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06mas · xapaKTeplfcTHKa pa6oTbi 

AKTYaJibiiOCTb npo6neMbl 
B nacrolluiee npeMll MC:oir TBepJIOTeJJbJ.IbiX TpeKOBbi~ llCTCKTopoB liJ1ep _ (ITWI) 

HaxOJIIIT HpiiMCHCHIIC B CaMbiX paJJJH'HibiX 'o6JJaC'fliX JIUYKII II TCXHIIKII. 0JIHIIM 113 

o6nacreii IICIIOJib30BUHIIll- ITWI liBJiliCTCll ·pan11orpacp11ll JleJJliLUIIXCll sneMeHTOB 11 a.

H3Jl)"'aTeJJeii. B 6oJibllliiHcrBe CJiyqaeu JlJill pan11orpacp1111 sneMeHTOB. naHHbiM Mt:'fonoM 

IICHOJib3YJOTCll liJ1CpHOaKTIIBHbiC H3JlY'fCHIIll • TCIUIOBbiC II pC30HaHCHbiC HCHTpOHbl, y

KBaHTbl, ycKOpCHHbiC 'laC'fiiUbl, TaKIIC KaK.HpOTOHbl, JlCHTpOHbl, a.-'laC'fiiUbl, TlllKeJJbiC 

IIOHbl. 0JIHIIM 113 IIC'fO'IHIIKOB TaKIIX 113JJY'fCHIIH liBJiliCTCll MIIKpOTpOll • ycKOpHTeJJb 

SJICKTpOHOB, reHepnpYJOIUIIH TOpM03HOC 11311Y'f,CHHC, a TaKlKC llOTOK TCIUIOBbiX II 

pe30HaHCHblX HCHTpOHOB. }l.rill ScpcpeKTliBHOI'O IICllOJib30BaHIIll, MIIKpOTpOHa 

Heo6XOJ111MO 6bUIO paCillllpiiTb ·Kpyr npHKJiaJ{HbiX IICCJICJlOBaHIIH, npOBOJlHMbiX uaero 

nyqKax, pa3pa6oTaTb MCTOJ1bl peweHIIll nocraBJieHHbiX Jana'l. B eucre npiiMeueullll 

Me-rona ITWI uapllllY c panuorpacpueii sneMeHTOB none Tenno~biX ·- ueiiipouoil, 

IIOJI)"'aeMoe Ha MHKpOTpOHe, • MOlKCT 6biTb HCIIOJib30BaHO TaKlKe npll onpeneJJeHHll 

. TpeKOBOI'O B03pacra reOJIOrH'IeCKIIX o6pa3UOB. C J1pyrDH cropOHbl, HMeiOTCll Jtpyrue 

pa3noo6pa3Hbie o6nacru npuMeHeHIIll ITWI ua nyqKax . paJJJH'IHbiX ucro'IHHKOB 

'laC'fiiU, B q'acrHOC'fll, ycKOpiiTeJJeif TlllKeJJbiX HOHOB cpeJIHIIX II BbiCOKIIX SHepruif. 

li.CJJ& pa6oT&r: 
Pa3pa6oTKa MeTOJ111K onpetteneJtllll coneplKaHIIli n npocrpaucrueuuoro 

pacnpeneJJeHHli J1eJJliiUIIXCll sneMeHTOB, TaKHX KaK Th, U, sneM.eHTOB rpynn Bi-Pb, Au

Pt. a TaK:JKe sneMeHTa Be B o6pa3uax c noMOIUbJO ITWI MCTOJ10M panuorpacpllll c 

HCIIOJib30BaHHeM TOpM03HOI'O 113Jl)"'eHIIll, IIOJI}"'aeMOI'O Ha MIIKpOTpOHe, . H JlpyrHX. 

'lacruu, npuMeneuue ITWI · B naTIIpouamm n BblliBJieuuu TepMH'IecKoii Hcropnll 

o6pa3UOB, B HCCJJeJ{OBaHHliX SJieKTpOlittepHOI'O cnoco6a llOJJyqeHHll SHeprHII. 

Hayquas HOBUJHa pa6oTbl 

1. PaJpa6oTau MeTOJl onpeneJJeuull coneplKaHHll Th B o6paJuax c noMOIUbJO 

' TeiUIOBbiX HeHTpOHOB ll y-KBaHTOB. HoBII3HOH MeTOJ111KII liBJiliCTCll TO, 'ITO BMecro 

OTIIOilleiUtll IIOJJHbiX Ce'letiiiH J{eJJeHIIll liJ1Cp U ·It Th y-KBaHTaMII SKCnepiiMeHTaJibHO 

onpeJ1eJJliJIOCb OTHOillCHHC Bb!XOJ10B peaKUIIH IIX JleJJCHllll JlJill "6ecKOHe'lHO TOJIC'fbiX" 

liC'fO'IHIIKOB OCKOJIKOB JleJJCHIIll - MCTaJIJIH'IeCKHX IUiaC'fiiHOK U ll Th: 
qyuC'fBliTeJJbHOC'fb MCTOJ1a COC'faBJiliCT 10"8 

rfr. 

2. J1CCJICJlOBaHO IIOBeJ{eHIIe OTHOilleHIIll BbiXOJ10B peaKUliH J{eJJeHHll liJ1ep U It 

Th B 3aBHCHMOC'fll OT MaKCHMaJibHOH SHeprHH TOpM03HOI'O li3JlY'fCHIIll B HHTepBaJie OT 

7 MsB no 23.5 MsB. Ha SToii ocuone unepBbie npeJlJIOJKeua McronnKa onpeneJJeHIIll 

. conepJKaHull U n Th B o6paJuax nyreM nuoiiuoro y-o6nyqeullll paJnii'IHbiX sueprnii. 
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3. Pa3pa6oTaua MeTOJUIKa onpene.neuna npoCTpaHCTBCHHoro · pacnpene.neuna 
. . . 12 

sneMcHTOB rpynn Bi-Pb n Au-Pt nyreM o6nyqeuna ycKopcHHhiMH HOHaMn C. 

3KcnepHMCHTanbHO Bb16paHbl OnTHManbHblC ycnoBH.ll OT)ICHra TpCKOB OCKOnKOB 

ne.ncHHa BO qrropcpnoronHTC C UeJJblO nOBbllllCHHa 'IYBCTBHTeJJbHOCTH MeTona -

yCTpaHCHHa cpoHa OT COCTUBHbiX anep H anep OTna'IH. llpoCTpaHCTBCHHOC pa3pClllCHHe 

- ± 10 MKM. 

4. Pa3pa6oTaH Me-ron onpeneneuna conep"lKaHH.ll Be B o6paJuax c noMOIUbto · y

KBaHTOB c :;meprneii 4.6 MsB :5; E., :5; 9 MsB. BbiBCneua nonysMnHpH'IeCKaa cpopMyna 

nna· s!lJcpeKTHBHOI'O pa6otJero enos BeiUeCTBa nng a.-'laCTHU c 3Heprneii 1.498 MsB, 

ncnycKUIOIUHXC.ll B pe3YJibTaTe pacna,na anpa 8Be nepBOI'O B036Y"lKAeHHOI'O ypOBH.ll, 

KOTOpoe o6pa3yeTC.ll npH peaKUHH 9Be(y, n)8Be*. qYBCTBHTeJJbHOCTb MeTona ~ 10"6 r/r. 

5. llpn onpene.neHl!H TpeKoBoro BOJpaCTa o6pa3UOB m Eaau-Hyyp, Mouronna, 

naHa npH6nHJHTeJJbHa.H OUeHKa TCpMH'IeCKOH HCTOpHH nopon tla OCIIOBe pa311Hllbl 

TeMnepaTyp coxpaueHH.ll TpCKOB B rpanaTe H MYCKOBHTe. 

6. TIM ycnclllHO ncnoJibJOBatlbl B nccnenoBaimax no ::meKTpoanepnoMy 

cnoco6y noJiyqeHH.ll 3HeprHH, npoBonHMbiX no npOCKTY "3Heprna" Ha yCTatlOBKe 

"CBHHUOBbiH 6noK". 

llpaKTH'ICCKaK UCHHOCTb pa6oTbJ 

Pa3pa6oTaHHbie MeTonnKH onpene.neuna conep"lKaHH.H Th n U ncnonbJOBannch 

nng aHanHJa MH.OI'O'IHeJJeHHbiX o6pa3UOB nO'IB, ym.H, 30Jibl yrn.H, CTpOHTeJJbHbiX 

MaTepnanoB, Bonoc 'leJJOBcKa, nenna cnrape-r. Me-ron onpene.neuna conep"lKatJH.H Th 
nyreM nBOHHOI'O "(-06JI)"'eHH.ll HUllleJJ npaKTH'ICCKOC IIpHMCHCHHC M.ll KOHTpOn.ll 

CTCIICHH XHMH'ICCKOH O'IHCTKH npenapaTOB Texuorenuoro nJiyrOHH.ll OT STHX 

::ineMCHTOB. CeneKTHBtlbiii auanm ::meMctlTOB rpynn Bi-Pb, Au-Pt B MHHcpanax MO"lKeT 

6biTb npHMetleH npH IIOHCKaX HOBbtX MeCTopo")I(AeHHH. llpoCTOH H nclllCBbiH MeTOn 

onpeneneuna conep"lKauna Be ncnoJILJye-rca nna KOHTpoJia onacuoro ·ypoBH.H 

Jaip.HJHeHH.H oKpY"lKaJOmeii cpenbi 6epnnnHcM. B pa6oTe noKaJana BOJMO"lKHOCTh 

onpene.neuna TpeKoBoro BOJpaCTa MHnepanoB c conep"lKatmeM ypaua Cu.;?: 10"6 r/r c 

HCIIOnbJOBUHHCM MHKpOTpOHa. 

