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OBillAfl XAP.AK'l'EFMCTHKA ,f(lfCCEPI'AIJ,IDi 

" . 
Axzyam,HQCTL Tem. ~3HKO-M8Xa.m!lleC:me CBoncTBa TBep,zµIX 

TOJI Onp9'AOM!OTCH me peam.Hon. BHyTpOHHen. CTPYRTYJ)On. C p8.3H?

o6p8.3HliMH 'AeipeKTBMH. 06JiyqeHHe TeJia qacTH~aMli BHcoxoa aHep

nm BH3UBa.OT H3MeHeHHe 3Toa CTPYRTYPH H npe'AOCT8J3JJJl8T B03MCX

HOCTb ee.H3ytl8HR!i H H3ytl0HHH 3aBHCHMOCTH Ma.KpOCKOIIHqecKHX 

CB~n.cTB TBep,llblX T8JI OT napa.M8TJ)OB HX peam,Hon J3HYTP8HHett 

CTI)yRTypH. 

KpoMe qHCTO HayqHOtt ~OHHOCTH,ITOA06HI:le HCCJI8'AOBBHHH HMeroT 

TatOK8 6om,moe ItpHKJI~oe aHaqeHHe, nocxom,xy Bce.6oJiee lllHpORoe 

HCITOJII,30BaHHe H3Jiyq8HHtt B paaJlHl'.!HblX o6JiaCT.fiX HayxH H T8XHHKH 

-rpe6yeT 3HaHHH BJIHHHHH o6JiyqeHRli Ha c:aoacTBa MaT8pHaJIOB. Ilo

BO'AOHH8 KOHCTI)yiru;i,tOHHHX MaTepHaJIOB ITO'A B03'A88CTBH8M p8,I1,H~ 

qacTO OK8.3HBaeTCH cpaKTOpOM, KOTOpm\ onpeAeJIHeT H orpromimBaeT 

B03MOl!tHOCTR TOX HJIH HimX IDVK8HepHli!X pememttt. 

)1cCJIO'AOBaHHH p8,I1,Ha~OHHilX aqxpeKTOB B TB8P'Ab!X T8JIBX oco-

6eHHO ~eHHl:l B 'Arfalta30H8 KpHOremrax TeMrtepaTY!). OTO 061>1ICHJleT

CJl TOM, qTo qacTi, 'AOfPOKTOB CTPYRTYPH, B03HHKlllHX B peaym.TaTe 

ooJiyqeHHa, IIpH HOpMaJibHHX H mcoIOOC TeMnepaTY!)ax 6HCTJ>O Hcqe

aaeT nyTeM p~xoM6HH~ HJIH BHXO'Aa ~eqiexToB H3 KpHCTaJIJia BBH'AY 

HX BHCOKO~ Tep:MHtiecxott altTHBHOCTH, a IIpH KpHOre:mmx TeMIIepa

Typax,:ia.o~~pOT, 60Jib!IlHHCTBO 'Ae<peKTOB coxparureTCJI. IIoaTOMy 

CYJ!l8CTBeHHO Ha.JlHqH8 axcnepHM8HTaJibHHX YCTaHOBOK, KOTOpHe npe
AOCTaBJlillOT B03MOl!'iHOCTb np0CJI0'ArfTb sa H3M8H8mi8M pa3.llHlm1,IX 

CBoacTB MaTepHaJIOBionp~~eJIHeMWC 'AO~eRT&!H CTI)yitTypH, B H30-

TepMHqecKOM pell!HMe HJIH B npo~ecce M8'AJiemi:oro ynpaBJI.S:eMoro Ha

rpeBa B ,!l;Haria30H8 KpHOreHHHX T8MIIepaTY!) H BC8CTOpOHHe H3yqHTb 

npHPO'AY p8,I1,H~OHHHX sqxpeKTOB. 
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Uem,m wccepTawrn HBJIH9TCH pa:apa6OTKa H CO3,[la.HH9 KOMII-• JI9KCa yCTa.HOBOK ~ MHOrOCTOpomrux HCCJI9,[l0Ba.HH8 pa,IlHau;HOHHHX 

3!pp9KTOB B TB9p'Ab{X TeJia.x npH KpHoreHHI,lX T9MllepaTYPa.x, B oc

HOBHOM Ha 6a:ae ~epHoro peaKTopa. 

Haymtrut HOBH3Ha. M3ycreHH Y3JIOBI:,Ie npo6neMEil TeXHHtrecKoro 

OCHaIIJ9HHH 3KCnepHM9HTOB no HCCJI9,[lOBaHHID pa,I\Hau;HOHHIJX 3!pp9KTOB 

B TB9P'Ab!X TeJiax npH KpHOreHHI,lX TeMllepaTYPax H nYTH HX peme

HHH. MHorne H3 no~HTI,JX BOilpOCOB mepBI:,Ie HCCJI9,[lOBa.HI,! Teopeffl

qecRH. Pa:apa60TaHU, nOCTPO9H!,I H BH9'AP9Hl,I opHrnHam,HHe ycTa

HOBRH H YCTPO8CTBa ~ KpHOCTaTHpOBa.HHH o6p83ll;OB H 3KCnepH

M9HTMbHUX yCTa.HOBOK C o6pa:au;ro.m B none peaKTOpHoro H3Jiyqe

HHH, a TB.IO!te ~ pa:aJJHtlllHX HCIIHTaHH8 H HCCJI9,[lOBaHHH o6pa:au;oB, 

KaR BO Bp9MH o6nyqeHHH B pe~TQpe, TaK H BHe peaKTOpa nocne 

o6nyqeHHa, B mHpOKOM ynpaMHeMoM 'AffaIIa:aoli:e TeMnepaTYP. llpo

Be,[leH a.H8.JIH3 pesyJibTaTOB paetreTa, HCIIHTaHHH H 3KCTinyaTau;HH 

3THX YCTa.HOBOK H YCTPOHCTB, pacCMOTpeHhI BO3MOlltHOCTH H nepc

neKTHBI:,I HX ycoBepmeHCTBOBa.HHH H p83BHTHH. 

MsycreHo BJIHHHHe pa:anHtJHIDC 3Kpa.HOB ("nJiaJJalO!l\liX", oxn~a

eMl:lX JKH,[lKHM KpHOareHTOM, ra:aoo6p83H!,IM TenJIOHOCHT9JI9M HnH na

pro.m KpHoareHTa, BHXO'AHJJ!HMH H3 3KpaimpyeMoro cocy.ria, H T. .ri. ) 

Ha 3!pp9KTHBHOCTb BI:,!COKOBaeyyMiiOH H3OMll,lm B 06IDmb!X YMOBHHX 

H B 3OH9 ~epHoro H3Jiyq9HHH. Pa:apa60TaHH M9TO'AffRH pactreTa 

CHCT9M C TaKHMH 3Kpa.HaMH. 

Pa:apa6OTaHH, nOCTPQ9H!,I H BH9'AP9Hhl OpHrHH8Jll,HhI9 yCTa.HOBRH 

,llM KpHOCTaTHpOBaHHH o6JiyqaeMoro B ~epHOM peaKTope o6n9RTa 

nocpe,[lCTBOM ra:aoo6pa:aHoro TennoHOCHTena ( renHH), B TeMllepa

TypHIDC 'AffanasoHa.x so - soo K H ro - soo K, a Ta.IOKe ycTa.HOBRH, B 

KOTOpHX o6nyqaewe o6DSKTI,l oxn~ruoTCH ml,[lKHM 83OTOM HnH JKH,[l

lillM remreM. Paapa6oTaHH MeTo.IUiKR we pactieTa. 

2 

1 

rl 

! 

Pa:apa6oTaHH, nOCTp08Hll H BH8'AP9HI,I opHrnHaJll,HhI9 YCTa.HOBRH 

,[lnH HCIIHTaHHH o6pa:au;oB Ha pacT':'1'eHHe H Ha MMOD;IIKJIOBYID ycTa

JIOCTb, RaK B peaRTope, TaR H BHe peaRTOpa noCJie o6nyqeHHH, a 

Trutite ycTa.HOBRH H YCTPQHCTBa ,llM HCCJI8,[lOBaHHH Pa,I\H8.I.J,IIOHHhlX 

3!pp8KTOB B M9Xa.HHtt8CKH HartpmKemmx MaTepHanax, ~ peHTreHo

CTPYRTYPHHX HCCJI8,[lOB8Hli8 o6JiyqeHHI,IX H M8XaHHtl8CRH HaIIp.ft'K9HHHX 

MaTep:0:aJIOB H T. ,ll., B 'AffaII83OH9 KpHoreHHI,[X . T9MII8paTyp. 

IlpaKTHtteCRM ueHHoCTb. llonyqeHHHe B 'AffCcepTau;m pe3ym,

Tam, KaK T9OpeTHtt8CRHX HCM9,[lOBaHHil, TaK H OIIHTHO-KOHCTPYR

TOpCRHX p83pa6OTOR, B OCHOBHOM,HCilOJll,8OBaHlil H HCnOJIJ,3J7IDTCH 

~ 3RCnepHM9HTMbHIDC HCCJI9,[lOBa.HHH B o6JiaCTH HH3KOTeMIIepaTYP

HOH Pa,I\H8.I.J,IIOHHOH 4JH3HRH TBep.rioro TeJia H Pa,I\H8.I.J,IIOHHOro MaT9pH

aJIOB9,ll9HHH Ha peaKTOpe l1PI' MHCTHTyTa 4JH3HKH AH rcCP • 

Pa:apa60T8BH!,I9 B 'AffCCepTall,lm M9TO'AffRH o6~ero 8HaJIH3a H 

pactreTa BnHHHHH pa:a.mrtmHX sKpa.HOB Ha JiyqHCTym TenJionepe.riaqy 

t1epe3 llHCOKOBrutyyMHy!O cpe'AY B o6wmwc YCJIOBHHX H B noJie ~ep

Horo H3Jiyq9HHH MOlKHO HCilOJll,3OBaTb npH cru.rux pa:aHoo6paaHHX 

MycraJDC 3Kpa.HHpoBaHHH T9DJIOBOro H3Jiyq9HHH. 0TH M9TO'AffKH ,llB!JT 

BO3MOlKHOCTb OIlpe,[l8JI8HHH PSD;KOH8Jll,HOro cnoco6a 3KpaHHpoB8.HHH H 

onTHMMbHIDC napSM9TPOB 3Kpa.HHOtl CHCTew ,[lJIH .riammx traCTHWC 

YCJIOBHil 3aIIJHTH H3OJIHpyeMoro T9Jia OT T8IlJIOBOro H3Jiyq9HHH. 

