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Pomna A.M. u mp. P15-2011-47
M cc-cnekrpomerp MASHA — pe3yabT ThI TECTOB H ITy4Ke TSKEJIbIX HOHOB

Onuc H M cc-ciekTpoMerp MASHA, co3n HHBIA 1 UAEHTU(UK LIUU CBEpX-
TSKEJTBIX dNeMeHTOB. M3mepeHsl a¢pheKTHBHOCTD U OBICTPOAEHCTBHE B BTOHOMHOM
peXHUMe C HCIIONb30B HHEM YeThIpeX K JIMOpPOB HHBIX Teueil MHEpTHHIX T 30B. H
nyuke ““Ar usmepen cymM pH g 5hheKTHBHOCTH M OBICTPOAEHCTBHME YCT HOBKH
¢ ropsaueil noBymkoi u DIP-ucrounukoM. IIpoBeaeHsl TecTOBbIE 3KCIEPUMEHTHI
¢ peructp uueil B (POK JIbHOH IUIOCKOCTU CHEKTPOMETP  Jib() -p JUO KTUBHBIX
U30TONOB PTYTMU U P AOH , CHHTE3UPOB HHBIX B pPe€ KIMSAX IOJHOTO CIUSHUSA:
A0Ar 4 natSm — nat—enHo 4 o, 40Ar 4 166Er — 206=2nRp 4 n. Onpenenexo GbI-
CTPOIENCTBHE METONUKH U OTHOCUTEJIBHBIE BHIXOIBI U30TOIOB B YK 3 HHBIX P& KIHAX.

P 6or Bbimonnen BJI 60p Topuu gauepubix pe Kuuii um. I'. H. ®nepos OUSU.
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Rodin A.M. et al. P15-2011-47
Mass-Spectrometer MASHA — Testing Results on Heavy Ion Beam

Description of mass-spectrometer MASHA, developed for the mass identifica-
tion of superheavy elements, is given. The efficiency and operation speed in the
off-line mode were measured with four calibrated leakages of noble gases. The
total efficiency and operation speed of mass-spectrometer with hot catcher and ECR
ion source were determined using the “°Ar beam. The test experiment was carried
out by measuring the alpha decay of Hg and Rn isotopes, produced in fusion re-
actions 4VAr +"8tSm — "at=2nHg 4 xn and 0Ar + 66Er — 296-2"Rn + xn, in the
focal plane of mass-spectrometer. The operation speed of the given technique and
relative yields of isotopes in the test reactions were determined.

The investigation has been performed at the Flerov Laboratory of Nuclear Reac-
tions, JINR.
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BBEJIEHUE

OTKpBITHE HOBBIX CBEPXTSIKEIBIX 3JIeMEHTOB ¢ Z = 113—118, T KXe HOBBIX
HEUTPOHHO-M30BITOYHBIX M30TOMNOB 3ieMeHTOB 104—112 sBIIOCH OAHUM U3 H UOO-
Jlee IPKUX H YYHBIX pe3yJabT TOB HOCIenHero aecatuiaetus. IlpuoputerHsie sKc-
nepuMeHThl OblI BbINOTHeHbl B [IyoHe (Poccusi) H  yCKOPUTENbHOM KOMILIEKCe
Y-400 JI 6op Topum smepubix pe Kumid um. [. H. ®nepos OHAU [1]. Cunres
OCYILIECTBIIEH B pe KIMAX TOJHOTO CIMSAHMS JB Kbl M THYeckoro sup 8C ¢
HEUTPOHHO-U30BITOYHBIMH SIIP MU KTHHOUJIOB (238U, 237Np, 242,244py 243 A,
249C1’1’1, 249Cf, 249Bk).

OTHOCHUTENIPHO BBICOKME BPEMEH XKU3HHM Pl HOBBIX HYKJIMIOB MO3BOJIWIU
MPOBECTH HE3 BUCHUMYIO XHUMIUYECKYIO HICHTH(HUK M0 27eMeHTOB 112—-115 u BhI-
MOJTHUTh MHOHEPCKHE SKCIEPUMEHTHI 110 U3YYCHUI0 XMMHIECKUX CBOWCTB 3JIEMEH-
toB 112 u 114 [2]. Tlo3nHee nonydenHsie B JlyOHe pe3y/ibT Thl CHHTE3 dIieMEH-
toB 112, 114 u 116 6butnt opreepxaenst B GSI (I pmmrt ar, lepm wHus) [3,4] u
LBNL (bepknu, CIIIA) [5].

CuHTe3 HOBBIX HYKJIMJIOB CTUMYJIHUPOB JI p OOTHI IO P 3BUTHUIO METONOB HX
UICHTH(UK LUK C UCTIONB30B HUEM KJI CCHYECKHX M CC-CHEKTPOMETPUYECKUX Me-
TozoB. OH KO B OTJIMYHME OT KJI CCHYECKOW M CC-CIIEKTPOMETPUH N3MEPEHHE M CC
HOBBIX HYKJIUJOB JOJKHO IMPOBOAUTHCH on line, T.e. HENOCPEACTBEHHO B XO[e MX
CHUHTE3 H IIy4K X YCKOPEHHBIX TSXKENIbIX HOHOB MOJOOHO XOPOIIO H3BECTHOMY
ISOL-merony [7]. Hns aroii uenu B JISIP OUSIN Obu1 cIpOEKTHPOB H U M3rOTO-
BIeH M cc-criektpomeTp MASHA — Mass Analyzer of Super Heavy Atoms [6].
VHHK JIbHBIE BO3MOXHOCTH M CC-CIIEKTPOMETP CBS3 HBI C €I0 CIIOCOOHOCTBIO U3-
MEpSTh M CCBHl CHHTE3HPYEMbIX M30TOIOB CBEPXTSIKEINBIX 3JIEMEHTOB U OIHOBpE-
MEHHO PErucTpUpOB Tb UX Jib( -p CI Jbl U (MIM) CIIOHT HHOE JeJIeHUE.

OCHOBH  1esIb H cToslIed p 60Thl — p 3p OOTK METOAUKH U3MEPEHUSI M CC
u30TONOB aneMeHToB 112 u 114, cunresupyembix B pe Kumsax 242:244py 48C |
ITpy TOM KIIIOYEBBIMH BOIPOC MH SIBJISUIUCH OBICTPOAEHCTBHE (BpeMs KH3HH HY-
kmuaoB ot 0,6 1o 30 c¢) u a¢pheKTUBHOCTH (CeUeHre YK 3 HHBIX pe KLUl COCT -
BJISIET OKOJIO 5 10).

