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\ 

BseneHHe 

HecTa6HJihHOCTh 6onbWHHCTBa H30TorroB TpaHcypaHOBbiX 9JieMeHTOB o6ycnoane

Ha anbqoa-pacrranoM. OnHaKo .unH HaH6onee TH)f(8JlbrX HaoTorros O'IeHh cHJihHO pac

TeT T8K)f(8 H BepO.IITHOCTb CIIOHT8HH01"'0 .[{8118HHSI. EcTb OCHOBaHH.II 0)f(H.[{8Th, 'ITO 

rpaHHUa 06JiaCTH H30TOIIOB CB8pXT.II)f(8JlbiX 9JI8M8HTOB, .[{OCTYIIHbiX 3KCII8pHM8HT8Jlb

HOMy HCCJ18.[{0B8HHID, 6y.neT O!Ip8.[{8Jl.I!TbCSI HX YCTO~'IHBOCTbiD ITO OTHOW8HHID K CIIOH• 

Ill 
T8HHOMY neneHHID 

8 CB.II3H C 3THM 60JibWO~ HHTepec IIp8.[{CT8BJlSI8T H3Y'I8HH8 OCHOBHbiX 38KOHo-

M8pHOCT81 CIIOHTBHHOI"'O .[{8Jl8HHH SI.Uep. 

EOJlbWHHCTBO H30TOIIOB, y KOTOpbiX Ha6JIID.[{8J10Cb CIIOHT8HH08 .[{8Jl8HH8, IIOJiy-

'I8HO H8 S1.[{8pHbiX peaKTOpax. Yfa HHX H8HM8HhWHM II8pHO.[{OM CIIOHT8HHOI"'O .[{8Jl8HH.II 

o6nanaeT Fm 256 
12,1 qacal. 

nony'l.8HH8 Ha yCKOpHT8il.IIX HHT8HCHBHbiX rryqKOB TSI)f(8JlbiX HOHOB C.[{eJlaJIO 503-

MO)f(Hb!M IIOJIY'I8HH8 HOBbiX H30TOIIOB TH)f(8JlbiX 3Jl8M.8HTOB, KOTOpbi8 MOryT HCIIbiTbi

BaTb CIIOHT8HH08 .[{8Jl8HH8. 0nHaKO Bp8M8H8 )f(H3HH 3THX H30TOIIOB MOryT 6biTb 

CTOJih MaJlbiMH, qTo H3yqeHH8 HX CBOICTB COIIpH)f(8HO C H3B8CTHbiMH 3KCII8pHM8HT8Jlb

HbiMII Tpy.UHOCTSIMHo no9TOMy .[{0 H8CT0SIIl.(81"'0 Bp8M8HH OTCYTCTBYIDT .[{8HHbi8 0 

CIIOHTaHHOM .[{8118HHH TaKHX H30TOIIOB. 

B HacToHmel pa6oTe orrHCaHbi aKcrrepHMeHTbi no rroHcKy KOpOTKO*HBYil.lHX crron

TaHHO nen.HmHxcH >~nep, o6paaymmHxcH rrpH o6nyqeHHH U 238 
HOHaMH Ne 22 

H 016. 

MeTOf!HKa aKcrrepHMeHTa 

OrrbiTbi rrpoBO.UIWHCh Ha BHyTpeHHeM rryqKe 300 eM UHKJIOTpOHa OYfHYf, ycKo

pHIDmero T.lliK8Jlbi8 HOHbio .[liTH perHCTp8UliH OCKOJIKOB .[{8118HH.II IIpHM8H.IIJI8Cb arrrrapa-

Typa, cxeMaTH'IeCKH Hao6pa*eHHaH Ha pHc. I. ny'IOK HOHOB 6oM6ap.nHpOB8Jl anm-

MHHH8BYIO qoOJihry 111 TOJIIl.(HHO~ 5,8 MK, HB KOTOpyiD 6biJI H8H8C8H TOHKHil: CJIOI 

238 2 u 11 MrlcM I. nponyKTbi H.nepHbiX peaKUHI, rronyqammHe 60JibWOil: HM-

rryJlbC, Bbi6HB8JIHCb If~ ypaHOBOH MHW8HH If IlOII8Ll8JIH Ha Bp8Il.(8IDIUHHCSI C60pHHK 12/. 
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C6opHHK npe.acTasnsm co6oii KOJibUO H3 aJIJOMHHHeBoii ~nbrH, yKpenneHHOe Ha TOH

KOM .QHCKe H3 Hep>K aseiOweii· cTanH. OcKonKH cnoHTaHHoro .aeneHHSI SI.aep, nonas

wHx H8 C60pRHK 1 pei'HCTpHpOB81IHCb C ITOMOlllbiO .OBYX HOHH38UHOHHb!X KaMep 131. 