Paapa6oTa.HHH9 B 'AffCC9pTall,lm npHHll;HlllfaJI.&Hll8 pemeHHH CHC

T9M ll.£/ Kpl_{OCTaTHpoBaHHJ'I o6nyqae~oro O6I,9KTa H ~ Pa3JlHlml:DC 

HCIIHTa.HH8 H HCCJI9,llOBa.HHtl MaT8pHMOB, Kalt BO BpeMH HX 06.nyqe

HHH, TBlt H noCJie 06.nyqeHHH, a Ta.Kllt9 M8TO'AffRH HX 8HaJIH3a H pac

treTa MOJKHO HCDOJI1,3OBaT.& npH pemeHHH a.HaJIOrntmWC 38,Ilatl Ha nyq

RB.X yCKOpHTeJiea qacrnu; BHCORHX sHeprna. 
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K 38JI@T8 rrpeµCTaBJ'IffiOTCH cneµY1911¥e OCHOBHHe pesynbTaTI,I: 

I. 06IljJIJH aHaJIHa JiytmCToro Tennoo6MeHa qepes Tennome aK

pam,r n MeTOWfKH pactreTa :smunmH paaJrntIHHX aKpaHOB Ha aqxpeK

THBHOCTb Bb!COKO:saeyyMHOH T8MOli30JIIDJ;lrn B o6wurux ycnommc 11 B 

none n;n;epHoro nsnyqeHHH. 

2. Hccne'AOBaHHe B03MOlKHOCT8H 38JI\l1TI,I lll:H)J;KOro Kp1108r0HTa B 

30He n;n;epHoro 113.nytieHHH OT T0MOnp:HTOKa li3BHe nocpe'ACTBOM 3K

paHa, OXJia.li\IlaeMoro ero napru.!11. 

3. Hccne'AOBaHHe B03MOlKHOCT0H Kp:HOCTaT:HpOBaHHH o6nyqaeMo

ro o6'b8KTa nocpe'ACTBOM np11HyWfT6nbHO ~peyJrnpyro~ero raaoo6-

paaHoro T0MOHOCHTenH, npH~ImanbH!,!8 cxew 11 KOHCTp~ pe

aKTOpHHX KpliOreHl-!hlX neTenb C reJrneM B KaqecT:se TennoHOCl1T8M 

li C ynpaBJIHeMW& 6eccTyne~M•HM 113M0H8HH8M T8MIIepaTYI)H o6nyqa

ei.1oro 06'b8KTa B Wfana30Hax 00 - 300 K li IO - 300 K. 

4. Hccne'AOBaHHe B03MOllCHOCT8H KpliOCTarnpOBaHHH o6nyqaeMO

ro o6'b8KTa nocpe'ACTBOM '1llf'AKc5ro Kp:HoareHTa, np:HH~ImMbHl,le 

cxew li KOHCTp~ peaKTOpHI,IX KpHOKaHMOB C lll:H)J;KHM reJrneM. 

5. Ilp:HH~ImanbID,18 cxew H KOHCTP~ yCTaHOBOK 'AM 

BHyTp:Hp8aKTOpHHX li nocnepeaKTOpHI,IX MexaHHqeCKHX liCnHTaHHH Ma

T8p:HMOB B ycnommc Kp:HoreHl-!hlX TeMIIepaTYI). 

6. Ilp:H~ImanbID,18 cxew li KOHCTp~ YCT8HOBOK 'AM 

BHyTpHp8aKTOpHHX 11 nocnepeaKTOpHHX nccne'AOBaHliH pa,rµl~OHl-lhlX 

aqxpeKTOB B M8Xalll'ltl8CKH Hanpmlt8HHHX MaTepnanax. 

Ta.roIM o6paaoM, COBOeynHOCTb BW.10nH8Hl-!hlX B WfCCepT~ 

pa6oT HBM8TCH HOBblM nepcneKT:HBHb!M HanpaBJieHHeM B pa,rµl~OH

HOH ipH3liR8 ROH'A8HCHpOB8HHh!X cpe'A, a 11M8HHO: Kpl10CTarnpoBaHHe 

TBepw,rx Ten :s none n;n;epHoro nsnyqeHHH n Rp:HoreHHaa: TeXHHRa 'AM. 

liX peaKTOpHoro 11CM8'A0BaHliH B Wf8na30He KpHOreHHHX TeMIIepaTYI). 
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Anpo6ag,rn pa6oru. OcHOBHl,18 pesynbTaTH WfCCepT~ 'AOMa

'A:bIBaJrnCb Ha IY (TanmeHT, 1963), y• (T611Jil1CH, !965), Yl!I (AJr.

Ma-ATa, 1974), IX (06lll'!HCK, !976), X (C:sep~OBCR, 1978) Bce

CORJ3Hb!X COB8~8.Hl{filC no ROOPWfH~ HayqHo-11ccne'AOBaTeJibcKHX 

pa60T C HCilOJib30BaHlieM HCCne'AOBaTeJibCKHX n;n;epHHX peaxTopo:s; 

Ha IY pa6oqeM co:se~alll'!H no Wl13HKe n TeXlll'!xe nccne'AOBaTeJibcRHX 

peaKTOpo:s (By'AanemT, !9?5); Ha X COB8~8HHH no Ilp:HMeHeHHID peH

TreHOBCRHX nyqen K liCcne'AOB~ MaTep11ano:s (Mocx:sa, !971); Ha 

II BcecoRJ3HOM co:se~alll'!H "Pa,rµ1au;Homrue aqxpexru H3MeHeHHH Mexa

flliqecKHx CBOHCTB ROHCTpYKI-iHOHl-lhlX MaTepliMOB li M8TO'A:bt llX He-· 

cne'AOBaHliH
11 

(Kne:s, !976); Ha BceCORJ3HOM CeMHHape "MeTOWfRa li 

T8Xlll'!Ka peaxTOpHHX li nocnepeaKTOPHHX 3RCnepHM8HTOB B PB,rlll~

OHHOM MaTepnanOB8'A8HHli 11 (,l!H.MlfTPOBrp~. ffiIBAF, !981); Ha Bce

CORJ3HOH lllKOne no ipH3HRe li T8Xlll'!Ke peaxTopoB (JieHHHI'p~. JM.ff\P, 

!982); Ha BcecoRJ3HOM ceMHHape "IlocJiepeaxTopm.re M8TO'A:bt nccne

'AOBaHliH CBOl1CTB B pa,rµJau;HOHHOM MaTep11ano:se'AeHHH" (,l!H.MlfTpOB

rp~, ffiil1AF, 1982 ) • 

Ily6JIHK8.U!!H. Co'Aep.lKaHlie WfCCepTa~ OTpMeHo B !4 CTa-

TbHX li B 4 aBTOpCI!HX CBl1'A8T8JlbCTBax Ha li306peTeHHe. CrmcoK 

OCHOBHHX ny6Jil1K~l1 IlpliJiaraeTCH. 

CTpy:RTypa .gµccepTa.unn. ,L!HccepT~H COCT011T.li3 BB8'A8HHH, 

nHrn rJia:s; paa6nTHX Ha 32 naparpaipa, 3aKJIRJqelll'!H n crmcxa JIH-
-... <'• 

TepaTypu: Olia li3JIO.lKeHa Ha 292 CTpaHli~, BKJIIOqa,a: 72 pliCYl{Ra li 

CIDICOK JIJ1TepaTypH, CO'A8P.lK8JI\l111 254 HaIIM9HOBalillJI. 

C0,nEPlf.AlillE )];liCCEPTAl!Jlli 

Bo BBeneHHli C(pOpMyJIHpOBaHH T8Ma 11 ~8Jlb 'AJ,fCC8pT~, yxa-

38HH HOBH3Ha li ~0HHOCTb pesyJibTaTo:s, noJiytieHHHX B 'AJ,fCC8pTa

u;Hli, li3JIO.lKeHa CTPYKTypa 'AJ,fccepT~. 
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IIepBaJI rJia.Ba noc:rurn;eHa HCCJIS):\OB8HHIO BJll1JIHlUI p8.3Jll1'tIBl,IX 

3Kp8HOB Ha aqxj>eRTHBHOCTb BhlCOROBrucyyMHOfi H30JIR1.l;IIB B 06bltllillX 

yCJIOBHJIX H B IlOJie R):\SpHoro H3JiyqSHH.1l H pa.spa60TRe MSTO):\J,fR 

pacti:eTa paaHoo6pa.sHblX 3KpaHHWC cHcTeM. Ilo cpaBHeHHIO c ):\pyrmm 

Bl1,Ii8Mll TSilJIOH30JIRll;IIB, BI:lCOROBrucyyMHaJI H30JI.1lll,t.1l HMeeT HaH60Jib

myro 3ippSRTl1BHOCTb IlpH HaliMSHbmeM co.riepiitaH!fif MaTepHaJIOB, tITO 

oco6eHHO B8.lKfiO B 30He R):\epHoro H3JiyqeHH.1l. B JIJ1TepaType HMeIOT-

' C.1l JIJ,ffilb MeTO):\.l,fRlf paCtieTa ti:aCTHb!X c;ry-qaeB 3Kp8HHpOB8HH.1l TSilJIO

BOro H3JiyqSHH.1l BHe 30H!,! R):\SpHoro·H3JiyqSHH.1l. 

OnTHtiecroi:e CBOfiCTBa IlOBepXHOCTH KaR ~eJibHOro o6t,eRTa MO

rYT OTJIJ1tiaTbC.1l OT CBOilCTB ee 3JISMSHTapHoro yqaCTRa. 3TO o6~

.1lCIDieTC.1l TeM, tITO BOrHYTHe yqaCTRlf IlOBepXHOCTH ti:aCTHtIHO o6;ry

tIBlOT ce6JI 11 OTPlllKaIOT Ha ce6JI. B § I. I BI:lBe.rieHa qiopMYJia , .,,r: 
. . C, . 

l 3 <p=A 3 rp=- [+(.i-c.)·lf=1-R 3 ct, (I.I) 

,IiJI.1l pacti:eTa 3ippSRTHBHIDC CTSileHli ti:epHOTI,I (E~~), norJIO~aT8JibHOfi 

(A3rp) H OTP8.llta.TeJibHOil (R 3 ~) cnoco6HocTeH 'AJ11PPY3HOH noBepxaoc

TH, xapaRTepH3YJOOlHX ee B ~eJioM. 3.riecb E, - cTenem ti:epHOTH Te

Jia, a lf - cpeAHJ1il yrJIOBOH R03ipp11Il,t8HT H3JiyqeHH.1l IlOBepXHOCTH 

Ha OKpy,KSIO~ee npOCTpaHCTBO. ()qemAHO, tITO qiopMyJia (I.I) y.rio6-

Ha ,IlJI.1l pemeHH.1l 3~aq C Jiyti:11CTiiM TSilJI006MeHOM Mew TSJiru.m. 

B § I.2 BBS,IiSHO IlOIDITHe 11 BI:lBe,IleHa qiopMyJia ,IiJI.1l pacti:eTa 

aRBHBaJISHTHblX H3JiyqaTeJibHOH (l3 ,,) H norJio~aTeJibHOil (A 3 K) cno

co6HocTeil noBepxaocTH TeJia, ORpy,iteHHoro "nJiaB8lOUlllMli" aKpaaa-· 

r.m, xapaRTepH3YJOl!lMX TSJIO C 3KpaH8Mli B ~eJIOM H ynp0~8IOUlliX aaa

JIJ13 B03MOlKHOCTSH "IlJiaB8JOl!lMX" 3RpaHOB: 

C. st<= AaK = 
i 

!- Lf" lf" -~-+-
(:!- 'f) · lnp c,, 

(I.2) 
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3.riecb t, - CTeneHb ti:epHOTI,I TeJia H 3RpaHOB, a e, np - IlpJIBS,IleHHaJI 

CTeneHb qepHOTH 3BMKHyTIDC CHCT~M Jiyti:11CTOro T8IlJI006MeHa Mew 

TSJIOM H I- M 3RpaHOM, MeW I- M H 2- .M 3RpaHaMl1 H T • .Ii• j lf -
cpeAHJ1il yrJIOBOil R03ippHu,teHT H3JiyqeHH.1l I-ro 3RpBHa Ha TeJio, 

2-ro 3RpaHa Ha I- 11 31,,-paa H T. ,Ii. , a n - tIHCJIO 3KpaHOB. 