ABTop BLIHOCHT ua Jamwry: 

1. Me-ron OIIpene.netJH.ll conep"lKaHH.ll TOpH.ll B o6pa3UUX C IIOMOIUblO TeiiJIOBbiX 
HeiiTpOHOB H "(-KBUHTOB. 

2. Me-ron onpenenenna conep"lKanna Topna H ypaua B o6paJuax n:YreM 

nBoiiuoro o6nyqeHH.ll o6pa3UOB y-KBanTaMH npH nByx pronH'IHbiX 3Heprnax. 

3. llpHMeHCHHe BblllleYKaJUHiiOI'O MeTona 1IpH aHanHJe TeXUOreHiiOI'O 
nnyrouna. 

4. Me-ron ce.neKTHBHoro auanma sJieMcnToB rpynn Bi-Pb n Au-Pt c noMOIUbiO 
YCKOpCHHbiX HOHOB l 2C. 

2 

'I 

1 
I 

t 

5. HoBbiH cnoco6 onpcncncmi.H conep"lKaim.H .. 11 npoCTpanCTBemmro 

pacnpene.nemi.H 6epHIInli.H B o6paJuax nyrcM o6nyqcm!.H y-KBanTaMII c ::meprnii 4.6 :5; 

E., :5; 9 MsB. 

6 ... PeJyJibTaTbi IIJMepetmii TpeKoBoro BOJpaCTa o6paJUOB cmon MYCKOBI!Ta, 

6noTuTa II qmoronnTa, KpiiCTanoB ananiTa, rpanaTa, uupKona 11 c<flena. 

7. PeJyJir,TaTLI 3Kcnep11MCIITOB no 11cnonr,Jonamuo TIM n IICcnenoBamiax ilo 

3JICKTpO.HnepuoMy cnoco6y nonyqellH.ll '::ltlCpnm. 

Anpo6auHK pa6oTLI 

OcnoBllbie peJynbTaTbi 11 oTneJJbllble nono"lKCIIII.H pa6oTLI noKJianbmani!Cb ua 

pa6otJeM COBCIUUHHII ''TIM II IIX npiiMCHeiil!e" (Jly611a, 1990), na pa6otJeM 

coBeiUalliiii "Radon Monitoring in Radioprotection, Environmental and/or Earth 

Sciences" (TpneCT, 1991), 11a 16-oii Me"lKA)'IIaponlloii Kollcpcpcmum no TpeKaM ancp 

B TIICpllhiX Tenax (lleKIIII, 1992), 11a II pa60'ICM COIICIIlalliiH "ll'M II IIX 

npHMCJieiiHC" ,ll.y611a, 1993), Jla illKoJie-CeMJIIIape 110 cpll:liJKC T.ll"lKCJiblX 11011011 

(.Ily611a, 1993). na 17-oii Mc"lKAynaponHoii KoHcpcpcnmuJ 110 TpcKa~<i .Hllcp 11 TBcpllhJX 

Ten ax (.Ily611a, 1994 ), llil J-M MC"lKAyHapOllliOM COIICII[UIIIIII .. 5111Cplla.H cpll:liJ~a JLII.ll 

oxpallhl oKpY"lKa•omcii cpclli,J" (.Ily6na. 1995). 

lly6nHK3UIIH 

MaTepiian nncccpTaUlm IIJJJO"lKeJJ 11 7 noKJianax, ony6JmKonaHJJhJX 11 c6op1111Kax 

MUTepHanOB COBeiUallHH H KOilcpepeliUIIH, B 3-X npellpllllTUX II . 1-M coo6111CIIIIll 

0115111. 11 I-ii ny6nuKaUHH B c6opimKe TpynoB JI51P 0115111. 11 1-M I!Jo6pcTcmm 11 11 2-

x CTUTb.liX II Ha)"'IIbiX "lKypuanax. 

CTpyKrypa H o61>eM pa6oTbl 
Jl.HccepTUUII.ll COCTOIIT 113 BllellCIIII.ll, 'll-"TblpCX IJiaB, 3UKJJIO'ICIIII.ll II CIIIICKa 

JIIITepaTypbl. Pa60Ta HJJIO"lKella II a 104 l."TpUIIIIJIUX MaliiJIIIOiliiCIIOI'O TCKCTa, BKJIIO'Ia.H 

26 pHC)'IIKOB, 14 Ta6JIHU II CniiCOK JIIITCpaTyphl 113 158 IIUIIMCIIOBUIIIIH. 

CoJJ.ep>KaHHe pa6oTbl 

llEPBA}J maBa llHCCepTUIUIII IIOCII.lllllCIIa o6Jopy JJJITcpaTyphl 110 11p11MCIICIIJIJO 

TBepnoTeJJhllbiX TpCKOBbiX llCTCKTOpOII JLIIH OllpCllCJICIIII.ll COllCpJKaiiJJH llCJI.llllUJXC.ll 

3JICMCIITOB II a.-HJJI)"'UTeJJCH MCTOllOM pan11orpacp1111. 

BTOPA» masa noci\HIIlCIIa MCTOllaM onpcllCJJCJJIIH concpJKaiiiJH 11 o6paJuax 

TaKHX ne.nautnxc.H sneMCIITOil, KaK Th, U, Bi-Pb, Au-Pt. 
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a. OTIPEJJ.EllEHI1E COJJ.EP.IKAHIDI Th B OEPA3UAX C TIOMOIUbiO 

TETIJIOBbiX HEHTPOHOB 11 y-KBAHTOB 

Onpenenei!H~ conep:lKaHHJI Th B o6pinuax MeTOliOM TIM npoBOliHTCJI o6wmo 

C UOMOlllbiO 06JJ}"'CIHUl HCCJICliYCMbiX H 3TaJJOIIIIbiX o6pa3UOB TaKHMH 6blcTpblMH 

qacnmaMH, KaK a-'laCTHUbi, neihpollbi, npoTOHLI 11 np. B npellJio:lKemtoM HaMH Meione 

HCDOJ1b3YJOTCJI 'Y·KBa!ITLI. 

3KcnepHMCHTLI npoBomumcb ua MHKpoTpoHe MT-25 ll51P, lleTCKTopoM 

OCKOJIKOB liCJICIIHJI CJIY:lKHJI UOJII!::>THJICIITCpeqrranaT (JJaBCall). 

Tip11 o6JJ}"'CI!Hlf 'Y·KBallTaMH 3TaJJOIIIIOro o6pa3Ua ypa11a H HCCJICliYCMOfO 

o6pa3Ua nJIOTIIOCTif TpCKOB OCKOJIKOB liCJICtiHJI 51l1Cp 238U H 232Th tla lleTCKTOpax 

COOTBCTCTBCIIIIO paBI!bl: 

N'.r = <P7 a 7u Cor E A/238 

(1) 
N'o6p = <P

7 
a

7
u e Cu R:.jxp u A/238 + <P7 a 7Th E CTh R*" Th A/232 

1 r '38 fllC <fl7 - qmiO::liiC y-KBaiiTOII, a ll II a Th - CC'lCIIHJI llCJICIIIIJI COOTBCTCTBCIIHO JlllCp - U If 
23

Zrh y-KnamaMII, R*" u 11 R,qxp Th - ::>cfJcpeKnmHbiH pa6o'lHH cnoii o6pa3ua llJIJI 

OCKOJIKOB lleJICIIHJI COOTIICTCTIICIIIIO JlllCp 
238U If 

232
Th, Cn - KOIIUCIITpaUHJI ypaHa B 

::>TarioHe B MrlcM
2

, A - 'lHcno Anoranpo, e - ::>cpcpcKTHBHocn, pemCTpaUHH lleTCKTopa, 

Cu If CTh - conep:lKatme ypa11a H Topllll 11 o6pa3uc. 

3necL conep:lKaHHe ypa11a Cu onpcncnJICTCJI npu noMOIUH o6JJ}"'CHHJI-'o6p~ua ·If 

::lTaJJOIIa TCDJIOBJ,IMH tiCHTpOIIaMH: 

Cn N"o6p 

Cu = (2) 

N"n R*" 

fllC J':l 0
o6p H N".r- DJIOTIIOcTif TpCKOB OCKOJIKOB J{CJ!CIIHJI COOTIICTCTBCIIIIO OT b6pa3Ua If 

3TaJJOIIa. 

Hau6onee TPYliHOOilpCJICJ!JICMbiMH BCJ!H'llfllaMH 11 Ilblpa:lKCIIHJIX (1). JIBJJJIIOTCJI 

·ayu II a
7
Th· B npCllJIO:lKCIIIIOM MeTOllC BMCCTO OTIIOIIJCHH.ll CC'lCIIHH J{CJ!CtllfJI .llJlCp U If 

Th .y-KnauTaMH ::>KcnepHMCIITaJJbllo onpenenJIJJOCL OTIIOIUCIIHC IlbiXOllOB peaKUHH HX 

llCJICIIH.li Nu/NTh .llJIJI "6ecKOIIC'liiO TOJICTbiX" HCTO'liii1KOil OCKOJIKOil - MCTaJJJIIf'lCCKI1C 

nnaCTHIIKH U 11 Th B KOHTaKTe c naBcauonhiMH lleTCKTopaMH o6JJ}"'aiiifCb y-KBaHTaMH 

n nmepnaiJc ::~ueprnn OT 7 M::>B llO 23.5 M::>B (puc. 1). TaKHM o6paJOM, c }"'eTOM 

Toro, 'ITo R.qxr u "' R.qxp Th. concp:lKaHIIC Th n o6pa3ue llbl'liiCJIJICTCJI H3 cnenytOiuero 

npoCTo!u llhlpa:lKCIIIIJI: 

fN'o6p N"•r Nu Nu 1 
CTh = ~ ---~ Cu (3) 

l N"o6p N'.rNTh NthJ 

4 

.I 

.. 
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PHC. 1. 0TtJOlllCHifC BLIXOJIOB OCKOJIKOB llCJICHHJI OT "6eCKOHC'lHO TOJICTbiX" CJIOCB 

MCTaiiJIIf'lCCKifK ypaHa If TOpHll B 3aBI1CI1MOCTI1 OT 3HCprHH 'Y·KBaHTOB 

MeTOll onpo6npoBaH C DOMOlllbiO . CTaHnapTHbiX DO'lBCHHbiX o6pa3UOB H 

:lKeneJoMapraHUCBLIX KOHKpeuHif 113 Tnxoro oKeaHa. KaK Bl1l1HO H3 ·Ta6JJHUbl 1, 

pC3YJJbTaTbl 113MCpCHifH XOpOlllO comaCYJOTCJI C 113BCCTtlb1Mif naHHbiMH. 

