbJX IIDOTOITOB 96Ru, 98Ru, 99Ru, 1\0lilKHa 
6biTb He HU>Ke 5·104 Knjr. 
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MaTepna.~ MHmeHH 

MeTamrn-qecxuif Te."{He:u;:nll - npeKpacHhiii Ma.TepHa."l_ gn:JI UHK:xo
TpoHHhlX MHlli€Heif, T€llJIOBhl/];€JI€HH€ B KOTOpbiX !vf02K€T gOCTllraTh 

3 KBT /r n: 6m:ree. 3To TBepp;bri.J, ena.crn"'lHbill: ~reTaJI;z c y,Il;e.:rhHhiM Be coM 

11,5 r I cM3 , KoppoGHOHEo-ycToihHBhlrr 110 300°C, o6;:ra11aJOI11HII BblcoKOII · 

TervrorrpoBOJI.~OCThiO n T·eMnepaTypoH m:raBJieHHJI oKono 2500 K [20]. 
_lfCIIOJib30BaHlUO TeXH€D;lU:I B _Ka'9:€CTB€ MaTepnana MI:Illl€HH. ,ll;JI.SJ: npo

lroBOgcTBa 
97Ru B HaC'l'OJII.U;€€ Bp€M51; B03M0)KHO, M~maeT OTHOW€.}111€ 

K TexHeD;IHO KaK K 3KOOTl:I"t.IeCKOMJ H pagnoa:XTHBHOMy Me.TaJI_Jiy. flpi-t

M€HHTeJibHO K Mlllll€HHM, I-mrOTOBJI€HHhiM H8 T€XH€Tl:H.SI ,!I.JIJI rrpoTOHHO:ii 

6oM6app;II~OB~H, BTU cpaKTOphl BpHg I.Ill Mb)KHO C.;I~Ta.Tb orpaiiiP:II:IT€Jlb.:. 

HhiMH n, _xpoMe Tore, cn:egyeT HMeTb B ~ugy cnep;yrow.ne o6cTOJITenh

CTBa. 

Bo-nepBhlX, cogepJKa.Hne 99Tc B oTpa60TaHHoM ronnnBe ·aTOMHhiX 

:aneKTpocTaHU.MH ;u;ocTnrae.T i Kr Ha TOHHY ypaHa. Ero I1:3Brre"'-!eHMe, BOC

CTa.HOBJieHrre AO :MeTa~'llla li liGrOTOB~€HI1€ MIUlieHe~J, 0'9:€Bl:IIJ;H;O, M9JKHO 

cpaBHMTb ITO CTOHMOCTH C- TIOllY'9:€Hli€M o6oralll,€HP.:biX M·n:llieHeil ( Ha.

npHMep-, 
124Xe H 

203Tl )J;ITK npOl!3BOfl.CTBa 
123! H 

201 Tl) M!II! c Bbip;er.reH.liCM 
99Mo gmi reHepaTopciB 99mTc. 

Bo-BTOphlx, · TexHen.nii OTHeceH K rpyrrne HnoTonoB c HH3Koll pa

AUOTOKcii'iHOc-fhiO (rpynna B) [21], "9:TO no3BOJIKeT pa6oTaTh B pa;u;rr

OXHMH'9:ecKoi1: na6opaTopini III Knacca c 5-6 rpaMM:aMrr MeTanna, a B 

;:ra6opaTopHH II Knacca - 11epepa6aTblBaTb 110 50 r TexHell,H". 

llt>OTOII 99Tc(T1t 2=2,12·105. JieT)- '!HCTblll p>--IIt3'1Y'!aTe'lh C rpa

HH"9:HOfl GHepi-ne:M- a:reKTpoHoB 292 KGB, "<ITO coOTBe.TCTByeT cpelJ:Heii 

GH_eprHII GJI€KTpOHOB· OKOJIO 100 1mB; aKTHBHOC'fb Ha ITOBepXHOCTli 

M€T8JIJia 2,6·106 j3- -·-qaCTHIJ../C1:1:2·c, J'JI,ellbHrui aKTl!BHOCTb :)JI€MeHTa 

17 MKII/r. Hm:n<:a'.H 3HeprnK /3--Hony"':IeHHK B co"ieT<.I.HHH ·c Bhi.COKoii 

npo"iHOCThiO n TyronrraBKOCThlO MeT anna npa.KTI-f~-IeCKH: Hc:KJIIO"t!aro:r ero 

pacllbiiTeHHe 381 C'9:eT a.rperaTHOlf OTga'9:H. 8TO TI0'3BOJIJieT OTHOCHTbCJI 

K M€TaJIJIH'9:eCKOMY T€XH€Il;HIO KaK K OaKphiTOMY HCTO"'-JHHKY H:::my't.!eHIDI 

(nep'9:aTKH, TIHHII,eT H JierxHll GKpaH- ;'l,OCTaTO~Hhle Cpe;II,CTBa IiH;;::l;HBil

;tJ;YaJibHO:ff Oa~HTbl npH TIO;tl;rOTOBKe MHl!IeHeiJ ·113 Tf>..XH€II,H.H K o6i:ry-qe

HH!O). 

