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" B CBOHX HayqHux YTBepmneHHHX H HHKoro YMLlmneHHO He BBODHn B 3a6ny~-

neHae, T.e. He rOBOPHn qero-na6o, e qeM COMHeeancH. Ho OillH6aTbCH H, 

KOHeqHo, Mor H, HeCOMHeHHO, HHorna OillH6ancH. B HayqHLlX llHCKYCCHHX 

H TaK~e He ecerna 6un rrpae. nYMam, oqeHb rrnoxo, ecna yqeHuA yeepoean 

e CBOW HerrorpemttMOCTb. OnHaKo ... MHe BCerna XOTenocb 6LlTb Hane~HhW, 
H H K 3TOMy CTPeMHnCH, 11 



Ila6opaTOPHH HeATpOHHOA ~H3HKH rOTOBHnacb OTMeTHTb 3O~neTHe C MO­

MeHTa nycKa nepaoro B Mttpe H~nynbCHoro peaKTopa Ha 6WCTphlX HeATpOHaX, 

Korna cnyqttnacb 6ena - qepe3 HeCKOnhKO qacoa nocne Haqana cepneqHoro 

npHCTyna 22 HI0HH 1990 r. OKOno 12 qacoB )lHH CKOHqancH l1nhH MHxaAnoBHq 

<l>paHK. 

BcKope nocne noxopoH BMeCTO roTOBHBlliHXCH n~ IlOBO)lY 30-neTHH CKPOM­

HblX TOpil<eCTB COCTOHnCH ceMHHap, IlOCBHIJ~eHHblA naMH_TH MnhH MHxaAnOBHqa, 

Ha KOTOPOM npo3ayqanH BblCTynneHHH ero Kenner H yqeHHKOB. Bo3MO>KHo,He 

ace BhlCTynneHHH OKa3anHCh )lOCTaToqHo nonroTOBneHW, HO OHH 6wnH HCKpeH-

HH H OTpa>KanH WHPOTY HayqHOH )leHTenbHOCTH l1nhH MuxaAnoB1-1qa H npencTaB­

neHHH O HeM K&K O ~enoBeKe. 3anHCaHHWe Ha neHTY H pacmH~POBBHHWe, OHH 

nernH B OCHOBY 3Toro c6opHHKa. llnH Hae, pa6oTaBlliHX H o6maBlliHXCH C l1nheA 

MHxaAnOBHqeM _ Ha npOTH>KeHHH MHOrHX neT, CKa3aHHOe 6hmo Ba>KHO KaK IlPO!l\anb­

HOe cnoao, KaK non'r nepe)l CBeTnOH naMHTh!O VinhH M1-1xafmoB1-1qa. llaneeMCH, 

qTo nm)lHM, MeHbllie 3Ha~lliHM ~~b!O MuxaAnoBHqa, 3TOT c6opHHK )laCT npen­

CTBBJieHHe o TOM, qTo cnenan l-1nhH Mttxafmoa11q B nayKe· caM, Ka1-rne pe3ynhTa­

TW nonyqeHW B PYKOBO)lHMOH HM B TeqeH11e 32-x neT O)lHOR H3 KPYntteRmux 

B M11pe na6opaTOPHA - Ila6opaTOPHH HeATPOHHOH ~H311KH, YHHKBnbHOH no MHO­

ronnaHOBOCTH CBOHX uccne)lOBBHHH C TIOMOmb!O neRTpOHOB B o6naCTH 3neMeH­

TapHWX qaCTHQ, aTOMHoro H)lpa, KOH)leHCIIPOBBHHWX'Cpen H 6ttonoruqecKHX 

OObeKTOB. 

flaypeaT Ho6eneBCKOH npeMHH,TpeXKPBTHhlH naypeaT rocynapCTBeHHOR 

npeMHH, aKa)leMHK l1nbH Muxafmoauq (J)paHK, KOHeqHo, )lOCTOHH 6onbmero BHHMa­

HHH, Ji, oe3ycnOBHO, 6YJlYT eme HaTIUCaHbl - gpyrue C_TBThH 11 KHHrH 06 l-1nbe 

~fIIXai:'inoauqe H ero MecTe B HayKe. 
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CJIOBO OB HJibE MHXAMOBM'l!E <I>PAHKE 

IO.Il.IlonoB 

06'henuHeHHwA HHCTHTYT HnepHwx uccnenoBaHHA, lly6Ha 

11nbe MuxaAnoBHtIY cDpallKY 6bma Yr'OTOBaHa nnHHHa.H H otteHb nnonoTBop­

Ha.H lKH3Hb. 11, nyMalO, 3Ta lKH3Hb 6bma nnH Hero OtteHb HHTepecHoA. 

HaBepHoe, Bee otteHb xopowo 3HalOT Tpynw 11nhH MuxaAnoBHtta, ero ronw 

pa6_0Tbl B 06'henHHeHHOM HHCTHTyTe' B <I>HAHe. 51 minoMHIO nHWb HeKOTOpbie ero 

6Horpa~HttecKHe naHHhie 6onee paHHero nepnona H npocTo paccKaJKy o Tex 

BnettaTneHHHX, KOTOpwe y MeHH CKnanwBanHCb 3a Te COPOK C nHlliHHM neT, KO­

TOpwe H npoBen PHnOM c HnheA MHxaAnoBHtieM, Ha6nronaH ero, lKHBH H pa6oTa.H 

BMecTe C HHM, HatIHHa.H co CTyneHtteCKHX neT H KOHttaH nocnenHHMH nHHMH, 

11nbH MHxafinoBntt ponuncH B ceMbe npocpeccopa MaTeMaTHKH B IleTep6yp­

re, ,neTCKHe ronbl npoBen B KpbIMY, 0 KOTOPOM OH, HaCKOnbKO H 3Hal0, coxpa­

HHn otteHb Tennwe BneqaTneHHH H KOTOphlA n106Hn no nocnenHHX CBOHX nHeA. 

YlKe 6YAY4H lliKOnbHHKOM, OH yqaCTBOBan, KaK 6w MW HX Tenepb Ha~BanH, 

B MaTeMaTHtieCKHX OflHMnHanax. 11CTOPHH HaM coxpaHHna B TPYnax MaTeMaTH­

qecKOr'O o6mecTBa CHM~epononbcKoro nenarorHttecKoro HHCTHTYTa co66meaue 

0 TOM' tITO HnhH MHxa(mOBHtI ( Torn a OH 6hm npocTO 11nh.H <J>paHK) BblCTynan 

c o6o6meHHeM, KaJKeTCH, TeopeMW 4aAnca, H 3TO 6wno, no-BHnHMOMY, onHo 

H3 nepBwx ero BWCTYnneHHA, KoTopoe, 6WTh MOJKeT, npe~onpenenuno MHoroe 

B ,nanbHeAweM • 

.[lanbWe 6hinH ronbi yqe6bl B MoCKOBCKOM YHHBePCHTeTe, YlKe 3necb OH 

CTan pa6oTBTb non PYKOBoncTBOM Cepre.H 11BaHOBHtia RaBHnoBa, H onHa H3 

pa6oT COBMeCTHO c CepreeM 11BaHOBHtieM 6bma ony6nm<OBaHa B "Zei tschrift 

fur Physik ", 3TO pa6oTa eme CTYneHtteCKHX BpeMeH. Ilocne OKOHtiaHHH 

YHHBepcuTeTa l1nhH MuxaAnoBHtt nornen pa6oTaTh B roH, r,ne no 1934 rona 

3aHHMancH H3ytieHHeM ~OTOXHMHtteCKHX peaKQIIA onTHtteCKHMH MeTonaMH, 

H TaM JKe, B roH, OH 3amHTHn noKTOPCKYIO nuccepTaQHIO, B 1934 rony, 

B MocKBe CepreR 11BaHOBHtI BaBHflOB opraHH30BhlBan <l>H3HtteCKHA HHCTHTYT 

AKaneMHH HBYK, OH npurnacHn HnhlO MuxaAnOBHtia yqacTBOBaTb B 3TOA pa6o­

Te - nepeATH B <l>H3HtieCKIIA HHCTHTYT Ha nOCTOHHHYIO pa60TY H 38HHTbCH nc­

cne,noBaHHHMH no HnepHOA tH3HKe, KOTopwe Torna npaKTIJtieCKH nHllib H~tIHHa­

nHCb B CoBeTCKOM Coro3e, 11 B nanbHeAweM 11nhH MHxaAnoBHtI, pa6oTa.H B <l>H-
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3HqeCKOM HHCTHTyTe AKaneMHH HaYK, no CYTH nena, Ben HccnenoBaHHH B nBYX 

HanpaBneHHHx: OH npononzan ttccnenoBaHHH no onTHKe BMecTe c CepreeM HBa­

HOBHqeM BaBHnOBblM' KOT~Pble nOTOM npHBenH era K 3HaMeHHTblM pa6oTaM no 

qepeHKOBCKOMY H3nyqeHHIO, a TaKze Hagan pa6oTaTb C neoHHnOM BacHnbeBH­

qeM fporneBblM Han HCCnenoBaHHHMH c noMOIUb!O KaMepb! BttnbCOHa B o6naCTH 

HnepHOfl (9H3HKH. 

MHe KazeTCH,qTo y Hero Ha Bero mtt3db coxpaHHnHCb nBa HanpaBneHHH Ha­

yqHofI neHTenbHOCTH: onHo - CBH3ahHOe C H3nyqeHHHMH, CKOpee,MozeT 6WTb, 

"nnH nYrntt", a"nnH nena·" - iiccnenoi3aHHH no HnepH011 c!JH3HKe. Oco6yro pa­

nocTb eMy, BHnHMO, nocTaBnHno, Karna 3TH nBa HanpaBneHHH OH Mor o6~entt­

HHTb, HanpHMep, B onTHKe HefITpOHOB. nro50Bb K 3THM nBYM HanpaBneHHHM 

npornna qepe3 BCIO era ZH3Hb. 

51 He 6yny nonpo6Ho KacaTbCH HenocpencTBeHHO era HayqHbIX pa5oT, no­

ToMy qTo OHH 6YnY'l' pacKpb!Tbl B nocneny1011(HX noKnanax, KOTOPble Mbl npocny­

rnaeM Ha 3TOM ceMHHape. 51 6onbie OCTaHoBnlOCb Ha HeKOTOPWX nHqHWX BneqaT­

nemrnx. HaqnHanttcb OHH y MeHH co cTyneHqecKHX neT, Karna MbI cnyrnantt, 

Hnb!O MttxaRnoBHqa Hera neKQHH no HnepHbN peaKQHHM. 3To 6wno B KOHQe 

40-x ronoB, npHqeM neKQHH 3TH BHaqane HaM He HpaBHnHCb CBoeA MOHOTOH­

HOCTblO' HO 3anHCbIBaTb HX 6binO noBOnbHO Yn_o6HO. Ho eme nyqrne OKB3anocb 

roTOBHTbCH no 3THM neKQHHM, Karna MW HaqanH cnaBaTb 3K3aMeHw. neKQHH 

6binH oqeHb nor1-1qHbl H npocTbl. H BOT 3Ta npoCTOTa H3nozeHHH Obina xapaK­

TepHOft qepTOl1 (KaK H noTOM noHHn, Karna npnrnen yze B na6opaTOPUIO Q>paH­

Ka B <J>HAHJ u nns HnbH Mttxafrnoattqa, n .c11rn era TanaHTmrneftrnero yqemrna 

<J>enopa Ilbaoanqa illannpo. 06a OHH qacTo nonb30Banttcb KnaccnqecKHMH attano­

rnHMH pa3nHtJHbIX K_BaHTOBbIX 3QJ,:PeKTOB. 51 Ha3Ban TanaHTJlHBeftrnero yqemma 

H BCnOMHHJI COBeTbl HnbH MnxafmoBHtJa. MHe He pag npttxon1:1noch no ero rrpOCb;-

6e rOTOBHTb K KaKHM-TO I06HneHM yqeHWX no3npaaneHHH HJIH B CKOPOHWX cny­

tJaHX_HeKponorH, OH MeHH Bcer,ua OCTaHaBnHBan: "He Hano roBOPHTb TanaHT­

nuaeAlliHH HJIH KaK-TO BNQenHTb onHoro qenoBeKa H3 ,upyrHX, TaK KaK 3TO 

MOZeT OWTb qHCTO Hallie MHeHHe, npyrue TaKoro He rrpttnepznBalOTCH, H 3TO 6y­

neT KaK-TO BOCCTaHaBnHBaTb nroneft npOTHB 3TOro qenoBeKa, KOToporo Mbl xo­

THM noxBanHTb, B03BWCHTb 11
• Ho H nyMaIO, lJTO B naHHOM cnyqae C ¢e,[lOpOM 

flbBOBnqeM MOlKHO He npttnepznBaThCH 3aBeTOB HnhH Mnxafinoauqa. 

B nanbHefrnleM H CTOnKHY!lCH C Hnbefi MnxafrnOBHtJeM nocne OKOHqaHHH 

YHHBepCiiTeTa, Karna Obin pacnpeneneH B TTpe3nnHYM AKB,[leMHH HaYK, II TaM 

HnbH MHxaftnoanq 6wn qneHOM YqeHoro coaeTa npn npe3nneHTe AKaneMun HayK. 

3TOT CoBeT npH npe3nneHTe 3aHHMancH KoopnHHaQHeft pa6oT no HnepHOH (pH3H­

Ke B AKanel\lHII Hay!('· a TaKze Terna TOJlbKO HatJHHaBI11HMHCH uccnenoBaHHHMH 

C noMOll(blO HnepHoi-'1 r,JH_3HKH THna "MeqeHblX aTOMOB", aKTHBaQHOHHoro auanH3a -

- B XHMHH, 6Honor1111, TeXHHKe. TaKHe ceKQHH 6WJIH npH YqeHOM COBeTe. 

HnhH Mttxafrnoiiuq :y:qacTaoaan B pa6oTe He TOnbKO fPH3HtJeCKOH ceKQHH, HO u 
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npHKnagH!>IX eeKQHH, KaK Mb! HX TOI',[(a Ha3bIBanH. I1 gm1 MeHH ObinO Y,[(HBHTenh­

HO TO' qTo Mb! Beerga eqHTanH' qTo I1nhH MHxaiinOBHq, qenoBeK oone3HeHHbli'I' 

Beerga Bee genaeT e TPY.[(OM, HO TeM He Mettee Ha ,[(OBOnhHO gnHHHbIX 3a­

eegaHHHX YqeHoro eoBeTa npH npe3H,[(eHTe, KOI',[(a Y*e MHOI'He yeTaBanH H eno­

pbl 3aXO,[(HnH B .TYnHK, I1nhH MijxaiinOBHq qaeTO npegnaran ,[(OBOnhHO qeTKHe 

perneHHH BonpoeoB, e KOTOpbIMH MHOI'He eornarnanHeh. R Ohl XOTen eme OTMe­

THTh, qTO I1nhH MHxaiinOBHq, HeeMOTPH Ha eBOW naeeHBHOCTh, qTo nH, H HHepT­

HOeTb (3TH KaqeeTBa, no-MoeMY, qHeTO BHelllHHe), Ha eaMOM gene eBOH 

B3f'n.H,[(hl HHKOI',[(a He MeHHn H ,[(OBOnhHO TBepgo HX OTeTaHBan, HO oTeTaHBan, 

MO*eT 6b!Th, He aKTHBHhlMH, a KaKHMH-TO naeeHBHblMH MeTO,[(aMH. I1 qaeTo OH 

MegneHHO, HO BepHO go6HBaneH TeX perneHHH, KOTOPhle eqHTan HY*HhlMH. 

B KOHQe 30-x f'O,[(OB I1nhH MHxaiinOBHq HaqHHaeT eBOW negarorHqee1<yro 

ge.HTenhHOeTh B MoeKoBeKOM YHHBepeHTeTe. C .1943 roga OH npoq>eeeop 

MoeKoBeKOf'O YHHBepeHTeTa. R XoTen 6bi 3,[(eeh OT~eTHTh ( MO*eT Ob!Th, He 

Bee sttaroT), qTo oH obm ogHHM H3 opraHH3aTopoB HHHRC!> MrY. 3To oTgeneHHe 

51gepttoii q)H3HKH Ha qJH3HqeeKOM qiaKynbTeTe MrY ebIrpano 6onhlIIYW ponh B nog­

f'OTOBKe HgepHblX KagpoB B CoBeTeKOM Coro3e. 3geeh ponh I1nhH MHxaiinOBHqa 

oqeHb BenHKa, OH Y*e BO BpeMH BOHHbl npHBneKan e (ppOHTa q>H3HKOB, KOTO­

Phle TOnhKO nepeg BOHHOH OKOHq1mH qlH3HqeeKHH q>aKynhTeT MrY, TaK, no eYTH 

gena, H 6bina eo3gaHa Ka(j)egpa H,[(epHoil: (pH3HKH, KOTOpoil: gonrHe f'O,[(bl I1nhH 

MHXaHJIOBHq PYKOBOgHn. 

HJihH MHxaiinoBHtJ eogeil:eTBOBan H MOeMy nepexogy H3 qHHOBHHKOB B Ha­

yqHbie eOTPY.[{HHKH. C ero nOMOUlhW H, npopa6oTaB nono*eHHble TPH roga no 

paenpegeneHHW B TTpesH,[(HYMe AKageMHH HaYK, nepernen K HeMy B na6opaTOPHW, 

HOH OT,[(an MeHH Ha o6yqeHHe <l>egopy flhBOBHtJY. TTpaKTHtJeeKH e Tex nop nog 

PYKOBO,[(eTBOM l1nhH MHXaHJIOBHqa H pa6oTan HeeKOnhKO neT B Cl>I1AHe Bero 

na6opaTOPHH' a saTeM nepernen eroga' B na6opaTOPHIO Hel1TPOHHOH ©H3HKH. 

Korga H nepelllen B <I>I1AH, _ MHe ,[(OBOnhHO TPY,[(HO 6binO Ha eeMHHapax, 

oeo6eHHO Korga BbieTynanH TeopeTHKH. TTOTOM H BbIHeHHn, qTo TaK 6binO He 

TOnbKO gnH MeHH O,[(HOI'O. Ho HHTepeetto, qTo Korna noene npoenylliHBaHHH 

go1<naga B sane HaeTynana THIIIHHa, BeTaBan I1nhH MHxaiinoBHq HnH neoHHg 

BaeHnheBHq fpomeB, KOTOPblH 6bin ero saMeeTHTeneM, sagaBan Hee1<onhKO 

BonpoeoB TeopeTHKaM. noene 3TOI'O Te enO*Hble TeopeTHqeCKHe noeTpoeHHH, 

KOTOPble sgeeh npo3Byqan11, eTaHOBHnHeh nOHHTHbIMH, BbleTpaHBanaeh onpege­

neHHaH nof'HKa, H TaKoe y-qaeTHe B eeMHHapax PYKOBO.[{HTeneil: na6opaTOPHH 

6binO oqeHh nonesHhlM. TTOTOM Y*e H3 pasroBopa e .[(PYI'HMH H noHHn, tJTO 3TO 

He TOJihKO Moe JIHqHoe BnetJaTneHHe, HOH MHOI'HX gpyf'HX COTPY,[(HHKOB. 

l1Jih5I MHxa11noBHq' no eynI gena' He 6bin HH TeopeTHKOM' HH 3KenepHMeH­

TaTOPOM, OH 6bin, H 6bl eKasan, eeTeeTBOHenbITaTeneM. To eeTb OH noeTOHH­

HO IlhlTaneH nonjqHTh OTBeTW Ha KaKHe-TO Bonpoew. ff He 3Haro, IlOMHHT ~H 

AneKeaHgp l1nhHq <!>paHK TaKoii enyqaf1, Korga H pa6oTan B <I>l1AHe. OgHa*gbI 

neTOM, KOI',[(a Bee PYKOBO,[(HlllHe Kagpw na6opaTOPHH 6hlnH B OTnyeKe, q>OpManb-
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HO Ha3HaqHJIH MeHH HenoJIHHIDmHM o6513aHHOeTH 3aBenywmero na6opaTOPHeH. 

B 3TO BpeMH H3 AKaneMHH npHlliJia KaKaH-TO Ba•HaH 6yMara, Hano 6hlJIO Ha 

Hee OTBeqaTb. I1JibH MttxaHJIOBHqa He 6bmo, ero 3aMeeTHTeJIH - I1spaHJI51 JIKOB­

JieBHqa - To•e. Torna Mhl pernttJIH noexaTb K I1nhe MttxattJIOBHqy Ha naqy, TaM 

o6eynHJIH Bonpoe; TIOTOM OH oeTaBHJI Hae' IlHTb qai1_, H B 3TO BpeMH I1Jib51 Mtt­

xaHJIOBHq nonpoeHJI Carny npoBonHTb MeHH B neeoK Ha yqaeTKe H noKa3aTb, 

KaKHe TaM BenyTeH 11 3KenepHMeHTbl11
, Mb! nornJIH B nee, H Carna noKa3aJI MHe 

nonoeHHOBHK, PHnoM eTOHJia menoqKa, Ha KOTOPOH OTMeqanoeb, KaK paeTeT 

rptt6 no nHHM. 

JI eme BenOMHHaID, KaK I1JibH MttxaHJIOBHq noJiyqHJI Ho6eneBeKy!O npeMHIO, 

KaKHM panoeTHblM OH BepHyJieH H3 CTOKrOJibMa H e KaKHM HHTepeeoM paeeKa-

3bIBaJI BeHKHe nonpo6H'oeTH HaM B na6opaTOPHH H KaK e 60JiblliHM •enaHHeM 

nenHJieH eBOeH panoeTb!O. MHe noTOM noKa3aJIOeb, qTo nnH Hero Ho6eJieBeKaH 

npeMHH 6wna He TO~bKO npH3HaHHeM ero gaenyr, HOH KaKOH-TO o6H3aHHOeTb!O. 

OH ee BOenpHHHJI KaK HeKy!O rpa•naHeKYIO· o6513aHHOeTh, H 3THM onpenehHJIOeb 

BnoeneneTBHH ero yqaeTHe B TiaryoweKOH KOHtep~HQHH, B pa3JilfqHhlX aKQHHX 

rl06eJieBeKHX naypeaTOB. OH K 3TOMY Beerna roTOBHTTeH e 60JiblliOA TmaTeJib­

HOeTb!O. JI XOTeJI 6hl emeoTMeTHTb TaKy!O oeo6eHHOeTb HJibH MHxaAJIOBH4a, KaK 

TmaTeJibHaH nonroTOBKa Beex BhleTynneH110, name HeHayquwx. OH oqeHb TmR­

TeJibHo H gapaHee roTOBHJieH H Il03TOMY, Korna Bhlesman ga rpaHHllY, TO npo­

nyeKaJI qepeg rnaBJIHT eBOH BhleTynJieHHH ~a~e Ha TOpmeeTBCHHhlX uepeMOHHHX, 

TO eeTb He TOJibKO HayqHhle noKnanw. MHorue noeMeHBaJIHeb, HO,KRK H een­

qae nOHHMa!O, y Hero He 6bmo npo6neM, IlOTOMY qTo OH yme nonroTOBHJieH 

K 3TOMY BblCTYDJieHHIO. OH He 6bIJI eTopOHHHKOM lfMTTPOBH3aUHI1 II B CBOe11 mng­

HH Bcerna CTapaJICH yqHThlBaTb peaKQHIO Ha CBOH BhlCTynneHHH H oTneJibHhlX 

JIHqHOCTeH, H rpynnHPOBOK. TipaKTHqecKH Ha npOTH•eHHH 35 JICT 51 pa6oTaJI 

e HHM B pa3HblX oprKOMHTeTaX. VlJibH Muxai:'J.JIOBHq eme C TPHnQaTblX ronoB 

yqacTBOBaJI B opraH~3aQHH MHOrHX l];OBOeHHhlX KOH~epeHQHH B MocKBe, Xapb­

KOBe, lleHHHrpane. B noeneBOeHHoe BpeMH BC~ KOH~epeHUHH no Hei:'J.TpOHHOH 

qJH3HKe, TaK HB3bIBaeMble KtteBeKHe HeJiTP
0

0HHble lliKOJibl, rrpoxonttJIH np11 ero 

HenoepeneTBeHHOM yqaeTl111. TaK qTO OH, HeeMOTPH Ha CBOIO, Ka3aJIOCb 6w, 

3aMKHYTOeTb H naCCHBHOCTb, Ha caMOM nene 6hlJI oqeHb aKTHBHhlM qeJioBeKOM. 

Ho 3TO 6bU1a He noKa3HBH aKTHBHOCTb, a aKTIIBHOCTb BHYTPeHHHH, KOTOpaH 

Il03Bomrna I1Jibe MttxafrnoBnqy BbimaTb Bee 113 mll3HeHHOH CHJibl, OTnymeHHOH 

eMy npttponoii. 

JI yme rosopttn o TOM, qTo B eTyneuqecKne ronw, Korna Mhl c HHM no-

3HaKOMl1JIHeh, OH KasaneH HaM 60JibHhlM, 11 na•e epen11 CTYneHTOB xonnn11 Ta­

KHe enyxn, qTO OH nepeo6nyqHJIC51 H Tenepb nHH ero eoqTeHhl. name TaKOH 

BOT ~aKT: HaM napanJieJibHO qnTaJI JICKQHH no 6no~H3HKC ero 6paT rne6 MH­

xaAJIOBttq; H Mhl Beerna eqttTaJIH, qTo I1Jib51 MaxaAnbBttq - eTaprnttA 6paT, 

a rne6 MaxattJioBaq HaMHoro Monome ero. I1 TOJibKO Korna yme yMep rne6 Mtt­

xaAnoBHq, H Y3HaJI, qTo OH 6b!JI eTaprne. ilo BOT, HeCMOTPH Ha TaKy!O 6oneg-
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HeHHOCTb, HnbH MttxattnOBHq npomttn oqeHb HanpHmeHHYW 6onhlliYW mH3Hb. 

name nocnegHtte CBOH gHH oH aKTHBHo pa6oTan, pa6oTan Ha,npegene cBottx 

B03MOmHOCTeA. i 3Haw, KaK BhlrnHgenH B 3TH nocnegHHe gHH ero ganHCKH 

BOCilOMHHaHHH O Cepree HBaHOBHqe BaBttnoae, ero o6mtte BOCilOMHHaHHH, 

B nocnegHHe HegenH ero noqepK MeHHllCH, 6YKBhl CTaHOBHllHCb 6onhrne, CTPO­

Ka OT CTPOKH ganbllie B 6onbWHX TeTpagHx, KOTOphle OH Ben, CTpoqKH"3aBa­

llHBanHCb~ H TeM He Mettee OH HCilOllb30Ban Bee OTnymeHHhle eMy B03MOmHOC­

TH go nocnegttero. OH aegb npaKTttqecKH ycnen ace, qTo, no-BttgHMOMY, Ha­

MeTttn: saKoHqHn CBOH BOCilOMHHaHHH, saKoHqHn pegaKTHPOBaHtte TpeTbero 

H3gaHHH BOCilOMHHaHHH O Cepree HBaHOBHqe BaBHnoBe. H MHe KameTCH, qTO 

3aKOHqHB, OH HeCKOllbKO paccna6ttnCH nepeg TeM, KaK B03BpamaTbCH H3 

MoCKBhl B ny6Hy, H B 3TOT MOMeHT ero KaK pag H HaCTHrna CMepTb, 

HnbH MttxaunOBHq npomHn 6onblliYW HHTepecHyw mH3Hb ecTeCTBOHCilbITaTe­

llH H 3aKOHqHn ee, geHCTBHTenbHO, Ha nocnegHHX CBOHX CHnax. 
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11.M.c!>PAHK - C03JlATEJ1b J1AEOPATOPl1M ATOMHOro 5UlPA c!>l1AH 

11. 5I. EapHT 

11H~THTYT HnepHNX ttccnenoaaHHA AH CCCP, MocKBa 

J1a6opaTOPHH aTOMHoro Hnpa 6Nna opraHH30BaHa B 1946 rony. TTepaNe 

ronhl ee cymecTBOBaHHH ~OPMHPOBaJICH HayqHNA KOJIJieKTHB H TeMaTHKa ee pa-

60TN.Korna H BCnOMHHalO 3TOT neptton/a H KOCHYCb nepuona necHTH JieT:c1946 

no 1956 rr. :/,MHe Kai!CeTCH caMbIM YnHBHTeJibHbIM,KaK MHoro 3a 3TH necHTb" 

neT 6wno cnenaHo, HeCMOTPH Ha MOJionocTh KOJIJieKTHBa H OTCyTCTBHe y Hero 

KaKoro-ntt6o onNTa pa60Thl B o6naCTH HnepHoA tH3HKH (H3 CTaprnux TOBapHmen 

B J1a6opaTOPHH B TO apeMH pa6oTaJIH TOJibKO EareHHA JlbBOBHq c!>aRH6epr H Jle­

OHHn BaCHJibeBuq rpornea). 3necb, 6e3ycJIOBHO, CKa3aJiaCb cnoco6HdCTb !1JihH 

MHxaAJIOBHqa PYKOBOnHTb pa6oTaMH, He HBBH3hlBRH CBOero MHeHHH npyrHM, 

CTHMYJIHPYH HHHUHaTHB~ H TaKHM 06pa3c~ coneACTBOBBTh nporpeccy pa60Thl. 

11 XOTH l1nbH NttxaAnoeHq He HBJIHeTCH aBTOPOM HeKOTOPhlX pa6oT, BhlnonHeHHhlX 

B J1a6opaTOPHH B 3TOT nepHon, qTo o6bHCHHeTCH ero HCKJifOqHTeJibHO ~ene­

Tl-IJihHbIM OTHOllieHHeM K BBTOPCTBY' Ha ace:v1' qTo 6blJIO cnenaHO' JieJK!-IT OTne­

qaTOK ero TBOpqecTBa. TT03TOMY H He 6yny OCTaHaBJIHBaTbCH B 3TOM noKnane 

Ha OCTBJihHWX COTPYAHHKax, ynOMHHaT~KTO qTo cnenan: B naHHOM cnyqae 3TO 

coaeprneHHO Jil-IlliHee. 

