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B CBOHX Hayt.IHblX YTBep)!(neHH5IX 5I HHKoro YMbIIIIJieHHO He BBODHJI B 3a6nyJK-

neHHe, T.e. He roBOPHJI t.Iero-JIH6o, B t.IeM COMHeBaJIC5I. Ho OIIIH6aTbC5I 5!, 

KOHet.IHO, Mor 11, HeCOMHeHHo, HHorna ow116aJIC5I. R Hayt.IHWX DHCKYCCI15IX 

H TaK•e He Bcerna 6wn npaB. DYMam, ot.IeHb nnoxo, ecntt yt.IeuwA yBepoBan 

B CBOW HenorpeIIIHMOCTb, OnHaKo ••• MHe Bcerna XOTeJIOCb 6WTb Hane~HhW, 

H 5I K 3TOMY CTpeMHJIC5I, 11 



Ila6opaTOPHH HeATPOHHOA ~H3HKH roTOBHJiaeb OTMeTHTb 30~neTHe e MO

MeHTa nyeKa nepBoro B MHpe H~IlYJibeHoro peaKTOpa Ha 6weTpwx HeATPOHax, 

Korna enyqHnacb 6ena - qepe3 HeeKOJibKO qaeoB noene Haqana eepneqttoro 

npHeTyna 2? HWHH 1990 r. OKOJIO 12 qacoB ,l].HH CKOHqaneH MJibH MHxaAJIOBHq 

<llpaHK. 

BeKope noene noxopoH BMeeTO roTOBHBlliHXCH tio IlOBO,!J.Y 30-neTHH CKPOM

HWX TOpZeCTB COCTOHJieH eeMHHap, IlOCBHmeHHWA naMHTH HJibH MttxaAnoBHqa, 

Ha KOTOPOM np03ByqanH BWeTynneHHH ero KOJIJier H yqeHHKOB. B03MO~Ho,ee 

Bee BWCTynneHHH OKa3aJIHCb noeTaToqHo nonroTOBJieHW, HO OHH 6WJIH HeKpeH

HH H OTpazanH lliHPOTY HayqHoA neHTeJibHOeTH MJibH MnxaAJIOB~qa H npe,!].CTaB

neHHH O HeM KBK O qenoBeKe. 3anncaHHWe Ha neHTY H paernH~pOBBHHWe, OHH 

nerJIH B OCHOBY 3Toro e6opHHKa. DnH Hae, pa6oTaBlliHX H o6maBlliHXCH c MnbeA 

MnxaAJIOBHqeM HR _npoT~ZeHHH MHOrHX neT, e~~3BHHOe 6wno BaZHO KaK npomanb

HOe CJIOBO, KBK ,l].OJIT nepen eBeTJIOA naMHTblO ViJibH MnxafIJIOBHqa. llaneeMeH, 

qTo JIIO,l].SIM' MeHbl!le 3HaBlliHM ViJibW ~!uxafIJIOBIIqa' 3TOT e6opHHK naeT npen

eTaBnem-1e o TOM, qTo cnenan HnhH Muxaf1J10B11q B uayKe eaM, Ka1-a1e pe3yJthTa

TW nonyqeH~ B ~YKOBOriHMOA H~B TeqeH11e j2-x neT 0,l].HOA II3 KpynueRwnx 

B Mnpe na6opaTOPHA - Ila6opaTOPHH HeATpOHHOR ~H31IKH~ YHHKaJihHOA no MHO

ronnaHOBOeTH CBOHX ueenenoBaHnA e noMomhro HeRTpOHOB B o6naeTH 3JleMeH

TapHblX qaeTHU, BTOMHoro H,!].pa' KOH,!J.eHeHpO_BaHHbIX epen II 6ttonor11qecKHX 

06'beKTOB. 

IlaypeaT. Ho6eneBeKoR npeMHH,TpexKpaTHWR naypeaT roey~apeTBeRHOA 
• - > ". ---- ~ "-i. 

npel\mH, aKane:-mK l1nh~ Mnxa11JIOBHq c!JpaHK' KOHeqHo' ,!J.OCTOHH 60Jiblliero BHHMa-

HHH, n, 6e3ycrioBHO, 6Y,!J.YT e~e HanHtaHhl ~pyrHe ~TBThll H KHllrll 06 Hnhe 

1'1nxa~IJIOBHqe H ero MeeTe B HBYKe. 
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CJIOBO OB HJibE MHXAMOBM'l!E <I>PAHKE 

IO.n.nonos 

06benHHeHHW0 HHCTHTYT SinepHWX HccnenosaHHA, Dy6Ha 

Hnhe M11XaAnosHqy <lJpalIKY 6bma yroToBaHa nnHHHaSI H oqeHb nnonoTBOp

HaSI '.1KH3Hb. H, nYMalO, 3Ta :1KH3Hb 6bma nnSI Hero oqeHb HHTepeCHOH. 

HasepHoe, see oqeHb xopowo 3Ha10T TPYnb1 HnhH Mttxafinosttqa, ero ronb1 

pa6_0Tbl s 06benHHeHHOM HHCTHTYTe, B (!Jv!AHe. 5I HanoMHIO nHWb HeKOTOpble ero 

6HorpaQJuqecKtte naHHWe 6onee paHHero nepttona H npocTo paccKa'.1KY o Tex 

BneqaTneHHSIX, KOTopwe Y MeHSI CKnanwsanHCb 3a Te copoK C nHlliHHM neT, KO

TOPble SI nposen pSinoM c l1nhefi MttxaiinosttqeM, Ha6n10naSI ero, :1KHBSI H pa6oTaSI 

BMecTe C HHM, HaqHHBH co cTyneHqecKHX neT H KOHqaSI nocnenHHMH nHSIMH. 

HnhH Mttxafinosuq ponttncSI s ceMhe npoc!Jeccopa MaTeMaTHKH s TieTep6yp

re, ,neTcK»e ronb1 nposen s KpbJMY, o KOTOPOM oH, HacKonhKO SI 3HaJO, coxpa

HIIn oqeHh Tennwe sne~aTneHHSI H KOTopwR n106ttn no nocnenH»x csottx nHefi. 

Y:1Ke 6y,nyqH WKOnhHHKOM, OH yqacTBOBan, KBK 6w MW HX Tenepb Ha~sanH, 

B MaTeMaTHqeCKHX onHMnHanax. HCTOPHH HaM coxpaHHna B Tpynax MaTeMaTH

qecKoro o6mecTsa CttM~epononhcKoro nenarorttqecKoro HHCTHTYTa co66meHHe 

0 TOM, qTo MnbSI MttxafmOBHtJ ( Torna OH Obin npOCTO HnbH <J>paHK) BblCTynan 

c o6o6meHtteM, Ka:1KeTcSI, TeopeMbJ lJafinca, H 3TO 6bmo, no-sttnnMOMY, onHo 

H3 nepswx ero BWCTynneHHA, KOTopoe, 6WTh Mo:1KeT, npe~onpenenttno MHoroe 

s nanbHeAweM. 

nanbWe OblnH r6,nbi yqe6bl B MoCKOBCKOM y1msepCHTeTe, y:1Ke 3necb OH 

cTan pa6oTaTh non pyKosoncTBoM CepreSI MsaHosttqa Rasttnosa, H onHa H3 

pa6oT cosMecTHo c CepreeM llsaHosuqeM 6bma ony6nHKosaHa s "Zeitschrift 
fur Physik "' 3TO pa6oTa eme CTYneHqeCKHX speMeH. nocne OKOHqaHJrn 

YHHsepcuTeTa linhSI Mttxaiinosuq nowen pa6oTaTb s roH, rne no 1934 rona 

3BHHMancH u3yqeHHeM ~OTOXHMHqeCKHX peaKQHA onTuqeCKHMH ~eTO,l:IBMH, 

H TBM )Ke, B roH, OH 3BmHTHn noKTOPCKYIO nHccepTBQHIO. R 1934 rony, 

B MOCKBe CepreR HsaHOBHq BaBHnOB opraHH30BWBan <I>H3HqecKHA HHCTHTYT 

AKaneMHH HayK. OH npHrnacHn HnhlO Muxafinosuqa yqacTBOBBTb B 3TOH pa6o-· 

Te - nepefiTH B <I>H3uqecKHA HHCTHTYT Ha IlOCTOSIHHYIO pa60TY H 3aHSITbCSI HC

cnenosaHHSIMH no SinepHoA tH3HKe, KOTopwe Terna npaKTHqecKH nHWh ~aqHHa

nttch s CoseTCKOM Co103e. l1 s nanbHeAweM l1nhSI MttxaAnosttq, pa6oTaSI s <I>tt-
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3HqeCKOM HHCTHTyTe AKaneMHH HaYK, rro CYTH nena, BeJI HCCJienoBaHHH B nBYX 

HarrpaBJieHHHX: OH rrpononman HCCJienoBaHHH no OilTHKe BMeCTe C CepreeM HBa

HOBHqeM BaBHJIOBbIM, KOTqPhle IlOTOM IlPHBeJIH ero K 3HaMeHHTblM pa6oTaM no 

qepeHKOBCKOMY HSJiyqeHHW, a TaKme HaqaJI pa6oTaTb c JleOHHnOM BaCHJibeBH

qeM fporneBb!M Han HCCnenoBaHHSIMH c IlOMOIUbW KaMepbI BHJibCOHa B o6JiaCTH 

SinepHOH QJH3HKH. 

MHe KameTCSI,qTo Y Hero Ha BCro lliH3Hb coxpaHHJIHCb nBa HanpaBJieHHSI Ha

yqHoA neSITeJibHOCTH: onHo - CBH3BHHOe C H3JiyqeHHHMH, CKopee,MomeT 6WTb, 

"nnH nYIIIH", a"nnH nena" - Hccne,110Ba.HHSI no SinepHoA QJHSHKe. Oco6yw pa

nocTb eMy, BHnHMO, nocTaBJISIJIO, Karna 3TH nBa HarrpaBJieHHSI OH Mor o6benn

HHTb, HanpnMep, B onTHKe HeATPOHOB. Jiw6oBb K 3THM nBYM HarrpaBJieHUHM 

npornna qepes BCW ero mnsHb. 

51 He 6yny rronpo6Ho KacaTbCH HenocpencTBeHHO ero HayqHbIX pa6oT, no

TOMY qTQ OHH 6YnYT pacKpWTW B nocnenYWIIIH~ noKnanax, KOTopwe MW rrpocny

rnaeM Ha 3TOM ceMHHape. 51 60J!b~e OCTaHOBJIWCb Ha HeK~TOPWX J!HqHWX BneqaT

neHHSIX. HaquHaJIHCb OHH y MeHH co CTyneHqecKHX JieT, Karna MW cnyrnann 

HJibW MHxal1JIOBHqa H ero neKUHH no SinepHblM peaKUHSIM. 3TO 6blJIO B KOHUe 

40-x ronoB, npHqeM JieKUHH 3TH BHaqane HaM He HPBBHJIHCb CBOeA MOHOTOH

HOCTbW' HO sanHCbIBaTb HX 6blJIO noBOJ!bHO Yno6Ho. Ho eme Jiyqrne OKa3BJIOCb 

rOTOBHTbCH no 3THM JieKUHSIM, Karna MW HaqanH cnaBaTb 3K3aMeHw. JleKUHH 

6blJIH oqeHb J!OrHqHbl H npOCTbl. ~1 BOT 3TB npoCTOTa H3J!OmeHH5I 6bIJIB xapaK

TepHoA qepToA (KBK H IlOTOM noHHJI, Karna IlPHIIIeJI yme B na6opaTopnw ¢paH

Ka B $HAH) u nnH MnhH Mnxal1nosnqa,- n ~nH ero TanaHTJIHBeArnero yqeHnKa 

¢enopa JlbBOBnqa illarrHpo. 06a oHn qacTO noJih30BaJIHCh KnaccnqecKnMn aHano

rHHMH pasneqHWX KBaHTOBWX 3~~eKTOB. 51 HasBaJI TaJiaHTJIHBeArnero yqeHnKa 

n BCDOMHHJI COBeTbl MJibH Mnxa(!JIOBHqa. >1He He pas npnxonnnoch no ero npOCb-

6e rOTOBHTb K KaKHM-TO ro6nneSIM yqeHWX nosnpasneHHSI HJIH B CKOp6HWX CJIY

qaHX HeKpOJiorn, OH MeHH scerna OCTBHBBJIHBan: "He Hano roBOPHTh TBJIBHT

JIHBeAmnA UJIH KaK-TO BNQeJIHTb onHoro qenoBeKa H3 npyrux, TBK KBK 3TO 

MomeT 6WTb qHCTO Hallie MHeHHe, npyrne TBKoro He npnnepzuBaWTCSI, H 9TO 6y

neT KBK-TO BOCCTaHaBJIUBaTb nwneiI npoTHB 3TOrO qenoBeKa, KOToporo Mb! xo

THM noxBaJIHTb, B03BWCHTb 11
• Ho H nYMaW, qTQ B naHHOM cnyqae C ¢e,11opOM 

JlbBOBuqeM MOmHo He npttnepmnBaTbCH 3aBeTOB MJibH MuxafIJIOB!fqa. 

B nanbHeArneM SI CTOJIKHYJICH C MnbeA MttxaAnosnqeM nocne OKQHqaHHH 

YHHBepcuTeTa, Karna 6blJI pacnpeneneH B TTpe3HDHYM AKa,neMHH HBYK, II TBM 

MJibH MnxattJIOBHq 6wn qneHOM YqeHoro COBeTa npn npesuneHTe AKa,neMHll HayK. 

3TOT CoBeT npn npesnneHTe saHHMaJICSI KoopnnHaUHett pa6oT no HnepHOH ~H3H

Ke B AKaneMHII HBYK' a TaKme Terna TOJ!bKO HaquHaBWHMHCSI uccne,noBaHIIHMH 

C ITOMOIIIbW H)],epHoA r,JH3HKH THna "MeqeHblX aTOMOB", aKTHBaUHOHHOro aHanusa -

- B XHMHH, 6nonornn, TeXHHKe. TaKue ceKUHH 6wnn ITPH YqeHOM COBeTe. 

MnhSI MnxaAnoBuq yqacTBoBan B pa6oTe He TOJibKO ~nsHqecKoA ceKUHH, Hon 
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IlPHKnagH_hlX CeKQHH, KaK Mb! HX Torga Ha3brnanH. l1 gmI MemI 6binO ygHBHTenb

HO TO, qTo Mb! Bcerga cqHTanH, qTo l1nbH MttxaiinoBHq, qenoBeK 6one3HeHHblH, 

Bcerga Bee genaeT C TpygoM, HO TeM He MeHee Ha gOBOnbHO gnHHHblX 3a

cegaHHHX YqeHoro coBeTa npH npe3ttgeHTe, Korga Y*e MHortte ycTaBantt H cno

Pbl 3axogttnH B TYrIHK, l1nbH M11xaiinoBHq qacTo npegnaran goBonbHO q_eTKHe 

pemeHHH BOilPOCOB, c KOTOpbIMH MHOrHe cornamanHCb. 5! 6bl XOTen eme OTMe

THTb, qTo l1nbH MttxaiinoBHq, HeCMOTPH Ha CBOID riaCCHBHOCTb, qTo nH, H HHepT

HOCTb_ (3TH KaqecTBa, rIO-MOeMy, qHCTO BHenmHe), Ha CaMOM gene CBOH 

B3rnHgbl HHKOrga He MeHHn H goBOnbHO TBepgo HX OTCTaHBan, HO OTCTaHBan, 

MO*eT 6b1Tb' He aKTHBHblMH' a KaKHMH-TO miCCHBHblMH MeTogaMH. l1 qacTO OH 

MegneHHO, HO BepHo go6HBancH Tex pemeHHH, KOTOPble cqnTan HY*HblMH. 

B KOHQe 30-x rogoB l1nbH MttxaiinoBHq HaqHHaeT CBOID negarorttqecKYID 

geHTenbHOCTb B MocKOBCKOM YHHBepcttTeTe. C 1943 roga OH npocpeccop 

MoCKOBCKoro YHHBepCHTeTa. 5! XOTen 6bl 3gecb OT~eTHTb (Mo*eT 6b!Tb, He 

ace 3Haw1, qTo OH 6bln OgHHM H3 opraHH3aTopoB H~H5!© MrY. 3TO OTgeneHHe 

H,[(epHott (pH3HKH Ha (pH3HqecKOM cpaKynbTeTe MrY Cblrpano 60nblllYID ponb B nog

rOTOBKe sinepHblX Ka,[(pOB B CoBeTCKOM COID3e. 3gecb ponb l1nbH MttxafmOBHqa 

oqeHb BenttKa, OH Y*e BO BP._eMH BOHHbl IlPHBneKan_ C cppOHTa cpH3HKOB, KOTO

Pble TOnbKO nepen BOHHOH OKOHqHnH q>H3HqeCKHH cpaKynbTeT MrY. TaK, no CYTH 

nena, H 6bma C03gaHa Ka<l>enpa H,[(epHOH (pH3HKH, KOTOpOH gonrHe rogbl l1nbH 

MHxaiinOBHq PYKOBO,[(Hn. 

HnbH MHxaiinOBHq cogeiiCTBOBan H~MoeMy nepexogy H3 qffHOBHHKOB B Ha

yqHble COTpygHHKH. C ero IlOMOIUbID H, npopa6oTaB nono*eHHble TPH roga IlO 

pacnpeneneHHID B Tipe3H,[(HYMe AKageMHH HaYK, nepernen K HeMy B na6opaTOPHID, 

HOH OT,[(an MeHH Ha o6yqeHHe cJ>enopy IlbBOBHqy. TipaKTHqeCKH c TeX IlOP nog 

PYKOBO.[lCTBOM HnbH nttxafmOBHqa H pa6oTan HeCKOnbKO neT B ©l1AHe Bero 

na6opaTOpHH, a 3aTeM nepemen CIDga, B Ila6opaTOPHID HeHTPOHHOH ©H3HKH. 

Korga H nepemen B cJ>l1AH, MHe goBonbHO TpygHo 6bmo Ha ceM1rnapax, 

oco6eHHO KOr,[la BbICTynanH TeopeTHKH. TIOTOM H BblHCHHn, qTo TaK 6bmo He 

TOnbKO gnH MeHH O,[(HOro. Ho HHTepeCHO, qTo Korna nocne npocnyrnHBaHHH 

goKnaga B 3ane HacTynana THIIlHHa, BcTaBan l1nhH MttxaiinoBHq HnH IleoHHg 

BacttnbeBHq rpomeB, KOTOPblH 6bm ero 3aMeCTHTeneM, 3agaBan: HeCKOnbKO 

BOilpOCOB TeopeTHKaM. Tiocne 3TOro Te cno*Hble TeopeTnqeCKHe IlOCTpoeHHH, 

KOTOPbie 3,[(eCb IlP03ByqanH, CTaHOBHnHCb IlOHHTHblMH, BblCTPaHBanach onpege

neHHaH norHKa, H TaKoe yqaCTHe B ceMHHapax PYKOBOgHTeneii na6opaTOPHH 

6bIJIO oqeHh none3HblM. TIOTOM Y*e H3 pa3r0Bopa C gpyrHMH H IlOHHn, qTo 3TO 

He TOnhKO Moe nttqHoe BneqaTneHHe, HOH MHOrHX gpyrnx COTpygHHKOB. 

l1JlbH MttxaiinOBHll, IlO CYTH nena' He 6bIJI HH TeopeTHKOM, HH 3KCnepttMeH-

TaTopoM, OH 6bm, H 6bl CKa3an, ecTeCTBOHCilbITaTenel'y1. To eCTb OH IlOCTOHH

HO Ilb!TancH nonyqHTb OTBeTbl Ha KaKHe-TO Bonpocw. fl He 3HaID, IlOMHHT ~H 

AneKcaHgp l1nhnq cJ>paHK TaKoii cnyqafi, Korga H pa6oTan B ©l1AHe. OgHa*gw 

neToM, Korga Bee PYKOBOgHIUHe Kagpbl na6opaTOPHH 6wnH B OTilYCKe, cpopMaJlb-
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HO Ha3Ha4HnH MeHH HerronHHIDmHM o6H3aHHOeTH saBe,nyromero na6opaTOpHeH. 

B 3TO BpeMH H3 AKa,neMHH rrpnmna KaKaH-TO BamHaH 6yMara, Ha.no 6wno Ha 

Hee OTBe4aTh. 11nhH MHxaunoBH4a He 6bino, era saMeeTHTenH - 11spannH 51KoB

neBHqa - Tom~. Tor,na MW pemnnn rroexaTh K 11nhe MnxaunoBH4Y Ha ,naqy, TaM 

o6ey,nnnH Borrpoe, IlOTOM OH oeTaBHn Hae IlHTh qafi~H B 3TO BPeMH 11nhH MH

xaunoBII4 rrorrpoenn Carny rrpoBo,nHTh MeHH B neeoK Ha yqaeTKe H rroKasaTh, 

KaKHe TaM Be,[(yTeH 11 3KerrepnMeHTbl11
• Mb! rromnn B nee, II Cama IlOKa3an MHe 

rro,noeHHOBHKi PH,[(OM eTOHna merroqKa, Ha KOTOPOH OTMeqanoeb, KaK paeTeT 

rpn6 no ,nHHM. 

51 eme BeITOMHHaID, KaK 11nhH MnxattnOBII4 rronyqnn Ho6eneBeKYID npeMHID, 

KaKHM pa,noeTHWM OH BepHyneH II3 CToKrOnhMa He KaKHM IIHTepeeoM paeeKa-

3WBan BeHKIIe rro,npo6HoeTH HaM B na6opaTOPHH H KaK e 6onhlliHM menaHIIeM 

,nenIIneH ~Boefi pa,noeThID. MHe rroTOM noKa3anoeh, 4TO ,nnH Hero Ho6eneBeKaH 

rrpeMHH 6bma He TO.l'IhKO IlPH3HaHHeM era 3aenyr, HO II KaKOH-TO o6H3aHHOeTbID. 

OH ee BoerrpHHHn KaK HeKyID rpam,naueKYID· o6H3aHHOeTb~ H 3THM onpe,nenHnOeb 

Brroene,neTBHH ero yqaeTHe B TTaryorneKOH KOHtepeHQHII, B pa3nH4HWX BKQHHX 

rl06eneBeKHX naypeaTOB. OH K 3TOMY Beer,na roTOBHJieH e 60J1hlliOA TmaTeJib

HOeTbID. 51 XOTen 6w emeoTMeTHTh TBKYID oeo6eHHOeTh 11nhH MHxaAnoeHqa, KBK 

TmaTenhHBH rro,nroTOBKa Beex BWeTynneHH0, .name HeHayq~wx. OH 04eHb TlliR

TenhHO H .3apaHee roTOBHneH H Il03TOMY, Karna BWe3zan 3a rpaHHUY, TO npo

nyeKan qepe3 rnaBnHT eBOH BWeTynneHHH 2ame Ha TOpmeeTBeHHWX uepeMOHHHX, 

TO eeTh He TOnbKO HayqHwe ,[(OKna,nw. MHOrHe noeMeHBantteb, HO,KaK H eefi

qae IlOHHMaID, y Hero He 6wno rrpo6neM, ITOTOMY qTQ OH yze rro,nrOTOBHneH 

K 3TOMY BWeTyrrneHHID. OH He 6wn eTopoHHUKOM HMilPOBH3a~HH U B eBoefi mu3-

HH Beer,na eTapaneH Y4HTWBaTb peaKQHW Ha eBOU BWeTynneHUH H OT,nenbHWX 

nHqHoeTeR, H rpynITHPOBOK. TTpaKTHqeeKH ua IlPOTHZeHUH 35 neT H pa6oTan 

e HHM B PB3HblX oprKOMHTeTaX. vlnbH MuxafIJlOBHll eme e TPH,[(QaTblX ro,noB 

yqaeTBOBan B opraHH3aQHH MHOrnx ,[(OBOeHHWX KOH1epeHQHH B MoeKBe, Xapb

KOBe, fleHHHrpa,ne. B rroeneBOeHHoe BpeMH Bee KOH~epeHQHH no HeHTPOHHOH 

qll13HKe, TaK Ha3bIBaeMble KtteBeK11e He11TPOHHbie IJJKOJlbl, TIPOXO,[(l1J1H rrp11 ero 

Herroepe,neTBeHHOM yqaeTHII, TaK 4TO OH, HeeMOTPH Ha eBom, Ka3anocb 6w, 

3aMKHYTOeTb H rraeeHBHOeTb, Ha eaMOM ,[(eJie 6bm oqeHb aKTHBHblM qenoBeKOM. 

Ho 3TO 6bma He noKa3HaH aKTHBHOeTb' a BKTIIBHOeTb BHYTPeHHHH' KOTOpaH 

Il03Bomrna 11nhe MnxattnOBH4Y BbrmaTb Bee 113 mll3HeHHOH CHnbI, OTnymeHHOH 

eMy npnponoa. 

51 yze r0Bop11n O TOM, 4TO B eTy,neHqeeKHe ro,nbl' Kor,na Mb( e HHM no-

3HaKOMHJIHeh, OH Ka3ancH HaM 6onbHWM, H name epen11 CTy,[(eHTOB XO,[(HJlll Ta

KUe enyxn, 4TO oH rrepeo6nyquneH n Terrepb ,[(HH ero coqTeuw. name TaKofi 

BOT ~aKT: HaM rrapannenbHO 4HTan neKQHH no 6no~H3HKe ero 6paT rne6 Mn

xaunoBH4, H MW Beer,na e4HTann, 4TO 11nhH ~HXattnOBH4 - CTaplllHH 6paT, 

a rne6 MnxafmoBHll HaMHoro Monome ero. 11 TOnbKo Kor,na yme yMep rne6 Mn

xaBnoBH4, H Y3Han, 4TO OH 6bm eTaplJJe. ilo BOT, HeeMOTPH Ha TaKym 6one3-
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HeHHOCTh, HnhH MHxattnOBHq npo~Hn oqeHb HanpH~eHHyro 6onbwyro ~H9Hh. 

na~e nocnenHHe caoH nHH OH aKTHBHo pa6oTan, pa6oTan Ha npenene cBoHx 

B09MO~HOCTeH. R 9Haro, KaK BblrnHnenH B 3TH nocnenHHe nHH ero 3anHCKH 

BOCilOMHHaHHH O Cepree HBaHOBHqe BaBHnoae, ero o6utH~ BOCilOMHHaHHH. 

B nocnenHHe HenenH ero noqepK MeHHnCH, 6yKBbl CTaHOBHnHCb 6onbwe, CTpo

Ka OT CTPOKH nanhwe B 6onbll!HX TeTpanHx, KOTOPble OH Ben, CTpoqKH 11 3aBa

nHBanHCb1~ H TeM He MeHee OH Hcnonh30Ban ace OTDYuteHHble eMy B09MO~HOC

TH no nocnenHero. OH aenh npaKTHqecKH ycnen ace, qTo, no-aunuMoMy, Ha

MeTHn: 3aKoHqHn CBOH BOCilOMHHaHHH, 9aKOHqHn penaKTHPOBaHHe TpeThero 

H3naHHH BOCilOMHHaHHH O Cepree HBaHOBHqe BaBHnoae. H MHe Ka~eTCH, qTo 

saKOHqHB, OH HeCKOnhKO paccna6HnCH nepen TeM, KaK B09BpamaTbCH H9 

MOCKBbl B ny6HY, .H B 3TOT MOMeHT ero KaK pas H HaCTHrna CMepTb. 

HnhH MuxattnOBHq npo~Hn 6onbwyro HHTepecHyro ~H3Hb ecTeCTBOHCilblTaTe

nH H 3aKOHqHn ee, neHCTBHTenbHO, Ha nocnenHHX CBOHX CHnax. 
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l1.M.<I>PAHK - C03JlATEJ1b JIAEOPATOPI1H ATOMHoro 5IllPA <I>l1AH 

l1, 5I, EapHT 

l1HCTHTYT HaepHwx HccnenoaaHHA AH CCCP, MocKBa 

Jla6opa~OPHH aTOMHoro Hapa 6wna opraHH30BaHa a 1946 rouy. TTepawe 

ronw ee cymecTaoaaHHH ¢opMHpoaancH HayqHwA KonneKTHB H TeMaTHKa ee pa-

6oTw.Korna H BCnO~HHaID 3TOT nep0on/a H KOCHYCb nep0ona necHTH neT:c1946 

no 1956 rr. :/,MHe KaiKeTCH CaMb!M YUHBHTenbHbIM,KaK MHOro 3a 3TH necHTb. 

neT 6wno cnenaHo, HeCMOTPH Ha MODOUOCTb KonneKTHBa H OTCYTCTBHe y ~era 

KaKoro-nH60 onwTa pa60TW B o6naCTH HaepHoA ~H3HKH (H3 CTaPlliHX TOBapHmeA 

a Jla6opaTOPHH B TO apeMH pa6oTanH TOflbKO EareHHA JlbBOBHq <I>aAH6epr H Jle

OHHU Bacttnbea0q fpomea). 3necb, 6e3ycnoaHo, cKa3anacb cnoco6HocTb HnbH 

MHxiAnoaHqa PYKOBOUHTb pa6oTaMH, He HaBH3WBaH caoero MHeHHH upyrttM, 

CTHMYDHPYH HHHQHaTHB~ H TaKHM o6pa3CM coueACTBOBRTb nporpeccy pa6oTW. 

l1 X~TH HnbH MnxaAnosuq He HBnHeTCH aBTOPOM HeKOTOpb~ pa6oT, BWnonHeHHWX 

B Jla6opaTOPHH B 3TOT neptton, qTQ o6bHCHHeTCH ero~HCKnroqnTenbHO mene

THflbHblM OTHOllieH11eM K aBTOPCTBY' Ha BCeM' qTQ 6bmo cnenaHO' nelKHT OTne

qaTOK ero TBopqeCTBa. IT03TOMY H He 6yuy OCTaHaBnHBaTbCH B 3TOM noKnane 

Ha OCTanbHWX COTPYUHHKaX, ynoMHHaT~KTO 4TO fnenan: B naHHOM cnyqae 3TO 

coaepweHHo nnrnHee. 

