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MATEMATM'-IECKOE MOAEn"1POBAHME M YnPABnEHME 

YAK 621.039 

MaTeMaTHl.fecKoe MO)];eJiupoBaHue Macconepeuoca B peaicrope 

na HecTpyicrypuposauuoil pact.JeTnoil cen~e 

B.B. Ko6apoa 
rn: HMTl1 HM. A.IT. AneKcaH.nposa, 188540, Cocttos1,1ii Eop JleHJ.rnrpa.ncKoii o6n. 

TipeLIJlO)KeHa MeTo.n.onorIDI MO)lem1poeamu1 nepeHoca cocpe)lOT04eHHblX Mace Tenno11oc11Tem1 c B03My11.1eHHbJMH 
3Ha1:JeHIUIMH TeMrrepa-ryphl HIHJIH KOHU.ettTpaU.HH 6opa B peaKTope nma BB3P. TipJIBe,ll.eHbl pc3ynhTaThI Bbf411CllHTem,­
HblX JKcnepHMeRTOB C nOMOlUhl-0 TpeXMepHOro pac4eTHOro KO)la Ha OCHOBe npe)lJTO)KettHOH MeTO)l0llOrHl1. 

MATHEMATICAL SIMULATION OF MASS TRANSFER IN REACTOR ON THE UNSTRUCTURED 
NUMERICAL GRID. V.V.KOBAROV. Simulation methodology for transfer in VVER of coolant masses with dis­
turbed temperature and/or boron concentration values is suggested. Results of numerical experiments by 3D­
computational code on base of suggested methodology are presented. 

Cy11.1ecrnyeT pSI.n 3a.naq np11 npoeKTHpoaaHHH 11 

3KCnnyaTaU.IHI peaKT0pHbIX ycTaHOB0K, nm1 pewe­

HH.sJ. KOTOpblX tteo6xo.n;MMO TpexMepHoe MaTeMaTl.f­

qecKoe Mo.nen11poaaH11e npoueccoa Macconepetto­

ca. K TaKHM 3a.n;a':laM OTHOCHTCSI 11ccne.noaaHHe no­

JJeH KOHQeHTpfill.HH 6opa 11 nepeMeJJJHBaHHSI Tenno­

H0CHTem1. .no BXO,Ua B aKTHBHYIO 30HY (a.3.) B CTa­

QHOHapHblX ycnOBH.sJ.X rrpH B03MYllf.eHHH Ha 0.llHOM 

HJIH HeCKOJibKHX BXOJ:(HhlX naTpy6KaX no pacxo;zy 

TennOHOCI-1Tem1, ero TeMnepaType HIHJIH no KOH­

u:eHTpau.1111 6opa, a TaK)Ke 3a.naq11 11ccne.noaatt11.si. 

HeKOT0pbIX nepeXOJJ;HbIX pe)KHM0B. 

1. Pac11eTHaH cenrn 

MaTeMaTH'-leCKOH OCHOBOH Il0CTaHOBKH 3a.n;aY .sJ.B­

llillOTCSI ocpe.nHeHHhle no BpeMeHH ypaBHeHIU[ HaBbe­

CTOKCa C pa.3JIHq_HbIMH rpamrrnhIMH ycn0BHSIMH H 

oco6eHHOCT.sJ.MH BHYTPH Hccne;zyeMOH 06naCT11 Te1.Je­

HH.sJ. Tenn0HOCHTeJI.sJ.. 

KacaSICb 3.nec1, T0JlbKO K0He'-IHO-pa3HOCTHbIX 

MeT0.ll0B perneHHH, OTMentM, '-ITO OCHOBaHHble Ha 

HID{ pac1.JeTHbie KOJ:(bl HCil0Jib3YIOT crpyKrypttpo­

BaHHYIO (peryn»pttyr-o) pacqernyt0 ceTKy. TepM11H 

"crpyKTyp11p0B8HHaH CeTKa" HCTTOJlh3YeTCji w11po­

K0, HO o6menpHH.sJ.TOfO onpe.neneHl1.sJ. He HMeeT. 

Ey.neM, cne.nySI o63opy [ 4], no.n pacqernoii ceTKOH 

noHHMaTb KOMTIJieKC TIOJ:(MHO)KeCTB, COCT0SIIUID{ 113 

pa3MepHO0J:(HOp0,D,HbIX 3JieMeHT0B, Ha TOII0JJ0fHtJe­

CKl1 CBH3HOH 06nacn1 (3neMeHTbJ - Y3JihI, pe6pa, 

rpaHH 11 T.n.), a no.n CTpyKTyp11poaatt11011 (pery­

n»pHOH) ceTKOH TaKYIO, TonoJ1ornyecKaS1 CTPYKTY­

pa 1-1 reoMeTp111.JecK11e xapa1<Tep11cntKH KOTopoi1 

J.-iMeIOTCH pa60TbI KaK OTe4eCTBeHHbIX [I, C. 27 -

46], TaK 11 3apy6e)l(HhIX aBTOp0B [2, 3], B KOTOpbrx npH-

80.llSITCSI pe3yJibTaTbl 3KCnep11MeHTaJibHbIX HCCJ!eJ:(oBa­

HHH 11 paC',leTHhle pe3yJibTaTbl, nony'-leHHbJe C IJ0M0-

1.lf.blO Tennom.npaBJTH"leCKHX -rpexMepHhlX KO.ll0B (nma 

PHOENIX, CFX4.2 I1 T.n.). O,D,HaKo 11cnoJlb3yeMbJe 

paC'-leTHbie KO.Ubl He ymrnepcanbHhl H J:(IDI np11MeHeHHH 

tty)K.llatOTCSI B aepmpHKau:mt Ha OCHOBe 3KCnepRMeH­

TaJJbHbIX .n.aHHI,IX. Ilo3TOMY apo.noIDKatOTCj{ pa60Tb1 no 

coaeprneHCTBOBaHl!I0 11 pa.3BHTHIO MeTOJl0JJOfHFI Mo.ne­

mrpOBaHID! npou:eccoa TeruioMacconepettoca B KOH­

KpeTHhTX T11nax peaKTopoa, a '--!aCTH0CT11, BB3P. 

OJ:(H03H8LJH0 onpe.neJUIJ0TC.sJ. Ha6opoM KO0p,D,HH8T­

HbTX HHJ:(eKCOB Y3JIOB ceTKH. CooTBeTCTBeHHO He­

CTPYKT}'p11p0B8HHaH CeTKa - 3TO ceTKa, He .sJ.BJISII0-

1.lf.aHCH CTPYKTYPHPOBaHHOH (.nn» on1-1caHHj{ »tJeeK 

KOTOpOH KpOMe HJIH BMeCTO KOOp.llHHaTHblX 1,rn.neK­

C0B He06XOJlHMa .npyraj{ HHcpOpMal.(11ji)_ 

Tor.na MO)KHO K0HCTaTHpOBaTb, '-ITO BbUIIeyKa3aH­

Hbie pa3pa6oTKH onep11pyt0T TOJibKO co CTPYKTYPH­

poaattHbIMH pacl.JeTHblMH ceTKaMH, T.K. HCTT0Jib30Ba­

H!1e pa.3Jil1'fHb!X CHCTeM K00p,D,HHaT, TI0LfTJ,j oprnro­

HaJibHb]X ceTOK, BBe.neHHe pa.3pe)KeIDUl-crymeHH8 

ceTKH H T.n. He H3MeWIIOT c-rpyKzypHpoBaHH0CTH 

CeTKW. IlpaLieM TTO<JTH BCer.na 3TH Mepbl npe.nnpmrn­

M8IOTCH, '-IT06bI TO'--!Hee 0TTHCaTb rpaHHU.Y o6nacTH H 

nocTaBHTb rpaHffl.JHbie ycnOBIDI, B TO BpeMH KaK Ba)K­

HbJe 3JleMeHTbl BHYTPH 06nacn1 M0ryT 6b!Tb om1ca­

Hbl He.noCTaT0'-IHO TO'IH0 11Jll1 Kpai1He Hey)lo6HO .llJISI 

opraHM38U.HH BbllJHCJJHTeJ!bH0ro npou,ecca. 
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ITpe,ncTaBlli!eTCJJ nepcneKTHBHhJM no.nxo.n Ha oc­

ttoae tteCTpyKT)'pHpoaaHHb]X pact.JeTHbIX CeTOK, ,nllil 

KOTOpblX B nplilUITOH CHCTeMe KOOp,nHHaT pa3611em1e 

o6naCTH Ha JJ<JeHKH y1rn3aHO He C KOOpJlKHaTHblM 

.npo6nem1eM, a C reoMeTpH<ieCKHMH oco6eHHOCTJJMH 

BHyTpeHHOCTH 06nacn1 (HanpMMep, C KOHQ)Hrypa[{}l­

eii ceqemu1 TBC If Me)K1<acceTttoro npocrpaHcTBa, 

Ko1-1cp11rypau11ei1 H pa3Mem.eHHeM KonneKTopm,rx pe­

weroK, pacnoJIO)l(ettHeM JlHCTaHUHOHHpytomID( pe­

WeTOK 11 BblCTynoa C yqacTKaMH, HenpOHHU3eMb1MH 

,nllil TeUJJOHOCHTem1, l1 T.n.). I1pH JTOM o6naCTb pa3-

6HBaeTCJJ na COBOKYUHOCTb ceTO'iHbJX gqeeK ( o6'beM­

Hb!X) - pa311H'IHb]X H B o6m.eM cnyqae HenpasHJlblibIX 

npH3M (a npe.nnoJIO)l(eHllH, '-ITO ce<JeHH» no sepni­

KaJlhHOH OCH BBe,neHI-IOH CHCTeMbl KOOpJlHl-JaT napan­

nem,HbJ ). BBOJlHTCJJ CKB03Ha.JJ HyMepaum1 JJqeeK H 

Ka)l(Jl3ll .sit.JeiiKa OKa3b!BaeTCJJ oKpy)l<eHHOH onpe.ne­

nelilibIM KOJlH'-leCTBOM HlJeeK-COce.new C H3BeCTHblMl1 

HOMepaMH (B 0611..(eM cnyqae KOJlH'leCTBO coce.neii 

pa3JIH'lHO ) . ITocTaHOBKa 3a,nal{H nepecpopMYITHpyeTCll 

B TepMHHax paCXOJlOB W Liepe3 rpaHH CMe)l(HblX .irqe­

eK, npH JTOM cKan»pHbie napaMerp1,1 (.nasJiemre P , 

ITJlOTHOCTb p, JHTaJJbilIDI h) 6y,nyT orrpe.neneHbl s 

2. IlocTaHOBKa 33.l(a<tH 

06b1~0 JlJUI on1-1camu1 JlBH)l(eHHl! TeUJIOHOCHTeJUI 

HCITOJib3YIOTCJJ ocpe)lHeHHbJe ypasHeHHll Hepa3pblB­

HOCTH, coxpatteHIDI 11Mnyn1,ca 11 :mepnrn a BHJle [7]: 

