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1. Bse,lleHHe 

B 06oe)lHHeHHOM HHCTifiYT" ll/lepHLIX Hccne,llosamrn (,Jzy6na) Ha 

CHHXpOUHKnOlpOHe H CHHXpoopaJOipOHe PT.BacHJJLKOBhlM H liP· [1] H 

K.,[(.TonCTOBhlM H liP· [2] BhlnoJIHeH o6umpHhlii UHKJJ pa6oT no ID)"'eHHJO 

$IDnqecKHX acneKTOB 3neK1pOllllepHoro cnoco6a noJI)"'eHHJI 3HeprHH. 

B 1994-1998 rr. B npo,lloJIJKeHHe 3THX Hccne,lloBrurnl! npose,lleHhl 

3KcrrepHMeHTbl ITO reHepau,HH HeihpoHOB H H3yqeHIDO 3aiiJJUlKOBhiBaHIDI H 

OipaBJJeHHJI 3JJeK1pOll/lepHLIX peaKTopos [3], a T3l0Ke IpaHCM}'T311HH 

P3/IHOaKTHBHLIX OTXO/IOB aroMHOii 3HepreTHKH (iioA-129, nemynHii-237 H 

aMepHUHii-241) [4). 

06cylK)\eHIIIO paJJ]HqHhiX npo6JJeM 3JJeKTpOJI,llepHOH TeXHOJJOrHH KaK 

OI\HOro H3 nepcneKTHBHhlX HanpaBJJeHHii Jlllepno-opiDH4eCKHX HCCJJei\OBaHHii, 

KOTOpOe MOlKHO o6oe!IHHHTh Kp3TKHM HaJBaHHeM "opH3HKa BhlCOKHX 3HeprHii 

runoc R,LI,epHa.H 3HepreTHKa 
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, B rroc.ne,nHHe ffi)l,bl ITOCB.RIIJ;eHO MHOro 

ny6JJHK3UHH (eM., HaiipHMep, [5-9]). 

HaCTOJill(aJI pa6oTa JIBJIJieTCJI qaCTLro nporpaMMhl nccne!IOBaHHii OHJIH 

no 3JleK1pOlll\epHOH TeMaTHKe (npoeKT "3HeprHJI+TpaHCM)'TaUHJI" [9]) 

H COI\eplKHT pelyJlhTaThl 1\ByK 3KCnepHMeHTOB, HpOBel\eHHhlX Ha CBHHUOBOH 

MHIIIeHH C paJMepaMH 50x50x80 CM H Maccoii 2300 Kr C HCnOJih30BaHHeM 

npOTOHHOrO II)"'K3 CHHXp0opa30lpOHa. 

Il epBbiU 3KcnepUMeHm, OnHChlBaeMhlii B HaCTOJIIUeii pa6oTe, 6hlJI 

npose11eH npH 3HeprHH nporoHos 1,5 f3B c ueJlhro myqeHHJI 3aMe!IJleHHJI 

HeiiipOHOB, reHepnpyeMhlX B p+Pb- BlaHMOI\eHCTBHJIX B yKa33HHOH npOTJI

>KeHHOii CBHHUOBOi:f MmiieHH. 

HeifrpoHHaJI o6onoqKa lll\pa CBHHUa JIBJIJieTCJI laMKHYTOii (N.=126), 

scne.ucTBHe -qero cetieHIDI rrornomeHIDI ueihpoHoB MaJibl, T.e. 3aMeJVUIIO~e a 

norJJOIUaiOIIIHe CBOHCTBa CBHHUa YIIOBJleTBOpJIIOT Ipe60BaHHJIM, 

npei\DJIBJIJieMhlM K MaTepHany 3JleK1pOJI,llepHOH MHIUeHH. 

'lro xacaeTCl! H3MepeHHH 3HepreTH4eCKHX xapaKTepHCTHK 3aMe!IJ1Jiro

IUHXCl! HeHrpOHOB BHYipH 60JlhiiiOrO CBHHUOBOrO 6JJOKa, 06Jl)"'aeMOro 

nyqxoM peJIJITHBHCTCKHX nporonos, TO B03HHKaeT Pllll MeTOI\H4eCKHX 

rpy JlHOCTeH, CBR3aHHhiX C OTHOCHTeJibHO ManOii WIOTHOCTblO llOTOKa 

o6p33yiOIUHXCJI HeHrpOHOB H C 6oJJLIUOH sepOliTHOCTDIO HHTepopepeHUHH 

pa3JJH4HhlX Jl,llepHLIX peaKUHii no11 ,lleiicrsneM Heifrponos, 3apl!>KeHHLIX 

qaCTHU H JlllepHLIX opparMeHToB. ITo 3THM npH4HHaM He 6hlJIH ncnoJlhJOBaHLI 

XOpOIIIO H3BeCTHhle MeTO/Ihl H3MepeHHJI HeHrpOHHOro cneKipa, TaKHe KllK 

BpeM.9rrpOrrenn:Jii, ITO npOTOHaM OT,nalfH, ITO BpeMeHH Ja.Me,nJieHIDI H 

peJoHaHcHru~ aKTHBaU,IDI. B HaCTmnneM .JKcrrepHMeHTe c IIOMOIIJ;blo 

aKTHBartHOHHO:H: MeTO,UHKH BhliiOJIHeHO H3MepeHHe TOJibKO HHTerparrbHIJX 
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BhlXO,ll,OB peru<qnft Ha .R;J;pax 30JIOTa ITO,Il, .n;eftCTBHeM 6biC1phiX, pe30HaHCHbiX H 

TeiiJlOBhiX HefrrpOHOB H norryqeHbl .1l,3HHhle, He06XO,ll,HMbJe )])lSI OTITHMJB3ll}fH 

pa3MepOB CBHHl(OBOJ:l: MHllleHHMKOHBepTOpa H ypaHOBOfO 6JJaHKeTa 

MHorouerresoii rrorrnoMacrma6Hoii U/Pb-c6opKH [9]. 
BmopoU 3KcnepUMeHm 6om BbrnonHeH c uenbiO Hccne.uosaHllil 

IIpou;ecca TellJIOBhl,ll,eJieHIDI IIplf B3alfMO,O:eiicTBHH BbiCOK03HepreTWieCKOfO 

rrytiKa IIpOTOHOB C M3CCHBHO:H: MHllleHhlO H3 UDKenoro MeTaJIJia. 0nHC3HHe 

3JieK'I'pOH,UepHOfO 3KCnepHMeHTa, npoBe,ll,eHHOfO C HCITOJTh30B3HHeM 

TeiiJIO<jliDII'!eCKOH MeTO)IHKH, MOJKHO HaHTH, narrpuMep, B pafioTe (5s]. 

3uaqeHHe 3HeprHH DpOTOHHOfO rrytiKa, HCIIOJib30B3HHOf0 B H3CTOSUIJ;eM 

3KCIIepHMeHTe, paBHO 5 l3B, T.e. rrpeBOCXO)IIIT 3HaqeHHe 3Hepnm (I - 2 l3B), 

npHHSITOe B paJJilfiiHbiX npoeKTaX ITO C03.[{3HHIO 3JieiiTpOH,li.epHbiX CHCTeM. 

