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H3AATEAbCTBO «HAYl-lTEXAHTH3AAT» roTOBHT K BbtnYCKY 8 2004 r. 

KATAAOr 
«nPHEOPbl H CPEACTBA ABTOMATH3AUHH» 

(B BOCbMH TOMax) 

Beeb crreKTp rrpH60pOB H cpe,D;CTB aBTOMaTH3aI.l,HH co6paH B rpynllhl no H3MepJieMbIM rrapaMeT­

paM 11 pa3Mern;eHhI B cneuyrorn;nx TOMax: 

1. npM60pbl AJlff MJMepeHMff TeMnepa,ypbl. 

2. npM6opbl AJ'lff MJMepeHMff A3Bfl8HMff, nepenaAa A3Bfl8HHff H pa3pe>KeHMff. 

3. npM60pbl AJ'lff MJMepeHMff paCXOA3 >KMAKOCTM, raJa, napa M CblnYlfHX cpeA, 

4. npM60pbl AJ'ISI MJMepeHMff ypOBHff. 

5. npM60pbl AJ'ISI onpeAeneHMff COCTaea M CBOMCTB ee~eCTB. 

6. npM60pbl OT06pa>KeHMff MH<IJOpM34MM (BTOpHlfHble npH60pb1: nOT8H4MOM8Tpb1, MOCTbl, 3fl8KTpO­

M3MepMT8flbHble npi.t60pbl Ill AP,), 

7. PerynHTOpbl, perynr.tpyto~Me ycTpOHCTBa 3neKTpM'18CKMe, nHeBM3TM'f8CKMe, A3T'IIIIKM-pene, CMr­

H3flM33TOpb1. 

8. nporpaMMHo-norMlf8CKlll8 KOHTponnepbl (nJlK) M nporpaMMHO-T8XHM'l8CKHe KOMnneKCbl (nTK). 

KaTaJJOr BKJllOYaeT B ce6si 1rncpopMaU1-UO no cepHHHblM np116opaM, BbmycKaeMblM npe.n.npHS!THSIMl1-

113fOTOBITTeJJSIMH OTeL!eCTBeHHOro H 3apy6e)l<HOro npOH3BO,D.CTBa. 

vlHcpOpMaum1 no np116opaM, npe,UCTaBJTeHHasi B Kanurnre. paCCL!HTaHa Ha cneUHaJIHCTOB, 3aHSITblX pa3pa-

60TKOH, npOH3BOJlCTBOM H 3KCrmyaTauHeH npH6opHOH npo.uyKUHH H cpe.ucrn aBTOMaTH3aUHH. Ka1a10r co­

CTaBJJeH Ha OCHOBaHHH HOMe11KJ1arypHblX nepeL!HeH no COCTOSIHHIO Ha 31 .12.2003 r. H KaTaJlO)l(HblX om,ca­

HHH 3aBO,UOB-H3fOTOBl1TeneH 11 npe.unonaraeT e)KefOJlHOe o6HOBJleHHe. 
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T11pa)I( I 000 3K3., cpopMaT H3,UaHHSI 60x88 1/8. 
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11.(ee BpeMSI YTOL!HSleTCSI 11 6yneT ony6nHKOBaHa nononmneJJbHO. 
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BhlIIYCKH " ,[(HHaMHK.a H 6e3onaCHOCTI, j{J).epHbIX :rnepreTwqecKHX ycTaHOBOK" no,uroTaBJIHBaJOTCj{ 
HliH MexaHHKH HIDKeropOJJ.CKOrO rocy.[{apcTBeHH0r0 )'HHBepc11TeTa 
603950, llinKHHH HoBropoJJ., fCil-1000, npocrreKT farapHHa, 23, K. 6 

Pe)].aKtlHOHHMI KOJIJierHH cepHH: 

A.IO. farapHHCKHH (rnaBRblH peJJ.aKTOp), 
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B.B. fie3nenKHH, C.H. EorAaH, A.,l.l EcpaHOB, 0.£. l<Jio'IKOB, A.H. KonecHHKOB, A.C. KoprnyHos, 
A.E. Kporn.HJI11H, 3.C. KyponaTeHKO, C.,Z:{. Mamarn (rn. pe.uaKTop), B.M. Max1rn, O.H. MeJTHXoB, 
B.B. TT<Jemrn (om. ceKpernpb BhmycKa), E.<I>. Ca6aes, JJ.B. CMHpttos (3aM. rn. peAaKTopa), 
B.TT. Conosbes, B.TT. CnaccKOB, B.<I>. CTpIDKos, B.<I>. ToKapeHKo, H.B. llzyKHH, K.11 . .5!Kosnes 

B BblnycKax ",[l;HHaMHKa 11 6e3onacHOCTb MepHbIX :mepren11-:1eCK11X ycTaHOBOK" ny6nl1KYJOTC51 MaTepHMbl 
no cneJzyIDtnHM sonpocaM: 
- MaTeMaTHtiecKoe Mo.uen11posam1e .u1rnaM1-1'leCKHX npoueccoB B Jl3Y 11 HX :meMeHTax; 
- pe3ynhTaTbl 3KCnepHMeHTOB no ycTOH'IHBOCTH CTau11OHapHblX npoueccos 11 o6ocHOBamuo 

MaTeMarnCJecKHX Mo.neneH 5f3Y ; 
- pac'l.eTHb1e 11ccne.uosrurn51 ynpasneHH51, nepexoAHblX 11 asapHHHbIX npoueccos; 
- pactJ:eTHble HCCJie)lOBaIDUI ycTOH"LJ:HBOCTH CTaU11OHapHblX pe)Kl1MOB JI3Y ; 
- .u11arHOCTKKa Cl1CTeM H o6opy,uosatIH51 5l3Y; 
- on11caH.H51 11 aHHOTal(HH nporpaMM paC'!eTOB .D.HHaMMKH H 3KCnepHMeHTMbHblX 11ccne.nosaH11H; 
- pac'leTHO-TeopeTH'!ecKoe 06ocHosaH11e pa60Tocnoco6t1ocT11 H pecypca 06opy,uosaHHJ1 Jl3Y. 

The issues of "Dynamics and Safety of Nuclear Power Plants" contain information 
on the following subjects: 
- mathematical simulation of dynamic processes in NPP and their components; 
- experimental results on the stability of stationary processes and substantiation 

of mathematical models of the NPP dynamics; 
- computational analysis of controlling the transient and emergency processes; 
- computational analysis of stability of NPP's stationary modes; 
- diagnostics of NPP's equipment and systems; 
- description and summaries of programs for dynamic analysis and experimental studies; 
- computational and theoretical substantiation of serviceability and resource of the NPP equipment. 

© Pocc11ficKHH uay'IHblH l\CHTP "Kyp'laTOBCKHH HHCTHTYT", 2003 



AHHAMHKA H YnPABnEHHE 

Y)J.K 621.039.514 

IIMIIYJJbCHbie CTOXaCTHqecKHe peJKHMbl pa60Tbl KHIUIUJ.HX peaKTopoB
1 

H. C. llocmuu«.oa, 
HHM MeXaIDIKH HIDKeropo.n.cKoro rocymrnepcwnrra, 603950, H.Hosropo.n., np. farapHHa, 23, K. 6 

11ccneJzyIDTCR aBTOKOne6aTenbHbre pe)l(HMbl pa60Thl BO.LJ.0-BOJU[HblX KHnRJUHX peaKTOpOB C ecTeCTBeHHOA UHPKYJIR­
UHei-1 TermoHocHTeJIR, KOTopwe peamoyioTcR rrpH cymecTBeHHOM yrny6nemrn napaMeTPOB peaKTopa B o6naCTb Heyc­
ToA•mBoCTH CTalOIOHapaoro pe)l(HMa. 

PULSE STOCHASTIC OPERATION REGIMES OF BOILING REACTORS. N. S. POSTNIKOV. Aulo­
oscillation operation regimes of natural circulation boiling reactors realized under substanlial reactor paramelers depres­
sion into instability region of stationary regime are investigated. 

B pa6oTax [l - 3] BblJIBneHbl HOBble aBTOKOJie6a­

TeJibHble pe)KRMbl pa60Tbl SI.D.epHblX perucropos - HM­

nyJihCHble CTOXaCTWJecKHe pe)KHMbl. OHH COCTOJIT a 

TOM, 'lT0 s peaKTope qepe3 cnyqaHHble rrp0Me)io/I'K11 

speMeHH np0HCXO.D.SIT HeHTpOHHhie BCflbll.IIKJ,I cny­

qaifHoH HHTeHCH.BHOCTH, a Me)KJJ.)' HHMH IUIOTHOCTh 

HeH-rpOHOB KOJie6neTCH Ha HH3K0M ypostte. Onpe.n.e­

neHhl ycn0Bllil H MexaHH3Mbl B03HHKHOBeHHH HM­

nynbCHblX CTOXaCTWieCKHX pe)KHMOB. YKa3aHo, '{TO 

3TH pe)K.HMbl MOryT peaml30B3TbCH 3a cqeT .n.eikTBIDI 

OTPHllaTeJibHbtx flJJOTHOCTHblX 06panu,1x CBSl3ett, 

np11cymHX pa3JIH'IHI,IM TlillaM peaKTOpos, B l:faCTHO­

CTH, B peaKTopax C fa3006pa3HblM SI.D.epHblM TOITJJH­

BOM [2 - 5) H s II.lHpOKO pacnpoc-rpaHeHHbIX Kopnyc­

Hbtx 80.D.O-BO.D.JIHblX KHITJIW.ID< perucropa.x. [2, 3, 5]. 
B HaCTOH!l.\eH pa60Te HCCne.n.oaaHHe HMflYJl.hCHblX 

CTOX3CTJ-RecKHX pe>KHMOB B KHITJil.l.(HX perucropax 

npOBO.D.HTCSI B paMKax MO,l1.eJJH, KOTOpaJI He npeTeH­

.n.yeT Ha .D.eTaJihHOe KOJJHl{eCTBeHHOe OilHCaHHe .D.H­

HaMH"leCKHX npo1.1ecc0B, HO xoporno OITHChIBaeT Me­

xaHH3Mbl, c1.1ettapHH H KaqecTBeHHble oco6eH1-IOCTH 

HMnyJibCHOro xaoca B KITTU!ll(HX peaKTopa:x. 

AKTHBttyIO 3ouy perucropa a1,1coroi% H H cne.n.yio­

mirn 3a HHM TilrOBbl.H Yl:faCTOK BbICOTOH Hi rrpe.n.CTa­

BHM B BH.D.e O.D.Horo 3KBHBaJieHTHOro Kattana. TeIIJIOHO­

CHTeJib C 3a.D.3HHOH 3HTaJihmleH Ha sxo.n.e B Kattan Ha­

rpeaaeTCH, npoxo.D.JI no Katta.rry, nocpeJJ.CTBOM TeITJJone­

pe.n.al{H OT TB3JIOB, pacnoJJO)KeHHblX BHyrpH KaHana. B 
npe.n.rmno>Kemrn, "!To nepena.n. .n.aBJieHIDI ua Kattane 

Man no cpaBHemno c 3aJJ.aHI-10H seJJH'lliHOH .n.aaneHHJI 

Ha BblXO,ll.e Kattana, KOTOpyio 6y.n.eM Cl:fHTaTb nOCTOJIH­

HOH, a npoCKanb3bIBaHHe q>a3 OTCyrcTByer, ypasHeHIDI 

coxpatteHIDI :meprnH H Hepa3pbl13HOCTH .l1.JlJl paBHOBec­

HOH napoB0.MHOH cMecH 3alllillleM s BH.D.e: 

auat+uai/az=qv;i(O,t)=i0 ; (1) 

au loz=qov/oi, (2) 

r.n.e i, u, V - 3HTaJJhnHSI, CKOpOCTb 11 y.n.enbHblH 06'beM 

napoBO,ll.JIHOH CMeCH, CO0TBeTCTBeHHo; q - y.n.en bHhlH 

(Ha e.n.HHHLIY o6'beMa TenJIOHOCHTem1) TeTIJJOBOH no­

TOK B TenJJ0HOCHTeJib; io - 3HTaJlbnHSI TeTIJJ0HOCHTe­

JlSI 11a axo.n.e s perucrop, KOTopyio C'IHTaeM nocTOSIH­

ttoii ; z, t - rrpoc-rpaHCTBeHHaJI K00p,llHHaTa H apeMH, 

cooTsercTseHHo; z E [O, H + H 1] ; TO'lKa H cooTBeT­

cTByeT KOHLIY aKTHBHOH 30HbI H Hal.fany rnrosoro 

yi-racTKa; TO'lKa H + H1 - 3To KOHell Tl!rosoro yl.facT­

Ka, H3XO.l1.Slll.(HHCH Ha ypoBHe nepem-1.BHblX 0KOH. 

y .n.eJJbHblH o6'beM TeTIJJOHOCHTem1 Cl.fHTaeM 3aBH­

CSIIUHM T0JibKO OT 3HTaJlbTIHH: 

v(i)-
. {v' np11 i<i'; 

- v'+(v'-v')(i-i')!(i"- i') np11 i>i', 
(3) 

., ·" , ,, 
r.n.e ! , ! , V, V - COOTBeTCTBeHHO 3HTaJJbCTIDI 80.D.bl H 

napa ),f y.n.eJTbHbIH o6'heM BO.D.bl 11 napa Ha JJHHHH Ha­

CbnneHHR npH HeKOTOpOM q>HKCHpOBaHHOM .n.asne­

HHH Po. O6-beMHOe napoco.n.ep)KaHHe cp a aKTHBHOH 

30He 3aITHllleM B BH,ll.e 

cp=(v' /v)(v-v')/(v ... -v'). (4) 

KpaeBhlM ycnoa11eM no CKOpOCTH TenJJ0HOCHTeJIJI 

K ypasttemt.JIM (I), (2) SIBJIJieTCJI ypasHeHHe K0JIH'le­

CTBa .D.BH)KeHJ-UI, npoHHTerpHposaHHoe no .n.n11He Ka­

Hana: 

dld{r+H, (ulv)dz]+u2 /vl:+H, + 

(5) 

3.n.ecb gz - npoeKL11-U1 ycKopeHJ,fj! CHJJbJ Tj!)Kecn1 Ha 

HanpasneHHe l\llpKynS!lUffl TenJIOHOCHTeM; "-T - K0-

3qlqJHQ11eHT rHL(pasnHl:feCKOro conpoTHBJieHI-UI" Pax , 
p BblX - COOTBeTCTBeHHO .n.asJJeHHJI Ha axo.n.e B KaHaJJ (z 
= 0) H Bbtxo.n.e 113 KaHana (z = H + H1)- PaccMaTµH­

BaJI 3aMKHYfbIH KOHTYP llHPKYJij!l\HH TennoHocHTeJJH, 

BKJJIOl.faIOl.l.(HH orrycKHOH yl.faCTOK OT nepeJIHBHblX 

1 Pa60T3 noMep)l(aHa rpaHTOM P<I><I>l1 (npoeKT 03-02-16056) 
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OKOH (z = H + Hi) )J,0 BXOJJ,a B peaKTOp (z = 0), onpe­

JJ,eJlKM Pax - Pa"'x KaJC JJ,aBJleirne, C03JJ,asaeMoe CTOJ1-

60M BOJJ,bl B onycKHOM y,:iaCTKe 

P.. - P.bfX =(H + H 1 )g /v'. (6) 
I r H+H1 

BemPn-rHa P.u=(H+H1)g, lv-Jo (g,Jv)dz 

onpeJJ,ellileT Hanop ecTecTBe1-rnoH 1..u-rpKyJUIIUfH. 

YpasHeHIDI (1), (2), (5) npeJJ,CTasmnoT CHCTeMY 

ypaBHeIDlH HHTerpa.rrbHOH MOJJ,eJlH KOJlHI.JeCTBa JJ,BH­

)l(eHJ-UI, umpOKO HCITOJih3yeMYJ-O npH paccie-rax KH­

llilIUHX peaKTopoB [ 6, 7]. 
TeITJlOBOH ITOTOK B TennOHOCHTeJlb onpeJJ,eJIHM 113 

COOTHOIDeHlrn 

q- TT- , I (7) 
-{a.(Tr-7'.,) npH ze[O,H]; -{(i!i')T' rrp11 i<i'; 

0 rrpH ze[H,H+H1]; T npii i>i; 

cJT/dt=(J)-y(Tr -TT); <l>(z, t)=A N (t) sin (nz/H), (8) 

r.ne TT - TeMnepaTypa TennoHOCHTem1; Tr - cpe.n­

H.11.11 no ceqemuo TB3na TeMnepaTypa rop101Iero; T' 
- TeMnepaTypa BOJJ,bl Ha JTHHHH HaCbl{UeHH.11; a= ao 

I ST; ao - K03cpqnn.111eHT Teru10nepeJJ,a1.J11 Ha e.n1rn11-

uy JJ,JlHHbI aKTHBHOH 30HbI; ST - npoxo.n.ttoe ce1Ie­

H11e TenJTOHOCl1Tem1; l / y - ITOCTO.IIHHaH BpeMeH11 

nporpesa Tonn11sa; y = aoH/crmr; er • mr -
TenJTOeMKOCTb 11 Macca Tonmrna, COOTBeTCTBeHHO; 

<l>(z, t) - ITJTOTHOCTb TeTTJTOBbI,!].eJTeHHJI B peaKTOpe; 

A = canst; N(t) nnoTHOCTb tteiiTpOHOB, 

113MeHem,e KOTOpOH 6y.n.eM OITl1CbIBaTb TOlJelJHbIMl1 

ypaBHeHH.IIMH Kl1HeTl1KH: 

ldN!dt=Nok+ 

"'"' + Li,=
1 
'A.,C, -~N; dC/dt=- A,C, +~1N; i=[l,m]; 

ok={r [-ar(T/I'o-l)-a0 cp] sin 2
(1tz/H)dz }1 

1{( sin2 (rtz/H)dz}+ok0 (t). 

(9) 

(10) 

3JJ,ech l - speMJJ )KH3Hl1 HeHTpoHos; C;(t) - KOH­

u.eHTpauHJJ JJJJ.ep-H3JTY'-laTeneii 3aTia3JJ.bIBalOI.l.\11X Heii­

Tpottos i-011 rpynm,1; m - C{J,!CJlO rpynn ; A;> O - no­

CTO.IIHH.ble pacna.n.a 3THX .IIJJ,ep; f3; > 0 - OTHOCHTeJTb­

HhlH BblXOJ( 3anaJ,!l.b1Ba!Oll{HX ttewrpoHOB B pe3ynhTa-

Te aKTa .n.eJTeHHH; ~= r;~.~ I ; ok - peaKTHBHOCTb, 

3aBHc.11ma.11 OT TeMneparypbI Tonmrna Tr / To 
( T0 =T'i0 Ii' - TeMneparypa rennoHOCHTeJTJI Ha sxo-

JJ,e) 11 o6'beMHoro napoco.n.ep)KaHID! q> B aKTHBHOH 

30tte; ar > 0, an> 0 - TeMneparypHblH H naposoi-i 

K03cpcp11u.HeHTbl peaICTHBHOCTH, COOTBeTCTBeHHO; 

of<o(t) - BHemttee H3MeHeHHe peaKTHBHOCTH. 

PaccMaTµHBaJlOCb Ha'-!aJibHOe COCTO.IIHHe, npH KO­

TOpOM peaKTop KpHTH~eH npH ttyJieBOM ypostte 

MOI.I.\HOCTH, aKTHBHa.11 30Ha H T.llrOBbJH y,:iacTOK 3a­

J111Tbl BOJ(OH, a TenJTOHOCHTeJTb He JJ,811)l(eTC.II H3-3a 

OTC)'TCTBIUI Hanopa ecTecTBeHHOH UHpKynHU.HH. Ta-

4 

KOMJ COCTOJIHHIO B MOJJ,eJlH ( 1) - (} 0) COOTBeTCTB)'IOT 

napaMeTµhl 11 Ha'-!aJibHble ycJlOBIDI BH,Aa: 

Tr(z,0) =Tr(z,O)=T0 npH ZE[0,H]; i(z,0)=i0 

H q>(z,O)=u(z, 0)=0 np11 zE [0, H + H 1 ]; (11) 

ok(0)=ok0 (0)=N(0)=C,(0)=0. (12) 

qHCJieHHO HCCJleJJ,OBaJlHCb ycTaHOBH.BlllHeCJI ,!l.BH­

)l(eIDIJI s CHCTeMe (1) - (12) npH Me.n.neHHOM cryneH­

'-laTOM yseJIH'-leHIDI oko : 
oko(t)=koj npH •oU-l)<t<'toj, j=l,2, ... ,M. (13) 

3.n.ecb 'to - speMJI, B Te'-!eHHe KOTOporo 0ko He Me­

HJ!eTCH; ko - JJ,OCTaTOl£HO Maila.11 senwuma, Ha KOTO­

p)'IO CKa'-IKOM MeHJ!eTCJI oko; M - l(),ICJIO crynetteii; 

'to/Vl - o6mee speMH H3MeHeHID! 8k0; koM - cyMMap­

Hoe 113MeHeHHe peaKTHBIIOCTl1. 

EcJTH 8k0 > 0, TO peaKTop .11BJ1.11eTc.11 KpHT111.JeCKHM 

npH HettyJTeBOM ypoBHe MOIUHOCTH No> 0. C pocTOM 

oko(t) pacTeT H CTauHOHapHa.11 ITJlOTHOCTb HeHTpOHOB 

N0(ok0). Ysen11qem1e MOIUHOCTH peaKTopa o6ecne­

'-1HsaeT pocT TeMneparypbI ropIOt.Jero 11 napoco.n.ep­

)KaHH.11 B aKTHBHOH 30He, Heo6XOJJ.HMblM ,!].J1JI Toro, 

'-IT06bI CKOMneHCHposaTb BBOJJ.11MYIO B COOTBeTCTBHH 

c (13) nonO)KHTeJI1>ttyIO peaKTHBHOCTb. CHa'-lana 

KOMTieHCaUHJI ocymecTBJl.lleTCJI TOJlhKO 3a CYeT OTpH­

uaTeJlbHOro TeMTieparypHoro 3cj>cj>eKTa peaKTHBHO­

CTH, a 3aTeM, KOr.na 3HTaJlbITHJI Ha BbIXO,Ae peaKTopa 

npeBblCHT 3Ha'-!eHHe i', KOMDeHC8U,lf.ll ITOJ10)1{11TeJ1b­

HOH peaKTHBHOCTH npOHCXOJJ,HT B OCHOBHOM 3a C'-leT 

yseJIH'-leHHJI napocoJJ,ep)KaHHJI B aKTHBHOH 30He. 

Hp11 MaJlblX 3Ha'-lemuix Oko(t) > 0 CTaUHOHapHbIH 

pe)l(HM peaKTopa ycTOH'-IHB. Ilo3TOMY, pacc1.JHTbJBa.11 

nepeXOJJ.Hble npou.ecCbl s CHCTeMe (I) - ( 12) npH 

Me,D,JieHHOM ysenH'-leHHH Oko, MO)KHO TIOJI)"-IHTb 3aBH­

CHMOCTb CTal(HOHapHOM MOD.{HOCTH peaKTopa No OT 

napaMeTpa oko > 0. IlpoaeJJ,eHHhie pac1.JeTbI no.n.TBep­

JJ.HJ111 H3BeCTHbIH BblBO,!J. 0 TOM, I.JTO np11 JJ,OCTH)KeHJ,fH 

KITTU!ll{HM peaKTopOM ,!l.OCTaTOl(HO 60JThillOro ypOBWI 

MOLUHOCTl1 (JJ.OCTaTO'-IHO 6oJibll!Oro o6beMHOro napo­

COJJ,ep)l(aHHJI B aKTHBHOH 30He) CTau.HoHapHbl.H pe­

)l(HM peaKTopa CTaHOBHTCJI HeycTOH~HBbIM. <I>HKCH-

py.11 3Ha'-!eHHe ok~ , ITOCJTe KOTOporo HalJHHa!OTCJI KO­

ne6aHHJI TIJlOTHOCTH HeRTpOHOB, onpe.n.enHM Kp11TH­

'leCKOe no ycJ10Bl1JO YCTOH'-IHBOCTH 3Ha1.JeH11e MOIU-

HOCTH peaKTopa N~ . TaKOH MeTO.D. )],JUI onpe.n.e11eHHJ1 

rpaHHll,bl 06J1aCTH ycTOH'-IHBOCTH KHITJ11..Uero peaKTo­

pa pa3BHT s pa6oTax [8, 9]. 
ITposeJJ,eHHhle pac'-leTbl TIOKa3aJ1H, '-!TO B CJTY'-lae, 

KOrJJ,a napaMeTµ Oko He3Ha'-!HTeJlbHO npeBOCXOJJ,HT 

ok~ , ycTaHOBHBlllHMHC.11 JJ.BIDKeHHJIMH B peaKTOpe 

.IIBJlj{IOTCJI nepHO,!l.11'-leCKHe aBTOKOJie6aHHJI. 3-ro co­

rnacyeTCJI C pe3ynhTaTaMH HMelOI.I.\HXC.11 pa6oT no 

tteJ1HHei1Hoi1 JJ.llliaMl-tKe KHITJILUHX peaKTopos. TTe­

pHOJJ.H'lecKHe aBTOKOJ1e6amu1, B03HHKa!O{UHe B Kl1-

ITJ!ll!HX peaKTopax npH nepece1.Jea1111 napaMeTµaM11 



rpaHJilU,I 06nacn1 YCTOH'IHBOCTH CTaUHOHapttoro 

pe)KJ,fMa, HCCJieJ.(OBamtcb KaK Teopenfl-feCKH, TaK H 

3KCnepHMeHTanbHO [8 - 15]. C.nenaHbl BbrBOJ.(bl 0 

803MO>KHOCTH 3KcnnyaTaUHH KHDIDQHX peaKTopoB B 

aBTOKOJie6aTeJII,HblX nepHOJ.(H'IeCKHX pe)KHMax, ecm1 

napaMe-rpbI peaKTopa JJe)l(aT e6mrm rpaH.Hl.(bl o6nac­

TH YCTOH'IBBOCTH (11, 12]. 
EoJlbUJOH Teopen1qecKHH H npaKTHt:fecKHi1 .HHTe­

pec npe,ACTaBJUleT eonpoc, Ka.IC.He pe)l(HMJ,I peaIDi3y­

lOTC» B KHIDIU:{HX peaKTopax npH cymecTBeHHOM yr­
ny6nemrn HX napaMeTpOB B o6naCTb HeycTOH'IHBO­

CTH, T.e. B cnyqrurx, Kor.na CT8UHOHapm1e MOIUHOCTb 

peaKTopa H napoco.nep)Kam1e B aKTHBHOH 30He cy­

mecrneHHO npeeocxo.n.siT HX KpHn1qecKHe no ycno­

BIDO YCTOH'I.HBOCTH 3Hat:feHHJI. 

JTOT BOnpoc 3aTpOttyT B pa6oTe [12], HO J.(8.III,• 

Hei:irnero pa3BHTID1 pe3yJibT8Tbl pa60Tbl (12] He no­

JJy'lliJJ11. B CTaTbe [12] AJUJ OTIHCaHIDl H3MeHeHID1 

nnoTHOCTH HewrpOH0B HCTIOnb30BaHbJ TO'Ie'IHble 

ypaBHeHIDI KHHeTHKH (9), 3am1caHHhie J.(JIR BeJIHLJ:H· 

Hbl n = (N - N0)/No (No - CTaUHOHapttoe 3Hal.feHHe 

TinOTHOCTH HeHTpOHOB N) H yq_HTbJB8JO[UHe OJ.(tty 

rpynny 38Ila3J.(bl.B810[UHX HeHTpOHOB (m = 1) C napa­

MeTpaMH A, p. O6paTHble CBR3H no TeMneparype ro­

pIO'-l'ero 11 napoco.nep)l(aHKIO oTIHcaHbJ JJHHeHHOH 

CHCTeMOH ypaBHeHH"H TpeTbero nop».nKa 

rJT/dt=- a2T +a1n; d 2pldt2 +a3dp/dt+a4 p=T; 

ok=-kp+DT. 
(14) 

IlOCTORHHble a; B (14) nonyq_eHbJ nyTeM annp0K· 

CHMal.\lUI C noM0[UblO 3neMeHTapHblX 3BeHbeB nepe­

XOJ.(HOH cpyHKUHH OT MOLQHOCTH K peaKTHBHOCTH. 

,[(JUI <plfKCHp0B8HHhlX napaMeTp0B 

a 1 = 25,04; a2= 0,23; a3= 2,25; a4= 6,82; 
D = - 2,52· 10·5; ). = 0,08; 
p = 0,0056; l = 4.10·5, (15) 
OTBeqa101..QHX KOHKpeTHOMY KHTUII..QeMy peaKTopy, 

HCCJie,AOBatta J.(HH8MHKa CHCTeMbl (9), (14), (15) npH 

yeeJIHt:fett1-111 napaMe-rpa k, nponopUHoHanbHoro na­

poBOMy K03<pq>Hu;HeHry peaKTHBHOCTH. IloKa38HO 

[ 12], 'ITO cymeCTeyeT 6ecKoHetJHa.si nocne.noeaTem,­

HOCTb 3Hal.feHHH ~. 81~, ... ,8)<-0 .. . ; 0io ➔ 0..ko npH 

j ➔ oo; ~= 3,7·10·3; 0_= 1,6181, 06na,n.a10ma.si cne­

JzyJOill,HMH ceoi:fcrnaMH. ilpH k < ~ ttyneaoe perne­

Hl!e CHCTeMbl (9), (14), (15), OTBe'-l'aIOII.lee CTIIU.HO­

HapHOMY pe~ peaKTopa, YCTOH'I.HBO. IJpH k = ~ 
npoHCXOJ.(H"T fo1cpypKal.\WI po)l(J.(eHH.sl npe.nenbHOro 

u;HI<Jia, KOTOpb111 cymecTByeT, ecllil ~ < k < 01~. IlpH 

k = 0i~ peanHJyerc» 6ecKoHet:ftta.si cepru1 6HcpypKa­

umi y.nsoeIDl.sl nepH0J.(a, KOTOpa» rrpHBOJ.(HT K xao­

TH'-l'eCKHM Kone6aHIDIM npH k > "- = 0..ko ( cuettapHH 

<l>ei1reH6ayMa). BbUIBH13 3TOT cu.ettapHH, aBTOp pa6o­

Tbl [12] He onpe.nemrn MexaHH3M xaoca. Atta.JIH3 Tpa­

eKTopRH CHCTeMbl (9), ( 14 ), (15) IIOKa3bIBaeT, qro 

rrp11 k > k_ pean113yeTc.s1 w11p0Ko H3BeCTHbIB Mexa-

HH3M, CB.sl38HHI,IH C HanwrneM roM0KnHHW-JeCKOH 

TpaeKTopm1 ceJ.(Jlo-cpoeycttoro cocTOHHIDI pasttoee­

CHJI [ 16, 17]. XaoTHt:feCKHe J.(BIDKemu1 C0CT0JIT B TOM, 

qTO TpaeKTOpHH CHCTeMbl (9), ( l 4), (15) pacKpy'-l'H­

BaIOTCR no C11HpaJIH OT KOJ1e6aTeJJbHO­

HeycTOh"l.JHBOro ~rynesoro COCTOHHIDI paBHOBeCH.sl H 

nocne npw6nIDKeIDUI K noeepXJJOCTH n = - I (N = 0) 
M0H0TOHH0 803Bpall.laJOTCjj B OKpeCTHOCTb ttyneeoro 

C0CTORHIDI paBH0BeCIDI. Tiocne :rroro Ha'-urnaeTCJI 

HOBbIH I.(HKn pacKpy<nmaHIDI cmrpami:, O<iepe.D,Hble 

np116mrnceHHe TPaeKTOpHH K noBepXHOCTH n = - l H 

ee B03BpaT K TO'I.Ke 0. TaKHe J.(BIDKeHHR npo.noJDKa­

lOTCH HeorpamrqeHHo .nonro. Cny<1aHHbIM OKa3bIBa­

eTCH '-1'11CJI0 BHTKOB nocne.nosaTeJibHO pacKpyLJ:H­

BalOl..l..(HXCR CTIHpaneH. 

Mttoi1 MexaHIDM xaoca B KJiacce Toqeqm,ix Mo.ne­

neit perucropa c rrpoH3BOJlbHbIMH mrne11m1MH o6paT­

HblMH CBJl3.s1MH BhUIBJieH B pa6oTax [1, 2]. Ott He CB.sl-

38H C B03BpameH.HeM TPaeKTOpHH B OKpeCTHOCTb 

CTal.\HOHapttoro COCT0JIITTl . .sl H peaJJJ13yeTca 3a CLJ:eT 

HeM0HOTOHHOCTH HMnyJibCHOH QJYHKl.{HH o6paTHOH 

CB.sl3H (OTKJJHKa peaKTHBHOCTH Ha HMnyJibCH0e H3Me­

HeHHe nnoTHOCTH tteHTpOHOB). Xaoc, OTBeLJ:aIOW:HH 

3TOMy MeXaHH3MY, Ha3BaH HMnyJTbCHb[M. IIpoBeJ.(eH­

Hbie f!CCJJeJ.(0BaHIDl TT0Ka3anH <!TO HMeHH0 3TOT Me­

xaHH3M xaoca tta116onee pacnpoCTpaHeH B Mo.nen»x 

».nepmlX peaKTopoB H, B '-l8CTH0CTH, B M0,Aemrx KH· 

nJ1w:ero peaKTopa ( l) - ( 13 ), paccMaTpHBaeM bIX B 

JJ.aHH011 pa60Te. 

IlpHMeHHTeJibHO K KHIUf[UHM peaKTOpaM Mexa­

HH3M HMnym,cHoro xaoca, BCKpblTblH B pa6oTax [l, 
2], M0)l(HO TTOHCHHTb c11e.n.y101..QHM o6pa30M. IJyCTb 

crnu.1-mttapHbIH pe)KHM peaKTopa tteycTOHlfHB, npH­

t:f.eM ero napaMeTpbl Hax0J.(RTCjj J.(OCTaT0LJ:H0 .naneK0 

OT rpaHH~bl 06nacn1 ycTOHlfHBOCTH CTaUHOHapHoro 

pe)l(HMa. TiyCTb B HeK0T0pb!H MOMeHT BpeMeHH na­

poco.nep)KattHe B aKTHBHOH 30He Bblpocno HaCT0Jlb­

KO, qro peaKTop CTan HaJ.(KpHTH<ieCKHM no MrHOBeH­

HblM HeHTPOHaM H B pe3ynhTaTe noro Ha'-l'anacb 

Hel1TpOHHaR BCTTblUJKa. B pe3yJibTaTe ecn1,1rnKH 

CKa<iK0M yseJIHlfHBaeTCR TeMneparypa TOITJIHBa. 

CKa'IOK TeMnepaTypbl npHBOJ.(H"T K TOMy, lfTO 803pac­

TaeT napoco.nep)KaHHe B 8KTHBHOH 30He, peaKTHB­

HOCTb pe3KO na.naeT, peaKTop CTaHOBHTC.sl rny60KO 

IlOJ.(KpITTH'-l'eCKHM H HeITTpOHHa.sl BCITblllJKa aBTOMa­

THt:feCKH racITTC.sl. 