YyncmuTenbHOCTh Mcrona noctnracr 10'8 r/r. . 

B Ta6huue 2 npenCTaBJJCHbl pe3ynhTaThi mMepeHHH Cu If CTh. B pa3liH'lHbiX 

o6paJuax. 

Ta6nnua 1. Pe3yJJbTaThi H3MepeHHif conep:lKaHif5! U 11 Th B CTaHnapTHhiX 

DO'lBCHHbiX o6pa3UaX 11 otJpaJUax KOHKpCUHH 

Cu, 10'6r/r CTh, 10-6, r/r 
06paJeu HJBeCTHLie ODLIT C HJBeCTHLJe ODLIT C . 

.nanHLJe HeHTJ:!OHaMH ,llaHHLie !•KB:iHTaMH 

crn-IA 2.0 2.0±0.3 9.0 7.9±1.0 

CT-1A 0.8 1.2±0.2 2.6 2.9±0.5 

CII-2 5.0 5.2±0.8 6.0 6.5±1.1 

KottKpCUH51-1 . 4.0-6.0 5.0±0.8 10-150 33.0±5.6 

KoHKpCUH51-2 - .. - 5.0±0.8 - " - 115.0±19.5 

-
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Ta6nnua 2. Pe:JynhTaTbi HJMepeHHH co.I{ep:ll<aHHa U n Th n nccne.IlyeMbiX o6prouax 

06paJeu 

Yronb T3U (Momunna) 
1 
2 
3 
4 
5 
6 

Bonocbi 'lCJioneKa 

2 
3 
4 
5 

TienCJI cnrapCT 
Monte Carlo 
Naziomile 
More 
Salem 
NB 
)zyKaT MocKna 
51na 

CTpOHTCJihHbie MaTepnanbi 
1 
2 
3 
4 
5 
6 

Cu, 10-6 r/r 

3.8 ± 0.6 
65.5 ± 7.9 
17.5 ± 2.1 
1.2 ± 0.2 
3.2 ± 0.5 

42.3 ± 5.0 

1.3 ± 0.2 
1.2 ± 0.2 
0.6 ± 0.1 

0.4 ± 0.07 
0.2 ± 0.03 

0.3 ± 0.05 
0.3 ± 0.05 
0.2 ± 0.03 
0.3 ± 0.05 
0.2 ± 0.03 
0.8 ± 0.10 
0.5 + 0.08 

0.2 ± 0.05 
0.9 ± 0.15 
0.3 ± 0.05 
2.0 ± 0.30 
0.5 ± 0.08 
1.4 ± 0.20 

CTh, 10-6 r/r 

11.9±1.4 
1.0 ± 0.1 
2.0 ± 0.3 
23.7 ± 2.5 

< 0.1 
0.1 ± 0.02 
0.4 ± 0.07-
0.4 ± 0.07 
0.1 ± 0.02 

< 0.3 
< 0.2 

3.0 ± 0.5 
0.7 ± 0.1 
2.7 ± 0.4 

0.1 ± 0.02 
4.8 ± 0.7 
2.3 ± 0.3 

6. OTIPE)lFJIEHHE CO)lEP)I(AH1151 U nTh B OEPA3UAX 
_ TIYTEM JlBOHHOfO fAMMA-OEnyqEH1151 

Ha OCHOBaHHH TOI'O, 'ITO OTHOWCHHC BhiXO.llOB peaKUHH .llCJietma a.nep ypaHa H 
Topna Nu/NTh n HHTepnane <>Heprnn oT 7 MsB .no 23.5 MsB pa3HHTca necbMa 
CyWCCTBCitliO - OT 1.7 .!IO 3.2 (pHC. 1), 6bUI npCllJIOlKCII MCTO.ll onpC.llCJICIIItH 

6 

J~ 

CO.IleplKa!JHa KaK ypaua, TaK II TOpiiH uyrcM liBOHIJOro o6nyqemtH y-KBaiJTaMH 
pa3.11H'lllbiX <>neprnii. BcnenCTnllc Torn, 'ITO Bl>lXOll ocKOJIKOB liCJieiiiiH ua I MKA·'l np11 
<>nepnm (7 - 8) M<>B npiiMcpuo na nna nopanKa llltlKe, . 'ICM np11 6onee BbiCOKIIX 
<>neprnax, n <>KcncpiiMeHTax 61>um Bl>16pallbi o6naCTII <>Hcpmii (15-17) M<>B 11 (20 -
23) MsB. -

flnOTIIOCTII TpCKOB lla 111-'TCKTOpax, o6nyqeiiiii>IX B KOIITUKTe C ypaiiOBblM 
<>TanOHOM 11 o6pa3UOM, 6ynyr coomCTC'rnemto panllbt (ltllliCKCI>I 1 11 2 cooTBcfCTBYJOT 
o6naCTaM <>Heprnii (20- 23) MsB n (15 - 17) M<>B): 

N
1
o6p = cjl1cr1u & Cu R>xjxj> N238 + cjl1cr1Th & CTh R>xjxj> At232 

(4) 
., ., ., .., 2 

N-o6p = cjl-cr-u & Cu R>xjxj> N238 + cjl-cr Th & CTh R'*l> A/232 

N
1 
n = cjl1cr1u & Cu •T A/238 

(5) 

N\T = $2cr\, & Cu n A/238 

I ? I ? I ? . 

me cjl ' - - HOTOK y-KBaiiTOB, 0 ' -ll II 0 ' -Th - CC'JCJIIIH liCJICIIIIH HliCp ypaua II TOpiiH 
'Y-KBaHTaMH COOTBCTCTBYJOIUIIX <liiCpntH, & - <>cpcfx:KTIIBIIOCTI> pC111CTpallllll liCTCKTOpa, 
R>xjxj> - scpcpeKTHBIIbiH pa6o'lltH cnoii neutcCTna 8 MrlcM2

, A - 'liiCJio Anoranpo, Cu 11 

CTh - KOIIIlCIITpaUitlt ypa11a II TOpltH B o6pa3UC, Car - KOIIUeiiTpaniiH ypa11a ll <lTa.JIOIIC 
2 • . 

B MrfcM. 
3 - . I I I aMCIIItll OTIIOWCIIliH CC'JCIIIIH liCJICIIIIH HliCp ypalla II TOpiiH 0 l1 0 Th It 

cr
2
u/cr2Th lla OTIIOIUCIIHH Bl>lXOliOB peaKI!IIH U(y, 0 II Th(y, 0 - IIJIOTIIOI..'TCH TpCKOI\ OT 

"6eCKOIIC'lltO TOJICThtX" CJIOCil ypa11a II TOpiiH, 111 llllyx CIII-'TCM 1\hlpalKCIIIIii (4) It (5) 
MOlKHO BbiBCCTit cpopMyJII>t llJIH concplKamta ypa11a 11 .Toplla 11 o6paJHax CTh 11 Cu: 

Cu 3T 

CTh = --
~'*~> 

I I 2 2 N oGp/ N 3T - N o6p/ N 3T 

I I - ? ? 

N Th (N u - N-Th /N-u 

2 r I I 2 2 1 Cu oT N o6p N ofip/N 3T X N. ,,IN oGp -:- I 
Cu = -- -- ~ I - ~ 

?l I I?? j R>xjxj> N-.T N ·1b IN u x N-Th /N-u - l 

(6) 

(7) 

B Ta6nnue 3 nauo cpamtemtc peJyJJI>TaTot\ 113Mcpcmtii, noJtyqcmiMX .namtbtM 
MCTO.llOM II MCTO.IlOM, OnHcatiiii>IM B riYJIKTC (a); ripOCJIClKIIBa!-'TCH comaci!C pC3YJibTaTOB 
B npe.nCJiax onm6oK HJMepeunii. 
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Ta6mma 3. CpannenHe peJynbTaTon H3Mcpeuuii, nonY'!CIIIIbJX pawH'IIlbJMH MeronaMH 

06pa3CU Cu. X 10"6 r/r CTh, X 10-6 r/r 

n-MeTOll Yzo!Yw n/yzo-Meron Y2oiYJ6-MeTOl1 

MeTOll 

3ona yrnx 

1 115.1±13.8 117.8±14.1 64.4±7.7 73.3±8.8 

2 114.5±13.7 117.8±14.1 78.9±9.4 86.8±10.4 

3 71.1±8.5 65.5±7.9 18.3±2.2 18.4±2.2 

ITenen c11raper 

1 0.32±0.05 0.39±0.06 0.15±0.02 0.17±0.03 

2 0.20±0.03 0.24±0.04 0.42±0.06 0.39±0.06 

3 0.11±0.01 0.15±0.02 0.24±0.04 0.24±0.04 

ITo'lnellllbJe o6pa3Ul>J 

I 2.4±0.4 2.1±0.3 2.4±0.4 2.8±0.5 

2 1.6±0.2 1.8±0.3 3.9±0':6 4.4±0.6 

3 2.2±0.3 2.0±0.3 6.6±1.0 7.2±1.1 

flpeHMYJUCCTBOM ::noro MeTOJla no cpanllCIJHIO C npCJlblllYJ-IlllM COCTOHT B TOM, 

'ITO npH o6nY'!CHI111 o6pa3UOB y-KnanTaMH Jla MI1KpOTpOUC npH 11UTCIICHBUOCTH nY'!Ka 

:ilnCKTponon -10 MKA Tpe6yercx ncero 1 'I 3KCH0311UI111 (npu Cu. CTh - w-6
- 10-

8 
r/r) 

npH Ka)J(llOH 3HCprH11, TO[lla KaK o6nY'!CIII1C TennOBbiMI1 HCHTponaMI1 B_rpaqJHTOBOM 

Ky6e MI1KpOTp011a Tpe6yer HpHMCpllO 10-12 'I ncneliCTBHC Manoro HOTOKa HCHTpOUOB. 