CXEMA YCTAHOBKH 1 OCHOBHBIE ITAPAMETPbBI

Yer HOBK , €XeM  KOTOpOM M300p XeH H pHC. 1, COCTOUT U3 MHUILIEHHOIO
Y311 ¢ ropsueil JOByIIKOM, DIIP-UCTOYHUK HOHOB, M THUTOONTHYECKOM H JIM-
3UpYIOIEN U CTH H OCHOBE YeThIpex AurnoyibHbix M rHutoB (D1, D2, D3a, D3b),
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Puc. 1. Cxem M cc-cnektpomerp MASHA

Tpex KB apynonbHbeIX JuH3 (Q1, Q2, Q3), nByx cekcrynosibHbiX JuH3 (S1, S2)
U CHCTEMBI PETHCTP UM B (POK JIbHOH MIockocTH. IeT JbHO MOHHO-ONTHYECK S
CXEM M CC-CIIEKTPOMETpP U €ro X p KTepHCTHKH p CCMOTpeHbl B p Oore [6]. B
Il HHOM P 3/ieJIe OIUC Hbl OTAENBHBIE Y371l YCT HOBKU U IPEJCT BIEHBI pe3yiib-
T Thl U3MEPEHUN OCHOBHBIX X P KTEPUCTHK.

Hcemounuk uonoe. g MOHM3 LMW TIPOXYKTOB SIEPHBIX pe KUMH BHIOp H
UCTOYHUK MOHOB H OCHOBE 3JIEKTPOHHOIO LUKJIOTPOHHOro pe3oH Hc (DIP-
UCTOYHUK) ¢ p OGoueill 4 croroii CBY-renep Top 2,45 I'Tu. Omnuc Hue T Koro
HCTOYHUK U €ro X p KTepucTuku npuseneHsl B [8]. B DIP-uctounuke TOMBI
WOHM3UPYIOTCH O 3 PAOHOCTH () = +1, YCKOPSIOTCS C TOMOIIBIO JBYX3JIEKTPOI-
HOHU cHucTeMbl U (POPMHPYIOTCS B My4OK, KOTOPBIH 3 TEM CEl PUPYETCS M T'HHUTO-
ONTUYECKOI CUCTEMON M cc-crieKTpoMeTp . McTOuHMK MO3BOJISeT Monyd Th TOKH
HOHOB, coctosimue noytd H 100% U3 ONHOKP THO MOHM30B HHBIX TOMOB,
3(hpeKTUBHOCTh HOHU3 IIUH IS HHEPTHHIX T 30B gocTtur eT 90 %.

Onrumu3 1y pexuMoB DLIP-HCTOYHMK — OCYIIECTBIISUT Cb IyTeM Houdop
MOIIHOCTH M 4 cToThl CBY-m3nmyuenust, T KXe J BieHus OygepHoro r 3 B
K Mepe HOHU3 TOp . B X yectBe OydhepHOro r 3 HCIOJb30B JICA TeIUid, I BICHHE
KOTOPOTO PETYJMPOB JIOCh C MOMOILBIO YIIP BIISIEMOTO IbE303]IEKTPHIECKOTO BEH-
Tig. ONTHM JIBHBIE 1T P METPBI UCTOYHMK TOJIYY JIMCh NPH I BICHUH Tes B
mu 1 3one (1—2)-107° M6 p u mommoctu CBY-renep top ~ 30 Br.

Muwennoe ycmpoiicmeéo u 2opau A aoeywik . B 3KCIIEpUMEHT X MO H3Me-
peHnio M cc m30TonoB 112-ro m 114-r0 7MeMEHTOB T WHXEKIUH MPOOYKTOB
pe Kuuii nosnHoro ciausiHus B DLIP-uctoyHnK OymeT MCIONB30B ThCs TOPAY S JIO-
BYIIK . KOHCTPYKTUBHO OH $BJISieTCd 4 CThIO MUIIEHHOIO Y371 , KOTOPBI MOK 3 H
H puc.2. BH 4 Jle nepBUYHBINA MYYOK TSKENIbIX UOHOB IPOXOAUT Yepe3 CUCTEMY
IV THOCTUKH, COCTOAIICH W3 P 3pe3HOd au (hp I'MBl U MU3MEPHUTENbHON (DONIBIH.
P 3pe3n g au ¢p ™™ p 37M€M€H H YEThIpe CEKTOpP , K KIbIA M3 KOTOPBIX H3Me-
pseT 4 CTb TOK IyYK , HE ION BLIEro B OTBepcTHE AU (p I'MBl. DT CUCTEM
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Puc. 2. MuiienHslil y3en1 ¢ ropsyeil JJOByIIKOM

HO3BOJII€T KOHTPOJIMPOB Th IOJIOXKEHHE My4K OTHOCHTEIBHO OCH MOHOIIPOBOL .
WzmeputensH g ¢omnsr (Ti TommuHoN 2 MKM) YKpeIUIeH H 32JIeKTPUYecKH H30-
JIUIPOB HHOW P MKE IOCNE P 3pEe3HOM O (p I'MBI MO XOMy My4K U CIYXKUT VIS
MOHHMTOPHMPOB HHS TOK B Ipolecce 9KcIepuMeHT . [locie cucteMsl 11 THOCTHKH
P CIOJIOXEH HENOABUXKH S MHILIEHb, KOTOP 1 KpenuTcd MeXay IByMs pelleT-
K MH, OXJI XJ €MBIMU BOJOW U MMEIOLUIMMHU COTOBYIO CTPYKTYpPY C IPO3pP YHOCTHIO
85%. u Merp KTUBHOW 4 cTu MuieHUd 15 mMm. IIpomyKThl sfepHBIX pe KIMi,
BKJIIOU S SIIP CBEPXTSXKENbIX 3JIEMEHTOB, BBUIET IOT M3 MHUILIEHH, HPOXOMAT P 3-
JETUTENbHYI0 (POJIBTY M OCT H BIUB IOTCS B IP (DUTOBOM IOITIOTHTENE, KOTOPBIHA
H TpeB ercs go temmep Typsl 1500-2000 K. JI jee mpomyKThl SOEpHBIX pe KIHi
B BHE€ TOMOB IU(M(PYHIUPYIOT U3 TP (PUTOBOTO MOIIIOTUTENS B B KYYMHbIH 00beM
ropsiueil JIOBYLIKH M, JIBHT $ICh 10 TpyOomposoay, non ja ot B DLIP-ucroynuk.
P 3penurtensH s onpr  He MO3BOJISIET Y CTH NMPOAYKTOB pe KLU ABUT ThCS H -
BCTpedy My4Ky, UCKJII0Y 51 MX morepo. OIEHKH MOK 3bIB 0T, YTO IIOJTHOE BpeMs
mpy3un U3 Tp (PUTOBOTO MOIIOTUTENS U TP HCIOPT B OOBEM HCTOYHHK HE
OyzmeT npeBbIlI Th 3 C.