HewrpOHHblH HMnyJibC H Bbl388HHbIH HM CKat:fOK 

TeMIIeparypbl T0ilJJHBa cny)l(aT npH'IHHOH B03HHKHO­

BeHHR KOJie6aHHH CKOpOCTH, 3HTaJJbTIHH TeruJ0HOCH· 

TeJUI, rrapoco.nep)!GlHWI B aICTIIBHOH 30He, rrpoTe­

KaIOLQHX npH HH3KOH IIJIOTH0CTH HeHTpOHOB. TeITJIO­

HOCHTeJlb, KOJ1e6JU1Cb, IlpOJ.(OJDKaeT UHpKy.1rnposaTb 

qepe3 aKTH13ttylO 30tty, OTBOJ.(R Tenno, BbIJ.(eJIHBWeecH 

BO BpeMR HMnyJJbCa. B pe3yJlbTaTe :noro TeMnepary­

pa Tonmrna MOH0T0HHO na,n.aeT. IJo Mepe oxna>KJ.(e-
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HHS! Sl,ll.epHoro TOllilHBa napoco.nep)l<aHJ-1e B aKTHBHOH 

30He, Kone6m1cb, pacnrr (YBeJJH'-nrnaJOTCSI nocne.no­

naTeJJb!fbie MaKCHMaJTbHble 3Ha'-leHHSI, .nocnrraeMbie 

napoco.nep)KaHHeM Ha o'-lepe.nHI,rx BHTKax ero KOJJe-

6aHHH ). B tteKoTopbtH MOMeHT BpeMeHH napoco.nep­

)KaHHe B aKTHBHOH 30He BHOBb ,ll.OCTJITaeT TaKoro 

3Ha'-lemu1, npH KOTOpOM peaKTOp CTaHOBHTCSI Ha,ll.­

KpHTH'-leCKHM no MfHOBeHHblM HeHTpOHaM H npOHC­

XO.D.HT 0'-1.epe.nttasr HeihpOHHaSI BCITbJIJIKa. ,l{anee npo­

HCXO,ll.HT see TaK )Ke, KaK onHCaHO Bbrwe. TaKMM o6-

pa30M, B peaKTope 3a C'-leT .neHCTBl,fjJ o6paTHOH CBSl3H 

no napoco.nep)KaHHJO rettep11pyeTcS1 6ecKoHel!Hasi 

nocne.noBaTeJlhHOCTb HMnynhCOB (peaJTH3YeTCSI aBTO­

KOJle6aTeJJbHblH HMnyJibCHhIH pe)KHM). CToxacTHl!­

HOCTb 3TOro pe)KJ1Ma ( CJJY'HlHHOCTb BeJJHl!HH HM­

nynbCOB H HHTepBaJTOB BpeMeHH Me:»<,rcy HHMH) llBJJSl­

eTCSI cne.ncTBHeM Kone6aTenbHoro noBe.neHH$1 peaK­

THBHOCTH (napoco.nep)Katt1-rn) nocne HMnynbca [2]. 

flpH TaKOM KOne6aTeJlbHOM noBe.nemm peaK.THBHO­

CTH peanInyerc.si CHTYall.HSI .D.HHaMH'-leCKOro xaoca, 

Kor.na nee ,ll.Bl,f)KeHli.SI CHCTeMbl, 6y.n.y'-IH orpaHHl!eH­

HblMH, B TO )Ke speM_.si SIBJJjJJOTCll HeycTOHl!HBblMH. 

HeyCTOH'{HBOH 0Ka3b!BaeTCJl mo6asr, B TOM '-IHCJle 

nepHO,ll.Hl!eCKaSI nocne.noBaTeJTbHOCTb HMnyJlbCOB, 

rettepHpyeMa.sI peaKTopoM. 

OrrncaHHbIH MeXaHH3M HMnyJJbCHOro xaoca WH­

pOKO pacrrpocTpaHeH s MO,!J.eJl_,S!X (I) - ( 13). 3TO no.n.­

TBep,ll.HJll1 pac'-leTbl ycTaHOBHBWHXCJl KOJie6aHHH s 

3THX Mo.nensix np11 yBe111-11-JeHHH napaMeTpa Bk0 11 

3Ha'-IHTeJibHOM npeBb[WeHHH 3THM napaMeTpOM KpH­

THl!eCK0ro no ycnOBHfO ycTOHl.JHBOCTH 3Ha4eHHll 

ok; . PaccMaTpHBancsi secb HHTepBan 8k0 E [0, an] 

(koM = an), Ha KOTopoM 3a C'-leT ysem11.JeHHS1 napoco­

.nep)l(aHH$1 eme MO)KHO CKOMneHCHpOBaTb BBO.D.HMYJO 

noJJO)ICHTeJJbHYJO peaKTHBHOCTh. I1pH t>k0 = an KOM­

nettcauHsr HacrynaeT, ecnH q> = I npw z E [0, H], T.e. 

ecnH Beeb Kattan 3anontteH napoM. Tipw 8ko > an 
KOMneHCall.Hll noJJO)KHTeJJbHOH peaKTHBHOCTH, KaK H 

npH MaJJbIX 3Hal!eHHSIX 8ko, B03MO)KHa JJHWh 3a C'-leT 

yBenwiettH_.si TeMneparypbI ropJOl!ero. 

BecbMa 3cpcpeKTHBHblM MeTO.ll.OM npH HCCJJeI{OBa­

HHH ycTaHOBHBWHXCSI KOne6aHHH B MO.[\eJJSIX (I) -
( 13) OKa3aJTCSI MeTO.[\ nOCTPOeHH_.s! 6HcpypKaQHOHHblX 

.n11arpaMM. no OCH a6CQHCC Ha ,D.HarpaMMe OTKJJa.[\bl­

BaeTCSI 3Ha'-l.eH11e Bko, a no ocH opmmaT - nonyYae­

Mble '-IHCJJeHHhlM cnoco6oM Bee MaKCHMYMbl H MH­

HHMy'Mbl HeKOTOpOH nepeMeHHOH ~. KOTOpble peanH-

3YJOTCSI B npoQecce ycTaHOBHBWHXCJl KOJJe6aHHH 3a 

speM_.s! 'to npH TeeymeM 3Ha'-leHHH 8ko = ~- B Ka'-lecT­

se ~ M0)KeT 6hITb B3SITa JJJ06asr HHTepecymmasr Hae 

nepeMeHHasr CHCTeMbl (I) - ( 13 ), HanpHMep, nJIOT­

HOCTb HeihpOHOB N, CKOp0CTb, 3HTaJlbITHJI TenJI0HO­

CHTeJJSI, napoconep)KaHHe, TeMneparypa rop10'-lero s 

mo6oii T0l!Ke z. AHaJIH3 TaKHX ,D.HarpaMM n03B0JJSleT 
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onpe.nenHTb xapaKTep YCTaHOBHBWerocsi pe)KHMa 

npH Ka)K.D.OM 3Ha'-leHHH 0ko= ~,j = 1, 2, .. . , M. EcnH 

MH0)KeCTBO MHHHMYMOB H MaKCHMYM0B C0CTOHT 113 

onttoii T0'-1.KH, TO 3TO yCTOHl!JiBbIH cTammttapHhIM 

pe)KHM. ,l{se T0l{J(),f OTBe'-laIOT nepH0,IJ;H'-leCK0My' pe­

)KHMY, HeCK0JlbK0 T0l!eK - MHOronepHOJ].Hl.feCKHM 

KOJJe6aHH_.s!M, HMnynhCHbfM CT0XaCTHl!eCKHM pe)l{H­

Ma.M 0TBe'-laJOT re 8ko, npH K0T0pbrx MaKCHMaJ!bHb!X 

H MHHHMaJlbHbIX 3Hal!eHHH paccMaTPHBaeMbfX BeJJH­

'-IJIH 0Ka3blBaeTCSI 6eCKOHel!HO MHOro 11 0HH nJlOTH0 

3aIT0JIHJIJOT 0J].HH HJJH HeCKOJJbK0 orpe3KOB Ha ,nHa­

rpaMMe B ee cel!emm 8k0 = const. Bepxtt_.sisr 11 HIDK­

HJIJI. orn6a10mHe ,nHarpaMMbI noKa3bIBaJOT a6con10T­

HbIe MaKCHMaJTbHble H MHHHMaJ!bHbie 3Ha'-leHH_.s! pac­

CMaTpHBaeMh!X nepeMeHHblX. TI03TOMy C n0M0I.l\blO 

JJ.HarpaMM MO)KHO c.nenaTb BbIBO.D.bl O nonycTHMOCTH 

HJJH He.nonycnfMOCTH Toro HJJH HHOfO pe)KHMa pa6o­

Tbl peaKT0pa. 

"lfacneHHOe noCTpoeHHe .nr,1arpaMM n0Ka3aJJ0, '-ITO 

HMnyJJbCHble CT0XaCTJ,ll•{eCKHe pe)KHMbl peam13YJOTCSI 

s lUHpOK0M )].HanaJ0He napaMeTp0B CHCTeMhl (1) -

(13). Bo3HHKasr np11 ysenH'-lemrn napaMeTpa Bko 0HH 

MOrYT CMeHJ!TbCSI o6naCT51MH (oKHaMH) nepHOJ].H'-le­

CKHX H MH0ronepH0,nH''-leCKHX KOJJe6aHHH. C poCT0M 

Bko aMnnH'ry,na Kone6aHHH pacTeT, HO 0HH ocTaI0TCJ1 

orpaHHl.feHHblMH Ha BCeM .nwanaJ0He H3MeHeHl151 

0/coE [O, an] . 
B Kal!eCTBe npHMepa paCCM0TpH'M KHnSII.l\HH pe-

8KTOp C napaM~aMH: 

l=2· 1Q-
4

c, m=6, 11..1 = 0,012c-1, t...i = 0,03c-1, 

11..3 = 0,111 c-
I
,14= 0,301 c·'.11..s = l,14c-1,~-=; 3,01 c-1, 

P = 0,0065, PilP = o,033, P2IP = 0,219, Pi P = o,196, 

PJP = 0,395, Ps!P = 0,115, PJP = 0,042, a r = p, 
an=40P, H = 2M, H1 = 2M,To=257,2 °C, 

T' = 285 8 °C, P0 = 7- 10
6 
ila, i' = I 267,7 K/J,)KIKr, 

i" = 2 77 J ,4 K~Kr, v' = 0,00145 M3 /Kr, 
v" = 0,0273 M

3/Kr, 8z = 9,8 Mlc2, y = 0,2 c-1, 

i0 = 1 140,9 K,[()K/Kr (i0 / i' = 0,9), 

a = I 224KBTI M
3
· 0c, 11..T= 4, A=25,7. ( 16) 

Y senHl.fem1e 8k0 nposo,nHJI0Cb no 3aKoey ( 13) 

npH ko = 0,1 P, 'to= 50 c, M = 400. O6mee speMsi 

cryneH'-laTOro ysenH'-1.eHHJI. Bko cocTaBHJ10 20 000 c. 

CyMMapHoe H3MeHeHHe 8ko pasHo koM = 40 p = an . 
Ha p11c. I 11306pa)KeHbI 6i-1cpypKaQHOHHh1e .n11arpaM­

MbI, Ha K0T0pbIX 0TMel!eHhf MaKCHMYMbl nJJOTH0CTH 

HeihpOHOB (p11c. l ,a) MaKCHMyMbl H MHHHMy'Mbl 

TeMneparyphI Tonmrna B T0'-1.Ke z = 0 5 (p11c. 1,6), 
MaKCHMYMbl H MHHl1MYMbl CK0pOCTH TennOHOCHTeJJSI 

Ha Bb!X0,ne (pHC. 1,6) H BXOJ].e peaKTopa (pwc. l ,z). 
Ha p11c. I BH,nHo, '!TO HMnyJJhCHbIH xaoc pean113y­

eTcS1 n0'-1.TH Ha sceM ,nHanaJoHe H3MetteH1151 8k0 3a 

HCKJJIO'-leHHeM Hal!aJJbH0ro H KOHel!H0ro y'-laCTK0B, a 

TaK)Ke oKHa nepHOJJ.Hl!H0CTH np11 8ko /P E [23 , 26]. 
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P11c. 1. EHcjlypKal..l.)1oHHbie .L01arpaMMbI .LJJUI senKqHH InN (a), Tr(0,5,t)IT0 (6), u(H,t) (a) H u(O,t) (2) s cn:yqae rrapaMe-rpos (16) 

CKopoCTb Ha BblX0.D.e KaHana 0CTaeTCSI see speMH 

nOJIO>KHTeJibHOH (TenJIOHOCHTeJib Ha BbJX0,Ue peaKT0-

pa He MeHJ!eT HanpasneHIUI .D.BIDKeHIUl). CKopOCTb Ha 

sxo.n.e peaKTopa Me1-1sie-r 3Ha.K. B M0MeHT HeihpoHHO­

ro 11Mrrym,ca npo11cxo.m1T onpoKH,nh1BaH11e u11pKyJU1-

QH11 Ha sxo.ue, K0T0poe .S!BmleTCSI He0TbeMneMblM 

CBOHCTB0M paCCMaTpHBaeMblX 11MTTYJlhCHblX CToxac­

Tlfl!eCK.HX pe)KHM0B. 

CneeyeT 0TMeTHTb, 4TO B pa6ornx [8, 9] npH pac-

4eTe nepH0.[(H'leCKHX aBTOKOJie6amrn B6Jll1311 rpaHH­

U,bl 06nacn1 ycTOH'lHBOCTH 110Ka3aH0, 'ITO np11 yr­

ny6neHIDI napaMerpos B o6naCTh HeycTOH411BOCTH 

crall){ottapttoro pe)l(HMa rrpo11cxo)J.11T onpoKH,uhlBa­

HHe U.HPKYJUll..lHH TennOH0CHTem1 Ha BX0JJ.e peaKT0pa 

11 Ha4HHaeTCH 6hICTpbIH p0CT aMnJJHT)')J.hl KOJie6amrn. 

O.D.HaKO TO, K t:JeM)' npHBO,UllT 3TOT pocT aMnnHT)'­

)J.bJ, s pa6oTaX [8, 9] He BbUICHeHO. Pacl!eTbl, npose­

.o.eHHb[e B .n.aHHOH pa6oTe, n0Ka3am1, 4T0 CMeHa 3Ha­

Ka CKopocn1 Ha BX0,Ue He npHB0)J.11T K HeorpaHl1'-!eH­

H0M)' pocry aMnJll1T)'.D.bl KOJie6aHHH 11 B03HHKH0Be­

HHlO HeorpamNeHHhlX .D.BIDKeHHH B6JIH311 T0'lKH on­

p0KH,[lblBaHHSI U.HPKYJIH1-'HH. Ilocne onpoK.11.QblBaHHH 

U.11PKYJISll..l11H 11 .uam,HeHll.IeM yrny6neHHl1 napaMeT­

poB B o6nacTb HeycTOH4HBOCTl1 B03HHKaIOUJl-le K0Jie-

6aHIUI 0CTaJOTCSI orpaHH4eHHblMl1. 

HecMOTpH Ha ttepe)J.y!Oll..lHeCH CMeHbl 3HaKa CK0-

pocn, Ha BX0JJ.e, nap0)KH.ZJ.K0CTHaH CMeCb Ha Bb!X0-

.ne peaKTopa .UBH)l(eTCSI B 0.D.H0M HanpasJieHHH . 

O6beMHblH pacxo.n. napa Ha BblX0.D,e peaKT0pa K0-

ne6neTCSI. Ero cpe,uHsiSI 3a speMsi 't senH4HHa 

W=Sr[f:<p(H+Hi,t)u(H+Hi,t)dt}-c (ST - npo­

xo.nHoe ce'-leHHe TennoHOCHTensi) onpe.o.ensieT Ten­

nosy10 MOUJ.H0CTb peaKT0pa. Pac"L!eTbl TI0Ka3aJIH 

4T0 BeJIH'-l.HHa W B pe)KHMe HMflYJlbCH0f0 xaoca 

M0)KeT 3Ha'-11-JTeJibH0 npeB0CX0.ll,HTb TY )Ke BeJIH'-111-

HY Wo = ST<po (H + Hi)uo(H + Hi), oTBel.fa!Oll..lYIO 

HeycTOHl{HBOMY crau.11ottaptt0My pe)l(11My, 0Kono 

K0T0poro pa3BHBaeTCH HMnyJlhCHblH CT0XaCTH4e­

CKHH pe)l(HM . .n:n}l napaMeTp0B (16) np11 3Ha4eHHH 

oko= 7 p nonytta!OTC51 3Ha'-!eHJUI WIST= 4 11 WofST= 
2,4, T.e. W/W0 = l,66 H Te□JJoBasi M0ll..lH0CTh peaK­

Topa s pe)l(HMe HMnyJlbCH0f0 xaoca s l,66 pa3a 

npeB0CX0.ll,HT TY M0UJH0CTh, K0Topy10 61:,1 HMeJl pe­

aKT0p B COOTBeTCTBYIOUJeM HeycT0M'-IHB0M CTa­

lJH0HapH0M pe)l(HMe, eCJ111 6bl ero y.D,aJI0Cb CTa611-

JJH3HposaTb. Ilpw 3HaqeHHHX Mo= 3 ~; 15 ~; 22 ~; 
28 ~ C00TBeTCTBeHHO rrony4aeM W!Wo = 2; l,4; 
1,2; 1. IlpH oko> 28 ~ rronyttaeTCSI W!Wo< 1. 

Ha p11c. 2 H3o6pa)l(eHbI KOJle6aHIDI nepeMeHHblX 

K11IDIUJero pea.KT0pa B HMnyJibCH0M CToxacn1.qecK0M 

pe)ICHMe, paCC'-IHTaHHble )])ISi napaMeTp0B (16) npH 

oko= 7 ~-
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PHC. 2. KoJTe6aH.Hll IlJlOTHOCnl HeHTpOHOB (a), peaJ<TIIBHOCHI (6), TeMneparypbi rop,oqero 8 TOqKe z = 0,5 (e) .H 

CKOpOCT.H TeIUIOHOCHTerur Ha BbCXOAe peaJ<Topa (2) 8 pe)l(JiMe HMnyJlhCHOro xaoca 

P11c. 2 HJinJOCTpHpyeT omi:caHHblH Bb1rue Mexa­

HH3M HMI1j'JlbCHOro xaoca H ero OCHOBHb!e CBOHCT­

sa. BHAHO, '!TO aMnJlHTy.D,a Kone6aHHH seCbMa Bbl­

COKa. O.l{HaKO 3a Cl.feT H3MeHeHHJI napaMeTpOB MO)K­

HO nony4HTb HMnyJlbCHbie CTOXacnt"t.feCKHe pe)KHMbl 

co 3HaLJHTem,HO MeHbUIHMH aMTIJHITY.D.aMH KOne6a­

HHH. K yMeHbWeHHJO aMnJIHT)'Jl.bl Kone6aHHH se.n.eT 

yMeHbllleHHe tte.n.orpesa Tenn0Hoc11Tem1 Ha sxo.n.e 

.LIO Te!'.mepaTypbl HaCbL[UeHID! (yseJlHl.feHHe io / i'), 

yseJIH4efllle nOCTOJIHHOH speMeHH nporpesa TO0JlH­

Ba (yse.JTI,f<teHHe 1/y), ysen114ett11e napaMeTpa A, T.e. 

o6mero conpoT11sneHJU1 s KOHType, nepepacnpe.n.e­

neHHe COilpOTHBJJeHlrn B KOHType Ta.I<., LJT06ht ero 

XITo 

2 

1 -0---l-0-----~3~0---8kc/~ 
20 a) 

6onbillaJI LJaCTb npHXOAHJlaCb 6bt Ha y•-rnCTKH C B0-

,AOH H MeHbillaS! qacTb Ha y<taCTKH C napmKH,AK0CT­

HOH'. CMeCbJO. Ilocne.n.HHH cnoco6 urnpoKo npHMeHH­

eTC5! )l.1UI o6ecneLJeHJ,U( ycTOH'IHBOCTH CTal.\H0HapH0-

ro pe)ICJ1Ma, HO M0)KeT HC0OJlb30BaTbCjj H ,AJljj orpa­

HHYeHJrn aMCTJlHT)',Abl Kone6amrn . H3MeHeHHe 6H­

cj>ypKal.\HOHHblX ,AHarpaMM npH JBMeHeHHH no cpaB­

HelllUO c ( 16) TOJlbK0 OAH0ro napaMeTpa io ( io / i' = 
0,95, io = 1 204 K,lvK/Kr) Il0Ka3aH0 Ha pHC. 3. 

B 3aKJl!OYeHHe no.Al.fepKHeM, YTo H3 npose.D,eHHh1x 

pactieTOB cne.nyeT, 4TO s npeA11araeMbIX HMJryJ!hCHhIX 

CTOxaCTHl.fecKHX pe)ICHMax HeITT))OHHO-cj>H3Hl.feCKMe H 

TeTUI0rnJJ,paBnHl.fecKHe rrapaMeTpbI l<Hllillllero peaKTOpa 

u(O), Mic 

1,5 

-1,5 

-4,5, ________________ __,8kof ~ 
0 10 206) 30 

PHC. 3. 6mpypK8UHOHHhle .D.HarpaMMbl JlJHI eem-rLJHH Tr(0,5,t)ffo (a) H BeJlHl.fHHbl u(0,t) (6) 8 CJTY'lae io / ( = 0,95 

8 



KOJle6JUOTCJI, npH11eM 8MllllITT)',ll,a KOJle6fillHH MO)Kef 

6bITb BecbMa 6oJiblilOH. Ilo:rroM)' TJJOOYeTCll o6oc1-IOBa-

1-llie ,ll,OnyCTHMOCTH 3THX pe:>KHMOB - OOOCHOBaHJ-le mro, 

4TO aMnmrry,1.1.a KOJTe6aHRH He rrpeBbICHT ,ll,OnyC-n!MblX 

npe.u.e110B. PaC4eTbI TIOKa3bIBalOT, 'ITO, BapbHpy» Te HJJH 

HHbJe nap8Merpbl, MO)KHO yMeHblllaTb a.MIUI:H1YJJ.Y KOne-

6aHRH. KpoMe mro, HMnym,cHI>IM xaocoM MO:>KHO 

ynpaBJUITb, HCITOJlb3YJI H3BeCTHbie MeTOJJ.bJ ynpaBneHIDI 

JJ){HaMmecKHM xaocoM. BooMo:>KHo, J1.JUI peanH3~HH 

11MilYJlbCHb1X CTOXaCTWJecKHX pe)KJ,fMOB n0Tpe6yercll 

pa3pa6oTKa cneJ.UifallbHbIX 3JleMeFITOB KHIUU.Uero peaKTO­

pa, BbIJJ.ep)l(J,[J3aJ()I.I(HX B03IDIKaJOIIU1e B npo~ecce KOJle-

6aHRH MexaHH'-fecKHe w TeITJIOBbJe HarpY3KH. 0)J.HaKO, 

KaK »cHo H3 npoBe.u.emn,ix paciiemB, 3a cqer peaml3a­

u1111 HMDYJlbCHbIX CTOxaCTH'IeCKHX pe)KHMOB MO)KHO 

H3Bnelfb noJTb3y, npH'-{eM TeM 6om.I.I.I}'K>, qeM 6om,rue 

pa3Max KOJle6amrn. IJ;enecoo6pa3HOCTb peaml3al.(HH 

npe.u.naraeMblX pe)l(HMOB COCTOHT B B03MO)KHOCTH no­

BbillieIDlll MOII{HOCTII ~HX peaKTOpOB - CH.ITTHH or­

paHH'IeHHH Ha MOIUHOCTh, CBSl3aHH.blX C B03HHKHOBeHH­

eM HeyCTOH'-IHBOCTH CTa.UHOHapHoro pe:>KHMa. KpoMe 

roro, paCL!eTbl ITOKa3aJIH, 'ITO MOUJ,HOCTb KHITJIUl,ero pe­

aKTopa B HMnyJlbCHhlX CTOxaCTHL!eCKHX pe)KHMax MO)Kef 

cymecrBeHHO npeBbJCHTb TY MOUJ,HOCTb, KOTOpyro 6b! 

11Men 3TOT peaKTop B COOTBeTCTB)'lOI.I(eM CTaUHOHapHOM 

pe)KMMe, ecnH 61,1 ero y,ll,anocb cra6HJlH3HposaTb (cpe.u.-

1-llfH o6neMHbIH pacxo.u. napa Ha BblXOJJ.e peaKTOpa s HM­

nym,cttoM pe)IG!Me npem,anaer TOT )Ke pacxo,ll, B ueyc­

TOw-IHBOM CTal.(HOttapHOM pe)l(}{Me). Karunn.He peaKTO­

pbl, pa6oTaIOI.I(He B paCCMaTpl•f.BaeMbIX pe)l(HMax, MOryr 
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Y,LO( 621.039 

IlpHMeneuue MeTO,LJ,a rapMOHH'leCKOU JIHHeapH33UHH )J.JIH CHHTe3a 

KoppeKTnpy1om;Hx ycTpOifCTB CHCTeMhl ynpaBJieHHH H)J,e pHhlM peaKTopoM A3C 

10.H. Ton'leea, MocKoBcKHH as.11au.110HHblH HHCTmyr (rocy.napcTBeHHblH TeXHffl-JeCKHH ytrnsepc.11TeT), 

125993, MocKsa, A-80, rCIT-3, BonoKonaMcKoe rnocce, 4 

ITpe,LVJaraeTC.11 pacnpoc-rpaHMTh 'faCT0THbie MeTO,llbI pac'feTa H npoeKT11posamui JlHHeHHblX CHCTeM yrrpasJielil!/1 
11,a:epHblMH :rnepreT11'1eCKl1Mll peaKTOpaM11 A3C Ha HeJ111HeMHb1e, npHMeHHB 3KBHBaJleHTHbJe xapaKTepHCTHKl1 Hem1HeM­
HOCTett 11 rpacpoaHanHTHt.feCKlffl MeTO.!l wa6J10HOB. 

APPLICATION OF THE METHOD OF HARMONIC LINEARIZA TION FOR SYNTHESIS OF COR­
RECTING DEVICES OF A CONTROL SYSTEM OF NPP'S NUCLEAR REACTOR. YU.I. TOPCHEEV. It is 
offered to distribute frequent methods of account and designing of linear control systems of nuclear energy reactors of 
nuclear electrical stations on nonlinear, having applied equivalent curves of nonlinearities and semigraphical methods of 
masks. 

Om1cam1e .RJJ.epHoro :mepreTwiecKoro peaKTopa H 

CHCTeMbl ero ynpaBJTeH_l,UI CJTO>KHhlMH HemrneHHh1MH 

,!1.HcpcpepeH.UHaJibHhlMH ypaBHeHID!MH YCJTO)IHUieT Bbl-

6op MaTeMantYecKoro MeTOJJ.a M.R pacLieTOB 11 aHa­

JIH3a npoTeKatoll{HX JJ.HHaMH1..J:ecKHX npoueccos, a 

TalOKe aBTOMaTH3HpOBaHHbfX npou;e.nyp MO,nemIpo­

BaHIUI 11 npoeKTwpoBaHID!. OcHOBHaJI oco6eHHOCTb 

OOJJ,06Horo po.na CHCTeM CB.R3aHa C HapyrneHHeM 

npHHu;Hna cynepno3HIJ.HH, <JTO Tpe6yer )"-leTa JHaYe­

HHH Hat.faJibHblX )'CJTOBHH, ynpaBmDOlll,HX 11 B03M)'­

l1,lal0lll,HX B03,neikrn11i1. ITpH 11x HJMeHemuIx npo11c-

1. MaTeMaTH11eCKOe OIIHCaHHe H)lepuoro peaKTopa 

PaCCMOTpHM ypairneHHJI IOIHeT.HK.H peaKTopa B TO­

t.te'UIOM np116nIDKeHHl1 C Y4eTOM rnecTH rpynn 3a-

0a.3JJ,b1Bal0lll,HX HeHTpOHOB, HC□yCKaeMbTX B npou:ecce 

pacnaJJ.a npo,nyKToB JJ,eneHJUI Sl)].epttoro TonnHBa, 6e3 

BJUUIHH.R OTpHUaTem,HOH o6paTHOH CB.R3H no TeMne­

parype, Bbl3BaHHOH OTpaBJTeHHeM peaKTopa KCeHO­

HOM 11 HOJJ.OM. B 3TOM cnyyae nony'IHM JJ,Ba ,n11cpcpe­

pettu11anbHhIX ypaBHeHH.R B cpopMe [ l]: 
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XOJJ,HT yepeJJ.0BaHHe o6nacTeH ycTOHlfHBhlX COCT0/1-

HHH, aBTOKone6aH.HH H HeycTOHLIHBhIX cocTO.RHI-rn. B 
CHCTeMax ynpasnemu1 A3C HeJJ,onyCTHMhl HH aBTO­

KOJTe6aTeJibHble, HH HeycTOH',IHBhie pe>KHMbl pa60Tbl 

no Tpe6oaaHHJIM 6eJonacHOCTH H cpoKaM 6e3aaa­

PHlfHOCTH. Ilo3TOMY B HHX Heo6xo,n11Mo Bh1fo.1paTb 

KOppeKntp)'K)lll,He ycTpOHCTBa H napaMeTphl, HCKJl10-

'l8l011.J;He B03MO)KHOCTb B03HHKHOBeHHJI TaKHX pe)KJ,f­

MOB Jl,a)Ke npH 3HaLIHTeJl1,HhIX ,nHana.J0Hax H3MeHe­

HIDI K03cpcpH11.HeHTOB H TIOCTO.RHHbIX BpeMeHH, Bbl-

3BaHHblX .llJTHTeJTbH0CTblO 3KcnnyaTaU,HH. 

dn - ok X n ~ dC, . - - --. - - ~--, 
dt l •=' dt 

(1) 

dC, =~n-11.C 
dt r · ·· 

(2) 

rJJ,e n - 0JIOTHOCTb HewrpoHHOfO 00TOKa; 8k - H3Me­

HeHHe peaKTHBHOCTH npH nepeMelll,eHHH ynpaBJI/llO­

lUHX CTep)l(Hei1; ~ i - Jl,OJUI 38Tia.3Jl,blBaJOlll,HX HeHTpO-



.,. 

HOB z-oH rpynnb1; 1/A; - speM.ll )KH3HH 3ana.J,llb1Bruo-

1.UHX tteiiTpOHOB i-011 rpynlTh1; C; - KOHUeHTpaUH.ll 

HOCHTeneti 3ana.3AhIBaJOIUHX tteHTpoHOB i-OH rpynnhl; 

( - cpe,/lHee 3cpcpeKTHBHOe speMH )KH3HH HeHTpOHOB 

(.nm, peaICTopa Ha TenJIOBblX HdiTPOHax ( = 104 c). 
ITpmum p = 1/dt, ypaBHeHH.ll (I) H (2) nepenH­

rneM B Bi,me 

() f C()_ok(l)xn(t) _ 
pn t + L., p ; t - • , 

i=l l 

c, (r) = P;n(t)IO.f). 
plA; +I 

(3) 

(4) 

ITpOJJ.HcpcpepeHmtpyeM ypaBHeHHe (4) H nony'ieH­

H}'JO cpOpM}'JIY OO.[l.CTaBHM B ypaBHem,e (3), Torna 

( )[1 f p; /(\f)] ok(t)xn(t) 
pn t + L.,-'--'---=- = . . 

i=l pf A;+ 1 l 
(5) 

C ueJiblO ynpomeHIDI .UMhHClfilJHX npeo6pa30B8HHH 

11 nocrpoeHJfH BblpIDKCHHC (5) npe,nCTaBHM B Bi,me 

l J ok(t)xn(t) (
6

) 

pn(t)[J + ± P, l(AJ")] r 
i=l pl A,+ 1 

ITpasaH 'iaCTb BblproKCHIDI (6) COCTOHT H3 JJ.BYX 

COCTaBJIHIOU(HX: nepBaH .llJIH JIHHCHHOH 'iaCTH peaK­

Topa H BTopaH nn.si HCJIHHCHHOH 'iaCTH. HeJIHHCH­

HaH 'iaCTb npeACTaBJIHeT co6oi1. npOH3BC.UCHlie 

cpyHKUHH ok(t) X n(t). IToJIO)KHB ok(t) = A6sinrot, 

n(t) = Ansin(rot - (j)n), HMeeM 

ok(t)xn(t) = 
= A6 ~ ( cos <p. sin2 rot - sin <p. sin rot cos rot). (7) 

I-fa BblproKeHHJI (7) HaHJ].eM 

n(t) = ( ~ cos <p. + A. sin (I). P !Ao sin rot. 
A0 A6ro ) 

(8) 

B BblproKeHIDIX (7) H (8) BXO.UHOH H BblXOJJ.HOH 

ClffHaJlbl Ha HCJIHHeHHOM 6JIOKC npOH3BC,nCHHJI npe.u­

CTaBJieHbl B BH,Ue CHHyCOH,UaJibHbIX 3aBHCHMOCTCH. 

3aBHCH[UHX OT KpyroBOH t.IaCTOTbl CJ). IT03TOM}' H3 (8) 
MO)KHO onpe)lCJIHTb <f>opM}'Jibl .llJIH BblproKeHHH KO-

3<pq>HI.l,HCHTOB rapMOlfHl.leCKOH mrneapi:-t3al.(11}f HCJIH­

HeHHOH t.IaCTH peaKTOpa B BHJ].C 

(
- ) 4A cos cp "'5

2 
• a A,<p. = " " sm 3\jfd'lf-

1tAo o 

4A,, sin cp "'J
2 

. _...:,__.,_n::.. SI02\jf COS \jfd\jf = 
7tAfi O 

= 4A. (2coscp -sin<p )· 
37[;\ n n • 

0 

(- ) 4~ coscp "'12 
. b A, <p. = " sm 

2'1' cos \jld'lf-
nAo o 

4A sin cp "'5
2 

. 
n n SIIl\jl cos2 'If d'lf = 
7tA6 O 

= ~ (cos<p. -sincp. ) , 
6 

(9) 

r)].e A = ~ I A6 - OTHOCHTeJibHaH aMrmHryJJ.a Kone6a­

HHH MOI.UHOCTH peaKTopa. 

~ nocTPOCHHJI CTPYICTYPHOH cxeMbl H,nepttoro 

peaKTopa BOCITOJ1b3YCMCH onepaU,HOHHblM HC'iHCJie-

. HHeM. Tor)la s cpopM}'Jie (6) CHMBOJI .UHCpcpepeHIJ.HPO­

BaHID! JaMeHHCTCH Ha onepaTop s = jro npH ttyJieBbJX 

Hat.IaJibHbIX YCJIOBHHX. B 3TOM CJIYt.Iae MO)KHO no­

CTJ)OHTb CTPYKTYPHYJO cxeMy (pHc. l ,a). Ha tteii o6b­

eKT ynpaBJieHIDI BbJ)leJieH lllTpHXOBhIMH JllfflHJIMH B 

npHMOyrOJJhHHK. K HCMy no6asneHbl 3JleMCHTbl CHC­

TeMbl ynpaBJICHHH, o603Hat.IeHHble cne.a.y1o[UHMH ne­

pe)laTO'iHblMH cpyHl<UIDIMH: W,(s) - 3a,naT'lliK MOU.l,-

r--·- -- · 
I w,~. r, 

(Ty1p•l)(T11 p•I) 
W,{p} 

p(T11J•l)(T,zp.,) 

w,r,, 

~11v.11m11pN11111H11rmv . __ ______ • ___ j 

6) 
a) 

P1-1c. I. CrpyKT)'pmu1 cxeMa CHCTeMbI ynpaaneHIDI MOll\HOCTblO s~epHoro 3Heprern-qecKoro 

peaKTopa Ha TeOJJOBblX Helhpottax: a) - HCXO~Ha.ll; 6) - npeo6pa.JoeaHHa.ll K pactteTHOH 
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Hoen,; w •. n(s) - nocne.n.osaTen&Hbte KoppeKn1pyio-
1.1.u,Ie ycTpoikrna; Wy(s) - yc111rnTenbHhte ycTpo11cT­
sa; Wis) - 3neKTpt-rY:ecKHii .n.s11rarnn&; Wp(s) - Mexa­
HH4eCKHH pe.n.yKTop; WCT(s) - ynpaBJUIIOll{He CTep)K­
HH; WK.np(s) - napannenbHOe KoppeKT11py10mee ycT­
poHcTBo; Wp.nis) - mrneHHaJI "!aCTb peaKTopa. 

HenHHeHH}'JO 'laCTb peaKTopa MO)KHO 3an11caTb 
"!epe3 3KBHBaJieHTttylO nepe.n.aTO'IHYIO cpyHIU.(HJO 

JP"" ( A,<pn) = a3 ( A,<pn )+ jb3 ( A,<pn) (10) 

Hml "!epe3 ceMeHCTBO aMTUTH'fY .ll.HbTX q, 11 cpa30BblX µ:, 
3KBl1Bane1-1THbIX "!aCTOTHblX xapaKTepHCTHK, onpeJ.J:e­
m,eMbIX no cpopMynaM: 

~--------
q, (A, <r>n) = .J2 + 3cos

2 <r>. - 3s in 2 
(J). ; (11) 

(
- ) cos<p. - sin <r>. 

µ, A, <p,, = arctg . . 
2cos <r>. - sm <p. 

(12) 

Ilo cpopMynaM ( 11) 11 ( 12) Bbl'1.JHCn5ll0TCll o6paTHaH 
norapHcpMH4eCKcUI 3KBHBaJJeHTHM aMnJIMTY.D.HcUI xa-

paKTepHCTHKa 20 lgJ/q, (A,<p.) 11 3KBHBaJieHTHa.ll 

cpa30BcUI xapaKTepHCTHKa -180°-µ, (A.<r>.) B BH.D.e 

UJa6JIOHOB .ll.Jl.ll a1-1an113a pe)ICHMOB ycTOHY:HBbIX co­
CTO.l!HHH, aBTOKOne6aIDIH 11 1-1eycTOH'IHBbIX COCTOH­
HHH CHCTeMbl ynpaBJieHIDI peaKTOpOM npH l.feTbJpex 
3Hal.feHJUIX <p = - 45°, - 50°, - 55°, - 60°. 