Heo6xo,n:HMO OTMeTHTh, qro npH nepexo,lle K 3HeprHH 5 l3B, so nepBDIX, 

06JiaCTL pacnpe,ll;eJieHllil H:CTQqHHKOB TeTIJIOBbi,ll,eJieHHJI paCWHp5IeTCSI B.[{OnE> 

uanpasneHHH nyq:Ka Ja cqeT ysenWieHHH H,ll,epHo:H: ,r:r:nHHDI s cmmu;e .llO 

3HaqeHIDI A-35 CM (10]. 3TO ll03BOmteT C03)1aTh 6rraronpiDITHhte MeTO)IH

qecKHe ycrroBIDI iiJll! mMepeHIDI pacrrpe!leJieHHll TeMrreparyphr c ynyqrneHHhtM 

npocrpaHcTBeHHhtM properneHHeM. K TOMY JKe B03pac-raeT cpe)IHl!l! 

MHO)I(eCTBeHHOCTb pmK,ll,eHIDI ITHOHOB pa3HhiX 3H3KOB [11,12]- 'l!TO OK3JhiB3eT 

BJIIDIHHe H3 IIpOCTp3HCTBeHHOe pacrrpe,n:eneHHe HCTO'LfHHKOB 

TeiiJIOBbi,lJ;eJieHIDI. 

TaKHM o6prooM, nonyqeHHhie B 3TOM 3KcnepHMeHTe .n;aHHbie o 

npOC1'p3.HCTBeHHO-BpeMeHHOM pacrrpe.UeJieHHll TeMneparypbi B CIIJIOIIIHOti 

CBHHUOBOH cpe,n;e, a T3K:»Ce pe3yJIDT3.Tbl KOMITbiDTepHOfO Mo,n:enHpOBaHHH, 

somonHeHHoro B l1HcTHT)'Te rrpHKila.,llHoH MaTeMaTHKH HM. M.B.KeJI.Ubiiiia 

(MOCKBa) [13], 6yeyT BeChMa IIOJie3HhiMH B H3yqeHHH Me30H-HYKJIOHHOro 

K3CK3.,!la H 3HepreTWieCKHX Xapax:TepHCTHK TIOJIHOM3ClllT36HOH. ypa.H

CBHHUOBOH cfiopKH (9], C03/IaBaeMOH B Jla6opaTOpHH Bh!COKHX 3HeprHii 

OH.ffi1 (,Qy6Ha) npB yqacTHH BcepoccsiicKoro HayqHo-nccJie)IOBaTeJihCKoro H 

npoeKTHO-KOHCrpyKTOpCKOrO 

MarnmmcrpoeHHl! (MocKBa). 

HHCTHT)'T3 aTOMHoro 3HepreTH'LfecKoro 

2. MnrneHh. Y cKopJITeJih. MoHHTopnposaHue rryqKa 

B OTIHChiB3.CMbiX 3KCIIepHMeHT3X B KaqeCTBe MHIIIeHH HCTIOJib30BaJICJI 

CBHHIIOBhifi 6JJOK ( CM. pHC. 1 ), Ha KOTOpOM 6bJJI BbiTIOJ1HeH o6rrmpHbiti: UHKJI 

HCCJie,llOBaHHH ITO reHepau;HH HeihpOHOB npH 6oM6ap.nHpOBKC IT)''liK3.~H 

OpOTOHOB H JierKHX l!,llep, ycKOpl!eMh!X Ha CHHXpO<jla30rpOHe 011J!l1 (2,3]. 
TipoTOHHble IcyLIKH C 3HeprHefl 1,5 IUIH 5 r3B ITOITa.ria'lH Ha CBHHUOB)'IO 

MHlleHh qepe3 yrrry6rrenne c proMepaMn 10x10x20 eM. HanpaBJieHue 
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Psc. 1. CxeMa oKcnepnMeHTa (mom 1998 r.) rro o6nyqeHmo rrpoTOHHhtMH 

rryqKaMB CHHXpo<jlroorpoHa C 3HeprlliiMH 1 ,5 B 5 l3B CBHHQOBOH MHilleHH 

(50x50x80 eM, Macca 2300 Kr) c uerrhJO u3y'!eHHl! 3HeproBht!leJieHBl! B 

pacrrpe,lleJieHHJI HeiirpOHOB. 3Ta MBilleHh co6paHa H3 CBHHQOBh!X KHpiiii'leii, 

HMeJOfi\BX crreii)'IO!liHe pa3Mephl: 5x10x20 eM. 

1 - IIpOTOHHhlH rryqoK H3 CHHXpo<jlaJOTPOHa; 

2 - MOHHTop (aKTHBaQHOHHhlii H SSNT- )leTeKTOphl); 

3- BXO)IHOe OKHO (1Qxl0x2Q CM) )lmt BBO)Ia IIpOTOHHOfO rryqKa Buyrph 

CBHHU,OBOfi MHllleHH; 

4 - I1JI3.CTHH3. C 3KTHBaJ.l.HOHHbiMH )l,eTeKTOpaMH H3 30JIOT3 

( C Ka)IMHeBhlMH 3KpaHaMH H 6e3 3KpaHOB ); 

5- MeCTa paCIIOJIOJKeHHJI MHKpOTepMOIIap (eM. pHC. 5) 
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lla.Ll.aiOlll,ero II)"IK3 COBITa.llaflO C ropH30HTaflhHOi:f OChiO CBHHil,OBOfO 6noKa, a 

HHTeHCHBHOCTh rryqKa COCTaBIDUia npHMepHO lOll npOTOHOBfHMrryJihC C 

BpeMeHHbiMH HHTepBaJiaMH MCll<,lcy HMnyJibCaMH OKOJIO 9 C. MOHHTOpHposa

HHe ny'IKS npOH3BOJ1HJIOCb C TIOMOlllbiO npOnOpli,J.IOHaJibHblX HOHH381.1HOHHbiX 

Ka.Mep H aKTHBaiJ;HOHHhlX H rnep)l,OTeJ1LHbiX a.uepHLIX TJ>eKOBbiX ,lleTeKTOpOB, a 

onpe)l.eJieHHe rrpocprulll: npoTOHHOfO rryqKa BbiiTOJ1IDIJIOCh BbiCOKO· 

'I)'BCTBHTeJibHbiMH TIOJIJIPOHJIHbiMH nrreHKaMH. Ce'!CHHe nyqKa HMeeT <J>opM)', 

6JIH3K)'IO K 3JIJIHTICY C OCJIMH 25 H 30 MM. PHC. 1 IUIJIIOCTJlHpyeT pa3MCIUeHHe 

MOHIITOpa, aKTHB3U:HOHHLIX ,ll;eTeKTOpOB H TepMOMeTJmqeCKHX )J,aTlJ.HKOB Ha 

60JThUIOH: CBHHil,OBOii MHIIIeHH, HCIIOJ1b30B3BI.IIIIXC.SI B )l,aHHLlX 3KCnepHMeHTaX. 

3Ta MlUlleHb' TIUareJThHhlM o6pa30M IOCTHposanaCb OTHOCHTeJibHO 

HanpasneHHJI Il)-qKa C ITOMOill,hiO ITOIDipOH,U,HbiX llJleHoK. 