B <I>HAHe cymecTaoaan Haepttw0 oTaerr, KOTopwA ao3rnaanHn CKo6enhUWH, 

H B 1946 rouy OH 6wn pa3neneH HR TPH na6opaTOPHH. 0Htt, H3-3a ceKpeTHOC

TH HnH no upyrHM npnquHaM, Ha3WBanttch no taMHnHHM 3aaeuywmnx. Jla6opaTo

PHH aTOMHoro Hapa Ha3WBanaCb na6opaTOpHeA ¢paHKa, 6wnn na6opaTOPHH 

BeKcnepa H na6opaTOPHH KOCMHqeCKHX nyqeA. OcHOBHaH 3anaqa, KOTopaH CTO

Hna nepen na6opaTop0eA <I>paHKa, 6wna CBH3aHa c aTOMHoA npo6neMoR, a Toq

Hee - C pa3pa60TKOA peaKTOPOB B CoaeTCKOM Cow3e. ~~bH r0xaAnOBHq He 

orpaHHqHaancH 3TOA 3anaqeA, XOTH OHB" 6wna OCHOBHon, H napannenbHO 

B Jla6opaTOPHl1 aenHCb pa60TW no HaepttoA ~H3HKe KaK TaKOBOA. 3TO OKa3a

j,ocb oqeHb none3HblM' noTOMY qTo B nanbHe:1meM HMeBlliHIICH 3anen 6bm HC

nODb30BaH UDH pa60TW no TepMo~nepHoA npo6neMe, nnH H3MepeHHA Heo6xon1-tMWX 

UDH perneHHH 3TOA npo6neMW ~H3HqecKHX napaMeTpOB. TTpoHCXOUHDO B3aHMHOe 

o6orameHHe .3THX HanpaaneHHII, B qaCTHOCTH, C caMblX nepBbIX u11eJ"1 cy1necT

BOBaHHH Jla6opaTOPHH aenHCb pa50Tbl no C03):IRHHID YCKOPHTenH IlPHMoro ueAcT

BHH (KaCKaaHoro reHepaTopa). TTOHBneHHe B Jla6opaTOPHH ~ KOHQe. cbpOKOBWX 
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ro,noB d-t -HeliTPOHoB c,nenano B03MOlKHhlM co3,nam1e cneKTpoMeTpa no BpeMe

HH 3aMenneHHSI B CBHHl'.~e, TaKHM o6pa30M, npOHCXO,QHJIO B3aHMHOe 06,orameHHe 

pa3HhlX HanpaBneHHH. 

Ha1rny C pa6oT' KOTOpb!e KaCaJIHCb peaKTOPHOH npo6neMbl, EOJibWOH UHKJI 

pa6oT OblJI Bb!IlOJIHeH no H3MepeHHIO 3KCnoHeHQHaJibHblM MeTO,QOM (MeTO,QOM npH3-

Mbl) KOTeJibHblX napaMeTPOB. 3To B 1946-1 94 9 ro,nax 6b!J10, nolKanyli, OCHOBHbL\1 

HanpaBJieHHeM pa6oTbl J1a6opaTOPHH. OHH 6hlJIH Torna ceKpeTHblMH, OCHOBHble 
\ . 

pe3YJihTaTbl 6blJIH ony6JIHKOBaHbl B 1955 ro,ny Ha ceccHH AKa,neMHH HaYK no 

MHPHOMY ttcnonh3oaaHHIO aToMHoli 3HeprHH, KoTopaH npe,nwecTBoBana nepaoli. 

)KeHeBCKOH KOHcpepeHlJ,HH. PetJh _ B. 3THX pa6o'TaX WJia 06 onpe,neneHHH peaKTOP

HblX napaMeTpoB H3 3KCnoHeHQHaJibHblX onb!TOB, T, e. MeTO,QOM nPH3Mbl, B TO 

apeMSI cymecTBOBaJIH ,naa aJihTepHaTHBHblX MeTo,na: MeTOA npH3Mbl H MeTOA KpH

THtJeCKHX c6opoK. i ,QOJilKeH oroBOPHTbCSI, tJTO He SIBJISIJICSI ygacTHHKOM pa6riT 

B 3TOH o6nacT~H enHHCTBeHHoe, tJTO MeHSI H3BHHSleT~ tJTO SI O HHX paccKaShl

BalO' 3TO TO' tJTO no BCeMy UHKJIY paOOT' KOTOPble Bb!IlOJIHSIJIHCb B J1a6opaTOPHH' 

TpygHO HaJITH 11enoBeKa' KOTOPblH 6bl ygaCTBOBaJI BO acex pa6oTaX •. Peqb wna 

npelKne acero 06 onpe,neneHHH K03QJQJHUHeHTa pa3MHOlKeHHH ( K ) , KOTOpb!H 

eCTb npoH3Be,ne_HHe y~ 9 J' ' H BJIHSIHHU Ha K03(9qJHQHeHT pa3MHOlKeHHSI BCe

B03MOlKHhlX napaMeTpOB. K03qJ~HQHeHT pa3MHOlKeHHSI - 3TO OTHOWeHHe tJHCJia 

He0TpoHoB ,nayx nocne,nywmttx noKoneHHA nptt pa3BHTHH uenHoro npouecca, 

"V - 3TO cpe,nHee tJHCJIO 6blCTPblX HeATpOHOB' HCnYCKaeMblX Ha O,J:lHH TenJIOBOli 

He0TpOH, 3aXBatJeHHhl0~ypaHOM, ~ - ~epOSITHOCTb 3aMe,QJIHTbCSI no TennoBoA 

CKOPOCTH, H36elKaB 3aXBaTa, e - 3TO ,QOJISI TenJIOBhlX HeHTpOHOB, nornomeH-

HblX B ypaHe. TTp113Ma npe,ncTaBnHna co6011 c6opKy H3 rpaQJHTa H ypaHa no-

BOJibHO 60JibWHX pa3MepoB. Ee pa3MePbl 6blJIH: CTOPOHbl KBa,npaTHOro OCHOBaHHSI 

no 1,8 M H BhlCOTa 4,2 M. Dar SltJeAKH 6wn 20 CM,H ypaHOBhle 6JIOKH 6hlJIH 

,nHaMeTpOM 35 MM. H3 TeopHH npH3Mbl cne,noBano, tJTO Ha ,QOCTaTOtJHO 60JibWOM 

ynaneHHH OT HCTOtJHHKa HeHTPOHOB nJIOTHOCTb HeHTPOHOB y6hlBaeT 3KCnoHeH

QHaJibHO, TToKa3aTeJib 3KCnoHeHTpl ol 2 en J /rz2-!1) Henocpe,ncTBeHHO CBSl3aH 

C reoMeTpHtJeCKHM qJaKTOPOM of?~= 7l7'2_a2. -(X 2 , TTo 3TOli BeJIHtJHHe MOlKHO 

onpe,neJIHTb KPHTHtJeCKHH pa3Mep c60PKH, ,J:lJISI KOTOPOH K03qJ~HQHeHT pa3MHOlKe-

HHS! 6yneT paBeH enHHHQe. TTOMHMO onpe,neneHHSI no BeJIHtJHHe rt. reoMeTpH-

qecKoro napaMeTpa, B 3KCnepHl\1eHTaX C nPH3MOH MOJKHO 6bIJI.O onpenenHTb TaK

JKe Bee napaMeTphl, KOTOphle BXO,QSIT B BhlPalKeHHe ,QJISI K03qJqJHQHeHTa pa3MHO~ 

lKeHHSI' H caM K03qlqJHQHeHT. TTapaMeTp 0 onpe,neJISIJICSI .QBYMSI MeTo,naMH: 

H3MepeHHeM Ka,QMHeBoro OTHOWeHHSI, T, e. perHCTpau11eA He11TpOHOB B ,neTeK

TOpe, OKPYlKeHHOM Ka,nMHeM,H 6e3 Ka,J:lMHSI, a TaKlKe nyTeM cpaatteHHSI aeJIHtJHH 

ce,2 ,QJIR IIPl13M' C npocnof1KOH Ka,llMUeBblMH nonocKaMH H 6e3 npOCJIOJIKH Kan- . 

MHeM, Ben1111UHbl k , 'v ·11 f onpe,nenSIJIHCh 113 H3Mep_ettttfr c npH3MaMH c pa3-

HOH KOHQeHTpaQHeH ypaHa. TaK)Ke H3MepSIJIHCb BJIHSIHHSI B03.QYlliHOro 3a3opa, OT

palKeHHSI OT BO,Qbl H Tel\mepaTYPHble 3QJqJeKTbl, HapSI.QY C 3KCnepHMeHTaMH pa3-

BHBanacb TaKlKe H TeopHSI, Pa3BHTHe TeOPHH np11aeno K TOMY, tJTO 6b!J10 no-
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HSITO, tJTO TeMnepaTypa cpe,[{bl AOmKHa BJ1HSITh Ha AHIP1>Y3HOHHble napaMeTpbl 

H, TaKHM o6pa30M, Ha TOtJHOCTh onpe,[{erteHHSI H3MepSieMhlX BenH~HH. B CBSl3H 

C 3THM B 3TOT )Ke nepHOA 6bJJ1H npe,[{npHHSITbl 3KCnepHMeHTaJ1bHbJe HCCJle,[{OBa

HHSI paBHOBeCHblX cneKTPOB' H AH!P!PY3HOHHblX napaMeTpOB Tennoi3blX HeHTPOHOB 

B 3THX pa3MHOlKaIDmHx cpe,[{aX B 3aBHCHMOCTH OT TeMnepaTypw H 6wna Bwnon

HeHa nonbJTKa onpe,[{eneHHSI cpenHe0 CKOPOCTH H OTKJlOHeHHSI pacnpe,[{eneHHSI 

He0TpOHOB no CKOPOCTSIM OT MaKCBennoBCKOro pacnpe,[{eneHHSI.3TH 3KCnepuMeH

Thl npOBOAHJ1HCh TaKHM o6pa3OM, tJTO onpe,[{eJ1SIJ1HCh cpe~HSISI CKOPOCTh H cpe,[{

HSISI o6paTHaSI CKOPOCTh~ nnsi onpe,[{eneHHSI cpe,[{HeH CKOPOCTH H3MepSIJ1HCh 

nnOTHOCTh He«TpOHOB c noMomhID 6opHoro neTeKTOpa H noTOK HeHTpOHOB c no

MOmhID KanMHeBoro (pHJlhTpa, a cpe,[{HSISI o6paTHaSI CKOPOCTh onpe,[{eJ1SIJ18Ch ny

TeM H3MepeHHSI cpeAHero K03!P!PHQHeHTa nornomeHHSI B BemecTBax c nornome

HHeM no 3aKoHy 1 /1f' ( l L ) • PegynhTBTbJ 3THX H3MepeHHH no3BOJ1SIJ1H CY.z:IHTh 

0 TeMnepaType HeH~POHOB B cpe,[{e HO TOM, ,eCTh J1H OTKJlOHeHHSI OT MBKCBen

JlOBCKOPO pacnpe,[{eneHHSI. B pe3yJ1bTBTe 6wno nOK83BHO, C O,[{HOH CTOPOHhl) . 
tJTO TeMnepaTypa cpe,[{hl MOlKeT OTJ1HtJBThC5l OT TeMnepaTypw BWTeKBIDlliHX HeHT-

POHOB, a B reTeporeHHhlX cpe,[{aX c ypaHOM TeMnepaTypa HeHTpOHOB 6OJ1bllie, 

tJeM TeMnepaTypa cpe,[{w,a cneKTP OTJ1HtJaeTCSI OT MBKCBeJ1J1OBCKOro,H, BO-BTO

pbJX, tJTO TPBHcnopTHBSI AJ1HHB H K03(p(pHQHeHT AlfqJQ)Y3HH 38BHC51T OT HarpeBa 

nOAO6HhlX CHCTeM. B pe3YJ1hTBTe HCCJ1e,[{OBBHHSI 3THX SIBJleHHH Hnhe0 MuxaAno

BHtJeM 6blJ1 npnnyMaH H npe,[{JlOlKeH HMnynhCHblH MeTOA H3MepeHHH AH!P(pY3HH 

H TepMBJ1H38QHlf B PB3J1HtJHblX cpe,[{aX' KOTOPblH 11 6blJ1 B 3TOT nepHon peanH-

3OBaH. 3TOT MeTOA COCTOSIJ1 B TdM, tJTO B 6J10KH pa3H~X PB3MepoB BnphlCKH

BBJ1CSI HMnYJlhCHblH noTOK 6bJCTPblX HelITpOHOB' a nanhrne H3YtJBJ1HCh Ha rpa1rnue 

6noKa C noMomhID 6opHoro neTeKTopa H3MeHeHHSI nnoTHOCTH He0TpOHOB no Bpe

MeHH. TipH nocTaTOtJHO 60J1hlliOM YAaneHHH no BpeMeHH OT MOMeHTB BCilbllliKH 
- . e-~t ~ HeHTPOHHBSI nnoTHOCTh cna,[{ana no 38KOHY , r.r.1e BeJ1HtJHHa v,., KBK 

6bJJ10 noKa3aHo B TeopHH' 38BHCHT OT. reoMeTptttJecKoro napaMeTpa Q . 3TB 

38BHCHMOCTh HMeeT cneAYIDm:10 BHA: cJ.. ::: .~ + Q (.Do - C. Q) . JlnSI MBJlblX 

3HatJeHHH J2 (nnsi 60J1hlliHX pa3MepoB CHCTeMbl) 38BHCHMOCTh SIBJ151eTC51 J]lf

HeHHOH. B 3TO0 pa6oTe 6b1J10 OTKPblTO HOBOe SIBJleHHe' KOTO

poe 6bJJ1O H83BBHO ,!:lH(p(p)'3HOHHblM OXJ18lK)J;eHHeM H npoSIBJ1SieTCSI B OTKJlOHeHHH 

OT JlHHeHHOH. 3aBHCHMOCTH; KOTOpoe onHCbJBBeTCSI qneHOM C .Q2 . 0TKJ10HeHHe 

OT JlHHeHHOH 38BHCHMOCTH CBSl38HO C HeOAHHB~OBOH CKOPOCThID ~hlTeKaHHSI 

HeHTpoHOB PB3HhlX CKOPOCTeH H3 cpe,[{hl. ITpeHMymecTBeHHO BhlTeKaIDT H3 cpe,[lhl 

Te HeHTPOHbl, KOTOPbJe HMeIDT HBH60J1blliHH KO3cpcJmuueHT AHQJ(p)'3HH. C 3THM CBSI-

3aHO TO' tJTO B pe3YJ1hTaTe B CBMOH cpene Tel\mepaTypa MOlKeT He 6bJTb paB

HOBeCHOH, a cpe)J;a MOlKeT J1H60 66oramaThCSI 6onee 6bJCTPblMH HeHTPOHBMH, 

ntt6o, Hao6opoT, lfMH o6e,[{HSIThCSI. Il03TOMY 3TO SIBJleHHe 6blJ10' Ha3B8HO nwpcpy-

3HOHHbJM oxnalKAeHHeM HeHTPOHOB B pe3yJ1bTBTe Toro' tJTO 6bJCTPble HeHTPOHbl 

BWTeKaIDT H3 cpe)J;hl 6hlCTpee, tJeM Me,[{neHHwe. AB npHHQHn~, B 3BBHCHMOCTH 

OT Toro, KaK K03qJ(pHQHeHT ,[{HqJqJY3HH ·3aBHCHT OT CKOPOCTH HeHTPOHOB B TOH 
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HnH HHOH cpe~e, MO~eT 6@Tb H ,Il;H~~Y3HOHHOe oxnruK,IJ;eHne, H HarpeB. 9TOT 

opHrHHanbH@H MeTO,ll Hamen lliHpOKOe npHMeHeHHe ,IVIH HSMepeHHH ~H~~YSHH 

H TepManHSaUHH HeHTPOHOB H.~o CHX nap HcnonbsyeTCH ~nH HsyqeHHH pas

nuqH@X cpen H .nnR HsyqeHHH BSaHMonefiCTBHH HefiTpOHOB C MOneKynaMH. MeTon 

o6na.naeT npeHMY~eCTBOM no cpaBHeHuro co CTaUHOHapH@M H nosBonHeT ,Il;OCTH

raTb 6onee B@COKOH TQqHQCTH HSMepeHHH. B 3TOM ~e HanpaBneHHH ne~HT pas

pa60TKa H,lleH, KOTopaH B03HHKna B Jia6opaTOpHH .. H 6@na B He8 peanHSOBaHa, 

no HcnonbSOBaHHro oco6eHHOCTeH SaMenneHHH HefiTpOHOB B TIDKen@x cpe.nax 

.nnH uenefi cneKTpOMeTpHH HeHTPOHOB (paspa60TKa TaK HaS@BaeMoro cneKTpo

MeTpa no BpeMeHH SaMenneHHH B CBHHUe). E@no noKasaHo, qTo HeATpOH@, 

saMe~HHCb B TH~en@x cpe,llax, rpynnupyroTCH B saBHCHMOCTH OT BpeMeHH, 

rpynnHpyroTCH B )10BOnbHO YSKOA o6naCTH SHeprHfi. TaKHM o6pasoM, K~OMY 

BpeMeHH SaMenneHHH COOTBeTCTByeT CBOR SHeprHH. 9TO CBR3aHo, KaK HSBeCT

HO, c saBHCHMOCTbro CBooonHoro npo6era ,IJ;nH pacceHHHR OT CKOPOCTH, nos

TOMY HeATpOH~, noTepHBlliHe 6onbmyro 3Heprnro H HMero~He MeHbmyro CKOPOCTb, 

B .nanbHeAmeM HaqHHaroT Me~neHHee saMe~HTbCH, a Te, KOTOp@e noTepRnH 

MeHbllie SHeprHH, saMe~RroTCH 6@CTpee. 9TO npHBO,IJ;HT K q>OKYCHPOBKe HX no 

3HeprHH HK Hannqnro SaBHCUMOCTH Me~,u.y 3HeprHe8 HefiTpOHOB B Ka)!(,IU,18 ,IJ;aH

H@A MOMeHT B CBHHUOBOM KY6e OT BpeMeHH, npoTeKmero c MoMeHTa BCnHWKH. 

TaKHM o6pasoM, y.naeTCR HCnonbSOBaTb 3TOT 3~~eKT ~nH cneKTPOMeTpHH, qTQ 

H 6@no pearrusoBaHo B Jia6opaTOPHH. TaKofi cneKTpoMeTp no BpeMeHH saMen

neHHH B CBHHUe HCnonbsyeTCH ,Il;O CHX hop B Jia6opaTOPHH, H Da~e ecTb 

nnaH@ paSBHTHH era H nocTaHOBKH, B qacTHOCTH, Ha MeSOHHyro ¢a6pHKY, 

a B 6nH~anmeM 6Y,IJ;Y!~eM Ha nHHefiH~fi YCKOPHTenb sneKTpOHOB B MHCTHTYTe 

H,IJ;epH@X Hccne.noBaHHfi, T.e. Ha HCTQqHHKe, KOTOP@fi HMeeT 6onbmyro HHTeH

CHBHOCTb HefiTPOHOB. IlpeHMy~eCTBaMH 3TOro cneKTPOMeTpa RB'1Hn!1Cb, KaK 

HSBeCTHO, 6onblliaH CBeTOCHna, Manwn ¢OH, qTQ .nenano ero YHHKanbH51M npH-

6opoM.)1nH HSMepeHHH ceqeHHfi saxBaTa H, HaKoHeu, B03MO~HOCTb B lliHPOKOM 

HHTepBane 3Heprnfi, OT TennoB~X ,IJ;O ,IJ;eCHTKOB KHnOBOnbT, B e,l1HHOM npn6o

pe nonyqaTb HeATpOHH@e ceqeHHH. HeDOCTaTKOM, KBK HSBeCTHO, RBnHeTCH 

OTHOcH.TenbHO nnoxoe paspemeHne - nopH'AKa 30 % • Ho ,IVIH onpe,neneHHbtx · sa

.naq, r~e He Tpe6yeTCH HSMepeHHe OT,IJ;enbH@X pesoHaHCOB, a nHmb nonyqeHHe 

ycpe,IJ;HeHH@X ceqerlHH, OH )10 CHX nap HBnHeTCH HeSaMeHHMhlM npn6opoM. Kpo

Me Toro, B cnyqae noB@llieHHH HHTeHCHBHOCTH HeATpOHHOfi BCnbllllKH OH MO~eT 

6@Tb HCnOnbSOBaH ,IJ;nH HsyqeHHR pe,IJ;KHX npoueccoB. 

Hs CKasaHHoro BH,!1HO, KaK Ha npOTH~eHHH 3THX neT nornqecKH paSBH

BanOCb 3TO HanpaBneHHe: nepexo.n OT CTaUHOHapH@X K HecTaUHOHapH@M Me

TO,IJ;~~, Bonpoc TepManHsaUHH HefiTpOHOB B CTaUHOHapHOM cnyqae H B HeCTa

UHOHapHOM cnyqae n, HaKOHeu, HCnOnbSOBaHHe 3TOrQ MeTo~a ,IVIH cneKTPO

MeTpHH HefiTpOHOB. Bee 3TO 6@no nornqecKH CBH3aHo H OTpruKano TY oco6eH

HOCTb HnbH MnxafinOBHqa, qTo OH He CTOnbKO CTpeMHnCH K BHelliHHM 3~~eKTaM 
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B pa6oTe, CKOJ1bKO K rny6oKOMY' npoHHKHOBeHHJO B ¢H3HKY HBJ1eHHfi, a OTCJO,I:ta 

H npoHCTeKana TaKaH BOT norHti:ecKaH CBfl3aHHOCTb Beere HanpaBneHHH, KO

TOpoe .B KOHeti:HOM cti:eTe H npHBeno K co3naHHJO HMnYJ1bCHoro peaKTOpa B ~y6-

He. HHTepec K cneKTPOMeTpHH HefiTpOHOB 6blJ1 CBH3aH He npocTO C TeMH B03-

MO.HOCTflMH, KOTOpble 6blJ1H 3ano~eHbl B pa3pa60TaHHOM MeTO,lle, a 6blJ1 CBH3aH 
. . . 

C TeM, '!!TO B xo,rie H3.MepeHHH MaKpOCKOilH'l!eCKHX xapaKTepHCTHK nOHBHJ1Cfl 

HHTepec K H3MepeHHJO MHKPOCKOnHqecKHX napaMeTpOB ,llJ1H Toro, 'l!T06bl CBH3aTb 

MaKpOCKOTIHKY C MHKPOCK.OTIHKOfi TeopeTH'l!eCKH. 5I XOTen 6@ CKa3aTb O TOM, 

'!!TO, 3aHHMaflCb 3TOA npo6neMofi, HJ1bfl MHxannoBH'll rny60KO noHHMaJ1 ¢H3HKY 

HefiTpOHOB, oco6eHHOCTH B3aHMO,llefiCTBHfl HefiTpOHOB c BemecTBOM H BHec 3Ha

'l!HTeJ1bHblfi BKnan B pa3BHTHe 3THX pa3,lleJ10B ¢H3HKH. Hapfl,llY C 3THM OH CTpe

MHJ1Cfl K pa3BHTHJO npyrHX pa3,lleJ10B fl,rtepHofi ¢H3HKH B Ila6opaTOPHH. B 3TO 

BpeMH nonocnena noTpe6HOCTb, CBH3aHHafl c TepMOH~epHofi npo6neM08. B CBH-

3H C 3THM B Ila6op~TOPHH 6cin BblnOnHeH 60J1blIIOfi UHKJ1 pa6oT no H3MepeHHJO 

B3aHMO,rte8CTBHH 6blCTPblX HefiTpOHOB c ypaHoM, J1HTHeM,'TPHTHeM H no H3Me

peHHJO TepMo.si:.rtepHbIX peaKUHA d-t- H d.-d. -peaKUHfi. C caMoro Hati:ana 

pa60T B Ila6opaTOPHH HnbH ~Hxa8J10BH'll CTpeMHJ1Cfl pa3BHBaTb BCeB03MO.Hble 

MeTO,I:tbl ,rteTeKTHpoBaHH'll H,nepHb!X H3J1yqeHHfi. OH nono•Hn Hati:ano pa3BHTHJO 

MeTo.rta H,rtepHbIX ¢0T03MYJ1bCHfi B CoBeTCKOM COJ03e. OH B03rJ1aBJ1HJ1 COOTBeTCT

BYJOmYJO KOMHCCHJO, H B Ila6opaTOPHH 6blJ1a C03,llaHa rpynna, KOTOpaH 3aHHMa

nacb H,rtepHbIMH ¢oT03MYJ1bCHHMH. B 'l!aCTHOCTH, 3Ta rpynna noMHMO HCCJ1e,llO

BaHH8 KOCMH'l!eCKHX nyqefi npoBo,nHna B TOT nepHO,ll H3Y'<IeHHe neneHHH H,llep 

ypaHa non nefiCTBHeM Jt-Me~OHOB, npoTOHOB, HefiTPOHOB H raMMa-ny"!efi 

BblCOKHX 3HeprHA no 400 MaB. E@no noKa3aHo, 'ITO 3HeprHH B036ymneHHH 

nenHmerocH H,llpa He 3aBHCHT OT 3HeprHfi ti:aCTHU, Bbl3blBaJOmHx neneHHe, noTo

MY 'ITO npOHCXO,llHT npe~BapHTeJ1bHOe CHHTHe B036YmneHHR 3a cti:eT 3MHCCHH 

'llaCTHU. MeTonoM nnepHblX ¢oT03MYJ1bCHfi H3Mep.si:J1~Cb TaKme pacceHHHe ft.-Me-

30HOB Ha npoTOHaX H neRTpoHax B IlHile. KoHe'l!HO, 3TH pe3yJ1bTaTbl He 6blJ1H 

npeUH3HOHHblMH, HO OHH npe~eCTBOBaJ!H pe3YJ1bTaTaM, nonyqeHHblM C 3J1eKTpo

HHKOA, H noKa3blBaJ1H, 'ITO HJ1bH MHxaAJ10BH'l: CTpeMHJ1CR K II!HpOKOMY ¢poHTY 

pa6oT B o6naCTH .n:nepHoA ¢H3HKH. XoTeJ10Cb 6@ OTMeTHTb eme, 'ITO pa6oTbl 

B TO BpeMH BblilOJ1HflJ1HCb B qeTKO onpeneneHHble c~aT@e cpOKH, H Mbl Bbl,llepmH

BaJ!H 3TH CpOKH. H paccKa•y nBa 3nH30,lla, xapaKTePH3YJOmHe CTHJ1b pa60Tbl 

Toro BpeMeHH. 0,rtHH 3nH30,I:t TaKofi. MbI H3MepHJ1H ceti:eHHe neneHHH ypaHa 

.rtnH 14 - MaB HeATpOHOB. H3BeCTHO, ,I:tJ1H qero 3TO 6blJ10 HY•Ho. CpoK 3T08 

pa60Tbl 6@J1 onpe,rteneH c•aT@A. H3BeCTHO, 'ITO B d..-t-peaKUHH HCTIYCKaJOTCH 

aJ1b¢a-ti:aCTHUbl, H Il03TOMY MOHHTOPHPOBaTb IlOTOK HefiTpOHOB MO.HO cti:eTOM 

aJ1b¢a-ti:aCTHU, '!!TO Mbl H nenanH·. Ho HnbH MHXafiJ10BH'l: C'l:HTaJ1 oti:eHb BamHblM 

nonyqeHHe Hane•HblX pe3YJ1bTaTOB H noaTOMY noTpe60BaJ1, 'l:T06bl TIOMHMO MOHH

TOPHPOBaHHH c noMOmbID aJ1b¢a-ti:aCTHU npoBeJ1H MOHHTOPHPOBaHHe noTOKa He9T

poHOB C nOMOmbJO rpa¢HTOBOfi npH3Mbl. H3MepeHHH noToKa HefiTPOHOB C noMombJO 

rpa¢HTOBOA npH3Mbl 6@J1H BblnonHeHbl. IlO,llOII!en cpoK, H Hano 6blJ10 B@naBaTb 
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pesynbTaT, a H3MepeHHH e rpa(pHTOB08 npH3M08 e~e He 6b'IJIH nonHOeTb~ 3a

KOHt1eiibl. H BOT HnbH MHxattnoB.Htl eo6pa.n eoBe~aHHe BCex yqaeTHHKOB y ce6H 

B Ka6lrneTe, H nepe.z:t HHMH 6blno nocTaBneHo .ttBa Bonpoca: Bbl.ttaBaTb HnH He 

Bbl,ItaBaTb pesynbTaT, a ecnH Bbl.ttaBaTb, TO KaKy!O UH<l>PY, tlTO Bbl,ttaBaTb? Ha 

nepBb18 Bonpoe Bee npHeYTCTBYIO~He OTBeTHnH nono~HTenbHO. Ha BTOpoR 

Bonpoe OTBeT 6bln TaKoR: 1,10 6 ~). BTopoR npHMep. Hy~Ho 6b'!Jlo H3MepHTb 

eeqeHHe peaKUHH 6U(rt' cl) aH . H3MepeHHH BblnOniiRnHCb B HOHH3aUHOHH0:8 

KaMepe co enoeM nHTUR-cpTop, HO TeM He Mettee B .z:taHHOM enyqae HnbH 

MHxaRnOBHtl et1HTan ~enaTenbHblM .napannenbHO npoBeCTH H3MepeHHH nPYrHM 

MeTO,ItOM, H STH H3MepeHHH 6blnH npoBeneHbl TaK~e MeTonoM nnepHo8 <POT0-

9MYnbeHH, B KOTOPYIO sarpy~a.TIOCb eoenHHeHHe nHTHH. 06a MeTona na.na 

eornaeyro~Heen .z:tpyr c .z:tpyroM•pesynbTaTbl. Bee, tITO H paccKa3b1Ba.n, G1:,1no 

BblnonHeHo He6onbWHM KOnneKTHBOM Mettee qeM 3a neeHTb neT. EenH npH 9TOM 

yqeeTb, tlTO ypoBeHb H3MepHTenbH08 TeXHHKH H B006~e MeTonHK B TO BpeMH 

6blTI -B 3atiaTOtIHOM eoeTOHHHH, TO, MHe K~eTCH, 9TO .!·inn!OeTpHpyeT, 

K qeMy MO~eT npHBeeTH PYKOBOneTBO n!O,ItbMH, Karna OHH B.z:tOXHOBneHbl sana

qeR H Karna He eBH3aHa HX HHHUHaTHBa. 
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11MITYJ1hCHbll1 METO,U 11CCJ1E,UOBAH11ff 3AMEJlJUllOffi,VIX l1 PA3MHO)KAIOIUVIX CPEll 

B.VI.MocTOBOH 

11HCTHTYT aTOMHOH 3Hepruu HM, 11.B.KypqaToBa, MocKBa 

5I XOTeJl 6b! HeCKOJlhKO AOilOJlHHTh paccKa3 l1spaHJl.Sl 5IKOBJleBHqa' Kaca10;. 