Docne p.l!J.J:a npeo6pa30BaHHH nepeJ.J:aTO'ltty!O <l>YHK-
l.{1110 JIHHeillIOH 'laCTH peaicropa npe.D.CTaBl1M B BH.ll.e 

p'no/t rr6 ((T,s+l))' p' =Il6 T,' . Wpn,(s) = I 
S i=I T, S + 1 i=I T, 

(13) 

T11nOBble 3HaqeHHll napaMeTpOB peaKTOpa npH 
t = 10·4 c, BXO.ll.llll.U1e B cpopMyny ( 13 ), npHBe.ll.eM B 
Ta6JI. J. 

T a 6 JI II u a I. ITapaMeTphl H,nep1-1oro :meprenrqecKoro peaKTopa 

HoMep rpynnhI 3ana:J,!lbIBaJOIIl,HX P;, C A; ,c T,,c i,,c He~ OHOS 
1 2,5 JO 14,0 0,071 0,013 
2 8,4·]0 1,61 0,620 0,075 
3 2,4'10- 0,456 2, 190 0,700 
4 2,1 ·10- 0,151 6,620 2,975 
5 1,7'10- 0,0315 31,750 14,420 
6 2,6 10- 0,0124 80,640 68,027 

Ko3cpq>1H.(HeHT 3a.D.aTl.fHKa MOll(HOCTH npe.n.cTaBHM B BH)],e OTHOWeHl1H 3a.n.am-mro HanpIDKeHHll U3 K nonHOMY 
Uo. By.n.eM C4HTaTb, l.fTO Hanpll)KeHJ.UI nponopl.(HOHMbHbl TTJIOTHOCTH HeITTpOHHOrO TTOTOKa. IToJih3YllCb pHc. I ,a 11 
Bblpa)l(eHHeM (13) 3an11UJeM npI,rne.n.eHH}'JO nepeJ.J:aT04HYIO cpyHKl.(HlO pa30MKttyTOH CHCTeMhl C HemrneHHblM 
o6beKTOM ynpaBJieHHR s BH.ll.e 

(
- ) KbWb (A,<p,,,s) 

W A <p s - ----- (14) 
cnp ' "' - 1+ K

0
W

0
(s) . 

rJJ.e 

Ilp11 pac4eTax 6y.n.eM TTOJTb30BaTbCll CJieeyJOll.UIMll 3Ha'leHIDIMH napaMeTpOB CHCTeMbl ynpaaneHH.ll: 
k y1 = 416,7; ky2 = 0, 125; kll = 0 24 c-1

; p1 = 0,0095; kp = 0,005 Mic-';~= 0,0145 (ycn.e.n..) -M-I; u/u0 = 12 ycn.e11,.; 
TJI, = 0,4 c; Tll2 = 0,0025 c; TyI = 0,1 c; Ty2 = 0,00125 c [2] . 

Tipe:lK,ll.e t.JeM nepewrn K BbJ6opy Tt-fTTOB 11 napaMeTPOB KoppeKTHp}'IOll.(HX ycTpOHCTB Heo6xO.ll.HMO aocnonb30-
BaTbCll p.ll.D.OM CTPYKTYPHhrx npeo6pa3osatt11w 11 np11BecT11 11cxo.n.H}'JO CTPYKTYPHYJO cxeMy K pacYeTHOH. Tip11 

3TOM cne.n.yeT Yl.fHTbtBaTb, 4TO HCXO.D.HIUI. cxeMa o6JiaJ.J:aeT HemmeHHOCTblO, o603Ha'leHHOH J p "" (.A, cp n) . 

2. CTpyicrypHoe npeo6pa30B3RHe HeJIHHeHHOH cxeMhl 

CHCTeMa ynpaaneHH.ll ll.D.epHblM 3HepreTHt.JeCKHM peaKTopoM JIBJI.lleTCll MHOfOKOttrypHOH H )lnlf np11MetteHHJI 
MaTeMaT11t.JecKoro annapaTa MeTo.n.a rapMOHH4eCKOH n11tteap113au.1111 .D.OJI)l(Ha 6&tTb npHBeJ.J:eHa K pac4en1011 cpop­
Me, npe.n.cTaBJUJ.1ome11 co6011 npocry10 CTPYKTYPHYIO cxeMy c pa3.!leJibHhIMH mrne111-1&rM11 11 ttemrneHHhtM11 Y.ac­
TllMH. TipH npeo6pa30BaHH.l!X cneeyeT nonb30BaTbCll TaK)Ke □pHeMaMH, npH KOTOpblX MeCTO nono)KeHHll 1-1emI-
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HeHHOCTH B HCXO)lHOH H npeo6p830BaHHOH cxeMaX OCTaBaJlOCh 6b( HeH3MeHHI,JM, B ::noM cnyqae Ha BXO)le HeJiu­
HeHHOCTH coxpaHHTCjf 0)].HO 3Ha'-leHHe aM.nm1ryJJ.bl BXO)lHOro CHfHaJla. Tor)J.a HCXO)J.HM H npeo6p830BaJIBaJI 
CTpYKTYPbI ocTaHYfcn 3KBHBaneHTHbIMH. 

Ha crpyKrypttow HCXO)U{OH cxeMe seyrpeHHHH 3aMKH)'TbIH Koaryp, cocTonll(HH TOJibKO H3 JIHHeHHblX 3Jie­
MeHTOB cucreMbl, npeJJ.CTaBJieH rrepe,LJ,aTO'IHOH <pyHKUHeH 

W s = -------- W sW s 
[ 1 l •.• () l+Wy(s)W

11
(s)W,

0
p(s) /) 11 ( ). 

(15) 

Bbl,LJ,eJIHM B puc. 1,a Hemrneirnylo qaCTu JP (A,<j>.), "3aMopo3HB" ee noJio)KeHHe. ,lvuJ 3roro rrepsoe cpasHH­

saroinee yCTpOHCTBO C JIHHHeH CBji3H nepetteceM CJieBa Hanpaso 3a IDITb 3JieMeHTOB C nepe)].aTOlfHblMH <PYHKllffj{M}I 
Wh), WK.n(s), w •.• (s), Wp(s), Wc,-(s) H JrnHHH CB513eH cnpasa ttaneso AO nepeJJ.aTOlfHOH <pymaorn Jl}IHeIDJOH 11acru pe­
aKTopa Wp11,(s). Tor)la HaHJJ.eM npeo6p83oBaHH)'IO cxeMy, Koropyio npHMeM 3a pacqernyio, B BH.[(e pHc. 1,6, noJlh3y­
lICb KOTOpbTM 3aIIHllleM nepe)laTOlfHY)O <p)'HKIUDO ,Ll)UI 3aMKH)'Toro BHeIIIHero KOttrypa CHCTeM.bl B BH)le 

(
- ) J p.lN (A, (j). ) 

<I>c "" A,(j),. ,s = (- ) , 
I+ W, (s)W .. 0 (s)W •• (s)WP(s)Wcr(s)Wp.n,.(s)Jp .... A,(j). 

r)le JIHHeHHalI qacTh BCeH CHCTeMbl 6y.n:e-r 

w}°l(s) = w, (s)W •. n (s)W •• (s)Wp (s)WCT(s)Wpns (s). 

(16) 

(17) 

J,fa q>OpMyJibl ( 16) BH)].HO, lfTO HeJIHHeHHa51 qaCTb BXO)lHT TOJlbKO BOBttyTpb 3aMKHYfOfO BHeurnero KOHT)'pa. 
IT03TOMY )J.Jl51 nocTpOeHH51 3KBHBaJ1eHTHbIX qaCTOTHI,IX xapaKTepHCTHK 3aMKttyTOro KOHrypa Heo6XO)lHMO lIOJlh-
30BaTbCSI HOMorpaMMaMH 3aMb!KaHmr HHKOJibCa. 06bllfHO qacTOTHble xapaKTepHCTHKH 3aMKttyTblX CHCTeM (KOH­
rypos) C lIOMOI.l(blO HOMOrpaMM HHKOJlhCa CTpOHJIHCb )].Jljf Jl}IHeHHhlX CHCTeM. PacnpocTpaHHM cnoco61,1 HX no­
crpoeHHji Ha HeJIHHeIDible CHCTeMbl C rrepe)laTO'IHOli <pyHKUHeH (16). Ctta11ana 3aTIHIIIeM nepe,uaTO'IH)'IO <pyHK­
U:HIO ,L{Jlji JIHHeHHOH 3aMKffYTOH CHCTeMbI B o6bllfHOM BH)].e 

W(s) 
<I>(s) l+W(s)' 

IIo,ucTaBHB B Bblpa>KeHHe ( 18) 3HalJeHHj{ aMnJIHTy,U H q>83, nonyq}IM 

H(w)ei8<.rol 
Ac (w)ej(l),(Ol) 

l+ H(w)ei8<.ool' 

(18) 

(19) 

r)].e Ac(CO) H H(co) - aMTUIHry)lHble qacTOTHbie xapaKTepHCTHKM COOTBeTCTBeHHO 3aMKHyTOH H p830MKttyTOH CHC­

TeMbl (KoHrypa); (j)c(CO) H 0(co) - COOTBeTCTBeHHO <p830Bhle qacTOTHble xapaKTepHCTHKH. B1,1,ueJIHB H3 BblpruKeHHJI 
( I 9) OT,O:eJibHO aMTimrry,nHhie H 3aMJ<HYTble lfaCTOTHbie xapaKTepHCTHKH, Haii,neM 

Ac(w)=H(w)/.JH 2 (w)+2H(w)0(w); (20) 

(j)c(w)=arctg[ sin0(w) ]-
H ( w) + cos 0( w) 

(21) 

B <popMYnax (20) H (21) lf}ICJ10Bb1e 3Ha4e­

HIDI Ac(co) H H(co) onpe,AeMtOTC51 B JJ.eu1-16en­

nax, (j)c{ro) H 0(co) - B rpa,nycax. 0TKJ1a)].b1Ba51 B 
,neKapTOBOH CHCTeMe KOOp.D.HHaT ITO OCH op.nH­

HaT 3Ha'-leHH51 20 lg H(ro), a no OCH a6CUHCC 

3Ha'-leHHj{ 0(ro), nonyqHM HOMorpaMMY HH­
KOJibca (pHC. 2). qHCJlOBble 3Haqemra 20 lg 

Alro) Ha Heu YK83aHbI B KpJ)l(Kax, pacnono­
)KeHHbIX Ha CilJlOIIIHblX JIHHHj!X HOMOrpaMMbl, 

a 'Pc(CO) - B Kpy)KKaX Ha lllrpHXOBblX JlHHHlIX. 

KpHBa51 20 lg W(jco) npH nepece'-leHHH co 
CnJIOUIHblMH JlHHHSIMH HOMOrpaMMbl )laCT 3Ha­

qeHHSI 20 Jg Ac(CO), a CO lllrpHXOBhIMH - (j)c(ro). 
<l>opMyny (16) rrpHse.neM K BHJJ.Y 

' I) 

20/fH,15 

-f/1 -Ill 10 fl IQ HI! /NJ l#Q ?/717 110 ~D ?60 164 JIM 8" 

P11c. 2. HoMorpaMMa HliKOJJbca 
c HaHeceHHOH xapaKTepHCTHKOH 1/20 lg W,, Uw) 
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(
- . ) [ Jpn, (A,<pn )w}°l(Jro) l 1 

<f> A, <p , JW = (- ) ( l ( l . 
C II l+JP"' A,<p. w:(jro) w:uro) 

(22) 

K Bbl,lleneHHOMY KBa,llpaTHbIMH CK06KaMH COMHO)f(HTen!O B cpopMyne (22) MO)KflO npHMeHHTb HOMOrpaMMY 

HHKOnbca B CHCTeMe C HemrneHHOCTbfO. ,lvu, :noro B COMHO)l(l,fTenb 00,llCTaBHM COOTHOllleHJ-UI ,llnH n11HeHHOH 

4aCTH. CHCTeMbl w}•l (jw) = H}•l(w)e'8[•>(m) H HemmeHHOCTH Jpn, (A.q,.) = q, (A, (j),. )e'µ.,(A . .,,,) , TOr,lla nony'illM 

_ . - q (A,<p )ejµ.,(,i ,q,,) H:n\ro)e101•>(w) 

A., ( A Ci) )eJq,,(A .ljl,,ro) = • n (23) 
. ,<p,., 1 + q, (A,<p" )eiµ.,(A.q,, ) H:n) (ro)e1e!'l<wl 

(24) 

(25) 

}fa cpaBHeHHH cpopMyn (20) c (24) H (21) c (25) cneeyeT, l.fTO ,llHH 11ccne,llOBaHID1 3aMKHYTblX HemrneHHblX 

CHCTeM HeT He06XO,llHMOCTH TIOITb30BaTbCH ceMeHCTBOM HOMOrpaMM HHKOJlbCa npH pa3mtlJHbIX 3Ha4emu1x 3K-

BHBaneHTHhIX 'laCTOTHbIX xapaKTepHCTHK q, (A. q,
11 

) 11 µ, (A, <p
11 

) , a MO)f(J-10 nonb30BaTbCR O,llHOH HOMorpaMMoli, 

cMew.a.11 HatJano Koop,nHHaT HOMorpaMMhl no aMnmtry,lle tta 20 lg q, (A, q,11 ) 11 no cj}a3e Ha µ, (A, cp11 ) . Tor,lla no 

norapmj)MHl.feCKOH t.JaCTOTHOH xapaKTepHCTHKe 201g w}"l (ffi), HatteceHHOH Ha HOMorpaMM)', a TO'l:Kax nepeceqe­

HH.11 ee co cnnOWHblMH nHHH.IIMH HaxO,llHM ceMeHCTBa YaCTOTHblX xapaKTepttCTHK 3aMKH)'TOH CHCTeMbl 

20 lg [ <1>, (A, cp11 , ro)] H c L11Tp11XOBh!MH - cpa30BhIX xapaKTepHCTHK arg [ <l>c (A, cp,,, ro)] [3]. 

3. Bhl6op napaJIJICJJbH0ro H Il0CJJC,Ll0BaTCJJbH0ro 1coppeKTHpy10mux YCTPOHCTB 

B CHCTeMe ynpaBJJeHIIH 

81,16op CTPYKTYPbl H napaMeTPOB KoppeKTHPYfOW,HX YCTPOHCTB onpe,llenReTcH no norapHQ)MHlJeCKOH aMnn H­

TY.llHOH YaCTOTHOH xapaKrepHcTHKe pa30MKH)'TOH CHCTeMbl 20 lg IW*(jffi)I, KOTOpYfO npoeKntpOBlll.HK )l<enaeT 

noJTyqHTb nocne 3aBepweHHR ee BhPrncneHIDI. 0CHOBHb!MH ee COCTaBHRfOlll.lfMH H.BRSllOTC.11 nepe.n.aTO'IHble Q))'HK­

UHH HeH3MeID!eMOH 'l.aCTH CHCTeMbl, BKJll-01.faJOW.eH B ce6.11 061,eKT ynpasneHHSI, HCTIOJIHHTeJlbHblH MexaID13M, 113-

MepinenbHhie YCTPOHCTBa H CHJIOBble YCHJTHTemt, a TaJOKe 113MeHJ{eMOH, COCTOHW.eH H3 ManOMOUIHhlX ycHJIHTe­

neH 11 pa3JIH'IHblX cpe.U,CTB KOppeKL{HH. 

06brlfHO )f(enaeMa.11 norapHQ)MH'lecKa.11 aMnm1ry.u,ttaH LJaCTOTHa.11 xapaKTepHCTHKa onpe.u,eHReTcH no TeXHHLJe­

CKHM YCJIOBIDIM, T.e. TO'I.HOCTblO 0Tpa60TKH CHrttana ynpasneHH.SI ,llHH BblCOKO'laCTOTHOH o6naCTH H OCHOBHblMH 

noKaJaTeJIHMH Ka4ecrna (MaKCHMYMOM nepeperynHposam-t:.11 H speMetteM npoTeKamfJI nepexo.nttoro npouecca) 

.ll.JUI cpe.a.uetJacTOTHOH 06nacT11. IlapaMeTPbI HeH3MeID1eM011 qacTH cpopMHPYJOT o6nacTb sr,rcoKHx qacTOT. 3tta­

'IHTenr,ttoe BHHMattHe .ll.OJI)KflO 61,nr, y.nenetto no.u,asnemuo noMex. IlonyYeHHbie KoppeKTHpy10w.11e ycTpoticrna 

.ll.OIDKHbl o6ecne'IHBaTb BblCOKYIO Ha,lle)KflOCTb pa60Tbl CHCTeMbl ynpaBneHHR peaKTOpOM B urnpOKOM .u,11anaJOHe 

113MeHeHHH napaM~OB, Bbl3BaHHOro .LVIHTeJlbHOCTblO 3KcnnyaTaUHl-f A3C. 
,nm1 ITOCTPOeHHR )l{enaeMoH norapHcpMH4eCKOH aMrurnry,llHoH qacTOTHOH xapaKTep11cTHKH pa30MKH)'TOH c11c­

TeMbl socnonr,3yeMc.11 CTPYKTYPHOH cxeMoii, npwse.u,eHHOH Ha p11c. l ,a, c nepe.naToqHhIM K03cpcp1-1u11eHTOM 

Kb = I O(ycn. e.u,)'c-
2
. C ueJibIO ynpow.eHHR 3aJJ.aYH CHHTe3a rrpHMeM, lJTO co_ = l H JP"' (A. <p

11
) = 1. Tor.na, soc­

non r,3oaaswHcb MeTO.ll,HKOH, H3JIO)f(eHHOH B pa6oTe [3], J,f no nepe.naTO'IHOH cjJyttKUHH )f(eJlaeMOH CHCTeMbl 

. W,(Jro)Wy(jro)W,.(jffi)Wp()ffi)W~(Jffi)Wpn,(Jro) 
W,. (Jro) = IW( " )W( " )W (") + y J(J) ll J(J) K np J(J) 

(26) 

non y4HM w.np(jffi) = w:l(jffi)/W. (Jro) . (27) 
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3.l{eCb OCTaBrnylOCJI BbICOKOttaCTOTH}'IO 06- lt1W4 

naCTh HeHJMeIDieMoii qaCTH CHCTeMhl npu 1111 1, I ,. 
ro > 1 o6o3HatJHM qepe3 ,o•HH+-mlil~m,.,_u, w.::;.•1:::;'l•Tilll-- HI-H+ll!l--+-l-++WIH-+-1-1l-l+l-lll ~ 1T 

w~ (jco) = W, (jco) WP (jco) WCT (jco) WP._ (jco ). (28) H'l-+-+++lfflH
1

:~!.tllll!-++l+l-ll!l---l---i-j~l----l---i-j4Y,ll~ ~:.n 
"" .,,H-+1-1-H-!!!--H' :++l+lffll.?--1-.H"'~'Hlf--++++lllll-'f'+--+++l-!lll 
-vopMyna (28) cnpaBe.umma JIH.IIIh npu ye- ! , '" : 11 

1''1----l-++-IHl~---'-'-;-IIHI--+-"~ !s;i~Mi+-H+ffijjih,.,.,mrr-----.TTTTTT17,.,. 
JIOBHH WY(jro)Wa(jro)Wr_np(jro)>>l. ,U,~!!l!;•;t;!!JQ::=;""'~·~# : l 77 

C 
-.;;;;~ 1111/IM(r(/&,if,p~ '- I,, ~~,:-1: .. ~--:,-l.:IH!N-l+N.J..~~u.,.,,lll(Jw.ill..,Jl-.,,.L ... .LJ,-+i, fll!l-----1--f-ffil!II .. , 

oxpaHHTh B CHCTeMe aCTaTH3M 2-ro no- llfn lP',.u.,J L4' >"f-cA1" ~ -
fQ~VJ~w,/./!'=lc"mn1~--l=Ht=!+rimr--,,=ii==l=n:fll!=;:4-b:J.1.l.111!t-~':!J.l.llllll-+l-l+lllll--l-l+ml11-J//Q pHJJ.Ka, ttTo cneeyeT 03 BbipIDKeHIDJ .l{JI.!l ttHc- 1: : T J, I\.. 

JIHTeJUJ B q:>OpMyne ( 14 ), MO)KHO ITYTeM CJie- 61 
I : : : I i:,:..i:w,-Mll!=l\...;j."'.j...~l-l-ll!ll-+-l-l-14Uli-nr, 

41'H-l+-IH!lf+i+++!-lllll--+-,i-H+Hlf-l--L.L-4 e-!--+-1-+ll-l4!f.:>.:.l-+»llll!--l-+j-l-ill!l-JltJ 
JJ.yromero nocTpoemu xapaKTepHCTHKH ! i "' 1 f'\" ~ ..... 
201glW"' (ico)I B cpe,w1eqacTOTHOH H Bb1co- ,, : ! m~"' ..illJJH-1,; ~] ~ I\' 

l : 1-- 'iiITllfllii I I ~ \ 
KOtJaCTOTHOH o6naCTHX. ,ll;JI.!l 3TOro cneeyeT 6 r ' 1 1 : mJ ' Ntj/t<W .... 

40 
Jf~ lt#f/#1•(1'\_ 

nposecn1. BBepx np.RMyIO c eaKJIOHOM - ,. -,'l.t;':",'{7 .,~ 
1 

~
3 

,; 
1 

111 lit-. 11-1 
JJ.6/.l{eK qepe3 s1,16pattHyro tJaCTOTY cpe3a ~,,, "" 4, I" 111 11111 - -

-116 

-Jf• 

roe= 1 JJ.O TOlJKH, COOTBeTCTBYIOl.IleH '-IaCTOTe PRC. 3. fpa<poaHaJIHnf"leCKHH cnoco6 onpeJJ;eJieHIUI nma 11 

co''i = 1/T6 = 0,0347 c-
1
, a 3aTeM npHMy10 c aapaMeTpOB napaJIJiem,Horo KoppeKTirpywmero yc-rpoikTBa: 

HaKJJOHOM - 60 .l:{6/J].eK AO BbI6paHHOH TOtfKH a) aMTUIJIT)',llHl,Je H qJa30Bble ttaCTOTHLie xapaKTepHCTHKH; 
roI = 0,0124 c-1 (pHc. 3,a). ,lJ;anee OT TOlfKH 6 :me 11'!ecKrui cxeMa 

co"1 npoBe,neM rrp.!IM)'IO C HaKJIOHOM - 40,n6/,neK, a OT TOlJKH COc BHH3 npHMylO C HaKJIOHOM --- 20 JJ.6/JJ.eK JJ.O ro'2 

= l/T3 = 1,4286 c-1 (c OAHOH H3 tJaCTOT peaKTOpa). nocne qero OT 3TOH TO'll<H CTpOHTC.!I )KeJiaeMa.!l xapaKTe­
pHCTHKa C TO'lKaMH H3JIOMa apu cpeJJ.HHX '-IaCTOTax, COOTBeTCTBYIOlllHX o6paTHI,JM 3Ha"!emurM TTOCTO.RHHblX 

BpeMeHH OCTaJihHblX ycTpOHCTB CHCTeMbl ynpaBJieHlrn peaKTOpOM, T.e. 20 lgjw"' (jro)j. Ha 3TOM npH6JIH)KeH­

HOe nocTpOeID!e norapHq>MH'feCKOH aMITJIHTYAHOH xapaKTepHCTHKH 3aKaH4.HBaeTCJI. 
B cooTBeTCTBHH c q>OPMYJIOH (27) Ha puc. 3,a nocTpoeua norap.Hq>MH'leCKasi aMTIJIHTYJJ.Hasl xapaKTepHCTHKa 

20 lg IW "-"P(jco)J B BbIJJ.eJieHHoM -rpeMH sepTHKaJibHbIMll mrnIDI.Wf ni,mna.JoHe qacTOT co1 - ffiz. no ToqKaM ee H3-
noMa orrpeJJ.eJIHM nepeJJ.aTOqffYIO q>yHKI.(HJO KOppeKTHpyJOl.Ilero ycTpOHCTBa B BHJJ.e 

k-rirrkK (TK1S + 1) 
W .. /s) = ( )( ) , (29) 

T,2s+l Tus+l 

r,l{e k,y- Kb3Q>Q)lf[(HeHT ycHJieHIDI MaJIOMOl.IlHOro ycHJIHTeJU1; krr = 0,25 B -c-1 - nepeJJ.aT011HbJH K03q>q:>Hl(HeHT Ta­
xorettepaTopa; TK1 = 0, 7 c, T ,a= 0,07 c - nocTO.!IHHbie BpeMem1 RC-q>HJlhTpa; TK3 = 0,001 c --- nocTOSlHHrul speMe­
H.H l(eITH JIKOpH TaxoreHepaTopa. 

PeaJIH3fil\llil KoppeKTHpyJOmero ycTJ)OHCTBa B BH.l{e 3JieKTpH'IeCKOH cxeMh1 rrpHBeJJ.eHa Ha p11c. 3,6, r.ne 
q>HJibTp Bh16paH no Ta6JIHL(e, YKa.3aHHOH B [2]. I-fa cxeMbl BHAHO, 'ITO 

K. = 1/ (1 + R4 / R3 ); K,1 = R4 C1; T .a = TKJ (1 + R4 / R3 ). npH s1,16paHHhIX napaMeTpax R3 H R4 HaH.l{eM KK = 0, 1. 

no q>OpMyJie 

arg(W" (jro)] = arg[ W~ (jro) J-arg[ w._np(jro)] (30) 

Bbfl-UICJIHM yqaCTOK 3Hat..feHHH Q)a.30BI,IX yrnoB qacTOTHOH xapaKTepHCTHKH )KeJiaeMOH CHCTeMbI, KOTopasi ITOKa.3a­
Ha Ha pHC. 3 ,a )KHpHOH WTJ)HXOBOH JIHHHeH, IT03BOJI.!IIOl.IleH HaxO)lHTb 3anac ycTOH'-fHBOCTH CHCTeMbl no q>a3e. 

,ll;JIJl JJ.OKa3aTeJihCTBa cnpaBe)J.JIHBOCTH BbI6pa.HHOro napaJIJieJibHOfO KOppeKTHPYIOl.Ilero YCTJ)OHCTBa BOCilOJlb-
3yeMCJI Bblpa)KeH.HeM (14), HCKJIJO<rnB H3 Hero 3KBHBaJieHTH)'IO nepe.naTOl{H)'lO q>ymcr..I.IDO HeJIHHeHHOCTH Jp.H'I 

(A.cpn) npH /cry= 44,8. 

B pe3yn1,TaTe 3TOro Ha pHc. 3,a nocTpoeHhI xapaKTepHCTHKH 201glW
0

(jco)I npu Ka= 1,0 TOHKHMH WTpHXO­

BOH, a npu Ka = 14 ycnOBHOH DITpHX-nyHKTHpHOH JIHHIDIMH. 3.11.ec1, )Ke Ha pHcyttKe cfIJIOWHOH JIHHHeH no­

CTpoeHa qacTOTHa.!l xapaKTepHcTHKa 20lglWb(jco)I npH Kb= 10 (ycn.eJJ..) -c-2 , np0Be,netttta.s1 qepe3 TOlfKY coK = 
./Io= 3,16 c-2 ' pacnoJIO)KeHH)'IO Ha OCH a6Cl(HCC. K HeH .11.06aBJ1eHhl tJaCTOTHble xapaKTepHCTHKH BCex 3BeHheB, 

BXOJJ.~HX B HeH3MeHH)'lO ttaCTb CHCTeMbI. lfa pucyHKa BHJJ.HO, l{TO DOJiy'-leHHa.!I KpHBaJI H.MeeT MHOfO H3JJOMOB 
npH tJaCTOTax C o6paTHhlMH 3Ha1leHHJIMH ITOCTOJIHHhIX BpeMeHH .!l.l{epttoro 3HepreTWieCKOfO peaKTopa. 3.l{eCI, 
TaK)Ke llOCTpoeHbI Q)a30Bble 3HatteHIDI xapaKTepHCTHKH arg [Wb(ico)]. Bml3y Ha pH.C. 3,a noc-rpoeHbl tJaCTOT­

HI,Je xapaKTepHCTHKH 20lgll/W
0
(jro)I , arg[l/W

0
(jro)] B JJ.HanaJoHe no co OT 0,01 c-

1 
no 25 c-1, KOTOpbIe nepeHe­

ceHbI Ha HOMOrpaMMy HHKOJibCa T01lKaMH (puc. 2). qepe3 HHX nposeJ].eHa KpHBaH 1/Wa(jro)_ no T01.fKaM ee 
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nepece'-lemrn C aMnJTHT}'JJ.HblMH H cpa30BbTMH KpHBblMH HOMOrpaMMbl HaXOJ]..l!TC.I! '-laCTOTHble xapaKTepHCTl1KH 

20 lgl1/(l+W
0
(jro))I, arg[l/(1 +W0 (jro))], 11306p3.)KeHHhle Ha pHc. 3,a CHH3y. CJTO)l(HB HX c xapaKTepHCTHKa-

MH 201gjwb (jro)j 11 arg [Wb(jw)], nOJIY'-lHM TO'IHbie 3Ha'-leHH.I! )l(eJTaeMbrx aMnJTHT}'JJ.HOH 201g IW .,.. (iro)j H cpa-

30BOH arg[W"'(jro)] '-laCTOTHblX xapaKTep11CTHK. 0HH .nattbl Ha pHc. 3,a csepxy )l(HpHbIMH CTTJTOWHO.H H UITpH­

XOBOH JUIHIDIMH. KaK BHJJ.HO, B CfaCTOTe cpe3a Ole= 3,5 c· 1 Ha6mo.naeTC.I! 60JTblllOH 3anac ycTOHlJHBOCTH no 
q>a3e r~ 11 MOJJ.YJT.l!M ±20 lgH(ro), 'ffO o6ecne'-lHBaeT Tpe6yeMyIO ycTOHlJHBOCTb CHCTeMbl ynpaBJTeHH.I! npH 
npHH.l!TOM K03<p<pHJ.(HeHTe yc1meHHjl CHCTeMbI, paBHOM 10 (ycn .e.n.)-c"2• 

ArrnpOKCHMHpyeM IlOJTY'-leHHyIO xapaK- ..-------------------------~ 

TepHCTHKY 20 lg IW'"'(jro)I B o6nacTH qacToT 
ro OT l .no 2 c·1 TOHKOH WTPHXOBOH JTHHHeH 
C HaKJlOHOM - 20 JJ.6/)J.eK. B pe3yJlbTaTe 
3TOfO □OJTY'-leHa 6onee TO'-lHM )l(eJTaeMM 
JTOrapHq>MH'-teCK3jl aMOJllIT)')J.Hajl t.taCTOT­
HM xapaKTepHCTHKa npH Ka = I C, TK = 0,8 
c. TTepeHeceM ee Ha p11c. 4,a H nocTpOHM 
npH fUITH 3Hat.teHHJIX Kb= 10, 70, 140, 250 
H 400 (ycJT. eJJ..}c"2 )l(JipHblMH COJTOWHblMH 

JTHHIDIMH, o603Ha'IHB t.tepe3 20 lg H!n) ( (t) ). 

3JJ.eCb >Ke Ha pHCYHKe nocTpOeHa q>a30Ba.l! 

~1aCTOTHM XapaKTepHCTHKa 8~n) ( 00) )l(Hp­

HOH lIITpHXOBOH JTHHHei:\. J,fa 3THX KpHBblX 
BHJJ.HO, '-ITO c poCTOM Kb 3anach1 ycToHt.tH­
socTH no q>a3aM '(cj, H MOJJ.YJTjiM ±20 

lg H!"\ro) na)J.aIOT, a npH K03<p<pHI.{HeHTaX 

140, 250 H 400 CHCTeMa CTaHOBHTCi Heyc­
TOH"'IHBOH (pHc. 4,6). Ilo3TOMY B Hee Heo6-
XOJlHMO BBOJ].HTb nocJTe)J.OBaTeJlbH.ble KOp­
peKTHpy101.1.u-1e YCTpOHCTBa >KeJlaTeJlbHO C 
60JTbllIHMH 3Hat.teHl-tj!MH yrnoB cpa30BblX 
onepe)!CeHHH npH MaJibIX aMITJlHT}'JJ.HblX 
HCKa)l(eHIDIX. 3To 003BOJTHT yMeHbllIHTb 
BJTHJIHHe noMex Ha pa6ory CHCTeMbl, co­

Ji(} 

110 

140 

1).01 ., 
PHC. 4. JlorapHq>MH'leCKHe xapaKTepHCTHXH pa30MKH)'TOH Cl1CTeMbl 

ynpae11eHID1 .R)lepHoro 3HepreTK'lecKoro peaKTopa 
npH Kh = I 0, 80, 140, 250,400 (yc11.e.11..}c·2: 

a) ID!Tb nOJIO)l(eHHH wa6JJOHOB AIU! HeJlHHeHHOCTH; 6) JanaCbl ycTOH'-111-
BOCTH CHCTeMbl no q>a3aM ycj,; B) wa6JJOHbl; r) HOMorpaMMbl ITOCJle)lOBa­
TeJibHhIX nceB)lOJlHHeKHbIX KOppeKTHPYIOIIOIX ycTpOHCTB; .n) KpHBble 
OTHOCHTeJlhHblX 3MOJ111TY.ll aBTOKone6al-lHH B 38BHCHMOCTH OT Kb 

xpattHB BblCOKHe nOKa3aTeJTH Ka'-leCTBa 0Tpa60TKH 3a)J.aHHblX CHrHaJIOB ynpaBJleHl-tj! nit). 
K TaKHM KoppeKTHPYIOU\HM ycTpOHCTBaM OTHOCjiT nceBJJ.OJIHHeHHbre, KOTopbte co.nep)l(aT .nsa Kattana - aM­

OJIHT}'JJ.HbIH H cpa30BblH (pHC. 5,a), 3Ha'-leH),f_jl KOTOpbIX 3aBHC.l!T TOJTbKO OT t.taCTOTbl. ,Lvijl onpe)J.eJleHl-tj! 3Hat.teHHH 
aMTIJIHT}'JJ. H <pa3 BOCilOJ1b3yeMCi CJieJlYIOU\HMH cpopMYJiaMH: 

H .. (ro) = k. {1 +(1t+ 2ex-20)
2 

+ 2(1t-2a-20)sin (2a- 20)-cos(2ex+0)x 
7t✓l + µ 2ro2T.2 

x[ (2 - cos ex )cos 0-sin a sin 0-sin2 ex cos( ex+ 8) ]+ sin ( ex+ 0)[ coscx(l + 2sin 8)sin ( ex+ 0)+ sin 2cxcos ( ex+ 0)] t; (31) 

(28-2a-1t)sin 8 + cos8+ sin 8sin 2a-cos8cos 2a a •• (ro)=arctg . . . , (32) 
· ( 1t-2a-28)cos8 + sm 8+ cosasm (8+ a)+sm a.cos( a+ 8) 

rJJ.e a.= arctg[(l- a)roTj(L +v2ro2T.2 )]; 8(ro) = arctgµroT •. 

I1p11 Bbl'-IHCJJeHHH 3Hat.teHHH 20 lgHK.n H aK.n npH pa3JJH'-IHbIX napaMe-rpax V H µ BOCOOJJb3YeMC.I! )J.aHHblMH, 
npHBe)J.eHHblMH s Ta6JJ. 2, COCTaBJlCHHbTMH .LJ,JU1 KOppeKTHpyJOW.HX ycTpOHCTB 1, 2, 3-ro THOOB. 

T a 6 JJ H u a 2. IlapaMeTpbl nocne.noeaTeJJbHblX nceB,llOJIHHeHHbIX KoppeKTHpyIOll.llfX ycTpOHCTB 

THITbl YCTpOHCTB V u kK 
1 0,01 0,1 1,0 
2 0,01 0,5 1,0 
3 0,1 0,5 1,0 
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CoOTBeTCTBYJOUIHe BeJrnqHHbl ,ll.aHI,I Ha pHC. 5,611 
8 ,ll.JIH 3HatJeHHH oTHOCHTeJibHhIX qacToT mTK. I,fa pHc. 

