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11. B B e ,n; e H H e 

HlI13K03Hepren1'-1eCKMe He~Tp~HHble peaK4~M SlBJUltOTCSI '-IYBcTBVlTeJlb­

HblM ~ TO'-lHbIM TeCTOM AnSI npoBepKVI CTaHAapTHo~ MOAeJl1I1 3JleKTpOC­

Jla60ro B3aIllMoAe~cTBIII~, HanplllMep, An~ ~3Y'-leHIIISI HecTaHAapTHblx 

3JleKTpOMarHIiITHbiX CBO~CTB He~TpIiIHo. np06lleMa HaJlM'-IIII~ MarHIIIT­

Horo MOMeHTa (MMH) y (aHTIII)HeiATpIIIHo III ero Belllll'illlHbl, a TaK>Ke 

MOTIIIBa4111~ ero na60paTopHoro nOIllCKa WlllpOKO 1113BeCTHbl [1, 2, 3]. 
Jla60paTopHble 1113MepeHIII~ MMH -/-tv OCHOBaHbl Ha BblAel1eH~n1 ero 

BKnaAa B np04ecc pacce~HIMI (aHTIII)He~TpIr1HOHa 3lleKTpOHe. nplr1 HeHy­

lleBOM J.lv B AlllcPcPepeH41.1allbHOe ceLfeHllle dO" / dT, rAe T - KIIIHeTIIILfe­

CKa~ 3Heprlll~ pacce~HHoro 3J1eKTpOHa Hap~.qy co cTaHAapTHblMIII CJla­

6blMIII (W) 6YAyT AaBaTb BKJlaA III 3neKTpOMarHIr1THbie (EM) B3aIllMO­

AeL;1cTBIII~. nplII Ma.nbiX nepeAaHHblX 3HeprlllSiX (T « Ev ) 3TIII KOMno­

HeHTbl BeAyT ce6~ a6C0J1tOTHo no-pa3HOMY: (da/dT)w - rrpaKTVlyeCK~ 

nOCTOSlHHO B TO BpeMSI KaK (da /dT)EM paCTeT K HIII3KIIIM 3Hepr~jlM 

KaK lIT. n03TOMY AJ1~ YJ1Yl..fWeHIII~ '-IyBcTB"nenbHOCTff1 K J.tv Heo6xoAM­

MO nOHff1JKaTb nopor per~CTpa4ff1~ paCCe,ftHHbIX 3JleKTpOHOB. 

CxeMa 3KcnepMMeHTa BKJ1lOyaeT IIICTOYHIr1K (reHepaTop) aHTIIIHein­

TpMHO ff1 ,qeTeKTop. 1'13-3a V1CKntO'-IIIITenbHoif1 c.na6ocTIII B3aIllMoAeii1cTBVI~ 

He~TpIIIHo C Be~ecTBoM He06xoAIIIMbiM III rnaBHblM, HO He eAIIIHCTBeH­

HblM, Tpe60BaHllleM K IIICTOYHVlKY ~BnSleTCSI 6011bwa~ nllOTHOCTb nOTOKa 

Hel4TpIIIHO B AeTeKTope. 

B 3KcnepIIIMeHTallbHoin cPIII3111Ke HeiATplllHo B03MO>KHO IIIcnOllb30Ba­

Hille 4-x TlllnOB {aHTVI )Heii1TpIIIHHbIX reHepaTopoB: 5I,qepHblx peaKTopoB 

fI1 ,B-aKT~BHbIX 11130TonOB (311eKTpoHHoe aHTIIIHeiATpIIIHO), YCKopVlTene~ 

(B OCHOBHOM I MfOOHHble He£1TplJlHO III aHTLJI HeL1Tplll HO) LJI C0J1H4a (3neK­

TpoHHoe HeL1TpLJIHo). KaK anbTepHaTLJlBa peaKTopy B nOClle,qHee BpeM~ 
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Bce 60nbwee BHIflMaHL1e CTanlf1 nplf1B.neKaTb L1CKYCCTBeHHble ,8-aKTMBHble 

1I1CTO~HIf1K1I1 C aKTIflBHOCTblO (5+50) MKIf1 [4, 5, 6, 7, 8, 9, la, 11]. 
nepBblM nOAo6HbiM onblTOM MO>KHO C'·Il/HaTb nplf1MeHeHlr1e IIICTO~H1I1KOB 