0TnH'IHT91IbHOH OCo6eHHOCTbiO K8Mep SIBJlSinOCb TO, 'ITO HX C06Hp810WH9 sneK

TpO.Ohl 6bJJIH Bhli10nH9Hhl B BH.Qe CHCTeM H3 ITSITH HHTeA, pacnono>KeHHbiX B cpe,a

HHX nnOCKOCTSIX KaMep, nepneH.QHKynSipllhlX M8I'llHTHOMy 110n10. TaKaSI KOHCTpyKUHSI 

KaMep o6ecneqHBana BhlCOKYIO s¢¢eKTHBHCCTb perHCTpaUHH OCKOnKOB CI10HTaHHOI'O 

.aeneHHSI B MarHHTHOM none HanpSI>KeHHOCTbiO 18 Ks. Bxo.aHbie OKHa KaMep 14/ 

3aKpbrBanHCb TOHKOi!: 10,1-0,2 MKI KanpoHosoi!: nneHKoA, 3arrbmeHHOil. cepe6poM. B 

annapaType 6blnO npe.aycMOTp9HO ycTpOi!:CTBO 151, 1103B01ISIBlll9e B pa60'IHX ycnOBH-

SIX K81IH6pOB8Tb K8M9pbl 110 OCKOnKaM .Q91I9HHSI v 238 
HeiiTpoHaMH oT Po- Be 

HCTO'IHHKa. 

BcSI noKa3aHHaSI Ha pHc. 1 annapaTypa Haxo.aHnacb BHyTpH oxna >K.aaeMoro 

BO.QOft KO>Kyxa, 06beM ,KOTOpOI'O 6b!n OT.OeneH OT KaMepbi UHKnOTpOHa TOHKOi!: 'sa

KYYMHOi!: ¢onbi'OH 13 MK ~l I. 4epe3 STy ¢0Jlbi'Y ITY'IOK HOHOB npOXOl(HJl BHyTpb 

KO>Kyxa H 110118.0811 Ha MHlll9Hb. Becb BHyTpeHHHA o6beM KO)KyXa 381101IHSIJICSI CM9Cbl0 

ra~oB cne.ayiOwero cocTaBa: At - 60%, N2 -10%, H
2 

- 30%. 06wee .aas

neHHe ra30BOil. CMeCH 1 C1IY:lKHBlll9H pa60'IHM I'830M .OBSI KaMep H .QOI10JIHHTenbHbiM 

OXJI8.QHTeneM ,anSI MHlll9HH, COCT8BJISinO 150 MM pT. CT. 

DOM6ap.OHpyiOWH9 H0Hbi 1 npowe.QwHe qepea MHlll9Hb H c60pHHK 1 OCTaHaBnHBa

nHCb B KOnneKTOpe H3 T8HTana 161, C09.QHH9HHOM C H3M9pHTeneM TOKa, 1103BOJISIB

lllHM cne.aHTb 38 HHT9HCHBHOCTbiO 11Y'IK8 B npouecce o6ny'I9HHSI 0 

BnoK-cxeMa sneKTpOHHOi!: annapaTypbl noKa3aHa_ Ha pHc. 2. VfMnynbc OT KaMe

ph! 110.QaBanCSI Ha KaTO.QHbii!: 110BTOpHTenb IKn 10 CMOHTHpOB8HHbiH Ha TOpUe K8M9pbl • 

.D.anee, qepe3 rrSITHMeTpoBbri!: Ka6enb HMnynbc noTynan B npe.aycRnHTenb In Y I c 

K09¢¢HUH9HTOM yCH119HHH 100 H 38TeM B OCHOBHOi!: YCH1IHT9Jlb IY I 1Kos¢¢HUH9HT 

ycHneHHSI ~ 20001. nocne nHHHH 3a.aep>KKH 12 MK ceKI, nHHei!:Hoi!: cxeM·hl rrponyc

K8HHSI, orpaHH'IHTe11Sl H 38TSI)KKH HMI1Y1IbC perHCTpHpOB81ICSI C8MOI11JCUeM 3nn-09. 

CxeMa nponycKaHHSI ynpaBnSinacb cHcTeMoil. 3anpeTa TaKHM o5pa3oM, 'ITO 3anpewa

nacb pei'HCTp8UHSl s¢¢eKT8 BO BpeMSI IIO.Q8'IH Bb!COKO'IaCTOTHOI'O HanpSI>K9HHSI Ha 

.ayaHThl 

HMencSI 

110K 

H 

.OHCKa 
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.llYBHTbl luHKJIOTpOH pa6oTan B HMny nbC HOM pe iKHMe I. n ocn e ex eM hi nponycKaHHSJ 

HMencH BbiXO.ll Ha MHoroKaHanbHhii!: aMnnuTy.llHhii!: aHaJIH3aTop AVI-100. KoHTponh 

CT86HJibHOCTH pa60Tbl BCei!: aneKTpOHHOi!: annapaTypbl ocymeCTBmiJIC5J C nOMOLUbiO re-