Il(HHC.Sl HMilYJlhCHoro MeTO,r:\a HCCJle,!J;OBaHHH saMe,!J;Jl.Sl!Ol.l.lHX H pa3MHOJKa!Ol.l.lHX cpe,n. 

,Ueno He TOJlhKO B TOM, qTO V!Jlb.Sl MuxattJlOBHq npe,r:\JlOJKHJl HM□YJlhCHbIH MeTOA, 

a B TOM, qTo 3TOT MeTO,[( OKa3aJlC.Sl oqeHh MOII.IHblM cpe,[(CTBOM HsyqeHH.Sl saMe,[(

Jl.Sl!Ol.l.lHX H pa3MHOJKa!OII.IHX cpe,[( KaK Ha nepBOM 3Tane cos,naHH.Sl aTOMHoro peaK

TOpa, TaK H Ha 3Tane npaKTHqecKoro HCilOJlh3OBaHH.Sl QenHOH .Sl,!J;epHOH peaK

QHH ,[(Jl.Sl CO3,r:\aHH.Sl aTOMHWX 3JleKTPOCTBHQHH BilJlOTh no □ OCJlB,[(Hero BpeMeHu: 

qepHOOb!JlhCKHX H IlOCJ1eqepH06b!JlbCKHX COOblTHl1, 3TOT MeTOJJ: nO3BOJlHJl rny6-

JKe IlOH.SlTh H npoQeccw B3aHMO,ri:ettCTBH.Sl HeHTPOHOB C KOH,lJ;eHCHpOBaHHWM COCTO

.SlHHeM aemecTBa, nOTOMY qTo BOT 3Ta KOHCTaHTa "C" - KOHCTaHTa ,!J;HQJqJY3HOH

Horo OXJlaJK,[(eHH.Sl-3aBHCHT He TOJlhKO OT TpaHcnopTHOH ,!J;JlHHbl, HO TaKJKe OT 

CKOPOCTH o6MeHa MBJK,[(Y HeATpOHOM tt cpe,no8, KOTopa.Sl OTpaJKaeT ,!J;HHRMHKY 

u CTPYKTYPY KOH,[(eHCHPOBBHHoro semecTBa. 11MnyJlhCHblJ1 MeTon, npennoJKeHHblH 

Hnhe11 HuxafmoauqeM, nosaonun rny6JKe_ noH.s:!Th npoQeccbI TpaHcnopTa uefITpo

HOB, Co apeMeHeM snecb BO3HHKJ1H BOnpocw co6cTBeHHWX 3HaqeuuA, TaKHX' 

KaK ,TIJlHHa ,ri:m].J(})ysuu, BPeM.Sl TepMBJlH3aQHH H T, ,!J;. JI ,nyMalO, qTO 3BKOHOMepHo, 

qTo 3TOT MeTo,n, HB3BaHHWl1 KBK .SlBJleHue oxna~neHH.Sl H HarpeBaHHR Tenno

BWX HeATpOHOB np11 nut~ysuu, saperHCTPHPOBaH HeCKOJlhKO neT Hasan KaK 

OTKPWTHe. 3AeCb 11spaHJlh 5IKOBneauq CKasan, KaKOBa 6bma POJlh 3TOro MeTo

Aa Ha nepaoM 3Tane cosnaHH.Sl nepaoro aTOMHoro peaKTOpa. B cepe,nuHe n.S1-

THAeC.S1TWX rOAOB, Korna Haqanoch pa3BHTHe ITPHKJla,[\HWX uccnenoaaHu1, CBR-

3BHHWX C HCilOJlh3OBBHHeM neneHH.Sl .Sl,nep ,nn.Sl nonyqeHH.Sl 3Hepr11H, KOr,r:\a Ha

qaJlH paspa6aTWBBThC.Sl peaKTOPW ,r:\Jl.Sl aTOMHWX 3neKTPOCTaHQHA, OKasanoch, 

qTo 3qi(peKT TepManusaQHH HettTPOHOB onpenen.HeT cymecTaeuuwe napaMeTpw 

peaKTopa; OT BH,!J;a cneKTPOMeTpa saBucen K03~~HQHeHT KOHBepCHH ypaHa-235 

B □JlYTOHHA, TOJKe rop10qee aemecTBO, a TBKJKe TeMnepaTypuwR KO3tqiHQHeHT 

peaKTHBHOCTH, qTo BaJKHO 6WJ10 ,!J;Jl.Sl npo6neMw 6esonaCHOCTH. Torna Te, KTO 

saHHMBJlC.Sl npo6neMOH TepMaJlH3BUHH ueATPOHOB, o6paTHJlHCh HMeHHO K MeTo,ny, 

npe,r:\JlOJKeHHOMY HnheA MuxaAJlOBH-1.JeM, - HM□YJlhCHOMY MeTo,ny ,!J;Jl.Sl 113yqeHH.Sl Tep

MaJlH3aUHH. MeTOA nonyquJl HOBOe pa3BHTHe: HHTeHCHBHOCTh HeRTpOHOB H3Me

P.SlJlBCh He TOJlhKO B saBHCHMOCTH OT BpeMeHH, HOH B 3BBHCHMOCTH OT 3Hepru~ 

qTo ,r:\aJlO AOilOJlHHTeJlbHO O1.JeHb 6oraTy!O HHtOPMBUH!O H nosdOJlHJlO rny6JKe 

npOHHKHYTh B npoQeccw B3aHMOAeACTBH.Sl HeATpoHa C BemecTBOM. TTpupo,r:\a KO-
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3(pq>HQHeHTa OXJlalK,QeHHSI Oblna 6onee rny601w noHSITa, H. l(aK SI yJKe YDOMHHan' 

noHSITa npo6neMa co6CTBeHHhlX 3HaqeHHH B TpaHCDOPTHOH npo6neMe nepeuoca. 

nocne 1IepH06b1m1 B03HHKna oqeHb cepbe3Hasi npo6neMa, BonHywmasi H cne

QHanHcToB' H WHPOKHe KpyrH oomecTBeHHOCTH : qTo oyneT nan1,we C peaKTO

POM qeTBepToro OJlOKa? He HaCTYDHT JlH TaKOH MOMeHT, Korna MOlKeT CHOBa 

npoH30HTH caMonpoH3BOJ1bHhlH QenHofi npoQecc neneHHH? nnH 3Toro ueo6xonH

MO OblJlO H3MePHTb nonKPHTHqHQCTb TOM MaCCbl ypaua H IlJlYTOHHH, KOTOpaH 

6wna HenoHSITHO B KaKOH ~opMe, DOTOMY qTo aKTHBHaSI 30Ha, KaK H3BeCTHO, 

pacnnaBHnacb. B Tex YCJlOBHSIX MOlKHO OhlJl~ onpenenHTb 3TY 00.QKPHTHqHOCTb 

TOJlbKO HMDYJlbCHblM MeTOAOM • Pe3YJ1bTaTbl uccnenoBaHHH, npoeeneHHhlX COT

PY.QHHKaMH MHCTHTYTa aTOMHOH 3HepruH, ycnoKaHBalOT 06~ CTOPOHhl: H cne

QHaJlHCTOB, "o6mecTBeHHOCTb. 0Ka3aJ10Cb, qTo IlOAKPHTHqffQCTb ,QOBOJlbHO 

rny601<asi. 

HnbSI MuxaHJlOBHq H B (pH3HKY peaKTOPOB, KaK H B nPYrHe oonaCTH tH-

3HKH, BHec CBOe "si", HenoBTOPHMOe 11 H11
• 
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K HCTOPHH C03.IlAHl15f HEP~. ITAtv'-5fTH l1flbl1 MHXAf!flOBHl.JA <l>PAHKA 

I0.5f.CTaB0ccKHH 

l1HCTHTYT 51,nepHbIX 0ccne,nosaHHH AH CCCP, TPOHUK 

Bnepswe H BCTpeTHJICH C l1JibeH MwxaHJIOBHqeM <l>paHKOM B cepe,nttHe 

1956 ro,na, C HaqaJIOM pa60T no C03,naHHW HEPa, H C Tex nop conpHKacaJICH 

c HlfM nOCTOHHHO 6onee 30 JieT. 3TH conpHKOCHOBeHHH scer,na OCTaBJIHJIH rny-

60KOe sneqaTJieHtte. Mw, oco6eHHO B MOJIOUOCTH, qacTO cyeTHMCH H uenaeM 

MHoro JIHIDHero. CqttTaeTCH, qTo MYUPOCTb npHXOUHT C B03pacTOM. CKOJibKO 

H noMHW l1JibW MuxaHJWBHqa, a 3TO yJKe noqTlf" 3 5 JieT, rnaBHaH ero qepTa' 

KOTOpaH Ha MeHH scerua npoH3BOUHJia sneqaTJieHtte, - 3TO MYUPOCTb qenose

Ka u yqeHoro. 

5f xoqy KOCHYThCH HeKOTOPhlX acneKTOB HCTOPHH C03UaHHH HMnYJihCHoro 

6bICTporo peaKTOpa nepttounqecKoro ueHCTBHH,Ha OCHOBe KOToporo B CBOe 

BpeMH 6wna C03UaHa lf pa3BHJiaCb fla6opaTOPHH HeHTPOHHOH ¢H3HKH 0115111. 

Hb1, o6HttHUbI, K KOTOPhIM MbI OTHO CHM Ii nepsoro ,nupeKTopa mrnVi - t1MHTPUH 

HBaHOBlfqa EJIOXHHQeBa, npHHa,nJielKHM, no cymecTBY, K ]eHHHrpaucKOH lliKOJie 

A.<l>.Hoqi~e qepe3 A.H.flefl:nyHcKoro - ero 5Jitt3Koro yqeHttKa, Hamero yqnTeJIH. 

l1JihH MuxaHJIOBlfq - 3TO lliKOJia <l>HAHa. no-MOeMy,_KTO-TO CKa3aJI, qTo l1JibH 

MuxaHJIOBlfq 6e3 60JiblliOro 3HTY3Ha3Ma OTHOCHJICH K npo6JieMe HUePHhlX peaK

TOPOB, B KOTOPOH OH aKTlfBHO yqacTBOBBJI C nepBhlX nocnesoeHHhlX neT. MHe 

cefl:qac 06 3TOM TPYUHO CYUHTb. HO KaJKeTCH, qTo see ueno B .rrnqHblX npu

CTpaCTHHX H HHTepecax speMeHH. 

B 1946 r. B <l>MAHe 6bIJia opraHtt3oBaHa na6opaTOPHH aTOMHoro H,npa 

no,n PYKOBOUCTBOM 11.N.<l>paHKa UJIH yqacTHH s peffieHHlf BDOJIHe npaKTHqeCKOR 

3auaqu - C03,lJ;aHHH aTOMHOH 3HepreTHKH. 06 aTOMHOIT 3HepreTHKe, KaK 06 

aTOMHhlX 3JieKTPOCTaHUHHX, Torua, KOHeqHo, HHKTO cepbe3HO He UYMaJI. 3TO 

6bIJia npo6neMa C03,lJ;aHHH OPYlKHH. KOTopaH CTOHJia B Te rOUbl nepeu CTpano:"! 

KaK sonpoc HOMep OUHH ee JKH3HH. l1 onpeueneHHaH seTBh pa6oT nposouunacb 

B AKa,neMHH HayK, B na6opaTOPHH HJihlf MnxaHJIOBlfqa <DpaHKa • .LlJIH H,nepHb!X 

peaKTOPOB, KOTOphle JieJKaJIH B OCHOBe npo6neMhl IlPOlf3BOUCTBa IlJIYTOHHH, 

BOnpOCbl UH<P<PY3lflf lf 3aMe,z:i;neHHH HBJIHJilfCb KJ!Wqesb!Mlf. 3THM lf onpe,z:i;eJIHJIOCb 

HanpasneHH~ pa6oT, 0 KOTOPOM TaK lfHTepecHO paccKa3aJI 11.H.EapHT. BTopoR 

sonpoc - 3TO 51,z:i;epHwe peaKUHH, onpeue~Hwm0e npoueccw TepMoH,nepHoro c0H-
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Te3a, KOTOpble TaKJKe AeTanbHO H3yqanHCb B na6opaTOPHH aTOMHoro HAPa. 

l1MeHHO 3TH acneKTbl npaKTHqecKoro npHMeHeHHH ~AepHblX HccneAOBaHHH H 

Bl:13blBanH HenpHHTHe B ero AYWe, rnaBHblM AnH ero AYWH OCTaBancH 3cpcpeKT 

TaMMa-¢paHKa-4epeHKOBa. 11 HaAO CKa3aTh, qTo cpeAH MHOrHX pa6oT, YAOCTO

eHHblX Ho6eneBCKHX npeMHH, 3'ra pa6oTa BblAenHeTCH OTCYTCTBHeM APYrHX npe

TeHAeHTOB, OHa BcerAa HMena BnonHe OAH03HaqHblH npHOPHTeT. B TO JKe BpeMH 

BCH lKH3Hb Hnbrf Mnxa11nOBHqa, ero HayqHaH lKH3Hb, C 1946 r. 6bma CBH3aHa 

C pa3BHTHeM COBpeMeHHOH HeHTPOHHOH HAePHOH (pH3HKH, TBopqecKH pa6oTaH 

B 3TOH o6nacTH, HnhH MnxaiinoaHq BHec B Hee oqeHb MHoro caoero, MHoro 

HHTepeCHbIX HAeH,' HOBblX pemeHHH, C03AaHHe /npH yqaCTHH ¢eAopa llbBOBHqa 

lllannpo/ na6opaTOPHH HeHTPOHHOH Q)H3HKH 0115H1, ee KonneKTHBa H HayqHOH 

aTMOC(bepbl, lbHaHOBCKOH aTMOCcpepbI, KaK ee Ha3bIBalOT, C oqeHb KPHTHqeCKHM 

OTHOllieHHeM K COOCTBeHHblM pesynbTaTaM, KOrAa Bee pa60Tbl AOBOAHTCH AO 

caoero nornqecKoro saaepmeHHH, - 3TO ero aaJKHeiimHH BKnaA B coaeTCKYIO 

HaYKY, 51 AYMalO, aHanoroB TaKOH na6opaTOPHH B MHpe ceiiqac npOCTO HeT. 

HCTOPHIO 116Pa TaKJKe HaAO HaqHHaTb AOBOnbHO H3AaneKa, Haqanacb OHa 

B 06HHHCKe. 06HHHCK, MeJKnf npoqHM, CBR3aH c lly6HOH AOBOnbHO TeCHO. TipH

MepHO B 1949 r. B 06HHHCKe 6bmH npeKpameHbl pa60Tbl no paspa60TKe npo

TOHHoro CHHXPOTPOHa, KOTOpble BenHCb TaM OKono Tpex neT. Te caMble pa6oTbl, 

KOTOpble npHBentt Bnoc~encTBHH K·C03AaHHIO BeKcnepOBCKOro 10 r3B-CHH

XPOTPOHa DB3. B 06HHHCKe 3TH pa60Thl BenHCb non PYKOBOACTBOM A.11.DeiinyH

CKoro - onttoro H3 yqeHHKOB A.cD.Hocpcpe, BbIAa10merocR (pH3HKa, KOTOpOMY npH

HanneJKHT, B qacTHOCTH, nepBblH 3KcnepttMeHT no o6HapyJKeHHIO HeHTPHHO, 

npoBeAeHHhlR B na6opaTOPHH Pesep~opna npttMepHO B 1935 r. no KaKHM-TO 

coo6paJKeHHHM, Bpone Ohl no coo6paJKeHHRM 3HepreTHKH (11BaHbKOBCKaR r3C!), 

H 6bln0 npHHHTO peweHHe O coopyJKeHHH npoTOHHoro CHHXPOTPOHa B lly6He, 

COOTBeTCTBYIOUUie pa60Tbl 6blnH nepenaHbl B cDl1AH rpynne , BeKcnepa, a rpynna 

TieTyXOBa, KOTOPaH pa6oTana B Te BpeMeHa B 06HHHCKe, B 1949 r. nepewna 

e lly6Hy, B 06HHHCKe JKe noA PYKOBOACTBOM A.11.DeiinyHCKoro Haqanacb pas

pa6oTKa npo6neMhl 6blCTPbIX peaKTOPOB-6pnnepoB nnH aTOMHOH 3HepreTHKH. 

EbICTpble peaKTOPhl, ecnn HX onpenenHTb no B03MOJKHOCTH KpaTKO, - 3TO snep

Hhle peaKTOPbl, B KOTOPhlX He npHHHMaeTCH cneQnanbHblX Mep no saMenneHHIO 

HeHTPOHOB. 0TCIOAa BblTeKalOT nBe HX oco6eBHOCTH: nepBaH - B93MOlKHOCTb 

HMeTb pacwttpettHoe eocnpoHsBoticTBo HnepHoro roproqero, T.e. nonyqaTh ero 

6onbme(B anne nnyToHHR), qeM Bbl cJKHraeTe B peaKTope,- sa cqeT neneHHH 

npnponHoro ypaHa H ManocTH pannaunoHHoro saxBaTa, qTo nonHoCTblO CHHMa

eT npo6neMy CblpbeBblX pecypCOB aTOMHOH 3HepreTHKH. BiopaH oco6eHHOCTb 

OblCTPblX peaKTOPOB - H3-3a Toro, qTO saMenneHHH HeT ,· 'BpeMH JKH3HH HeHTpO

HOB B HHX Mano, B saBHCHMOCTH OT KOMn03HQHH C60pKH - 10- 8-10- 6 C .. 

3To OTKpbIBaeT B03MOlKHOCTb nonyqeHHH KOPOTKHX HMnynbCOB MOl!IHOCTH B pas-
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MHO:>KaIOmHx CHCTeMaX Ha .OblCTpblX HeHTPOHax, HatrnHaH. OT 1 o- 6 c ( B3PbIB-

Hhle YCTPOHCTBa, KOTOphle cosnaBanHCh, ecTeCTBeHHO, He nnH tH3HKH, HO 

HHOf'Da nnH tH3HKH Hcnon~30BanHCh. Mbl 3HaeM pa60Tbl nHBeHa no Hcnonh30Ba

HHIO HMnYnhCOB HeHTPOHOB rionseMHhlX HDePHhlX B3PhlBOB nnH HeHTPOHHOH' cneKT

poCKOnHH). C ManbIM BP«:;Me.HeM :>KH3HH HeHTPOHOB · B OblCTPblX peaKTOpax CBH3a

HO H cosnaHHe HMnYnhCHOf'O peaxTopa nepHODHqecxoro neHCTBHH. 

B Haqane 50-x f'ODOB B rpynne A.11.BeAnYHCKOf'O pa60Thl BenHCh B OCHOB

HOM Monone:>KhlO, TOnhKO qTo BhlnopxHysmeA H3 MrY H MocKOBCKOf'O MexaHHqec

KOf'O_ HHCTHTYTa (ceAqac Ml1©l1). Ka:>KDYH HMen KaK cyry6o npaKTHqecxy10 sana

qy no tH3HKe 
0

H TeXHHKe peaKTOPOB, TaK H sanaqy no HsyqeHHIO Kaioro-nH60 

HnepHOf'O npouecca, yqaCTBYIOmero B pa3MHO:>KeHHH HeHTPOHOB B peaKTOpe. 

11.11.EoHDapeHKO - TanaHTnHBeHlliHH yqeHHK A.H.neAnYHCKOf'O, TparHqeCKH no-

f'HOWHH B 1964 r., swna10mttACH yqeHwA, OCTaBHBWHH cnen. B oqeHb WHPOKOH 

66nacTH HDePHOH H TeXHHqecKOH cpH3HKH, OH saHHMancH BKTHBHhlMH 30HaMH. 

peaKTOpOB, BOnpocaMH HX pacqeTa, KOMn03HUHH H Tenno~H3HKH. B TO :>Ke Bpe

MH qpesswqaAHO 6onhlliOH BKnan BHeC OH B noHHMaHHe ~H3HKH npouecca ne~ 

neHHH. 

MHe nosenocb saHHMaTbCH KHHeTHKOH OhlCTPhlX peaKTOPOB H CHCTeMaMH 

HX KOHTPOnH, ynpasneHHH H samHTbl ( CY3) COBMeCTHO c aBHaQHOHHblMH KOHCT

PYKTopaMH (rpynna 11.~.EMenbHHOBa). l1CTOPHH snech TaK:>Ke,nosonhHO n1060-

nYTHa. ITepswe OTeqecTBeHHhle HDePHhle peaKTOPhl HMenH CHCTeMW ynpasneHHH, 

KOTOpwe 6wnH CHHThl, no cymecTBY, c 6onhWHX CaMoneToB: aBTOnHnoT, pyne

BaH MaWHHa H TPOCOBblH npHBOD, KOTOPblH BMeCTO 3ne1foH0B Tac Kan nornoma10-

mHe CTep:>KHH. CHCTeMa HCnOnh30Banacb npaKTHqecKH ODHH K ODHOMY, CBH3h 

C aBHaQHOHHblMH KOHCTPYKTopaMH coxpaHttnacb Ha nonrHe f'ODbl, B TO. :>Ke Bpe

MH H 3aHHMancH panttaQHOHHblM saxsaTOM OblCTpbIX . HeHTPOHOB. KaK-TO Ha ceMH

Hape, KOTOPhlH Ben AnexcaHDP MnbHq neAnyHCKHH (Hano CKasaTh, qTO CaM 

AneKCaHDP l1nhHq B cosnaHHH HMnynhCHOf'O peaKTOpa np~MOf'O yqaCTHH He npH

HHMan, He yqac_TBOBan na:>K_e B 06cy:>KneH1-tHX, OH Obin qenoBeK qpesBb[qaAHO 

saHHTOH, HO qepes ero yqeHHKOB yqacTtte,. KOHeqHo, npoHBnHnOCh), o6cy:>K

nancH no DOKnany l1.l1.6oHnapeHKO HenaBHO ony6nHKOBaHHWH aMepHKaHCKHH 

3KCnepHMeHT. 111.vmynhCHblH HCTOqHHK TennOBblX HettTpOHOB OT peaKTOpa' nony"". 

qeHHhlH nyTeM npepwBaHHH nyqKa, o6nyqan CHHXPOHHO Bpama10mHHCH DHCK, Ha 

o6one KOToporo 6wna saKpenneHa ypaHoBaH tonhra. no pacnpeneneHHIO aKTHB

HOCTH OCKOnKOB MO:>KHO 6bino CYDHTh O xone ceqeHHH neneHHH ypaHa nnH Ten

nOBblX H HanTennoBblX Hei°ITPOHOB. TPYDHO CKasaTh, no KaKOH acCOQHal~HH 

L{MHTPHH l1BaHOBHq EnOXHHQeB. CKasan: "A Henh3H nH cosnaTb HMnynbCHblH pe

aKTOP, B KOTOPOM qacTb aKTHBHOH 30Hbl, 3aKpenneHa Ha o6one Bpama10merocH 

DHCKa ?". 3To Obin a oceHh 19 5 5 r. K cpespan10 19 56 r. Obin HanHCaH OTqeT 

( oTqeT 4'311 HH 16 30), B KOTOPOM 6hlnH npencTaBneHbl ,OCHOBbl KOHQenQHH 116Pa 

snnOTh DO HCilOnh30BaHHH pe:>KHMa C noncBeTKOH OT YCKOPHTenH. 3TOT OTqeT, 
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no-MOeMy, no CMX nop He pacce1<petteH H xpaHHTCSI s COOTSeTCTSYIOmHx apxH

sax. no swmHMI<aM H3 3Toro oTtteTa s 1959 .r. nosisttnach Hama ny6ntt1<aQHSI 

s "ATOMHOH 3HeprHH 11 
• .Ueno Torna mno OblCTPO. B qiespane 1956 r. OTtteT 

yme paccMaTpHsancSI Ha YtteHOM coseTe l1HCTHTYTa, s Mae me YtteHWH coseT 

MHHHCTepcTsa cpenHero MalliHHOCTpoeHHSI, l<OTOPhlH sen EqiHM nasnosHtt Cnas

Cl<HH, npHHstn pemeHHe no noi<nany n.H.6noxHHQesa H I1.M.~paH1<a o co3naHHH 

s .[ly6He HMnynbCHoro OhlCTPOro peaI<TOpa l16P-1 H Ha ero OCHose - Ila6opaTO-· 

PHH HeHTPOHHOH qJH3HI<H. OtteHb seJ1H1<a 3gecb ponh HnhH MttXaHJlOSHtta, OH cy

Men co CSOHCTSeHHblMH eMy MYnPOCTh!O, I<Yn.hTYPOH o6meHHSI C caMblMH pa3HhlMH 

n10nhMH - OT npocToro ttenos·e1<a no MHHHCTpa - o6ecnettHTh co3ga1rne YHH1<aJ1b

HOH na6opaTOPHH C YCTaHOSl<OH, He HMe10meii aHanoros s MHPOSOH npal<THI<e, 

K comaneHHIO, speMSI neYMOJlUMO, MHOrHX yme HeT C HaMH: HeT l1J1bH MHXaHJlO

SHtta, HeT ¢enopa IlbSOSHtta illanHpo, HeT nMHTPHSI HsaHOSHtta 6J10XHHQesa, HeT 

BnanHMHpa Ane1<caHnpoSHtta MaJiblXa' HropSI EoHnapeHKO' BHI<TOpa BhlOHHHKOSa' 

~enopa l1J1bHtta YI<paHHQesa. B KOJ1Jlel<THSHWH TPYn •no co3gaHHIO 116Pa see OHM 

SHeCJlH HeoQeHHMhlH SI<nan. MH9rocTopoHHHA l<OJlJleKTHS n03SOnHJ1 OhlCTPO pe

illHTb illHPOl<HH 1<pyr npo6neM. 

Bpama10mHACSI AHCI<. 6bina npHsnetteHa H3 UeHTpanhHOro HHCTHTYTa astta

UHOHHoro MOTOPOCTpoeHHSI (UHAM) rpynna 6noxnHa. no TPYAOSOMY cornameHHIO 

,3a Mecsiu-nsa OHM pa3pa60TanH l<OHCTPYI<QHIO, a eme qepe3 MeCSIQ HCnWTanH 

s 3amHTHOM 601<ce llHAM~ pa6ottHA nttcK:-HOCHTenh s1<nanb1ma H3 U -235. 

HenonsnmHaSI aKTHSHaSI 30Ha. 6blJ10 MHoro AHCKYCCHH O ee l<OHttenQHH • 

.Ueno s TOM' ttTO ecnH scnOMHHTb nepsy10 ny6nHKaQHIO no HE Py s II ATOMHOH 

3HeprHH 11
, TaM npHseneHa OQeHKa AJIHTeJlbHOCTH HMnynbca 10 MKC. Il1060-

nWTHaSI QHqipa, no I<OTopoA tteM nonbme, TeM nanhm~. nocne nonrHx o6cymne

HHfi C .[lMHTPHeM MaaHOSHtteM, HnbeH MttxafinostttteM, ¢enopoM IlbSOSHtteM H C Ha

lllHMH TOSapttmaMH Mbl SbIHYmneHbl OblJlH npHHSITb (H3 coo6pameHHH nocTttmeHHSI 

6onee ShlCOI<OH MomHOCTH) SMeCTO l<OHQenQHH I<OMnaI<THOH aKTHSHOA 30Hhl, no-

3SOJ1SIIOLUeH nonyttHTb l<OPOTI<HH HMnynhc, sapHaHT COOPKH H3 nnyTOHHeswx 

cTepmHeii, pa3pa60TaHHWx rpynnoii Hropsi CTe~aHostttta ronosHHHa eme nnsi 

nepswx OhlCTPWX peaI<TOPOS s 06HHHCI<e - BP-1 H 6P-2. 

nonsttmHaSI a1<THSHaSI 30Ha. Tome 6bmo MHoro npo6neM c ee H3roTosne

HtteM H pa3pa60TI<OA nOI<PblTHSI. 3necb onpenenSIIOlUHH SI<nan OblJl SHeceH rpynnofi 

TexHonoros H3 06HHHCKa non PYI<osoncTSOM BnanHMHpa AneKca~nPOSHtta Manwxa. 

BT~ speMSI, S cepenttHe meCTHnecSIThlX ronos (SI Ha3wsa10 3TOT neptton 3nOXOH 

nepsQl'.'1 1<0HsepcHn), I< 3anattaM aToMH011 3HepreTHI<H 6b1J1 npHsnetteH UHHH-58 -

- HayttHO-HccnenosaTeJ1bCI<H9 HHCTHTYT MHHHCTepcTsa o6opOHhl, l<OTOphlH 3a

HHMaJ1CSI no 3TOro apTHnnepHRCKHMH CHCTeMaMH Manoro KanH6pa, non PYKOson

CTSOM rnasHoro l<OHC,TPYKTOP<\ fpa6ttHa. 3TO OblJl HCKJl!OttHTeJlbHO I<SanmpHQHpo

saHHhlH H onWTHhlH KOJlJleKTHS, B csoe speMSI OH o6ecnettHJ1, COSMeCTHO c ropb-
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KOBCKHM saeonoM, apTHnnepHeA Manwx Kan~6poe noTpe6HoCTH npaKTHqecKH 

eceA OTeqecTeeirnoii BOAHhl. Pa6oTanH no' BblCIIIHM CTaHnapTaM, "Bblllle MHPOBblX". 