11ccnenonmmx no onpeneneHHJO concp::Kanl1a Th 11 U namn11 npHMCHCIII1C nnx 

allaJJH3a o6pa3UOB (HO'IB, ::KHBhiX opraJJH3MOB, paCTCII11H 11 T.ll.), CHnMIO 3arpX3HCHHbiX 

TCXIIO[CilllbiM nnyroiiHCM, a HMCIIIIO, MX KOIITpona CTCHCIIH XHMH'ICCKOH O'IHCTKH 

npenapaTOB OT 3THX ::JnCMCIITOB. 

n. CEIIEKTI1BHhiH AHAJII13 3JIEMEHTOB fPYITIT Bi-Pb 11 Au-Pt 

I 

ITpo6neMa ceneKTHBnoro HJMepeuHa IIH3KHX KonuenTpaUHH Bi, Pb 11 Au, Pt, 

lr, Os n MHncpanax cn~na11a c noHcKaMH noBbiX Mecropo)J(lletmii. qacro B03HHKaer 
1 

IIC06X011HMOCTh OHpCllCJICIII1X IIC TOJlbKO H3MCpC1111X 11X CpCliiiCro COJlCp::KaHHX, HO H 

OflpCllCJICIIHX IIX pacnpCllCJICIJHX n MI111Cpanax C npoCTpallCTBCJIJihlM pa3pCIIICIIHCM 10 -

20 MKM, 'ITO 11 nocTuracTca np11 noMOlll11 MCTona TTJJ)I. 
3KcncpHMcun.t npcmonwmcb ua UHJ0IOTpOHax Y-200 H Y-400. 06pa3Ubl 

ropllbiX nopon nMccrc c MCTaJIJII1'1ccKI1MI1 A-~m.raMH Pb, Bi, Au, Pt u Os o6nY'IanHCb 
!• 'II" 

Homii.m 
12

C c ::Jnepmcii 9.1 11 13.2 M::JBIHJKn. .!J.ereKTopoM ocKonKon nenenHx 

cnJ::t(Hna CHIITCTH'IccKax cn1011a cjnopcfmoroni1T. 

Bbl6paHbl OflTHManbllblC ycnoBHX OT::KHra TpCKOB OCKOnKOB neneHHX BO 

clrropcfmoronHTC - 48.0°C B TC'ICIJHC 6 '1, HpH KOTOpblX HOJlJIOCTbiO ycrpaHXIOTCX 

8 

.) 

cpoHOBbiC TpCKH XliCp OTlla'IH. H KOMnaynli-XliCp, KOTOpblC . o6pa3ytoTCX npH 

B3aHM011C~CTBHH HOHOB 12C C xnpaMH :ilnCMCHTOB, COCTaBnXIOIU11X li~CKTOp. : 

ITocne · o6nY'1eH11a. c.monbt cjnopcfmoroni1T 6bUIH JaMenebi a.-'IJBCTBHTenbHbiMH 

nereKTopaMH CR-39 (nonHaJUIHnbl1HrnHKoni.Kap6onaT) llnH perncrpauuu 

HHllyUHpOBa!IHOH a.-aKTHBHOCTll HJKnHliOB, o6pa30BaHHblx: B MHIIICIDIX. • 

113 puc. 2 BHJlHO, 'ITO OTHOCHTenbHbiC BbiXOllbl OCKOnKOB neneHHH .lfJiep Pt,. Au, 

Pb u Bi npu6nH3HTeni>no onun~oBbi. OnnaKo, n nereKTop.ax CR-39, naxonHBIIIuxcx B 

KOHTaKTC C MCTaJUII1'1CCKHMH Qx>nbraMH Pt H Au Hoene o6nY'!CHHH, HC "o6napJ::KCHO 

nnOTHOCTH TpCKOB a.-'laCTHU, npeBbiiiiaiOIIICH o6bi'IHbiH "cpoH - ·~·. 10-2 
Tp.·CM-

2
-

CooTBCTCTBJIOIUax nnOTHOCTb TpCKOB a.-'laCTHU nnx cponi,r Pb H Bi 6bUia na yponne 
6 ? . . . . .. 

10 Tp.·cM--. TaKHM o6paJoM, nyreM cpannenmi panHorpaMM ocKonKon neneHHH H a.-

'laCTHU nnx onnoro u Toro ::Ke o6paJua. pawu'lanH noKanHJauHii; conep::Kamue HJlpa 

Bi-Pb u xnpa Au-Pt. no nanH'IHto unH . OTCJTCTBHIO TpeKon . a.~'laCT.J1U · n 30Hax 

pacnono::KCHHH TpCKOB OCKOnKOB llenCHHH. 

flpocrpaHCTBC!IHOC pacnpeneneHHC MeTOJla MH OCKOnKOB neneHHH COCTaBJIHeT 

±10 MKM, 'ITO onpCJlenHCTCH CpCliHHM npofieroM OCKOnKOB llenCHHX B MHillCHH H B 

liCTCKTOpC. 

§" 
~ 
CQ 

0.4 r-----------..,.---------, 

-•-Au 

--.Pt 
0.3 --4-Pb 

~ 0.2 

j 
0.1 

:~ 
M . 
~5 ~0 ~5 ~0 ~5 ~0 ~5 ~0 

E. MsB/HyKJioH 

P11c. 2. OTnocHTCJibHbiH BbiXOJl ocKonKon nenenux Au, Pt, Pb 

B 3aBHCHMOCTH OT SHCprHH YCKOpCHHbiX HOHOB 
12

C 

B TPEThEH rnaBe on11can HOBbiH MCTOJl onpenenenmi conep::Kanux 6epHJUIHH 

n o6paJuax c noMOIUbto y-KnanToB. Tipu B3aHMOJleiicrnuu y-KBanTon c sneprneii 4 
M::JB ~ Ey ~ 9 MsB c HJlpOM 

9
Bc npoTeKaCT peaKUHH 

9
Be(y, n)

8
Be* B ocnonnoM c 

o6pa3oBaHHeM XJlpa 8Be na nepnoM B036y)J(llcHHOM yponne - 2.9 M::JB (sneprHH CBH3H 
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HeiiTpoHa panHa 1.7 MllB). 3TO ~npo pacnanae-rc~ · Ha nne a.-'iaCTHUhi c llHeprneii 

Ea =(2.9 MllB + 0.096 MllB)/2 = 1.498 MllB, KOTOpbiC llcpcpeKTHBHO pernCTpHpYJOTC~ 
a-'i}'BCTBHTeJJhHhiMH ne-reKTopaMH. Ce'iCHHe naHHOH peaKUHH HMeeT MaKCHMYM npn 

3HCp111H y-KBaHTOB By = 6 MllB H npH6JlH3HTeJJbHO paBHO 1.2 M6, COOTBeTCTBeHHO B 

npenno:lKCHHOM MeTO]lC HCnOJlb3YJOTC~ y-KB~HTbi llTOH llHCprnn. 

:3KcnepnMeHTbi npooonnnncb Ha MHKpOTpoHe MT-25, ne-reKTopoM a.-tJaCTMU 

cny.KII1l nnaCTHK CR-39, a n KatJeCTBe llTanoHa ncnonbJonanacb Me-rannntJecK~ 

«Ponbra 6epunn~ C TOJIIllHHOH 7 MKM. 

ilOCKOJlbKY H llTaJlOH, H o6pa3CQ ~~JOTC~ "6ecKOHC'IHO TOJlCTbiMU" no 

OTHOIIICHHIO K npo6ery ct-tJaCTHU C llHeprneH 1.498 MllB, HC06XOJIHMO 3HaTb 

ll<iJcPeKTHBHbiH pa60'IHH CJlOH 6epUMH~ H Jll06oro BCilleCTBa CO CJlo:lKHbiM XHMH'ICCKHM 

COCTaBOM R,.pp, ~ KOTOporo B JiaHlJOM JleTCKTOpC perHCTpHpYJOTC~ BCC a.-'faCTHllbl C 

naHHOH llHeprneii . .Iln~ 6epnnnu~ R*" pacctJHTaHo no cnenyromeii «ix>pMync: 

~ Be = 1/2 (R - r Pll) cose" (8) 

rne R - npo6er a-'faCTnu (Ea = 1.498 MllB) n 6ep11nnmt n Mr/cM
2

, r - npo6er a.

qaCTHU B JleTCKTope CR-39 B CM, Pll - nnoTHOCTb JleTCKTOpa CR-39 B MrlcM
3
, e" -

KPHTH'ICCKHH yron TpanneHH~ JlCTCKTopa CR-39, 1/2 - KollcpcpHUHCHT, Y'fHThiBaiOillHH 

21t-reOMeTpH!o. fuo 3Ha'JCHHC 6biJlO HaHJICHO paBHbiM 0.246 Mr/cM2
• 

~ 6hinQ paCC'IHTaJIO TaK)I(C llJ]~ JlpyrnX 11 ::lJlCMCIITOB (pHC. 3). 

