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KaH.llH.llaT cjJH3HKO-MaTeMaTH4eCKHX HayK, 

HaYaJJhHHK oTnena H30KC JIH<t> 0115111 
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c n11cceprnu11etl MO)l(HO 03HaKOMHThCH B 6116J1HOTeKe 0115111 H Ha CTpaHHUe 
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AsrnpecjJepaT pa3ocnaH «00» A~ 2017 r. 

KaH.llH.llaT cjJH3.-MaT. HayK 

06~asi xapaKTepHCTHKa pa60Tbl 

AicTyaJJbHOCTb pa6oTbl. 

Ha HMnynhCHOM 6b1cTpoM peaKTope 116P-2 (,ll,y6Ha, 0115Il1) n,1H nOJ1y4emrn 

TenJJOBblX HeHT]JOHOB HCnOJJh3Yl-OT 3aMe.ll,1HTeJJH Ha OCHOBe BO)l.bl c TeMnepaTypoH, 

6JJH3KOH K KOMHaTHOH [I] . Jl,o nocs1enHero speMeI-111 see cjJH3H4eCI<He HCCJle)lOBamrn 

Ha 11I>P-2 orpaHH4HBaJ!HCh B03MO)l(HOCTHMH '.)THX BO)J.HHh!X 3aMe)J.JIHTeJJeH, KOTOpblC 

o6ecneYHBatoT BbICOKyto HHTeHCHBHOCTb HelhpoHoB B .1:i;i.1ana3oHe )J.JJHH BOJJH )JO 3 A. 
B TO)l(e speMH, HH3KaH: HHTeHCHBHOCTb noTOKa 60J1ee )]JIHHHOBOJIHOBblX HeHTpOHOB, 

reHep11pyeMhIX TaKHM 3aMe.llJIHTeJJeM, He n03BOJJH:eT npOBO.llHTb 3Kcnep11MeHTbl c xo­

JlO.llHbIMH (A>4 A) HeihpoHaMH, c np11eMneMoi1 cTaTHCTHYeCKOH TOYHOCTb!O H3Mepe­

Hl1H 11 3a «pa3yMHOe speMR». Han11Y11e cTauHoHapHo .lleHCTBYJO!Uero xoJIO.llHOro 3a­

Me.llJIHTeJIH: 06ecne411no 6b1 3Ha4HTeJlhHO 6011ee 3cjJcjJeKTHBHoe npoBe.lleHHe 11cc11eno­

BaHHH cTpoeHHH aTOMHOH 11 MarnHTHOH CTPYKTYPbI 11 <P113114ecK11x csottCTB nepcneK­

THBHbIX HaHOMaTep11aJJOB, CJIOHCTblX MarHeTHKOB, 611onor11YeCKHX 11 llOJlHMepHblX 

o6beKTOB, reonor11c1ecK11x o6pa3UOB 11 .llpyr11x .llJlHHHOnep11on11'1ecK11x CHCTeM. E!Ue 

60JlbWero 3cjJcjJeKTa MO)l(HO .ll06HTbCH, o6be.lll1HHH BMCCTe BO.llHHOH H XOJIO)]Hb!H 3a­

Me.llJll1TeJIH, T.e. peamnyH 611cneKTpaJibHbIH 3aMe.llJlHTeJlb HettTpOHOB, cnoco6HbIH re­

HepnposaTb BblCOKOHHTeHCHBllble flyt!KH Me,L(JieHHblX HettTpOHOB B umpoKOM n11ana-

30He ,L(JIHH BOJIH. 

B HaCTOH!Uee spe!'.rn Ha peaKTOpe l16P-2 XOJIO)]Hb!e HeHTpOHbl BOCTpe6osaHbl 

cpa3y Ha HeCKOJlbKHX ,L(eHCTBYIOlUHX cneKTpOMeTpax, B TOM 4HCJle, Ha pecjJ11eKTOMeTpe 

PEMYP [2] H .llHcjJpaKTOMeTpe nnH KOJIH'-lecrneHHOro aHaJJH3a TeKcTypb1 CKA T [3] . B 

YaCTHOCTH, Ha ycTaHOBKe PEMYP npoBO.llHTCH JKcnep11MeHThl, ttanpasneHHbie Ha no-

11yc1ett11:e MHKponyYKa XOJIO.llHbIX HelhpOHOB npH !1]JOX0)1(.lleHHH 4epe3 CJIOHCTblH BOJl­

HOBO)l, a TaK)l(e pa60Tbl no npoCTpaHCTBeHHOMY pac1Uen11e1-1111-0 nyYKa XOJlO)]Hb!X 

Hei1TpOHOB np11 oTpa)l(eHHH OT MarH11THO-HeK011mrneapHOH cTpyKTYPbI. Ha .llHcjJpaK­

TOMeTpe CKAT yse1111YeHHe HHTeHCHBHOCTH ny'-IKa xoJIO)]HhIX HCHT]JOHOB MO)l(eT 3Ha­

'-IHTeJJbHO ynyYWHTb ycnoBHH: J:;JIH npoBe.lleHHH TeKcTypHoro aHaJJH3a o6pa3UOB rop­

HbIX nopo)]. TaKHM o6pa30M, ysen11YeH11e noToKa XOJlO)lHblX HettTpOHOB, 3a C'-!eT np11-

MeHeHHH KpHoreHHOro 3aMC)]JIHTCJIH, BnOJIHe aKTyaJibHO .llJlH uenoro pHna neHCTBYIO­

lUHX Ha 11£P-2 3KCnep11MeHTaJJbHblX ycrnHOBOK. 

Jl,11H npoeKTa xono.llHOro 3aMe.llJIHTeJrn Ha peaKTope 116P-2 npe)]nOYTeHHe 6brno 

OT.llaHO sapHaHTY c 3arpy3KOH KaMepbl 3aMopmKeHHb!MH wapHKaMH H3 apoMaTH4e­

CKOro yrneBO.llOPO.lla - Me3HTHJleHa nyTeM IJHeBMOTpaHcnopTa no KpHoreHHOMY Tpy-

6onposony. 

11,eJJbIO .llHCCepTaQHOHHOH pa6oTbl HBJIH:eTCH: pa3pa60TKa XOJlO)]HOro 3aMen­

JIHTeJIH HelhpOHOB .llJlH: ny4KOB .N2.N2 7, 8, I 0 11 11 11I>P-2, Ha OCHOBe rnep.llblX wapH­

KOB 113 CMeCH apoMaTH4eCKHX yrneBO.l(O]JO.llOB, H ,l(eMOHCTpauHH yny'-!weHHH, KOTO­

pble OH ,L(aeT npH pa6oTe Ha cjJH3H'-!eCKHH 3Kcnep11MeHT Ha cneKTpOMeTpax peaKTOpa. 

Jl,JJH .llOCTH)l(eHHH: yKa3aHHOH ueJJH B ,L(aHHOH pa6oTe 6b!JIH flOCTaBJleHbl CJie.L(y­

IO!UHe OCHOBHble 3a,ga•rn: 

I. TeopeTH'-!eCKH 11 3Kcnep11MeHTaJJbHO 113yYHTb nHeBMOTpaHcnopT TBep.llbIX wap11-

KOB B npH:MOM Ul1JlHH.l(pH'-1eCKOM Tpy6onpOBO,l(e 
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2. Pa3pa6oTaTb MeTOJJ.11KY nposepK11 pa6orncnoco6HocT11 nHeBMOTPaHcnopTHoro 
npl1HL(11na 3arpy3Kl1 wap11KOB B KaMepy XOJIOJ].HOro 3aMeJ].Jil1Tem1 11 onpe.11.eJil1Tb 
onTl1MaJibHblM pe)l(l1M 3arpy3Kl1 Ha OCHOBe pac"!eTOB 11 3KCnep11MeHTa 

3. Tiposep11Tb napaMeTphl nHeBMOTpaHcnoprn 3aMOpO)l(eHHhlX wap11KOB 113 apoMaT11-
qecKoro yrneso.11.opo.11.a Me311nrneHa no Tpy6onposo.11.y CJIO)l(HOH KOHcjrnrypaL11111 
.11.0 KaMephl 3aMe.11.n11Tem1 peaKTopa I1EP-2 JJ.JIH Bb!BeJJ.eHHhIX ny"IKOB NQN!'7, 8, I 0 11 
11 

4. Tipo.11.eMOHCTp11posaTb ynyc1weHl15l, KOTOpbie npe.11.ocTaBJ15leT wap11KOBblH XOJIO.U­
HbIH 1aMe.11.mneJ1b noJib30BaTemo np11 pa6oTe Ha cjJ11311yecK11i1 3Kcnep11Mewr Ha 
cneKTpoMeTpax PEMYP 11 CKA T HEP-2 

HarrnaH HOBH3Ha u npaKTH•1ecKaH 3Ha•ntMOCTb pe3yJlbT3TOB 

Bnepsb1e 3Kcnep11MeHTaJibHO 113yqetto JJ.Bl1)1(eH11e OJJ.11HOYHbIX TBepJJ.bIX wap11KOB 
B Tpy6e B nOTOKe ra3a, B TOM YHCJie 3aMopo)l(eHHbIX wap11KOB 113 CMec11 apoMaTl1-
"!eCKl1X yrneso.11.opo.11.os np11 nHeBMOTpaHcnopTe ra3006pa3HhIM re1rneM c TeMne­
paTypoi1 80-85 K no Kp11oreHHOMY Tpy6onposo.11.y CJIO)l(HOH KOHcjrnrypal\1111, BKJIIO­
qa10meM 1arpy30YHOe yCTpOHCTBO 11 KaMepy XOJIOJ].HOro 3aMeJ].Jil1TeJI5l 
Tipo.11.eMOHCTp11posaHa B03M0)1(H0CTb C03J].aHl15l XOJIOJ].HOro 3aMe.D.Jil1TeJI5l HeHTpo­
HOB Ha 11MnynhCHOM 11ccne.11.osaTeJ1bCKOM peaKTope YIEP-2 Ha OCHOBe TBepJJ.bIX wa­
p11KOB MeJ11T11J1eHa, 06ecneY11sa10mero .11.n11TeJ1bHbIH pe)l(l1M (.uo I 0 cyToK) cTa-
611J1bHOH pa60Tbl 

• Wap11KOBbIH xoJIOJJ.HhIH 3aMe.D.Jil1TeJih snepsb1e npe.11.ocTas11n B03MO)l(HOCTb nony­
'rnTb M11Kpony"IKl1 XOJIOJ].HblX HettTpOHOB 11 11cnOJ1b30BaTb MeTO.U npocTpaHCTBeH­
ttoro pacmenneHl15l ny"!Ka c Bb!COKOH 11HTeHCl1BHOCThIO, a TaK)l(e npOBO.!J.11Tb 3KC­
nep11MeHTaJibHble 11ccne.11.osaH11H Ha pecjJneKTOMeTpe PEMYP B I 0 pa3 6hICTpee, 
"!eM c 11cnOJ1b30BaH11eM 3aMeJ].Jil1TeJI5l Ha OCHOBe BO.II.bl KOMHaTHOH TeMnepaTypbl 
TioKa3aHO, "!TO HCnOJib30Batt11e wapHKOBOro XOJIOJ].HOro 3aMeJ].Jil1TeJI5l n03BOJI5leT B 
3-4 pa3a coKpaTHTb speMH 3Kcnep11MeHTa Ha .11.11cjlpaKTOMeTPe CKA T np11 coxpaHe­
tt1111 TO"IHOCTl1 nonyqaeMblX pe3yJihTaTOB. 