B x yecTBe M TepH J1 TMOIIOTHTENS B TOPsSYEH JIOBYIIKE UCIIOIB3yeTCs (Ponbr
13 TEPMOp CIIMPEHHOTO Ip (Ut TIoTHOCTBIO 1 I/eM® 1 TommumHoi 0,6 MM. Yierns-
H s MOBEPXHOCTb 1 HHOro M Tepu ;1 goctur er 103 mM%/r, p 3Mep 4 cruu B
nonepeyHoM ceuenuu coct Bager 0,5-1,0 mm npu tonmumue 30-50 M. I'p curo-
BBII TTOIIOTHTENH MMeeT popmy auck au MeTpoM 30 MM, KOTOpBIH 3 KpeIuiseTcs
B IOZIBEILICHHOM COCTOSIHUM H P ccTosSHUH 30 MM 3 MHIIEHBIO 110 XOmYy IyYK
noHoB. ITormorurens H rpeB eTcs TEIUIOBBIM M3Iy4eHHEM T HT JIOBOM JIEHTHI, Ye-



pe3 KOTOPYIO MPOIYCK €TCs MOCTOSHHBIA TOK. T HT JIOB ¢ JIEHT HMEeT IIUPUHY
15 mm, TommuHy 50 MKM M IIHHY MEXIy dJIEKTPHYECKUMHU 3 XKuM MH 50 MM.
P ccrosiHue Mexny H rpeB TeneM U Ip (PUTOBBIM MOINIOTHTENEM P BHO 2 MM.

K mubpoBKk 1o Temmep Type rp (PUTOBOrO MOIIOTHTENd ObUT CHEN H HH-
¢p Xp CHBIM NMPOMETPOM, YCT HOBJIEHHBIM CH PYXM B KYyMHOH K Mepbl MUIIIEH-
HOTO Y371 JI0 ®KCIIEPUMEHTOB H Iyuke. [TupoMeTpoM perucTpupos J10Ch U3lyde-
HUE OT H IpeToro rp (uUT , KOTOPOe MPOXOAWIO H PyXKYy uepe3 ¢ IUupoBoe OKHO.
l'eomeTpus MUIIIEHHOTO Y371 HE MO3BOJIAI KOHTPOJIUPOB Th TEMIIEP Typy B MpO-
Lecce 3KCIEePUMEHTOB, TO9TOMY B 9TO BPEMs TeMIlep Typ TIp (PUTOBOrO MOIIOTH-
TeJs YCT H BIMB JI Cb IO TOKY H IpeB Telnd.

Cucmem peeucmp yuu u ynp éaeHua. [nd H cTpoiiku pexumoB DLIP-
UCTOYHUK , T KXe€ K JIMOPOBKM CIIEKTPOMETpP ObLI M3rOTOBJIEH CIEUH JIbHbIN
CTPHIIOBBIN JETEKTOP, NMPEAH 3H YEHHBIH IS PErHCTP MU M JIBIX IMTOCTOSHHBIX
TOKOB. OH mpefcT BiseT cOO0M TOYHYIO KOIHIO (DpPOHT JIBHOW Y CTH KPEMHHEBOTO
AETEKTOP U BBIIIAUT K K MEAH S MHOTOCTPHUIIOB 51 CTPYKTYpP H CTEKJIOTEKCTO-
sute. Iupun oTgensHOro crpulml p BH 1 MM, p CCTOSHHE MEXIy CTPHUII MU
0,25 MM, obimee yncio crpunoB 192. Bo BpeMs H CTpoOiKH U K JMOPOBKH M CC-
CHEKTPOMETP ®TOT AETEKTOpP YCT H BJIMB €TCSl Nepel KPEeMHHEBBIM JETEKTOPOM
C MOMOIIBI0 B KYyMHOTO BBOZ . [/l M3MEpEeHUS M JIBIX TOKOB IUIsl 3TOTO JIETEK-
TOop OBUT p 3p OOT H Crieuy JIbHBI MHOTOK H JIBHBIH 3J1€KTPOHHBIA MOIyib [9],
B KOTOPOM HCIIOJIb3yeTCsl IpeoOp 30B HUE TOK B H NPSDKEHHE M H NPSXKEHHs B
urgpooii kox. OnuH Moxyab o6cayxuB er 64 Kk H 7 . Huxuuil mopor usmepsie-
MOTO TOK JUIS OTHENIHOTO Tp KT cocT BisieT 60 mA, BepxHuil npejgen 5 MKA.
Monynu MOHTHPYIOTC H B KyyMHOH K Mepe C jieTekTop Mu. I HHble ¢ MOmysneH
nepeq I0TCS HEMOCPEICTBEHHO B MEPCOH JIbHBII KOMIBIOTED Yepe3 CIEenu JIbHYIO
I TY.

JInd pervcTp LuM p CIl OB MPOAYKTOB SAEPHBIX pe KUuii B poK JIBHOI mioc-
KOCTH M CC-CIIEKTPOMETpP YCT HOBJIEH KPEMHHUEBbIl JETEKTOp THUIl «KOJIOAEL».
ITnockocTh (DPOHT JIPHOM Y CTH JETEKTOP P CIOJIOXKEH [0 HOPM JM K H Tp -
BIeHHI0 Mydk . CXeM [eTeKTOop C YK 3 HHEM OCHOBHBIX P 3MEpOB IOK 3 H
H puc.3. DpoHT NbH 5 U CTh AeTeKTOp IMepekpbiB eT 240 X 35 MM (oK Ib-
HOM IUIOCKOCTH M COCTOMT U3 TpeX KPEeMHHUEBBIX KpPHUCT JII0B. K Xablil KpUCT JUT
mpuHoit 80 MM U BbicoTOM 35 MM p 3aeneH H 64 nonocku. g yBenudeHus ag-
(hexTHBHOCTH pervcTp MU BOKPYT (PPOHT JIBHOW Y CTH JETEKTOpP YCT HOBIICHBI
4yeTpIpe OOKOBBIX JETEKTOp . BepXHMIl M HUXKHUI JETEKTOPHI COCTOST U3 YEThIPEX
KPEMHHEBBIX KPHUCT JUI0B p 3MepoM 60 x 60 MM, K XAbIIl M3 KOTOPBIX P 37eJeH
H 16 nosnocok. JIeBelil ¥ Np BBII AETEKTOP cesl Hbl U3 KpUCT JII0B 80 X 35 MM,
KOTOpBIE T KXe p 31e1eHbl H 16 nojocok. Kpucr bl UMEOT OJUH KOBYIO TOJI-
muHy 300 MKM C TOJIIMHOW MepTBOTO cios H Bxoxe He Oomee 50 um. Bes
cOOpK fmeTeKTop (POK JIBHOH IUIOCKOCTH CMOHTHPOB H B €IWHOM MeT JuIn4e-
ckoif p Mke. Ct HI prHoe p Gouee cmemienue gerektopos —40 B, p 3pemenue
TIpY perucTp wuM Jb -4 cTui oT uctounuk 226Ra coct Bnger okono 30 kaB.
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Puc. 3. Kpemuuesblii netekTop (oK JbHOM M10cKocTH: I — ¢pOoHT JIbH 4 4 cThb (3 Kpu-
cr i 80 X 35 MM mo 64 monocku); 2 — BepxHAsd 4 cTh (4 xpuct 11 60 X 60 MM 1O
16 monocok); 3 — HuxHssg 4 crb (4 kpuct 1 60 X 60 MM 1o 16 monocok); 4 — GOKOBbIe
ngerextopsl (2 xpuer w1 80 X 35 MM 1o 16 nonocox)

Onuc HH 9 reoMeTpHsl JeTEeKTOPHOU COOPKH MO3BOJISIET PETUCTPUPOB Th HE MeHee
90 % 1nbh -4 CTUL, UCIYCK €MBIX IPU P CII Je SAp , IPOUCXOMAIIEro B LIEHTpe
(ppOHT JIBHOU 4 CTH IETEKTOp .