Hoewe CHCTeMhl 3a MeC51Q (!) BHenp51nHCb B Maccoeoe npoH3BoncTBO. CeronH51 

TPYnHo noeepHTb B TaKHe TeMnhl. 3TOT KonneKTHB paspa6oTan H H3rOTOBHn 

MexaHHqeCKHe H 3neKTP~MexaHHqecKHe CHCTeMhl 11EPa. PanHo3neKTPOHIIIHKH H3 

06HHHCKa non PYKOBOnCTBOM IO.A.EmoMKHHOA paspa6oTanH H H3rOTOBHnH OPH

rHHan&HYIO CHCTeMY KOHTpon51 H ynpaeneUH51 HMnyn&CHb!M peaKTOPOM. B pa6oTax 

yqacTBOBanH MHOrHe KOnneKTHBhl, 51 ynOM51Hyn snec& TOn~KO OCIIOBHhle. Eon&

llla51 pa6oTa no cosnanHro caMoro peaKTopa, 3KCnepHMeHTan&uoA 6asw onwTHoro 

IlPOH3BOnCTBa 
0

6bma npoeenetta B .[ly6He C aKTHBHb!M yqaCTHeM Cepre51 KoHcTaH

THHOBHqa HHKOnaeBa. nepen po:>KneHHeM 11EPa ( 23 HIOH51 1960 r.), TPHntiaTHne'

THe KOTOporo coenano c ToqHQCTblO no AH51 c KOHqHHOA 11n&H MHxaAnoeHqa, 

CHnaMH Y:>Ke CKnanweaemeroc51 Terna KOnneKTHBa na6opaTOPHH HeATpOHHOA ~H-

3HKH 6bin0 cosnauo .nea · qJH3HtieCKHX CTeHna. C HX DOMOlllblO 6binH nonytieHbl 

OCHOBHhle napaMeTphl HMnyn&cHoro peaKTOpa. Hano CKa3aTb, l!TO OT flH<D B pa-

6oTax yqaCTBOBana B OCHOBIIOM MOnone:>Kh. Korna B 1960 r. o6HHHQhl YlllnH, 

oHu nepenanu pasBHTUe ecero ttanpaeneHH51 y:>Ke Bb1poc11IeA 3nec& rpynne Mono

ne:>KH, cpenH KOTOPhlX 51 XOTen 6w Ha3BBTb ,B nepBylO oqepen& llia6anHHa, 

AHaHbeBa, Ha3apoBa. Bee nan&HeAlllee pa3BUTHe UMDYnhCHhlX peaKTOPOB -

- HEP-30, .11EP-2 - lllno y:>Ke uenHKoM cHnaMu na6opaTopHu tte11TPOHHof1 r})u3HKH 

non 0611IHM PYKOBoncTBOM 11nbH MHxa11nOBHtia <DpaHKa' Mb! :>Ke yqaCTBOBanu TOnb

KO KaK 3DH30nHtieCKHe KOHCyn&TaHThl H 3KCnepThl. 

" 
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HEHTPOHHAR CilEKTPOCKOilHR HA H6Pax 

A.6.IlonoB 

06~enHHeHHhlA HHCTHTYT HnepHhlX HCcnenoBaHHA, ,Oy6Ha 

R xoqy Il03HaKOMHTb Bae C noKnanoM H.M.¢paHKa Ha YqeHOM COBeTe B HO

H6pe 1960 r., KOTOPhlA IlOCBHmeH HTOraM nycKa HSP-1 111 • MHe Ka*eTcH, ero 

HHTepecHo ceAqac nonep~aTh B PYKax KaK 06pa3eu Toro, KaK TmaTenhHO ro

TOBHJICH HJihH MHxaAJIOBHq K TaKHM HayqHbIM cpopyMaM. Xoqy o6paTHTh Bame BHH

MaHHe Ha To·, qTo YqeHblH COBeT OMRH a TO apeMH neACTBHTeJibHO 6hlJI yqeHbIM, 

qTo oco6eHHo nonqepKHBan HJibH M0xaAnos0q nocnenH0e ronhl, ceTyH Ha 3a

CHJihe qffHOBHHqhero nyxa B PYKOBonHmHx opraHax HHCTHTYTa. 

CeronHH Mb! YCJib!WaJIH BOCilOMHHaHHH O 6necTHmeM HaqaJibHOM IlYTH HJlbM 

MHxaAJIOBHqa KaK yqeHoro, Karna OH npOHBHJl ce6H oqeHb qyTKHM HHTepnpeTa

TOPOM Toro HBJieHHH' C KOTOPblM CTOJIKHYJIHCb B ¢HAHe npH i;rnyqeHHH cseqeHHH 

~HnKocTeA non neAcTBHeM raMMa-nyqeA. IloToM H.R.6apnT paccKa3an o neH

TeJibHOCTH HJibH MuxaAJIOBHqa Ha noCTY PYKOBOnHTeJIH KOJIJleKTHBa B ¢HAHe, 

yqacTBOBaBwero B p~aJIH3aQHH peaKTOPHOH nporpaMMhl, llH¢ HBJlHeTCH eme 60-

nee KPYilHhlM HHTerpttpyromHM maroM HnhH MHxaAJIOBHqa Bero *H3HeHHOM IlYTH, 

Mb! BbIPOCJIH no oqeHb KPYilHOH na6opaTOPHH c oqeHh MHOrHMH HanpaBJleHHHMH 

HCCnenoaaHHH, C qHCJIOM COTPYnHHKOB 600 qeJloBeK. EcJlH H3 Hamero ce

ronHHWHero naneKa ornHnhlBaem&cH Ha npo*nToe BPeMH, To ceAqac coaceM 

no-npyroMY MHOroe BHnHmh H OQeHHBaewh HMeHHO B CBH3H C TOH POJlhW, KO

TOpyro Hrpan HJlhH MHXaHJlOBffq B *H3HH na6opaTOPHH, nHpeKTOPOM KOTOPOH OH 

6bm 6onee 30 neT. 

Y (lmaHOBCKofi rpynnb1 B 50-x ronax 6b!Jla cKopee nparMaTHqecKaH uen&: 

CTOHJla aTOMHaH npo6neMa B CTpaHe, H ee HY~HO 6bIJlO pemaTh, _OT H.R.6apHTa 

Mb! YCJlhllllaJlH' qTo XOTH B neHTeJihHOCTH 9TOH rpynnbl H 6b!Jla HayKa' HO Hay

Ka, opHeHTHPOBaHHaH Ha KOHKpeTHYW npaKTHqecKyro 3anaqy, TeM He MeHee 

HMeHHO B Henpa~ TOH neHTeJibHOCTH POnHJIOCb noHHMaHHe Toro, KaK HY*HO 

nBHraTbCH nanhme B pa3BHTHH HeHTPOHHOH q>H3HKH, IloHHMaHHe Toro, qTO 

HY*~O cnenaTb nnH pa3B~THH HMilYJI~CHhlX HCTOqHHKoi HeiTPOHOB, qTo HY~HO 

HCCnenoeaTb B nepayro oqepenh C noMOmbro 9THX HCToqHHKOB, npenoMHJlOCh 

3necb, B .0Y6He, B KOHKPeTHbie nena. 

23 



C HnheH MHxaAnOBHgeM Mhl nosHaKOMHnHeb B 1955 r., 6YAYgH eTYAeHTaMH, 

nOTOM HeKOTOPbie H3 Hae nponmH AHnnoMHYIO pa60TY B na6opaTOpHH HnhH MH

xaAnOBHga B <llHAHe. R He OTHowy ee6H K paAHBblM ygeHHKaM HnhH MHxaAnoBH

ga, Ho B .[ly6Hy Mb! npHwnH He npoeTo no paenpe,r:\eneHHIO. Hae npHrnaeHnH -

3TO npHMep Toro, KaK TeeHo eKna,r:\hlBanHeb TOrAa B3aHMOOTHOWeHHH Me~AY 

eTy,[\eHTaMH H nlO,[\bMH', yie aKTHBHO pa6oTaJOmHMH B HayKe, KOr,[\a MO~HO 6binO 

·eoaepwaTb oeosHaHHbIH mar Bbl6opa eTy,[\eHTOB B HaYKY. B 1958 r.' KOr,[\a 

B JUl<ll npHmno MOnO,r:\Oe nononHeH!-Ie q)H3HKOB' eTpOHTenbeTBO peaKTOpa HEP-1 

mno .nonHbIM XOAOM. B TOT ro,[\ o6o3HagHnHeb KOHTYPbl peaKTOPHOrO 3,1:\aHHH' 

XO,[\HnH Mbl Ha cy660THHKH noMoraTh eTpOHTenHM, a neTOM 1960 r. yme 6bm 

oeymeeTBneH nyeK peaKTopa. TTporpaMMa nepBbIX neT HeeneAOBaHHH 6bma on

pe,r:\eneHa eme AO nyeKa peaKTOpa. Ceugae TPYAHO eYAHTh, KaK MO~HO pas,r:\e

nHTb BnHHHHe Me~y H.M.<llpaHKOM H <ll.n.illanHpo, noeKOnhKY B o6ey~eHHH Ha

ygHQH nporpaMMbl, B. BbI6ope MeTOAHK <lleAOP flhBOBHg Hrpan aKTHBHYIO ponb, 

oeTaBaHeb nepBwe rOAhl eoTPYAHHKOM <llHAHa. CymeeTBeHHO OTMeTHTb TO, gTo 

eme paspa6oTgHKH HEP-1 yKasanH 0,1:\HH H3 nyTett ero Henonb30BaHHH - 3TO 

eneKTPOMeTpHH HeHTPOHOB, Henonb30BaHHe ero AnH HCcne,r:\OBaHHH pesoHaHCOB, 

npoHBnHIOmHXCH B cegeHHHX B3aHMO,[\eHCTBHH HettTPOHOB C H,[\paMH. 0C03HaHHIO 

Ba~HOCTH 3TOro HanpaBneHHH,nO-BHAHMOMY,cnoco6cTBOBan H BH3HT B 1957 r • 

.n .!Osa' Bb!CTYnHBlllero B <llHAHe C neKu;Hett 06 Hccne,[\OBaHHHX CBOHCTB HettTPOH

HblX pesoHaHCOB B CilIA. B TO BpeMH B MHPe 6bma TaKaH CHTYaU:HH: 6bmH Mexa

HHgeCKHe eeneKTOPhl Ha T~nnoBhlX peaKTopax B EpyKxettBeHe H AproHe (Ha OA

HOM H3 KOTOPhlX pa6oTan .[1.!03), HagaThl HCCne,[\OBaHHH-C HeHTPOHaMH Ha Ko

nyM6HHCKOM CHHXPOTPOHe, nHHettHOM YCKOPHTene B Xapy3ne. H 6bln Knaccugec

KHH o6sop no HeHTPOHHb!M ,r:\aHHb!M - aTnac. iOsa. 06'beM ,[\aHHblX no HettTPOHHblM. 

pesoHaHcaM 3TOT aTnac CO,[\ep~an TaKott: HeCKOnhKO CTpa~HU: C Ta6nHQaMH pe-

30HaHCHhlX napaMeTPOB H ,[\eCHTKa geTwpe KPH~hlX honHhlX c~geHHH. nosTOMY 

6b1no HCHO, gTo HaAO nononHHTb HalllH 3HaHHH O napaMeTpa~ pesoHaHCOB, gTo 

oco6eHHO HHTepeCHO HCCne,r:\OBaTb pa3,r:\eneHHhli H30Tonw, AaHHhle AnH KOTOPhlX 
' . ' 

npaKTHgecKH OTCYTCTBOBan~. Cpasy 6wna onpe,[\eneHa TaKaH u:enh, gTo6hl HC-

cne,[\OBaHHH HettTpOHHhlX pe30HaHCOB npoBOAHnHCb B MHoroKaHanOBOM noAXO,[\e. 

Mb! noHHManH, gTo npH saxBaTe HeHTPOHa 06pa3yeTeH KOMOaYHA-COCTOHHHe 
' . 

HAPa, KOTopoe HMeeT HeCKOnhKO MOA B03MO~Horo pacna,r:\a: C HCnye1<aHHeM 

HeHTPOHa, C HcnycKaHHeM raMMa-KBaHTa, C ucnycKaHHeM sapH~eHHOH gaCTHU:bl 

HnH AeneHHH. Bee 3TH HanpaBneHHH uccneAoBaHHH 6wnu cpasy sano~ettw. ro

TOBHnHeh H3MepeHHH nonHhlX cegeHHH, saxBaTa, pacceHHHH, ,[\eneHHH. C npu

XOAOM ID.n.nonoBa, pa6oTaBmero cHagana B <llHAHe, H H.KBHTeKa Haganacb 

nO,r:\rOTOBKa K HeeneAOBaHHHM ( n ·,o(_)-peaKU:HH B HettTpOH~blX pe30HaHcax. 

3To 6bmO nepeHeceHHe Toro onbITa, ,KOTOPblH HMencH B <llHAHe, r,r:\e npoBOAH

nHCb pa60Thl C 3TOH peaKu;HeA Ha CBHHU:OBOM Ky6e. 

1958 rOA 6bm 3HaMeHaTeneH HPKHMH eo6b!THHMH. CoeTOHnacb )KeHeBCKaH 

KOHq)epeHU:HH no MHPHOMY Henonb30BaHHIO aTOMHOH 3HeprHH. HnbH MHXattnOBHg 

24 



CTaJI naypeaTOM Ho6eJieBCKOH npeMim, H B 3TOM iKe rop;y eMY HCnOJIHHJIOCb 

50 neT •. BcnoMHHaeTc.sr. 3-0 Kopnyc mm, r,qe na6opaTop1rn _saHHMana 

10 KOMHaT. K KOHIJ;Y 19,58 r. B. na6opaTOPHH 6bIJIO OKOJIO 70 qenoBeK, HO 

OtieHb MHOrHe pa6oTaJIH B pasbesp;ax, oco6eHHO B 06HHHCKe, nPHt!~M He TOJib

KO Te, KTO 6bIJI CB~SaH c nop;roTOBKOH nYCKa peaKTOpa, HO H pa,lJ;HCTbl Hanm 

paspa6aTb1Bam1 y MaTaJIHHa MHoroKaHaJibHblH aHaJIH3aTOP. TI03TOMY na6opaTOPH5! 

6bIJia B noCTOHHHOM ,lJ;BHiKeHHH, Tiosp;paBHTb l1JibID MHXaHJIOBHtia c ro6HneeM co-

6panoCb qenoBeK p;Bap;u;aTh B KOPH,lJ;ope (p;pyrott B03MOiKHOCTH He 6bIJIO). qecT

BOBaHHe,npomno npOCTO H CKPOMHO. 

HEP-1 HatiaJI pa6oTaTh Ha sKcnepHMeHT B 1961 r. BoT p;HHaMHKa ero 

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

1964 r. - 3127; 1965 r. -·3358; 1966 r. - 4252; 1967 r. - 4541; 1968 r.

- 3240. B 1965 r. ,lJ;JIH COKPameHMH ,lJ;JIMTeJibHOCTH HeHTPOHHOro MMnYJibCa_ 6blJI 

peaJIH30BaH 6ycTepHhlH peiKHM C HCnOJib30BaHHeM,MHKPOTPOHa. nocne npHMepHO 

rO,lJ;i;ft!HOH peKOHCTPYKIJ;HM B 1970 r. 6bIJIH sanymeHbl Hb!He p;eHCTBYIDmMe 11sp.:.30 

M JIY3-40. 

B 1962 r. na6opaTOPH5! npoBena nepBhlH HaytIHhlH topyM, Ha KOTOpOM ~hl 
/ 

BnepBble, ,lJ;OJIOiKHJIH pe~yJlb'I'.aTbl CB OMX HCCJiep;oBaHHH, TiepBb!M 51,lJ;POM, KOTOpoe, 

MHororpaHHO HCCJie,lJ;OBaJIOCh, 6hlJIO .H,o;po po,o;H.H. l1Jib.H MHxaHJIOBMt!, npe.r:i;cTaB

JIHH STY pa60TY, C HPOH~eH OTMeTHJI, t!TO Ha 17 HCCJie.r:i;oBaHHhlX HeHTPOHHhlX 

pesoHaHCOB npMXO,lJ;HTC.H, 1 5 aBTOPOB. TaKOBO 6bIJIO HaqaJio, CTaPT HeHTPOHHO

cneKTPOMeTPHtieCKUX HCCJie,o;OBaHMH. no Mepe COBepmeHCTBOBaHH.H HeHTPOHHoro 

HCTOt!HHKa H paSBHTH.H 3KCnepHMeHTaJihHhlX MeTO)];HK (B TOM t!MCJie Bhlt!MCJIMTeJib

HOH TeXHHKM M CUCTeM c6opa MHtopMaUHM) Mb! npHlliJIH K TaKOH CMTYaUMH, Korp;a 

HeHTpOHHhle pesoHaHChl YiKe HCCJie,o;oBaJIHCb COTH.HMH Ha O)];HO 51,lJ;PO, R He XOTeJI 

6w ce11qac B,lJ;aBaThCH B HaYtIHYW 3HatIHMOCTb 3THX HCCJie,o;oBaHMH, YnoM.HHY 

TOJibKO' 4TO B 6 0-x rop;ax 6blJIO eme Mano ,o;aHHblX no CHJIOBblM <PYHKD;H.HM s-
BOJIHOBblX He,HTPOHHblX pesoHaHCOB' no raMMa-lliHPHHaM, no nJIOTHOCT.HM YPOB

Hett )];JIH pasneneHHhlX,H30TOnOB.B 3TOM HanpaBJieHMM paSBMBaJIHCb B nepBhle ro

)];bl 3KCnepHMeHTaJibHble HCCJie)];OBaHM.H, 3aTeM 6bIJia pa3pa60TaHa MeTO)];HKa )];JI.H 

H3Yt!eHH.H cnHHOBblX 3(pq,JeKTO'B BO B3aHMo,o;e0cTBHH HeHTPOHOB C .H,o;paMH, ECJIH 

nocMoTpeTb nocne,o;HHe H3.[l;aHH.H MHPOBoro 6aHKa HeHTPOHHblX p;aHHbIX, TO TaM 

MOiKHO HaHTH OKOJIO 90 CCbIJIOK Ha ny6JIHKaIJ;HH JIH<ll, Ha CaMOM p;ene Hccne.r:i;oBaH

HhlX .H)];ep 60Jibllie. 3To TOT 6araiK, KOTOPhlH na6opaTOPH.H BJIOiKHJia B o6myro KO

nHJIKY 3HaHHH O CBOHCTBax pesoHaHCOB, ECJIH COOTHOCHTb 3TO C POJibID I1JihH 

MuxaHJIOBH4a B HanpaBJieHHH KJiaCCHtieCKOH HeHTPOHHOH cneKTPOCKOnHH, TO 

cnenyeT OTMeTHTb, t!TO y l1JibH MHxaHJIOBHt!a qacTO npopbIBaJiaCh Hey.r:i;oBJieTBO-: 

peHHOCTb no noBo,o;y napa,o;oKCaJihHOH CHTYaI~HH. Mb! M,ccne,o;yeM HH)];HBH,o;yaJibHble 

pesoHaHChl H BPone 6w Bee O HHX YSHaeM: noJIOiKeHHe, lliHPHHhl, cnHHhl; a u;eJih 

Ha caMoM nene 6onee rpy6a.H - t!T06b1 no napaMeTpaM 3THX pesoHaHCOB nony

t!HTh HeKoTopwe ycpe,o;HeHHhle xapaKTePHCTHKH: nJIOTHOCTb YPOBHeH, CHJIOBYID 
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$YHKUHW, cpegHWW pagHaUHOHHYW WHPHHY, gnH KOTOPWX HMenacb B09MO~HOCTb 

COilOCTaBneHHH C HgepHWMH MogenHMH. 3T~ HeCOOTBeTCTBHe c~gep~aHHH 3Kcne

PHMeHTa KOHetIHOMY pesynl?TaTY, Korga onbIT gaeT sHaHHH 06 HHAHBHAYanbHbIX 

pe9oHaHCaX, a Mb! IlOTOM BC:e ycpegHHeM, 11 CBanHBaeM B Kyqy",. J1JibW MHXaHJIO

BHqa KaK-TO He YAOBneTBOpHnO • Korga IlOHBnHnHCb 3KCnepHMeHTanbHbie AaHHbie, 

•t{TO HeKOTOPble pesoHaHCbl "BbmaAaWT 11 H He YKnagwBaWTCH B CTaTHCTHt{eCKHe 

npeACTaBneHHH, TO 3TO Bcerga HnbIO MttxattnOBHt{a oqeHb B096y~gano H paAO

BaJio H IlOTOM CTaHOBHnOCb o6~eKTOM ero BHHMaHHH. 

3aKaHqHB~H, xoTen 6b1 eme nogenHTbCH conepmaHHeM Hamero pa3r0Bopa 

C B.n.AHaHbeBWM, KOTOPhlH COCTOHJICH IlPH B09BpameHHH C riOXOPOH HJI~H MH

XaHnOBHqa. 3TO OilHTb B3I'nHA B npomnoe. MHOI'O B Hamett mH3HH OblJIO cnom

HOCTeH, MHOI'O ObIJIO BCHKHX nepemHBaHHH H 6aTaJIHH B CTeHaX na6opaTOPHH, 

HO ceflqac MW xopomo OC03HanH, t{TO na6opaTOPHH KPYilHO IlOBe3JIO. HaM no

Besno c CaMOI'O Hall'ana, KaK TOJlbKO Mbl IlPHWJlH B na6opaTOpHIO, B TOM, t{TO 

B JIH<D OblJla TaKaH HeOOblt{HaH no cpaBHeHHIO c APYI'HMH KOJIJieKTHBaMH o6cTa

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

IlHMOCTH H IlPHnaHHH caMOCTOHTeJibHOCTH Kamnott JlHt{HOCTH. HHKTO HHKOI'Aa Ha 

Hae He naBHn, He 3aCTaBJIHJ1 nenaTb TO, t{TO He YKnanbIBaJIOCb B JlHt{HOe npen

CTaBneHHe, B Harne menaHHe. 11 3TO oqeHb cepbe3HhlH H BamHhlH MOMeHT TBOP

qeCKOH pa6oTbl. 11MeHHO 3TO WJIO OT i1J1bH MHxat'mOBHt{a. 

1. H.M.<lJpaHK, OH5Ii1, P-674, nY6Ha, 1961. 
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nomIPl130BAHHblE HEATPOHbl l1 JII{PA: Cl1JlhHbIE 11 CJlABbIE B3Al1MO.[(EviCTBWI 

B. n. Aml>ttMeHKOB 

06~e,nttHeHHhlH HHCTHTYT H,nepHhlX ttccne,noBaHHH, ,[(y6Ha 

Jla6opaTOPHH HeHTPOHHOH ~lf3HKH 011Jll1 lf3HaqanbHO co3gaaanaco KaK 

H,nepHO-~lf3lfqecKHH QeHTP gnH HCcnegoaaHHH C pe30HaHCHblMH HeHTPOHaMH. 

nblJIO coaepmeHHo ecTeCTBeHHblM, H 3TO xopomo noHHMano PYKOBogcTBO JIH<l>, 

BKnmqHTb B Kpyr 3KCnepttMeHTanbHblX B03MOiKHOCTeA Jla6opaTOPlflf B03MOiKHOCTb 

npoaegeHHH uccne.noaaHHH C nonHplf30BaHHb1Mlf pe30HaHCHblMH HeHTPOHaMH lf no

nHPH30BaHHblMlf H.npaMH. TaKHe uccnegoBaHHH Il03BOnHWT nonyqaTb HOBYW, qac

TO YHHKanbHYW HHQ)OpMaUHW O CBOHCTBaX HeI1TPOHOB lf Hgep lf O B3aHMOgeHCTBHH 

Mel!C,ny HHMH. Pa60Tbl no no.nroTOBKe K 3THM Hccne.noaaHHHM 6blJIH HaqaTbl npaK-.,.. 
THqecKH co BpeMeHH C03)1aHHH Jla6opaTOPHH,B KOHQe 50-x rogoa. Ycnexy pa-

6oT oqeub 6naronpttHTCTBoaano To, qTo B Haqane 60-x ro.noa 6wn .nocTHrHYT 

3HatJHTenbHblH nporpecc B gHHaMtttJeCKOH nonHptt3aQHH IlPOTOHOB' a TaKl!Ce 6wn 

pa3pa60TaH MeTo.n nonytJeHHH caepXHH3KHX TeMnepaTyp paCTBOPeHHeM renHH-3 

B renHH-4. nonHPH30BaHHaH IlPOTOHHaH MHIIleHb nplf ~HnbTpaQHH qepe3 Hee 

HeATpOHHoro nyqKa Il03BOnHeT nonytJaTb nonHpH30BaHHhle HeHTPOHhl, IlOCKOnbKY 

cetJeHHe pacceHHHH HeHTPOHOB Ha npoTOHaX CHnbHO 3aBHCHT OT CillfHOB. TaKOH 

MeTo,n, otJeHb y,no6uwA ,nnH nonHPH3aQRH pe3ouaHCHhlX HeHTPOHOB, 6wn npe.nno

~eH H BnepBble peanH30BaH B JlH<l> 011Jll1. 11cnonb30BaHHe l!Ce paCTBOpeHHH re

nHH-3 B ren1111-4 Il03BOnHeT B CTaQHQHaPHOM peiKttMe nonytJaTb TeMnepaTYPY 

B HeCKOnbKO COTblX rpa,nyca KenbBHHa. tJTO B MarHHTHblX nonHX 06bltJHblX 3neK

TpOMarHHTOB C l!Cene3HblM cepgetJHHKOM gaeT B03MOlKHOCTb xopomo nonHPH30BaTb 

H,npa pe,nKo3eMenbHWX 3neMeHTOB, ~HTepeCHhle .nnH HCcnegoaaHHA C pe30HaHC

HblMH He11TpOHaMH. 

K cepe,n11He 60-x rogoa nepabIH 3Tan co3,nauttH a JlH<l> omrn YfTaHoBKH 

.nnH 11ccne.noaa1mf1 C nonHpH30BaHHblMH HeI1TpoHaMH lf H,npaMH 6blJI 3aBepmeH. 

lf 6wn11 HatJaThl H.nepHO-~H3HtJeCKHe HCcne.noaaHHH. 3Ta YCTaHOBKa pa3Memanacb 

Ha o,nHOM H3 HeATPOHHWX nytJKOB HeHTPOHHoro HCTOtJHHKa JlH<l> (l1BP + MHKPO

TPOH) H BKnWtJana B ce6H cne,nywm11e OCHOBHhle y3nw: 

1 • nom1p113aTop Hef!TPOHOB - .nuuaMHtJeCKH nomIPH30BaHHYW npOTOHHYlO 

MHl1IeHb C pa3MepaMH nonepeK IlYtJKa 3x4 CM·. Il03BOnH~l1IYW nonytJaTb nytJOK 

C nonHPH3aQHeA 0,5-0,6 nplf noTepe HHTeHCHBHOCTH npHMepHO B 10 pa3. no

nHptt3aTop pacnonarancH Ha paccTOHriHH 11 MeTpOB OT aKTHBHOH 30Hhl peaK

TOpa 116P. nonHpH3aQHH nytJKa - nonepetJHaH. 
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2. CHCTeMy peBepca HettTPOHHOtt nonHPH3aQHH, o6ecneqHBaBllIYID peBepc 

nonHPH3a~HH HettTPOHOB C 9HeprHHMH no HeCKOilbKHX COTeH 9B. 

3. CHCTeMy nnH nonHpH3aQHH HCCnenyeMbIX Hnep - 9neKTpoMarHHT cn-4 7 

c MarHHTHbIM noneM 15-20, K3, pacnonolKeHHbltt 3a npOTOHHOtt MHllleHbID Ha pac

CTOHHHH 2,5 MOT Hee. B 9TOM 9IleKTPOMarHHTe MOlKHO 6wno pa3MemaTb nH60 ., 

KPHOCTaT C OTKaqKott renHH-3 (nnH CTaTHqecKott nonHPH3aQHH Hnep IlPH TeM-

nepaType T~ 0 ,3 .K), nH60 KPHOCTaT c OTKaqKott renHH-4 (nnH nHHaMHqecKOtt 

nonHp1rnaQHH Hnep npH TeMnepaType T ~ 1 , 5 K). 

4. HettTPOHHhie neTeKTOPbl nnH H3MepeHHH nonHbIX HettTPOHHblX ceqeHHtt 

B HCCnenoBaHHHX nponycKaHHH. B KaqecTBe HettTPOHHhlX neTeKTOPOB HCTTOnb-

30BanHCb HettTPOHHbie cqeTqHKH C o6orameHHbIM 6opoM ( ra30Bble nponopQHO

HanbHhle H lKHnKOCTHhle CQHHTHnnHQHOHHhle). neTeKTOphl MornH pa3MemaTbCH Ha 

pacCTORHHH ,60 H 120 MOT aKTHBHOtt 30Hhl peaKTOpa HEP. 

3Ta YCTaHOBKa~npopa6oTana .no OCTaHOBKH peaKTOpa HEP Ha peKOHCTPYK

QllID B 1968 r. Ha· Hett npoBeneHhI 11ccnenoaamrn nponycKaHHH nonHpH30BaHHhIX 

HettTpOHOB ~epe3 nonHpH30BaHHhle ronbMHeByID H neATOHHYID MHllleHH. 5Inpa ronb

MHH nonRp113oaan11cb.CTaT11qecKH (MeTonoM ropTepa-Poy3a), a Rnpa neRTepHH -

- nHHaM11qecKH (aHanor11qHo npOTOHaM B HeATpOHHOM nonHpH3aTope). Pe3ynb

TaTOM HccnenoaaHHtt HBHilOCb onpeneneHHe CDHHOB nayx neCHTKOB HH3KOneJKa

m11x P~30HaHCOB Hnpa ronbMHH-165, a TaKlKe 9KCnep11MeHTailbHhlH B~6op pea

IlH3YIDmerocH a (n -cl.)-a3am,10nei1cTBHH Ha6opa .nnHH pacceRHHH. 