5,6 CJie,!zyeT, 4TO aMruLHTYJJ.Hbie HCKa)l(eHID! MeHbllle 4 
JJ.6, a nO,ll.beMbl QH130Bb[X yrnoB B 6oJiblDOM ,ll.HaTia30-

He OTHOCHTeJI.bHbIX qacTOT rrpeBbTlllaJOT 80° H AOCTH­

ra!OT I 15°. 3Ha4eHIDI q>a30BbIX xapaKTepHCTHK no­

CJie,noBaTeJI.bR.bIX KoppeKmpyiol.I(ID( ycTJ)OHCTB I, 2 H 

3-ro THTIOB, nepeCTJ)oeHH.bie B Macuna6e a6coJIIOT­

HhIX 3Ha4etrnH qacTOT m, mo6pa)l(eHb[ Ha pHc. 4,2 
(KpHBbie I - 3). 3,necb )Ke ,lI.aHbI aMruJHzy,lI.Hbie HCKa­

)KeHIDI (KpHBble 4 H 5). HaICJia,ll.bIBIUI Ha q>a30BYlO 

KpHBYJO 0~n>cco) XapaKTepHCTHJGf 0K.n(ffi) ,ll.Jl.sl pa3-

Jllfl!HhIX THnOB KoppeKTHJ))'TOUIHX YCTJ>OHCTB (no 

MaKCHMyMaM q>a30BbIX onepe)KeHHH) COOTBeTCTBeH­

HO ,ll.JIH Ka)KAOH H3 '-laCTOT cpe3a, nOJJY'-IHM pe3yJibTH­

PYIOUIHe q>a30B.ble xapaKTepHCTHKH e/11>(00). B pe-

3YJibTaTe onpe.L(e.JIHM 3anaCb) YCTOH'UIBOCTH CHCTeM C 

napamreJibHbIMH H nocJieJJ,OBaTeJibHbIMH KOppeKTH­

PYJOll(HMH ycTpoiicTBaMH. Ha p11c. 4,6 nOKa3aHI,J 

3Hat.feHWI q>a30BbIX yrnos ycrowrnBOCTH Y<1> CHCTeM: 

KpHBIUI I - 6e3 nocneJJ,OBaTeJibHOro KOppeKTHpyIO­

w.ero YCTJ)OHCTBa, KpKBIUI 2 - c nocJieJJ,OBaTeJibHblM 

ycTpOHCTBOM I -ro THna, 3 - BToporo u 4 - 3-ro nrna. 

EcnH noJIO)l(HTb, '-ITO Y<1> He JJ.oJDKHa 6bITh MeHhme 45°, 
TO, KaK BHJJ.HO 113 pHCYHKa, CHCTeMhI C nepBhlM H BTO­

pblM KOppeKTHJ)YJOll(HMH ycTpOHCTBaMH o6ecne<rn­

BaIOT ycTOH'-IHBOCTb COOTBeTCTBeHHO npH 

Ki')= 140, K!2l = 250, K!3l = 250 ( yen. eJJ..)·c·
2

. 

u.(s) 

ZOl§HK/1, i/5 
81rn 

IZO 

80 

60 

zo 

0 
0,1 -i..--;;:: ...... 

:;if' 

... --II 

AMTinHT)'.IDlbIH KaHan 

K; 

~ 

<f>U30Bhlli Ka.Han 

a) 

6) 

.,,. 
/ rj<>-

I'/, 
~ 

II I 

~ 
l 

~ 
111} ,.,.. ~ 4 

~ 

a) 10 

f 
f-. i-...., 

r--.i,,._ 
.... ~ 

't,_, 
',:, 

" "' ~ 

''Q. 

PHc. 5. HoMorpaMMbI .ll)lll orrpe.n.eneHHJI 
norap.Hq>MW!eCKHX aMDJUITY.LlHhTX H q>aJOBbIX 'laCTOTHbIX 

xapaKTepHCTHK .LlJlll' rpex nmoe rrces.n.omIBerun,1x 
KoppeKTHPYJOmux ycrpoikTB: 

a)- CTPYKTYPHall cxeMa; 6)- 20 lg H"-n(ro); e)- 0u(ro) 

4. AHaJIH3 HeJIBHCHHOH CBCTeMbl ynpaBJICHHH H,!lepHbIM peaKTopoM 

Jl.r(epHbrn: :mepreTH'!eCKHH peaKTop HBillleTCH tterrHHemn,1M, no3TOMY ero noaeAeHHe cymecTBeHHo OTJIH4aeTCll 

OT JIHHei1noro. ,ZJ;rn aHaJIH3a yCTOH'-IHBOCTH HemrneHHoH CHCTeMbI no napaMeTJ)Y Kb npHMeirnM MeTOJJ. rapMOHH'!e­

CKOH JIHHeapH3aUHH HenHHeHHOCTH, no3BOJI.slIOll(HH onpe,nemrrb o6nacTH ycTOH'!HBblX H tteycTOH'!HBbIX coCToHHHH 

CHCTeMbl. )].mi :rroro BOCilOJTb3YeMCjl MeTOAOM ma6JIOHOB, HMell BBffAY, qTo paccMaTJ)HBaeMasl mrneHHIUI CHCTeMa 

o6Jia,ll.aeT CBOHCTBOM HH3KoqaCTOTHOro cjmm,Tpa H He TJ)e6yeT yqeTa BbTCIIIHX rapMOHHK, KpoMe nepBOH [2 -4]. 
fu <tJopMyJibI (16) 3aIDfWeM YCJIOBHe ycTOH'IHBOCTH B BH,lI.e 

l+Jp.Hq(A,<pn)w}n)(jro)=O, (33) 

OTKyJJ.a mui)J.eM 

-II J p.H• (A. <p.) = w}n) (jro) 

IU!H 201g 1/ q, (A,<p.) = 201g H!nlcro); -180' -µ, ( A, <j).) = e~n) (ro), 

rJJ.e 

<Pc (A, (j)., ro} = arctg 

sin[µ, (A, <P. )+ e~n) (ro)] 

q, (A,cp.) 

(34) 
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Wa6JIOH, ITOC'ff)OeHHbIH no cj>opMyJiaM (34) H npHBeJJ,eHHblH Ha pHc. 4,6, nepeHeceM Ha pHC. 4,6 B Macurra6e qac­
TOTHhIX xapaKrepHCTHK pHC. 4,a. Hap11cyeM ero Ha npo3pa'iHOH 6YMare H COBMeCTHM OCH . .n;anee rua6JIOH 6y,neM ne-

peMell(aTb ,no rex nop, no Ka TO'-IKH nepeceY.emu1 xapaKTepHCTHK 20 lg H !•l (ro) c 20 lg 1/ q, (A, <p,,) (TOY.KH B;) 

Ii e~•l ( (J)) C - 180° - ~ (A, (j)n ) (TOY.KH D;) He 6y,zyr HaxO)J.HTbCJI Ha OJJ.HOH BepTHKaJibHOH npHMOH. Tor.na YJJ.OBJle'fBO­

pIDOTCll ycJIOBHJI yCTOHY.HBOCTH (33) Ii B HeJIHHeHHOH CHCTeMe B03HHKalOT nepHOJJ.Hl{eCK.He perueffiUI. ITpH 3TOM Tpe-

6yeTCll YCTaHOBHTb, KaKHe H3 HHX COOTBeTCTBYJOT YCTOH'-IHBblM KOJie6aHHHM (aBTOKOJie6aHHl!), a KaKHe HeyCTOH'-IH­

BbIM. Ecmt B TO"IKe nepeceY.eHHll D; cj>ll30BbIX xapaKTepHCTHK HMeeTCll OTpHI.laTeJlbHbIH HaKJioH (d0/dro < 0), TO B cHc­

reMe Ha6ruo,naIOTcll aBTOKone6aiiIDI c Y.aCTOTOH OOa H aMIUIHTyJJ.OH Ac, a ecJIH B TOtfKe D; HMeeM noJIO)KHTeJlbHbIH Ha­

KJIOH (d0/dro > 0), TO B CHCTeMe B03HlfKHYT HeycTOHl.{)fflbie Kone6aIDU1 c qaCTOTOH 000 [3]. 

CooTBeTCTBYfOI.I(He nocTpoeIDU! BblITOJIHeHbl Ha pHC. 4,a TpeMH ITOJIO)l(eHIUIMH ma6JIOHOB 1 - 5 HJIJ,f I - 5 H 

I - 5 . OTcto)J.a BHJJ.HO, Y.TO npH I -OM THne nocne,noBaTeJibHOro KOppeKTHpytow.ero ycrpoifoTBa '-!aCTOTa aBTOKO­

ne6aHHH 000 = 9,2 c·1 H tteyCTOHtfHBbIX Kone6aHHH roH.K = 0,43 c·1
• 3Ha'ieHMll OTHOCHTeJibHbIX aMnn1ny.n A .n.ru1 

tteycTOH'-IHBbIX Kone6aHHH nocTpoeHbI KpHsoii l, )J.JlJI a.BTOKone6aHHH - KpHBOH 2 (pHc. 4,o). 3.uecb Ha pHcyttKe 
nocTpoettbl aHaJIOrHY.Hhie KpHBble 3 H 4 JJ.Jljl 2-ro THna nocJieJJ,OBaTeJlbHOro KOppeKTHpyrow.ero YCTPOHCTBa c 

OOa = 0,43 c·1 11 ~ ,a = 17 c·1
• ITo.no6Hhle KpHBbie CTpOHJIHCb H JJ.Jljl 3-ro THna KOppeKTHpyromero ycTpoikTBa. Ha 

pHC. 4,0 OHH npHBe,neHbl B 3aBHCH.MOCTH OT Kb. 
Ha OCHOBaHHJ,f pHC. 4,o MO)KHO ycTaHOBHTb, Y.TO HeJIHHeHHaJI MOJJ.eJib l!,nepttoro 3HepreTH1-teCKOro peaKTopa 

npHBOJJ.HT K COKpaw.eHHfO o6naCTeH YCTOH'-JJ,fBblX COCTO.ll.HHH. Hapl!JlY C 3THM B CKOppeKTHpOBaHHOH CHCTeMe npo­
HCXOJJ.HT YMeHbrnem1e OTHOCHTeJibHOH aMilJIHTYJJ.bl KOJie6aHHH npH ,neHCTBHH CHttyCOHJJ.aJibHOro CHrHana no peaK­
THBHOCTH. I1o3TOMY npH Bb16ope nma nocneJJ;OBaTeJibHOro KOppeKntpyrow.ero YCTPOHCTBa cne.eyeT o6paw.aTb 
BHHMaHHe He TOJlbKO Ha o6naCTb ycTOH'-IHBblX COCTOjjHHH, HOH Ha yMeHbllleJ-fHe OTHOCHTeJlbHblX aMTIJIHTYJl-

0KOH'-laTeJlbHOe peUieHHe O Bb16ope HaHJIY'-llllero nma nocJie)lOBaTeJibHOro KOppeKTwpytolll,ero ycTpOHCTBa 
MO)KHO HaHTH npH y'-leTe BJlMHIDI noMeX Ha CHCTeMY . .n;m, 3Toro CJieJJ;yeT ITOCTPOHTb no cpopM)'Jie (23) JlOra-

pHq>MHl{eCKHe aMnJIHTY JJ.Hb1e xapaKTepHCTHlOI 3aMKttyTOH tteJIHHeHHoii cHcTeMbI 20 lgj(l) c (A, <P., jro )j. BocnoJih-

3yeMcll HOMorpaMMOH HHKOJibca (pHc. 6), r.ne noKa.3aHhl -rpH l{aCTOTHbie xapaKTepwcTHKH 20 lgW}"l(jro) B 3as11-

CHMOCTH OT □OJIO)l{eHHH UJa6JIOHOB C HeJIH­

lleHHOCTblO peaKTopa 20 lg JP·""( A, <pn) npH 
o,nHoM 3Haqemrn <p,, . IToCTpo11s HX npH cp,, = 
- (60°, 55°, 50°, 45°) H .no6aBHB K HHM xa-

paKTepHCTHKH 201glw/•luro)I, nonyqHM xa-

paKTepHCTHKH 20lgl<l>c (A,cp,,,Jro)i JJ.Jlll pa3-

Jl~l{HblX 3Hal{eHHH OTHOCHTeJlbHblX aMIDIHTYJJ. 

A = 0,111; 0,2; 0,25 (pHc. 7, a - e). 
Onpe,neJieHHe ITOJlOCbl nponycKaHHJI CHC­

TeMOH noMeXH HaHJJ,eM no l{aCTOTe, COOTBeT­
CTBYIOW.eH TO'!Ke nepecetteI-IIDl npHMOH O ,n;E 
c xapaKTepHCTHKOH 20 lg l<l>cl. OttH nocTPoe­
Hl,I Ha pHc. 7,a JJ.JI_ll 1-ro THna nocne,nosa­
TeJibttoro KoppeKTHpyromero ycTpoikTBa, Ha 
pJ.1C. 7,6 - )].Jlll 2-ro H Ha pHC. 7,e - JJ.Jljj 3-ro. 
KaK BHJ];HO H3 3THX pHCYHKOB, HaH6onee y3-
KOH nonocoH nponycKaHHJI o6naJJ.aeT CHCTe­

Ma co 2-blM THOOM nocne,noBaTeJlbHOro KOp­

peKTHPYJOIUero YCTPOHCTBa. CaMbIMH mHpo­
KHMH o6nacrnMH YCTOHY.HBOCTH npH 60Jlb­

llll1X 3HaY.eHHl!X A H Kb o6naJJ,afOT Cl1CTeMbl 
co 2-bIM H 3-HM THnaMH KoppeKTHPYJOlllHX 
ycTpoiicTB. ITo TO'iHOCTH OTPa6oTKH CHrHa­
JIOB ynpasneHHll, o6nacTeii ycTOHttHBOH pa-
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-/fl-J/1 -Ill -lll-.tll -lU-110-111 -IM-111 -f41-tlD -Ill -110 -IQ -U -ZD 1° 

I) 

PMc. 6. HoMorpaMMa HMKOnbca C HaHeCeHHb[MJ,I qeTblpbMJI '18CTOT­

HblMJ,I xapaKTepHCTHKaMJ,I W}n) (jro) , 3aBHCJ11UHMH OT nonoll<eHHH 

rna6noHa 20 lg Jp.,r,( A, <p/1) B 38BHCl1MOCTH 

OT <pn = - (60°, 55°, 50°, 45°) 



6oTbI 11 no.D.aanemu, UJYMOB (noMex) a c11cTeMax ynpaanemrn c peaJ<TopaM11 cneeyeT OTJJ.aBaTb npeJJ.nO'-!Te1rne 

BKJlJO'-lemno s HJ,IX nocne.uoaaTeJJbHhIX Koppe1Cn1py10mHX ycTpoHCTB 2-ro nma. 

20tgl tl>(jtJJI ,A5 
5.-----,-----.---.....---, 

zotg I ¢(J(.))j,Ao 
J .------.-----,---,----, 

zotg I "'U(J) j ,A.i 
5--~-~--~-~ 

0 

-5 -s -5 

-10 -10 -10 

-ff -15 -ff 

-20 -20 
0 2 4 6 f,J C-I u 2 , -20 

4 6 w.c-1 D 2 4 5 (JIC-1 

a) i) 6) 

PHC. 7. J1orapHq>M[,f<[eCKHe aMITJIHT)'.llHble xapaITTepucnurn JaMKH)'TOW CHCTeM.bl c HemrneKHOH '-laCTl,IO .LI.JUI peaKTopa 
C nocne.noaaTeJlbHhlMH KOppeITTHp)'JOil.lHMH YCTPOliCTBaMH: a) - nepeoro; 6) - BTOporo; e) - TpeTbero THTIOB 

3aKJII01.JCHHe 

51.D.epH.ble :mepreT11'-leCK11e peaKTOpbl e Cl1CTeMax ynpaeneHID! A3C SIBJJ.SUOTC.SI HeJJ11HeHHblMl1 o6beKTaMH, 

np11B0JJ.SIW.11MH K aBTOKOJJe6aHJ.UIM 11 HeycTOWIHBblM pe)KINaM pa60Tbl npH BblCOKl1X 3Ha'-!emrnx K03<pqm.1..([,feHTOB 

yc1meHIUJ. C ueJJblO HeJJ.onycTHMOCTH BJJl1SIHHSI noMex 11 l1X no)].aBJJemrn Heo6XOJJ.11MO npHMeH.SITb nocne.noaa­

TeJJbHble KoppeKn1pyiom11e YCTPOHCTBa nceBJJ,OJJHHeHHOfO TJma, HCKJJJ01.Ja10w.He B03MO)KHOCTb TTO.SIBJJeHHSI aaa­

pHHHblX c1,rryau11i1 B CJJO)f<.HhlX 3KCfinyTaQHOHHblX YCJlOBIDIX pa60Tbl peaKTOpOB. 
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..., 
nEPEXOAHblE M ABAPMMHblE PE>KMMbl 

Y,LJ:K 621.039 

HccJie.LJ;oBauue B0JM0iKH0CTH y,11;epiKaHHH pacnJiaBa ua ,11;uume Kopnyca peaKTopa 
Ha 003,LJ;Heii CT3)];HH pa3BHTHH THiKeJIOH aBapHH C UOMOII(blO KO,LJ;a 

P ATEr /CBE1IA/rE<l>ECT 

B.B. Ee:menKUH, E.10. Ky3bMUH, B. 0. Kyxmeaull, A.B. JlyKUH, B.r. CuoopoB, 
C.-TTe-rep6yprcKHH "ATOM3HepronpoeKT", 191036, CaH1CT-TTe-rep6ypr, CyBoposcKHH np., 2a, 

A.E. Kucenea, I'.B. Ko6enea, B.<1>. Cmpwreoa, A.C. <1>1munnoa, 
HEPA3 PAH, I 13191, MocKBa, 6.TynbcKasi, 52 

IlpeJlCTaBJJeHbI pe3ynbTilThl paC"leTHOro attamaa yJlepll<aIDUI pacn.rrasa KOpHyMa 8 KOpnyce peaI<TOpa, OXJIIDK)laeMOM 80-
JlOit PaccMal])Jraaen:$1 A3C c peaKTOpttolt ycTilHOBKOH (PY) MOlllHOCTblO I 000 MBT (3n.). Onpeaenetto 3Ha'leHHe noporo­
solt 3JJeKlpl1t{eCKOH MOillHOCTH PY, np11 Koropolt TaKoe yJlepl!<aHHe B03MOll<HO. TTpH npose]leHHH pac"leTHOro aHanH3a MOll.\­
HOCTb sapbHpOBaJJaCb B ,ll.HaTia30He 640 - 1000 MBT C coxpatteHHeM pac"!eTHOH KOH<pmypau,HH YCTIIHOBIUI. 

NUMERICAL INVESTIGATIONS WITH RA TEG/SVECHA/HEFEST CODE ON POSSIBILITY FOR 
LONG-TERM IN-VESSEL CORE MELT RETENTION. V.V. BEZLEPKIN, E.Yu. KUZ'MIN, V.O. KUHTE­
VICH, A.V. LUKIN, V.G. SIDOROV, A.E. KISELEV, G.V. KOBELEV, V.F. STRIZHOV, A.S. FILIPPOV. Re­
sults of numerical investigation of corium retention in the reactor vessel cooled by water from outside are given. The 
study is conducted for NPP with VVER of 1000 MWe power. Calculations of corium retention are done for various val­
ues of electric power ranging from 640 up to 1000 MW. As the result of series of calculations, maximum allowable value 
of electric power is found for possibility of in-vessel corium retention. 

K HaCTOllI.QeM}' speMeHH pa3pa6oTaHO HeCK0JlbK0 
KOHUemu-rn n0Kan113a1..orn asap11i:t PY BB3P, conpoao­
>K.D.arommccsi 3Ha 'ilITellhHblMH pa3pyrueHH.llM H aKTIIB­

HOH 30HhI (a3.). OcHOBHhlMH SlBJUIIOTCSl c11eJzy101..1.U1e 
)].Be. B nepBOH npe)].TIOJiaraeTC.si B03M0)l(HOCTb yAep:»<a­
Hllil pacnJiasa a.3. B Kopnyce peaICTopa np11 naccHBH0M 
oxnIDK,Uemrn Hap~ol-i nosepXHocnt Kopnyca c o6ec­
nel.feHHeM ,[J.0KpH3HCH0ro pe)KHMa KHileHJUI 0XJIIDK­
,11,atoI.QeH B0.D.bL 3Ta K0HUem{IDI npHMeHHMa )J)UI A3C 
cpe,11,Hei:I M0I..U.H0CTH, B '-laCTH0CTH, )J)UI A3C c BB3P-
440 (Jlos1-rnca, Finland), B npoeKTaX AP-600 H A3C c 
BB3P-640. Bo BTOpoH K0HUem.t,HH 3a,u.a'-la JI0KaJIH3a­
UH.H pacnJiaBa Marep11anos a.3. (KOpH}'Ma) pemae-rcsi 
nyTeM 003,11,aHJUI cnel.(HaJibHhIX BHeKopnyCHhIX ycr­
pOHCTB y,u.ep)l(aHH.11 pacilJlasa. 

O60CHOBaHHe pa60Tocnoco6HOCTH C00TBeTCT­
BYlOLQHX TeXHHl.feCKHX pewetrnH np0B0,11,HTC.s! C HC­
n0Jlb30BaHHeM C00TBe'fCTBYIOlltHX K0Mnbl:OTepHhrx 
K0.11.0B. TaK, B pa6oTe [I] npose,11,eHo pac'-te-rHoe 
06ocHosaH11e y,11,ep:»<aHHe pacnJiaBa B Kopnyce peaK­
Topa BB3P-440 .11.Jl.s! A3C JloBHHCa. AHanorH'llioe 
pac'-ieTHoe 06ocH0BaH11e npoBOJJ.Hnocb J])l.s! AP-600 
[2]. B o6oux cnyqa.six )J)UI 06061.QeHHoro cueHapHJ1 
TIDKeJIOH asapHH H3 K0HCepsaTHBHbIX coo6pIDKeHHH 
npIDUIT cocTaB 11 no11Y4eHo pacnpe,u.enem,1e MaTe­
p11anoB a.3. Ha .11.HHIIJ,e Kopnyca PY. Ha nepsoM 3Tane 
Bbln0JIHJIJIHCb pacl.fe'fbl TenJI0BbIX noT0K0B Ha Ha­
PY:>KHOH noBepxHocrn Kopnyca .11.Jl.s! ccpopMHpoBaH­
HOH BaHHhl pacnJiaBa, KOT0pble ,11,0JDKHbl no.nTBep­
,11,HTb HenpeBbIWeHHe n0T0KaMH KpHTH'-leCKoro 3Ha­
"!eHHJI. Ha BT0p0M 3Tane np0BO)].HJII-ICb pacl.fe'fbl Ha­
np.si)KeHHO-)],e<pOpMHpOBaHHOro C0CT0.s!HHH Kopnyca, 
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B xo,11,e K0T0pb!X no,D.TBep)K,11,aJI0Cb coxpaHeH11e He­
cyw,eH cnoco6Hocrn Kopnyca. 

0rMe'fHM, l.fT0 npHBe,11,eHHble B 3THX pa6oTax 
o6ocHOBaHH.ll B03M0>KHOCTH y,11,ep)KaHHSl pacnnasa B 
K0pnyce peaKTopa He yqHTblBaJIH ,11,HHaMHKY cpopMH­
posamu, BaHHbl pacnnaBa Ha .11.HHI..U.e Kopnyca, B3a­
HMHoe BJIIDIHl-le H3JIY1.feHID! C noBepXH0CTH pacnnasa 
H 3neMeHTaMH a.3. H HeK0TOpbie .11.pyr11e cpaKTOpbl. 

UeJiblO 11aHHOH pa60TbJ .siBJifill0Cb Bbmo11HeHHe ca­
MocornacosaHHoro attaJIH3a, B K0TopoM 6hr pac"leT 
yJJ.ep>KattIDI pacnJiaaa npo113so,11,Hnc.si coBMecTH0 c pac­
"leTOM pa3pyrneHHJI a.3. C 6011ee peanHCTH'¾eCKOM M0-
,11,ellbl:O nocrynneHIDI MarepHan0B 113 a.3. B HH>KHJOIO 
KaMepy cMerneHHH (HKC), a B3a11Mo,11,eHCTBHe BaHHhl 
pacI1Jiasa c BbIWene>KaLQHMH o6naCT.siMH ocyrn,ecrBJUI-
11ocb Ha 0CH0Be o6paTHOH CB.s!3H Me)K)J.y M0,11,yJUIMH -
3JleMeHTilMH o6'be)].HHeHHOro K0,11,a, 0nHCblBaJOLQHMH, 
COOTBeTCTBeHH0, pacnJiaB 11 o6naCTb Ha,[( HHM. 

B Kal.feCTBe nporpaMMHoro cpeJJ.CTBa J])1$1 npose­
,11,em-rn 3THX pacl.feT0B B3HT K0.11. PA­
TEf/CBE11A/fE<l>ECT, pa3pa6oTaHHhIH Ko1111eKTH· 
B0M asrnpoB BHH113<I>, filPA3 PAH, CTT6A3TT H 
PHU "Kypl.faTOBCKH.11 HHCT1,rryr" np11 no.u..n.ep)K[(e 
MocKOBCKoro A3TT 11 OKE "f11,11,ponpecc" [3 - 7]. 

TIDKenoaBapHHHbIH K0.D. yny11weHHOH oueHKH 
PA TEr/CBE11A/fE<l>ECT no3so11J1eT Ha pa3HblX 
cpa3ax pa3BHTIDI 3anpoeKTHOH aBap1111 caMocornaco­
BaHH0 onHCbIBaTb ,11,HHaMHKY pa3orpesa H pa3pywe­
HlUI a.3. 11 BffYTPWKopnycHbIX YCTPOHCTB (BKY), Te­
nJI0rH)].pasn11'-lecK11e npoueccbt B a.3., I H II K0HTY­
pax, pa6o-ry CHCTeM aBTOMaTHKH H o6ecnel.feHH$1 
6e3onacHOCTH, M0JlellHpOBaTb npouecCbl cpopM11po-



saHH51 BaHH pacnmrna, HX nepeMetneHH51 s HKC, 

y.D.ep)KaHJ-rn pacn11aea Ha .D.H11uie Kopnyca c YYeTOM 
pa.3nH9HblX MexaHH3MOB ero pa3pyrneHH51. CocTaB­
HbJe qacTH KO)].a (naKeTbl): 

• PATEr npeJJ.Ha.3Ha'leH )].1151 MO.D.e.JIJ1poaaIDU1 non-

HOKOHTYPHOH .D.B)'X)KH)lKOCTHOH Tennorn)].paBJll!Kl,I, 

• CBE4A Mo)J.e1111pyeT npou,eccb1 pa3pyweHJ151 a.3. 
Ha BttyrpHKopnycHoH CTa.n.1111 rn>Kenoii aaapm-1, 

• fE<l>ECT MO.D.en11pyer npoueccb1 nocrynnem-u1 H 
y.D.ep)KaHIDI pacnnaaa Ha AHHme Kopnyca PY. 

1. IlocTaHOBKa Ja,uaqH H HCXOJJ.Hble Ll,aHHble 1-(JUI npoeeJ).eHml pacqeTOB 

B HacTOJIIJJ.eH pa6ore npoBOJJ.HTCll attanH3 nepaoi-1 
H3 Bbnnenp11ee,1J.eHHbJX K0Hu,erm11H: yAep)l(fil-me pac­

nnaea KopeyMa B KOpnyce peaKTopa, OXJia)K)].aeMoM 
ao.n.oii. PaccMaTpHBaeTC51 A3C c PY MOU(HOCTblO 

1000 MBT (:m.). B Ka'leCTBe KpHTepHR pa3pyrneHJHI 

Kopnyca peaKTopa npHHHMaeTc.R. ycnoe11e coxpatte­
HH51 era pa3Mepoa, OTBe9aIOmHX re0Merp1,u,1 PY 

BB3P-1000. 

IIocKOJlbKY npH KOHCepBaTHBHbIX HCXO)].HblX )].aH­
HblX JI)UI PY MOUIHOCTblO 1000 MBT B03M0)KJ-10CTb 
yAep)KaHH51 pacITJiaea a Kopnyce OKa3bIBaeTcJI npo-

6neMaTH'IHOH, aBTOpbl CTa.BHJlH nepeJJ. co6oH TaK>Ke 

3aAaYy onpe.n.eneHJ,{ji TOH noporosoi1 3neKTpH9eCKOH 
MOW.HOCTH PY, npH KOTopoH TaKoe yJJ.ep)KaHHe B03-

MO)KHO. Tip11 npoae)].emrn pacYeTHoro attan:H3a MOW.­

HOCTb aapbHpoaanacb a .D.Hana30He 640 - 1000 MBT c 
coxpaHeHHeM paC'leTHOH KOHcjmrypauHH ycTaHOBK.11. 

B npouecce pa3BHTIHI aaapHH a.3. ocyrnaeTc51, 

pa.3pywaeTc.11 H nnaBHTC.11. Pacnnaa nepeMew.ae-rcH B 
HH)l{eJTe)KaIJJ.He o6nacTH H s onpe.neneHHblH MOMCHT 

npHXO)].lIT B conpHKOCHOBCHHe C KopnycoM peaKTopa 

Ha .D.OCTaTOt:JHO npOT.!l)l(CHHOH rpam,ue, cocpe.n.oTa-

9HBa.!!Cb Ha ,llHmne. OcttoBHOH napaMe-rp, 3aAaIOIJJ.HH 
TeMn pa3pyweIDUI Kopnyca 11 onpe.n.emIIOW.HH B03-

MO)l(HOCTb y.n.ep)l(aHI-UI pacnnaaa BHyrpH Kopnyca, -

MOW.HOCTb OCTaTOt:JHOro TCTTJIOBbl,LI,eJleIDUI B KopeyMe 
Ha MOMCHT KOHTaKTa pacITJiaBa co CTeHKOH Kopnyca 

peaKTopa. TiocKOJlbKY OCTaT09HOe TeITJIOBbl,LI,eJieHHe 

MOHOTOHHO y6bJBaeT BO speMeHH, MaKCHMaJibHblH 
ero yposeHb Ha MOMeHT KOHTaKTa xapaKTepeH ,Ll,Jlll 

asapHH c 6oJiblllHMH Te"tJaMH s I KOHType, r)].e ocy­

rueHHe a.3. npo11cxo.n.11T Ha116onee 6hICTPO. Tio3TOMY 
,Ll,Jl.11 attan113a Bb16patt ctteHapKH asap1rn c Te9bl0 )Jy 
346, cooTBeTCTBYlOW.HH pa3pbIBY ,LI,bIXaTeJibHoro -rpy-

6onpoao.n.a KOMneHcaTopa .nasneHIDI (K,IO. Cu,eHapH­

eM s OCHOBHOM onpe,u.eJIJleTC.11 XO.!l. co6blTirn BHyrpH 
Kopnyca. 

rpaHH'IHble ycJIOBHR OXJJa)K)].eHIHI Ha BHeurneH 

noaepXHOCTH Kopnyca 3a)].aBanHCb, HCXO)].jl H3 cne­
.ny!Oll{HX npe.D.cTaaneHHH. Koffi\enu,HR y.D.ep)KaHJ,ljl 

pacnnaaa BHyrpH Kopnyca peaKTopa npe.D.nonaraeT 

2. PacqeTHaH cxeMa 1-(JIH ycranoeKH PY B-428 

TennorH,1J.paBJ1H1-IeCKHH MO,LI,yJlb PA TEr 6a.3Hpye-rcll 

Ha 9HCJ1CHHOM MeTO)].e KOHe'lHbIX 3JICMCHTOB, npHMe­

H.!leMOM JI)UI pac9eTil rn.npaBJIH9eCKHX ceTeH B 6onb­

unrncrne m,me HCTIOJib3yeMhlX nporpaMMHblX cpe.nCTB. 

Mo.n.enb KOHCTJ)yi<UHH COCTOHT H3 THilOBblX 3JleMeHTOB, 

OXJJa)K)].eHHe Kopnyca HenpOTO'iHOH BOAOH C Hapy>K­

HOH CTOpOHbl. fipH OTCYTCTBHH KpH3HCa KHneHIDI Ha 
Hapy)KHOH noaepxHOCTH, T.e. KOrJ(a MaKCHMaJibHOe 

3Ha'leHHe ITOTOKa Tenna H3 KOpnyca HIDKe, 9eM KpH­

TH9CCKOe 3Ha9eHHe ,Ll,JlSI )].aHHOro MCCTa rpattHUbl, 
TCruIOOTBO)]. KHmlll,eH B0,/J.OH )].OCTaTOLJHO HHTeHCH­

BeH, H ,Ll,Jlj[ T09CK C KOOJ),/J.HHaTaMH (r, z) Ha Hapy)l(­

HOH noaepXHOCTH KOpnyca peaKTopa B03MO)l(H0 3a­

JJ.aHHe rpaHHt:JHoro ycnoBH.11 nepaoro po)J.a: T(r, z) = 
=Ts c rpaHH'lHOH TeMneparypoH Ts, npeBbtlila10r.n:e11 

TeMneparypy HacbtLUeHHll Ha 5+ IO rpa.D,ycoe npH 

.naaneHHH B Tennoo6MeHHHKe. B pa6oTe [8] 11ccne,L10-

BaHa B03MO)l(HOCTb cyw.ecTBOBaHHJI KJ)H3HCa KHne­

HIDI Ha BHeurneH noeepXHOCTH KOpnyca peaKTopa 1-1 

orrpe.n.eneHbl KpHTlfl•leCKHe 3Hat:JeHHJI OJIOTHOCTH Te­

rIJIOBOfO ITOTOKa. Pacnpe.neJieHHe ITOTOKa Tewa Ha 
Hapy)l(HOH nosepXHOCTH Kopnyca KOHTPOJIHJ)OBaJIOCb 

npH BbtnOJIHeHHH pac9eTa. 

TipH 3a)].aHHH TeIJJIOBbt.z:{eJieHHR yqHTblBaJIOCb 

cne,1J.y10W.ee o6cTOllTeJibCTBO. I1ocne npeKpaw.eHHll 

uenttOH peaKUHH .n.eneHHSI B a.3. OCTaT09HOe 3Hepro­

BbIJ(enem-1e onpe.D,enJ1e-rc.11 pacna,noM pa.D,HOHYKnH.UOB, 

Hapa6oTaHHblX a lllTaTHOM pe)KHMe. <l>aKTopaMH, on­

pe)].eJilllOW.HMH yposeHb OCTaT09HOro 3HeprOBbt)].e­
neHHJI, .!IBAAlOTCH BeJIH'll-lHa HOMHHaJibHOH MOJnHOCTH 

H BpeMJI pa60Tbl Ha 3TOH MOUIHOCTH, nOCKOJlbKY OT 

noro 3aBHCHT KOJIH9eCTBO H COCTaB J)a,IJ.HOttyKnH,/J.OB, 
Hapa6oTaHHbtx 3a apeMH c Haqana KaMnaHHH peaKTo­

pa. ,[vul KOHCepaanmHbl"X oueHOK speM.11 pa60Tbl ,Ll,O 

aaapHH 6epeTCll paBHblM BpeMeHH KaMnaHHH, a Bbl­

pa6aTb!BaeMall npH 3TOM MOW:HOCTb COOTBeTCTByeT 
HOMHHanbHOH. ITpHHHMaeMa.si B COOTBeTCTBHH C 3THM 

KpHBall apeMeHHOrD XO)].a OCTaTOLJHOfO 3HeprOBbJ)].e­

neHHJI oTBet:Jana peaKTopy BB3P-l 000. B npou,ecce 

pac9eTa pacnpe.D,eneHHe 3HeproBbI.D.eneHHR MeH.!leTcsi 

BCJie)].CTBHe nepeMern.eHIDI TOITJlHBa, K KOTOPOMY B 

pacqere npHBSl3bIBaeTC.!I rrpOCTPaHCTBeHHOe pacrrpe­

)].eJieHHe HCT09.IDIKOB Tenna. ITp11 nepexo)].e Ha .D.PY­

ry10 HOMHHaJlbttylO MOLUHOCTb aMITJlHTy)].a KpHBOH 
OCTaT09HOro TenJIOBhl.!l.eJleHJ,{ji nponopUHOHaJibHO 
CHH)l(aeTCSI. 