8p 8p U1 -+--=S0 , (I) at a xj 
apul apu, UJ 8P 
--+---'-=---+ 

at axj ax/ 

a [ ( ) [au1 auj 2 auj ]] +-- - p u'1u'j +µ --+------o!i + 
axj axj ax/ 3 axj 

+pF,, l = I, 2, 3; (2) 

aph apU/z 
--+---'--= Sh ' ot 8xj 

(3) 

r.ne U1 , p, P, h - KOMnotteHTa CKopoCT11, nJIOTHOCTb, 

.[laBJie!-Ole H JHTaJJbllIDI TeUJlOHOCHTeJISJ, COOTBeTCT­

BeHHO; So - HHTeHCHBHOCTb ITOTOKa MaCCbl H3 HCTO'l-

mnca; (u', u'1 ) - ycpe)lHeHHaSJ nyn1,cau110HHaSJ xa­

paxrepttcrnxa; F, - KOMITOHeHTa BHeWHHX B03.[leHCT­

BHH; S1, - UHTeHCHBHOCTb IlOTOKa Tenna (,13 HCTO'-IHHKa. 

flpH Heo6xo,nHMOCTH paccMaTJ)UBalOTClJ JlOITOJI­

HHTeJibHbie ypaBHeHIDI. HanpuMep, ecnH pernaeTCH 

Ja)laqa Mo.nenHposamrn nepettoca 6opa, TO wcnonh-
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L(eHTpe .H'leeK. I1o.no6HblH no.nxo.n HCITOJib30BaJICJJ B 

paCt{eT3X ,L(HCKpeTHblX ceTeH TeUJiorn.n:paB.mrKH [5] , 
HO anropHTMbl perueHHll nonyqas11111XCJJ TaM CHCTeM 

ypasttem1i1 OTHOCHTeJTbHO P, h, W ttenpHeMJTeM1>1 .r1n11 

rpexMepttoro Mo,neJrnpoaamrn cnnow11oi-i cpe,nbI. 

J-fcnon1,JosattHe Hec-rpyKTypHposaHHhIX ceTOK He­

CKOJibKO ycno>KID!eT orrwcatt11e 06nacn1. TaK, Tpe6y­

erc.si ,ll,OTIOJIHI-ITeJTbHO <pOpMllposaTb MaCCHBbl HOMe­

pon »11eeK-coce.neii JlJill Ka)l(JlOH SJ'-IeHKH 06nacT11. 

MacCHB OITHCaHH.ll xapaKTepHCTHK H4eeK 11 rpatteH 

6onee rpoM03JlKHH, 'leM Mor 61,1 6bITb B cnyYae pery­

Mpnoi:i: ceTJrn. Ho :no anoJTHe oKynaeTCH ecTecrnett­

HOH RyMepal.(11ei1 SJ'leeK (Hanp11Mep, s nonepe'!HOM 

ceqem,m a.3. HOMepa JJ'-!eeK Ha CJIOe MOryT 6bITb pe­

aJJhHJ,JM}I HoMepaMH TBC), ynpom.ett11eM conpH)Ke­

HHJI C nporpaMM3MH HetfrpoHHO-Q)H3H'leCKOro pacqe­

Ta, "npo3p3'lliOCTblO" BbJtH'ICJlHTeJTbHOfO npol(ecca. 

HaKOHeU, KaK OTMe'laeTC.ll a [6], s o6nacTHX CJIO)KHOH 

BttyrpeHHeH re0Me-rp1rn (tteo.nHOCBH3HhIX) nocTpoe­

HHe ceToK peryJUipttoii crpyKTypbI npaKTH'leCKH He­

B03MO)KHO, a JIOKaJibHaSJ a.nanrnUHJJ ceTKH perymrp­

HOH cTpyKTyphl npwso,nHT K Heo6xo.D,J1MOCTH H3Me­

ttemtll BCeH CTpyKT)'pbl CeTKH. 

3yeTCSJ ypastteHHe ,11;n.si KOHUeHTpaUHH X 6opa (np11 

y'leTe TOJibKO KOHBeKTHBHOro nepettoca) BH)la 

opx + apu1x = 0 . 
at axj 

(4) 

3asHCHMOCTb P = P(p, h) npe.nnonaraeTcJJ H3-

secTHOH. 

~HCKpeTHbie aHaJIOrH ypastteirnH ttepa3pbIBHOCTH, 

coxpaHeHHJJ 11Mnyn1,ca 11 JHeprHH 6e3 yqern Typ6y­

neHTHbIX lIJleHOB HMelOTC.ll s [7] H npH paCCMOTpeHHH 

CHJI rn,n:paBJIHl.feCKOro corrpoTHBJiemur. H TllfOTeHHJJ B 

KalJeCTBe BHelllHI-IX CHJT HMelOT A/HI y3na i HecrpyK­

TYPHPOBaHHOH ceTKH cne,ny10ru,11u 011.n: 

v. a p, + "w.-= 0; 
I at LJ lj 

J 

Li} a wij I I I _ . ----P +P. +-K .. W. w.l'J - t)J/ .. -0, 
(J lj at I j 2 lj lj lj 

V. 8p;h, "W..h~ = $ . . ; a, + LJ lj lj ,, 

J 

h; = {hh;' WW:!i ~ 00; 
J, ij < ' 

(5) 

(6) 

(7) 

a ypastteHHe )lJlll KOHUeHTpal(HH MO)l(eT 6b1Tb npe)l­

CTaBJieHO B BHJle, attanorfllJHOM ypasHeHmO .ll,Jlll JH­

TaJlbITHH 6e3 HCTO'lHHKa: 



v. ap;x, + ""w.x· = o; 
I at L, I} IJ 

J 

, { X, , WY ;?. O; 
xi)= w o Xj , iJ < , 

(8) 

3.n.ecb <I>; - MOIIUIOCTb TCOJIOBbl,ll.CJICHH.SI n H'-Ie.HKe 

i; Kij - MO,ll.H(pmmJ)OBaJ-IRblli K03(pq>HUHeHT f'H,IJ;J)a.BIDl'-Ie-

cKoro conponmnemrn Ha )"-laCTI<e Lii ; 11H if - rn.n.po­

cTaTH'-IeCKHH Hanop B H'-IeHKe i co CTOpOHbl Ht:JCHKH j. 

rh 3an11c11 ypaattem1ii BH.D.HO, '-ITO Ja.n.aqa TennoMac­

conepettoca paccMarp11naeTc.SI a roMoreHHOM np11-

6nm1<eH1111. 

)],JIH fIOBbJJJJeHIUI 061.QHOCTH B )].HCKpeTHOM attano­

re (6) ypantteHH.SI coxpaHeHH.11 HMnym,ca aae.n.ett oT­

CYTcrny101.QHH B HBHOM BHJJ.e JJ.HCKpeTHhrn attanor 

KOHBeKTHBHOro 'UleHa, KOTOpblH nOJlY'-leH (TaIOKe KaK 

11 ypaBHeHIUI (5) - (7)) HHTerpHpOBaHHeM ypantteHHH 

no KOHTpOJlhHOM)' o6beMy v; a npe.n.noJIO)Kem,m Ky­

CO'-IHO-ITOCTOHHHOfO npoq>HJIH CKOpocn, u H Kycoq­

HO-JIHHeHHOfO rrpocp11n.11 .n.aaneHH.SI P. Ypanttem-1e (6) 
npHo6perneT BH)l: 

LI) awl)+ LI) _I_w."" w = 
a V • 1J LJ lk 

(J ij t (J ij iPij k 

(9) 

. -{P,, W;j ;?_ O; oTTmT 
r.n.e piJ - '111, - ocTanbHbJe LJneHbI 

p
1

, Wif <0; 

npanoii '-IaCTH (Moneeyn»pttoro nepettoca H Typ6y­

JieHTHOH JJ.Hcpq>y3HH). 

H eo6xo,1I.HM0 

04JI9. Mo.n.eJlb 

fiOJIY'-IHTb ,ll.HCKpeTHble 

ryp6yneHTHOCTH c 

auanorn 

(k-c:)-

ypanHeHIUIMH H3-3a npo6neMaTJ1LJHOCTH 38,ll.aHH.SI 3MITH­

pH'-IeCKHX KOHCTaHT, HCfIOJib3yeMl>IX a HeH H o6hJlIHO 

38,ll.aaaeMhlX Ha OCHOBe 3KCnepHMeHTaJibHhIX )].8HHbIX, a 

TilIOKe 3a,ll.8HIDI rpaHH'-IHhIX ycJIOBHH ,ll.Jl.SI k H £' 6hlJia 

OTBeprnyrn, H HCITOJlb30Banach MO,ll.eJlh KpYITHOMaC­

IIJTa6HOH ryp6yneHTHOCTH, npe)l.JIO)KCHHM a [8], n KO­

TOpOH BJlIDIHHe MeJIKOMacL11Ta6ttow (no.nceTO'ffiOH) 

ryp6yneHTHOCTH Y'ffCHO npH nOCTpOCHHH MO)].effil. B 
3TOM MO,ll.eJlH 3cpcpeKT ryp6yneHTHOCTJ1 Y'-IHThTBaeTC.SI 

no.n.o6Ho TOM)', KaK n ypaBHeHMH coxpaHeHID! HMITyJlb­

ca ,ll.Jl.SI HeC)KHMaeMblX nOTOKOB 

A A A A 

au, au, uj 1 aP a2 u, m1; 
--+--~=---+v----

ar axj p ax, axJ axj 

Typ6yneHTHOCTb YYl1TbJBaeTC.SI .nonOJJHHTeJibHb]M 

- or./j 
'-IJieHOM r.ne axj , 

I I 

1s1 = 2( S1AJ2 ; L1 = ( Ll.."t1fu°2fil3 )3; /J. - napaMeTp 

ocpe.n.HeHH.SI; u - ocpe.n.ueHHa.SI CKOpOCTb; 

U(r) = f G(r,r')U(r')dV; 
V 

G(r,r') = {I I V, h-r,1 ~ &J2; 
0, n npOTHBHOM cnyqae. 