Ha peKoHCTPYHPOBaHHOM 11cToqm1Ke HefITpoHoB J1HcJ> OH5IH (peaKTOP J.1EP-30 + 
-- . ~ 

~ nHHettHhltt YCKOPHTenb J1Y3-40), BCTYDHBllieM a CTPOtt a 1970 r., nocnenoaa-

TenhHO 6hma. co3naHa HOBaH ycTaHOBKa nnH nccnenoaaHHH C nonHPH30BaHHblMH 

HettTPOHaMH .H HnpaMH. 3Ta YCTaHOBKa BKnroqana B ce6H Te me OCHOBHhle y3nw,. 

qTo;H ycTaHoBKa, 3anymeHHaH B cepenHHe 60-x ro.noa, o,nHaKo ace y3nw 

YCTaHOBKH 6binH cymecTBeHHO: MO,nepHH3HPO~aHhl nnH pacrnupeHHH ee 9KCnepHMeH

TanbHhlX B03MOlKHOCTett H ynyqrn~HHH 9KCnnYaTaQllOHHhlX x~paKTepHCTHK. Hccne

noaaHHR ija YCTaHOBKe npoaonHTCR no HaCTOHmero apeMeHH. CnenyeT OTMeTHTb, 

qTo nanbHettrnaH MonepHH3aQHH ycTaHOBKH npoaonHnach B npouecce pa6oTw Ha 

Hett. IlpHBeneM napaMeTphl OCHOBHWX y3n0B YCTaHOBKH Ha cerOAHHllIHH0 ,neHb 

11 yKaJKeM xapaKTep MonepHH3aum1 9THX y3noa: 

1. nonHpH3aTOP nyqKa. I-lcnonb3yeTCH nonHPH30BaHHaH npoTOHHaR MHllleHb 

Toro JKe THna, qTo 11 paHee. Pa3Mepw MHWeHH nonepeK nyqKa yBen11qeHw no 

5x6 CM., DOBhlllieHa CTa6HnbHOCTb DOilRPH3aQHH 3a cqeT CTa6HnH3aQHH qacTO

Tbl CBll-cHcTeMhI 11 ynyqrneHHH cTa6HnH3aUHH aen11qHHbl MarHHTHoro nonH, ynyq

rneHw_ 9KcnnyaTau11puHwe xapaKTepHCTHKH KPHOCTaTa, oxnaJKnaromero pa6oqee 

aemecTBo MHllleHH no TeMnepaTypw ~1 K. 
2. CHCTeMa npoaonKH H peaepca HeATpoHHoA nonHpH3aQHH. nononHHTenb

Ho K ,CTapo0 CHCTeMe ~eBepca nonRpH3aQHH B MarHHTHWX nonHX cneuHailbH00 

KOH~HrypaQHH co3naHa CHCTeMa peaepca nonRpH3aQHH,He0TPOHOB B llIHPOKOtt 
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o6nacTH- HX :rneprml nyTeM IlOBOPOTa Ha 1 80_
0 

BCeR_ npOTOHHOH MHIIleHH BOKpyr 

OCH, nepneHnHKYJI..HPHOH nyqKY,._3Ta CHCTe~a peBepcH~YeT Il0Jl.HPH3al(HIO HeRT

POHOB, Bcex 3HeprHR, IlOJJ.HPH3Y.eMblX nponycKaHHeM qepe3 IlOJJ~PH30BaHHYIO npo-. 

TOHHYIO MHWeHb. CosnaHa CHCTeMa" nm1 .· anua6aTuqecKoro nosopoTa HeiiTPOHHOH 

Il0Jl.HPH3al(HH H3 nonepeqHC)H B_npononbHYIO opHeHTal(HIO. 3Ta CHCTeMa .Il03BOJJ.H

eT nonyqaTb HeRTpOHbl C onpeneneHHblM 3HaqeHHeM cm1paJ1bHOCTH BilJJOTb no 

3HepruR "'100 3B. 

3. CHCTeMa nn.H IlOJJ.HpH3al(HH HCCJJenyeMWX .Hnep. HcnoJJb3YeTC$1 TOT ~e 

3JleKTPOMarHHT cn-47. KpHOCTiT C OTKaqKOH reJJH.H-3 3aMeHeH KPHOCTaTOM 

c pacTBOpeHHeM reJJH.H-3 B reJJHH-4 c KOCBeHHhlM oxnamneHHeM pa6oqero Be-
l 

mecTBa MHWeHH renHeM-4 qepes cneuuaJJbHwR Tennoo6MeHHHK (nP.HMoe oxnamne-

HHe MHIIleHH B paCTBope reJJH.H-3 B reJJHH-4, He Il03BOJJ.HeT pa6oTaTb C MenneH

HbIMH HeiiTPOHaMH H3-3a HX 60JJblllOro saxBaTa B reJJHH-3). 3TOT KPHOCTaT 

o6ecnequsaeT TeMnepaTypy 20 MK, qTo Il03BOJJ.HeT nonyqaTb BhlCOKYIO Il0Jl.HPH3a

l(HIO He TOJlbKO nn.H Hnep rOJJbMH.H, HOH nn.H lllHPOKOro Kpyra npyrHX penKose

MeJJbHbIX .H,[lep. 

4. neTeKTOPW HeiiTpOHOB. B KaqecTBe,.HeATpOHHhlX neTeKTOpOB HMeeTC.H 

BO~MomHOCTb HCilOJlb30BaTb l1mnKOCTHblA 1-neTeKTOP C (n-)b-KoHBePTOPOM, 

cTaHnapTHwe renueswe cqeTqHKH, a TaKme cneuuanhHO paspa6oTaHHwR MHoro

ceKUHOHHbll1 renHeBbltt cqeTqHK 60JJbWHX pasMepoB (nHaMeTp 250 MM, nnuHa 

500 MM) c )3blCOKHM naBJJeHHeM reJJH.H-3 (no 10 aTMOCcpep). 

5. CHcTeMa ynpasneHHH YCTaHOBKOH H HaKonneHHH HHtOpMal(HH. YnpaBJJe

HHe ycTaHOBKOH, HaKonneHHe HHq)OpMal(HH Hee hpensapHTeJJbHa.H o6pa6oTKa 

npol13B OAHTCH cneuHaJJbHbIM 3JleKTPOHHblM MonyneM, cosnaHHbIM iHa Gase MaJJOH 

3BM. 
KopOTKO paCCMOTPHM BhlilOJJHeHHWe Ha 3TOA YCTaHOBKe 3KcnepHMeHTaJJbHhle 

pa60Thl H HX pe3YJ1bTaThl. 

1 • 11ccnenosaHHH cnHHOBOH 3aBHCHMOCTH HeHTPOHHbIX ceqeHHH 

nposonHJJHCb HCC~enosaHHH IlOJJHhlX ,HeRTPOHHhlX ceqeHHH IlPH HsyqeijHH 

nponycKaHHH IlOJ1HPH30BaHHhlX HeRTPOHOB qepe3 IlOJ1.HPH30BaHHhle HnepHhle MH

llleHH. 6b1J1H uccnenosaHbI penKoseMeJJbHble .Hnpa 
141 Pr , 159Tb , 165Ho , 

167 :-1169T Er H m. HccnenosaHHH npoBonunucb npH 3Hepru.Hx HeATpoHo-B oT 

HeCKOJlbKHX 3JleKTPOHBOJlbT no ~ 100 K3B ( HettTPOHbl 6onee BblCOKHX 3HeprHH 

y~e IlJJOXO· IlOJJHPH3YIOTC$1 nponycKaHHeM qepe3 IlOJ1.HPH30BaHHYIO npOTOHHYIO MH

llleHb) • 

B o6JJaCTH paspellleHHhlX pesoHaHCOB nn.H HCCJJenosaHHhlX 5 p~nK03eMeJJb

HhlX Hnep 6WJJH onpeneneHhl 3HaqeHH$1 CTTHHOB 6onee 200 HeHTPOHHhlX pesoHaH

COB. 

B o6nacTH ycpenHeHHblX ceqeHHH nn.H Tex ~e .Hnep 6b1J1H nonyqeHhl 3HeP:

reTuqecKHe 3aBHCHMOCTH pa3HOCTeH IlOJJHhlX HeATpOHHhlX ceqeHHH B nsyx. B03:

MOmHbJX AJJH $ -BOJJHOBblX HeHTpOHOB CilHHOBbIX KaHanax ( C CYMMapHblM CilHHOM 
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1-1/2). 0Ka3anocb, qTo OHH Manhl ( He npeBocxonHT HeCKOnhKHX necHThlX 

nonett 6apHa), onHaKo B HX 3HepreTHqecRHX 3aBHCHMOCTHX Ha6nronaIOTCH 3a

MeTHhie HeperynHPHOCTH. 3TH Hepery.irnpHOCTH .TPYnHo CBSl3aTb C noTemwanb

HbIM pacceHHHeM, DOCKOnhKY HHTepBan 3HeprHH, Ha KOTOPOM OHH npOHBnHIOTCH, 

cnttmKoM Man. CKopee sc?ro,3n~ch n~oHBnHeTdH 3aBttcHmaH OT cnttHa CTPYKTY

pa THna BXOnHhlX COCTciSIHHH. nnsi YTOqHeHHSI 3Toro BOnpoca HYlKHhl nononHH

TenbHhle ttccnenosaHHSI. 

TionyqeHHhle 3HaqeHHSI pa3HOCTeH ycpenHeHHhlX ceqeHHA B nsyx cnHHOBhlX 

KaHanax D03BOnSIIOT cnenaTh oqeHKH CDHHOBOH 3aBHCHMOCTH COOTBeTCTBYIOmHx 

HeHTPOHHhlX CHhciBhlX ~YHKQHH H BenttqHHhl MHHMOH qacTH CDHH-CDHHOBOro qneHa 

B ODTHqecKOM noTeHQHane. CoOTBeTCTBYIOIIUie oqeHKH noKa3h!BaIOT, qTo HeHTPOH

Hhie CHnOBbie !PYHKQHH B pa3HhIX CDHHOBhIX KaHanax OTnttqaJOTCSI . He 6onee, qeM 

Ha 10%, MHHMaSI qaCTb CDHH-CDHHOBOrO DOTeHQHana He npeBOCXOnHT 100 K3B. 

2. HccnenosaHHSI MarHHTHhlX MOMeHTOB KOMnayHn-coCTOSIHHH 

penKo3eMenhHhlX sinep 

aonroe speMSI MarHHTHhle MOMeHThl KOMnayHn-coCTOSIHttA·cnolKHhlX sinep, co

OTBeTCTBYIOmttx HX. HeHTPOHHhIM pe3oHaHCaM, He nonnaBanHCb 3KCnepHMeHTanb

HOMY H3MepeHHIO H3-3a KpaAHeH ManOCTH BpeMeH )KH3HH 3THX COCTOSIHHA 
-15 

10 c). B cepenttHe 70-x ronoB B JIH$ OHHH TaKtte H3MepeHHSI ynanocb 

cnenaTb ,nnSI HeKOTOPhlX HH3KOBOnbTHhlX pe3oHaHCOB psina penKo3eMenbHhlX sinep. 

no npennomeHHIO $.JI.!ilanHpO 6binO ucnonb30BaHo TO 06CTOSITenbCTBO, qTO npH 

HanomeHHH Ha sinpo C HeHyneBbIM MarHH'.J'HblM MOMeHTOM BHemHero MarHHTHOro 

nonSI sinepHhle YPOBHH HCDhlThlBaIOT seeMaHOBCKOe pacmenneHHe, a ecnH nptt 

3TOM sinpa H nonSipH30BaHhl, TO B03HHKaeT CT(BHr HeATpOHHoro pe30HaHca OT

HOCHTenbHO ero.nonomeHHSI DPH OTCYTCTBHH sinepHOH nonSipH3aQHH. 3TOT CABHr 

HMeeT DOPSIAOK senttqHHhl pa3HOCTH 3Heprttn B3aHM~nettCTBHSI C MarHHTHhlM no

neM MarHHTHOro MOMeHTa SIT(pa ,[10 H noc;;ie 3aXBaTa He11TPOHa. B AOCTHlKHMhlX 

MarHHTHbIXi nonsix CABHr OKa3blBaeTCSI oqeHb ManhIM H3-3a ManocTH sinepHbIX 

MarHHTHhlX MOMeHTOB. TaK, nptt pa3nHqHH ~arHHTHhlX MciMeHTOB B 0,llHH sinepHhlH 
7 . 

MarHeTOH, B MarHHTHOM none 10 3 (TaKHe BHYTpHaTOMHhle nonSI eCTb Ha sinpax 

HeKOTOPhIX pe,nK03eMenbHhlX 3neMeHTOB) COOTBeTCTBYIOI!tHA C,llBHr HeitTPOHHOro 
-5 

pesoHaHca HMeeT sen11qHHY 3·10 3B. HsMepeHHSI TaKHX cna11r0B KPattHe 

cn.OiKHhI, noCKOnhKY IliHPlIHbl HeHTpOHHblX pe3oHaHCOB cnolKHblX sinep HMeIOT no
-1 

psi,noK 1 O 3B. TeM He Me Hee s J1H$ omrn ux ynanoc& nposecTH. B pe3ynh-

TaTe 6hlnH H3MepeHhl MarHHTHhle MOMeHThl 11 HeATPOHHhlX pe3oHaHCOB nnsi sinep 

Tb, Dy , Er- H Ho. 0Ka3anoch, qTo 3Tll MarHHTHbie MoMeHTbI 11MeroT senH

qttHhl nopsinKa sinepHoro MarHeToHa, npttqeM HX cpe,nHee 3HaqeHHe H tnYKTya

UHH OTHOCHTenbHO cpenHero 3HaqeHHSI ynosneTBOPHTenbHO cornacyIOTCSI C Teo

peTttqecKHMH oueHKaMH, BbIDOnHeHHblMH C ucnonb30Bam1eM CTaTHCnJqecKOH MO

nentt sinpa. 
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3 ... HccnenoBaHHH HapyrueHHH npocTpaHCTBeHHOR qeTHOCTH. 

B HeRTpOHHhlX pesoHaHcax 

B cepenHHe 60~x rogoB YA&JIOCb nonTBepnHTb rHnoTesy YHHBepcaJibHOCTH 

cna6oro ssaHMoneRcTBHSI. B 3KCnepttMeHTax no nccnenosaHmo ·'j ~Hsny'qeHHH 

npH panttaQHOHHOM saxnaTe noJISIPH30BaHHblX TenJI
0

0BblX HeRTpOHOB aTOMHblMH HA

paMH 6bl~H 06HapyJKeHbl 3QJqJeKTbl HapyWeHHH npOCTp&HCTBeHH00 qeTHOCTH, 3TH 
' . 4 ' 

3dJcpe1<Thl HMeJIH BeJIHqHHY noPSIAKa 10- 'qTO 3HaqHTeJibHO npeaocioAHJIO OTHO-

CHTeJibHyro CHJIY cna6oro B3&HMOAeRCTBHSI B cpasHeHHH c OCHOBHhlM B Hnpax 

CHJibHbIM B3&HMoneRCTBHeM. CTOJib 60JibWaH BeJinqnHa Ha6nroneHHblX 3q>qJeKTOB 

o6'bSICHSIJI&Cb HX YCHJieHHe~ B HnepHblX npoueccax sa cqeT CMeWHBaHHSI cna6hIM 

MeJKHYKJIOHHbIM B3&HMoneRCTBHeM 6JIH3KOJieJKamnx HnepHbIX COCTOHHHR npoTHBOno

JIOJKHOA qeTHOCTH ( s- H_ p-BOJIHOBhlX He0TpOHHhlX pesoHaHCOB). OnHaKO no 

Haqana 80-x ronoB TaKOe o6'hHCHeHHe 3KcnepHMeHTaJibHO nOATBeP~AeHo He 6hl

JIO H HOCHJIO rHnOTeTHqeCKHA xapaKTep. B 3TO BpeMH B TeopeTnqecKHX pa6o

Tax O.TT.Cywi<ona H B.B.¢naM6ayMa 6b1no noi<asaHo, qTo cMelliHBaHHe no qeT

HOCTH HeATpOHHbIX pesoHaHCOB cna6b!M B3aHMoneRcTBHeM nonJKHO npwsonHTb 

K pesoHaHCHhlM P-HeqeiHhlM 3qJqJeKTaM B noJIHhlX HeRTpOHHhlX ceqeHHHX. Peqb 

ll!Jla O saBHCHMOCTW nOJIHoro ceqeHHH B P -BOJIHOBblX pesoHaHcax nnH HenoJIH

PH30B&HHhlX SIAep OT cnttpaJibHOCTH He0TpOHOB (T.e. OT Toro, nOJIHPH30B&Hhl 

HeRTPOHbl B HanpanneHHH HX HMnyJihCa HJIH HaBCTpeqy eMy). 3HepreTwqec1<aH 

saBHCHMOCTb pasHOCTH noJIHbIX ceqeHHR iiriH HeRTPOHOB pa3HblX cnttpaJibHOCTeR 

B TaKHX pesoHaHcax AOJIJKHa noBTOPSITb 3HepreTnqec1<yro 3&BHCHMOCTb caMoro 

pesoHaHcHoro ceqelJHSI. 3dJ~eKThl MOryT HMeTb MeCTO TOJibKO B pesoHaHcax co 
-+ 

cnHHOM 1-1/2, nOCKOJibKY JIHWb TaKHe pesoHaHChl MOrYT CMeWHB&TbCH c S-BOJI~ 

HOBbIMH pesoHaHCaMH. BennqHHbl 3cpcpe1<TOB 3aBHCHT OT napaMeTpOB cMeWHBaro

mnxcSI pesoHaHCOB HOT HHTeHCHBHOCTH HX CMeillHBaHHH, xapaKTePH3YromeRcSI 

COOTBeTCTByromttM MaTpHqHhlM 3JieMeHTOM cna6oro B3aHMone0cTBHSI. CaMH MaT

pHqHble 3JieMeHTbl - cnyqa0Hble BeJIHqHHbl C HyJieBblM cpenHHM 3HaqeuHeM H on

peneneHHOR AHCnepcHeA, KOTopaSI MOJKeT 6hlTb oueHeHa H3 CTaTHCTHqec~oR 

TeopHH SIApa. B 6naronpHSITHhlX cnyqaSIX 3qJqJeKThl HapyweHHSI npOCTpaHCTBeHHOA 

qeTHOCTH B HeRTPO~HhlX pe3oHaHcax MOrYT 6hlT6 oqeHb 60JibWHMH H nocTHraTb 

nenttqHIJhl nopSIAKa 10%. 

3KcnepHMeHTaJibHhle HCCJieAOBaHHSI 3cpcpe1<TOB HapyweHHH npoCTpaHCTBeHHOR 

qeTHOCTH B HeRTPOHHbIX pesoHaHcax BnepBbie 6blJIH HaqaTbl B JIH¢' OH5H1 

B 1982 rony H npononJKaroTcSI no uacToSimero speMeHH. HccnenonaHa sanwcw

MOCTh nOJIHWX HeRTpOHHWX ceqeHHR OT cnwpaJibHOCTH HeRTPOHOB 6onee qeM nnSI 

15 pesoHaHCOB SIAep Br- , Cd. , Sn , I , La., Nb , Th, U . )lJISI 5 H3 HC

cnenoBaHHblX pesoHaHCOB 6bIJIH Ha6nroneHbl P-HeqeTHble 3cpdJeKTbl, Oco6eHHO Bne

qaTJISIIOmHM OKasaJICSI 3ipqie1<T HapyweHHSI npOCTpaHCTBeHHOR qeTHOCTH B peso

Hance c 3HeprweR O, 7 5 3B Hnpa 
13 9 La . B 3TOM cnyqae pesoHaHcHoe ceqe

Htte npH H3MeHeHHH cnwpaJihHO~TH HeRTPOHOB MeHSieTCSI nPHMepHO Ha 15%. 
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TionyqeHHhle pe3ynbTaThl HaxonHTCH B xoporneM cornacHH c npencKa3aHHHMH 

MonenH CMelliHBaHHH cna6b!M B3aHMonettCTBi-IeM s - H p-aonHOBblX HeHTPOHHblX 

pe30HaHCOB. 4TO KacaeTC~ B03MOlKHOCTef1 H3BneqeHHH H3 Ha6moneHHblX B .cnoJK

HblX Hnpax 3ipcpeKTOB HapymeHHH npocTpaHCTBeHHOH qeTHOCTH KonnqeCTBeHHOH 

HHq:>OpMaQHH O cna6oM MelKHYKDOHHOM B3aHMonettCTBHH, •TO OHH, nO-BHnHMOMY, 

,noaonhHO orpaHnqeHw H3-3a 6onbwott cnoJKHOCTH npoueccoa a Hnpax. 

CoapeMeHHaH TeopHH Hnpa B COCTOHHHH naTb DHllib CTaTHCTHqecKoe OilHCaHHe 

3TOPO HBneHHH, .UnH nonyqeHHH 3HaqHMblX KOnHqecTBeHHblX pe3YDbTaTOB B Ta

KOH CHTYaUHH Heo6xonHMO cymecTBeHHO yaenHqHTb qHcno HeHTPOHHhlX pe30HaH

COB C Ha6moneHHblM 3q)q)eKTOM HapyrneHHH IlPOCTpaHCTBeHHOH qeTHOCTH, qTO HB

nHeTCH oqeHb HenpoCTOH 3KCnepHMeHTanbHOH 3anaqeH. 

4. HccnenoaaHHH P-qeTHhlX KOppenHQHH a panHaUHOHHOM saxBaTe 

HeATPOHOB HnpaMH 

JlnH H3BneqeHHH H3 Ha6moneHHblX B HelITPOHHhlX pe3011aHcax 3QJtpeKTOB Ha

pyrneHHH npocTpaHCTBeHHOA qeTHOCTH qHcneHHblX 3HaqeHm':'i MaTpHqHblX 3neMeH

TOB CMernnBaHHH cna6bIM B3aHMonettCTBHeM $ - H p-BODHOBblX HelITPOHllblX pe30-

HaHCOB Heo6xonHMa HH~OpMaQHH O napaMeTpax CMelliHBalOlliHXCH pe3oHaHCOB. 

OnHHM H3 TaKHX napaMeTpOB HBnHeTC~ aMnnHTyna napuHanbHOA HeHTPOHHOA lliH

PHHbl p-pe30HaHca B CTil1HOBOM KaHane C nonHhlM MOMeHTOM HeHTpoHa, paBHblM 

1/2. 3Ta aennqnHa MOJKeT 6hlTb nonyqe11a B nccnenoaaHHHX yrnoawx pacnpene-

nettnf1 ~ -H3nyqeHHH pan11aunoHHoro 3§1-XBaTa HeflTpOHS:)B, ao3111rna10mero npn 

nepexone H,npa lf3 COCTOHHHH, COOTBeTCTBYiO!!lero naHHOMY p-pesoHaHCY, 

B npyroe COCTOHHHe C H3BeCTHblMH xapaKTepHCTHKaMH, 

B ]H¢ OHRH 6wnH 11ccnenoaaHw yrnoahle pacnpeneneHHH Y-KBaHTOB npH

Mhlx nepexonoB B OCHOBHhle COCTOHHl1H IlPH 3aXBaTe neRTpOHOB B pe30HaHChl 

11 15 11 3 Cd. · 1 • 3 3B Hnpa n H 7 3B Hnpa • lfayqanHCb aCHMMeTpHH Bb!Xona 

¥-KBaHTOB "anepen-Ha3an" IlPH 3aXBaTe Henon.Hpli30BaHHblX Hei"!TpOHOB 

11 "npaBo-neBa.H" acHMMeTpHH ( no OTHOllleHalO K HanpaaneHHIO CilHHa Hei1TpOHOB ), 

B03H11Ka!OmaH IlPH 3aXBaTe nonepeq1rn nonHpH30BaHHhlX HeIITPOIIOB, TaKHe ac11M

MeTpl1H, He CBH3aHHhle C HapyrneHneM npocTpaHCTBeHHOR qeTHOCTH, qacTO Ha-

3hIBalOT (MOlKeT Ob!Tb, He oqeHb ynaqHo) P-qeTHblMH Koppenf!Ulif!Ml1. XapaKTep 

CBH3H MelK,llY paccMaTpHBaeMbLl\lH aCHMMeTpJIHMII H H11Tepecy10me11 Hae aMilDl1TY

noi"I HeATpOHHOA lliHPHHhl TaKOB, qTo KaJKnaH 113 aCHMMeTpHR naeT naa B03MOlK

HhlX 3HaqeHHH aMnnHTYnhl lliHPl1Hhl. ConocTaBneHHe )Ke pe3ynbTaT0B, nonyqeHHhlX 

113 i1BYX aCHMMeTPHH, nonlKHO Il03BODl1Tb Bhl6paTb enHHCTBeHHOe 3HaqeHHe aMn

DHTYnhI lllHPH Hbl, 

3Kcnep11MeHTanbHble pe3ynbTaThl OKa3an11cb npOTHBopeqHBblMH. Cpen11 no

nyqeHHhlX 113 i1BYX acHMMeTpHH 4 3HaqeHHR aMnnHTY,ll napu11anbHNX HeATpOHHhlX 

lllHPHH He oKa3anocb coanana10mux 3HaqeHnA. TTp11qeM 3TO HMeeT MecTo 11 a cny

qae c pe3oHaHcoM 
117Sn , 11 B cnyqae c pe30HaHcoM 

113 Cc,\ . 06'b.HCHHTb 
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TaKoe npoTHBopeqHe B09MO~HblMH 3KCnepHMeHTanbHblMH HeToqHOCTffMH He YnaeT

Cff. TeopeTHqecKHe COOTHOWeHHff, CBff9NBaIDmHe aCHMMeTPHH C aMnnHTYAOH HeHT

poHHOH WHPHHN, nonyqeHN Ha ocnoee eec&Ma o6mHx npencTaeneHHH, e cnpaeen

nHBOCTH KOTOPNX no CHX nop HH Y Koro COMHeHHH He B03HHKano. nosTOMY 

Heo6xonHMN nan&HefiwHe HccnenoeaHHff sToro eonpoca. 
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' K 11CTOPl111 OTKPb!Tl15I PE30HAHCHoro YCHflEHHJI P-HEl.JETHb!X 3<D<l>EKTOB 

IO.f.A6oB 

V!HCTHTYT TeopeTHqecKoR H 3KCnepHMeHTanhHOA Q)H3HKH, MocKBa 

Barna na6opaTOPHH HMeeT npHMOe OTHOWeHne K OTKPhlTHIO pe3oHaHCHOro 

MexaHH3Ma ycnneHHH P-HeqeTHhlX 3Q>~eKTOB, a 3TO neACTBHTenhHO 3aMeqa

TenhHOe OTKPblTHe' noTOMY qTo BnepBble 6b1m1 O6Hapy11ceHbl P-HeqeTHble 3Q)Q>eKTbl 

orpoMHOA BennqnHw: Ha YPOBHe 10%. na6opaTOPHH HMeeT OTHOllieHne K Teope

TnqecKoA cTopoHe npo6neMbI, a ToqHee - K ncTopnH Bonpoca. nocne Toro, 

KaK Mbl O6HapyJKHJ1H P-HeqeTHbll1 3qJqJeKT B ( n, ~ )-peaKIUrnX Ha 5 -pe3OHaH

cax, BO3HHKna npo6neMa: a eenh3H nH TICilOJlh3OBaTb He TOJlhKO S -pe3OHBH

Chl H He TOnhKO HeATPOHhl B KaqeCTBe nepBH4HOR pannaunn? BalKHO BO36YUHTh 

HUPO, a 3TO MOlKHO cnenaTh H npoTOHBMH, H Me3OHBMH,H He o6H3BTeJlbHO 

B s -BOnHe. TaKaH 3a,naqa BO3HHKJ1a nepe,n !1.C.manttpo, OHR 6wna HHHQHH

poaaHa 11.H.neamITOBbIM, KOTOpbll1 XOTeJl IlOHHTh, KaKne P-HeqeTHbie 3cpcpeKTbl 

H KaKoR aennqnHhl MOlKHO Ha6nwnaTh, HCilOJlh3YH nyqKn Harnero npOTOHHOro 

CHHXPOTpoHa, XBaTHT JlH HHTeHCHBHOCTH nnH IIX nccnenoaaHHH. MOCHQ) Cono-
MOHOBHq nopyqnn peweHne 9TOA sanaqH-CBOHM yqeHHKBM r.A.no6OBY H 

B. A .KapMaHOBY. 3anaT.Ja OblJla pel!JeHa B UOCTBTOT.JHO o6meM BH,ne, HO aBTOpbl 

HMemI B BHUY pannaQHOHHble npoQeCCbl, KopoT.Je roBOPH' B 3a,naqe 6blJ1O CHHTO 

orpaHHT.JeHHe Ha BXOJK,neuae B MHl!JeHb TOJlhKO S-BOJIHW. Ewna nonyT.JeHa npa-

BHJlhHBH q:iopMyna, KOTOpaH conep11rnna B ce6e HOB~IH MexaHH3M yc1rnemrn, Hbl

He nonyT.JnBrntta Ha3BaHne pe3oHaHcHoro. Pa6oTa 6wna ony6nnKoBaHa B 1969 r., 

3aTeM r.A.flo6oa ony6nnKoBaJ1 aHanorHT.JHYIO pa60TY B 1970 r. K COJKaJieHHIO, 

Ha 3TH pa60TW.Mhl He o6paTHJ1H BHHMBHHH, a CBMTI BBTOPW BCilOMHHJlH O HHX 

JlHWh cnyCTH neCHTh HJlH 6onee neT. J,13 nonyT.JeHHoR d:>opMYJIH cnenyeT, 

qTo ecnH Ha MHUleHh nana10T p-Hei1TpOHbl (1rnn npOTOHbl)' T. e. 11 OCHOBHoA" 

HBJlHeTCH p-BOJIHa, a He S -BOJIHa, TO BO3HTIKaeT nonoJIHHTenhHOe YCHJleHne, 

n H ceAqac noKaJKy, T.JTO a paccMoTpeHHOM cnyqae ca~1 npouecc, aepuee, 

BTOpHqHoe H3JlYT.JeHHe, npnHµHnnanhHOro 3HaqeHHH He HMeeT, TBK KaK HHTep

Q)epeHQHH o6ycnaBnnaaeTCH axonnwM, a He awxonHWM KaHanoM. Ho npeJK~e 

acero BCilOMHHM ~CTOPHIO aonpoca. ABTOphl pemnnn nocoBeTOBaThCH C <t>.n.illa

nnpo. KaK Bhl YBHUHTe, nnH OQeHKH BennqnHw 3Q)~eKTa Ha HeATPOHHOM nyqKe 

Hyino 6wno 3HB~h, qeMy paBHHeTCH OTHOllieHHe neRTPOHHWX s- H p-rnnpnH. 

