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IIocTaHOBKa 3KCnepRMeHTOB no CIIHTe3y II 113)"IeHIIIO CBOHCTB CBepXTjl;KeJil,IX 

3JieMeHTOB Ha rryqKax TJl:KeJII,IX HOHOB conpll:KeHa C TIJY,!(HOCTJIMII npIIeMa Ha MIIIIIe:m, 

IIOHHOfO TOKa BMCOKOH (/:lo 3,5x1013
c"1) IIHTeHCIIBHOCTII. 3To BI,13BaHO TeM, 'ITO 

y,!(eJII,HaJI TeIIJIOBall MOIUHOCTI,, BI,J,!(eJIJleMaJI B MHIIIeHII npH B3allM0,!(eil:CTBHH C II)"IKaMH 

Tll:KeJII,IX HOHOB TaKOli HHTeHCIIBHOCTII, MO:lKeT ,!(OCTIIraTI, 50+100 KBTlcM
3 

Ha 

06JI)"IaeMOil: IIJIOilla,!(11 1 CM2, 'ITO Bl,131,JBaeT. CHJII,Hl,lli neperpeB MHIIIeHH H, KaK CJie,!(CTBHe, 

• ee 61,1c'I'poe pa3pyruem1e. ,llnJI npe,noTBpamealill TeHJIOBoro pa3pyrneHIIJI MHrueHH, a TaK:JKe 

. ,!(JIJI ;YBeJIH'leHIIJI cpoKa ee CJIY;K6M npH pa6ore Ha rryqKax Tjl;KeJII,IX HOHOB BI,JCOKOH 

IIHTeHCHBHOCTII Ha npaKTHKe C'I'peMJITCJI K )'MeHbIIIeHIIIO y,!(eJII,HOil: TeIIJIOBOii: HarpY3KII Ha 

e,!(IIHHizy IIJIOilla,!(H o6JiyqaeMOli noBepxHOCTII. C 3TOH l(eJil,IO HCnOJII,3YfOT KOHC'I'p)'KIIIIH 

YCTIJOHCTB c· HaKJIOHOM MIIIIIeHH no OTHOIIIeHHIO K IIpO,!(OJII,HOli OCH rryqKa, npllMeHJIIOT 

3JieKT{JOManmTHI,Ie MeTO,!(I,J "pa3Ma3KII" IIOHHOfO rryqKa Ha 60JII,IIIyro IIJIOll(\l,!(I, MHIIIeHII II 

T.n •• O,!(HaKO 3TH cnoco61,1 KaK CaMOCTOJITeJII,HMe MaJI03cpcpeKTIIBHI,I, a B OT,!(eJII,HI,IX 

CJl)"IaJIX B nOJIHOli Mepe He MOryT 61,1!1' peaJIII30BaHI,I, TaK KaK rrpHB?,!(JIT K yxy,!(IIIeIIlIIO 

KIIHeMaTHKII cp113H'lecioil: ycTaaoilKII II3-3a YBeJIH'leHHll reoMeTIJH'leCKoro pa3Mepa 

IICTO'IHHKa npO,!()'KTOB ll,!l;epHI,IX peaKl(Illi (yxy,!(IIIeHIIe KPIITeplill TO'le'IHOCTII IICTO'IHHKa 

113.JI)"IeHIIll). Ha1160Jiee 3cpcpeKTIIBHI,IM MeTO,!(OM CHII;KeHIIJI y,!(eJII,HOli TeIIJIOBOli. HarpY3KII 

JIBJIJleTCJI npI1MeHeH11e KOHCTIJ)'KTIIBHl,IX cxeM C no,!(BH;KHOH (Bpamarorn;eil:cJI) MIIIIIemro. 

3TO n03BOJIJleT cyllleCTBeHHO )'MeHbIIIHTh He TOJII,KO cpe,!(HIOIO TeMnepaTYPY MIIIIIeHII, HO 

H nHKOBYIO TeIIJIOBYIO HarpY3KY 3a C'leT "pa3Ma3bIBaHIIJI" e,!(HHH'IHOfO I1Mrryn1,ca rryqKa Ha 

60JI1,IIfYIO IIJIOll(a,!(I, MHIIIeHII, a TaK:lKe CHII;KaeT y,!(eJII,Hyro pa,n;rrau;HOHHyro ,!(03Y Ha 

e,!(HHHIIY MIIIIIeIIHOll noBepxHoc:r11. He,!(OCTaTKOM II3BeCTHI,IX YCTIJOHCTB TaKOfO po,!(a 

