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OEIIWI XAPAKTEPHCTHKA PAIDT!l 

AitTyaJII,HOCTD npo6xew 

Peaimim no.it ,ztelcTBl'!8M TSD!t8JIHX HOHOB OTJIHl181DTCK 60JII,mHM MHoro
o6paaHeM nponeccOB B38HMO,zt81CTBM. H3Y1!8Hlil8 8THX nponecCOB ~8TM 
O,ItHOI HS 8KTY8JII,Hl.lX npo6xeM, BXO.wmllilX B H8Y11Bll8 nporpaMM!l MHOrmc 
xa6opaTOpHI Ml!p8. Eom,mol nporpecc B o6xacTH ycKOpHT8JII,HOI T8XHHKH 
H M8TO,ItHKH axcnepHM8HT8 ll03BOJIJI8T 3H8'iHT8JIDH0 paCmHpHTD axcnepRM8H
TaJII,HYJ) HHq>OpManmo O nponeccax B38RMO,ztelcTBM T.flllt8JIHX·HOHOB co 
CJIOlltHW.m JI,DJ)aMH, 11To cnoco6cTByeT yr.7JY6xeHHJO H8111HX npe.ztcTaBJiemrlt o 
CBOICTBax Ji,11;8pHOI MaT8pHH /a/. C 8TOI TO'lKH apeHWI :samme peaym,TaTH 
H3BJ18K81)TCK HS ~KcnepHM8HT8Jll,Hl.lX ,JJ;aBmDC O xapaKT8pHCTHKSX npO.ztYKTOB 
HJtepma peaxnmt. 

IlpH BSaHMO,JJ;eilcTBHH TJD!t8JIHX HOHOB C MaCCaMH M ~ 40 co CJIOlltHHMH 
JI,DJlaMH BospacTaeT BKJia,It nponeccoB, npoTBK8Dll!HX 6ea CTa.ztHH o6paaoBaHWI 
COCT8BHOro JI,DJ)a, HanpHMep, r.7JY60KOB8ynpyrHX nepe.n;a11, 6HC'l'pOro ,JJ;8X8-
HM. HCCJI8,ItOB8HH8 xapaKT8pHCTHK 8THX nponecCOB np8,JJ;CTSBJIJI8T HHTepec 
K8K C '1'0~ speHWI IIOJJY118HM Hml>OPMai:nnt O M8X8HH3M8 H ,JJ;HR8MHR8 IIpOHC
XO.Itm118ro nponecca, TSK H C TO'llltll apeHM HCllOJII,30B8HWI BOSMOlmOCTel 
peaxnd CJIMHM C 8THMli!I JI,DJ)SMH ~ CHHT838 BOBllX 8X8M8BTOB. 

BasHYJ) pom, B q>OpMl!pOBamra IIpO.ztYKTOB peaxnmt C TmteJmMH :e:omum 
MOry'l' :arpa~D 06oxo1101llllle a@lexm. ECJIH BJIMHHe 06oxo11ex aa <I>oPMHPOBa
HHe OCltOJIROB ,It8X8HM COCT8BBOro SJJU)S ,JJ;8T8Jll,BO H3Y118HO, TO llpaR'l'li!l'l8CRH 
,JJ;O HaCTO.fllllero Bp8M8HH BB npe,itnpHBHMaXHCD HCCJI8,JJ;OB8HWI BJllilj{HWI 06oxo
"i8'li!lllX CTJlYKTYP Ba q>OpMl!pOB8Hlll8 llpO,ItyKTOB B ,JWyrHX R8HaJI8X Ji,11;8pHllX 
peaJatlll. 

lien pa6om 
I. Paapa60TK8 M8TO,JJ;lmlil npenHSHOHHoro HSMepeHHK xapaxTepBCTBlt 

KOppeJIHpOBaHHllX llpO,ItyKTOB Ji,11;8pHia pe~ C T.Rllt8~ HOBSMH. 

·---r---··-·--·. . 
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2. RsMepe1me MaCCOBHX H SHepr9Tlf'l9CIWX pacnpe.n;e~eimtt npO,DYKTOB 
peaRIOlli, BllSBaHHHX TJD!t9JlHMB 11:OHaMl! C MaCCaMB M ;;t. 40, Ha pasJilftllWX 
SI,Iij)aX Mm119H9il C M > IOO npH SHeprIDIX B6JIHSH 6ap1,epa BSaHMo.n;ettcTBRll 
(E/Bc < I.5). . 

3. BwmJie1me oco6eHHocTeil, cBJ1saHH1,1x c o6o~oqeqH!lMB s~KTaMB, 
B MaCC-SHepreT~8CIWX pacnpe.n;e~emrax npO,DYKTOB pas~ KaHMOB 
H.n;8pHWC perumatt, npOT8KaDIIIIDC 6es CT8'AHH o6pasOBaHliH KOMilayim-SI,Iij)a. 

HayqHaH HOBHSHa 

Cos,n;aH npel{HSHOHH!li1 CII8KTpOM9Tp ~ HCMe.n;oBam C BllCOKOil pas
p8IDal)Jq8R CIIOCO6HOCTI,D MaCCOBHX ( dM = ± I.5 a.e.M.), sHepreT~8CIWX 
( dE::::: 50 KSB), yrnoBHX (±o,5°) pacnpe.n:e~e1mtt npO,DYKTOB B3aHMO.n;eilcT
BHH TJDlt9JlllX HOHOB CO MOlltHHMH SI,Iij)aMll. 

IlpoBe.n;eHH CHCT9MaT~9CKH8 HCM8,Il;OBaHHH MaCCOBHX H SHepreT~ec
lWX pacnpe.n:e~eHlitt npo,DYKTOB BSaHMo.n;ettcTB:aa: H.n;ep ycxopemmx HOHOB 
H8OHa, aproHa, cepll, UHHKa C paSJiiI'lllllMH SI,Iij)aMH-Mmll9HHMH C z OT 47 
.n:o 97 npH paSJIHtJHHX SHeprWIX B6Jm3H 6ap1,epOB BSaHMO.n;eilCTBRll. 

Ha6JID.n;8Hll acHMMeTp~e MaCCOBll8 pacnpe.n;e~eHHH npO,DYKTOB peait
Iijm, npHBO,Itlll!IBX K o6pasoBaHBD COCTaBHWC CHCT9M' C z = I08-II0. npH 
SHeprIDIX HM9TaDIIIIDC HOHOB c MaCCaMB M ~40 B6~S.li 6ap1,epa BSaIIMO,n;ett
CTBRll. B peaKIJ;WDC C HOHaMl! Zn Ha Mmll9WIX HS H,Itep HSOTOIIOB O~OBa 
Ha6JID.n;eH IlOBHlll8HHHil BHXO,n; MHID9H8IIO,n;O6HHX npo,DYKTOB co sHaqeHIDIMH 
IlOJIROil KHH8T~ecxott SHeprHH TKE,M8Hl,IIIHMH BXO,n;Horo KY~OHOBCKOro 6ap1,
epa BC. BnepBHe Ha6JID.n;8Bli CTpYKTYJlll B MaCC-SHepreT~9CKHX pacII]'.)e.n:e
~emrax npomnrTOB peaxrtmi 40Ar (220 MaB) + na.tAg II4,I24sn I 39r,a · 
197 ~·· • • • 

Au. 
IlpoBe.n;eH aHaJil!!S CTPYKTYPHHX oco6eHHOCTeil B MaCCOBHX H M8.CC

sHepreTlf'l9CKHX pacnpe.n:e~eHHHX npo,DYKTOB HCMe.n;yeMHX pea.KUHil C IlOMO11!1'D 
pacqeTOB IlOT9JmH~HOH SHeprHH ,n;Byx BSaHMO,n;eilCTBYJOIIIIDC H.n;ep C ~8TOM 
o6o~oqeqHHX·nonpaBoK • 

IlpaKTlA9CKaH ll8HHOCTl, pa6OTll 

Cos.n;aHHaH SKcnepHMeHTa~HaH M8TO.n;HKa MOllt9T 6HT1' HCIIO~SOBaHa ~ 
np8nJ!SHOHHHX HSM8peimtt MaCCOBHX, SH8preT~8CKHX H yr~OBHX pacnpe.n:e~e
mUI: npO,DYKTOB perumail no.n: .n;ettCTBH8M sapHllt9HHl:IX qacTH!l, H9ilTpOHOB, 
raMMa-JIY'l9R co MOlKHllMB SI,Iij)aMH C D;~D HCM9,Il;OBaHID! M8X8HHSMa H 
.n;HHaMHKH BSal!Mo,n;eilcTBRll. 