IloJlOJKCHHH, BblHOCHMbIC Ha 33lllHTY 

I. TeopeT11"!ecK11e pac"!eTbI 11 3Kcnep11MeHThI Ha na6opaTopHOM 11 nonttoMac­
wTa6HoM 11CnhITaTeJihHhlX CTeH.D.aX no3BOJll1Jll1 Bb1$1Bl1Th OCHOBHble oco6eHHOCTl1 11 
JJ.OKa3aTb B03MO)l(HOCTb nHeBMOTpaHcnopT11pOBKl1 3aMOpO)l(eHHbIX wap11KOB 113 CMec11 
apoMaT11"!eCKl1X yrneBO.D.OPOJJ.OB B KaMepy XOJIOJ].HOrO 3aMeJ].Jil1TeJI5l noTOKOM reJil15l 
np11 TeMnepaType 30 K no Tpy6onposo.11.y CJIO)l(HOH KOHcjl11rypal(1111 

2. 3Ha"!eHl15l napaMeTpOB onTl1MaJihHOro pe)l(l1Ma 3arpy3Kl1 wap11KOB B KaMepy 
xoJIOJJ.HOro 3aMeJJ.Jil1TeJIH s HanpasneH1111 ny"IKOB N!!N!! 7, 8, I 0 11 11 I1EP-2: cKopocTb 
noTOKa reJil15l B Tpy6e 11 - 14 Mic, cpeJJ.H5l5l CKOpOCTh wap11KOB BO speMH 3arpy3Kl1 2,5 
- 3 Mic, TeMn no.11.aq11 wap11KOB 113 JJ.03aTopa .11.0 8 wTlceK, TeMnepaTypa TpaHcnopT11-
py10mero ren11H np11 Jarpy3Ke wap11KOB 80-85 K. Bh16paHHh1e napaMeTPhI no3son11n11 
o6ecne"!l1Th onepaTl1BHYIO 3arpy3KY KaMepbl 3aMeJ].Jil1TeJI5l 3a BpeMH OKOJIO 4 Y, 6e3 
pa3pyweH11H wap11Kos B npouecce nHeBMOTpaHcnoprn 

3. l1cnOJih30BaHHe XOJIOJ].HOro 3aMeJ].Jil1TeJI5l np11BeJ10 K cymecTBeHHOMy yseJ111-
"!eHl1IO (4-10 pa3) .11.11cjlcjJepeHUHaJihHOM IJJIOTHOCTH noTOKa XOJIOJ].HhlX HeHTpOHOB Ha 
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cneKTpoMeTpax peaKTopa HEP-2 no cpasHeH1110 c BOJJ.HHhIM JaMe.11.n11TeneM, 6J1aro­
.11.apH YeMy: 

- Ha pecjrneKTOMeTpe PEMYP speMH 113MepeHJrn cneKTPa ~mKpony"!Ka ttei1Tpo­
HOB CH11311J1och B I 0 pa3. BpeMH 113MepeHl15l cneKTpos B 3Kcnep11MeHTe no npo­
cTpaHCTBeHHOMY pacmenneHl110 ny"!Ka CHl1311Jl0Cb B 4-10 pa3, a JJ.OCTynHblH 
.D.11ana30H .11.n1111 BOJIH ysem1Y11ncH c 8 A .uo 16 A, YTO no1soJ111J10 coKpaT11Tb 
speMH 113Mepe11115l eme KUK Ml11111MYM B 2 pa3a 

- speMSl 113Mepemrn .!J.11(l)pUKL\HOIIHblX cneKTpOB ropHbIX nopo.11., B03M0)KH0 n1160 
COKpaTHTb B 3-4 pa1a, coxpaHl1B npH 3TOM aHaJIOrHYHYIO CTaTl1CTHKY Hei11-po­
HOB no cpaBHeIIHIO c BOJ\SlHblM 3aMeJ].Jil1TeJieM, J11160 np11 TOM )Ke speMe1rn 113-
Mepettl1H cymeCTBeHHO B 2 pa3a - yMeHbWl1Tb CTaT11CTl1YeCK11e norpewHO­
CTl1 nonyctaeMblX pC3YJlbTUTOB 

JlH<illOC y<l3CTlfC llBTOpa B llOJly<ICIUIH pe3yJlbT3TOB, H3JlOIKCHllblX B AHC­

CCpT31.UIH. 

Bee pe3ynhTaTbl, np11se.11.c1111b1c B .11.11cccpTal\1111, nonyc1eHb1 caM11M asTopoM HJ111 
np11 ero Henocpe.11.cTse11110M yYaCTHH. AsTop yc1acTBOBaJI B nocTaHOBKe Ja.D.aY, pewa­
eMhIX B paMKaX .u11ccepTal\l10HllOH pa60Tbl, B npose.11.eHl1H TeopeT11"1eCKl1X OL(eHOK 11 
pac"!eTOB, B pa3pa6oTKe H 113fOTOBJiellHH 3KCnep11Me1naJ1bHbIX ycTaHOBOK, sse.ueHHH 
HX B 3KCnJiyaTal(1110, npose.11.eHHH 3KCflCp11MCHTaJlbllblX HCCJICJ].OBaHHH, o6pa60TKC, 
aHaJIH3e H 06cy)K.11.e1rn11 noJiyYeHHblX .11.a111JblX , cjiopMynHpOBKe HayYHblX BblBOJ].OB, a 
TaK)Ke s no.11.roTOBKe crnTei1 K ny6n111<aq1111. 

Anpo6au,HH p,HccepTau,HH 

PeJyJibTaTbI, sowe.11.w11e B .D.11cceprnL11110, 6b1J111 JJ.OJIO)KeHhI 11 06cy)K)J,eHb1 11a cne.D.y10-
m11x ttayYHhlX KOHcpepeHUHHx: 2nd Joint seminar JINR - Romania on neutron physics 
for investigation of nuclei condensed matter and life science (JSJR) (Saia Mare, 
Romania, 2007 r.) ; 1<0HcjlepeHL\HSl MOJIOJJ.bIX yYeHblX 11 cnel(11an11cTos OMYC 2009 
()fy6tta, 2009 r .); KOHcpepeHUHH MOJIOJJ.bIX yc1eHb1x 11 cneL111aJI11crns OMYC 2011 
()fy6Ha, 20 \ I r .); Hayq1-ia5l WKOJia «f1p116opbl H MeTO.!J.bl 3KCnepHMeHTaJibHOH si.11.epHOH 
cp113111<11» (.[J,y6Ha, 20 I 0 r.); HHHOBal\HOHHbIH cpopyM «Cem1rep 20 I 0» ( o. Cen11rep, 
20 I 0 r.) ; 45 311MHSlSl w1<ona TIJ15I<l> PAH, CeKu11si <l>11J11K11 KoHJJ.eHc11posaHHOro co­
CTOHHHH (faTYHHa, 2011 r.); XXI cosemaH11e no 11cnonb30BaH1110 pacceHHl1Sl Hei1Tpo­
HOB s 11ccne.11.osaH11Hx KOHJJ.eHc11posaHHoro cocTOSlHHSl (PHYIKC-20 I 0), PHU, «Kyp­
YaTOBCKl1H 11HCTHTYT» (MocKsa, 20 I 0 r.); 5th European conference on neutron 
scattering (ECNS) (Prague, Czech Republic, 2011 r.); 3nd Joint seminar JINR -
Romania on neutron physics for investigation of nuclei condensed matter and Ii fe 
science (JSJR) (Targoviste, Romania, 20 I\ r.); 46th Crystallography course «The 
future of dynamic structural science» (Erice, Italy, 2013 r. ); XX! International collab­
oration on advanced neutron sources (Mito, lbaraki, Japan, 2014 r .), VI European con­
ference on neutron scattering (ECNS2015) (Zaragoza, Spain, 2015); 2nd Research co­
ordination meeting related to the IAEA coordinated research project 1916 I F 1.20.26 
on advanced moderators for intense cold neutron beams in material research, Vienna, 
Austria, 2016. 
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IJy6JIHK3UHH 

no TeMe ,11;1-1ccepTau1111 ony6Jil1KOBaHbl 23 ne'JaTHbie pa60Thl, 113 H11X I 0 CTaTei1 

B )f(ypHanax, BXO)l.H1Ul1X B nepe'!eHh BAK 11 I naTeHT. 

CTpyKT)'pa H o6beM J!Hcceprnunn 
.[l11ccepTaU,11H COCT011T 113 BBe)l,eHl1H, 4 mas, 3aKJIIO'leHl1H, 6116n11orpacp11'1e­

CKOro C011CKa. TioJIHhIH o6beM COCTaBJIHeT 149 CTpaH11u M3Wl1H0011CHOro TeKCTa, B 

TOM '111CJie 64 p11cyHKa, 4 Ta6Jil1Uhl, 123 6116n11orpacp11'1eCK11e CChJJIKl1. 

0CHOBHOC CO)l.Cp1Kam1e pa60Tbl 
Bo BBe)l,euuu o6ocHoBaHa aKTYaJihHOCTh TeMhr )l.11cceprnu110HHOi1 pa6oThr, on­

pe)l.eneHhI uenh 113a)l,a'll111CCJie)l,OBaHl1H, ccJ.:>opMyn11poBaHbl Hay'!HaH HOBl13Ha 11 npaK­

Tl1'1eCKaH 3Ha'll1MOCTh nony'leHHhlX pe3yJihTaTOB, nepe'111CJieHbl OCHOBHhie OOJIO)f(e­

Hl1H, Bh!HOCl1Mhle Ha 3all.(11TY 11 np11Be)l,eH Jll1'1Hh!H BKJia)l, aBTOpa. 

B nepBoit rJiaBe co)l.ep)f(11TcH ofoop 11 aHan113 OTel.feCTBeHHhIX 11 3apy6e)f(HhIX 

Jll1TepaTypHblX )l,aHHhlX no 11cnOJib30BaHl1!0 pa3Jil1l.fl-lh1X MaTep11anos )l,JIH XOJIO)l.Hh!X 

3aMe)l,Jil1TeJiei1 Hei1TpOHOB. 0TMel.feHO, l.fTO apoMaT11l.feCKl1H yrneBO)l.OpO)l. Me311Tl1JieH 

no cpaBHeHl1!0 c OCTaJihHh!Ml1 MaTep11anaM11 ()!(11)l.Kl1H BO)l.OpO)l., JJe)l, BO)l.hl, MeTall, 

apoMaT11'1eCKl1e yrneBO)l.OpO)l.hl 11 T.)l..) o6Jia)l,aeT HBHb!Ml1 npe11MymecTBaM11 np11 11C­

nOJih30BaHl111 ero B Ka'!eCTBe MaTep11ana XOJIO)l,HOro 3aMe)l,Jil1TeJIH Ha 11CTO'IHl1Kax 

HeHTpOHOB MaJIOH 11 cpe)l,Hei1 11HTeHCl1BHOCTl1. 3arpy3Ka Me311Tl1JieHa B KaMepy 3aMe)l,­

Jll1Tem1 ocymecTBJIHeTCH B 811)1,e TBep)l.blX 3aMopO)f(eHHhJX wap11KOB. lllap11KOBaH 

cJ.:>opMa, no cpasHeH1110 c 3aMopo)f(eHHhIM KYCKOM Me311T11neHa, no3BOJIHeT 6bICTpee 

OXJia)f()l,aTb KaMepy 3aMe)l,Jil1TeJIH, a TaK)f(e 06ecne'111BaTh O)l.HY 11 TY )f(e TeMnepaTypy 

no sceMy o6beMy semecTsa, '!TO 6naronp11HTHO O'fPa)f(aeTCH Ha nony'!aeMOM cneKTpe 

1-1ei1TpOHOB. Pa)l.11on11T11YecK11i1 BO)l.opo)l., 06paJy10m11i1cH B Me311T11JieHe no)]. )l.ei1-

CTBl1eM o6ny'leHl1H, JierKO Bh!XO)l.11T 113 o6beMa wap11KOB 11 pacnpoCTpaHHeTCH no 

sceMy o6beMy nHeBMOTPaHcnopTHOro Tpy6onposo)l.a, He C03)l.aBaH onacHoro 1136b1-

TOYHoro )l,aBJieHl1H Ha CTeHKl1 KaMepbl 3aMe)l,Jil1TeJIH, KaK B cnyYae c ueJiblM KYCKOM. 

I1 HaKoHeu, wap11KOBaH cpopMa n03BOJIHeT np0113BO)l,11Th CMeHy OTpa60TaHHOro seme­

CTBa 3aMe)l,Jil1TeJIH npHMO BO BpeMH pa60Thl peaKTOpa Ha M01UHOCTl1, 6naro)l,apH YeMy 

BpeMH pa60Thl Ha cp11311l.feCKl1H '.3Kcnep11MeHT MO)f(eT 6bJTh npaKTl1l.feCKl1 HeorpaHl1l.fCH­

HhIM. 

XoJJO)l.HhIH 3aMe)l.JJl1TeJJh Hei1Tpo1-1os peaKTopa I1EP-2 (npoeKrnoe Ha3BaH11e -

«K3202» ), npe)l.CTaBJJHeT co6oi1 KaMepy' ra6ap11THhlMl1 pa3MepaM11 180 MM . 40 MM . 

180 MM, 3anoJJHHeMyJO pa60'l11M MaTep11anoM B 811)1,e 3aMopo)f(eHHhIX wap11KOB 113 

CMec11 apoMaTtt'leCKl1X yrneBO)l.OpO)l.OB Me311Tl1JJeHa 11 MeTaKCl1JJOJJa nyTeM ntteBMOT­

paHcnopTa nOTOKOM XOJJO)l,HOro reJJl1H c TeMnepaTypoi1 OKOJJO 80-85 K (p11c. I). 
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P11c. I. Wap11KOB&1i1 xonon11b1tt 3a~1C1lJJ111CJJb 11ci1Tpo11os peaKTopa l15P - 2: 
} - BO,llHHOH 3aMC,llJJHTCJlb, 2 KaMCpa XOJlOJ\llOrO 'JaMC,llJlHTCJJJI, 3 - alCTHBHail 30Ha Jtf6P-2, 
4 - mreBMO-rpa1-1cnopTHhlil Tpy6onpOB0}( (ncpBblH KOllTYP OXJJ3)!(,llCH11H), 5,6 - 6HOJl0rHl.fe­

CKail 3all(HTa, 7 - .!l3TlfHKl1 .!lB11)f(Clll1il 'laMOpO)f(CllllhJX wapHKOB B Tpy6e, 8 - .!l03Hpy1omee 

ycTpOHCTBO, 9 - Tennoo6Me111111K, l 0 Kp11orc1111ail reJlHCBail MaWHHa (KfY) H BTOpOH KOH­

TYP oxJJa)l<ne1-111H, l l - Tpy6011pOBOJl ;1m1 anap11i111oro orno.ua so.uopo.ua, 12 - raJo.uysKa, l 3 
- raJrOJJb,llep, l 4 - Tpy6onpOBO.!l 0 rno;1a ICJlllil OT KaMepbl 3aMe,llJlHTCJlil, l 5 - .uaTlfHKH pac­

xo.ua reJJHil ('rpy6Ka TIHTO), 16 CMKOCTb ) \Jiii CJlHBa orpa6oTaHHOro MC3HTHJleHa H M-KC11-

JJOJJa 

3aMe)l,JJl1TeJJb COCT011T 11'3 ncpsoro 11 BTOporo KOHTypoB OXJ1a)l()l,emu1. TiepBblH 