Ha B03M0)1(HOCTb HCCT0Jlb3088HH.SI TaKOH MO)lem-1 

Typ6yneHTHOCTH npH .n.onyrn,eHl111 H3MeHe11.11.11 ocpeJJ.­

HeHHblX 3Ha4eHHH ITJlOTHOCTH BO BpeMeHH H npo­

CTpaHCTBe .nm Te"-IeHHM C H3MeH.SIIOil(e.HCH ITJIOTHO­

CTblO H t:JHCJJOM Maxa M < 5 YKa38HO B [9]. B pc-

3YJlbTaTe npoae.n.eHH.SI )lOBOJlbHO rpOM03,ll.KHX npeo6-

pa3088HHH qnetta MOJieKyJI.SipHOH )l11cpcpy31111 H Typ-

6yneHTHoro qJieHa B npe.n.noJIO)KeHHH KYC04HO­

ITOCTOHHHOrO npocpHJIH fIJlOTHOCTH s pac'-IeTHOH o6-

Jl8CTJ,i B TeKyll(HH MOMeHT npeMeHH (noCTOl:JHHOro B 

KOHTpOJlbHOM 061>eMe) nOJiy-'JHJIH ,AHCKpeTHbIH aua­
nor ypaaHeHH.SI coxpaHeHHH HMnynhca s BH,ne: 

L . aw. L.. 1 L 
_:L __ IJ +i--w. W =P-P + 

a V , 1J 1k I J 
(Jij t (J,j ;Pij k 

+Affif -½K/V;j 1wif1 + 

+ Lij }:_ I 1-L( Nj, N,) I:P /l'W;/' [µ; + 2µTi] , (I 0) 
fl; P; , Lil r 

~ 2 2✓2, ) I" I (- -) r.ne µTi =(0,12Li) --LJ- L,p/1.wil' ; Nj,NI -
cr, , Lil I' 

KOCHHYC yrna Me)K,ll.y HOpMaJI.SIMH K rpaIDtM; /J. - war 

no aepn1KaJIH Ha cJioe .SiqeHKH i; crif - npoxo,nHoe 

ce'!eHHe rpatt11; 

{ 

'Y, ( - - ) -a,- N1,N,. , l ,;:./' 
pl/'= 'YI' 

1- a1 , I= I' 

" {I , W,1 :2'. O; a, = cra I cr;; cr; = L.i cr;,; y, = 
/ p ;Ip I , W,, < Q, 
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3. AnnpoKCHM3U,HH ypaBHCHHH H pac1.1eTH8H cxeMa 

,ll;Jrn peweHHJI Cl1CTeMb1 yprumeHHH (5), (7), (8)_: 
( 1 O) npose,neHa mrneap113a1.vrn KoHeqHo-p83H0CTHOH 

annp0Kc11Mau1n1 ypasHeHHJJ coxpaHeHHJJ uMnyn&ca. 

DoJTy>-JCHHaJJ Cl1CTCMa JJBnJ[eTCJI ac11MnT0TH1IeCKJ,1 

K HCepBaTHBHOH I,{ peweHHe Ha KIDK)],0M speMeHH0M 

ware He06X0)],HM0 HaX0)],HTh HTepanrnHO. 

O6[1.(UH 811)], CJ1CTeM ypasHeHl-l.H, nonyYeHHblX no 

HeJJBHOH cxeMe 11 pernaeMhJX Ha KIDK)].O}I 11Tepar.vrn k 
TeKyr.uero BpCMCHH0ro wara, CJJC~lO[l.(HH: 

- JJ.ID1.llaBJiem1i1 a;;P/ = 'I,auPt- 'I,bil; (11) 

J J 

- MJJ 3HTan&m1i1 r,;h/ = L r/1: + q; + <l>, ; ( 12) 
J 

(13) 

J 

i= 1,2, ... ,Ns; j= 1,2, ... ,m; r,neNs - o6meeKo­

nWieCTB0 Sl'YCCK pact.teTHOM CCTKH, tn; - KOJJHt.JeCTBO 

514.eeK-coce,nei1 srYeHKH i H see nepeMeHH&Je 6e3 

sepxHero HH)],CKCa "/(' paCCLJJ,ff8HJ,1 no 3HaYeHH}IM C 

(k - 1)-oif 1uepal.(HH. HoBbJe pacxo,nbJ pacCYHTbJBa-

JOTcsr no qiopMyne w; = ail (P;* - Pf)+ b:,. 
MaTpHI.(bl CHCTCM ( 1 I) - (13) pa3pe):l(CHHble, HO 

He JJCHTOl!HblC H s o6w.eM cnyyae MOfYT 6hJTh 

6JIH3KH K oco6eHHhJM, TaK LffO HCl10Jlb30B8HHe 

CTaHJ.J.8pTHblX MCTOJ.J.08 peweHHJJ CHCTCM He3q><peK­

HIBHO C8l\10 no ce6e H KpoMe Toro H3BCCTHO, '-ITO 

CXO)],HMOCTh HTepau110HHhIX npouecCOB Jl.JljJ HCKOH­

cepnanrnHblX cxeM MO)KCT 3H8'1HTCJlbHO yxy)].­

lll8TbCH. DblJlH npe,ll.npHHJJTbl yc11111-1sr J.J.JJjJ p83pa-

60TKH T8KOH Bbl'!HCJJHTCJlhHOH. CXCMbl, KOTopasr 6bl 

o6ecneYHBana norryqeHHC pe3yJihTaToB c Heo6xo-

4. BLl'IHCJIHTeJibllblH JKcnepHMCHT 

IlpeJ.J.JJO)KCHHaJJ MCTO)lOJJOflrn OilHC8HHJJ H cxeMa 

BbJYJ1CJ1CHl1SI' onpo6oBaHbJ npH pewemrn 38J.J.8t.tH MO­

J].em1pOB8HJ-ljJ nepeHoca 803MY.I.I.(CHHH KOHUCHTp8UHH 

6opa 11 TCMnepaTyphl TC0JIOHOCHTeJJsr Ha BXOJ.J.HOM 

naTpy6Ke BB3P-640. 

Ha pHC. 1 npeJ.J.CTa.BJJCHO npO,llOJlbH0e (seprn­

KaJihHOe) ceYeIDle pacYeTHOH 06nacn1., BKJIIOYa1or.ue11 

onycKHOH Y48CTOK C 4-MSI BXOJJ.HblMH naTpy6KaMH, 

HKC, a.3. (Ha p11cyHKe o6o3HaqeHa KaK A3) H BKC c 

4-M51 BbIXOJ.J.HbIMH naTpy6KaMH, r.ne N1 , N2 , NZ -
KOJJH4ecrno cnoes s HKC, a.3. 11 Bcel-i 06nacT11, cooT­

neTCTBeHHO. 

Ha p11c. 2 npeJ.J.CTaBJJeHo nonepe,rnoe (rop113oH­

TaJibHoe) ce,e1e1-rne pact.JeTHOH 06nacn1 Ha cnoe n < 
NZ. 5I 4CHKH c HOMepaM 11 I-=- I 63 np11Ha,ll.ne)I<aT oc­

HOBHOH 06nacn1 (no;:n,eMHblH Y'-JaCTOK) 11 11X HOMepa 

coorneTcTsy10T H0MepaM TBC. 51.YeHKH c HOMepaMH 

6 

JJ,HMOtt T0'-1.HOCTblO HC38811CHMO OT CTenemr o6y­

CJJ0BJ1CHH0CTH MaTµHU. 

AHaJill3 nonpa.BKH, BBCJ.J.CHHOH B ypaBHCHHe (10) 
npH ero JlHHeapH3altHH 0THOCHTCJlbHO Wij , □OK83aJJ, 
YTO oHa aHanornYHa crn611J111311py10mew nonpaBKe 

no HCJJHHCHHOCTH B H3BCCTHOH [ 1 OJ cxeMe pelliCHl1JI 

Ja.l].a1IH 

OU ov(u) 
81+-;;;-=f(u), u=u(x,t); 

V (u ), J(u) - HeJTHHCHHbie cpymw.1111. 

CxeMa 38KJ1101.JaeTC}I B □pOMC)KYTOYHOM T04HOM 

peweHHH J111HeapH3088HHOH 38)),841-1 0TH0ClffCJlbHO 

npoMe)KyT04HhIX 3Ha4eHHH • u H IlOCJJe.l].yI0111,ei1 

• I n nporoHKe IIO 3HatJ:eHH51M U Jl,JJ51 ITOJJ)"-ICIIHSI U . o-

3TOMY B HallieM cny4ae pellieHHe WJ Ha 11Tepal.(HH 

MO):l(CT 6b1Tb nonyYeHO CJ-18'-laJia T04HbIM pact.JeT0M 

npOMC):l(YT04HhIX 3Ha"!CHHH WJ ITO CJIOJIM (a :no 

3H8qJ,[TCJJbHO 3cpcjJeKTHBHee 113-38 MeHbWCH p83Mep­

HOCTH CHCTeM) H nocneJ.J.y1omeH nporoHKOH no Bep­

THKaJISIM . TaKa» .nsyx3rnn1-1rui cxeMa pacLJeTa np11Me­

HeHa J.J.JJSI pacLJern .l].asnett.11», 3HTaJibn11i1 11 Ko1-1ue1-1-

-rpam1ti. J1Tepal..(HOHHb1ti npouecc Ha TeKyr.ueM ape­

MeHHOM ware npo.nomI<aeTCJJ ,ll.O ycTaHOBJJCHHH 6a­

JI8HCa pacX0,!10B C Tpe6yeMOH T0'IHOCTblO. IlocKOJJb­

KY npaKTH"!eCKJ1 OK83b!BaeTCJJ ,!lOCTaTO'lllO 2-:-5 HTe­

paUHM J.J.JJSJ nonyc1eHHJJ oc1epe.D,1IbIX 3Hac1eH11H TO s1,1-

11rp1,1w BO apeMeHH OT HC0OJib30BaHH51 JJ.BYX3T8TIHOH 

cxeMbl 3HaYHTeJieH 11 HCKJJIOYaeTCSI 381.(HKmI.BaHHe Jla 

11Tepau1rnx no noTepe TO'llIOCT11 113-3a nnoxow 06y­

cnosne1-11:-1ocT11 MaTp11u. 

II =NZ 

BKC 

r 7 11 = NZ- I 

..__ 
n =N1+N 

.... 
A3 

n = N1+! 
II = Ni 

. ... 
HKC 

II = 1 

P11c. I. TTpo.nonbHOe celfett11e pacYeT110H 06nacT11: 
HKC - 1111)1(HJ1J1, BKC - Be x11J1J1 KaMe b l cMeweHJJJI 



PRC. 2. PacTTOJIO)!(e~rne H HyMepau.IDI paC'-leTHbJX ll'-!eeK 
e nonepe'-IHOM ceqem,rn 0611acru 

164+211 (nep»<!>epHHHbJe) pacnoJJo)KeHhl Me)KJlY u11-

J1HH.UpW-IecKoi1 c-reHKOtt ruaxThI 11 TBC » paccMaTIJH­

BalOTCJI KaK KaHaJJbl CB060)].HOH npoTe4KH (.n,JUI npo­

CT0Tbl Ce4eHHll .R•IeeK 164+211 nonaraeM 0,D,HHaKo­

BbTMH). 5I•1eHKl1 c H0MepaMH 212+259 (.n.onoJJHl1-

TeJJbHble) coorneTcrny10T onycKHOMY y4acTKY H 11x 

Ce4eHJHI TalOKe nonara!OTCR O)].l1H8KOBbIMH. Bxo.n,­

H ble naTpy6KH c ycJJOBHblMH HOMepaMH / = -1, -2, 

- 3, - 4 pacnono)l(eHbJ Ha ypoBHe cJIOH NZ - 1, BhI­

XOJlHhie naTpy6KH l = - 5, - 6, - 7 , - 8 - Ha ypoBHe 

cnoR NZ . TaKHM o6paJOM, BC}l pac4eTHall o6nacTb, 

BKJJIO'la!Ol.l..lall )lBe <racnI - onycKHYIO 11 nO,D,beM­

HYIO, cocT011T 113 NZ.259 - 48 pac4en1b1x llqeeK. 