Paspa6oTamme .n;eT8KTOpll ~ no~eHHH Bp9M8HHHX omeTOK (MBHH
Hll9 cqeT'!l!KI! H CTapTOBll8 ,n;eT9KTOpH Ha OCHOB9 MmtpOKaH~HHX IIJiacTHH), 
a TaD:8 IIIHpOKO8Il8pTYJ)HH8 IIOSHIUIOHHO-~CTBHT~Hll8 HOHHSanHOHHll9 Ka
M8pll MOryT 6HTI, HCIIO~SOBallli npH paspa6OTK8 H cos.n;amm HOBHX sxcnepH-
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M8HTa~HHX ycTaHOBOK ~ HCM9,Il;OBaHliH pea.KD;Hil no.n: .n:ettcTBH8M sapmteH
HHX ~ H8HTpa~HWC ~CTml C SI,Iij)aMH. Cos.n;aHH!le .n:eTeKTOpH HalllJIH CBOe 
npHMeHeHHe B .JUlYrHX Ha~ neHTpax (UeHTp~H!lil HHCTHTYT H.n;epHWC 
HCM9,Il;OBamm AH rm>, PocceH.n;opqi; lianHOHa~HaH M6opaTOpHH TJDlteJil:lX 
HOHOB, ~paHJ.{HH), a Truate npl'IM9HHDTCH ]J)IJr .n;HarHOCTHKH ny,:IKOB ycxopeH
HHX sapHllt9HHHX ~acTHD;, B qacTHOCTH, ~ HSMepeHHH npo~~ H 3HeprHH. 

IlO~8HHH9 SKCII9pHM9HTa~Hll8 peay~TaT!l O CTpYKTYJlHHX OCO69HHOC
THX B WiCCOBHX H MaCC-3HepreT~9CKHX pacnpe.n;e~eH.HHX MO~yT 6HTI, HCIIO~ 

SOBaHli H Yllt8 HCIIO~SYJOTCH B TeopeT~8CKHX HCM9,Il;OBaHHHX M9XaHli3Wi 
H.n;epHHX pea.KUHil. 

Ha samHTY BliHOCHTCH M8llVJDIIIlI8 IIO~O!9HHH H pesy~TaTli: 

I. Cos.n;aHHHtt npenzsH~HH!li1 ,n;ByxIIJie~eBOtt Bp8MJmpO~eTHHil CII9KTpO
M9Tp HBJIJI8TCH sq>ql8KTHBHHM npH6OpOM ~ HCM9,Il;OBaHliH BSaHMo.n;eilcTBHH 
THlltMliX HOHOB CO MOlltlillMH SI,Iij)aMH, 

2. Rcno~SOBaHli9 ,n;ByxIIJieqeBoro Bp9MHnpO~9THoro CII9KTpOM8Tpa 
IIOSBOJIH8T npOBO.n;HTI, HSMepeHHH aHeprHtt (c paspemeHHeM ,..,50 KSB), 

'CKOpOCTett ( dv/v ,v 0,5%). Ma.CC (c paspemeHH9M d M = ±r,5 a.e.M.) 
npO,DYKTOB perumatt C TJDlt9JlllMH HOHaMH. 

3. MexaHHSM BS8HMO,n;eilcTBHH .n;Byx MOlltHHX H,n;ep saBHCHT OT Macco
BOtt 8CHMM9TpHH BXO.n;Horo KaHaM. RMeeTCH TaKllte saBHCHMOCTl, MaCCOBOro 
,JU)9il~ ~ npO,DYKTOB r~6OKOH9ynpyrHX nepe,n;aq OT MaCCOBOil acHMMeTpHH 
BXO.n;Horo xa~a~ 

4. 06HapyxteHHe 8CHMM9Tp~HHX MaCCOBliX pacnpe.n;e~eimtt npO,DYKTOB 
peaxrtmt, npHBO.n;HIIIIDC K o6pasoBaHBD COCTaBHHX CHCT9M C z =I08+II0, 
II,PH SHepr:w:rx HM9TaDlJl}IX HOHOB c M8.CC8MH M,.., 40 B6JIHSH 6ap1,epa 
B3aHMO,n;e!cTBRll. 

5. Ha6JJD,It8HH8 UOBHlll9HHOro BHXO.n;a npO,DYKTOB r~6OItOHeynpyrHX 
nepe,n;aq C Mal'~8CEHMH H OKO~OMaI'~8ClGIMH 3HaqeH:aa:MH MaCC B peaitnHHX 
64zn+.II4,II6,I24sn ; 40Ar+ natAg; II4,I24 8n; I39La; I97Au npH 

SHepr:w:rx ~9T8DlltHX HOHOB B6Jm3H 6ap1,epa B3aHMO,n;eilcTBHJI. 
6. CTpyxTYJ)ml'.8 oco6eHHOCTB B MBCCOBHX H Macc-sHepreTlf'l8CltHX 

pacnpe.n:e~eJmHX npO,DYKTOB HCM8,Il;Y8MliX peaxrtmt Hal:O.n;HTCH B COOTB9TCTBHH 
C pacqeTaMH IIOT8JmH~Hott SHeprHH .n;Byx B38l!MO,n;ettcTBYJO!ltHX H.n;8p C ~e
TOM o6o~o~e,mwc Sqq>ElltTOB. 

C7,'PYKtypa H o6~eM pa6OTff 

,lll!ccepTanHH COCTOHT HS BBe.n;emta:, ~8Tlip8X r~. 38ltJlll~emm H 
CIIl'IClta JmTepaTYJ)H. 0Ha co.n;epuT 130 CT~ MalllHHOimCHOro T8ltCT8 
(Blt7JJl~aH pHcymw), 53 PHCyHita, 7 Ta6~ H CimCOit JIHTepaTYJ)ll HS 
SI HaHMeHOBamm •. 
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CO.llEP.lh'.AHHE PAIDTH 

Bo BBenemm O6OCHOBaHI:I 8KTy-8Jll>HOCTb H BaJltHOCTb HCCJI0,Izy'0MIDC B 
,JJ,'HCC0pTa~ IIpO6JieM. KpaTKO H3JIOl!t0HO OCHOBHOe co.nepl!taHH0 OT,ll;0Jll,Hl:IX 
rJiaB H IIpHB0,ll;0Hl:l OCHOBHl:l0 pesyJ!bTaTH, IIO.7IY1Iemme aBTOpOM B ,D;aHHOii 
pa6oTe. 