KOHTYP BKJJIO'laeT B ce6H KaMepy XOJJO.Ul!OrO 3aMC)l,Jl11TeJIH (2), nHeBMOTpaHcnopTHhlH 

Tpy6onposo)l, ( 4), )l,aT'll1Kl1 .us11)f(eH11H ·mMopO)f(CHHblX wap11KoB B Tpy6e PD (7) 11 naT­

l.f11K pacxo)l.a ren11H G, coea111-1e1-11-11>1i1 c 1py6Koi1 I111To (15 ), )l.0311py10u1ee ycTpoi1crno 

(8), ra30LlYBKY (12) 11 Tpy6onpOBOLl orno11a reJ111il OT KaMepbl 3aMe)l,Jil1TeJIH (14). 8TO­
poi1 KOHTYP OXJia)f().leH11H COCTOl1T 113 Kp1101"CHllOH ren11esoi1 ycTaHOBKl1 (KrY) H Tpy-

6onpOBO).(OB flO)l.BO)l,a 11 OTBO)l,a reJil1H KI OT KrY. nocJIC 3arroJIHeHl1H KaMCpbl 3aMe).l­

JJl1TeJIH wap11KaM11 3anycKaJOT ra30AYBKy, 11 reJI11i1 1-1a'!11HaeT u11pKyII11posaTh s rrep­

BOM KOHType OXJIU)!(JleHl1H 11 Yepe3 TCnJI006MeHHl1K (9). TiapaJIJICJlhHO c 3Tl1M npouec­

COM 3anycKalOT KrY 11 TeMnepaTypa reJil1H B 06011x KOHTypax OXJIU)f().(CH11H Ha'll1HUCT 

noH11)f(aThCH. Tpy6onposo.ub1 .usyx K01-nypos 11 Tennoo6MCHHl1K 3aKJIIOlfCHbI B BaKy­

YMH1>1e KO)f(YX11 )J.JIH YMCHbWeHl1H nepe)l.U'll1 TCilJia 113 0Kpy)f(a!Omei1 cpe)l.bl. no Kp110-

reHHOMY nHeBMOTpaHcnopTHOMY Tpy6onposo)l,y (4) OXJia)f(.ueHHOMY )l,0 TCMnepaTypbl 

80-85 K ocymecTBJIHeTcH )l.OCTaBKa 1aMopo)f(eHHbIX wap11Kos 113 )l.0311py10mero 

ycTpoi1crna B KaMepy 3aMC.UJll1TCJIH, pacnoJIO)!(eHHYIO B6JJl1311 aKTl1BHOH 30Hbl (3) pe­

aKTOpa. B npouecce 3arpy3K11 pacxo.u ren11H qrnKc11pyeTcH .uaT'IHKOM .u11cpcpepe1-1L111-

aJibHoro )l.aBJ1eH11H DXLdp (o603Hal.feH Ha cxeMe KaK G), coe)l,11HeHHhIM c Tpy6Koi1 

I111To (15) . .[laTl.f11K PD, pacnoJio)f(eHHbIH B m1esM0TpaHcnopTHOM Tpy6onposo)l,e, ne­

peA yYaCTKOM ue6oJJbWOro nO).lbCMa (Me)l<)l.y 6110JIOrHl.fCCKOH 3all.(11TOH 5 11 6), KpOMe 

pacxo.ua reJI11H cp11Kc11pyeT 11 o6pa30BaHl1e B03MO)f(Hh!X wap11KOBblX npo6oK 11Jil1 3a­

rnpoB B Tpy6e . .[laT'll1K PD, pacnoJIO)f(CHHhIH y )l.0311py10mero ycTpoi1crna cp11KrnpyeT 

npouecc )l.Bl1)f(eH11H wap11KOB BHYTPl1 Tpy6onpoBO)l.a . .[lnH 3arronHeH11H KaMepbI JaMe.u­

JittTeJJH Heo6XO)l.11MO 3arpy311Tb l JI11Tp (-25000 WT) 3aMopo)f(eHHblX wap11KOB. Tiocne 

OKOH'laHl1H 3arpy3Kl1 KaMepa c wap11KaMl1 OXJJa)f()l,aeTCH )l,0 pa6o'!ei1 TeMnepaTyphl 

5 



- 30 K. Dp11 3Toi1Tel\mepaType3aMe,llJJl1Te.TJb MO)l{eT pa6ornTh s TeLJeH11e scero u11Kna 

peaKTopa HEP-2 Ha MOU(HOCTl1 2 MBT. DoCJJe ocrnHOBKl1 peaKTopa, pacnnasneHHbIH 

pa60LJ11i1 MaTepHan y.uan»eTc» s cneu11as1bHY10 eMKOCTh ,llJJH cn11sa 11 yT11JJ113au1111 ( 16 ), 
nocne Yero 3aMe.un11TeJJb roTOBHT K cne.uy10meMy u11Kny. 

Illap11KOBb!H XOJJO,llHblH 3aMe,llJJ11TeJJb npe,llCTaBJJHeT co6o?i CJJO)l{HYIO Cl1CTeMy' 

C03,llaH11e KOTOpoi1 Tpe6yeT ll03TanHoro peweHl151 KOHKpeTHbJX ttayLJH0-11CCJJe,llOBa­

TeJJbCKl1X 3a,llaLJ, B nepsy!O OLJepe,llb, 3TO l1CCJJe,llOBaH11e nHeBMOTpaHcnoprn Tsep,llblX 

wap11KOB B KaMepy 3UMC,llJl11TeJJH. 

Bo BTopoii rJlase np11se,lle11b1 pe3yJJhTaTbJ TeopeT11YecKoro 11 3Kcnep11MeHTaJih­

Horo 11CCJJe,llOBaHl1H nHeBMOTpaHcnopTa wap11KOB B Kpyrno?i np»MOH Tpy6e c rna.D,­

K11Ml1 11 Herna,llKl1M11 CTeHKaM11 11 B Kp11oreHHOM Tpy6onposo.ue CJJO)l{HOH KOHcp11rypa­

u1111 c yqacTKaM11 nosopOTOR 11 nO,llbeMaM11. 

f1p11 3anoJJHeH1111 KaMepbl 3aMe,llJJ11TeJJH CKOpOCTb wap11KOB BO speMH nHeBMOT­

paHcnopT11pOBKl1, 113-Ja HX MaJJOH y,llapHOH npOYHOCTl1, He ,llOJl)l{Ha npeBOCXO,lll1Tb 

onpe,llenettttoro npe.uena, KOTOpbIH 6b1J1 onpe.ueneH 3 Kcnep11MeHTaJJbHO 11 cocrnsnHe-r 

4 M/ c. B TO )l{e speMH CKOpOCTb He MO)l{eT 6bITb O<JeHb MaJJOH BeJJl1LJ11HOH B Cl1JJY orpa­

Hl1LJeHl1H Ha speM» 3arpy3Kl1 KaMepbl 3aMe,llJJl1TeJJH H 113-3a B03MO)l{HOro o6pa30BaH115! 

3aTopos y nO,llbeMOB TpaCCbl. fT03TOMY O,llH11M 113 Kp11Tl1LJeCK11X MOMeHTOB np11 pa3pa-

6oTKe 11 npoeKTHposamrn Cl1CTeMbl nHeBMaT11LJeCKOH TpaHcnopT11pOBKl1 wap11KOB HB­

JJHeTCH onpe,lleJJeH11e xapaKTepa 11 CKOpOCTl1 11X ,ll811)1{eHl151 no nHeBMOTpacce, HaLJ111IaH 

c 3Tana pa3roHa nocne 11x sse.ueH11» s Tpy6onpoBO,ll Yepe3 cneu11anbHh1i1 WJJI03, 11c­

noJJh3yeMbIH s KaYecrne ,ll0311py10mero yCTpoi1crna. 

Ha nepsoM 3Tane paccMaTp~rnaeTCH .us11)1{eH11e wapa a u11n11ttnp11YecKoi1 npH­

Moi1 11,lleaJJbHOM Tpy6e c rJJa,llK11Ml1 CTeHKaMH (pa3Mep wepoxosaTOCTl1 CTeHOK Ha 3-4 
nop»,llKa Metthwe .u11aMeTpa wap11Ka) .llJJH .usyx cnyyaes: np11 OTCYTCTBHl1 spameH11H 

wapa 11 TOJibKO JlHWh CKOJlb)l{eHl111 11, Hao6opoT, npl1 ero Ka':IeHHH c nOJJHblM OTCyT­

CTBl1eM CKOJlh)l{eHHH. YpastteH11e .llJl» CKOJlh)f(eHHH npl1 OTCYTCTBHl1 spameH11H 3an11-

ChIBaeTC5! CJle,lly!Oll(HM o6pa30M [4]: 

dv:tau = -g(sina + kcosa) + C1 Cx ( v /vgas, Repipe) + kC 1 Cy ( v /vgas, Repipe ). (I) 

r.[(e Vball - CKOpOCTb wap11Ka, g - ycKopeHHe Cl1Jlbl T51)1{eCTl1, a - yron liaKJlOHa, k -
K03cpcp11u11eHT TpeHl151 CKOJlb)f(eHl151, Vgas - cpe,llHee 3Ha':Iem1e CKOpOCTl1 nOTOKa ra3a 

no ceLJeHHIO Tpy6h1, Pgas 11 Pba11- nJJOTHOCTH raJa 11 wap11Ka, Rball H dball - pa,ll11yc 11 

.u11aMeTp wap11Ka, Cx, Cy u Cm - 6e1pa3MepHb1e K03cpcpHu11eHThI a3pO.lll1HaM11LJeCK11x 
2Fx 2Fy 

Cl1Jl 11 MOMeHTa: ex = 2 2 ' Cy = 2 2 ; Fx 11 Fy - npO,llOJlbHaH 11 HOp-
PgasVgasTrRball PgasVgasrrRball 

- ( P asV
2
as) MaJJbHa» cocTaBJIH10m11e a3po.u11ttaM11':IecK011 c11nh1, C1 = 0, 75 9 9 , Rep;,,, -

Pballdball 
':!11CJJO Pe?ittOJJh,llCa, pacc':I11TattHoe no cpe.utte?i CKOpOCTH raJa H .u11aMeTpy Tpy6b1 

Dpipe· YpastteHHe np11 spamett1111 11 OTCYTCTBl1l1 CKOJJb)f(eH11H BbirJJ».lll1T cne,lly10m11M 
06pa10M: 

dvball = ~ [C1 Cx - g sina - C
1 
CmJ, 

dt 7 (2) 
C 16M2 M - -

r,lle m = 2 3 ' z - MOMeHT, ,llel1CTBYIOllll1H Ha wap11K co CTOpOHbl nOTOKa 
PgasVgasrrdball 

raJa. 
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J13 ypasHeH11i1 ( 1) 11 (2) nyTeM •rncneHHoro MO,llen11posamrn onpeoe11RJ1u 6e1-

pa1MepHbte Ko::JqxjJuz1ueHmbt C.,, Cy u Cm, Tpe6yeMbie ,llJJ» pac'leTa CKopocT11 wap11Ka 

no Tpy6e, Ha'IH!-IaH c MOMeHTa ero CTapTa 11 ,llO BblXO,lla Ha MaKCl1MaJJbHYIO CKOpOCTb. 

f1p11 pacYeTe 11cnoJJb3osan11 cne,lly10m11e reoMeTp11YecK11e napaMeTpb1 11 napaMeTpbr 

noToKa: ,ll11aMeTp Tpy6b1 Dpipe= 17 MM, ,ll11aMeTp wapHKa dball = 5 MM, TeMnepaTypa 

Hecymero ra3a a3orn Ha sxo,lle s nHesMOTpaccy T=300 K, ,llasneH11e ra3a P= l,01325 
6ap c nocTOHHHblM o6beMHblM pacXO,llOM Q=l ,8 n/c (CKopoCTb raJa Vgas= 8 M/c) 11JIH 

Q=2,5 n/c {Vgas= 11 Mic). CKopocTb ,llBl1)1{emrn wap11Ka 3a,llasanacb s ,ll11ana3oHe 

0 ~ Vball ~ Vgas· lllapuK ccjJepu•1ecKu cwwMempu•1e11. Bee pacLJeTbI npoBO,lll1Jll1Cb s 

Cl1CTeMe KOOp,ll11HaT, CBH3alllIOH c ue1npOM wap11Ka. Pe3yJJbTaTbl np11se,lleHbl Ha p11-

cyHKe 2. 
Tpe~rne 0 CTeHKY Tpy6bl 11 MOMCHT Cl1Jl, ,lleHCTBYIOm11X co CTOpOHbl ra3a, np11-

BO,llHT K spameHl110 wap11Ka. flp11 peaJlbHblX 3HaLJeHl1HX K03cpcp11u11eHTa TpeHHH, npo­

CKaJJb3b1BaH11e wap11Ka 6e3 ero Bp3lllCll11H B03M0)1{H0 TOJlbKO Ha He60JJbWOM 0Tpe3KC 

nyT11 s caMOM Hal.Jane TpaeKTop1rn ero ,llBl1)1{eH11H. B CBH311 c 3Tl1M, ,llanee 6y,lleT pac­

CMaTp11saThCH TOJlbKO c11y•w1i Ka•te/IWI wap11Ka 6e1 npOCKa!lb3bl6GHUfl. 

nonyLJeHHble 3HaLJeHl1H K01cpcjrnu11CHTOB C,, Cy u Cm 11CnOJJb30BaJJl1Cb np11 pac­

YeTe CKOpOCTl1 ,ll811)1{eJmH wap11Ka B 1aBHCl1MOCTl1 OT speMeHl1 ero ,ll811)1(eHl1H B Tpy6e. 