B c!>l1AHe cymecTBOBan Hnepuw0 OTnen, KOTOpwn B03rJiaBJIHJI CKo6eJibUWH, 

H B 1946 rony OH 6wn pa3neneH Ha TPH na6opaTopuH. Oun, 113-3a ceKpeTHoc­

TH l-IJIH no npyrHM npl-IqHHaM, Ha3WBBJIHCh no ~aMHJIHHM 3aBenyromHx. J1a6opaTo­

Pl-IH aTOMHoro Hnpa Ha3WBanach na6opaTOPHeR ©paHKB, 6WJIH na6opaTOPHH 

BeKcnepa H na6opaTOPHH KOCMHqecKHX nyqeR. OcHOBHaH 3anaqa, KOTOpaH CTO­

HJia nepen na6opaToptteA ~paHKa, 6wna CBH3aHa c aTOMHoA npo6neMoA, a Toq­

Hee - C pa3pa60TKOti peaKTOPOB B CoBeTCKOM COI03e. 1-lJihH fttxat'!JIOBJ-lq He 

orpaHHqHBaJICH 3TOll 3anaqefr' XOTH OH a II 6b!Jia OCHOBHOf:' II napanneJibHO 

B J1a6opaTOPHH BeJIHCh pa60TW no HnepeoA ~H3HKe KaK TaKOBOR. 3To OKa3a­

J,OCh oqeHb none3Hb!M' noTOMY wro B 11aJihHe:1rneM HMeBlliHIICH 3anen 6blJI HC­

nOJih30BaH nnH pa6oTw no Tep~10Hnepuon npo6neMe, nnH H3Mepeu11R eeo6xonHMWX 

nnH peweHHH 3TOR npo6neMW ~H3HqecKHX napaMeTpOB. TTpoHCXOAHJIO B3aHMHOe 

06oramee0e 3THX Hanpaanemu1, B qacTHOCTH, c caMbIX nepBbIX nue11 cy1uecT­

BOBaHHH J1a6opaTopHH BeJIHCh pa50TW no C03ARHHIO yCKOPHTeJIH llPHMoro neAcT­

BHH (KaCKaneoro reHepaTopa). TTOHBJieHHe B J1a6opaTOPHH B KOHUe COPOKOBblX 
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ronos d-t -HeATPOHOB c,a;enano B03MOlKHhIM co3,a;aHHe cneKTPOMeTpa no speMe-

HH 3aMe,a;neHHH B CBHHUe, TaKHM 06pa30M, npo0cxon0no B3aHMHOe o6orameHHe 

pa3HhlX HanpasneHHA. 

HaqHy c pa6oT, KOTOPhie KacanHCb peaKTOpHOH npo6neMbl, EonblliOH UHKn 

pa6oT 6wn BhlnonHeH no H3MepeHHW. 3KCnoHeHUHanhHhlM MeTO,[J;OM (MeTO,[J;OM npH3-

Mbl) KOTenhHblX napaMeTpOB. 3To B 1946-1949 ronax 6binO., nomanyA, OCHOBHblM 

HanpasneHHeM pa60Tbl J1a6opaTOPHH. OHH 6binH . Torna ceKpeTHblMH, OCHOBHble 

pe3ynhTaTbl 6binH ony6nHKOBaHbl B 1955 ro,ny Ha cecCHH AKa.a;eMHH HaYK no 

MHPHOMY HCnonb30BaHHW aTOMHOH 3HeprHH, KOTOpaH npenmeCTBOBana nepBOH 

~eHeBCKOH KOH~epeHHHH. Peqb B 3THX pa6oTax mna 06 onpeneneHHH peaKTOp­

HblX napaMeTpOB H3 3KCnoHeHUHanhHbIX OnbITOB, T, e, MeTO,[J;OM npH3Mbl, B TO 

BpeMH cymecTBOBanu nsa anbTepHaTHBHblX MeTona: MeTo.n npH3Mbl H MeTo,n KpH­

THqeCKHX c6opoK. R .nonmeH oroBOPHTbCH, qTo He HBnHnCH yqacTHHKOM pa6oT 

B 3TOH o6nacT~H e,nHHCTBeHHoe, qTo MeHH H3BHHHeT, qTo HO HHX paCCKa3hl­

Baw, 3TO TO, qTQ no BCeMy UHKny pa6oT, KOTOphle BhlnOnHHnHCb B J1a6opaTOPHH, 

TPY~HO HaflTH qenoseKa, KOTOPblH 6bl yqaCTBOBan BO scex pa6oTaX. Peqb mna 

npelK.ne acero 06 onpe,neneHHH K03qJqJHUHeHTa pa3MHomemrn ( K ) , KOTOPhIA 

eCTb npOH3Be,[leHHe 'y~ e , H BnHHHHU Ha K03Q)qJHUHeHT pa3MHOlKeHHH BCe­

B031\!0lKHblX napaMeTpOB. l(o3qiqmu0eHT pa3MHOlKeHHH - 3TO OTHOllieHHe q0cna 

HeATPOHOB ,nsyx nocnenywm0x noKoneHHA npH pa3BHTHH uenHoro npouecca, 

'V - 3TO cpenttee q0cno 6bICTpbIX HeATpOHOB, HCnYCKaeMblX Ha O)lHH TennosoA 

He0TPOH, 3axsaqeHHhlA ypaHOM, ·~ - BepoHTHOCTb 3aMe,nnHTbCH ,no TennosoA 

CKOPOCTH, H36emaB 3aXBaTa, e - 3TO ,nonH TennOBhlX HeHTPOHOB, nornomeH­

HWX B ypaHe. ITPH3Ma npe,ncTaBnHna co6oA ~60PKY H3 rpaqJHTa H ypaHa .no­

BOnbHO 6onhlliHX pa3Mepos. Ee pa3Mepw 6wnH: CTOPOHhl KBa,npa~Horo OCHOBaHHH 

no 1 ,8 M H BhlCOTa 4,2 M. Llar HqeAKH 6wn 20 cM,H ypaHOBhle 6nOKH 6hlnH 

,nHaMeTpOM 35 .MM. H3 TeopHH npH3Mhl cne,nosano, qTo Ha .nocTaToqHo 60nblliOM 

y,naneHHH OT HCTQqHHKa HeHTPOHOB nnoTHOCTb HeHTPOHOB y6bIBaeT 3KCnoHeH­

UHanhHO. IToKa3aTenb 3KCnoHeHTbl oL--. en ;J /rz2-Z1) Henocpe,ncTBeHHO CBH3aH 

C reoMeTpHqecKHM qiaKTOPOM c£2 = 1l½,a2 -(X 2 , ITo 3TOI1 BenHqHHe MOlKHO 

onpe,nenHTb KPHTHqecKHl1 pa3Mep c6opKH, nnH KOTOPOH K03qJtHUHeHT pa3MHome-

HHH 6y,neT paseH e,nHHHUe, ITOMHMO onpe,neneHHH no Ben0q0He tt. 
qecKoro napaMeTpa, B 3KCnepHMeHTax C npH3MOH MOlKHO 6hinO onpe,nenHTb TaK­

me see napaMeTPbl, KOTOPbie BXOAHT B BbipameHHe .nnH K03qJqJHUHeHTa pa3MHO-, 

meHHH' H CaM K03qlqJHUHeHT. ITapaMeTp 0 onpe,nenHnCH .l1BYMH MeTo,naMH: 

H3MepeHHeM Ka,nMHesoro OTHOllieHHH, T,e. perHCTpau0eA HettTPOHOB B ,neTeK­

TOpe, OKPYlKeHHOM Ka,nMHeM,H 6e3 Ka,nMHH, a TaKme nyTeM cpaBHeHHH senHqHH 

ce,2 ,z:prn nPl13M, C npocnof!KOH 1<a,!lMHeBblMH nonocKaMH H 6e3 npocnOHKH Ka,n­

r.meM. BenHqHHbI k. , 'J H 'f onpe,nenHnHCh H3 H3MepeHHA c npH3MaMH c pa3-

Hoi1 KOHUeHTpau0eA ypaHa. TaKme H3MepHnHCb BnHHHHH B03)1YlliHOro 3a3opa, OT­

pameHHH OT BO,[J;bl H TeMnepaTYPHhie 3qJqJeKTbl, HapH,ny C 3KcnepnMeHTaMH pa3-

BHBanaCb Ta1<me H TeOPHH. Pa3BHTHe TeopHH npHBeno K TOMY, tITO 6binO no-
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HHTO, qTo TeMnepaTypa cpeAhl AOJ1*Ha BJ1HHTb Ha AHcl>iY3HOHHhle nap~MeTphl 

H, TaKHM o6pa30M, Ha ToqHOCTb onpeAeJteHHH H3MepHeMhIX senHtiHH. B CBH3H 

C 3THM B 3TOT *e nepHOA ObinH npeAilPHHHTbl 3KCnepHMeHTaJ1bHble HCCJieAOBa­

HHH paBHOBeCHblX cneKTpo's H AHQJ(pY3HOHHblX napaMeTpOB TennoBhlX HeHTPOHOB 

B 3THX pa3MHO*aIOIUHX cpeAaX B 3aBHCHMOCTH OT TeMnepaTYPhl H Ohlmi BblilOJ1-

HeHa IlOilhlTKa onpeAeneHHH cpenHeA CKOPOCTH·H OTKJIOHeHHH pacnpeAeneHHH 

HeATpOHOB no CKOPOCTHM OT MaKCBennoBCKOro pacnpeAeJ1eHHH.3TH 3KCnepttMeH­

Thl npOBOAHJIHCb TaKHM o6pa30M, qTo onpeAeJ1HJ1HCb cpeAHHH CKOPOCTb H cpeA­

HHH OopaTHaH CKOPOCTb. llnH onpeAeneHHH cpeAHeH CKOPOCTH H3MepHJ1HCb 

nnoTHOCTb HeATpOHOB c noMOIUblO 6opHoro AeTeKTopa H noTOK HeATpOHOB c no­

MOIUblO KaAMHeBoro (pHJ1bTpa, a cpeAHHH o6paTHaH CKOPOCTb onpeAeJ1HJ1aCb ny­

TeM H3MepeHHH cpeAHero Koscl>cl>ttntteHTa nornomeHHH s semecTsax c nornome­

HtteM no 3aKOHY 1 / u (LL ) . Pe3yn1>TaThI 3THX H3MepeHHH no3BOJ1HJIH CYAHTb 

0 TeMnepaType 0 HeH~POHOB B cpeAe HO TOM, eCTb J1H OTKJIOHeHHH OT MaKcsen­

J10BCKOro pacnpeAeneHHH. B pe3ynbTaTe ohmo noKa3aHo, c OAHOH CTOPOHhI, . 
qTo TeMnepaTypa cpeAhl MomeT OTJ1HqaTbCH OT TeMnepaTYPhl BhlTeKaIOWHX HeHT-

POHOB, a B reTeporeHHhlX cpeAaX C ypaHOM TeMnepaTypa HeATPOHOB 60J1bllie, 

qeM TeMnepaTypa cpeAw,a cneKTP OTJ1HqaeTCH OT MaKCBeJ1J10BCKOro,H, 80-BTO­

Ph~, qTo TpaHcnopTHaH AJIHHa H K03(p(pHQHeHT AHcl>~Y3HH 3aBHCHT OT Harpesa 

nOAOOHhlX CHCTeM. B pesynbTaTe HCCJieAOBaHHH 3THX HBJieHHA HnbeH Mttxailno­

BttqeM Obin npH,T.(yMaH H npeAJIO*eH HMnYJibCHblH MeTOA H3MepeHHH AH(pq)Y3Hlf 

H TepMaJ1H3aQHH B pasnttqHhlX cpeAaX, KOTOPhlH H 6wn B 3TOi nepHOA peantt-

30BaH. 3TOT MeTOA COCTOHJ1 B TOM, ~TO B 6nOKH pa3HhlX pasMepos snphlCKH­

sancH HMnynbCHhlH .nOTOK OhlCTPhlX HeHTPOHOB, a AaJibllie HsyqanHCb Ha rpaHttQe 

6noKa C noMOIUblO 6opHoro neTeKTOpa H3MeHeHHH nnoTHOCTH HeHTpOHOB no spe­

MeHH. TTptt nocTaTOqHo 60J1blliOM YAaneHHH no speMeHH OT MOMeHTa BCilhllliKH 
. e- o(.t . -' HeHTPOHHaH nnOTHOCTb cnaAana no -3aKOHY , rAe BenttqHHa ~, KaK 

ObinO noKa3aHO B TeOpHH, 3aBHCHT OT reoMeTpttt.IeCKOro .napaMeTpa Q . ·3Ta 

saBHCHMOCTb HMeeT cneAYIOIUHA BHA: ·, c{ = ~ + S2. (.Do - C Q) . JlnH MaJihlX 

3HaqeHHH J2 (nnH OOJ1blliHX pa3Mepos CHCTeMbl) 3aBHCHMOCTb HBJIHeTCH JIH­

HeAHoA, B 3TOH pa6oTe 6wno OTKPhlTO HOBOe HBJieHtte, KOTO­

poe 6hmo HassaHO ,lJ;HcpcpysHOHHblM oxna*AeHtteM · tt npOHBJIHeTCH s OTKJIOHeHHH 

OT J1HHeHHOA 3aBHCHMOCTH, KOTOpoe onHChIBaeTCH qneHOM C Q 2 . 0TKJ10HeHtte 

OT J1HHeAHOH 3aBHCHMOCTH CBH3aHO C HeOAHHa~OBOH CKOPOCTblO BhlTe~aHHH 

HeHTPOHOB pa3HhlX CKOpocTeA H3 cpeAhl, ITpettMYIUeCTBeHHO BWTeKaIOT H3 cpe;:i;w 

Te HeHTPOHhl, KOTOphle HMeIOT HaH60J1blliHA K03(p(pHQHeHT AH~(pY3HH. C 3THM CBH-

3aHo TO, qTo B pe3YJ1bTaTe B CaMoA cpeAe Tel\mepaTypa MO*eT He Ob[Tb pas­

HosecHoA, a cpena MO*eT J1H6o 66orarnaTbCH 6onee OhlCTP~MH HeHTPOHaMH, 

J1H6o, Hao6opoT, HMH. o6e;:i;HHTbCH. fI03TOMY 3TO HBJieHHe 6_blJ10 Ha3BaHO nmpcpy-

3HOHHblM oxna*AeHHeM HeATpOHOB B pe3yJ1bTaTe Toro, qTo 6bICTPble HeHTPOHb[ 

BhlTeKaIOT H3 CP~Ahl OhlCTpee, qeM MenneHHhle. A.B npttHQHne~ 'B 3aBHCHMOCTH 

OT Toro, KaK K03(p(pHQHeHT ,lJ;Hcpcpy3HH 3aBHCHT OT CKOPOCTH HeHTPOHOB B TOH 
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HRH HH08 cpe~e, MO)!(eT 6@Tb H .lJ;H~~Y3HOHHOe OXRa>K,lJ;eHtte, H HarpeB. 9TOT 

opHrHHaJibH@8 MeTO.lJ; Hawen illHPOKOe npHMeHeHue ,IVI.R H3MepeHH.R nu¢~Y3HH 

H TepManH3aUHH He8TpOHOB H ~o CHX nop HCnonbsyeTC.R ~n.R usyqeHHH pas­

nHqH@X cpe,n; H ~n.R HsyqeHH.R B3aHMonefiCTBHH He8TpOHOB c MOneKynaMH. MeTO~ 

o6na,naeT npeuMymecTBOM no cpaBHeHHIO co CTctUHOHapH@M H no3BORReT ,lJ;OCTH­

raTb 6onee B@COK08 ToqHOCTH H3MepeHH8. B 9TOM )Ke HanpaBne.HHH ne)!(HT pas­

pa60TKa H,lJ;eH, KOTOpaH B03HHKna B Jia6opaTOPHH .. H 6@na B He8 peanH30BaHa, 

no ucnonbsoBaHHJO oco6eHHocTe8 saMenneHHH HefiTpoHoB B TIDKe~x cpe,n;ax 

nnH -uenea cneKTPOMeTpHH He8TpoHoB (paspa6oTKa TaK Has@BaeMoro cneKTpo­

MeTpa no BpeMeHH 3aMe~neHH.R B CBHHue). B@no noKasaHo, qTO He8TpOH@, 

saMennHHCb B TH)!(en@x cpe,n;ax, rpynnHPYIOTCH B 3nBHCHMOCTH OT BpeMeHH, 

rpynnHpYIOTCH B .lJ;OBOnbHO Y3K08 o6nacTH 9Hepru8. TaKHM o6pasoM, K~OMY 

BpeMeHH 3aMenneHHH COOTBeTCTBYeT CBOH 9HeprHH. 9TO CBH3aHO, KaK H3BecT­

HO, c 3aBHCHMOCTblO CBOoonHoro npo6era ,n;n.R pacceRHHH OT CKOPOCTH, nos­

TOMY HettTpOHN, noTepHBWHe 6onhWYIO aHeprHJO H HMeJO~He MeHbillYIO CKOPOCTb, 

B .n;anhHefiweM HaqHHaJOT Me,IVIeHHee 3aMe,wIHTbCH, a Te, KOTOp@e noTepHRH 

MeHbille 9HeprHH, 3aMe,wIHIOTC.R 6@CTpee. 9TO npHBO.D;HT K (pOKYCHPOBKe HX no 

9HeprHH HK Hanuquro 3aBHCHMOCTH Me)!(,D.Y 9Heprue8 HefiTpOHOB B Ka)!{,Il;@8 ,naH­

H@8 MOMeHT B CBHHUOBOM Ky6e. OT BpeMeHH, npoTeKwero c MoMeHTa BCn@WKH. 

TaKHM o6pasoM, y,n;aeTCH HCnonb30BaTb 9TOT 9~~eKT ,ItJlH cneKTpOMeTpHH, qTo 

H 6~o peannsoBaHo B Jia6opaTopuu. TaKofi cneKTpoMeTp no BpeMeHn saMen­

neHHH B CBHHUe ncnonbsyeTCH .n:o CHX nap B Jla6opaTOPHH, H ,lJ.a)!(e eCTb 

nnaH@ pasBHTHH era H nocTaHOBKH, B qacTHOCTH, Ha Me30HHYIO cpa6pHKY, 

a B 6ntt)!(a~weM 6Y.n:Y~eM Ha nHHe8H~fi YCKOPHTenb sneKTpOHOB B HHCTHTYTe 

.R,nepH@X HCCne,n;oBaHHfi, T.e. Ha HCTQqHHKe, KOTOp@fi HMeeT 6onhWYIO HHTeH­

CHBHOCTb HefiTpOHOB. npeHMymecTBaMH 9TOro cneKTPOMeTpa .fIB:rIHRHCb, KaK 

H3BeCTHO, 6onbWaH CBeTOCHna, Ma~fi ¢oH, qTo ~enano era YHHKaRbH@M npn-

6opoM nnH H3MepeHHH ceqeHHfi saxBaTa n, HaKOHeu, B03MO)!(HOCTb B illHPOKOM 

HHTepBane 9HeprHfi, OT TennOBblX .n:o ,necHTKOB KHnOBORbT, B e,n;HHOM npn6o­

pe nonyqaTb HefiTpOHH@e. ceqeHHH. He.n;ocTaTKOM, KaK H3BeCTHO, HBRHeTCH 

OTHocttTenbHO nnoxoe paspeweHue - nopR~Ka 30%. Ho ~n.fl onpe~eneHHbtx sa­

,n;aq, r,n:e He Tpe6yeTCH .H3MepeHHe OT,nenbH@X pesoHaHCOB, a nHillb nonyqeHHe 

ycpe,nHeHH@X ceqerltt8, OH no cux nap HBn.ReTcH HesaMeHHMhlM npn6opoM. Kpo­

Me Toro, B cnyqae noB@illeHHH HHTeHCHBHOCTH He8TpOHHOfi BCn~WKH OH MO)!(eT 

6@Tb ucnonhsoBaH ,nn.R usyqeHnH pe,nKHX npoueccoB. 

H3 CKasaHHoro BH.lJ;HO, KaK Ha npOTH)!(eHHH 9THX neT noruqeCKH pa3BH­

BanOCb 9TO HanpaBneHne: nepexo.n OT CTaUHOHapH@X K HecTaUHOHapH@M Me­

TOnaM, BOnpoc TepManusauHH HefiTpOHOB B CTaUHOHapHOM cnyqae H B HecTa­

UHOHapHOM cnyqae u, HaKoHeu, ucnonb30BaHtte aToro MeTo~a .n;nH cneKTpo­

MeTpHH HefiTpOHOB. Bee 9TO 6@no noruqecKH CBH3aHO H OTpa)!(ano TY oco6eH­

HOCTb HnbH MuxafinOBHqa, qTO OH He CTOnbKO CTpeMHRCH K BHelliHHM s~cpeKTaM 
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B pa6oTe, CKOnbKO K rny6oKOMY npoHHKHOBeHHJO B ¢H3HKY HBneHHfi, a OTCJOna 

H npoHCTeKana TaKaH BOT norHqecKaH CBH3aHHOCTb Beere HanpaBneHHH, KO­

TOpoe B KOHeqHQM cqeTe H npHBeno K C03,llaHHJO HMnynbCHoro peaKTOpa B J:ly6-

He. HHTepec K cneKTPOMeTpHH He8TpOHOB 6hln CBH3aH He npocTO C TeMH B03-

MO~HOCTHMH, KOTOphle 6hlnH sano~eHhl B paspa60TaHHOM MeTo,ne, a 6hln CBH3aH 

C TeM, qTo B xone H3MepeHHH MaKpOCKOnHqecKHX xapaKTepHCTHK nOHBHnCH 

HHTepec K H3MepeHHJO MHKPOCKOrrHqecKHX napaMeTpOB ,nnH Toro, qTo6h1 CBH3aTb 

MaKpOCKOTTHKY C MHKPOCK.OnHK08 TeopeTHqecKH. H XOTen 6h1 CKa3aTb o TOM, 

qTo, 3aHHMaHCb 9T08 npo6neMofi, HnbH MHxafinOBHq rny60KO noHHMan c!lH3HKY 

He8TpOHOB, oco6eHHOCTH B3aHMOReficTBHH He8TpOHOB c Be~eCTBOM H BHec 3Ha­

qHTenbHhlfi BKnan B pa3BHTHe 9THX pasnenoB ¢H3HKH. HapHnY C 9THM OH CTpe­

MHnCH K pa3BHTHJO npyrHX pas11enoB HnepHofi ¢H3HKH B na6opaTOPHH. B 9TO 

BpeMH nonocnena ITOTpe6HOCTb, CBH3aHHaH c TepMOH~epHofi npo6neM08. B CBH-

3H c 9THM B na6op~TOPHH 6hln BhlnonHeH 6onblli08 UHKn pa60T no H3MepeHHJO 

B3aHMone8CTBHH 6h1CTPh1X HefiTpOHOB c ypaHOM, nHTHeM, TPHTHeM H no H3Me­

peHHJO TepMOH.r.tepHbIX peaKUHfi d-t - H cl-d. -peaKUHfi-. C caMoro Haqana 

pa6oT B na6opaTOPHH HnbH ~HxafinOBHq CTpeMHnCH pa3BHBaTb BCeB03MOJKHhle 

MeTO.r.tbl neTeKTHpOBaHHq SI,[(epHblX H3nyqeHHfi. OH ITOnOJKHn Haqano pa3BHTHJO 

MeTO.r.ta H.[lepHhlX ¢OT09MYnbCHfi B CoBeTCKOM ~OJ03e. OH B03rnaBnHn COOTBeTCT­

BYJOmYJO KOMHCCHJO, H B na6opaTOPHH 6hlna C03.[laHa rpynna, KOTOpaH 3aHHMa­

nacb HnepHhlMH ¢oT09MYnbCHHMH. B qacTHOC-TH, 9Ta rpynna noMHMO HCCneno­

BaHHfi KOCMHqecKHX nyqefi npoBO,n;Hna B TOT nepHo,n HsyqeHHe 11eneHHH H,nep 

ypaHa non nefiCTBHeM .7C-Me$OHOB, npoTOHOB, HefiTpOHOB H raMMa-nyqefi 

BhlCOKHX 9HeprHfi no 400 M::iB. Bhlno noKa3aHo, qTo 9HeprHH B036YJKneHHH 

.r.ienHmerocH H,npa He 3aBHCHT OT 9HeprHfi qaCTHU, Bh13h1BaJOmHx ~eneHHe, noTo­

MY qTQ npoHCXO.r.tHT npe'ABapHTenbHOe CHHTHe B036YJKlleHHR sa cqeT SMHCCHH 

qacTHU. MeTonoM flnepHhlX q>OTOSMYnbCHfi H3MepflnOCb TaKJKe pacce.ftHHe :1T.-Me-

30HOB Ha npOTOHaX H nefiTpoHax B mme. KoHeqHo, 9TH pesynbTaTbl He 6blnH 

npeUH3HOHHblMH, HO OHH npe.z:t[lleCTBOBanH pesynbTaTaM, nonyqeHHhlM C 9neKTpo­

HHK08, H noKa3h1BanH, qTo Hnbfl MHxaanoBHq CTpeMHnCR K lliHpOKOMY q>pOHTY 

pa60T B o6naCTH fl,llepHofi ¢H3HKH. XoTenocb 6h1 OTMeTHTb eme, qTo pa60Th1 

B TO BpeMfl BhlnonHflnHCb B qeTKO onpe,neneHHble CJKaThle cpOKH, H Mhl Bhl,nepJKH­

BanH 9TH cpOKH. H paccKaJKy nBa 8ITH30.lla, xapaKTepH3YJOmHe CTHnb pa60Th1 

Toro BpeMeHH. 0.r.tHH snHso.r.i TaKofi. Mh1 H3MepflnH ceqeHHe neneHHfl ypaHa 

,llnH 14 - M::iB HefiTpOHOB. H3BeCTHO, nnH qero STO 6hlnO HYJKHO. CpoK STOfi 

pa60Th1 6hln onpeneneH CJKaThlfi. H3BeCTHO, qTo B cl-t-peaKUHH HCITYCKaJOTCH 

anb¢a-qaCTHUhl, H Il09TOMY MOHHTOPHPOBaTb ITOTOK HefiTpOHOB MOJKHO cqeTOM 

anb¢a-qaCTHU, qTO Mh1 H nenanH·. Ho Hnbfl MHxafrnOBHq cqHTan oqeHb BaJKHhlM 

nonyqeHHe HaneJKHhlX pesynbTaTOB H n09TOMY noTpe6oBan, qTo6bI ITOMHMO MOHH­

TOPHPOBaHHH C noMOmbro anb¢a-qacTHU npoBenH MOHHTOPHPOBaHHe noTOKa HeAT­

poHOB C nOMOmbJO rpa¢HTOBOfi npH3Mh1. H3MepeHH.ft nOTOKa HefiTPOHOB C noMombJO 

rpa¢HTOB08 npH3Mh1 6hlnH BhlnonHeHhl. nonomen cpoK, H Hano 6hlno Bhl.llaBaTb 

14 



pesyJibTaT, a H3MepeHHR C rpa(t>HTOBOA npH3M08 e~e He 6b1JIH noJIHOCTb~ sa­

KOHqeHbl. H BOT HJibR MHXa8JI0BHq co6pa.n COBemaHHe Bcex yqacTHHKOB y ce6n 

B Ka6HHeTe, H nepe,tt HHMH 6@.110 nocTaBJieHo ,Il~a Bonpoca: Bbl~a:eaTb. HJIH He 

Bbl,naBaTb pesyJibTaT, a ecJIH Bbl,IlaBaTb, TO KaKylO UH(t>py, qTQ Bbl,IlaBaTb? Ha 

nepBblA Bonpoc BCe npHCYTCTBYIOmHe OTBeTHJIH n0JIO)KHTeJibHO •. Ha BTOP0A 

Bonpoc 0TBeT 6blJI TaKoA: 1,10 6 ~). BTopoA npHMep. Hy)KH0 6b1JI0 H3MePHTb 

ceqeHHe peaKUHH 6U(tt, cl) ~H . HsMepeHHR BblnOJIHRJIHCb B H0HH3aUHOHHo9 

KaMepe co CJI0eM JIHTUA-(t>T0P, HO TeM He MeHee B ,T.taHHOM cnyqae HJibR 

MHxa8JI0BHq cqHTaJI )KeJiaTeJibHblM napaJIJleJibHO npoBeCTH H3Mep~HHR ,npyrHM 

MeT0,It0M, H STH H3MepeHHR 6blJIH npo:Sel-leHbl TaK)Ke MeT0.rtOM n,nepH08 ,?>0T0-

SMYJibCHH, B K0T0PYIO sarpy)KaJI0Cb coe,nHHeHHe JIHTHR. 06a MeTo,na ,11a.TIH 

cornacywmHecn .z:tpyr c ,ttpyroM pesyJibTaT@. Bee, qTo n paccKa3blBa.n, Gblno 

Bblil0JIHeHo He60JibillHM K0JIJieKTHB0M MeHee qeM sa ,necRTb JteT. ECJIH npH STOM 

yqeCTb, qTo ypoBeHb H3MepHTeJibH08 TeXHHKH H.Boo6me MBT0,11HK B TO B~eMR 

6blJI ,B saqaToqHQM C0CT0RHHH, TO, MHe KIDKeTcn, ST0 MJIJIIOCTpHpyeT, 

K qeMY MO)KeT npHBeCTH PYKOBO)4CTBO JIIO,ItbMH, · KOr.na OHH B,Il;OXHOBJieHbl 3 a,na­

qe8 H Karna He CBR3aHa MX HHHUHaTHBa. 