JIBJIJleTCJI HaJIH'IIIe B IIX KOHCTIJYKI:(1111 CKOJII,3Jlll(HX IIO,!(BII:lKHI,IX YIIJIOTHeHIIli. Bcne,!(CTBIIe 

3TOfO OHII llMeIOT HII3Kyro 3KCIIJiyaTau;IIOHHyro 113,!(e:KHOCTh, KOTOpall orrpe,!(eJIJleTCJI 

cpOKOM CJIY;K6M YIIJIOTHeHIIli ( o6M'IHO He 6onee 100 'laCOB rrpII CKOpOCTJIX CKOJII,:lKeHIIJI 

1,5-2 Mic). 



J:l;uI ra30HailOJIHeHHOro :meKT)JOMaIRIITHOro cenapaTopa npO,rzyKTOB imepHbIX 

peaKL111ii (I1Ic;::) /1/ Jia6opaTOp1111 imepHLIX peaKI-111ii HM. r.H. <l>nepoea (OIDIH, r.lly6Ha) 

6LIJIO co:matto YCT]JOHCTBO c epamaJOflleiicll MHilleHbJO, KOHCT]JyKLIIUI KOTOporo He 

co;:iep:lKHT no,1011:lKHLIX KOHTaKTHLIX yITJIOTHeH11i1. YcT])OHCTBO OTJI!l'IaeTCll 3Ha'IHTeJILHOH 

npoCTOTOii II IIMeeT Bb(COKYJO 3KCITJiyaTaUIIOHttyJO Ha,le:lKHOCTb. 

B MHllleHHOM YCT]JOHCTBe OTCYTCTByeT CIICTeMa npllHYAIITeJibHOro OXJia:lK,leHllll, TaK 

KaK KOHCT]JyKTIIBHO OHO pacnonaraeTCll B ra30B0M 061,eMe 'cenapaTopa, II 6oJiblllall 'laCTb 

TeITJIOBOH ::i11eprn11, Bbl,neJillJOflleHCll B 3JieMeHTax, B3aHMo;:ieHCTBY!Oll-lHX C HOHHblM 

ny'IKOM, CHHMaeTCJI II OTBO,IHTCJI ra30M (o6bl'IHO H2 npu ;:iaBJieHHH 0,7-1 TOPP /1/), 

co;:iep:lKaIUHMCll e pa6oqeM 061,eMe ra3oHanonHeHHOro cenapaTOpa. 

M11111eHHOe ycT])oiicTBO TTIC (pHc.l) cocTOHT 113 crynuuLI 1, 3aKpeITJieH~OH Ha 

CTaKaHe 2, KOTOpLiii C IlOMOll-lb!O onopHbIX PMllaJibHbIX 111apHKOilO,llllllITHHKOB 3 

ycTattoBJieH e Kopnyce 4. ,ilJIJ1 ynyq111eH1U1 -T~WIOOTBo;:ia OT ;:ieTaneH KOHCT]J)'KllHH 

MHilleHHOro Y3Jia Kopnyc 4 ll3I'OTOBJieH 113 MaTepuana, HMeJOlllero ,IOCTaTO'IHO BbICOKIIH 

KO::icpq:muuer-iT TeITJionpOBO,IHOCTH (naryHL JIC-59). Ilepe;:iaqa epameHllll 113 aTMOCcpepbl 

Ha cryn11uy l ocyllleCTBJIJleTCll C ITOMOfllbJO MarHHTO:lKHAKOCTHOrO BaKYYMHOITJIOTHOro 

eeo;:ia ;:ieu:lKeH!lll 5 cpnpMM "Ferrometic" llJIH "Ferrofluidics". Beo;:i ABH:lKeH!lll 5 

IT03BOJIJleT nepe;:iaeaTb epaflleH11e co CKOpOCTbJO AO 6000 06/MHH B pa6otJyJO IlOJIOCTb me 
6e3 Hapy111eHlll1 repMeTH'IHOCTH ycTaHOBKH. Cryn11ua np11BO,lllTCll B ,IB!l)KeHHe 

3JieKT])OITpHBO,IOM 3T1El Ha OCHOBe ,IBHraTeJill ITOCTOllHHOro TOKa IIJI062Y4 MOfllHOCTbJO 

120 BT (yCJIOBHO He ITOKa3aH). 3neKT)JOITpHBOJ:i o6ecne'IHBaeT CTa61lJIH3aUHJO CKOpOCTll 

epameH!lll II IT03BOJilleT ITJlaBHO peryn11poeaTb 'IIICJIO o6opOTOB eana 3JieKT])O,IBHraTeJIJI. 