3. fipOCTJlaHCTBCHH0-3HepreTH'ICCKOe pacnpeJ1CJieHHe 

Heft1J>OHOB B ripOTH:>id!HHO:H: CBHHU:OBO:ll MIUIIeHH 

3 .1. L(eRb 3KCnepUMeHma. ,1(JIJI OTITHMH381.1HH reOMCTJlH'IeCKHX 

pa3Mepos CBHHL\DBoii MHIIIeHH-KOHBepmpa H ypaHosoro 6rraHKeTa U!Pb -

c6opKH, KoTopaJI cm)1aeTCJI B Jla6opaTOpim BLICOKHX 3Hepruii OIUll1 J1JIJ1 

KOMilJleKCHLIX HCCJ1e)l.OBaHHif cl>H3H'IeCKHX acneKTOB 3JTeKrpO.s1.1lepHoro 

cnoco6a rronyqeniDI ::meprHH H lpaHCM)'Tau;HH pa.n;HoaKTHBHhiX OTXOJl.OB Ha 

ny'IKUX CHHXpO!pa30TJlOHafuyKJIOTjlOHa QlUIH [9], B OTIHCbiBaeMOM HHJKe 

JKcrrepJ.fM"eHTe nposep;eHo H3yqeaHe pacrrpe.lleJiemrn ne:H:lpOHOB no 3Heprn.s~M 

H KOOpJ1HH8TaM B CBHHI.IOBOM 6rroKe C pa3MepaMH 50x50x80 CM npH 3HepruH 

npoTOHOB 1,5 13B. KpoMe 3Toro, 38Jia'!a no HCCJie)1oBaHHIO npOCTJlOHCT

BeHHO-:JHeprerHqecKoro pacnpe)l.eJieHIDI HeffrpOHOB B rrpOTH:>Kf:HHOil MHIIIeHH 

IIpe.[J,CTaBJI.SieT 3HalJUTeJILHhifl HHTepec H Jl,JUI pa3BHTIDI TeOpHH a,n;pOHHhlX 

JIHBHeii B CllJIOiliHbiX cpe.n:ax H3 TH:>KeJILIX 3JieMeHTOB. 

3.2. MemoiJuKa 3KcnepUMeHma. ,1(JIJI HJyqeHHJI xapaKrepHCTIIK 

HeiilpOHHOfO IIO.TUI BHyrpH CBHHUOBOfi MHUieHH, T.e. onpe)l.eJieHHJI BKJla,llOB 

TeiTJIOBI:.JX, pe30HaHCHhiX H 6LICTJlbiX HeifrpOHOB B IIOJIHhlll HeihpOHHhlH 

CIIeK1p, HCIIOJlh30B3JIOCL 10 aKTHBai..J;HOHHLIX ,LJ;eTeKTOpOB H3 30JlOTa (KIDK)].hlfl 

H3 HHX. HMeeT Macey ~ 90 Mr); JIOJIOBHHa 3THX ,ll.eTeKTOpOB 6biJia 3aKpbiTa 

KaJl,MHeBbiMH 3KpaHaMH TOJIIIJ:HHOif 1 MM, KOTOphle IIOJ1HOCTLIO ITOfJlOlll.aiOT 

HeiiTjlOHbi C 3HeprHeii MeHbiUe 0,5 3B. 3TH 8KTHB8li,J.IOHHhlC J1eTeKTOpbl 

CMOHTHpOBaHLI Ha IIJiaCTHHe, KOTOpaH IIOMelll,aJ13Cb BH)'1'pH CBHHI.lOBOrO 

6JIOKa Ha paCCTOflHHH 40 CM OT ero TOpl.la (eM. pHc.l). Bhl60p 30Jl0Tll B 

Ka4eCTBe aKTHBaUHOHHOfO Jl,eTeKTopa o6yCJIOBJieH era BhlCOKO:ll 

'I)'BCTBHTeJihHOCThiO (60JibiUHe ce'!eHHJI (n,JJ- H (n,]n)-peaKI.IHii B 

uccne.n.yeMbiX o6nacnrx cneicrpa HeHrpoHos; CM. puc. 2), a TaiOKe 
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OllTHMaJibHLIX ,ll.JISI o6.rryqeHIDI H H3MepeHHi::f rrepHOLlOB nonypacnan.a 
196 198 

H)'KJIH.UOB Au " Au H 6onhiiiHX BhiXOJIOB perHCT])HpyeMbiX raMMa-
KBaHToB (eM. pHC. 3a). 0TM:eTHM, lJTO H8H60JibWHif BKJ18LI. B pe30H8HCHbii1. 

HHTerpan pa,n;HaQHOHHOrO 3axBaTa 30JIOT8 BHOCHT pe30HaHC ITpH 3HeprHH 

4,9 38 C Ce'!eHHeM 1550 6apH, KaK BHJ{HO H3 pHC. 26. 

raMM8-CIIeK'rpOCKOTIHlJeCKHe HCCJieLJ.OBaHIDI 3THX ,lleTeKTOpOB IIpOH3-

B0J{HnHCb c rroMOIIIhJO Ge(Li)-JleTeKTopa o6"beMoM 50 cM
3 

H pa.pellleHHeM 

2,5 K3B rrpu >HepmH 1332,5 K3B. MeTOJIWieCKHe aorrpocbi H3MepeHHli H 

o6pa60TKH J"aMM3-CileKT])OB TIOJ{p06HO OTIHCaHhl B H3111HX pa6oTax [3,4]. 
!1pOCT])3HCTBeHHOe pacrrpe):{eJieHHe 6hiCT])b!X HeHT])OHOB my'laJIOCh 110 

aKTHBHOCTH l!Jlep 
196Au*, o6pa.yJOIIIHXCl! B peaKijHH 

197Au(n,2n), a 

pacnpe,n;eJieHHe Me)J)JeHHLIX Heif1'pOHOB - no aKTHBHOCTH JI.Uep 
198Au* H3 

peaK11HH 
197Au (n,rJ. 

3.3. Eblcmpble HeumpoHw. KaK BHJIHO m pHc. 36, a paAHaJihHOM 

HarrpaBJieHI!H B BhiXOJ{e peaK!1HH 
197 Au{n,2n/96Au* Ha6niOJ{aeTCl! crra):{ 

(KpHBal! A), mr):{a KaK Bb!XOJI peaK!111H 
197 Au(n,J1198Au • B03pacTaeT 

(KpHB3JI B). 3To CBHJleTeJibCTBYeT 0 TOM, lJTO CITeKlp Heil'TpOHOB CM11rlJaeTCJI 

rrpH y,uarreHHH ITO pa.o;eycy OT OCH CHMMelpHH CBHHU,OBOrO 6noKa, KOTOpaa B 

XO,Ue EOCTHpOBKH COBMelll,aJI8Cb C HanprumeHHeM 6oM6ap,L1,HpJ101lJ,ero II)'lJK8. 