~) B HaCTonmee BpeMR npHHRToe 3HaqeHHe 1,04 6. 
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HMTTYJibCHblfl METO.Il HCCJIE.IlOBAHHfI 3AME)lJUllOII(HX H PA3MHO)KAIOITU1X CPE,ll 

B.H.MocToso11 

HHCTHTYT aTOMHOH :rneprim HM. H.B.KypqaTosa, MocKBa 

5I XOTen 6w HeCKOJlbKO ,llOITOJlHHTb paCCKa3 l,13paHJ1H 5IKOBJleBHtia, Kacam­

lltHHCH HMITYJlbCHoro MeTO,lla HCCJle,uosaHHH 3aMe,llJlHIDmHx H pa3MHO:>KaIDmHx cpen. 

)leno He TOJlbKO B TOM, tITO HnbH MHXaHJlOBHtI rrpenno:>K1rn 11MITYJlbCHbll1 MeTO,ll, 

a B TOM, tJTO 3TOT MeTO,ll OKa3aJlCH OtieHb MOmHbIM cpencTBOM H3YtieHHH 3aMe,u­

JlHIDmHx H pa3MHO:>KaIDmHx cpe,u KaK Ha rrepBOM 3Tane C03,llaHHH aTOMHoro peaK-. ' 
Topa, TaK H Ha 3Tane npaKTHtJeCKoro HCITOJlb30BaHHH uenHOH HnepHOH peaK-

QHH ,llJlH C03,llaHHH aTOMHWX 3neKTPOCTaHQHH BITJlOTb ,llO nocne,uHero speMeH11: 

qepH06binbCKHX H rrocneqepH06bmbCKHX co6blTHH. 3TOT MeTO.D; IT0380Jll1Jl rny6-

:>Ke ITOHHTb H rrpouecCbl B3al1MO.D;e0cTBHH HeHTPOHOB C KOH,lleHc11poBaHHbIM COCTO­

HHHeM semecTsa, ITOTOMY tJTO BOT 3Ta KOHCTaHTa "C" - KOHCTaHTa ,lll1QlqlY3110H­

HOro oxnaz,ueHHH-3aBHCHT He TOJlbKO OT TpaHcnopTHOH .D;JlHHbI, HO TaK:>Ke OT 

CKOPOCTH o6MeHa Me:>K.D;Y He11TpOHOM H cpenofr, KOTopaH OTpaJKaeT )::{HHaMHKY 

H CTPYKTYPY KOH,lleHCHposaHHoro semecTBa. HMITYJibCHblH MeTO.D;, npe,uJlOJ!<eHHblH 

Hn&efi M11xafinostttJeM, rro3son11n rny6ze rroH51Tb rrpoueccbI TpaHcnopTa Hei"ITpo­

Hos. Co speMeHeM 3.D;eCb B03HHKJlU sorrpocw co6CTBeHHNX 3HatJeH11A, TaKl1X, 

KaK llJlHHa ,llHQJqlY3HH, speMH TepMaJlH3aQHI1 11 T. ll. 5f .llYMaia, tITO 3aKOHOMePHO, 

tJTO 3TOT MeTon, Ha3BaHHWA KaK HBJieHHe OXJia~neHHH 11 HarpesaHHH Terrno­

BWX HeATpOHOB rrpH nn~QJY3HH, 3aperHCTPl1POBaH HeCKOJlbKO neT Ha3an KaK 

OTKPWTHe. 3,uecb l13paHJlb 5IKOBJJesnq CKa3an, KaKOBa 6bma POJlb 3TOro MeTO­

na Ha rrepsoM 3Tarre C03.D;aHHH nepsoro aTOMHoro peaKTopa. B cepe,u11He nH­

TH,lleCHTWX ro,uos, Karna HatiaJlOCb pa3BHTHe ITPl1KJia.D;HWX 11ccnenosaHH~, CBH-

3aHHNX C HCITOJlb30BaHHeM ,ueneHHH H,llep ,llJlH nonytJeHl1H 3Hepr11H, Korna Ha­

tJaJlH pa3pa6aTWBaTbCH peaKTOPN .D;JlH aTOMHNX 3JleKTPOCTaHQ11H, OKa3aJlOCb, 

tJTO 3~~eKT TepMaJIH3aQHH HeHTPOHOB orrpe,ueJIHeT cymecTBeHHWe napaMeTpN 

peaKTopa; OT BH.D;a crreKTPOMeTpa 3aBHCeJI K03~~HUHeHT KOHBepcn11 ypaHa-235 

B ITJlYTOHH0, TO)Ke ropmqee semecTso, a TaKze TeMrrepaTYPHNH K03tqJHQHeHT 

peaKTHBHOCTH, tITO saZHO 6wno .D;JlH npo6JieMN 6e3onaCHOCTH. Torna Te, KTO 

3aHHMaJlCH rrpo6neMoR TepMaJlH3aQHl1 ueRTPOHOB, o6paTl1JIHCb HMeHHO K MeTO.llY, 

rrpenno:>KeHHOMY Hn&ea MuxaRJIOBH•tJeM, - 11MITYJlbCHOMY MeTO.D;Y }1JlH H3YtJeHJrn Tep­

MaJlH3aQHH. MeTO.D; ITOJlYtIHJI HOBoe pa3BHTHe: HHTeHCHBHOCTb HeRTpOHOB H3Me­

PHJiaCb He TOJlbKO B 3aBHCHMOCTH OT speMeHH, HOH B 3aBHCl1MOCTl1 OT 3Hepr11~ 

tJTO nano ,llOITOJlHHTeJlbHO OtJeHb 6oraTyID HH~OPMBQl1ID H IT0380Jll1Jl0 rny6ze 

DPOHHKHYTb B rrpoueccw B3aHMO.D;eHCTBHH HeRTpoHa C semecTBOM. TTpttpona KO-
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3qicpm.(tteHTa oxna:iK.r:temrn 6bma 6onee rny601w noHSITa, H, KaK SI y:iKe ynoMttHan, 

IlOHSITa npo6neMa co6CTBeHHblX 9HatJeHHH B TPaHcnopTHOH npo6neMe nepeHoca. 

ITocne qepH06blJlSI B03HHKJla OlJeHb cepbeSHaSI npo6neMa, BOJlHYWmasi H cne­

UHaJlHCTOB, tt lliHPOKHe KPYI'H o6mecTBeHHOCTH.: lJTO 6y.r:teT .r:taJlbWe c peaKTO­

POMlJeTeepTOI'O 6J10Ka? He HaCTYilHT JlH TaKoA MOMeHT, KOJ'.r:ta MO:lKeT CHOBa 

IlPOH90HTH caMOilPOH3B0JlbHblH uenHOH npouecc .r:teJleHHSI? nnsi 3TOI'O Heo6XO.r:tH­

MO 6b1Jl0 H3MepHTb no.r:tKPHTHlJHOCTb TOH MaCCbl ypaHa H IlJlYTOHHSI, KOTOpaSI 

6b1Jla HenOHSITHO B KaKOH ¢opMe, IlOTOMY lJTO aKTHBHaSI 90Ha, KaK H9BeCTHO, 

pacnnaBHJlaCb, B Tex YCJlOBHSIX MO:lKHO 6b1Jl~ onpe.r:teJlHTb STY 00.1:tKPHTHlJHOCTb 

TOJlbKO HMilYJlbCHblM MeTOJ:tOM. PeSYJlbTaTbl HCCJle,n;oeaHHH. npoee,n;eHHblX COT­

PY.r:tHHKaMH HHCTHTYTa aTOMHOH sueprHH, ycnoKaHeawT o6e CTOPOHbl: tt cne­

UHaJlHCTOB, H 061neCTBeHHOCTb, 0Ka3aJlOCb, lJTO IlO,!J;KPHTHlJHOCTb ,IJ;OBOJlbHO 

rny6oKasi. 

HJlbSI MttxaAJlOBHlJ H B q>H9HKY peaKTOPOB, KaK H B ,n;pyrtte 06JlaCTH tn-

911IGI, BHec ceoe 11 Sl 11
, HenoBTOPHMOe 11 Sl 11

, 
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K l1CTOPl1l1 :C03,llAHl1~ HEP a. nAt✓-.5ITH HJ1hl1 Ml1XAP.J10Bl1tJA <I>PAHKA 

I0.5I.CTaBMCCKMH 

l1HcTMTYT 51nepHbIX ttccnenoaaHm1 AH CCCP, TpoMUK 

BnepBbie 51 BCTpeTMnC51 C l1nbeH MMXaflnOBMqeM <l>paHKOM B cepenMHe 

1956 rona, c HaqanoM pa6oT no cosnaHMW HBPa, Mc Tex nop conpMKacanc51 

C HMM nOCT051HHO 6onee 30 neT~ 3TH conpMKOCHOBeHM51 Bcerna OCTaBn51nM rny-

6oKoe aneqaTneHMe. Mb1, oco6eHHo B MononocTM, qacTo cyeTMMC51 M nenaeM 

MHoro nMmHero. CqMTaeTC51, qTo MYllPOCTb npMXOllMT C BospacTOM. CKOnbKO 

51 noMHW HnbW MMxa11J10BMqa, a 3TO yJKe noqTM 35 neT, rnaBHa51 ero qepTa, 

KOTOpa51 Ha MeH51 BCerna npOM3BOnMna BneqaTneHHe, - 3TO MYllPOCTb qenoae­

Ka M yqeHoro. 

5I xoqy KOCHYTbC51 HeKOTOPhlX acneKTOB MCTOPMH cosnaHM51 MMnynbcHoro 

6NCTporo peaKTOpa nepHOllMqecKoro ne0CTBM51,Ha OCHOBe KOTOporo B CBOe 

BpeM51 6wna cosnaHa M pasBMnacb Jla6opaTOPM51 HeATpOHHOH ~M3MKM Ol15IH. 

~ibI, o6HMHUbI, K KOTOPbIM Mb! OTHOCMM M nepaoro nupeKTopa OIIRVi - JlMMTPM51 

HBaHOBMqa BnoXMHQeBa, npHHanneJKMM, no cymecTBY, K JleHMHrpancKOH lliKOne 

A.<I>.vioqi~e qepes A.Vi.JleflnyHcKoro - ero 6nusKoro yqeHHKa, Harnero yquTen51. 

l1nb51 Mttxaflnoattq - 3TO rnKona <I>HAHa. no-MoeMy, KTO-TO CKasan, qTo Hnb51 

MHxaflnOBMq 6es 6onbmoro 3HTY3Ma3Ma OTHOCMnC51 K npo6neMe 51nepHhlX peaK­

TOPOB, B KOTOPOH OH aKTHBHO yqacTBOBan C nepBhlX nocneaoeHHhlX neT. MHe 

ceflqac 06 3TOM TPYllHO CYllHTb, HO KaJKeTC51, qTo Bee neno B nHqHNX npH-, 

CTpaCTH51X M MHTepecax BpeMeHH. 

B 1946 r. B <I>YiAHe 6bma opraHttsoBaHa na6opaTOPH51 aTOMHoro 51npa 

non PYKOBOllCTBOM 11.N.<I>paHKa nn51 yqaCTM51 B perueHHH BnOnHe npaKTHqecK00 

sanaqM - cosnaHH51 aTOMHOH 3HepreTHKH. 06 aTOMHOtt 3HepreTMKe, KaK 06 

aTOMHhlX 3neKTPOCTaHUM51X, Torna, KOHeqHo, HHKTO cepbe3HO He llYMan. 3TO 

6oma npo6neMa cosnaHH51 OPYJKH51, K0Topa51 CT051na B Te ronb1 nepen cTpa110:r 

KaK aonpoc HOMep onttH ee JKHSHH. H onpenene11Ha51 BeTBb pa6oT npoaonunacb 

B AKaneMHM HayK, B na6opaTOPHH HnbH MuxaflnOBHqa <l>paHKa. Jln51 HnepHblX 

peaKTOPOB, KOTOphle neJKanH B OCIIOBe npo6neMhl npOH3B0llCTBa nnyTOIIH51, 

BOilPOCbl llH$qJY3MH M saMenneHMH 51Bn51nHCb KnwqeBbIMH. 3THM H onpenen51nocb 

HanpaaneHHe pa6oT, o KOTOPOM TaK HHTepeCHO paccKasan H.5I.BapHT. BTopoR 

aonpoc - sTo 51nepHwe peaKUHH, onpenen51wmtte npoueccw TepMo51nepHoro cu11-
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Te3a, KOTOphle TaKme neTaJJbHO H3YtiaJJHCb B na6opaTOPHH aTOMHoro Hnpa. 

l1MeHHO 3TH acneKTbl npaKTHtieCKOI'O npHMeHeHHH ~nepHblX HCCJJenosaHHM H 

B1:l3bl8aJJH HenpHHTHe B ero nywe. rnaBHblM nnH ero nYWH OCTaBaJJCH 3qJ(f)eKT 

TaMMa-<llpaHKa-4epeHKOBa. l1 Hano CKasaTb, tITO cpegu MHOI'HX pa6oT, YAOCTO­

eHHblX Ho6eJJeBCKHX npeMHM' 3Ta pa6oTa BbtnenHeTCH OTCYTCTBHeM nPYI'HX npe­

TeHneHTOB, OHa Bcerna HMeJJa BilOJJHe onH03HatIHhlM npHOPHTeT. B TO me speMH 

BCH mH3Hb l1JJbH Muxa11JJOBHtia' ero HayqHaH )KJ13Hb' C 1946 r. OblJla CBH3aHa 

C pa3BHTHeM coapeMeHHOM HeMTPOHHOM HnepHOM qJH3HKH, TeopqeCKH pa6oTaH 

B 3TOH o6JJaCTH, J1JJbH Mttxa0JJOBH4 BHeC B Hee oqeHb MHOro ceoero, MHOro 

HHTepeCHblX HneA, HOBbIX pemeHHM. CosnaHHe /npH yqaCTHH <l>enopa JlhBOBHtia 

illanHpo/ Jla6opaTOPHH HeHTPOHHOM QJH3HKH OHRH, ee KOJJJJeKTHBa H HaYtIHOH 

aTMOCl}Jephl, l})HaHOBCKOH aTMOccpepbI, KaK ee Ha3h!Ba!OT, C oqeHb KPHTHtieCKHM 

OTHOIIIeHHeM K COOCTBeHHbIM pesYJJbTaTaM, Korna see pa60TbI nosonHTCH no 

csoero norHqecKoro sasepmeHHH, - 3TO ero sa)KHeAIIIHH BKnan B coseTCKYIO 

HaYKY, R nYMalO, auanoros TaKOH JJa6opaTOPHH s MHpe cefiqac IlPOCTO HeT. 

HCTOPHIO HSPa TaKme Hano HatIHHaTb noBOJlbHO H3naJJeKa. HatiaJJaCb OHa 

B 06HHHCKe. 06HHHCK, MeiKnY npOtIHM, CBH3aH c fly6HOM noBOJlbHO TeCHO. TTpH­

MepHo B 1949 r; B 06HHHCKe OblJlH npeKpameHbl pa6oTbl no paspa60TKe npo­

TOHHoro CHHXPOTPOHa, KOTopwe BeJJHCb TaM OKOJJO Tpex neT. Te caMhle pa60Thl, 

KOTOphle npuaenH BnocnencTBHH K·CosnaHHIO BeKcnepOBCKoro 10 f9B-CHH­

xp0Tp0Ha JIB3. B 06HHHCKe 3TH pa60Thl BeJJHCb non PYKOBoncTBOM A.11.JleAnyH­

CKOro - onHoro H3 yqeHHKOB A.<ll.Hocpcpe, BbinaromerocH qJH3HKa, KOTOPOMY npH­

HannemHT, B qacTHOCTH' nepBblH 9KcnepHMeHT no o6HapyiKeHHIO HeHTPHHO' 

nposeneunwB B na6opaToPHH Pesep~opna npHMepHo s 1935 r. no KaKHM-To 

coo6pameHHHM, epone Ohl no coo6paiKeHHHM 9HepreTHKH (HBaHbKOBC~aH f3C!), 

H 6wno npHHHTO peweHHe O coopymeHHH npOTOHHOro CHHXPOTpOHa B llY6He, 

COOTBeTCTBYIOmHe pa60Tbl OblJlH nepenaHbl B <Dl1AH rpynne 'BeKcnepa' a rpynna 

TTeTyxosa, KOTopaH pa6oTana B Te speMeHa B 06HHHCKe, B 1949 r. nepewna 

B lly6uy. B 06HHHCKe me non PYKosoncTBoM A.H.JleAnYHCKoro Hatianacb pas­

pa6oTKa npo6JJeMhl OhlCTPhlX peaKTOPOB-6pttnepoB nnH aTOMHOM 9HepreTHKH. 

EhlCTpWe peaKTOPW, ecntt HX onpenenHTb no 803MOiKHOCTH KpaTKO, - 9TO Hgep­

Hhle peaKTOPhl,, B KOTOPhlX He npHHHMaeTCH cneQHaJJbHhlX Mep no 3aMenneHHIO 

HeHTPOHOB, 0Tc!Ona Bb[TeKalOT nse HX oco6eHHOCTH: nepBaH - B03MO)KHOCTb 

HMeTb pacwttpeHHoe socnpoussoncTBo Hnepuoro rop10qero, T,e. nonytiaTb ero 

6onhme(e BHAe nnyToHHH), qeM sw cmuraeTe s peaKTope,- sa ctieT neneHHH 

npttponuoro ypaHa 11 MRJJOCTH panttaQHOHHoro saxBaTa, tITO nonHOCTblO CHHMa­

eT npo6neMy cwpheswx pecypcos aTOMHOM 3HepreTHK~. BTopaH oco6eHHOCTb 

OhlCTPWX peaKTOPOB - H3-3a Toro, tITO 3aMenneHHH HeT, Bpe~H iKH3HH HeMTPO­

HOB B HHX Mano, B 3aBHCHMOCTH OT KOMn03HQHH c6opKH - 10- 8-10- 6 C .. 

3TO OTKPhlBa~T B03MO)KHOCTb noriytieHHH KOPOTKHX HMnYJJbCOB MOIIIHOCTH B pa3-
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-6 
MHOiKalOI.IUIX CHCTeMaX Ha .OblC,TPbIX HettTPOHaX' HaqwHaH OT 1 0 C . ( B3PbIB-

Hble YCTPOHCTBa, KOTOpbie C03,[(aBaJ1HCh, ··ecTeCTBeHHO, He ,[(JlH qlli3HKH, HO 

HHOF,[(a ,[(JlH qlli3HKH HCnOJ1~30BaJ1HCh, Mw 3H8eM paoOThl nHBeHa.no HCnOJ1h30Ba­

HHIO HMnYJlhCOB HeHTPOHOB no,n3eMHhlX H,[(epHhlX B3phlBOB ,[(JlH HettTPOHHOH cneKT­

POCKOnHH) • C MaJlhlM BpeMe.HeM iKH3HH HeHTPOHOB B OblCTPblX peaKTOpax CBH3a­

HO H C03,[(aHHe HMnYJlhCHOro peaKTOpa nepHO,[(HqecKoro ,nettCTBHH. 

B Haqane 50-x FO,[(OB B rpynne A.H.IleAnyHCKOFO pa60Thl BeJlHCh B OCHOB­

HOM MOJlO,[(eiKhlO, TOJlhKO qTo BhlnopxHysrneu H3 MrY H MocKOBCKOFO MexaHHqec­

KOFO HHCTHTYTa ( ceAqac MH<DH) • KaiK,[(hIH HMen KaK cyry6o npaKTwqecKylO sa,na­

qy no qlH3HKe H TeXHHKe peaKTOPOB, TaK H 3a,naqy no H3yqeHHIO KaKOFO-JlHOO 

H,nepHoro npouecca, yqacTsywmero B pa3MHOiKeHHH HettTPOHOB B peaKTope. 

H.H.6oH,napeHKO ~. TanaHTJlHBeArnHtt yqeHHK A.H.IleAnyHcKoro, TparHqecKH no-

rH6rnHtt B 1964 r., Bhl,[(alOmHACH yqeHhlll, OCTaBHBlliHH cne,n B oqeHb lliHPOKOA 

06JlaCTH H,[(epHOH 11 TeXHHqecKoA QJH3HKH, OH 3aHHMaJ1CH aKTHBHblMH 30HaMH 

peaKTOPOB, BOnpocaMH HX pacqeTa, KOMn03HUHH H TennocpH3HKH. B TO iKe spe­

MH qpe3BhlqauHO 60J1hlliOA BKJla,[( BHec OH B noHHMaHHe ~H3HKH npouecca ,ne­

neHHH. 

MHe ,[(OBeJlOCh 3aHHMaThCH KHHeTHKOH OblCTPblX peaKTOPOB H CHCTeMaMH 

HX KOHTPOJlH, ynpasneHHH H 3amHThl (CY3) COBMeCTHO C aBHaUHOHHhlMH KOHCT­

PYKTOpaMH (rpynna H.B.EMeJlbHHOBa). HCTOPHH 3,[(eCb TaKiKe ,[(OBOJlhHO Jll060-

nwTHa. nepBhle oTeqeCTBeHHhle H,[(epHhle peaKTOPhl HMeJlH CHCTeMhl ynpasneHHH, 

KOTOphle OhlJlH CHHThl, no cymecTBY, C 60J1hlliHX caMoneTOB: aBTOnHJlOT, pyne­

BaH MalliHHa H TPOCOBhlll npHBO,[(, KOTOphlH BMeCTO 3JlepoHOB TaCKan nornomaw­

mHe CTepiKHH. CHcTeMa HCnOJ1h30Banach npaKTHqecKH 0,[(HH K O,[(HOMY, CBH3h 

C aBHaUHOHHblMH,KOHCTPYKTopaMH_coxpaHHJlaCb Ha ,[(OJlFHe ro,nw. B TO iKe Bpe­

MH H 3aHHMaJ1CH pa,[(HaUHOHHblM 3aXBaTOM Ob!CTPblX HeHTPOHOB, KaK-TO Ha. ceMH­

Hape, KOTOPblll Ben AneKCaH,[(p VinbHq IleiinyHCKHH (Ha.no CKa3aTh, qTo CaM 

AneKCaH,[(p i1J1bHq B C03,[(aHHH HMnynhCHoro peaKTOpa np.HMOro yqacTHH He ITPH~ 

HHMan, .He yqaCTBOBaJl ,[(aiKe B o6CYiK,[(eHHHX, OH 6wn qenoBeK qpe3BWqaAHo 

3aHHTOH, HO qepe3 ero yqeHHKOB yqacTHe, KOHequo, npOHBJlHJlOCh), o6CYiK­

,[(aJ1CH no ,[(OKJla,ny H.H.6oH,napeHKO He,naBHO ony6J1HKOBaHHhlA aMepHKaHCKHA 

3KCnepHMeHT. Hl\-tnYJlhCHblH HCTQqHHK TennoBbIX HettTPOHOB OT peaKTOpa, nony­

qeHHhlH nyTeM npepwBaHHH nyqKa, o6nyqan CHHXPOHHO BpamawmHACH ,[(HCK, Ha .. 

060,ne KOToporo 6wna 3aKpenneHa ypaHoBaH cponhra. no pacnpe,neneHHIO aKTHB­

HOCTH OCKOJlKOB MOiKHO. 61,mo CY,[(HTh O xone ceqeHHH .nenemrn ypaHa )1J1H Ten­

JlOBbIX H Ha,[(TennoBhlX Hei'ITPOHOB, Tpy,[(HO CKa3aTh, no KaKoA accouHaI~HH 

llMHTPHH HBaHOBHq 6nOXHHUeB CKa3aJ1: "A HeJ1b3H JlH C03,[(aTb' HMITYJlhCHblH pe­

aKTOP, B KOTOPOM qaCTh aKTHBHOH 30Hbl 3aKpenneHa Ha 060,ne BpamawmerocH 

,[(HCKa?". 3TO Obina oceHb 1955 r. K c}leBpaJllO 1956 r. Ob[Jl HanwcaH QTqeT 

(oTqeT ~3H HH 1630), B KOTOPOM OhlJlH npe,ncTaBJleHhl OCHOBhl KOHUenUHH H6Pa 

BnJlOTh ,[(0 HCITOJ1h30BaHHH peiKHMa C no,[(CBeTKOH OT YCKOPHTeJlH, 3TOT QTqeT, 
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no-MoeMy, no CHX nop He pacceKpeqeH H xpaHHTCH B COOTBeTCTBYIOlllHX apxH­

Bax. no BWlKHMKaM H3 3TOro OTqeTa B 1959 .r. nOHBHnacb Hama ny6nHKaUHH 

B "ATOMHOH 3Heprm1". )leno Torna mno 6bJCTPO. B q>eBpane 1956 r. OTqeT 

yme paccMaTpHBancH Ha YqeHOM COBeTe l1HCTHTYTa, B Mae me YqeHWH coBeT 

MHHHCTePCTBa cpenHero MaWHHOCTpoeHHH, KOTOPWH Ben Eq>HM naBnOBHq CnaB­

CKHH, npHHHn peweHHe no noKnany )l.11.EnoxHHUeBa H 11.M.~paHKa o co3naHHH 

B )ly6He HMnynhcHoro 6wcTporo peaKTopa HEP-1 H Ha ero ocHoBe - lla6opaTo­

PHH. HeATPOHHOH q)H3HKH. QqeHb BenHKa 3necb ponh l1nhH MHxattnOBHqa, OH cy­

Men co CBOHCTBeHHblMH eMy MYnPOCTh!O, KYnhTYPOH o6meHHH C caMblMH pa3Hb!MH 

nmghMH - OT npocToro qenoBeKa no MHHHCTpa - o6ecneqHTh co3gan0e YHHKanh­

HoA na6opaTOPHH c YCTaHOBKOA, He HMemmeH aHanoroB B MHPOBOH npaKTHKe. 

K comaneHHIO, BpeMH HeyMonUMO, MHOrHX yme HeT C HaMH: HeT l1nhH Mttxaftno­

BHqa, HeT ~enopa llhBOBHqa llianHpo, HeT )lMHTPHH l1BaHOBHqa EnoXHHUeBa, HeT 

BnanHMHpa AneKcaHnpoBHqa Manwxa, HropH BoHnapeHKo, BHKTOpa BhlOHHHKOBa, 

~enopa l1nhHqa YKpaHHUeBa. B KonneKTHBHWH TPYn no C03gaHHIO l1EPa Bee OHH 

BHecnH HeoueHHMWH BKnan. MHOI'OCTOPOHHHH KonneKTHB n03BOnHn 6WCTPO pe­

lliHTh WHPOKHH Kpyr npo6neM. 

BpamamutHHCH nHCK. obma npHBneqeHa H3 IleHTpanbHOro HHCTHTYTa aBHa­

UHOHHOro M~TOPOCTPOeHHH (UHAM) rpynna EnOXHHa. no TPYnOBOMY cornameHHIO 

3a MeCHU-nBa OHH pa3pa60TanH KOHCTPYKUHIO, a eme qepe3 MeCHll HcnwTanH 

B 3autHTHOM 601<:ce Ltl1AMa pa6oqm1 nHCK-HOCHTenh BKnanbnlla H3 u -235. 

HenonBHlKHaSI aKTHBHaH 30Ha. DbinO MHoro nHCKYCCHH O ee KOHUenUHH. 

)leno B TOM, qTo ecnH BCnOMHHTh nepBYIO ny6nHKallHIO no HE Py B "ATOMHOH 

3Heprtttt'', TaM IlPHBeneHa oueHKI nnHTenhHOCTH HMnynbca 10 MKC. llm6o­

nWTHaSI UHq>pa, no 1<0TopoA qeM nonhme, TeM nanhm~. nocne nonrHx o6cymne­

HHH C JlMHTpHeM HaaHOBHqeM, l1nbeH MHXaHnOBHqeM, <llenopoM llhBOBHqeM H C Ha­

WHMH TOBapttmaMH MW BWHYmneHw 6wnH npHHHTh (H3 coo6pameHHH nocTHlKeHHH 

6onee BWCOKOA MOUlHOCTH) BMeCTO l<OHUenuHH KOMnaKTHOA aKTHBHOA 30Hhl, no-

3BOnHIOUleH nonyqHTh KOPOTKHH HMnynbc, BapHaHT c6opKH H3 nnyTOHHeBhlX 

cTepmne11, pa3pa60TaHHbIX rpynnoft l1ropH CTeipaHOBHqa ronoBHHHa eme nnH 

nepBWX 6WCTpwx peaKTOPOB B 06HHHCKe - EP-1 H EP-2. 

nonBHlKHaSI aKTHBHaH 30Ha. Tol!Ce 6bmO MHoro npo6neM C ee H3rOTOBne­

HHeM H pa3pa60TKOH nOKPblTHH. 3necb onpenenHIOlllHH BKnan 6bm BHeceH rpynnoH 

TeXHOnoroB H3 06HHHCKa non PYKOBoncTBOM BnagHMHpa AneKCaHnPOBHqa Manwxa. 