B Te ronw TaKHX 9KCnepnMeHTanhHhlX naHHWX 6wno Mano, HO 6wno HCHO TeM 

He MeHee, T.JTO YCHJleHHe eCTh, HO KaKoe? no COBeTy <D.n.rnrinnp~ aBTOPhl He 

HaCTanaann Ha 6onhlliOi1 BennqnHe ycnneHlrn n cnenann "cKpOMHbIH" BblBOU 
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0 TOM, 4TO 3cpq1eKT 6ygeT Toro >Ke IlOP.SIAKa BeJIHtJHHbI, tJTO H' B .HameM 9Kcne

PHMeHTe. Ho 9TO saKJIIOtJeHHe HCKJIIOtJaJio;·nocTaHOBKY 9KCnepHMeHTOB He' TOJlbKO 

Ha YCKOPHTeJie, HOH Ha peaKTOpe BBHAY Toro, .tJTO HHTeHCHBHOCTb p-HeHTPO

HOB Mana. OrpoMHa.SI sacnyra o.n.CymKoBa H B.B.<DnaM6ayMa saKJIIOtJaeTC.SI 

B TOM, tJTO, paccMaTPHBa.SI P-HetJeTHWe HeHTPOHHO-OilTHtJeCKHe .SIBJieHH.SI,, OHH 
' ' ' ' . 

cgeJiaJIH COBepmeirno. npaBHJibHbie K()JIHtJeCTBeHHbie OQeHKH. OHH 6WJIH .nepBbIMH, 

KTO 9TO ripaBHJibHO cgenan. Ha B03MO)l(H0~ cymecTBOBaHHe ,TaKHX 9cpcpeKTOB 

BnepBwe YKasan MHmenb B 1964 r., HO HH O KaKOM pesoHaHCHOM MexaHH3M~ 

YCHJiemrn petJH He mno. <DopTe 6bIJI nepBbIM,, KTO o6paTHJI BHHMaHHe Ha POJib 

p-pesoHaHCOB' ogHaKO OH HMeJI B BHAY TOJibKO OAHOtJaCTHtJHbie COCTO.SIHH.SI' 

H go CHX nop Ilb!TaeTC.SI o6'b.SICHHTb HM caMHM BnepBbie Ha6n10geHHbie orpOMHble 

P-HetJeTHWe HeHTPOHHO-OilTHtJeCKHe ~BJieHH.SI (onTHtJeCKO~ BpameHHe BeKTOpa 

IlOJI.SIPHSaQHH H AHXPOH3M), HCilOJlb3Y.SI: OAH_OtJaCTHtJHblH (BaneHTHblH), a He 

"KoMnayHg-51gepHblH 11 MexaHH3M YCHJie~H.SI P-HetJeTHb!X 9cpcpeKTOB. Ponb o.n.Cym

KOBa H B.B.<DnaM6ayMa, paCCMOTbeBlliHX KOHKpeTHWe ~BJieHH.SI H.cgeJiaBlliHX 

apaBHJibHWe OQeHKH, ,HeJib3.SI HegooQeHHBaTb. KcTa~H rOBOP.SI, OHH npegcKa-

3aJIH R.HetJeTHble HettTPOHHO-OilTHtJeCKHe 9<pq>eKTbl npaKTHtJe.CKH OAHOBpeMeHHO 
,, 

C IlO.SIBJieHHeM 9KC□epHMeHTaJibllblX pesyJibTaTOB <DopTe. B KOHQe KOHQOB, 

9KC□ep11MeHTaTopy Ba>KHO 3HaTb, KaKHM AOJilKeH 6WTb 9cpcpeKT, a He KTO nep

Bb!H Bb!CKasan HgeIO. OgHaKO' Korga petJb HAeT' 06 Oq)HQHaJibHOM ocpopMJieHHH 

OTKPWTH.SI, TO CHTYaQH.SI M~H.SleTC.SI. Teaepb;.SI IlO.SICHIO CYmHOCTb .SIBJieHH.SI ''Ha 

nanbQax'', He BHHKaH B geTaJibHhle pactJeTw. TTyCTb 9HeprH.SI HeHTPOHOB 6n11s

Ka K 9HeprHH p-pesoHaHca. nn.SI KOHKpeTHOCTH .SI paCCMaTPHBaIO ynpyrHH npo

uecc. Hso6pasHM ero rpa~HtJeCKH: 

n n 

p 

s:igpo 51gpo. 

OaycKaH cpa30Bble MHOlKHTeJIH, 3a□Hl1ieM aM□JIHTYAY IlpOQecca (p-BO'JIHa Ha BX O

ge H Ha BblXOge) : 

f fl' ...., tr: E - ;P + l 'r/2 ~p ' 
~p , fp - HeHTPOHHa.SI H IlOJIHa.SI lliHPHHbl p-pesoHaHca, E -9HeprH.SI HeHTPO

Ha, Ep - pesoHaHCHa.SI 9HeprH.SI. Tenepb AOilYCTHM, tJTO P.SIAOM HaXOAHTC.SI 

s -pesoHaHc, H HeATpOHW C saMeTHOH Bepo.SITHOCTbIO MoryT nornomaTbC.SI 
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HJJ:POM B ·5 -BOJIHe. 0,a;HaKO cna6oe B3aHMOJJ;ettCTBHe nepeBOJJ:HT S-BOJIHY 

B p-BOJIHY. l1HblMH CJIOBaMH' H paccMaTpHe'a10 P-Het.IeTHYIO IlPHMeCb 6nm1mAwero 

p-pe3oHaHca K 3TOMY S -COCTOHHHIO: 

. <\I fr: (H..v> . fr 
fsp n (E-E-'il +t ls/2.XE-Ep4Lfp/2) n • 

~gpo ~gpo 

3.a;ecb ( Hw) - cna6btH MaTpHt.1HbIH :rneMeHT. nonHaH aMnJIHTyn;a f: 5f/ ~p· 
)lm!Jc]iepeHQHaJibHOe cet.IeHHe onpenenHeTCH KBa,npaTOM IlOJIHOH aMnJIHTYJJ:bl' KO

TopaH co,a;epamT HHTep:pepeHUHOHHh111 qneu ""Yppfsp . Ero OTHOCHTeJibHaH ee

JIHt.IHHa, T. e. OTHomeH11e aMnJIHTYJJ: Jsp / fpp'onpe,a;enHeT een11t.1HHY n106oro 

P-Het.IeTHOI'O 3~~eKT& (B ,a;aHHOM cnyqae epameHHe CilHHa HJIH JJ:HXPOH3M) 

fsp ~ ~ r;,s 
fpp q 

<.\-\w > 
E-E5 +i. rs/2 

,.,, ~ Ji_ < Hw) 
. [P D 

h 

TTOCKOJlbKY E ~Ep, B 3HaMeHaTene CTOH~ pa3HOCTb 3HeprttA s- ~ p-ypoBHeA, 

KOTopy10 MOiKHO, .a;nH oueHKH, 3aMeHHTb ycpe.a;HeHHbLl\1 3Hat.1em1eM D . BTopor1 

MHOiKHTeJib onpe~enHeT TaK Ha3WBaeMrie (M.C.llianHpo) JJ:HHaM11qecKoe YCHJieHHe. 

A nepBWH MHOiK~TeJib H npe.a;cTaBJIHeT co6ol0 pe30HaHCHoe YCHJieHtte. H3BeCTHO, 

t.lTO r~$ » r: H' KaK IlOKa3aJIH CywK·o·e II 0.11aM6ayM, Bem1t.1HHa 3'1J(peKTa MO

iKeT JJ:OCTHt.lb HeCKOJibKHX npoQeHTOB. TTOCKOITbKY KOHet.IH~e COCTOHHHH 06011x 

rpa(DHKOB 11.a;eHTHt.lHbl, T.e. B OTHOU:eHIIe fi;.p/fpp He BXOJJ:HT, MOiKHO C paB

HblM npaBOM paccMaTpHBaTb H pa.a;HaUHOHHbll1 3axsa1.:.• A Tenepb xoqy o6paTHTb 

BHHMaHHe Ha OJJ:HY TPHBHaJibHYIO .a;eTaJib. TToqeMy o6e aMnJIHTYJJ:W, B .a;aHHOM 

cnyqae f H f sp ' CKJIBJJ;blBalOTCH' noqeMy HMeeT MeCTO HHTepqiepeHUHH? 

H - · l'P - s 06 eHTPOH BXOJJ:HT B HJJ:PO, He. 3HBH, B. KaKOH OH BOJIHe, - HJIH p-. a npo- ' 

uecca HMelOT MeCTO OJJ:HOBpeMeHHO, KaK B H3BeCTHOM MWCJI~HHOM 3KCnep11MeHTe 

.a:m!)paKUHH 3_JieKTPOHOB Ha JJ:BYX menHX. TI03TOMY o6e B03MO)KHOCTH HeoTn;enHMbl 

,a;pyr OT ,a;pyra. EcnH KaKHM-TO o6pa30M npocne.a;HTb 3a HeATpOHOM H TOt.lHO 

BblHCHHTb, no KBKOMY"IlYTH" OH npomen, TO HHTepc,epeHQHH HCt.Ie3HeT. BcnoM

HHTe: eCJIH KBKHM-TO o6pa30M, HBilPHMep, Jia3epHblM JiyqoM, YCTaHOBHTb, t.lTO 

.a;aHHWH 3JieKTPOH npowen qepe3 ,a;aHHYIO menb, TO H~Tep~epeHQHOHHaH KapTHHa 

HCt.Ie3HeT, Ha 3KpaHe IlOJIYt.IHM npocToe HaJIOiKeHHe llBYX o,a;HomeneBbIX H306pa

lKeHHII. 
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YJibTPAXOJIO.Ii:Hb!E HEl1TPOHbl 

ID.H.ITOKOTHJIOBCKHH 

06benttHeHHbIH HHCTHTYT HnepHbIX ttccnenoBaHHH, lly6Ha 

YnbpaxononHbie HeHTpOHbl' 3KCnepHMeHTbl C KOTOPbIMH 6bmH HatJaTbi 

B 1968 l"O.z:IY' cei'iqac y,ice o6~enpH9HaHHblfi pa6otJHH MHCTPYMeHT d>H3HKOB ~ KO

TOPbIH yEe .r:1an HeMano llOJIO)l[l!TeJibliblX pe9YJibTaTOB H no-npe:ameMY llPHBJieKa

eT K ceoe JIID,l:(eu, pa6oTaID~HX B 3TOH o6naCTH, KaK KpaCHBbIH d>H9HtJeCKHH 

o6beKT. MoH nenb: HanoMHHTb O nepBOM 3KCnepHMeHTe ~ 3TOH o6JiaCTH 

B 1968 r., CBH3aHHOM HenocpencTBeHHO C pa60TOH peaKTOpa HBP, H naTb 

OtJeHb KPaTKHH 063op,tJTO B MHpe cnenaHo, H B KaKOM COCTOHHHH 3TO neno 

ttaxonttTCH ceuqac. 

B 1932 r. 6bm OTKPbIT HeHTPOH. <l>opMyna nnH Kosd>cpHnHeHTa npenoMJieHHH 

HeHTPOHa 

. ' 1 ( 1) 

rne E - sHeprHH HeATpoHa, gt - KorepeHTHaH nnHHa.pacceHHHH HAeP Be~ecT

Ba, r-/L - tJHCJIO aTOMOB B enuHune 06beMa, m - Macca HefiTpoHa, BHnHMO, 

6bma BblBeneHa BCKope. OH a BbIBOnHTCH OtJeHb npOCTO H9 ypaBHeHHH illpennH

repa. CepbesHaH pa6oTa, uccnenyw~aH KorepeHTHble scpcpeKTbI npu pacnpocTpa

HeHHH HeATPOHa B ae~eCTB~ -,9TO pa6oTa J19KCa 1951 r. 111 • 6.M.ITOHTeKOPBO 

HeonHOKPaTHO I"OBOPHJI' .tJTO nepBbie CJIOBa O HeHTPOHHOA 6YTblJIKe <l>epMH npo

H9HOCHJI e~e no BOHllbl. 113 9TOI"O 9°JieMeHTapHoro Bbipa,teHHH AJIH K03q)(pH1J;HeHTa 

npenoMJieHHH BHAHO, 'tJTO KaK TOJibKO 9HeprHH HeHTpOHa CTaHOBHTCH MeHbme 

rpaHHtJHOH, K09d>d>HnHeHT npenoMJieHHH CTaHOBHTCH tJHCTO MHHMbIM. Ko3d>IPHUHeHT 

OTpa~eHHH HeATpOHOB 

(2) 

(9AeCb HanncaH B ynpo~eHHOH cpopMe AJIH HOpMaJibHOro na.r:1eHHH HeHTPOHa Ha 

CTeHKY) CTaHOBHTCH B HneaJibHOM cnyqae paBHblM 1. Ha c_aMOM nene nnHHa 

pacceHHHH conepxHT MHHMYID qaCTb, B CBH3H C 3THM K09cpcpHnHeHT OTpaxeHHR 

He CTporo paBeH 1. }lJIH peaJibHOH CHTYaQHH llPH HCilOJib90BaHHH XOPOIIIHX Be

~eCTB OKa9bIBaeTCH,tJTO K09~(pHQHeHT OTpameHHH OT enHHHQbI M0'1teT OTJIHtJaTbCH 
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-5 -6 
AJlH YJlbTPaXOJlOAHhlX HeHTPOHOB Ha 10 -10 • HYllCHO, qT06hl ceqeHHe saxsa-

Ta 6b1Jl0 MaJleHbKoe, a TennOBhle Kone6aHHH CTeHOK JlOBYWKH, KOTOphle MOrYT 

npHBOAHTb K HarpeBY HeHTPOHOB H Bhl6hlBaHHW H9 o6~eMa xpaHeHHH, MO:HCHO sa

AaBHTb rny6oKHM oxnaxAeHHeM. ITpo6neMa 9Ta o6cyxAanacb BO MHOrHx MecTax, 

HO nepsaH ny6nHKaUHH 3eJ1bAOBHqa nOHBHnacb B 1959 r. 121 . 3TO oqeHb KOPOT

KaH 9aMeTKa, B KOTOPOH YKasaHo, qTo MOllCHO YAeP:HCHB~Tb HeHTPOHhl B 9aMKHY

TblX nonoCTHX, H CAeJlaHhl oueHKH no nOPHAKY BenHqHHbl, KaKHe MOXHO O:HCHAaTb 

speMeHa YAepxaHHH, CBH9aHHble C K09~~HUHeHTOM noTepb npH saxBaTe H Harpe

Be HeHTPOHOB. B cneAYW~eM rogy noHBHJlaCb o6CTOHTeJ1bHaH pa6oTa B.B.BnanH

MHPCKoro 131 , ~OTopaH noCBH~eHa XOJlOAHblM H YJlbTPaXOJlOAHblM HellTPOHaM 

B acneKTe HX B9aHMoneiiCTBHH C MarHHTHbIMH nonHMH pa9HbIX KOH~nrypauHn, 

B TOM qHcne o6cy,icAaJ1HCb MarHHTHhle HeHTPOHOBOAbl H MarHHTHbl~ 6YTblJIKH. 

BnocneACTBHH 9Ta pa6oTa Cbirpana CBOW pOJlb B peanH9aUHH nogo6Hb!X YCT

POllCTB. B 1968 r. <f> .JI.IllanHPO nepeHec 9TH pasrOBOPbl B. nnOCKOCTb peanb

HOro Bonno~eHHH. CHTYaUHH TOrAa OCJlO:HCHHJlaCb TeM, qTo peaKTOP H6P 

B 1968 r. npeKpa~an csoe cy~ecTBOBaHHe, ero npeAnonaranocb ocTaHOBHTh 

H 9aHHTbCH peKOHCTPYKUHefi. B CBH9H C 9THM HCilOJ1b30BaH 9K30THqeCKHH pe

lltHM peAKHX BCnbimeK: 1 HMnYJlbC 3a 5 ceKYHA I H 9TOT pe:HCHM 6blJ10 pemeHo 

HCnOJ1b90BaTb AJlH noHCKa YJlbTpaxonOAHblX HeHTPOHOB. IToqeMy He 3aHHJ1HCb 

YJlbTpaxononHhlMH HeHTPOHaMH cy~eCTBeHHO paHbme? ~eno B TOM, qTo oqeHh 
-7 HH3KaH 3HeprHH - 9TO AHana30H 10 3B - IIPHBOAHT K TOMY, qTO H3 MaK-

CBeJlJlOBCKOro cneKTPa . . 2. . 
ct:>vxH ,,_ _!__ (-.3-P) ,._, lo -11 

¢
0 

8 E 
( 3) 

MOllCHO OXHAaTb' qTo OTHOWeHne noTOKa YJlbTPaXOJlC)AHblX HeHTPOHOB K IlOJlHOMY 

TeilJlOBOMY noTOKY Ha YPOBHe ,0- 11 HJlH MeHhme, H 06 3TOM MOXHO 6blJ10 rono

PHTb TOJlbKO i<aK 06 3K90THqeCKOM HBJieHHH • Bo-BTOPblX, 6b!J1H TPYAHOCTH BbI,ne

neHHH IlOTOKa YXH Ha ©OHe OCHOBHOPO KOHKYPHPYWmero TennoBoro IlOTOKa. 

B 1968 r. <I>eAOP JlbBOBHq HanHcan oqeHh XOPOWHH o6sop B Y<I>H "3JieKT

pHqecKHll gHnOJlbHblH MOMeHT 3JleMeHTapHblX qacTHU'' 14!3Ta npo6neMa aKTYaJib

Ha H no cefi neHb. TaM OH HapHCOBaJl H9BeCTHYW cxeMy, KaK MO:HCHO 6b1Jl0 6bl 

nocTaBHTh 3KCnepHMeHT no nOHCKY 9JieKTpHqecKoro AHilOJlbHoro MOMeHTa C HC

Il0Jlb30BaHHeM YJibTpaXOJIOAHhlX HellTPOHOB. TaKHM o6pa90M, 6b1Jl npaKTHqeCKHH 

HMilYJibC + coqeTaHHe o6CTOHTeJibCTB! HBHaH noTpe6HOCTh B IlOCTaHOBKe oqeHb 

aKTYaJibHOro 3KCnepHMeHTa' OKQHqa1rne pa60Tbl peaKTOpa H6P H HaJIHqHe xena
W~HX npHHHTb yqacTHe B 3TOM 3KGnepHMeHTe.3TO IlPHBeno K TOMY,qTo HaM y,na

JlOCb B oqeHb npOCTOM OilhlTe BhlAeJIHTb noTOK YJibTpaxono,nHblX HenTpOHOB 

H oueHHTh 3KCnepHMeHTaJibHO HX speMH llCH9HH B HeHTPOHOBOge 151 • H KOPOTKO 

paCCKa:HCy 06 3TOM 3KCnepnMeHTe. 0B 6bUI oqeHb npoCT H KpanHe 6blCTPO cne

naH MaJiblMH CHnaMH. 6wna HCnOJib90BaHa B KaqeCTBe HenTpOHOBOAa npOMb!W-
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JleHHa.sI 'MenHa.si: TPY6a, npoTpaaneHHa.si: BHYTPH, H90rHyTa.sI pyqHbIM cnoco6oM. 

BHYTPH Hee OKOJlO aKTHBHOH 90HbI HaXOAHJlC.sI AHCK - IlOJlH9THJleHOBblH KOHBep

TOP, IlOTOMY qTo YJlbTPaXOJlOAHble HefiTPOHbl He MOrJlH Obi npoHTH H9 9a.MennHTe

Jl.sI qepes MeAHYID CTeHKY. no sarHYTOMY HeHTPOHOBOAY YXH, OTpa~a.sICb OT CTe

HOK, AH~~YHAHPOBaJIH B oqeHb npOCTO YCTpoeHHbIH AeTeKTOP, nepen neTeKTO

POM CTO.sIJla TOHKa.si: MenHa.si: WTOPKa TonmHHOH 1 MHKPOH, OHa noaopaqHaanacb 

H 9aKPhlBana TO OAHH, TO BTOPOH neTeKTop. 3Ta WTOpKa coaepmeHBO Be BJIHH

na Ha ~OH H. Ha B09M0'1CHOe HaJlHqHe 9AeCb HeHTPOHOB 6onee Bb!COKHX 9HeprHit, 

H TaKHM o6pa90M OHa Morna HBmITbC.sI ~HJlbTPOM, nponycKaromHM HJlH He nponyc

KaIDmHM YJibTpaXOJlOAHble HeHTPOHbl Ha oqeHb TOHKHH CUHHTHJlJIHUHOHHblH AeTeK-
-3 . 

TOP. EbIJia qpesablqaftHO HH3KaH CKOPOCTb cqeTa - 7 • 10 H/C , HO pa6oTanH 

Mbl B YCJIOBHHX HH3Koro ~OHa B TeqeHHe 5 ceKYHA MexnY HMnYJlbCaMH peaKTopa. 

HcnoJib30BaHHe HMnYJlbCHOro peaKTOpa AJIH npaKTHqeCKHX pa60T C YJibTpaxonon

HblMH HettTpOHaMH BPHA JlH B HaCTOHmee apeMH HMeeT CMblCJI B CHJIY Manoft cpen

Heft MOmHOCTH. Ho AJI.sI 9KCnepHMeHTa no o6Hapy~eHHID, HeCMOTPH Ha TO, qTo 

MomnoCTb Kpa:A:ne HH3KaH, HMilYJlbCHbIH xapaKTep paoOTbl OKa9aJICH KCTaTH, 

Il03B0JlHB cymecTBeHHO IlOHH3HTb ~OH H qeTKO OT~HJlbTPOBaTb YXH OT ~OHOBblX 

HeHTPOHOB. 

KpoMe Toro, B 9TOH paooTe npoBOAHJIHCb H3MepeHHH C HanonHeHHeM. 

TPYObl renHeM, nHCaJIHCb IlPOCTbie ypaaHeHHH pacnpocTpaHeHHH HeHTPOHOB 

B Hel'iTPOHOBOAe B gH~~Y3,HOHHOM npH6JIH,K_e,HHH, H 9TO Il09BOJIHJIO HaM OUEiHHTb 

(He oqeHb TOqno, npaana) cpenHee BPCM.sI XH3HH nefiTPOHOB B TaKOH Tpy6e. 

Ouo OKa3aJIOCb nop.si:gKa 200 ceKyHg, a HHTeHCHBHOCTb, nonyqeHHaH Hane

TeKTope, Hennoxo cornacoaanacb C pacqeTHOfi. BOT B 9TOM COCTO.sIJI npOCTOH 

9KcnepHMeHT. On IlOKa9an, qTo YJibTpaxonogHhle HeftTpOHbI MOXHO YBHneTb gaxe 

Ha cna6oM peaKTOpe, Ha6nrogaTb, H9MePHTb HX IlOTOK; H pacqeTHa.si: HHTeHCHB

HOCTb, H apeM.si: ygep~aHH.sI AOCTaToqHo Hennoxo cornacyIDTC.sI C TeOpHeft. 

nocne 9Toro paoOThl Ha sToM peaKTope obIJIH npe1<pameHh1, H Mb! nepeHecnH 

CBOID ge.si:TeJibHOCTb B HHCTHTYT HM. KypqaTOBa. Ta.M peaKTOP B 1000 pa9 6onee 

MOmHblH, H HHTeHCHBHOCTb nonyqHJIH COOTBeTCTBeHHO B 1000 pa9 6onee MomHyro. 

HaqaJIHCb MHOroqucneHHbie 9KCnepHMeHTbl no xpaHeHHID HefiTPOHOB B OYTblJIKax 

pa9Hb!X KOH~HrypaUHH. Cpasy ~e Mb! HaTKHYJIHCb BeCHOH 1969 r. Ha cepbe3Hbl8 

pacxoxgeHH.sI B K09~~HUHeHTe noTepb M6~AY TeopHefi H 9KCnepHMeHTOM H gonro 

Ilb!TaJIHCb Bbl.sICHHTb, B tieM xe TYT npHqHHa. 

0CHOBHblM 9KCnepHM6HTOM, paAH KOToporo anaqane H saHHJIHCb YJlbTpaxo

JlOAHblMH HeHTPOHaMH, Obin 9KCnepnMeHT no IlOHCKY sneKTpHqecKoro AHilOJib

HOro MOMeHTa. ttcnonbSYeTCH TaK Ha3b!BaeMbIH MeTOA pa3AeJibHbIX OCUHJIJIHpyro

mHx none:A:. TioqeMy YJibTpaxonogHbie HeHTPOHbI snecb AaIDT cymecTBeHHblH Pb!BOK 

B qyaCTBHTeJibHOCTH? illHPHHa pesoHaHCHOH KPHBOH onpegenHeTCH BPeMeHeM 

npeob!BaHH.sI HeHTPOHOB B o6naCTH npeuecCHH. EcnH 6CTb 9JICKTpHqecKHil AH

IlOJlbHblil MOMCHT, TOrga HMeeTCH BKnan B noTeHUHaJibHYID 9Heprmo sa cqeT 
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B3aHMonefiCTBHH C BHemHHM sneKTpHqecKHM noneM, H OHO nonEHO CKa3hlBaTbCH 

B H3MeHeHHH qaCTOThl npeuecCHH, qTo npHaonHT K cnaHry pe30HaHCHOfi KPH

BOfi. 3TO H H3MepHeTCH B pe3oHaHCHOM 3KCnepHMeHTe. EcnH B nyqKOBhlX 3KC

nepHMeHTax no Toro pa6oTanH c TennoBhlMH HefiTPOHaMH, H apeMH npe6waaHHH 

HefiTpOHa B o6naCTH npeu~ccnn COCTaBnHno MHnnnceKYHnw, TO cefiqac B 3KC

~epnMeHTax no IlOHCKY sneKTpHqecKoro nHnonbHOro MOMeHTa 3TO apeMH COCTaB

nHeT HeCKOilbKO necHTKOB ceKYHn. ITocTeneHHO BhlHBHnHCb nae OCHOBHWe nH

nHPYIDmHe rpynnhl B o6naCTH nOHCKa nHnOnbHOro MOMeHTa - rpynna no6amoBa

Cepe6poBa B llHSI<l>e H HHTepHaUHOHanbHaH rpynna, pa6oTawmaH Ha peaKTope 

HHCTHTYTa llays-llaHJKeBeHa B rpeHo6ne. ITocnenHHfi ony6nHKOBaHHhlH pe3ynbTaT 

H3 rpeHo6nH -)d.h\ < 1,2•10- 25
e 0 cM (95%) 161 . 3To ynyqmeHHe no cpaaHe

HHID C nyqKOBhlM"3KCnepHMeHTOM npHMepHO Ha naa nopHnKa. Pe3YilbTaT rpynnhl 

d + -26 /7/ . 
H3 nHSI<l> - n = ( 0-4) • 10 e • CM • 3anaqa noHCKa 3}lM HeiiTpoHa - onua 

H3 HaH6onee <PYHnaMeHTanbHbIX B coapeMeHHOfi qJH9HKe, H . ITPHMeHeHHe YXH 

snec& nano Ha06onee omyTHMhlA BKnan. 

BepHyCb CHOBa K npo6neMe xpaHeHHH. nonro He HaxonHnH COOTBeTCTBHH 

B 3KCnepHMeHTaJibHblX H TeopeTnqecKHX naHHblX no xpaHeHHID. nocTerreHHO B 

pesyn&TaTe pasnHqHhlX OIThlTOB BhlHCHHTIOCb cnenywmee: BHnHMO, OCHOBHOA rrpn

qHHOH pacxoEnenHH (cocTaBnHwmnx qyTb nH He nsa nopH~Ka nnH HaH6onee 

nepcneKTHBHblX C TQqKH 3peHHH xpaHeHHH YXH BemecTB - yrnepona, 6ep1mmrn, 

CTeKna) HBnHeTcH HanHqHe Bonopop;a B npHnoaepxHoCTHbIX cnoHx. aemecTaa. 