Pe3yJJhTaTbl np11se,lleHbI 1ia p11c. 3. 

c,'·'kb I I r~; 
0,6 ' 

0,1 
Cm 

0,08 

o.4 I 't'x: l"'\..,. I I 
0,2 0,06 

0,04 
o.i---

0 0,02 

o I .... ~- 1-J I I ~"1 o~--
,,'" 

, 
,,. .. J-, 

, , 
~· 

,,. ' , 
I 

-0,2 I I I I I I I I f -0,2 -0,02 I I I I I I I I I 
0 2 4 6 8 0 2 4 6 8 

VbaJJ, Mfc VbaJJ, Mf c 
a 6 

P11c. 2. 3aBHCHMOCTl1 Kmcj>cj>11u11eHTOB a3pon1111aMHLJCCKl1X Cl1Jl 11 MOMCHTa, ,llCHCTBYIOllll1X 

Ha wap11K, OT CKOpOCTl1 ero ,llBl1lKCHl1ll np11 CKOpOCHI raJa 8 Mic: a - KOJcj>cj>11u11eHTbl npo­

JIOJlbHOH C, (KpylKK11) H opTorottaJJbHOi1 Cv (TpeyronhHHKH) cocTaBJJlllO!ll11X a3pon11HaM11<1e­

CKl1X c11n; 6 - K03cj>cj>11u11eHT MOMCHTa a3pO,lll1HaMl1'-ICCKl1X CHJI Cm. TeMHbIC C11MBOJ!bl COOT­

seTCTBYIOT KaLJCHl1!0 wap11Ka 6e3 npocKaJlb3bIBaH11H, CBCTJlbJe - noJJHOMY OTCYTCTBl1!0 spa­

!llCHl1H 11 TOJlbKO CKOJlblKCHl1!0. 

• 
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8 10 
Vbal/, WC Vbal/, WC 

6 
8 

I I I 6 

4 
I I I 4 

2 
2 

0 10 20 30 00 10 20 30 
t. c t. c 

a 6 
P11c. 3. 3aBHCl1MOCTb CKOpOCTH wap11Ka OT BpeMeirn ero !lBH)f(eHHll B Tpy6e np11 KalJeHHH 6e3 

npocKanb3h1BaH11l!: a - np11 c1<opocT11 ra3a 8 Mi c, 6 - np11 c1<opocT11 raJa 11 Mi c. 

Ha p11cyH1<e 4 npe)J.CTaaneHa JaeucUMocmb K03qHjJU'lfUeHma Cx OJIR CKopocmeii 

2Q3Q 8 u 11 Mic OT OTHOCHTeJibHOH CKOpOCTH wap111<a Vba1/Vgas· 811)].HO, '!TO 3aBl1CHMO­

CTl1 )].ml pa3Hhrx c1<opocTei1 raJa npa1<T11'lec1<11 coana)J.a!OT. To )l(e caMoe cnpase)J.n11so 

11 )J.m1 K03cpqrnu11eHTOB Cy 11 Cn,. 3TO no3aonlleT pa3pa6ornTh ynpomeHHYIO MO)J.eJih 

.D,BH)l(eH11JI wap111<a no Tpy6e, B KOTopoi1 cpyHKl..\1111 C,, Cy u Cm OT OTHoc11TeJibHOi1 c1<0-

pocT11 wap111<a MO)l(HO annpo1<c11M11poBaTh napa6on114ec1<oi1 3as11c11MOCTh10. Tor.D,a 

ypaBHeH11e )J.BH)l(eHl1SI np11 KalJeHl111 6y)J.eT HMeTb nerKO l1HTerp11pyeMbIM Bl1)].: 

dvball + 0,714gsina = 0,525 ( Pgas ) v2asCxo (Re, dball). ct> (vball) (3) 
dt Pballdball g Dpipe Vgas 

f)J.e ct> (Vball) = (i -a. Vball + b. (Vball)

2

), a K03cpcp11u11eHT Cxn = C.r(O)+Cm(O). 
Vgas Vgas Vgas 

KOHCTaHTbl ii. J.I b MOfYT 6b!Tb Onpe)J.eJieHbl JIH60 J.13 KOHKpeTHOfO BH)J.a 3aBJ.ICHMOCTei1 

Cx H Cm, nonyIJeHHhIX no pe3ynhTaTaM 411CJieHHoro MO)J.en11poBaHJ.1JI o6TeKaHHJI wa­

pHKa B Tpy6e (p11c. 2), JIJ.160 113 3KCnepHMeHTaJ1bHOH 3aBHCJ.IMOCTJ.I ycKopeHHJI OT CKO-

pOCTH. 
0,8 

c. 
0,6 

0,4 

0,2 

0 

-0,21 I I 
-o-. 

0 0,4 0,8 1,2 

vbaJJlv,,., 
PHc. 4. Km¢¢HUHeHT Cx npo)J.OJJhHOH cocTaBJJll!Oll.leti ropo)J.HHaMH'leCKOH CHJJhl, neticrny­

!Oll.lei1 Ha wapHK npH CKOpOCTl1 raJa Vgas = 8 MIC - cnJJOWHall J111HHll 11 CBeTJlhle KBanpaTbl 11 

Vgas = 11 MI C - nyHKTHp J.I TeMHhie KBa)J.paThl, B 3aBJ.ICJ.IMOCTH OT OTHOCHTeJJbHOH CKOpOCTJ.I 

wap111<a. 

8 

8 C)J.eJiaHHhlX np116mn1<eHHJIX peweHHe ypaBHeHHJI (3) npH b ;r 0 BhlfJlJI)J.HT TaK: 
- y_ ·(vball o-Y+)-Y+ ·(vball 0-y_)-exp(yt) 

Vball = (vball o-Y+)-(vball o-y_)-exp(yt) (4) 

3 6 - Vball 
)J.eCb npHHJITbl cne)J.yt0uu-1e 0 03Ha'leHlrn: Vball = -- - OTHOCHTeJibHa)l C!<OpOCTb 

Vgas 

ii± la'z+4b(gsma -1) 
- _ Vbau(l=O) y _ ~u 1.4[ xo _ ( Poas ) 2 

wapHKa, Vball o - , + - , fxo - 0,525 · --- VgasCxO• 
Vgas - 2b Pba//dba// 

fxo 1-2 4b (gsina ) y=-- a+ ---1 
Vgas, l.4fxo 

)lnJI npoi1)].eHHOro nyT11 nOJ1yc111M Bb1pa)l(eH11e: 

x(t) = (Vgas). (Y+ - Y_). ln ((Vballo-Y-)·exp(yt)+Y+-ilbalto) + y_ . Vgas t 
y ~-~ 

(5) 

Ecn11 b = 0 (rn1<oe npH6m1)1(e1111c MO>KHO 11cnonh30BaTh B nt060M Y3KOM HHTep­

sane CKOpocTeH wapHKa), TO pelllCH~Ie ypaBHeHHSI (3) 11MCeT npOCTOH BH)J.: 

Vball =Vass+ (vba11CO) - Vass). exp(yot). 
iifxo v"". • ( l gsma) rne Yo=--, Vass=-'----- - -- . 
Vgas a 1Afxo 

(6) 

IlyTh, npOH)J.ellHblH rnapHKOM, Bblpa3HTCSI Tenepb, J<aK 

(t) = t _ (vbuu(O)-v05s)(1-exp(y0 t)) 
X Vass 

Yo 
(7) 

CpasHeHHC rrp116JIH)l(eHHL1x auam11 H'ICCKHX pewerrni1 c 411CJieHHhIMl1 )J.Jlll tty-

nesoro yrna HaKJIOHa Tpy6h1 K ropmoHry 11a110 11a p11c. 5. B np116JT11)1(eHHh1x pacye1ax 

KOHCTaHThl a H b onpe)J.eJieHJ.,( J.13 'IHCJI('HHOH '3aBl1Cl1MOCTl1 KlDcpcp11u11eHTOB c, H Cm 
)J.JlJI Karnmerocl! wap111<a (puc . 2, 4). B11nHo, 'ITO aHamn11IJec1<11i1 H lJHCJieHHhIH pac­

IJeThI noKaJbIBa!OT xopowee cosna)J.eH11c. 
10~--~---~--~ 

s I ,.£ I =--v~m 11 Mlcl 

CJ 6 

~ I ~ 4 ll# I I 
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0-T"--~......,...-~~-+~~~~ 
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P11c. 5. CpaatteHHe 3aa11c11MocTeti c1<opocT11 wap111<a (a pa3MepHhIX aenH'lHHax) OT BpeMeHH 

np11 ero KaIJemrn B Tpy6e 6e3 npocKa.Jlb3blB3HHJI (KpHBall OTMelJeHa Kpy)f(O'IK3MH) np11 CKO­

pOCTl!X ra3a 8 11 11 Mi c. Kpy)f(KH - 411cne1rnoe MOJJ.eJrnpoaa~rne, KnanpaTbI - atta.n11T11IJec1<oe 
peweHHe ypaattemrn (3) 

Ilpe)J.CTaBJJeHJ-IaJI Bhlille lJHCJieHHaJI MO)J.eJJb )J.BJ.l)l(eHHJI rnapHKa Tpe6osana 3KC­

nep11MeHTaJihHOH nposepKH ,[(JI)j oueHKl1 BJlHJI!lJ.l)j HeyIJTeHHblX cpaKTopos: HeperynJip­

HOCTH )J.BH)l(eHml wapHKa, ero KOJie6aHHH J.I XaOTHlJeCK11X OTKJIOHCHHH OT )J.BH)l(eHHll 

B,[(OJib OCH Tpy6b1, wepoxosaTOCTJ.I CTeHOK TPY6hJ, OTKJIOHeHHJI OT rnapoo6pa3HOH 

cpopMhl J.I T.)J.. J1CXO,[(HblMJ.1 )J.aHHblMH )J.Jl)j onpe)J.eJICHJ.ISI CKOpOCTJ.1 11 KOOp)J.HHaThl OT 

speMeHJ.I JIBJill!OTC)j 3aBJ.ICHMOCTl1 yc1<opeHl1SI wapHKa OT napaMeTpOB ero )J.BH)l(eHJ.ISI B 
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ITOTOKe r33a. Tio3TOMY B 3KCrrep11MeHTaJlhHbTX liCCJiep;osam·rnX OCHOBHa5! 3anaqa co­

CT05!Jia B orrpep;eJieHl111 3aBHCHMOCTH ycKopemrn IIIap!iKa OT ero CKOpocn1 rrpH )J;Bli­

>KeHIHi ITO Tpy6e. 3KCITepHMeHThI rrpOBO)J;l1Jil1Cb Ha rra6opaTOpHOM CTeH.ue, OCHaIIIeH­

HOM CTeKJI5!HHOH Tpy6oi1 )J;.HaMeTpOM 17 MM .H CTeKJ15!HHhIM.H ruap.HKaMl1 n11aMeTpOM 5 
MM. TpaHCITOpT.HpOBKa ocyli\eCTBJI5!JlaCb ITOTOKOM f33006pa3HOro 330Ta ITPH KOMHaT­

HOH TeMITepaType. l330,!J;J1HaMW!eCKOe .If KliHeT.HqecKoe ITO.U06He 3KCITepHMeHTOB Ha 

JTOH ycTaHOBKe .If OIThITOB ITO pean&HOH TpaHcrropnlpOBKe ruap11KOB 113 TBepnoro Me-

3.lfTJrneHa ITOTOKOM ren1151 rrp11 TeMnepaType 80-85 K, o6ecneLI.HBaeTcl! 6n113ocTb10 

3HaqeHl1H q11cen ct>pona ( Pgas . ) 11 queen Pei1.HOJih)J;Ca .!lJlll 3Tl1X .usyx cnriaeB (Re 
Pballdball 

- 5000 -o-10000 ITPH CKOpOCTl1 r33a 6-12 Mic). 
.D:nll orrpep;enemrn .HCKOMOH 3aBHC.HMOCT.lf «CKOpOCTh-YCKOpeH.He» 11Cl10Jlh30-

BaJil1 MeTO.!l Bl13YaJIH3al(MH p;s11>KeH11l! rnap11Ka. CxeMa 3KCITep11MeHTaJihHOH yCTa­

HOBKH rrp11seneHa Ha p11c. 6. I1po.uo.r1bHbie KOOp,l.l.HHaTbI rnap11Ka Ha BCeM ITYTl1 )J;BH>Ke­

Hl1l! B CTeKJI5!HHOH Tpy6e ,!lJil1HOH 3,6 M perHCTp11p0BaJIHCb rryTeM 0).l.HOBpeMeHHOH 

BH,!leOC'beMKH HeCKOJibKHMl1 UHci>pOBblMH cjloTOKaMepaM11 c qacTOTOH KanpoB 30 lll .If 
speMeHeM JKCIT0311UHH 112000 c. Bcero 6bino c.uenatto 6orree coTHH ITYCKOB, ITony­

LieHo 6orree 3000 CH.HM~OB .If Bli)J;eOKJlliITOB. TiyTeM KOMTihlOTepHOH o6pa60TKH OTCH5!­

TbTX 811,!leOKJIHTIOB OITpep;eJI5!Jl.lfCb cpentt11e 3HaLJeHHl! CKOpOCTl1 rnap11Ka KaK 3a speM5! 