B HacTonw.ee BpeMK npoHOBOACTBO 97Ru B xomPI~CTBax -nop.Hp;Ka 

;tl;CCJITlWB KlOpH B rop; C HCllOJib80BaHH€M M€TaJIJIM'9:€CKOrO 'TeXHCI.J;HJI B 

xa-qecTBe MaTepna."'a MH~eHn HeJih:JJI opraHimoBaTb B Pocnur H::J-na 
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OTCYTCTBHJI Cll€:U:HaJIJIDHpoBaHHhiX CIIJihHOTO"tJ:HbiX yCKOpHTCJie:ii _npo
TOHOB c aHeprMeH 30 MaB Ii Bblllle. Ho ,r:pur nocTaHOBKH noncxo
BbiX Mep;HK0-6HOJIOrH'9:eCKHX ll pa;::t.Ho<t>apMaKOJIOrii'9:€CK:M;X GKCIIepHMeH

TOB MO)!(HO perymrpHo rro;:ry«aTh 97Ru B KOJIH'!eCTBa.x 100-200 MKH B 

HegeJIIO- Ha YCKOpHTCJIKX, He npe;II,Ha\3Ha"'-JeHHbiX. ;LJ;JIH KOMMep"tJ:CCKO:ii Ha

pa60TKH paiiHOHJ'K'IHIIOB. K TaKHM ,YcKopHTeJI"M OTHOCHTC" <J'?a30TpoH 

06'heii>IHeHHOro HHCTHTyTa "llepHblX HCCJiei\OBaHHIT B .IJ:y6He. 

06Jiy'IeHHe, MHWeHHOe ycTpOHCTBO 

Q6ny-qeHHe MHWCHei npOTOHHhiM ny"--KOM' C HHTeHCHBHOCTblO 6-· 
8 MKA H aHeprHerr OT 20. go 660 MaB rrposop;HTC>I BHYTPII BaKyyM

HOll KaMeph! ycKopHTe'l"· Ha nagaHHYJO Be'IH'!HHY pagHyca rrpo·ToHHO:il 

. op6HTbl (nagaHHYIO aHeprH!O IIpOTOHOB) MHilleHH YCTaHaBJIHBa!OTCjl C 

TO'!HOCTh!O 110 MH'I'IHMeTpa rrpo6HHKOM C IIHCTaH~HOHHh!M ynpaBJie

HHeM. 3BBHCHMOCTh aHeprHH IIpOTOHOB OT pap;Hyca op6HTbJ. B HHTep

BaJie O.T 40 110 120 CM IIOKa3aHa Ha pHc.2. · 

120~~~.-~~~~.-~~ro 

100 

80 

~- 60 
::0 

0. 
uJ 40 

20 

o~~~~~~~~~~ 
0 20 40 60 80 100 120 140 

Pa.!!HyC, CM 

Pnc.2. 3aBIICHMOCTI> aHeprHH rrpoTOHOB oT. pagHyca me op6HThl BHYTPH 

KaMeph!<J'?a3oTpoHa 

ffiar C!IHpaJihHOIT op6HTbli\1IJI !IpOTOHOB B BaKYJMHOll KaMepe <J'?a30-

TpOHa HMeeT paccTOj!HIIe Mel!(p;y BHTKaMH IIOP"IIKa 250 MKM. !IOOTOMY 

aKTHBHOCTh, HaBe,IIeHHaJ! Ha MHilleHH Bh!COTOIT 15-20 MM II TOJI!liHHOll 

4-5 r I CM2 , 6blCTpo rragaeT c yBeJIII'!eHHeM paccTOj!HIDI OT KpM MHWeHH 

B Haiipa.BJieHHH yBeJIH'!eHIIJI pa~eyca op6HThl: CBh!Ille 90% npO):IJKTOB 
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Jip;epHbiX pea.KD;UH CKOHD;eHTpUpOBaHO B nepBbiX Tpex MUllliUMeTpaX 

(puc.3). 
, . 0 ... ,_,_.,__,.~--,--~-.--~,.._..,~ 

'ij0.8 

"' s 0 6 ~. 

~ 0.4 

~ < 0.2 

2 

o.o I · ·. :=::---. · ~ 
0 • 4 8 • 10 g 
Paccro~HHe oT' Kpa.s MHWeHH, MM 

PHc.3. Pacnpep;eneaue a.KTUBHOCTU no rny6HHe MHIIleau: 
1- Al , h=15 MM, 1=12,5 MM, 5 r/cM

2
; 

2 ".Cu , 1,5x1,5 MM, 0,2 r/cM
2 

ll13 pucyHKa BHiJ,HO, '!TO C yMeHbllleHUeM sepTUKaJibHbiX p33MepoB H 

TOll~HHbl MHilleHH cnap; a.KTHBHOCTH B pap;Ha.JibHOM HanpatmeHHH npo-:

·HcXO;tJ.HT MeHee Peaxo. BepTHKa.JibHOe pacnpe;u.eneH~e HHTeHCHBHOCTH 

aeyTpeHHero 'ny'!Ka npu aaepruu npoTOHOB 60 MaB, nocTpoeaaoe no 

JIDMepeH~M aKTHB~ M.ep;HoH MH·wellli Tonw.n:aoi 4 r / cM
2

, noxanauo 

aa puc.4. 
1.0 

~ 0.8 
'! 