2.0~----------------------------------~. 

1.5 

"' ·~ 
"" ~ 1.0 

t 
Cl::: 

0.5 

u 
flJJ 

Zr 

20 40 60 80 

z 
P11c. 3. 3aBHCHMOCTh ll<lJcpeKTIIBHoro pa6oqero cno~ Rq,q, 

OT. aTOMHOf'O JJOMcpa llJlCMCHTa Z 

10 . 

100 

,, 

J 

~~ 

I 

J-h ::noli JlllJICHIIOH '3alliJCI1MOCTI1 llbiBCllCJia IIOJlY.:lM1111pii'ICCK~ <iJopMyJJa llJl~ 

::>cpcpCKTIIIIJIOil:> pa6o'iCf0 CJ!Oll R:xjxfJ IICIJlCCTJia CJJO)KIIO'ro XIIMI1'iCCKOfU COCTalla llJl~ a.

'ial.llfl( c ::>ucpmcii 1.498 M::>B, pcntcTpllpyrountxcll 11 lll.'TCKTopc CR-39: 

n 

~ = (0.017 L cti Z; + 0.146) MrlcM2 

'i=l 
(9) 

fJIC Z; - aTOMIIbiH HOMCp i-oi'I KOMriOJICIITbl BCIUCCT!Ia, ct; - CC npOUCIITJIOC 

conep:>KaHHc. 

TaKn~ o6pa30M, concp:>Kmmc 6epunmtll B o6p<nuax MO:>KIIO pacc'iuTaTb lfJ 

cncnyromeii cpopMynhi: 

RacJxi> Be No6p 

Co6p = (10) 

N 3y R:xjxfJ o6p 

C UeJJI>IO nponepKH cpopMyJli>I (9), a 311a'JIIT II cpopMyJibl ( 10), llBa pa31lll'lllbiX 

KpHCTanna 6epHJma, a TaK:>KC 6cp11JJJIIfCIIbiH ~TaJIOII II KOIITaKTC C llCTCKTopaMII CR"39 

6r..m11 o6JIY'fCIIbl Ha MHKpoTpOIIC y-KIIaiiTaMlf C ::liiCpntcii 6 M::>B II TC'iCIIIIC 30 Mlfll 

npH TOKC ::>JlCKTpOIIOII 7 MKA. llocnc o6Jiy'icllllll llCTCKTOpbl llpOTpaiiJIIIIIaJIIICb II 6N 

NaOH np11 TCMncpaType 70°C n TC'icmtc 1.5 - 2.5 '1. XIIMlf'iCCK~ cpopMyna 

·KpHCTanna 6epnnna - Be3AhSi60s, T.e. Cnc = 0.045 r/r. PcJynr,TaTI>I lfJMcpeuuii 

npcJICTaBnCIIbl B Ta6nHQC 4. 

Ta6Jmua 4. PcJynr..TUThi HJMepemt~ concp:>Kamut Be 11 KpHCTaJmax 6cpmma 

06paJCU R*ll, ilJIOTHOCTb TpCKOB, · Kouuempauilll 

Mr/cM2 T);!1C~t2 6e);!HJlJIHll, r/r 

:3Tanoii 0.246 1.71 X 10
6 

Eepnnn-1 0.426 1.24 X 105 
0.042 ± 0.002 

Eepnnn-2 0.426 1.35 X 105 0.046 ± 0.002 

J-h Ta6JlHUbl BHJIIIO, 'ITO pC3Yni>TUTl>l li3MCpCIIIIH xopomo COIJ!UCYJOTCll B 

npenenax ourn6oK HJMepcmtii c mneCTuoii KOIHtcliTpaulldi Be n Kplll.laJJJlll'fccKoi'J 

MaTpHue 6epnnna, 'ITO i1 JIOKaJhiBUeT cnpaiscwmnoCTb cpopMyJJ (9) 11 ( 10). 

llpu onpe11enemm coltep:>KaiiiJll 6cpiiJJJIIfll n o6pa1uax c noMOJilhlo y-KnaHTon 

MCIIIaiOUliiMII ::lJlCMCtiTUMII MOJyr CJly)l(lfTb 6op II JIIITllii, KOTOpblC MOiyr llXOJllfTb B 

COCTaB IICCJICJIYCMI>IX o6pa3HOII. C I(CJlbiO llblllllJICilllll COOTIIOIIICilllll JlbiXOllOII pcaKIUIH 

«ix>TopaCillCIIJlClllfll l!Jlpa 98c II IIJOT0£1011 llllCp Li II 8 llpcnapaTI>J :'lTIIX ::lJICMCIITOB B 
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KOHTaKTe c neTeKTopaMH CR-39 6wm o6JJY'fCHbi y-KBaiiTaMII n lliiTepnane :mepnm OT 

. 6 M::JB' no 14 M::JB. PeJyJJbTaThi ~Kcnepi!MCIITOB noKaJallhl 11a puc. 4. KaK nunuo ll3 

pucynKa. np11 :mepnm y-KBaiiTon no lO M:>B MCillaJOIIIIIM :>JJCMCIITOB JIBJJJICTc:S ToJJbKo 

mnuii. BKJJan B o6paJoBaiii!C a-'!acnm (a TaKJKc 
3
H) c :mepmcii, 6nuJKOH K 1.5 

M::JB, nnocJIT peaKmm: 
6
Li(y, .np)

4
He; 

7
Li(y, t) 4

Hc • .Iln» yCTpalleHIIJI ~11a oT Li 

o6pa3Ubl uarpeBaJOTCJ'I no HCCKOJJhKIIX COTCII rpanycoB llenhCill'l, B pe3yJJbTaTe '!cro 

yneTY'fHBaiOTCJI MOJJeKyJJbi JJHTHJI. 1-hm JKe ypoBcllb npHMcCH Li B o6paJuax MOJKHO 

Y'fllTbiBaTb B Hc3aBHCilMOM ::lKCncpllMCIITC no o6JJY'fCIIIIIO IICCJJenycMbiX o6pa3UOB 

TCIIJJOBb!MII IICHTpOHaMil, nOCKOJibKY ll30TOn 
6
Li llMCCT BbiCOKOC CC'ICIIIIC peaKUIIII (n, 

a)- 945 6. 

106 

F 
-•-Be 
----Li 

105 ~ 
__._8 __.--· 

= ~ ~/~ :::< 

·~ 104 

:::< 
~ 

:::< 
u 
0.. 
f-o 

z 103 

10
2

. 10 12 14 6 8 

E
1

, M3B 

Pile. A. 3aBI!CilMOCTb nnoTilOCTil TpeKoB a-'!aCTHU, npllncneiiiiOH K mneucllBHOCTil 

(·· :lJICKTpOIIOU n MKA II KO BpCMCIIIl o6JJY'fCIIIIJ'I B Mil II,. 

OT MaKCilMaJJbiiOH :liiCprHil y-KilaliTOB 

12 
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Jln» Y'feTa C06CTBCHHOro cpoHa neTcKTOpOil B KaJKnOM 3KCnepllMCHTC o6JJY'faJJCJI: 

neTeKTop CR-39 6eJ KOHTaKTa c KaKHM-JJH6o npenapaToM • 

.· .. lJyncTBJITCJJbHOCrb MCTOna noCTHfaeT 10'6 
r/r; 'ITO OXIlaTbiBaeT npaKTli'ICCKil 

necb nilanaJoH onacnoro yponnx Jarp»3Hclllll'l. oKpYJKaiOmeiicpe.ribi 6epHJJJJHcM. 

llo'IBcHHbie · · o6p<i:3Ubl m ropo.na YCTb-KaMeHoropcK, r.ne pa60TaeT · 

nonHMCTaJJJJH'IecKHH Jano.n, 6biJJH Hccne.nonaHbi iia co.nepJKanue B HHX aneMeHTa Be:· 
. . . 2 • . 3 

EbiJJII o6napYJKcHbl BKpanJJeHHJI: pa3McpOM 0.1 - 0.2 MM • co.nepJKarnlle (3+8) X w- r/r 

6epHJJJJHJI: 

lJETBEPTAR rnaBa nocn»mena npHMencHHIO TIM B .naTuponanuu 

fCOJJOfli'ICCKliX. o6pa3UOB, a TaKJKC B 3KCilcpliMCHTax no 3JICKTpOH.!lCpHOMY cnoco6y 

nOJJY'fCHHJ'I 3HcprH11. 

a. OllPE,UEJIEHHE TPEKOBOfO B03PACTA MHHEPAJIOB 

Cnoco6HOCTb 6oni.rnHIICTBa npHpO.!lHbiX KpliCTaJJJJOB peruCTpuponaTb u 

COXpaHJI:Tb TpcKil OCKOJIKOB CIIOiiTaHHOro .!(CJJCHHJ'I 
238U, a TaKlKC TOT cpaKT, 'ITO ypaH 

J'IBJJJ'ICTCJ'I BCCbMa paCllpOCTpaHcHHbiM B npHpO.!lC 3JICMCHTOM, OTKpbiBaeT B03MOJKHOCTb 

onpc.!lCJJCHlll'l TpcKOBOro B03paCTa MllHCpaJJOB. 