H9p8TOp8 0 nOJlKJ1IOqaBwerOC5J Ha BXO.ll KaTOJlHb!X nOBTOpHTenel!:. 

npu paapa60TK9 BbiHOCHOI'O K8CK8Jl8 IK n I' pa60T8IOLUero B M8I'HHTHOM none 

H8np5IiK9HHOCThi0-18 Ka, 6b!J1H BCTpeqeHbi 38TPY.llHeHHSI. 0HH 6biJIH Bb!388Hhl TeM, 

qTo 8J19KTpOJlbl JlaMn H3f'OTOBJieHbl H3 Maf'HHTHb!X MaTepHanOB H noaToMy nOJlBep

iKeHbl Jl9i!:CTBHIO 3HaqHTeJlhHbiX MeXaHHqeCKHX CHJI IIpH nOMeLU9HHH naMII B none. 

JlnSI pS!Jla Jl8MII 9TO rrpHBOJlHJlO K TOMY, qTo qepe3 HeKOTOpoe Bp9M5J OHH cPaKTH

qecKH BhiXOJlHJIH H3 cTpoSI. Hau6onee Y.llOBneTBOpHTenbHO pa6oTanu KaTOJlHhie noa-

TOpHT9nH Ha JlaMIIaX 6C3n. npH noMeweHHH HX B MBI'HHTHOe none C HaiipS!)KeH

HOCTh!O 18 K9 K09cPcpHUHeHT nepe.llaqu yMeHbWancH He 6onee, qeM H8 }0%. 

Pa6oTa C HOHH38UHOHHbiMH KaMepaMH BHyTpH UHKJIOTpOHa BbiHYJlHJ18 Hac IIpH

HSITb pS!Jl Mep n.o CHHiKeHHIO ypOBH5J 9Jl8KTpHqeCKHX IIOMex. 8h1Jla IIpOBe.lleHa Twa

TeJibHaSI, B HeKOTOpb!X cnyqaSIX - JlBOi!:HaH, 9KpaHHpOBKa OTJleJlbHhiX KaCK8JlOB yc

T8HOBKH H C09.QHHHTeJibHbiX Ka6enel!:. nuT8HHe K8TO.QHhiX IIOBTOpHTeneli OCYW9CTBJISI-

JIOCb OT 6aTapei!: H aKKyMynSITOpOB. 

JlOIIOJlHHTeJlbHaSI 3aWHT8 OT IIOMeX OcywecTBJISIJiaCb CHCTeMOi!: B3aHMHOi!: 6no-. 

KHpOBKH, He rrponycKaBwei!: HMnyJibChi, nOHBHBWHeCSI OJlHOBpeMeHHO B 05eHX KaMe-

pax. 

VfcrrbiTaHHSI panuoTeXHHqecKoli annapaTypbi, npoaeneHHble B pa6oqax ycnoBHSI~ 

noKa3aJIH, qTo pa.llHOTeXHHqeCKHe noMeXH npaKTHqecKH OTCYTCTBYIOT laa 20 qacOB 

H9 5biJI 3aperHCTpHpOBaH HH OJlHH HMIIYJibcl. 

Pe3YJ1bTaTbi aKcnepuMeHTOB 

npu o6nyqeHHH u 238 HOH8MH N 22 16 e H 0 6h!J1H 3aperHCTpHpOB8Hhi HM-

IIYJlbChi, COBIIa.ll810WHe no aMnJIHTy.lle C HMIIynhCElMH OT OCKOnKOB neneHH5J t1 238 

HeliTpOH~MH IIOJ10HHi!:-6epHJIJIHeBOI'O HCTOqHHYa. MaKCHManbHbli!: 9cPcPeKT COCTaBJISIJl 

10-151 M nlqac rrpH TOKe HOHOB OKOJIO 1 MKa. CKOpOCTb BpaLUeHHSI C06Hp8IOLUel'O 

.llHCKa a aTPX onhiTax cocTaBJISina 800 o61MHH, nu6o 1400 o61MHH. He.3aBHCifMO 
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OT HanpaaneHHR apaweHHR 6onbwHit s¢¢eKT acer.o.a nonyqancst Ha Toil: KaMepe, a 

HanpaaneHHH KOTOpOil: loT MHW9HH/ Bpawancst .!J.HCK. 