B § I.3 HCCJIS,IiOBaml B03MO,KHOCTH 3arqHTI,I T8Jia OT Hanpa.B

JieHHOro TeilJIOBoro H3JiyqeHH.1l IlPlf IlOMOl!lM TeHeBI,IX 3Kp8HOB BHe H 

B IlOJie R):\SpHoro H3Jiyl!8HH.1l. fuBe,IleH!,! 4JOPMYJIH ,IlJI.f.[ pacti:eTa MO~

HOCTH TeilJIOilpJITORa R TeJiy H TeMnepaTyp 3KpaHOB, IlOR8.3HB8JallHe 

Heorpruruti:eHHOCTb B03M02KHOCTeil TeHeBoro 3RpaHHp0BaHHH. 

BoJibmoe npaRTHtISCROe 3Hati:eHHe HMeeT H3yti:eHHe BJIHHHHH 3R

paHOB Ha Jiyti:11CT!itt TSilJI006MeH MSW ,IiBYMJI TeJiaMli, COCTaBJIHIO

l!lMMli 3aMRHYTYJO CHCTeMY. B § I.4 pacCMoTPeHa o6~aJI CHTyau,tn, 

ROr.ria 3KpaHH MOryT IlO,IlBepraTbC.1l IlOCTOpOHHeMy TenJIOBOMy B03-

,Ii8HCTBHIO (HarpeBy OT R):\epHoro H3JiyqeHHH, 3JISRTpHtieCROro TORa 

HT. ,Ii., HJIH OXJiaJi\I(eHHIO nocpe,IlCTBOM Ef,IiROro RpHOa.I'eHTa, ra.so

o6paaHoro TeilJIOHOCHTeJI.f.[ HT • .ri.). ,l{onycRaeM, tITO n 3KpaHOB, 

noCJie.rioBaTeJibHo pa.sMe~emmx Mew TeJiru.mA H 5, o6paayroT n+L 

38MRHyTHX CHCT8M H IlpOTHBOilOJI0:1l!Hlle IlOBepXHOCTH RaJi\I(oro 3Rpa.Ha 

HMeIOT O'AJ1HaROBI:le TeMnepaTypH. ,l{JI.f.[ CTau,toHapHoro npo~ecca Ten

JI006MeHa BI:lBe,IleH!,! ypaBHeHHH MO~OCTH pesyJibTHp~ero TeilJIOBO

ro H3J;Iyt!eHHH B IlpOH3BOJibHOfi: 113 n+ ! 3BMRHyTl,IX CHCTeM: 

E = 6\ _:H··· ·(Tit- T")+ ~LQ . C.Ae·HM, _ ~ Q • CAe,' HAe. , 
/Tl ol-Ae, AP., A e, L Kc • f L K ,: 

' K=! C.AI( ,_AK l<=ni c..,e.-H,ce, ( I.3) 

H cpeAHeH TeMnepaTypH npOH3BOJibHOro H3 n 3RpaHOB: 

'". ' tl.u· tAsHAe. fa}·Ae.·HAe, 
T it E.A~·HA0 T" E.,.,e,·HAe. T" K=i "l.Ai<·H111K K•rn Kc,ke,•lhe. 

rn= • A+ · e,+ + t(I.4) 
E.mP..·Hme, tAm·HAm 60 C me.· Hrna 60· CAm·HArn 
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r,t\e E,Ae,' c,Arn H T • .t\· - npHBe,n;eHHbie CTerremi trepHOTH COBOeyII

HOCTefi 3aMRH)'TIDC CHCTeM, o6p8.30BaHHl,IX 8KpaHaMH M0ll\liY COOTB8T

CTBytOID,ID,li1 HH,t\0RC8.M TeJiam, a HAB, HAm H T • .t\• - nJIOllja,qli B3a

HMHO H3Jiyll8lOII\HX IlOB8pXHOCTeti COOTB8TCTBYJOIIIIDC HH,t\8RC8.M TeJI, 

xor.n;a Mell\liY ID!Ml'I HeT aKpaHoB; TA H T P.i - Tei.mepaTypH TeJI A H B 
( \> l~,); Ql, • • • Q n - M011\HOCTl1 ITOCTOpOHID!X T0IlJIOBblX B03-

.n;efiCTBl'.lfi Ha sxpamr; 60 - IlOCTOiiHHa.JI CTeq>aHa-Bom,u;MaHa. Bb1Be

,t\8HH q>OpMyJIH ,t\JIH Onp8,t\0JI8IDIH <\ e,, • • • H 1-/ AB , • • • , a Ta.roKe 

,t\Jlff pactreTa traCTHUX CJIYtlaeB TaRHX 8Kpa.HHHX CHCTeM. 

Or.ieHRa 84>4)8KTHBHOCTH 8KpaHa B ueJIOM Hero OT,t\0JibHb!X 

y-qaCTKOB B IlOJie ~epHoro (peaRTOpHoro) H3Jiyll8IDIH rrpOH3BO,u;HTCH 

rrocpe,t\_CTBOM cpaBHeHHH TeMIIepaTypHoro ITOM 8KpaHa C TeMIIepaTy

paMH ITOBepXHOCTefi COC8,t\IDIX T0JI B CT~OHapHOM pelmMe. B § I.5 
BHBe,t\eHH ypamteme ·TeMIIepaTypHoro rroM "nJiaB8lOlljero" SKpaHa, 

pasMelljeHHoro Mell\liY TeJiaMH A H B, H q>opMyJia ero cpe,t\Heti Teme

paTypu. Onpe,n;eJieHH KpHTHtreCRa.JI TOJlll\lfHa SKpaHa ( o Kp) H KpHTH

treCKM MOlljHOCTb T8ITJIOBOH HarpysRH e,u;HHHI.J;ll MaCCbI 8KpaHa OT pa

,u;HOaRTHBHOrO Hs.nyqemiH ( 9-'N, Kp), B rrpoH3BOJI:&Hoti N Totme aKpaHa, 

0 = bo'Gnp,2•lf3e:(TZ- T~) HO, = Go·Cnp,2.·lf3e;(T:-r:J.(I.5) 
,cp 0. .,p f~ 1Kp P·6 

V N, ITTQ::(. J J 

r,t\e Gnp,'2 - rrpHBe,t\eHHM CTerreH:& trepHoru saMKHyTofi CHCTeMbl ax-

paHa C T8JIOM B, l.f 3B - yrJIOBOti K08qxplill;lf0HT H3Jiyll0HHH 3KpaHa Ha 

IlOBepXHOCTb . T8Jia B' a .f - IlJIOTHOCTb MaTepml.Jia 3Kp~-!a- 3.n;ec:i, 

~e BHB8,t\8HH ypamteHHH TeMIIepaTypHb!X rroJiefi I.l;lfJIHH,t\PHtrecRHX SK

paHOB, OXJI~aeMblX lKH,t\RHM KpHOareHTOM C Topua'H IlpOTOtlHHM ra-

30M, a TaIOKe q>OpMyJIH ,t\JIH pa.ctreTa HX cpe,t\IDIX TeMIIepaTyp, ,t\8lO

II\H8. BosMoJKHocT:& OU8ID!Tb 34>4)8KTHBHOCTb 3KpaHOB H BH6paTI, HX 

orrT11MaJII,Hl,le rrapaMeTJ)bI B rroJie ~epHoro Hs.nyqemiH. 

8 

j 

r I d 

B § I. 6 rrpoBe,n;eH aHaJIH3 B03UOEHOCTefi 11ITJiaB8lOII\HX11 8RpaHOB 

B 38.MRHJTOM CHCTeMe .nytrnCTOro T8IlJI006MeHa ,n;Byx TeJI. IlOKa.3aHbI 

.n;11arpruJMU 3a.Bl1C11MOCTeti 8qxl)8RTHBHOCTl1 8RpaHl1pOBaHHH OT tlHCJia 

3RpaHOB H yrJIOBOro R03qxplill;lf8HTa H3Jiytl8IDIH coce,n;HHX 8Rp8HOB, a 

TruoKe pacrrpe,n;eJiemrn OTHOCHTeJibl:illX TeMrrepaTyp no SRpaHaM_. 

BTopM rJiaBa ITOCB1llijeHa H3ytl8Hl1IO rrpouecca OXJI~8IDIH 06-

JiytraeMoro B rroJie ~epHoro Hs.nyqeHHH o6neKTa rrocpe,t\CTBOM np11-

HY,u;HTeJibHO I.l;lfpKyJI11py:IOlljero B 38.MKHJTOM ROHType rasoo6pa.3Horo 

T8ITJIOHOCl1T8JIH, OXJI~aeMoro ITp0,t\BapHT8JibHO BHe 30Hl,l H3Jiytl8ID!H 

ifill,ll;RHM KpHOareHTOM HJIH B RpHoreHepaTope, ITOJICKa.M OITTl1M8JibHIDC 

IlpHHIJ;HITHaJII,HUX CXeM 11 ROHCTJ)JRll,liM yCTaHOBOR (peaRTopmzx RpHO

remrux neTeJib C reJIHeM B RatreCTBe T8ITJIOHOCl1T8JIH) ,l\JIH peaJIHsa-

1.l;lfH aToro npouecca 11 paIJ;HoHMbHmc pelKHMOB 11x pa6oTH. 

Ilpo11ecc pa6oru RpHOreHHoti Il8TJIH COCTOHT H3 ,t\Byx OCHOBHbIX 

CTB,qlifi, rrepBaa: - OXJI~eH11e T8ITJIOHOCl1T8JIH BHe 30HH H3Jiytl8Hl1H, 

a BTOpM - OXJI~eHHe 06.nyqaeMoro o6wRTa rrocpe,n;cTBOM ero 06-

,t\YBa T8ITJIOHOCl1TeJieM. B § 2.I rrpoBe,t\eH 8H8Jil13 CTB,qliH OXJI~e

IDIH IlpHHy,u;H_T8JibHO IJ;HpeyJIHpYJOl!lero rasoo6pasHoro T8IlJIOHOCHTeJIH 

BHe 30HH ~epHoro H3Jiytl8IDIH, COCTOHlljero H3 CTYfieHeti Ilpe,t\Bap11-

T8~bHOro OXJI~8IDIH.06paTHHMrroTOROM T0ITJIOHOCHT8JIH H rrapaMH 

RpHoareHTa H OKOHtl:8T8JibHoro OXJI8J!'i!t8ID!H lKH,t\RHM RpHOaI'8HTOM. 