Ha OCHOBe Cr-51 t\n~ Kan1l16pOBKL1 AeTeKTopoB conHe~HblX He~hpliIHo B 

3KCneplr1MeHTaX GALLEX iii SAGE. 1I1cnoJ1b30BaHlf1e B L13MepeHIf1~X Ir1C­

KYCCTBeHHblX If1CTO'-lHIiIKOB Hethplf1HO BMeCTO peaKTopOB n03B0J1Ir1.nO 6bl 

nOllY'-IIf1Tb ClleAYIOLI..\lf1e npeIf1MY14eCTBa: 

•	 6011ee If1HTeHCL1BHble nOTOKIf1 aHTL1He~TpIf1HO; 

•	 CIf111bHO nOAaBJ1eHHbl~ KOppeJ1lf1pOBaHHbt~ et>OH, BKJ1IO'-Ia~ o6paT­

Hbl~ ,8- pacnaA; 

•	 He6ollbWIf1e pa3Mepbl, n03Bo.n~I014lf1e If1CnOnb30BaHlile HIf13KOet>OHO­

BblX n0t\3eMHblX J1a60paTOplt1~ Ir1 MOAynjt41f11O nOTOKa AJ1$t Bbl~If1Ta­

Hlf1jt HeKoppenlllpOBaHHoro cPoHa; 

•	 BeCbMa WIr1POKIfl~ Bbl60p 3HepreTIr1~eCKOroAJ.JIana30Ha; 

•	 3HaHIf1e cneKTpa (aHTIf1)He~TpIr1HO C BbICOKO~ TO'-lHOCTblO. 

3aMeyaTellbHbiM npelflMYll.\eCTBOM If1CTOYHIf1Ka aHTVJHe~TpIf1HO OT pac­

naAa TpIflTIfl.R .RB.n~eTC.R B03MO)KHOCTb OTKa3a OT naCCIr18HO~ 3al1\Ir1Tbl 

Me>KAY Ir1CTO'-lHIr1KOM III t\eTeKTopOM: 6J1arOAap~ HIr13K0\,1 rpaHI.1YH0\,13Hep­

rlfllfl cneKTpa pacnaAa (Eo = 18,6 K3B) TOpM03Hoe L13J1yyeHllle He Bbl­

XOAL1T 1r13 Ir1CTO~HIr1Ka. K TOMY >Ke, Ir1MelO~lr1eC~ TeXH0J10rlfllr1 n03Bo.n$tIOT 

n0J1Y'''H1Tb TPIf1TIf1\,1 BbICOKO~ CTeneHIr1 OYIr1CTKIf1. 

8 npeAllO>KeHIflL1 no 1f13MepeHIr11O MMH [4, 5] 6bl.nO nOKa3aHO, "ITO 

If1Cn0l1b30BaHifle TpL1Tlf1eBOrO Ir1CTO~HIflKa (aHTIr1 )He\,1TpL1HO aKTIIIBHOCTblO 

40MKIr1 (4Kr TPVlTL1$t)B CO~eTaHlt1lt1 C AeTeKTopaMIf1, 06eCneYIIIBalOlJ.\Ir1ML1 

nopor perIf1CTpa4L1L1 31leKTpOHOB Eth ~ (1 -;- 10) 38, n03B0J1J.J1J10 6bl 

cYLl.\eCTBeHHo nOHIr131r1Tb l1a6opaTopHbl~ npet\en Ha MarH1I1THbl~ MOMeHT 

(aHTIr1)He~TpIflHo [12], AocTvlrHYTbl~ B peaKTopHblX 3KCneplf1MeHTax. 