MOJJ.e.ITTipYJOr.n:HX Y3Jlbl KOHCTJ)YKUHH, o6naAaIOLUHX 
COOTBeTCTBYIOIJJ.HMH qiyHKUHOHaJibHblMH xapaicrepH­

CTKKaMH H CB.!13aHHhlX COOTBeTCTBYIQW:HM o6pa30M. 
Bee OnHCblBaeMbie HIDKe paC'leTbl npoBO)].HJl.HCb B 

paMKaX O.D.HOH MO)].eJIH, OTBeY.aIOW.e» npoeKTy PY B-428 
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c HOMHHaJlhHOH 3ne1<TpWieCKOH M0ll(HOCThIO l 000 MBT. 
KaK YJ<a.3b!BaJ10Ch Bbillle, rrpH HCcne.noBaHHH pe>KHMa 
y.nep)l(aHHJI pacrrnaBa B TOH >Ke reOMeTplUI TIUOKe npoBe­
,neHI,J paC'IeTbl ,nru1 HOMHHaJlhHOH M0ll(HOCTII 640, 820 H 
900 MBT. PactteTHaJJ cxeMa pa36J;1emrn KOHCTpYKl..(HH 
peaKTopa Ha JneMeHThl (" 06beMb1") noKa:3aHa Ha pHC. l. 
Pacnono>Ke1-rne H senwnrna o6beMoB Mo,uerrH PY orne­
YaJOT pacnono>KeHHIO H fe0MeTpHH PY B-428 (9]. B M0-
,UenH npHIDITa TpexrreTnesaJJ cxeMa. ,Use Henospe)l()].eH­
HbJe 11eTITH N!!N2 2 H 3 M0,llenHpylOTCll KaJ< 0,UHa TTeTAA C 
napaMeTpOM KpaTHOCTII ,uBa, neparui neTITR H nermr c K,n: 
M0,llem1pyroTCll OT,llenhH0. 

I 
... 

:nr 

• - rpa1111 1moc yc110011c 

I - Ji.:.113na 11 

- - TC'TTJl080tl )Jlf::M CIIT 

@ - Hatoc 

P11c. I. PactteTHrui cxeMa PY 8-428 
(noKaJaHa o,nHa 113 4-x neTenh PY) 

PactteTHaJJ Tennorn.npasn114ec1<all Mo.nenb PY 
BKnlOYaeT B ce6ll cne,uyIOll(He 3ITeMeHThJ : 
• K0pnyc peaKTopa, COCTOllll(HH HJ 30Hhl BX0JJ.HhlX 
naTpy61<os ( I KaMepa cMernemrn (KC) PA TEr), ony­
CKHoro ytJaCTKa (2 Tennorn.npasnH'!eCKHX Kattarra 
(TK) PA TEr), HKC (2 KC, l TK), a.3. (3 TK, BKnJO­
Yall 6ai:inac), sepxHei-i KaMephI (2 KC, I TK), 30HhI 
Bb!X0JJ.Hb]X narpy6KOB (I KC); 

• r~T (6e3 naporetteparnpos) - Mo.nem1pyerc.H 2-
Mll KC II I 0-10 TK B Ka>K.noii ne-rne; 
• I K0HTYP naporeHepaTOpa Ka)l()].OH nernH - Mo,ne­
ni,rpye-rc.H 8-10 KC (no 4 Ha Ka>K.llhIH KonneKrnp) H 3-
Mll TK (Tpy6HI,Ie naKeTb1); 

• CHCTeMa K0MneHC8QHH )].aBJJeHHll J K0HTypa, 
110,llKJllO'leHHaJI K 4-0H ne-rne, - C0CT0HT 113 ,llhJXa­
TeJ!hH0ro Tpy6orrpoeo.n.a (2 TK) 11 I<opnyca K,U (2 
KC, 2 TK); 
• naCCHBHall YaCTb CAO3 - 4 rE CAO3 M0,Uen11-
py10TCll 2-M.ll rpaHW!Hh!Ml1 ycn0Bl151MH C KpaTH0CTbJO 
2 c coe,UHHHTeJlbHhlMl1 Tpy6onpOBO,llaMH (2TK); 
• CHCTeMa asapHHH0ro raJoy,narreHHll. 

PacL1eTbJ npoueccos a HH>KHeH <JacTH peaKTOpa 
np0BO,UHnHCb C TT0M0IQh!O M0JJ.ynJl rEcI>ECT, YHC­
JleHHall M0,lleJlh KOTOporo 6a311pyeTCll Ha np116JJH)Ke­
mm cnnowttoii cpe,nh1. Paccie-rHall 1<ottqmrypau11R 
no.no6nacTeH M0,ll,en11 CTp0HTCll TaKHM o6pa:30M, t.IT0-
6hJ 01-ia 8 MaKCHMaIThHOH CTeneHH C00TBeTCTB0Barra 
(jJaKT114eCKOH reoMeTp1111 no.uKottcrpy1<u11ft. PacYeT­
Hall KOHqrnrypauHJI c pa:36MeHHeM Ha no,uo6JiaCTM 
110Ka3aHa Ha pHC. 2. OcHOBHOe pa:36Hett11e 0TBeYaeT 
cne.ny10m11M y3naM HHJKHeH LiaCTH peaKTOpa: 
• HH>KHllll tJaCTh KOpnyca peaKT0pa; 
• no.nsecHaJI K0p3HHa 111axTbI (TIKW); 
• onopHbJe Tpy6b1 TBC; 
• nycToe npocTpaHCTBO, nepso1-1atJa.nb1-10 Janon­
HeHHoe so.11.011, a nocne ee HcnapeHHll JanonttlleMoe 
MaTep11arroM, nepeMell(aJOll(HMCll 113 a.J. 

2D 

0;2 

0,0 

-DA 

0 

- -----

1 

l 5 

4 

3 

2 

o D ;2 ~ l 

P11c. 2. PacLJeTJ-1rui o6naCTh ;vu1 HH)l(HeH 4aCTH peaKropa 
(Mo.nynb r Ect>ECT): I - K0pnyc, 2 - CTeHKa flKW, 3 -

CTanbHhie onopbl, 4 - cjlHKTHBHble cno11 JanonHeHHJl, 5 -
-rpy61rnTuIe onophl TBC, 3anonmIeMbIe B nepsyro 0LJepe.ab 

3. Oco6eHHOCTH npouecC0B Ha CT3L{HH pa3pywemrn a.3. 

CueHap11M asap1111 c Te%1:0 ,D,y 346 OTHoc11Tcll K 
pa:3p.HJJ.Y "6onhlllaJI Te'!h" 11 o6na.naeT C00TBeTCT­
BY!Oll(l1MH qepTaMH. TaK, 8 paCCM8TJ)HBaeMhlX pac4e­
Tax npoHCXOJJ..llT 3Ha4HTenbHb!H Bh!X0,ll Tenn0H0CHTe­
nll a TeYh 11 peJKoe CHH)l(ett11e .nasnemrn B I Kottrype 
peaKT0pa. OTMeTl1M, 4T0 TeMn CHH>KeHH.ll ypoBWI 

22 

Tenn0H0Cl1TeJUI 8 a.3. 3aBl1CHT TaK>Ke OT H0MHHaJJb­
HOH M0ll(H0CTH PY (pHC. 3a). 

nocne CHH>KeHHll ypoBHll Tenn0H0CHTemI 11 oro­
nemrn nosepXH0CTl1 TB'.)JlQB u11pK0H11eBble o6on04KI! 
pa3orpeBal0TCll , H np11 ,ll0CTl1)KeHHH TeMnepaTypoft 
eenwmHbI 900 °C HaY11HaeTcll r ettepaw,rn eo,uopo.ua 
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e) 

P11c. 3. l1JMeHem1e pe)KHMH1>1x napaMe-rpoa ( a) - ypoaem, a a.J., 6) - paccToimHe OT HHJa o6orpeaaeMoi:t t.JaCTH a.3. ,11;0 no­
JJO)Kettlill ypoallil a HKC, a) - Bbcxo.n BOJlopo,lla HJ Zr; noCTyrmeHHe B HKC 2) - CTaJJH, o) - Zr02, e) - Zr) ,ll,Jl}I aaap111-\ 

C Te'lb!O }zy 346 ap11 HOMIDlaJibHOM MOI.I.J,HOCTH: 1 - 640 MBT, 2 - 820 MBT, 3 - 900 MBT, 4 - I 000 MBT 
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Ja C'leT napouHpKOHHesoii peru<uHH. B noT nepHo.n 
OCHOBHblM HCTO'IHHKOM napa .nm1 no.rmep)l(a.HHJI pe­
aKI.\HH CJIY)l(HT KHneHHe s HKC 3a C'leT ocTaTO'IHoro 
Te11J1a MeTaJJm.ftJecKHX KOHCTPYKI.\HH f1Klll. 

TTpH nOBbIIlleHHH TeMneparypbl X.BOCTOBHKOB 
TBC Bb1me TO'lKH ruiasneHH.ll CTaJJH Ha'IFrnaeTCH HX 

pa3pyurem1e. Ilona.naime pacnnasJJeHttoro MaTepHa­
na B BOJzy, OCTalOazyIOC.ll B HIDKHeH 'laCTH Kopnyca, 
Bb□bIBaeT pocT pacxo.na napa qepe3 a.3. H HHTeHCH­
q>Hl<aI.ll{IO napoUHpKOHHeBOH. peaKI.\HH. KaK BHAHO H3 
pHc. 36, MOMeHT)' Ha'laJJa noc-rynneHIDI MaTep11ana 
113 a.3. B HKC cooTBeTCTBYeT pe3Koe cHIDKemte 
ypoBH.ll BO.Ubl s HKC 3a cqe-r BbmapHBaHID! '-laCTH 
BO.Ubl. .[vu! pa3HhlX MOlllHOCTeH peaKTopa speM.ll Ha­
lfaJJa noc-ryrTJieHJ,l.ll MaTep11a.na a.3. B HKC cocTaBJIHeT 
OT 2 500 )lO 4 000 C . .lJ:HHaMHKa noc-rynJieHH.ll pac-

nnasa B HKC TaJOKe JaBHCHT OT ocTaTOlJHoro Te□Jio­
BhI,neneHHll B peaKTope, KOTopoe nponopUHOHaJJbHO 
HOMHHaJibHOH MOlllHOCTH (pHc. 32 - e). 

Ha pHc. 3e noKaJaH o6ru.Hi1 BbIXOA so.nopo.na 3a 
C'-leT napoJ..tHpKOHHeBOH peaKI.1HH. KaK s11.n1-10 H3 rpa­
cpm<a, Bh!XOA so.nopoJ:(a MaKCHMaJJeH ,UJUI asap1m npH 
HOMHHaJJbHOH MOW.HOCTH 640 MBT, O)l}IaKO pa36poc 
3Hal{eHJrn HeBellilK. CTeneHb OK.HCJleHH~ UHpKOHH.ll 
AJlH paccMaTPHBaeMbIX asapHH cocTaBJI.lleT 41, 36, 35, 
38 % AJl.ll MOllf.HOCTeH 640, 820, 900, 1000 MBT, CO­
OTBeTCTBeHHO. 

XapaICTepH3y.ll AHHaMttKy noc-ryTIJieIDUI MaTepHa­
JIOB B HKC, MOiKHO c.nenaTb BbIBOA, '-ITO speMeHa no­
c-ryTIJieHHH nopQHH pacnnasa yseJIHlJHBaIOTCH c 
yMeHbWeHHeM HOMH.HaJJhHOH MOU(HOCTH PY, o6mee 
KOJIH"l.JeCTBO MaTepHaJJa H3MeH.lleTCH He3Ha'IHTeJibHO. 

4. AHaJIHJ aponeccoe ,uerpa,uanuu KOHCTJ>YKUHii HKC 

B COOTBeTCTBHH C npHHHMaeMblM cueHapHeM 
L(eHTpaJibHOro pa3pyrnemu1 a.3. OCHOBHble co6bITH.ll 
npH nocryn11eHHH MaTepHaJJa a.3. B HIDKHIOIO 'laCTb 
peaKTopa H pa3pyI1Iemm KOHCTPYKI.\HH HKC H Kop­
nyca cne.nyroru.He [7]: 

- pa3pyrnem1e xsocTOBHKOB TBC H Hal.JaJJO no­
cryruJeHH.ll MaTepHana H3 a.3. B HKC. IlepBbie nop­
L\HH nona.naioT BHyTpb Tpy61.rnThIX onop TBC □pH 
eme Hepa3pyrneHHoii onoptto-,nHcTaHUHOHHpyromeii 
peweTKe (O,[(P); 

- pa3pyweHHe O)U> H MaccuposaHHoe □OCTYruJe­
H[,fe pacnnasa nepsoHa'laJibHO BHyrpb IIKlll; 

- pa3pyweP..11e IlKill, KOHTaKT pacnnasa c Kopny­
coM peaKTopa; 

- l1JlaBJTeHHe KOp□yca H BblXOA Ha CTaUHOHapHOe 
COCTO.llHHe, Kor.na see Tel1JIOBbIJ:(eJieHHe MaTepHana, 
HaxoA.simeroc.ll s HKC, yttoCHTC.ll 113.JIY'-leHHeM H 
CHHMaeTC.ll '-Iepe3 KOpnyc OXJIIDl<,ll.aIOlUeH BOAOH . 

.lJ:HHaMi,rKa pa3pyI1IeHH.s1 KOHCTPYKUHH HKC pac-

W K~l d 31u111e 1-t11H 

6.47c-OOI­
S.76c-001-
5.04e-OOl-
4.32e-OOI-
3.60e-001-
2.88e-001-
2.16c-001-
l.44c-001 -
7. 19c-002 
O.OOc+OOO 

a) 

CMOTPeHa 3,necb Ha npHMepe pac1..1eTa AJl.ll PY Mom­
HOCThlO 1000 MBT. IlocrynJiett11e MarepHanos s 
HKC Hal..fHHaeTc.11 qepe3 2 680 c nocne Hal.Jana asa­
p,m. TTpHMeptto qepe3 30 c onopbl TBC noJIHOCTblO 
3a□OJIIDIIOTCB npHXOA.lllllMM KOPHYMOM (pHC. 4a), B 
octtOBHOM 3TO Zr c tte6oJibl1JOH np11MeCh10 Zr02 H 
CTaJIH XBOCTOBHKOB TBC. Ha MOMeHT epeMeHH 4 210 
c nponnaBJIReTC.ll onopHa.11 nJIHTa, M see npocTPaHcT­
so BHyTpH IIKlll 3anom-uieTc11 Kop»yMOM. K 3TOMY 
MOMeHT)' B HKC noc-ry□aIOT 69, 7 T U02, 10,6 T Zr02, 

14,2 T Zr H 18,3 T cTan11. Ilpo□11 asJTeHMe cTeHKH 
filCW npOHCXOAHT Ha 5 730-0H c (pHC. 46). Cnycrn 
npHMepHo 7 tJacos B Kopnyce PY ycTaHaBJIH.BaeTcH 
KBa3HCT81\HOHapttoe COCTO.SIHHe. BpeMeHa, xapaKTe­
pH3YJOlUHe 3TanbI .nerpa,nal.(HH 3JieMeHTOB HKC .nm 
pa3JIH9Hh!X ypOBHeH MOW.HOCTH, npKBe,neHbl B rn6-
JTHU.e, a Ha pHC. 5 npe.ncTaBJleHbl IlOJI.ll TeMnepaTyp 
AJlR PY pa3JIH'-I.HOH MOUJ.HOCTH Ha MOMeHT .D.OCTJ,{)l(e­
HK.ll KBa3HCTaU,HOHapHoro COCTO.llHH.ll. 

W Kil!la 'JJIU'ft"Hll i.i 

3.0 lc+UOJ -
2.7.k+003 -

2.44e+003 -
2.l5e+003 -

l.8be+003 -
l.57c+003 -

l.28e+003 -
9.90e+002 
7.0 lct·002 

6) 

P11c. 4. 3Tallb1 .nerpa.naulill HKC: 
a) - MaccoeaR .UOJI.ll Zr Ha MOMeHT JanonHeHIDI onop TBC, 6) - none TeMnepa-ryp Ha MOMeHT pa3py wemui ITK.W 
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Wi<nJl:l l ll3l1Cl1Hlf 

J. I Oc+003 -
2.8 lc+003 -
2.5 1c+003-
2.22e+003 -
l.92c+003 -
l .6:lc+003-

l.3Jc+003 -
l .04c+003-
7.44e+002 ,. 

4.50e+002 

a) 

W K:uta JHa11cH11 A 

) .10c+OOJ -
2.8 1c+003-
2.5lc+O{)J-

2.22c+OOJ­
J.92e➔003-
l.6Jc+OOJ­
l.33e+tl03-
l.04c+003 
7.44e+002 
l.50c+002 

WKa..1n ..s11;111cHuil 

J. 10e+003 -
2.Slc+003 -
l51c+003-
2.22c+()03-

!.92e t 003 -
l.63e+003-
l.33c+o03-
l.04c-+llOJ -
7.4-lc+tl02 
4.50.,+002 --] 

6) 

W K:trn :ma'tCHllfi 

J.10e+003 -
2.8k+OOJ-
2.51d003-
2.22c+003-

l.92c +IJ03-
l.63e+OOJ­
l.3Jc+003-
104c+OOJ 
7.44e➔ 002 

4.50c+002 

c:) 

PHc. 5. none TeMnepa-ryp PY pa3Jllf'IHhIX MOI.l(HOCTe» Ha MOMeHT KBaJHCTilUHOHapttoro COCTOSIHIDI, K : 
a)- 640 MBT, 6) - 820 MBT, a) - 900 MBT, z) - 1000 MBT 

T a 6 J1 H u a :nanos ,uerpa,uaum1 :meMettTOB HKC wrn pa:mw-lHhIX yposttei,i MOLUHocrn 

IJpo,uom1rnTeJ1bHOCTb 3T3ITOB asaplffi 

Tiepsoe nocrynJ1eH11e MaTepHanos B HKC, c 
3aooJrneHHe onop TBC, c 
fIPOlIJJaBJleHHe OITOOHOli ITJIIITbl, C 
TioonnasneHHe IIKlll, c 
)J;ocnOl(eHHe KBaJHCTaIJ,HOHaOHOro COCTOSIHHSI, C 
CocTaB KOpH)'Ma Ha MOMeHT KBaJHCTillJ;l{ORapHoro COCTOJI.HI-UI: 

U02 
Zr02 
Zr 
CTaJlb 

MruiHManbHM TOJILUHHa cTeHKH Koonvca PY, MM 

i,13 ni6mU.(bl BHJ].HO, 'IT O C yseJU1lfem1eM MOW.HO­

CTH PY ,uerpa,o_a1.vu1 KOHCTJJYKUHH HKC npoHcxo,uH.T 

6 bICTpee. KpoMe Toro, npH 60J1b11IeM 3 HeprOBbI,UeJ1e­

HHH. B pacnnase yMeHbWaeTC.SI OCTaT04Ha.SI CTal..(HO­

HapHa.SI TOJlW.HHa CTeHKH Kopnyca. Bmurn11:e HOMH-

MomttocTb PY, MBT 
640 820 900 1000 

4 015 3 190 2 940 2 680 
4 050 3 220 2 970 2 710 
6 550 5 320 4 770 4 210 
9 120 7 390 6 380 5 730 
30260 28 900 27 700 25 200 

79,7 79,7 79,7 79,7 
11 ,7 9,8 10,0 10,6 
13,5 14,9 14,8 14,2 
88,9 87,0 95,9 100,7 
55 37 45 18 

HaJlbHOH MOW.HOCTH PY Ha ocTaT04ttylO TOJ1W.HHY 

CTeHKH Kopnyca, KOTOpa.SI 6epeTC.SI s c a MOM TOHKOM 

MeCTe, xapaKTepH3yeT p11c. 6, Ha KOTOpOM TalOKe 

npeJlCTaBJleHbl pe3yJibTilTbl, nOJlY"feHHble npH aHan11-

3 e 4YBCTBHTeJ1 bHOCTl1, KOf}la H3MeH5l.Jll1Cb n apaMeTPbl 
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paC4eTa, BJIIDlfOm»e Ha KOJIH4eCTBO npHXOJU!llleH H3 

a.3. B HKC CTaJIH. Pe3yJihTaTbI pac4eTOB rpynnHpy­
fOTCll c MaKCHMaJibHhlM pa36pocoM B 15 % H nOKa3bl­

BafOT o6a.zyio TeHAe~o K yMeHhllleHHIO OCTaT04-

HOH TOJlll~HHhl CTeHKH npH yseJIH4eHHH HOMHHaJib­

HOH MOII.tHOCTH peaKTopa. 

MHHHMaJihHblH K03<p<pHQHeHT 3anaca AO KpH3HCa 

(OTHOWeHHe JIOKaJibHOro TeilJIOBOro IlOTOKa K KpH­

TH4eCKOMY) BO Bcex paC4eTax Ha6JifOAaJICJI Ha sep­

TH:KaJibHOH CTeHKe B o6naCTH rpaHH.Uhl Pa3AeJia Me­

TaJIJIH'-!eCKO'H H OKCH,nHOH 4acreif KopuyMa . .[vui PY 

MOll{HOCTbfO 640, 820, 900 H ] 000 MBT MaKCHMaJib­

HblH TenJlOBOH OOTOK co CTeHI<H Kopnyca COCTaBJIJleT 

0,65, 0,85, 0,95 H 1,3 MBTIM
2

, cooTBeTCTBeHHO . .[vui 
PY MOll{HOCTbfO Bbillle 900 MBT He o6ecnecrnaae-rcH 

AOCTaT04HbIH 3anac AO KpH3Hca KHneHHJI, no3TOMY 

rapaHTHpoBaTb YAep)KaHHe pacfl.llaBa BHyrpH Kopny­

ca HeB03MO)KH0. 

60_ ~ ~n~11~➔~ _c~e_tt_K~ _ K_?~':>'..c~ !'Y~ !"~- _____ _ 
I I I I 
I I I I 

♦ I • I I 
I I I 
I I I I 50- ______ J ____ _ __ L ___ __ _ J ______ _ , 

: I : : 
t : 

I I • I 40 - ___ ___ J ___ ___ _ L __ __ __ J _ __ ___ _ I 

I : ♦ • : I 

I I 
I 

I I 

30 - --- - --~- - -----~-- - ---~---• --- : 
I : I • 

I I 
I I I I 20- __ ____ J _______ L _ _____ J _ ____ __ , 

r---cc--~'-cc- I I • 

♦ - OcHoettoA pncqer ] : , 
e - Af!a/1113 'IYBCTBl!TenbllOCT.Hj : I 

IO -+---r--,t----r--,1----r--t--,--.---1;MoUU10CTb PY. M Br 

600 700 800 900 1000 

PHC. 6. 3aBHCHMOCTb OCTaTO'fHOH TOJIIUHHbl CTeHKJ,I 
KOpnyca PY OT ee MOII(HOCTH 

5. AllaJJHJ uanpIDKeuuo-,ue<J>opMHpOBaHHOro C0CT0HHHH Kopnyca PY 

Ilocne npoBeAeHHll pac':leTa no KO.UY PA­

TEf/CBEtIA/rE<l>ECT ,nJIJI Bhl6paHHhIX aap1-1aHTOB 

MOll.lHOCTH PY BhmonHeH npo'lHOCTHOH pac'-leT 

HH)l(Heii qacn1 Kopnyca peaKTopa. ,Z:Vrn aHaJIH3a 

npO'-IHOCTH KOpnyca peaKTopoB pa3JJl,fl.(H0H MOlll­

HOCTH Ha CTaAHH y.nep)KaHlrn pacnnasa npoae,neHa 

cepHll paC'-leTOB C HCilOJlb30BaHHeM nporpaMMbl 

ANSYS [10) . 
.[vui pacqern npHMemmacb KOHe'-IH0-3JieMeHTHaH 

Mo.nenb Kopnyca peaKTopa, HMnopTHp0B8HHM H3 

Hcxo,nHhlX .naHHbIX Ko,na PA TEr/CBEllA/fE<l>ECT. 

,LLm1 Y4eTa nponnasneHHJI MOAeJih Kopnyca peaKTopa 

6hlJ18 MOJJ.H<pHUHpOBaHa nyreM y.naneHH.ll KOHe'-IHblX 

3JieMeHTOB B 06nacn1 pacllJlasneHID! Me-ranna. 

Ha reoMeTpH4ecKyfO Mo,nem, Kopnyca peaKTopa, 

nospe)KJ{eHttoro nnasneHHeM, npHKJia.l{bIBanacb Ten­

noBM HarpY3Ka H MexaHH'-leCKa.ll, CBll3aHHM C BeCOM 

KopuyMa H Kopnyca peaKTopa. 

PaCt{eTbl BblnOJ1IDU1HCb B ,l(BJMepHOH ocecHMMeT­

pH4HOH noCTaHOBKe. HcnOJib3yeMble B MO.nenH KO­

He'fHhle 3JieMeHTbl 00380illl10T MOAenHpoBaTb 60Jib­

lllHe .necpopMaQmt. .[vui Mo.ne1rnpoaaHJrn rrnacn1qe­

CKoro TeqeHHJI MaTepHana HCilOJib30BaJiaCb Mo,neJib 

MYJibTHJIHHeHHoro H30TPOOHoro ynpo'-IHeHIDI. Me­

xaHH':lecKHe CBOHCTBa MaTepHana 3a,naHhl C yqeTOM 

3aBH:CHMOCTH OT TeMneparypbl. ,lVlli 3TOro HCnOJJb30-

BaJIHCb 3KCnepHMeHTaJibHble 3HaqeHIDI CBOHCTB KOp­

nycttOH CTaJIH, nonyqettHbJe B HHTH npH BbICOKHX 

3HaqeHHJIX TeMneparypbl. 

B pa6oTe [11], nocBl!llleHHoi-i aHaJIH3Y npoueccoa 

nJiaCTH~HOCTH H non3yqeCTH B Kopnycax peaKTOpOB 
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PWR (fepMaHIDI, <l>paHQllil), fl0Ka3BHO, '-!TO nomy­

'-leCTb B Kopnyce B03HHKaeT TOJlbKO npH OJJ.HOBpe­

MeHHOM HaJIHlfMH Bb!COKHX TeMTieparyp ( > 600 °C) H 

BblCOKOrO H36blTO'fHOrO J{aBJleHIDI ( > 1 MI1a), no­

CKOJlbKY Harpy3KH OT seca 11 TeMnepal)'pbl He.n;oCTa­

TO'-IHO ,nnll Haqana npouecca nomY4eCTH. B Hawei1 

3a.naqe npHcyrcTByeT TOJlbKO Rarpy3Ka BeCOM H Bbl­

COKOH TeMnepaTypoH. H36bITOlfHOe .nasneHHe OTCYT­

cTBye-r B COOTBeTCTBHJ,f co cueHapHeM TJl)KeJIOH asa­

pID1. I1o3TOMY nomyqecTb MeTaJina Kopnyca peaKTo­

pa B pacqe-re He Y4HTbIBaJiaCb. 

Pe3yJJbTaTbl pac'leTOB ttanpjl)KeHHO-

.necpopMHpOBaHHOro COCTOllHIDI., npose,neHHblX J{JIJI 

PY MOll.lHOCTbfO 640, 820, 900 H I 000 MBT, noKa-

3a.JTH cne.nyK>mee. ,Z:Vrn PY MOll.lHOCTb10 640, 820 H 

900 MBT B o6nacTH Ha»6011bUJero nponnasnettHll 

CTeHKH Kopnyca Ha6mo,nafOTCJI nJiaCTHt{eCKHe ,lle­

cpopMaQHH OT O .no 4,5 % (pHC. 7). HanH'-IHe 30Hbl 

HyneBbfX nnaCTHlfeCKHX AecpopMclUHH a HaH6onee 

IlOBpe)KJ{eHHOM ceqeHH.H CTeHKH 00.l{TBep)KJ{aeT 

KOppeKTHOCTb npe.nnono)KeHHJI 06 OTCJTCTBJ,fJ,{ nOJ1-

3yqecTH, TaK KaK npo~ecc nOJ13Y"fero .necpopM»po­

sattHll Ha4HHaeTcll B MeTanne nocne HaYana nnacTH­

qecKHX .necpopMaQHH BO BCeM ceYeHHH [ 11]. 
,lLnR PY MOlllHOCThfO 1000 MBT pac':leTbI noKa3hl­

saroT, '-!TO nnaCTH'ieCKHe .necpopMaQ.HH HMeJOT MeCTO 

so sceM ce'-!eHHH tta116onee nponnasneHHOH o6nacTH 

CTeHKH. 3-ro He n03B0JllleT roaopHTb 06 OTCyrCTBIHI 

nomyqero .necpopMHposaHHll. I1o3TOMY J{JlJI PY 

MOlll.HOCTblO I 000 MBT HeB03MO)KHO rapaHTHpoBaTb 

y.nep)KaHHe pacnJJaaa B Kopnyce. 
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PHC. 7. Pacnpe,neneHHe 11JiaCT1-f'leCKHX ,ne¢opMaumi WU! pa.3J1H'il-ll,IX MOlllHOCTeH PY ,llJUI KBa.311CTaJ.lHOHapHoro COCTOJIHIUI : 
a) - 640 MBT, 6) - 820 MBT, e) - 900 MBT, 2) - I 000 MBT 

3aKJIIO'leHHe 

HecMO'fPJI Ha TO, I.JTO BblTIOJJHeHHbJe npO"IHOCTHbJe 

pac"leTbl ITOJJ.TBepJJ.HJJH coxpatte~rne uenOCTHOCnt 

Kopnyca Jl.)UI PY MOll{HOCThlO 900 MBT, yJJ.ep)l(aHHe B 

Kopnyce He MO)l(eT 6b!Tb rapaHntpoBaHO, ITOCKOJlbKY 

He 06ecne1.JHBae-rcsi nocTaTo'Illhrn 3anac JJ.O KpH3HCa 

K1meHID1. ,[{JUI. peaKTOpOB 60J1billOH MOll{HOCTH uene-
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3KCnEPMMEHTAJ1bHblE MCCnEAOBAHMJI 

Y)lK 621.039 

3KcnepHMeHTaJJhuoe uccJie,u:oBauue uecTau,uouapuoro TeMnepaTypuoro noJJH 
B TenJionepeJJ.arom.eii cTenKe naporenepupyrom.ero KaHaJJa 

npu nyJJLca~uHx pacxoJJ,a paooqero TeJJa 

C.M. j1Mumpuea, A.A. BocmpuKoa, T. C. P~tumpueea, H.F. CKo6e.neaa, p.B. Cnupuoouoe, 
HIDKeropOJJ.CKHH rocyJJ.apcTBeHl-tbrH TeXHR4eCKHH ymrnepc1-1TeT, 603600, H.HonropoJJ., y11. MH.mrna, 24 

Ilprrne.ne!Ib1 peJyJJbTilTbl 3Kcnep11MeHTI1J1bHOro uccne.noeamui TeMlleparypHoro cocTOJIHHJI Tennonepe.nat0mew no­
eepxHOCTH naporeHepHpy1omero KaHana c .naycTOpOHHHM o6orpeeoM npH nynbcauHJ1x pacxo.na pa6o'lero Tena. TI0;1y­
YeHbr pacYeTHble JaBHCHMOCTl1 HHTeHCHBHOCT0 TeMneparypHblX nynhCaUHH B Tennonepe.nat0mew CTeHKe OT aMnJTHTY.Ubl 
nynbCaUH.H pacxo.na H cpe.nHei:! MaCCOBOH CKOpOCTH pa6oYero Tena. 

EXPERIMENTAL RESEARCH OF NON-STATIONARY TEMPERATURE FIELD IN A HEAT TRANS­
FER SURFACE OF THE STEAM GENERATING CHANNEL AT PULSATION OF THE CHARGE OF A 
WORKING BODY. S.M. DMITRIEV, A.A. VOSTRICOV, T.S. DMITRIEVA, I.G. SKOBELEVA, D.V. SPIRI­
DONOV. The results of experimental research of temperature state of heal transfer surface of steam generating element 
with two- ide heat at pulsation of working environs charge were illustrated. The calculational dependences of tempera- 1 

ture pulsations intensiveness in heat transfer surface from pulsation charge amplitude and average mass rate of working 
environs were obtained. 

TipoueccbJ Te11J1006MeHa n naporeHep11py10w.1-1x 

:meMeHTaX (Tir3) npHM0T04llbJX naporeHepaTOpOB 

MOryT npoXO)].HTb B HeCTfil.{HOHapHhlX pe)l(HMaX pa-

60Tbl. Cneumt>H4eCK.He ycJIOBHH HeCTaUHOHapHblX 
pe)l(J,IMOB HenocpeJ].CTBeHHO CKa.3blBalOTCJI Ha npo­

ueccax napoo6pa.3osamu1 H, cneJJ,onaTeJibH0, Ha TeM­

neparypttoM COCTO.!IHIUI IlJ'3. OCHOBHblMH B03MY­

ll.{a!Olll,HMH cpaKTOpaMH B naporeHepaTopax HBJIJIIOTCH 
TennosaH Harpy3Ka, 3HTanbnJ,fjj pa601.JeH cpeJJ.bI, ee 

pacxo,o;, ,o;asneHHe. CpeAH yKa.JaHHbJX BblWe B03MY­

meHHH cneeyeT oco6o BbI)J.eJIHTb HeCTal.{H0HapHble 

pe)KJ1Mbl, CBH3aHHhJe C nyJibCaUHHMH pacxo)J.a pa6o­

t.Jero Tena. 
ITynbcauHH pacxo)J.a B ITT3 npHMOTOI.JHhlX napo­

reHepaTopos HMeJOT MeCTO npH Me:>KKaHanbHOM He­

ycTOHt.JIIBOCTH (MKH), KOTOpaH He1n6e)l(HO B03HHKa-

eT npH CHH)l(eHHH TennoBOH Harpy3KH (naponpOH3-

BO)]J1TeJ1I,HOCTH) naporeHepaTopa. l·faBeCTHble MeTO­

)J.b) ycTPaHemu1 MKH (Bb16op pe)ICHMHbIX napaMeT­
pos, .n.pocce;rnpoBaHHe) He MOryT o6ecne4HTh OTCYT­

CTBHe MKH BO BCeM n11ana.J0He pe:>KHMOB pa60Tbl 

JI3Y. Bcne,o;cTBHe 3T0ro Ilr3 rraporeHeparnpoa npH 

MaJIOH naponpOH3B0,L(ITTeJlbHOCTH pa60TaJ-OT B 0611ac­
TH MKH c xapaKTepHbIMH ,LJ;Jljj K8*,noro pe)l(J,IMa cTa­

THCTH4eCKHMH xapaKTepHCTHKaMH nyJihCfillHH pac­

XO)].a nHTaTeJibHOM B0Abl (aMnnHryAOH, 4aCTOTOH, 

3cpq>eKTHBHbIM nepHO)J.OM). 3TH KOne6aHHJI npHBOAHT 

K Kone6aHJ,fjjM TeMneparypb1 naporeHep11py101UeH 
nosepXHOCTH, 4TO B KOHe'-lHOM HTOre onpeJ].eJljjeT ee 

)J.OJlroBe'IHOCTb H pecypc H MO)l(e'f Bbl3BaTb ycTaJIO­

CTHOe pa.3pywem1e naporeHepHpYlQmero KaHana H3-
3a nepeMeHHbJX TepMHI.JeCKHX Hanpjj)l(efillH. 

1. 3KcnepHMeHT3JlhHLIH CTenn H MeTOUHKH HCCJienoeaHHH 

3Kcnep11Mewram,m,1e 11ccneAOBaHJ,fjj TeMneparyp­

Horo coCTOffifIDI TennonepeAaIOIUeH CTeHKH naporeHe­

PHPYIOIUero Kattana npoBOAHJlHCb Ha rennocpH3H4e­
CKOM CTeH)J.e <I>T-80, npe)J.Ha.3HatJeHHOM )J.Jljj HCCJle,o;o­

BaHHJI rennoMaccoo6MeHa, rennorn,o;pasnH'-!eCKHX H 

pecypcHI>rx xapaKTepHCTHK Ilf3 11 npeACTaBJU1J01UeM 

co6oi1 TPH rn,o;paBJIH'-!ecKH 3aMKHYfbIX Kottrypa. Tio I 
KOJITYPY CTeH)J.a UHPKY11Hpyer Tel1Jl0Hocwrem,, no II -
pa604ee Tel10 no ill - TeXHHt.JeCKaH B0,L(a. 