CurH J1bl € K KI0# HOJIOCKM KPEMHHEBOIO JIETEKTOP PErHCTPUPYIOTCS He3 -
BUCHMBIMH CIIEKTPOMETPUUYECKMMH TP KT MH. BH 4 Jie CHTrH JIbI C TIOJIOCOK IOCTY-
I JOT H BXOJ LIECTH AL THK H JIbHBIX 3 PSIOYYBCTBHTEIBHBIX NMPEIyCHIHTENEH,
KOTOpBIE YCT HOBIJICHBI CH PyXH B KyyMHOH K Mepbl. C BBIXOA TNpemyCHIHTeNeH
CHTH IIbl IIOCTYI 0T H BXOJ BOCBMHUK H JIbHBIX YCHJIMTENEH-(OPMUPOB TEIEH CO
BCTPOEHHBIM MYJIbTHIUIEKCOPOM. Y K KJIOIro K H JI YCHIIUTENs €CTh B He3 BH-
CHUMBIX TP KT YCWIIEHHS, P 3/IM4 fommxcs no BeauyuHe B 10 p 3. OpuH U3 HUX
H CTPOEH H M KCHM JIbHBII AM 11 30H 1o 3Hepruu 20 M»B u npenH 3H 4yeH mis
peructp muu b -4 ctul, Apyroi — H 200 M»B u mpemH 3H 4YeH A pe-
TUCTP LUM OCKONKOB feneHuss. O06 Tp KT HMeIoT (PUKCHPOB HHYIO BPEMEHHYIO
thopmupoBky, p BHyI0 1 MKc. C BBIXOJIOB yCHJIHTENE 00 CHIH J C p 3HBIMH
KO®((PUIMEHT MU YCWJIEHHUS IIOCTYIl I0T H BXOJ HE3 BHUCHMBIX OBICTPBIX H -
J10ro-1upoBbIX peobp 30B Tesell co BpeMeHeM Hpeodp 30B HUd 2 MKC. DJIeKT-
pOHHBIE OJIOKM, 3 HWCKJIIOYEHHEM MpEeIyCHIUTENeid, W3rOTOBIEHbl B CT HI p-
te CAMAC. [I musie ¢ kpeiitoB CAMAC mepex 10Tcd H OCHOBHOM KOMIIBIO-
Tep, YCT HOBJIEHHBIN B DKCHEPUMEHT JIBHOM 3 JIe, PSIOM C M CC-CHEKTPOMETPOM.
Vip BieHHE 3TUM KOMITBIOTEPOM, T KX€ YTeHWE M BU3Y JIU3 LU [ HHBIX OCY-
LIECTBISIETCA MO0 CETU C IOMOILUBIO YJ JIEGHHOTO KOMIIBIOTED , YCT HOBJIEHHOIO B
NU3MEPUTEIBHOM LIEHTPE.

B »KcriepuMeHT X HCHOIB3YIOTCS [IBE He3 BUCHMBbIE IIPOrP MMbI cOOp U H -
KOIUIEHUS [| HHBIX: OOH [UISl KDEMHUEBOTO JETEKTOpP , APYT S AT CTPUIIOBOTO Jie-
TEKTOP , U3MEPSIOIIEro M JIble MOCTOSIHHBbIE TOKHU. IIporp MM , 0OcCiyXuB 011 5



KPEMHHUEBBII IeTeKTOp, MO3BOJISIET IPOCM TPUB Th OJHOMEpHbIE dHEpreTudecKue
CHEKTPHI C K KHOH MOJIOCKH, T KXK€ JABYMEPHbIE CIIEKTPBI 3 BUCUMOCTH 3HEPTHH
OT HOMEp TMOJIOCKHU IUIs K KOO0 KPHUCT JiT . i CTPHUIIOBOTO JETEKTOP MOXHO
MIPOCM TPUB Th CHEKTP BceX 192 TOKOB B (oK JIBHOI IUIOCKOCTH, KOTOPBINA exXe-
CEKYHIHO OOHOBJISETCS.

CucreM ynp BJI€HUS OTHEIBHBIMH 3JIEMEHT MU M CC-CIIEKTPOMETp , B Ky-
yMHOM cuctemoi, DIIP-UCTOYHMKOM ciem H H OCHOBE CT HI PTHOIO II KET
LabVIEW, ropsueii nmoBymkoit — H ocHoBe QNX. Ymp BiieHHe OCYIIEeCTBIA-
€TCsl C TIOMOIIBIO TIEPCOH JIBHBIX KOMITBIOTEPOB, YCT HOBJICHHBIX B U3MEPUTEIFHOM
ueHTpe yct HoBku MASHA.

I p mempor ycm Hoeku. Ilocine MOHT X M CC-CIEKTPOMETp H  CHELU-

JIPHO CO3JI HHOM K H JI€ BbIBE/IEHHBIX IIy4KOB ycKoputens Y-400M nepssie uzme-

PEHUS NTPOBEACHBI B BTOHOMHOM pekume. Llenpio 3Tux n3MepeHuit Obul  ONTHMH-
3 musl pexuMoB DIIP-MCTOYHMK M MOHHO-ONTHYECKOW CHCTEMBI CIIEKTPOMETP .
Hzmepenus npoBogwiuch 6e3 ropsiueil joBymkd. [IpomyKThl siiepHbIX pe KLU
UMUTHPOB JIUCh C MOMOIIBIO CHELH JIbHBIX K JHOPOB HHBIX TeYeil MHEPTHHIX T -
30B, KOTOpbIe OO BISJINCH B TeJHii, CIIYXUBIIUI OyepHsM T 30M. Teun obecre-
YHB JIM IOTOKH TOMOB MHEPTHBIX I' 30B C €CTECTBEHHBIM H30TOITHBIM COCT BOM JIO
(1-3)-10=7 M6 p-n/c. B KyyMHble ycIOBHs MO3BOJISUIM MOJIYY Th B P 3PSAAHOI
K Mepe J BieHue H ypoHe 5- 1077 M6 p npu OTK uKe yepes dKCTp KIMOH-
HOE OTBEpCTHE I¥ METPOM 5 MM B oTcyrcTBUe mon uu Oycdepnoro r 3 u CBU-
n3nydeHus. Ilpu T KUX yCIIOBUSX TOK, U3BJIEK eMblil U3 UCTOYHUK , H 90-95%
COCTOSI M3 renus, npuMepHo 3 % ObUI0 MOHOB WHEPTHOTO T 3 , MOCTYI IOLIEro
U3 K JMOpOB HHOM T€YM, OCT JIbH S 4 CTh TOK ObUI OOYCIOBIEH IPUMECIMHU
OCT TOYHBIX I' 30B U JPYrUX HMOHOB, BO3HUK Iomux B CBY-m1 3Me UCTOYHUK .