C<peplr1~eCKL1~ It'ICTO~HIflK aKTL1BHOCTblO 40MKIt'I o6eCne'-l~BaeT nJ10T­

HOCTb nOTOKa (aHTIfl)He~hplt1HO F = 6.4 X 1014cM-2 c-1 B KOMnaKT­



3
 

HOL1 (06beMOM HeCKOJlbKO JUnpOB) C60pKe AeTeKTopOB, paCnOJlO>KeH­

HOL1 BHYTP~ Hero (CM.p~c.1) [5]. 3TO 3Hal.leHVJe 60nee yeM Ha nop~AoK 

npeBblwaeT nOTOKVI (aHTlII )Hei1TpVlHo, nOJlYl.laeMble B 3Kcnep~MeHTax 

Ha npoMblwneHHblx peaKTopax [12]. 
AJl~ pen1CTpa4Li1V1 3neKTpOHOB C 3Hepr~eVi (1 -;- 10) 38 MorYTr-.J 

6blTb ~cnonb30BaHbl pa3pa6aTbiBaeMbie B HacTo~~ee BpeM~ KpeMH~e­

Bble KpLilo.qeTeKTopbl Ha OCHOBe 3cPcPeKTa KOHBepClIIliI IiIOHLit3a4~Lit B Ten­

no [5] Lit cTp~nOBble naBIIIHHbie repMaHLileBble AeTeKTopbl C BHyTpeHHHM 

YCLitJ1eH~eM CLitfHaJla [13]. KaK nOKa3blBatOT Ol.\eHKlII [5, 13], 3a 1-2 rOAa 

Lit3MepeH~L1 B HLit3K0cP0HOBbIX yCllOBlIIflX MO>KeT 6bITb nOJlyyeH na60pa­

TOPHbl~ npeAeJl Ha MarHIiITHbl~ MOMeHT HeL1TpIilHO Ha ypoBHe HaH60nee 

)t(eCTKLitX aCTp0cPIiI3I11yeCKL1X OrpaHLitl.leHIiIL'i Pv 5 (1-;.- 3) x 10-12PB [14]. 
(03AaHLite TpLiiTLileBoro LitCTOYHVlKa cBepxBblcoKoVi aKTLilBHOCTIiI ~BJl~­

eTC~ CJlO>KHOL1 iii .qoporocTo~~e£1 HaY4Ho-TeXHLitYeCKO~ 3aAaYe~. B Ha­

CTo~~ee BpeM~ B xo.qe COKpa~eHLit~ flAepHoro apCeHaJla 3Ha4LitTenbHbie 

KOlllIIyeCTBa TPVITVI~ CTanlll AocTynHbl AJ151 npOBeAeHIiI~ cPYHAaMeHTaJlb­

HblX IiIcClleAoBaHlII£1. CTOJlb YHLilKaJ1bHa~ cVlTyal.\LiI51 Bp5l.Q JllII nOBTopVlTC~, 

iii 6blno 6bl HenpOCTIiITenbHO etO He BOCn0l1b30BaTbC51. 

B~aHHoLi1 pa60Te paccMoTpeHbl HeKoTopble TeXH1II4eCKlIIe iii TeXHono­

rVl4eCKLile acneKTbl c03.qaHVlfl VI 6e30nacHo~ 3KCnJlyaTal.\VlVI TPVlTVleBoro 

V1CTOYHIIIKa (aHTlII)HeL1TplllHO aKTIiIBHOCTbtO 40MKlII. 

2. CocTomme TpHTHH B HCToquuxe 

Anfl AOCTIiI>KeHlilfi MaKcliIManbHo~ nnOTHOCTLii nOTOKa (aHTIiI)He~TpIiIHo 

B 06beMe AeTeKTopa Heo6xoAlIIMO o6eCne'-lIJlTb MaKClIIMaJlbHYtO o6beM­

HytO nJlOTHOCTb TplllTlMt B KOHCTpyK41ilVi IilCT04HIilKa. B TO >Ke BpeMfI 

TaKo£1 V1CT04HIilK AOJl)KeH 6blTb a6COJltOTHO 6e30naCHbiM nplll JlI06blX r B 

TOM 4V1C1le Lit 3KCTpeManbHb1X, ycnOB 1II fiX. 04e8~.qHO, 4TO Halil60Jlee nOA­

XO.qfl~IIIM AJlfl 3Toro f1BJUteTOI xpaHeHLile TplllTIiISI B XIiIMVl'-leCKLii CBfl3aH­