1130 c (ITorpeIIIHOCTh ±0,03 Mic), TaK H Ha mo6oM OTpe3Ke nyni. Ha oTpe3Ke 0,5 MeTpa 

ITOrpeIIIHOCTb H3MepeHH5! CKOpOCTl1 He rrpeBbllllaJia 1 %, a rrorpeIIIHOCTb cpep;Hero 3Ha­

LieHHl! ycKopeHl15! 0, 1 - 0,2 Mlc2. TiapaMeTphT AB11)!(eHlill rnapHKa )J;liaMeTpOM 5 MM B 

CTeKJil!HHOH Tpy6e 6hIJIH H3MepeHhl ITPli Tpex 3HaqeHHl!X cpenHeH CKopocrn: ra3a 6, 8 
H 11 Mic. CKopoCTb ra3a KOHTpOJIHpOBaJiacb c rroMOIIIhlO poTaMeTpa c ToqHoCThlO 

OKOJIO 5%. PoTaMeTp rpa).l.y11poBaJICl! KaK no CKOpOCTH CHH)!(eHHR p;aBJieHH5! ra3a B 

HaKOITHTeJihHOH eMKOCTli, TaK H AHci>ci>epeHl(HaJihHbIM MaHOMeTpOM c Tpy6Koi1 I1HTO. 

2 
5 

~[g) ~w 
II 12 

8 JO 

13 

Pttc. 6. YnpourettHall cxeMa cTeHJ:la J:IJlll 113Mepemrn napaMeTpOB .!lBH)Kettttl! ruapttKa B CTeK­

JUIHHOH l'py6e B rroToKe ra3a: I - CTeKJil!HHa5! TPY6Ka nttaMeTpOM 17.3 MM tt J:IJIHHOH - 3,6 M; 

2,3 - lllJII03 3arpy3KH rnapHKa c ruapoBhIM seHT11JieM; 4 - rn6KHH yLJacTOK no.ua10urero ra3o­

npoao,a;a c MaJJbIM ,a;aBJieHHCM, )l;HaMeTpOM 14 MM 11 J:IJIHHOH 5M; 5 - pOTaMeTp; 6 - yqacTOK 

fa30ITpOBO.!la c 60JiblllliM r11,a;paBJIWieCKHM conpOTHBJieHHeM; 7 - HaKOI111TeJibHa5! eMKOCTb 

ofrheMOM 63 n "(cOBMCCTHO c Harpy3KOH 6 CJIY)!(HT <!>HJibTµOM KOJie6aHHH pacxo.ua ra3a); 8 -
pe.uyKTopbl, noHH)!(a!OIIIHe pacxo,a;; 9 - yqacToK nona10urero ra3onposo,a;a 6orrhllloro nasne­

HHll (OKOJIO 10 6ap); 10 - 6aJJJIOH co C)!(aTb!M 803.!lYXOM (no 60 6ap); 11 - OCBeTliTeJibHbJe 

npo)!(eKTOpbI; 12 - Bli,!leOKaMepa; 13 -113MepHTCJibHa5! JIHHCHKa 

10 

Pe3ynbTaTb1 OIT&ITOB no ntteBMOTpattcrropTy cTeKJil!HHblx wapHKOB Ha ycrn­

HOBKe co CTeKJil!HHOH Tpy6o?i rrpencrnsnettbl Ha p11c. 7a-7B. Ha JTHX )Ke pHcyttKax 

!10Ka3aHbl TeopeTW!eCKl1e pacLJeTbl ,!lJTl! rrpl!MOH KpyrnoH Tpy6bJ c 11.ueanb1IblMl1 CTeH­

KaMH. 
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0,6 

N 0,4 
u 'il 0,2 

t::i" 0 
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-0,4 
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P11c. 7. 3aBHC11MOCTb ycKope!!l1l! CTerurnrnroro urnp11Ka .u11aMeTpOM 5 MM OT ero CKOpOCTl1 

np11 Ka4eHl111 B CTeKJil!Hl!OH Tpy6e n11aMel'pOM 17 MM np11 CKOpOCTl1 r33a a30Ta 6 MI C (a). 8 
Mic (6) 11 11 Mic (s). Kpy)KK11 11 KBaJ:1paTbI - JKcnep11MeHT (pa3Mep KBaJ:1parnB np11MepHo 

COOTBeTCTBYCT norpe!llHOCTl1 113MepeH11i1), CI1JlO!llHblC Jll1Hl111 - paCLJeT J:IJlll rna,!lKOH Tpy6b!, 

nyHKT11pHblC JJl1H1111 11 ypaBHeHl1l! 11a l'pa<!>11Kax - Jll1HCHHall annpOKCl1Mal(l1l! JKcnep11MeH­

TaJJbHblX naHHblX 

KaK BHAHO 113 p11c. 7, pacqeTHbie ycKopeHHl! wapHKa rrp11 ero Kaqemrn, ycpep;­

HeHHble ITO MHOrHM nycKaM, npH 3a).l.aHHOH ero CKOpOCTli cornacyJOTCl! c JKCrrep11-

MeHTOM (s rrpenenax rrorpewHOCTl1 111Mepett11i1) TOJibKO B Y3KOM n11ana3otte - 20-40% 
OT CKOpOCTl1 ra3a. TipH CKOpOCTl1 rnap11Ka - 40-50% OT CKOpOCTl1 ra3a ycKopett11e rra­

naeT 6b!CTpee, qeM ITpep;CK33bIBaeT Teop11l!, 11 y)f(e np11 CKOpOCTl1 OKOJIO - 50% OT CKO­

pOCTl1 r33a crnHOBHTCl! ,l.l.a)f(e 0Tp11l(aTeJibHhIM. Cne.uyeT OTMeT11Tb, qTo pa16poc JKC­

nep11MeHTaJI&HbIX ToqeK Ha p11cyHKax CB5!33H He CTOJlbKO c norpeWHOCTblO 113Mepe­

Hl1H, CKOJibKO C HeperynllpHOCTblO )J;Bl1)f(eHl1l! wap11KOB. Vb p11C. 7, 8 BH)J;HO, qTo npaK­

n1qeCKl1 so sceM .u11aITa1otte cKopocTeH .!lBl1)f(etttte wapHKa tteperyn5!pHo, no.usep-

)!(eHO TO ycKopeHHIO, TO 3aMep;JTeHl1!0. 
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a 6 
PHc. 8. )J.sa npHMepa (a, 6) Heperym1pHOro noBe):leHHll CKOpOCTH wapHKa Ha He60JlbWOM 

OTpeJKe nyTH; cKopoCTb raJa - 8 Mic. 

Ha116onee sepoHTHOH np11LmHoi1 n0Tep11 cKopocT11 wap11Ka HBJJHeTCll wepoxo­

saTOCTh Tpy6&1. Bo BpeMll ,LIBHll<eH11ll LiaCTO Ha6mO,LlaJJOCb, LITO wap11K 3a KOpOTKHe 

npoMe)!(yTKl1 BpeMeHH (0,03 c) nepeXO):ll1JI BBepx-BHH3-BBepx no ,Lll1aMeTpy Tpy6&1, 

np11 3TOM 3HaLI11TeJ1bHO Tepllll npo,LIOJlbHYIO CKOpOCTb (p11c. 8 6), T.e. 11Cnb!TblBaJJ 

npbDKKl1 H OTCKOKl1 B npouecce ,LIBl1lKeHl1ll KaK pa3 113-3a wepOXOBaTOCTl1 CTeHOK. np11 

nona,L1aH1111 wap11Ka Ha KaKoe-n1160 npernITCTBHe (Ha30BeM ero «noporoM») OH MOlKeT 

np1106peCTl1 COCTaBJJHIOW.YIO CKOpOCTH, HanpasneHHyto no HOpMaJJH K CTeHKe Tpy6bI. 

HanHLIHe 3TOH KOMnOHeHTbl CKOpOCTl1 np11BO,Lll1T K OTCKOKaM wap11Ka OT CTeHOK 

Tpy6&I. np11 OTCKOKe noTepH wap11KOM npO,LIOJlbHOH COCTaBJJlllOW,eH CKOpOCTl1 on11-

Cb1BaeTCll ypaBHeHJ.feM Vx =: Vo (1 - zxJ h ), a np11pOCT HOpMaJJbHOH COCTaBJJlllO-
dbalL 

w,ei1 - Vy = 2v0J h (1 + kv), r,Lle h - BhICOTa nopora, kv - K03cpcp11u11eHT BOCCTaHOB-
dball 

JJeHl1ll CKOpOCTl1 np11 y,Llape (3aBl1Cl1T OT MeXaH11L1eCKl1X CBOHCTB MaTep11ana wapHKa 

H CTeHKl1 11 TOJIW,11Hbl CTeHKl1 ), x=( f + kv) ·µ, µ - ,L11-!HaM11L1eCKl1H K03cpcp11Jjl1eHT TpeHl1ll 

CKOJlblKeHl1ll, ,LleHCTBYIOW.HH BO BpeMH KOHTaKTa co CTeHKOH np11 CTOJIKHOBeHHH. 

HanpHMep, np11 h = 20 MKM 11 dba// = 5 MM OpTOrOHaJJbHall CKOpOCTb COCTaBHT 0,22 OT 

HaLiaJJbHOH CKOpOCTl1 wap11Ka, aero npO,LIOJlbHall CKOpOCTb - 0,91 OT HaLiaJJbHOH CKO­

pocrn. 

0LieBl1.J:IHO, LITO np11 HaJJ11L11111 pH.Lia noporos Ha nyT11 .LIBl1)!(eH11H wap11Ka HeJJ&3ll 

0)1(11,LlaTb ycTaHOBl1BUJeHCll CKOpOCTl1. KoHeLIHall CKOpOCTb wap11Ka 6y,L1eT cnyLiaHHOH 

BeJJl1Lil1HOH, pacnpe,L1eJ1eH11e KOTOpoi1 3aBl1Cl1T OT ,LIJll1Hbl nyT11, CKOpOCTl1 ra3a H pac­

noJJO)!(eHl1ll 11 BeJll1Lil1Hbl noporoB. np11 3TOM, Cl1CTeMa ypaBHeHl1H ,LIJlll MaKCl1MaJJb­

HOrO Vo H Ml1Hl1MaJJbHOro Vx,oo 3HaLieHl1H CKOpOCTl1 U1ap11Ka npH nep110,L111L1eCKOM pac­

llOJIOlKeHl111 «Hl13Kl1X» rroporos MO)!(eT 6h1Tb 3an11caHa CJ1e,L1y10w,11M o6pa30M: 

Llvx =Vo - Vx,oo = (vass - Vx,oo)Cl - exp(yot)) (8) 

L l t ~(v_x~,oo_-_v_as_s~)(_l_-_ex_p_(Y_o_t)_) 
- =Vass -

Yo 
(9) 

1 ( gsino<.) 
3,Llec& Yo = -f a0 , Vass = - 1 - -- , ao - HaLiaJJhHOe ycKopeH11e, f - pa3MepHall 

f 1,4a0 

KOHCTaHTa np11 Hel13MeHHOH cKopocT11 ra3a, L - paccTOl!H11e MelK.LIY noporaM11, I -

12 

\ 

'} 

.} 

,LIJll1Ha npo6era wap11Ka OT nopora ,LIO OKOHLI3fll1ll npbl)!(KOB. no.LI «Hl13KHM» noporoM 

no,L1pa3yMeBaeTCll, LITO wap11K 6y,L1eT MHOroKpaTHO OTCKaKHBaTb TOJlbKO OT Hl1lKHeH 

) 
v; D d h g(Dpipe-dbau)dball B 

LiaCTl1 Tpy6bl («npbllKKl1» 11Jll1 - ~ pipe - ball, 11Jll1 ~ 2( )2 . cny-
2g 2v0 l+kv 

Liae «BbICOKOrO» nopora nocne 0,LIHOrO-.LIBYX OTCKOKOB OT sepxHeH CTeHK11, wapHK 

TaK)!(e nepei1,L1eT B pe)!(l1M «llpbllKKOB». PeweHHe Cl1CTeMbl (8-9) CBO,L111TCll K 0,LIHOMY 

G 2 1-o L va,. l (1 TpaHCl(eH,LleHTHOMY ypaBHeHl1IO OTHOCHTeJJbHO vn: Vo +-vo = - -· n . -
y y 

v (l-8) ) Vx 2 Vy 1 ~ Vx 001( k J 
-

0
--, r,Lle o603HaLieHo G = -----, u = -·- /- v 'a Vxoo H Vo CBll3aHbl COOT-

Vass-VoO v0 g v0 (1-kv) v 0 ' 

( ~ 2~(1+kvl ) 
HOWeH11eM Vx 00 = Vo 1 - 2X -- + ballk (z ~ - X) , 3,LleCb a H g - yCKOpemte 

' dball 1- v B 

wap11Ka 11 ycKopeH11e cso60,L1Horo na,L1eH11ll, cooTBeTCTBeHHO. Tor,L1a np11 hldhall = 
0,001, l = 9 M 11 3HaLieHl1llX napaMeTpos ao, kv, x 11 f, xapaKTepH&tx .LIJlll Tpa1-1cnoprn 

CTeKJJllHHOro wap11Ka ,Lll1aMeTpOM 5 MM no CTaJJbHOH Tpy6e ,Ll11aMeTpOM 17 MM noTO­

KOM ra3a a30Ta CO CKOpOCTblO 6 MIC: Vo = Vmax= 3, 1 MIC, Vmin = 1,97 MIC. 