Ilepe;:iaqa BpallleHIUI OT 3JieKT])O,IBllra'feJill K IllKHBY 6 MHllleHHOro YCT]JOHCTBa 

oCyflleCTBJIJleTCll C ITOMOfllbio 3y6'1aTOro MOAYJibHOro peMHll (TaK:lKe He ITOKa3aH). lllirne 6 

ycTaHOBJieH B XBOCTOBOH 'laCTH CTYfillllbl ,4 II HMeeT co6cTBeHH&1e 

111apHKOITO,llllHITHHKOBbie onop&1. 3TO Heo6xo;:inMo Mll pa3rpY3KH eana 

MarHHTO)KllJ:iKOCmoro BBO;:ia ,IBH:lKeHllll OT BHelllHIIX PMllaJibHblX HarpY30K, B03HHKaJOlllHX 

npu pa6oTe YCT]JOHCTBa. Ha HapY:lKHOH llllJIHH,lpH'leCKOH. qacm crynHUbl 4 
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P11c. l. CxeMa MHWCIIIIOIU y:i.na ra1011a110JJHCIIIIOl'I) ::tlJCKTpOMam11TIIOIU · ccnapaTopa 

npOJl)'KTOB ll/lCpHblX peaKUHii. 1-CT)'llHUa; 2-CTaKaH; 3-onoplll,IC mapHKOilOJIWHIUIIIKII; 4-Kopnyc; 

5-MarHHTOlKH)IKOC..'TllbIH BaKYYMIIOIIJIOTllblH BB0/1 JIBlllKCIIllll; 6-lllKIIB; 7-MllUICIIIII,IH JIIICK; 8-JIIICK· 

MaCKa; 9-JIIICKH·IlOrJJOTHTCJIH 

3aKpeITJieHbl MllllleHHbIH ,IIICK 7 H ,IHCK-MaCKa 8. B KOHCT]J)'Kllllll MllllleHHOro Y3Jia 

npe;:iycMoT)JeHa B03MOlKHOCTb KOppeKTllpOBKII 3Heprn11 IIOHHOI'O nyqKa, 

60M6ap;:i11pyi01llero Ml!llleHb. C 3TOH UeJibJO Me)KJ:iy MllllleHHblM ,IIICKOM 7 II ,IIICKOM· 

MaCKOH 8 ycTattaBJIHBaJOTCll ,lllCKll·ITOrJJOTIITeJIII 9, Ha KOTOpbie KpenllTCll <pOJibnt, 

npe,1Ha3Ha'leHHble Mll ITOrJJOflleHIUI H36LITO'IHOH 3Hepnm IIOHHOro nyqKa. Ha p11c.2 

npe;:icTaBJieH cxeMaTH'leCKIIU BM MHllleHHOro ,IIICKa. )laCKII 7 H 9 113rQTOBJieHbl 113 

aJIJOMHHlleBoro CITJiaea, ,IIICK 8 - 113 Me,111 (MI). ,llJill npoxoii.a IIOHHOro nyqKa Ka)KJ:iblH 

JI.IICK HMeeT 12 COOCHbIX OBaJibHbIX OKOH, paBHOMepHO pacnonolKeHHblX Ha OKpy;teHOCTII 

3 



,llHclMeTJ)OM 120 MM. I.I.IHpuHa OKOH MHWeHHOro .llHCKa 11 ,llHCKOB-nornOTHTeJieii 

cocTaBJilleT 10 MM npu wmHe OKHa no .!lyre 29 MM. )lnJ1 npe.llOTapameHIIJI nona,llaHIIJI 

HOHHOro nyqKa Ha MeTaJI.IIH'leCKl!e 'laCTH u Kpal! OKOH ,lll!CKOB 7 u 9 OKHa ,llllCKa-MaCKll 

,weioT MeHLwi1ii pa3Mep (w11puHa - 9 MM, ,llJIHHa - 28 MM). ITornowaiowue cpoJlbrn 

KpenllTCJI Ha OKHa ,lll!CKOB 9 C noMOll{blO KJieJI. MuweHb ll3rOTaBJIIIBaeTCJI nYTeM 

HaHeCeHIIJI MHwe,moro aemecTBa Ha TOHKYIO MeTaJIJIH'leCKYIO nO,llJIO)KKY (o6Ll'IHO :no 

Al-, Be- HJIH Ti-cponLra TOJIIUHHOii nopll,llKa 0,2 MrlcM
2 

HJIH MeHLwe) /1/ u 

ycTaHaBJIHBaeTCJI Ha ,llHCK 7 c noMO[UblO npH)KHMHOrO KOJibUa. HaHeCeHHe MHWeHHOro 

aemecTBa Ha TOHKHe Hecymue no,llJIO)KKII npOH3BO,llHTCJI JII06b1M H3 H3BeCTHblX cnoco6oa. 