i 0.6 

~ 
;; 0.4 
= tl· 
< 02 

20 
' 

30 10 
BblCOTa,.MM 

PHc.4. BepTUKaJibHOe pacnpep;eneaue uaTeacusaocTu sayTpeaaero 

ny'!Ka npoTOHOB. Ep= 60±10 MaB; MUIIleHb- Cu, 4 r/cM
2

· 
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Pe0ynhTaTbl axcnepHMeHTOB no H3y'<.feHIUO pacnpeiJ.eneHlHI sH:yTpeH

aero nyqxa llpOTOHOB ¢anoTpoHa Ha MHlliCHSIX 6bl1Il! HCTIOJlhOO~aHbl 
· npH pa.npa6oTKe KOHCTpyKU,lU1 MIUlleHH H.'3 MeTa.JI:nrqecKoro TexHell,lUI 

(pHc.5). 

PHc.5. KoacTpyK:o;HH MHIIleHH p;tiH o6ny'!eHHH MeTanliH'!eCKoro Te-

xHei:J;HH BHyTpeHHUM ny'!KOM npoTOHOB <j>330.TpOH3 

MuweHh cocToHT H'3 Tpex. nnacTHHO~ Tonm.nHoii 3 r / cM
2 

-no npo6ery 
np0TOHOB

1 
oanpeCCOB8HHp!X B Mef];Hblii 6noK,· KOTOpbiH KpeTIHTC.K K BO

p;o~X!Ja:aq::x;aeMoii ronosxe npo6HnKa. Macca Tc B MH.W~HH cocTaBJIHeT · 

oKorro 1 r. KoHCTpyKil.IDI rr pacnonmKeHIIe Tc-nJiacTnHOK ncxnro"-latoT 

HX HarpeB npOTOHHbiM ny"-!KOM" p;o TeMnepa.Typbl miaB_rreHHH 11:, C.lJe/].0-. 

saTeiThHO, HeT noTepb Tc oa C"--eT HcnapeHlUI B Ba.KyyMe. llo ·Ha.WHM 

OII.eHKaM, npH TaKOll: KOHCTpyKIJ.Hll MHJlleHb "na.xaa.~biBa.eT" He MeHee 

80% ny'!xa. · 

Pap;HOHYKJIHiJ,HbiH cocTaB o6Jiy'!eHHOH MHWeHH 

KaK noKa13aJIH nccnep;oBa.HH.H. [19), aKTHBHOCTb TC-MHilleHH noc?Je 

o6ny'<eauJI npoToaaMu c a':epruen 100 MaB o6ycnoBneaa npuMepHo B 
pa.ImoH CT_eneHH KaK liDOTOTiaMH pyTeHH.si, TaK ll H30TOll8MH TexHeiJ.H.si, 

nony'<aio~uMUCll B pea.K:o;uxx:99Tc(p,xn)100-"Ru u 
99

Tc(p,pxn)?
9
-$Tc. 

ll130TOITbi pyTeHUH C M3CCOH 96,98 U 99 - cTa6UllbHble, C MaCCOH 

92 - 95 uMeiOT KOpOTKUH nepuo;J; nonypa.cnap;a (::01,65 '<), n TOllbKO 

97Ru (T
1

;
2
=2,9 p;HH) onpep;enxeT aKTUBHOCTb pyTeHUH '!epeu 12 '!aCOB 

nocne :KoHII.a o6.rry-qeHH.si. 
.~ q TO Ka.CaeTC.si H30TOTIOB Tex.HeiJ.HH, TO BIGia.p; B UX o6pa:30Ba.HHe 

a· MHilleHli Tc onpep;emmTc.si He TOJibKO .sip;epHbiMU peaKII.ll:RMH, HO 
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li p~cnap;oM H30Tonoa Ru. PagMoHyKr.m;u;Hhn'i cocTaB BK1IIO"'iaeT 
95mTc(T112=6l Ali,; HIT, K-GaXBaT, E,=204 K~B, SO%; 582 K~B, 
44% rr 1'\p.); 95BTc(T112=20 '<; K-GaxsaT, E,=766 x~B, 94%); 
96Tc(T1/ 2=4,35 AH; K-GaXBaT, E,=778 x~B, 100% ; 813 x~B, 82% ; 

850 K~B, 99%); 99mTc(TI/2=6,01 'f ; HIT, E,=141 K~B, 85% ) rr 

KopoTKOOKITBY1.11ITe HYKl1ITf\bi c Maccoii 92,93,94 (T1!i:S4,9 '<). 
C yMeHbWeHIIeM aHeprHH Ha.JieTaiOlli,HX ITpOTOl!OB aKTHBHOCTb H30· 

TOITOB 
95

Tc H 96Tc B MHIIIeHH penKo na.p;aeT. TaK, BblXO,Il; 95mTc npH 

Ep=100 M~B cocTaBl1J!eT oxono 300 MKKrr/MKA·'f, a rrprr aHeprrrrr 
np0TOHOB ·a,n;soe MeHbllleii • acero ·5-7 MKKH/MxA·'q·, H Hc~eoaroiQ.e 
Manoii no cpasHeHrriO c 97Ru 6Y)1eT aKTHBHOCTb rrtJoTorros Tc nprr · 