CneKTP Ha6mo.o.aawHXCSl HMnynbcoa, nony'leHHbiA c noMOlllbiO MHoroKaHanbHO

ro aMnnHTY.!J.HOI'O aHanH3aTopa, npHB9.[1.9H Ha pHC. 3 BM9CT9 CO cneKTpOM HMnynb-

u 238 
COB OT OC!tOnKOB .o.eneHHSl Heii:TpOHaMHo 

.Unst onpe.o.eneHHR npo6era qacTHU, .o.aiOwHX HMnynbCbl 6onbwoA aMnnHTY.!J.b1, 

HCnOnb30BanHCb aniOMHHH9Bbie nornOTHTenH TOnlUHHOil: 0,6 MK, 5,8 MK H 11,2 MK, 

KOT0pb1MH nocne.o.oBaTenbHO 3aKpbiBanOCb BXO.!J.HOe OKHO O.!J.HOil: KaMepb1. ¢>onbra 

TOnlUHHOil: 0,6 MK npaKTH'IeCKH He H3MeHHna KOnH'IeCTBa perHCTpHpyeMbiX HMnynb-

COB /10-15 HMn/qac/
1 

C ¢onbrOil: 5,8 MK perHCTpHpOBancH 1 HMn/qac 1 C ¢onbrOA 

11,2 MK He 6b1no aaperHcTpHpoaaHo HH o.o.Horo HMnynbca a Te'leHHe 2 qacoa. Ec

nH yqeCTb reoMeTpHIO Onb1Ta, TO H3 nony'leHHblX .o.aHHblX cne.o.yeT Bb!BO.!J., 'ITO HH

TepecyiOwHe Hac qacTHUbl HMeiOT npo6er ,.._ 10 MKAt. 

TaXHM o6paaoM, H cneKTP HMnynbcoa, H .o.aHHbie no npo6ery yKa3biBaiOT Ha To, 

'ITO Ha6JIIO.[laeMblfi: 9ciJcP9KT CBH3aH C OCKOnKaMH .o.eneHHH. 

Sb1nH TaK>Ke npoBe.o.eHbi .o.ononHHTenbHble onbiTb1 no HaoniO.o.eHHIO coBna.o.e

HHA HMnynbCOB OT OCKOnKOB, B03HHKa10lUHX B O.[l.HOM aKTe pacna.o.a. ,Unst STOI'O 

ObinH npoHaae.o.eHbi HeKoTopbie HaMeHeHHH B annapaType. B Ka'leCTBe c6opHHKa 6pa

nacb aniOMHHHeBaH ¢onbra TOnlUHHOil: 2,5 MK. HanpOTHB O.!J.HOil: H3 HOHH3aUHOHHblX 

KaMep /pHc. 1 I no .o.pyryiO cTopoHy oT .O.HCKa 6b1na ycTaHoaneHa aHanorH'IHaH 

xaMepa. 3nexTpOHHaR cxeMa 6bma nepecTpoeHa TaKHM o6paaoM, 'IT06b1 perHcTpH

poaaTb COBna.o.eHHSl HMnynbCOB OT STHX KaMep C O.!J.HOBpeMeHHOil: no.o.aqel!: Ha caMo-

nHC9U HMnynbCOB C Ka}K.!J.OI'O KaHana. 

nocne yKaaaHHOA nepecTpoAKH annapaTypbl 6b1no npoae.o.eHo o6nyqeHHe U 238 

HOHaMH 016
1 

BO apeMSl KOTOpOI'O OblnH 3aperHCTpHpOBaHbl COBna.o.eHHSl HMnynbCOB B 

.!J.BYX KaMepax. npH STOM cPOH OT cnyqai!:HblX COBna.o.eHHil: Obin npeHe6pe>KHMO Man. 

CyMMa BC8X STHX .o.aHHbiX .o.aBana HaM yaepeHHOCTb 11\ TOM, 'ITO npH B3aHM0-

16 .. , 22 u 238 .o.eii:CTBHH HOHOB 0 H .,e C o6paayeTCSl CnOHTaHHO-.o.enstwHi!:CH H30TOn. 

3TOT BblBO.!J. Obin npoaepeH H no.o.TBep>K.o.eH B onbiTaX 1 B KOTOpbiX B Ka'leCTBe .o.e

TeKTOpa HOHH3HpyiOlll9I'O H3nyqeHHSl HCnOnb30BanHCb .Sl.0.9pHble cP0TOSMynbCHH 0 no.o.-

/2/ 
pOOHOe OnHCaHHe STHX 9KCnepHM9HTOB .o.aHO B • 

B 

HH9 

UHKnOTp 

Mepoil: Mbl 

TO 
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B Ta6mme 1 rroKaaaHhi peayl!hTBThi H3MepeHHH, KOTOpbie naroT rrpencTaBne-

HHe 0 38BHCHMOCTH Bb!XOLI8 C!IOHT8HHO-LI9l!SHU9f'OCS'I H30TOII8 OT :3H9pf'HH H<:' HOB, 

a TBK*e rroaBOl!HIOT oueHHTh ero rrepaon rronypacrrana HaMeHeHHe aHeprHH 6oM-

6apnHpyiOIUHX qacTHU L{0CTHf'8l!OCb rrepeMemeHH9M MHW9HH !IO paLIHYCY KaMepbl 

131 
UHKl!OTpOHa, 3Hepf'B:S'I HOHOB H3M9ps:Il!8Cb no rrpo6ery B 8l!IOMHHHH • nepBOH Ka-

M9p0H Mbl H83biBaeM Ty, B CTOpOHy KOTOpOH loT MHW9HHI Bp8IU8l!CS'I LIHCK, 

Ta6nHua 

0 6 li u 238 
+ Ne 22 u 238 + 016 Y q e H H e 

3HeprHs:r HOHOB Ha 
105 124 135 139 139 80 96 104 111 cnoe v 238 B MaB 

nol!HbiH IIOTOK HOHOB1 

rrpow enwHX qepea 10,0 2,0 2,5 2,5 6,8 2,0 0,5 0,5 1,0 
MHW9Hb B MKa X qac. 