HOM COCTOflHliI1II Ha rlt1~plII~oo6pa3ytOl1\IIIX MeTannax, KOTopble, C OAHO~ 

CTOpOHbl, IIIMetOT 60J1ee BblCOKYIO o6beMHytO nnOTHOCTb COAep>KaHLiI~ 
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BOAopoAa, a C APyroiii - TPL1T~~ B H~X nplll KOMHaTHblX TeMnepaTy­

pax ~MeeT H~3Klf1e paBHOBeCHble .QaBJleH14~. B Ta6J11114e 1,np~Be.qeHbl 

xapaKTeplllCTL1K~ HeKOTopblX KaHA~AaTHbIX MaTep~allOB AII5I xpaHeH~~ 

BOAopoAa [15, 16, 17, 18]. 
Ta6JI~a 1 

nepcneKTM8Hwe MaTepManw AJUI xpaHeHMJI M30TonOB BOAopOAa [15, 16, 17] 

MaTepMan .) 
Pdec , 

MM.pT.CT. 
TeMnepnypa 
pa3nO)t(eHMJI, 

(oAep,..aHMe H2 

B rMAPMAax 

nnoTHocTb, 

r/cM3 

npM 250( O( cM3 /r CM~/cM" MeTann rlllApMA 

UHa 10 -G.I0 ·4 420-430 ",140 ",1570 18,9 11,9 
TiH2 
TiT2 

",,10 -9 550-620 ",468 ",1700 
...... 1700 

4,5 3,8 
3,3-4,1 

Mg2NiH4 ",,10 ·2 ...... 240 ",418 ...... 1074 3.47 2.71 
ZrCoH ",10 -5 340-350 "'186 ...... 1415 7,68 6,54 
laNisMn2H6 ",,10 -2 270 "'127 
laNili_eAI.Hy 

z=0-1.y=6,7-4,l 
""10-1 -10 180-250 80-100 550-690 9,66-7,41 8.25­

6,54 
PdH 30-50 ...... 150 ",105 -800 11,9 
H2 *MAKMiii -253 780 
T 2 ,..MAKMiii -251 1000 

.) COAepJKaHMe BOAopoAa npMBf!AeHO AJUI cTexMOMeTpM'4eCKOrO rMAPMAa. PeanbHoe cOAepJKaHMe 
BOAopoAa B rlllApMAe HecKonbKO MeHbwe M 3aBMCMT OT COCTOJlHMJI MeTanna. 

KaK BII1AHO V13 3TOin Ta6111f14bl, Halll6011ee nepCneKTlIlBHblM MaTep~­

a.nOM ~BJUleTo:J Ti. OH ~MeeT CaMOe HVl3KOe paBHOBeCHOe AaBlleHlIle 

np~ KOMHaTHblX TeMnepaTypax ~ 10-9 MM pT. CT. , Half16oJ1ee BblCOKYIO 

TeMnepaTypy pa3J10)KeHII151 r~APIl1Aa VI MaKCII1Ma.nbHOe 06beMHOe COAep­

>KaHlt1e BO.q0pOAa. 06beMHOe COAep>KaHVle TPVlTIII~ Ha Ti npaKTJ.1l.feCKI.1 

B 1,7 pa3 Bblwe, l.feM B >KVl.qKOM COCTO~HVlVl. npVl 3TOM V1CTO~H~K C 

TpVlTVlAOM TViTaHa MO}KeT 6e30naCHO 3Kcn.nyaTlilpOBaTbo:J B WVlPOKOM 

A~ana30He TeMnepaTyp, Bn.nOTb AO 500°C, B TO BpeM~ KaK AJI~ XpaHe­

H~51 TpIl1TIf151 B >KIf1AKOM COCT05lHJ,1111 Tpe6yeT~ Cne4V1a.nbHa~ ·AOBOllbHO 

M0ll.\Ha~ X0J10A~nbHa~ yCTaHoBKa, n03BO.nfltOU.\a51 nO.QAep>KII1BaTb TeM­

nepaTypy TPIl1T~~ (C yyerOM ero TenIlOBbIAelleHIf1~) OKO.nO 20K. 

)J.pyr~M HeMaJlOBa)KHbIM q,aKTopOM Bbl60pa Ti B KayeCTBe HOC~TeJ1~ 

Tpll1TIiI5I }lBII}leTo:J ero AOBOJ1bHO BblcoKa~ yJ,1CTOTa no pa.QlIIoaKT~BHblM 
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np~Mec~M ypaHoBoro pit.qa, YTO cy~ecTBeHHo yxy.qwaeT cPoHoBb,e 

ycnOB~~ pa60Tbi .QeTeKTopa [19]. 