H puc.4 npeact BieH CIEKTp M ¢C U30TOIOB KCEHOH , U3MEPEHHBIH ¢ I0-
MOIIBI0 ONHMC HHOW METOAMKH. M cCOBOE p 3pelleHue, OnpefeseHHOe H II0JI0-
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Puc. 4. M ccoBBIii CIEKTp U30TONOB KCEHOH



BMHE BBICOTHI MUK , p BHO R = M/AM = 1300, uro GIU3KO K P CYETHOU
BEJIMYHHE.

H puc.5 mpusener 3 BHCUMOCTD 3(p()eKTHBHOCTH YCT HOBKH OT M CCOBOTO
YHCJI HMHEPTHBIX T 30B. D((EKTUBHOCTD OIPENEsT Cb K K OTHOIICHHE CyMMBI
WHTEHCUBHOCTE MOHOB BCEX H30TOIOB JI HHOTO HMHEPTHOIO I 3 B (DOK JIbHOM
IUIOCKOCTU M CC-CIIEKTPOMETp (MOH/C) K NOTOKY TOMOB ®TOro T 3 , HOCTYI -
IOIEro U3 K JIMOPOB HHOM Teun B p 3psytHyo K Mepy DLP-ucrounuk ( Tom/c).
IMorpeniHoCcTs OTHOCUTENBHBIX M3MEPEHNUH, IPEACT BICHHBIX H I HHOM Ip (uke,
coct Biust1 +10%. W3 pucyHKk BHAHO, 4TO 3(P(eKTHBHOCTD JIMHEHHO P CTET C
POCTOM M CCOBOIO YMCJ HMHEPTHOIO I' 3 U Il KCEHOH cocT BisieT 84 %. Dr1o
O3H Y €T, 4TO VI T KOro 3JeMeHT , K K P JOH, MOXHO OXUJ Tb 3(pheKTUBHOCTD
He MeHee 90 %.

OngHMM U3 OCHOBHBIX II P METPOB, ONpPENEsIIOUMX MPUMEHUMOCTb MPEACT -
BJISIEMON METOJAUKM JUlsl U3MepeHus M cc ayneMeHToB 112 u 114, gBnsercsa Bpems
TP HCIOPT NPOAYKTOB pe KLHH MOJTHOTO CIUSHUS OT MOMEHT HX TOPMOXEHHS
B IopsiueM IOIJIOTUTENE A0 MOMEHT ux non A Husg B DLP-ucrounuk. (Bpems
HMOHU3 UM B UCTOYHUKE COCT BIIF€T HECKOIBKO MUKPOCEKYH]I, IOSTOMY B I HHOM
ClIyd € UM MOXHO npeHeOpeub.) DTo BpeMs CKJI IbIB €TCSl U3 BpeMeHHU Iuddy3nn
MPOAYKTOB W3 TOpPSYEro NMOMIOTUTENS W BPEMEHM UX ABUXKEHUS 10 B KyyMHOMY
TpyOOnpoBOay M3 00BEM TropsyYeil JIOBYIIKH 10 00beM HCTOYHMK . [lnd ompene-
JIEHUd MOCIIeHeH COCT BISIOLIEH ObLIO M3MEPEHO BpeMs OTK YKU I' 3 M3 00beM
ropsiueil JTOBYLIKH 4Yepe3 3KCTP KIHMOHHOE OTBEPCTHE OU METPOM 5 MM B K Mepe
noHn3 uu DIP-ucrounuk . Pe3ynsT TeI oK 3 HEI H puc. 6. IIponecc oTK 4ku
r 3 u3 00beM HMeeT DKCIOHEHLM JIbHBIA X P KTep, M03TOMY H Ip (hUKe NpH-
BEIEHBI 3H YEHMS TIOCTOSHHBIX BpeMeHH 7. M3 pHCyHK BHIHO, YTO 3 BHCHMOCTb
CKOPOCTH OTK YKH T' 3 TOJYHMHSIETCS 3 KOHY ¥ ~ \/ﬁg (cruTOIH S JMMHUA H

rp ¢uke), rae Mg — M cc ya ngemoro r 3 . IlorpemiHocTy U3MepeHui OBLIU
100 L L
| Xe L
80 -
X L
5
S 60 Kr =
o
jon)
Mm - -
=
>
5 40+ Ar r
=
S L
M Ne
204 -
+—r+——
0 50 100 150

MaccoBoe uucio, a.e. M.

Puc. 5. 3 BucumocTp 3(pheKTUBHOCTH OT M CCOBOTO YMCJI HHEPTHOIO T 3



» N g
=} ) =}

Bpewms, ¢

_. —
=) n

USRS N N SN S S T T T T S N U ST S N N SN S S S AN A ST A Y
>
(¢}
T

Ar

=l
W

o
[=}

L L LA R B
50 100 150 200 250 300
Macca, a.e. M.

(=}

Puc. 6. 3 BucumocTbh BpeMeHHU OTK 4YKU K Mepbl DLIP-UCTOYHMK M ropsgyeii JIOBYILIKH yepes
9KCTp KUMOHHOE oTBepcTHe DIIP-MCTOYHUK OT M CCBI MHEPTHOTO T 3

npubmusurenbHo +10 %. s KCeHOH KOHIEHTP LS I 3 YMEHBII eTCsl 9KCII0-
HEHLM JIbHO C IIOCTOSIHHOW BpeMeHU T,(Xe)~ 1,6 c¢. CiiefioB TenpHO, VI M CCHI
A = 202 (omuH W3 M30TONOB P JAOH ) BTO BpeMd COCT BUT OKOJNO 2 ¢. 310
BpeMs SBJISeTCs OOHUM M3 ¢ KTOPOB, OTp HUYMB IOIIUX ObICTPOAEHCTBHE BCei
METOJMKHU.