T.J:HCl!O HMIIYl!bCOB H8 
0 4 24 26 69 0 4 10 18 

rrepBOH KaMepe 

T.J:HCl!O HMIIY.'lbCOB H8 
0 2 3 5 39 0 0 

BTOpOH K8Mepe 6 

CKopocTb BpaweHHs:r 

co6nparowero LIHCK8 800 800 800 800 1400 800 800 800 1400 

06/MHH. 

nocTp09HHbl9 !IO L{8HHbiM Ta6l!HUbl } cpyHKUHH B036yn\ll9HHS'I Lll!S'I peaKUHH, 

rrpHBOLIS'IWHX K crroHTaHHo-aens:rmeMycs:r s:rapy, rroKaaaHhi Ha pnc. 4,5. BbrXon rrpen-

CT8Bl!9H B OTHOCHT9l!bHb!X 9Ll!IHHU8X, A 6COl!IOTHbl9 3HaqeHHS'I ceqeHHH L{l!S'I HOHOB C 

M8KCHM8l!bHOH 
-32 2 

aHeprHeif, rro oueHKaM, paBHhi-3,10 eM I u 238+0161, 

-32 2 
... 2.10 CM I u 238 +Ne 221 • 

nepHOLl !IO!!ypacrraaa HeTpyLlHO OUeHHTb, 3H8S'I CKOpOCTb Bp8IU9HHH LlHCK8 H 

COOTHOW9Hlf9 q!fCll8 HMIIYl!bCOB, 38p9f'HCTpHpOB8HHbiX rrepBOH H BTOpOH K8M epoif. 

EcnH norrycTHTh, qTo acpcpeKTHBHOCTH perHcTpauHH nns o6eax KaMep onHHaKOBhl, 

TO 

• rne 
~= l 
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~ t -speMSI nepeMelUeHHSI cPHKCHpOB8HHOH TO'iKH H8 .llHCKe OT H8'i8Jl8 OKH8 

nepBOH KaMepbl .llO H8'i8Jl8 OKH8 BTOpOH0 

N 
1 

H N'J. - 'iHcno HMnynbCOB, 3aperHcTpHposaHHbiX nepsoA H BTopoit KaMepa-

MH. B .aei!:cTBHTeJlbHOCTH s¢ciJeKTHBHOCTH KaMep MornH HecKOJlbKO paanH'i8TbCSI. Bo 

H36e)!(8HHe OlJlH6KH
1 

CBSI38HHOit C 9THM 1 llpO:BO.llHJlOCb reoMeTpH'!.eCKOe ycpe.aHeHHe 

N' 
"N,. OTHOWeHHSI 

ItO .ll8HHb!M
0 

nonyqeHHblM llpH BpalUeHHH .llHCK8 B pa3Hb!e CTO-

p0Hbl
0 

npH TllKOM ycpe.aMeHHH p83HHUB B s4J4JeKTHBHOCTH perHCTp8UHH He B8)!(H8o 

0K838Jl0Cb1 'iTO nepHO.ll 
nonypacna.aa cnoHTaHHO-.a en" lllerocs H30Tona, nonyqarollle-

238 -2 
roes npH o6nyqeHHH tl 
B03HHK8!0lllHH npH o6nyqeHHH 

-2 
T

112
=11,3 ± 0,81.10 ceK. 

aeoHOM, J:aBeH TIL= /2 !. 1/ • 10 ceK. VfaoTon, 

U 238 '2. 
KHcnopo.aoM, HMeeT nepHO.ll nonypacna.aa 

B npe.aenax TO'iHOCTH o6a 3Ha'ieHHSI cosrra.aaroT. 

npH o6ny'ieHHH Th 232 
HOH8MH ~e 22 OCKOJIKOB CllOHT8HHOrO .aeneHHSI o6-

Hapy)!(eHO He 6binOo 0TC!O.ll8 cne.ayeT, 'iTO ceqeHHe COOTBeTCTByJOWeH peaKUHH . - u 238 16 
a.aecb, no KpaHHeii Mepe, B 20 paa MeHbwe, qeM B cnyqae peaKUHH + 0 • 