BT~ BpeMH, B cepenHHe meCTHnecHThlX ronoB (H Ha3WBalO 3TOT neptton 3noxoA 

nepBoi'1 1<0HBepcm1), K 3anaqaM aToMHo» 3HepreTHKH 6bm npHBneqeH UHHH-58 -

- HayqHo-HccnenoBaTenhCKH1 HHCTHTYT MHHHCTepcTBa o6opoHW, KOTOPWH 3a­

HHMancH no 3Toro apTHnnepH~CKHMH CHCTeMaMH Manoro Kan06pa, non PYKOBon­

CTBOM rnaBHoro KOHCTPYKTOP<\ rpa61rna. 3To 6bm HCKnlOqHTenhHO KBanm?mnttpo­

BaHHWH H onWTH~A KonneKTHB. B CBOe BpeMH OH 06ecneq0n, COBMeCTHO C ropb-
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KOBCKHM sasonoM, apTHnnepHefi Manwx KanH6pos noTpe6HoCTH npaKTHqecKH 

sceii 0TeqecTBeHHOH BOHHbl. Pa6oTanH no' Bb!CIIIHM CTaHnapTaM, 11 B blllle MHPOBblX 11 
• 

Hos~e CHCTeMW sa MeCHQ (!) BHenpHnHCb B Maccosoe npOH3BonCTBO. CeroriHH 

TPYnHo nosepHTb B TaKHe TeMnW. 3TOT KonneKTHB pa3pa60Tan H H3rOTOBHn 

MexaHHqecKHe H sneKTPOMexaHHqeCKHe CHCTeMW HEPa. PanHosneKTpoHmHKH H3 

06HHHCKa non PYKOBoncTBOM IO.A.EmoMKHHOH paspa6oTanH H H3rOTOBHITH op0-

. rHHanbHYIO CHCTeMY KOHTPOITH H ynpasneIIHH '0MnynbCHblM peaKTOPOM. B pa6oTaX 

yqacTBOBanH MHOrH~ KonneKTHBW, H ynoMHHYIT snecb TOITbKO OCHOBHWe. Eonb­

lllaH pa6oTa no cosnaH010 caMoro pea1<Topa, sKcnepHMeHTanbHofi 6asw onwTHoro 

'npoH3B OnCTBa 6bma nposeneHa B nY6He c aKTHBHbIM yqacTHeM CepreH KoHCTaH­

THHOBHqa HHKOnaesa. Depen poJKneHHeM HEPa (23 HIOHH 1960 r.), TPHnUaTHne­

THe KOToporo cosnano C ToqHOCTblO no nHH C KOHqHHOH HrrhH M0xafirros0qa, 

c0naMH YJKe cKrranwsasmerocn Torna KorrrreKTHBa Ila6opaTop00 HeiiTpOHHofi ~H-

3HKH 6wrro cosnaHo.nsa·t0s0qecKHX cTeHna. C 0x noMomhIO 6wn0 nonyqeHw 

OCHOBHWe napaMeTPW HMnynbCHOro peaKTOpa. Hano CKa3aTb~ qTO OT ]H© B pa-

6oTax yiJaCTBOBarra B OCHOBHOM MOrroneJKb. Korna B 1960 r. o6HHHQbl ·y111rru, 

OHH nepenarr0 pasBHTHe scero HanpasrreHHH yJKe Bbipoc111efi snecb rpynne Morro­

neJKH' cpenH KOTOPblX H XOTerr 6b! Ha3BaTb B nepsy10 oqepenb llia6arr0Ha' 

AHaHbesa, Hasaposa. Bee narrhHefi111ee pa3BHTHe HMilYITbCHWX peaKTOPOB -

- HEP-30, .. HEP-2 - 111no yJKe uerr01<0M c0naM11 Ila6opaTop011 He11TpOHHoii <PH3HKH 

non o6mHM PYKOBOnCTBOM HnbH MHxa11rrosHqa ©paHKa' Mb! lKe yqaCTBOBarrH TOITb­

KO KaK 3nHsonHqeCKHe KOHCYITbTaHTW H 3KCnepTW. 
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HEfITPOHHMI CTTEKTPOCKOTTH.sI HA HSPax 

A.B.nonoB 

06benHHeHHhlA HHCTHTYT .HnePHhlX HCCnenoBaHHA, )ly6Ha 

51 xoqy Il03HaKOMHTb Bae C noKnanoM H.M.¢paHKa Ha YqeHoM COBeTe B Ho­

.H6pe 1960 r., KOTopwA nocB.HmeH HToraM nycKa HSP-1 111 • MHe Ka)KeTc.H, ero 

HHTepecHO ceAqac nonep)KBTb B PYKBX KaK 06pa3en Toro, KaK T~aTenbHO ro­

TOBHnC.H HnbSI MHXafinOBHq K TBKHM HayqHblM d>opyMaM. Xoqy o6paTHTb Bame BHH­

MBHHe Ha To·, qTo YqeHblH COBeT OH.sIH B TO BpeM.H neACTBHTenbHO 6wn yqeHhlM, 

qTo oco6eHHO nonqepKHBan HnhH MHxaAnoBHq nocnenHHe ronb1, ceTyH Ha 3a-· 

CHnbe qHHOBHHqbero nyxa B PYKOBOn.HmHx opraHax HHCTHTYTa. 

CeronHH Mbl ycnblllIBnH BOCilOMHHaHHH o 6necT.HmeM HaqanhHOM IlYTH HnbM 

MHxaAnoBHqa KaK yqeHoro, Korna oH npo.HBHn ce6.H oqeHb qyTKHM HHTepnpeTa­

TOPOM Toro HBneHH.H, C KOTOPblM CTOnKHYnHCb B ¢HAHe IlPH H3yqeHHH CBeqeHHH 

)KHnKOCTeA non neiJcTBHeM raMMa-nyqeiJ. TTOTOM 11.51.SapHT paCCKB3an O neH­

TenbHOCTH HnbH MnxaiJnOBHqa Ha IlOCTY PYKOBOnHTenH KonneKTHBa B ¢HAHe, 

yqacTBOBBBIIIero B peanH3anHH peaKTOpHoA nporpaMMhl. IlH¢ .HBn.HeTC.H eme 60-

nee KPYilHhlM HHTerpHpyromHM maroM HnbH MHxaAnoBHqa B ero lKH3HeHHOM IlYTH. 

Mi,1 BblpocnH no oqeHb KPYilHOH na6opaTOPHH c oqeHb MHOrHMH HanpaBneHHHMH 

HCcnenoBaHHA, C qHcnoM COTPYnHHKOB 600 qenoBeK. EcnH H3 Hamero ce­

ronH.HUIHero naneKa orn.HnbrnaemhCH Ha npolKHTOe BPeMH, TO ceAqac coaceM 

no-npyroMy MHoroe BHnHWb H oneHHBaelllb HMeHHO B CBH3H C TOH ponhJO, KO­

TOPYIO Hr~an Hnb.H MHxaAnoBHq B lKH3HH na6opaTopHH, nHpeKTOPOM KOTopoA OH 

6bm 6onee 30 neT. 

Y qmaHOBCKOH rpynilbl a 50-x ronax 6bma CKOpee nparMaTHqecKaH nenh: 

CTOHna BTOMHBH npo6neMa a CTPaHe, H ee HYlKHO 6b1no pemaTb. OT 11.51. EapHTa 

Mbl ycnh1manH, qTo XOTH B neHTenbHOCTH 3TOH rpynnhl H 6bma HayKa, HO Hay­

Ka, ~pHeHTHPOBaHHBH Ha KOHKpeTHYIO npaKTHqeCKYIO ~anaqy. TeM He MeHee 

HMeHHO B Henpax TOH neHTenbHOCTH ponHnOCb IlOHHMaHHe Toro, KaK HYlKHO 

nBHraTbCH nanbme B pa3BHTHH HeATPOHHOH d>H3HKH. TTOHHM~HHC Toro, qTO 

HYlKHO cnenaTb nnH pa3BHTH.H HMnynbCHhlX HCTOqHHKOB HeATPOHOB, qTo HYlKHO 

HCCnenoBaTb B nepByJO oqepenb C IlOMOmbJO 3THX HCToqHHKOB, npenOMHnOCb 

3necb, B Jly6He, B KOHKpeTHble nena. 
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C HnbeA MHxaAnOBHqeM Mhl nosHaKOMHnHeb B 1955 r., 6ynyqH eTYneHTaMH, 

noTOM HeKOTOPhle H3 Hae npornnH nHnnoMHYW pa60TY B na6dpaTOPHH HnbH MH­

xaAnoBHqa B $HAHe. R He OTHorny ee6H K panHBhlM yqeHHKaM HnhH MHxaAnoBH­

qa, Ho B ,Uy6Hy Mb! npHrnnH He npoeTo no paenpeneneHHW. Hae npHrnaeHnH -

3TO npHMep Toro, KaK TeeHo eKnanblBanHeb Torna B3aHMOOTHorneHHH Me~nY 

eTyneHTaMH H nwnhMH, y~e aKTHBHO pa6oTawmHMH B HayKe, Korna MO~HO 6wno 

eoBeprnaTb oe03HaHHbIA mar BbI6opa eTyneHTOB B HayKy. B 1958 r.' Korna 

B IlH$ npHrnno Mononoe nononHeHHe ~H3HKOB, eTpOHTenbeTBO peaKTOpa HEP-1 

rnno .nonHbIM xonoM. B TOT ron 0603HaqHnHeb KOH.TYPbl peaKTOPHOro snaHHH' 

xonHnH Mhl Ha ey660THHKH noMoraTb eTpOHTenHM, a neTOM 1960 r. y~e 6wn 

oeymeeTBneH nyeK peaKTOpa. ITporpaMMa nepBbIX neT HeenenoBaHHH 6hma on­

peneneHa eme no nyeKa peaKTopa. Ceiiqae TPYnHo eynHTb, KaK MO~HO pasne­

nHTb BnHHHHe Me~nY H.M.$paHKOM H $.Il.illanHpo, noeKOnbKY B o6ey~neHHH Ha­

yqHoii nporpaMMbl, B. BbI6ope .MeTonHK $en op IlbBOBHq Hrpan aKTHBHYW ponb, 

oeTaBaHeb nepBhle ronw eOTPYnHHKOM $HAHa. CymeeTBeHHO OTMeTHTb TO, qTo 

~me pa3pa60TqHKH HEP-1 YKasanH onHH H3 nyTeii ero Henonb30BaHHH - 3TO 

eneKTPOMeTPHH HeiiTPOHOB, Henonb30BaHHe ero nnH HeenenoBaHHH pesoHaHeoB, 

IlPOHBnHwmHxeH B eeqeHHHX B3aHMoneiieTBHH HeHTPOHOB e HnpaMH. OeosHaHHID 

Ba~HoeTH 3TOro HanpaBneHHH,nO-BHnHMOMY,enoeo6eTBOBan H BH3HT B 1957 r. 

,U.IDsa, BhleTynHBrnero B $HAHe e neKQHeii 06 HeenenoBaHHHX eBoAeTB HeATpoH­

HhIX pesoHaHeOB B CllIA. B TO BpeMH B MHpe 6bma TaKaH eHTYaQHH: 6binH Mexa­

HHqeeKHe eeneKTOPhl. Ha T~nnOBhlX peaKTOPBX B EpyKxeABeHe H AproHe (Ha on­

HOM H3 KOTOPhlX pa6oTan ,U.IDs), Ha4aThl HeenenoBaHHH e HeATpOHaMH Ha Ko­

nyM6HAeKOM eHHxpo~poHe, nHHeAHOM yeKOPHTene B Xapygne. H 6hln Knaeettqee­

KHA o6sop no HeATPOHHblM naHHblM - aTnae iOsa. 06'heM naHHblX no HeATpOHHblM 

pesoHaHeaM 3TOT aTnae eonep~an TaKoii: HeeKonbKO eTpaHHQ e Ta6nHQaMH pe-

30HaHeHwx napaMeTPOB H neeHTKa qeThlpe KPHBhlX nonHhlX eeqeHHH. IT03TOMY 

6wno HeHo~ qTo Hano nononHHTb. HalliH 3HaHHH O napaMeTpax ye30HaHeoB, 4TO 

oeo6eHHO HHTepeeHO HeenenoBaTb pasneneHHhli H30TOTihl, naHHhle nnH KOTOPhlX 

npaKTH4eeKH OTeyTeTBOB~nH. Cpasy 6wna onpeneneHa TaKaH Qenh, 4T06hl He~ 

enenoBaHHH HeATpOHHblX pesoHaHeOB npoBOnHnHeb B MHoroKaHanoBOM nonxone. 

Mhl noHHManH, qTo npH saxBaTe HeHTPOHa o6pasyeTeH KOMnayHn-eoeTOHHHe 

Hnpa, K?TOpoe HMeeT HeeKOnbKO Mon B03MO~Horo paenana: e ttenyeKaHHeM 

He0TpoHa, e ttenyeKaHHeM raMMa-KBaHTa, e HenyeKaHHeM sapH~eHHOA qaeTHQhl 

ttnH neneHHH. Bee 3TH HanpaBneHHH tteenenoBaHttA 6hmtt. epasy sano~eHbI. ro-
. ' ' . - ' .·. 

TOBHntteb H3MepeHHH nonHhlX eeqeHttA, saxBaTa, paeeeHHHH, neneHHH. C npH-
. , ' ~ . , . ' 

xonoM ID.IT.ITonoBa, pa6oTaBrnero eHaq~na B $HAHe, H H.KBttTeKa Haqanaeh 

nonroTOBKa K HeenenoBaHHHM ( n ·,o<,)-peaKQHH _B He0TpOHHblX pe30HaHeax. 

3To 6binO nepeHeeeHHe Toro .onhlTa, KOTOPblH HMeneH B $HAHe, rne npoBonH­

ntteb pa60Tbl e 3TOH peaKQHeii Ha eBHHQOBOM KY6e. 

1958 ron 6bm 3HaMeHaTeJieH HPKHMH eo6b!THHMH. CoeTOHnaeb lKeHeBeKaH 

KOH~epeHQHH no MHPHOMY ttenonh30BaHHW aTOMHOA 3HeprHH. HnbH MttxaiiJIOBH4 
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CTan naypeaTOM Ho6eneBCKOH npeMHH,H B 9TOM me rogy eMy HcnonHHnOCb 

50 neT. BcnoMHHaeTCH 3-H Kopnyc mm, r,z:i:e na6opaTOPHH 3aHHMana 

10 KOMHaT. K KOHQY .1958 r. B na6opaTOPHH OblJIO OKono 70 qenoBeK, HO 

oqeHb MHOrHe pa6oTanu B pa3'be3gax' oco6eHHO B 0_6HHHCKe' npHqeM He TOnb­

KO Te, KTO _ ObIJI CB.H3aH C nogrOTOBKOH nycKa peaKTOpa, HO H pagHCTbl HaWH 

pa3pa6aTb1BanH y MaTanHHa MHoroKaHanhHblH aHanH3aTOP. TI03TOMY na6opaTOPHH 

6bma .B nocTOHHHOM gBHmeHHH, Tio3gpaBHTb MnbID MHXaHnOBHqa c ID6HneeM co-

6panocb qenoBeK gBagQaTb B KOpHgope (gpyroH B03MOmHOCTH He ObIJIO). l.JecT­

BOBaHHe npomno npOCTO H CKPOMHO, 

. MEP-1 Haqan pa6oTaTb Ha 3KCnepHMeHT B 1961 r. BoT gHHaMHKa ero 

"Harpy3KH" B qacax: 1961 r. - 516 qacoB; 1962 - 3390; 1963 r. - 2600; 

1964 r. - 3127; 1965 r. -·3358; 1966 r. - 4252; 1967 r. - 4541; 196_8 r.­

- 3240. B 1965 r. gn.H COKpameHHH gnHTenbHOCTH HeHTPOHHoro HMnynbca 6bm 

peanH30BaH 6ycTepHhlH pemHM C HCnonb30BaHHeM MHKPOTPOHa. Tiocne npHMepHo 

rogfiqHoH peKOHCTPYKQHH B 1970 r. 6bmH 3anymettb1 HbIHe geHCTBYIDmHe MEP.,;,30 

.H JIY3-40. 

B 1962 r. na6opaTOPHH npoBena nepBblH HayqHblH cpopyM, Ha KOTOPOM Mb! 

BnepBbie gonomnnn pe3ynbTaTbl CBOHX uccnegoBaHHH, TiepBb!M .HgpoM, KOTopoe 

MHororpaHHO HCCnegoBanocb, 6bmO .Hgpo pogH.H. MnbH MnxaHnOBHll, npegcTaB­

n.H.H 9TY pa60TY' C HPOHHeH OTMeTHn' qTo Ha 1 7 HCCne~oBaHHblX HeHTPOHHblX 

pe30HaHCOB npHxOgHTCH 15 aBTOPOB. TaKOBO 6bmo Haqano, cTapT HeHTPOHHO­

cneKTPOMeTpnqecKHX uccnegoBaHHH, no Mepe COBeprneHCTBOBaHHH HeHTPOHHoro 

HCTOllHHKa H pa3BHTHH 9KCnepnMeHTanhHhlX MeTOgHK (B TOM llHCne BhlllHCnHTenb­

HOH TeXHHKH n CHCTeM c6opa HHcpopMaD;HH) Mb! npumnu K TaKOH CHTYaUHH ,' Korga 

HeHTPOHHhle pe30HaHChl yme uccnegoBanHCb COTHHMH Ha ogHO Hgpo. H He XOTen 

6w ceRqac BgaBaTbCH B HayqHyro 3HaquMOCTb 9THX uccnegoBaHHH, YnoMHHY 

TOJibKO, llTO B 60-x rogax 6binO eme Mano gaHHblX no CHnOBblM Q>YHKQHHM s-
BOnHOBbIX HeHTPOHHbIX pe3oHaHCOB, no raMMa-WHPHHaM, no nnoTHOCTHM YPOB­

HeH gnH pa3geneHHhlX H30TOnOB,B 3TOM HanpaBneHHH pa3BHBanHCb B nepBhle ro­

gbl 3KCnepHMeHTanhHbie HCCnegoBaHHH. 3aTeM 6bIJia pa3pa60TaHa MeTOgHKa gnH 

H3yqemrn cnHHOBblX 3cpdJeKTO.B BO B3aHMOgeRCTBHH HeHTPOHOB C .HgpaMH, Ecnu 

noCMOTpeTb nocnegHHe H3gaHHH MHPOBoro 6aHKa HeHTPOHHblX gaHHbIX, TO TaM 

MOmHo HaHTH OKono 90 CCbinOK Ha ny6nHKaQHH JIH<l>, Ha CaMOM gene HccnegoBaH­

HblX Hgep 6onbllie. 3TO TOT 6aram, KOTOPblH na6opaTOPHH Bnomnna B o6mym KO­

nHnKy 3HaHHH O CBOHCTBax pe3oHaHCOB. Ecnu COOTHOCHTb 9TO C ponbID llilbH 

MuxaRnoBHlla B HanpaBneHHH KnaccuqecKOH HeHTPOHHOH cneKTPOCKOnHH, TO 

cnegyeT OTMeTHTb, llTO y MnbH MnxattnOBHlla qacTO npopbIBanacb HeygoBneTBO­

peHHOCTb no noBogy napagoKcanhHOH CHTYaQHH, Mw HCCnegyeM HHgHBHgyanbHhle 

pe30HaHChl H Bpoge 6w BCe O HHX Y3HaeM: nono~eHue, WHPHHhl, cnHHhl; a Qenb 

Ha caMOM gene 6onee rpy6a.H - llT06bI 'no napaMeTpaM 9THX pe30HaHcoB nony­

qHTb HeKOTopwe ycpegHeHHhle xapaKTepHCTHKH! nnoTHOCTb ypOBHeH, CHnOBYID 
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~YHKUHIO, cpegHIOIO paguauuoHHYIO illHPHHY, gnH KOTOPhlX HMenacb B03MOmHOCTb 

conocTaBneHHH C HgepHhlMH MOAenHMH. 3T~ HeCOOTBeTCTBHe cogepmaHHH 3~Cne­

PHMeHTa KoHetJHOMY pe3ym~TaTy, Korga onb1T gaeT 3HaHHH. 06 HHAHBHgyanhHblX 

pe30HaHCaX, a Mb! IlOTOM BCe ycpegHHeM, 11 CBanHBaeM B KYtJY 11
, J1nbl0 MHXafmo­

BmJa KaK-TO He ynosneTBOPHnO. Korga IlOHBnHnHCb 3KCnepHMeHTanbHble gaHHble, 

'-ITO HeKOTOPble pe3oHaHCbl "BbmagaroT" H He YKJ1agb1Ba10TCH B CTaTHCTH'-leCKHe 

apegcTasneHHH, TO 3TO scerga Hnbro MuxaiinoBH'-la ot.1eHb so36ymgano H pago­

sano H IlOTOM CTaHOBHJlOCb o6~eKTOM era BHHMaHHH. 

3aKaH'-IHBaH, xoTen 6hl eme nogeJ1HTbCH cogepmaHHeM Hamero pa3rosopa 

c B.ll.AHaHbeswM, KOTOPhlH cocTOHJlCH npH B03BpameHHH c noxopoH HJ1bH MH­

xaiinosuqa. 3To onHTb B3rnHA B npownoe. MHoro B Hamett mH3HH 6b1J10 cnom­

HOCTeii, MHOI'O 6wno BCHKHX nepemHBaHHH H 6aTaJ1HH B CTeHax na6opaTOPHH, 

HO ceiiqac Mhl xopowo OC03HanH, '-ITO na6opaTOPHH KPYTIHO TIOBe3J10. HaM no­

Be3J10 C caMoro Hatrana, KaK TOJlbKO Mb[ npHwnH B na6opaTOPHIO, B TOM, '-ITO 

B JIH<I> 6b1Jla TaKaH Heo6bltJHaH no cpasHeHHIO c APYI'HMH KOJlJleKTHBaMH o6cTa­

HOBKa. 3TO He o6cTaHOBKa KaKOH-TO csepxgeMOKpaTUH, HO o6cTaHOBKa Tep­

IlHMOCTll lI npHgaHHH caMOCTOHTeJlbHOCTH Kamnoii nH'-IHOCTH. HHKTO HHKorna Ha 

Hae He naBHn, He 3aCTaBJ1Hn nenaTb TO, '-ITO He YKJlaAbIBaJlOCb B JllllJHOe npen­

CTaBJleHHe, B Hawe menaHHe. 11 3TO O'-leHb cepbe3HhlH H samHhlH MOMeHT TBOP­

t.IeCKOH pa60Tbl. HMeHHO 3TO WJlO OT l1JlbH MHxaHJlOBH'-la. 

1. H.M.<I>paHK, OHHH, P-674, llY6Ha, 1961. 
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1qlfru ;i-08 'l1Hlld<t>·w·11 J,f eouou-u-Oii..LAmHu wl!.L o.Lh 



TTOJ151Pl130BAHHbIE HEv!TPOHbl 11 5IJlPA: CHJibHb!E 11 CJIA6b!E B3Al1MO)lEfiCTB11.H 

B.n.AmfmMeHKOB 

06beAHHeHHhlA HHCTHTYT sinepHhlX HccnenoeaHHA, )ly6Ha 

Jia6opaTOPHH HeATPOHHOH ~H3HKH 0115111 H3HaqanhHO C03AaBanacB KaK 

sinepHO-~H3HqeCKHl1 ueHTP nnsi HccnenoeaHHA C pe30HaHCHblMH HeHTPOHaMH. 

obmo coeeprneHHo ecTeCTBeHHbIM, H 3TO xoporno noHHMano PYKOBOACTBO JIH<l>, 

BKnIDqHTb B Kpyr 3KCnepHMeHTanhHhlX B03MOlKHOCTeA Jla6opaTOPHH B03MOlKHOCTb 

rrpoBeneHHH HCCnenoBaHHA C nonHpH30BaHHblMH pe30HaHCHblMH HeHTpOHaMH H no­

nsiptt30BaHHblMH sinpaMH. TaKtte HccnenoBaHHH Il03BOnHWT nonyqaTb HOBYID, qac­

TO YHHKanbHYID HH~OpMaU,HID O CBOHCTBaX HeATPOHOB H sinep HO B3aHMoneACTBHH 

MelKAY HHMH. Pa60Tbl no nonroTOBKe K 3THM 1-1ccnen0B aHHHM 6bmH HaqaTbl npaK­

THqecKH co BpeMeHH C03naHHH Jla6opaTOPHH,B KOHQe 50-x ronoe. Ycnexy pa-

6oT oqeHb 6naronpHHTCTBoBano To, qTo B Haqane 60-x ronoe 6hm nocTttrHYT 

3HaqHTenbHblH nporpecc B AHHaMHqecKOH nonHpH3aQHH npoTOHOB' a TaK)Ke 6wn 

pa3pa60TaH MeTOA nonyqeHHH CBepXHH3KHX TeMnepaTYP paCTBopeHHeM renHH-3 

B renHH-4. nonHpH30BaHHaH IlPOTOHHaH MHllleHb IlPH ~HnbTpaQHH qepe3 Hee 

HeATpOHHoro nyq1<a IT03BOnHeT nonyqaTb nonHpH30BaHHhle HeHTPOHhl, IlOCKOnbKY 

ceqeHHe pacceHHHH HeHTPOHOB Ha npOTOHaX CHnbHO 3aBHCHT OT CilHHOB. TaKOH 

MeTOA' oqeHb YA06Hbll1 nnsi nonHPH3aUHH pe3oHaHCHblX HeATpOHOB' 6bm npenno­

lKeH H BrrepBhle peanH30BaH B JIH<l> 0115111. l1cnonb30BaHHe )Ke paCTBopeHHH re­

nttsi-3 B rentttt-4 Il03BOnHeT B CTaQHOHapHOM pelKHMe nonyqaTb TeMnepaTYPY 

B HeCKOnbKO COTblX rpanyca KenbBHHa, qTo B MarHHTHblX nonsix o6b(qHblX 3neK-
• TpoMarHHTOB C lKeJle3HblM cepneqHHKOM naeT B03MOlKHOCTb xopowo nonHPH30BaTb 

H,11Pa pe,11K03eMeJlbHhlX 3neMeHTOB, HHTepeCHhle nnsi HCcnenoeaHHA C pe3oHaHc­

HblMH neATpoHaMH. 

K cepenttHe 60-x rOAOB nepBblH ,nan C03,11aHHH B JIH<l> 0111111 YCTaHOBKH 
t-__ 

nnsi HCCnenoeamtfl C IlOJlHPH30BaHHhlMH HeitTpoHaMH H 51,11paMH 6bm 3aBepweH, 

H 6wntt HaqaTw sinepHo-ttt3ttqec1<He HccnenoBaHHH. 3Ta ycTaHOBKa pa3Memanacb 

Ha OAHOM H3 HeHTPOHHhlX nyqKoB HeATpOHHoro HCTOqHHKa JIH(J) (116P + MHKPO­

TPOH) H BKnmqana B ce6H cnenymmHe OCHOBHble Y3nbl: 

1. IlOJlHPH3aTOP HeitTpOHOB - AHHaMHqecKH nonHPH30BaHHYID IlPOTOHHYID 

MHWeHb C pa3MepaMH nonepeK nyq1<a 3x4 CM·' Il03B0JlHBWYID nonyqaTb nyqoK 

C rronHPH3aQHeA 0,5-0,6 npH noTepe HHTeHCHBHOCTH npHMepHo B 10 pa3. no­

JlHPH3aTOP pacnonarancH Ha paCCTOHriHH 11 MeTpOB OT aKTHBHOH 30Hhl peaK­

TOpa 116P. nonHpH3BUHH nyqKa - nonepeqHaH. 
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2. CIICTeMy peBepca HeHTPOHHOH nonHPII3aQIIII, 06ecneq1IBaBWYID peBepc 

nonHplI3aUIIII HeHTPOHOB C 9Hepr1IHMII ,llO HeCKOflhKIIX COTeH sB. 

3. C1IcTeMy nnH nonHplI3aQIIII 1Iccne.uyeMhlX Hnep - sneKTpoMarHIIT CTT-47 

C MarHIITHbIM noneM 15-20 K3' pacnonoJKeHHblH 3a npOTOHHOH MIIWeHhID Ha pac­

CTOHHIIII 2,5 MOT Hee. B 9TOM sneKTPOMarHIITe MOlKHO 6wno pa3MemaTb n1I60 

KPIIOCTaT C OTKaqKoH ren1IH-3 (,llnH CTaT1IqecKOH nonHPII3aQIIII 51,llep TIPII TeM­

nepaType T~0,3 K); n1I60 KPIIOCTaT c OTKaqKOH renlIH-4 (.unH ,1l1IHaM1IqeCKOH 

nonHp1I3aU1III H.uep np1I TeMnepaType T ~ 1 , 5 K). 

4. HeflTPOHHhle ,lleTeKTOPhl ,llnH II3MepeHH5I nonHhlX HeHTPOHHhlX ceqeHIIH 

B IICCne.uoBaHIIHX nponycKaHIIR. B KaqeCTBe HeflTpOHHhlX ,lleTeKTOPOB IICTIOnh-

30BanlICb HeHTpOHHbie cqeTqlIKII C o6orameHHblM 6opoM ( rasOBhle nponopQIIO­

HanbHhle II lKII,llKOCTHhle CQIIHTIInnHQIIOHHhle). lleTeKTOPhl MornlI pasMemaTbCH Ha 

paCCTOHHHH 60 H 120 MOT aKTIIBHOH 30Hhl peaKTOpa HEP. 

3Ta ycTaHOBKa·npopa6oTana no OCTaHOBKII peaKTOpa HEP Ha peKOHCTPYK­

UHID B 1968 r. Ha Hefl npoBeneHhI 1Iccnen;oBaH1IH nponycKamrn nonHpusoBaHHhIX 

HeRTpdHOB qepes nonHPIISOBaHHhle ronbMHeBYID H .ueflTOHHYID MIIWeHII. ~npa ronb­

MIIH nonHPII30BanlICh CTaT1IqeCKII (MeTO,llOM ropTepa~Poyga), a 51,llpa neATeplIH -

- ,1l1IHaM1IqecK1I ( aHanor1IqHo- npOTOHaM B Het'tTpOHHOM nonHPl13aTope) • Pe3ynb­

TaTOM IICCne,lloBaHIIH HBIIflOCh onpeneneH1Ie CTIIIHOB nBYX neCHTKOB HIISKoneJKa­

mlIX pesoHaHCOB 51,llpa ronhMIIH-165, a TaKJKe 9Kcnep1IMeHTanbHhlH Bhl6op pea­

n1Isyromeroc51 B (n -O.)·B3am1,10nei1cTBII1I Ha6opa nnlIH pacceHHIIH. 