CremyomM 3T 1IoM ObUIO onpenesieHHe BpeMeHH AU(@y3ud U3 ropsyero
Ip UT U MONHOrO BPEMEHH TP HCIIOPT OT ropsvel JIOBYIIKU IO (DOK JIbHOM
mwiockoctu crnekrpomerp . Ilockonbky siaemenTsl 112 u 114 no cBouM xumuue-
CKHMM CBOHCTB M OJIM3KM K WMHEPTHBIM T 3 M, TO JUISl IIPOBEPKU BCEH METOAMKHU
Mbl BoIOp siu 1ydok “CAr. JIng u3MepeHMs BpeMeHM TP HCIOPT — TOMOB prOH
oT ropsueil noByuku go DIIP-uctounuk u g snee K (oK JIbHOHN IUNIOCKOCTU CIHEK-
TPOMETP HCIIONIb30B JI Cb METOAUK IIPEPBHIB HHUA IMYYK C IOMOIIBI0 LUIUHAD
@ p Oed, ycT HOBJIEHHOIO H p ccTosHUM 1 M mepen ropsyeil jgoBymkou. Bpe-
MEHH 9 CTPYKTYp Ny4K (DOPMHPOB JI Cb T K, YTO BH 4 JIe MUILEHb OOJIYY J Cb
B TeueHne 60 ¢ myukom, crepymomue 60 ¢ My4oK NEpeKphIB JIcAd LMIMHAPOM
@ p ned. Bpemd npepslB HUS IyuyK cocT Bisuio ~ 0,5 ¢, ProH perucTpupo-
B JIC CTPUNOBBIM AeTeKTopoM. H puc.7 mpeacr BiieH 3 BUCUMOCTb TOK — PIOH
B (hOK JIBHOHM IUIOCKOCTH CIIEKTPOMETP OT BPEMEHH MpPU TOPMOXEHHH IMy4dK B
Ip (PUTOBOM MOIIOTUTENE BO BpeMsl OOIy4eHHS M BO BpeMs I y3bl, KO MYy4OK
nepekpeiB Jics nuwuHapom @ p ges. Temmep Typ rp (pUTOBOro NMOINIOTUTENS B
a1 HHOM m3Mmepenun Obul 1300 °C. M3 puCyHK BHIHO, YTO CYMM PHOE Bpemsd
I JIEHUS] UHTEHCUBHOCTU TOMOB ProH cocT BiseT T(Ar) ~ 2,5 ¢. DT NOCTOSH-
H 9 BPEMEHH SIBIISIETCS CyMMOW BpeMeHH Ju(dy3un TOMOB pProH W3 Iropsdero
rp ¢uT , BpeMeHH HX OOCT BKU A0 DLIP-mCTOYHMK , T KXe BpEeMEHHU Ipephl-
B HMd Iyyk c nomoupio nuwiuHap @D p ged. C ydeToM BpeMEHH IpepblB HUS
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Puc. 7. 3 BucuMOCTb TOK  ProH B (pOK JIHOH IUIOCKOCTU CIIEKTPOMETP OT BPEMEHU IpU
U3MEPEHUSIX C MPEPBIB IOLMIUMCS ITyYKOM

My4yK ¥ M3MEPEHHOIO BPEMEHH OTK YKHU I Ar MOXHO CHET Th BBIBOJ, YTO IIO-
CTOAHH 51 BpeMeHU aucbdysun us ropadero rp cur (tp = 1300 °C) cocr Buger
npuMepHo 1 ¢. B aTux xe u3mepenusx 6pu1 onpeneiaeH U 3¢ (eKTUBHOCTD BCeid
YCT HOBKM K K OTHOIIEHHE MHTEHCHBHOCTU MOHOB ProH B (POK JIPHOH ITOCKO-
CTH CIIEKTpOMETp (MOH/C) K MHTEHCHBHOCTH Iy4K (HMOH/C). DeKTHBHOCTH I

pron npu Temnep Type rp ¢ur t; = 1300 °C coct Bun 25 %. TouHOCTb 3THX
u3Mepennii 661 H ypoBHe +20 %.

TECTOBBIE DKCIIEPUMEHTbBI HA IIYYKE TAXKEJIBIX HOHOB

Lenpio TECTOBBIX IKCIIEPUMEHTOB OBUIO MOJEIHPOB HUE YCIOBHH, M KCH-
M JIbBHO TPHONMXKEHHBIX K YCIOBHAM pe JIBHOTO B3KCIEPUMEHT [0 W3MEpPEHHIO
M CC CBEPXTSKEJIbIX BJIEMEHTOB. 3 11 4 (QOPMYJIUPOB JI Ch CIEAYIOIIUM 00p 30M:
3 PErucTpupoB Thb B (POK JIBHOH IUIOCKOCTH CHEKTPOMETP Jib() -p CII 1 M30TO-
[IOB PTYTH, MOJyYEHHBIX B pe KIMIX NOJHOro ciusgHus. T K K K aaemeHT 112
SIBIISIETCSl XUMUYECKHUM H JIOTOM PTYTH, TO 9TO ObLIO Obl XOpOILIEH MPOBEPKOM
Bceil Metoauku. [T0CKOIbKY OCHOBHBIE 1T P METpPbI YCT HOBKHU (ObICTPOIEUCTBUE U
3(hheKTUBHOCTD) OIPEAEIISUINCH C UCIIOJIF30B HUEM K JIMOPOB HHBIX Teuyeil HHepT-
HBIX T 30B U H NPSMOM Iy4Ke PrOH , TO ObUIO PELIeHO NOMOJHHUTEIBHO MpPO-
BEPUTH 9TH JI HHbIE B MOJEJIBHON pe KLHU IOJIHOTO CIIUSHUS C CHHTE30M JIb( -
P IMO KTHBHBIX W30TOIOB p IOH .

CuHTEe3 M30TONOB PTYTH M P JIOH OCYLIECTBISUICS B CIEOYIOIIUX pe KIMSIX
MIOJTHOTO CITHSTHUS:

40Ar 4 12tSm — YHg + an,

40Ar 4 166Er N 206—:can + an.



Dueprus myuk “CAr, yckopeHHoro H 1ukiaorpone Y-400M, coct Busn 284 MaB.
ToYHOCTB oOmpefeNneHuss 9HEPIUM 10 BPEMEHU MPOJIET C IOMOILIBI0 [ TYUKOB
«pick-up» Gbu1  £2,5%. DHeprus MeHsUI Cb C MOMOIIBIO MOITIOTHTENEH U3 TH-
T HOBOM (DOJIBIM, KOTOPBIE YCT H BIIMB JICh B TOH XK€ P MKE, YTO U MHIIEHb. B
9KCIIEPUMEHTE UCIOJIB30B JIUCH HEMOIBUKHBIE MUIIEHH U3 TPUPOAHOro “**Sm u
monomsoron 96Er co crenensio o6or menus 98,5 %. MuieHH B BUIE OKUCIIOB
Smy03 u EroO3 H HOCWIUCh H MONJIOKKY M3 TUT H TONIIMHON 3,14 MKM Me-
TOIOM MOJIEKY/ISIPHOTO 2JIEKTPOOC XAeHusd. [u MeTp p Goueil o6/ cTH MHILIEHH
coct Bisin 15 mM. Co cTOpoOHBI Tp (DHUTOBOTO MOITIOTHTENSI MUIIEHH 3 KPBIB JINCH
TUT HOBOH (poNbroil TOMIMHON 2 MKM, 3 KPEIUVIEHHOH H P CCTOSHUU 3 MM OT
MOBEPXHOCTH MHUIIEHU. DT (POJBI CIYyXKWIT TEIJIOBBIM 9KP HOM, 3 LIMII IOLIUM
BEILIECTBO MUILUEHM OT P 3pYyLIEHUS 3 CUeT H IPeB U3Jy4eHUeM Ip (PUTOBOrO
MOITIOTUTE.