Paspa6o:.?Hll. MSTO,u;HRH pactreTa rreTeJib C ROMnpeccopoM rrpH T8MI18-

paType oxpyiruolljeti cpe,D;H H C RpHOROMnp8CCOpoM. 

B § 2.2 paCCMOTpeHH RpHoreHHHe Il8TJil1 C_BepT11RaJibHbIMRplio

KaHaJIOM, paspa60T~e, ITOCTpOeHHHe H HCITOJib3yewe ,D;JIH BHJT

pnpeaRTOpHmc 11CCJI8,1J;OB8HHti BJIHHHHH 06.nyqemiH Ha M8XaHHtrecRHe 

CBOfiCTBa MaTepHMOB, B ROTopmc B RatreCTBe RpHoareHTa HCITOJU,-

3yeTCJi lKH,t\RHH MOT. IlpHB0,t\8HH pesyJibTaTH pa60TH Il8T0JII,. 
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,Ivra ,IJ;IICTaHI.J,fOHHOil IIO,Ilatm o6paa~OB mm: aMIIyJI c o6paa~a

Mli H3BH0 B IIOJI0 H3Jiytiemrn peaxTOpa, HX o6Jiytiemrn: IIpH TeMne

paType, 6JIH3KOH K TeI.mepaType lKlf,!\KOro 8.3OTa,H Y.IlaJieHHH 06JIY

qemrux o6paa~OB B KpHOKOHTeilHep C lKlf,IIKHM 8.3OTOM, C ~eJibID HC

CJie,IIOBaHHH 3THX o6paa~OB BHe peaKTOpa, paapa60TaHa, IIOC_TPOe

Ha ~ BHe'APeHa KPHOreHHaH neTJIH C KpHOIIHeBMOIJOqTOil B ropH3OH

TaJibHOM KPHOKaHaJie. B § 2.3 paCCMOTPeHa 3Ta neTJIH H IlpHB0,Ile

mt ee 3KCIIJIYaTaIJ,Iomme napaMeTp.bI. 

Pacxo.r1 lKlf,IIKOro KpHOareHTa B h1)HOreHHOil neTJie 3HatmTeJibHO 

6OJibme' qeM B 061:ltllil:lX KpHOCTaTax, qTo O6'blICHHeTCH T0IIJIOBOH Ha

rpY3KOH OT ~epHoro H3Jlytl0HHH. 3,Il0Cb oqeHb BWKHO o6ecnetmTb 

paIJ,IOHaJibHOe HCTIOJib3OBaHHe lKH,IIKOro KpHOareHTa, TIOHCKH BO3MOJK-

HOCT0H KOTOporo H3JIOEemt B § 2.4. Ha p11c.I TIOK8.3aHa npHH-
, .... '-

I.J,fID!aJibHaH cxeMa KpHOreHHofi neTJIH C paIJ,IOHaJibHblM HCIIOJib3OBa-

HH0M lKlf,IIKOro KPHOareHTa IIpH BC0X pel!CMMax ee pa6om. BKJIIOqaeT

Cfl.KOMIIpeccop 4, nocpe,I1CTBOM B0HTHJif[ 8 yCTaHa.BJI!1:BaeTCH pacxo.r1 

T0IIJIOHOCHTeJIH qepe3 neTJIIO, COOTBeTCTBYIDlf\MH T0IIJIOBOH Harpy3K0 

H 38,[laHHOH TeMIIepaType o6paa~a. IlpH IIOMOlll,M ,I10JIHTeJIH g H CyM

MaTopa IO B0Cb pacxo.r1 T0IIJIOHOCUT0JIH·nponycKaeTCH qepe3 T0IIJIO

o6MeHHHKH II u I?. Ilp11 nycKe neTJIH lKlf,IIKHi1 KpHoareHT B BaHHy 

I5 3aJIHBaeTCf[ C TaKoil CKOpOCTbro, qTo6.bI B TeIIJIOO6MeHHHxe II 

npOHCXO,IJ;IIJI noJIHIDI T8IIJIO06MeH Me;w T0IIJIOHOCHTeJieM H napaMlf 

KpHOareHTa. Ilo Mepe IIOHHJK0HHH TeMTiepaTypbI BbIXO,IIJIII\ero H3 Ten

JIOO6M0HHHKa I'7 TeII~OHOCHT0Jif[ ,I1eJIHT8Jib 9 nepecTpaHBaeTCH Ta

KHM o6paaoM, qTO6bI IIOCJie ,IIOCTHJK0HHH CTaIJ,IOHapHoro pelKlfMa pa-

60Tbl Il0TJIH Bb!XO,IIJIII\HH H3 T8IlJI006MeHHHKa II T8IIJIOHOCllTeJib HMeJI 

T0MIIepaTypy KHIIeHHH KpHOareHTa, a BbIXO,IIJill\l-!8 H3 Hero napbI Eplio

areHTa HMeJIH TeMTiepaTypy, 6JIH3Kyro K TeMTiepaTYPe OKpYJKlllO!lleii 
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P11c.I. IlpHHI.J,fID!aJibHaH cxe:r,m KPHOreHHoi1 neTJIH: I - KpHOKBHBJI; 

2 - o6paae~; 3 - a.KTHBHM 3oHa; 4 - KOMIIpeccop; 5 - TeIJJioo6MeHHWt 

annapaT; 6 H '7 -~e py6ammr; 8, 2I, 22 H 23 - BeHTHJIH; 9 

K !6-,IleJIHTeJIH; IO H !3-cYJ,alllOpH; II, !2, !4 H I?~<reIIJiqo6-

MeHHHKH; !5 - BaHHa; I8 - axpaa; !9 • nepe.mmaJraa; 20 - '1'py.6a. 
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cpe.w,i:. O.zµtoBpeMeHHO cyi.maTop IO rrepecTprornaeTCH Ta.KHM o6pa-

30M, qTo6u B T9IIJI006MeHHHKe !2 o6paTmtit IIOTOK TSIIJIOHOCHTSM 

HMSJI TBXOH xe paCXO,II, KBXOH B HSM HM99T npHMOfi IIOTOK. 0CTaJTh

HBJI qaCTb o6paTHoro IIOTOKa TSIIJIOHOCHTSM npOXO,IIHT ttepe3 Ten

JI006MSHHHK !7, OXJialK,JJ;BJI IIpH 3TOM 3Kp8.H IS. Paapa60T8.Ha MSTO

,IIHKa pactteTa IISTJIH C OIIp9,I19JI9HH9M paCXO,IIOB TSIIJIOHOCHTSJIJI l1 

Kpl108I'9HTa, a TaKilt9 HX TeMIIepaTY!) B Y3JIOBUX TOqKax IISTJIH. 

C yqeTOM IIpOB9,I19HHOro B § 2.4 a.Hamrna paspa60TaHa, IIOCT

poeHa H BHe~Ha KpHOreHHBJI IISTJIJI ,IµIJI o6nyqeHHJI 6HOJIOI'lJqecKHX 

06'b9KTOB B ,IIHaIIa30H9 TSMilepaTyp 80-300 K, KOTOpM paCCMOTpSHa 

B § 2.5.,IleTmt HM99T B9pTHKaJibH1lli KpHOKa.HaJI, HHJKHHH KOHSQ KO

TOpOrO IIOM9llj9H B rH93,Il9 BXTHBHOH 30Hll peaKTOpa-HPT ,IIM TBC. B 
Heil npe,11ycM0TpeHo ynpa.BJIJteMoe/6eccTyneHqaToe HsMeHeHHe TeMIIe

paTY!)H o6nyqaeMoro o6'beKTa B ynoMHHYTOM ,I1Harras0He. 

C Q9JibIO IIOJiyqSHHJI B03MOlKHOCTH HCCJ.1;9,IIOBaHlfJI o6nyqaer.rux 

o6pasQOB npH 6oJiee HHSKHX Te:i.mepaTY!)ax· paspa60TaHH, nocTpoe

Hll l1 BH9,Ilp9Hll KpHOrem-rue IISTJIH C IqlHOreHepaTopoM m-2, XI'Y 

500/!5), B KOTOpHX o6paau;t,r B npoQecce o_6nyq,eHHJI OXJI~a.IOTCJI B 

,IIH8Ila30He TeMIIepaTyp I0-80 K. B § 2. 6 paCCMOTpeHa TaKBJI IISTM 

C BSpTHKaJibHI,IM Kpl10K8.HaJIOM, B KOTOpOM, B OCHOBHOM, HCCJI9,Ily!OTC.II 

Mexa.HHqecKHe CBOHCTBa MaTepHaJIOB • .z:t,r.lI paCmHpSHHJI B03MOJKHOCT9H 

3TOH yCTaHOBKH paspa60TaH l1 IIOCTpOSH T9IIJI006MeHHUH arrrrapaT, 

npe,nHasHatteHinil11 ,I1JIJI OXJialK,JJ;SHHH IJ;HpKYJIHPYIOlI1ero reJIHJI ,110 TeMII_e

paTypH ~Koro a30Ta. ArrnapaT 6y,11eT BRJIIOqeH B KOHTyp IISTJIH 

napaJIJISJibHO C Iq)HOreHepaTOpOM, ttTO ,11acT B03MOJKHOCT_b OXJialK,JJ;aTb 

06JiyqaeMHe B KpHORaHaJie o6pasu;t,r ,110 JII060il
0

Te~epaTypH
0

B ,IIHMa-

30He I0-300 K H l13M9Hl!Tb T9MI18paTypy o6pasQOB no 38,IlaHHOil 

rrporpaMMe B 3TOM ,IIHaIIa30He. 
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TpeTbH rJiaBa noc~eHa HayqeHHro npoQecca OXJialK,JJ;eHHJI 06-

JiyqaeMoro B IIOJie IV19pHoro H3Jlytl9HHJI 06'b9RTa nocpe,11CTBOM l!Gl,II

KOro KpHOareHTa, Henocpe,1:tCTBSHHO OMb!BalOl!\Sro ero HJIH OXJialK,JJ;a

IOil\Sro tiepes IIpOMS~Oqffyio cpe,ny' IIOHCKBM OIITHMaJibHUX pemeHHii: 

CHCTeM OXJia~eHHJI l1 IIYTefi p8ll;l10HaJibHOro HCIIOJib30BaHHJI l!Gl,IIKOro 

KpHOareHTa, C03,IlaHHIO H,HCCJIS,IIOBaHHIO KpHOKaHaJIOB C TaKHM ox

JlalK,JJ;SHHSM pasJIH~ 06'b9RTOB B 30He peaKTOpHoro H3Jiyq9HHJI. 

B § 3.I nayqeHU B03MOJKHOCTH pa3JIHqHI,IX cnoco6oB no,11aqn 

l!IH,IIROro KpH08I'9HTa B 30Hy ~epHoro HSJiyqSHHJI. IIpoBe,1:teH aHamrn 

npoQecca OXJialK,JJ;SHHJI o6nyqaeMoro o6'beKTa nocpe.z:tCTBOM l!IH,IIKoro 

KpHOareHTa: Ror,11a KpHOareHT OMb!BaeT 06'beRT, Ror,1:ta OXJialK,JJ;aeT 

ero ttepea ras H Ror,11a OXJialK,JJ;aeT qepea MeTaJIJIHttecICHfi Tennonpo

BO,IIHHR. Paspa60TaHH MSTO,IIHICH pactteTa 3THX CHCTSM C onpe,11ene

HHeM TeMIIepaTypHoro nomt H pacxo,11a l!IH,IIRoro KpHoareHTa. 