Ha peKOHCTPYIIPOBaHHoM IICToqHuKe HefiTpoHoB IlH© OM~H (peaKTOp HEP-30 + 

+ n1IHe11HhlH YCKOPIITenh IlY3-40)~ BCTYTIIIBllieM B cTpofl B 1970 r., nbcnenoBa­

TenhHO 6hma co3naHa HOBaH ycTaHOBKa nnH uccnenoBaHIIH C nomtplISOBaHHblMH 

HefIT'poHaMII II HnpaMH. 3Ta YCTaHOBKa BKflIDlfana B ce65I Te JKe OCHOBHhle Y3flhl, 
• 

qTo H ycTaHOBKa, 3anymeHHaH B cepenHHe 60-x ronoB, onHaKO Bee Y3flhl 

YCTaHOBKH 6binH cymecTBeHHO M0,1lePHH31IPOBaHhl ,1lfl5I pacw1Ipemrn ee 9KCnepHMeH­

TanbHhlX BOSMOlKHOCTefl II ynyqwemrn 9KCnnyaTaQUOHHhlX xapaKTepHCTHK. Hccne­

,llOBaHHH Ha YCTaHOBKe ITPOB0,1l5ITC5I no HaCTOHmero BpeMeHH. CnenyeT OTMeTIITh, 

qTo nanbHeflrnaH MonepHH3aQH5I YCTaHOBKII npoBonunach B npouecce pa60Thl Ha 

, Hefl. TTp1IBe,1leM napaMeTpbl OCHOBHb!X Y3flOB YCTaHOBKH Ha cerOAHHWHHH neHb 

H YKaJKeM xapaKTep Mo.uepHH3aQIIH 9THX ysnoB: 

1. nonHPHSaTOP nyqKa. HcnonhsyeTCH nonHPII30BaHHa5I DPOTOHHaH MIIWeHb 

Toro JKe_TIIna, qTo 11 paHee. Pa3Mepw M1ImeHH nonepeK nYlfKa yBenHqeHhl no 

5x6 CM' DOBhlllieHa CTa61InhHOCTh nonHPII3BQUH sa cqeT CTa61In1I3aQIIH qacTO­

Thl CB4-CHCTeMbl II ynyqWeHHH CTa61InH3aQmf Ben11qHHbl MarHHTHOro nonH' ynyq­

weHhl sKcnnyaTaQHOHHhle xapaKTePHCTHKH KPIIOCTaTa, oxnaJK.uawmero pa6oqee 

BemeCTBO MHWeHH no TeMnepaTYPhl ~1 K. 
2. CHcTeMa npoBonKH II peBepca .. HeflTpOHHOH nonHpHSaQHII. nononHIITenh­

HO K_CTapofl CHCTeMe peBepca nonHpHSaUHII B MarHHTHhlX nonHx cneQIIanhHOH 

KOH~HrypaQHH C03,1laHa CIICTeMa peBepca DOfl5IPH3aUIIII HeHTpOHOB B WIIPOKOH 
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06JiaCTH- HX :rneprHH nyTeM. noBopoTa Ha 1 80° BCeH npoTOHHOH .MHIDeHH BOKPYI' 

OCH, nepneHgHKYJISIPH~H nyqKy. 3Ta CHCTeMa peBepcHpyeT IlOJISIPH3al(HIO HeHT­

POHOB BC ex :rneprHH, IlOJISIPH3YeMblX nponycKaHHeM qepe3 IlOJISIPH30BaHHYIO, npo­

TOHHYIO MHID_eHb. Co_3ga~a CHC_TeMa gJISI agHa6aTH';IeCKOI'O IlOBOPOTa HeMTPOHHOH 

IlOJISIPH3aQHH H3 nonepeqHOH B npogOJibHYIO OpHeHTal(HIO. 3Ta CHCTeMa Il03BOJISl­

eT nonyqaTb HeiiTPOHbl C onpegeJieHHblM 3HaqeHHeM cnHpaJibHOC_TH BilJIOTb go 

3HeprHii "-100 3B. 

3. CHcTeMa gJISI IlOJISIPH3aQHH HCCJiegyeMblX Slgep. l1cnoJib3yeTCSI TOT )Ke 

3JieKTpoMarHHT CTT-47. KpHOCTaT C OTKaqKoH reJIHSl-3 3aMeHeH KPHOCTaTOM 

c paCTBOpeHHeM reJIHSl-3 B reJIHH-4 c KOCBeHHhlM OXJialKgeHHeM pa6oqero ee­

~eCTBa MHilleHH reJIHeM-4 qepe3 cnettHaJihHb[H Tennoo6MeHHHK (npSIMOe OXJialKge­

HHe MHilleHH B paCTBope reJIHSl-3 B reJIHH~4 He Il03BOJISleT pa6oTaTb C MegJieH­

HblMH HeHTPOHaMH H3-3a HX 60JibillOI'O 3axeaTa B reJIHH-3). 3TOT KPHOCTaT 

o6ecneqHBaeT TeMnepaTypy 20 MK, qTO Il03BOJISleT nonyqaTb BblCOKYIO IlOJISIPH3a­

QHIO He TOJibKO gJISI Slgep I'OJibMHSI, HOH gJISI illHPOKOI'O KPYI'a gpyrHX pegK03e­

MeJibHblX Slgep. 

· 4. lleTeKTOPhl HeHTPOHOB. B KaqeCTBe HeHTPOHHhlX geTeKTOpOB HMeeTCSI 

BO~MOlKHOC:t'b HCilOJib30BaTb lKHgKOCTHblH 1-geTeKTOp C (n-}t)-KOHBepTOPOM, 

CTaHgapTHhle reJIHeewe cqeTqHKH, a TaKlKe cnettHaJibHO pa3pa60TaHHhlH MHOI'O­

ceKL(HOHHblH remieBbIH cqeTqHK 6oJibillHX pa3MepoB (gHaMeTp 250 MM, gJIHHa 

500 MM) c BblCOKHM gaBJieHHeM reJIHSl-3 (go 10 aTMoccpep). 

5, CHCTeMa ynpaBJieHHSI YCTaHOBKOH H HaKOnJieHHSI HHtopMaQHH. YnpaBJie­

HHe YCTaHOBKOH, HaKonJieHHe HHcpopMal(HH Hee npegBapHTeJibHaSI o6pa60TKS 

npoH3BOgSITCSI cneQHaJihHblM 3JieKTpOHHblM MOAYJieM, co3gaHHblM Ha 6a3e MaJIOH 

3BM. 

KopOTKO paCCMO~PHM BhlTTOJIHeHHhle Ha 3TOH YCTaHOBKe 3KCnepHMeHTaJihHhle 

pa60Thl H HX pe3YJihTaThl. 

1. l1ccJiegoBaHHSI cnHHOBO~ 3aBHCHMOCTH HeATpOHHhlX ceqeHHH 
0 . 

TTpOBOAHJIHCh HCCJiegoBaHHSI TTOJIHhlX HeATPOHHhlX ceqeHHH IlPH H3yqeHHH 

nponycKaHHSI IlOJISIPH30BaHHhlX HeHTPOHOB qepe3 IlOJISIPH30BaHHhle SlgepHhle MH­

meHH. EbIJIH uccnenoeaHbI pegKo3eMeJibHbie S1gpa 
141 Pr- ,_ 159Tb, 165Ho, 

161E 169T · r H m. HccnegoBaHHSI npoBOAHJIHCh IlPH 3HepI'H$1X HeHTPOHOB OT 

HeCKOJihKHX 3JieKTPOHBOJihT go ~ 100 K3B ( HeHTPOHbl 6onee BblCOKHX 3HeprHH 

YlKe IlJIOXO Il0JISIPH3YIOTCSI nponycKaHHeM qepe3 IlOJISIPH30BaHHYIO npoTOHHYIO MH­

illeHb), 

B o6JiaCTH pa3pemeHHhlX pe30HaHCOB AJISI HCCJiegoBaHHhlX 5 pegKo3eMeJib­

HhlX Slgep 6WJIH onpegeneHhl 3HaqeHHSI CilHHOB 6onee 200 HeHTPOHHhlX pe3oHaH­

COB. 

B 06JiaCTH . ycpegHeHHblX ceqeHHH gJISI Tex lKe Slgep 6bIJIH ·nonyqeHbl_ 3Hep­

reTHqecKHe 3aBHCHMOCTH pa3HOCTeii IlOJIHblX HeHTPOHHblX ceqeHHH B J:lBYX: B03-

MOlKHblX AJISI s -BOJIHOBblX HeHTPOHOB cnHHOBblX KaHaJiax ( C cyMMapHblM CilHHOM 
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1!1/2). 0Kaaanocb, 4TO OHll Manw ( He npeBOCXOAHT HeCKOnbKl!X neCHThlX 

noneA 6apHa), onHaKo B HX 9HepreTH4eCKl!X aaBl!Cl!MOCTHX Ha6nwnaroTCH aa­

MeTHble HeperynHpHOCTll. 3TH HeperynHpHOCTll TPYAHO CBH3aTb C IlOTeHJ:,{Hanb­

HhlM pacceHHl!eM, IlOCKOnbKY l!HTepBan 3Hepr11A, Ha KOTOPOM OHll npoHBnHWTCH, 

cnl!lliKOM Man. CKopee BCero,anecb IlPOHBnHeTCH aaBl!CHmaH OT Cill!Ha CTPYKTY­

pa Tl!Ila BXOAHhlX COCTOHHl!H, nnH YT04HeHHH 9TOrO Bonpoca HYiKHhl nononHH­

TenbHhle 11ccnenoBaH11H. 

nony4eHHhle aHaqeHl!H paaHO~TeA ycpenHeHHhlX ceqeHl!H B ABYX Cill!HOBhlX 

KaHanax Il03BOnHWT cnenaTb oqeHKll Cill!HOBOH aaBl!Cl!MOCTll COOTBeTCTByrom11x 

HeATpOHHhlX Cl!nOBhlX tYHKQl!H ll Ben11q11Hhl MHl!MOH qaCTll CilllH-CilHHOBOro qneHa 

B OilTHqecKOM IlOTeHQHane. CooTBeTCTBYWIUl!e oqeHKll noKa3bIBaWT, qTO HeHTpoH­

Hhle CllnOBhle <PYHKQHll 'a paaHhlX Cill!HOBblX KaHanax OTn11qaroTCH He 6onee, qeM 

Ha 10%, MHl!MaH qaCTb Cill!H-Cill!HOBOro noTeHQHana He npeBOCXOAl!T 100 K3B. 

2. HccnenoaaHMH MarHl!THhlX MOMeHTOB KOMnaYHA-COCTOHHl!H 

penKoaeMenbHhlX Hnep 

llonroe BPeMH MarHHTHhle MOMeHTbl KOMnaYHA-COCTOHHHJi cnOiKHblX anep, co­

OTBeTCTBYWIUl!X l!X HeHTPOHHhlM peaoHaHCaM, He nonnaaanl!Cb 9KCnepl!MeHTanb­

HOMY ll3MepeHl!W 11a-sa KpaRHeH ManoCTl! BpeMeH iKll3Hll 3Tl!X COCTOHHl!H 
-15 10 c). B cepen11He 70-x ronoa B .IlH¢ OHHH TaK11e 11aMepeHHH ynanocb 

cnenaTb nnH HeKOTOPhlX HH3KOBOnbTHhlX pe10HaHCOB PHna penKo3eMenbHhlX Hnep. 

no np~nnoiKeHl!W ¢,JI.!ilamipo 6b!n0 Hcnonb30BaHO TO o6CTOHTenbCTBO, qTO npH 

HanomeHl!H Ha HAPO C HeHyneBhlM MarHl!THh!M MOMeHTOM BHemHero MarHHTHOro 

nonH HnepHhle YPOBHll HCilhlThlBaWT aeeMaHOBCKOe pacmenneHHe, .a ecnH IlPll 

3TOM anpa H nonHpll30BaHw, TO B03HHKaeT cnBHr HeATPOHHOI'O peaoHakca OT­

HOCl!TenbHO ero nonomeHHH IlPH OTCYTCTBHH HnepHOH nonHpl!3aQl!H, 3TOT cns11r 

HMeeT nopHnoK BenHqnHhl pa3HOCTll 3Hepr11r1 B3am,rnneHCTBl!H C MarHHTHblM no­

neM MarH11THoro MoMeHTa Hnpa n~ 11 nocne 1axsaTa HeATpoHa. B nocT11m11Mwx 

MarHHTHb1x· nonHX cns11r OKa3hIBaeTCH oqeHb ManhIM ll3-3a ManoCTll HnePHhIX 

MarHl!THhlX MOMeHTOB. TaK, IlPH paan11qqq MarHHTHhlX MOMeHTOB B OAl!H anepH~H 

MarHeTOH, s MarHl!THOM none 10
7

3 (TaKHe BHYTPll~TOMHhle nonH'ecTb Ha Hn~ax 

HeKOTOPhlX penKoaeMenbHhlX aneMeHTOB) COOTBeTCTBYWm1111 CABHr HeftTPOHHor~ 
-5 ' 

peaoHaHca l!MeeT sen11q11Hy 3·10 3B. H3MepeHHH TBKHX cna11r0B KpaRHe 

CJ1.0iKHhI, nOCKOnhKY llil!pHHbl •HefiTPOHHhlX peaoHaHCOB cnOiKHhIX Hnep HMeIOT no-
-1 ' '· 

pHnoK 10 · aB. TeM He .. MeHee" B JIH¢ OHHl1 ux ynanocb npoaecTH. B peaynb-

TaTe 6wn11 ll3MepeHW MarHHTHhle MOMeHThl 11 HeftTpOHHhlX peaoHaHCOB nnH Hnep 

Tb, Dy , Er- 11 Ho. 0Kaaanocb, qTo 3TH MarHHTHhre MoMeHThI nMewT aenH­

q11Hw nopHnKa HnepHoro MartteToHa, npuqeM 11x cpenHee attaqeH11e 11 ~nYKTya­

uuu OTHOCl!TenbHO cpenHero 3HaqeHl!H YAOBneTBOpl!TenbHO cornacy10TCSI C Teo­

peT11qeCKl!Mll oQeHKaMl!, BhlnonHeHHhlMll C Hcnonb30BaHHeM CTaTl!CTl!4eCKOl1 MO­

,llen11 Hnpa. 
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3 •. WccneAOBaHHH HapyrueHHH lnpOCTPaHCTBeHHOM qeTHOCTH 

B HeMTPOHHWX pe30HaHcax, 

; . 

B cepeAHHe 60-x rOAOB YAanoch IlOATBePAHTb rttnoTe3y YHHBepcanbHOCTH 

cna6oro B3aHMOAeMCTBHH. B 9KCnepttMeHTaX no HCcneAOBaHHIO 

nptt paAHaQHOHHOM 3axeaTe rronHPH3oBaHHhIX TennoBhIX HeMTPOHOB aTOMHhIMH HA­

paMH 6hlJlH o6Hapy)KeHhl 9cpcpeKThl HapymeHHH rrpocTpaHCTBeHHOM qeTHOCTM. 3TH 
' -4 - . . 

3cp~eKThl HMenH BenHqHHY IIOPHAKa 10 , qTO 3HaqHTenhHO rrpeBOCXOAHno OTHO-
' 

CHTenbHYIO CMny cna6oro B3aMMOAeMCTBHH B cpaBHeHMH C OCHOBHWM B Hnpax 

CHnhHhlM B3aHMoneACTBMeM. CTOnb 6.onhmaH BenHqHHa Ha6nroneHHhlX 9cl>cpeKTOB 

06'hHCHHnacb HX ycttneHHe~ B HnepHhlX IIPOQeccax 3a cqeT CMelIJHBaHHH cna6bIM 

Me)KHYKnOHHhlM B3aHMOAeMCTBMeM 6nH3Kone)KalliHX HnepHb!X COCTOHHHM IIPOTHBOIIO­

no)KHOA qeTHOCTM ( s- H p-eonHOBWX HeMTPOHHWX pe30HaHCOB). OnHaKO no 

Haqana 80-x ronoe TaKoe o6'hHCHeHHe 9KcnepttMeHTanhHO nonTeep~neHo He 6w­

no H HOCHnO rHIIOTeTHqeCKHM xapaKTep. B 9TO epeMH B TeopeTttqeCKMX pa6o­

Tax O.TI.CymKOBa H B.B.©naM6ayMa 6wno rroKa3aHo, qTo cMemttBaHMe no qeT­

HOCTH HeHTPOHHhIX pe30HaHCOB cna6h!M B3aHMoneACTBHeM non)KHO IIPHBOAHTb 

K pe30HaHCHhlM P-HeqeTHhlM 9cpcpeKTaM B nonHhlX HettTpOHHhlX ceqeHHHX, Peqb 

nma o 3aBHCHMOCTH nonuoro ceqeHHH B p -BonHoBhlX pe30HaHcax nnH HerronH­

PH3oBaHHWX Hnep OT cnttpanbHOCTH HeHTPOHOB (T.e. OT TOro, nonHPH30BaHW 

HettTpOHW e HanpaBneHHH HX HMnynbca HDH HaBCTpeqy eMy). 3HepreTHqecKaH 

3aBHCHMOCTb pa3HOCTH nonHhlX ceqem1tt ADH HeHTpOHOB pa3Hh!X cnttpanhHOCTett 

B TaKHX pe3oHaHcax AOD)KHa TTOBTOpHTb 9HepreTHqecKylO 3aBHCHMOCTb caMoro 

pe30HaHCHOro ceqeHHH. 3cpcpeKTW MoryT HMeTb MeCTO TODbKO B pe30HaHcax co 
-+ 

CDHHOM 1-1/2, TTOCKODbKY nHllib TaiHe pe30HaHChl MoryT CMelliHBaThCH CS-eon-

HOBhIMH pe30HaHCaMH. Bem1qHHhl 9cpcpeKTOB 3aBHCHT OT napaMeTpOB CMellittBalO­

lliHXCH pe30HaHCOB HOT HHTeHCHBHOCTH HX CMelliHBaHHH, xapaKTepH3YIOmeAcH 

COOTBeTCTBYIOlliHM MaTpuqHWM 9neMeHTOM cna6oro B3aHMOAel!CTBHH. CaMM MaT­

puqHwe 9neMeHTW - cnyqaAHwe BenttqHHW c HyneewM cpenHHM 3HaqeHtteM Mon­

peneneHHott nttcnepcttett, KOTOpaH MO)KeT 6WTb OQeHeHa H3 CTaTHCTHqecKOA 

TeOPHH HAPa, B 6naronpHHTHWX cnyqaHX 9cp¢eKThl HapymeHHH IIPOCTpaHCTBeHHOM 

qeTHOCTH B HettTPOHHhlX pe30HaHcax MoryT 6WTb oqeHb 6onhlliHMH H AOCTHraTh 

eentt4HHW nopHnKa 101. 

3Kcnep11MeHTanbHh!C 11ccnenoeaHHH 9cpcpeKTOB HapymeHH5l npocTpaHCTBeHHOA 

qeTHOCTH B Het'iTPOHHhlX pe30HaHCaX BnepBbie 6hlJlH HaqaThl B J1H© Ql,f5U1 

B 1982 rony H nponon)KalOTCH no HacToHmero epeMeHtt. HccnenoBaHa 3aettcM­

MocTh nonHWX HeMTPOHHhlX ceqeHHM OT cnttpanbHOCTH ueATPOHOB 6onee qeM nnH 

15 pe30HaHCOB Hnep Br- , Cd. , Sn , I , La., Nb , Th, U . )lnH 5 113 MC­

cnenoBaHHhlX pe30HaHCOB 6hmH Ha6nroneHhl P-HeqeTHhle 9(!Jcl)eKThl. Oco6eHHO ene­

qaTnHIOlliHM OKa3anCH 9~~eKT HapymeHHH npocTpaHCTBeHHOA qeTHOCTH B pe30-

HaHCe c 9HeprtteA O, 7 5 9B Hnpa · 
139 La . B 9TOM cnyqae pe3oHaHcHoe ceqe­

Htte IIPH H3MeHeHHH cnupanbHOCTH HeATPOHOB MeHHeTCH npHMePHO Ha 15%. 
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IlonyqeHHble pesyJibTaThl HaX0,0:HTCH B xopollleM cornac1m C npe,o:cKa3aHHHMH 

MO,O:eJIH CMeWHBaHHH cna6hJM B3aHMO,o:e0CTBiieM S - II p-BOJIHOBblX Hel'.iTPOHHblX 

pesoHaHCOB. 4TO KacaeTCH B03MOlKHOCTeH H3BJietieHHH H3 Ha6mo,o:eHHblX B .CJIOJK­

HhlX H,o:pax 3~~eKTOB HapyweHHH IlPOCTpaHCTBeHHOH tieTHOCTH KOJIHtieCTBeHHOH 

HH~OpMaUHH O cna6oM MelKHYKJIOHHOM B3aHMoneRCTBHH, •TO OHH, no-BH~HMOMY, 

_,O:OBOJibHO orpaHHtieHhl H3-3a 60Jiblli00 CJIOlKHOCTH npoueccoB B H,O:pax. 

CoapeMeHHaH TeOPHH H,o:pa B COCTOHHHH ,o:aTb JIHllib CTaTHCTHtieCKOe OTIHCaHHe 

3TOro HBJieHlrn, )lnH nonyqemrn 3HatIHMblX KOJIHtieCTBeHHblX pesynbTaTOB B Ta­

KOH CHTYaUHH Heo6xo,o:HMO cymecTBeHHO yaeJIHlIHTb lIHCJIO HeHTPOHHhlX pesoHaH­

COB C Ha6mo.neHHblM 3q:J~eKTOM HapymeHHH IIPOCTpaHCTBeHHOH tieTHOCTH' lITO HB­

JIHeTCH oqeHb HenpoCTOH 3KCIIepHMeHTaJibHOH sa.naqeA. 

4. Mccne.noBaHHH P-tieTHhlX KOppenHQHH B pa,o:HaQHOHHOM saxBaTe 

HeHTPOHOB H,o:paMH 

JlnH H3BJietieHHH H3 Ha6mo.neHHblX B HefiTpOHHblX pesoHaHcax sc!>i!JeKTOB Ha­

pymemrn npoCTpaHCTBeHH011 qeTHOCTH lIHCJieHHblX 3HatieHHH MaTpHtIHblX 3JieMeH­

TOB CMelllHBaHHH cna6bJM B3aHMO.r:teHCTBHeM $ - H p-BOJIHOBblX Hei1TpOHllblX peso­

HaHCOB Heo6xo,o:HMa HH~opMaQHH o napaMeTpax CMelllHBawmnxcH pe30HaHCOB. 

0.r:tHHM H3 TaKHX napaMeTPOB HBJIHeTCH aMnnHTY.r:ta napuuaJibHOH HeHTPOHIIOH lllH­

PHHhl p-pesoHaHca B CTIHHOBOM KaHane C TIOJIHWM MOMeHTOM HeATpOHa, paBHhlM 

1/2. 3Ta aenHtIHHa MoJKeT 6WTb nonyqeHa B uccnenoaaHHHX yrnoawx pacnpe.ne­

neHttR y-H3JIYtieHHH pa~HaQHOHHOro saxBaTa HefiTPOHOB, B03HHKawmero npH 

nepexoge H,O:pa U3 COCTOHHHH, COOTBeTCTBY!O!!lero ,o:aHHOMY p-pesoHaHCY, 

B ,o:pyroe COCTOHHHe C H3BeCTHblMH xapaKTepHCTHKaMH, 

B IlH¢ OHRM 6wntt HCcne,o:oaauw yrnoewc pacnpeneneHHH Y-KBaHTOB npH­

MWX nepexo,o:oB B OCHOBHWe COCTOHHHH npH 3aXBaTe HeRTPOHOB B pe30Ha11cw 

1 , 3 sB H.r:tpa 
11 7 Sn H 7 sB H,o:pa 

113 Cd. . M3yqanHcb acHMMeTpHH Bblxo,o:a 

tf-KBaHTOB 11 Bnepe.n-ua3a.u" npH 3aXBaTe HenonHpH30BaHHblX HefJTpOHOB 

H "npaBo-neBaH" aCHMMeTpHH ( no OTHOilleHaw K HanpaaneHHW CTIHHB Hef!TPOHOB ), 

B03HHKawmaH TIPH 3aXBaTe nonepetIHO IlOJIHPH30BaHHWX HeATpOHOB, TaKHe aCHM­

MeTpHH, He CBH3aHHhle C HapyrneHHeM npocTpaHCTBeHHOR tieTHOCTH, lIBCTO Ha-

3blBaWT (MOlKeT 6bJTb, He OtieHb Y.llatIHO) P-tieTHblMH KoppenHUHHMll. XapaKTep 

CBH3H MelK.O:Y paccMaTpHBaeMblMll aCl1MMeTpHHMH 11 l1HTepecy1omeI1 HBC aMTIJIHTY­

noR HeATpOHHOH lllHpHHhl TaKOB, lITO KalK,o:aH 113 ac11MMeTp11R naeT .[lBa B03MOlK­

HhlX 3HaqeH11H aMnnl1TY.llhl lliHPl1Hhl. ConocTaBJieHHe JKe pe3YJibTaTOB, nonyqeHHWX 

113 .llBYX aCllMMeTpttA, .UOJilKHO TI03BOJIHTb Bhl6paTb e,O:HHCTBeHHOe 3Haqe11ue aMn­

JIHTY.Ubl IIIHPl1Hbl, 

3KcnepHMeHTaJibHWe pe3ynbTaTW OKa3aJIHCb npOTHBOpetIHBWMH. Cpe.nH no­

nyqeHHWX H3 .O:BYX aCHMMeTpHA 4 3HaqeHHH aMTIJIHTY.U napuuaJibHhlX HeRTpOHHWX 

lllllPHH He OKa3aJIOCb COBnanawmux 3HatieHIIA. IlpHtieM 3TO HMeeT MeCTO H B cny­

qae c pe30HaHcoM 
117Sn , H B cnyqae c pesoHaHCOM 

113 Cc( . 06'bHCHHTb 
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TaKoe DPOTHBOpeqne B03MO~HbIMH 3KcnepHMeHTanbHblMH/HeToqHOCTHMH He YnaeT­
CH. TeopeTnqecKne cooTHoweHHH, CBH3WBaIDmne acHMMeTpHH c aMnnHTYnon HenT­
poHHon WHPHHw, nonyqeH~ Ha ocHoae aecbMa;o6mnx npencTaeneHHH, e cnpaeen­
nneocTH KOTOP~X no CHX nop HH Y .Koro COMHeHHH He B03HHKano. no3TOMY 
Heo6xonHM~ nanbHenwne nccnenoaaHHH 3Toro aonpoca. 
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K 11CTOPl111 OTKPblTWI -PE30HAHCHoro YCl1J1EH115I P-HElJETHb!X 3<M>EKTOB 

JO.r.A6oa 

11HCTHTYT TeopeTuqecKoA H 3KCnepuMeHTBJlbHOA ¢H3HKH, MoCKBa 

Bawa na6opaTOPHH HMeeT npsMoe OTHOllieHue K OTKPWTHIO pe3OHBHCHOro 

MeXaHH3MB ycuneHHH P-HeqeTHhlX 3Q)cpeKTOB, a 3TO neRcTBHTeJlbHO 3aMeqa­

TeJlbHOe OTKPblTHe' nOTOMY qTo BnepBble 6b1m1 o6HapylKeHbl P-HeqeTHble 3Q)Q)eKTbl 

orpOMHOR BeJluquHw: Ha YPOBHe 10%. Jla6opaTOPHH HMeeT OTHOllieHHe K Teope­

THqecKoR CTopoHe npo6neMw, a ToqHee - K ucTopuu sonpoca. ITocne Toro, 

KBK Mbl O6HBPYlKHJlH P-HeqeTHblli 3cpqleKT B ( n, ~ ) -peaKQHHX Ha $ -pe3OHBH­

CBX, BO3HHKJ18 npo611eMa: a ReJlb3H JlH HCilOJlb3OBBTb He TOJlbKO S -pe3OHBH­

Chl H He TOJlbKO HeRTPOHhl B KaqecTBe nepauqHoA panHaQHH? BalKHO B036YnHT~ 

snpo, a 3TO MOlKHO cnenaTb H npoTOHBMH, H Me3OHaivl!l,H He O6H3BTeJlbHO 

B S -BOJlHe. TaKaH 3anaqa BO3HHKJla nepen lI.C.manupo, OHR 6wna HHHQHH­

POBBHB 11. H .JleBHHTOBblM, KOTOPbll1 XOTeJl noHHTb, Ka Kue P-HeqeTHble 3cpcpeKTbl 

H KB KOR senuqHHbl MOlKHO Ha6monaTb' HCilOJlb3YH nyqKll Hawero npOTOHHoro 

CllHXpOTPOHa, XBBTHT nu HHTeHCHBHOCTll nns !IX HCCnenoBaHHH. Mocu¢ Cono­
MOHOBHq nopyqun perueHHe 3TOR 3anaqu CBOIIM yqeHHKRM r.A.Jlo6ony H 

B.A.KapMaHoBy. 3anaqa 6wna peweua B nocTaToq~o o6meM aune, Ho aBTopw 

uMenu B BHDY panuauuoHHWe npoueccw. Kopoqe rosops, B 3anaqe 6wno CHHTO 

orpaHHtieHue Ha BXOlK,Qeime B MHllieHb TOnbKO S -BOJlHbl, Ebma no11yqe11a npa­

BHJlbHBH (pOPMYJla, KOTOPBH conepl!Cana B ce6e HOBblH MexaHH3M ycunemrn, Hbl­

He nonyqunwua HB3BaHue pe3oHaHcHoro. Pa6oTa 6wna ony61111KoBaHa B 1969 r., 

3aTeM r~A.Jlo6os ony6nttKOBan aHanoruqHyw pa6oTY B 1970 r. K colKaneHHIO, 

Ha 3TH pa60Thl MW He o6paTHrtH BHHMBHHH, a caMH BBTOPW BCilOMHHnH O HHX 

JlHWb CilYCTH necHTb HJlH 6onee neT. 113 nonyqeHHoA ¢opMynw cnenyeT, 

qTo eCJlH Ha MHUleHb nanawT p-Hei1TpOHbl (HJlH npoTOHbl), T.e. 11 0CHOBHOR" 

HBJlHeTCH p-BOJlHa, a He S -BOJlHa, TO BO3HHKaeT norronHHTeJlbHOe ycuneHue, 

H H ce9qac rroKalKY, tITO B ~RCCMOTpeHHOM cnyqae CBI! rrpouecc, BepHee, 

BTopuqHoe H3JlYtieHHe, npnHµHnHaJlbHOro 3HaqeHHH He HMeeT, TaK KaK HHTep­

~epeHQHH o6ycnaBnuaaeTCH sxonHwM, a He nwxonHWM KaHanoM. Ho rrpelK~e 

Bcero BCDOMHHM r:CTOPlllO Borrpoca. ABTOPhl pelliHJlH rroconeTOBBTbCH C $,Jl.illa­

nttpo. KaK Bhl YBHnttTe, nns OQeHKH BenHqHHhl 3cp~eKTa Ha HeATPOHHOM nyqKe 

HYlKHO 6wno 3HB!b, tieMy paBHHeTCH _OTHOWeHHe HeRTpOHHWX s- ll p-WHPHH. 