O6beM pacqeTHblX }14eeK <!>.11.KCHpOBaH npH Bbl-

6paHHbfX N1 H N2 , HO pa3HHTCH OT CJJ051 K CJTOIO H 

BHYTPH CJI0ll. HenepHcj)epHIDThie 514eHKH BHyTpH 

a.3. C H0MepaMH 1 + 163 HMeJOT cpopMy llleCTHrpaH­

HbJX np113M 11 0,D,HHaKOBbl no o6beMy. reoMeTpH4e­

CKHe pa3Mepbl 06nacn1 CO0TBeTCTBYIOT npoeKTHOH 

Jl0KyMeHTallHH BB3P-640. 

Mo.n,1Hp»uHpOBaHHblH K03<pq>Hl..lHeHT Kij rn.n,paB­

JIJ,f 4eCK0r0 conponrnnemu, np11 ,D,B»)l(eHHH Te11no1-10-

CHTeJlj{ Me)l()ly H<reHKaMH i 11 j pacc•IHTbJBaeTCll Ha 

0CH0Be 11poeKTHbfX 3Ha4eHHH noTepb )laBJJeHH}l !::J> 
Ha yqaCTKax npOT0l{H0ro rpaKTa pearcropa, HCX0,D,51 H3 

Toro crro Bemt-qJIBa o 5K. ,W..,W
1
. pae1-1a M. Be;m-, I/ I) '1 

qHHbT npo)l0JlbHblX Ki H 11011epe4HblX K'(/ K03q>q>H­

L\HeHTOB cyl.l..lecrne1-1Ho paJn11qa10Tcll (31rnqe1-1»ll K'(/ 
e o6meM cnyqae 1-1eeynesr,1e, TaK KaK TBC 6ecqexno-

Bbie). Xorn 0l.leHHBaTb 3Ha4eHlrn K; npH none­

pe<rH0M o6TeKaHIDI ny'iKa TB3JJ0B He3aBHCHM0 OT 

npOJlOJJbHOH CK0p0CTH He Bn0JIHe KOppeKTHO, )].Jlll 

nony4eHHR OpHeHTHpOBO'lliOH 0QeHKH HCnOJJb30Ba­

JJHCb (j)opMyna )l.J]H K03<pq>HI.OieHTa conponrnneHHll 

nyqJ(a npH 11onepeqHoM o6TeKaHHH H 3M11Hp114ecKoe 

31-1aqe1rne cpe.n,Hero nonepe1rnoro pacxo,1J.a. Bonee 

T04Hall 01,eHKa 3Ha'ieA»H K iJ no Ht.JeHKaM B03M0)KHa 

no 3KcnepHMeI1Ta.JlbHhlM )laHHblM. 

Ko3cpcp11uHeHThl K iJ MoryT KoppeKT11poBaTbCll 

110 pe3yJJbTaTaM npe)lBap11TeJibHhlX pac'ieT0B. 3a­

.nam1e 011pe,1J.eJ1eHHhIX 3Ha4eHHH KiJ B pa3JJH'IHhIX 

qacnrx pac4eTHOH 06nacT11 noJBoJrneT y1.JHThIB8Th 

K0HCTpyKTHBHble oco6eHHOCTH peaKTOpa 6e3 113-

MeHeH».H anropHTMa MO,D,en11poBaHH}l (HanpHMep, 

Ja;raBall cneQHaJJhHhle 3Ha<reHHll K iJ Ha 3aTecHeH-

HhIX ytJaCTKax HKC). 

B KalJeCTBe "cTaUfIOHapH.blX" ycJTOBHl1 Ha BX0.U­

HhlX naTpy6Kax npHID!ThI 3HatJeHHR, C00TBeTCTBYIO­

IllHe H0M.111:1ru1bH0MY pe)JCHMY pa6oThl peaKTopa: 

paCX0)lh] w, = 1380 Kr·c-1; 

,IJ.aBrreHH& P1 = 15,935 MITa; 

3HTaJThnHH h, = 1,308 K.D:)K·Kf-l (cooTBeTCTBYIOT 

TeMneparype 294°C); 

KOHl.lettrpaQID! 6opa x, = 0,008. 

PacqeTbl np0BO,Ll,MJIHCb C npeMeHHblM lllarOM 

M = 5 • 10-3 c. KorrW-IecTBo cnoeB NZ = 8+ 17, cooT­

eeTcTBeHH0 K0JIH'ieCTB0 511.JeeK B pac'-len1ou o6JJaCTl1 

B HHTepBane 2024+4355. Ha BblXO,Ll,HblX narpy6Kax 

3a,l].aBaJIBCb rpaHM'-1.Hbie ycn0BH}l no ,uaBJ1eH11IO. flp11 

OTHOCHTeJibHO npOH3BOJJbHOM JanoJIHeHHH MaCCHBOB 

HaqaJibHbIX 3Ha'!eHHM P, h, X, W ycTa1-1oaneH11e Mo-

,uenMpyeMhlX npoueccoB (npH OTHOCHTeJJbHOl1 no­

rpernH0CTH s = 5. l 0-4
) rrp0HCX0)lHJJ0 '!epe3 ~20 

BpeMeHHbIX maroB. TTocne yCTaH0BJieHID! BpeMll pac-

4eTa o,uttoro wara npH NZ= 17 cocTaBJJlleT ~ 4+5 c 

Ha ITK c 6bJCTµO)].eikTBHeM 466 Mf Q. 

Paccq11TbIBaJJHCb aap11aHT.bl C KpaTKOBpeMeH­

HbIM B03MYl.l..leHHeM (113MeHeHHeM "cTaUHOHapHO­

ro" 3lla1.JeHHll) h H X Ha BX0JlH0M na-rpy6Ke I= - 2 

Ha BpeMeHH0M HHTepBane 0,5 C < t < 1 C 11pH B03-

MyID.eHHblX 3Ha1.JeHM}lX h~2 = 1,182 K,D;)K·Kr-1 ("xo­

JJOJlHbiid" TeTIJJ0H0CHTem, C TeMnepaTypoH 270°C) 

H £2 = 0 11 C ,UJIMTeJI.bHblM B03MymeHHeM, H8'-IHH8ll 

c MOMeHTa t = 0,5 C. 

TaK)l(e npoBe,IJ.eH pac'ieT BapHaHTa c KpaTKOBpe­

MeHHbIM (0,5 C < t < 3,5 c) B03Myll.l,eHHeM T0JTbK0 110 

K0Hl{eHTl)al..\HM 6opa £2 = 0,02. 
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5. AttaJIHJ pe3yJibT3TOB 

8bllJHCJJ11TeJlhHf>lH 3KCnepHMeHT npOBO,L{l-WCR )].llSI 

npoaepKH pa60TOcnoco6HocT11 npe.u,JJO)l(eHHOH MeTO­

,nononrn MO,nemq>OBaHHR H pa3pa6oTaHHOH npo­

rpaMMhl -rpexMepttoro Mo,ne1rnpoBaH11R npH 0ccne,no­

aam111 HeCT8UHOHapHhIX 11 nepexOJJ,HbIX npoQeCCOB 

Macconepettoca. Ilon)"leHHbie pac4eTHbie pe3yJibTa­

ThI npe,ncrnaneHhI HH)l(e Ha rpaqnrn:ax pacnpe,neneHHR 

KOHUeH-rpaUHH 6opa B TennoHOCHTeJie Ha BXO,ne 8 a.3. 

(cnoi1: n = 3). fpaqrnKH noneii ::>HTanbTIHH IlOJJ,06Hhl 

COOTBCTCTBYlOIJ.l,HM rpaqrnKaM )].JlJI KOHQeH'rpaa.Hii 

6opa H TIO3TOMY He rrpHBO)].RTCR. 

Ha p1,ic. 3 npeACTa.BJJeHo pacrrpeAeneHHe KORU.eHTJ)a­

i.urn 6opa c MOMeHTa BpeMeHH t = 3 c c HRTepBaJIOM a 1 
C ITJ)H KpaTKOBpeMeHHOM nocrynneHlrn "XOJIO.!!,HOro 

llHCToro" TerrnoHocHTem. BH.D.HO, 4TO o6naCTh BO3My­

lll,eIDUI Crla'-Ja.na paCWMpReTCR, 38TeM Ha<JHHaeT C)')KaTuCR 

H TIOJlHOCTh}O HCY.e3aeT K MOMeHT)' t ~ 14 C. IT pH 3TOM 

..... 

l•l'!t 

ORa JIOKaJIH3OBaHa (He pac□pocrpaHSleTCR Ha SCIO nno­

lll,a.!1,b ce'-JeHHJI a.3.) H HaxO.U,HTCR B ceKTope, npHMbIKalO­

lll,eM K nerne BO3MYll\eHID£. 3TO O3Ha<JaeT, <no Ha ypostte 

sxo.na a a.3. BO3MyID.eIDfe He pacrrpocrpaID!eTCJI no see­

My ceqeHJUO. BMeCTe C TeM ypoaem, HepaBHOMepHOCTH 

.U,a.>Ke B MOMeHT, KOr.u,a o6JraCTh BO3MYW:emui Hfill6oJih­

wasi, He npeBhilllaeT no KOHJ.J,eHTJ)al(Hl1 BeJIHlflffihJ 8% 
(no JHTa.JJbrurn ,na.>1<e MeHhwe 1 %). TToJTOM)' rrpaI<1W:1e­

cKH MO)l(HO c.nenaTb BbIBO,/l o6 3Q)q>eKTIIBHOM nepeMe­

UlliBaHIDI 6opHpoarumoro H "l(HCToro" TenJIOHOCHTeAA 

Ha nyrn JJ,O BXO,D,a B a.3. KpaTKOBpeMelffiO ITOCT)'ITaIOlll,eH 

c BXO,llHOro naTJ)y6Ka cocpe,llOTO'IeHHOH MaCCbl ' 'xono.n­

HOro l(HCTOro" TeflJIOHOCHTenJI. 3-roT BhIBOA COOTBeTCT­

BYeT pe3ym,n1Ta.M no.no6ttoro 3Kcnep11MeHTI1 no Hccne­

JJ.OBaHHIO nepeMelIIHBaIDfR Mace TeflJIOHOCHTem C pa3-

Jllf'IBOH KOHUeHTJ)a!.{HeH 6opa Ha CTett.ne, Mo.nen11py10-

w;eM BB3P- l 000 [ l, c. 37 - 46]. 