Ev=30 M~B [19]. ·Bee ~To rosopHT o ToM, '<TO rrprr Heo6xof\ITMOCTH 

TeXHezurif-99 M04CHO pereHepHJ>oaaTb HO IIpaKT:w:IeCKH HeaKTHBHbiX Te· 

XH01IOrH'i<;CKHX 0TXO,IJ;OB- (He C'TI!Trui C06CTBeHHoif aKTHBHOCTH 99Tc) 

yJKe 'iepe3 nonro;u;a nocne· oTgenemur pyT_einui. TaKHM o6panoM, To, 

'iTO npOJI:~BO}l;CTBeHHbie OTXO}l;hi, B iJ;aHHOM CJiy'iae, He cop;ep)KaT p;OJI

rOJKHBYUJ;HX pap;HOTOKCH'9:Hblx; npop;yKTOB Kp;epHbiX peaxii,Hii:, KaK 9TO 

HMeeT MeCTO, Ha:rrpHM:ep, npK liDBJie-qeirHH 99Mo HO o6Jty-qeHH0ro Te· 

l1110BbiMli HeiiTpOHaMH 235U, BeC:&Ma BaJKHbl:ii C 9K0110ri-I'ieCK~:ii H 9ICOHO

Mli"leCKOif TO"ieK. opeHHH <f>axTop; ITOCKOI.EbKY He BOOHHKaeT _Heo6xogH

MOCTH B nepepa60TKe li }J;JiliTel!bHOM xpaHemlli: 3THX OTXO;IJ;OB. 

BeJIH'lHHa Hapa6oTKH 97Ru 

IIpef\CTaBneHHaJ! Ha prrc.5 MnweHb rrpef\HatJHa'feBa f\l1J! o6ny'leHHJ! 

npoTOHaMH c Ha'!al!bBoii aHeprrreii. 50±i M~B. Ilprr aToll: onTHManb

Hm'i aHeprHH, KaK IIOKa3biBaJOT peoyJibTa.Tbi {19], BbiXO)J; 
97Ru Ha KO

HeQ o6ny'<eHHJ! f\OCTnraeT 7 MKrr/MxA·'l nprr oTHOCHTe1!bHO He6onJ>~ 
woM BKl1aAe B o6ll1JIO aKTHBHOCTb MHWeHH APYrHx paf\ITO,;,YKl1Hf\~B. 
Ecnn IIOf\HJ!Tb ~HeprrriO npoTOHOB f\O 60 M~B, TO Bb!XOA 97Ru BOO-. . 

· pacTaeT· acero Ha 15%, rrpH ~TOM TOJIW.HHa MHWeHH Tc yaenH'iHBa-

eTCH p;o 4,6 r/cM2 ~ a o6w;rur aKTJ:IBHOCTb MHWeHH yaeJIH'TIIBaeTCJt Ha 

IIOPJ!f\OK [19]. 0TCIOf\a Cl1ef\yeT, 'iTO f\1IJ! nonyqeimJ! 97Ru B peax

l1HH 99Tc(p,3n) Qenecoo6pa3Hee rrcnoJibGOBaTb npoTOHbl c aHeprrreii 

He Bb!We 50 MaB. 

KonH'ieCTBO 97Ru, KOTopoe p~anbHO rrony'iaeTcH na op;HH -qac pa-

6oTbl <f>a3oTpoHa Oll.liH, onpef\el1J!1Ill npH axcnotJHQHJ!X oT 10 ,110 

8 

30 MITHYT H MaKCHManbHOM ToKe npoToHoB oxono 8 MKA. AKTH

BHOCTb 
97

Ru(MKH/'i) B o6ny"ieHHOM MeTaJIJIH"'ieCKOM TexHeiJ;HH paCC'iH

ThiBa.JIH IIO :peoYn:c.TaTa.M cneKTpOMeTpli'ieCKHX HOMepeHHif HHTeHCH

BHOCTH raMMa-l1HHHH C ~Heprrre:ii 216 K~B H 324 K~B no <f>opMyJie 

y = S;p,; 
3, 7 · 107 tb8ic:itme >.t, 

rp;e Si - 'iHCJIO oaperRCTpHpOBaHH_biX /i - KBaHTOB, 

J.l; - xoa<f><f>rrurreHT nori:ro111eHHJ! "(;- KBaHTOB B MeTanJIH'lecxoM Tc, 
tb ·- BpeMJ! 06Jiy'feHHJ!, 'l, 

tm-- IIpO;tl.OJDKHTe1!bHOCTb IIDMepeffiiJ!, c, 
tc -_BpeMJI nOcne KOHIJ;8r o6:rry"'ieHHJI p;o Ha'ia.Jia liDM~peH:wr, ~, 
A_- KOHCTaHTa pacnaAa pa)lnoHyKJIHf\a, 

ti; - ~<f><f>eKTHBHOCTb perrrcTpa!\llH "(;-KBaHTOB AeTeKTopoM, 
C; - OTHOCHTeJibHOe KOJIK9:eCT·BO 7;-KBaHTOB Ha pacnap;. 