O6beKTOM HCTihITaHHH Ha CTeH.n.e HBJIJIIOTCH 3KC­

nepHMeHTaJlbHbJe MO,D;eJIH npHMOTO'lHblX IIf3 C ABY­
CTOpOHHHM o6orpeBOM [1, 2]. O6IU8" ,L(JlHHa MO,L(eJlH 

COCTaBnHeT 2 940 MM. ,lvl11Ha aKTHBHOH 4aCTH Ten110-

06MeHHOH nosepXHOCTH, H3fOTOBJleHHOH 11.3 THTaHo­

B0fO cnnasa, COCTaBJlReT 2 480 MM. Mo,o;enH COCTOHT 
113 sepxHero H HH)l(Hero KonneKTopoB, npo4Horo KO­

:>icyXa, Hapy)l(HOH Tpy6b1, BHYTpettHeH cn11panbHO Ha­

BHTOH TPY6bl. 
,Z:Vrn HCCJie)J.OBaHHH TeMneparypHoro COCT0HHHJI 

Tennonepe.n.aromej;j nosepXHOCTH IIr3 Ha cTeH,o;e 

ycTaH0BJleHhl KOHCTPYKTHBH0 HJJ,eHTH"t.fHble MO,o;emf 
)J.Byx nm0B, OTJlH4a!Oll.{HeCH KOJIHI.JeCTBOM 11 MeCT0-

ITOJlO)l(eHHeM TepM03JieKTPHtJeCKHX npeo6pa.30BaTe­
JieH. )];aT4HKH TeMneparypbI pacnonaraIOTca B pa.3-
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Jll14Hb!X KOM61rnaQIDIX no ceqemuo KaHaJia. B Ka'!e­

CTBe ,[(aTl{l,fl(0B TeMilepa-ryphl HCil0Jib3)'lOTCSI XpoMeJib­

Kommesbie MHKpOTepMonpeo6pa30sare.1u1, H3roTOB.Jiett­

m,1e 113 Ka6eJU1 KTMC s ttep:»<aBeIOU.(eM I<aJ1HJI.JIJ1pe c 

HH,[(HBH,Izyam.HOH rpa,nyHpoBOt{HOH xapaicrepHCTHKOH 

(norpelllHOCTh rpa,ey11posKH - ± 0,2 °C). ~ YMeHbrne­

HIDI rT0Ka3aTe.JUI TeilJIOBOH HHepl.(IDI repMonpeo6pa30Ba­

Te.JieH XpoMenh-KOneneBbIH cnatf BbITI0JIReH Ha nosepx­

HOC'Ilf Hep:»<aBeIOmero KailHJIJUIJ)a, a qyBCTBKreJ1I,HaJI 

qacn, ,na'f'DOOl rrpoKaTaHa ,no AHaMerpa 0,5 MM. IlepBaJI 

3KCnepHMeHTa.JlhHaJI MO)].eJib 6r,ma OCHall.(etta 52-MJI 
repMonpeo6pa3osaTeJU1MH, HJMepmomHMH reMnepa-ry­

PY CTeHKH, a BTOpaJI - 58-MblO. 

PerHCTpauIDI H onepaTHBHaJI o6pa60TKa RH~Op­

MaU,HH, no.rryqaeMOH CHCTeM0H TeilJI0TeXHWleCK0ro 

K0HTP0Jl.sJ CTeH)].a, ocymecTB.JUilOTC.sJ H3MepHTeJibH0-

Bbl'U-ICJll,ITeJibHbIM K0MnneKC0M Ha 6aJe 3BM, sxo­

.nsimew a ero cocTas. 

MeTO)].H.Ka HCCJle)].0BaHHSI TeMnepazypttoro co­

CT0SIHHJI TennonepeJJ.at0meH nosepxtt0CTH IIr3 co­

CT0HT B CJie)zylOll.(eM: C Il0M0U:U,IO r ettepaTopa HCKyc­

CTBeHHbIX B03MYU.(eHHH pacxo)].a (□y.llbCaTopa) IlHTa­

TeJibHOH B0)].bI Ha BX0,Ae s eJ].HHH'lHbIH I1r3, 0CHa­

ll.(eHHblH Heo6xo.i:v1MbIM KOJIW!eCTB0M repMonap, 

C03,l],alOTCJI BbIHy)l(,neHHbie rapMOHH'-leCK.He KOne6a­

HHJI pacxo,LJ,a c pa3nH'!HOH qacTOTOH H aMTIJIHTYJJ.OH. 

<I>m<cupysi speMeHHbie pea.J1H3auMH TeMnepazypttbIX 

noJJeH H pacxo,LJ,a ITHTaTeJibHOH B0,l],bl, HaXO,lJ,JITC.sJ HX 

cneKTpanhtthie xapaKTepuCTHKH. 

3KcnepHMeHTaJlbHbie HCCJie,LJ,0Bamur TeMnepazyp­

H0ro C0CT0SIHHJI npose)leHbI B CJie.lJY[OmeM ,LJ,Haila30-

He napaMeTp0B pa601Jero Tena: MaCC0Brul CK0p0CTb 

pw = 50 ... 450 KrlM
2
·c, ,LJ,asneHHe nHTaTenbHOH B0,LJ,hl 

P = 2,5 ... 7 MIIa, aMnnHry.na nyn1,ca1.J.HH pacxo,na 

mrrarenbHOH B0Jlbl A = 0 . . . 100 % , qacT0Ta nyn1,ca­

UHH pacxo,LJ,a f = 0 .. . 2 ru. . 

2. AHaJIB3 pe:iym.TaTOB JKCnepHMeHTaJILHblX HCCJie~OB3HHH 

11:meCTHo, qro npu nOCTOSIHH0M pacxo.ne pa6o4ero 

rena B rennonepe,LJ,aIOLUeH CTeHKe HMeIOT MeCTO nynbca­

UHH TeMneparypbI, o6ycnoBJieHHbJe KpH3HCHb1MH .sm.Jie­

HIDJMJ,J Ha Y4aCT1<e yxy,lJ,llleHttoro -rennoo6MeHa [3, 4]. 
Pe3yJ1bTaTh1 3KcnepHMeHTaJibHbIX Hccne,LJ,osattHH 

noKa3aJIH, 'ITO ttau6onee 3HalflfTenbHbie 110 Be.JIH1-0lHe 

TCMneparypHbie nym,cauHH B CTeHKe pa.3BMBaIOTCJI B 

K0HUe HCnapHTefilH0r0 yqaCTKa (Ha Y4aCTKe yxy,LJ,­

lIICHH0ro TeI1JI006MeHa) H Ha 3KOHOMaH3epHOM Y4aCT­

Ke. CneKTP TeMTieparypHhIX □yfilCatJ.i'IH rennoo6MeH­

HOH nosepXH0CTH IIr3 0rpaHW{eH 4aCTOTOH 2 n..t. 
OcHOBHaJI M0lUH0CTb CITeKTJ)a pacn0J10)1CeHa Ra qac­

TOTaX 0,3 - 0,8 rl.{. IlpWleM senH'lHHa reMnepaTYP­

HbIX nyJlhcal{HH a CTeHKe tta Y4aCTKe yxywneHHoro 

rennoo6MeHa H 3KOHOMaH3epHOM Y4aCTKe nr3 .D;IDKe 

npH 0JlHHX H TeX )Ke pe)KHMHblX napaMerpax H BenH-

14 

12 

10 

8 

6 

4 

2 

0 

Slfl 

= 
~ 
~ 

I 
f 
1 

= ,1'¾ = .... , ,,.. " 

0.4 0,8 

.~ .• , 1 • ., -• r. ru 

1,2 1,6 2,0 2,4 2,8 

a) 

4.HHax nynbcau,HH pacxo,LJ,a pa3JIH'!Ha. PaJnH'lHO TaK)Ke 

H snHSIID!e aMilJlH'I)'Abl □yJlbCauHH pacxo,na IlHTaTeITb­

HOH B0)lbl Ha BeIDfl-ll,IH)' TeMnepazypHbIX nyfilca.J..(HH B 

CTeHKe Ha 3THX Y4aCTKaX. 

Ha pHc. l,a H 1,6 npet1:cTasneHbI 0TJJ.en bHbie npH­

Mep1,1 cneKTpos TeMneparypHbIX nyn1,cau11i:i, nony-
4eHHbI:X M.sI yqacTKa yxy.nwettHoro Tennoo6Metta 11 

,lJ,JISI 3KOHOMaH3epa. }fa rpa<plU(OB BHAI-I0, '!TO rrynb­

C8UKH TeMneparyphl CTeHKH Ha 3KOHOMaihepe o6y­

C.JIOB./leHbl nynhcal..(IDIMH pacxoJJ,a (p11c. l ,B), a Ha Y4a­

CTKe yxy,LJ,weHHoro Tennoo6MeHa cneKTp TeMnepa­

TYPHbIX nynbCal.{m:i 6onee pa3MbIT, 11 M0)KH0 Bbl,l],e­

Jl.11Th ,!],BC ,lJ,0MHHHpyIOU.(HX rapM0HMKH, nepBaJI H3 

K0TOpblX C0OTBeTCTBYeT '!aCTOTe □yJibCal.{HH pacxo­

,na, a BTopasi o6ycnosnetta nynr,cauHJ1MH, Bbl3BaHHbI­

MH KpH3.11C0M TennooT,na'-IH II po,LJ,a. 

3,5 

3,0 

2,5 

2,0 

1,5 

1,0 

0,5 

-=hT1TTTTTTh..TrrTTTT-tTnrrrrrn-l.:-C,.,~,.:..+,TrrrrrT,-i:;;;;:;:;:rTn,i..,..,rM,".,.,.,.J f. ru 
0 0,4 0,8 1,2 1,6 2.0 2.4 2.8 

6) 

PHC. I . <l>yHKUIDI cneKTJ)aJU,H0H nnoTHOCTH rrpH MaCCOBOH CK0pocn, pa601<ero Tena pw = 115 Kr/M2c, 
qacToTej= 0,2 fu H aMITJlHT)'Jle nynbcauwi1 pacxoAa pa601<ero Tena A = 0,25: 

a) - nyJlbCaUH.H TeMoeparypbl Tennoo6MeHHOH noaepXHOCnt na 3KOHOMaib epH0M y1<aCTKe; 
6) - nynbCaUHM TeMneparypbl Tennoo6MeHHOH nosepXH0CTH Ha Y4aCTKe yxyAWeHH0r0 Termoo6Metta; 
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P11c. 1 _ cl>)'HKmrn cneICTpam.Hoil' ITJIOTH0CTH rrp11 MaCCOBOH 

cKopocrn pa6011ero Tena pw =115 KflM2
c, qacroTe/= 0,2 ru11 

aMllJlITT)'.ue nym.caU11H pacxo.ua pa6oqero TeJia A= 0,25: 
e)- nym.cau11li pacxo.ua pa6oqero Tena 

PaCCMOTPHM CTaTHCTHqecKHe xapaKTepHCTHKH 

TeMneparypHbIX ITyJlbCaQHH B CTCHKe H HX 3aBHCH­

MOCTb OT pe)KHMHblX napaMeTp0B Ha Ka)K)lOM H3 3THX 

xapaKTepHbIX y'-laCTKOB. 

Hccne)l.OBaHHH nOKa3aJJH, '-lT0 He TOJlhKO cneK­

TpMbHbIH COCT8B, HO H pacnpeAeJJeHHe □JIOTHOCTH 

sepOHTH0CTH ay11bC8U.HH TeMnepaTypbl B CTeHl<e Ha 

3KOHOM8H3epe l..lCJIHK0M onpe,llCJUleTCH TTyJlbC8QH}IMH 

pacxo)l.a 0llTaTCJihHOH BO.Ubl. 

O6o6meHHa51 3aBHCHMOCTb HHTeHCHBH0CTH TeM­

neparypHb!X nynhCaUHH B CTeHKe, OTHeceHHOH K 

TeMrreparypHOMY Hanopy Ha HalfaJibH0M y•1aCTKe 

3KOHOMaH3epa !J.T,K = T2 - trui , OT aM□JJHTyAhJ nynh­

cauttii pacxo)l.a tt MaCCOBOH CKOpOCTH pa6oqero TeJJa 

npeACTaBJJeHa Ha pHC. 2. 

KaK BH)l.HO, HHTeHCHBHOCTb TeMneparypHblX 

nyJTbCal.{HH B CTCHKe IIf3 Ha 3KOHOMaifaepHOM y4a­

CTKe B03paCTaeT C ysemt"tfeHHeM aMnJTHl)',Llbl TTy11bCa­

U.HH pacxo.na, a HaKJIOH 3TOH 3aBHCHMOCTH TeM 

60JTblile, qeM Bblllle MaCCOBM CKOpOCTb pa6oqcro 

rena. IIpH nocTo.RHHOH aMITJTHl)'Ae nynhcau.Hw pac­

xo)J.a HHTCHCHBHOCTb TeM□eparypHblX ITy11bCaQHH C 

yseJTHlfeHHeM cpe)l.Hero pacxo)J.a B03pacTaeT. IIpH"lfeM 

3Ta 3aBHCHMOCTb TCM CHJlbHee, 'ICM 60JTbUie aMOJ1H-

1Y)J.a nynbcaQHH pacxo,na. 

8 HCCJle)l.OBfilfHOM )l.Haila30He MaCCOBbIX CKopo­

CTeH pa6oqero rena (pw = 50 . . .450 Kr/M
2
·c) 11 TeM-

o 
neparypHblX tta□opoa /J.T3K = 200 . .. 250 C orn,1THh1e 

)l.aHHble 0606ma10TC.II CJTe)l.ylOl.l.(C.H 3aBHCHMOCTblO: 

cr, 3K / /J.TJK = (- 0,556 - 2,09· 1 ff3 A + 1,627 • l 04A 2 -
- 8,277·10-7A3 + 5,582· 10-3 pw + l ,149· 10-4A pw-
- 8,762·10-9A2pw - 1,595·10-5 (pw)2 - 8,829·10-8 

(pw)2 A+ 1,553· 10-8 (pw)3 )-10-2
. (1) 

O6o6meHHM 3aBHCHMOCTb OTHOCHTeJlbHOH HHTeH­

CHBHOCTH TeMTiepaTypHbIX □yJlbCal(HH Ha )"-laCTKe 

yxy.nrneHHOro TellJ1006MeHa B CTCHKe cr, y,JAf'yx OT aM­

llJlHTy)J.bl nyn1,cal(HM pacxoAa npH pa3JlH"lf.HbIX cpeAHHX 

MaCCOBf,!X CKOpoCTRX npeACTaI3JleHa Ha pHc. 3. 
KaK BH.ll,HO, 3aBHCHMOCTb HHTCHCHBHOCTH TeMnepa­

l)'pHblX nyJJbCal.{HH B CTeHKe OT aMllJlffTY,!lbl nynbcal.{HH 

pacxo}la ITHTilTeJibHOH BO)J.bl HMeeT pjj_Jl CBOHCTB, 06-

1.I.{l{X JlJUI scero 11ccneJlYeMoro ).J.l!ana3otta napaMerpos. 

Ha 3TOH 3aBHCHMOCTH MO)KHO Bbl)J.CJIHTb )J.Ba xaprucrep­

HblX yqaCTKa. Ha nepsoM yqacTKe npH yseJJH'!CHlffl 

aMfIJIH1)'JlhI nyJJ.bcamrn pacxoAa OT A ~ 0 JlO A = Arp 
rrpoHCXO).J.HT CHJlbHOe yserrH"tfeHHe HHTCHCIIBHOCTH 

TeMnepaTYPHblX nyn1,cau.H.H B CTeHKe. .[(am,HeH.Wee 

YBCJlHlfeHHC aMTIJlHl)'JlbI nyJTbCa.UHH paCXOAa, B11J10Tb 

-------------------------- --, AO A= 100 %, rrpHB0AHT K OTHOCHTeJlbHO 

0.04 
:,: 

~ 
:<] O,oJ 
'; .., 
t) 

P11c. 2. 3aBHCHMOCTh 0TH0CHTCJlbHOM HHTeHCIIBHOCTH TeMnepaTypHblX 

nyn1,cau11i,1 B CTeHKe TTr3 Ha 3K0H0MaihepH0M yqacTKe OT aM□JIHl)'!lbl 

IJYJlbCaUHH pacxo.ua 11 MaCCOBOM CKOp0CTl1 

cna60MY yselTH"tfeHHIO HHTeHCHBHOCTif 

TeMnepaTYP.HbIX nynhcauH.H B CTeHKe. 

IIepeXO,ll OT □epsoro y'iaCTKa KO BTO­

POMY xapaKTepHOMY yqacTKy 3TOH 3aBH­

CHMOCTH npOHCXO)l.HT B HeKoTopoM HH­

TepsaJJe aMJU1H1YAbl ITyJTbCaQHM pacxo.na, 

KOT0pbIB MO)KHO xapaKTepH30BaTb BCJIH­

'-lHHOH Arp. 3Ha1!eHHe Arp CMemaeTCH s 

CTOpotty 6oJJblUHX aMTIJlHl)'A c ysem,rqe­

HJ,teM TeMnepaTypHoro Hanopa !lT yx H 

MaCCOBOH CKOpOCTH pw H HaXOAHTC}l B 

IIBTepsane OT A = 10 .. . 15 % ,llJ1jl 

D.Tyx = 60 °C, pw = 50 Krl M
2·c AO 

A~ 25 ... 30 % )1.11}1 Af'yx = 75 °C H pw = 
=150 KrlM

2·c. 
11HTeHCHBHOCTb TeMneparypHblX 

ITyJlbCal.(HH B CTeHKe □pH ITOCTOHHHOH 

aMnJJHl)'Ae nyn1,cau11i1 pacxo}la 3Ha"tfH­

TenhHO 3aBHCHT OT TeMnepaTypHoro Ha­

nopa !lT yx H cpe.nttero pacxoAa nHTa-

TCJlbHOH BO.Ubl. 
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:.t,1 

Ilpw nocrosrHHOH aMnJ111-ry,ne rrym,­

cauwi1 pacxoJJ.a 11 nocTOSIHHOM cpe.aHeM 

pacxo,ne mrraTeJibHOH BOAbl HJ-ITeHCHB­

HOCTb TeMnepa-rypHblX nym,cau.11A B 

creH1Ce B03pacU1er nponopu.1101-1am,1-10 

ysemrYeHIDO 11T rx· Bo sceM ,n11ana301-1e 

aMrnrniyJJ. nynhcau.Hi1 pacxo)J.a c yse.rrn­

lfe1-111eM pw OTHOCHTeJlbHaSI mrreHCl{B­

HOCTb TeMnepaiypHblX nyrrbcau11A B 

CTeIIKe Ilf'3 yMeHbWaercsr. 

3Kcnep11MeHTaJlbHbie ,naHHbie no 

OTHOCHTeJibHOH 11HTeHCl1BHOCTl1 TeM-

~, 
.b,1" 

nepaTypHbIX nynbcau.11i1 B CTeHKe Ha 

,r<?.t,, 
J% 

yyacTKe yxy,nwe1-11-1oro TenJioo6MeHa 

OT MaCCOBOH CKOpOCTl1 11 aMnJlHTYAbl 

nyJibCaU11H c norpewHOCTblO 18 % 
0606ma10Tcsr cne.n.y10mei1 3as11c11Mo­

CTbIO: 

P11c. 3. 3aBHCHMOCTb OTHOCHTe.IlbHOH HHTeHCHBHOCTH TeMnepaTypHblX 

nym,cauMii s cTeHKe ITr3 Ha yyacTKe yxyiurreHHoro Tennoo6MeHa 

OT aMruJMTYJlbl nyJlbcauJ.!A pacxo)la 11 Maccosot! CKOpOCTJ.! 

cr,yx I 11Tf =(I+ 0,124 lnA)[0,188- 1,595· l04 A-
- I, l · 10- pw + 6,44· t0·6A pw + 3,23· l o·6 

(pw)
2 

-

- 1,8· 10·8 A (pw)2]-l 0-2 
. (2) 

l13MeHem-ie xapaKTepa 3aBJ,fCl1MOCTl1 11HTeHCl1BHO­

CTl1 TeMnepaTypHblX nyJibCaQ11H B CTeHKe OT Macco­

BOH CKOpOCTH np11 A= 50 ... 100 % 11 pw > 70 KrlM
2
·C 

MO>KHO o6bSICHl1Tb CJie.n.y1om11M o6pa30M. 

ITocKOJlbKY 11HTeHCl1BHOCTb TeMnepaiypHbIX 

nyJibcau11w 8 CTeHKe, npJ,f npOYl-0( paBHblX ycJIOBHSIX, 

onpe.n.emreTcsr sen11Y11HoH 113Me1-1emu1 KOJ<pqimi:weHTa 

TenJIOOT)J.a4H, TO 11HTeHCHBHOCTb TeMnepaiypHblX 

nyJibCaUHH s CTeHKe 6yJ:{eT TeM 6onbllle, YeM 6onbllle 

pa3HOCTb Me>KJJ.y KOJqiqrnu.11eHTOM TennoOT.l{a4H OT 

CTeHKH K KHnsrmew- nJieHKe )1(11,l\KOCTH (a,,,) 11 K03¢­

¢11u11eHTOM TennOOTJJ.a4H OT CTeHKH K napy nocne 

1-1aciynJiemrn yxyAwe1-1m1 TenJIOOT)J.atJH (an). 
f1p11 MaJlblX 3Ha4emrnx MaCCOBOH CKOpOCTl1 11 He-

60JlbUHC{ nynbCal.{I-UIX pacxo.l{a (A~ 15 %) BeJlH-YHHa 

K03cp¢HuHe1na TenJlOOT.D:aYH OT CTeHKJ,f K KHOS!ll(eH 

nJieHKe )KJ,IJJ.KOCTH He 3aBJ,fCHT OT MaCCOBOH CKOpocn1 

nOTOKa, B TO BpeMsr KaK K03¢¢11u11eHT TenJJOOTJJ.aYH 

OT CTeHKH K napy MOHOTOHHO B03pacTaeT C ysem11.Je­

HHeM MaCCOBOH CKOpOCTH. TeM caMblM C yseJI114eHH­

eM MaCCOBOH CKOpOCTH pa3HOCTb (a,,, - a 11) yMeHb­

waeTCSI, 4TO npHBOAHT K MOHOTOHHOMY yMeHblIJe­

HHIO HHTeHCl1BHOCTl1 TeMnepaiypHbIX ny11bcau11w B 

CTCHKe C pocTOM pw. 
IIp11 MaJIOH Maccosoi-t cKopoCTH nOTOKa ysenWJeHHe 

aMnJJl1TYJJ.bI nynhCaQHH pacxo.n:a ,no A = SO . . . I 00 % He 

nplfBOJJ.HT K cymeCTBeHHOMY IDMeHeHHIO xapaKTepa 

3aBHCHMOCTH pa3HOCTl1 ( CX,,, - CXn) OT pw H, CJie.n:osa­

TeJlbHO, xapaKTep 3aBJ,fCHMOCTH HHTeHCHBHOCTH TeMne­

parypttblX nyJibCaUHH B CTeHKe OT pw coxpallileTCSI. 

Ha4l!Hasr c seJIJ,flJHHbl pw = 70 KrlM
2
·c, 6onbrnasr aM­

nJJITT)'.D:a nynbcau1-1i1 pacxo.n.a A = SO ... I 00 % MO)l(eT 

Bbl3BaTb H3Me1-1e1-111e xapaKTepa TeflJlOOTJJ.a'rn OT CTeHKH 
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K ITJieHKe )1(11.ZJ:KOCTH BTTJlOTb JJ.0 CMeHbl pe>KHMa TeTTJIO­

OTJ].aYH npH ny3blpbKOBOM KHneHHH Ha TenJIOOTAayY 

np11 KOHBeKTHBHOM TenJJo06MeHe. 

B pe3yJibTaTe KoJ¢¢11UHeHT a,,, TeITJIOOTAaYH OT 

CTeHKH K nJJeHKe )K}IJ].KOCTH TaK )Ke, KaK 11 K03cpqmu11-

eHT CXn TeTTJIOOT)la4H OT CTettKH K napy, C yseJIWJem,eM 

pw B03pacraer, YTO npHBOJJ.HT K OCJia6JieHHJO 3aBJ,fCJ,f­

MOCTH pa3HOCTl1 ( a,"' - CXn) OT pw 11, CJie)J.OBaTeJibHO, K 

OCJia6Jiemno 3aBHC11MOCTl1 HHTeHCHBHOCTH TeMnepa­

TYPHblX nynbcaUHH s CTeHKe OT Maccosoi-1 cKopoCTH. 

Ilp11 cpe.n:ttei:i Maccosoi-1 cKopocn1 pw > 70 Krl M
2
·c 

3aB11Cl1MOCTb HHTeHCl1BHOCTH TeMneparypHblX nyJib­

cau.HH a CTeHKe OT cpeJ].Hero paCXO)J.a TeM CJia6ee, 

YeM 6onhrue aMnnHryJJ.a nynhcau1-1i1 pacxoJJ.a. 

l13 xapaKTepa pacnpeJJ.eJieHHH HHTeHCl1BHOCTH 

TeMnepaiypHblX nyJibCaQHH no )J.JlHHe IIr3 MO>KHO 

CJ).eJiaTb BblBOA, 4TO HaH60JibillHe no seJ111'-1HHe TeM­

neparypHble nyJibCaUHH B CTeHKe pa:3B11Ba!OTCSI Ha 

AByx yYaCTKax - Ha Ha4aJlbHOM yYaCTKe 3KOHOMai1-

3epa H Ha yqacTKe yxyJJ.rneHHoro Tennoo6MeHa. rlpH­

YeM xapaKTep pacnpeAeJieHl1SI 11HTeHCHBHOCTl1 TeM­

neparypHbIX nynbCaUHH no Jl.Jll111e Ka>K,!].Oro 113 3Tl1X 

Y,:IaCTKOB pa3J111'-leH. 

C yse.ri111.JeHHeM cpeJJ.Hero pacxoAa n11TaTeJ1bHOH 

80.ZJ:bl yqaCTOK C TeMnepaiypHblMH ITyJibCa!.{lli[MJ,f B 

creHKe ffi'3 B 30He yxy.n.weHHoro Tennoo6MeHa nepe­

Memaercsr B COOTBeTCTBl111 C nepeMell(eHHeM KOHUa 

11cnapHTe1IbHoro yYaCTKa, a ero npoTIDKeHHOCTb He­

CKOJibKO B03pacraer. Ilp11 nOCTOSIHHOM cpe.n:HeM pacxo­

J].e yseJIH1.JeHHe aMfUIITT)'.ZJ:bI nyJlhcau.11i1 pacxo.n:a np11-

BOAHT K HeKOTOp0MY B03pacramno MaKC.HMallbHOro 

3Ha4eHl-rn HHTeHCHBHOCTl1 TeMnepaiypHb!X nynbcal.{HH 

B CTeHICe 11 K pacw1-1peH11IO 06JiaCT11 J].eHCTBHSI TeMnepa­

TYPHbIX nynhcau:1-1ii B CTeHKe np11Mep1-10 AO 600 MM. 

Ha JKOHOMai:f3epHOM y1.rncTKe npH OTCYTCTB1111 

nynbcau11H pacxoJJ.a TeMnepaiypHble nyJibcau1,rn s 

cTeHKe npaKT11YeCK11 OTCYTCTBYIOT. C yseJI11YeH11eM 



aMMHT)')],b[ nyJibCal..(HH paCXO)J.a HHTeHCHBHOCTb 

TeMneparypttbIX nynhcaumi a cTeHKe B03pacTaeT. 

CpaBHeHHe HJITeHCHBHOCTH TeMneparypttblX 

rry11bca1rni1 Ha 3KOHOMa1hepHOM )"-laCTKe B Tir3 C 

LJ.BYCTopoHHHM o6orpesoM H B npllMOTPY6HoM napo­

reHepHpyK>IUeM Kattane □03BOJUleT c)J.enaTb cJieJzyJO­

m11e Bb!BO)],bl. 

Ilp11 6oJiee HH3KOM, OTHOCHTeJibHO □pllMOTPY6Ho­

ro naporettep11pymIUero KaHana, ypoatte TeMnepa­

rypHb1x rryJihCal..(HH TenJI006MeHHOH nosepXHOCTH 

HHTeHCHBHOCTb TeMneparypHbrx rryJJbCalI,HH a Tir3 c 

)J.BYCTOpOHHHM o6orpeBOM npaKTH'-leCKJ,I paBHOMepHO 

pacnpe)],eJieHa no LJ.JJHHe yqacTKa. IlpH □OCTOllHHOM 

cpe;weM pacxo)],e ysenHYeID!e aMnJIHT)'LJ.bl rrynbca­

UHH pacxo)],a npHBO)],HT JTHWb K nOBbTllleHl!UO cpe,nHe­

ro ypoBlUI □yJibCal..(HH TeMneparypbl B CTeHKe □pH 

coxpaHemrn xapaKTepa pacnpe,neneHHll no AJIHHe. 

IlpH npO'-IHX paBHbIX ycnoam1x HHTeHCHBHOCTb 

TeMneparypHblX rrynbCaUHH B CTeHKe onpe)J.eJllleTCll 

TeMneparypttbIM ttanopoM Te□nOHOCHTeneit Cne.no­
sarenhHo, H xapaKTep pacnpe.neneHMll HHTeHCHBHO­

CTH TeMneparypHblX rrynbcamrH s CTeHKe 6y)J.eT on­

pe,neJillTbCll xapaKTepOM H3MeHeHHll TeMneparypHOfO 

Hanopa no AJIHHe 3KOHOM8H3epHoro )"-18CTKa. 

TaKHM o6pa3oM, npHMeHeHHe BttyTpeHHeH cnH-

3aK.rnoqeuHe 

Ilpose,neHHbJe HCCJie,noBaHHll □03BOJllllOT 3aKJJIO­

'iHTb, '-ITO npH MaJlblX aMTTJTHT)'Aax rryn1,caumi pac­

xo.na mrraTeJlbHOH BO)J.b[ onpe,D.eJUIIOIUHMH llBJllllOTCll 

TeMneparypI-lbie rrynbCaIJ.)IB B CTeHKe Ha ytiaCTKe 

yxy.nrneHHOfO Tennoo6MeHa. O.nttaKO C yae11H1:teHHeM 

cpe,nHero pacxo.na □HTaTeJibHOH BO.Ubl H aM□nHT)'.U 

CIUICOK JIHTEPA TYPhl 

panb!IO HaBHTOH Tpy6bl [1] TalOKe llBJllleTCll H 3<pq>eK­

THBHblM cpe,nCTBOM, HanpasneHHbIM Ha yMeHhU1em1e 

aeJIHt.tHHbl TeM□eparypHbIX nyJlbCal..(HH B CTeHKe Ha 

3KOHOMatt3epHOM yYaCTKe □pH nyJibCal..(1-U!X paCXO)J.a 

nHTaTeJThHOH BOLi.bi. 

CpaaHeHHe HHTeHCHBHOCTH TeMneparypHb[X 

nyJibCalI,HH B CTeHKe IIr3 Ha )'1-18CTKe yxyLJ.UJeHHOfO 

Ten11006MeHa H Ha 3KOHOMaH3epHOM y...acTKe TIOKa-

3blBaeT, '-ITO 3aBHCHMOCTb HHTeHCHBHOCTH TeMnepa­

TYPHhIX rry11bcau110 Ha 3THX yttaCTKax OT cpe,!1,Hero 

pacxo,!l,a H aMilJIHT)',!l,hJ nyJlhcal..(HH pacxo,!l,a □HTa­

TeJihHOH B0,!l,bl pa311H'-1Ha. 

lli npose,neHHhIX HCCJle)].OBaHHH cneLJ.YeT, '-ITO npH 

3a_naHHbrx cpeLJ.H.HX pacxo.nax H aMrurnry,!l,e nynbcaUHH 

paCXO,!l,a A < 80 % IDITeHCHBHOCTb TeMneparypHblX 

rryJlbcauHH B CTeHJ<e Ha 3KOHOMaH3epHOM )'1-laCTKe Ilr3 
c ABYCTOpOHHHM o6orpeBOM MeHbllle HHTeHCHBHOCTH 

TeMnepaTYPHblX rryJihCaUHH Ha yqaCTKe yxy,!l,UJeHHOfO 

Tennoo6MeHa. 3-ra pa3HHU.a TeM cyw.ecTBeHHeH, YeM 

MeHbllle aMTIJTHT)',!l,a nynhcall,HH pacxo,!l,a. 

,[vlll pw = 100 KrlM
2
·c npH A > 90 % HHTeHCHB­

HOCTb TeMneparypttblX nym,cauHH B CTeHKe Ha 3KO­

HOMaH3epHOM )"-laCTKe CTaHOBHTCll 60JibUJe HHTeH­

CIIBHOCTH TeM□eparypHbfX nyJlbCaUHH B CTeHKe Ha 

y,:rncTKe yxyJJ.weHttoro TenJioo6MeHa. 

ero rrynhCal..(HH HHTeHCHBHOCTb TeMneparypHblX 

□yJlbCal..(HH B CTeHKe Ha 3KOHOMaihepe MO)KeT npe­

BbllllaTb HHTeHCHBHOCTb TeMneparypHblX rrym,cau.1111 

Ha yt.taCTKe yxy,!l,llleHHOfO Te□noo6MeHa. B 3TOM 

C.11)''-lae onpe,!1,eJISUOIUHMH llBJlSIIOTC.11 TeMneparypttble 

nyJibCal..(HH B CTeHKe Ha 3KOHOMaihepHOM yYaCTKe. 

l. Eyoos B.M., /(Mumpues C.M. <I>opcHpoBaHHhle TeI1JI006MeHHHKH ~3Y. - M.: 3tteproaTOMH3,naT, 1989. 
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AOnrOBE"IHOCTb M PECYPC 

Y)U( 621.039 

Ou,enKa .Z.0Jir0Be11uocru TenJionepe.z.aroIIJ,eii nonepmoCTH 
naporeuep11pyro1.D,ero JJieMenTa c .z.nycroponuHM o6orpeBoM 

B yCJioBIHIX re.i.po.z.unaMaqecKoii ueycToii11HBOCTH 

C.M. /(Mumpues, A.A. BocmpuK06, T.C. /(Mumpuesa, ,l(.B. Cnupudo1106, 
HmKeropo,AcKHii rocy,napcTBeHHbIH TeXHH'ieCI<HH yttHBepcHTeT, 603600, H.Hoaropo.n, yn. MHmrna, 24 

fipe.l{Jlo)l{eHa MeTOJ.J;Hxa ouemrn JlOMOBe'ltlocnt Tennoo6MeRHoA nosepxHOCTH naporeHepHpyiom;ero 3JieMema 
([IT3) c J.J;BYCTOpOHHHM o6orpeBOM s YCJIOBIDIX rHJ.J;pOJlHHaMH11ecxo~ neyCTOH'IHBOCTH. Tipose.neH aHaJIH3 BJiwrIDUI 

Maccosoil cKopoCTH, TeMneparypaoro nanopa H aMilJJHT)'Jll,I nynbcal.J,lffl pacxo).{a pa6oqero Tena Ha JlOJI.rOBe'IHOCTb Te­
nnoo6MeHRoA nosepXHOCTH IIr3 Ha 3KOHOMalbepe H YtJ:aCTKe yxy.nmeRHoro TeTIJioo6Mena. 

ASSESSMENT OF DURABILITY OF A HEAT TRANSFER SURFACE OF AN STEAM GENERATING 
ELEMENT WITH A BILATERAL HEATING IN CONDmONS OF HYDRODYNAMIC INSTABILITY. S.M. 
DMITRIEV, A.A. VOSTRICOV, T.S. DMITRIEVA, D.V. SPIRIDONOV. The assessment method of durability of 
heat transfer surface of steam generating element with two-sided heat in conditions of hydrodynamic instability was 
suggested. Influence analysis of mass rate, temperature, pressure and pulsation change amplitude of working environs on 
the durability of heat transfer surface of steam generating element on the economizer and section with the worst heat 
transfer was carried out. 

IlpHlil.O{[IlfalibHO Ba)K}{b)M 3Tlll10M C03.l{aHHJI IDY 
HOBOTO IIOKOJieHIDl .SIBJU!eTC.!I pa3pa6onca npoeKTOB c 

mrrerpanbHOH KOMnoHOBKOH o6opY]I:OBaHID1 I Komypa 

llirrerpam,Hrui KOMilOHOBKa o6opy.AOBaHIDI H.aKJl8,W,!BaeT 

)l(ecn<He orpaHH'IeHH.!I na aecora6apmm,1e xapaicrepH­

CTHKH o6opy.n:0BaHID1 I KOmypa H naporeneparopa (IIll 
8 '!aCTI-fOCTH. 0.l{HOH IO nepcneKTHBHbIX KOHCTp)'KUHH 

BbICOKOHanp.!l)l(eHHoro nr .LUU! IDY C mrrerpam,HOH 

KOMnOHOBKOH MO)l(eT paCCMfill)HBaTbC.!I TeTUIOOOMemn,rn 

annapaT, COCTORll{HH 10 l1f'3 c .u;sycropoHl-lHM o6orpe­

BOM [l). ~Ha.II KOHCTp}'KltHH IlOOBOJI.!leT mrreHcH<t>H­

QHp0BaTb npoQecCbl TeTUIOnepenoca KaK co CTOpoHbl 

rpeio~ei1, TIU< H narpesaeMOH cpe.n, lffO no3BOJI.!leT cy­

~ecTBeHHO }'MeHbllIHTh aecora6apITTHb1e xapaicrepHCTH­

KH rennoo6Memmro annapara [2). 
R1nerpam,Hoe 0cnonneHHe peaKTOpHoH ycTaHoB­

KH (PY), IIpHBHOC.!I JJ:OilOJJHIITeJU,Hbie, Ka'ieCTBeHHO 

HOBbte B03MO)l(HOCTH JlJ1.!I nOBblfileHH.!I 6e3onacHOCTH, 

onpaBJJ:aHO TOJlbKO npH JJ:OCTaTOqHo BblCOKOH Ha.D.e)l{­

HOCTH H JJ:OJlfOBe<rnOCTH I1r H BffYTPHpeaKTOpHOfO 

o6opy.u.oaaHH.!I s QeJIOM. 