. .. 
C 

00080 
0.00811 
oooea 
0 co .. 
0008:Z 
0.0078 
0.0071 
00071 
000741 
0 0012 
0 0010 
0 0068 
00086 
O006,l 
0.00&7 
0 0080 

P11c. 3. Pacnpe.n.enett11e KOHUeHTpal.{Jffl a nocne.n.osaTeJJbHhie MOMeHTbI apcMeHw np11 

KpaTKoapeMem1OM nocrynnemm "xono.nttoro <JHCToro" Tennottocwrem1 

Ha p11c. 4 npe)lCTaaneHbl aHanOrH'-lHbre rpaq,mrn 

pacnpe.neneHllil KOHQeHrpau,HH AJUJ Bap11aHTa pacye­

Ta c AJIJ,JTeJibRhrM BO3Mylll.eHweM. BHilllO, <JTO pa3Mep 

06nacn1 BO3MyIUeH.HR, Hat.i11Hajf c onpe,neneHHoro 

speMeHw, CTa61rn113wpyeTc», OCT8Ba51Cb JIOKaJI113O­

B8HHblM B CeKTOpe, npHMhlKa1ow.eM K nerne BO3MY­

lll,eHHR. Ho 8 3TOM cny<Jae ypoBellb HepaBHOMepHO­

CTH no KOHu,eHrpau,1111 6opa Ha sxo.u.e a a.3. JJ,OCTHra­

eT ~25% (no 3HTa.ITbilHH TennOHOCHTeJIJI ~ I 0%). 
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3To TIO3BOmreT c.u.enaTh BblBO)l 06 OTCYTCTBHJ1 

paBHOMepHoro nepeMeWHB8HHJI npw OTHOCHTeJibHO 

ilJIHTeJihHOM BO3MyLUemrn. Ha pHC. 5 npHBeJJ,eHbl 

rpaq,mrn pacnpe,neneHllil KOHQeHrpau,HH 6opa np11 

JJ,JJHTeJJbHOM 8O3MYlll.eITTrn Ha CJIORX n = 3, 5, 7, 10 B 

a.3. B MOMeHT apeMeHH t = 10 C ' 113 KOToporo BW)lHO, 

'-lTO ITJ)H )lBH)KeHHH TenJIOHOCWTeJIJI Ha nO)lbeMHOM 

yt.JaCTKe JlOKaJIJ13aUHR 11 npHMbIKaHHe o6naCTJ1 BO3-

Mylll.eHHJI coxpaH51 IOTCR. 
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Puc. 4. Pacnpe)\eJJeHHe KOHUeHTJ)8UUH 8 nocne,noBaTeJlbHbTe MOMCHTbJ BpeMeIDI 
npu ,umnem,HOM nOCT)'flJJeHHM "XOJIO,UHOfO lfHCTOro" TeOJJOHOCUTem1 

,l],Jrn sap11a1na C KpaTKOBpeMeHHhlM TIOBhilllermeM 

(s Te1.Jem1e 3-x c) KoHu,eHTpau,HH 6opa no semrciHHhI 

£2 = 0,02 B HeB03MyW.eHHOM no TeMnepaType Ten­

JlOHOCHTene TaIOKe nony4eHa ~H3H4eCKH ttenpOTH­

BOpe'lliB~ Kapnrna pacnpeneneHH51 B03Myw.emrn. B 
3TOM cny•-me BpeM» OT nmrnJJeHHSI no HC'Ie3HOBeH1UI 

o6JJaCTH B03Myw.eHHSI Ha BXOJJ,e B a.3. 0Ka3hTBaeTC51 

6om,111e, 1.JeM B sap11attTe c noczynneRHeM "xonontto­

ro 'IHCTOro" TeTIJJOHOCHTeJJSI s TeqeHHe 0,5 C. 06-

naCTb B03MyW.eHIDJ. JIOKaJJM30BaHa, HO Tenepb ypo­

BeHb HepaBHOMepHOCTH KOHUeHTpau,1111 no cetJeHMIO 

Ha ex one a.3. 3Ha'IMTeneH (nocnrraeT l 00% OT cTa­

u,110Hapttoro 3Ha'l:emu1). 

IlposeneHHhIM BhI4HCJ1MTeJJhHhIM 3Kcnep11MeHT 

fl03BOJUleT cnenaTb BblBOJJ,, '-ITO pacnpocTpaHeHHe 

B03MymeHHM B npoTO'-IHOM TpaKTe BB3P-640 HOCMT 

HeCTal..{HOHapHblH xapaKTep 11 B 3aBMCHMOCTH OT TMITa 

B03MymeHJrn MO)l(eT rrpHBOJJ,MTb K c~eCTBeHHbJM 

ttepasttoMep11ocrnM no KOHUeHTpa:u,1111 6opa s nocTy­

na10w.eM s a.3. TenJiottoc1-neJie. 

B CBSl311 C OTCYTCTBHeM 3KCnepHMeHTaJihHbIX 

naHHhrx no rnnpon1rnaM11Ke npou.eccos nna BB3P-

640 npencTaBJISle'T HHTepec COTTOCTaBJieHHe flOJJYt.JeH­

Hh!X pe3yJlhTaTOB C naHHblMH [3], noJiyYeHHhTMH 8 

repMamm JJ,JISI peaKTopa 1300 MW PWR (nono6ttoro 

BB3P-640) npw wccnenosamrn npou,eccos nepeMe­

w11eaHHS1 Mace TeTIJ10HOCHTem1 C pa311H'-IHOH TeMne­

pazypoH 11 KOH1.1,eHTpau.11ei1 6opa. B [3] now1epKHBa-

eTCR, '-ITO 3TH pe3yJihTaThl HCTIOJlh3YlOTCSI JJ,JlR BaJIJ,f­

nau.HH KO,UOB TpexMepttoro MOJJ,eJJMpOBaHHSI. Ilo pe-

3YJibTilTaM 3aMepoB B 3KCnepHMeHTe paCC'fHTblBaJICSI 

K03cpcp1m11eHT nepeMeanrnaHIDI 8, paBHhlH OTHOWe­

HHIO H3MeHemrn KOHU,eHTpau.1111 6opa B pac'feTHOH 

TO'-!Ke OT CTaQHOHapHoro 3H84eHHSI K pa3HOCTH 803-

M~eHHoro H CTaQHOHapttoro 3Ha4eHHH KOHUeHTpa-

Puc. 5. 
Pacnpe,neJieflHC KOHUCHTpal.(}iH B MOMCHT BpeMef-1}1 
l = IO C Ha CJIOSIX n = 3, 5, 7, 10 np11 .llJll,fTCJlbHOM 

noc-ryn11em,rn "xono,uttoro '-IJ-tCToro" Tennor1oc11TeJU1 
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UIU1 Ha BXOJ:(HOM naTJ)y6Ke. Ilp11 3TOM 3Ha<tem1e 

0 = 0% COOTBeTCTBOBaJIO CTa.l..(HOHapHOMY, a 

0 == 100% - B03Myll.(eHHOMY 3Haqemno. 

B [3] np1rne.AeHhI rpaqnrK11 H3Mettemrn K03cp­

<pHUHeHTa 0 Ha BX0.11.e B a.3. DpH KpaTKOBpeMeH­

HOM 11 t(Jil1TeJihHOM B03Myll.(eHl1JIX Ha BX0.11.HOM 

rraTpy6Ke . I1.x cpasHeH11e c pHc. 3, 4 rroKa3ano, 

'ITO t(HHaMHKa 113MeHeHHH H pa3Mew,em1e o6naCTH 

3aKJHO'-ICHHe 

06I:QHH BhIBO.A 3aKmoqaeTC}J B TOM, 'ITO npe.A­

JIO)KeHHaJI MeTo.11.onon-u1 MO.AeJrnposaHH}J Maccone­

pettoca (nepeMeurnsaHHJI cocpe.n.oTO'-leHHblX Mace 

pa3JrnqHOH TeMnepaTypbI 11 KOHl(eHTpaum-1 6opa), 

peam-13osaHHaH B rrporpaMMe TpexMepHoro Mo.11.e­

JIHposamrn, pa60TOCOOC06Ha H ll03BOJIHeT Mo.11.em-1-
posan, H 0ccne.11.osaTb Ha TIK cpe.11.HeH MOUJ.HOCTH 
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MeTO)J.hl HeJIHHCHHOro nporpaMMHp0B3HIDI B 33)).aqax ODTHM3JihHOrO ynpaBJieHIDI 

H.H. Ton'lee6a, 
MocKOBCKHH aBJrnll,HOHHbIH HHCTHTYT (rocy.11.apcTBeHHhIH TexmrciecKHH ymrnepcHTeT), 

125993, MocKBa, BonoKonaMcKoe rnocce, 4 

OOJiblllaH □OTPe6HOCTb B rrpaKTHI<e pemeIDUI pa3H006pa3HblX 38,[laq OITTI1MaJibHOro ynpanneHH.ll npHBeJJa K C03.11.aIDIJO 
HeCKOJihKHX pa3JIW-IHhIX HanpanneHHH B pa3pa6oTKe 'iHCJJeHHhlX MeT0.11.0B. 3cpqieKTHBHhlM OKa3aJICll no.roco.11., Kor.11.a 38,[la'la 
OTITIIMaJll,HOfO ynpanneHID! HemrneHHOH Cl1CTeMOH. CBO.ll.HTCll K HeJlHHeHHOMY nporpaMMHpOBa.HIDO, 'lliCJieHHble MeTO.llhl 
KOTOporo xopoIUO pa3BHTbI H 11111pOKO npe.11.cranneHbl B CHCTeMHl,lX □aKeTax nporpaMMHOfO o6ecne'-!eHHH 3BM. 

METHODS OF NONLINEAR PROGRAMMING FOR OPTIMAL CONTROL PROBLEMS. I.I. TOP­
CHEEV A. Tbe problems of optimal control are widespread. Tbe purpose of this paper is to formulate application 
nonlinear programming in optimization. Computational methods in nonlinear programming is developed with success 
and may be well utilized in optimization. 
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PaccMoTpHM ynpasm1eMyio Jl.HHaMHYecKyro c11c­
TeMY, on11c1,rnaeMY10 Hem-rnei-ittbIMH ,nmpq>epeHl.{H­
an1,tt1,1M11 ypaBHeHHHMH 

dy/dt = f (y(t), u(t), t), (I) 
r,ne 

y T (t) = [y1 (t) y2 (t) ... y,, (t) ]; f' (y(t), u(t),t) = 
= [f; (y(t), u(t) t) J; (y(t), u(t) t) ... f,, (y(t), u(t),t) ]; 

y(t) - BeKTop qla.30BbIX COCTOHHHH; f(y(t), u(t), t) -
3a,n,am1aH BeKTopHaH cpyHKlVUl; uT(t) = [u1(t) 
u2(t) ... um(t)] - )].ei-icrny10mee Ha CMCTeMy ynpasne­

HHe, npH'leM te [to, 1]; MOMeHT Hat.fana to J,f OKOl-T'-Ia­
HHH T npouecca HBJlfilOTCH cjmKCHpOBaHHblMH. 

3a,natt1,1 cMernaRHhie orpaHH'leHHH 1-rn ynpasnett11e 
H <pa.30Bble KOOpJl.HHaTF,I B BH,Ue: 

g(y(t), u(t), t) = O; } 
(2) 

b(y(t),u(t),t) ~ 0, le [10 ,T]. 
Tpe6yeTCH HaHTH BeKTOp ynpru3J1eHHH u(t), onpe­

)J,eJieHffbIM Ha oTpe3Ke [to, 1], 11 cooTBeTcTByIOlU)'IO 
eMy qia3osyio rpaeKTopHJO y(t), y,n,osneTBop.srlOU{He 
CHCTeMe ( 1 ), orpam11IeHHSlM (2) H 06ecne1IHBa!Oll.lHe 

MHHHMYM cpyHKI.J.HOHana 
T 

l(y, u) = f fo(y(t), u(t),t)dt + W(y(T)). (3) 

'o 

Kpaes1,1e ycnoBHH o□pe,nene111,1 cne,nyrow.11M o6-
pa.30M: 
y(to) = Yo; w(y(1), u(1), T) = 0. (4) 

3)].eCb q>yHKUHH f(y(t), u(t), t), g(y(t), u(t), t), 
h(y(t), u(t), t) J,f fo(y(t), u(t), t) HenpepbIBHI,J H Jl.HqJ­
cpepeHl(HpyeMhl no BCeM nepeMeHHl>IM Y;, Uj, i = 
l , ... ,n; j = 1, .. . ,m. KpoMe Toro, see q>YHKQHH H HX 
rreps1,1e rrpmnso,n,m.1e no aepeY11cneHHhIM nepeMeH­
HhIM HBllillOTCH I<YCO'lH0-He□pepblBHbIMH no t. 