,llmt ~eJieHHJI l13 CIISKTpa l13Jlytl9HHJI peaxTopa HSHTpOHOB C 

,11.mrnon BOJIHU ~ 4j H HX no,11aqn Ha Tp9XKpHCTaJibHHH HSHTpoHHHfi 

CIISKTpOMeTp, IIpe,IIHa3HatieHHHfi,co CBOeil CTOpOHH,.z:tJIJI l1CCJI9,IIOBa

HHJI Heynpyroro pacceJIHHJI 3THX HSHTpOHOB Ha TBSp,Ilh!X TSJiax H 

l!IH,IIROCTHX, paspa60TaH, IIOCTpOSH H BHe,11peH RpHORaHaJI c 6epHJI

JIH9Bh!M !pHJibTpOM, OXJialK,JJ;aeM!,IM l!IH,IIKHM a30TOM ttepea Me,IIHHfi Ten

JIOIIpOBO,IIHHR, ROTOpufi paCCMOTpeH B § 3.2. KpHORaHaJI pasMelljeH 

B Ropnyqe:111H6epa ropnsoHTaJibHoro RaHaJia peaxTopa, IIpHtteM BaH--... ,. 

Ha c l!IH.z:tKHM ··asoToM pasMelljeHa B 3aJI\HlljSHHofi OT o6nyqeHHJI tiacTH 

KaHMa. IlpHBe,1:teHH pacqeTHHe napaMeTpH H peayJibTaTH HCIIHTaHHJI 

KpHORa.HaJia. HanpnMe:r., npn MOUjHOCTH peaxTopa I MBT 6ep11JIJIHeBHil 

<pHJibTp OXJialK,JJ;aeTCJI ,110 96, 5 K, a HHTSHCHBHOCTb BIDCO,IIHlljHX HS 

Kpl10Ra.HaJia XOJIO,IIHHX HSHTpOHOB C OXJialK,JJ;SHHSM 6epHJIJIHJI Bospac

TaeT H ,IIOCTHraeT np116JIHSHTSJibHO ttSTHpeXKpaTHoro YBSJIHtISHHJI 
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npR TeMIIepaTYJ)e 120 K. ·,UaJibHellinee oXJiaVieHHe cflmibTpa npa1m1-

qecm He M8HJieT HHT8HCHBHOCTb Bh!XO,!IIDJJ,HX H3 Hero HeiiTPOHOB. 

AJr,r HCCRe,!IOBaHHJI BJIHRHHJI pea.RTOpHoro H3JiijtleHHJI Ha Iq)HTH

qecme napru.mTJ)H CBepxnpoBOAHHROB Ha pea.RTope HPT HHCTHTyTa 

ipH3HKli AH rCCP HCnORb3yeTCJI RpHORaHaJI, B ROTOpOM npeAYCMOT

peHO o6nyqeHHe o6paswi npH TeMnepaTypax I5 K H Bblille, BhfBO.II 

o6pasWl, HS solill o6nyqeHHJI H BBO.II B none cBepxnpOBO.IIRl!lero co-· 

neHOH,!la (B BepXHeH qacTH RpHORaHaJia) 6e3 noBblllleHHJI ero TeM

nepaTypH H Hccne.r10Brume o6paswi B MarHHTHOM_none npH Te.MIIepa

Typax JKH,!IROro reJIHJI H Bblllie. C ~eJibro pacmHpeHHJI B03MOlKHOCT8H 

HCCR8,!IOB8ID'IJI PBWl~OHHhIX aqxl.ieRTOB B CBepxnpOBO,!IHHRax paspa-

60TaH H CTPOHTCR :KpHORaHM, B ROTopoM, :iq,oMe-BhlJJleHsnqJKeHHoro, 

npeAYCMOTpeHO o6nyqeHHe o6p~wi. HatlHHM C T8MnepaTyp l!lll,!IROro 

remr,r. IlpHHD;-!nH8JibHaR cxeMa H ROHCTp~,r ycoBepmeHCTBOBaHHO

ro Iq)HORaHaJia paCCMOTP8Iill B § 3.3. 

Oco6oro BHHMaHHJI Tpe6yeT npo6neMa oxnall\Il;eHHJI 06nyqaeMii1X 

B ~epHOM pea.RTOpe o6pas~OB JKH,!IKliM reJIHeM. 3TOH npo6neMe H 

noHCRaM B03MOlKHOCTeH HCnORb30BaHHJI napOB reJIHJI ,!IRJI ycneIDHoro 

ee pemeHHJI nocBRl!lelill nocneAYfill!IH8 naparpaqiu rnaBu. B § 3.4 

H3ytreH HeCT~OHaplillH npo~ecc 3aJIHBKI{ lKl-l,!IROro Iq)HOareHTa B 

30HY R,!lepHoro H3nytreHHJI. IlpoBe,!leH aHaJIH3 B03MOlKHOCTefi yM8Hb

meHHJI Hcnap,reMOCTH ]!GIJ,!IROro :iq,HoareHTa nocpe,!ICTBOM ero napoB, 

onpe.r1eneH onTHMaJibmm peJKHM npo~ecca 3aJIHBKli H paapa6oTaHa 

MeTO,IIHRa pactZeTa ocHoBHIDC ee napaMeTPOB. 

HaJIHtlHe ,!IOnOnHHTeJiblillX napOB Iq)HOareHTa, paCX0,!1 ROTOphIX 

He 3aE-!CHT OT TennonpHTORa H3BHe, a onpe.r1eMeTCJI TennoBOfi Ha

rpysROH OT sv:1epHoro H3nytl8HHJI, ,!la8T B03MOlKHOCTb ,!IOBe,!leHHJI 

TennonpHTORa K lllH,!IKOMY Iq)HOareHTY H3 Oiq)YJKaroill8fi cpe,!IH ,!10 
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npa.RTHtleCKOrO HyM. B § 3.5 no,J:1p06HO HCCRe,!IOB8lm B03MOlltHOCTH 

3:KpaHHpOBaHHJI ]lGIJ,!IROro Iq)HOareHT~ B 30He sv:1epHoro H3nytl6HHJI 

nocpe,!ICTBOM CBOHX napoB, a B § 3.6 paCCMOTPeHH npHH~MbHaR 

cxeMa H ROHCTP~JI remreBoro Iq)HORaHaJia C 3:KpaHOM, OXJI~ae

Mbll.! napaMH remr,r. ~O,!lmu,He vrs pa6oqeii RaMepu :KpHOCTaTa napu 

reJIHJI HCllOJib3YJOTCJI ,!IM OXJiall\Il;8HHJI ee 3:KpaHa, ROTOpml O,!IHOBpe

MeHHO BIDIOnHJieT poJIH ropnOBHiill, naponpOBO,!la H Il0,!IB8CKI{ Iq)HOC

TaTa. KpHOCTaT H3rOTOBJieH H3 TOHROCTeHHh!X TPY6 HepJKaBeIOiqeH 

CTaJIH, pasMellleHHhIX ROaRCllaJibHO. fuc paaMepH B MM; pa6oqe/A 

RaMepH -q.>20x0,2; 3:KpaHa -<P32x0,3;cp36x0,4 H<p40x0,4; -BaRy

Y}.!HOrO ROJKYXa - <P60x0,6. Ha pRC.2 IlpRB8,!lelill ,IIHarpru.n.n,r xa

pa.RTepHHX saEJCHMOCTeii B RpHORaHaJie, BWmcnemme no paspa6o

TaHHOIA B § 3.5 M8TO,IIHK8 • .I(HarpaMMa peam.HHX T8Mil8paTYJ) 3Rpa

Ha 6y,!leT npoXO,IIHTb Meli\IlY ,I1Harpa.MMa.Mli Tg min H T 3 max• 

qeTB8pTM rnaBa nOCBJlll\8Ha ROMIUieKcy YCTaHOBOR ,!IM Mexa

HHtleCKHX HCIWTaHHIA o6nyqeHHhIX MaTepHMOB, RaR B npo~ecce HX 

o6nytreHHJI B RpHORa.HaJie peaRTOpa HPT, TaR H BHe peaxTOpa, noc

ne Bm'pY3Kli o6pas~OB H3 RpHORa.HaJia 6es IlOBblllleHHJI TeMIIepaTypl,l. 

AJr,r HCIWTaHHJI MeTaJIJlHtleCRHX MHRp006paa~OB Ha paCTmrteHHe 

B none peaRTOpHoro HsnytreHHJI IIpH RpRoreHHhIX TeMIIepaTYJ)ax paa

pa6oTBHa, IIOCTpOeHa H BHe,J:lpeHa MHRpOMaIIIHHa, B KOTopo/A 1rnnoJib

syeTCJI.;tmeBMaTHtZeCKlilA cnoco6 HarpYJKeHHJI o6paa~a, c reJIHeM B 
' ,,,.. •'• 

KatZeCTBe pa6oqero rasa H MeTB.JlJil!tleCKHM CHJib~OHOM B xaqecTBe 

CHnOBoro aneMeHTa. IlpHHD;-!IIHMbHasI cxeMa, KOHC'l'p~JI H pe-

3YJibTaTH axcnnyai~ MalllHHH paCCMOTPeHH B § 4.I. 0CHOBHHM 

npemzyiqeCTBOM STOIA MamHHH JIBJIJieTCJI HeorpBHHtl8HHOCTb KOJIHtleCT

Ba o6pas~oB, nponycxaeMHX qepes Hee. BliyTpHRaHMbHoe yc

TPOHCTBO MalIIIDnl ,!la8T B03MOlKHOCTb sarpysHTb H3BHe, 06JzytmTb H 
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KaMepu MOIIJHOCTH ~e;meMoro B 8,!\HHHue Maccu TeIIJia cq,-). 
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HCilhlTaTb napTHIO o6pa3u."OB ( 25 IDTYK). Tio Mepe HCITHTaHH.fI 06JIY

qeHllliJC o6pa3UOB HOB118 o6pa3[(hl .I:(Orpy,KalOTC.iI 6e3 HapymeHH.fI pe

m1MOB pa60T11 pea.RTOpa H KpHOKaHaJia. lfacTH pasopBaHHb!X o6pas

U0B co611paIOTC.fI B 6y1mepe ycTpotlCTBa, B KOTOpOM ITOM8!llaIOTCH .J:iO 

300 o6pa3UOB n KOTOpIIB pa3rpYJl(a8TC.fI ,!\HCTa.HU;,iOHHO. Ha pnc .3 

ITOKa3aHa cxeMa paCTIDKHOro ycTpOHCTBa ManruHI,I, pa3M8!ll8HHOro B 

KpHOKaHaJie. Bo Bp0M.il HCf!h!TaHH.fI o6pasua rrp0113BO,Iil1TC.fI aBTOMaTH

qecKa.H 3a.ITHCb ,!\Harpm.Il,lhl pa.CT.fIR8HH.fI. Paspa60TaHa M8TO,!\HRa 06-

pa.60Tro1 pe3yJibTB.TO~ HCilhlTaHH.fI o6pasua. 