!1o):{aBJll!IOIIIee 6oJihiiiHHCTBO HeiiTpoHoB c 3HeprHl!MH 14±5 M3B rroKH,llaiOT 

06JiaCTb CO 3HalJeHIUIMH pa,n;eyca OKOJIO 5 CM OT YKa3aJIHOif OCH CHMMel'pHH 

(eM. pHC. 2a H 36). l103TOM)' 3H3'1eHHe J{HaMe'Tpa CBIIHijOBOH MllllleHH K3K 

11eHT])aJihHOH 'laCTH U/Pb-c6opK11, omHManbHO B HHTepaaJie 8+10 eM, 'ITO 

o6ecne'!HT 11pOHIIKHOBeHHe B ypaHOBhiH 6JI3HKeT 6b!C'Tpb!X HeiiTpOHOB, 

crroco6HbiX 3cj>cjleKTl!BHO rrpoH3BOJIHTh J{eJieHHe l!Jlep 
238 U ( rropor J{eJieHHl! 

E,=0,8 M3B). ITnaaHoe yMeHbllleHl!e Bb!XOJ{a (n,2n) - peaK11HH rrpH YAaJieHHH 

OT IIpO,!l;OJibHOiJ: OCH CHMMeT}JHH CBHHU,OBOfO 6noKa IIOKa3biBaeT, '-ITO 

MHHHMaJihHbiJi p3,ll,H)'C Ta.K H33LIBaeMhlil: "6eCKOHelJHOi.f:'
1 

MHIIIeHii HMeeT 

McjlcjlYJHYJO rpaHHJ1Y npH JHaqeHHH pa):{H)'C3 OKOJIO 15 CM, 3a KOTOpOH 

pa3MHO>KeHHe HeiiTpOHOB IIpaKTWieCKH rrpeKpaiU,aeTCH. 

3.4. Tennoeble u pe3oHaHCHble HeUmpoHbl. ITonHMH BbiXOJJ, peaKU,HH 
197Au{n,J1198Au* H Bb!XOJ{ peaKijHH 110rJlOIIIeHHl! TOJibKO Ha):{Ka):{MHeBbiX 

He:H-rpOHOB B 3aBHCHMOCTH OT pMH)'Ca R OTHOCHTC11 K 06JlaCniM TeiTJIOBbiX H 

pe30HaHCHbiX HeihpOHOB. J1HTerpHpOB8HHhle DO aJHM)'TY OTHOCHTeJibHble 

BbiXOJlhi NxR s 3aBHCHMOCTH OT p3J\Hyca pa3JIWiaiOTc• B 3THX J{Byx cnyqa•x 

(eM. KpHBbie B H C na pHc. 36). ITpH 3HaqenHl!x paAuyca 110 15 CM pa3HHI1a 

cymecTBeHHO MeHhme, qeM rrpH 3HalJeH.IDIX pa.lleyca 6oJILIIIe 15 eM, qTo 

CBH,lleTeJihCTByeT 0 TepMaJIH3311HH CITeKT])a HeiiTpOHOB B rrepHcj>epWieCKOH 

0611aCTH CBHHUOBOrO 6JIOKa. 
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PHc. 3a. CneKTp raMM3 ~ KB3HTOB aKTHB3U,HOHHOro ,nereKTopa H3 JonoTa, 

o6ny~eHHoro HeHrpoHaMH BHYTPH cBHHU.OBoro 6noKa(cM.pHc I) 

NCw.Au)xR, arbitrary units 
3,0 

N(1HAu)xR, arbitrary units 
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A 
2,5 

1,5 

1,0 

0,5 
PD.-target 

60 

50 

~ 0 
2 7 12 17 22 R, em 

Pnc. 36.TipocrpaHCTBeHHoe pacnpe.n.eneHMe o6pa30BaJHtJI J~)lep 196
Au 6wcTpblMH Heih· 

poHaMH a peaKnHu 
197 Au(n,2n) H su1,ep 

198Au Me,li,JICHHI>IMH (Ha,n- H nonKa.u· 

MHeBbiMH) HeiiTpOH3MH B peaKU,UU 
197

Au(n,y). 
Ha 3TOM pncyHKe nHHUH npoae,n:eni:.I TOJII:.KO .D.JUI coeAHHeHHSI JKcnepHMCHTa.Jib~ 

Hl>IX roqeK; no ocn op.nnnaT OTJIO)KCHO npoHJBe,lleHHe NxR, rae N-qHCJIO o6pa· 

30BaBliiHXCH ~nep 196 Au H 
198Au a YKa.JaHHblX peaKUHHX, a R·paccTO.RHHe OT 

OCH MUIIICHH ,llO TOqKH pacnOJIOiKCHlUI 8KTHB3UHOHHI:.IX )I.CTCKTOpOB B 06bfMC 

MHWCHH ( CM. CXCM)', npHBe,neHHYJO B HlDKHeii qaCTH pHCYHK3, a TaK>Ke pHC. 1) 
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3TOT BbiBOLJ: Kpai::fHe BruKeH npH OIIpe,n;eJieHHH BHeliiHHX pa.JMepOB 
yprumsoro 6JiaHKeTa U/Pb-c6opKH, C03)1asaeMOH JIJIH npose)leHHH 
HeiiTpoHHh!X H TeimO<pH3H'!eCKHX HCCJie)IOBaHHH (9]. f1011 TepMHHOM 
"6Jia.HKeT" J,D;eCb IIO.IqJa3yMeBaeTC.H qaCTL c60pKH, COCTaBJieHHrui He TOJTLKO 
H3 ypaHOBhiX crep)I(Heil, HO H; HaiipHMep, H3 HeKOToporo KOJIHLfeCTBa 
CBHHI.J;OBbiX CTep)J(Heif! llMHTHp)'lOIIUIX :iKH.lJ.KOMeTaJIJIW-IeCKHif TeiiJIOHOCHTeJJh 
(Hg, Pb, Bz). 

KaK BH)IHO H3 pHC. 36, pa)IH)'C B HHTepBaJie 15-25 CM OnTHMaJieH J1J1H 
pa3Mell1eHHJ! 06pa3UOB IIpH HCCJie/IOBaHHH -rpaHCM)'TaUHH pa)IHoaKTHBHhiX 
OTXO.[(OB TellJIOBhlMH H pe30HaHCHhiMH HeJi'IpOHaMH. 3Ha1.feHHe pa;:ucyca )l,JHI 
p3.3MemeHH.SI 3THX 05p8.3IJ;OB 3aBHCJIT OT KOMIT03HU,HH ypaH-CBHHI.J,OBOfO 
6JiaHKeTa; B KIDK));OM KOHKpeTHOM CIIy'Lfae 'TpefiyeTCR HJMepeHHe p3.,I1,Ha.rihHOfO 

pacnpe)leJieHHH o6lJ1ero BhiXOJia (n,y)-peaKUHH. PeJyJihTaT HacTOHlJ1ero 
3KcrrepHMeHTa (KpHBaH B Ha pHc. 36) HBJIHeTCH qaCTHbiM ceyqaeM, KOr)la 
6JiaHKeT COCTOHT TOJihKO lf3 CBHHI.I,a. MaKCHMaJibHblif BhiXO,lJ, (n, /J-peaKU.HH 
Ha6mo)laeTCH B o611acTH 3HaqeHHH paJIH)'Ca, 6mf3KHX K 20 CM. B ceyqae ypaH
CBHHu;osoro 6JiaHKeTa, CKOMflOHOBaHHOfO npeHMylll.eCTBeHHO H3 eCTeCT
BeHHOfO ypa!Ia, pe30HaHCHLifi HHrerpan pa,uHaUHOHHOro 3axBaTa B UIHpOKOM 
3HepreTHqecKoM nHrepsaJie oT I 3B 110 I M3B (eM. pHc. 4a) OTBeTCTBeHeH Ja 
BOCIIpOH3BO)l,CTBO )J;e.JUIIIJ;efOCH MaTepHa.Jia: 

23Bn; , 123'U* ~- 239N * u,n,y, 235 · p , mtn 
~- 239Pu. 