iltJMepeHHJ! aKTHBHOCTH o6pa3QOB IlpOBOf\HJIH Ha CQHHTHJIJIJ!QH~ 
OHHOM raMMa-cneKTpOMeTpe C KpHCTaJil10M Nal(T!) (63x63 MM, pa3-

peWeHHe ~8%), coG)IaHHOM Ha 6a3e II8BM THna PC/AT 286, H B 

OTf\ellbHbiX cnyqamc Ha cnexTpoMeTpe c Ge(Li)-AeTeKTopoM H 4096-

KaHal!bHbiM aHaniiDaTopoM B CTaHf\apTe KAMAK, coeAHHeHHbiM )ll1J! 
o6pa6oTKH proyJibTaTOB c II8BM THna PC/AT 386. 

Kax H mi<HAMOCb, Hapa6oTxa 97Ru B Bb16paHHbiX ycnoBHJ!X 

(Ev=50 M~B, TOK ~s 1aA) oxa3anacb f\OCTaTo'!Ho Bblcoxo:ii - 40-

50 MKnfq Ha xoHeQ o6ny'!eHHJ!. Cne)lyeT OaMeTHTb, 'ITO Taxrre KOJIH~ 
'!ecTsa 

97Ru MOlKHo nony'!n'rb B peaxi.\IDIX 4 He( 35 MaB) c MoJIH6)1eBoM 
TOl1bKo nprr Toxax ycxopeHHbiX HOHOB CBb11.11e 500 MKA. 

PaiiHOXHMH'lecKoe BhllleJieHHe 97Ru Hl3 ooJiy'leHHoro 

MeTaJIJIHl:fecxoro TexHen;HJI 

3a)la'la paiiiWXHMH'!ecxoii nepepa6oTKH MH1.11eHH MeTannH'lecxoro 

TexHeiiHJ! nprr o6111eii ee axTHBHOCTH 1-2 Krr c .QeJibiO Bblf\eneHHJ! pa

f\HOHj'l<JIH)IHO'<HCTbiX H 6ro f\06aBOK HOCllTellJ! npenapaTOB 97Ru 6bl1!a 

peWeHa HaMH Ha OCHOBe m:meCTHblX X:HMlPleCKHX CBO:iiCTB TexHe:q,rur II 
pyTeHHJ! [2-4,22-24]. 

BHa'lane npef\nonaranocJ>, '<TO MoryT BOGHHKBYTb TPYf\HOCTH, CBJ!

OaHHble c npoQeccoM pacTsopeHHJ! MeTanJIH'lecxoro Tc H IIOCl1ef\YIO

r.u;HM B3IIDIHHeM TexHe:u;HeBoH XHCJIOTbi npH OTHOCHTeJibHO Bl:JCOKO:i ee 

9 



KOHI.I.eHTpai(mi Ha ITOBep;eHHe YJibTpa:tvHi.Jl:biX KOJIH't!e~TB pyTeHIUI B ITO

Jiy'9:eHHbiX pacTBopaX: CornaCHo nn:TepaTypHhiM )l;aHHhiM, MeTanJIH't!e

cxmi T€XHei<Hn paCTBOpJ!eTCJ! B nepeKHCH BOI\OPOila (1) HJIH WJOTHon· 

KHCJIOTe (2): 

2Tc + 7H20 2 ~ 2HTc04 + 6H20 , (1) 

· Tc + 7HN03 ~ HTc04 + 7N02 + 3H20 (2) 

ITo HamHM Ha6mop;eHIDIM, pacTBopeHne xoMrraKTHoro MeTanna B ne

peKHCH BOp;opop;a p;eii:CTBHTeJibHO llpoHCXO;Il,HT, H0.0"9:eHb Me,IJ;JieHHO: ITJia

CTUHKa Tc Maccoii: 0,4 r c rrosepxHOCThiO 0,8 cM2 pacTBoplinacb B 15 · 
Mn 30% H20 2 a Te-ieHne Tpex 1\Heii:. HarpesaHne n ·rroiiKHcneHne pac

Tsopa Ha cxopocT» pacTBopeHHJ! He smi"n". B 13M HN03 .rrp" 100°C 
MeTaJrn:rrqecxHH Tc pacTBop.s:nCJI oa 2-~ "9:, H, Kaic noxa:nanH KOHTponh

Hbie H3MepeH~~ur, rroTepb pyTeHIDI H TexHeiJ;HH: -s rrpoi.I.ecce pacTBope

HHJ! He 6»mo. ITpn Macce o6ny'leHHoro MeT anna ~ 1 r " o6'beMe anoT-. 
Hon K"cnoTbi 10 MJI KOHQeHTpai<HJ! HTc04 ·B rronyqennoM pacTsope 

co<;:T~rurn8. 1 MonD/n. B TaK0M pacTsope MHKpoxon:n"9:ecTsa pyT_eHHH, 

0"9:eBH/];HO, HaJCOjl;HTC.iJ B. <PopMe: HHTpOOIInpyTeHaTOB - 't!pe3Bbl"9:ai!HO 

npO't!HbiX COef];HHeHHii, KOTOpbie paopyruaiO-TCJI- TO.llbKO npH OKHCJieHHH . . . 
3JieMeHTa p;O BOCbMHBaJieHTHOrO COCTOH:HllJI. 