3. Be30nacHocTIJ HCTO'IHBKa 

nOCKO/tbKY ~CTO'-lH~K co.qep)K~T 6ecnpe4e.qeHTHo 60/tbwoe KO/t~'-Ie­

CTBO paA~oaKT~BHoro BeU\eCTBa (40MK~), He06xOA~MO 06eCne'-l~Tb 

ero a6CO/ttOTHYlO 6e30naCHOCTb HaBcex 3Tanax >K~3HeHHoro 4~Kna. 

OAH~M ~3 OCHOBHblX BonpOCOB nplll C03.QaH~L1 TaKoro II1CTOYHIIIKa $IB­

n$leTC~ Bonpoc TenJlOBbl.qeneH~$1 ~ caMopa30rpeBa ~CTOYH~Ka BCJle.q­

CTBJ.1e paA~oaKT~BHoro pacna.qa TP~T~$I. np~ HeKOHTpon~pyeMoM no­

BblweH~n, TeMnepaTypbl B03H~KaeT onaCHOCTb BblXOAa Tp~nlit B ra30­

BylO cPa3Y J.1, B KOHe'-lHOM ~Tore, ero YTe'-lKa (BcneAcTB~e A~et>cPY3~L1 

L1n~ pa3pyweH~Ut Kopnyca ~CTOYHMKa) B oKpy>t<atOL4YtO cpeAY. 

no pe3ynbTaTaM KaJlOp~MeTp~'-IeCK~X ~3MepeHL1~ 6blno nO/lY'-leHO, 

'-ITO n~UJb 30% 3HeprL1~ ,B-pacna.qa TP~T~$1 peaJl~3yeTC$t B B~.Qe Ten­

/la. OCTanbHa$l 6HepnUI YHOCL1TC~ (aHT~)He~TpMHo. np~ 3TOM BblAe­

neHIr1e TennaCOCTaBn$leT dH/dt = 0,324 BT/r = 1,944 BT/MOJlb T 2 

[17], '-ITO AaCT 1,3 KBT AJI~ 4 Kr TP~T~$I. AJI~ KOHCTpyK41J11r1 Ir1CTOYHL1­

Ka (cM.pLt1c.1) C nOMOl1\btO naKeTa ANSYS 6blJl npoBeAeH paC"'IeT nOJljt 

TeMnepaTyp no 06beMy Lt1CTOYHlJIKa. np~ paC'-IeTe np~HL1ManOCb, '-ITO 

Ha nOBepXHOCTL1 ~CTO'-lH~Ka cyU\eCTByeT eCTeCTBeHHbl~ Tenno06MeH, 

nnOTHOCTb TpIIITlJI.Qa-Ae~1TepL1.Qa TL1TaHa COCTaBa Ti(DTh,g nplll KOH­

4eHTpa4lJ1~ TPL1T~.ft B ~CXOAHOi1 DT CMec~ 96% COCTaB/l$1eT 3,02rICM3, 

TennonpOBOAHOCTb A = 0,154 BTI(CM x K), TennoeMKOCTb C = 0,99 
A)K/(rxrpa.q) [16, 17, 20]. Pe3ynbTaTbi paCyeTa nplJlSeAeHbl Ha pL1c.2. 

KaK Blt1AHO J.13 AaHHoro plr1cyHKa, Ha~60/tbwa$l TeMnepaTypa pean~­

3yeTC$1 B 60KOBbiX nonycQ>epax ~CTOYH~Ka. TeM He MeHee, B Ha~60nee 

rop$l'-le~ TO'-lKe OHa Bblwe TeMnepaTypbl OKpY>KalO~e~ cpeAbl Bcero 

Ha 9 rpaAycoB, a TeMnepaTypa nOBepXHOCT~ n08blWaeTC$I /t~Wb Ha 4 

rpaAyca. 3TO 03Ha'-laeT, YTO np~ cB060AHOM KOHBeKT~BHOM 06MeHe 

C nOBepxHoCTbtO B lJICTO'-lH~Ke aBTOMaT~'-IecK~ peaJl~3YIOTCfl ycnOB~$I 
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,qJ1fl ,qJ1lJlTeJ1bHOrO lJI 6e30nacHoro XpaHeHlJI.R TplJlTlJIfl. 