.IJ,rm HCITh!TaHH.il Ha paCT.fDKeHHe 06JiyqeHHh!X rrp11 Kpl-!OreH!lliX 

T0MrrepaTypax o6pa3UOB BHe pea.RTopa rrp11 T0MITepa.Typax 78-300 K. 

paspa6oTaHa, ITOCTpoeHa 11 BH8,Iip0Ha. M11Kp0Mllilll1Ha, KOTOpaJI pa.c

CMOTpeHa B § 4.2. 3,Ii0Cb l1CITOJib3yeTC.fI KOM611HHpOBa.HHhlli ITH8BMO

r11,I1pa.Bm1qecIG1fi crroco6 HarpYJ!teHHH o6pasua c B03.J:iYXOM 11 MaCJIOM 

B KaqecTB8 pa60ql,jX TeJI. Tipe,IiyCMOTpeHa B03MOJKHOCTb TpaHCITOp

Tl1POBIG1 o6JiyqeHHHX o6pa3UOB 6e3 ITOBHm8HH.fI l-!X T8MIIepaTypH. 06-

pa3U[I ,!\HCTaH~OHHO 3arpy;KaroTC.fI B KpHOKaHaJI pea.RTOpa. 11 06JIJtJ:a

lOTC.fI. 06JIY<J:eHHI,Ie o6pa3[(hl rrp11 ITOMOII\H Kpl-lOITHemmrroqru rreperpy

lKaIOTCH B Kpl10ROHTefiHep, rrocpe,IICTBOM KOTOporo ,IiOCTa.BJI.fIIOTC.fI B 

"rop,fJqJIO" Jia6opaTop11ro. lfa RpHOKOHTefiHepa o6pas[(hl rreperpyi,:ruoT

CH B Mara3l1H MamHHH, pa.sMellleHHofi B Kpl10CTa.Te. B 3TOM JKe rrapa

rpaipe rrpa,,Be.J:i~.H aH8Jil13 ,!\HH8.Ml1IG1 .I:(Bl1lK8HH.fI o6pasuoB BO Bp8MH HX 

rreperpyaIG1, 'a Ta.KJKe B03MOlKHh!X H3MeHeHHfi TeMIIepaTypH o6pasua. 

rrpH ero rrepeMellleHHH ITOTOKOM rasa. 

B § 4.3 pa.CCMO';t'PeHa ycTaHOBKa, paspa60TaHHM, ITOCTp08HHM 

11 BH8.J:iP8HHa.JI ,IiJIH l1CITHT8Hli.fI MaTepl-!aJIOB Ha YCTaJIOCTb B MaJIO~R

JIOBOfi yrrpyro-rrJiacmqecKofi o6Jiacm B yCJIOBHHX RpHOremrux TeM

rrepaTyp. OHa Ilp8,IiHa3HaqeHa. Ka.R .I:(JIH BHyTpl1p8a.RTOpmnc, TB.RH 
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P.llo.3. KpHOKaHaJI C paCTIDltHHM ycTpOfiCTBOM: I - aKTHBHaJI 30-

Ha; 2 - KPHOKaHa.n; 3 H 4 - xpHOTpy6onpoBOAb!; 5 - Ba.Kyj'Mlll,Ie 

KO::KYXJI; 6 - IlJIOIIla,I!Ka;? - xphlllIKa; 8 - npo6xa; 9 - paCT.fOO!Oe 

ycTpOHCTBO; IO - Mar'a3HH; II, 16 HI? - Tpy6JrH; 12 H I3 - 3a

XBaTbl; I4H I5 - CHm,qlOHH; I8 - 6yHKep; 19 - )\a.TlIBK. 
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IlOCJiepeaKTopm,rx HCIIHTaHHH o6pa3UOB. B nepBOM CJiyttae yCTaHOBKa 

KOMIIJI8KTY8TCH BHyTpl1KaHaJiblillM ycTpOfiCTBOM, a BO BTOpOM CJiyttae 

- nocnepeaxTOplillM ycTpOfiCTBOM 'AJlH.HCIIllTaHHH o6pa3UOB Ha paCTH

JKe:ime. B ycTaHOBKe npe~CMOTpeHa B03MOlKHOCTb H3MeHemts: IlpO'AOJI

ll\l!T8JlbHOCTl1 ~mJia, Bp8MeHHoro paCMB,I(a B ll,HMe H CKOpOCTefi Ha

rpy3KH H paarpyaKH o6paaua B nrn:pOKOM 'Attaila30He. YpoBeHb Har'

PY3KH o6paaua B u,mJiax noMep;mBaeTca a.BTOMaTHqecK11. Bo Bpeua 

HCilhlTaHHH o6paaua Ha YQTaJIOCTb 3anHCb!BBIOTCH 'Attar'paMMEil "'Aeqiop

Ma.u;HH-Bpeua" H "Harpyaxa-BpeMa", a BO BpeMH ero HCilhlTaHHs: Ha 

paapHB - 'Attm'PaMMa. 11Harpy3xa-'AeqiopMa.u;Ha". Ilpn paapI:IBe o6paaua 

B npouecce ero HCilb!TaHHH Ha ycTaJIOCTb a.BTOMaTHqec!tl1 (l)HKCHpy:ioT

CH napa.MeTp!:I MOMeHTa paapyrnemia o6paaua. 

B § 4.4 paCCMOTpeHa ycTaHOBKa 'AM o6nyqeHHH M8XaHHq8CKH 

HanpIDKeHHb!X MaTepHaJIOB n HX HCIIllTaHHH Ha paCTIDKeHHe, pa3pa6o

TaHHaJI H IlOCTp08HHaJI 'AM 0Ilp8'A8Jl8HHH poJIH o6nyqeHHa B Hanpa

lK8HHOM COCTOHHHH B H3M8H8HHH MexaHHqecKHX CBOfiCTB MaTepttaJIOB. 

YCTaHOBKa 'AaeT B03MOlKHOCTb 0'AHOBp8MeHHoro o6nyqeHHa mecTH MHK

poo6pa3UOB B Kpl10KaHaJie peaxTopa, H3 KOTOpEIX Tpl1 o6paaua MO

ryT 6HTb HarpyiKeHbl O'AHHaKOBIMI pacTs:rHBBIOO\HMH YCHJIHm!H 'AO JKe

JiaeMoro ypOBHH, a OCTaJibHHe Tpl1 - CB06o,zµn,n.m OT M8XaHHq8CKOH 

HarpyaKH. YCTaHOBKa 'AaeT B03M0'11HOCTb HCill:ITaHHH 3THX o6pa3UOB 

Ha paCTJDKeHHe C 3anHCbIO 'AttarpaMMbI 11Harpyaxa-'AeqJ0pMaI.JJ1H11 
• 

~'•~~ . 
IlitTaJI--PJia.Ba IlOCB~eHa yCTaHOBKaM 'AJlH qJH3HKO-M8XaHHqecKHX 

HCCJI8'AOBaHHfi pa,J:\Ha.u;HOHHb!X 3(!Xp8KTOB B TB8p'AE[X TeJiax npH xpHO

reHHb!X TeMIIepaTypax, xax BO Bpeua o6nyqeHHa B pea.xTope, Tax n 

IlOCJie o6nyqeHHH BH~ peaxTopa. B TIOCJI8,I\H8M CJiyttae npe~CMOTpe

Ha B03MOlKHOCTb TpaHCilOpTHpOBKH o6pa3UOB 6e3 IlO'AOrpeBa. 

)vra peHTreHOCTpYKTypH!:IX HCCJI8'AOBa:HHfi o6nyqeHHHX o6pa3UOB 
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Ra.KB CB06o~OM,TaR ll B M9XaIIB~9CKl:1 HaIIp.!!iit9HHOM COCTORHID1 npH 

T9MII9paTypax 80-30() K p83pa6oTamr, noCTp09HU H BH9AP9Hbl RpHO

reHHUe RaMeplil, YCTBHaBJIHBaewe Ha CTOJlHR rOHHOMeTpa ,lJ;lirppa.KTO

MeTpa Tima YPC-50, ,Il;POH-I H T.n. B § 5.I paccMoTpeHa RpHo

reHHasi: mwepa, npe~83HatreHHasi: .rr,JIH peHTreHoCTpyRTypH1lX HcCJie

AOBaHHil: 06.nyqeHHLlX B RpHOR8HaJI9 pea.KTOpa o6p83ll,OB, ROTOpii!e H3 

RpHORaHaJia B RpHOROHTefulep H H3 RpHOROHTefulepa B RpHOreHHyJO 

RaMepy neperpYJKBlOTCH 693 nOAOrpeBa. )vrJI OXJia.Ji'iil9HHH RpHOKOH

Tefulepa H RpH0):'9HHOil: R8M9plil Hcnom,3yeTCH JKHARHH 830T. H3MeHe

HHe TeMIIepaTypH o6p83ll,B. B RaMepe npoH3BO,D;liTCH npM ITOM0l!ll1 Terr

JIOnpOBOAHHRa, C09AHH.fllOillBro o6p838ll, C ~ARHM 830TOM, H 3JI9RT

pOHarpeBaTeJIJ'i, p83M9l.ll9HHOro 3a o6pasu,oM. Ilpe,llYCMOTpeHa YA06-

HM IOCTHpoBRa o6p83Qa OTHOCHT6JlI,HO O_CH Bp81lJ9HHH I'OHHOMeTpa. 
-' 

)vrJI IIOABOAa K o6pasey peHTr6HOBCRHX .nyqefi HAM BiilBOAa H3 Ka-

M9plil OTpa.JK9HHii!X OT o6pasu,a .nyqefi Bee CT9HRax HM9IOTCH ORHa, 

AaroII\H9 B03MOJKHOCTb IlpOBO,D;liTb-HCCJieAOBaHHH B yPJIOBOM ,D;liarI830H9 

Q«::g.•8<15 □: 

B § 5.2 paCCMOTpeHa RpHOI'6HHM RaMepa, npeAHMHatreHHM 

AJIH p9HTI'9HOCTPYRTypHiilX HCCJI8AOB8HHH MaTepHaJIOB (B TOM tIHCJie 

H 06.nyqemrux) B rrpou.ecce HX O~OOCHoro paCTIDK8HHH. 3A8Cb HC

IIOJib3Y9TCH IIH9BMaTHtI8CRHH cnoco6 Harpy,,teHHH o6pasu.a C M8TaJI

JIHtI9CIGIM CHJlI,qJOHOM H B03,JzyXOM B KatieCTBe pa6otrero rasa. C u.e

JibIO pasrpysRH CTOJIHKa roHHoMeTpa KaMepa IIOABemeHa Ha RpOH

mTefuI C H83aBHCHMOH OT ,D;liipp8.KTOM9Tpa CTOHROH - npOCTpBHCTBeH

HOe pacnoJio~eHHe H :spanieHHe KaMepu onpeAeMIOTCH pacnoJio~eHHeM 

H Bp81lJ8HH6M 6830BOil: IIOB6pXHOCTH CTOJIHRa I'OHHOMeTpa, a BOT ?,re

XaHHtr9CRylO Harpysey OT R8MepH-HeceT RpOHmTefuI. B KaMepe npe

AYCMOTpeHU B03MOJKHOCTH 6eccTyrreHtiaTHX H3M6HeHHfi B o6e CTOpoHU· 

Kalt T9MII8paTYPH o6pa3D;a, TaK l1 ypoBH.11 ero Harpy3Kl1. 
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B § 5.3 paCCMOTpeHa ycTBHOBKa, paspa6oTaHHM, nocTpOeH