I'IGsecTHo, 'ITO HHTpoGnnpyTeHaTbi nerKo oxncJIJ!IOTCJ! Kl04 nnn 
(NH4) 2520 8 (Ag) 1\0 TeTpaoKCHI\a pyTeHHJ!., KaK B WJOTHOKHCJibiX, TaK 
n. B cepHOKHcnhlx pacTBopax. OH oTrOHJieTCJI H3 aTHX pacTBopoB MeHee 

'!eM 3a 30 MHH rrpn TeM!leJ?aType 7Q-90°C H 6ap60THpOBaHHH B031\YXa 
'Iepe3 paCTBOp CO CKOpOCTb!O 100 Mll/MHH [25]. ,[(HCTHJlnJ!1.1HJ! .H3 B0-
1\HhlX paCTBOpOB rrpH TeMrrepaTypax HH>Ke 100°Q - CBOnCTBO BeCbMa 
pep;xoe }J;mi p;pyrHx aneMeHTOB. liMeHHo Ha aToM csoHcTse 6bma oc:Ho..:. 

BaHa paopa60TaHii.M: HaMH MeTOiJ.HKa pa3geneHUH: rpaMMOBbiX KOJIH

"9:eCTB TexHeUIDI H HaHorpaMMOBbiX KonH"tJecTB pyT~HHJI c. B'biCOKHM xo

a<P<J>HUHeHTOM 0"9:HCTKH B op;HOCTa;r:J;HiiHOM npon;ecce, cxeMa KOTOporo 

(pnc.6) l1 OllHCaHHe rrpHBOI\J!TCJ! HHJKe. . 
06ny"9:eHHyro MHWeH'b MeTaJIJIH't!ecKoro Tc MaccoH oKono 1 r pac

TBOPJ!JIH s 10 MJI KOHQ. HN03 rrprt HarpesaHnn Ha KHITJ!J.lleii: BOI\J!Hon 
6aHe c o;u;HoBpeMeHHbiM npOIIj7CKa.F:~HeM TOKa Bo3p;yxa Ha;u; noBepxHo

CTbld paCTBOpa p;rut yp;aneH~ O.KHCJIOB aDOTa. ra:Jbl H B03MO)KHble pa-

1\HOaKTI<BHhle rrpHMecn rrornoJ.llanH !' nosywKax c pacTBopoM NaOH. 

l"o 

ITony'leHH»In · a3oTHoKncn»ni pacTsop, col\ep>Kal.llnii Tc04 n Pai\HO
PY'l'eHnn, .rrepeBOI\IIJIH s cepHoKncnblii:, 11o6asnllll paBHblii: o6'beM 11M 
H

2
S0

4 
n yrrapnsM cMeCb 110 rronosHHbi o6'heMa (110 TeMrrepaTypbi Knne

HHJ! cepHoKncnoro p_acTsopa 1600C). ITaphl imoTHoii KncnoT»I YAaJIJ!Jin 

C TOKOM B0'3~yxa , npoxo~HIU,HM 'qepe3 JIOBYlliKH Ta.K )Ke, Ka.K ll npH 

pacTBOpeHHH TexHeiJ;l!H. 

KoHI<. HN03 , 
TOK B0'3~yxa 

KoH1.1. H2S04 

KIO•, HzO, 
TOK B031\YXa 

JiosywKa 

c 6M HCI "n" 
3M HCI-15%H20z 

PacTsopeHne MnmeHH Tc..eT.,l00°C 

· IlepeBOI\ pacTBopa HN03(Tc,Ru*) 

s pacTsop H2S04 (Tc,Ru*) , 160°C 

,UncTnnnJ!I.1HJ! Ru"04 , 90-92°C -

IIornoJ.lleH"e Ru"04 

fiperrapaT 97Ru 

P:Hca6a CxeMa M~To;u;a pa;u;n:.oxH~lrtiecKoro B'bi;u;eneHIHI
97Ru H3 MeTaJI

JIH"9:~CKoro Tc~ o6ny"9:eHHoro n:PoToHaMH Ha. BHyTpeHHeM ~qxe 

.panoTpoHa 

KoHTpori.bH'bie H:JMepeH:n:JI aKTIIBHOCTH nornom.aromnx pacT;sopoB B no

BYII;IK3..x n(lKa3aJIH, "9:TO c napaMH anoTHoH KucnoThl YHocH.uo~.'b < < 1% 
HTc0

4
, a cne~~os pyTeHHJ!, KaK n CJiel\osano mKnl\aT» [26,27], He 6»mo 

o6Hapy)l(eHo: IIony'l~HHblii: cepnoimcn»In pacTiiop pa36a,;.JIJ!l!H BO)l;oii: 
)3;0 KOHIJ;eHTp311HH 5-6 MOJib/ll H rrepeHOCl!JIH ero B rrpnfiop 1\llJ! I\HCTlil!