ITepBaR rJiaBa IIOCBfilll0Ha paccMOTpemm H0ItOTOpHX oco6eHHOCTett peait
D;Hit C TRl!teJIHMH HOHaMH IIpH SHBPI'l!JlX E/M ,no IO MsB/HYKJIOH. naeTM 
KJI8CCH!pHit8Iij,U[ M0X8HB3MOB R,nepHHX peaKD;Htt, OCHOBaHHaR Ha /acclJl!eCitOM 
npe,ncTaBJieHHB O ,ll;B:U0HBB lIOHOB IIO Tpa0KTOPRRM, HaIIpnMep, 61. HeCMOT
pa: Ha ynpo~eHHOCTb STOro IIO,nxo,na, OH ,naeT OTHOClIT0JlbHO IIpaBlIJ!bHYI> 
KJiaCCllipHKS~ OCHOBHI:IX Heynpyrnx KaHaJIOB R,ll;0pHHX peaianni C TRl!t0JWMII'. 
HOHaMll: r;ry6O1toHeynpyrHe IIepe,nalUI (I'IIll), 6HCTpO0 ,ll;9JI9Hll0, IIOJIHO9 
c.1minme • 

B IIpOQeccax rHIT·o6pasyeTCR ,nBOttliaR R,n9pHaR CHCTeMa, B IIpOQ9CC9 
SBOJIJlitilll ItOTOpott IIpOHCXO,JJ,'HT ,JJ,'HCClIII~ BHOCIIMOii sHeprmi: H yrJIOBOro 
MOM9HTa, o6M9H HYKJIOHaMH M0lr,Ily"COCTaBJIIDODtHMH ee ~parMeHTa~. ITpo,nyK
TH pacna,na ,nBOttl!O.8 R,nepHott CHCT0MH HM9DT MaCCH. B6JIB3H MaCC B3alIMO,D;ett-. 
CTBYJ)IIIRX R,nep. Tait09 BJIIDiHH9 BXO,D;Horo lt8HaJia Ha xapaitT0pHCTlIKB IIpO,nyK
TOB peaitmitt IIOJIHOCTbD OTCYTCTBY8T B IIpOQeccax, ItOTOpHe MOryT IIpHBO
,JJ,'HTb It CJillRHBD B 8,JJ,'HHyD BOS6YJK,IJ:8HHYD CHCT0My-. BRJia,n IIpOQ9CCOB IIOJIHO
ro CJIBRHM, 6HCTporo ,ll;9JI9HM, I'lilI B IIOJIHO9 C9119Hll9 pe~ 38BlICHT 
OT napaMeTpOBBX:O,nHOrO ItaHaJia, Taltl!X Italt Ma.Celi, 3apJJ,Itli, CTpyKTypBH0 
oco6eHHOCTH B3aHMO,nettCTBYJ)JIIHX R,nep, 8H9prM HaJIBTaDJlHX HOHOB H ,np. 
Kalt CJI0,Izy'0T H3 npe,ncTaBJieHHI:IX B nepBott rJiaB0 ,naHHHX, Baimyl) pOJll> B 
g)opMHpOBaHBH IIpO,nyKTOB pacna,na COCTaBBHX CHCT8M HrpaDT o6OJIO1191iBH0 
Sipp0ItTH. Tait,Y1i0T o6OJIO'i01JHI:IX IIOIIpaBOit IIpH BH'iHCJI0HHH IIOT01IQH8Jll>HOil 
SHeprHH R,D;epHlil CHCT0M IIO3BOJIR0T IIOJIY'IHTb peayJ!bTaTH, corJiacym~ecR 
C 8ItCII0pHMeHT8Jll,Hl:IMH ,D;aHBHMH IIO M8.CCOBHM, 8HepreTK'i9CIOW pacnpe,neJie
ID!fil4 IIpO,nyKTOB I'lilI, OCitOJIItOB ,neJieHHR. Y11eT HH,ll;HBH,Izy'8Jll>HOtt CTpyitTypH 
B38JIMO,D;01tCTBYJ)JIIHX R,D;ep .naeT BO3MOGOCTb µoBJieTBOPHTeJ!bHO OIIHCaTb 
,JJ,'H~Sl!D HYKJIOHOB H 8HepreTlJ1!9CitYJ) ,JJ,'HCClIII~ B IIpOQeccax.I'IIll. 

BM9CT0 C T0M OTM91ia9TM HeIIOJIHOTa 8ltCII0pHMeHT8Jll,HOtt HHq)OpM~ 
O IIpOHBJieHHH O6OJIO'i011HHX 8ipp0ItTOB B KaHaJiaX 6e3 CTa,D;HH o6pasoBaHM 
COCTaBHOro H,npa. Tait, H8IIpHMep, c~ecTByeT H9O,ll;liO8H81lli8JI HHT0pIIpeTa
tiRB acm.!Me~ MaccoBHX pacnpe,neJieHd npo,nyitTOB peaitn0 40.Ar + 
+ 243Am /B. IlOCitOJ!bltY B I'lilI He IIpOHCXO,ll;HT 3H8lUIT0Jll,HOtt nepecTpORltll 
IIO Macce H Sapg,Izy" BSallMO,D;ettcTBym~ R,D;ep, TO OTltpHTW4 RBJmeTCR Taue 
BOIIpOC O coxpaHeHBB HH,ll;HBH,lzy'8Jll,BllX CBOICTB (Hanp:e:Mep, o6OJIO1Je1iBHX 
CTpyitTyp) CTaJIItlIBaJJIIHXM R,D;ep B xapaitTepHCTl!ItaX IIpO,nyitTOB I'IIll. 
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Ha OCHOBaHBB IIpOBe,neHHOro B II0pBOll rJiaBe aHaJmSa o6OCHOBHBa0TCJI 
BH6Op HCCJie,Izy"eMHX B pa6oTe pea~ B pa3Jill1iBHX ItOM6ll:Ha~ HaJI0TaD-
HOH-H,IIJ)O MH1119Hll. IlapaMeTpH.BXO,ll;BllX ItaHaJIOB lICCJI0,Izy'0M!DC pea~ npe.n-

CTaBJieBH B Ta6JIIIQe. 
Ta6JIIIQa 

PeamtruI ztot rt . EJia6 E/Bc 
{Ma~l 

64zn + natAg 77 0.27 302 1 • 18 
335 1. 31 

64zn + 114sn 80 0.28 314 1 • 18 
330 1.24 
390 1.46 

64zn + 1228n 80· 0.31 314 1.22 

64zn + 139Le. 87 0.37 345 1.26 
365 1 .34 

40Ar + natAg 67 0.46 220 1.5 

40Ar + 114sn 68 0.48 220 1. 5 

40Ar + 124sn 68 0.51 220 1.5 

40Ar + 139Le. 75 0.55 220 1.4 

40Ar + 197Au 97 o.66 220 1. 18 

56Fe + 208Pb 108 0.58 354 1.28 

40Ar + 238Th 108 0.706 206 .1.04 
220 1.1 

• 306 1.5 
40Ar + 238u 110 0.71 220 1.09 

328 + 235u 108 0.74 196 1.08 

22Ne + 232Th 100 0.82 180 1.6 

22Ne + 238u 102 0.03 180 1.6 

22Ne + 249cr 108 o.84 180 1 .5 

ztot - CYJ,lMapHHtt sapR,n R,D;epHOtt ClICT0.MH, 
fl - MaCCOBaR 8CHMM0Tpll:R BXO,nHOrO ItaHaJia( t'l = ~y- t1P _, ~, 
EJia6 - saeprM HaJieTaJJllll'IX noHoB B Jia6opaTopHott cnb;eSe, Mtot 

E/BO - OTHomeHne sHeprmr H8JI8TaJJllll'IX HOHOB B c.Q.M. It ItYJIOHOBC-
ItOMY 6apbepy. 
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CIIeitl!/bmta HCCJl8.ztY8MWC ,lie~ C T.ID[eJWMl'l HOHaMH IIOBJ!8RJia sa co-
60:lt paspa6oTICy lI COS,ItaHH8 CII8Iij!aJI1,HO:lt ycTaHOBitll •. 