HeMHoro xy>Ke Aello 06CTOlJlT B cllyLtae TpaHCnOpTlJIpOBKVI lJICTOLtHVI­

Ka. B HacTOflLl\ee BpeMfl, COfJ1aCHO Me>KAyHapoAHbiM HopMaM, K TpaHc­

nOpTHblM ynaKoBKaM npeAb~BllfltOTcSI AOBOllbHO JKeCTKLt1e Tpe6oBaHlJIfl. 

YnaKoBKa AOll>KHa 06eCne'"llJlBaTb nOBblweHHYIO 3aLl\Lt1TY L1CTOI.fHII1Ka lJI 

npeAOTBpaLl\aTb paAVlOaKTLt1BHOe 3arpfl3HeH",e OKpY>KalO1.4e~ CpeAbl B 

cnyl.fae B03HIIIKHOBeHVlSI aBapLt1~HbIX cliITya4V1", a IiIMeHHO np"': 

1) y,qapHblx B03AeL1cTBIII~x, 1JIMIIITVlpylOll\lJIX TpaHcnopTHylO aBapll1fO; 

2) na.qeHLt1lJ1 ynaKoBKlJI C onpeAeneHHo~ BblCOTbl Ha WTblpb; 

3) naAeHlJIlJI npeAMeTOB Ha ynaKoBKy; 

4) 3aTOnlleHLt1lJ1 ynaKoBKIII; 

5) B03Ae~CTBlJI1JI nYllb CTpenKOBoro Opy>Klllfl 111 OCKOJlKOB HeKOTopblX 

cpeACTB 1l0paJKeH ~u:,; 

6) TenllOBOM B03AevicTBVllJI, IIIMII1TlJIpYIOLl\eM nO>Kap TpaHcnopTHblX 

cpeACTB. 

BnollHe Ol.feBVI.qHO, I.fTO All~ YAOBlleTBopeHlllfl 3TII1X Tpe60BaHII1L1 TpaHC­

nOpTlJIpOBKa lJICTOI.fHlJIKa AOll>KHa oCYll\eCTBllflTbOl B TpaHcnopTHOM 3a­

ll\II1THOM KOHTe~Hepe. B AaHHo~ clIITya4V1lJ1 cBo60AHbl~ KOHBeKTlJIBHbl~ 

06MeH c nOBepXHOGTblO IIICTO'-lHVlKa 6YAeT OTCyTcTBoBaTb, '"ITO He1l13­

6e>KHO nplJlBeAeT K AOBOllbHO 6blCTpOMy pa30rpeBy IIICTO'"lHIIIKa. Ha 

pll1c.3 npIIIBeAeHbl pe3YllbTaTbi paCyeTa cKopocn1 nOBbIUJeHlJI~ TeMne­

paTypbl BHyrplll V1CTOLtHII1Ka B npeAnOllO>KeHII1I11, '"ITO nOBepXHOCTb V1C­

TO"fHLt1Ka nOJlHOCTblO TenllOIll3011lllpoBaHa. 

V13 pLt1c.3 III 4 [21] ClleAyeT, "fTO y>Ke Yepe3 ABa Ltaca npe6blBaHllljI IIIC­

TOLtHlJIKa B TaKVlX ycnoBlllflX TpIllTIlli;\ Ha'-lHeT BblXOAVlTb B ra30BYlO cPa3Y III 

nplt1 AallbHe£1weM nOBblweHlII1II TeMllepaTypbl ero AaBJleHllle CTaHeT Bbl­

we aTMOccPepHoro. n03TOMY, B HaUJeM cnyYae, KOHCTPYK4111fl ynaKoB­

KlJI AOll>KHa 06eCneYII1BaTb TaKJKe OTBOA renna, Bbl.qellfllOll\erOCfl nplll 

pacnaAe TpVlTlllfl, B np04ecce 3KcnnyaTa4111111 111 XpaHeHlJIfl, III npe.qoTBpa­

Ll\eHVle HarpeBa II1CrOI.fHIIIKa B ycnOBIIISlx, IIIMVlTlllpylOU\IIIX nO)Kap. 