CpaBHl1M nonyLiem1&te TeopernLiecK11e pe3yJJhTaTbI .LIJlll 11,L1eaJJ&Hoi1 Kpyrnoi1 

Tpy6&1, Tpy6bJ c wepoxoBaTOCTblO nosepXHOCTH 11 3KcnepHMeHTaJJbHO nony 11eHHhle 

3HaLieHl1ll CKOpOCTl111 BpeMeH11 ,LIBl1lKCHl1ll CTCKJlllHHOrO wap11Ka B ,LIJll1HHOM CTaJJbHOM 

Tpy6onpOBO,Lle. 3Kcnep11MeHT c ,LIJlHllHOH CTaJlhHOH Tpy6oii a6COJllOTHO H,!leHTHLieH 

3KCnep11MCHTY co CTeKJlllHHOH Tpy6oi1, TOJlbKO B ,LlaHHOM cnyLiae CTeKJlllHH3ll Tpy6a 

coe,L111HeHa co CTaJJbHOH Tpy6oi1 ,LIJlHHOH 11, 4 M H )HtaMeTpOM 16 MM. 

Pe3ynbTaTbI 3Kcnep11MeHTOB B CTaJJ&1-1oi1 Tpy6e no,L1TBeplK.L1a10T BblBO.Llbl pe-

3YJJhTaTOB 3KCnep11MeHTa co CTeKJlllHHOH Tpy6oii 0 xaOTl1LIHOM 11 HeperynllpHOM ,!lBH­

lKeHl111 wap11KOB. Ha p11c. 9 Bl1,LIHO llBHOe OTCYTCTB11e 3aBl1C11MOCTl1 KO!leLIHOH CKOpo­

CTll OT BpeMeHl1 ,LIBHlKeHl1ll, B OTJ111Lil1e OT 3aBl1CHMOCTl1, H3o6palKeHHOH Ha pHCYHKe 

Tpeyron&H11KaM11 (pacLieT ,LIJTH 11,L1eaJJ&Ho rna,LIKOH Tpy6h1). Pa36poc 31-1aL1e1-111ii KOHeLI­

HbJX CKOpOCTeH ,LIBl1)!(eHl1H no Tpy6e ,LIJ111HOH 11,4 M ,[\OBOJlbHO 6oJJbWOH 11 COCTaBJJlleT 

54-64 % OT cpe,L1Hero 3HaLieHl1ll cKopocrn wap11Ka np11 cKopocrn ra3a 6-8 Mic. Pa36poc 

BpeMe1-m ,[\Bl1)!(eHl1H OKa3aJJCll Ha ypOBHe 43 %, LITO rosop11T 0 HeMOHOTOHHOCTH ,[\BH­

lKeHHll e,L111H11L11-1oro wap11Ka. M11H11MaJJ&Hoe 1-1 MaKCHMaJThHoe 3Kcnep11MeHTaJJbHbte 

3HaLieH11ll ycTaHOBHBUJeHCll CKOpOCTH (vmax= 3,26 Mic, Vmin = 1,62 Mic), Hanp11Mep, ,!lJlll 

cKopocTH ra3a 6 Mic (p1-1c. 10) xopou10 co2J1acy10mcR c TeopeT1-1LiecK1-1M1-1 pacL1eTaMH 

CKopocn1 1-1eperynllpttoro .LIBHlKeHHll wap1-1Ka, np1-1set1e11H&IMH BbJUJe (vo = Vmux= 3, l 
Mic, Vmin = 1,97 Mic) H B 1,5 pa3a OTJlHLiaIOTCll OT 3HaLieHl1H KOHeLIHOH CKOpOCTH ,[\Jlll 

H,LleaJJbHO rna,LIKOH Tpy6&1. TolKe caMoe cnpaBe,LIJJHBO H ,LIJlll CKOpOCTei1 ra3a 8 H 11 
MIC. 
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P11c. 9. ,[(11arpaMMa KOHCYllblX CKOpOCTCH (Vbull, Mi c) 11 BpeMCHl1 )l811)1(CHl1ll wapHKOB (1, c) 11a 

nyT11 11,4 M. KpecT11K11 - 3Kcnep11Me11T, TpeyroJJbHHK11 - pacYeT llJlll 11)leaJJbHOro TPY6011po­

BO)la 
40 
38 
36 
34 
32 
30 
28 
26 
2·~ 

t:: 22 
El 20 

.. 18 
i::: 16 

14 
12 
10 
8 
6 
4 

~1--1.5 1.7 1.9 2.1 2.3 2.5 2.7 2:9 3.1 3) 

Vb<JJ/, Mic 

P11c. 10. Pacnpe)leJJeH11e KOHeYHOH cKopocT11 )lBmKe1111l! KpyrnbIX wap11KOB no Tpy6e nJJ11-

HOH 11,4 M np11 CKOpOCTl1 TpaHcnopTHPYIOl.l.ICfO ra3a 6 MIC (n - KOJJHYCCTBO wapHKOB B 1111-

TepBaJJe CKOpOCTCH 0,2 Mic; nomIOe Yl1CJ10 wap11KOB - 164) 

Pe3ynhTaTh1 TeopeT111-1ecK11x pacYeToB 11 na6opaTopHhIX :iKcITep11MeHTOB IT03Bo­

JJ11n11 npe.nsap11TenhHO oITpe.nen11Tb TaK11e ITapaMeTpbl ITHeBMOTpaHcITopTa wap11KOB s 

npl!MOH Kpyrnoif Tpy6e KaK )ll1aMeTp wap11Ka 11 Tpy6bI, 3aBl1Cl1MOCTb CKOpOCTl1 wa­

p11Ka OT CKOpOCTl1 ra3a, 3aB11Cl1MOCTb CKOpOCTl1 wap11Ka OT speMeHl1 ero )l811)f(eHl1ll, 

pa36poc CKOpOCTeH 11 speMeH11 )l811)f(eHl1ll, K03cpcjrnu11eHTbl conpOTl1BJleHl1ll flOKOllll.le­

rocll wap11Ka, K03cpcp111..111eHTbl TpeHl1ll CKOJ1b)f(eHl1ll 11 BOCCTaHOBJ1eHl1ll CKOpOCTl1 np11 

y.nape, 3aBl1Cl1MOCTb ycKopeHl1ll wap11Ka OT CKOpOCTl1, cpe)lHIOIO 11 KOHe'lHYIO CKOpo­

CTl1 wap11Ka, CKOpOCTb ra3a Heo6XO)ll1MYIO )lJlll. flO)lbeMa wap11Ka ITO HaKJlOHHOH Tpy6e 

11 T.)l. 0,nHaKo, nonyYeHHhJe npe.nsap11TeJ1hHh1e pe3ynhTaTbI He .nasan11nomrnro11 TOY­

Horo OTBeTa Ha BOITpoc 0 TOM, KaK )l811)f(eTCll wap11K ITO Kp11oreHHOMY Tpy6onpOBO)ly 

CJJO)f(HOH KOHcp11rypau1111, c nosopOTaMH 11J111 y'laCTKaMH ITO)lbeMOB 11 cnycKOB, KOTO­

pble 11MeeT nHeBMOTpaHcnopTHblH Tpy6onpoBO)l peanbHOro wapHKOBoro XOJlO)lHOro 

3aMe,nn11Tenll. Tio:iToMy Ha cne.nyt0w.eM :iTaITe 6brn pa3pa6oTaH cITeu11anbHbIH nonHo­

Macwrn6HblH 11CITbITaTeJ1bHblH CTeH)l, KOTOpblH B Macwrn6e l: I flOBTOpll.Jl see OCHOB­

Hhle Y3Jlbl 11 CHCTeMbl peanbHOro XOJlO)lHOro 3aMe)lJ111TeJlll.. I1p11HUHIT pa60Tbl CTeH)la 

a6COJ1IOTHO 11)leHTl1'leH ITp11HU11ITY pa60Tbl 3aMe)lJ111TeJ1ll., OITl1CaHHOMY B ITepBOH 

rnase. 
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Ha 11CfibITaTeJ1bHOM CTeH)le XOJlO)lHOro 3aMe)lJ111TeJlll HeHTpOHOB peaKTOpa 

l1£P-2 6b1no npoBe)leHO 6onee 40 3KCnep11MeHTOB (113 Hl1X 6 flOJlHblX 3arpy30K o6be­

MOM no I n), B KOTOpblX npo)leMOHCTp11posaHa B03MO)f(HOCTb Ha)le)f(HOH 11 6bICTpOH 

3arpy3K11 TBep)lblX wap11KOB 113 apoMaTl1'leCK11X yrneso.nopo.nos B KaMepy-11Ml1TaTOp 

(p11c. I I) ITO ITpOTll.)f(eHHOMY Tpy6onposo.ny CJlO)f(HOH reoMeTp1111, OTpa6oTaHbI Tex­

Honor11'lecK11e 11 113Mep11TeJJbHbJe Cl1CTeMbl, Bbrpa6oTaH OITTl1MaJ1bHblH pe)f(l1M 3a­

rpy3Kl1, KOTOpblH n03BOJJl!eT ITPOH3BO)ll1Tb nonHylO 3arpy3KY KaMepbl 3aMe)lJ111TeJ1ll 3a 

speMll OKOJ10 3-4 'l ITPH CKOpOCTH 11 TeMnepaType reJlHll 11-14 Mic 11 80-85 K COOTBeT­

CTBeHHO. CKopoCTb no,naY11 wap11KOB 113 ,noJaTopa 8 wT/ceK. 

~ 
P11c. 11. CHl1MOK KaMepbl BO BpCMll npose; \el!Illl '.)KCnep11MeHTa Ha 11CflbITaTeJ1bHOM CTCH)le 

xono)lHoro JaMe)lJ111TCJlll. Tc11>rnepaTypa s11yrp11 KaMepi,1 80 K. 3arpy)l(eHa noJJOBHHa KaMepi,1 

Tiony'leHHbJe BO BTOpoii. rnase pe3yJibTaTbl fl03BOJ111J111 C03)laTb 11 BBeCTl1 B Te­

CTOBYIO 3KCnnyaTaUHIO wapHKOBblH XOJJO)lHblH 3aMe)lJ1HTeJ1b Heii.rpOHOB B Hanpasne­

HHH ny'lKOB N!!N27, 8, I 0 11 11 Ha peaKTOpe HEP-2. 

TpeTbH rJJaBa ITOCBlll.lleHa pe3yJ1bTaTaM TeCTOBOH 3KCnnyaTaU11H H HeHrpOHHO­

cp113H'leCK11M ,naHHbJM xono,nHoro 3aMe)lnHTenll K3202. 

Bcero 3a speMll onhITHOH 3Kcnnyarnu11H ocyw.ecTBJleHo 15 u11Knos pa6oThI (3a­

rpy3oK KaMepbl) 3aMe)lJ111TeJ1ll Ha HOMl1HaJ1bHOH MOW.HOCTl1 peaKropa. ,Ll,.n11TeJJbHOCTb 

u11Knos cocTaBnllna OT HeCKOJlhKl1X 'lacoa .no - I 0,6 cyToK (-509 MBT· Lf). 
3a apeMll pa6oTbI 6b1J111 .nocT11rnyThJ cne.nyt0w.11e napaMeTpbI: 

I) apeMll Jarpy3Kl1 wap11Koa a KaMepy JaMe,nJJ11Tenll np11 pacxo.ne ren11ll 1,5-2 r/c 11 

TeMITepaType 80-85K - MHHl1MYM 4 'laca; 2) MaKCl1MaJ1bHblH MaCCOBblH pacxo)l, ren11ll 

5,5-6 r/c; 3) M11Hl1MaJ1bHall TeMITeparypa KaMepbl 3aMe)lJ111TeJ1ll ITPl1 MOW.HOCTH peaK­

Topa 2 MBT 32-33 K; 4) apeMll pa6oTbJ 3aMe)lJJl1Tenll Ha cp11311'leCKl1H 3KCITep11MeHT -

10 cyTOK. 