B sKcHepuMeHTe ¢ ¢ M pHeM TOMIMH Mumenn 61 0,63 mr/cm? (B me-
pecuere H Sm), sHeprus nydk “CAr H HONOBMHE TOMIIMHBI MMIIEHH P BH-
7 cb 255 MoeB. IlonHblii UHTErp 11 My4yK , MPOLISAIIEro Yepe3 MULIEHb, COCT BHJI
3,7-10'7 nonos. Temnep Typ Ip (DUTOBOTO NOIIOTUTENS B 9TOM U3MEPEHHH TI0]I-
nepxuB 71 cb H ypoBHe 1600°C. B ¢ox NbHOU MIOCKOCTH MPOIAYKTHI pe KIMH
MOJIHOTO CJIMSHUS PErUCTPUPOB JIUCh KPEMHHEBBIM JETEKTOPOM THII «KOJIOAEL»,
KOTOpBIA ObUT omuc H Bbime. T K K K HEPrHsl MPOLYKTOB pe KIMHU IOCIE BbI-
sger u3 DIP-ucrounuk coct BiasgeT Bcero 30 k3B, TO BCe OHM OCT H BJIMB JIMCh
B MEpPTBOM cjioe (PpPOHT JILHOH 4 CTH KPEMHMEBOrO JEeTeKTOp (TOJIIMH MepT-
BOro ciog ~ 50 HM) U MOTOM HUCHBITBIB JU Jb( -p ci g. Oxono 50 % »THX

Jb) -4 CTHIl PETUCTPHPOB JIUCh TOW XK€ MOIOCKOH HETEKTOp , B KOTOPOH OHH
3 TOpMO3WIHUCh. B urore popMupoB 1 Cb AByMEpH S M TPHUI 3 BHCHMOCTH DHEp-
My Jibd -4 CTULl OT HOMep mnosiocku. [TockonbKy HOMEp MOIOCKU OAHO3H 4YHO
CBSI3 H ¢ KoopauH Toi X (oK JIbHOHM IUTOCKOCTH, TO IO 3H YEHHUIO IONd B H -
JIM3UPYIOIUX JUIIOBHBIX M THUT X M CC-CIEKTPOMETpP OINpelessyl Cb M CC , CO-
OTBETCTBYIOL] 51 3TOH KoOopAuH Te. CrieKTp b -4 CTHIL I B JI JOTOIHHUTEIIBHYIO
UH(OPM LU0 O 3 PETHMCTPUPOB HHOM IPOIYKTE.

H puc.8 mox 3 H AByMEpHBII CHEKTp Jb( -4 CTHUI M30TONOB PTYTH B 3 -
BUCHMOCTH OT HOMEp IOJIOCKU (PPOHT JIBHOW 4 CTM KPEMHHUEBOIO IETEKTOp .
M ccoBblif CHIEKTpP M30TONOB PTYTH, MOJIYYEHHBIH NOCIE MPOEKLUH JBYMEPHOIO
cnekTp H ocb X (HOMep MONOCKHM) MOK 3 H H puc.9. W3 crnekTp BHAHO,
YTO MHTEHCUBHOCTb M30TONOB MOHOTOHHO II JI €T C YMEHBILIEHUEM M CCOBOTO YH-
cin . IIpoB 1 g M ccoBoro umcn A = 184 cB93 H ¢ TeM, 4TO BWIK IO OT-
HOILIEHUIO K Jib( -p cO Oy Jid 9TOro u3oron H MHOro meuwle (1,3 %), yem
mna cocequux uzotonos (11,7 % nna '#3Hg). To, 4To B CHEKTpe HPUCYTCTBYIOT
M30TOIBI C BpEMEH MM XHU3HU 2,56 ¢ (180Hg) u36c (181Hg), HUX OTHOCHUTEIb-
HBII BBIXOJ JIOXKHTCA H IUI BHYIO 3 BUCUMOCTb OT M CCOBOTO YHUCJI , KOCBEHHO
CBUIETEJIBCTBYET O OBICTPONEHCTBUU BCeil METOOMKH, KOTOPOE, IO-BHANMOMY, HE
Gonee 4 c.
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Puc. 8. JIByMepHBIi CHEKTp ®HEPruil b -4 CTHL MOCJIE P CI 1 H30TONOB PTYTH B 3 -
BUCUMOCTU OT HOMEp IOJIOCKU (DPOHT JIBHOM 4 CTU AEeTeKTOp (POK JIbHOH IIOCKOCTU
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Puc. 9. M ccoBblii cIeKTp U30TOIOB PTYTU

H puc.10 nox 3 H Jb¢ -cHekTp g M ccoBoro uncn A = 182. B cnek-
Tpe Kpome JMHUHM, oTBey tomeii p cn ay 2Hg (E = 5860 kaB), Buan IuHus,
COOTBETCTBYIOLI 5 P cll Ay jgodepHero aap “SPt (E = 5440 x3B). U3 cnektp
BUIHO, YTO U3MEPEHHBIE SHEPTUM JIb() -4 CTHIl COBI J IOT C T OJMYHBIMU 3H Ye-
HUSIMU C TOYHOCTBIO 5-6 k5B (T OMUHBIE 3H YE€HMS ] HbI B CKOOK X), IIOJH S
UIMPUH JIMHUHA H TIOJIOBUHE BBICOTBI COCT BideT ~ 40 kaB.

M30TOMNBI p JOH CHHTE3MPOB IHCH B pe Kiusx nomuoro cnusuus ‘0 Ar+166Er
npu sHeprusx myuk 202, 217 u 231 MeB. Tommun mumenu 6601 0,67 mr/cm?
(B nepecuere H Er), u3zoronH g yuctor MuieHu coct B 98 %. H puc. 11

11
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Puc. 10. DHepreTudeckuil CieKTp Jb -4 CTHL Wit M cchl A = 182
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Puc. 11. JIBymepHbIii ClIeKTp 3HEpruil Jib(h -4 CTHUL, UCIYLIEHHBIX [IPU P CII € U30TOIOB
p ZOH , B 3 BUCUMOCTHU OT HX MO3UIUH B (POK JBHOI IJIOCKOCTU CHEKTPOMETP

MPEACT BJICH OBYMEPHBIN CHEKTp ®HEpPruil Jb(h -4 CTHI] U30TOMOB P AOH B 3 -
BHCHMOCTH OT HOMEpP TIOJIOCKH (PPOHT JIbHOW 4 CTH KPEMHHEBOIO OETEKTOp ,
H puc. 12 — mpoekuusi IByMEpHOTO CIeKTp H och X (HOMEep MOJIOCKH). 3H -
uuTenbHbINH BeIX0A n30Tonos 296Rn, 2°°Rn u 204Rn cBa3 H, no-BUAUMOMY, C pe K-
HUSMHU H U30TONHBIX mpumecsx mumenu 56Er. B sumepreTuueckoM crexTpe A
M ccol A = 202, npuBesieHHOM H pHC. 13 B K YeCTBE MPUMED , IPUCYTCTBYIOT JBE
nuHUM, oTBed fomme p cn ay 2°2Rn (6635 x3B) u ero nouepnemy mnponykty ?6Po
(6180 x3B). K K u mipu peructp muu p Cii I HU30TOIMOB PTYTH, 3A€Ch MOTOKEHUI
JIMHUIA COBI ]I IOT C T OJIMYHBIMH C TOYHOCTHIO 5—6 k3B.