3TH rrpe,nnOJIO)Kemur O ,D,HqJ<pepeHUHpyeMOCTH 

Tpe6yJ-OTCH ,D,JIH cpopMHposamrn anropHTM0B t.fHCJICH­
HbIX MeTOJ).0B ,D,JIH perneHHH 3a,nalJ OITTHMH3aIO,IH. 
TTocTaBJICHHYIO 3a)J.a'ly (1) - (4) 3anmneM B .Ll,HCKpeT­
HOH cpopMe. ,[l;JIH 3TOfO orpaHH'lJ.RM BCKTOp yrrpaBne­
HIDI KJiaCCOM KycoqHo-noCTOITTillhIX q>yttKII.RH C He 

6onee 'leM N - 1 paBHOOTCTOHLUHMH TO"!KaMH pa.3pbl­

Ba. B JTOM cny1.iae onpe,n,eJU!eTCH HHTepsan fJ.t = T -
tof N 11 ynpasneHHe 3anmueTc.sr s s11,n,e u(t) = uk ,nnH 

te [10 + kfJ.t, t0 +(k+ l)Af ], k = 0, ... ,N-1. (5) 

O603ttaq11M ciepe3 yk(t), k = O, ... ,N-1, perne1-me 

Cl1CTeMbl ,nHcpq>epeHUHaJihHhlX ypasHeHHH (I) Ha OT­

pe3Ke [to+ kt,,.t, t0+(k+l)fJ.t], y,nosneTBopmomee ycno­
BHIO Y1c(t0 + kt,,.t) = Yk . YrrpasneHHe Ha JTOM orpe3Ke 
onpe,!1.enHeTC.!I KaK u(t) = uk . Tenep1, M0)KeM 3ailll­
can, 

lo+lk+l)II/ 
Yk+i=Yk+ f f(y k(t ),uk ,t)dt, k=O, ... ,N-1. 

t0+kru 

OrpaHH'IeHHH Ha ynpaBJieHH_H H (pa30Bble K00pJJ,11-
HaTbI npHHHMalQT BH.D,: 

gk(Y., Uk, tk) = O; 

gk(Y., uk, t0 +kt,,.t) = O; 

h. (y k' Uk' tk) $ O; 

bk(Yk, Uk, t0 +kt,,.t) $ 0, k = 0, ... ,N. 

(6) 

C HCTTOJlh30BaHHeM KBa,n,paTypHOH cpopMyJibl 
cj)yHKUHOHaJI 3am1weM CJie,nyIO[QHM o6pa.3oM; 

N-1 

1 = ~:>kfo1c(Yk(Yo, Uo,u, , ... ,uN-1),uk)hk + 
k=O 

+W(yN(Yo,Uo,u,, ... ,uN_,)), (7) 

r,ne ak - K03qJqJHJ.tlieHTbJ KBa,n,paTypHOH cpopMyJlb1; 

senwnrna wara hk 6epeTCH KpaTHOH t'!!t. 
Ilonyt.IeHHa.11 ,!l.HCKpeTHaH 3a,na'la 0£1THMaJlbH0ro 

ynpasneHJrn MO)l<eT 61,1Tb npe,n,cTaBneHa KaK 3aJJ,a"Ja 

ttem11-1e»ttoro □porpaMMMpoBaHH.H. C11'cTeMy ,n11cp­
q>epemu1anbtth1x ypasttettMH (1) 3am1weM s pa3H0-
CTHOH cpopMe, npMHHMaH s1,1q.11cn11Tem,ttyIO cxeMY 
3i1nepa, T. e. 

Yk+ I = Yk + L>,.tf(yk, Uk, t1c). (8) 
Bse,neM seKTOp Xk = [Yk, U k, t1c], TOrJJ,a Bblpa)Kem,re 

(8) rrp11MeT BMJl. ,D,JIH mo6oro rnara mnerp»posaHHH: 

Yk+1 = Yk + h1cf(xk) = R(xk). (9) 
Ey,neM C'lJ.HTaTb, 'ITO speMeHttoi-i 0TJ)e3oK [to, 1] 

pa.36HT Ha N - 1 yqacTKOB TOLJKaMH lo= t,< l2< .. . < tN 
= T, Tor,n,a h* = f k+ t - tk; Yk = y(tk); uk = u(tk), 

B cpopMyne (8) ynpasneH11e np11H11MaeTC}l noCTo­
.HHRbJM BHYTPH HHTepsana MHTerp11poeaH.HSl. OJJ;HaKO 
B03MmI<ett cJiyqai:i, KorJJ,a BHYTPH Ka)K,noro HHTepmrna 
HHTerpHposamrn ynpaBJ1eH11e MO>KHO C"IHTaTb 3aBJ,J­

CHMblM OT speMeHM, HarrpHMep, KaK JlHHeHHYIO 
cpyHK~HIO 

_ (t - tk) 
u(t) - u* +-h-(uk+t -uk), t* ~ t ~ tk +hk. 

k 

O6o3HaYHM noJIHbJH seKTop ynprurnettHH Yepe3 v 
= [u1 U2 .. . uN], KOTop1,1i-i npHtta,nJie)l(HT rrpocrpattcTBY 
RmN, H noJIHhIH q>a.30BbIH seKTOp t.Jepe3 Y = [Y1 Y2 ... 

] - R"N 0 YN , np11tta,n,Jie)Kall{HH npoc-rpattcTBy . qes1-1,D,Ho, 
'ITO KpHTepHH 3cpcj)eKTHBHOCTH (7) 3aB.HCHT OT BBe­
,D,eHHbIX nOJIHhlX BeKTOpOB ynpasJieHIDl H nOJIHbfX 

q>a.30BhlX BeKTOpOB. 3a,nasasi BeKTop ynpaBJleHHH V H 
11cnon1,3y51 qiopMyn1,1 HHTerp11posaHID1 (9), nonytia­

eM O,D,H03HalJHO noJIHI,IB qJa308b]H BeKTop Y(v). 
<I>yttK~HH orpattH"leHHH s,n,om, cpa.3osoi1 TpaeKT0-

pm-1 H s KOH~e rpaeKTOpHH np.11 k = N Tenep& s1,1rn.!I­
JJ,HT cne,nyJOil.lHM o6pa.30M: 

g(y(v), v) = [g, (x ,) g2 (x2) ... g N-1 (xN-1) g*(xN )]; } 

h(y(v), v) = [h,(x,) h2 (x2 ) .. . hN_, (xN_1) hN(xN)], 

r,ne cornactto s1,1pa)KCHIDfM (4) sse,netto o6o3Ha'leH11e 
g*(xN) = w(y(T), u(1), T). 
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BBe.u.eHHbJe Q>YHKUiill ocymecTBmnoT cne.u.y10rn.He 

OT06pa)KeHHH: 

g(y(v), v) - R111
N ➔R'; h(y(v), v) - RmN ➔Rq . 

,n:onycntMOe MHO)KeCTBO V llOJllihIX BeKTOpOB 

ynpaBneHKH onpe.u.em,eTCH CJie.U.ylOI.I.J.HM o6pa:JOM: 

V = ~ VER
111

N: g(y(v), v) = 0, h(y(v), v) .$ 0 r. ( I 0) 
8 pe3yJibTaTe TTOJIYYHJIH 3a,nayy .lJ.HCKpeTHOro on­

TJ.fMaJibHOro ynpaBJieHHR npo[leCC0M, KOTOpbIH onH­

CblBaeTCH CHCTeMOH pa3HOCTHblX ypaaHemrn (9). 
Tpe6yeTc» Haiirn noJIHbIH aeKTop ynpaaneHIDI vEV 
H C0OTBeTCTByIOmyJO eMy q>a.30BYIO rpaeKT0pHIO, 

06ecneY'1rna10rn.He MHHWMaJlhHoe Jtta•IeIrne KpI-nepJ,U1 

3cp<peKrnBHOCTH 
N-1 

/(y,v)= ~)kFk(xk)+W(xN). (11) 
k~O 

,n:m WHpOK0ro KJJacca HemrnettH.bIX CHCTeM (1) 
peweHIDJ Ja,nat.J ttenpepbIBHoro onTHMaJihHoro 

ynpaaneHilll 11 nonyt.JeHHOif 3a,nat.J11 .U.HCKpeTttoro on­

THMaJibHoro ynpaanemu, 6y.u.yT 6nH3KHMl!I, ecnH war 

HHTerpHp0BaHH}I CHCTeMbl pa3HOCTHb!X ypaBHeHHH 

Bbl6paH .U.0CTaTOtJH0 MaJibJM. I1ccne.u.oBaHHe 3T0ro 

aonpoca paccMaTpHBaJI0Cb MHOntMll aBT0paMH H no­

nyYeH0 cTporoe 06ocH0Bam1e npH6mrncem1oro pe­

weHf!ljJ 3a.u.a•I onTHMaJTbH0ro ynpaaneHHH [ 1]. 
Ecm1 3a,na1.Ja .UHCI<peTH0ro 0llTHMa.JlbH0ro yapaa­

nemui: (9) - ( I I) Hnm1erc» 3a.na<1ei1 BhmyKJJoro npo­

rpaMMHposamrn npu BhmomIeHHH ycJI0BJ,Ui Cneihe­

pa, TO cymec:rBYIOT ce.u.noBble T0YKH cpyHKUHH Jla­

rpaH)Ka 
N-1 

l = l>*0(xk) + W(xN) + (11.,g) + (µ,h), (12) 
k=O 

r.n:e 11. - r-MepHbIH seKrop, a µ - q-MepttblH seKTOp. 

,[(m onpe.neneHHll. ce.u.n0BbIX T0Y'eK HCllOJib3YIOTCH 

MTepal(H0HHbie MeT0,l],bl 6e3yCJIOBHOH MHHHMH3al..\HM. 

B o6meM cny11ae rrp11MeHHeTc» TeopeMa MaK­

KopMHKa. 