B Te ronbI TBKHX 3KCnepm,teHTBJlbHblX naHHb[X 6bIJIO Mano' HO 6blJ1O HCHO TeM 

He MeHee, qTo ycuneHue ecTb, HO KBKOe? no COBeTy $,Jl.illinttp~ aBTOPhl He 

HacTaHBaJlH Ha 6OJlblliOi1 BeJlHtIHHe ycuneHHH H cnenanu 11 CKPOMHbll1 11 BblBon 
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o TOM, 4TO 3~cpeKT 6y,neT Toro me nopH,nKa BenHqHHhl, qTo H B ,HameM 3Kcne­

PHMeHTe. Ho 3TO 3aKmoqeHHe HCKnroqano IlOCTaHOBKY 3KCnepHMeHTOB He TOnbKO 

Ha YCKOPHTene, HOH Ha peaKTOpe BBHAY Toro, qTO HHTeHCHBHOCTb p-HeATpo­

HO·B Mana. OrpoMHaH 3acnyra O.TI.CymKoBa H B.B.ll>naM6ayMa 3aimroqaeTCH 

B'ToM, qTo, paccMaTpHBaH P-HeqeTHhle HeATpOHHO-O~THqecKHe HBneHHH,· OHH 

c,ne]lanH. COBeprueHHO . npaBHnbHble KOnHqecTBeHHble OU~HKH. 0.HH · 6blJlH nepBblMH, 

KTO 3TO npaBHnbHO cnenan. Ha B03MOmHoe cymeCTBOBaHHe TaKHX .3c}JqJeKTOB 

Bnepawe YKa3an MHwenb B 1964 r., HO HH O KaKpM pe3oHaHCHOM MexaHH~Me 

YCHneHHH peqH He wno. <l>opTe 6b1Jl nepBblM, KTO o6paTHn BHHMaHHe Ha ponb . . . 
P:-Pe3oHaHCOB, onHaKO OH HMen B BHAY TOnbKO onHoqacTHqHhle COCTOHHHH, 

H no CHX nop IlbITaeTCH o6'bHCHHTb HM caMHM Bnepawe Ha6nroneHHhle orpOMHble 

P-HeqeTHhle HeATpOHHO-OilT~qeCKHe HBneHHH .(onTHqecKoe BpameHHe BeKTopa 

nonHpH3aUHH H·AHXPOH3M), Hcnonb3YH onHoqacTHqHhlA (BaneHTHhlA), a He 
11 KOMnaYHA-HnepHbIA" MexaHH3M YCHneHHH P-HeqeTHblX 3cpcpeKTOB. Ponb O .n. Cyw­

KOBa H B.B.<I>naM6ay~a, paCCMOTpeBWHX KOHKpeTHble HBneHHH a cnenaBlliHX 
' ' . ; 

npaaHnbHbie oueHKH, Henb3H HenooueHHBaTb •. Kc.Ta TH rciaopH, oHH npencK_a:-

3anH 8.HeqeTHble HeHTPOHHO-OilTHqecKHe 3cpq>eKTbl npaK;'HqecKH onHoBpeMeHHO 

C IlOHBneHHeM 3KcnepHMeHTanbHblX pe3ynbTaTOB <I>opT·e. B KOHUe KOHUOB, 

3KCnepHMeHTaTopy BamHO 3HaTb, KaKHM nonmeH 6hlT~ 3cpqJeKT, a He KTO nep­

BblH BblCKa3an H,nero. OnHaKO' Korna peqb H,neT 06 ocl>HUHanbHOM o:popMneHHH 

OTKPhlTHH, TO CHTYaUHH MeHHeTCH, Tenepb H IlOHCHIO CYinHOCTb HBneHHH ''Ha 

nanbuax'', He BHHKaH B neTanbHhle pacqeThl. TiyCTb 3HeprHH HeATPOHOB 6nH3-

Ka K 3HeprHH p-pe3oHaHca • .UnH KOHKpeTHOCTH H paccMaTpHBalO ynpyrHA-npo­

uecc. H3o6pa3HM ero rpa~ttqecKtt: 

n n 

p 

5igpo c;igpo 

OnycKaH cpa3oawe MHO~HTentt, 3anttllieM aMnnttTYAY npouecca (p-BonHa Ha axo­

ne H Ha Bh1xone) : 

i 'tP 1 \l[p 
Jrr ,...,, ~In E - Ep + l fp/2 " tl ' 

~p , fp - HettTPOHHaH H nonHaH WHPHHbl p-pe30HaHca, E -3Hepr1rn HeATpo­

Ha, E - pe30HaHCHaH 3HeprHH. Tenepb nonyCTHM, qTo PHAOM HaXOAHTCH p . 
S -pe30HaHc, H HeHTPOHhl C 3aMeTHOA BepoHTHOCTblO MoryT nornomaTbCH 
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Sl,[lPOM B s -BOJIHe. 0.z:tHaKO cna6oe B3aHMO.z:teHCTBHe rrepeBO,[lHT s -eonHy 

e p-eonHy. HHbIMH cnoeaMH, ,,SI paccMaTpHB,alO P-HelleTHYIO IIPHMeCb 6nmKatiwero 

p-pe3oHaHca K 3TOMY S -COCTOSIHHIO: 

s p 
f -~fr: <Hw> fcr 
sp . n (E-E-~ +t fs/2.XE -Er:,'"tlp/2) n • 

~gpo ~gpo 

3nech < Hw) - cna6b!H MaTPHllHblH 3neMeHT. nonHafl aMIInHTYna f = 5-rt fsp· 
Jlm!>c]>epeHQHanbHOe ceqeHHe orrpenenHeTCH KBa,11PaTOM rronHOH aMIInHTY,[lbl, KO­

TOPaH coneplKHT HHTep!lJepeHQHOHHblli 1meH "'.f pp fsp . Ero OTHOCHTenbHaH ee­

nHllHHa, T.e. OTHoweHHe aMrrnHTY.z:t fsp/fpf>"orrpenenfleT eenHllHHY nw6oro 

P-HelleTHOT'O 3¢~eKTa (B naHHOM cnyqae epameHHe CIIHHa HnH ,[lHXPOH3M) 

_fu ,v ~ r"s 
Jpp q 

<.Hw> 
E-E 5 +l fs/2 

,.,, ~ _.G. < Hw > 
[P D 
h 

nocKOnhKY E~EP, e 3HaMeHaTene CTOHT pa3HOCTh 3HeprttR s- H p-ypoeHeR, 

KOTOPYIO MOiKHO, .z:tnH oueH_KH, 3aMeHHTh ycpe.z:tHeHHbIM 3Haqem1eM D . BTopo11 

MHOlKHTen& orrpenenHeT TaK HasweaeMoe (H.C.illarrupo) .z:tHHaMulleCKOe ycHneHue. 

A rrepewA MHOlKHTenh H rrpe.z:tCTaBnHeT co6010 pe30HaHCHOe YCHneHHe. H3BeCTHO, 

llTO r~S >> r: H, KaK IIOKasanH CyWKOB II 0.11aM6ayM, BemillHHa 3!pqJeKTB MO­

lKeT ,[lOCTHllh HeCKOnhKHX npoQeHTOB. nocKOnhKY KOHeqH~e COCTOflHHH o60HX 

rpa;!)HKOB H.z:teHTHllHbI, T.e. B OTHOIJ;eHHe ~'i,p/fpp He BXO,[lHT, MOlKHO C paa­

Hb!M rrpaBOM paccMaTp1rnaTh H pa.z:tHBQHOHHbHI 3aXBBT. A Tenepb xoqy o6paTlITb 

BHHMBHHe Ha O.z:tHY TPHBHanhHYIO .z:teTanh. IToqeNy o6e aMnnHTY.z:tW, B .z:taHHOM 

cnyqae f H f SP , cKna.z:tbIBalOTCH, IIOlleMy HMeeT Mee To HHTepqiepemitt.s1? 

'J • pp . S 06 heHTPOH BXO,[lHT B H.z:tpo, He 3HBSI, B KaKOH OH eonHe, - l·InH p-. a rrpo-

uecca HMelOT MeCTO O,[lHOBpeMeHHO, KaK B H3BeCTHOM MWCneHHOM 3KCnepHMeHTe 

,[lH<!JpaKQHH 3_neKTPOHOB Ha .z:tBYX men.six. IT03TOMY o6e B03MOJKHOCTH HeOT.z:tenHMbl 

.z:tPYT' OT .z:tpyra. EcnH KaKHM-TO o6pa30M rrpocne.z:tHTh 3a HeATpOHOM H TOllHO 

BblHCHHTh, IIO KaKOMY"IIYTH" OH npomen, TO llHTepoepeHIJ,iIH HClle3HeT. BcnoM­

HHTe: ecnH KaKHM-TO o6pa30M, Hanp11Mep, na3epHbIM nyqoM, YCTBHOBHTh, qTQ 

.z:taHHWH 3neKTPOH rrpowen qepe3 .z:taHHYIO m~nh, T~ HHTepcpep~HQHOHHaSI KBPTHHa 

HClle3HeT, Ha 3KpaHe nonyl!HM IIPOCTOe HanoiKeHHe .z:tBYX 0,[lHOIUeneBbIX H306pa­

JKeHHfl. 
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YJibTPAXOJIO.IlHbIE HErlTPOHbl 

ID.H.noKOTHJlOBCKHA 

. 06'be,IJ;HHeHHblft HHCTHTYT .SI,IJ;epHblX HCCJle,IJ;OBaHHft, Jly6Ha 

YnbpaXOJlO,IJ;Hbie HeftTpOHbl' 9KCnepnMeHTbl C KOTOPbIMH 6binH HaqaThi 

B 1968 ronY, ceAqac y~e o6menpH9HaHHhlft pa6oqnft HHCTPYMeHT tH3HKOB, KO­

TOphlft y~e ,n;an HeMano nonomHTeJlbHhlX pe3YJ1bTaTOB H no-npe~HeMy IlPHBJleKa­

eT K ce6e nwneA, pa6oTawmnx B STOA o6nacTn, KaK KpacHBhltt tnsnqecKHA 

o6'beKT. Mon nenb: HanoMHHTb O nepBOM 9KCnepuMeHTe.B 3TOH o6naCTH 

B 1968 r., CBH9aHHOM Henocpe,n;cTBeHHO c pa6oTOH peaKTopa HEP, H ,n;aTb 

oqeHb KpaTKHH o6sop,qTo B MHpe cnenatto, H B KaKOM COCTOHHHH 9TO ,n;eno 

HaxO,IJ;HTCH ceftqac. 

B 1932 r. 6bln OTKPhlT HeATPOH. ~OPMYJla ,n;nH K09¢~nnneHTa npenoMJteHHH 

HefiTPOHa 

, ( 1) 

rne E - stteprnn tteATpoHa, gL - KorepeHTHaH nnnHa paccenHHH n,n;ep BemecT­

Ba, rll - qncno aTOMOB B e,n;HHHne 06'heMa, YYI - Macca HefiTpOHa, BH,IJ;HMO, 

6blna BliBegeHa BCKope. 0Ha BbIBO,IJ;HTCH oqeHb npoCTO H3 ypaBHeHHH illpe,IJ;HH­

repa. Cepbe3Han pa6oTa, nccne,n;ywman KorepeHTHhle s~teKThl npn pacnpocTpa­

HeHHH HeHTPOHa B BemecTB~ - 9TO pa6oTa J19KCa 1951 r. 111 • 6.M.ITOHTeKOPBO 

Heo,n;HOKpaTHO roBopnn, qTO nepBble CJlOBa o HettTPOHHOA 6YTbU1Ke ~epMH npo­

H9HOCHJI eme no BOMHbl. H3 9TOro :meMeHTapHoro Bblpa~emrn ,IJ;JlH K03it,c}mnneHTa 

npenoMJJeHHH BHAHO, qTo KaK TOJlbKO 9Heprnn HeHTPOHa CTaHOBHTCH MeHbme 

rpaHHqHott, K09¢it,uuneHT npenoMJ1eHHH CTaHOBHTCH qncTO MHHMhlM. Kosit>it>nnneHT 

OTpa~eHHH HettTPOHOB 

(2) 

(snecb HanucaH B ynpomeHHOH it,opMe ,IJ;JlH HOPMailbHOro na,n;eHHH HeRTpOHa Ha 

CTeHKY) CTaHOBHTCH B nneaJibHOM cnyqae paBHblM 1. Ha caMOM nene ,IJ;JlHHa 

pacceHHHH conepxHT MHHMYID qacTb, B CBH9H C 9THM K094>¢HUHeHT OTpaKeHHH 

He CTporo paBeH 1 • .[lnn peanbHOft CHTYaUHH npH HCilOilb30BaHHH xopomHx Be­

mecTB OKa9hlBaeTCH,qTo K09©$HUHeHT OTpa~eHHH OT e,n;HHHUhl MO~eT OTJlHqaTbCH 

37 



-5 -6 gnH ynbTPaXonogHbIX HefiTPOHOB Ha 10 -10 • HylKHO, qTo6bl ceqeHHe saxBa-

Ta ObUIO ManeHbKOe, a TennOBble Kone6aHHH CTeHOK nOBYIDKH, KOTOPbie MOI"YT 

npHBOAHTb K HarpeBy HeHTPOHOB H BbIObIBaHHW HS o6~eMa xpaHeHHH, MOlKHO sa­

gaBHTb rny6oKHM oxnaxgeHHeM. ITpo6neMa 9Ta OOCYlKAanacb BO MHOI"HX MeCTax, 

HO nepBaH ny6nHKaUHH 3enbAOBHqa nOHBHnacb B 1959 r. 121 . 3TO oqeHb KOPOT­

KaH saMeTKa, B KOTOPOH YKasaHo, qTo MOXHO ygeplKHBaTb HeftTpOHbl B saMKHY­

TbIX nonoCTHX, H cgenaHhl oueHKH no nOPHAKY BennqHHbl, KaKHe MOXHO OlKHAaTb 

BpeMeHa ygepxaHHH, CBHSaHHble C K09~~HUHeHTOM noTepb npH saxBaTe H Harpe­

Be HeHTPOHOB. B cnegywmeM I"OAY noHBHnacb o6CTOHTenbHaH pa6oTa B.B.BnagH­

MHPCKOI"O 131 , KOTopaH noceHmena xonogHbIM H YnbTpaxonogHbIM HeHTPOHaM 

B acneKTe HX BSaHMOAeHCTBHH C MarHHTHbIMH nomi:MH pasHblX KOH<}mrypaunft, 

B TOM qncne o6cyxganHCb MarHHTHble HeHTPOHOBOAbl H MarHHTHbl~ 6YTblnKH. 

BnocnegCTBHH 9Ta pa6oTa Cbirpana CBOW ponb B peannsaUHH nogo6HbIX YCT­

POHCTB. B 1968 r. <l).Jl.lllanHPO nepeHec 9TH pasrOBOPbl B nnoCKOCTb peanb­

HOI"O eonnomeHHH. CHTYaUHH Torga ocnoxtHHnacb TeM, qTo peaKTOP H6P 

B 1968 r. npeKpaman ceoe cy~ecTeoeaHHe, ero npegnonaranocb ocTaHoBHTb 

H saHHTbCH peKOHCTPYKUHeii. B CBHSH C 9THM HCnonbSOBaH 9KSOTHqeCKHH pe­

lKHM pegKHX BCnbrmeK: 1 HMnYnbc sa 5 ceKYHA t H 9TOT pelKHM ObinO pemeHo 

HcnonbSOBaTb gnH noHCKa ynbTpaxonOAHbIX HeftTpOHOB. IToqeMy He saHHnHCb 

ynbTpaxonogHbIMH HefiTPOHaMH cy~eCTBeHHO paHbme? ~eno B TOM, qTo oqeHb 
-7 HHSKaH 9HeprHH - 9TO AHanasoH 10 sB - rrpHBOAHT K TOMY, qTo HS MaK-

CBenrroBCKOPO cneKTpa 

ct:>YxH ,,,. ..!_ ( EP )2 ~ ,o-11 
4>

0 
8 E 

(3) 

MOlKHO OXHAaTb, qTo OTHOmeHHe IlOTOKa YnbTPaXOITOAHbIX HeHTPOHOB K nonHOMY 
-11 

TennoBOMY nOTOKY Ha YPOBHe 10 HnH MeHbme, Il 06 9TOM MOltHO 6binO I"OBO-

PllTb TOnbKO KaK 06 9KSOTHqecKOM HBneHIIH • Bo-BTOPblX, 6b!ITH TPY.r(HOCTH BbI.r(e­

rreHIIH noTOKa YXH Ha ~OHe OCHOBHOPO KOHKypnpywmero Tenrroeoro noTOKa. 

B 1968 r. <I>egop JlhBoBnq Hanncan oqettb xopomHH o6sop B Y<I>H' "3neKT­

pHqec1mR AHilOnbHblH MOMeHT sneMeHTapHblX qacTIIU" / 4! 3Ta npo6rreMa aKTYaITh­

Ha H no ceii .r(eHh. TaM OH Hapncoean HSBeCTHYID cxeMy, KaK MOXHO 6bIJIO 6bl 

noCTaBIITb 9KCnepHMeHT no nonCKY sneKTPHqecKoro AHilOITbHOI"O MOMeHTa C HC­

nonbSOBaHHeM YITbTpaxonogHblX HeHTPOHOB. TaKHM o6pasoM, 6bIJI npaKTnqeCKilH 

HMnYnbc + coqeTaHHe OOCTOHTenbCTB: HBHaH noTpe6HOCTb B nocTaHOBKe oqeHb 

aKTyanbHOI"O 9KCnepnMeHTa, OKOHqaHHe pa60Tbl peaKTOpa H6P H HanHqne xena­
w~nx npnHHTb yqacTHe B 9TOM 9KcnepHMeHTe.3To npueerro K TOMY,qTo HaM Y.r<a­

nocb B oqeHb npoCTOM OilbITe BbigenHTb noTOK ynbTpaxono.r(HbIX HeHTpOHOB 

H oueHHTb 9KCnepHMeHTanhHO nx BpeMH lKHSHil B HefiTPOHOBOAe 151 • R KOPOTKO 

paccKaxty 06 9TOM 9KCnepnMeHTe. 0B Obin oqeHb npocT H Kpatiue 6bICTPO C.r(e­

naH ManblMil cnnaMH. 6blna HCnonbSOBaHa B KaqeCTBe HeHTPOHOBOga IlPOMhlm-

38 



neHHaH'MeAHaH Tpy6a, npoTpaBneHHaH BHYTPH, H90rHYTaH pyqHblM cnoco6oM. 

BHYTPH Hee OKOJIO aKTHBHOH 90Hbl HaXOAHJICH AHCK - noJIH9THJieHOBblH KOHBep­

TOP' nOTOMY qTo YJibTpaxoJIOAHble HefiTpOHbl He MOrJIH 6bl npoii:TH H9 98J4eAJIHTe­

JIH qepes MeAHYIO CTeHKY. no sarHYTOMY Heii:TpOHOBOAY YXH, OTPa:ataHCb OT CTe­

HOK, AH~~YHAHPOBanH B oqeHb npocTo ycTpoeHHblii: AeTeKTOP, nepeA AeTeKTO­

poM CTOHJia TOHKaH MeAHaH WTOPKa TOJIIIl;HHOH 1 MHKPOH, OHa noBopaqHBanacb 

H 9aKpb1Bana TO OAHH, TO BTOPOH AeTeKTOp. 3Ta WTOPKa cosepmeHHO He BJIHH­

na Ha ~OH H Ha B09MO»rnoe HaJIHqHe 9AeCb Heii:TPOHOB 6onee BblCOKHX 9Hepru:A, 

H TaKHM o6pa90M OHa Morna HBJIHTbCH ~HJlbTPOM, nponycKawm;HM HJIH He nponyc­

KaWmHM YJibTpaxonogHble Heii:TPOHbl Ha oqeHb TOHKHH CUHHTHJIJIHUHOHHblH geTeK­

Top. obma qpe9Bblqa8HO HH9KaH CKOPOCTb cqeTa - 7•10-3
H/C , HO pa60TaJIH 

Mb! B YCJIOBHHX HH3KOro ~OHa B TeqeHHe 5 ceKYHA Me:atnY HMnyJibCaMH peaKTopa. 

l1cnOJib90BaHHe HMilYJibCHOro peaKTopa ,QJIH npaKTHqeCKHX pa6oT C YJibTpaxonon­

HblMH HeHTPOHaMH BPHA JIH B HaCTOHm;ee BpeMH HMeeT CMblCJI B CHJIY Manoii: cpen­

Hefi MomHOCTH. Ho AJIH 9KCnepHMeHTa no o6Hapy~eHHIO~ HeCMOTPH Ha TO, qTo 

MomHOCTb KpauHe HH9KaH, HMnYJibCHblH xapaKTep pa60Tbl OKa9aJICH KCTaTH, 

n09BOJIHB cymecTBeHHO IlOHH9HTb ~OH H qeTKO OT~HJlbTPOBaTb YXH OT ~OHOBblX 

HeHTPOHOB. 

KpoMe Toro, B 9TOH pa6oTe npOBOAHJIHCb H3MepeHHH C HanonHeHHeM 

Tpy6bl renneM, nHCaJIHCb npoCTble ypasHeHHH pacnpoCTpaHeHHH HeHTPOHOB 

B HeHTPOHOBOge B AH~~Y3HOHHOM npH6JIH~eHHH,H 9TO nosBOJIHJIO HaM oueHHTb 

(He oqeHb TOqHo, npasna) cpeAHee speMH ltH3HH HeHTPOHOB B TaKo:A Tpy6e. 

OHO OKa3aJIOCb nopH,QKa 200 CeKYHA, a HHTeHCHBHOCTb, nonyqeHHaH Ha Ae­

TeKTope, Hennoxo cornaCOBanacb C pacqeTHOH. BoT B 9TOM COCTOHJl npoCTOR 

3KCnepHMeHT. OH IlOKasan, qTO YJibTpaxonOAHble HeHTPOHbl MOXHO YBHAeTb Aa:ate 

Ha cna60M peaKTope, Ha6nwnaTb, H9M8PHTb HX noToK; H pacqeTHaH HHTeHCHB­

HOCTb, H BpeMH ygep~aHHH ,QOCTaToqHo Hennoxo cornacyIOTCH C Teopuefi. 

nocne 3Toro pa60Tbl Ha 9TOM peaKTOpe 6blJIH npeKpam:eHbI, H Mbl nepeHeCJIH 

CBOIO neHTeJibHOCTb B HHCTHTYT HM. KypqaToBa. Ta.M peaKTOP B 1000 pas 6onee 

MOIIl;HblH, n HHTeHCHBHOCTb nonyqmm COOTBeTCTBeHHO B 1000 pas 6onee MOIIl;HYIO. 

HaqaJIHCb MHoroqucneHHble 3KCnepHMeHTbl no xpaHeHHIO HettTPOHOB B 6YThlJIKax 

pa3HblX KOH~urypaUHH. Cpasy ~e Mbl HaTKHYJIHCb BeCHOH 1969 r. Ha cepb83Hble 

pacxo1tAeHHH B K09~~HUHeHTe noTepb Me:atAY Teopuefi H 9KCnepHMeHTOM H AOJiro 

nblTaJIHCb BbUICHHTb' B qeM :ate TYT ilpuquua. 

OCHOBHblM 9KCnepHMeHTOM, paAH KOToporo BHaqane H saHHJIHCb YJibTpaxo­

JlOAHblMH HeHTPOHaMH, 6bIJI 9KCnepHMeHT no IlOHCKY sneKTPHt1eCKoro ,ttHilOJlb­

HOro MOMeHTa. HcnOJlb~YeTCH TaK Ha9blBaeMbli1: MeTOA pasnenbHblX OCUHJIJIHPYIO­

m:ux noneii:. TioqeMY YJibTPaXOJIOAHble HefiTPOHbl 9AeCb nawT cym;ecTBeHHblH pb!BOK 

B qyscTBHTeJibHOCTH? illupuHa pesoHaHCHOH KPHBOH onpeAeJIH8TCH BpeMeHeM 

npe6blBaHHH HeHTPOHOB B o6naCTH npeuecCHH. ECJIH eCTb 9JieKTPH'l8CKHR AH­

noJibHblll MOMeHT, TOrAa HMeeTCH BKJiaA B noTeHUHaJibHYIO 9HeprHIO sa cqeT 
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BSaHMOgeHCTBHH C BHemHHM 9neKTpHqecKHM noneM, H OHO gonxHo CKa9blBaTbCH 

B HSMeHeHHH qacTOTbl npeneccH~, qTo npHBOnHT K cnBHry pesoHaHCHOH _KPH­

BOH. 3TO H HSMepHeTCH B pesoHaHCHOM 9KCnepHMeHTe. EcnH B nyqKOBblX 9KC­

nepHMeHTaX no Toro pa6oTaJIH c TennOBhlMH HeHTPOHaMH, H BpeMH npe6wBaHHH 

HeHTPOHa B o6naCTH npeneccHH COCTaBnHno MHnnHCeKyHnbI, TO ceflqac B 9KC­

n~pHMeHTaX no noHCKY sneKTpHqeCKOro nHnOnbHoro MOMeHTa 9TO BpeMH COCTaB­

nHeT HeCKOnbKO necHTKOB CeKyHg. ITocTeneHHO BblHBHnHCb nBe OCHOBHble nH­

nHPYIOJnHe rpynnbl B o6naCTH noncKa gHnonbHOro MOMeHTa - rpynna llo6arnoBa­

Cepe6poBa B llHR<I>e H HHTepHaUHOHanbHaH rpynna, pa6oTaromaH Ha peaKTope 

HHCTHTYTa llays-llaH~eBeHa B fpeHo6ne. ITocnenHHH ony6nHKOBaHHblH pesynbTaT 

ns rpeHo6nH -)d.n\ < 1,2•10-25
e•cM (95%) 161 • 3To ynyqmeHHe no cpaaHe­

HHIO C nyqKQBblM.' 9KCnepHMeHTOM IlPHMepHO Ha nBa nopHnKa. PesynbTaT rpynnbl 

HS llHR<I> - d.n =(o:!:4) .,o-26
e•CM 171 • 3agaqa noHCKa 3}lM HeHTPOHa - onua 

HS HaH6onee IPYHnaMeHTanbHblX B COBpeMeHHOH q)H9HKe, H . IIPHMeHeHHe YXH 

snecb nano Ha06onee omyTHMhl0 BKnaA. 

BepHYCb CHOBa K npo6neMe xpaHeHHH. nonro He HaxonHnH COOTBeTCTBHH 

B 9KCnep_HMeHTaJibHblX H TeopeTHqecKHX gaHHblX no xpaHeHHIO. ITocTeneHHO B 

pesynbTaTe pasnnqHhlX OIIhlTOB BhlHCHHllOCb cneAYIOmee: BHAHMO, OCHOBHOR npn­

qHHOH pacxoEneHHH (COCTaBnHIDmHx qyTb nn He gaa IlOPHAKa nnH HaH6onee 

nepcneKTHBHbIX c ToqKn speHHH xpauemrn YXH BemecTB - yrnepona, 6epmmHH, 

CTeKna) HBnHeTCH HanHqHe aonopona B npHnoBepxHOCTHblX cnOHX aemecTBa. 