06cy)!(.ll9HHe pe3yJibf8TOB 

nony'ieHHbl9 9KCnepHMeHT8JlbHbie .ll8HHbie OOK88b!B8JOT1 '!.TO npH o6nyqeHHH 

HOH8MH 0 H e o6pa3yeTCSI H30TOIT 1 paCll8.ll8!0lllHHCSI nyTeM CITOH-U 238 1a N 22 

T8HHOrO .aeneHHSI 38 O'ieHb Manoe BpeMSI. M bl He MO)!(eM, KOHe'iH0 1 yTBep)!(.ll8Tb 1 

'iTO HMeeM .aeJIO C O.llHHM H30TOITOM 0 O.llH8K0 1 Bb!BO.ll 0 ·cyllleCTBOB8HHH KOpOTKO)!(H· 

BylllerO S!.llp8 He H3MeHHTCSI
0 

.aa)!(e ecnH .ll8JlbHeitwHe OITb!Tbl ITOK8)!(yT, 'iTO B Ha-

WHX 9KCrrepHMeHT8X ITOJIY'i8JI0Cb HeCKOJ1bKO CITOHT8HHO-.aenS!lUHXCSI H30TOITOB. 

Ha pHc. 4,5 Hao6pa)!(eHbi KpHBbie, rroK83biB8JOlllHe aaBHCHMOCTb BbiXO.ll8 

1a Ne 22 H30TOIT8 OT 9HeprHH HOHOB 0 H • K CO)!(aJieHH!O, HaM He y .ll8Jl0Cb orrpe-

.aenHTb Bb!XO.ll IIpH 60JibWHX 9HeprHSIX HOHOB 0 16 
0 IT09TOMY ITOK8 HeJib3SI CK838Tb, 

HMeeT JlH MeCTO B 9TOM cnyqae peaKUHSI C HCrryCK8HHeM TOJibKO HeHTpOHOB. no 

BH.llY KpHBb!X Tpy .llHO c.aenaTb CK0JlbKO-HH6y .llb Ha.lle )!(H ble Bb!BO.llbl 06 aTOM HOM 

HOMepe H Macce H30TOIT8o Mo)!(HO JlHWb CK838Tb, 'iTO 8TOMHbiH HOMep He 60JlbWe 

100, a T8K)!(e YK838Tb o6naCTb H30TOITOB, KOTOpbie MOryT ITOJIY'ili'fbCSI 
rrpH B38H" 

MO.lleHCTBHH TSI)!(eJlOrO HOH8 C 
u 238 

Ha 

BeCTHb!X 

eHH8SI C 

nonararoTcSI 

He'iHO, H8 C 

caeTCSI H 

VIa 

M b!K ne pHO.ll 

we, qeM 

speMeHa 

M8JlbHO K 

pa 



OKHa 

KaMepa-

6onbwe 

pH B3aH· 

~ 
J'!' 

9 

npH 9TOM ecTeCTB8HHO OITHp8TbCH Ha, OITb!Tbl C 60.11ee JI8I'KHM HOHOM 0 16, 
/4/ 

Ha pac. 6 rroKa3aHa B3RTaR H3 
cHcTeMaTHKa rrepaonoB rronypacrrana ans H3-

secTHbiX crroHTaHHo-n ensmaxcR H30TorroB an eM eHTOB oT T h no Fm 1 ITOCTpo-

8HH8R C Y'I8TOM ITOCJieaHHX aBHHblX, 3amTpHXOB8H8 06J18CTb, BHyTpH KOTOpOil:. pac

ITOJ18I'8!0TCH H30TOIIbi, rrony<IBIOll.lHecR IIpH o6ny<IeHHH U 238 KHcnoponoM. Ko

He'IHO, Ha C8MOM aene, cpenH II8pBH'IHb!X IIponyKTOB peaKUHA 6yLieT H8CKOJlbKO 

M8Hbll.{e Raep, '!eM OXB8Tb!B8eT 38ll1TpHXOB8HH8R 06JI8CTb
1 

OaHBK0
1 

Mbl CT8panHC b 

yqecTb Bee B03MOMHbie peaKuaa, He3aBHCHMo OT ax BepoRTHOCTH. IlnR Th , U, 
Pu rpaHHUbi o6nacTH orrpeneneHbi rrpH6JIH3HTenbHO, TaK KaK peaKUHH o6MeHa 