JlJ!!1llH , ·a KoTopbiii: 6blno sse11eHo 1;0-1,5 r 1(104 • PacTsop Harpesann 
;,a BOI\J!Hoii 6liHe 110 ~gooc n a Teqenne 20-30 MHHYT oTr<>HJ!JIH Ru"O• 

B ·ToKe B031\YXa, 6ap6oTnpyiOJ.lleM 'lepe3 paCTBOp CO CKOpOCTblO 100-

11 
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200 M:r./MHH.- PyTeHH:ii: nornow.a~lJ.CH ~ noBywKe c pacTBopoM: 5 MJI 6M 
HCI m:n 5 Mil 3M HCI- 1.5% H20 2, B KOTopoM Ru(VIII) BoccTaHaB::rn

sa;rc" ;:;o Ru(III). 8ToT COiiHHOKHCilhlll pacTBOp rrpn Heo6xop;HMOCTH 

COKpalll.€HHH er_o o6'beMa MO)J{HO ynapH:Th 6e3 IIOT€pb pyTeHJ:UI. 

Bech npo:u;ecc oT Ha'<ia.'Ia pacTBopeHH.s: TexHeu.rni go rrony'<ieHJ:I.S: co
!I.i1HOK:acnoro pacTBopa pyTeHHH :JaHHMaeT 6-7 '9:acos. KaK IIOKa::JaJIH 

proyJibTaThi ::n::cnepUM€HTOB1 GITO BpeMH MO)J{H? COKpaTMTb MHHMMYM, 

Ha jl,Ba -qaca, ecn:n p;HCTH.iiJI.sH.I.lUO pyTeHI:UI nposo;u,HTb Henocpep;cTB~HHO 

H3 a:JOTHOKHC1lOrO paCTBOpa Cpa:Jy IIOC."l€ paCTBOp~HHH MHW€HH H BB€

il,€HHJ.£ B Hero KI04• PyTeHHil Konir'leCTBeHHO: Bhip;errHeTcJI H::J aooTHo

KHcnoro pac.Tsopa, cogep)l{a!I.I.ero -::MaKpoKon:IPieCTBa TexHei(I:UI H KI04, 

npH'leM nornow.arol.Il.HH pacTBop nocm~ oTi'OHKH pyTeHH.a: He co;II,ep>KHT 

npMM~ceH TexHeu.n.x. OgHa.K? rrp:n aTOM He HCKJII0'9:eHa sepoxTHOC_Tb o6-

panoBaHHH HHTp030-TpHXl!Opo-pyTeHHeBOll KliCl!OThl B peoyrrhTaTe pe

a:KIJ;IIH BOCcTaHOBJieHrur Ru04 _B coJIHHOKHCJioH cPe;u;e OKHCbiO aneTa [28], 
KOTOpaH 06panyeTCJI B peaKJ:1HJIX .cflOTO- H pap;HOl!HTH'IeCKOrO pa3l!O)!(e

HIHI -a:JOTHO:ii KHC1IOTbi H :raK>Ke TIOCTyrraeT B JIOBYWKY C TOKOM B03-

p;yxa._ IIoae.u.eHne HHTpo::Jocoe,D;HHeHtni MMKpoxonn~ecTB pyTeHiiJI· rrpH 

rrocrrep;yi0111HX CHHTeoax Me'!eHhlX pap;nocpapMarreBTH'IeCKHX rrperrapa

TOB Tpe6yeT p;orrol!HHTerrhHhlX nccrrep;oBaHHn B pap;nocpapMJCHMI<H. IIo

GTOMY 6biJIO ·peweHo BBecTn.onepau:mo nepeso;u;a aooTHoKHCJIOro_pac

TBop~ B cepHO_KMCJihiif. 8To H'eCKOJibKO y,II,JIHHJieT npo':o;ecc, HO p;aeT BOO

MO>KHOCTb TIOJiy'9:aTb 
97Ru B BHge XJIOpHp;OB, KOTOphle 06bPiHQ H CJiy>KaT 

HCX0)1HhlMH coep;HHeHHl!MI< rrpH rrpHrOTOBlleimH 97Ru-P<l>II. 

XnMH'!ec~<;nii BhlXOi1 97Ru B oiiHCaHHOM MeTop;e paBeH 95-98%, rrpn

"<.JeM noTepn pyT_eHMH ca.smaHhi B ocHOBHOM c .cop6nneH- H aoc_cTaHo

BrreHHeM Ru04 Ha cTeHKax rrpn6opa, Bcrrep;cTBHe '!ero Tpe6yeTCH rrpe)l

aapnTeJib~an ~6pa6oTKa ere BHyTpeH~e~noaepXHOCTH OKH~JIHTeJieM 
[29]. C !1ellbl0 CHH)!(eHHH ap;cop6J:1HOHHhlX liOTepb pyTeiiHH B p;HCTliJI

l!H!1HOHHOM rrp,;6ope 6bll!H rrpe)lyCMOTpeHhl KOpOTKHll ITYTh ranOBOrO 

IIOTOKa Me:iKp;y HCnapi,I''r"eJibHOif H TIOrJIOTHTCJibH:oii "<.JaCTHMH, a TalOKe 

OTHOCHTeJibHO He60JibWaJI TIOBepXHOCTb, KOTopyiO OMhlBaeT BTOT ra

OOBbli:f:. TIOTOK. 