3TO 6b1Jlo noaonbHO HeOEHnaHHblM naJKe nnHcneUHaJIHCTOB: MbI o6cyJKnann 3TO 

C qJH3HKO-XHMHKaMH B aKa)leMHqecKHX HHCTHTYTax, H Karita Mb! roaopHnH: 

"A MOEeTe ce6e npencTaBHTb, qTo Ha nosepXHOCTH xopomo OTOJKJKeHHoro Me

TaJtJia HnH CTeKna HaxonHTCH CTOnh Heo6wqHo 6onbmoe KonHqecTao aonopona, 

BonoponHaH nneHKa TonmHHOH HeCKOilbKO ·necHTKOB aHrcTpeM?", monH- 6binH 
~· 

KpaHHe YnHBneHw,B nan&HeAmeM B cneuHan&Hwx 3KcnepnMeHTax Ha reHepaTopax 

BaH-ne-fpaadm C HCnOTib30BaHHeM 

qyBCTBHTenbHb!X H)lepHb!X peaKQHH 6hlnO o6Hapy;KeHO, tITO B neACTBHTen&HOCTH 

Ha nosepxHOCTH MeTanna H CTeKna eCTb npaKTHtieCKH He CHHMaeMhlH HnH 

OtieHb TPY.UHO CHHMaeMhlfi BO)lOPO)lHNA cnon B HeH3BeCTHOM BH)le XHMHtieCKOro 
16 2 

coenttHeHHH B KDnttqecTse /1-3/·10 aT/CM . 3KcnepnMeHThl no ttccnenosa-

HHID TeMnepaTYPHOA 3aBHCHMOCTH speMeHH xpaHeHHH HeATpOHOB TOlKe KatieCT

BeHHO nonTaeplKnaroT rttnoTesy o sonopone. TeM He MeHee sonpoc Hen&sH 

CtIHTaTb snonHe HCHb!M. B HaH6onee TI!laTen&HO BbITIOnHeHHbIX •3KCnepnMeHTax 

no xpaHeHttro YXH B ycnoBHHX rny6oKoro oxna~neHHH oTpalKaromeA noaepxHOCTH, 

Korna npouecchl Heynpyroro pacceHHHH, corrpoaolKna~mnecH HarpesoM HeATpo-
/9, 9/ . -

HOB, )lOTilKHhl ucqe3HYTb ' ' pacxomneHHe C TeopneH OCTaeTCH oqeHb 6on&-

lliHM /1-3 rropH)lKa/. Hano OTMeTHTb, onHaKO, qTo B 3THX 3KcrrepuMeHTaX 

oqeHb TPY)lHO KOHTPOflHPOBaTb KaqecTBO ITOKPhlTHH ITOBepXHOCTH OTPalKaromuM 

MaTepHanoM H.TeM 6onee ero XHMHqecKttA COCTaB. 
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Og'HaKO; HeCl'!OTPH Ha 9TH pacxo,icgeHHH, gOCTHrHYT nporpecc B YTOtJHe:

HHH nepHoga pacnaga HettTpOHa MeTogoM xpaHeHHSl YXH. McnonbSOBaH npHeM, 

SaKmo11a10mHfiCH B 9KCTpanonHI.{HH 9KCnepHMeHTanbHbIX gaHHblX K 6ecKoHetJHOMY 

06'beMy 110 , 111 HnH K HyneBOH CKOPOCTH HeHTPOHa 191 c yqeTOM HSMeHHIO

meilcH npH 9TOM Hs-sa rpaBHTaQHH reoMeTpHH xpaHeHHSI. nony11eHHhle pesynb

TaThl no cpe,n;HeMY BpeMeHH lKMSHH HeHTPOHa 'tn =887,6!3 c 111 1 
H 888,4!2,9 c 191 SaMeTHO npeBOCXOASlT no TOtJHOCTM nonyqeHHhle paHee Me

TO,!J;OM perHCTpaQHH npOAYKTOB pacnaga HeiiTPOHa. 

napanneJibHO C xpaue1rneM YXH B 11 SlgepHbIX11 nOBYmKax paSBHBanHCb pa-

60Thl no MarHMTHOMY y,n;eplKaHMIO. rpynna ro.r.A6oBa B MT3~ MCCnegoBana xpa

HeHHe YXH B OAHOCBHSHOH MarHHTHOH noBYWKe 1121 • rpynna HS 6oHHa YCTa

HOBHJla B ttHCTHTYTe nay9-flaHlKeBeHa Ha nyqKe xonOAHhlX HefiTPOHOB CBepxnpo

B0,IJ;Hmee MaI'HHTHOe HaKOnHTenbHoe KOJibQO ,IJ;JIH. HefiTPOHOB MMKPOBOnbTOBOro 

,n;HanasoHa 9ueprnfi. HM yganocb HsMepHTb TaKMM o6pasoM cpegHee BpeMH 

lKHSHH t1efiTPOHOB 'tn =877!10 c 1131 . 
YXH scpcpeKTHO HCnOJlbSOBaHhl TaKlKe B 9KCnepHMeHTe no YTOtJHeHHIO sapHga 

HeHTPOHa' npoBe,n;eHHOM COBMeCTHO rpynnoii HS 6onrapm1 H nmr~. 

KpoMe CKasaHHOI'O BblWe, YXH MO)KHO McnonbSOBaTb H B pH,qe APYI'HX Ha

npaBJieHHH. l1HTepecHa 11 cneKTPOCKOilHSl HarpeTbIX HettTpOHOB 11
• 3gecb HaMetJa

eTCSl AOBOnbHO HHTepecHaSI H YHHKanbHaH BOSMO*HOCTb: cneKTP HeMTPOHOB, 

nonyqawmHXCSl nocne pacceSIHMSl YXH Ha CTeHKe noBYWKH (aTOMbl BO,IJ;Opoga 

BO MHOI'HX cnyqaSIX ,n;onlKHhl COCTaBnSiTb OCHOBHOH BKnag B pacceHHHe),~aeT 

HH(pOpMaQHW O xapaKTepe Kone6aHHH aTOMOB B nosepXHOCTHOM cnoe. MeTOA 

OtJeHb tJYBCTBHTeJieH - MOlKHO HccnegosaTb gonH MOHOCnOH agcop6HPOBaHHoro 

HnH BHegpeHHOI'O B noBepXHOCTb BO~opoga. 3gecb nonytJeHhl ,!J;OBOnbHO llPOTH

BopetJHBUe H TPYAHO 06'bSICHHMhle pesyJibTaThl, KacaromnecSI Bonpoca: yXeCTO

qaeTCSl HJIH,Hao6opoT, CMSlI'tJaeTCSl cneKTP HarpeTblX HeHTPOHOB no Mepe Toro, 

KaK Bbl HarpeBOM yganSieTe BOAOPOA c IlOBepXHOCTH 114 •151 • nocnegHHe pe

synbTaTbI, HaH6onee AOCTOBepHhle H Ha,IJ;el!\'.Hb(e, noKaShlBalOT COBepmeHHO YHH

Kanbuoe noBegeHM~: no Mepe Toro·, KaK Bbl yganHeTe sogopo,n;, cneKTP. aa-

. rpeThlX Ha OCTaBWeMCSl BOgopo,n;e HefiTpOHOB CMSirqaeTCSI.TTpoBegeHo C YXH HeMa

no H geMOHCTpaQHOHHhlX 9KcnepttMeHTOB,C HCilOJibSOBaHtteM 60JiblliOH AJIHHhl son

Hbl: AH¢ipaKQHSl Ha peweTKe 1161 , npoXOl!\'.,IJ;eHMe qepes HHTepcpepeHQHOHHble 

(pHJlbTPbl / 17 /, pa.n;HorpaqmSI Ha YXH / 181 , nonytrem1e yBeJIHtJeHHblX HS06pallte

HHH - npogBHlKeHHe K cosgaHHIO HettTPOHHOI'O MHKPOCKona 1191 • 9KcnepHMeH

TanbHO nposepeH 9q:Jq:JeKT MeTannHtJeCKOI'O OTPalKeHHSl HefiTPOHOB 1201 • llsMepe

Ha aKTHBaQHOHHhlM MeTO,IJ;OM rny6H.Ha npOHHKHOBeHHSl YXH-BOJ1Hbl B semecTBO 

s YCJIOBHSIX nonHOI'O OTpueHHSl 121 1. 
BosMOlKHO noCTpoeHHe HefiTpOHHhlX HHTepcpepoMeTpOB B gnanasoHe gJIHH 

BOnH YXH/ 2Z/, 

B 70-x rogax 6onbme 10 na6opaTopHfi saHHMaJIHCb HccnegosaHHSIMH 

B o6naCTH YJibTpaxonogHblX HeHTPOHOB: OT KaHagbl AO RnoHHH, saTeM SHTYSH-

41 



a3M HeCKOilbKO cnan, IlOTOMY qTO Bee O~PeAenHeTCH HHTeHCHBHOCTbID. CeAqac 

BblpBailHCb Bnepen nBe na6opaTOPHH: HHCTHTYTa Ilay9-IlaHEeBeHa H IlHRcI>. 
I!nOTHOCTb IlOTOKa YXH npeBblCHna cefiqac 10 4 H/CM2 c, 9TO Ha BOCeMb IlOPHn-

. /5/ . KOB 6onbme, qeM B nepBOM OilblTe • MOEHO HaneHTbCH, qTo 9~~eKTHBHOe 

npHMeHeHHe YXH 6YAeT B'nanbHeAmeM pacmHPHTbCH. 
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OTTTvlKA YXH l1 HErlTPOHHb!li! MHKPOCKOTT 

A .11. <!>pa HK 

l1HCTHTYT aTOMHOA 3HeprHH HM. 11.B.KypqaTOBa, MoCKBa 

Pa6oThl, KOTOPhle ff Beny C MOHMH KonneraMH H3 KypqaTOBCKoro HHCTHTY

Ta, oqeHb TeCHO CBH3aHhl·C HeCKODhKHMH pa6oTaMH HnbH MHxaAnoBHqa. R ,llOn

meH CKa3aTh, qTO caM ff C l1nheA MHxaAnOBHqeM HHKorna He pa6oTan, XOTff 

mH3Hb MOH cnomHnacb TaK, qTo nocne.[(HHe 10 neT ff .[(OBOnhHO TeCHO conpHKa

ca1ocb c era neHTenbHOCThl!l. C pa6oTaMH l1nhH MHxaBnoBHqa no onTHKe YXH 

ff no3HaKOMHnCH Han HeHTPOHHOH lliKone B 1974 rony, rne 6bm yqacTHHKOM 

H cnyman pH.[( noKnanos. OHH Ha MeHff npoH3BenH Torna 6onhmoe BneqaTneHHe. 

H npomno eme nosonhHO MHororneT, npemge qeM 3TO npespaTHnocb s o6nacTh 

npo¢eccnoHanhHoA neHTenhHOCTH. 

nocne Toro. KaK 3.[(eCh. B 3TOH na6opaTOPHH. 6bmH OTKPblTbl ynbTpaxo

DO.[(Hb!e Hei"iTPOHbl, cosepmeHHO ecTeCTBeHHO, qTo J,l.nhff Muxaiinosuq 3THM oqeHh 

YBDeKCH, BblCTynasume no' MeHff o6cym.[(aJIH-, qTQ OH 6onhlIIe mo6Hn: ff,llepHyIO 

~H3HKY HDH OnTHKY? n He yBepeH, qTo 06 3TOM MOmHO CKOnhKO-HH6Y,llb onpe

geneHHO CY.[(HTb, HO BOT IOptti'.I TTaBDOBHq nonoB CKa3an, qTo Hnbff MuxafinOBHq, 

KOHetIHO, oqeHb pa.[(OBancH, Kor.na 3TH .[(Be o6nacTH MOmHO 6bmo coe,llHHHTb, 

H 3TO, HeCOMHeHHO, BepHo. l1 3TO 6wn cqacTnHBhlA MOMeHT, noTOMY qTo 3,lleCh 

MOmHo 6bIJIO OilTHqecKoe MblllineHHe, BOnHOBOe MbIIIIneHHe H npeKpaCHYIO onTHqec

KYIO 3PY.[(HUHIO np1mom11Th K HeHTPOHHOH qJH3HKe, H 3,lleCh B03HHKnH, no-MOeMy, 

cosepmeHHo 3aMeqaTenhHbie semu. B 1972-1974 rr. 6bmo ony6nHKOBaHo He

CKODhKO CTaTei"i, HO ~aKTHqeCKH 3~0 pa3BHTHe 0,llHOH H TOH ~e pa60Thl: KOpoT

KaH CTaTbH B. "TTPHPO,lle", .[(Ba npenpHHTa na6opaTOPHH H neKUHff Ha LlKone. 

K co~~neHHIO, 3TH pa60Thl He nonyqHnH mypHanbHOH ny6nHKaUHH, 0 qeM ff Bcer

na OtieHb co~anen, OHH OCTamtCb KaK-TO oqeHb Mano H3BeCTHblMH. H3BeCTHO, 

llTO ecnH no.[(XO.[(HTb K HeRTPOHHOA onTHKe, TO MO~HO nocTynaTb ,llBOffKHM o6pa- c 

30M: Momuo HCXO.[(HTh 113 onTHqecKoro noTeHUHana H pa6oTaTb C ypaBHeHHeM 

filpenuHrepa,u see nonyqHTcff TaK,KaK Hano, a MomHo 

HBTb C noKa3aTenff npenoMn~HHH, KOTOPhlH eCTb OTHOIIIeHHe BOnHOBhlX qHcen 

B L'.pe,ne H B BaKYYMe. EcTeCTBeHHO, qTQ Hnhff MuxaAnoBHq nomen no 3TOMY 

nYTH H cpa3y me Hanucan 3TO B BH,lle, qpe3BhlqaAHO npHBhlqHOM B onTHKe 

H B onTHKe MeTannoB, conocTaBHB KBanpaT noKa3aTenff npenoMneHHH C ,llH3-

neKTpHqecKoA npOHHuaeMOCTblO, a ecnH noncTaBHTh npaBHDbHO Bee BennqHHhl, 

TO nonyqaeTCff BOT TaKaff 3aBHCHMOCTb: 
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£ n2 = [1- Ve~m ] · o< 2 

v-t + L V-2-
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V.. '"'~V!i! d.z=J:....t.Jr6v-) . 
eol! tvt tr 2.,r t11 r 

( 1 ) 

nerKO BHAeTb, ~TO npH TaKOH 3anHCH nonHoe OTpameHHe nonyqaeTCH oqeHb 

npocTo. TTp0 nocTaToqHo 6onhrnoA nn0He BonHw neAcTBHTenhHaH qacTh E cTa

HOBHTCH OTPHUaTenbHOH, KaK 3TO 6b1BaeT y MeTannoB. 0Tn0q0e OT OilTHKH 

MeTannoB COCTOHT B TOM, qTo B HeATpOHax OTHOWeHHe MHHMOH H neACTBHTenb

HOA qacTH g oqeHb Mano, a TaKoe MomeT 6WTb TOnhKO B COBeprueHHO 0neanh

HWX_MeTannax, a OHH Bcerna He 0neanbHW, TaM eCTb AHCCHilaUHH 3HeprHH, 

BemecTBO nnH HeATpoHa - MeTann-6onee 0neinhHoe, qeM xoporn0A MeTann nnH 

CBeTa. 3TH iPOPMYnbl BOWnH B ml13Hb, .OHH 11cnonh3YIOTCH H mHBYT' 0 HHX 6onb

lllHHCTBO 3HaeT, OnnaKO ropa3AO MeHhWe 6bma 3aMeqeHa BTopaH Bell\b, KOTOPYIO 

HnhH M0xaAnoB0q B 3THX me pa6oTax cne,,an.Torna Bcex oqeHb BOnHoBa.11 Ta1rn

CTBeHHhl~ B TO BPeMH BOnpoc:Kyna 0cqe3aMT ynbTpaxononnwe HeflTPOHW H3 no

BYllieK? TTpo6neMa xpaneHHH B 70-x ronax 6bma qpe3Bbiqafrno aKTyanbHoA. 

VinbH M0xafmoB0q Tome IlbITancH K neA IlO,[iOflTH IlO-CBOeMy H, B qaCTHOCTH, 

qepe3 onTHKY. On o6panmc.H K cTapblM pa6oTaM n:rnca 50-x ronoB, rne 

BMeCTO npoCTOH ~OpMynw, KOTOPYIO H nttcan, cp0ryp11pyeT eme nonpaBoqnwA 

K03(pqJHU11eHT, KOTOPWH Ha3WBa!OT K03cpqJHQHeHTOM fl3Kca: 

n2 ~1. _f!!.cg 
1\' 

I · 1I I () II 
C=-C-t.C n=e-i.0 

' , & • ( 2) 

CMwcn ero 6qenb npocToA. B pa3pemeHHoA cpene era ne nonmno 6WTb, iaK 

me KaK nnH CBeTa Ha CB060,[iHWX 3neKTPOHax HnH nnH penTreHa B BemecTBe. 

TaK me KaK nnH cBeTa, np0 nepexone K cpene B03HHKaeT n0cnepc0onHaH 3a

B0c0MocTb 6onee cnomHaH, H nnH neATpOHOB, B IlPHHUHne, eCTb HeKOTOpaH 

nonpaBKa,H 3TOT ~03cpcp0u0e~T ee yqHTWBaeT. HneH COCTO.Hna B nonymeHHH 

TaKoro ycTpoAcTBa 3Toro nonpaBoqnoro Ko3~~11u0eHTa, qTo nnH ynbTpaxonon

HblX HeJlTPOHOB OH CKa3blBaeTC.H KaK-TO CllnhHee' tieM ,[inH 06biqHblX. Torna 

Momno 6wno cornacoBaTb pa3HHUY B ceqeHH.HX nornowenHH 0n0 yxona, 0n0 0c

qe3HoBeHHH ynbTpaxononnwx HeHTPOHOB, nonyqenHWX H3 OilWTOB C YXH H 113 

onwToB c TennoBWMH HeATpdnaMH. Co BpeMeHeM 3Ta npo6neMa paccocanacb, 

c xpaHeHHeM cTano Bee xoporuo,·a cpH3HKa MHoroKpaTHoro pacceHHHH, neAT

POHHaH OilTUKa, ee TeOpHH npononmana pa3BHBaTbCH, H OKa3anocb, qTo HnbH 

M0xaAn0B0q MHoroe yranan 0n0 noHHn, ceAtiac H yme 3Toro He Mory cKa3aTb. 

TT03me noHBHnHCb nBe xopowue pa6oTw 1982 H 1985 rr., T.e. qepe3 

10 neT nocne pa60Tbl HnbH MuxaAn0B0qa .• 3TO' B qaCTHOCTH' pa6oTa Cttpca. 
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Y HeI'O ecTb 6onhlllOH o6sop "<l>YH,ZJ;aMeHTanbHble OCHOBbl HeiiTpOHHOH OilTHKH', 

H TaM Bee 3TO C,ZJ;enaHO B o6meM BH,ZJ;e ,!J;O KOHUa, 3TO HailHCaHO B HeKOTOPb~ 

np06nHlKeHHHX, H OKasanocb, qTo,,lleHCTBHTenbHO,K03~~HUHeHT ns1<ca eCTb, 

",AeHCTBHTenbHO, OH CO,ZJ;eplKHT ,ZJ;eHCTBHTenbHYW H MHHMYW qacTb, ,ZJ;eHCTBHTenb

Ho, B nonpaBKH BXO,!J;HT BOnHOBOe q0cno B 3HaMeHaTene. Xopomo BH,!J;HO, qTo 

.D;nH TennOBhlX HeHTPOHOB, KOI',ZJ;a _BonHOBOe q0cno 6onbmoe, o6e 3TH nonpaBKH 

HAYT B HOnh, a IlPH Manwx BOnHOBhlX q0cnax OHH cymecTBYWT, K npo6neMe 

xpaHeHHH 3TO He HMeeT OTHOWeHHH, HO OTCW,ZJ;a cne,ZJ;yeT BeCbMa HHTepecHhlH 

TeopeTHqecKHH BblBOA, KOTOpblH 6bln npoaep_eH 3KCnep0MeHTanhHO H npe,ZJ;CTaB

nHeT co6O11, no-BH,!J;HMOMY, BnonHe ,!J;OCTOHHYW sa,ZJ;aqy, EcnH nepeHTH OT 3TOH 

~OPMYnHPOBKH K IlPHBblqHoH .D;nH MHOI'HX ~OPMYnHpOBKe C OilTHqecKHM noTeHUH

anoM, 3TO O3HaqaeT, qTo OilTHqeCKHH IlOTeHUHan saBHCHT OT 3Hepf'HH, np0qeM 

3Ta saBHCHMOCTb IlPOHBnHeTCH TOnbKO B o6naCTH xono,ZJ;HhlX H oqeHb xonO.D;HhlX 

HeHTpOHO~H ee npaKTHqecKH HeT .D;nH TennoBhlX HeHTPOHOB. B 3Kcnep0MeHTax 

c HeHTPOHHblMH HHTep'!JepoMeTpaMH, KaK pas B TennOBOH o6naCTH, Ilb!TanHCb 

HCKaTh, HO TaM ee He ,!J;OnlKHO 6hlTb. CMwcn 3TOH nonpaBKH COCTOHT B TOM, 

qTo ,ZJ;alKe ,ZJ;nH ,llnIIHHOBOnHOBblX HeIITPOHOB eCTb KoppenHUHH B p9-CilOnOlKeHHH 

aTOMOB, eCTb BsaUl\!HaH HHTep~epeHUUH pacceHHHb!X BOnH, XOTH cpe.r:i;a qiaKTH

qecKH aMop~Ha, HO TeM He MeHee aTOMhl Henb35I c6nH3HTb Ha HeKOTopoe 

paCCTOHHHe, eCTb 6nHlKHUH TIOPHAOK. TpeTHH IlYHKT, KOTOPhlH B 3THX pa6oTax 

CO,lleplKancH H Ha KOTOPhlH H ,ZJ;anbme 6YAY onupaTbCH, ITPHBe,lleH TOnbKO B o.r:i;

HOII H3 3THX Tpex rry6m11<aUHii, a HMel!HO.B lKYpHane "IlPHPO,lla" 1972 I', 

l~bH MuxaAnoBuq HapHCOBan KapTHHKY, IlOXOlKYW Ha STY (CM. PHC. 1), I',ZJ;e 

Puc. 
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H3O6palKeHo sep1<ano, OT KOTOPOI'O 

HeHTPOHhl HCIThlThlBaWT nonHoe OT

palKeHHe npu HOpManbHOM YI'ne, 

HMeeTCH HCTOqHHK, HMeeTCH H3O-

6palKeHHe, H oqeHb KOPOTKO I'OBO

punoch o TOM, qTo MOlKHO B 6yny

meM AYMaTb, qTo sep1<anhHaH on

THI<a nonHOI'O OTPalKeHH5I H ynbT

paxononHwe HeHTPOHhl MOI'YT npH

BeCTH K IlOHBneHHW HeHTPOHHOI'O 

MHKpOCKona. 3TO 1972 I'O,D;. QqeHb 

TPYAHO ce11qac noHHTh, Hac1<onb1<O 

OH npennonar"an sTo peanbHblM. 

CaM OH Ha 3TOT BOnpoc He OTBe

qan.3TOT PHCYHOK H 3TO npennono

lKeHue TaKlKe TOI',ZJ;a He 6hlnH ITOHH

Thl, nO-BH,!J;HMOMY, 6onbWHHCTBOM, 

Iloci<onhKY ynbTpaxononHwe HettT-



pOHhl cqHTaJ1H Ha WTYKH, H Mhl BCe 3TO xopowo 3HanH, TO KapTHHKa 3Ta BOC

npHHHManacb KaK COBepweHHO KopnyCKYJ1HPHaH: Hy,na,naeT wapHK, OTpaJKaeTCH, 

nona,naeT cro,na - qTo s,nech, Kasanoch 6b1, HHTepecHoro. Ho no npowecTBHH 

HeCKOJlhKHX neT nocne Toro, KaK 3TO 6bmo HaneqaTaHo, ?I saBen c l1nhei'i 

M0xai'iJ10BHqeM pasroaop H~ 3TY TeMy: xopowo, snech C wapHKOM BCe nOHHTHO, 

HO BCe-TaKH H306paJKeHHe eCTb pesynbTaT HHTep~epeHQHH BOJ1H, a C BOJ1HaMH 

KaK-TO 3,!leCb He oqeHb ace xopowo. neTHT HeHTPOHbl no KPHBblM J1HHHHM, .na 

eme, no-aH,UHMOMY, BpeMH pasHoe saTpaqHBaIOT. KaK C q>OpMHPOBaHHeM H306pa

JKeHHH, ecnH nepei'iTH K BOJ1HOBOMY H3hlKY? Pasroaop apo,ne 6w KoHqHJ1CH HH

qeM, OH HeMHOI'O sa,nyMancH, a noTOM CKasan MHe, qTo,B o6meM-TO, qTO lKe 

3,necb TaKoro: ,nei'iCTBHTeJlbHO, BOJ1HOBOe qHCJ10 MeHHeTCH, 3HaqHT,Mbl MOlKeM 

aBeCTH noKa3aTeJ1b npenoMneHHH, BOT Mhl ero HanHcanH, a pas eCTb noKa3a

TeJ1b npenoMneHHH - 3TO Heo,nHopo,nHaH cpe,na. EcTb npHHUHn $epMa CTaQHO

HapHOCTH tashl ,!lJ1H ~a3HhlX nyqei'i, H BCe xopowo. OH 6hlJ1 oqeHb me.up, H 38 

,!lBYMH no,nmICHMH, no cyruecTaY, 3TH coo6palKeHHH 5wnH ony6J1HKoaaHW 

CHaqana a MaTepHanax i'.iKOJlbl, a noTOM ,naJKe B "TTlICbMax B Y.<3T<I>". J.lyMaH Ha 

3TY TeMy, H noHHJ1, qTO 3,!leCb neACTBHTeJlbHO Bee oqeHb npOCTO. 3TO npOCTO 

aHaJlOI'HH MelK,UY onTHKOR H MexaHHKOA, H3aeCTHaH oqeHb ,naBHO co BpeMeH 

faMHJlbTOHa - onTHKO-MexaHHqecKaH aHanorHH faMHJlbTOHa, lI OHa anolKeHa 

B ypaaHeHne Wpe,nHHrepa KaK HCXO,!lHaH. Ho BOT aBe,!leHne noKa3aTenH npe

J10MJ1eHHH ,!lJ1H BaKYYMa, onHCaHlIH ,neACTBHH ClIJlhl Ha H3WKe noKa3aTeJ1H npe

J10MJ1eHHH, CBe,neHHe aceR 3a,naq0 K OOTHKe Heo,nHOPO,!lHWX cpen, KBK OOTOM 

BWHCHHJIOCb, KOI',!la npHlliJ10Cb 38HHMaTbCH C OOTHqecKHMH BemaMH 6onee npH

KJla,!lHhlMH, OKa3aJ10Cb qpe3ab1qafrno y,no6HbIM. Eonee TOI'O, OKa3aJIOCb, qTO 

H aonpoc C IlPHHUHnOM <l>epMa 3HaqHTeJlhHO CJIOlKHee, qeM TOr,na HaM npe,ncTaB

J1HJ1CH. TTpOCTO ,!lJ1H Toro, qTo6w noKa3aTb, qTo T~KOe noKa3aTeJ1b npenoMne

HHH H KaK ero ,nanbwe npHXO,!lHTCH HCOOJlb30BaTh, H 3TY JKe 3a,naqy BBM no

KalKy. 0Ha oqeHb H,!leaJ1H3HPOBaHa, H 3,!leCb HeT HHKBKHX 3epKaJI. Ha PHC. 2 

noKa3aHbl nae cpe,!lbl, noKas_aTeJlb npeJIOMJleHHH e,nmrnu:a H rpaBHTaUHOHHb1!1 

noKa3aTeJ1b. l1 HaqanbHOe YCJ10BHe - H,!leaJibHblH cqiep0qeCKHH ~POHT. Tor,na 

B 3TOH cpe,ne BOJ1Hhl KaK-TO pacnpOCTpaHHIOTCH, 6y,neM I'OBOPHTb CHaqana Ha 

H3WKe reoMeTpHqecKoB OOTHKH. Tor,na B paAoHe ~OKYCa B03HHKaeT HeKOTOpaH 

KaYCTHqecKaH noaepxHOCTb, ee no BCeM 38KOHaM reoMeTpuqecKOH OOTHKH MOlK

HO nocqHTaTh, OHa OOHCWBaeTCH ypaaHeHHeM. A eCJlH .!lYM8Tb O BOJ1HOBhlX HB

JieHHHX, TO Bonpoc oqeHb IlPOCTOH: BOJ1Mhl, npHllie,!llliHe H3 pa3HWX MeCT nepBo

HaqaJlbHO H,!leanhHOro q>pOHTa B TQqKy Ha6mo,neHHH, KaKHM HBJ1HeTCH q>OKYC, 

IlPHXO,!lHT C pa3Hb~H ~a3aMH. fl B3HJ1 CHaqana MOHOXPOM8THqeCKYIO BOJ1HY, r,ne 

B IPOPMHPOB8HHH H3o6paJKeHHH 1qacTBYIOT TOJlbKO BOJ1HW H3 HeKOTOPOH o6nac

TH, o6ecneqHBaIOmeu KOHCTPYKTHaHyIO HHTepqiepeHQHIO. 3TO tt eCTb oueHKa To

ro, KaKYIO MOlKHO anepTypy B3HTb, qTo6w nonyqHTb BOJ1HOaoe paspeweHtte. 

EcnH aw 6y,neTe 6paTh anepTypy 60J1blliYIO, TO HaqHeT pa60T8Tb rpaBHTaUHOH-
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Hoe HCKaJKeHHe. Hano cKasaTb~ 

tJTO 3TO ·BilOJIHe pasyMHble BeJlH

tJHHW ,, ecnH pa6oTaTb c YJlbTpa

XOJlOUHblMH HeiITPOHaMH Ha pac

CTOHHHHX IlOPHUK~ 10 CM, TO 

pasyMHaH anepTypa B HeCKOJlbKO 

MM, a nanbme ee ysenntieHHe He 

MOJKeT ynytJWHTb BOJlHOBOe pag

perneHHe. A MOJKHO JlH cnenaTb 

nyqrne? 3TO CTaHOBHTCH cosep

rneHHO OtJeBHUHhlM' ecnH paccyJK

naTb B TepMHHaX OilTHKH HeOA

HOPOAHWX cpeA, Bo scex KJlaC

CHtJeCKHX yqe6HHKax AOKa9WBa

eTCH TaKaH TeopeMa, tJTO Bon

THtJeCKOA CHCTeMe AJlH Toro, 

tJT06W nony~HTb pe9KOe H906pa

JKeHne TOtJetJHoro HCTOtJHHKa,AO

CTaTOtJHO OUHOH accpepHtiecKOH 

nosepXHOCTH, a ecnn B~ XOTHTe 

nonytJHTb H906paJKeHHe HeKOTOpo-

ro DPOTHJKeHHoro YtJaCTKa, a He 

ToqKH, TO nocTaTOqHo ABYX ac~epeqecKHX nosepXHOCTeR. EcnH BHHMaTeJlbHO 

DOCMOTPeTb, KBK 3TO BWBOUHTCH, OKB9WBaeTCH, tJTO nnH swsona 3T00 Teope

MW He Tpe6yeTCH npennonoJKeHHe 06 ODTHqecKoA HeonttoponHOCTH cpeAW, OHa 

cnpasennnsa soo6me. Ecne rosopHTh o TOM, qTo cnna THJKecTH npocTo npn

sonttT K TOMY, qTo DOHBJlHeTCH ODTHtJeCKH HeonuoponHaH cpena, 9HatJHT,no

CTaTOtJHO ABYX accpeptttJeCKHX nosepXHOCTefl. ITOTOM 3TO 6b1Jl0 pactieTaMH DOA

TBepJKneuo pa9Hb!MH aBTOpaMH. 