"I1p03pa'IHOCTb" CHCTeMbl ,llllCKOB MHWeHHOro YCTJ)OllCTBa ,ll]IJI nyqKa HOHOB COCTaBJIJleT 

83%. 3cp<peKTHBHaJI 11JI0ll{a,llb MHWeHHOll nosepXHOCTH - 28 CM
2

• 

B pll,lle 3KCnepuMeHTOB B Ka'leCTBe MHWeHHOro semecTBa ucnOJib3YIOTCJI 

.llOporocrn,imue pa.llHOaKTHBHLie H30Tom1, TaKHe KaK 
242Pu /2/, 248

C~ /3/ 11 Pll.ll .llpyrnx. 

KOJIH'leCTBO TaKHX 1130TOnOB, HMe10mux'cll B pacnopll)KeHHll 3KCnep11MeHTaTopa, KaK 

npaBlfJIO, seCbMa orpaHH'leHO. 8 3TOM rnyqae MHWeHH MOHTHPYIOTCJI B KacceTax, 

KOHCTJ)YKUIIJI KOTOpbIX npe,llCTaBJieHa Ha p11c.3. B ueJIJIX 3KOHOMHH MHWeHHOro semecTBa 

Ha MHWeHHblll ,llllCK ycTaHaBJIHBaeTCJI 3 KacceTbl. 3cp<peKTIIBHOe HCnOJib30BaHHe l!OHHOro 

nyqKa npu 3TOM ,llOCTHraeTCJI 3a C'leT Cl1HXpOHH3auHH CKOpOCTll apameHIIJI MHWeHHOro 

,llHCKa C 'laCTOTOll HMnyJILCOB IIOHHOro nyqKa UHKJIOTJ)OHa. CIIHXpOHH3aUIIJI 

ocymecTBJIJleTCll C nOMO[UblO 3JieKTJ)OHHOH CIICTeM~I /4/. Ilp11 nocJie,llOBaTeJibHOM 

o6nyqemm IIOHHblM ny'IKOM Ka,K,llOll Ml!WeHII CKOpOCTb apameHIIJI MIIWeHHOro ,llllCKa a 

pe::tC11Me c1mxpomnauu11 cocTaBJilleT 3000 06/MHH (50 fu). 3a apeMll O.llHOro HMnynLca 

UIIKJIOTJ)OHa (1,5 MC) HOHHbIH nyqoK nOJIHOCTbIO o6nyqaeT 0.llHY MHWeHb, KOTOpal! -HMeeT 

pa3Mep 39 MM no xop,lle OKPY::tCHOCTII ,llllaMeTJ)OM 120 MM. B KOHCTJ)YKUIIII KacceTbl 

npe,llyCMOTJ)eHbl ,llBe nepeMbl'IKII WllpHHOll MM, KOTOpble He06XO,llllMbl ,llJlJI 

"nO,llKpe11JieHIIJI" 1,111weHH npu ,llellCTBHII Ha Hee BH6pauuoHHblX, ueHTJ)06e)KHblX II HHblX 

,llHHaMH'leCKIIX _Ha~y30K, 803HHKaIOll{IIX np11 pa6oTe ycTJ)OHCTBa. 
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"IIpo3paqHOCTI," KacceTI.I .ll]IJI nyqKa HOHOB B CHHXpOHHOM pe)KIIMe COCTaBJUieT 

92%. 3qxlieKTHBHaJI IIJIOlllMb MHIIJeHHOll noeepxHOCTH np11 ucnOJib30BaHHII TPeX KacceT 

- 9 CM2
• 

)lml 3qxlieKTIIBHOro IICnOJib30BaHIUI eceii IIJIOlllMII MHllleHH npu HaJIH4HH 

")KeCTKoii" q,oKycnpOBKII HOHHOro nyqKa B KOHCTPyKUHH me HMeeTCll CHCTeMa 

3JieKTPOMarHIITHOro CKaHHpOBaHHll nyqKa C qaCTOTOll nopJIJlKa 500 ru B npe.nenax 

IIJIIPIIHbl MIIIIJeHHOro OKHa. B c11ryau11u, Bbl3BaHHOll pa3pyrueHlleM MHllleHH HJIH 

OCTaHOBKOll epa111eHHll, 3JieKTPOHHaJI CIICTeMa npOH3BO,!l,IIT aeap11iiHoe OTKJIIOqeHHe Bq 

reHepaTOpa ycKop11TeJill. AeapniiHoe OTKJI~IOqeHne npe.nycMOTPeHo KaK e pe)K11Me 

CHHXpOHH3al.{IIH, TaK H 6e3 Hero. 