<I>opM)'Jla w onpe.nenenn» TpeKonoro B03paCTa Munepana Bb!TcKaeT ll3 JaKona 

panllOaKTHBHoro pacna.na: 

A = 1/A.o • ln(A.o/A.r · pslpi • I · cr · F + 1) (11) 

r.ne A.o - cYMMapmui noCTo»HHaJI pacnai:ta .Z38U, A.r - noCTo»nnai! cnonTannoro .nenenux 
238 '238 . . 0 

U, Ps - nJJOTHOCTb TpcKOB cnoHTUHHOfO .!(CJICHHJ'I U, PL - IIJJOTHOCTb TpcKOB 
2~ . - . . 

liH.!lyullpOBaHHOro .!(CJICHHJ'I U TCIIJJOBblMII llcliTpOHUMil, I - OTHOIUCHllC CO.!(cpJKaHIIJ'I 

uJoTonon ypana 235U u 238U, cr - ce'lenHe .nenenn» 
235U TennonbiMH neiiTponaMn, F -

cpn!OCHC TcnJJOBbiX HcHTpOHOB. 

HaMil 6biJJH HJMepeHbi TpeKOBbie noJpaCTbi o6paJUOB CJJJO.!l MYCKOBHTa, 

cpnoronHTa, 6HOTHTU, KpHCTaJJJIOB anaTHTU, rpaHaTa, UllpKOHU H ccpeHa; 06JJY'fCHHC 

npoHJBO.!lHJJOCb B ocnonnoM na periKTope HEP-2. B CJJY'fae Tex o6paJUOB, co.nepJKauue 

ypana B KOTOpblX Cu ~ 10'6 r/r, liCIIOJJb30BaJJCJ'I noTOK HCHTpOHOB, IIOJJY'faCMbiH B 

rpacpHTOBOM Ky6e MHKpoTpona MT-25; .!lJJH ynenu'ICHIIJ'I KanMnenoro oTnomenlll'l 

HCHTpOHHOro noJJJI: o6pa3Ubl IIOMciUaJJliCb B napacpliHOBblH KOHTCHHCp C TOJIIUHHOH 

CTCHKH 3 CM. 

<l>JJIOCHC H<(HTpOHOB B narneH rpynne H3McpJI:CTCJ'I npH IIOMOIUH paBIIOMepnoro 

''-roHKoro" Kanu6pupoBaHHoro cnox CCTCCTBennoro ypana 0.13 MKr/cM
2 

HJJH 12.5 

MKr/cM
2
• 

J13MCpCHHC TpcKOBOfO B03paCTa MHHCpaJJOB npoH3BO.!(HJJOCb B OCHOBHOM 

MCTO.!(OM "BHCIUHCfO .!(CTCKTOpa", T.C. nJJOTHOCTb TpCKOB OCKOJJKOB HH.!lyuHpOBaHHOfO 

.!leJJCHHJ'I onpe.!(CJJJI:JJaCb HC B CaMOM KpiiCTaJJJIC, a B .!leTCKTOpC .B. KOHTaKTC C KOTOpblM 

OMY'faJJC» o6paJeu. B aToM CJJY'fae B ~pMyne .!lJI» onpe.nenenux TpeKonoro BOJpaCTa 

. 13 



(11) .no6aBJUICTC.ll nepe.n OTIIOIIICHIICM pJpi MIIOJKHTeJlb "1/2", Y'JHTbiBaiOIIIHH TOT 

<lJaKT, 'ITO Pi CCTb IUIOTIIOCTb TpCKOB OCKOJIKOB HllllYJlHpOBaUUOro ,!leJJCIIH.ll, 

o6pa:30BaHHbiX B 21t-UpOCTpaHCTBC, TOflla KaK npH onpenenet!HH IUIOTIIOCTH TpeKOB 

ocKOJIKOB, cnouTauuoro neneum1 Ps nonc'lHTbiBaiOTca TpeKH, o6paJoBaHHbie B 47t

npoCTpaHCTBe. 
B Ta6nHue 5 npe.nCTaBneHbi ycnoBH.ll TpaBneHH.ll KpHCTannoB, npHMeuaniimeca B 

uaiiiHX SKCnepHMCHTax. J13MepeHHbiC 3Ha'Jet!H.ll TpeKOBOro B03paCTa HCcnCllOBaHllbiX 

MHHepanoB npe.nCTaBneHbi B Ta6nHue 6. 

fpynna o6pa3UOB MYCKOBHTa, 6HOTHTa H rpauaTa (nocne.ntme 4 o6paJUa B 

Ta6nHue 6) 6bUIH OTo6paHbi H3 o.nuoif H TOH JKe MeCTIIOCTH - Eaau Hyyp, Apxauraif 

aifMar, MouronH.ll. 113. KOCMH'JCCKHX CHHMKOB BH,!lHO, 'ITO B STOH MCCTHOCTH 

o6paJonaua KpaTepoo6paJuaa CTPYKTypa c nHaMerpoM 5 KM. feonomqecKHe 

H3MepeHH.ll UOKaJanH, 'ITO pa3HHUa BbiCOT ypOBH.ll Ha OKpaH!IC H B UCHTpe STOfO 

yrny6neHH.ll COCTaBn.lleT -1 KM. 06pa3llbl 6bUIH OT06pallbl B 2 KM OT UCHTpa KpaTepa. 

TpeKOBbiH B03paCT, onpencnellllhiH . .nna cmon coCTaBn.lleT (35 ± 5) Mnll. ner, 
Tor.na KaK B03paCT, onpeneneuunif .nna o6pa3ua rpanaTa - (306 ± 36) MnH. ner. TaKoe 

HCCOOTBCTCTBHe .!lByx PeJYJibTaTOB MOJKCT 6biTb o6'b»CHCHO TCM, 'ITO UOpOllbl B CBOCH 

HCTOpHH 6bUIH UO,!lBCprHYTbi CHnbHOMY TepMH'lCCKOMY B03l1CHCTBHIO. 

Ta6nHua 5. PeJKHMbi 'I'paBneHH» ueKOTOpbiX npHpO.!lHbiX KpHCTannoB 

06pa3eU TpaBHTenb TeMnepa'fYpa, °C BpeMH 

MycKOBHT 40% HF 23 1.5 q 

«l>noronHT 40% HF 23 10 MHH 

EHOTHT 20% HF 23 2 MHH 

AnaTHT W04 100 8q 

fpauaT SON NaOH 145 ... 3q 

225 24'1 

UHpKOH 4NaOH 

15KOH 

6LiOH H20 23 10 MHH 

2H20 

C<!Jeu IHF 

i'' 2HN03 

3HCl 

6H20 

14 
I 
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Ta6mma 6. Pc3yJihTaTbi mi.!cpemt» TpcKonoro IIOJpaCTa uccnenyeMhiX KpiiCTaJIJIOB 

06pa3e!-l 

MycKo111n-

«l>noromn 

Anann- 1 

AnaTHT- 2 

UupKoH- 1 

UHpKOll- 2 

fpaHaT- I 

fpanaT- 2 

'fpanaT- 3 

MycKomiT- 1541 

MycKomrr- 1542 

EHOTHT - J543 

fpauaT - I544 

TpeKOBhJH B03pacT, lltJJH. neT 

29 ± 3 - IIIICIII. llCTCKTOp 

3I ± 3 - IIHYTP· lll-"TCKTOp 

47 ± 5 
105 ± 12 

82 ± 9 
15 ±I 
17 ± 2 

1.6 ± 0.2 

22 ± 3 
0.5 ± 0.1 

34 ± 4 

35 ± 4 
37 ± 4 

306 ± 36 

EhUIH H3Mepellhi MHHhl TpeKon n Ol1IIOM HJ o6paJUOII MycKmmTa (1542). a 

TUKJKC II KpHCTanJiaX rpanaTa. PeJyJihTaTbl 113MCpCI111H HOKaJallbl 11a p11C. 5 II llllllC 

rHCTOrpaMM. J1J rHl-"TOrpaM ll cpa11111:J111ll TCMilCpaTyp ODKIIra TpCKOII II MYCKOUIITC II 

rpallaTe (Ta6JIHUa 7) MOJKIIO cncnaTb llhll\Oll, 'ITO 11p11MCp110 (35 ± 5) MJIII. JICT JlaJUll 

nopo.!lhi 11 ::noif MCCTIIOCTH nonncpnmch narpc11y npnGmnincJihiiO 11 550 - 600"C. 11 

pe3yJihTaTe 'JCI'O TpCKil 11 CJIIOllaX IIOJIIIOCThiO OTOJKr.JIIICh, a II rpallaTC - 'JUCTII'JIIO: a 

a6coJIIOTHhiH 1103paCT nopOll COCTUilJllll-'T >306 Mnll. JICT. 

TaKHM o6paJOM, 61>ma npocncJKcna npn6mnnTcnhnaa TcpMII'JCCKaa IICTOpll» 

nopo.n ,!lall!IOH MCCTHOCTH. 

Ta6nHua 7. Ycnomui coxpmi~IIllll TpeKon n MycKomnc 11 rpanaTc 

MuHepaJI 

MycKOIII:IT 

foauaT 

TeMnepamypa om"'uza mpe~wa « me'leHlle 1 '1, °C 
lloJIHbiU om"'uz 50%-Hblu Oln')KIIZ Ha'laJio om)Kuza 

550 
690 

15 

665 
275 

560 
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PHc. 5. CneKTp
1 

WIHII TpeKOII (a) n MYCKOIIHTC (1542), (6) 11 rpaHaTe (1544) 

6. J1COOJib30BAHJ1E TIM B 3KCOEPJ1MEHTAX no 
3JIEKTP051,UEPHOMY COOC06Y OOJIYYEHJ151 3HEPfl111 

OlliiOH 111 UCJICH HCCJiellollaiiHH, npoiiOllHMI.IX 11 JIB3 110 11pocKTY "3HeprH.H", 

.liBJI.liCTC.ll OriTHMH1aUH.ll ycJIOIIHH n:llcpallllH IICHTpOIIOII II MaCCHIIIIhiX 6JIOKaX T.li)I(CJibiX 

MCTi~'IJIOB riOll llCHC."TIIHCM pcmrflllliiCTCKifX .llllCpllbiX riY'JKOII. 