Ecm,1 cpyHKl(HH g(y(v), v), h(y(v), v) H KpHTepHH 

/(y, v) ,l],Ba)J(,l],bl ,nmpcpepcHl(HpyeMT,l no K0MilOHeHTaM 

seKTOp0B y 11 v, KpOMe Toro, cyw.ecrnyI0T llOJIHbTR 

aeKTOp yrrpaaneHHif v •, noJIHblH q>aJOBbJH aeKTop 

y•(v*) H TaKHe MHO)ICHTeJIH JlarpamKa 11.•, µ• ~ 0, YT0 

Bblil0JIHHIOTCJI ycn0BHJI 

dL(y(v*),v*,>..*,µ*) = 0· 
dv ' 

g(y(v°), v•) = O; (13) 
h(y(v·), v·) :s; O; 

µ;h/y(v'), v") = 0, j = 1, ... ,q, 

a MaTpHl(a BT0pbIX t.JaCTHbIX npOH3B0.LJ.HbIX pa3MepoM 

(NxN) d
2
L -[ d

2
L ] 

dvdv - duidu j 
llOJIO)KHTeJTbHO 
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onpeJJ,enetta tta Kottyce K(v•, µ\ Tor,na nonHhIH BeK­

Top V • HBJIJieTCH H30IIHpOBaHHblM JIOKa.JlbHhlM perne­

HHeM Ja,Ual.fH (9) - ( l 1 ). 
MHO)KeCTBO K(v*, µ

0

) onpe.u.em1eTCH CJIC.U.YIOI.I.J.HM 

o6pa:JOM: 

v: vT dg(y~:),v") = 0; 

T dhly( v*), v*) _ . 
K(v',µ•) = v dv* - 0, 

T dhs(y(v*),v*) < O 
v dv* - ' 

r.ne jES(v•, µ*), sEcr(v.)\B(v
0

, µ*). 
TiepBble J,I BTOpbIe np0113B0,UHble <PYHKUM11 Jla­

rpaIDKa no KOMTIOHeHTaM ll0JIHOro BeKTOpa ynpaBne­

HJ,IjJ BbltJMCJI.SIIOT C np11ane1.JeHHeM ,l],O□OnHHTeJibHblX 

nepeMeHHhIX, l.JTO CBJl3a110 co cnel(HQ)HKOH' 3aJJ,al.J on­

TMMaJibHOro ynpaaneHH.H. I1CIIOJib30BaH11e pa3IIH<I­

Hb!X 'iHCJleHHhlX crroco6oB HHTerpHpoBaHllil CHCTeM 

HemrneHHblX ypaBHeHMH (1) npHB0,UHT K pa3HblM 

8bIp8)KeHJ,UIM .UJIJI BI,JqwcneHml npo113B0.LlHblX. 

IloJJ,po6Ho paccMOTpHM cpopMynr,1 AHc}lc}lepeHl(H­

poaa1-11151 cpyHKUMM JlarpaIDI<a no KOMTTOHeHTaM BeK­

TOpOB y H v, C'fHTa.>1, YT0 BhJtrncne~rne llOJTHOro <pa:JO­

BOfO BeKTOpa np0113B0.UHTCJI no Bbll.Jl1CJIHTeJIT,HO!i 

cxeMe (9). 
O6031-1a•111M Yepe3 Pk n-MepttblH BeKTop 

_ dl(y,v,1.,µ) (14) 
Pk - dyk ' 

KOTOpbIH onpeJJ,eJrneTCH cne.u.y10ll.(11M o6pa30M: nyCTb 

~ - n-MepHblll BeKTop ap11pall(eHHH H BBeJJ,eM 3T0 

npHpameHHe .u.n.>1 nomrnro cpa3oaoro aeKTopa TaK: 

-T [ - - - ] R"N -T T ~T y*= Y1Y2···Yk-1Y.Yk+1···YN E ,r,n;e y*=y.+-, · 
Bee KOMTI0HeHTbJ IT0JIH0ro q>a:JOBOfO BeKTOpa, 

H81IlfHaJI C k, nonyt.JalOTC.>I HJ peKyppeHTHOro COOT­

Hornemrn (9), ecrm B3l1Tb a HeM B KaY'ecrne Yk BeKTop 

c sonttoH, ,lJ,a.JJee HH,lJ,eKc yaenHYH.BaeTcH .u.o N - I. 
BeKTop Pk no onpe.n.enemuo (14) HaXOJJ,l!ITCll 113 BbI­

pIDKeHHH 

lim L(y, v,11.,µ)- L(y, V,A.,µ)-(pk,s) = 0 

1;1➔0 llsll · 
IlpH 3TOM Bblt.JHCJieHirn OOJIHhJH BeKTop yrrpaane­

HHH ocTaeTCll. nocT0HHHhlM. ITp11 k = N 11MeeM 

_ oW(xN) (~ og(xN)) ( oh(xN)) 
p N - ay N + ,-.,, oy N + µ, oy N . (15) 

DocKOJibKY aeKTop YHt JaBHCHT OT Yk, -ro JJ,JI» oc­

Ta.JJbHhIX npOH3BO.LlHbfX nony4aeM Bbipa)l(eHHe 

oL(y,v,)..,µ) + GYk+l oL(y,x,11.,µ) 
pk = ri<, ri<, ri<, 

VJk VJk VJk+I 
(16) 

Y•1HTb1BaJ1 q>opMyJibl (9), (12) H (16), nonyyaeM 

pa3HOCTHOe ypasHeH11e 0TH0CHTeJil,HO p, BM,Ua 



(17) 

TipoH3.80)].HYIO cpyHKl.1,110 Jlarpam1ca no KOMTIOHeH­

Te noJIHoro BeKTopa ynpaBJiemrn o6o3HaLJHM ~Iepe3 

dL(y,v,1.,µ) (18) 
qk = d Uk 

B 3TOM CJT)"'fae paCCMOT}JHM )].Ba nOJlHbIX BeKTopa: 

-T [ - - ] R"N y = Y1Y2···YkYk+l'' 'YN E , 

VT= [u, ll2 ... U k-I Uk + ~Uk+! '"UN] E RmN' 

nw (,ER"' - BeKTop np11palll.em,ii1; noJIHhIH seKTOp 

q>a30BbTX COCTO»-HHH HaX0)].11TCSI 11'.3 Bblpa)l{eHlrn (9) 
np11 ynpaBJieHHH B BI1Ae TIOJIHOfO BeKTopa l13 npo­

CTpaHCTBa R"'N, a BeKTop Qk onpe,!I.eJISleTCSI H3 Bblpa­

')l{eHHJI 

lim L(y v,l,µ)-L(y,v,l,µ)-(qk,~) =O 
,~➔O 11~11 . 

AttanOrHLJHO Bblpa)KeHHIO (15) HMeeM 

_ 8W(xN) ('\ 8g*(xN)) ( 8h(xN)) 
Q N - ::).. + 11., !:l + µ, ::).. . 

UUN UUN UUN 

OcnUihHhie BeKTophI onpe,1I.emrnnc.S1 113 ypa.0He­

H11H 

qk=Hu(xk , Pk+1, A.,µ), (19) 
H(xk,Pk➔ I ,l, µ) = hkF(x*) + (R(xk),Pk+i) + 

r,!l.e 
+(i..,g(xk)) + (µ,h(x*)) . 

,[l;anee, npH YCJ10Bl111, "!TO COCTaBJl.SIIOI.L\He cpyHK­

UHH JiarpaH.)l{a .SIBJI.SIJOTC.SI ,!l.Ba)l(,D,bl HenpepbIBflO ,!l.MCjJ­

cpepeHUMpyeMbIMH no KOMTIOHeHTaM cpa30BOro BeK­

Topa R BeKTopa ynpaBJieHHH, BbJLJJ,fCJUIIOTC.SI MaTJ)HI.{bl 

BTOpbIX qacTHbIX np0113BO)lHbTX 

d2 L(x, v ,1,µ) d 2 L(x,y ,1.,µ) d 2 L(x,y ,A,Jl) 

dykdYk dukduk dukdYk 
TipH )].Hcpcpepemu,1p0Bamrn no KOMlIOHeHTaM BeK­

TOpa y BeKTop ynpaBJieHHH V SIBJISleTCjl lIOCTO.SIHHblM. 

Bo3bMeM npo113BO,!l.Hym BeKTopa 

dpk ,. ) 
dyk =H>,y(xk,Pk+1>1,µ)+Ry(xk)S*+'Ry(x*, 

S d2L(y,v 1.,µ) 
f,!I.e k = dykdyk 

TTonytJemwe .01,1pa)l{em,ie MO)KHO 3an11caTh B .011,!I.e 

CHCTeMbl pa3HOCTHbIX ypaBHeHMH 

sk = Hyy(xk ,Pk+I>>..,µ) + Ry (xk )Sk+I R; (xk). (20) 

CMernaHHbJe npOH3BO,!l.Hble BTOporo nopjl,!l.Ka 

cpyHKUHH JlarpaH)l{a TIOJIYlJHM B BH)le 

AttaJiorwrnoe Bb1pa)KeHJ,1e H.MeeM )].JI.SI BTOpb!X 

npOH3BO,!l.HblX q>yHKUHH JiarpaH)Ka no ynpaBJieHHIO 

d2L(y,v,1.,µ) H ( ~ ) 
d d = uu u*,P*+1>A.,µ + 

Uk Uk 

+Ru (xk)Sk+IR: (xk). (22) 

,[l;JI.SI Bbl"IHCJleHJ.UI BTOpbIX npOH3B0,!l.HhIX Heo6xo­

)].HMO peIIIHTb pa3HOCTHOe ypaBHeH He ( 17) .l(JISI onpe­

,!l.eJieHH.SI BeKTopoB-HMTIYJibCOB, BhllJHCJIHTb MaTJ)M­

Ubl-HMlIYJlbCbI sk' HCil0Jlb3Yjl CHCTeMy (20). BTOpble 

np0113B0,!l.Hble 11ClIOJlb3YJOTC.SI B BbllfHCJlHTeJibHbIX 

6hICTpO CXO,!l..KI.I.iHXc.SI a1IropHTMax, lIOCTµOeHIIbIX Ha 

octtoBe MeTO,!I.a HhJOTOHa. 1-h npI,rne)].eHHbfX cpopMyn 

(20) - (22) cne,nyeT, qTQ TQll.HOCTb BbJ4J1CJieHJUI npo­

J,13B0.llHbIX cpyHKl..{J,!11 narpaH)Ka 3aBHCHT OT paclfeT­

HOH cxeMbl HHTerp11posamu1 CHCTeMbJ ,!l.HcpcpepeHUH­

aJibHblX ypaBHeHHH ( 1 ). no3TOMY 'IHCJleHHbie MeTO­

,llbl onTHMH3a(.\J1H, noCTpOeHHbie Ha HCITOJlb30Bamm 

npOH3BO,!l.HblX, co.nep)l{aT onrn6KR J1HTerp11poBaH11.S1 

c11cTeMb1 (1). PaccMaTJ)11BaeMrui cxeMa 3wnepa ,!l.O­

nycKaeT ysem1ciett11e TOt.JHOCTM 3a C4eT yMeHblUeHH.SI 

wara 11HTerpHpOBaH.Mj!, 0,nHaKo B 3TOM cnyqae pe3KO 

B03paCTaeT pa3MepHOCTb nOJTHOfO seKTopa yrrpasJie­

HJ1.SI, "!TO npHBO,!l.HT K rpoM03,!IKOCTH anropHTMOB Bbl­

l{J,fCJieHH.SI np0113B0,!l.HbIX. YBeJIH4eHHe TOLJHOCTH 

np116JIH)l{eHHOro HHTerpHpOBaHl1.SI 3a C'-leT BbI6opa 

6oJiee coaepweHHbJX MeTO,!l.OB paCCMOTPeHO B pa6o­

Te [2]. 06Il.(a.H q>OpMyna HRTerpttpoBaHID! CHCTeMbJ 

(]) 11MeeT BH,!l. 

p 

y k+I = y * + hk ~::C/(x{), (23) 
j=I 

xi = [y{ ui t1 ](3)].eCh u{ = u(tf ), 
r)le . . 1 . 