3a eeci, nep110.n 3KCIIJiyaTaUIIII MHIIIeHHOe YCTPOHCTBO npOlllJIO eceCTOpOHHlle 

HCnbITaHHll B COCTaee ra30HaTTOJIHeHHOro 3JieKTPOManmTHOro cenapaTopa Ha nyqKax 

Tll)KeJibIX uoHoe UHKJIOTPOHa Y-400. 

• 259 ' 242 '2 
B 3Kcrrep11MeHTax no CIIHTe3y H30Tona 104 e peaKu11u Pu +- Ne /2/ 

IIHTeHCIIBHOCTb nyqica 22Ne C 3Hepmeii 114±2 M3B B eapnauTe CHHXpOHH3al.{IIII 

COCTaBJlllJia l ,5x 1013 c·1
• B TeqeHne HeCKOJibKIIX qacoe o6JiyqeHHll IIHTeHCIIBHOCTb 

,11,0CTllraJia 2,5x 1013 c"1
• 3a IIllTb ,11,Heii o6JiyqeHHll nOJIHblll HHTerpaJI Ha MllllleHH COCTaBHJI 

3,6x10
18 

/5/. MurueHHOe YCTPOHCTBO ycneIIIHO HCnOJib30BaJIOCb B ,!l,JIHTeJibHblX pa6oTax 

'no CHHTe3y HOBblX H30TOnoe 265 106 II 266106 B peaKl.{1111 248em + 22Ne (340 qacoe np11 

cpe,11,Heii IIHTeHCIIBHocni nyqKa l,3x1013 c·1
) /3/, a TaK)Ke e 3Kcnep11MeHTax no CHHTe3y 

PMHOHYKJIH,11,a 267108 B peaKUHH 238U + 34S (860 qacoe np11 cpe,11,Heii IIHTeHCHBHOCTH 

nyqKa HOHOB cepbl 6x1012 c·1
) /6/. 

3a epeMll 3KCIIJiyaTa~IIH B COCTaBe me (c 1989' ro,11,a) YCTPOHCTliO IIMeJIO 0,11,HY 

cepbe3HYfO IlOJIOMKY,. KOTOpall npOH30lllJia no np11q11He pa3pyIIIeHHll onopHoro 

IIIapliKOU0,!1,IIJIIUHIIKa Mar-HIITO)KJj,11,KOCTHOro 880,11,a ,11,BH)KeHHll. 

HeCMOTPll Ha 3TO o6CTOllTeJibCTBO ,!l,JIHTeJibHblll OilbIT 3KCIIJiyaTal.{HII YCTPOHCTBa B 

COCTaBe ra30HanOJIHeHHOro 3JieKTPOMarnumoro cenapaTopa Il0Ka3aJI, qTo OHO OTJIHqaeTCll 

npOCTOTOll B o6cJI~IIBaHHII, Bb1COKOH° CTeneHblO H8,Ae)KH0CTII II MO)KeT ycneIIIHO 

np11MeHl1TbCll Ha llf!TeHCHBHblX nyqKax Tll)KeJiblX IIOHOB. 

6 

Pecypc pa60TM YCTPOHCTBa B COCTaBe me K HaCTOllllleMy epeMeHH COCTaBHJI 

nopJIJlKa 3500 qac'oe. 

B 3aKJIIOqemIe aeTOpbI Bblpa)KaIOT 6JJaro.napHOCTb IO.U.Orail:ecllHY 3a nocTOllHHbllI 

HHTepec K pa6oTe H noJJe3Hble o6cy)K,!l,eHIUI B npouecce C03,!1,aHIUI MHIIIeHHOro YCTPOHCTBa . 
r.noHanoJJHeHHoro ::meKTPOMarn11THoro cenaparnpa, a TaK)Ke IO.A.Jla3apeey u 

IO.B.Jlo6aHoBy 3a OKa3aHHYIO IlOMOlllb II no,rmep)KKY B npouecce no.nroTOBKH CTaTbll. 
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