HYKJIOH8MH 1 KOTOpb!f! MOI'yT IIpHBeCTH K 9THM 9J18M8HTaM
1 

H3Y'I8Hbi M8JIO, 4To Ka

caeTCH H30TOITOB F'm H c f 1 TO B03MOMHb!e a.TIR HHX 3HB'IeHHH M8CC OUeHe

Hbl 60.11ee TO'IHO, 

l-13 pHC, 6 BHaHO, 'ITO H8H6onee KOpOTKHe BpeMeHa MH3HH B OTHQllleHHH 

CITOHT8HHOI'O aeJieHHS! HM8IOT H30TOITbl cpepMHS!, 0LIH8K0
1 

LIBX<e anSI HHX O£KHLiae-

M hili rre pHon rrorrypacrrana sHa'IHTenbHO 6onbwe, 'I eM 0,02 

eMoro ans Fm speMeHH MH3HH K HsMepeHHoMy HaMH 

BpeMH MH3HH H30TOITOB cpepMH51 B OTHOll18HHH 

T.,. ( F'rn) 3 
we, '!eM 0,02 c.eK: T ~10 • Ilns asoTorros npyrHx aneMeHTOB 

BpeMeHa MH3HH 9Il.{9 3H8'IHT8.1lbH9e rrpeBblll1810T BpeMH MH3HH llOJiy'IeHHOT'O H30TOUa, 

3TO cpaBHeHHe ITOK83biBaeT 1 'ITO 06HapyM9HHOe B H8ll1HX Ofib!T8X Rapo HMeeT BHO-

M8.1IbHO KOpOTKOe BpeMH MH3HH OTHOCHTe.TibHO CITOHTBHHOI'O Lie.TieHHR H IT09TOMy 

pesKo BbmanaeT H3 cymecTByiOr.ueil: :::acTeMaTHKH TRMe.TibiX snep, 0LIHaKo
1 

cneLiy

eT HM8Tb B BHay, 'ITO CHCT8M8THKa CBOil:CTB TRM9JiblX RLiep OTHOCHTCR K OCHOB

Hb!M COCT051HHRM HL!ep, Ec.TIH Me RLipO H8XOLIHTCR B B036YMLieHHOM COCTORHHH
1 

T() 

BepOS!THOCTb pBCITBLIB MOMeT H3M9HHTbCSI, noaTOMy Mbl ITOJI81"8eM
1 

'ITO B OITHCaH

Hb!X 9KCrrepHMeHT8X perHCTpHpOB8JI0Cb CITOHTBHHOe LieJieHHe B036YMLI9HHOI'O S!Lipa, 

npencTaBJIS!eTCSI HaH6o.nee BepORTHb!M. 'ITO rrpH B3aHMOLieil:cTBHH o16 .II Ne 22 c 

U 238 
o6pasyeTCR H8KHil: H30TOIT B H30M9pHOM COCTORHHH

1 
llpH'IeM B T8KOM, 

ans KOTOporo 6apbep LI8.1IeHHR ITOHHMeH, 

E CliH LI0ITYCTHTb 0 'ITO 9TO H30TOIT cpep!..{HR, TO BepORTHOCTb Ll8.1I8HHSt H30Me-

l0 
pa yB8,lJH'I8Ha rrpHMepHO B 5,10 pas llO Cp8BH8HHIO C OCHOBHblM COCTOHHH8M, 

.. 



<._ 

10 

Henb3SI' KOHe'IH0 1 HCK1IIO'IHTb 1 'ITO BpeMSI :IKH3HH OTHOCHTe1IbHO CIIOHTaHHOI'O nene-

HHH cymecTBeaao 6onbwe, 'leM 0,02 ceK, a H3MepS!eMbiil: rrepHO.ll rronypacrrana 

o6ycnoanea J- -pacrranoM. OnHSKO, ce'leHHSI o6pa3oBaHHSI cpepMHSI rrpH o6nyqeHHH 

238 16 -30 2/5/ t1 HOHaMH 0 He rrpeBblW810T 10 CM .A STO 3Ha'IHT 1 'ITO CKOpOCTb 

t:A -pacnana HHTepecyiOmero Hac H30Torra ae 6onee, 'leM a 30 pa3 rrpeBb!waeT 

CKOpOCTb ero CIIOHTaHHOrO neneHHSI /T.Ko Bb!XO,ll STOI'O H30Tona no CIIOHTaHHOMY 

-32 2 . 
neneHHIO COOTBeTcTByeT ,.._, 3.10 CM /. 0TCIO,lla cnenyeT 1 'ITO ,lla:>Ke B STOM 

cnyqae ,ll1IH H30Mepa cpepMHSI Heo6XO,llHMO rrpe,llii01IO:IKHTb yaenHqeHHe BepOSITHOCTH 

9 
CIIOHTaHHOI'O neneHHSI He MeHbWe, 'leM B 10 pa3. EcnH rOBOpHTb 06 H30TOIIaX 

npyrHX sneMeHTOB 0 TO .ll1ISI HHX 9TO yaenH'IeHHe 6yneT eme 601IbWe. 