TIM 6wm lfcnonb10Baiii.I n ::JKcncplfMcirrax 11a ycrauonKe "CnHHUOBbiH 

6noK"- npOT.li)I(CIIIIOH CB11IIIIOBOH MHlliCIIIf C pa3MepaMH 50 X 50 X 80 CM
3
, 

npOBCllCIIIIbiX C ycKOpCIIIIhlMH 11a CI111Xpocpa30TpOIIC .llllpaMII 
12

C C ::JIICprHCH 18 f::~B. 
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MCToll TIM napaJIJICJibHo c llPYfHMH MCTOllaMH npHMCH.liJIC.ll llJI.ll onpenCJieHlf.ll 

TaKlfX BCJilf'IHH, KaK 'IHCJIO .li.!IepfibiX nJalfMOllCHCTBHH BHYTPlf MHIIICHH, 

npoCTpaHCTBCHHOC pacnpCllCJICHlfC llJIOTIIOCTH noTOKa .HCHTpOHOB B MlflliCHH H 

JaMCWIHTCJIC, anb6C.!IO HCHTpOHOB Ha rpaHHUC CBHHCU 7 BOlla (3aMCllJIHTCJib). 

JlaBCaHOBbiC llCTCKTOpbl B KOHTaKTC C ypaHOBbiMH cpOJibraMH C pa3MepaMH d =-1 
MM, S = 50 MM

2 
6bUJH pacnoJIO)I(CHbl BllOJib YJKHX IUCJICH B CBHHUOBOH MHIIICHH Ha 

pacCTO.liHHH OT OCH nyqKa R = 10, 15, H 25 CM, a TaK)I(C no llJIHHC H BbiCOTC 

JaMCWIHTCJI.ll - BaHHbl H3 opraHH'ICCKOro CTCKJia, HanOJIHCHHOH BO.!IOM. 

Ha pHc. 6 noKaJaHbi pacnpe.nCJieHif.ll llJIOTHOCTH noToKa HCMTpOHOB BHYTPH 

MHIIICHH, rne Z - pacCTO.liHHC OT nepCllHCro Kpa.ll MHIIICHH, R - pacCTmiHHC OT OCH 

nyqKa. YMCHbliiCHHC llJIOTHOCTH TpCKOB OCKOJIKOB .!ICJICHH.ll no Mepe YllaJICHlf.ll OT OCH 

nyqKa HMCCT 'IHCTO reOMCTpH'ICCKHH CMbiCJI H ee JIHHCHHbiH cna.n CBH.!ICTCJibCTBYCT 0 

CJia6oM norJIOIUCHHH JaMCllJI.liiOIUHXC.ll HeiTpOHOB B MHlliCHif. . 

N 

·~ 
~ 
'z 

105 

104 

20 

R(cM) 

' 10 

15 .--:~"""'\. 
25·,---~~ 

~ 

40 60 

Z, CM 

80 

PHc. 6. PacnpenCJieHHe nnoTHOCTH noToKa HeiiTpoHOB BHYTPH MHlliCHH 

Ha pHc. 7 noKaJatlbi pacnpenCJieHH.ll llJIOTHOCTH noToKa HeiiTpOHOB no llJIHHe 

(R = 28 CM) H BblCOTC 3aMCWIHTCJI.ll. KaK BH.!IHO H3 . pHC, 6 H 7(a), pacnpC.!ICJICHHC 

llJIOTHOCTH noToKa HeiiTpOHOB no llJIHHe JaMellJIHTen.H no qmpMe cnoeii no'ITH TO'IHO 

nonTop.liCT pacnpe.nCJieHHe BHYTPH MHIIICHH, rne .!ICJICHHe 
238U. 6biCTpbiMH HeiiTpoHaMH 
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,UOJ!)KI{O , HipaTb 3aMCTHYJO pOJJb. llo.uo6He ::lTHX pacnpe.uene!IHH MO)I(HO nOH}ITb KaK 

cne,UCTBHC H30TpOnHOI'O pacnpocrpaHCHH}I HCHTpOHOB OT MCCT HX reHepaUHH. 

M 
':::;,; 

0 

~ 
z 

105 

(a) 

/~"--. . 

20 40 60 80 
Z, CM 

3.0xl05 .----------------, 

~ 2.0x105 
:::;,; 
0 

0.. 
f-o 

z 
l.Oxl05 

0 

/'\ 
~ 

(6) 

"--......... 
.............. __ . 

5 10 15 

H, CM 

20 

Puc. 7. Pacnpe.ueneuue nnOTIIOCTH noToKa ueiiTpouon (a) no .unHIIC, 

(6) llO BbiCOTC 3aMC,UnHTen}l 

i' KaK BH.IltiO m p11c. 7(6), none ueiiTpouon cpaKTH'ICCKH nonuoCTbiO 

JlOKUJlH3YCTC}I B BO.UHOM CJ!OC TOJllllHHOH 20 CM. PacnpClleJICIIHC HMCCT MaKCHMYM ua 

BbiCOTC 3 CM, 'ITO CBH,IleTenbCTBYCT 0 TOM, 'ITO lla nepBbiX TpCX CaHTHMCTpaX IIC BCC 

liCHTpOHbl 3aMC,UnCHbl .UO TCnnOBbiX CKOpOCTCH. 

18 

JVI}I H3MCpCHH}I BCpO}ITIIOC.:TW IIOrJIOIIlCIIIUI IICiiTpOIIOll II MIIIIICIIII (CBIIIIUC) 

6i>IJIH pa3llenbll0 H3MCpCIIbl nanaJOIJlUj) II OTpa)I(CIIJIUj) COl-"TallJiliiOII!IIC CKa.JlllpiiOI'O nOJJ}I 

Ha rpaiiiiUC CBHIICU - BOJia. 06nyqan11Cb llBa nancaiiOBbiX lleTCKTOpa B KOIITaKTC C 

ypaHOBbiMH ·· cponbraMH, JallllllllCIIIIbiC C o6paTIJOH CTOpOIIbl KaJIMIICllbiM <:!KpaiiOM. 

}leTCKTOpbl • 6i>IJIH pa3MCillCIIbl Jla JIIIC Ballllbl C BOJIOH. C nOMOillbiO TpeTbCI'O 

.UCTCKTOpa, · 3alltHillCIIIIOI'O C JIByx CTOpOII, IBMCpjJJ!C}I JiaJIKaJIMIICIIbiH cpo11. 3ua'!CIUI~ 
BcpO}ITIIOCTll nornOIUCIIH}I ueihpOIIOB II CIIIIIIUC 6biJIO llaHlJCIIO pallllbiM 0.59 ± 0.01. 

"l:IIICJ!O aKTOil JienCIUI}I, T.C. 'IIICJIO IICHTpOIIOB, nOrJJOTIIIlllliiXCll }IJipoM ypaua II 

Bbi3BaBUJI1X CI'O llenCIIliC B cponbre, 6bUIO onpCllenCIIO 113 riJIOTIIOt"TII TpCKOB OCKOJ!KOB 

.ueneHH}I Nrp no cpopMync: 

~ Nrp Sn 

nn = (12) 

eKiG 

rlle S.u = 0.5 cM
2 

- nnoman~> no11epXIIOCTII ypaiiOIIoii cpom.m, & = 0.9 - <:~cpcpeKnmuocrt. 
. -J 

pemCTpaumt nancauoro llCiCKTopa. K = 2.1 x 10 · - Ko<:~cpcpmmeHT caMoHorJIOIIlCIIIIll, 

i = 2 - 'lncno ocKonKoll 11a llCJICIIItc, G = 112 - I"CoMcTpii'ICCKIIii cpaKTop. 

Y'JliTbiUaiOlllHH, 'ITO pc111CTp11pycTC>I 0111111 113 OCKOJIKOil, llhUICTCIIIIIIIX 110 

B3aHMOllpOTJIBOnOJJO)I(HbiX ItanpallJICIIIIliX. 

3To 311a'ICIIHC uaii.ucuo pamibiM nn = 0.59 x 108
• 

llonuoe '!Hcno ueiiTpouon N, reHcpnponamibiX np11 o6nyqcmm cmm11o11oii 

MHrnetm ycKopeilllbiMH jJJipaMn 
12

C c <:~11epmeii 18 f<:~B, Haiinc11o 113 nt.Ipa:lKCIIII>I N = 
nn ·f · Q, [JIC f - cpaKTOp , Y'JHTbiUaiOUUIH OTIIOIIICIIIIC o6"JoCMOll 3aMCJIJIIITCJI}I II 

JleTCKTOpa ll OTIIOUJCIII1C MaKpOCKOHli'ICCKIIX CC'ICIIIIH IIOI"JIOIIICIIIIll ll IIOllOpOllC II B 

nereKTOpe; Q - KO<:~cpcpHIUICIIT, Y'JIITI>IUaiOII!IIii pllll nonpa110K. Cllll:laiiiii>IX n TOM 'IIICJIC 

11 C npOCTpaiiCTIICIIIIbiM pacnpCllCJICIIIICM IIJIOTIIOCTII IIOTOKa IIciiTpOIIOII II llCJIII'IIIIIOH 

UJlb6CllO 11a IpUIIliUC CBHIICU - llOllU (Ot'Ta.JlhllhiC IlOilpallKII Y'ITCillol C IIOMOIUbiO llpyriiX 

Meronon). 3To 3Ha'lcnuc HaiilJCIIo panllhiM N = 3.0 x 1013
• 3HcpnnaTpaTI>I 11a 

reuepaumo onuoro IICHTpolla onpcli~CIIbi pamit.IMII (32 ± 5) M<:~B. 
Ha yCTaiiOBKe "Cnmtuon~o~ii 6JJoK" npoiiOJl>ITCll <:~KcHcpnMeiiTbi TUK)I(c c 

npyrnMH nerKHMH jJJipaMH 11 npoTmtaMII. IT.IUI 6t.um ncnonbJOilallbl n <:~KcncpiiMCHTax 

no BbrnllJietmto CTeneHH pocra '!Hcna reHcpupycMbiX npoTollaMn uciiTpoHon c poCTOM 

311Cprllll llY'JKU. CBIIIIUOBUj) MIIUICIIb o6nyqaJiaCb llpOTOJiaMI! C <liiCplliCH 3.65, 5.0, 6.5 
ll 8.1 f<:~B. llpli KU)I(JlOM 06JIY'JCIIIHI ypaiiOIIbiC cpom,m ll KOIITaKTC C JtallCUJIOilbiMII 

JlCTCKTOpaMII pacnonaranUCb II 3UMCJIJIIITCJIC 11a paCCTOllllllll Z = 33 CM OT IICpClliiCI"O 

KpUj) MlllliCIIll, [JlC ,llOCTIIraCTCll MUKCIIMYM IlpO<;rpaiii .. ,.IICIIIIOI"O . pacllpCllCJICIIIIll 

uciiTpouon (eM. puc. 7(a)). 