Ha pIIIC.S npe.qCTaBlleHa o.qHa 1113 B03MO>KHbIX cxeM peweHIII~ AaH­
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HO~ np06JleMbi. II1cTo'-lHVlK pa3Mel1\aeTC51 BHyTpVl oxpaHHoro KOHTe~­

Hepa t KOTOPbl~ 060py.qOBaH TenJlOBOH Tpy60~ [22] An1l OTBOAa Ten­

Jla, BbIAeJl51IOlJ.\erO~ IlpVl ,B-pacnaAe TpVlTVI~. TaKaSl ynaKoBKa MO)KeT 

06eCne'-lVlTb BblllOJlHeHVle JIVlWb nepBblx n~TVI-npeAb1lBJ1j1eMbIX K HeH 

Tpe60BaHVI~. OAHaKo, B cnY'-lae nO)Kapa TenJlOBaji Tpy6a MO)KeT CTaTb 

VlCTO'-lHVlKOM AOnOJlHVlTeJlbHOrO Tenlla Vl3BHe, '-ITO npVlBeAeT K yBeJlVl'-le­

HVltO CKOpOCTVI HarpeBa V1CTO'-lHVlKa no cpaBHeHVllO CO cny'-laeM, npe.q­

CTaBJ1eHHbIM Ha pVlc.3. 4T06bl IIICKJIIO'-IVlTb3TOT np04ecc, npVl nOBblwe­

HVIVI TeMllepaTypbl OKpYJKalOL4e~cpe.qbl Bblwe onpeAeJ1eHHblX 3Ha'-leHVI~ 

TenJ10BYtO Tpy6y He06xo.qVlMO BblBeCTVI Vl3 pa60Tbl. 3TO MOJKeT 6blTb 

06eCne'-leHO 060pYAOBaHVleM Tpy6bl nJlaBKO~ BCTaBKO~, KOTopaSl cpa­

6aTbiBaeT npVl 3aAaHHbiX TeMnepaTypax. 0AHaKO, npVl 3TOM TeMnepa­

Typa BHYTPVl VlCTO'-lHVlKa Ha'-lHeT VlHTeHCVlBHO nOBbIWaTbC$I (CM .plllc.3) 

VI npVl HarpeBe BbIAe.nVlBWVl~CSI B ra30BYtO ¢a3Y TPHTVI~ 6YAeT C03.qa­

BaTb .qaBJ1eHVle BHYTPVl V1CTO'-lHVlKa (CM. pVlc.4), KOTopoe, B KOHe'-lHOM 

C'-IeTe, MO)KeT nplIIBecTVI K pa3pyweHlllIO Kopnyca V1CTO'-lHHKa . 

.[\J1$1 npeAOTBpaU\eHVI~ AaHHO~ cVlTya4V1H ra3006pa3Hbl~ TPVlTVI~ '-Ie­

pe3 MeM6paHHbl~ 6JlOK, cpa6aTbIBalOw,lII~ nplll .qOCTVI)KeHIIIVI 3apaHee 

3aAaHHoro npeAellbHoro AaBJleHH~, YAaJl~eTOI Ha reTTep. B Ka'-leCTBe 

pa60'-lero MaTepVlaJ1a reTTepa TaK)Ke MO)KeT V1Cn0J1b30BaTbC~ TIIITaH, 

KOTOPbl~ npVl HIII3KIIIX CTeneH~X HacbllJ.\eHIMI IIIMeeT HVl3Koe paBHOBec­

Hoe AaBJleHllle Aa>Ke nplII BblCOKVlX TeMnepaTypax (CM. ,PlJlc.4). reTTep 

,qOJl)KeH pa3MelJ.\aTbC~ B KOHTe~Hepe, aHaJlOrVl'-lHOM.!<~HTe~Hepy IIICTO'-l­

HIIIKa, VI coe.qIllH~TbC~ C nocneAHVlM )KeCTKO~ CIr1CTeMO~ ra30BbiX KOMMy­

HVlKa4V1I,1. HalllJ1Y'-lLLIVlM peUJeHVleM 51BJl~eTOI pa3Mew,eHVle KOHTeiAHepoB 

VI ra30BbiX KOMMYHIIIKa41111,1 BHYTPIll cynepKoHTe~Hepa (pVlc.5). 