OnbIT IlOKa3bIBaeT, 'ITO npH OQeHKe Ha.D,e)l(HOCTH 

H J].OJJroBe'IHOCTH o6opy,noBaHIDI B 3TOM cnyqae Kpo-
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Me Hanpst>KeHHH, .u.eHCTB)'lOUJ,HX 8 CTaQHOHapHbIX 

ycJIOBH.!IX, cne.n:ye-r Y'fHTbIBaTb pst.n: .n:onOJJHHTeJJMlblX 

<t>aKTOpOB. ~ I1r Jl3Y Ba)l(HblM J].OfiOJIHHTeJibHblM 

<t>aKTOpOM OKa3b!BaIOTC.SI nepeMeHHhie TepMH'ieCKHe 

nanp.Sl)KeffH.!I BCJieJ].CTBHe nyJJbCaUHH TeMneparypbl 

CTeHOK naporeHepHp)'lOlll.HX KaHaJIOB. 

Oco6eHHOCTbIO npllMOTOT.fHbIX rrr c BffYTPHTPY6-

HblM JJ:BH)l(eHHeM cpe.U.bl II Komypa .Sl13JUleTCSI B03M0)1(­

HOCTb 803HHKHOBeHH.!I Me)Kl(aHaJibHOH HeycTOH'IBBO­

CTH, conposo)l(JJ:aIOUJ,eHCH nynbCaQH.!IMH pacxo.n;a. Oc­

HOBHblM KpHTepHeM npH onpe.n:eneHHH .n:onyCTHMblX 

nyJThcal(HH pacxo.u.a CJIY)l(HT o6ecne'!eHHe neo6xom1-

MOH ,Aonroae'IHOCTH IIr3. PerneHHe 3TOro sonpoca 

HeB03MO)l(H0 6e3 3HaHH..!I 3aBHCHMOCTH CTaTHCTH'le­

CKHX xaprucrepRCTHK TeMnepaTypHblX nyJihCaQHH OT 

aMruurry.n;h1 nyJlbcal(HH pacxo.na pa6oqero rena. 

Ta.KHM o6pa3oM, JlJlst oQeHKH pecypcHoH Ha.n,e)l(­

HOCTH Ilp.!!MOTO'iHbIX I1r C JJ:BYCTOpOHJiHM o6orpe­

BOM CTaHOBHTC.!I aKTYaJibHblM npoBe)J,eHHe 3KCnepH­

MeHTaJibHblX HCCJie)J,OBaHHH 3aBHCHMOCTH CTaTHCTH­

qecKHX xapaKTepHCTHK TeMneparypHb!X nyJJbCaQHH 

Tennoo6MeHHOH nosepXHOCTH OT aMnJJHTYJJ:bl nyJJb­

caQHH pacxo.n:a cpe.U.bl II Konrypa. 



► 

1. 3KcnepHMCRTaJU,HLIH CTCHJJ. H MeTOJJ.HKH HCCJie)J.oBaHHH 

.[vu! npe,n.CTaBH'reJlbHbIX HCCJle)].OBamrn TeMnepa-

1YJ)HOro COCTOj[}{J,UJ H Ol.(eHICH )].OJlfOBe'-{}-IOCTH IIr3 rrpH 

nym,cauIDIX pacxo)].a pa6oqero TeJia Heo6xo)].HMO npo­

BOJl.HTb HCnbITaHIDI UITaTH.blX Ilf', HMelOI.l.lHX TOJlhKO HM 

np11cyin1-1e nynbca1.U10HH&1e xapaKTepHCT11JCJ,1, 'ITO npH­

BOAHT K 60JiblllHM MaTepmUThHI,IM 3aTJ)aTaM, )"MfbTBall 

np11 3TOM H 6on&lllOH PM 3KcnnyaTitpyeM&JX H npoeK­

TilpyeMhrx 5l3Y c nr l-(aHHOro rnna. 

Ha116onee peanHCTHlfH&IM npeJJ.CTaBm1eTcJ1 cne­
)J,)'JOU(HH 00)].XO)]. K oueHKC pecypcHOH Hal-(e>KHOCTH 

Tennonepe,n.a10meM noBepxHOCTH s ycnoBl-fj!X nyn&­

cauHli TeMnepaTYP· Ha HaTYpHOH MOJJ.enH naporeHe­

p11py101.J..J,ero KaHana HCCJle,l.l.YJOTCSI HeCT8UHOHapH&Je 

nonsi TeMnepaTYp B TennonepeJJ.aJOUleli cTeHKe. Cne­
)J,)'!OlllHM 3TanOM SIMSIIOTCSI paC'leT CTaTHCTW-ICCKHX 

xapaKTepHCTHK nyn&cal.(HM TeMneparypht Tennonepe­

,n.a10mei1 noBepXHOCTH H nepec<JeT B COOTBeTCTBYIO­

UlHe xapaKTepHCTHKH TeM neparypHblX HanpSI>KeHl1H. 

11, HaKOHeu, 3H8JI xapaKTepHCTHKH TeMneparypHhlX 

HanpSI>Kemrn, npOH3B0)].HTCSI co6CTBeHHO paC'leT .n.on­
roBelfHOCTH Tennonepe.na10mei1 noBepxHOCTH. 

3Kcnep11MeHTanbHhte Hccne.noBaHHj! TeMnepaTYp­

Horo cocTOSIHHJI Tennonepe.n.a10meM CTeHKH napore­

HepHpYIQmero Kattana npoBO.LlHJlHCb Ha TennocpH3H­

qecKoM CTeHl-(e <l>T-80 [3], npe,llHa3H81.fCHHOM ,llnJI 

Hccne,AoBaHHJI TennoMaccoo6MeHa, rennorHJJ.pasnH­

t.JeCKHX H pecypcHblX xapaKTepHCTl1K ITf3 H npe.n­

CTaBnJllOlllCM co6oli TJ)H rn.npaBJIH'•IeCKH 38MKffYTblX 

KOHrypa. ITo I KOHTYPY CTeH.na u11pKyn11pye-r Tenno-

T, °C 
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HOCHTenb, no II - pa6o<Jee Teno, no IIJ - TeXHHtte­

CK8JI B0,l.1.8. 

,l(nsi C03,ll8HHJI Bbltty)K):tCHHblX Kone6aHHH pacxo.na 

pa6oqero Tena B COCTaB TerurncpH3H'lCCKoro CTCH,lla 

<l>T-80 BXO,llHT nyn&caTOp pacxo.na c COOTBeTcTByJO­

W.HMH 3JleKTpH"'ICCKOH CHnOBOH H 3J1CKTPOHHOH cxe­

MaMH ynpaBJlCHHJI. ITpHMeHeHHblH B COCTaBe CTCH,n.a 

nyn&caTop pacxo.na pa6oTaCT no npHHUHny Kone6a­

TeJ1J1 pacxo.na nnyH)Kepttoro nma. 

KoHCTJ)YKTHBHO nynbCaTop COCTOHT H3 3neKTpo­

,llBHraTenJI c 3JICKTPOHHOH CHCTCMOH ynpaBneHHJI 

lJaCTOTOH spalllCHHJI sana, 6noKa perynHpOBT<H, Me­

xaHH3Ma ynpaBJlCHHJI H CMCHHbIX rH,llpOUIDIHH.LlpOB. 

llpeo6pa3oBaHHe spamaTen&Horo ,llBJ,l)KCHHJI sana 

,ABHraTCJlJI B B03BpaTHO-nocrynaTeJlbHOe ,llBH)KCHHe 

n.rryH)Kepa rn.n.pou11n11H,l.l.pa ocymecTBJlJleTCSI nocpe.n.­

CTBOM CHCTCMbl Ka<JaJOmero phl'!ara C KpHBOllJHTIHO­

UiaTYHHblM MCXfil!H3MOM, B COCT8B KOTOporo BXO)].JIT 

KoneH'!aTbIH san H 1IJarytttto-nomyttHaJ1 rpynna. Pe­

ryn.11posatt11e .ll.JlHHbI xo.n.a n.rrywKepa ocymecrnnsieT-

C8 npH noMOI.l.lH MexaHH3Ma ynpasneHHJI. 

B l.(CJlSIX HCKJIIO<JeHHJI pacnpOCTpaHCHHJI nyn&ca­

UHH pacxo.n.a B OCHOBHOH KOHTYP UHpKymIUH11 ITHTa­

TCJibHOH 80,Abl nepe.n. nynbC8TOpOM (no xo.ny U.HpKy­

JlJl[lHH) ycTaHOBneH .n.pocceJibHblH 3JleMCHT. 

,[visi attamna TeMneparypttoro cocTOJIHHSI no­

sepXHOCTII Tennoo6MeHa H pact.JeTa xapaKTepHCTHK 

TeMneparypHblX HanpSI>KeHHH tteo6xo,nHMO BOCCTa­

HOBHTb 3KCnepHMeHT8JlbHO IlOJiyYeHHble 3Ha'!CHHSI 

<, C 

TeMneparypHblX nyn&cau;HH B MeCTC 3a,ACJIKH 

TCpMonap Ha rpaHHllY Tennoo6MeHHOH no­

sepxHOCTJI. J1Haqe rosopll, Jl.Jlll oueHKH )].on­
rose'!HOCTH Tennoo6MeHHOH nosepXHOCTH 

IIT3 Heo6xo,AHMO 3HaTb xapaKTepHCTHKH 

TCpMonyJibC8IJ.H:H Ha rpat1Hue Tennoo6MCH­

HOH nosepXHOCTH, TO CCTb TaM, r.n.e nyn&ca­

UHH TeMneparypbl MaKCHManbHbl. 

~Jill HaXO)KJ].eHHJI HCCTaUHOHapHoro 
TeMneparypttoro nonJ1 Ha rpattHue Tenno­

o6MeHHOH noBepXHOCTH perneHa o6paTHaH 

3a.n.aqa TenJIOilpOBO,llHOCTH 'lHCJieHHblMH 

MeTo.D.aMH Ha 3BM. Ha pHc. I npHBO.D.HTCll 
xapaKTepHLJH npHMep pean113au1111 TeMne­

paTypbl B MCCTe 3a)].enKH TepMonapbl H Ha 

rpamme Tennoo6MeHHOH noBepxHOCTH. }fa 

40 

PHC. ] . Pea.nH33UliH TeMnepa-rypHLlX nynbCaUHH B MecTe 33,llenKH 
TepMonapbl 11 tta rpaH11ue Tennonepe.lla10weli nosepxHoCTH 

rpacpHKa BH,llHO, '-ITO KOJle6aHHJI TeMnepa­

TYPbl Ha rpaHHUe Tennoo6MeHHOH noBepx­
HOCTH He TOnbKO HMelOT 6onbWYlO aMOJIH­

TY.D.Y, HO H HeCKOJlbKO onepe)KaJOT Kone6a­

HHJI TCMnepaTypbl Ha HeKOTOpOH rny6HHC 

3a,n.enKH TepMonap&t. 
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flynbcau1rn TeM11epaTyp1,1 Tennoo6MeHHOH no­

sepxH0CTH HOCHT cnyttaHHhIH xapaKTep, no3TOMY 

npH o6pa60TKe 3KCnepHMeHTaJibHblX .u.aHHbIX HC­

noJib30BaHbl CTaTHCTHl{eCKHe MeTO.ll.bl. PacC'IHTE,I­

BaJIHCb .ll.Hq>cpepeHI.\HaJibHbie H HHTerpaIIbHbie, 3M­

mtpHl{eCKHe H TeopeTH'-leCKHe <PYHKUHH pacnpe.u.e­

JieHHH. ,lVIH pacl{eTa 3MIIHpH'-1eCKHX <pyttKUHH pac­

npe.u.eneHHH Bbl'-IHCJIHJIHCb BbI6opol{Hble oueHKH 

CTaTHCTWieCK0ro BpeMeHH6ro PH.LI.a. HCXO.LI.Hble 

.u.aHHble .LI.JIH pac4eTOB BB0.LI.HJIHCE, B BH.LI.e '-IHCJIOBOH 

nocne.u.osaTeJlbH0CTH T;, r.u.e i = =1, ... ,N. Paccl{H­

ThIBaJIHCh MaTeMaTH'-leCKOe O)l<H.LI.aHHe, .LI.HCnepCHH, 

cpe.u.HeKsa.u.paTH'-leCK0e 0TKJI0HeHHe, aBT0K0ppe­

JIHUH0RHaH cpyHKUHH, cpyHKUHH cneKTPaJibHOH 

IIJl0TH0CTH, 3<pq>eKTHBHblH nepH0.LI. H HHTeHCHB-

HOCTb TeMnepaTypttblX nyn1,cauHH. 

TaK KaK nyn1,cfillHH reMnepaTYp, KaK npaBHJIO, 

HMeIOT tteynopMol{eHHhtH, cny'-laHHbIH xapaKTep, TO 

H Bbl3bJBaeMble HMH TeMnepaTYpHbie noJIH H HanpH­

)l(eHIDI TaIOKe CJIY'-laHHbl H .ll.JlH HX aHaJIH3a cne.u.yeT 

npHMeHHTb CTaTHCTH'-leCKHe MeTO.LI.E,I. OCHOBHblMH 

CTaTHCTH'leCKHMH xapaKTepHCTHKaMH, onpe.nemno­

IUHMH .nonroBel{HOCTb Tennoo6MeHHOH nosepXHOCTH, 

HBJU[IOTCH HHTeHCHBH0CTb H 3q>q>eKTHBHbIH nepH0.LI. 

HanpIDKeHHH. 

flo H3BeCTHblM xapaKTepHCTHKaM nyJibcaQHH 

TeMnepaTYpbl (3q>q>eKTHBHOMY nepHo,ny H HHTeHCHB­

HOCTH) paCCl{HTblBa.JOTCH COOTBeTCTBYIO[llHe xapaK­

TepHCTHKH .ll.JlH TeMnepaTYPHblX HanpIDKeHMH, B03-

H.HKalOLQHX B Tennonepe.u.aww,eu cTeHKe. 

2. PacqeTHblH aHaJIHJ peJyJihT3TOB 3KcnepHMCHT3JlbHblX HCCJIC,ll0B3HHH 

,LVlH on11camu1 HanpH)KeHH0rO C0CTOHHHH H pac-

1.{eTa .LI.0Jir0Be'UI0CTH 3JieMeHTa TeIIJIOOOMeHHOH TIO­

BepXHOCTH a HaCTOHllleH pa6oTe BbI6paHa 0.LI.HOMep­

HaSI ynpyraH M0.LI.eJlb [4]. flpe.l(TIOJIO)J(eHHe O TOM, l{T0 

3neMeHT Tennoo6MeHHOH nosepxttocTH pa6oTaeT B 

ynpyrou o6naCTH, HBJIHeTCH )J.OCTaTOl{HO CTP0fHM, 

II0CKOJlbKY 3KCnepHMeHTaJibH0 3a<pHKCHpOBaHHbie 

H3MeHeHIDI TeMTiepaTYp He HaCTOJlbK0 BeJIHKH, l{T061,1 

BJlHJITb Ha q:>H3H'leCKHe K0RCTaHTbl HJTH Bbl3bIBaTb 

nnaCTH'-lecKHe .necpopMaum-1. Pac'-leT reMnepaTYpH1,1x 

Hanpjl)KeHHH npOB0.l(HJICH no MeT0.D.HKe, H3JlO)J(eHHOH 

B pa6ore [5] .D.JlH 6eCKOHe4HOH nnaCTHHbl. 

KaK nOKa3anH npoBe)J.eHHbie paC'IeTbl, nepeMeH­

HbJe HanpIDKeHHH, B03HHKa10m11e npH nyn1,cal(IDIX 

TeMnepaTYp1,1 B cTeHKax IIT3 Ha yqaCTKe yxy.nweH­

Horo Tennoo6MeHa, HMeIOT cneJzyJOmHe oco6eHHOCTH: 

- He60JlblllaH HHTeHCIIBH0CTE, nym,cal(HH HanpH­

)J(eIDfH, BeJIH'-1.HHa KOTOpOH 3Ha'iHTeJibHO HIDKe npe­

.nena TeKyqeCTH MaTep11ana; 

- BbIC0KaH l{aCTOTa nym,cal(HH HanpH)KeHlrn, npH 

KOTopoH l{HCJI0 I..\HKJIOB 3a BpeMJl CJIY)l(6bl npeBblllla­

eT 6aJy HCIIbITaKHH Ha ycTaJIOCTb; 

- MaJiaH HHTeHCMBHOCTb nyn1,cal(HH TeMnepary­

pbl no cpaBHeHmo co cpe.nm-1M 3Hal{eHHeM reMnepa­

TYPhl cTeH0K, ttTo no3B0JIHeT Cl{HTaTb npouecc npo­

HCX0JlHlllHM B H30TepMHl{eCI<HX ycJI0BHHX. 

3-rn oco6eHHOCTH II03B0JIHIOT OTHeCTH npouecc 

pa3pywemu1 K MHOfOQHKJIOB0H ycTaJI0CTH H HCII0J1b-

30BaTb OCH0BHhie paC'-leTHble C0OTH0WeHIDI, nony-
1.{eHHbJe B pa6oTe [6], .ll.JlH oueHKH Jl0JirOBe'-IH0CTH 

KOHCTPYKUHH, ttarpy)J(eHHhIX cny4atfm1MH MexaHH­

qecKHMH B03.[{eHCTBHHMH. 

J(JIH oueHKH .nonroBe'-IH0CTH npH cny4aHHblX 

flYJlbCaQHSIX TeMnepaTyp C HCn0Jib30BaHHeM MO­

.nem, YCTaJl0CTH0f0 pa3pyweHHH He06XOJl}iMO 

pacnonaraTb ycTaJI0CTHblMH xapaKTepHCTHKaMH 

MaTepHana H )J.aHHblMH 0 nyJibCaQHHX TeMnepa­

rypHbJX HanpH)J(eHHH, noJiyl{eHHbIMH 3KCI1ep1-1-

MeHTaJibH0. flpH pacl{eTe J{0JiroBettH0CTH no .ll.aH­

HOH MeT0)J.HKe KpHBaR ycTaJI0CTH ,l.1JIH CnJiaBa, H3 

K0Toporo H3r0T0BJieHa Tennoo6MeHHaH TIOBepx­

H0CTb, 61,rna 3a,naHa. 

PaccieTHaH cpopMYIIa ,nJIH cpe.nttero pecypca HMeeT 

BHJ{ [S]: 

t = N1t. [1-exp(-~ )]x;1+'"•xx{x: ~c~x~[ 2"''-;♦2 r( lni -;+2 )(1-A)]+x;" ~c~x~ [ 2 "";" r( '11t -;+2 }B-c)]}-
1

, 

r.L1,e N, - T0lfKa nepern6a KpHBOH ycTaJI0CTH; te - 3cpq>eKTHBHblH nepH0Jl nynbCaU.HH TeMneparypHbIX HanpIDKe­

HHH; m1 H m2 - K03qlq>HUHeHTbl, xapaKTepH3YIOIUHe HaKJI0H KplIBOH ycTaJI0CTH; Xo = <J_ifSa , Xi = 'V<J-i!Sa , 

X = aa!Sa, S0 - HHTeHCHBHOCTb nynhcauHii TeMITeparypHbIX ttanpIDKeH1-1H; c;,.
2 

- lfHCJI0 COl{eTamti-i H3 m1.2 no n; 

A= P((c0 -c1 )
2 

,m2 -n + 2 ), B = P((c0 -c1 )2 ,m1 -n + 2 ), C = P(s2 
, m 1 -n + 2) - q>yHKUHl-1 X2

-pacnpe.nen eHHH 

flwpcotta; f(m1,2; n) - raMMa-<pyHKQHH. 
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► 

Ha p11c. 2 npe)lCTilBJleHbl pe3yJlhTaTbt paC'leTOB )lOJl­

roBe'-!HOCTH TeITJJonepe)lruomeii noaepXHOCTH f1f3 np11 

nyJlhcauIDIX pacxo.n.a pa6oqero rena .wui p8.3Jl..11'-1Hhrx 

3HalleHHH BeJTH'lliH TeMTieparypHhIX HanopoB Ha yqacT­

Ke yxy)lUieHHoro TeITJJ006MeHa H 3KOHOMai13epe. 

C Y13em11-1eHHeM aMTIJIHl)'.llhl nynbcau0i1 pacxo)la 

paclfeTHM )].OJTroBelIHOCTb Tennonepe.llruow.ew no­

aepXHocnt f1f3 Ha 3KOHOMaH3epHOM yqaCTKe CHH­

)KaeTC.!I, 3Ta 3aBHCHMOCTb TeM CHJlbHee, qeM Bblllie 

MaCCOBa.sJ. CKOpOCTb. ITpH q>HKCHpOBaHHblX 3HalJeHH.!IX 

aMnJU11)')].bl nyJibCaQHH pacxo.n.a H MaCCOBOH CKOpo­

CTH )'BeJTH'leHHe TeMneparypttoro Hanopa Ha 3KOHO­

Mai13epe l1T3K OT 170 .n.o 250 °C npHBO)lHT K CHIDKe­

HIDO paC'leTHOH )lOJTrOBelIHOCTH Tennonepe)la10w.ew 

noaepXHOCTH ITr3 Ha 3KOHOMaihepe. 

J,f3 rpaq>HKOB BH)].HO, '-!TO B JI.M8Tia30He napaMeT­

poB pw = 50 ... 500 1<r/M
2
·c, 11Tyx = 50 ... 100 °C, 

Ts, 'lac 
1021 

1019 

1017 

10'5 

1013 

1011 

109 

107 

105 

0 20 40 

11T,K = 170 ... 230 °C npH aMnn11ry.n:ax nynbCal.Ulli 

pacxo.ua )].0 A= 70 ... 80 % )].OJlfOBelJHOCTb f1f3 on­

pe.n.e1U1eTC.!I ,nonroaelIHocTb!O TeT1Jioncpe.n.a10w.eii no­

aepXHOCTH Ha y qacTKe yxy.llUieHHoro Tennoo6MeHa, a 

np11 ar.,mn11ry)lax nynhcau.1-1i:i pacxo.n.a A > 80 % on­

pe)lemuow.eii .sJ.Bm1eTC.sJ. .n.onroBelIHOCTh Tennonepe­

)laiow.ew nosepxHOCTH Ha 3KOHOMaihepe. 

KaK noKa3aJ1H npoBe,a:eHHble HCCJle)lOBaHH.sJ.:, 

BJIHHHHe yBeJ111lleHH,S! aMnmny)lbI nynbcauHii pac­

xo)la Ha )].OJlfOBelJHOCTb CBSl3aHO, C 0)].HOH CTOpo­

Hbl, C yBeJJH'leHHCM HHTeHCHBHOCTH nepeMeHHb[X 

TepMHCfeCKHX HanpH)i(eHHH, a C .n.pyrow, - co CHH­

)KeHHeM xapaKTepHOH qacTOTbl 3THX nyJlbCaJJ,HH 

ttarrpIDKeHHH. CTeneHh B03JWHCTBHH aMnnHTY.llbI 

rryJibCaUHH pacxo)la Ha )].OJiroBetJHOCTb CTeHOK 6y­

)].eT 3aBHCeTb OT ycTaJlOCTHblX xapaKTepHCTHK HC­

TIOJlb3yeMoro MaTep11ana. 

A,% 

60 80 100 

PHC. 2. PaclJeTHasi Jl0JiroBe'-!H0CTb Terutoo6MeHHOH nosepXH0CTH Tir3 Ha HcnapHTeJlbH0M 

11 3K0H0Matl3epHoM )"lacTKax npH dTyx = 76,9 °C, dT,. = 195,7 °C: 
l - 3K0H0Maihep, pw = 52,4 u/M2·c; 2 - 3KOHOMaihep, pw = I 02, I Kr/M2·c; 

3 - 3K0H0Malbep, pw = 151,9 Kr/M2·c; 4 - 3KOHOMati3ep, pw = 250,6 Kr/M2·c; 

5 - 3KOHOMaii3ep, pw = 302, 1 Kr/M2·c; 6 - HcnapJITeJlh, pw = 52,4 Kr/M2·c; 

7 - HcnapHTeJib, pw = 102,1 Kr/M2·c; 8 - 11cnapHTem,, pw = l51,9 Kr/M2·c; 

9 - 11cnapHTeJib, pw = 250,6 Kr/M2·c; l 0 - 11cnap11Tem,, pw =302, I Kr/M2·c; 
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3aKJUO'ICHHe 

AHaJIH3 nonyqeHHbIX pe3yJI&TaTOB C Y'leTOM MeTO,lJ.a onpe,AeJieHIDI ,lJ.OfTYCTHMOro ypoBWI rryn&ca1.vrn pacxoJJ,a 

TIHTaTeJTbHOH B0)1.bl, npH KOTOpOM HHTeHCHBHOCTb MaKCHMaJibHbIX fTYJlbCaUHH TeMITeparypbl B CTeHKax Ha 3KO­

HOMaH3epe 60Jibllie HJIH paBHa HHTeHCHBHOCTH MaKCHMaJibHl,IX TeMneparypHbIX fTYJlbCal..lHH B CTeHKax Ha y'-laCT­

Ke yxy.ll.meHHoro TellJI006MeHa cr, yx ~ cr, 3K , n03BOJIHeT 3aKJIIO'-IITTb CJie.ll.}'IOlll,ee. IlpH MO,lJ.eJIH 3KCnJJyaTaUHH rrr 
5!3Y, KOrJJ,a BbITIOJIWieTCH ycnosHe cr,yx ~ cr,3K, paC'-leTHaR ,u;onroBe'-IHOCTb npeBbIUiaeT 6a3y ycTaJIOCTHblX HCTibl­

Taffifii MaTepHana H cymecTBeHHO npeBbIUiaeT TPe6yeMblH pecypc rrr B l..leJIOM B UIHpOKOM JlHana30He H3MeHe­

HIDI aMnJIH1)',lJ.bl nyJlhC31..lHH pacxona TIHTaTeJlhHOH BO)J.bl. 3To YKa3b1B8eT Ha TO, '-ITO TeMneparypHhie fTYJlhCaL(HH 

B CTeHKax ITr3, B03HHKaIOI.UHe npH fTYJlbCaUIDIX pacxo)J.a C aMl1JIH1)'JlOH A < I 00 %, He JIBJij!fOTC.SI cpaKTopoM, 

onpeti.eJIHfOUJ.HM pecypc rrr B QenoM. 
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► 

3KOHOMMKA 

Y.l{K 621.039 

PerpeCCHOHHbie MO.Z:.eJIH OU,eHHB3HHSI DOKa3aTeJieii: 1«1>ct>eKTUBHOCTU 

TexuuqecKHX CHCTeM 

B.H. llpRiJKa, MocKoBCKHH aB1-1au.1-10HHbIH HHCTmyr (rocy.uapcTBeHHhIH Texttw-1ecKHH yHHBepcHTeT), 

125993, MocKBa, A-80, fCIT-3, BonoKonaMcKoe rnocce, 4 

Pa:ipa6oTKa TeXHWiecKoro npoeKTa rrpe.ncrnem1eT co6oi\ TPY.nHYIO HTepau110H1fYIO Ja.nat.JY, e rrpouecce peweHID! Ko­
T0pow .nomIrna 6bITh COJ.natta TeXHH'JeCKaJI CHCTeMa, y.noeneTBOplDOmaJI HeCK0.11:bK}!M KpHTepHJIM Jq>qJeKTHBHOCTH. Oc­
HOBHbIMH ee napaMeTPaMH j[BnJ[IOTCll Bep0llTH0CTll ycnewH0ro 3aeepweHID1 KOHCTPYKT0pCKliX pa6oT Ha,n npoeKTOM, 
ero BHe.npeHHe B np0H3B0,UCTBO C .nanbHeihneit rrpaKTH'leCKOI\ pean113au11el1 np11 cepHMHOM BblITyCKe CHCTeM C yqeTOM 
TPe6yeMoro TeXH(,ft{eCKOro ypOBHll 11 IT0.11:HOM eenfflllllibl .noxo.na OT HX ro.noeol:i JKcnnyaTaUmt. 3Ha<JHTe.n:bHOe BnIDIHHe 
Ha 3<p<peKTHBHOCTb OKaJblBaJOT cpoKH HCIT0.11:HeHHJI OCH0BHbfX 3TiiTI0B pa6oT, pa:iMepbl q>HHaHCHpoaaHID! 11 no.n:rreHHe 
Ja.naHHOR rrp116bl.11:H B ycTaH0B.n:eHHble 3aKa3'111KOM cp0KH. B npouecce npoeKT11poeaHHJ1 HeKOTOpble napaMeTPbl CHCTe­
Mbl l!B.11:KIOTCll Heorrpe.ne.n:eHHblMl1. TI03TOMY npHX0.llHTCll OTKaJbJBaTbCll OT .neTepMHHHp0BaHHblX M0,ne.n:ej;j 11 nonb30-
eaTbCll CTaTl1CTH'leCKKMH, '!TO npHBO.llHT K 3Ha'IHTem,HOMY yee.n:H<JeHKJO 061,eMOB Bbl'IHC.11:eHHtt. 

REGRESSIVE MODELS OF AN ESTIMATION OF PARAMETERS OF EFFICIENCY OF TRAINING 
SIMULATORS OF TECHNICAL SYSTEMS. V.N. PRYADKA. The development of the technical project repre­
sents a difficult iterative problem, during which decision the object satisfying to several criteria of efficiency should be 
created. The basic parameters of criteria are probability of successful completion of design efforts above the project, its 
introduction in production, practical realization at serial issue of objects in view of a required technological level and 
magnitude of the income from annual operation of objects. A significant role render on efficiency terms of fulfillment of 
the basic stages, sizes of financing and magnitude of the profit of the customer in the law days. Some parameters of ob­
ject are uncertain. Therefore it is necessary to use the statistical patterns, that results in increase of volume calculations. 

MareMaTHtJecKoe onttcatt1-1e npou.eccos npoeKTH­

posaHHSI CJIO)f(Hb)X TeXHl-1'-leCKHX CHCTeM B 38BHCHMO­

CTH OT nOKaJaTeneH Ka'-leCTBa, npHOpHTeTHhIX napa­

MeTpOB, a Ta!OKe COCTaBneHID! 0.llHOfO o6o6meHHOro 

KpHTepID! 3cp<peKTHBHOCTH BpSI.D. JIH ocyu.teCTBHMO 113-

38 Toro, 'ITO MHOrHe noKaJaTenH HMelOT pa3JJH4HYIO 

<pHJWieCKYIO np1-1po.uy H HX He y.naeTCSI npe.D.CTaarunr, 

a 01-1.ne e.nHHOH cHcTeMbI ypaBHeHHH. ITo3TOMY e 

.ll8HHOH pa6ore ,D,Jlll 3THX uenew peKOMeH,AOBaHO 

nOJJb30BaTbCSI 3KCnePTHblMH oueHK8MH, BblCK83bl­

BaeMhlMH KOMneTeHTHblMH cneu.11an11CTaMH, pa6o­

T8l0ll(HMH B .naHHOH o6naCTH ttayl.fHbIX HCCJle,llOBa­

HHH, npHBO.llHMblMH B BH,D.e Ta6n11u. no HeKOTOpblM 

ttaCTHhlM KpI,nepID1M 3cpcpeKTHBHOCTH, onpe.neJ1S1IO­

lllHM o6nHK npoeKTHpyeMOH TeXHH4eCKOH CHCreMhI. 

.nnSI ycTaHOBJieHIDI npHOpHTeTHOCTH pa3JJH1.fHblX 

BapHaHTOB npoeKTOB cne.uyer nom.30B8TbCSI 3KOHO­

MwteCKHM.H Kp1nepID1MH ueneBOH 3cpq>eKTHBHOCTH 

[l, 2]. B Kat:tecTBe nepsoro 113 HHX npHMeM noKaJa­

Te.n:r, Ka4eCTBa npoeKTa 

EK= P, P2 P3 A(T + B) / Cn , (1) 
r.ne P1 - aepoSITHOCTb ycneurnoro 3aseprneHHll scex 

pa60T Ha,ll npoeKTOM, H8'-IHHaJI OT COCTaBJleHID! Tex­

HH4eCKHX ycnoBHH 11 KOH1.Jrui C.D.al.feH 3aKaJ41fKY c11c­

TeMr,I; P2 - aepostTHOCTb ycneurnoro BHe.D.peHHSI CHC­

TeMhI B nOCTOSIHH)'lO 3KcnnyaT8U.IUO; P3 - BepOS!T-

HOCTh ycnelllHOro cepHHHOro BhlITyCKa CHCTeM; .[{ -

nonHast npHBe)leHHaJI BenH4HHa .llOXOLla OT 3KCruJya­

TaLJ.lffl CHCTeM; T - napaMeTp, onpeLtenS110lllHH Tex­

HHtteCKHH ypoBeHb CHCTeMbt; B - CTeneHb TeXHOno­

rwieCKOH npopa6oTKH; Cn - cyMMapttr,Ie 3aTpaThl Ha 

npoeKTHpOBaHHe 11 no,[VOTOBKY npoeKTHO­

KOHCTPYKTOpCKOH .noeyMeHTau.11tt )].JUI npoH3BO.llCTBa. 

B KattecTBe orpaHHttemrn 6y.neM nOITh30B8TbCSI Cn ::,; 
Cn 33.11; T ~ T 803M; B ~ B B03M; A ~ A33Jl • 

B Cny'-lae 3a.D.aHHSI Ha npoeKT napaMe-rpa uenesoli 

3cl>cpeKTHBHOCTl1 ~ , 3aBHCSill.lero OT q>HHaHCOBhIX 

38Tp8T Cj, He06XO,llHMO, '-ff06bI OH HMeJJ M8KCHManb­

HOe JHattett11e: 

max Wj (Cj). (2) 
BTOpoi:i KpHTep11w, xapaKTepH3YIOlllHH 3Ha'-IH­

MOCTh npoeKTa, CBSl38HH}'l-O C 3KCnnyaTau,11ej:j C03-

.D.aHHOH CHCTeMbl, npe,llCTaBHM B BH,lle 

En= PI P2 P3 ITS MI C0 , (3) 
r.D.e IT - fO,llOBOH o6beM npO.llIDKH TeXHl14eCKHX CHC­

TeM, S - BeJ1H4HHa ,llOXO,lJ.HOCTH OT HX peanH3auHH, M 
- .uonroeetJHOCTh HaxO)l{Jl.eHID! CHCTeM B nocTOSIHHOH 

JKcnnyaTau,1-111, Cn - aenHttHHa BaJlOBOH np1-16r,urn. 

B KatteCTBe TpeTbero KpHTep1'1S1 npHMeM BeJJH4HH)' 

B03BpaTa KamtTanOB, nonytteHHblX OT npOJI8)f(H H 

3KC□nyaTaU.HH CHCTeM, 

Enp = P3 Cn /(U + V + R + S). (4) 
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3.n.ecb U - np1rne.n.eHHh1e npHMble 3aTJ)aTbl Ha Ha­

Y'-IH0-Hccne.n.osaTeJibCKHe H npoeKTH0-K0HCTPYK­

TOpcKHe pa60Tb1; V - npHBe.n.eHHbie 3aTJ)aTbl Ha BHe­

.n.pem1e; R - 3aTJ)aTbI 0CHOBH0ro Kamnana; S - sem1-

'-IHHa o6opoTHoro KanHTana. 