·311U'ICJill}l nJJOTIIOCTll TpCKOII OCKOJIKOJI 

HOpMHponam,I K I10KU3atii1>1M MOIIIITOpOil 

aJJntOMHIIHCllbiC MOIIliTOpbl). 3JIUj! 3IIa'ICIIIIC 

19 

llCJICIIIIll OT ypaiiOilhiX cpmllol" fibUIII 

IIY'JKa (IIOIIIJ:IUIUIOIIIIhlC KUMCpbl, 

'IIICJJa HCiiTponoll, reHcpllpycMbiX 



npOTOHaMH C 3!1CprHCH 3.65 f::~B 113 npCllblllYlllllX ::IKCHCpiiMCIITOll - ·(101 ± 20) n/p, 

non}"HIIIII ::ITO Jnaqeune npn npymx ::mcpm~x npoTouon. Ha puc. 8 npcncraBJJeua 

JanHcliMOCTb 'IHC!Ia uei1Tpouon, rcucpHponaiiiibiX Olliii!M npoTOHOM, oT ::JucpmH nyqKa. 

flocnc H3MCpCH1!~ HJIOTIIOC.."Tif TpCKOll Jla JlaBCaJIOilhiX llCTCKTOpax, KOTOpblC 

6bUIII pacnOIIOJKCIIbl Ha BXOlliiOM KallaJIC MIIU!Ctlll H CIIYJKHJIH MOIIHTOpaMH nyqKa, 

ncrcKTOpbl 6bUJH nepcrpaBJJcllbl WI~ uarn~nuoro IBo6paJKcmt~ upoqmna nyqKa. 

250 

200 

~ 
g_ 150 
c:: -::: 
0 
(::-
l;: 1QQ L • . 
g 
z 

50 

QL-~~~~~~~~~~~~~~L-~ 

1 2 3 4 5 6 7 8 

Er, f::>B 

Puc. 8. 3anncnMOCTb qncna reucpnpycMbiX uci1Tpouon n 

CBHIIUOBOH MHliiCIIH OT ::lllcpmn npOTOIIOB 

B 3AKJUOqEHIUI npnnenem,J ocuotmJ.tc pcJyJtJ.TaTbl pa6oTM: 

_g 

1. Yconepmeucrnonau MCTOll onpcllCJICIIH~ concpJKmm~ Topn~ n o6paJuax c 

TIOMOII!bl~ TCfiJJOilbiX IICHTpOIIOII If y-Kilairron. CytllCCTIICIIIIOH 1101lii3110H B MCTOllC 

.sJBJJaCTC.sJ TO, 'ITO BMCCTO OTIIOIIII.:IHUI nOJIIIbiX CC'ICIIHH llCJICIIH.sJ .sJJICp y-KBaiJTaMH, 

KOTOpOC IIC06XOJIHMO 311aTb npn onpCilCJICIIHH COilCpJKaliH.sJ TOpH.s! )lallHbiM MCTOJIOM, 

onpcnenaJIOCb OTIIOIIICIIHC Bl>IXOJIOil peaKHHH JICJICIIH.sl .slllCp U H Th TOpM03llbiM 

lf3IIY'JCIIHCM C JiaUIIOH MaKCHMaJII,JIOH ::mcprHCH C fiOMOillblO "6ccKOHC'IIIO TOJICTbiX" 

HCTO'tHHKon ocKonKon IlCJicnn.s~ - MCTaJIIIH'ICCKHX nnacrnuoK U If Th. 
I 8 

t.fYJlCTilHTCIIbiiOCTh MCTOJia llOCTHraCT 10- r/r. 

2. ·J1ccJICJIOilaJIO nOilCilCIIIIC OTIIOillCIIH~ Jli,IXOilOll pcaKJUIH JlCJICIIIfa anep U If 

Th · npu MaKcHManJ.IlblX ::~ncpm.s~x TOpMoJuoro HJJJyqcmt.sJ OT 7 M::JB no 23 M::JB. 

JlallllOC OTIIOIUCIIHC MCII.sJJIOCh OT 1.7 110 3.2. Ha <lTOH OCIIOIIC nnepBble npeJIJIOJKCHa 
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MCTOJiuKa onpeneneuua conepJKarma U H Th n o6paJuax c noMOlUbiO nooiiuoro y-
o6nyqeHH~ paJHbiX :mepmi1. . 

3. Hccnenonan~a no onpenenenmo U II Th c ~oMombrO irnoiinoro y-o6nyqeuua 

CTanH . OCHOBOH lUia p33pa60TKif MCTO)la aHanHJa o6p~jUOB, . CHJibHO 3arpa3HeHHbiX 

TeXHOfCHIIbiM nnyrOHHeM • 

. 4. PaJpa60TaHa MCTOJIHKa . onpeneneuua · npocrpaHCTB~nHoro pacnpeneneuml · 

::JJICMCHTOB rpynn Bi-Pb n Au-Pt nyreM o6nyqeH!UJ o6nyqemui o6paJUOB ycKopeHHbiMH 
12 . . 

noHaMH C c ::Juepmei1 9.1 n. 13.2 M::JBIHYKJI. 3KcnepnMeHTaJibHo Bbi6paHbi 

OnTHMaJibHble YCIIOBHa OTJKifra cpropcpnoronHTa C UCJibiO OOBblllleHHa 

'lyncrnnTenbHocrn Mcrona - ycrpaueuna !f>oua OT TpeKon anep oinaqn n cocranHbiX 

anep. 

5. PaJpa6oTaH n npeJIJioJKeH MCTon.onpeneneJ.Ina conepJKauna Be n ·a6paJuax c 

noMOlUbiO y-KnaHTOB c ::mepmei1 4.6 ::;; Ey ::;; 9 M::JB. Bbmeneua noriY::JMnnpnqecl(aa 

cpopMYna JIJI~ 3cpcpeKTnnuoro pa6oqero cnoa neruecrna wia a-qacrnu c ::JHepmeii 1.498 

M::~B, ncnycKaiOrunxca n peJymTaTe pacnana anpa 8Be nepnoro B036YJKJieHHoru 
9 . 8 * 

yponua (2.9 M::JB), KOTopoc o6paJyeTca npn peaKunn Be(y, n) Be • 

t.fynCTBHTCJibHOCTb MCTOJia JIGCTHraCT 10-6 r/r 6epnnnna B o6p33Ue. 

6. Ilponenemr 3KcnepnMeHTbi no naTnponamuo o6paJUOB cniOJI - MYCKOBHTil, 

qmoronnTa, 6noTnTa, Kpncrannon anaTnTa, rpaHaTa, unpi:ona n ccpeua. OnpeneneHbi 

omnManbHbie ycnonna. TpaBJJeHna rpanaTa, a TaKJKe onpeneneua ero 3cpcpeKTHilHOCTb 

pemcrpaUHH npH )laHHOM peJKHMC TpaBJJCHIUI. Ha OCHOBC p33HHUbl TeMnepaTyp 

COXpaHCHHa TpCKOB B rpaHaTe H' . MYCKOBHTe )laHa npn6nH3HTCJibH3a _· OUCHKa 

TepMu'!ecKoi1 ncropmt riopon HJ Eaau-Hyyp, Mouronu~. 

7 .. TIM 6binH. ncnOJib30Ballbl B nponeneHIIII 3KCnepHMeHTOB no npoeKTY 

"3uepma" B flB3 Ha ycraHOBKe "CnH~UOilbiH 6noK" c OY'JKOM anep 12C C 3iiepmei1 

18 r::~B, ycKopeHHbiX Ha cnuxpocpaJoTpOHe. MCTOllOM TIM; napannenbHO c JipyntMH 

MCTOJiaMn, onpeneneHbi TaKHe nenn'IHHbi, KaK qncno anepHbiX BJaHMOJICHCTBHH nuyrpn 

MnmeHn, npocrpaucrneuuoe pacnpeneneune nnoTHOCTH noToKa uei1Tpouon n Mnmeun 

n JaMeJIJIHTene, anb6eno HCHTpouon. TIM ncnonbJOBaHbi TaKJKe B ::JKcnepuMCHTax 

no Bbl.sJBJJeHHIO CTeneHH paCTa reHepupyeMbiX npOTOHaMH HCHTpOHOB C pOCTOM . . . . ' 

::JHepmn nyqKa. 
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