2,36 day 

):{aHHLJe, He06XO)l,HM.hle )l,IDI Bbll:I.HCJieHIDI 3TOf0 HHTerpana 
rrpeJICTaBJieHhl Ha pHC. 4a H 6. 

OTMeTHM, qTo nJIYTOHHil-239, KoTOphiH o6proyeTCH s 3JieK1pOHJiepHoii 
CHCTeMe, ITO)l,BepraeTC.SI 3<flcfleKTHBHOM)' BLDKHfaHmo, o6ycJJOBJieHHOMY 
60JibliiHMH 3HaqeHHHMH Ce'leHHH )leJieHHH TeiiJIOBblMH (747 6apH) H 
pe30HaHCHhiMH (303 6apH) HefupOHaMH. l1MeHHO 3TO BaJKHOe OfiCTOHTeJibCTBO 
o6ecrreqJ.maeT ne TOJibKO ysenWieHHe 3HeproBEJ.JJ;eneHIDI, HO H 6e3orracHOCTL 
.H)J;epHOJi ::mepreTHKll B OfiJiaCTH He.pacrrpOCTJ'aHeHHH .u:emii.I.J;J.fXCH MaTepHaJIOB. 

4. ITpoc-rpaHCTBeHHO-speMeHHOe pacrrpe)leJieHHe TeMrreparyp•r 

4.1. MemoiJw<.a u KWlU6poBKa U3.«epeHuii. CxeMa 3KCIIepHMeHTa no 
uccne.u:osaHHIO HecTau;HoHapHoro pacnpe.n.erreHIDI TeMnepaT)'p B o6beMe 
CBHHUOBO:if MHUieHH npH ee 06JiyqeHHH nyqKOM pemiTHBHCTCKHX npOTOHOB C 
HCIIOJIL30BaHHeM MeTOJl:HKH Ha OCHOBe BbiCOKOlJ)'BCTBHTeJJLHhiX MHKpO-
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.---------~~----------------------, 

natu 

10-2 to-[ IO' 101 JO' IO' JO' Jo' IO' E.,. eV 

Puc. 4a. 3asucHMOCTb ce'-Ietudi )leJTeiUUI n pa.!lllfll.J,HOHHOro Jaxeara J.l.JUI npHpo)lHoro 
ypana OT :meprHH ndhpoHOB 

Flux/unit lethargy
10 

0 -· 10 

10"[ 

10"2 

on STSF·1 A TlME-OF-FLIGHT DATA 
- CALCULATION 
n• POWELL'S PROTON RECOIL DATA 

to·' L~-l-~'---~-~~'---~-~~'---~-~'-'-'-----'--~~~__._-'-''-'-' 
JO' 101 JO' 104 10' JO' 

Puc. 46. THnu':lHI:ttH cneKTJl HeH-rpoHDB no.zucpHTH':lecxoH ypaHosoH c6opKH Ha 
6b1ClpbiX Hefi1"pOHaX (nOj(CHeHml CM. B pa60Te {15]) 

9 

E0 , eV 



repMonap noKa3aHa na pHc. 1 H 5. XapaKTepucTHKH 3THX MHKpoTepMonap H 
cneUHaJlbHhlX cpe,ll,CTB perHctpau,HH cwrHaJIOB Ha 6a.Je MHKponpoueccopos 

IT03BOJUUOT Ha.zJ:eJKHO 3al}lHKCHpOBaTb H3MeHeHIDI TeMneparyp C TOl!HOCThiO 

0,02- O,Q3°C. 

3TJI MaJIOHHepUHOHHDie BbiCOKOlfYBCTBHTeJibHhie MHKpOTepMonaphl 

npe!ICTaBJIJ!IOT co6oli orpe3KH Ka6eJIJI MapKu KTMC ilJIHHoli 5000 MM " 
HapylKHDIM !IHaMeTpOM 1,5 MM. HapylKHaJJ o6onoqKa TaKoro Ka6en• 

BhinOJJHeHa H3 HeplKaaeromeli CTaJJH MapKH 08X18H10T. BHYTP" Ka6en• 
paCIIOJlmKeHhl H30JIHpOB3HHhie OT BHCIDHeH o60JIOlfKH OKHChiO aJIJOMHHH.ll ,ll.Be 

>KHJIDI XpOMeJib-KOlleJieBOH rrpOBOJIOKH JUia.MeTpOM 0,6 MM Ka)K)laH. l13MepH

TenLHhlll Cnali MHKpOTepMonaph! (T.e. T04K3 H3MepeHHO TCMUepayYphl) 
o6paJoBaH ml3epHoH csapKoH )f(HJI Ka6emL )l,JI.SI o6ecneqeHHJI Ha)],e)I{Horo 
TeiUIOBOfO KOHTaKTa MHKpOTepMOnaphl C MaTepHa.riOM o6beKTa H3MepeHHli 

TepMOIIapbi npHnaHBa.JIHCI. K CBHHU,OBblM IIJiaCTHHaM, KOTOpbie p33Mei.I..J;aJIHCh 

MClK)Iy CBllHQOBhiMH KHpnH4aMH (5x 1 Ox20 CM) H UpHlKHMaJJHCL IrnThiO 

CllOHMH TaKHX lKC KHpUH4Cll ( CM. pnc.1 ). ,!.(n• HCKJJI04CHHO OUJH60K np11 

H3MepeHHH TeMrreparyphl, o5ycJIOBileHHbiX B03)le:iiCTBHeM BHeiiiHHX 3JieKTpO

M8fHHTHhiX TIOJieii, H3MepnTeJihHhlii cnaH ll30TIHpyeTCH OT o60JIQqKH Ka6enH 

H repMeTM3HpyeTCSI TOpiJ;eBOH KpbllliKOH, KOTOpaH npHB8pHB8eTCX K 060JIOY.Ke 

repMernqHhlM ml3epHhlM lllBOM. BhiBO.lJ.hl MHKporepMonaphl HapamnsaiOTca 

npHB8pHB8HHeM XpOMeJib-KOTieJieBofi npOBOJIOKH ,I:J;IiaMerpOM 0,6 MM, 

y,n:o6HOif ,1])IJI llO.Il,KJIIUY.eHHH KOMIIeHC8U.HOHHOf0 Ka6emr; MeCTO :nora 
COe.rtHHeHIDI repMeTli3Hp)'eTC.H 3IIOKClt,ll,HhlM KOMTI8YH.ll.0!\.f, 

OnHcaHHM KOHCYpYKliHH MHKpoTepMonapLI no3son•eT nonyqaTL 

BhlCOK)'IO .ll.OCTOBepHOCTh pe3j'JihT8TOB H3Mepemrfi llpH HHepU.HOHHOCTH 

H3MepHTeJihHOfO CIIrul He Bbiiiie 0,6 C H BhlCOK)'IO MeX8HW:IeCKYlO npOlJ.HOCTh 

npH WJHTeJihHOii 3KCnnyaT8UHH. 