Bo BTOOOH rJiaB8 npHBO,ItlITCJI aHaJmS COBpeMemmx CIIOC060B J,I·MeTO,ItOB 
p8rHCTJ)alij!J,I IIPO.ztYKTOB pe~. IlpH BH60p8 ,It8T8XTOPOB lI M8TO,ItOB p8rH
CTJ)alij!J,I :a:pmmMa.JllICI, BO BHHMaHHe CJl8.ztYDIItl!8 qJaXTOpH. BO-II8p:sm:, BHCOitll8 
y,It8Jll,Hll8 TOpMOSHH8 IIOTepH TJD!t8JmX HOHOB lI :a:pO.ztYRTOB lIX BSaHMO,Ite:ltcTBWi 
co CJ!OlltHHMH H,Iij)aMH IIOTJ)860BaJm HCIIOJll,SOBaHWJ ,It8T8KTOpOB, BHOCJmtl!X 
MmmMalll,HH8 lICitallt8Hl'IJi B 8H8prmo.H yrAOBHe pacnpe,IteA8HWi p8rHCTPHPY8-
MWC @arM8HTOB. BO-BTOpHX:, ytm:THB~CI, Tp860BaHHe.O:a:p8,It8JIB:TI, SHatJe
Hl'IJi MaCC lI 8H8prn:lt p8rRCTJ)HpyeMWC @arM8HTOB C BHCOKO:lt pasp0maJJm8H 
CIIOC06HOCTl,D lI 683 :a:p8,ItIIOAOE8Hl!!.ll ~ M8X8HHSM8 :a:poTexamm p88Elij!H. 
B-TJ)8TI,HX, RCCJl8,ItOB8HH8 p8aKiij!tt B6DSR 6ap1,epa BSaRMO,IteitCTBWi ,ItMaeT 
Heo6~0,ItlIM!lM COS,ItaHH8 ycTaHOBitll C 6om.mott CB8TOCMOtt. Ha OCHOB8 :a:po
B8,It8HHOro BH6opa C0Bp8M8HHWC M8TO,ItOB perRCTJ)alij!J,I C YtJ8TOM Bim18~0-
E8HHWC TJ)860BaHRi1 6~ paspa60TaH R COS,ItaH ,ItByxIIJI8tJ8BO:lt BpewmpOA8T
HHtt CII8KTJ)OM8TJ) (JlBilC). 

Bo BTOpoit rAaBe ,Ita8TCJI OIIRCaHH8 ,llBilC, CX8MaTEtJ8Clt08.RS06paze
HH8 KOTOporo :a:p8,ItCTaBJ!8HO Ha pnc. l. OcHOBY CII8KTJ)OM8TJ)a COCTaJ3JISJOT 
,ItBa IIOSRiij!OHHO-tJYBCTBRT8Jll,H!:lX Bp8MIIIIpOA8TlWX "IIJ18tJa", XOTOPH8 MOryT 
II8p8M8maTI,CJI ,ItJilI perHCTJ)alij!J,I :a:pO.ztYRTOB B ,ItJ,IaIIa30H8 yrAOB 20°+160°. 
,lf.na IIOJJYtI8HIDi Bp8M8HHHX OTM8TOK "cTapT" lI 11CTOII", H806XO,ItlIMUX ,ItJilI 

Onp8,It8A8HWi CKOpOCTeit perRCTPlIPYBMHX IIPO.ztYKTOB, RCIIOJll,SQBaJmCI, ,It8T8X
TOpli BTOp:eimon 8MHCClll!: 8A8KTJ)OHOB Ha 6ase MmtpOKaliaJil,HHX IIJiaCTRH R 
IIJlOCKOIIap~em.HH8 AaBRHHH8 CtJ8TtJHKH. ,lf.na HSM8p8Hl!JI 8H8prHH RCIIOJll,
SOBaJmCI, ROHRS8Itl!OHHll8 KaM8pH, KOTOpH8 IIOSBOJIB:DT IIO~TI, Ta!C!t8 SHa~ 
tJ8mtJ:I yrAOB BHJI8Ta :a:pO.ztYKTOB B BH,It8Jl8HHO! IIJlOCKOCTH (B :a:p8,It8JI8X 20°) 
R BH8 88 (B IIp8,It8A8X 5°). 

Pnc. l. CxeMa ,ItByxIIJI8tJeBoro BpeMlinpo
AeTHoro CII8KTJ)OM8TJ)a ycTaHOBKH ".U3MAC": 
l - IIYtJOK ROHOB; 2 - Mmll8HI,; 3 - Bp8-
M8HHll8 OTM8T"ll!IW Ha OCHOB8 MK.II; 
4 - MOHHTOp; 5 - ~IJ,1(p ~apa,IteH; 
6 - BpewmpOA8TH8H 6asa; 7 - BXO,ItHOe 
OKHO RODSanROHHO:lt KaMepH; 8 lI 9 -
8~8M8HTH IIJlOCKOIIap~em.Horo JiaBHHHO
ro CtJBTtJmta; IQ R II·- C81'M8HTH aHO
.zta; 12 - ,It8T8KTOP ropRSOHTaJil,HO! 
KOOp,ItHHam. 

6 

.UMee BO BTOpott rAaB8 :a:pRBO,nliTCH pesym,TaTH KaAR6pOBO'IllllX HSMe
peHHil lI liCIIHTamt:lt ,llBITC. Cos,ItaHHI:lli CII8KTJ)OM8Tp llOSBOJIB:eT npOBO,ItJ,ITI, 
nsMep0mm aa0prntt (c pasp0meHReM ,v50 xaB), cxopocTeii ( dv/v~ 0,5%), 

Ma.CC (c pasp0meHHeM ± 1,5 a.8.M.) npO.ztYKTOB peaKnRii. Ha pHC. 2 
WRB8,It8H MaCCOBH:lt CIIBKTJ) ynpyropacceHHHl:DC npO.ztYKTOB peaKiij!H 
4 Ar (220 MaB) + 232Th. I'pag)IIK HJIJIIOCTPHPYBT BHCOicyl) pasp81118DII!Yl0 
cnoco6HOCTI, CII8KTpOM8TJ)a li HesaBHCHMOCTI, MaCCOBOro paspemeHWI OT 
MaCCH p0rncTpltpyeMoro :a:pO.ztYKTa. 

HSM8p8mt8 yrAOBHX KOppeJmlij!:lt 6naapHl:lX :a:po,ItyKTOB ,ItaeT BOSMOlKHOCTI, 
OT,It8DTI, ,ItByxT8ADHH8 KaHSAH p0aKiij!! OT KaHMOB C liICIIYCK8mt8M TJ)8X 
R 6oAee TBA, a Taltllt8 OIIp8,It8DTI, BRJia,It pa~ M8XaHHSMOB B IIOAROe 
cetreHH8 peaKiij!liI. Ha pliIC. 3 :a:p8,ItCT8BJ!8Ha ~ yrAOBHX KOPP~ 
B CliICT8M8 n;eaTpa Mace wm peaKiij!J,I 22 lie (180 MaB) + 238 u • Hs pR
cyaxa BJII,ItHO, tJTO RCIIOADSOB8HH8 HaCTOHmero CII8KTJ)OM8Tpa IIOSBOJm8T 
BH,It8JIB:TI, co6HTWI, COOTB8TCTBYDmR8 pas.Jllf'mllM KaHMaM R HSM8pHTI, MaC

COBH8, 8H8preTJ/ItJ8CKH8 pac:a:pe,It8A8HRH :a:pO.ztYKTOB. 
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PJ/Ic. 2. MaccoBH:lt cneKTP ynpyro
paccemmwc npO.ztYKTOB peaKUliilI 
~Ar+ 232Tb. 
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PJ/Ic. 3. BHXO,It npomTOB peaKill!R 
22 Ne (IBO MaB) + 2 8 u B saBn
cm.rocTJiI OT CYMMJI me yrAOB paSJI0'l'a 
B CJ/ICT8M8 D;8HTJ)8 MaCC 8a+~ • 
Ha BCTaBKaX ll0Ka38HH MaCCOBH8 
pacnp0.zteAemm: B - .ItJilI lfl?,yx
Tenma C06HTD, A - .ItJilI co6H
m C H8llOAHOi nepe,ItatJe:lt 
HMiryADC8. 