Ha p11cyHKe 12 np11ae,neHb1 cneKrpb1, ITony'leHHhre Ha pecpneKTOMeTpe PEMYP. 

l13 pHCYHKa I 2a Bl1)lHO, 'lTO .n11ana30H )lJ111H BOJlH )lJlll cneKrpa HeHTpOHOB rennoaoro 

JaMe,nn11TeJ1ll .noxo,n11T .no 8 A, a )lJlll cITeKTpa HeHTpoHoa OT pa3pa6oTaHHOro xono.n­

Horo 3aMe,nn11Tenll - .no 16 A. MaKCl1MYM TeITnoaoro cneKrpa cooTaeTCTsyeT )lJlHHe 

BOJ1Hhl 1, l A, a MaKCl1MYM cneKTpa HeHrpoHoa xono,nHoro 3aMe,nn11TeJlll - 2,6 A. l1H­

TeHc11aHOCTb 113Jly'leHl1ll TeITJlOBbIX HeHrpOHOB c ITOBepXHOCTl1 XOJlO,ll,HOro 3aMe)lJ111-

• 
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Tem1 s 06nacn1 1-2 A Metthwe 11HTettc11sttocT11 c nosepxttocT11 3aMe.nn11Tem1 Ha oc­

Hose BO)],bl KOMHaTHOH TeMnepaTyphl B '.HOH )Ke o6JiaCTl1 scero B Tp11 pa1a. 0.nttaKO, B 

.n11ana>0He )],Jil1H BOJIH OT 2 .no 4 A K03cpcpm.i:11eHT Bhmrphrwa no 11HTeHCHBHOCT11 .nm1 

xono.nttoro 3aMe.nn11Tem1 (p11c. 12 6) pe3KO ysen111rnsaeTcJ1 (.no 8 pa3) 11 np11Meptto 

paseH .necHTH s .n11ana>otte OT 6 .no 8 A . )J,anee 8 A cpastteH11e HeB03MO)l(HO 113-3a 

npaKTH'-!eCKH noJIHOro OTCYTCTBl15! )],JIHHHOBOJIHOBb!X HeHTpOHOB B cneKTpe Tenno­

soro 3aMe)],JIHTeJI5!. 
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P11c. 12. CneKTpbl HeihpOHOB (a) B 3aMe}lJll1TeJIC Ha OCl!OBC BO.lib! KOMHaTHOH TCMnepaTypbl 

(CBCTJlhJC T01JK11) 11 XOJIO)],HOM 3aMCJlJll1TCJli!X (L!CpHblC TOLIK11). T01JKl1 COOTBCTCTBYl-OT JlJll1-

HaM BOJIH, np11 KOTOpblX npOBCJlCJl '.lKCnep11MCl!T c M11Kpony1JKOM. BepT11KMhHM WTpHXO­

Bail J111Hl15! 00Ka3bIBaeT JlJll1HY BOJIHbl, np11 KOTOpOH cpaBHl1Ba!-OTCil }laHHblC 3KCnep11Me1-rra 

no npOCTpaHCTBCHHOMY paCLUCHJICHll!O nyYKa. 0THOWCHl1C 11HTCHCl1BHOCTCH 113JIY1JCHl1il 

HCHTpOHOB B CJly1Ja5!X XOJIO.!IHOro 3aMCJlJIHTCJ15! H 3aMC}lJIHTCJl5! Ha OCHOBC BO.lib! KOMHaTHOH 

TCMnepaTyphl B 3aBl1CHMOCTH OT }lJll1Hbl BOJIHhl HCHTpOHOB (6). 

)J,m1 xono.nttoro 3aMe.nn11TeJIJ1 K3202 6hrna npose.netta rrpe.nsap11TeJihHail 

OIJ,eHKa nJJOTHOCTl1 noTOKa XOJIO)],HblX HeHl'pOHOB (2n:-3KBHBaJieHT c A> 4A) c ero no­

sepXHOCTH. )J,aHHa5! OIJ,eHKa OCHOBaHa Ha H3MepeHl111 ITJIOTHOCTl1 ITOTOKa TennOBhlX 

Hei1Tpottos Ha peaKTope HEP-2 [5] 11 113MepeH1111 crreKTpa Hei1TpOHOB yTeLJK11 111 xo­

no.nHoro wap11Kosoro 3aMe.nn11Ten51 K3202, rrpose.neHHOM Ha PEMYPe. 01-ia oKa>a­

nach pasHoi1 l,2·1012 HlcM2 ·c, LJTO rro csoei1 sen111rnHe cpaBH11MO c rrnoTHOCThK> 110-

roKa XOJJO)],HblX HeHTpOHOB Ha caMOM BblCOKOl1HTeHCl1BHOM HMnynhCHOM 11CT04HHKe 

s MHpe SNS, (0aK-P11JJ;)I(, ClllA, [6]). 

3Kcrrep11MeHTh1, rrpose)],eHHhie Ha .n11cppaKTOMeTPe CKA T no pacceHH111-0 

HeHTpOHOB nonHKp11CTaJIJIOM BaHa)],HJI (rrpaKTl1LJeCKl1 '-IHCTO HeKorepeHTHblH pacce11-

BaTeJib) TaK)l(e ITO)],TBep)],HJlH cyw,eCTBeHHOe ysenwrett11e ITOTOKa HeHTpOHOB c .LIJIHHOH 

sonHhI A>4 A, rrp11 11crronh30BaH1111 Kp11oreHHoro 3aMe)],n11TenJ1 113 wap11Kos Me3HTH­

netta (p11c. 13). 
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P11c. 13. 3Kcnep11MeHTMbHhJH HCttTporn11>1i1 cneKTp OT crnH.11apTHoro 06pa1ua 110J111Kp11-

CTMJll11JCCKoro sa1rn.u115!, 11cnoJ1b3yK>u~crocil ; 1;rn Kru1116poBK11 cne1crpoMeTpa CKAT: l - xo­

JIOJlH1>1!1 3aMC.!1JlHTCJlh, 2 - TCHJlOBOH 3aMC.!IJl11TCJlb 

B 11eTBepToii rJJaBe nposo.u11Tc5! aHaJIH3 3cpcpeKTl1BHOCTH 11c11onh30BaH115! wa­

p11Kosoro XOJIO)],HOro 3aMe)],JIHTeJJ5! YlbP-2 npH npose)],eHHl1 pecjlneKTOMeTpH'-!eCKHX H 

.n11cppaKu110HHhIX 11ccne.nosaH11i1 . B yacTHOCTH, npe.ucTasneHhI pe3ynhTaThJ 3Kcnep11-

MeHTOB 110 11ony1JeHmO MHKponyYKa 11ei1TpOHOB H no npOCTpaHCTBeHHOMY pacw,en­

neHHl-0 11y'-!Ka xono)],Hh!X Hei1TpOHOB, BhmontteHHhlX Ha pecpneKTOMeTpe PEMYP, ny-

1JOK N!!8 I15P-2, a TaK)l(e pe3yJibTaTbl HCCJle.[!OBaHHJI cpa30BOro COCTaBa H TeKCTYPhl 

110J111Ml1HepaJibHOH ropHOH nopO)],bl - CJlaHua, npose.neHHOro Ha .n11cppaKTOMeTpe 

CKAT, 11y'-!OK N276 YIEP-2. 

noJ1y1JeH11e M11KponyYKa XOJIO.[!Hb!X HeHTQOHOB. 

Ha p11c. 14 npe.ncTasneHo .usyMep1-1oe pacnpe.neJ1eH11e HHTeHCHBHOCTH Hei1Tpo­

HOB B 3aBHCHMOCTH OT )],Jil1Hbl BOJIHhl 11 yrna CKOJ1b)l(eHl15! pacceHHHOro ny'-!Ka np11 

yrne CKOJib)l(eHH5! Ha'-!aJihHOro ny'-!Ka 8; = 7,68 Mpa.u. fop1130HTaJibHble JJHHl111 COOT­

BeTCTBYI-OT HarrpaBJieHl15!M np51MOro 11Y1JKa, nJIOCKOCTH o6pa>ua H 3epKanbHO OTpa­

)l(eHHOro 11y'-!Ka. Dp5!MOH H oTpa)l(eHHhIH nyYKl1 11epeKphIThl 11ornow,a1ow,11M11 

Hei1TpOHhI nnacT11HKaM11 113 Cd. B1-1113y BH)],eH HHTeHCHBHhIH 11penoMneHHhIH nyYoK, 

KOTOpblH npH MaJlb!X )],J1111-IaX BOJIH C1'peMHTC5! K 1-ra11pasJJeHHl-O npHMOro ny'-!Ka, a np11 

ysen11YeH1111 .UJIHHbI son1-1h1 np116n11)1(aeTCH K HanpasneHHI-O nnocKocT11. B 06nacT11 5 

A MO)l(HO s11.neTh TPH sepTHKaJlhHO BbinrnyThIX nyYKa, 110JJO)l(eH11e KOTOphIX o6o3Ha­

YeHo 3JIJil1nCaMl1 11 CTpeJlKaMH c HH.[!eKCaMH n = 0, 1, 2. 3To - MHKponyLJKH pe30HaH­

COB COOTBeTCTBYI-OW.HX nop5!)],KOB n. 

fnaBHblM pe3yJJhTaTOM 3)],eCb 5!BJJ5!eTC5! TO, 4TO .[!aHHbJe )],J15! H3MepeHH5! cneKTpa 

MHKp011Y4KOB XOJJO)],Hb!X HeiiTpOHOB, s11epBble nony'-IeHHbIX rrp11 nOMOUJ,H XOJJO)],HOro 

3aMe.[!JIHTeJI5!, 6bJJIH HaK011neHbl 3a speM5! Bcero Tpoe cyTOK ( 0)],HH c11eKTp 113Mep5!JIH 

3a O.UHH cyTK11), T.e. e 10 pm 6btcmpee 110 cpasHett111-0 c TerrnoBblM 3aMe.nn11TeneM. 

DpocrpaHCTBeHHoe pacmenneH11e 11y'-!Ka xono)J,HhIX ttei1Tpottos 

Ha p11c. 15 11pe)],crnanetto .usyMepHoe pacnpe)],eneH11e 11HTeHc11sHocTH oTpa)l(eH­

HhIX HeiiTpOHOB B 3aBl1CHMOCTl1 OT )],J111Hbl BOJIHbl HeHl'pOHOB 11 yrna CKOJih)l(eHl15! OT­

pa)l(eHHOro 11yYKa 8. Ha p11c . 15a 11mca>aHhI 3Kcnep11MeHTaJihHhie .naHHhie, nonyi-1eH­

Hh1e Ha TenJlOBOM 3aMe)],JIHTene. Mo)l(HO s11)],eTh 60Jlhwy1-0 11HTeHCl1BHOCTh 3epKaJibHO 
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OTpa)l(eHttoro ny'-!Ka «++» 6e1 nepesoporn crnrna s 11HTepsa.ne 1-3 A. CTpenKoil no­

Ka3aH cna6h1i1 tte1epKaJJbHO oTpa)l(eHHbJM ny'-IOK «+- » c nepesopoTOM cn11tta. Ha p11c . 

156 npe.ucTaBJJeHhl 3KC11epHMeHTaJlhHhJe naHHbJe, TIOJJy<leHHble Ha XOJJO.UHOM 3aMen­

Jll1TeJJe. Mo)l(HO 1aMeTHTh, '-!TO 1epKaJJhHO oTpa)l(eHHbIH nyLioK «++» HBm1eTC5! 6onee 

HHTeHCHBHblM np11 6onhw11x .un11Hax BOJJH. CTpenKoil noKa3aH oTpa)l(eHHblH nyLioK 

«+-», KOTOph1tt xopowo s11.uett s HHTepsane .un11H BOJJH 4-7 A. 
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P11c. 14 . .[lsyMepttoe pacnpe.ue11em1e 11HTe11c11BHOCT11 Hei11'POHOB B 1as11c11MocT11 OT JlJlHHbl 

BOJ!Hbl 11 yrna CKOJlblKeHl151 pacce51HH0f0 nyLIKa. YroJJ CKOJlblKeHHll Ha'-laJJbHOro ny4Ka paBeH 

Eli = 7.68 Mpan. 0BaJJaMl111 C1'peJ1KaM11 0603tta•1e11bJ M11Kpony4K11 pe30HaHCOB nopll!lKOB n = 

0, I, 2 . npllMOH 11 1epKaJ1bHO Ol'palKeHHbitl nyLIKH 6noK11posattb1 nornoma10m11M11 nnacT11-

1rnM11. nyHKTHpHall Jll1Hl1ll np11 () = 0 COOTBeTCTByeT Op!1eHTaU1111 nJJOCKOCTl1 o6pa3Ua. Vhl­
TeHCl1BHblH ny<JOK B6JJl1311 npllMOfO ny4Ka - 3TO npeJJOMJJeHHblH ny40K 

Cpastt1rnall oco6eHHOCTH 3cpcpeKTa npocTpattcTBeHHOro pacmerrneH115! ny4Ka 11 

CBOHCTBa 3aMe.D,m1TeJJeH, MO)l(HO 51CHO 811.D,eTh, '-!TO 11CTIOJlh30BaH11e XOJJO.UHOrO 3aMen­

Jll1TeJJll TI03BOJJ51eT yny'-IUJl1Th 3cpcpeKT pacmenJJeHl151 11Y'-!Ka 11 COKpaTHTh apeM51 113Me­

peHl1ll a 4-10 pa1 (p11c. 12). J1y4we scero 3cpcpeKT pacmennemrn tta6n10naeTCll B 06-

nacT11 6onhw11x nn11H BOJJH (6-7 A). )J.ecHT11KpaTHoe ysen114eH11e 11HTeHCl1BHOCT11 B 

3TOM CJJy'-lae TI03BOJJlleT, 6e3 11cnoJJb30BaHl1ll aHa.JJl13aTopa, O.D,HOBpeMeHHO per11cTp11-

poBaTh .uaa 11Y'-!Ka «++» 11 «+-», '-!TO 1103BOJJlleT C3KOHOMl1Th speM51 113MepeHl151 eme 

KaK Ml1H11MYM B 2 pa3a. KpoMe Toro, cornacHo Teop1111, ysen1111em1e MaKCl1Ma.JJhHO 

.UOCTYl1HOM .D,1111Hhl BOllHhl Hei1Tp0HOB B 2 pa3a 11p1111Cl1011h30BaHl1l1 XOllO.UHOro 3aMen-

1111Tel151 yMeHhUJaeT M11H11Ma.JlhHO B03MO)l(HYIO Bel111'-111HY 011pe.ue115!eMoro MarHl1T­

HOro 1101151 B 4 pa1a. 