TaKaJJ Kanop><MerpH4eCKaJJ MeTO)IHKa ycnemHo npHMeiDJeTcH 11n• 

rrpeiJ.H3HOHHhlX H3MepeHH.fi, CBH3aJ-IHhiX C )'J;H8fHOCTHKO:fi pafiOThl HJl.epHhiX 

3HeprcrH4eCKHX peaKTopoB [14]. 
Ha (j>H3J1qecKOll MO)IeJJH CBHHQOBOfO 6rroKa C UOMOIUhiO 

perynnpyeMOfO HCTQqHHKa TeTIJIOBbl,!leJieHIDI 6biJIH BhlllOJIHeHhJ 

KaJnt6pooo"Y.Hhie 3KcnepHMeHThi c u;ennro 

onpe)leJJeHHO )IHaUa30HOB H3MepeHHO TCMUeparypHhiX rpan!!CHTOB 

(CKOpOCTh HarpeBa) B MHilleHH; 

OllTHMH38UHH pa3Mell{effiUI MIIKpOTepMOnap B rrpOTX)KeHHOfi MHI.IIeHH; 

K3..HH6pOBKH H3MepiiTeJihHhiX K8HaJIOB H anrrapaT)'phi. 

B BHilli aTOMHoro 3HepreTWJecKoro MaiUHHOC'I'pOeHHH H I1HCTHT)'Te 

npnKJJa!IHOli MaTeMaTIIKH HM. M.B.Ken!ILima (MocKBa) 6LJJJH BhiiiOJJHeHLI 
OUeHKH Tell.:10Bhi,IleJieHIDI II)''TfM peiiieHIDI 38,ll8"Y. TeiT.7J.OIIpOB0}1,HOCTH 
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R 
a) 

flyqoK 

CBHHUOBLIH 6JJOK 

50x50x80 CM ; Macca 2300 Kr 

TepMonapHhie 

,ll8TY.HKH 
2 7 10 

1 0;25 
2 0;32 
3 9;32 
4 12;32 z 
5 14;32 
6 24;32 
7 0;38 

npOTOHOB r---------~~ 

6) 

Pnc. 5 

20 CM 

IBM PC 

8 9;38 
9 12;38 

10 0;51 

BhiXO!IHOH llliHHa ynpanneHHH 
C'HTHaJI KOMM)'T3TOpOM 

flpeQH3HOHHLIH 
H3MepHTellb CHfHaJIOB 

Kmrrponrrep 
BBO)lafBhiBO,!la 

I PC BUS I 
a). CxeMa JKcnepHMCHTa (moHh 1998 r.) no myqeHHlO 3HeproBhi!Ie
neHIUI B 60Jihll10il CBHHUOBOii MHIJleHH Ha npoTOHHOM nyqKc 

CHHXpo4J83orpona OI15111 c ncnoni>3oaanHeM repMoMe-rpw.IecKoH 

MeTOJl,HKH Ha OCHOBe MaJIOHHepUHOHHDIX MHKpOTepMOrrap. B 
CBHHUOBOM 6JIOKe flO YK83aHHbiM Ha pncymce KOOp.llHHaTa.\1 

ycTaHOBJieHO 10 TepMOTiap B ropH30HTaJihHOfi IUIOCKOCTli (y=Q). 
6). :SnoK-cxeMa arrnapatypbi .II.JIH H3MepeHIDI TeMneparyphl a o5beMe 

CBHHUOBOfi MHIIIeHH, ITOK333HHOfi Ha pHC. 1 
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1\IIH (I)- ccj>epH'IeCKOH (MHllleHb H o6JiaCTb 3HeprOBhl)leJieHHH HMeiOT cj>OpM)' 

KOH!jeHTpH'leCKHX ccj>ep C pa3MepaMH, 3KBHBaJieHTHblMH !10 06'beM)' peaJibHOH 

MH!lleHH) H (2) - !1HliHH,llpW!eCKOH ('IHCJieHHb!M MeTO/IOM C HC!lOJib30BaHHeM 

COOTBeTCTB)'IO~ nporpaMM) reOMeTpHH. 

B CBHH!jOBOH MHllieHH C )"lihOM 3KcrrepHMeHTaJibHhlX )laHHb!X (2,3] H 

pe3yJihTaTOB MO)J.eJIHpOBaHIDI H Oll,eHOK 6LJJIH Bhl6paHbl K00p.D:HH3Tbl .UJUI 

pa3Me!IIeHHH I 0 TepMonap s ropH30HTaJihHOH nnocKOCTH. Ha pH c. 5 

rrpHse,l(eHa 6noK-cxeMa annapaT)Ipbi 1\IIH H3Mepemrn TeMnepaT)Iphi, KOToprur 

TI03BOIDleT BH3YaJILHO Ha6mo.n;aTb Ha ,llHCllJlee nepCOHaJihHOrO KOMTihiOTepa 

H3MeHeHIDI repMOrpaMM B XO)l,e o6rryqeHIDI CBHHUOBOii MHIIIeHH. 

4.2. Pe:Jyll&mambl 3KcnepUMeHma u o6cyJ/COeHue. Ha pHc. 6 noKaJaHbi 

TepMOrpaMMhl, ITO~CHHhle B 3KCIIepHMeHTe C ITOMOIIlbiO )],eCSITH TepMOllap, 

KOTOpb!e 6bmll pa3Me!IIeHbl CJieii)'IOIIIHM o6pa30M ( CM. pHC. I H 5): TepMonapbl 

1, 2, 7 H 10 paCTIOJiaraiO'IC51 B)J;OJib OCH CHMMeTpHH MHIIIeHH H HanpaBJieHllil 

npoTOHHoro II)"IKa, npH 3TOM repMonapa I 0 HaxO!IHTCH Ha rny6HHe 31 eM or 

IIJlOCKOCTH na,n,eHIDI nyqKa Ha MHUieHL. TepMorrapbi 2, 3, 4, 5 H 6, a TalOKe 

repMonapb! 7, 8 H 9, pacnorroJKeHHble B !IByx nnocKOCTHX (npn Z=32 H 38 CM 

COOTBeTCTBeHHO ), ll03BOillllOT rro.rryqHTh HeCTaiJ;HOHapHbie pacrrpe,ll,eJieHHH 

TeMrrepaT)Ip B pa)IHaJibHbiX HanpasneHHHX. npn 3TOM TepMorrapa 6 

pa3Mel.lleHa Ha rrry6HHe 1 CM OT ITOBepXHOCTH MHllieHM. 

113 paCCM01peHIUI TepMOrpaMM MO)KHO BbUIBliTb CJie.nyroi.I..J;He OCHOBHbie 

OC06eHHOCTH H3MeHeHHJI TeMIIeparypbl B 33BHCHMOCTH OT BpeMeHH 8 

pa:mHqHbiX TOtiKax CBHHUOBOli: MHllieHH B rrpou.ecce ee o6nyqeHHJI. 