Tp8TbH rJiaBa IIOCBRDt8Ha 8KCil8pHM8HTaJll,HOMy- RCCJI8'AOBamm MaCCOBHX, 
aHepre'flil!ecrmx R yI'JIOBHX paCilp8'A8JI8mnl npO.IzyKTOB pealtqlrll C ROHaMR 
M ~ 40 R 8Hepr:mn.m E/M < IO MaB/HYKJIOH. HcJIOJll,30BaHRe pa:3JIR'mllX 
KOM6RH~ HM8T8Dlllllli ROH - .R,IJJ)O MRl!l8HR (CM. Ta6JIIDJY) II03B~JIO nay-
1ll!Tb pe~.npRBO,ItlIIIIR8 K o6paaoBamm COCTaBHHX. CRCT8M C ztotOT 68 'AO 
110 B IIIRpOKOit 06.JiaCTH SHa'!e!illil MB.CCOBOI 8CHMM8'l'pl!ll BXO.u;HOrO lt8H8JI8 

(0,27 + 0,84) R 8H8prwl H8'A KYJIOHOBCIGIM 6apbepOM 1,06 + I,5. 
B peaimn.a:x. npRBO.ztmltIDC K o6paaoBamm COCTaBHHX CRCT8M c z > IOO, 

o6HapYJ)t8HO BJirunme MaCCOBOH aCHMM8'l'pRR BXO.u;HOro KaHaJia fl. Ha Mexa
HR3M IlpOT8KaHRH pe~. Tax,npn B3aHMO'A8liCTBRR TSDlt8~ ROHOB co 
CJIOlltmooI R,IJJ)8MR ( TOpd-~qJOpHRI) IIPR 11. ~ 0,8 OCHOBH!iM KaHMOM 
HBM8TCH npon;ecc o6paaoBaHM COCTaBHOro R,IJJ)a. C YM8HDID8HR8M J'l. 
(~0,7) BOapacTaeT BMS'A r.JJY60KOH8ynp~ 11epe,na-q R 6HCTporo 'A8JI8HM. 
B pealCIJ;HJIX ~a.Ar + 232Tu, 238u ; 32s + 238u npn imeprn.a:x HMeTaDIIRX 
ROHOB B6JIH3R 6apbepa B38HMO'A8HCTBRH 06HapYJ)teHH aCRMM8'l'pR'IHH8 MaCCOBH8 
pacnp8'A8JI8HRH C MaKCRMYMSMR BHXO'Aa npo.IzyKTOB B OMaCTR ""210 a.e.M. 
R COilpHllt8HHHXIIO MaCC8 IlpO.IzyKTOB. Ha pnc. 4 Ilp8'ACTaBJI8HH MaCCOBHe 
pacnp8'A8JI8HRH npo.IzyKTOB peaKD;d 40Ar + 232Th npB pa~HHX 8H8prRHX 
HaJI8TaJlill!X ROHOB. C YM8HDID8HR8M 8Heprn ey,ma'MaCCOBOe pacnp8'A8JI8HR8 
M8HH8T CBOI) 4JOPMY= BHXO'A CHMM8'l'pH'IHHX npO.IzyK'l'OB (c Maccol Mtot /2), 
Ilp8'ACT8BJI8mmlt nyHKT:HpHOtt Iq)HBOI, YM8HDIDa8TCH B yB8JllrlllD3a8TCSI 0THO
CRT8Jll,HHH BlilO'A acHMM8'l'pH'!HOI 41ParMeHT8D;HH,.T.e. npo,u;yKTOB C MaCCaMR 
,.,, 210 R 60 a. e.M. AHMOrR'!HH8 ;cnp8'A8JI8HRH IIO MaCcaM Ha6.1Ill.naRHCb B 
peaimn.a:x 32s ·-i- 238u, 40Ar + 2 u npB 8H8prWDC: HM8T81lJltHX BOHOB 
B6JIHSR 6apbepa. 

C IJ;enbl) BHTepnpeTaD;HH JIOJiy-q8HHHX MaCCOBHX pacnp8'A8JI8m 6anB 
npOB8'A8HH paC'!8TH JIOT8HD;B8Jll,HOI 8Heprmi: ( driving - potential) 
)µIJI BCCJI8,DY8MHX CBCT8M C Z ) IOO R8lt ~YHlU.\.Wl MaCCOBOI acHMM8'l'pRR. 
IlOKa3aHo, 'ITO y-qeT 060JI0'!8'IHHX I10np8BOK npRBO'A:HT K JIOKanbHHM wnm
MYMBM B IIOT8HD;B8Jll,HOI 8Heprm,: npB 3H8'!8HBSIX MB.CC "'208 R (Mtot- 208). 
Ha OCHOBamm 8KCil8Pl!M8HT8Jll,HHX peaynTaTOB B J;)8C'I8TOB JIOT8HD;Ban8 6wr 
C'A8JI8H BHBO'A O TOM, 'ITO Ha6Jill,It88MH8' CTPYKTYPli B MaCCOBHX pacnp8'AM8-
HRJIX MOryT CBB,Il;8T8Jll,CTBOB8Tb O npOSIBJI8HBB o60JIO'I8'IHHX ajqleKTOB 
( z =82 HN =126) B npon;ecce SBOJil)Il;HR COCT8BHOI CRCT8MH R CBMM8'l'pll'IHOil 

.~PBrM8HT8Il;HH 6es CT8,D;llll o6paaOB8HRH COCT8BHOro R,IJJ)8. TaRBM npon;ecCOM 
MOllt8 T 6HTD 6!iC'l'p08 'A8JI8HR8. 

.Il,7lll BCCJI8,DY8MHX pealtqlrll IIOJiy-q8HH 38BBCli'IMOCTl! Cp8'AH8H JIOJIHOI 
KBH8TR'I8CKOil aHeprBB TKE OT MaCCH npO,u;yKTOB. IlOK838HO, '!'l'O C yB8JIH

'!8HR8M M8CCOBOil acRMM8'l'pm! BXO.u;HOro KaHana Ha6Jill.lt88TCH MOHOTOHH08 
yB8JIB'I8HB8 pasHRD;ll Mel!,DY 8KCil8PllM8HT8Jll,HliMB SH8'!8HRHMR TKE B SSBR
Cl!MOCTbl) 
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PBc. 4. MaccoBHe pacnpe'AM8HBSI 
npo,u;yKTOB peaKD;HH 40Ar + 232Th 

npn paSJIH'IHHX 8H8PrBSIX HM8Ta
DI!BX BOHOB. IlapaM8'l'pH rayccza
HOB,np8'ACT8BJilDllllBX BHXO'A npo
.IzyKTOB "Cm.!M8Tpll'IHOil" qJI)BrM8H
Tan;RR,IIOJiy-q8HH C y-qeTOM T8MII8-
paTYJ)HOil 38BBCBMOCTl!l IIIRpBHH 
MaCCOBOro pacnp8'A8JI8HRH 
(AM~ VT) , HOpMHpoBaHHol aa 
m:e:pBey pacnp8'A8JI8HRH npB MaK

CHMaJll,HOit 8H8prBB HM8T8!lllllll 
BOHOB Ar, 

TKE(M)=4M3114 TKEOit0 t/2)/1ft0 /r/,. 
r'Ae TKE CMtot /2) - 3Ha'!8HR8 IIOJI
HOit KBH8TR'!8CKOtt 8Hepru ,n;Jlll npo
.IzyKTOB Cm.!M8'l'plI'!HHX MBCC B 
M3, M4 - MaCC!i qJparM8HTOB. 
0TM8'!8HH!i8 oco6eHHOCTR B CJl8K'l'pax 

TKE ;}/j' paHee Ha6Jlll'AaJIHCb B pa6o-
Te m>B 'A8JI8HRB smep W - Bi 
ROHaMB 3i!e. 