3To 6bmo noaonbHO HeOXHAaHHblM ga~e gnH crreuHaJIHCTOB: Mbl O6cy~nan11 9TO 

C q)HSHKO-XHMHKaMH B aKaneM0qeCKHX HHCTHTYT'aX, H Karna Mbl roaopnnH; 

"A MO~eTe ce6e npegcTaBHTb, qTo Ha noBepXHOCTH xopomo OTO~~eHHoro Me­

TaJIJla HnH cTeKna naxonHTCH cTonb Heo6blqHo 6onbmoe KonnqecTBO aonopona, 

BonoponHaH nneHKa TOml~HHOH HeCKOnbKO necHTKOB aHrCTpeM?", monH, 6butH 

KpafiHe YnHBnenw,B AanbHeRrneM B crreunanbHhIX sKcrrep0MeHTax Ha reHepaTopax 

Batt-Ae-rpaadia C Hcnonb3OBaHHeM 

qyBCTBHTenbHhlX HAePHhlX peaKUHA 6hlno o6ttapyzeHo, qTo B Ae0CTBHTenbHOCTH 

Ha IIOBepxHOCTH MeTanna H CTeKna eCTb npaKTHqecKn He CHHMaeMhlH HnH 

oqeHb TPYAHO CHHMaeMhlfi BOAOPOAHHR cnon B HeH3BeCTHOM BHAe XHMHqecKoro 
16 2 

COeAHHeHHH B KOn0qeCTBe /1-3/·10 aT/CM . 3KcnepHMeHThl no HCClleAOBa-

HHIO TeMrrepaTYPHOA saBHCHMOCTH BpeMeHH xpaHeHHH HefiTPOHOB Tome KaqecT­

BeHHO □ OATBepmAalOT rH□OTesy O BOAOPOAe. TeM He Mettee BO□poc Hellb3H 

ClIHTaTb BIIOnHe HCHblM. B Hau6onee Tl!laTenbHO BbITTOnHeHHblX i9KCrrepHM0HTaX 

no xpatteHHIO YXH B ycnoBHHX rny6oKoro oxna,"AeHHH OTpamaron1en noBepxttoCTH, 

KOrAa npouecchl Heyrrpyroro pacceHHHH, conpoBomAa~mnecH HarpeBOM HeATpo-
/8 g/ ' " 

HOB' AOll)KHbl HClle3HYTb ' ' paCXOlKAeHHe C Teopnen o.cTaeTCH oqeHb 6onb-

lliHM /1-3 IIOPHAKa/. HaAO OTMeTHTh,.OAHaKO, lITO B 9THX 9KC□epnMeHTaX 

OlleHb TPYAHO KOHTPOllHPOBaTb Kal!eCTBO □OKPhlTHH □OBePXHOCTH oTpamaIOmHM 

MaTepHanoM H TeM 6onee ero x0MnqecKnR cocTaB. 
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O,r{HaKo; HeC?,tOTPH Ha 9TH pacxom,qeHHH, ,qoCTHI'HYT nporpecc B YT01rne~ 

HHH nepHona pacnan~ HeBTPOHa MeTOAOM xpaHeHHH YXH. HcnoJib9OBaH npHeM, 

9aKnwqaromHHCH B 9KCTpanoJIHQHH 9KCnepHMeHTaJibHbIX ,qaHHbIX K 6eCKOHeqHOMY 

o6'beMy I 1 O' 11 / HJIH K Hynes on cKopocTH HettTpoHa / 9 I c yqeTOM .H9MeHsuo­

meucH npH 9TOM Hs-sa rpaBHTaUHH reoMeTPHH xpaHeHHH. ITonyqeHHbie pesynb­

TaTbI no cpe,qHeMY speMeHH lKH9HH HeftTpoHa ln =887,6!3 c 1111 

H 888,4!2,9 C 191 9aMeTHO npeBOCXOAHT no TOqHOCTH nonyqeHHble pasee Me­

TOAOM perHCTpaQHH nponYKTOB pacnana HeHTPOHa. 

IlapanneJtbHO c xpaue1meM YXH B "HnepHblX" noBymKax pasBHBaJIHCb pa-

6oTbI no MaI'HHTHOMY y,qepmaHHID. rpynna ro.r.A6osa B HT3~ HCCJte,qoaana xpa­

HCHHC YXH B OAHOCBH9HOH MaI'HHTHOH JIOBYWKe 1121 • rpynna H9 6oHHa YCTa­

HOBHJta B ttHCTHTYTe llays-llaHlll:eBeHa Ha nyqKe XOJIOAHbIX HeHTPOHOB CBepxnpo­

BOAHmee MarHHTHOe HaKOllHTeJtbHoe KOJibQO AJI« HettTPOHOB MHKPOBOJlbTOBOI'O 

AHanasoHa :rneprnft. fut y,qanocb H9MepnTh TaKHM o6pasoM cpe,qHee BpeMH 

i1msH·H tlettTpoHOB 'tn =8 77 :!: 1 O c / 13/. 

YXH 9q>~eKTHO HCnOJib9OBaHbI TaKEe B 9KCnepHMCHTe no YTOqHeHHro sapH,qa 

HeftTpoua, npoBe,qeHHOM coBMecTHo rpynnoft H9 Sonrapm-1 H nmI~. 
KpoMe CKa9aHllOI'O Bblllle, YXH MOlKHO HCilOJlb9OBaTb H B PHAe APYI'HX Ha­

npaBJteHHH. l1HTepecHa "cneKTPOCKOnHH HarpeTblX HeHTPOHOB". 3,qecb HaMeqa­

eTCH AOBOJlbHO HHTepecHaH H YHHKaJibHaH BO3MOlKHOCTb: cneKTP HeftTpOHOB, 

nonyqaromHXCH nocne pacceHHHH YXH Ha CTeHKe JIOBYWKH (aTOMbl BOAOPOAa 

BO MHOI'HX CJtyqaHX AOJilll:HbI COCTaBJtHTb OCHOBHOH BKJtan B pacceHHHe),~aeT 

HH~OpMaQHID o xapaKTepe KOJie6aHHH aTOMOB B noBepxHOCTHOM cnoe. MeTOA 

oqeHb qyBCTBHTeJteH - MOlKHO HCCJte,qoBaTb AOJtH MOHOCJIOH ancop6HpoBaHHOI'O 

HJIH BHe,qpeHHOI'O B IlOBepXHOCTb BOAOPona. 3necb nonyqeHbl AOBOJlbHO IlPOTH­

BOpeqHBNe H . TPYAHO O6'hHCHHMbie pe3YJtbTaTbl' KacaromHeCH Bonpoca: YJKeCTO­

qaeTCH HJIH, Hao6opoT, CMHI'qaeTCH cneKTP HarpeTblX HeHTPOHOB no Mepe Toro, 

KaK BN HarpeBOM y,qanHeTe BOAOPOA c noBePXHOCTH 114 •151 • rrocnenHHe pe-

9YJibTaTbl' Han6onee AOCTOBepHbie H Hane:acHble, noKa9bIBaIDT coeepmeHHO YHH­

KaJibHOe IlOBCACHH!'l: no Mepe TOI'O' KaK Bbl YAaJIJieTe BOAOPOA' cneKTP Ha­

rpeTblX Ha OCTaBWCMCH BO,qopone HeHTPOHOB CMHrqaeTCH.IlpoBe,qeHO C YXH HeMa­

JIO H ACMOHCTpaQHOHHhlX 3KCnepHMCHTOB,C HCilOJlb3OBaHHeM 60JiblliOH AJIHHbl BOJI­

HbI: AH~paKQHH Ha peweTKe 1161 , npoxomneHHe qepes HHTep~epeHUHOHHbie 

qJHJlbTPbl 1171 , pa,qHOI'pa~IU! Ha YXH 1181 , nonyqeune YBeJIHtteHHbIX H906palll:e­

HHH - llPOABHlKeHHe K cos,qaHHID HettTPOHHOI'O MHKPOCKona 1191 • 31<:cnepHMeH­

TaJibHO npoeepeH 9qJqleKT MeTaJIJIHqeCKOI'O OTpaJKeHHH HeHTPOHOB 1201 • l19Mepe­

Ha aKTHBaQHOHHblM MeTOAOM rny6HHa npoHHKHOBeHHH YXH-BOJIHbI B eemecTBO 

B YCJIOBHHX IlOJIHOI'O OTpruteeHHH / 21 /. 

B09MOlKHO IlOCTpoeHHe HeHTPOHHbIX HHTep~epoMeTpoe B AHanasoHe AJIHH 

BOJIH YXH1221 , 

B 70-x ronax 6onbwe 10 na6opaTopHH saHHMaJIHCb uccne,qoeaHHHMH 

B o6naCTH YJlbTpaXOJIOAHblX HeHTPOHOB: OT KaHaAbl AO .R:nOHHH, 9aTeM 9HTY9H-
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asM HeCKOnbKO cnan, llOTOMY qTQ Bee o~pegenHeTCH HHTeHCHBHOCTbID. Ce8qac 
BblpBanHCb Bllepeg ABe naoopaTOPHH! i1HCTHTYTa Jiayg-JlaHlKeBeHa H JIJ1$Icl>. 
lliIOTHOCTb llOTOKa YXH npeBblCHna cenqac 10 4 H/CM2 C, 9TO Ha BOCeMb llOPHA­

KOB 6onbme, qeM B nepBOM OilhlTe 151 • MolKHO HageHTbCH, qTo 9$$eKTHBHOe 

llPHMeHeHHe YXH OYAeT B AMbHettmeM pacmHPHTbCH. 
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OTITViKA YXH l1 HEf1TPOHHb!v! Ml1KPOCKOTI 

A.l1.<flpaHK 

l1HCTHTYT BTOMHOR g~eprHH HM. l1.B.KypqaTOBa, MoeKBB 

Pa60Thl, KOTOphle H Be,[(y C MOHMH KOJIJieraMH H3 KypqaTOBCKoro HHeTHTY­

Ta, oqeHb TeCHO CBH38Hbl ·c HeCKOJibKHMH pa6oTBMH l1JibH Mttxai'mOBHqa •. JI ,[(OJI­

)KeH CKa3BTb, qTo caM H C l1nbeJ:1 Mttxai1JIOBHqeM HHKOr,[(a He pa6oTan, XOTH 

)KH3Hb MOH CJIO)KHJiaCb TaK, qTo nocne,[(HHe 10 neT H ,[(OBOJibHO TeeHo eonpHKa­

ca1ocb c ero ,[(e.HTeJibHocTbrn. C pa6oTaMH l1JibH MttxaJ:1noBttqa no onTHKe YXH 

H nosHaKOMHJICH Ha TI HeHTPOHHOll lliKOJie B 19 7 4 ro,[(Y' r,[(e 6bIJI yqaeTHHKOM 

H CJIYWBJI PH,[( ,[(OKJia,[(OB. OHH Ha MeHH npoH3BeJIH Terna 60JibWOe BneqaTneHHe. 

ii npowno eme ,[(OBOJibHO MHOro JieT, npe)K,[(e qeM 3TO npeBpaTHJIOCb B o6naeTb 

npo~eccuoHaJibHOH neHTeJibHOCTH. 

ITocne Toro' KBK 3,[(eCb' B 3TOll na6opaTOPHH' 6bIJIH OTKPbITbl YJibTpaxo­

JIO,[(Hhle HefiTpOHhl, COBepweHHO ecTeCTBeHHO, qTQ l1JibH MttXaHJIOBHq 3THM oqeHb 

YBJieKCH. BwcTynaBlliHe no MeHH o6cy)K,[(aJIH, qTO OH 60JibWe JIW6Hn: H,[(epHyW 

~H3HKY UJIH ODTUKy? 5I He YBepeH, qTo 06 3TOM MQ)KHO CKOJibKO-HH6y,[(b onpe­

,[(eJieHHO CY,[(HTb, HO BOT IDpttR TiaBJIOBHq TionoB CKasan, qTo l1JibH MttxaAnoBHq, 

KOHeqHo, oqeHb pa,[(OBaJICH, KOr,[(a 3TH ,[(Be o6JiaCTH MO)KHO 6hlJIO eoenHHHTb, 

H 3TO, HCCOMHeHHO, BepHO. vi 3TO 6bIJI Cl.laCTJIHBblll MOMeHT, noTOMY qTo sneeb 

MO)KHO 6bIJIO ODTHqecKoe MbllliJieHHe, BOJIHOBOe MblIIJJieHHe u npeKpaeHYW onTHqee­

KYW 3PYAHQHW DPHJIO)KHTb K Hel!TPOHHOH ~H3HKe, H snecb B03HHKJIH, no-MoeMy, 

coBepmeuHo saMetiaTeJibHWe Bemtt. B 1972-1974 rr. 6wno ony6JIHKOBaHo He­

CKOJibKO CTaTefi, HO ~aKTHl.leCKH 3TO pa3BHTHe O,[(H011 H TOIi )Ke pa60TW: KOPOT­

KaH CTaTbH B "ITPHPO,[(e", ,[(Ba npenpHHTa na6opaTOPHH tt JieKQHH Ha LIKOJie. 

K CO)K~JieHHW, 3TH pa6oThl He nonyqHJIH )KypHaJibH011 ny6JIHKaQHH, 0 qeM H Beer­

AB oqeHb COJKaJieJI, OHH OCTBJIUCb KaK-TO oqeHb Mano H3BeeTHbIMH. HsBeeTHO, 

l.!TO ecnH 00,[(XO,[(HTb K uenTpOHHOl1 OilTHKe, TO MOJKHO nocTynaTb ,[(BOHKHM o6pa-

30M: MQ)KHO HCXO,[(HTb H3 OilTHqecKoro noTeHQHaJia H pa6oTaTb C ypaBHeHtteM 

illpe,[(HHrepa,H Bee nonyqHTCH TaK,KaK Hano, a MOJKHO 

HBTb C noKasaTeJIH npeJIOMJieHHH, KOTOPWH eCTb OTHOIIIeHHe BOJIHOBWX qttcen 

B l:PC,[(e H B BaKyyMe. EcTeCTBeHHO, qTo l1JibH MnxaRJIOBHq nowen no 3TOMY 

nyTH H cpasy )Ke Hanttcan 3TO B Bttne, qpesBwqa11Ho IlPHBhll.!HOM B OilTHKe 

H B onTHKe MeTaJIJIOB, COilOCTBBHB KBanpaT noKa3aTeJIH npeJIOMJieHHH C ,[(H3-

neKTpHqeCKOl1 DPOHHUaeMOeTbW, a eenH 00,[(CTBBHTb npaBHJibHO Bee BenttqHHW, 

TO nonyqaeTCH BOT TaKaH 3BBHCHMOCTb: 
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vo. -= ~ {!i..! cJ.. 
2 = .!=.... N 16 v-) . 

LOll h1 tr 2.,r n, l' 

flerKO BHneTb, qTo ITPH TaKoA 3aITHCH rronHoe OTpameHHe rronyqaeTCH oqeHb 

rrpocTo, TTpH nocTaToqHo 6onbwoA nnHHe BonHbI neAcTBHTenbHaH qacTb E cTa­

HOBHTCH OTpHQaTenbHOA, KaK 9TO 6wBaeT y MeTannoB. 0TnHqHe OT OITTHKII 

MeTannoB COCTOHT B TOM, qTo B HeATpOHax OTHOWeHHe MHHMOH H neAcTBIITenb­

HOA qacTII g oqeHb Mano, a TaKoe MomeT 6WTb TOnbKO B COBeprueHHO nneanb­

HWX MeTannax, a OHII BCerna He HneanbHW, TaM eCTb nHccnrraUIIH 9HeprHII, 

BemecTBO nnH HeATpoHa - MeTann-6onee nneanbHoe, qeM xopornHA MeTann nnH 

CBeTa. 3TH q:JOPMYnhI Bownn B m!13Hb' OH!! HCITOnb3YIOTCH H mHBYT' 0 HUX 6onb­

lIJUHCTBO 3HaeT, OnHaKO ropa3no MeHbWe Obina 3UMeqeHa BTOpaH Bemb, KOTOPYIO 

HnbH MuxaAnoB11q B aTux me pa6oTax cne~an.Torna Bcex oqeHb Bon110Ban Tau11-

CTBe11111:,1r, B TO BPeMH B011POC: KYna ucqe3aYJT ynbTpaxonon11ue HeflTPO!lbl 113 no­

BYllleK? TTpo6neMa xpaHeHUH B 70-x ronax Obina qpe3BbJqar1HO aKTyanbHOH. 

VJJJbH Muxai'moBuq Tome IlbITancH K He11 ITO~OllTU rro-csoeMy H' B qacTHOCTll, 

qepe3 OilTUKY. OH o6paTHJ1C.H K CTapbIM pa5oTaM fl9KCa 50-x ronoB' rne 

BMeCTO npocTOH Q)OPMYJJW, KOTOPYIO H rrHcan, turypupyeT eme nonpaBoq11wA 

K09(pQ)HQHeHT, KOTOpWA Ha3WBaIOT KO)q>t11u11eHTOM fl3Kca: 

n2 =- 1. -f lic g ,r 
C ::. C 

1 
- i. C '' ' , e = e ' -" e ''. ( 2) 

CMwcn ero oqe11b rrpocToA. B pa3peze11110A cpene ero He nonm110 6WTb, TaK 

me KaK nnH cseTa Ha cB06on11wx 3neKTpo11ax 11nn nnH pe11Tre11a B BemecTBe, 

TaK ze KaK nnH cBeTa, rrp11 nepexone K cpene B03HHKaeT n11cnepc1101111a.H 3a­

BHCHMOCTb 6onee CJJOZ!la.H, 11 nn.H HeHTPOIIOB, B npHHQHne, eCTb HeKoTopaH 

rronpaBKa,11 3TOT K09¢q>HQHeHT ee yqHTWBaeT. Hne.H COCTO.HJJa B norryme111111 

TaKoro YCTpOitCTBa 3TOro rronpaBOt.IHOro K03~~HQHeHTa, t.ITO nriH ynbTpaxonon­

HblX 11e11TPOHOB OIi CKB3bIBaeTCH KaK-TO CllnbHee' qeM nn.H o6biq!lblX. Torna 

MomHo 6wno cornacoBaTb pa311nuy B cet.1e1111.Hx rrornorneHHH HJJH yxona, 11n11 11c­

qe311oseHHH YJJbTpaxononHhlX 11eATpOHOB, nonyqeHHbIX 113 OilblTOB C YXH H H3 

OITWTOB C TerrnoBWMH HeHTPOHaMH. Co BPeMeHeM 3Ta rrpo6neMa paccocanacb, 

c xpa11e11HeM CTano see xopowo, ·a q>H3HKa MHoroKpaTHoro pacce.HHHH, 11eAT­

po11HaH OITTIIKa, ee TeopHH npononmana PB3BHBaTbC.H, H OKB3BJ10Cb, qTO HJJbH 

MHxaHJJOBHq MHoroe yranan HnH IlOHHn, ceAt.Iac H yze 3TOro He Mory CKB3BTb. 

TTo3me IlOHBHnHCb nse XOPOWHe pa60TW 1982 u 1985 rr., T,e. qepe3 

10 neT rrocne pa6oTW HnbH MHXaHJJOBHqa, 3To, B qacTHOCTH, pa6oTa CHpca. 
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y Hero .eCTh 60J1hll!OM o6sop "<l>YHnaMeHTaJlhHbie OCHOBbl HeATpOHHo.A OilTHKH', 

H TaM BCe 9TO cneJ1aHO B 06IUeM BHne no KOHI,la, 3TO HailHCaHO B HeKOTOPblX 

npH6J1H~eHHHX, H OKa3aJ10Ch, qTo,neACTBHTeJ1bHO,K03tiHQHeHT ll3KCa eCTh, 

u,neACTBHTeJlbHO, OH conep~HT neACTBHTeJlhHYW H MHHMYW qaCTh, neACTBHTeJlb­

Ho, B nonpaBKH BxonHT BOJ1HOBoe qffCJ10 B 3HaMeHaTeJ1e. Xopomo BHnHo, qTo 

nnH TeilJ10BhlX HeMTPOHOB, Karna BOJ1HOBOe qffCJ10 60J1blliOe, o6e 3TH nonpaBKH 

HnYT B HOJ1h, a npH MaJ1WX BOJ1HOBhlX qffcJlaX OHH cymecTBYWT. K npo6J1eMe 

xpaHeHHH 3TO He HMeeT OTHOllieHHH, HO oTcwna cnenyeT BeCbMa HHTepeCHhlA 

TeopeTHqeCKHH BbIBOn' KOTOPbIA 6b!J1 npoaep.eH 3KCnepHMeHTaJ1bHO H npencTaB­

J1HeT co6ou, no-BHnHMOMY, BilOJ1He nocTOMHYW sanaqy, ECJ1H nepeATH OT 3TOM 

~OPMYJ1HPOBKH K npHBWqHoA nnH MHOrHX toPMYJ1HpOBKe C OilTHqeCKHM noTeHQH­

anoM, 3TO 03HaqaeT, qTO OilTHqecKHH noTeHQHaJ1 3aBHCHT OT 3HeprHH, npuqeM 

3Ta 3aBHCHMOCTh npoHBJ1HeTCH TOJlhKO B 06J1aCTH xononHWX H oqeHb xononHhlX 

HeRTpOHOB,H ee npaKTHqecKH HeT nnH TeilJlOBWX HeATPOHOB. B 9KcnepHMeHTaX 

C He11TpOHHblMH lIHTep-:pepoMeTpaMH, KaK pas B TenJJOBOA 06J1aCTH' Ilb!Tam1cb 

HCKBTb, HO TaM ee He non~HO 6WTh. CMWCJ1 3TOH nonpaBKH COCTOHT B TOM, 

l!TO na~e nnH ,[(JlHHHOBOJlHOBbIX HefITPOHOB eCTh KOppeJJHQHH B p~cnono~eHHH 

aTOMOB, eCTh B3aHMHaH IIHTeptepeHQHH pacceHHHbIX BOJ1H, XOTH cpena qiaKTH­

qecKH aMopqiHa, HO TeM He MeHee aTOMW HeJ1b3H C6J1H3HTh Ha HeKOTOpoe 

paCCTOHHHe, eCTh 6J1H~HHH nopHnoK. TpeTHH IlYHKT, KOTOphlA B 3THX pa6oTaX 

conep~aJlCH H Ha KOTOPhlH H naJ1hllie 6yny onupaThCH, npHBeneH TOJlhKO Bon­

HOI! H3 3THX Tpex ny6J1HKaQHII, a HMeHHO B ~ypHaJle "TTpupona" 1972 r. 

l~bH MHXBHJ10BHq HapHCOBaJ1 KaiTHHKY, noxo~yw Ha 3TY (CM. pHC. 1), rne 

0 
ft 

Puc. 1 

45 

H306pa~eHO 3epKaJ10, OT KOTOporo 

HeiITpOHhl HCilWThlBaWT IlOJ1HOe OT­

pa~eHHe IlPH HOPMSJlhHOM yrne, 

HMeeTCH HCTQqHHK, HMeeTCH H30-

6pa~eHHe, H oqeHb KOPOTKO roBO­

PHJlOCh o TOM, qTo MO~HO B 6yny­

meM nyMaTh, l!To sepKaJ1hHaH on­

THKa IlOJ1Horo OTpallieHHH H YJ1hT­

paXOJ10,[(HWe HeRTpOHhl MoryT npH­

BeCTH K IlOHBJleHHW HeATPOHHoro 

MHKPOCKona. 3TO 1972 ran. QqeHb 

TPY.UHO ceAqac IlOHHTh, HaCKOJlhKO 

OH npennonaran. 3TO peaJ1hHbIM. 

CaM OH Ha 3TOT Bonpoc He OTBe­

qaJ1.3TOT PHCYHOK H 3TO npennono­

~eHHe TaK~e Torna He 6hlJ1H IlOHH­

Thl, no-BHnHMOMY, 60J1hlliHHCTBOM. 

TTOCKOJlhKY YJlhTpaxononHwe HeAT-



pOHW cqttTanH Ha WTYKH, H MW Bee 3TO xopowo 3HanH, TO KapTHHKa 3Ta BOC­

npHHHManach KaK COBepweHHO KOpnycKynHpHaH: Hy,nanaeT wapHK, OTpazaeTCH, 

nonanaeT crona - qTo 3nech, Ka3anoch 6b1, HHTepecHoro. Ho no npowecTBHH 

HecKonhKHX neT nocne Toro, KaK 3TO 6wno HaneqaTaHo, ~ 3aBen c HnheH 

MttxafinoBttqeM pa3rOBOP Ha 3TY TeMy: xopowo, snecb C wapHKOM ace nOHHTHO, 

HO Bce-TaKH H3o6pazeHHe ecTh pesynhTaT HHTep©epeHQHH BOnH, a C BOnHaMH 

KaK-TO 3necb He oqeHb Bee xopowo. JleTHT HeHTPOHbl no KPHBblM nHHHHM, na 

eme, no-BttnHMOMY, BpeMH pa3HOe 3aTpaqHBalOT. KaK C ¢opMHPOBaHHeM .H306pa­

zeHHH, ecnH nepeHTH K BOnHOBOMY H3WKy? PasrOBOp Bpone 6w KQHqHnCH HH­

qeM, OH HeMHoro 3anyMancH, a nOTOM CKa3an MHe, qTo,B o6meM-TO, qTo ze 

snecb TaKoro: neHCTBHTenbHO, BOnHOBOe qttcno MeHHeTCH, 3HaqnT, Mb( MOZeM 

BBeCTH noKa3aTenh npenor.meHHH, BOT Mb! ero Hanttcantt, a pas ecTh noKa3a­

Tenh npenoMneHHH - sTo HeonHoponHaH cpena. EcTh npHHQHn ~epMa CTaQHo­

HapHocTH qiasb1 nnH _pa3HbIX nyqefi, H Bee xopowo. Ou 6bm oqeHb menp, H sa 

nBYMH nonnHCHMH, no cymecTBY, 3TH coo6pazeHHH 6wntt ony6nHKOBaHw 

CHaqana B MaTepttanax LiKOnbI, a no TOM naze B "TIHCbMaX B 7.<3T<fJ". LlYMaH Ha 

3TY TeMy, H noHHn, qTQ snecb nettCTBHTenbHO Bee oqeHh npOCTO. 3TO npOCTO 

aHanorHH Mezny onTHKOH H MexaHHKOH, H3BeCTHaH oqeHb naBHO co BpeMeH 

faMHnhTOHa - onTHKO-MexaHHqecKaH aHanorHH faMHnhTOHa, H OHa BnozeHa 

B ypaBHeHHe WpenuHrepa KaK ucxonHaH. Ho BOT BBeneHHe IlOKa3aTenH npe­

noMneHHH nnH BaKYYMa, onttcaHHH nefiCTBHSJ cunw Ha H3WKe noKa3aTenSJ npe­

noMneHHH, CBeneHHe BCeH 3anaqu K onTHKe HeonHoponHWX cpen, KaK IlOTOM 

BW1CHHJ10Cb, Karna npmnnocb 3aHHMaTbCH C onTuqecKHl\lH BemaMH 6onee npu­

KnanHblMH, oKa3anocb qpe3Bb1qafrno yno6HbIM. 6onee Toro, oKasanocb, qTo 

H Bonpoc c npHHUHnoM <fJepMa 3HaqHTenhHO cnozHee, qeM Terna HaM npencTaB­

nHncSJ. TipocTo nnH Toro, qTo6w noKa3aTb, qTo TaKoe noKasaTenb npenoMne­

HHH H KaK ero nanbwe npttxonHTCH ucnonb30BaTb, SJ 3TY ze 3anaqy BaM no­

Kazy. Ona oqeHb uneanH3HPOBaHa, H snecb HeT HHKaKHX 3epKan. Ha PHC. 2 

IlOKa3aHW nae cpenw, noKa3aTenb npenoMneHHH enHHHUa H rpaBHTaQHOHHWA 

noKa3aTenh. H HaqanbHoe ycnoaue - uneanhHbIH C$epuqecKHH qipoHT. Terna 

B 3TOH cpene BOnHW KaK-TO pacnpocTpaHSJIOTCH, 6yneM roaop~Tb CHaqana Ha 

H3WKe reoMeTpuqecKofi OilTHKH. Terna B PBHOHe ¢oKyca B03HHKaeT HeKOTOPBH 

KaycTuqecKaSJ IlOBepxHOCTh, ee no BCeM 3UKOHaM reoMeTpuqeCKOH OilTHKH Moz­

HO nocqHTaTh, OHa onHCWBaeTCSJ ypaBHeHueM. A ecnH nYMaTb O BOnHOBWX HB­

neHHHX, TO Bonpoc oqeHb IlPOCTOH: BOnHH, npuwenwue U3 pa3HWX MeCT nepBo­

HaqanbHO uneanbHoro ¢poHTa B TQqKy Ha6nroneHHH, KaKHM HBnHeTCH ~OKYC, 

IlPHXODHT C pa3HbIMH (!JasaMH. JI B3HJ1 CHaqana MOHOXPOMaTnqecKylO Bonny, rne 

B $0PMHPOBaHHH H3o6pazeHHH jqacTBYIOT TOnbKO BOnHW H3 HeK6TOPOH o6nac­

TH, o6ecnequaaromefi KOHCTPYKTHBHYIO HHTepiepeHQHIO. 3TO H eCTb OQeHKa To­

ro, KaKYIO MOZIIO anepTypy B3SJTb, qTo6w nonyqHTb BOnHOBOe paspeweHtte. 

Ecntt Bbl 6yneTe 6paTb anepTypy 6onbWYIO, TO naqneT pa6oTaTb rpaBHTaQHOH-
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Hoe HCKameHHe. Hano ~Ka3aTb, 

'IJTO 3TO BilOnHe pa3YMHbie senH-, 

'IJHHbI,. ecnH pa6oTaTb c ynbTpa­

xononHblMH HeRTpOHaMH _Ha pac­

CTOHHHHX nopHnKa 10 CM, TO 

pa3YMHaH anepTypa B HeCKOnbKO 

MM, a nanbme ee ysenHtJeHHe He 

MomeT ynytJlliHTb BOnHOBOe pa3-

pemeHHe. A MOmHo nH cnenaTb 

nyqme? 3TO CTaHOBHTCH cosep­

meHHO oqesHnHhIM, ecnH paccym­

naTb B TepMHHax OilTHKH Heon­

HoponHblX cpen. Bo scex Knac­

CHtJecKHX yqe6HHKaX noKa3hlBa­

eTCH TaKaH TeopeMa, 'IJTO Bon­

TH'IJeCKOH CHCTeMe nnH Toro, 

'IJTOOhl nony~HTb pe3KOe H306pa­

meHHe TOtJetJHoro HCTO'IJHHKa,no­

CTaTO'IJHO onHoR acq:iepHtJeCKOH 

nosepXHOCTH, a ecnH B& XOTHTe 

nonytJHTb .H306pa*eHHe HeKOTOPO-

ro npoTH*eHHoro yqacTKa, a He 

ToqKH, TO nocTaToqHo nsyx ac~eptttJeCKHX nosepXHOCTeA. EcnH BHHMaTenhHO 

IlOCMOTPeTb, KaK 3TO BhlBOnHTCH, OKa3WBaeTCH, 'IJTO nnH BhlBona 3TOA Teope­

MW He Tpe6yeTcH npennono*eHHe 06 onTHqecKoA HeonHoponHoCTH cpenw, oHa 

cnpasennHBa soo6me. EcnH rOBOPHTb o TOM, 'IJTO CHna THmecTH npOCTO npH­

BOnHT K TOMY, 'IJTO IlOHBnHeTCH OilTH'IJeCKH HeonHoponHaH cpena, 3HatJHT,no­

CTaTO'IJHO nsyx acq:iepnqeCKHX nosepXHOCTei'1. TIOTOM 3TO 6binO pacqeTaMH non­

TBep*neHo pa3Hb1Mll aBTOpaMH. 