• B!IOJib ocH rrpoTOHHoro II)"IKa (R=O; eM. puc. 5 H 6a) 3Ha'leHHH 

TeMrrepaT)'phl B TQqKax 1, 2 H 7 IIpaKTM'-IeCKH COBJia,LJ;aiOT; B 3THX TO~KaX 

Ha6mo,n;aercH MrHoBeHHrul peaKU.IUI Ha H3MeHeHHe pe)I(HMa rro,n;aqn ~Ka: 

llpOHCXO/IHT Henpeph!BHblH poeT TeMnepaT)Ipbl BO speM~ o6ny'leHHR H 

CHH)KeHHe TeMnepaT)'pbi C MOMeHTOB OTCyrCTBllil rrpOTOHHOfO ~Ka Ha 

MHIIIeHH. CKopocTb HapacTrunrn reMrreparyp B yKmaHHhiX Bbiiiie TO'l!Kax 

COCT3BJUieT OKOJTO 0,009°C/MHH (COOTBeTCTBeHHO, HarpeBbl IIpH rrpO,LJ;OJI)KH

TeJibHOCTH o6nyqeHIUl IIpOTOHHI:.IM nyqKOM OT 8 ,I\0 25 MHH)'T COCTaBJHIJIH OT 

0,07 JlO 0,20°C). B TO'!Ke 10 (eM. p!ic. 6a) CKOpOCTb HJMeHeHHR TeMnepaT)Ipbl 

3aMeTHO HHJKe (0,004 - 0,005°CfMHH), a COOTBeTCTBYIO!IIHe BeJIH'IHHbl 

HarpeBOB COCTaBJUUOT OT 0,03 ,ll;O 0,1 0°C; IIpH 3TOM peaKU,HH 3TO:ii TepMOIIapbl 

He CTO.'Ib pe3R3.SI, K3K OTK.aiiK TepMOIIap B TOqKaX 1 t 2 H 7. 

• ITo pa.ueycy MHIIIeHH s nnocKOCTH Z=32 eM cKopocrb H3MeHemrn 

TeMIIepaT)'pbl HenpepblBHO CHIDK3eTCH C y.narreHHeM OT OCH rry"tJ:Ka (T011K3 2), 

TeM He MeHee BO BCeX TO'!Kax (3, 4, 5 H 6), T.e. BKJIIO'IM H nepncj>epH!O 

MHllieHH (R=24 CM, TO'!Ka 6), Harpes 3acj>HKCHpOBaH npaKTH'IeCKH MrHOBeHHO 

C MOMeHTa norra,naHllil IIpOTOHHOfO JIY'-IK3 Ha MHliieHb. 3a speMH ceaHCa 
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(B) 

flo OCif CBHHilOBOro 6J10Ka (TO"IKH J, 2, 7 » JO) 
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PHc. 6. TepMorpaMMbl, HJJJJIOCTJ'HPYIOlli.He npocT}JaHCTBeHHoe pa3BHTiie paJorpena 

CBHHU.OBOro 6noKa (50x50x80 eM; Macca 2300 Kr) B npou.ecce cro o6ny'temut 

ITpOTOH3Mll C 3HepnteH. 5 r3B c )"'-leTOM BKJUO'ICHHii H: OTKJH01.Jemn:f rryttKa. 

Do OCH Op.1l,HH3T (cnpasa) noKal3Hbl HOMepa TepMonapHblX Jl3T'-IHKOR Tl-TlO• 

KoOpJlHHaThi KOTopbiX npHBe.neHbi Ha pHc. Sa. KpoMe 3TOro, Ha pwcyHKax 

JllUI HJJJ1lOC"Ip3UHH nOK333HO H3MCHCHHe HHTCHCHBHOCTH npOTOHHOro 

Tl)'l.JK3 B XOJlC o6ny'--leHHjl MHlliCIIH (B OTHOCHTCJibHbiX CJlHHHUaX) 
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(-1,5 qaca) Harpes B TO'IKe 6 COCTaBHJI 0,15°C; peaKUHJI Ha HJMeHeHHe 

n0)1a'IH II)"IKa Ha MHllleHb B TO'IK3X 3 H 4 {R=9 H 12 CM COOTBeTCTBeHHO) 

HeJHa'!HTellbHa, a B TO'!Kax 5 H 6 (R= ]4 H 25 CM) npaKTH'IeCKH OTC)'TCTByeT, 

T.e. npoHCX0/1HT Henpepb!BHbiii llllaBHhrii pocr TeMneparyphr. KaK nOKaJanH 

rrpe,UBapHTeJibHhle paC'Y.eTbi, BbiTIOJIHeHHhle B 11HCTH'I)'Te npHKJia,IJ.HOi:::f 

MaTeMaTHKH HM. M.B .KeJI)J;hlma, )llll! CJIY'lal! nepe/1a'IH Telllla a pai\HallbHOM 

HanpaBJieHHH TOJILKO 3a Ct.IeT TeTIJIOITpOBO,llHOCTH TepMOIIapa B TOt.IKe 6 

/IOJDKHa cpearnpoaaTb qepeJ 1,5-2,5 '1, B TO'!Ke 5 - qepe3 15-20 MHH, a s 

TO'lKax 4 n 9 - qepe3 5-10 MHH nocne Ha'!Bl!a o6nyqeHnn MnmeHH. B 3THX 

OUCHKax anpHOpH ytiHThlBaJlOCh TOJILKO B3aHMO,lleiiCTBHe IIpOTOHOB C ».n.paMH 

CBI:IHU3 8 orpaHHl)eHHOii no p33MepaM UeH'TpaJILHOH 06JI3CTH MHUieHH. 

• AHaJIOnPIHaH Kapnma s rmoCKOCTH Z:::::38 eM, TOllhKO s 3TOM CJI)'lJae 

HenpepbiBHbiii pocr TeMneparypLI (T.e. oTcyrcTane peax!IHH Ha rrpeKpameHHe 

o6nyqeHHJI MHllleHH) Ha6JIIOi\BCTCn ylKe npn R=9 eM (TO'!Ka 8). 

lf3 3HaJIH33 TepMOrpaMM MO)KHO CJ(ell3Th CJie,n;yiOlll,He BhiBO)l.bl: 

I). Cosna)J;eHae TepMorpaMM B TO'!Kax I, 2 a 7 03Ha'!aer, 'ITO 

C)'MM3pHhle BKJia.Ahl B3aHMOJ(e:H:CTBIDI rrepBHY.HiioiX npOTOHOB H BTOpHt.IHhiX 

'IBCTHU Ha rny6HHe OT 20 /10 40 CM B TellliOBLI)\eJieHHe npaKTH'IeCKH 

O)\llHaKOBhl, npn :rroM Harpea nponcxo)1HT MrHOBeHHo. Xaparrep 

TepMorpaMMLI a TO'!Ke I 0 onpe)1enxercx MeHblliHM 3HaqeHneM 

TeiinOBhl,lleJieHH.9. 

2). B pai\HallbHLIX HanpasneHHJIX (Z=32 n 38 CM) no Mepe yJ~aneHHJI oT 

ocn rryqKa rennoBLJ,UeneHHe 3aMeTHO yMeHLIIIaerc,:r. B TO )Ke speMH Harpes 

BO BCCX TOqKax HaqHHaJICH IIpaKTWICCKH O,ZJ,HOBpeMCHHO (6e3 Q)KH,D;aJUIIerOml 

no pacqeTHhlM ou.eHKaM Jaml3.lJ.bJBaHID1), a ero TeMrr OKa3aJJCH Bhliiie 

pacqeTHoro 3Hat.IeHH.II. 