HM H BHBAPBHHM AJIH BHyTpHp98.KTOP_H1IX HCCJIBAOBaHHH BJIHHHHH 

06.nyqeHHH Ha aqxpeKT BaynIHHrepa B YCJIOBHRX RpHOI'9HHh!X TeMIIepa

Typ. 3HaxonepeMeHHble M9XaHHqecRHe H~~HHH, He06XO,D;liM!19 ,!J,JIH 

orrpeAeJieHHH aqxpeKTa BaynIHHrepa B 06pa2u.e,3~eco Bos6~aroTCH 

rrocpeACTBOM ero nootrepe~oro pacTmKeHHH H c~aTHH. H B aToil: 

YCT8HOBK8 rrpHM9IDI9TCH nHeBMaTHqecRHH cnoco6 HaI'py,KeHHH o6pas

u.a. YcTaHOBKa Aa9T B03MOJKHOCTb rrpOBO,D;liTb HCCJI9AOBaHHe HJIH no 

cxeMe mrtaTHe-paCT.IU!teHHe, HJIH no cxeMe paCTmKeHHe-~aTHe. Har

py,r:eHHe o6pasu,a IlJiaBHOe H peryJIHpyeMoe; MOJKHO OCTaHOBHTl> 

rrpou,eccu·Harpy,r:eHHH HJIH p83rpy,K9HHH o6p83Qa, a nOTOM B0306Ho

BHTb HX. IlpHBeAeHiil H o6c~aroTCH pe3yJibTaTI1 aKcrrepnMeHTOB. 

B nOCJI6,JzylOlI\HX naparparpax I'JiaBH paccMaTpMBaIOTCH YCTBHOB

RH, paspa6oTamrue, ITOCTpOeHHUe H BHeAPeHHble AJIH BHyTpMpeax

TOplillX HCCJI8AOBaHHH BJIHmIHH COilpmK6HHOI'O B03A6HCTBHH pea.KTOp

HOrO H3JiyqeHHH H MexaHHqecKOI'O Hanp.imeHHH Ha 3JI8RTponpOBOA

HOCTb TBBPAHX T8JI B YCJIOBHRX RpHOI'eHHUX T8MI1epaTyp. B paCCMa

TpHBaeMofi B § 5.4 yCTaHOBK8 npeAYCMOTpeHa B03MOJKHOCTb Harpy

l!temm npOBOJIOtrHOI'O o6p83ll,B. OAHOOCHbIM paCTHI'HBBIOIIJ11M ycnJIHeM, a 

B paccMaTpHBaeMOli B § 5.5 YCT8HOBK8 - Harpy,r:eHHH JI9HTOtrHOI'O 

o6pasu.a O~OOCHbIM norrepe'tllrnM ~aTHeM, AO COOTB9TCTBYIOllllfX Be

JIHtIHH Harr:pmiteHHH. B o6emc ycTaHOBKBX 0~0Bp8M9HHO C Harpy,KeH

HUM o6pa:;~o~_-B ffA8HTHtntmc C HHM yCJIOBHRX 06.nyqaeTCH H CB060A

Hlilfi OT M8XaHHtieCROI'O Harpy,;:eHHH KOHTpOJII,Hiilll o6paseu., npHtieM 

B rrpou,ecce 3KCriepHM6HTa C 3THX o6p83ll,OB CHHMBIOTCH 3aBHCHMOCTH 

HX 3JI6KTpOCOilpOTHBJI,eHHH OT A03I1 06.nyqeHHH. IlpMBOAHTCH H 06-

C~aIOTCH pesym,TaThl HCCJI8AOBaHHH aJIIOMHHH6Bii!X o6p83ll,OB. 
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0CH0BHtIE PE3YJibTATH ,l(l1CCEPl'AUfill 

I. Paspat50TaHa MeTO,I~rna pacqeTa sqxpeKTHBHblX H3nytraTeJib

Ho8, norJIOlllaTeJibH08 H OTPru;taTSJibHOfi cnoco6HOCTei1 %1qxpy3HOH 

noBepXHOCTH, xapaxTepH3YJO!I\liX ee KaK n;eJibH!IB 061>eKT, ynp01ll8!0-

1llaH 8HaJIH3 nyqHCToro TeITJIOOt5:MeHa 3TOH ITOBepXHOCTH C .zwyrmm 

ITOBepXHOCTRMH. 

2. BBeAeHO ITOH.ffTHe 3KBHBaJieHTHb!X onTHqecKHX CBOHCTB no

BepXHOCTH TeJia, OKpy,KeHHoro CHCTeMOH 11ITJlaB~X11 3KpaHOB, H 

paspat50TBHa MeT0%1Ka pacqeTa 3KBHBaJieHTH11X H3nytraTeJibHOH H 

norJIO!llaTeJibHOH cnocot5HOCTei1 3TOi1 ITOBepXHOCTH, xaprutTepH3YJOII\HX 

TeJIO C 3KpaHaMII B n;eJIOM. 0HH ynporqruoT a.HaJIH3 BJIHHHH.ff 11ITJiaBruo

ll\liX" 3KpaHOB Ha sqxpeKTHBHOCTb TeITJIOH30JI.ffll;lm TeJia. 

3. HccJieAOBaH npon;ec~ 3KpaHHpOBBHH.ff nyqHCTOro TenJioot5-

MeHa B 3aMKHy'rOi1 CHCTeMe-~Byx TeJI, B ycJIOBHHX TenJIOBb!X B03-

Aei1CTBH8 (HarpeBaHHe, OXJIB.lR7\eHHe) Ha 3KpamI H3BHe. &!BeAeHbl 

ypaBHeHH.ff TenJI006MeHa Me~ TSJiaMH H TeMnepaTyp 3KpaHOB. 

4. HCCJI8AOB8Hl,l B03MO)!(HOCTH 11ITJlaBruol!\l1X11 3KpaHOB B 3aMKHy

TOH CHCTeMe nytrHCTOrO TeITJI006MeHa AByx TeJI BHe 30H1! ~epHoro 

H3nytreHH.ff. IloKa3aHO, qTo KOrAa OAffO H3 TeJI 3a.KJII0qeHo B .zwy

roe, TOrAa C YBSJIHqeHHeM tmCJia 3KpaHOB MOiqHOCTI, TeITJI006MeHa 

Me~ HHMII CTPeMHTC.ff K npeAeJiy, OTJIHqffOMY OT HyJIH, BOnpem 

pacnpocTPaHSHHOMY oIIIH6oqaoMY MHemno. 

5. MCCJISAOBam.t B031~0ir.HOCTH 11ITJla.Ba.IaqHX11 3KpaHOB B 30He 

~epHoro H3JiyqeHH.a:. YCTaHOBJieHo, qTO Cyn\eCTBYJOT KpHTHqecKHe 

TOJllllHHa 3KpaHa H tmCJIO 3KpaHOB AJI.ff ABHHl,JX YCJIOBHH o6nyqeHH.a:, 

B!,IJJJS KOTOpb!X 3KpaHbl ABlOT OTpHD;aTeJibHb!H sqxpeKT. 

6. HcCJieAOBaHbl B03M0'1':HOCTH TeHeBIDC 3KpaHOB nptt 381!\HT8 

TeJia OT Hanpa.BJieHHoro TenJIOBoro H3JiyqeHH.ff. YcTaHOBJieHo, qTo 
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npH HaJIHtmH TOJibRO Hanpa.BJieHHoro TeITJIOBoro H3Jiyq8HH.ff (HanpH

Mep, B KOCMOce) B03MOl!tHOCTH TeH8BblX 3KpaHOB H80rpa.Hll'!8HHH • 

7. Paspa60TaH1! M8T0%1KH pacqeTa T8ITJIOilpHTORa K KpHOCHC

TSMe OT ee Brutyy1.rnoro Ko,eyxa B 3oHe ~epHoro H3nyqeHH.a: qepe3 

3KpaH, OXJia~aeMflli HJIII Jm~KHM KpHoareHTOM C TOpn;a, HJIII ll1fPKY

.iillPYJOII\HM rasoo6pa3Hb!M TeITJIOHOCHTSJieM, HJIII napaMH KpHOaI'SHTa, 

a TruoKe TeMIIepaTYPH11X ITOJieH H cpe~x no TSITJIOBOMY H3Jiyqemno 

TeMITepaTyp 3THX 3KpaHOB. 

8. ITpoBe~eH aHaJIH3 npon;ecca KpHOCTaTHpOBaHH.ff o6Jiyqaeuoro 

o6rexTa nocpe~cTBOM ero 06,IzyBa ll1fPKY1IHPYJO!llHM rasoo6pa3HHM 

TeITJIOHOCHTeJieM, OXJIB.lR71aeMHM npe~BapHTSJibHO Jm~KHM KpHOareHTOM 

HJIH B KpHoreHepaTope. Onpe~eJieHbI B03MOJKHOCTH ycoBepmeHCTBOBa

HH.ff KpHOreHHLIX neTeJib C npH~TSJibHO ll1iPKY1IHPYJO!llHM TSITJIOHO

CHTeJieM, a TB.Klit8 pacmHpSHH.ff %1aria30Ha RX B03MOlKHOCTe8. 

9. HccJie~OBaH npon;ecc KpHOCTaTHpoBBHH.ff TSITJIOHOCHTeJI.ff 

JKH~KHM KpHOareHTOM B KpHOreHHOH neTJie n~ paaHI:lX pe;mMa.x ee 

pa60ThI. Paspa6oTaaa npHH1J1fnH:aJibHaH cxeua KpHoreHHofi neTJIH c 

p~OHaJibHhIM H:CITOJib30BBHHeM B03MOlKHOCTe8 :,m~oro KpHOaI'eHTa. 

IO. Paspa6oTBHa, llOCTPOeHa H BHe,IU)eHa KpHOreHHaH ll8TJI.ff C 

KpHOnHeBMonoqToH, ~ruorqaH B03MOll!HOCTb o6nyqeHH.a: B peaxTope 06-

pasn;oB H HX oorpy3KH npH TeMnepaTYPe mt~oro a30Ta, C D;SJibIO 

HCIIHTSHH.ff HJIH HCCJIS'AOBBHH.ff 3THX o6pasn;oB BHe peaxTopa. 3'A8Cb 

ll1fPKYJIHPY1<JI!lH:8 reJIH8 Bf,lllOJIHHeT Ka.It poJib TenJIOHOCHTeJm, Ta.It H --~.... .. . ' 

pOJib pa6oqero rasa nHeBMonoqTH, a ~it MOT - KpHOB.i'SHTa. 