J{aJree IlpBBO'A:HTCH 8H8JIH3 R3M8-
peHHHX 38BRCBMOCT8it TKE (M) • .Ue
Jia8TCSI BHBO'A O pa~HHX KOH~BI'Y,Pa
D;RHX B MOM8HT paSpliBa ,n;Jlll CBMM8T
pH'!Ho:lt ( Mtot /2) R 8CBMM8Tpl!'Ill0tt 
( MN200) ~parMeHTan;d. IlOK838HO, 
'ITO IlpO.IzyKT!i C M8CC8MR "-'200 BM81>T 
M8!ll,myJ) 'A8~pMaD;ID) B OTJIH1Ul8 OT 
npO.IJYKTOB CRMM8'l'pR'!HOit ~arM8HT8-
D;HH. 

Ha6Jil),It88Mli8 )µIJI npO,n;yRTOB C 
MN 200 BHCORBe 3H8118HRH TKE (M) 
IlpHBO'Al{T R TOMY, 'ITO aaeprRH B03-
6YJ!,ll;8HRH 8Cl!MM8'l'plI'!HHX JIO MaCC8 
npO.IJYKTOB 0Ka3HB88TCH Hmte, '18M 
0JltB'A88TCSI corJISCHO OD;8HKSM, IIOJIY-

. '!8HH!iM Ha OCHOB8 CBCT8M8TBKB IIOJI
HOit KBH8TR'!8CKOI 8H8prBR )µIJI OC
KOJIKOB 'A8JI8HRH C y-q8TOM MaCCOBOI 
8~BMM8TpBB BliXO.u;HOro KaHaJia. 

9 

. IlpB BSaBMO'A8ICTBBJIX THllt8JIHX 
ROHOB CM~ 40·co CJIOlKHHMR R,IJJ)8-
MR, npno~ R 06pasoBaHR1> 
COCT8BHHX CBCT8M C Z < 100, BOS-
pacTa8T BMS'A I'IIlI. ,lvig BCCJI8'AOBa
HRH BJIHSIHRSI CTPYKTYPH B38l!MO'A81-
CTBYJJIIlBX sr,nep Ha xapaRT8PBCTlllCB 
npO.IzyKTOB I'lilI 6anB IlpOB8'A8HH RC
CJI8'AOB8HBSI xapaKTepBCTIDt IlpO,Itylt
TOB pearount, COOTB8TCTBYJJ!IWC 
3H8'!8Hl!HM. fl <. 0, 7 B npHBO.ztmllllX 



K o6paSOBamm COCTaBHblX CHCTeM c z < 100. Ewm HSMepeHH Ma.CCOBlle H 

sHepreTlI'iec!uie pacrrpe'Aenemm rrpo,cyxTOB B peaRD;lmX c HOHaMR 64zn H 
40Ar Ha. Ml'IIIleHJIX HS OJIOBa JI8HTaHa cepe6pa. . 

JJ,rur pea~ 64zn + fl4 , 116,124 Sn B Macc-sHepreTlI'ieCRl'IX pac
rrpe'AeJieHRHX IrpO,IzyltTOB 06Hapy,KeHH MaRCHMyM!l Bl:lXO'Aa N1JI MllllleHe- H 
CHapsmo-nO'A06HblX IrpO,IzyltTOB co SHa~eHID!Mll TKE,Melil,IlllilMl'I ID:O'AHOro 
RYJIOHOBCKOro 6apDepa (pnc. 5). CTpyxTYl)a B MaCC-SHepreTlI'ieCRl'IX pac
rrpe'AeJieHHJIX B peaRD;lmX C OJIOB/IHHllMll.Ml'IIIl6RlIMH H86JllO'AaeTCJI-Irpll SHep
rHJIX H8JI6TaDJlllll HOHOB B6JIHSH 6apDepa BS8HMO'A6HCTBlili[ H HC~esaeT C 
Y13e~eHHeM SHeprHH HOHOB. KpoMe Toro, ·B Macc-sHepreTlI'ieCRmC pacrrpe
'AeJieHHJIX rrpo,IzyKTOB peaKIJ;Hii c HeMar:eiieCKHMR no z Mlllllewn.m (pearonm 
Zn + Ag, La ) Il0'A06HHe CTpYKTYl)ll BOo6me He Ha6JIJJ,D;aJDTCJi (CM. PHC. 6). 

JJ,rur HCCJie,eyeMJ:lX pe~tt C HOHaMH 64zn 6:wm rrpoBe'AeHH pacqeTll 
IlOT6mtH~HOH SHeprHH B saBHCHMOCTH OT COOTHOmeHrui: HeilTpOHOB,H IrpOTO-
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PHc. 5. 3aBHCHMOCTD BllXO'Aa IrpO,IzyltTOB 
pearonm 64 Zn + Il4sn OT M8CCH H 
llOJIHO! KHH6TH1i6CKOH SH6prHH TKE IrpH 
pasmrqma SH6prHJIX HaJieTaJOIItHX HOHOB. 
CTpenKBMR.yx8SaHO SHaqeHHe BJCO'AffOrO 
RYJIOHOBCitoro 6apMpa BC. · 
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Pllc. 6. 3aBHCHMOCTD BI:lXO'Aa IrpO,IzyltTOB 
pearonm 64zn + natAg OT MaCCH x TKE 
IrpH pasmrg:HWC SHeprRHX HaJI6TaDIItHX 
HOHOB, 

HOB BO BSaHMO'AeRCTBYJ)lllllX smpax. PesyJIDTaTH STl'IX pacqeTOB rrpe'ACTaBJieHH 
Ha pnc. 7, HS ROTOporo BH'AHO, qTO 'AJI.ll peaKIJ;Hii c HOHaMl'I In!HKB Ha 
OJIOBJmH!iX Ml'IIIl6HJIX llOT6mtH~HaJI sHeprIIB HMeeT 'ABB MRHHMYMa, 0T'A6Jl6H
HblX H6KOTOpW4 6apDepoM. IIepBlitt MHHHMYM HaXO'AHTCJi B 06JiaCTH z =50, 
a BTopott COOTB6TCTBY6T o6paSOBamm B BllXO'AHOM KaHaJie CRMM6Tp:ei!Hlll 
rrpO,IzyKTOB. B ~e Zn+ Ag llOBepXHOCTD Il0T6HIJ;H~HOH SHeprHR He 
HM66T MaRCHMJMOB,OT'AeJllll)!llRX 06JiaCTD C Z"-'50. OT 06JiaCTH, COOTB6TCTBYJ)
lll6H CHMM6TpnHOH cpparMeHTainJR. Ha OCHOBaHHR STOro MOEHO o6'1>JICHHTD TO, 
qTo 'AJI.ll STOH pearonm SKCnepHMeHT~HO He Ha6JID'AaJIOCD CTpYRTYl)H B 
Macc-sHepreTlI'ieCRl'IX pacrrpe'AeJieHrui:X. 