CnenyeT OTMeTHTb, 'ITO y:>Ke Ha6niOnanocb rroS!BneHHe H30Mepoa c aHoManb

/6/ 
HblMH CBOACTBaMH B peaKUHSIX C TSI:IKe1IbiMH HOH8MH. B 6bin nony'leH "'-aK-

THBHbiA H30Mep C 'ipe3Bhl'18ii.HO BbiCOKHM K09cPcPHUHeHTOM 3aiipeTa .ll1ISI J.. -pacrra-

.ll a. 

nonyqeHHblX naHHb!X IIOK8 He,llOCT8TO'IH0 0 'IT06b1 nenaTb KaKHe-nH60 38K1IIO'Ie~ 

HHSI 0 IIpHpO,lle H30MepHOI'O COCTOSIHHSI S!.llpa C IIOBbiWeHHOA BepOS!THOCTblO CIIOHTaa-

HOI'O neneHHSI. 

Mo:>KeT 6hiTb ,ll1ISI H30Mepa 0 IIOJiy'leHHOI'O B HaWHX OIIbiTaX1 CH1lbHO IIpOHBnSI

eTCSI B1IH.IiHHe O.llHOHYK1IOHHblX COCTOSIHHA Ha 6apbep neneHBSI. B paMKaX MO.lle1IH 

171 
CIIOHTaHHOI'O neneHBH 1 rrpenno:>KeHHOA K)xaaceHOM 1 TaKOH scpcpeKT B03MO:IK ea. 

LJ.eii.CTBHTe1IbH0 1 .ll1ISI H3oMepa, Y KOTOporo IIOC1Ie.llHHH HyKnOH HaXO.llHTCSI Ha ypob-

He C SHeprHeA, pe3KO yMeHblll8IOllleHCSI IIpH necpOpMSUHH, 6apbep neneHHSI 6yneT 

IIOHB:IKeH. 

He1lb3SI TaK:>Ke C'IHTaTb HCK1IIO'IeHHbiM cyruecTBOBaHHe B30MepHblX COCTOSIHBH 

c aHeprHeA Bb!we 6apbepa neneHHH, o6ycnoaneHHbiX cHnbaoi!: necpopMauHeil: Slnpa. 

/8/ 
TaK, B pa6oTe Xanna H YHnepa Bb1CK83biBanocb rrpenrrono:>KeHHe o ToM, qTo 

,ll1ISI Sl,llep, CTa6H1IbHOil. cpOpMOH KOTOpbiX SIB11SieTCSI BbiTHHYTbiA 9111IBIICOH.ll Bpame

HHH, cPOpMa CII1IIOCHyTOI'O 9111IHIICOB.lla BpaWeHHSI MO:>KeT OKa3aTbCSI B30MepHOAo 

BpeMH :IKH3HH TaKoro H30Mepa 6yneT orrpenellilTbCSI aepoHTHOCTbiO rrepexona 

H3 cpOpMbl CIJ1IIOCHyTOI'O 9111IHIICOHL!8 B cpOpMy Bb!THHyToro. 

~ 
------~--------

Mb1 

THlPHKaU 

COCTOSIHBH, 

119HHSI. 

HOA 

KYIO 



oTonax 

tA -aK

d.. -pacna-

10 CITOHTaH-

npoHang.-

Monena 

Ha ypob-

Ol'IHHii 

snpa. 

nepexona 

11 

TH~HKauaro rronyqeaaoro H3oTorra H ycTaHoBneaae xapaKTepacTHK ero H30Mepaoro 

, COCTOHHHR, IT03BOnRT ycTaHOBHTb rrpHqHHy yBenaqeHHR BepOHTHOCTH CITOHTBHHOrO ne-

B aaKnroqeHHe aBTOpbi CTBTbH Bbipa.>KaroT rny5oKyro. 5naroaapaocTb qneHy

KoppecnoHneHTy AH CCCP r .H. <Pneposy, pyKOBOLlHBWeMy HBCTOSII.UHMH HCCneno 

BBHHHMH H HayqHbiM COTPYLlHHKaM A.<P. naaesy H B.B. <Pe¢anosy, llpHHSIBWiiM BK-

THBHoe yqacTHe B HananKe arrrrapaTypbl. 

M bi TaK.>Ke cqaTaeM rrpHRTRbiM nonroM no5naronapHTb KonneKTHB UHKnoTpoa

HOI!: rpyiiiibi so rnase c IO.U. OraaecHaoM H A.C. nacroKOM, o5ecneqaswHA qeT -

KYID H 5ecrrepe5ol!:ayro pa5oTy UHKnoTpoaa, B.A. Y:yrpeeaa , rrpoaon.HBwero Koa

CTpyKTopcKHe pa50Tbi, H HayqHbiX coTpyaaHKOB PYJAH CCCP C.M. Conoabesa, 

B.n. 3AcMOHTa H B .A .IOpreHcoaa, OKaaaawax noMOI.Ub B rrposeneaHH OIIbiTOB. 

HaM TaK.>Ke rrpHHTHO rro5naronapHTb noKTopa <j:lH3HKo-MaTeMaTaqecKHX aayK 

raepnUHTenH Yf .r. C COTPYLlHHKBMH 38 5onhWyro IIOMOI.Uh B pal;>oTe, 

\ i 
'-=--

p H C, 1. 
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