II. Paspa6oTam.r, nocTPOeHH H BHe.zweHH KpHoreHHcie neTJIH 

'AJI.ff BHyTpHp8B.KTOpH!,!X HCITh!TBHHil H HCCJie'AOBaHHil MaTepHaJIOB B 
; 

~anasoHe T8MnepaTyp 80-300 K, c ynpaBJI.ffeMHM 6ecccyneaqaTLJM 

H3M8HeHH8M TeMnepaTyphI B 3TOM ~anasoHe. 3TH ll8TJIH HM8IOT Bep-
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THRaJIJ,mnl RpHORaHaJI, B HHX Ta.roite HCilOJll,3YJOTCR re.mrf'l H 8.30T. 

I2. Pa.spa60TaHa, IlOCTpOeHa H BHe)U)eHa RpHOreHHM neTJIR C 

RpHoreHepaTOpOM (K-2, XI'Y 500/15), OXJia.Jl\l];8IOII\llM l.l;lipey.mrpyrorqnf'l 

re.mrli, np8'AffB.3Ha'ti:eHHM ,IIJIIl BHyrpHpeanopHh!X HCilbITaHHli H HC

CJie,IIOBaHHfi MaT_epHaJIOB B ,I1Hana.s0He TeMIIepaTyp I0-80 K. Pa.spa6o

TaH H IlOCTp08H T8IlJI006MeHHHH annapaT Ha lKlf,IIROM B.30Te, BRJIIOqe

HHe ROTOporo B ROHTyp 3TOH neTJIH napa.JIJieJibHO C RpHOreHepaTO

pOM ,IlaCT B03MOlKHOCTb OXJI~eHHR o6~aeMoro 06'b8RTa B ,IlHa!la-

30He I0-300 K, C IlJia.BmlM ynpaBJIReMb!M H3MeHeHHeM TeMIIepaTypbI. 

I3. IlpoBe,I1eH aHa.mrs npouecca OXJia.Ji'iileHHR o6~aeMoro 06~

exTa D,IIRHM RpHOareHTOM, RaR OMbIB8IOII\llM ero Henocpe,IICTBeHHo, 

TaR H OXJI~aIOJI\HM qepes ra.sOBYJO cpe,ey HJIH MeTa.rrJIHqecRHM Ten

JionpOBO'AHJ.iR. Pa.spa60Tam1 Me!~.IlHRH pacqeTa 3TIDC CHCTeM C onpe

,IleJieHHeM TeMIIepaTypHoro noiR H pacxo.r1a EJIJ,IIROro RpHoareHTa. 

. llsyqeHU B03MOlKHOCTH pB.3JIHtnillX cnoco6oB IlO,IlaqJ.i lm,IIROro RpHO

areHTa B soey ~epHoro Hs~eHHR. 

I4. llcCJie,IIOBaH HeCTal.l;liOHapmnl npouecc 3aJIHBRH lKlf,IIROro 

RpHOareHTa B 30Hy ~epHoro H3JtytleHHR, Onpe,IleJieH ee OilTHMMb-

~ pelK!fM IlpH IlOCTORHHOf;i TenJIOBOli Harpysxe OT o6~eHHR. 

I5. IlORB.3aHO, qTo IlpH 3HaqJ.iTeJi:bHh!X TenJIOBbIX Harpysxax OT 

~epHoro H3~eHHH"TeIIJIOnpHTOR R JK!f'AROMy RpHoareHTY H3BHe 

IlpaRTHtreCRH IlOJIHOCTbID MOlKHO HCRJI!OqJ.iTb IIpH IlOMOiljH napoB 3TOro 

RpHOareHTa, OXJia.Jl\l];M HMH 3Rpalru:, IIO,IIBeCRH H T. ,It. · 

16. Pa.spa60TBH, IlOCTpOeH H BHe)U)eH peaRTOp~ RpHORaHM, 

B ROTOpOM o6~aer.rua 6epHJIJIHeBUli <plfJll,Tp HeHTpOHOB OXJia.Jl\l];aeT

CH mf,ItRHM a30TOM qepe3 MeTaJIJrnqecma TenJIOIIpOBO'AHJ.iR H3BHe. 

I?. Paspa60T8H H CTpOHTCH RpHORa.HaJI, B ROTOpOM CBepxrrpo

BO,ItHHR 6Y,IteT o6~aTbCR IlpH TeMIIepaType lKlf,ItROro reJIJ>JR, a 06-
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Jiyt!eHID:la o6pa.seu 6y,I1eT HCCJie,IIOBaTbCH BHe peaRTOpa B M8rHHTHOM 

IIOJie IIpH TeMIIepaTypax 1rJ1'AROrO re.mijI H Bblllle. 

IS. Paspa60TaH H CTpOHTCH RpHORaHaJI C JKH,ItRHM re.mreM B 

soHe peaRTopHoro Hs~eHHH. 3xpaH RpHORaHaJia, OXJia.Jl\l];aeMUH m

XO,II.IIII!HMH HS Hero rrapaMH re.mrH, O'AffOBpeMeHHo mmoJIHReT po.mr 

IIO,IIBeCRH RpHORaHa.n:a H RpHOTpy6onpoBO,ItOB ,ItJIH BbIBO,rta rrapoB re

JIHH H3 Hero. Pa.spa60T8Ha MeTO,IlHRa TeIIJIOBOro pacqeTa CHCTeMbl. 

I9. Pa.spa6oTaHa, nocTpoeHa H BHe)U)eHa MHRpOM8lIIHHa ,rtJIR 

BHyTpHperutTOpHbIX HCilhlTaHHH MaTepHaJIOB Ha paCTm:teHHe IlpH RpHO

reHID:lX T8MIIepaTypax, ROTOpM He HMeeT IIpHHl.l;linHMbHOro orpaIDt

qeHHR qJ.iCJia wcnhlTaHHb!X o6pasuoB. 06pas!Jp[ .B soey o6~eHHH no

,IlaIOTCH H3BHe, He HapymM peiKl-!MOB pa60TbI peaRTopa H RpHOreHHoa 

neTJIH. IlpH HCilhlTaHHH o6pa.sua 3a!lHCUBaeTCH ,IlHarpaMMa "Harpysxa 

-,rtecpopMal.l;liH". llcnuTaHHUe o6pa.su,u co6HpaIOTCH B 6YHRep, ROTOpuf;i 

IIOCJie 3artOJIHeHHH pasrpy,KaeTM ,IlHCTaHl.l;liOHHO. 

20. Pa.spa60TaHa, . nocTpoeHa H BHe)U)eHa MHRpOM8II!HHa ,IIJIR 

HCilhlTaHHR o6Jiyqemmx o6p8.3UOB Ha paCTJillteHHe BHe peaRTOpa, c 

CHCTeMOH rreperpysRH o6pa3UOB 6e3 IIO,IIOrpeBa H3 RpHORaHaJia pe

aRTOpa B RpHOCTaT C MHRpOM8llllfHOf'l. 

2I. Paspa6oTaHa, IIOCTpOeHa H BHe,I1peHa YCTa.HOBRa ,IIJIIl• 

BHyTpHpeaRTOPHiiIX HJIH IlOCJiepeaRTOpHhlX HCilbITaIDtfi o6pasuoB Ha 

MaJIOl.l;liRJI5'-l3YIO YCTaJIOCTb IlpH RpHOreHHUX TeMIIepaTypax, C B03MOH;-

HOCTHMH iisMeHeHHR RaR BpeMeHHoro paCRJia,JJ;a l.l;liRJia, TaR H ypOBHH 

Harpy,KeHHH o6pasua B lllHpoxoM ,I1Hanas0He, a TaIOKe nocJie,eyIO!l\ero 

HCilbITaHHH, o6pa.sua Ha paCTJillteHHe. IlpH HCilbITaHHH o6pasua Ha yc

TaJIOCTb sarmCbIBaIOTCH ,IlHarpaMMU "Harpysxa-BpeMH" H ".r1ecpopM81.\HR 

-Bpeim", a npu HCilbITaHHH Ha pacTIDKeHHe - "Harpysxa-.r1e1popMal.l;liH". 

22. Paspa60Ta.Ha, IIOCTpOeHa H ucmrTaHa ycTaHOBRa ,IIJIR 06-
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;cyqemur B RpRORaHaJie peaRTOpa Mexrurutiecm Hanpror.emrux 06pa2-

l\OB n ,D;JIJi RX noCJie,eyiaqero HCITh!TaIDfJi Ha paCTIDKeHRe. 0,a;HOBpe

MeHHO 06.nyttaIOTCJi meCTb o6pa31\0B, TPR R3 ROTOpHX Harpy;:<e!-I!,!. 

23. Pa2pa60TaHa, nocTpoeHa H BHe,a;peHa RpRoreHHM RaMepa 

,D;JIJi peHTreHOC'!'pYRTYPHHX liCCJie,D;OBaHRH 06.nyttemrux o6pa31\0B B 

~ana30He TeMnepaTyp 80-300 K, ROTOpHe li3 RplIORaHaJia peaRTOpa 

B RaMepy neperpYJIWlOTCJi npR noMOII\R RpROROHT9HHepa 6e3 no,a;orpe

Ba. B RpROROHTellirepe n RaMepe RCnOJib3yeTCJi lllli,D;Rl!H a30T. 

24. Pa2pa60TaHa, nocTpOeHa R BHe,a;peHa RpHOreHHM RaMepa 

,D;JIJi peHTreHOCTpYRTYPHblX RCCJI9,D;OBamtH M9XaHRtl9CRR HanpIDKeHH!,lX 

_ MaTep:Ha.JIOB B ~anasoHe TeMnepaTyp 80-30() K. B R&mpe o6pasel\ 

Harpyi;taeTCJi paCTJirRB8IOII\RM yCHJIHeM, ypOB9Hb_ROTOporo MOlKHO H3-

M9HJiTb B l!MpOROM ~ana30He. 
.< 

25. Paspa60TaHa, nOCTpOeHa li BHe~eHa ycTaHOBRa ,D;JIJi HC-

CJie,a;OBaHRJi 3q)q)9KTa BaymnHrepa B Kp:HOKaHaJ.19 peaRTOpa. qeThipe 

o6pa31\a ucCJie,a;yroTCJi HJIH no cxeMe CJmTHe-paCTIDKeHRe, HJIH no 

cxeMe pacTmr.eHRe-c~aTHe. 

26. Pa2pa60TBHH, noCTpOeHhI R BHe~emr YCTaHOBRR ,D;JIJi pe-

3:HCTHBHHX liCCJIS,D;OBaHRH MeXaHRtlSCRl! HanpH:KeHHIDC MaTepRMOB B 

RpHOKaHaJ.16 peaRTOpa. B 0,D;HOH yCTaHOBKe o6pa3el\ paCTSIT'l!BaeTCJi, 

a BO BTopoti - CJKnMaeTCH. C Harpy,,:eHHoro R cBo6o~oro o6pa31\0B 

CHRMBJOTCJi 3a.BRCHMOCTH 3JieR'!'pOCOilpOTHBJieHRJi OT ,D;03l,l 06JiytISHRJi, 

.n8lOl!lRe l\emme CBe,a;eHRH o pa,IJ;lrn.ll;Homrux sqxpeKTax B MaTep:Ha.Jie. 
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