CneAYtOw,V11,1 Bonpoc, KOTOPbl~ He06xOAIIIMO Y'-lVlTbIBaTb npVl C03Aa­

HIIIVI IIICTO'-lHVlKa, CBfl3aH C ero pa36yxaH"eM '8CRe.qCTBllle HaKOIl.neH~Ut 
3H e B TBep,qOI,1 ¢a3e TpVlTVI,qa. Ha plllc.6. npVlBeAeHbl 3KcnepVlMeH­

TaJlbHble KpVlBble YMeHbweHVI.s:I nnOTHOCTIII III yBeJIVI'-IeHVI.s:I OTHOCVlTeJlb­

Horo 06beMa TpIIITVI,qa-AeL1TepIIIAa TIIITaHa B 3aBIIICVlMOCTVI OT BpeMeHIII 
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xpaHeHLUI. All~ YBeJ1It'Il-leHL1~ nOTOKa He~Tp~HO 3aMaHl.I~BO ~MeTb MaK­

C~MaJlbHYIO n.nOTHOCTb 3anpeCCOBK~ Tp~TIt'IAa T~TaHa (4,09r/CM3). OA­

HaKO B np04ecce XpaHeH~~ 3Ta nnOTHOCTb 6YAeT yMeHbwaTb01, III B03­

HIIIKHyT 60nbwlt'le HarpY3KIII Ha ClllnOBO~ Kopnyc ~CTOYHIt'IKa, "'ITO MO>KeT 

nplIIBeCTIII K ero pa3repMen13a4~~ ~ pa3pyweH~IO. AJ1~ npeAOTBpa~e­

H~~ 3Toro B KOHCTPYK4~~ ~CTOYH~Ka AOJ1>KHbl 6blTb npeAycMoTpeHbl 

COOTBeTCTBYIOll.\~e KOMneHcaTopbl. 

4. 3aKJIIOT.JeHHe 

B03MO>KHO, "'ITO B np04ecce c03AaH~~ ~CTOYH~Ka HeKOTopble 06­

cy>KAaeMble 3AeCb np0611eMbl nOllyyaT ~Hoe TeXHlIIyeCKOe peweH~e. B 

YaCTHOCT~, peaJ1bHbl~ ~CTOYHIIIK MO>KeT It'IMeTb APyrytO cPOpMy, XOT~ 

paCCMOTpeHHa~ B pa60Te [5] reOMeTp~~ ~CTOYH~Ka onT~Ma.nbHa C TOY­

K~ 3peH~~ 06eCneYeH~~ MaKC~Ma.nbHoro nOTOKa YaCT~4 B AeTeKTope. 

TeM He MeHee, OKOHYaTe.nbHbl~ Bbl60p KOHCTPYK4~~ ~CTOYH~Ka MO­

>KeT 6blTb CAenaH TOJlbKO C yyeTOM Bcex KOHCTPYK4~OHHbIX oc06eH­

HOCTe~ AeTeKT~pYIO~e~ C~CTeMbl, cPOHOBblX YCJ10B~Vi na60paTOp~~, 

a TaK>Ke Tpe60BaH~~ TeXHOnOrlllYHOCTIII J.il3rOTOBJleH~~ III 3Kcn.nyaTa4~1II 

IIICTOYHIIIKa B COCTaBe 3KcnepIIIMeHTanbHOVi yCTaHOBK~. np~ 3TOM nplllH­

4I11n~aJ1bHbIVi BblBOA HaCTo~~e~ pa60Tbi 0 B03MO>KHOCT~ C03AaHIII~ III 

6e30nacHOVi 3KcnnyaTa4~1II Tp~'1TllleBoro ~CTOl.lHIIIKa aHT~HeViTpIIIHO aK­

TIIIBHOCTblO 40M K~ OCTaeTC~ B clllne. 

ABTOpbl Bblpa>KatOT IIICKpeHHtOlO np~3HaTeJ1bHOCTb A.H.roJly6KOBY ~ 

A.B.CTeHbraYy 3a n.one3Hble 06CY>KAeH~~ CBoVicTB MaTeplllanOB Ta6111ll­

4bl 1, H.C.raHYyKy 3a npeAOCTaBJleH~e pe3ynbTaToB pacyera T~nJ10BO­

ro pe>KIIIMa ~CTOl.lHIIIKa, A.<P.<PaAeeBoVi ~ HJO.TyMaHoBoVi 3a nOMO~b 

B nOArOTOBKe CTaTblll. 
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