Ewm HCCJie'AOBaHH pe8Kit!W 40Ar (220 MsB} + natAg, II4 ,124sn , 
139:r.a, 197 Au, xapaKT6PHSYJ>~6CJI saaqeHHJIMH o. 4 < YI, < o. 7. 3amICRMOC
TH BHXO'A8 IrpO,IzyltTOB OT M8CCH H TKE 'A,7I.ll STHX peaKIJ;Hii Irp6'ACTaBJl6HH Ha 
pHc. 8. lfa cpaBH8HIDi cneKTpOB, rrpe'ACTaBJieHH!lX Ha PHC. 5 H PRC. 8, 
MOEHO SaKJill'qHTD, qTo rrpo,nyKTll l'HII B peaRD;lmX c )1 .(. 0.4 o6pasynTCR 
C MaCCaMR, rrpH6JIHSHT9J!DHO paBmn.m M8CC8M B38l!MO'AeHCTBYJ)!IIHX smep, IrpH 
sHaqeHHJDC IlOJIHOi IOIH9T:ei!8CKOH saeprHR 60J!Dml'IX BC. A NIJi IrpO,IzyltTOB 
l'HII B peaKI:tWDC co sHaqeHHJIMH o, 4 ,6. '1, ( 0, 7 Ha6.7I1Wt8TCS C'ABHr M8CCH 
C Y13eJIHq8HH8M llOTepD TKE. 

KpoMe Toro, KaK BH'AHO HS pl'.IC. 8, aa6JllO,D;aeMHtt Ma.CCOmnt ,Iij)eilq} IrpH
BO'AHT K IlOBH!ll9HHOMY Bl:lXO.Jzy IrpO,eyKTOB C MaCCaMH M ~ 50. Hs yc.nOBWI 

N/Z paBHOB8CRH MOlitRO llOKaSaTD, qTo llOBHmemwil BHXO'A rrpO,eyKTOB C 
STHMH SHaqeHlIJlMl! MaCC COOTB9TCTBY9T o6pasOBaHHIO cpparM9HTOB CZ= 20; 
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PRc. 7. KapTH llOBepXHOCTl'I llOTeHD;HaJIJ,HOtt aaeprnn, 
pacci:mTaHHHe ~ COCT8BHHX Cl'ICTeM, o6paSYJ)IllHXCJI 
B peaimnmc C l'IOHaMH ~. TpeyrOJIJ,HlfltOM 060SH8'18Hll 
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PRc. 8. BwcO,IOl npO,cyKTOB pe8XIJ;lm 
40Ar (220 MaB) + natAg, 1391,e., 

I9?Au B 3aBHCHMOCTR OT MaCCli R 

TKE. 

12 

~8TBepTaH rAaBa llOCBSillleHa aH~sy no~eHHHX 8KCll8pHM9HT8Jil,HHX 
pesyJIJ,T8TOB. 0TM9'189TCH KOppeJIHIJ;rul: M9l!OJY SHa'18lmJIMR BXO.IJ;HOtt MaCCOBOtt 
8C1™M8Tplln H SaBHCHMOCTDD MaCCOBoro .u;pettqia OT llOT8PD KRH8TH'i9CKOtt 
aHepr1rn. IloxasaHo, 'IITO ~ peaKIJ;ml co sHa'lleHHHMH fl <. 0,4 xapaxTep
HO OTCYTCTBR8 MaCCOBOro .u;pe:ltq)a ~ npO,cyKTOB I'lilI IrpR llOTepmc KHH9Tl'I
'18CKOtt aHeprHH BWIOTD .l];O KYAOHOBCKoro 6apD8pa. C ll0Blllll8HR9M aCl1IMM8T
pHH BXO.IJ;HOro ItaHMa (0,4 ( '1, ( 0, 7) Ha6Jlll.IJ;a8TCH MaCCOBW .u;peitq> ~ 
npO,cyKTOB I'lill. ,If.Jm pea~ c e111e 60JIJ,IIIHMR SH8'119HIDIMH 11. (?Jo. 7) BOS
pacTaeT ~ nponeccoB 6HcTporo .IJ;eAeHRH R o6pasoBaHRJI_ cocTaBHO~o 
JU.Pa. 

,If.Jm RCCA9.lJY8MllX peaKIJ;IDi B xapaKTepHCTHKaX npO,cyKTOB rIIll H 6HCT
poro ,D;eAemm o6HapyateHH llOBllllleHHHe BHXO.l];H npO,cyKTOB c OKOAOMarH'18CKH
MH SHa'llelmJIMR MaCC.,3Tl'I CTJ>YKTYI>H MOryT 6HTD 06'bJICH8Hll BJIWIHl'IeM 
o60A0'118'11HHX aqJgJElKTOB, KOTOpHe no-paSHOMY nposmmmTCH B RaHMax H,D;ep
H!lX peaxnd llO.IJ; .IJ;ettCTBH9M TSD!tMHX l'IOHOB. ,If.Jm peaxnd C YI. < 0,4 llpH 
aHeprnHX HM8TaDl!lHX l'IOHOB B6AE:Sl'I 6apDepa OCHOBHYJ) .l];OJill C06HTRil COCTaB
JIRl)T nponeccu rAY6oxoHeyrrpyrnx nepe,D;a'II; MaccoBHe pacnpe.D;eAemm npo
;oyKTOB B 8TRX peaimnmc HM8DT MaKCJIMYMH BHXO,D;a npn Maccax, paBHHX 
MaCCaM BSanMO.IJ;ettCTBYJ)IIIHX H,D;ep. 06paSYJ)lll8HCH .n;BOilHaH H,D;epHaH Cl'ICT8M8 
coxpawreT B ce6e CBOHCTBa BXOmtoro R8H8Aa l'I npO,cyKTH I'lilI RM91'.lT o6o
A0'118,myD CTJ>YKTYI>Y, 80Al'I 0118 "saAOllt8Ha" BO BXO.l];HOM R8HaJI8. 3TO R86AD
.l];88TCH B Bl'I.IJ;8 .IJ;OllOAHRT8ADHHX MaKCl!MYMOB B pacnpe,D;eAeHHHX no TKE ,It7IH 

Ml'Illl8He- l'I CHapH,It0-llO,D;06HHX npO.lJYKTOB B"peaxnnmc C XOHaMl'I nnHR8 Ha 
MarH'l8CKl'IX H.u;pax OAOBa. 3TOT pesyJIJ,TaT ll0.u;Kp8IIJifI8TCJI paC'll8TaMl'I llOT8H
nHaJil,HOH 8H8pl'lm .l];AH ,D;Byx BSallMO.IJ;ettCTBYJ)llll'IX H,D;ep C y-qeTOM o60AO'll8'11-
HHX llOripaBOK. 

,If.Jm rAY60KOHeyrrpyrnx CTOAKHOBeHRtt, npOl'ICXO.l];Hllll'IX B peaxnnmc c 
60JIJ,mett 8CJi!MM8TpReit BXO.IJ;HOro R8HM8 (0,4 < rt. (0,7), Ha<fJill.IJ;88TCJI YB8-
JIH'll8HR8 MaCCOBOro .u;peitq>a C y-M8HDID8HR8M TKE. Ha6JIJW18Mlitt .u;pettqi M8'118T 
sa co6oit nepecTpoitxy BsaRMo.IJ;eftcTBj'Dllll'IX H.IJ;ep n, 0'118BH.nHO, saBepmaeTCJI 
npR H8KOTOpHX .u;pyr:e:x pal!HOB8CHHX .D;AH .IJ;aHHOtt H,D;epHOit CRCT8MH N/Z -
SH8'18ID1f!X. 3THM o6~HCWI8TCJI 8KCll8pl!IM8HT8Jil,HO 06HapYJ!t8HH08 B 8Tl'IX 
peaitll;HJll npe)J;IIO,lt"ITRT8Jll,H08 o6pasOB8HR8 IrpO.lJYKTOB C OKOAOM8I'l!'ll8CKHMR 
SH8'118HIDlMl'I MaCC (M ~ 50); 