R xoqy 'IJYTb-'IJYTb BepHYTbCH K npHHUHilY ¢epMa. RCHO, 'IJTO ypaBHeHHe 

llipenHHrepa - 3TO ypaBHeHHe BOnHosoe, BCH OilTHKa B HeM conepmHTCH,H OHO 

cson11TCH K ypaBHeHHW 3flKOHana. A BOT 'IJTO KacaeTCH IlPHHUHila ¢epMa, TO 

H TYT HeMHOro XOTen 6w norOBOPHTb, IlOTOMY 'IJTO 3TO eCTb TOT CBMhlH BOn­

poc, c KOToporo see Ha4anocb. 3Ta nttcKyccnH q:iaKTH'IJeCKH 6wna nponon*eHa 

B 1982 r. lliTaRepnoM. OH o6paTHn BHHMBHHe Ha TO, 'IJTO s o6hl'IJHOH OilTHKe 

IlPHHQHil 0epMa, KOTOphlR nepBOHaqanbHO q:iopMynHPYWT KBK npHHUHil CTaUHOHap-

HOCTH ~U3W, onHoBpeMeHHO npttsonHT K pe3ynbTBTY, 'IJTO CTaQHOHapHO 

H speMH pacnpocTpaHeHHH cseTa, ecnH ecT~ H3o6pa~eHHe, a ecnu rosopHTb 

0 TpaeKTOPHH, TO BpeMH MllHHManbHO. HcxonH IlPOCTO H3 KnaccHqecKoro pe­

rneHHH ypastteHHH mpenttttrepa, Momtto cnenaTb see TO me caMoe nnH THmenwx 

qacTHQ. 4To KacaeTCH CTaQHOHapHOCTll q:JB3hl, TO 3necb see B IlOPHnKe, HO 
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BOT BpeMH, KOTOpoe KnaccHqecKaH qaCTHUa 3aTpaTHna 6w, HnH no KnaCCH­

qecKOH TpaeKTOPHH OT HCTOqHHKa no BODHOBOro cppoHTa no pa3Hb1M nYTHM,-

3TO BpeMH pa3HOe. CnpawHBaeTCH: MOZHO nH Boo6me roBOPHTb O BpeMeHH, 

ecnH MW 3ananHCb nnoCKOH BOnHoft, KOTOPaH 6eCKOHeqHa,.H BOo6me KOppeKT­

Ha nH ~Ta nocTaHOBKa Bonpoca? 0TBeT Ha 9TOT Bonpoc He TaK neroK. Peqb 

HneT O BpeMeHH, KOTOPOe TpaTHT KnaccHqecKaH qacTHUa, nBHraHCb no 3TOH 
. . 

TpaeKTOPHH, OT HCToqHHKa pacnpocTpaHHIOTCH BOJ1HW, eCTb BOnHOBOH cppOHT, 

3necb paBeHCTBO qia3 no onpeneneHHIO, a KnaccHqecKaH qacTHUa, HnH no 

3THX nyqefi, noTpaTHna 6bl pa3Hoe BpeMH. 3TOT Bonpoc B KaKOM-TO Mepe TO­

ze uccnenoBancH B CBH3H C HeI1TPOHHblMl1 HHTepcpepoMeTpaMH. CnBur cpa3bl 

B HHTepcpepoMeTpe, KOTOPWR HaxonHTCH B none THZeCTH 3eMn11, 6wn o6HapyzeH 

3aMeqaTenbHblMH OnblTaMH Konnenbl' BepHepa H 0Bepxay3epa' H Bonpoc '06 HH­

TepcpepeHUHH BODH B npHCYTCTBHH CHnhl THZeCTH B03HHK HeMH6ro paHbWe, qeM 

3TO H CKa3an co CCJ,InKOH Ha lllTattepna. Ebma CqlOPMYDHPOBaHa TeopeMa (qy 

H CTononbCKHM)' KOTOPaH rnacuna cnenywmee: ecnu BODHW HHTepcpepHpYIOT 

TaK, qTo KnaccHqecKHe qaCTHUW BCTpeqalOTCH B onHoA TOqKe npocTpaHCTBa 

11 BpeMeHH, TO aapHaQHH OT pa3HOCTH qia3 no napaMeTpy 3anaq11 B nepBOM no­

PHnKe paBHa o. HHTepcpepeHQHOHHaH KapTHHa CTaUHOHapHa B nepaoM nopHnKe. 

3To oqeHb aamHaH aemh, Pa3HOCTh cpa3 B HHTepcpepoMeTpe TaKaH, KaKaH OHa 

ecTh, Ho oHa cTau110HapHa, Korna B ToqKy Ha6nw,ueHHH KnaccuqecKHe qacT11-

uw 11.UYT B onHo H TO me BpeMH. llnH Hae 3TO BaZHWH MOMeHT, nOTOMY qTo 

cpenH npoqHX pa3HWX napaMeTpOB 3KCnep11MeHTa eCTb TaKOH nnH nae BBZHWH, 

KaK nn11Ha BOnHw. Ecn11 roBOPHTb 06 onTHKe, TO 3TO 03HaqaeT, qTO B 3TOM 

cnyqae Bhl nonmHw nonyqHTb xpoMaTHqecKH YCTOfiqusylO KapTUHY, TTOHHTHO, 

qTo HeHTPOHhl pacnpocTpaHHIOTCH s none THZeCTH 3eMnH, oqeHb CHDbHO MeHHH 

CBOH TpaeKTOPl111 B 3aBHCHMOCTH OT CKOPOCTU, n03TOMY rpaBHTaQHOHHWe HC­

KazeHHH BaZHW. 3Ta TeopeMa YTBepmnaeT TOJlbKO, qTo B 3TOH CHTYBUHH 

B nepBoM nopHnKe ace xopomo. ·Ona He YTBepznaeT o6paTHoro, T.e~ qTo ecnH 

HeT H30XpOHHOCTH, To-nnoxo. 3TO MOZHO npoBepHTb nnH Tex HJ1H HHWX KOH­

KpeTHWX cnyqaeB,u 3TO 6wno cnenaHo .unH npocToro HHTep~epoMeTpa. Kp11Te­

PHH 3HaquMOCTH CHnbl THZeCTH 3eMJ1H' Korna Bbl r0Bop11Te 06 HH,TeprpepeHQIHI' 

eCTb BOBCe He OTHOWeH11e pa3HOCTH rpaBHTaUIIOHHOR 3Hepruu K 3Hepruu, KaK 

C MOZHO 6binO no,uyMaTb' a Yl\lllOZeHHOe Ha .UOBOnbHO 60.TJbWOII MHOZHTeJlb' KOTO­

pwR CaM ecTb npOH3Be,UeHHe BODHOBOro qucna H KBKOrO-TO xapaKTepHoro pac­

CTOHHHH. Ecn11 B3HTb ynbTpaxono,uHwe He0TpOHW, TO OTHOWeH11e 3Hepruu no-
-2 8 

PH,UKa 10 , a 3TOT MHOZHTenb, KOTOPWH ecTb Ha6er qlB3hl, nopHnKa 10 • 

0TCIO,Ua noHHTHO' qTo ecnu CHCTeMa CHM;\1eTpllqHa' TO 3necb Bbl Ha6nwnaeTe 

HHTepcpepeHUHIO KonoccanbHoro nopH,UKa. MomHo cnenaTb CIICTeMy HeCIIMMeT­

pHqHoR, ypaBHHTb speMH. BH,UHO, qTo cpa3a II BpeMH ypaBHIIBalOTCH He O,UHO­

BpeMeHHO. neRcTBHTenbHO, OKa3WBaeTCH, qTO TeopeMa qy H CTO,UOJlbCKoro pa-

6oTaeT. B nepBOM nopH,UKe no ,UJ1HHe BOJ1Hhl KBPTIIHa CTaHOBHTCH CTBUHOHapuoA, 

HO caMa pa3HOCTb ~a3 HaCTOnbKO BeJ1HI<a, qTQ H BTOPOH nopH,UOK Tome HHKa-
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KOH pa,z:rocTH He AOCTaBmieT. 0TCIOJ];a JJ:OBOnbHO BalKHbIH nn.H Hae BbIBOJJ:, qTo 

ecnH Mhl XOTHM cp;enaTb XOPOWYIO OilTHqeCKYIO CHCTeMy, TO Hano cp;enaTb TaK, 

qT06hl OHa o6ecneqHBana He TOnbKO OJJ:HHaKOBYIO ~asy nn.H pa3HhlX nyqeft, HO 

qT06hl eme B03HHKana H30XpOHHOCTb pa3HhlX TpaeKTOPHA, Torp;a 6yp;eT TO, 

qTo qy H CTOJJ;OnbCKHA Ha3hlBBIOT Hn~anbHOA KOH~HrypaQtteA. EcnH HaqaTb 

cqHTaTb OilTHqec1<He CHCTeMhl, TO BhlBOJJ: IlOJJ:TBeplKp;aeTC.H, 0Ka3hlBaeTC.H, qTO 

BO Bee ~OpMYnw reoMeTpHqec1<0A OilTHKH Heop;HOPOJJ:HhlX cpen BMeCTO nttHeAHhlX 

pasMepoB, KOTOphle eCTb npOCTO paCCTO.HHH.H MelKJJ:Y KOOPJJ:HHaTBMH, BXOJJ:HT 

HHTerpan BOT Ta1<oro BHJJ:a 

• (3) 

R o6pamal0 Bailie BHHMaHHe: 9TO He OilTHqecKa.H nnHHa, 9TO BenttqHHa THna 

BpeMeHH, OHB YCTpoeHa TaK, Kai< BpeM.H. H ecntt HanHCaTb KOHKpeTHhle ~op­

Mynw, Bhl nonyqaeTe, qTo xopomo MOlKHO cnenaTb onT0qec1<y10 CHCTeMy, Korna 

onHoBpeMeHHO BhlnOnH.HIOTC.H ycnoBH.H H30~a3HOCTH H H30XPOHHOCTH pacnpoCT­

paHeHH.H He11TpoH0B B none c11n. ,Un.H HHTepqiepoMeTpa TaKoe pemeHHe 6hmo 

·npHJJ:YMBHO. OHO oqeHb npOCTOe. HylKHO no6aBHTb BTOPYIO neTnlO, M Torna OKa-

3blBBeTC.H, tJTO TBKB.H KOHcjmrypauH.H naeT H HHTep[iJepeHUHIO B HyneBOM nop.HJJ:­

Ke, PB3HOCTb ~a3, KOTOpa.H Ha6panacb 3,[l;eCb H3-3a Toro, qTo BOnHOBOe 

q11cno nn.H BepxHeH TpaeKTopnH MeHbme, npH nanbHefimeM pacnpocTpaHeHHH 

KOMneHc11pyeTC.H, noTOMY qTo TpaeKTOPH.H, KOTOpa.H 6hma HHlKe, 3):leCb CTBHO­

BHTC.H 6onee BWCOK00. TTOTOM TaKoro pona cxeMhl B HHTep~epoMeTpHH CTBnH 

B03HHKBTb, K TOMY BpeMem1 6binO ylKe H3BeCTHO cnHHOBOe 9XO, no aHanorHH 

CTBnH HB3blBBTb 9TO qia30Bb)M 9XO. A n03lKe Mb) 9TOT )Ke npHHUHn npHMeHHnH 

B MHKPOCKomrn. Mbl nOCTPOJ.1nH MHKPOCKOn Ha YXH C ropH30HTanbHbIM pacnono­

)KeimeM, TBK qTo B IIeM BepXHHH nyq MeHSieTC.H MeCTBMH C HHlKHHM • .UnH 9Toro 

ucnonb3oBanH o6opatJHBawmyw CHCTeMy H3 JJ:BYX 3ep1<an B BHp;e yron1<0Boro 

OTpalKa~en.H. Ha PHC~ 3 BHAHO, qTO 9TB cxeMa neH~TBHTenbHO oqeHb 6nH3Ka 

Puc. 3 49 

K cxeMe nnyxneTneBoro HHTep~e­

poMeTpa. 

3TOT MHKPOCKOn 6bin HCilbl­

TaH; co6CTBeHHO, pa6oTa H ceH­

tJBC npononJKaeTc.H. Ho Mhl YlKe 

3HaeM, qTo nonyqaeTC.H paspe-

rneHHe OKono 17 MHKPOH. Hnb.H 

Muxa11n0B11q, KOHeqHo, 3Han 06 

9TOM pe3ynbTaTe, OH BOo6me 

otieHb "6onen" sa Hamy pa6oTy. 

H 9TOT pe3ynbTaT OH oqeHb Bbl­

COKO ouemm. 



PA3BHTHE HMfIYJibCI-iblX HEPiTPOHHblX HCT04HHKOB B llYEHE 

B.T.PyneHKo 

06beUHHeHHhl0 HHCTHTYT HUePHhlX HCCnenoBBHHA, nY6Ha 

hlpttA RKOBneBHq CTaBHCCKHA paCCKB3an O C03UBHHH H rrycKe 30 neT Ha-

3an, B 1960 r.,ttMrrynbcHoro peaKTopa rrepttonttqecKoro neAcTBHH - HEP. 

R rrponon:IKY paCCKB3 O PB3BHTHH 3T00 YCTBHOBKH. 

Jia6opaTOPHH HeATPOHHOA ~H3HKH ITOBe3no: B rreptton CTaHOBneHHH OHa 

rronyqttna B CBOe pacrrOPH:IKeHtte HMITYnbCHhlA HeATPOHHhlA HCToqHHK HOBoro TH­

rra - peaKTOP HEP, UHPeKTOPOM na6opaTOPHH CTan yqeHwA c MHPOBhlM HMeHeM -

- l:1nbH Mttxa11:nOBHq ci)paHK, HayqHbIM PYKOBOUHTeneM - <l>enop JlbBOBHq lliarrttpo. 

TaHneM yqeHhlX OKB3ancH ynaqHhlM. OHH CMornH opraHH30BBTb BOKpyr ce6H 

rpyrrrry Mononwx 3KcrrepttMeHTaTopoB H Ha MHortte ronw Brrepen orrpenenttntt Ha­

yqHoe PB3BHTHe na6opaTop~H C yqeTOM oco6eHHOC~e0 HOBOro HeATPOHHOro HC­

TOqHHK~. Hx 3BHHTepeCOBBHHOCTb B ynyqrneH~H rra~aMeTpOB YCTBHOBKH, HX rro­

MO!nb H rrpecc' y~rnow.eHHb!e Ha CTpeMneHtte HMrrynbCHblX peaKTOPmHKOB OCBOHTb 

~H3HKY H TeXHHKY HOBOH qpe3Bbiqa0HO HHTepeCHOH YCTBHOBKH H peanH30BBTb 

B03MO:IKHOCTH, 3anozeHHhle B HeA, IT03BOnttnH CHaqana ITOBhlCiTb rrapaMeTphl pe­

BKTopa HBP no rrpenenbHOro YPOBHH, a ITOTOM C03UBTb 6onee COBeprneHHhle 

neACTBY~mtte B HaCTOHmee BpeMH YCTBHOBKH - HEP-30, HEP-30 c HH:IKeKTOPOM, 

HGP-2 H rrponon~HTb ITOHCKH pemeHHA HX ynyqrneHHH. 0 ~H3HKe H TeXHHKe 

HMITYnbCHhlX peaKTOPOB tt 6YCTepOB MO:IKHO roBOPHTb qacaMH. "3To oqeHb HHTe­

peCHhle ycTaHOBKH. Ho 3B KOPOTKOe BpeMH Moero coo6meHHH H Mory TOnbKO 

HB3BBTb Y3nOBbie 3TBITbl pa3BHTHH H HeCKOnbKO cnOB CKa3BTb O KB:IKUOM" H3 HHX. · 

CTapT - 1960 ron. B HallieA na6opaTOPHH Haqan pa~OTBTb HMITYhbCHhl0 

HCToqHHK He0TpOHOB - HEP. Ero cpenHHH MomHoCTb BCero nHllib 1 KBT, HO OHa 

rroqTH rronHOCTbffi cocpenoToqeHa B UMITYnbcax,nnttTenbHOCTb KOTOPhlX PBBHa 

36 MKC.B lliHPOKOM nttarra30He MO.HO MeHHTb H qaCTOTY HX ITOBTopeHHH.TTpe~ne 

BCero oBpawaeT Ha ce6H BHHMRHHe UOBOnbHO 6onbmaH nnttTenbHOCTb ueATpOHHO­

ro HMrrynbca. HccnenoBaHHH ITOKB3antt, qTo B HEPe OHa He MOZeT 6WTb MeHbllie 

HeCKOnbKHX necHTKOB MHKpoceKYHU, IT03TOMY HMITYnbCHhle peaKTOPhl rrepttonttqec­

KOro ne0CTBHH Hatt6onee 3~~eKTHBHhl KBK HCTOqHHKH TerrnOBhlX HeATpOHOB nnH 

ttccne~OBBHHH KOHAeHCHPOBBHHhlX cpen. 06nanaeT HEP tt BB:IKHhlM nnH BpeMHrrpo­

neTHOA MeTOUHKH CBOHCTBOM: qaCTOTY HMrrynbCOB MomHOCTH MO:IKHO CHH:IKBTb 6e3 

cymecTBeHHoro H3MeHeHHH nnttTenbHOCTH HMDYnbca H C coxpaHeHtteM BhlCOKOA 

cpenueA KHTeHCHBHOCTH. Ho KaK HCToqHHK pe30HBHCHhlX H 6hlCTPhlX He0TpOHOB 
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OH He MOlKeT KOHKYPHPOBaTh C npyrHMH BHnaMH HCToqHHKOB, HMeromttx Manyro 

nJJH.TenbHOCTb HMnynbca. 

HenocT.aTOK 116Pa - HH3KaH HHTeHCHBHOCTb HeHTPOHOB. MomHoCTb 1 KBT 

CQOTBeTCTBYeT IlPHMepHO 5,10
13 

HeATpOHOB, BWTeKaromttx B ceKyHnY H3 aKTHB­

HciA 30HW, Tiocne PHna MOnepHH3aQHH B 1964-65 rr, MOmHoCTh. peaKTOPa Jna­

nOCb IlOBWCHTb no 6 KBT, HO 3TY MomHOCTb YneplKaTh He Ynanocb ,no PHnY npH­

quH H, npelKne Bcero, BcnencTBHe 6b1cTporo pocTa neq_:iopMaQHH .o6onoqKH non­

BHlKHoA 30HW. TI09TOMY CHaqana CHH3HDH qacTOTY BpameHHH nttcKa C nonBHlKHOA 

_qaCTbID 30Hbl C 5000 no 3000 o6opOTOB B MHHYTY, IlPH 9TOM nnttTenbHOCTb HM­

nynbca YBenuqunach no 50 MKC, a 38TeM npHWDOCb CHH3HTb H MOmHOCTb no 

3 KBT. B 3TOM pelKHMe peaKTOp pa6oTan BilDOTb no ero OCTBHOBKH B 1968 r. 

HenocpencTBeHHO nepen ocTaHOBKoA peaKTopa 6wn pa3pa60TaH H ocymecT­

BneH pelKHM C qaCTOTOA HMilYnhCOB MomHOCTH 0,2 c- 1 . TipH 3TOM IlHKOBaH Mom­

HOCTb B HMilYllbCe nocTttrna MHDDHOHa KHDOBaTT. B 3TOM pelKHMe ynanocb Bbl­

nonHHTb PHn HHTepeCHWX H3MepeHHH, B qaCTHOCTH, rpynnoA 3KCnep11MeHTaTo­

POB non PYKOBOnCTBOM <l>.JI.lilam1po 6bml1 3aperHCTPHPOBaHbl ynbTpaxononHbie 

HeATpOHW, CKOPOCTb KOTOPWX COCTaBnHeT Bcero nHllib HeCKODbKO MeTPOB B ce­

KYHnY, H OHH o6nanaroT YHHK8llbHblMI1 CBOHCTBaMH, bblnl1 npoBeneHbl TaKlKe 11ccne­

noaaHI1H BnHHHHH TennoBoro ynapa Ha TonnttBHhle aneMeHThl peaKTopa, KOTopwe 

HeB03MOlKHO 6wno BWnonHHTb Ha npyr11x YCTaHOBKaX. 

12 aBrYcTa 1968 r •. 3aKpbmHcb nyqK11 peaKTopa H6P, a qepe3 ron, 

17 aBrYCTa 1969 r ., nyqKH Ha nponeTHble 6a3bl 6binH CHOBa OTKpb!Tbl, HO YlKe 

pa6oTan HOBWA peaKTop HEP-30. OcHOBHaH uenh co3naHHH peaKTopa l16P-30 -

- IlOBWCltTb cpenHroro MomHoCTb npH He3Haq11TenbHOM yBen11qeHHl1 nnttTenbHOCTH 

Hl\lilYllbCa. 0Ha COCTaBHna 70 MKC npH CKOPOCTH .[\HCKa nonBHlKH0!1 30Hbl 3000 

o6opOTOB B MHHYTY, M6P-30 MOlKeT pa60TBTb H IlPH CKOPOCTH BpameHHH n11cKa 

5000 o6opOTOB B MHHYTY, HO pe3KO yBenH4HBaeTCH l13HOC MaWHHW, a nn11Tenb­

HOCTb HMilYDhCa COKPamaeTCH DHllib no 50 l\lKC. TiapaMeTpw: cpenHHA TennoBoA 
· 11 14 

IlOTOK C noBepXHOCTH 3aMennHTenH npHMepHo 10 ' IlHKOBWA IlOTOK 10 ' 

a BHYTPH 3aMennHTenH 10
15 

HeATpOHOB B CeKYHny Ha KBanpaTHWH caHTHMeTp. 

H6P-30 .[IBYXQeneBoA: OH pa6oTaeT H KaK peaKTOP, tt KaK 6ycTep. 0 6ycTepe 

H paccKalKy HHlKe. TpeTbe ero Ha3HaqeH11e - 11ccnenoBaH11e nepcneKTHBHWX pe­

lKIIMOB HMilYllbCHoro peaKTOpa H 6ycTepa. HenocTaTOK HEP-30 KaK HCTOqHHKa 

TenaOBWX tteATPOHOB - HH3KaH cpe.[\HHH MOmHOCTb. 

Cnenyrom11R 3Tan P83Bl1Tl1H TennoBWX HMilYDbCHWX HeHTPOHHWX HCTOqHHKOB -

- co3naH11e MEP-2' KOTOPblfi 6bm BBeneH B 9KCnnyaTaQIUO B 1984 r. Ha cpenHrolO 

MomHOCTb 2 MBT. Ero napaMeTpw: cpenHHA IlOTOK TennoBWX HeHTPOHOB c no­

BepXHOCTH 3aMenn11TenH np11MepHo 10
13

, a IlHKOBWA IlOTOK 10 16 HeATpOHOB 

B ceKYHAY Ha KBanpaTHWA caHTHMeTp. HenocTaTOK CHCTeMW - 60llblliaH nnHTenb­

HOCTb HMnynbca, KOTOPBH COCTBBnHeT 215 MKC. 

BTopoe HanpaBneH11e P83BHTHH - pa3pa60TK8 H Co3naHHe HMilYDbCHOro 

6ycTepa nep11onnqecKoro neAcTBHH. l1neH ero co3naHHH npuHannelKHT Hnbe 
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Mnxaunoanqy H ~enopy flbBoanqy, no nx npenno~eHnw H 6wn co9naH s fla6opa­

TopHH HeHTPOHHOH ¢H9HKH s 1964 r. nepBWH HMnYJlbCHWH 6ycTep. YcTaHOBKa 

npenc~aBnHeT ~o6ott CHCTeMy H9 HMnYJlbCHOH nonKPHTHqeCKOH pa9MHOJKawmeif 

c6opKH (6ycTep) c noMemeHHOH Bee QeHTpanbHYW qaCTb HeHTPOHonpoH9BOnHmeif 

MmneHbW 3JleKTJ)OHHoro YCKOPHTeJlH (HHJKeKTOP) • TaJ<OH "rtt6pttnHblH11 HeHTPOH­

HWH HCToqHHK yHacnenosan OT peaKTOpa BWCOKYW cpenHww HHTeHCHBHOCTb, a OT 

YCKOPHTeJlH KOPOTKYW nnttTeJlbHOCTb HMnYJlbCa. CoKpameHHe nnttTeJlbHOCTH HeH'J'­

poHHOro HMnynhca oqeHh Ba)KHO )lJIH H)lepHO-Q)H3HqecKHX HCCJle)lOBaHHH MeT,o,noM 

speMeHH nponeTa, noCKOJlhKY noTOK HeHTpOHOB Ha nponeTHOH 6a9e npH 9a)laH­

HOM pa9pemeHHH no 3HeprHH,B09pacTaeT KBa)lpaTHqHO npH CHHJKeHHH )lJlHTenb­

HOCTH HMnYJlhCa. BapbHPYH )lJlHTeJlbHOCTh H qacTOTY HMnYJlhCOB HHJKeKTOpa 

H yposeHh pa9MHOJKeHHH 6ycTepa, MOlKHO nonyqHTh onTHMaJlbHWe napaMeTphl HeHT­

POHHoro HCTOqHHKa )lJlH H)lepHO-©H3HqecKHX HCCJle)lOBaHHH. MMnYJlhCHWH 6ycTep 

o6nanaeT H eme O)lHHM HHTepeCHblM CBOHCTBOM: qaCTOTY HMnYJlhCOB MOJKHO CHH-

3HTh npH coxpaHeHHH BWCOKOA cpe)lHeA HHTeHCHBHOCTH. B TaKOM peJKHMe OH 

HBJlHeTCH BblCOK03q)QJeKTHBHblM HMnynhCHblM HCToqHHKOM TennOBblX Hei1TpOHOB 

C )lJ1HTeJ1bHOCThlO HMnYJlbca, Ha nopH_)lOK MeHbllieH no cpaBHeHHW C HMnYJ1bCHblM 

peaKTOPOM, qTo BalKHO )lJlH noawmeHHH pagpemeHHH IlPH HCCJle)lOBaHHH KOH,lleHCH­

posaHHblX cpe)l. 

nepBblM HHJKeKTOPOM 6blJ1 3J1eKTPOHHblH YCKOPUTenh-MHKPOTpOH. Ero uccne­

)lOBBHlfH noKa3aJ1H, qTo MOmHOCTb 9J1eKTpOHHOro nyqKa, OT KOTOpoA 3aBHCHT 

HHTeHCHBHOCTh HeATpOHOB 6ycTepa, orpaHuqeHa COTHHMlf BaTT, HeY,llOBJleTBO­

PHTeJlhHB 6wna H CTB6HJ1bHOCTb pa60TW. no 3THM npuq11HaM B KaqecTBe lfHJKeK­

Topa MEP-30 BW6paH )lBYXCeKQHOHHWH J1!1HeHHWA YCKOPHTeJ1b 9JleKTPOHOB flY3-40, 

pa3pa60TaHHWA s HMH3~A HM. n.B.E¢peMosa. 6ycTep MEP-30 pa6oTaeT c uaqana 

1970 r. npn HeATpOHHOA HHTeHCHBHOCTH s-10
14 

B ceKYH)lY 11 )lJ1HTenbHOCTH 

HMTTYJlbCa B HeCKOJ1bKO MHKPOCeKyH)l. Ero He)lOCTaTOK - 60J1blliBH nnnTeJ1bHOCTb 

HeATpoHHoro HMny.'l&ca, KOTopaH orpaHnqusaeT pagpemeHue no 3Heprnu. 

C uenbW COKpameHHH )lJ1HTeJ1bHOCTK HMnYJlbCa B HaCTOHmee apeam nnaHHPY~TCH 

3aMeHHTb HHJKeKTOP Ha 6onee MOmHblH - nHTHCeKQHOIIHblA JlHf!eHHblH YCKOPJtTenb, 

KOTOpWA n09B0JlHT CHH3HTb ,nJlHTeJlbHOCTb HeATpOHHOro HMnYJlbCB Ha nopHnoK. 

OHa COCTaBHT npm,iepHO O, 4 MKC npH coxpaHeHHH BblCOKOl1 cpe)lHei:'i HHTellCHB­

HOCTH HeATpouos. 

B CBOeM BhlCTYnneHHH H paCCKa3aJ1 06 O)lHOH CTOPOHe .neHTeJlbHOCT~ 

MnbH PluxaAJlOBHqa - ero BKJ1a,ne B C03)lBHHe H PB3BHTHe 6a30BWX YCTaHOBOK 

)lJlH HayqHwx HCCJle)lOBBHHA no HeATPOHHOA Q)H3HKe. YcTaHOBKH nonyqunu MH­

posoe npH3HaHHe. ~enaHHeM Wn&H MuxaAnosuqa 6wJ10 nanbHeAm~e nx pajsHTHe 

H cosepmeHCTBOBBHHe. MHe )lYMBeTCH, na6opaTOPlfH MOlKeT, )lOJllKHa H CYMeeT•' 

npo)lOJllKHTb )leno csoero nepsoro DnpeKTopa~ 
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