ITo cpopM}'JiaM (I) - (3) 3KCnepn,,, noill>3yHCb Bbl-

6paHHb1MH napaMeTpaMH, 6y.n;yr oQemmaTu noKaJarem1 

3$<1>eKrHBHOCTH .lJ.M KIDKJJ.0ro H3 KpHTepHeB OTJJ.eJibH0 

no .n.ecHTH68JUlhHOH l.llKaJie CJieJJ.YIOIWfMH y cJI0BRb{MH 

3Ha'-leHHllMll: 10-9 - O'-leHb BblCOKHe, 8-7 - BbIC0KHe, 6-5 
- cpeJJ.HHe, 4-3 - HH3KHe, 2-1 - o'IeHh HH3KHe. Cocrrner­
CTBytamHe JJ,aHJ-ll,Ie JaHOCJIT B Ta6n.l, r .n.e cny'-lafuu,1e 

BeKTOpHbre BeJrnllHHbl y, z, v onpe.n.eruuoTCH tta6opOM 

CB0HX xapaKrepHCTHK x, q, r, yi<a3fil{HbIX a Ta6JI. 2 . 

. T a 6 JI H u a 1. OueHKH 3q>q>eKTHBHOCTH rrpoeKT0B, orrpe.n.eneHHe (3KCnepTbl l . .. 20) 

Tiepe1,1fi BTOpoli TpeTH8 

3 :p , y y e1 z 
A v z e, V e, 

1 Yi 
A vi Y, e,\ z, Z1 e~ v, e"' 

... ... . .. ... .. . .. . ... ... ... . .. 
20 Yw Y 20 er.,. Z 20 zw e,.,. V20 V20 e • .,. 

- - -
Cpe,n;Hee 3Ha'lemre y - 0 z - 0 V - 0 

a a, - a, - a. -

B npoQecce npoeKTHp0BaHHJI K0HCTPYKT0pbl n0Jib3YIOTCll CJieJJ.YIOUlHMH xapaKTepHCTHKaMH: np0H3B0JJ.HTenh­

H0CTb - X1, npocToTa K0HCTpYKUHH -X2, CT0HM0CTh - X3, Macca K0HCTPYKQHH -X4, speMJI 6e30TKa3HOH pa6oTbl 

- Xs, npHMeHeHHe .n.oporoCT0JILQHX MaTepH!Ul0B - x6, HCTTOJib30B3HHe H0BbIX TeXHOJIOrHH - X1 H C0BpeMeHH0ro 

CTaHoqHoro o6opy.n.osaHID! - Xs, K0ITWieCTBO nepC0Hana Ha o6CJI)')KHB3HHe - X9, 33TJ)aThl speMeHH Ha peM0HT -

X10, _nng onpe.n.eneHHH llffCJieHHhlX 3Ha'-leHHH npHMeHHJIHCb paHee YKa3aHHbJe .n.ecllTH6aJJJibHhie 01..(eHKH, C00T­

BeTCTB)'K)UlHe .n.aHHble 3aH0CHJTHCb B Ta6n. 2. 

T a 6 JI H u a 2. OcHOBHble xapaKTepHCTHKH rrpoeKTHpyeMhlX 061,eKTOB 

l 

X,; ... 
:TPYl IP , 

I x" ... 
.. . .. . .. . 
20 X20 I ... 

Cpe,n;Hee 3Ha'leHHe Xi ... 

a a,, ... 

PacnonaraH Ta6n. 1 c .n.sa.nuaThIO CTJ)0qKaMH (n) H 

Ta6JT. 2 c .n.ecllTblO CTOJI6QaMH (m) COCTaBHM TJ)H JIH­

HeHHhIX CHCTeMbl ypasHeHH"H BH.n.a: 

y,=a,xu+a2x,2+-.. +a .. x1,,,; 

Y 2 = a1X21 +a2X22 + ... + amX2,.; 

z,=b1q"+b2q12 + ... +b .. q,,,,; 

Zi=b,q2/b1q22 + ... +b.,q1.,; 
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(5) 

(6) 

x,o 

X20 1m 
.. . 

-Som 

X20 

ax., 

% ... q,o r,J . .. 'io 

qll ... q,., lj I ... 'ini 
... .. . ... .. . .. . .. . 

q 20 I ... q20m f20 I . .. ' 20m 

- - -
'io q, ... q20 lj ... 

aq, ... ab a1 . .. a,., 

v,=c,x,,+c2x ,2+ ... +c.,x ,.,; 
V2=C,X2i+C2X22+ ... +c mX 2m; (7) 

Vn =c,x.,+c2X.2+ ... +CmXnm• 
r.n.e a,,a2,•••,a,.; b,,b1, .. ·,b.,; c,•C2•· .. ,c .,- K03$q>Hl.tH­

eHThI, noJJ.Jie)K3UlHe onpe.n.eneHHJO npH m!!. n. 
C uenhIO coKpameHIDI o6neMoB 3anHceii H ynpo­

meHHll PH.II.a npeo6pa30BaHHH ypaBHeHID! (5) - (7) 
nepenmneM B M3TJ)H'IHOH cl>opMe: 

y = Xa; z = Qb; v = Re. (8) 

3.n.ecb y, z, v - BeKTopa pa3MepH0CTH (nx l ); X, Q, 
R - M3TJ)l1Uhl pa3Mepttocrn (nx m); a, b H c - eeKTopa 

K03$cl>HUHeHTOB pa3MepH0CTH (nxl ). 



► 

,[vJsi oueHKH 3HaqeHHH K03Ql<PHUHeHTOB 3anHI11eM 

M0,UeJTH JIHHeHHOH perpeCCHl-i no ypaBHeHH.SIM (8) s 

BH,Ue 

y = Xi; z = Qb; v = R~. (9) 

a QJYHKUHH ,!J.JT.SI ourn6oK 6y.zzyT 
A 2 2 2 

F(a)=e . +e + ... +e ; 
)1 .Y? y,, 

A 2 2 2 
F(b)=e +e + ... +e ; 

,, Z:2 .z,. 

A 2 2 2 
F(c)=e. +e + ... +e , 

\!I V2 V,. 

0TKy,na nonyqHM 

. ~ , 
F(a)= "-'(y,-a,x,i-a2X,2-... -amx,.,t; 

1=1 

FCh)= f,,cz,-b,q11-b2q12 - ... -b.,q,f; 
i::I 

J,fa C00TH0UJeHHH ( 11) HaH,ll.eM 

F(~) =(y-X~r(y-X~);} 
F(b)=(z-Qb)'(z-Qb); 

F(~)= (v-R~)' (v-R~). 

(10) 

(11) 

(12) 

.[(.11.11 onpe.nenemu1 K03Qlcj}HIJ.HeHTOB a, b H c, npH 

K0TopbIX cpyHKUHH F(a), F(b) H F(c) 6y.zzyT HMeTb 

HaHMeHbIIHle 3Ha'-!eHI-UI, B0C00Jlb3yeMCSI 06bf'-IHblM 

npHeM0M HX Ml1HHMH3aUHJ-l, T.e. 

,w~i) =2XTy+2xrxi=o; 
aa a~t) =2QTz+2Q'Qb=O; 

aF~~) =2RTv+2RTR~=O 
dC 

H npH X = m, Q = m, R = m nony'-IHM 

i=cxTxr
1 
xTy;l 

~=(QTQf1Q'z; 

c=(RTRf'RTv. 

(13) 

(14) 

MaTpHUbI (XTX), (QTQ), (R'R) 3arrnmeM s cne­

AYIOI.UHX cpopMax: 
n • n 

I,xi~L,X,1X12·· ·L,X11Xim 
l=I i=l 1=1 

(15) 

n n n 

L, X,mX,1 L, Xm,XI? . .• L, x!, 
,~J i=l i=I 

(16) 

(17) 

TTpHBe,neHHhle 3aBHCHM0CTH (5) - (17) ,naHbl ,!J.JTJ!. 

cnyllaSI, Kor.z:,.a B mrnei1Hoi1 perpeccH0HHOH Mo.neirn 

0TCYTCTBYeT cBo6o,nHbIH '-IJTeH. O.nHaKo s 6onblllHH­

cTse npaKTH'leCKHX 38,L{a'-I 3T0 ycn0BHe M0)l(eT He co-

6nro,11.aTbCSI H -1:im =x2., = ... =xnm =1 , q1. , =q2m = ... =q,,m =1 , 

fj,. =r2., = ... =r11., =l, Tor.na nocne.nHHH cTon6eu MaTpH­

UbI M0)l(eT C0CT0HTb T0JTbK0 H3 e,nHHHU, T.e. 1 = 
= [1 I ... ]] c pa3MepH0CTbJO (nxl), 11 M8TPHUbl (15) 
- ( l 7) npHB0.L{.SITCH K BH.UY 

(18) 

II ,t n 

.I,x;"'x,.,.I,x,mxi2···Ln 
,=I i=I i~l 

(19) 

(20) 
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O6pamasi MaTpHl.{l,I (18) - (20) H YMHO:>KlUI HX co­

OTBCTCTBeHHO Ha XTX,QTQ 11 RTR, no.rryqHM K03cp-

q>HQKeHTbl a, b H c, no KOTOpblM COCTaBHM perpec­

CHOHHble MOJ].eJIH a, b 1-1 c, o6ecne'lHBaJOl.lOfe HaH­

ey1.mrne 3Ha'leHHSI nOKa3aTeJiei1 3cp<peKTHBHOCTH OT 

napaMeTpOB npoeKT11pyeMOH TeXID!'!eCKOH CHCTeMbl. 

ITorpel.llHOCTH 01.1elO!BaHHS1 onpeJJ.eJimoTcsi no cpen­

HHM apH<pMCTH'!eCKHM KBaJ].paTH'leCKl,fM BeJlli'lliHaM 

a, 6 H c: 
n n n 

I,e;; I,e;, I,e! 
i=I . _isl i=I 

cr.= n-1 I crb= n-1 crc= :-1 
C ueJiblO YMeHbllleHllil Bhr'lHcneHHH npH 6onbruHx 

KOJIH'leCTBax xapaKTepHCTH'leCKHX K03<pq>HUHeHTOB 

If 3KCnePTOB perpecCHOHHble MOJ].eJIH CJieJzyeT npH­

BOJJ.HTb K cpeJJ.HHM 3Ha'leHIDIM lf1,fCeJ1: 

fz; 
z=....EL_; 

n 

Iv, 
;=-!!!_, 

n 

a 3aTeM HaxOJJ.HM 

x~=xij-~;. y~=Y;-?} 
q~=q;j -qi. Z;-Z;-z, 

I I 

rij=r;j-r;, V;=V;-V. 

(21) 

(22) 

ITocne 3Toro no cpopMyne (14) MO)KHO onpeJJ.e­

JIHTh BeKTopa a=[Gi'½···amr ,b=[b,b2 .. bmf .~=[c,c2 ... cmr • 
B 3TOM cnyqae BMeCTO MaTpHl.l (18) - (20) 6yJJ.eM 

nOJlb30BaTbCSI MaTPHQaMH MeHblllliX pa3MepHOCTeH 

(n - l)x(m - 1) If nonyqaTb CB060JJ.HI,le 'lJleHbl 

a,,,=y-I,a,x1; 
J=I 

If perpeCCHOHHbie MOJ].eJJH BHJ].a 

y=am+ I,a )xj ; 
}:I 

z=b,. + I,b, z 1; 
j•I 
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(23) 

(24) 

Ha OCHOBe JIHHeHHblX perpeccHOHHblX MOJ].eJJeH 

nony'leHa JaBHCHMOCTh KpHTepHeB E~, £ 0 , Enp OT xa­

paKTepHCTHK npoeKTHpyeMbTX CHCTeM, 'lTO n03BOJ1Sl­

eT pyKOBOJJ.HTemo npoeKTa npHRHMaTb peUieHIDI, 

Y'-UITblBaSI 3Ha'lHMOCTH xapaKTepHCTHK. O,nHaKO B 

3THX MO,Uem1x He Y'lHTbIBaeTCSI B3aHM03aBHCl1MOCTb 

xapaKTepMCTHK. 

B nocne,uttee speMJI J1.J1J1 ou;eHHBaRIDI noKaJaTeneii 

3cpcpeKTMBHOCTl,f TeXHH'lecKl1X npoeKT0B CTaJlH np11-

MeHS1Tb HemrneHHble cpyHKu;l111 

F(x,a0J ), F(x,a<2l), ... , F(x,a<3J); 

F(q,b<1>), F(q,b<2l), ... , F(q,b(3
) ) ; 

F(r,c<1>), F(r,c<2>), ... , F(r,cC3>), 

B KOTOpblX pa3MepHOCTl1 K03q><pH1.{11eHTOB B B11,Ue 

seKTopos aCI> ,a<2> , ..• ,a<3>; b0> ,b(2) , ... ,b!3J; c<n ,c<2> , ••• ,c<3
> 

pa3JIWIBbl. B 3TOM cnyqae npHX0)].11TCSI HaxOJ].11Tb, 

KaKHe H3 nepe'll1CJleHHblX cpyHKl.11111 SIBJISIIOTCSI HCK0-

MblMH, H onpe,11,eJUITb HeHJBeCTHble K03<pcpHu;l1eHTbl 

KpH13bIX perpeCCHH y' z , V. 

PaccMOTPHM cny,.raii, KOrJJ.a 

k 

F(x,a)= I,cxJ/ x); 
,.o 

k 

F(q, b)= I,b1 j /q); (25) 

- k -
F(r,c)= I,cJ1(r). 

Jo() 

3)].ecb a 1 , b 1 , c 1 - HCKOMbie Koocp<p:HUHeHTbl perpeccH11; 

xT = [,v2 ... x3 ),qT = [q1q2 ... q3),rT = ['ir2 ... ,3]- seKTopa; 

//x),JJ (q) H f 1 (r)-113BeCTH1>Je Q>YHI<I.J,HH. 

no nony'leHHblM 3KCnepTaMH )].aHHbIM HMeeM 

k 

Y;= I,a1J1(x<il) ; 
J.{) 

k 

Z, = Lbif/q<n); (26) 
j:IJ 

k 
~ (i) 

½=£..Jc1f/r ). 
j:IJ 

,l].rui onpe,uenemuI K03<p<pHl.1HeHTOB a,,b, 11 ci 

B0CfiOJlh3yeMCSI MeT0)].OM HaHMeHblllHX KBaJ].paToB: 



► 

(27) 

npH i=l n, J=O,k. 

Bb1HeceM 11acTH.b1e no napaMeTpaM H nepetteceM B 

npaBbie t.tacn, 1..mem1, He co.n;ep)l(au:u-1e a
1
,b

1 
w c

1
, 

TOr.n;a no~HM TPH CHCTeMbI ypasHeHHH B BH.D.e 

I, f.~a; + I, !.of.A+ .. .+ I, fofkak = I, hol'i; 
i=I i=I l=-1 i=l 

I,J.J,oao+ I, f.~a;+ ... + I,J;,J;A = I, hof;; 
i=I 1=1 1=1 i=l (28) 

'IJ,J,oflo+ I,J;;J;,a,+ ... + I,1;;a; = I,J,kY;; 
r=I 1=1 i=I i=I 

I J.~Gg + I, J.o J./1, + ... + I, fio J/1k = I, fo Z;; 
i=I l=I i=t i=I 

I, J., J.o ho+ I J.~ b,2 + ... + I, J, J.kbk = I, J, Z,; (29) 
1=1 i=l i=l i=t 

IJ,k J,o ho+ I,J,k J,, b,+ ... + I,J;b; = IJtZ;; 
1: I i=I i=l i=I 

f j;oci+ I,i,o j;, c, + ... + I, j;o i,A = I,j;o Yi; 
t=I i=l i : I i=l 

!iii i;o Co+ !i~c; + ... + Iiikc;= !iii v;; (30) 
1=1 ;=J i=I i=l 

11-- n-- n- n-

2,_{;k lio+ I.ft l ,,ci+ ... + I,J,;c;= I,lk v;· 
i=I i=I i=I i=I 

IIepemnneM cncTeM)' ypastteHHH (28) -
BeKTOpHO-MaTpH'-IHOH cpopMe H nony'lHM 

~T~~=~TY;I 
<l>T<l>b=<l>TZ; 

- - -
«i>T «l>c=«l>TVI 

r,D,e 

(30) B 

(31) 

1,0 J,, ... J,k 

<I>= 120121 .. .j2k 
·················· 
fnof., ... J,,k 

fio fi, ... fit 

$= f20f21··•fit 

J.,o J..i ... fnt 

Go 

'Z=r:J 
,6= 

G, 

bk 

nono)f<H-

TeJU,HO onpe,D.eneHHbie 11 HeBblpIDKeHHhJe, TOr,D.a 11Me­

eM o6paTHble MaTp11Ubl (Cl)T<1>r1,(«i>T«i>r1,(<1>T«J>f1 • 

Hcxo,D.H 113 3TOro, non)"-IHM CHcTeMbl ypastteHHH .D.illl 

K03qJqJHl..l,lleHTOB: 

a=( <I>T<I>a )=<I>Tv; 

b=( <l>T<I>b )=<I> TZ; 

c=( <1>T<1>c )=<1>rv. 

(32) 

KosapHaUHOHHbie MaTPHUbI oueHJ(j,f K03QJQJHUH­
eHTOB 3amu.ueM B BH.D.e 

cov[i]=M [ (i-a)(i-a)' ]= 

=<<1>T<1>r' <I>TM[ cv-F)<Y-Fr ]<1>[ c<1>T<1>r' J = 

=cr2(<1>T<1>r1
; cov[6J=M[(b-b)(b-b)' ]= 

=<<i>T<i>r' <i>TM[ cv-F)<Y-Fr J<i>[ c<i>T«i>)- 1 J = 

=cr2(<I>T<i>r'; cov [c]=M [ (c-c)(c-c)' ]= 

=(<I>T<1>r1<1>TM[(V-F)(V-Fr ]<1>[<<1>T«J>r1 r = 

=cr2(<l>T<I>r' • 

113 qJOpMyn .n;mr Bbl4HCJiemur KOBapHaUHOHHb(X 
MaTPHI.~ cne.n;yeT, '-ITO oueHKH 

aµ H av, bµ 11 bv, cµ 11 CV onpe,D.enfilOTCH KaK 

cov[iµiv ]=cr2 [ (<I>T<1>r1 ]µv ; cov [ bµb, ]= 
=cr2 [ (<l>T<i>)-1 L; cov[cµ~v ]=cr2 

[ (cJ>T<1>r1 L, 
r,D.e B npaBblX 4aCTID( BblpIDKeHHJ! B CK06Kax npe.u­
CTaBmrlOT co6oi1 COOTBeTCTBYIOI.IlHe 3neMeHTbl MaTpfill. 

(<l>TC!)r' I (ci>T<i>r' '(<l>TcI>r'. 

43 



B 3TOM cnyqae HMeeM: 

cr(x)= i,i,_t;(x)/j (x)M[ (a;-a; )(a J-a J)] =cr✓f' (x)(cI>T<1>r1 f(x); 
jE I Jal 

cr(q)= i,i,Jcq)]1Cq)M[c6,-b,)(h 1-b 1)] =cr./f (q)(ci>T<i>r1icq); 
/El Jal 

cr(r)= ii..f;(r)fj(r)M[ (C;-c,)(c }-cl)] =ff•HT (r)(Cl>T<1>r1 r (r). 
i=I jel 

B1,monHeHHbIH HeJIHHeHHbLH perpeccHOHRbIH 

aHaJIH3 JUUi -rpex KpHTepHeB Ol_\eHHBaHIDI pe3yJibTa­

TOB npoeKTHpoaaRHJI TexHJlqecKHX CHCTeM .RBJUleT­

Cll HaH6onee TO'IHl,JM no cpaBHeHIDO c JIHHeHHl>IMH 

MOAeJillMH, nocKOJlbKY Y'IHTbIBae-r B3aHMOCB.R3H 

CIIHCOK JIHTEPA TYPbl 

Me)l(Ay xapaKTepHCTHKaMH qepe3 3aAaHHbie cpyHK-

1..(HH //x), f/q) H f/r). TionyqeHHbte 3aBHCHMOCTH 

KpHTepHeB TeXHH'-leCKHX CHCTeM MOfYT HC□OJlb30-

BaTbC.R npH peweIDrn 3a,l\aq OITTHMH3al(HH npoeKT­

HbIX peweHHH. 

L. Ansoff H.J. Evaluation of Applied Research in Business Firm. Technical Planning on the Corporate Level J.R. Brigt 
(Ed.), Harvard University Press, Cambridge, Massachusetts, 1962. 

2. Souder Wm. E. A. Scoring Methodology for Assessiny the Suitability of Management Science Models.// Management 
Sci. 18, N!! IO, 1972, pp. 526 - 543. 

CTaTbll nocrynHna a pe.naKUmo 2 .neKa6pH 2003 r. 
BonpOCbl aTOMHOii HayK11 H TeXHHKl1. 

Cep. <l>HJHKa ll.L(epHb!X peaKTopoB, 2003, Bb!TI. 4, C. 39 - 44. 

44 



► 

CO,l(EP)KAHU:E 

)UfllAMHKA H YIIP ABJIEHHE 
Ilocm11UK08 H. C. MMnym,CHhie CTOXaCTH'-ieCKHe pe)f(.HMbl pa60Tbl Kllllilll(HX peaKTopoB .................................... 3 

Ton'leeo /0.H. OpttMeHem-1e MeTOJla rapMo~ecKoH mrneapma1.uu1 Jln» CHHTe3a KoppeKTHp}'lOlllHX ycTpoHCTB 
CHCTeMbI ynpasneHIDJ si.D,epHbIM peaKTOpoM A3C ................................................................................................ 10 

IIEPEXO,l.UILIE H ABAPimllhIE PEJKHMhl 

Ee:inen«uH B.B., Ky3bMUH E.IO., Kyxmeou'l B.O., ffy«uu A.B., Cuoopoo B.I'., Kuceneo A.E., Ko6eJie8 I'.B., 
Cmpu:11coo B. '1>., '1>UJ1unnoo A.C. Mccne}losrume B03MO)KHOCn1 yJlep)KaHJrn pacmiaBa Ha .l(HMW.e Kopnyca peaK-
Topa Ha no3,nHeH cTa,nm-1 pa3BHTH» TIDKenoi-1 aaapHH c noMOIQblO Ko.D,a PATEr/CBEl.JA/rE<l>ECT ............. .. ... 20 

3KCIIEPHMEHTAJibHI,IE HCCJIE):(OBAHlUI 

/{Mumpueo C.M., BocmpuK08 A.A., /{Atumpueoa T.C., C«o6eJieoa H.I'., Cnupuoonoo J(.B. 3KcnepHMettTanb­
ttoe Hccne,nosaID1e HeCTat:J.HOHapHoro TeMneparypHoro nonjJ s Tennonepe.nruow.ei-i cTeHKe naporettep1-1pyiow.ero 
Ka Hana npw nynbcau.j,!jJX pacxo,na pa6ottero Tena .................................................... ................... ....... .. ............ ..... 29 

):(OJirOBElffiOCTb H PECYPC 
/{Awmpueo C.M., Bocmpu«oo A.A., /{Atumpueoa T.C., Cnupuoo1100 J(.B. Ou.eHKa .nonrose1.mocn1 Tennonepe­
.nruomeii noaepXHOCTH rraporeHepHpyiomero 3JleMeHTa C .D.BYCTOpOHIDIM o6orpeBOM B ycnOBIDIX rn,npOAHHaMH-
'-!eCKOH HeycTOH'-11-JBOCTH ...................................................................... .............................................. ................... 34 

3KOHOMIIKA 
llp11o«a B.H. Perpecc1-tOHHb1e MOJlenH ou.emrnaH1-tS1noKa3aTenei13q>q>eKT1-tBHOCT1-t TeXHH'IeCKHX c11cTeM ........ 38 

CONTENTS 

DYNAMICS AND CONTROL 
Postnikov N.S. Pulse stochastic operation regimes of boiling reactors ................................................................ 3 

Topcheev Yu.I. Application of the method of harmonic linearization for synthesis of correcting devices of a con-
trol system of NPP' s nuclear reactor ..................................... ...................... .... .. ................ .......... ... .. .......... ....... .. . 10 

NON-STATIONARY AND EMERGENCY PROCESSES 
Bezlepkin V. V., Kuz'min T.Yu., Kuhtevich V.O., Lukin A. V., Sidorov V.G., Kiselev A.E., Kobelev G. V., 
Strizhov V.F., Filippov A.S. Numerical investigations with RA TEG/SVECHA/ HEFEST code on possibility for 
long-term in-vessel code melt retention ............ .......... .. ........... ............................................................................. 20 

EXPERIMENTAL STUDIES 
Dmitriev S.M., Vostricov A.A., Dmitrieva T.S., Skobeleva I.Yu., Spiridonov D. V. Experimental research of non­
stationary temperature field in a heat transfer surface of the steam generating channel at pulsation of the charge 
of a working body .................................................. ... ................................................. ............................................ 29 

DURABILITY AND RESOURCE 
Dmitriev S.M., Vostricov A.A., Dmitrieva T.S., Spiridonov D. V. Assessment of durability of a heat transfer sur-
face of an steam generation element with a bilateral heating in conditions of hydrodynamic instability .. ..... ... ... 34 

ECONOMICS 
Pryadka V.N. Regressive models of an estimation of parameters of efficiency of technical systems .................. 38 

45 



YTO'lfHeHHble npaBHJia 04>opMJ1eHHH CTaTeii 

TipH fiO.D.fOTOBKe CTaTbH B c6opHHK a1nop AOJDKeH PYKOBO.D.CTBOBaTbCR CTaHAaPTOM "OpHrHHa.Jlbl aBTOpCKHe H 

TeKCTOBbie HJ.D.aTeJibCKHe" (OCT 29 .115 - 88). K asTopcKHM opHrnHanaM, nepeAaBaeMbIM )],JU) HJAaHHR, npe;i.1,­

RBJIRIOTCR cneJJ.YlOll.l,He Tpe6osamu1: 

l. 3K3eMnm,p CTaTbH JJ.OJDKeH 6bITb nepBblM, OTne'laTaH Ha OAHOH CTOpoHe JTHCTa cpopMaTa A4 mpHq>TOM N!! 
12 qepe3 2 HHTepsana. CTaTbR ,D.OJDKHa 6bITb COCTaBJieHa B c11e.ny10ll.l,eM nopR,nKe: HH)J.eKC Y)U(; 3ar11as0e; HIDl-

1..(HaJibl H ct>aMHJIHJI aBTOpoB; MeCTO pa60Tbl ~oro aBTOpa C IlO'ITOBblM a,L{pecoM; aHHOTal(IDI Ha pyccKOM H 

aHTJJHHCKOM 113bIKax (He 6onee 10 CTpOK KIDKJJ.WI); TeKCT; CilHCOK JIHTeparyphI; pHcymrn; no.npHCYHO'IHhle OOA­

nHCH (Ha OTJJ.eJII,HOM JIHCTe). 

2. CTaTbR JJ.OJDKHa TatolCe npe.D.OCTaBJlRThCR o6H3aTeJJbBO B BH,D.e :meKTpOHHOH BepcIrn o6bl'IHl,IM mpmpTOM 

N2 11 Times New Roman, Me)l(JzyCTpOl{HbfH HHTepsan - O.D.HHapHblH, B pe;i.aKTope Word 97 HJIH 6onee noJ.D.HHX 

sepcIDl:. TeKCT He 4>opMaT11pyeTc11, B Ka'!eCTse HMeHH 4>aHJia Hcnollb3yeTc11 <l>MO nepsoro aBTOpa cTaThH. Ka­

BbilfKH B TeKCTe CTaBRTCR npH aHrJIHHCKOH pacI<Jia,nKe KJiaBHarypbl (" .. "). 

3. Co.nep)l(aHHe CTaTbH ,D,OJDKHO 6bITh KpaTKHM H lfeTIOIM. McKJIIOl!aJOTCR o6mHe paCC}')l(,.D.eHIDI, H3BeCTHbie no­

JIO)l(eHIDI. He ;i.onycKaeTCR ;i.y6JmposaHHe MaTepHana B TeKCTe, Ta6mmax, no.npHCYHO'IHbtx Ha,nnHc.srx. Heo6xo.n11-

Mo co6mo,D.aTb e,nHHoo6pa3He B HanHCamm TepMHHOB, HaHMeHOBaHHH cpH3H'ieCKHX BeJIH'IHH H eJ(HHHI..( H3MepeHHR, 

ycJIOBHblX o603Hal!eHHH, COKpa.ll\eHHH, CHMBOJIOB. HaHMeHOBaHIDI H o6o3Ha'leI-OUI e,AHHHI..( <l>H3H'leCKHX semNHH 

Heo6xo.nHMo npHBO.D.HTh B CHCTeMe CM. 

Heo6XO,D.HMO o6pall.(aTb BHHMaHHe Ha HanHCaHHe nponHCHblX H CTpO'-JHblX 6yKB: pycCKHe H rpeqecKHe 6yKBbl 

(a, ~. y, <pH T.,D..) Ha6HpaIOTC.!I np.!!Mo, a naTHHCKHe (x, y, z, w H T . .D..)- KypCHBOM. Te )!Ce Tpe6osaHHR B o6o3Ha'le­

HH.!IX H}')KHO co6JTIOJJ.aTb npH HanHCaHHH HH)leKCOB H CTeneHeH B cpopMyJiax. 06o3Ha'leHIDJ M3TpHl{ H BeKTopoB 

Ha6Hpa!OTC.!I OOJIY)KHpHbIM rnpHcjJTOM np.!!MO. <l>OPMYJJbl, BKJIIO'leHHble B TeKCT, cne.nyeT Ha6HpaTb 6e3 ysem1'le­

HHR 11mepsana Me)IC,lly CTpOKaMH, HanpHMep bid, exp(.x/e). 

4. Ta6JJHI..(bl ffYMepyIOTCR, KIDK,D.aJI Ta6JJHI..(a JJ.OJDKHa HMeTb 3arOJIOBOK. CoKpa.ll\eHIDJ B rpacpax Ta6JIIAI..(bl He 

.nonycKalOTC.!I. B TeKCTe Heo6xo,D.HMbl CCbJJTKH Ha see Ta6mnthl. Ta6JIHl.{bl ne'laTaJOTCR B o6meM TeKCTe nocne 

nepBOH CCbIJIKH. 

5. <l>OPMYJibl H 6yKBeHHbJe o603Hal!eHIDI BeJJH'IHH JJ.OJDKHbl 6bITh pa3Me'leHbl H cpa3y pacrn11cpposaHbI. <I>op­

MYJibJ ffYMepyIOTCR apa6cKHMH UHcl>paMH, HOMep CTaBHTCR C npaBOH CTOpOHI,J JIHCTa B KpyrnbIX CK06Kax. HyMe­

poBaTb CJTe.nyeT TOJlbKO Te cpopMyJihl H ypasHeHIDI, Ha KOTOpbie eCTb CCbIJIKa B nocJJeJJ.Y}OUJ,eM H3JIO)J(eHHH. <I>op-

1 1 
MYJibl BbIOOJJHj[}()TCR B pe,D.aKTope Equation 3.0 npH HeB03MO)l(HOCTH Ha6opa Ha KJiaBHarype (x!,y~.F,Jx,- H 

0 y 

T.,n.). Ilo.n.cTpO'fHble H HaJ(CTpoqmIe HHJJ.eKCbl BBO,D..!ITCR C KJiaBHarypbl (x3, KM
2 

H T.JJ..), rpeqecKHe 6yKBbl BCTaB­

JUDOTCJI qepe3 Memo BcmaeKa ➔ CUMBOll. 

6. B reKcTe cTaThH p11cyHOK o6uJaTeJJbBO npe.nCTaBm1e-rc11 Ha oT.nem,HoM JtHCTe cpopMaTa He 6onee A4. Ha 

p11cyHKax .nonycKaeTC.!I MHHHMaJTbHOe 'IHCJIO o6o3Ha'ieHHH - KpaTKHe U,HcppoBble (no aopJIJJ.1<)' HOMepOB cnesa 

HanpaBO HJIH no qacOBOH CTpenKe) HJIH 6yKBeHHhle 060JHa'1eHID1. Bee no.!ICHeHIDI BblHOCRTCR B no,D.pHCYHO'IHbJe 

nO,!J.OHCH. Ha o6opoTe Ka)IC,ll;Oro pHcyHJ<a YKa.3brBaJOTCR cpaMHJJHH aBTOpOB, Ha3BaHHe CTaTbH, HOMep pecyHKa, 

o6o3HalfeHH.!I sepxa H HH3a. BHYTpeHHHe HaJ(IlHCH Ha pHCYHKax tta6Hpa10Tc11 rnpHcjJTOM N2 10. BHH3Y KIDKJJ.Oro 

p11cyHI<a ,D.OJDKHhl 6bITb npHBe)J.eHbl ero HOMep H no.npHCYHO'IHa.!I no.L{nHCb rnpH<pTOM N!! l O. IlpH HaJIH'IHH He­

CKOJlbKHX pa3IlH'IHhIX rpacpHKOB Ha O,!J.HOM pHCYHKe Ka)l(J(blH H3 HHX o603Hat:faeTCJI pyccKHMH 6yKBaMH a), 6), B) 

H T.J(. H pacnrnq>pOBbfBaeTC.!I. 

B KOMriblOTepHOM BH,D.e pHCYHKH, BbinOJIHeHHbie B rpacp!-ReCKHX pe,D.aKTopax, npe.n.cTaBJUUOTCR B OT)J.eJlbHblX 

ct,aiiJiax c pacrn11peHHeM jpg, tif, bmp H T • .D.. (s qepHo-6enoM u,se-re). 

7. CcbIJIKH Ha JIHTeparypy B TeKCTe .D.alOTCR no nopR.II.KY apa6cKHMH u,HcppaMH B KBa.npaTHblX CK06Kax. C00-

COK JIHTeparypbl COCTaBJlJieTC.!I B TOH )Ke nocne,noBaTeJlhHOCTH, B KOTOpOH npHBO,D..!ITCR CCblJIKH Ha JIHTeparypy. 

<l>aMHJIHH H HHHl.{HaJibl asTOpOB Ha6Hpa!OTCR nony)J(HpHblM KypCHBOM. 

8. CnHCOK JIHTeparypbl cne.nyeT ocpopMJUITb B COOTBeTCTBHH C rocy.napcTBeHHhlM CTaH.n.apTOM "EH61111orpa­

cp11qecKoe orrHcaHHe .noKyMeHTa" (rOCT 7. I - 84), B qacTHOCTH, Heo6xo,D.HMO YKaJaTb: 
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► 

a) 11.JHI )l()'PHaJlbHblX cnnej:j - <paMHJlHH H HHHUHaJlbl ainopoB (He Mettee Tpex nepBblX), Ha3Bamte CTaTbH, Ha-

3Ba1-rne )f(YPHaJia (6e3 KaBbl'IeK), ron., TOM, BbinyCK, HOMep, CTpaHHUbl; 

6) 11.m1 KH11r - cpaMHJlHH H HHHI..VfaJlhl aBTOpOB, nonHoe Ha:rnam,e Klfl.ffH, MeCTO H3D.amrn, H3):(8TeJlhCTBO (6e3 

K8Bhl'-IeK), ron. H3D.amui; 

B) AJUI 8BTopecpepaTOB ;:mccepTar..u-rH - cpaMHJlHIO 1-1 HHHl..(HaJlbl aBTOpa, Ha3BaHJ1e aBTOpe<pepaTa D.HCCepTal..(HH, 

Ha COHCKaHHe KaKOH yqeHOH CTeneHH HaillfCaHa D.HCCepTal..VUI, MeCTO H ron. 3aJ.l(HThl; 

r) D.JISI npenpHHTOB - cpaMHJlHH H HHH"QHaJlhl aBTOpOB, Ha3BaHHe npenpHHTa, HaHMeHOBaHHe 11311.aJO~ej:i opra­

HH3al..(HH, umcpp H HOMep, MeCTO H ro,n H3,AaHHJI; 

11.) D.Jljj naTeHTOB - <pa.MHnHH H HHHl..(HaJlbl aBTOpOB, Ha3BaHHe naTeHTa, CTpatty, HOMep H Kflacc naTeHTa, ,nary 

H ro,u; 3aSIBJTettmr H ony6J1HKOB8HH}I naTeHTa; 

e) D.JIR OT'-leTOB - <paMHmrn H HHHl(HaJlbI aBTOpOB, Ha3BaHHe OT'-!eTa, H"HBeHTapm,rj:j M!, HaHMeHOBaHHe opraHH-

381..(HH, ro,n BblnycKa; 

)K) ,!J;Jl}I 3Jlel<TJ)OHHbJX HCTOYHHKOB - ITOJIHblH 3JleKTpOHHbJH a,u;pec, no3B0JUIJO~HH o6paTHTbCSI K ny6mn<al..(mf. 

9. B KOHUe TeKCTa nepe.n cmtCKOM JTHTeparypbl YKa.JblBalOTCR KOHTaKTHblH TeJieq>oH H, )l(eJiaTeJibHO, a.npec 

3neKTpOHHOH no1nb1. 
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