IlpO.lJYKTH 6HCTporo .l];M8Hl'IH, KOTOpoe HBJlll8TCJI HaR60A88 B8pOHTHilM 
nponecCOM npR yt ~ 0, 7, YJ!t8 He H8CYT B Ce6e RHq)OJ;l,,!anl'Ii'.l 06 :mJ.U;mm

,DyaJIJ,HWt CBOilCTBax H,D;ep Ml'Illl8HR R caapH,D;a, llOCKOJIJ,KY BpeMH.ripOT8R8lllm 
nponecca B aTOM CAy-qae 60JI1,me, -qe~ ~ I'lill. 8a 6oJIJ,mee BpeMH BSSl!IMO
.IJ;ettcTBHH 0Cytll8CTBAH8TCH 8KB:HAR6panna B.l];OJil, Mac'c-acm.weTpR'IIHOit KOJrJieK
Tl'IBHOtt nepeMeHHOtt. Ha6Jlll.l];8HR8 llOBHm8HHOro BHXO.IJ;a llpO.lJYKTOB C MarH'l8C
KHMR SHa'119HRHMl'I MaCC (M = 208) B pe8ltI'(ltlDC c fl.~ o, 7 l'IHT8pnpeTnpyeT-
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CH KaK CJI9,Il;CTBll8 ycTaHOBJISHIDI CTaTHCTH119CKOro paBHOB9CWi ~OJll,.MaCC
acHMM8'l'pll'IHOtt KOJIJI9KTHBHOH nep8M8HHOtt. 

OCHOBH!IB PE3YJlhTATl:l PAEOTl:l 

B aaKJIJJ'IJ8Hll:II $PMYJnI.POBaHl:l OCHOBHl:l9 peayJn,TaTH, IIOJIY'I9HHH9 
aBTOpOM B ,D;:IICcepTaIOIOHHOli pa60Te. 

I. Coa.n;aH npennanoHHl:ltt BpeMllllpOReTHl:ltt cnex-rpoMe'l'p .n;.,m xoppeJlfI
IOIOHHHX ll8MepeH:1Itt MaCCOBHX, aHepreTll'IJ9CltllX ll yrROBHX pacupe,n;eRemrli 
IIPO,nyKTOB H,ItepHWC perummt C Tmlt8JW?rm llOHaMll. 

2. Ha OCHOB8 paapa60TaHHOtt M8TO,D;:IIR:II oupe,n;e~CL MaCCH KOppeRH
poBaHHWC upo,nyKTOB H,ItepHWC peaKD;Wi c paapememieM no Macce ±r.5 a.e.M. 
MaMepeHl:l MaCCOBHe ll 8HepreTll'IJ9CKll9 pacie,n;eReHruI ,O,nyKTOB peaxnntt, 
BH8BaHHWC TJD!t8Jib!M:II :IIOHaM:II (22 Ne, 40Ar, 2s, 56Fe, 4zn ) Ha pa8.lil!'lHHX 
H)]JlaX-MRm8HJIX C z OT 47 ,n;o 97, B lllllpOKOM ,D;llanaaoHe 8Heprll1!: HaReTaio
mruc llOHOB. 

3. McCJie,n;oBaHO ~mme MaCCOBOtt aC:IIMM9'l'plm: BXO~oro KaHMa 
Ha M8XaH:II8M IIPOTeKaHIDI perucnnn. B pearo:tWIX C Tmlt8Jib!M:II MRm8HJiM:II (TO
p:ei!:-ItaJm(!)OpHR:ii) IIPll t'I. )' 0,8 OCHOBHliM KaHaROM SIBJIJI8TCSI uponecc 
o6paaoBaHHH KOMIIa~-H,ItPa, C YM8HLmeHReM 8Ha118HWi . rt ( ~ o, 7) 
,n;oMHHHPYJOlllllMll uponeccaMR SIBJimOTCH r.ny6oxoHeyupyrne nepe,n;aim n 6HcTpoe 
,n;eRemie. 

4. Ha6Jil!l,I{8Hl:l acHMMeTpll'IHH8 MaCCOBH8 pacupe,n;eReIDIJI upO,nyKTOB· 
perummt, IIPBBO,wnnmc K o6paaoBa!mlO COCTaBHWC C:IICT9fl C z =I08-IIO. 
CTpyKTYl)a B MaCCOBWC pacnpe,n;eReHHHX 06MCWi8TCH llJlllJIHll8M 060R0118lfflliX 
8qxp9KTOB Ha uponecc 8BOJimJ;mr COCTaBHl:lX CHCT8M ll C:IIMM8'l'p:II'IJHOtt ~parMeH
TaIOIH 6ea CTa,D;:IIH o6paaoBaHHH KOMII~-HJtPa. 

5. B pearo:tWIX C l!OHSMH Zn IIPB 8H8prHHX B~an 6apLepa B38HMO
,n;ettcTBM Ha MH!ll8HHX na H,Itep H80TOIIOB OJIOB8 o6HapyxeH llOBHmeHHHtt BWCO,n; 
Mlllll8H8Il0.l(06HHX upO,nyKTOB co 3Ha118HHHMH TKE, M8HLmm.m,BXO,IJ;HOro KyRO
HOBCKOro 6apLepa BC. 3TOT ~KT HHTepupeTHpy8TCH K8R coxpaHeHHe 060RO'IJ
RH z =50 H,Itep )4ll]!l9HH B xapaKT9pHCTmtaX upO,nyKTOB r.ny60KOHeyupyrmc 
nepe,n;a11. 

6. !IOK888HO, 'IJTO .D;Jm CHMM8'l'pll1iHl:lX ItOM6HHBI0Itt HM8Tamilllli1 l!OH -
HJtPO Mmll8Hll ( fl. < 0' 5) B~Ha MaCCOBoro .IU>8tt~ He 3aBHCHT OT IIOTep:& 
RHH9fflll8CKOI aHeprHll .n;.,m C06HT:ei!:·1IPH H8llORHOtt ,D;:IICCHIIannH BHOCRMOtt 
RHH8TH118CitOtt aaeprHH • .1vrH 6oRee aCHMM9'l'pll1JHHX ROM6EHanntt 8Ta aaBHCH
MOCTL Ha6.nDAa9TCH. 

. 7. 06aapyzeHH IIOBH1118HHH8 BHXO,ItR upO,nyKTOB peami;ntt 40Ar (220 MaB) 
+ natAg, II4,I24sii, 139

ie., 197Au c 01tOROMarH1Jecxm.m aaa11eHHHMH N 
lit Z ( Z =20, N =28). o'l'OT peayJn,T8'1' l!HTepupeTHpyeTCH KaK upOHBIISHHe 
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060Ro11e11IWX ajq)eKTOB B uponecce r.ny6oxoHeyupyrmc nepe,n;a11 c .IU>Silg}oM 
MaCCH. 

8. IIpoBe,n;eH aHaRHa IlOJIY'I8HHHX ,n;ammx c ncno.m,aoBaHHeM pac11eTa 
IIOTSHIOiaR:&HOil aHeprnn .l(Byx B88HMO.l(9liCTBYJOll1IDC H,Itep, KOTOplili 06'l>SICHH8T 
aa6J1JO,n;aeMHe oco6eHHOCTH B Macc-aHepreTH1JecKHX pacupe,n;eRemIHX upo,IJyit
TOB peaKIOitt C TO'IJKH apeH:IIH BJIIDilllUI O~OR01181JHl:lX a/W)eKTOB Ha. (!lOpMHpCBa
HH9 upo,nyKTOB peaxnntt noRHoro CJIWiHHH, 6uc-rporo ,n;eRemm n r.ny6oKo
Heynpyrmc nepe,n;a11. 
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