"xoqy qyTb-qyTb' sepHYTbCH K DPHHUHDY $epMa. HcHo, tJTO ypasHeHHe 

llipennHrepa - 3TO ypaBHeH11e BOJlHOBOe, BCH ODTHKa B HeM tonepJKHTCH,H OHO 

CBOAHTCH K ypaBHeHHW 3flKOHana. A BOT qTo KacaeTCH DPHHUHDa $epMa, TO 

H TYT HeMHOro XOTen 6w noroBOpHTb, DOTOMY qTo 3TO eCTb TOT caMwA BOn

poc, c KoToporo see uaqanocb. 3Ta nucKyccuH cpaKTtttieCKH 6hma npononJKeHa 

s 1982 r. lliTaiiepnoM. Ou o6paTHJ1 BHHMaHHe Ha TO, tJTO B o6wti~OH OilTHKe 

DPHHUHD 0epMa, KOTopwR nepBOHatJaJlbHO <POPMYJlHPYWT KaK npHHUHD c~auuoHap-

HOCTH ~asw, onuospeMeHHO DPHBOAHT K pe9yJ1bTaTY, tJTO CTaUHOHapHo 

n apeMH pacnpocTpaueHHH cBeTa, ecn11 ecTb nso6paJKeHtte, a ecnu rosopttTh 

0 TpaeKTOPHH, TO BpeMH MHHHMaJlbHO. HcxonH npoCTO H9 KJlaCCHtJeCKoro pe

meHHH ypasueuuH llipennurepa, MOJKHO cnenaTb see TO ze caMoe AJlH THJKenwx 

qacTHQ. YTO KacaeTCH CTauuoHapHOCTH cpasw, TO snecb BCe B nopHnKe, HO 
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BOT apeMH, KOTopoe KnaccuqecKaH qacT0ua 3aTpaTuna 6w, ttnH no Knacc0-

qecKofi TpaeKTOPUU OT UCTQqHUKa no BOnHOBoro ¢pOHTa no pa3HblM nYTHM,-

3TO BpeMH pa3HOe. CnpalliUBaeTCH: MOlKHO nu Boo6me rOBOPUTb O BpeMeHH, 

ecnu Mhl 3ananUCb nnocKoA BOnHoO, KOTopaH 6eCKOHeqHa,.u Boo6me KOppeKT

Ha nu ~Ta nocTaHOBKa Bonpoca? 0TBeT Ha 3TOT Bonpoc He TaK neroK. Peqb 

0neT O B~eMeHu, KOTOpoe'TpaTHT Knacc0qecKaH qacTHUa, nBttraHCb no 3TOH 

ipaeKTOPUH. OT UCTQqHHKa pacnpocTpaHHIOTCH BOJ1Hhl, eCTb BOnHOBOH ¢poHT, 

3necb paseHCTBo ¢a3 no onpeneneHuw, a Knacc0qecKaH qacTuua, 0nH no 

3THX nyqefi, noTpaTUJla 6hl pa3HOe BpeMH. 3TOT Bonpoc B KaKoi-TO Mepe TO

lKe ttccnenoeancH B CBH3U C HeATpOHHblMU UHTepcpepoMeTpaMH, Cnsttr cpa3bl 

B UHTep¢epoMeTpe, KOTOphlO HaxonuTCH s none THlKeCTH 3eMnH, 6wn o6HapylKeH 

3aMeqaTenbHblMH onblTaMH KOJ1J1eJ1bl, BepHepa H Osepxay3epa, H sonpoc 06 HH

TepcpepeHUHH BOJ1H B npttCYTCTBllH CHJlhl THlKeCTH B03HllK HeMHoro paHbllie, qeM 

3TO H CKa3aJ1 co CCJ,IJ1KOH Ha lliTa:fiepna. Ob!Jla c¢OPMYJ1HPOBaHa TeopeMa (4y 

H CTonoJlbCKHM), KOTOpaH rnacttna cnenywmee: eCJlll BOJ1Hhl UHTepcpep0py10T 

TaK, qTo Knacc0qecKlle qaCTHUhl BCTpeqawTCH B onHoH TQqKe npOCTpaHCTBa 

ll BpeMCHll, TO sapuaUHH OT pa3HOCTH ¢a3 no napaMeTpy 3ana4H B nepBOM no

PHnKe paBHa o. HHTep¢epeHUHOHHaH KapTHHa CTaUllOHapHa B nepBOM nopHnKe. 

3To oqeHb BalKHaH sem&. Pa3HOCTb ~a3 B llHTep¢epoMeTpe TaKaH, KaKaH OHa 

eCTb. Ho OHa CTBUllOHapHa, Korna B TQqKy Ha6J110,lleHHH KJ1acc0qeCKHe 4BCTH

Uhl HnYT B onHo H TO )Ke BpeMH. llJ1H Hae 3TO BBlKHhlA MOMeHT, noTOMY 4TO 

cpe,llH npoqux pa3HhlX napaMeTpOB 3KCnepttMeHTa eCTb TBKOA ,llJlH nae BBlKHhlA, 

KBK ,llJlHHa BOJ1Hhl. ECJ1H roBOPHTb 06 onTHKe, TO ~TO 03HaqaeT, 4TO B 3TOM 

CJlyqae Bhl noJ1lKHhl nonyqHTb XPOMBTH4eCKH YCTOH4HBYIO KaPTHHy. TIOHHTHO, 

tJTO HeOTpOHbl pacnpocTpaHHIOTCH B none THlKCCTH 3el\!J1H, OtJeHb CHJlbHO MeHHH 

CBOH TpaeKTOPHH B 3aBHCHMOCTH OT CKOPOCTH, no~TOMY rpaBHTaUllOHHhle HC

KalKCHHH BBlKHhl. 3Ta TeopeMa YTBeplK,llaeT TOJlbKO, ~TO B 3TOH CHTyau~H 

B nepBOM nopHnKe ace XOPOlliO. 0Ha He YTBCPlK,llaeT o6paTHOro, T.e. 4TO eCJlll 

HeT ll30XPOHHOCTH, TO-DJ10XO. 3TO MOlKHO nposepHTb ,llJlH Tex HJ1H HHhlX KOH

KpeTHhlX CJlytJaeB,H 3TO 6WJ10 cnenaHO ,llJlH npocToro HHTep~epoMeTpa. KpttTe

PHH 3HaquMOCTH CHJlhl THlKeCTH 3eMJ1ll, Karna Bhl rosop11Te 06 HHTep~epeHUHH, 

eCTb BOBCe He OTHOllieHtte pa3HOCTH rpaBHTBUIIOHHOll 3Hepr1rn K 3HeprHH, KaK 

MOiKHO 6b!J10 no,llyMaTh, a YMHOlKeHHOe Ha ,llOBOJlbHO 60J1bl!IO:"i MHOlKHTeJlh, KOTO

pwA CaM eCTb npOH3Be,lleHHe BOJlHOBOro 4HCJ1a H KBKOrO-TO xapaKTep11oro pac

CTOHHHH. Ecnu B3HTb YJ1bTpaxoJ10,llHhle HeATPOHhl, TO OTHOllieH11e 3HeprHH no-
-2 , 8 

PH.llKa 10 ' a 3TOT MHOlKHTeJlb, KOTOPWR eCTb Ha6er cpa3hl, nopHnKa 10 • 

0Tc!Ona noHHTHO. 4TO eCJlH CHCTel\la CHMMeTPII4Ha. TO 3,lleCb Bbl Ha6J110,llaeTe 

HHTep¢epeHUHIO KOnoccaJlbHOro Il0°PH,llKa. MolKHO cnenaTb CHCTeMy HeCHMMeT

Pli4HOA, ypaBHHTb speMH. BHnHo, 4TO ¢a3a Ii BPCMH ypaBHHBalOTCH He onHo

BpeMeHHO. neAcTBHTeJlbHO, OKa3hlBaeTCH, 4TO TeopeMa 4y .Ii CTononbCKOro pa-

6oTaeT. B nepBOM nopHnKe no ,llJlHHe BOJ1Hhl KapTIIHa CTaHOBHTCH CTBUHOHapHoA, 

HO caMa pa3HOCTb ~a3 HaCTOJlbKO BeJlHKa, 4TO U BTopoA nopHnOK TOlKe HHKa-
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KOH pa,1:rocTH He gocTaBmleT. 0TC!Oga gOBOJlbHO BaiKHblH gm1 Hae BbIBOg' tITO 

eCJIH Mhl XOTHM cgenaTh xopomyw OilTHtieCKYIO CHCTeMy, TO Hano cgeJiaTb TaK, 

tIT06hl OHa o6ecnetIHBaJia He TOJlbKO 0,[(HHaKOBYIO ~a3y ,[(JlH pa3HhlX JlYtieH, HO 

tIT06bI eme B03HHKaJia H30XpOHHOCTh pa3Hb!X TpaeKTOPHH, Targa 6ygeT TO, 

tITO Yy H CTogoJihCKHH Ha3hlBalOT H,[(eaJihHOA KOHtHrypaQHeA. ECJIH HatiaTh 

CllHTaTh OilTHtieCKHe CHCTeMhl' TO BbIBQg nogTBepiK,[(aeTCH. 0Ka3bIBaeTCH' llTO 

BO Bee topMYJihl reoMeTpHtieCKOA OilTHKH HeogHopogHhlX cpeg BMeCTO JlHHeAHhlX 

pasMepoB, KOTOpbie ecTh npOCTO paCCTOHHHH MeiK,[(Y KOOP,[(HHaTaMH, BXO,[(HT 

HHTerpaJI BOT TaKoro BHga j 

S cl'2 
T= l n(l) 

• (3) 

~ o6pall.(al0 Bame BHHMaHHe: 3TO He OilTHtiecKaH gJIHHa, 3TO BeJlHtIHHa THila 

BpeMeHH, oHa ycTpoeHa TaK, KaK BpeMH. H eCJIH HanttcaTh KOHKpeTHhle ~op

MYJIW, BW noJiyqaeTe, tITO xopomo MOiKHO C,[(eJlaTb OilTHtieCKYIO CHCTeMy, KOrga 

onHoBpeMeHHO BblilOJIHHIOTCH YCJIOBHH H30ta3HOCTH H H30XPOHHOC~H pacnpOCT

paHeHHH HeATpOHOB B none CHJI. nnH HHTep¢epoMeTpa TaKoe pemeHHe 6hlJIO 

npugyMaHo. OHO OtJeHb npocToe. HYiKHO go6aBHTh BTOPYIO neTJIIO, H TOrga OKa-

3WBaeTCH, llTO TaKaH KOH¢arypaQHH .naeT H HHTep~epeHQHIO B HYJleBOM nopHg

Ke, pa3HOCTh ~a3, KOTOpaH Ha6paJiaCb 3,[(eCh H3-3a Toro, tITO BOJlHOBOe 

tIHCJIO nJIH BepxHeA TpaeKTOpHH MeHhllie, np11.naJ1bHeAmeM pacnpocTpaHeHHH 

KOMneHCHpyeTCH, IlOTOMY tITO TpaeKTOPHH, KOTopaH 6b1Jla HHiKe, 3,[(eCb CTaHo

BHTCH 6onee BWCOKOH, TToTOM TaKoro poga cxeMhl B HHTep~epoMeTpHH cTaJIH 

B03HHKaTb, K TOMY BpeMem, 6b1Jl0 YiKe H3BeCTHO CilHHOBOe 3XO, no aHaJIOrHH 

CTBJIH Ha3WBaTb 3TO ~a30Bb~ 3XO. A Il03lKe Mhl 3TOT iKe IlPHHQHil IlPHMeHHJlH 

B MHKPOCKOilllll, Mbl nocTpo1mH MHKPOCKOil Ha YXH C ropH30HTaJibHblM pacnono

lKeirneM, TaK tITO B HeM BepXHHH JIYtI MeHHeTCH MeCTBMH C HHiKHHM. nnH 3TOrO 

llCilOJib30BaJIH 06opatJHBa10myw CHCTeMy ll3 ,[(BYX 3epKaJ1 B BH,[(e yroJIKOBOro 

OTpaiKa~enH. Ha PHCA 3 BH,[(HO, tITO 3TB cxeMa neACTBHTeJihHO otieHh 6JIH3Ka 

Puc. 3 49 

K cxeMe gByxneTJieBoro HHTep~e

poMeTpa. 

3TOT MHKPOCKOn 6hlJI. HCnhl

TaH; C06CTBeHHO, pa6oTa H ceH

qac npO,[(QJI)KaeTCH. Ho Mhl YiKe 

3HaeM, tITO nonyqaeTCH pa3pe-

rneHtte OKOJIO 17 MHKpOH. HJihH 

MttXaHJIOBHll, KOHeqno, 3HaJI 06 

3TOM pesyJihTaTe, OH B00611.(e 

otieHh "6onen" sa Hamy pa6oTy. 

H 3TOT pe3YJlbTaT OH OlleHh Bbl

COKO ouemm. 



PA3Bl1Tl1E. l1MfJYnhCHblX HEfiTPOHHblX l1CTOlIHMKOB B .[lYEHE 

B.T.PyneHKo 

06beAHHeHHhl0 HHCTHTYT snepHhlX HCCrrenoBaHHA, ny6Ha 

hlpttA 5IKOBITeBHtI CTaBHCCKHA paccKa3an O co3naHHH H nycKe 30 rreT Ha

gan, B 1960 r.,HMilYITbCHOro peaKTOpa nepHOAHtieCKOro neACTBHH - HEP. 

5J nponorr~y paccKa3 0 pa3BHTHH 3TOH YCTaHOBKH. 

na6opaTop00 HeHTPOHHoii ~H3HKH noBe3rro: B nep0on cTaHoBrreHHH oHa 

IlOITYtIHrra B CBOe p~cnops~eHHe HMilYITbCHhlH HeHTPOHHhlH HCTOtIHHK HOBOro TH

na - peaKTOP HEP, n0peKTOPOM rra6op~TOPHH CTan yqeHhlH C MHPOBhlM HMeHeM -

- l1ITbH M0xa11rroBHtI CJ)paHK' HaYtIHblM PYKOBOAHTerreM - <llenop nbBOBHtI llianttpo. 

TaHneM yqeHhlX OKa3aITCH YnatIHhlM. OHH CMorrrH opraHH30BaTb BOKpyr ce6H 

rpynny MOITOAhlX 3KcnepttMeHTaTOPOB H Ha MHOrHe ronhl Bnepen onpenerrHITH Ha

YtIHbe pa3BHTHe rra6opaTOP~H C yqeTOM oco6eHHOC~eH HOBOro HeHTPOHHOro HC

TOtIHHKa. Hx 3aHHTepecoBaHHOCTb B ynyqrneHHH nap~MeTpOB YCTaHOBKH, HX no

MOinb H npecc' Y!'-'IHOlY.eHHbie Ha CTpeMrreHtte HMilYITbCHbIX peaKTOP!nHKOB OCBOHTb 

c;:>H3HKY H TeXHHKY HOBOH qpe3BbltiaHHO HHTepecHOH ycTaHOBK.H H peanH30BaTh 

B03MO~HOCTH, 3arrozeHHhle B HeA, Il03~brrHITH CHaqana IlOBhl~HTb napaMeTphl pe

aKTopa l1BP no npenerrbHOro YPOBHH, a IlOTOM C03AaTh 6orree COBeprneHHhle 

nettCTBYIDJnHe B HaCTosmee BpeMH YCTaHOBKH - HEP-30, HEP-30 c HHmeKTOpOM, 

viEP-2 H nponorr:KHTb IlOHCKH perneHHA HX ynyqrne_HHB. 0 <l:JH3HKe H TeXHHKe 

HMilYITbCHhlX peaKTOPOB tt 6ycTepoB MO~HO rOBOPHTb qacaMH. '3TO OtieHb HHTe

peCHhle YCTaHOBKH. Ho 3a KOpOTKOe BpeMH Moero coo6meHHH H Mory TOITbKO 

Ha3BaTb Y3ITOBhle 3Tanhl pa3BHTHH H HeCKOITbKO CITOB CKa3aTb O KaznoM H3 HHX. 

CTapT - 1960 ron. B HameR na6opaTop00 Haqarr pa6oTaTb HMnyhhcHwA 

HCTOtIHHK HeHTPOHOB - HBP. Ero cpenHHH MOJnHOCTb Bcero ITHllib 1 KBT, HO OHa 

notITH noITHOCTbffi cocpenoTOtieHa B HMilYITbCax,nrr0TeITbHOCTb KOTOPhlX paBHa 

36 MKC.B lliHPOKOM n0ana3oHe MO~HO MeHHTb H tiaCTOTY HX IlOBTOpeHHB.Tipe~ne 

Bcero ofipawaeT Ha ce6H BHHMRHHe AOBOITbHO 6DITbillaH AITHTeITbHOCTb HeATpOHHO

ro HMilYITbCa. l1ccrrenoBaHHH noKa3aITH, tITO B HEPe OHa He Mo~eT 6hlTb MeHbllie 

HeCKOribKHX neCHTKOB MHKPOCeKYHn, Il03TOMY HMilYITbCHhle peaKTOPhl nep0on0qec

Koro neACTBHB Hatt6orree 3t~eKTHBHhl KaK HCTOtIHHKH TenrrOBhlX HeRTpOHOB nrrs 

HCCrrenoBaHHH KOHneHCHpOBaHHhlX cpen. 06rranaeT l16P H Ba~HhlM nns BpeMsnpo

rreTHOH M8TOAHKH CB00CTBOM: tiaCTOTY HMilYITbCOB MomHOCTH MO~HO CHH~aTb 6e3 

cymecTBeHHoro H3MeHeHHB nrrttTeITbHOCTH HMilYIThCa H C coxpaHeHHeM BhlCOKOA 

cpenHeR RHTeHCHBHOCTH. Ho KaK HCTOtIHHK pe30HaHCHhlX H 6hlCTPhlX HeATpOHOB 
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OH He MOZeT KOHKYPHPOBaTb C nPYPHMH BHnaMH HCTOqHHKOB, HMelOmHx Marryro 

nnHTeJ1bHOCTb HMnYITbCa. 

He.r:i:ocTaTOK l1EPa - HH3KaH HHTeHCHBHOCTb HeRTpOHOB. MomHOCTb 1 KBT 
13 

COOTBeTCTByeT npHMepHO, 5•10 He0TpOHOB, BhlTeKalOmHx B ceKYHnY H3 aKTHB-

HOH 30HW, nocrre PHna MonepHH3aUHH B 1964-65 rr. MomHOCTb peaKTOpa y.i:i:a

J10Cb nOBhlCHTb no 6 KBT, HO 9TY MomHOCTb YnepmaTb He YnarrOCb no PHnY npH

qffH H, npezne acero, acrrencTBHe 6wcTporo pocTa ne~opMaUHH o6orroqKH non

BHZHOR 30Hhl. CT09TOMY,CHaqarra CHH3HJ1H qacTOTY apameHHH nttcKa C nonBHZHOH 

qacTblO 30HW C 5000 no 3000 o6opOTOB B MHHYTYt npH 9TOM nrrHTeJlbHOCTb HM

nyrrbca YBeJ1HqHrracb no 50 MKC, a 3aTeM npHlliJ10Cb CHH3HTb H MomHOCTb no 

3 KBT. B 9TOM peZHMe peaKTOP pa6oTarr BnITOTb no ero OCTaHOBKH B 1968 r. 

HenocpencTBeHHO nepen ocTaHOBKoA peaKTopa 6b1J1 paspa6oTaH H ocymecT-
-1 . 

aneH pemHM C qaCTOTOH HMnynbCOB MomHOCTH 0,2 C . CTpu 9TOM nHKOBaH Mom-

HOCTb B HMnYJ1bCe noCTHrrra MHJ1J1HOHa KHJlOBaTT. B 9TOM pemnMe y.i:i:arrocb Bhl

noJ1HHTb PHn HHTepecHhlX H3MepeHu0, B,qaCTHOCTH, rpynnoR 9KCnepHMeHTaTO

POB non PYKOBoncTBOM cI>.n.lilanHpo. 6bIJ1H saperHCTPHPOBaHbl YITbTpaxorronHble 

He0TpOHW, CKOPOCTb KOTOPhlX COCTaBrrHeT Bcero JlHllib HeCKOJlbKO MeTpOB B ce-

. KYHnY, H OHM 06nana10T YHHKaJlbHblMH CBOHCTBaMH. DblITH npoaeneHbl TaKme HCCJle

noaaHHH BJ1HHHHH TenJ10BOPO Ynapa Ha TOnITHBHWe 9JleMeHThl peaKTOpa, KOTOphle 

HeB03MOZHO OblJlO BblnOJ1HHTb Ha UPYPHX YCTaHOBKaX. 

12 aBPYCTa 1968 r. 3aKpbIJ1HCb nyqKH peaKTOpa l1EP, . a qepe3 ron' 
I ·" • 

17 aBPYCTa 1969 ·P ., nyqKH Ha nponeTHble 6a3bl 6b!J1H CHOBa OTKPblTbl, HO yze 

pa60TaJ1 Hoaw0 peaKTOP HEP-30, OcHOBHaH uerrb cosuaHHH peaKTopa HEP-30 -

• noaWCHTb cpenHIOIO MOmHOCTb npu He3HaquTeJ1bHOM yaenuqeHHH nrrHTerrbHOCTH 

HMnYJ1bCa, 0Ha COCTaBHJ1a .70 MKC npH CKOpOCTH JJ:HCKa nonBHZHOA 30Hhl 3000 

o6opOTOB a .MHHYTY, HEP-30 MOZeT pa6oTaTb H npH CKOPOCTH apameHHH UHCKa 

5000 o60POTOB B MHHYTY, HO pesKO yaerruqHBaeTCH H3HOC MalliHHW, a nrrHTerrb

HOCTb HMnYJ1bCa COKpamaeTCH JlHllib uo 50 MKC. CTapaMeTpW: cpenHHH TennoBOH 
· 11 14 noTOK C noaepXHOCTH 3aMeUJ1HTeJ1H npuMepHO 10 ' nHKOBWH nOTOK 10 ' 

a BHYTPH 3aMenrruTeJ1H ~o 15 
HeHTPOHOB B CeKYHnY Ha KBanpaTHWH caHTHMeTp. 

HEP-30 nayxueneaoB: OH ~a6oTaeT H KaK peaKTop, H KaK 6ycTep. 0 6ycTepe 

H paccKazy Httme. TpeTbe ero HasHaqeHtte - ttccrrenoaaHue nepcneKTHBHWX pe

ZIIMOB HMnYITbCHOPO peaKTopa 11 6YCTepa. Her.1ocTaTOK v!EP-30 KaK HCToqHHKa 

Ten~OBWX HeATpOHOB - HH3KaH cpeJJ:HHH MOmHOCTb. 

Cneny10muf1 9Tan pa3BHTHH TenJlOBblX HMnYJlbCHb!X He0TpOHHblX HCTQqHHKOB -

- cosnaHue l1EP-2, KOTOPblfl 6blJ1 BBeueH B 9KCnnyaTaUHIO B 1984 r. Ha cpenmoIO 

MomHOCTb 2 MBT. Ero napaMeTpw: cpenHuH nOTOK TenJ10BhlX He0TPOHOB C no-

Bepx 'OC J1 10 13 - 10 16 -h TH 3aMen UTeJ1H npuMepHo , a nHKOBWH noTOK HeHTpOHOB 

B ceKYHUY Ha KBanpaTHWB caHTHMeTp. HenocTaTOK CHCTeMhl - 60JlblliaH nrrHTeJlb

HOCTb HMnYJ1bca, KOTopaH COCTaBnHeT 215 MKC. 

BTopoe HanpaBJ1eH11e pa3BHTHH - pa3pa60TKa H C03D;8HI!e HMnYJ1bCHOPO 

6ycTepa nepuonuqecKoro n~BcTBHH. l1neH ero cosnaHHH npttHannemHT Hnhe 
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Mttxal1noBttqy H $enopy llbsosttqy, no Hx npennolKeHHJO H 6wn cosnaH B fla6opa

TOPHH Hel1TpoHHoA tHsHKH B 1964 r •. nepBWR HMnynbCHWR 6ycTep. YcTaHohKa 

npencTaBnReT co6oA CHCTeMy H3 HMnYJibCHOA nonKPHTHqeCKOA pa3MHOlKaromeA 

c6opKH (6ycTep) c noMemeHHoR Bee QeHTpanhHYJO qacTb HeRTpoHonpottssonRmel1 

MHllleHbJO 3neKTJ)OHHoro 'ycKOPHTeJIR ( HHlKeKTOp) • TaKOH II rH6pHnHhll111 HeHTPOH

Hblll HCToqHHK yHacnenosan OT peaKTOpa BblCOKYJO cpenHJOJO HHTeHCHBHOCTb; a OT 

YCKOPHTenR KOPOTKYJO nnHTeJlbHOCTb HMnyJJbCa, CoKpameHHe nJJMTeJlbHOCTH HeHT

pOHHoro MMnynbca oqeHb Ba.Ho nnR RnepHo-tHsHqecKHi HCCJJenosaHMH ~eTO,noM 

BpeMeHH nponeT~, noCKOJlbKY noTOK Hel1TpOHOB Ha nponeTHOH 6ase npH sanaH

HOM pasperneHHH no 3HeprHM B03pacTaeT KBanpaTHqHo npH CHHlKeHHM ,nJJHTeJlb~ 

HOCTH MMnYJJbCa. BapbHPYR ,nJJHTeJJbHOCTb M qacTOTY HMnYJJbCOB HHlKeKTopa 

H ypoBeHb pa3MHOlKeHHR 6ycTepa, MOlKHO nonyqHTb onTHMaJlbHWe napaMeTpw Hel1T

POHHoro HCTOqHHKa llJIR RnepHO-(!)H3HqeCKHX HCCJJenosaHHH. 11MnynbCHblll 6ycTep 

o6nanaeT H eme onttHM HHTepeCHbJM CBOHCTBOM:' qaCTOTY HMnYJJbCOB MOlKHO CHH-

3HTb npH coxpaHeHHH BWCOKOH cpe,nHeH HHTeHCHBHOCTH. B TaKOM pelKHMe OH 

RBJJReTCR BblCOK03QJQ)eKTHBHblM HMnYJJbCHblM llCToqHHKOM TennOBbJX I-lefiTPOHOB 

C nnHTeJJbHOCTbJO HMnYJJbca, Ha nOPR.llOK MeHblliell no cpaBHeHHIO C HMnYJibCHblM 

peaKTOPOM, qTo BalKHO llJIR noswrneHHR pasperneHHR npH HCCnenosaHHH KOH,neHcH

POBaHHbJX cpen. 

nepBbJM HHlKeKTOPOM 6blJ1 3JieKTPOHHblH YCKOPUTeJJb-MHKPOTPOH. Ero nccne

nosaHUR noKasanH, qTo MOlllHOCTb 3JleKTPOHHOro nyqKa, OT KOTOPOH 3aBHCHT 

HHTeHCHBHOCTb HeHTPOHOB 6ycTepa~ orpaHnqeHa COTHHMH BaTT~ Hey,noBJleTBO

PHTeJlbHa 6b1Jla n CTa6HJlbHOCTb pa60Tbl. no 3THM npHlJHHaM · B KaqecTBe HHiKeK

Topa 11EP-30 BW6paH nsyxceKQHOHHWH JlHHeRHwR YCKOPHTeJlb 3JleKTPOHOB IlY3-40, 

paspa6oTaHHWR s H11~3$A HM. n.B.EtpeMosa~ EycTep 116P-30 pa6oTaeT c Haqana 

, 1970 r. npH HeRTpOHHOR HHTeHCHBHOCTH s-10
14 

BJCeKyHnY H nnHTeJibHOCTH 

HMnYJlbCa B HeCKOJlbKO MHKPOCeKyH,n. Ero He,nOCTaTOK - 60JlblliaR ,nJlHTeJlbHOCTb 

HeRTpo~Horo HMnYnbca, KOTopaR orpaHnqusaeT pasperneHHe no 3HeprHH. 

C QeJJbJO COKpameHHR ,1:lJlHTeJlbHOCTH HMnyJlbCa B 11aCTORI1lee spe~!R rma1rnpyeTCR 

3aMeHHTb HHlKeKTOP Ha 6onee MomHwR - nRTHCeKQHOHHWR JlHHeRHWR YCKOPHTeJlb, 

KOTOPWH no3BOJ1HT CHH3HTb ,1:lJlHTeJlbllOCTb HeATpOHHOro HMnYJlbCa Ha nopRnoK. 

0Ha COCT8BHT npHMepHO 0,4 MKC npH coxpaHeHHH BWCOKOR cpe,nHeA HHTeHCHB

HOCTH HeRTpOHOB, 

B CBOeM BWCTynneHHH R paccKa3aJI 06 0,1:lHOH CTOPOHe neRTeJlbllOCTH 

l1J1bH H11xaRJ10BHqa - ero BKnane B cosnaHHe H pa3BHTHe 6a30BblX · YCTaHOBOK 

,1:lJlR HayqHWX HCCJlenoBaHHR no HeRTpOHHOA (!)H3HKe. YcTaHOBKH n6ny~MJIH MH

posoe np11sHaHHe. EenanHeM WnbH MnxaRnosnqa 6wno nanbHetlmee HX passnTHe 

H coseprneHCTBOBaH11e. Mne ,nyMaeTCR, na6opaTOPHR MOlKeT, ,1:lOJllKHa H CYMeeT 

npononlKHTb neno csoero nepsoro llnpeKTopa. 
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