Il3MeHeHHe TeMneparypbl B TO'!Ke 6 MOlKHO 06bJICHHTb BIIHHHHeM 

nosLimeHHH TeMneparyphi oKpylKaroi!1eii cpe,[(hi (T.e. B03JIYXR a 

3KcrrepHMeHTaJ1bHOM 3aJie), HO TIHIIIb OT'iaCTH, ITOCKOllbK)' TepMOIIapHbiif 

,[(aT'IHK 6 3a3KpaHHpOBaH CJIOnMH canHua (TOIII!1HHa I eM) n xopnycHoii CTai!H 

(5 MM) C B03J\YliiHOH IIpOCJIOHKOH Mel!(,[(y CBHHUOM H CTallbiO, HMeiOllleii 

TOIIlliHJ<Y 3 MM. 
fiolly'leHHbie pe3YTibTaTbl n03BOIIHIOT npe)J;nOJIOlKHTb, 'ITO B 

tPOPMHpOBaHHH TeMnepaTYpHOfO TIOIIH H 06beMHOf0 TellliOBh!,[leJieHHJI 

yqaCTBYIDT He TOnbKO nepBWIHbie IIpOUeCCbl HOHH3aUHH aTOMOB H 

pacmenneHIDI II B036y)l(.lJ.eHHH R)l,ep CBHHU,a pe.iUITHBHCTCKHMH IIpOTOHaMH, HO 

H BTOpHqHble H,UCpHO·¢H3WieCKHe IIpOUeCChl, C!le.lJ.CTBHCM KOTOpbiX HBJUHOTC.sl 

3aplllKeHHhle llpOJIYKThl a)J;pOHHblX H 3JieKTPOHHO·tPOTOHHb!X JIHBHeii, a 

TaKlKe OCKOIIKH Bb!COKOnoporosoro )\eJieHHJI CBHHUa (Etr,-25 M3B), 6eTa- II 

raMMa- mnyqeHHH KOpOTKOlKHBYlliHX pa)J;HORKTHBHhlX J<YKllll/108 H i\p. 
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3aKJIIO<JeHHe 

C UeJibiO 0liTHMH3a!IHH reOMCTpH'IeCKHX napaMCTpOB ypaH-CBHH!IOBOii 

c6opKH, KoTopan C03)1aercx a Jla6opaTopnn Bh!COKHX 3Hepmii OlU!Il )llll! 

myqeHHJI <PmH'IecKnx acneKToa 3JieKTPoHJ~epHoro cnoco6a nonyqeHHJI 

3HeprHH n TpaHcMyrauHH PBiiHOaKTHBHLIX OTXOJIOB Ha nyqKax 

CHHXpo<!>aJoTpoHa!eyKJIOTpoHa (rrpoeKT "3HepfHJI+ TpaHCMyr~" [9]), 

npoae,[(eHo nccJie,[(oaaHne rrpocrpaHcTBeHH0-3HeprcrH'IecKoro pacnpe

)J;eneHM HeitrpOHOB B CBHHI\OBOll cpe)J;e llpH 3Hepmn npOTOHOB 1,5 r3B. 

J1cnOJib3YH TOMOrpaq,H'IeCKHH MeTO,[I C rrpHMeHeHHeM aKTHB"IIHOHHbiX 

)J;eTeKTopos 113 301IOTa, 6h!I!O npOCKaHHpOBaHO HeitrpOHHOe liOJie BHyrpll 

MHIIIeHH c nonepeqHhlM ceqeHHeM SOxSO CM H oueHeHLI BKn8J.{hl TCITJIOBhiX, 

pe30HaHCHbiX H 6hiC'I'pbiX Heii:JpOHOB B flOJIHLiii HeihpoHHLIJ:i CITeKTp, a TaiOKe 

nony'!eHLI ,[laHHh!e, Heo6xo)1HMLie i\liH BLI6opa nonepe'IHLIX paJMepos 

ypaHoaoro 6naHKeTa n CBHHIIOBOro HeitrpoH-reHepHpyroi!1ero Konaepropa 

U/Pb-c6opKn. 

c IIOMOW,blO KMOpHMelpWICCKOH MeTO,Z::UiiGt: Ha OCHOBe 

MaliOHHepUHOHHhlX BhlCOKOqyBCTBHTel!bHhlX MHKpOTepMOTiap HCCl!e)10BaHhl 

npocrpaHCTBeHHO-BpeMeHHoe pacnpe,[(el!eHHe TeMnepaTypHLIX noneii n 

ypoBeHb 3HepfOBhl,[\eJieHHJI 8 CBHHQOBOH MHllleHH (5Qx50x80 CM) rrpH ee 

OfiJIY'IeHHH npOTOHHLIM II)"IKOM llpH 3Hepmn 5 r3B. 

Aamphl Bb!palKaiOT rny6oxyro 6naro)1apHoCTh aKa)J;eMHKY 

A.M.EBlli\HHY II aKa)J;eMHKY B.Il.Cy66oTHHY 3a HHTepec H noMePlKKY 

nccJie,[(OBaHHii no 3JieKTPOHJ~epHoii TeMBTHKe, a TaKlKe A.I1.MBl!axoay, 

B.H.IleHesy, 11.A.IlleJiaeay n IO.C.AHHcHMoay 3a co)1eiicTBne s no,[(roTOBKe 

11 rrpoae)1eHHH 3KcnepHMeHToa Ha II)"IKax CHHXpo<!>aJoTpoHa. 

IIepcoHan HHlKeHepHo-reXHH'IeCKHX CJiylK6 Jia6opampHH BLICOKHX 

3Hepmii OlU!Il no,[( pyxoao)J;CTBOM A.,!I.KosaneHKO asropLI 6naro11apn 3a 

o6ecne'leHHe pa60Tbi cnHXpo<!>aJOTpoHa npn o6nyqeHHH CBHHI\osoii MnmeHn. 

ABTopLI Bh!palKaroT rrpmHaTeJibHOCTb C.B.MacJieHHHKoay n 

A.M.BoJIOI!1eHKO 3B yqacrne s o6cylK,[(eHHH 3KcnepHMeHTallbHLIX 

pe3yJILTaTOB, a TaKlKe JI.C.30IIHHY 3a KOHCTpyKTHBHLie 3aMe'laHHJI no TeKCTY 

ny6JIHKaUHH. 

HaCTOHIUal! pa6oTB Bh!TIOJIHeHa npn noMeplKKe ueneaLIX rpaHTOa, 

Bhl,[(eJieHHbiX Ha HCCJie)\OBaHHJI TIO 3TieKTPOJI)J;epHOii TeMaTHKe 

IloJIHOMO'IHhiMH IIpe/1CTBBHTeJil!MH MoHroJIHH 11 IlOllblliH s OlU!Il, 11 TaKlKe 

uenesoro rpaHTa ,[(HpeK!IHH IlHCTHTYTa Ha o6ecne<!eHHe pa6oTLI 

ycKopHTellbHLIX 11 peaKTopHbiX yCTaHoaoK 06be,[IHHeHHoro HHCTHTyra 

HJ\epHLIX IICCJie,[IOBaHJiii. 
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