raMMa-cneKTpOMeTpH'!ec:KHif aHamro KOHe'!HOrO COJIJIHOKHCJIOro 

pacTBopa 97Ru rroKana;r oTcyTcTJ:.ne rrpnMecen TexHe!1HH {He o6Hapy

iKeHbl n0oTOTihl 95mTc, 96Tc) (pHc.-7), CJie;II,0BaTeJibHO, B03MO)KHhlii YJiOC~ 
TexHCI(HH B TIOTOKe BOO;II,yxa C KallJI.siMH cepHOKHC~OrO paCTB~pa COCTa

BJIIDieT MeHee }0"2%, 3 K03Q>¢mUHCHT OlJHCTKH 60JJee Jtf. 
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Puc. 7. raM!\-fa.-cneKTP COJI.siHOKJIIC:IOr()' rrpenapa.Ta 
97Ru, naMepeHHhli'I 

<.'-ll.llHTHiJ::IHIJ;HOHHblM CIIf>KTpclMeTpOM C KpiiC:!OJl::JOM :Kal(Tl) 

3aKJIIO'-ICHHe 

IIony-qeHHbie Ha <tJanoTpoHe 0 IIRJI 3K(_'II<>pii!\1eHTa.'IbHhie' ga.HHbie no 

o6ny'C.IeHniO 99Tc n: Bh:tp;erreim:ro 9iRu rro3ao:Z.2roT nporHotinpoaa.Tb KO
IiH'9:eCTBa. Cra Ha.Pa.6oTKI-L TaK, nposo;::r..sr oO::r_y'(reHn.e Ml!llH'Hf'I~i MeTa;vrn

"iecxor-o Tf'..XHCD;l'IH IIpf>TOHHhlM TIY'IKOM C_ 3Hf'prnei{ 5() l\'bB npn TOKe 

6-8 MKA B Te'JeHIIe 8 -qa.coa, r. y .. IeToz...i- nocn.e;:I,yiOII.J.eli pa;a.Hoxn::-nPiecKmi 

o6pa.6oTKH, '9:epei3 70 -qa.co:B nocn:e KOHU.a o6n:y'-IE':HI!H 1IO:+.:Ho A<>C.Ta:e;uiTh 

He MCRee ].50 lv!Kn 97Ru B COOTBCTCTBy·IOili,HC pa,u_uoc:f>ap!\:tali.t~BTH"iCCKne 

I1 pa.;ri,M06UOJJOi'II'<-ICCKMC rra.6opaTopHI-I li KITllHIIKII. 

Pe3y:nhTaT~I npoBeACHHhiX pa:u,rwxHMn~Iec.Knx Itc.rJie,:I,<)BaHnii rroKa

:Ja.."IM, 'ITO paopa.60T8-ill~aJI A_IICTH1IJIH~l!OHHrui !>lf':TO;rJ;II:Ka KOJlii'l('CTBeH

HOrO OT}l;eneHliJI j'JibTpa:r-.H!KpOKOJII-PieCTB pj'Tf'HHH-97 OT 1-1al\pOKOl.IIl

"'CCTB Tex.HeUH.si-99 p,a:eT xopowo BOCTip01!3BO;rJ;l--IMbif': pe3j'!lhT8-Tbi. HC· 

nMeeT cno)J(Hh!X i1 TPYAOeMKHX onepauni-i:, <>TH<>CHTE'Jihrio Henpo,u;o;nnH

TerrhHa no apeMeHH (6-7. "--), He Tpe6yeT ;o;opornx H pep,Knx peaRTl:!BOB 

H CJI02KHoro o6opy~J;oBa.HlUI, npocTa ;II,JUI BhlllO.iiHeHIIH oa 6no:xorn'-!eCxoii 

oaJ..U.HToii U HMeCT He60JiblllOi1: o6'beM ( <100 Mn) pa.p;noaKTII.BHblX OTXO

,!J;OB. 8Ta. MeTo;r:v-rKa MO;+;:eT 6biTb nonmr.:e.Ha ~ (}('HOBY npn t"ongaHJHI 
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TE:XHO:!OBPieCli:OrO npon;ecea IIOJIJ"'"I€Hl!9.. npenapaTOB 
9iR U C BbiCOKOlf 

y;::te:tbHolr o6'beM~·wii af{TlJBHOCThiO B ¢op:-..1e, Heo6xo;::r,n:r-.wii g.rrsr noc.ne

gyromero C-UHTe::Ja !l.fe~ieHbiX n;Ru-pa;J;no¢apMnpenapa.ToB. 

B :JaKiliO'<:IeHue aBropbi Bhipa:+.:aiOT 6;mrogapHOCTb nepcoHaJIY. ¢a.

::JoTpoHa na. npoBegeHJW o6Jiy"!eHIU~I, B.II.Co6o7IeBy· oa. noMOW.h B pa.-

6oTe H J1.Iv1.0HniiieHKO ca. TIOCTOHHHbii! UHTepec K HCCJ.Ee;lOBaBHHM. 
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