12
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H puc. 14 npuBesieHbl BHIXOBI M30TONOB P JOH , H3MEPEHHbIE MPU SHEPTHH
nyak  40Ar 202 MsB. IMonnsii notox nonos *°Ar yepes mumens coct sun N =
4-10'7, O6p m er H cebs BHUM HHe pe3Koe NI jeHue Boixox uzoron 2““Rn
10 cp BHeHHIO ¢ coceanuMm u3oTorioM 2°'Rn. DTO KOCBEHHO CBHIETENHCTBYET
O TOM, YTO BpeMs JOCT BKM MPOLYKTOB Pe KIMil U3 ropsdero rp ¢ur jgo DIIP-
ucrounuk Gosbiue 1 ¢ (nepuop nonyp cn 1 2°°Rn 7 = 1,1 ¢), HO, MO-BUAMMOMY,
MeHbIle 5 ¢ (CpeHee 3H YeHHE IEepUoj MOJyp CIl JI H30MEPHOTO M OCHOBHOTO
cocrosunii 2°'Rn cocr Biser 5,4 ¢).

B T 6nuiie npuBeieHbl BHIXO/IbI H30TOMOB P JOH Ul TPEX 3H YEHMil SHepruu
nydsk  E(“°Ar) 202, 217 u 231 MsB. ]l HHble HOPMUPOB Hbl H TOJHBIA MOTOK
nonos ‘CAr uepes mumens N = 4 - 1017,

K COX JIeHHI0, U3 TIOJy4eHHBIX PE3YJILT TOB HE YiI JIOCh M3BJIedb JI HHbIX 00
5 heKTUBHOCTH PETUCTP LUK TIPOLYKTOB pe KIMil TOJHOTO cusHud. OCHOBH 4
IIPMYUH — OTCYTCTBHE BKCHEPUMEHT JIbHBIX [ HHBIX O CeYeHHsX oOp 30B HUs

Jb( -p AMO KTHBHBIX  M30TONOB,  MOJNYY IONMXCS B  TNPEICT BICHHBIX
pe Kuusx.

106 T T T T T T T T
E(Ar) =202 M>B
105 3,8 ¢,7¢) 9,85 ¢) ]
(28 ¢, 45¢)

E 104 (1,24 mum) |

E, 10 (2,83 mMuH)

E

E 103

m " (1,06¢) 3
102 5 E
10!

T T T T T T T T
199 200 201 202 203 204 205 206
MaccoBoe 4iciIo H30Toma pafoHa

Puc. 14. OTHOCUTENbHBIE BBIXOABI H30TONOB P IOH

Bsixoxs! H30TomoB p XoH (mt.) B pe Kiun “°Ar+ '*Er npu p 3HbIX 3H ueHHAX
SHEpPruy MydK B JI GOp TOPHOI CHCTeMe

E(AI'), M>B 199Rn ZOORH 201 Rn 202Rn 203Rn 204Rn 205Rn 206Rn

202 266 | 90729 | 58535 | 30309 | 5169 | 3575 105
217 1597 | 10635 | 5603 4047 969 243
231 21 94 378 279 140 24

14



3AKJIIOYEHHUE

C HCroJIb30B HUEM K JIMOPOB HHBIX TeYeil MHEPTHBIX I' 30B MPOM3BEAEH H -
CTPOMK HMOHHO-ONTHYECKOM cucTeMbl criektpomerp MASHA u ot XeHsl pe-
kUMbl p 60Tbl DLIP-UCTOYHUK HMOHOB. B BTOHOMHOM peXHMe IPOU3BENEHbI 13-
MepeHus 3(peKTUBHOCTU U OblcTpoaeicTBus 6e3 ropsiueil toBymku. H yckopen-
HoM nyuke ‘YAr mpousseneH 0TI K PeXUMOB ropsuyeil JOBYLIKH, ONpPeIe/IeHbl
3(hheKTUBHOCTD U OBICTPOIEHCTBHE METOIUKH.

B pe kmmsax nonmnoro cramsaus ‘0Ar +"Sm u 40Ar + 15Er cumresnpos -
JIUCh M30TOMBI PTYTH U P JOH , KOTOPBIE MO PAAy XUMHYECKHX CBOWCTB (PHEPIUS

JcopOIMUA H TIOBEPXHOCTH) OJNIM3KM K CBOWCTB M aynementoB 112 u 114. B
9KCIEPUMEHT X MNPUMEH: Chb METOAMK on-line cem p UM NPOAYKTOB SAEpPHBIX
pe Kuuil C MCHONIB30B HUEM ropsueil jgoBymku. CHekTpsl Jb( -4 CTHI] TOCie
p co A W30TOHOB B (DOK JIBHOW IIOCKOCTH PETHCTPUPOB JIMCh KPEMHHEBBIM Jie-
TEKTOPOM THUIl «Kojofel». OnpeneneHo ObICTpomeiicTBUE YCT HOBKH, KOTOpOE
cocT BWIO < 4 c. M3MepeHbl OTHOCUTENIbHBIE BHIXOIbI H30TOIOB P JOH MpPHU Tpex
3H YeHHUdX sHepruu prod . [lomydyeHHbIE pe3ylbT Thl CBUIETENBCTBYIOT O TOM,
YTO JOCTUTHYTHIE I p MEeTphl M cc-criekTpoMeTp MASHA G5u3KH K ITPOEKTHBIM,
U yCT HOBK TOTOB K OKCIEPHMEHT M IO M3MEPEHHI0 M CC CBEPXTSIKEIIBIX 3Jie-
MEHTOB.

bn rox pHoctu. B 3 kimtoueHHe BTOPBI CUUT 0T CBOMM HPHUSTHBIM JIOJTOM
oG rof pUTh TPYIIY COTPYAHMKOB KOHCTpyKTOpcKoro Giopo JISIP OUSIU Bo
1 Be ¢ [.H./B HOBbIM 3 p 3p OOTKY KOMIUIEKC MHMIIEHHOrO OJIOK U rops-
Yeil JIOBYIIKH, COTPYAHHKOB MHXEHEPHO-TeXHMYeCKHX ciyx6 JISIP 3 MoHT X u
MOMOIIb B H JI JIKE M CC-CHEKTPOMETP H HOBOM K H Jie BbIBEIECHHBIX IYYKOB
mUKI0TpoH  Y-400M, KOJUIEKTHB COTPYOHHKOB LUKJIOTpoH Y-400M 3 obec-
neyeHue p OOTBI YCKOPHTENS BO BPEMsI 3KCIIEPUMEHTOB, PYKOBOACTBO KOMIT HHHU
YHUXUMTEK (r. KiiumoBck MOCKOBCKOI 00J1.) 3 IpPemoCT BiieHHE 00p 310B
TepMop cupeHHoro rp ¢ur , T kxe I'. K. Bocrokun 3 wu3roToBneHue muiie-
Heil 1 B.Jl. Kynuk 3 mOArOTOBKY YCT HOBKM K 9KCliepuMeHTy. P 60T BbIIOI-
HeH npu nogaepxke POOU (rp v Ne(09-02-12225-0¢u_m).
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