YTO'-IH5110IU11H TeKcryptthIH aHa.n111 ropHoil 11opo.n,h1 - MeTaMopcb11111posam1oro 

rnam-1a c 11CflOJlh30BaHl1eM XOJlO.UHOro 3aMe.Ul111Tel151 VffiP-2 

3Kcnep11MeHThl 6hrn11 11poseneHhI Ha .u11cj>paKTOMeTpe CKA T c 11c11011h1oaa­

H11eM KaK 3aMe.UJJ11TeJJ51 c BO.UOM 11p11 KOMHaTHOH TeM11epaType, TaK 11 XOllO.UHOro wa­

p11KOBOro 1aMe.n,1111Te11J:i. Bo speMJ:i 111MepeH115! Ha Ka)l(.D,OM 111 1aMe.n,1111Te11ei1 o6pa3eU 

spama.ncJ:i B rott110MeTpe CKAT Ha 11011HhIH o6opoT c UJaroM 15° .n,1151 Toro, '-IT06b1 

111Mep11Th 11011Hhie 1101110CHhie cj>11ryph1. BpeMJ:i 111MepeHHH a Ka)l(.D,OH yrnosoi1 110111-

u1111 o6pa3ua cocTaBJ1J:i110 2 '-laca. B pe1y11hTaTe, c11eKTphI .n,11cj>paKu1111 110 speMeH11 

11po11eTa 11011yLieHhI a w11poKoM .n,11a11a30He op11eHrnu1111 o6pa3ua. B L1acTHOcT11, no 
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cneKTpaM, 11011yLieHHh!M c 11Cl1011h30BaHl1eM XOllO.D,HOro 3aMe.D,1111Tel151, 6h!Jll1 011pe.n,e-

11eHhl MHHepa.nhJ, 113 KOTOphlX COCT011T 11CCJJe.D,OBaHHhlM CJJaHeu : a.Jlbfo1T, Ka.JlhUl1T, 

Ksapu, KJJ11Hox11op (xJ1op11T), 11 MYCKOBl1T, CTPYKTYPhl KOTOphIX 111aecTHhI 1111111Tepa­

Typh1. Tip11MeHeH11e XOJJO.D,HOro 3aMe.D,1111Tel151 np11ae110 K 4-x KpaTHOMY yse11114eH1110 

CKOpOCTl1 Ha6opa l1Hcj>opMau1111 (p11c . 16), '-!TO 1103801111110 ysepeHHO 11.n,eHTHcj>11u11po­

BaTh Ha .n,11cj>paKu110HHOM c11eKTpe BK11a.n,h1 OT c11a60 pacce11sa10m11x 11n11 co.n,ep)l(a­

m11xc51 B He60llbWOM K01111'-leCTBe MHHepa.JJOB. 
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P11c . 15 . .[lsyMepttoe pacnpen enett11e 11HTeHCl1BHOCT11 Ol'palKemtbtX HeHTPOHOB B 1as11-

c11Mocn1 OT !lJ1l1Hb1ttetlTpOHOB11 yrna CKOJ1blKeH11ll paccemmoro ny4Ka: (a) - Tennosotl 1aMen­

J111TeJ1b, (6) - XOJIO!lHbIH 1aMenn11TeJ1h. BepT11KaJJbHall W1'pl1XOBall JJl1H11ll npoBeJleHa no !lJll1He 

BOJ1Hh1 ttetl1'pOHOB 3.40 A, np11 KOTopoil cpammsa10TCll pe1yJ1hTaThI Tennosoro 11 xononttoro 

1aMenn11Tenetl Ha p11c. 12 

JTO OTHOCl1TC51, Hanp11Mep, K a.nh611Ty 11x11op1ny,11MelOIU11M p51.D, xapaKTepHhlX 

.n,11cj>paKu110HHhIX 1111Koa a .n,11ana10He 3,5 < d < 3,9 A, 11 Ka.nhu11zy, 11Me10meMy e.n,11H­

CTBeHHhii1 .n,11cj>paKu110HHh1i1 1111K (I 04), pacnoJJO)l(eHHhli1 Had:::::: 3,03 A (p11c . 17) 11 He 

nepeKphrnaeMhii1 6011ee 11HTeHC11BHhIMl1 1111KaM11 .n,pyrnx MHHepa.noa. 3Ha'-leHHll R"r 
cj>aKTOpa, onpe.ue11l!IOIUero o6mee Ka'-leCTBO COOTBeTCTBHll CTPYKTypHOH MO.n,e1111 06-

pa1ua 3KCnep11MeHTa.JlhHhlM .D,aHHhIM, COCTaBl11111 4,3% .D,1151 c11yya51 XOJJO.D,HOro 3aMen­

Jll1TeJlll, '-!TO 2 pa3a llY'-IWe no cpaaHeHl1IO c Tel1110BhIM 3aMe.n,1111Te11eM . 

~A ~A 
1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 0 4 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 

QS • 

0.4 fl 0.3 
:1 
~ 0.3 g 0.2 

...... 0.2 ....;-

0.1 
0.1 

0 0 

P11c. 16. CneKTpb1, nony4eHHhJe np11 n0Mom11 xononttoro (I) 11 Tennosoro (2) 1aMe!lJl11Teneti 

HetlTpoHOB l1EP-2. To4K11 - 111MepeHHb1e JlaHHhte, cnJJOWHM JJl1Hl1ll - YT04HeHHall MO!leJJb. 

Ha p11cyttKax cneKl'pbl (2) BhirJJll!lllT 6onee pa1Mh1ThlM11, 4eM cneKTpbI (I) 
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P11c. 17. CyMMa acex .u11cppaKuHOHHbIX cneKTpoa o6pa:3Ua cnattua, H3Mepem1b1X c xononHbIM 
iaMenn11TeneM B Ka)l(l\OH yrnoaoH no311u1111. To4KH - H3MepeHHbie naHHb1e, cnnow11ai1 m1-
'fm1 - yT04HeHHail Monenb, aepT11Ka.llbHb1e wTp11x11 non cneKTpOM - pacC4HTUHHbie nonmKe­
HHil n11<jlpaKu110HHbIX llHKOB MHHepanoB. TaK)l(e noKa3a11a pa3HOCTHai! KpHBa.ii. 

Tionyc1eHHhle no ,nmppaKIJ,HOHHbIM cneKTpaM Tennoaoro 3aMe,nJrnTeJIH nomoc­

Hb1e qrnrypbl MHHepanoB, Ha np11Mepe KBapua H MYCKOBttTa, HMelOT 60JibWe JIOKaJib­

HbIX MHHHMYMOB H MaKCHMYMOB nomocHOH IlJIOTHOCTH (p11c. 18). TioJIIOCHbie cjrn­

rypbl, H3MepeHHbJe no cneKTpaM xono,nttoro 3aMe,nn11Tem1, Hao6opoT, BhirJiil,Ui!T 60-

11ee ((CrJia)f(eHHblMH» 3a CLJeT 60JJbWei1 HHTeHCHBHOCTH H nyLJwero BhILJHTaHHil <!>oHa. 

noTOK HeHTpOHOB B n03Hl.l,HH o6pa3!.l,a HeHTpOHHOro TeKCTypHOro .UH<!>paKTOMeTpa ttr­

paeT Ba)f(HYIO poJib npH HCCJJe,UOBaHl111 oco6eHHO OCTphIX TeKCTYP· 
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P11c. 18. nomocttb1e <jl11rypb1 KBapua (a) 11 MYCKOBttTa (6) a o6pa3ue cna11ua: I - pe3yJ1bTa rb1. 
i10ny4e11Hb1e no cneKTpaM xonon11oro 3aMet1J111TeJJH, 2 - pe3yJJbTUTbI , nony<1e1111b1e no c11eK­
rpaM TenJ10Boro 3aMenm1TeJrn. PaBI-1onnoman11b1e npoeKu1111, n1111eHHbIH Mac111rn6 n;1~ 

KBapua, norapH<jlMH4eCKHH .llJlil MYCKOBHTa. HopMaJJb K <jlon11au1111 o6pa3UU Hanpaane11a Bep­
rHKaJJbHO 

C03,naHHbJH wapHKOBbJH xono,UHbIH 3aMe,nn11TeJih Hei1TpOHOB cyll\eCTBe1rno 

ynyLJw11n 3Kcnep11MeHTaJihHh1e ycJIOBHil ,UJiil .u11<!>paKu110HHhlX 11 pe<!>neKTOMeTpHLJe­

CKHX 3Kcnep11MeHTOB Ha HEP-2. B '-laCTHOCTl1, 6naro,napii 3Ha'-111TeJihHOMY yaeJrnLJe­

HMIO noTOKa XOJIO,UHbIX HeHTpOHOB y,nanoch C03,UaTh M11Kpony'-IOK, Ha6mo,naTb npo­

CTpaHCTBeHHOe paCll\enneHHe nyLJKa, npoaeCTH TO'-IHhlH aHaJil13 M11HepanhHOro co­

CTaBa H npe11Myll\eCTBeHHbIX op11eHTHpOBOK 3epeH B MHOro<lJa3HOH ropHOH nopo,ne, B 
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T.LJ. BhI.l(eJJHTb HOBhle ,n11<!JpaKuHOHHhie rIHKH (T.e. nonycrnTh HOBYIO HH<lJOpMaUHIO) 

cna6opacceHBalOll\HX MHHepanOB (anh6HT, XJIOPHT, KaJibUHT), KOTOpble co,nep)f(aTCil B 

nopo,ne B He60JibWOM KOJIHLJeCTBe H KOTOphie HeJih3il H,UeHTtt<!>ttu11poaaTh npH no­

MOU\11 Tennoaoro 3aMe,nnttTeni! . KpoMe Toro, ace 3TH 3KcnepttMeHTbl MoryT 6h1Tb npo­
ae,neHhI 3a 3Ha'-lttTeJihHO MeHbWee BpeMi!. 

B 3aKJ1IOl.feuuu 113JIO)f(eHhI OCHOBHbie peJyJihTaTbI pa60Th1: 

1. TeopeTHLJeCKtt 11 3Kcnep11Me11TaJibHO 11ccne,noaaH xapaKTep ,UBM)f(eHHil o,n11Ho4-

ttoro wapHKa B npi!MOH UHJll1HllPHLJeCKOH Tpy6e, B TOM LJl1CJie Heperyni!pHOCTb ero 

,UBl1)f(ett11H, o6ycnosnettttail wepoxoaaTOCTblO cTeHoK Tpy6b1. PeJyJibTaTbl 11cnoJibJO­

aaHb1 np11 pa3pa6oTKe nonHOMacwrn6uoro 11cnb1TaTeJibHoro cTeH,na ,nnil npoaepKH 

pa6oTocnoco6HOCTl1 nHeBMOTpa11cnopTBOro MexaHl13Ma 3arpy3KH 3aMOpO)f(eHHblX 

wap11KOB Me311Tl1JleHa B KaMepy XOJlO,UHOro 3aMe,UJlHTeJli!. 

2. TIO pe3yJibTaTaM JKCnep11MeHTOB, npoBe,UeHHblX Ha HCflbITaTeJibHOM CTeH.lle, 

onpet1eneHbl napaMeTpbl onTl1MaJibl!Oro pe)f(HMa 1arpy3KH KaMepbl XOJIO.llHOro 3aMC.ll­

Jll1TeJlil, KOToph1i1 o6ecneLJHBaeT 6b1c1py10 Jarpy3KY wap11KOB c coxpaHeH11eM HX ue­

JIOCTHOCTl1: CKopocTb noTOKa renHH B Tpy6e 11-14 Mic, LJTO 06ecneLJ11aaeT cpe.llHIOIO 

CKOpOCTb wap11KOB Bell\eCTBU 3UMe,UJlHTeJJil 2,5 - 3 Mic; TeMn nO.llU'-111 wap11KOB H3 .llO­

JaTOpa - ,no 8 wap11KoB B ceKyH,ny; TeMnepaTypa Tpa11cnopT11py10ll\ero reJIHil np11 Ja­

rpyJKe wap11KOB 80-85 K. y CTaHOBJleHo, LJTO MaKCHMaJibHOe BpeMi! pa60Tbl XOJlO,U­

HOro 3aMe,nn11TenH Ha <!>11JH'-lecK11i1 3Kcnep11Me1n Ha MOU\HOCTH peaKTopa 2 MBT co­
cTaBnHeT J 0 cyTOK. 

3. 3Kcnep11MeHTb1 Ha BbJBe,UeHHbIX nyc1Kax HCHTpOHOB HEP-2 noKaJaJIH, LJTO HC­

nonh30BaH11e pa3pa6oTaHHOro XOJlO.llHOro JaMe.llJIHTeJlil, Ha OCHOBe wap11KOB H3 

CMec11 apoMaT11LJeCKl1X yrneao,nopo,noB n03BOJllleT Ha nopii.llOK COKpaTHTb BpeMii JKC­

nep11MeHTa 11 pacw11p11Th ,n11ana30H H3yLJaeMbIX ,nn11H BOJIH . .[(nii cneKTpoMeTpa PE­

MYP BbrnrphIW B 11HTeHCl1BHOCT11 no cpasHeH1110 c TennoBblM JaMe,nmneneM ,noxo­

.lll1T ,no 10 pa3, a ,nocrynHblH ,n11ana3oH ,nn11H BOJIH ysenHLJ11saeTCi! B 2 pa3a 11 ,noxo,n11T 

,no l 6A. )],nil cneKTpoMeTpa CKAT BbIHrpblW B HHTeHCHBHOCTl1 no cpaBHeH1110 c Ten­

JlOBbJM 3aMe.llJ!11TeneM .ll0XO.lll1T ,no 4 pa3, np11 3TOM norpeWHOCTb 113MepeHl1H CHmKa­
eTCil B 2 pa3a. 
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