Yt =yk +dj_lhkf(xr ), tf =tk +dj_A); 

Cj, dj-l - HeKOTOpbie lfHCJia, np11,1eM O $ dj-l $ 1 .l(Jl.SI 

VJ, do = 0; k = 1, ... , N - l;j = 1, ... , p. 
Bhl6op napaMeTpOB BhJ'lJ1CJ111TeJihHOH cpopMynhI 

(23) 06ecne•:111BaeT pa3JIBlJHble MeTO,lI.bl HHTerp0po­

BaHlU1 C COOTBeTCTBYIOI.Llei:f norpellIHOCTbIO. EcnH 

npaBa.H ':laCTb CHCTeMbJ ( l) j!BJlJleTC.SI rna,nKOH cpyHK-

1..{HeH CBOHX apryMeHTOB, TO rrorpellIHOCTb <p(hk) = 
y(tk+I) - Yk+I eCTb ,!l.H<pcpepeH(.\11pyeMaH <i>YHKI.\IDI na­

paMe-rpa hk, a y(tH,) - perneHHe CMCTeMbl (1) c Ha­

':laJibHbIM ycJIOBHeM Yk 
Cornactto q>OPMYJie Tewnopa cnpase,nnHBO paBeH-

CTBO ,!l.JISI Ka)l{,!I.OH COCTaBJISIIOII.{eH 

- ·' <pU}co) ; q,<s+l)(&hk) s+I 
<p(hk)- L-i-! -hk + (s+I)! h* '0 < 9 < 1. 

1=0 

flapaMeTpbI MeTo.na no.n6Hpa10T TaK, •no6&1 Bee 

np0113B0,!I.Hbie, CT0jlllJ.11e no,n 3HaKOM cyMMbl, paBH.SI­

JlHCb H)'J110, TOr,n,a cp(hk) onpe,neJISleT norpeUIHOCTb 

MeTo,!l.a, a s - ee nopR,noK. 

TTo.n6opoM COOTBeTCTBYIOI.L\HX napaMeTpOB )lJlj( 

<pOpMyJI (23) MO>KHO nonytIHTb pa3JIHlJHble THITbl Me-

13 



TO)].a Py1-1re-Kyrra, HMe10mHe norpeUJHOCTb 6onee 

Bb!COKMX nopSJ)].KOB. ,[(nSJ perneHI-HI npaKTJ,11-JeCKHX 

3a)].a'1 )].OCTaTOWO qacTO ITOJJb3YlOTCR MeTO)].OM 3H­

nepa C nepectJeTOM, HMeIOll.(HM norpelllHOCTb BTopo­

ro rropR,1],Ka. Pa3m1'1Hble cxeMbl HHTerp11poBaHJUI 

CHCTeMbl (1) np.HBO,!VIT K COOTBeTCTBYIOll.(JfM anro­

pHTMaM Bbl'Illcnemrn rrpoM3BO)].HblX cno>KHhlX Q)YHK­

IJ;HH. ITpH 3TOM BH)]. Heo6xo)],11MbIX 11 )].OCTaTO'iil.blX 

ycnOBHH He MeHReTCSI. 

B03MO)KHOCTb BbI'IHCJieHHJI. npOH3BO)].HhlX uene­

BOH Q)YHKL\HH no nonHOMY BeKTopy ynpasne1-111w OT­

Kphrna nyTh K 11CfiOllb3OBaHHlO MeTO)].OB Hemrneirno­

ro rrporpaMMHpOBaHMj{ )].JJR peweHHJI. )].HCKpeTHblX 

annpOKCHMauirn 3a)],aq OfiTHManbHOro ynpaBneHJIJI.. 

bOJlhl.UHHCTBO tJ.HCneHHbIX MeTO)].OB OITTHMH3al_\HH, 

oc1-1osaHHI>IX Ha arrropHTMax 1-1emrnei11-1oro nporpaM­

MHposaH1rn, 5!.BJlfilOTCSI 11Tepau;HOHHblMH H opramno­

BaHI>l cne)].yJOll.(HM o6pa30M. 3a.o.aeTCSI IlOJIHblH BeK­

TOp ynpasneHHH V H Bbl'IHCJUllOTCSJ KOMITOHeHThl q>a-

3OBOfO BeKTopa y. 3aTeM onpe.n.eAAIOTCSI 3HatJeHml 

u;enesoi1 q>yHKl_\J•Jl,I:, <PYHKUHH orpaHH'leHl.ffl, q>OpM11-

pyeTCSJ cornacHO BbI6paHHOMY MeTOAY HeKOTOpasi: 

BCTTOMOraTeJibHa51 q>yHKL\l-UI, KOTOpa» MHHl1MH311py­

eTCSI no BeKTopy ynpasneHM» C 11CITOllb3OBaHl1eM an­

ropHTMOB 6e3yCJIOBHOH. MHHMMH3aUJ,m, 

Bhl'-IHCJIHTenbHhie anropHTMhl pa3)].eJISIIOT 3a)].alrn 

BhJ6opa cxeM lfHTerpHposamrn 11 MeTO)].OB OITTHMl1-

3aq1111. TaJ<, HanpHMep, BO3MO)1(eH CJiy<laH, KOr)].a 

CHCTeMa JJ.l1q>Q)epe1-1u11anbHblX ypaBHeHHH HHTerpH­

pyeTCH no cxeMe HH3KOro rropSl,1],Ka TO'IHOCTH, a on­

THM1138UM ocymeCTBAAeTCH C noMOlllblO MeTO)].OB, 

.o.onycKa10mmc BbICOKYIO TO'IHOCTb. 3TOT ITO)].XO)]. 

BO3MO>KeH, Kor.o.a CHCTeMa )].HQ)q>epeHu;HaJibHb]X 

ypaBHeHHH SJBnJl.eTCSJ )].OCTaTO'IHO rna)].KOH 11 )].Onyc­

KaeT npoCTei1.1.D11e cxeMbI HHTerp11posaHMj{ apH 3a­

)J,aHHOH TOqHOCTH. B cnyqae )KeCTKHX CHCTeM .!(11Cj>­

q>epeHL1HaJlbHblX ypaBHeiiHH H CHCTeM, CO)].ep)Kall.(11X 

BblCOKOqacTOTHhie pernemrn, Tpe6y10TCR cxeMbl fill­

Terp11pOBaHHSI BblCOKoro nopSJ,1],Ka TOtfHOCTH H B co­

OTBeTCTBIH! C Tpe6osaHHeM npaKTHKl1 11 C yYeTOM 

aorpelllHOCTeH no,n611pa10TCSJ MeTO)].bl OITTl1MH3aUIUf. 

Ilp11Be)].eM rrpHMOH MeTo)]. nepBoro nop».l(Ka MSJ 

onpe)].eneHHJI. Ce)].nOBOH TO'1Kl1 q>yHKUl111 JiarpaH)l(a 

µ)0
) ~ O; j = 1, ... ,q. 

3)].eCb O.k , ~k , Yk - Hel<OTOpble IlOJlO)1(11Tenr,Hhle 

K03q>q>11u;11eHThI, onpe.uenHeMble Ha Ka)l()].OH 1nepa­

u;11H no q>opMymiM: 

a, = [a+ II dl,(y(v<kl), :::) • ).(kl,µ(k))IIJ' 

~. = [ b + II dL(y( v<•>), ~) • i.<k) • µ<'>>IIJ' 

y' = [ C + lldl,(y(v(kl), ;:) . ),(k). µCk)) 11r 

3)].eCb a,b,c - IJOJIO)Kl1TenhHbie 'lMCJJa. 3TOT MeTO)]. 

HBJIHeTCSJ JIOKaJibHO CXO)].SJll.(HMCSJ H CTO3TOMY Tpe6y­

eTCSI nnaTeJibHO IT0.!(611paTb Ha'laJibHOe npH6nIDKe­

HHe. B pe3yJihTaTe M0)].11Q)HKaUMH q>yHK[_\Hl1 JiarpaH­

)Ka y JJ.aeTcH ynpocnnh B psrJJ.e cny11aes peKyppeHT­

Hbie npou;e)].yphl H npH 3TOM o6ecneqHTb Tpe6yeMyIO 

TO'-IHOCTb peweHHSJ 3a)J,8'll1. Bh!COKOH CKOpOCTblO 

CXO)].HMOCTl1 o6na)].aIOT MeTO)].bl BTOporo nopSI,1],Ka, K 

KOTOpbIM OTHOCSJTCSJ MeTOA HbIOTOHa 11 ero BCeBO3-

MO)1(HbJe MO)].HQ)HKaU11H. 3n1 MeTO)].hl HCJlOJih3YIOT 

MaTp11Ubl BTOpblX npOH3BO)].HbIX q>yHKU11H JlarpaH)l(a. 

KaK npaBHJIO, CBOHCTBa 3a,na1111 Mano H3BeCTHbl 11 

anp11op11 He npe,1],CTaBAAeTCSJ BO3MO)KHOCTH BbI6pan, 

Hal1J!Ylfll.I11H Bap11aHT peilleHJrn 1-13 11MelOll.(erocH Ha-

6opa MeTO.l(OB. YqacT11e nonb3OBaTeJUI B npouecce 

3q>q>eKUIBHOf0 Bb16opa Bb11lHCJll1TenbHOro anrop11T­

Ma peweHl1.H OIITHMH3au;110HHOH 3a.D.a'UI Tpe6yeT co­

OTBeTCTBYIOll.(eH OpHeHTal\1111 nporpaMMHblX cpe,1],CTB. 

HaKOl1JleHHbltt OilblT perneHHSJ npaKTH'leCKHX 3a.l(aq 

ITOKa3bIBaeT npaB11JibHOCTb op11eHTal_\HH Ha )lHaJIOro­

Bbie 11epapxw1ecKHe cpe)].CTBa onTHMHJau-1111. 
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PacqeTH0-3KCIIepuMeHTaJibHble MeTO,LJ;bl onpe,lleJieHHSI rrapaMeTpOB 

rrpu xpaueuuu u o6pa~enun c 051T 

H.E. CoMoe, C.A. HuKonaee, B.J,. lloneeou, 
fHI.J; P<P <1>311, 249033, O6HHRCK Kany)KCKOH o6JT., IlJI. Eott.napeHKO, 1, 

C.A. He.Mbtmoo, B.H. liecnOJloB, 
KottuepH "Poc::rneproaToM", MocKBa 

OIIBcaHhI pac'!eTH0-3KcnepttMeHTaJlhHhie MeTO,llhI onpe.n.eneHIDI napaMeTp0B 6e3onacttocrn npH xpaHemrn 11 06pa­
mem-1J,J C OTPa60TaBIDHM $1,!1.epHblM T011JlJIBOM (051.T). ,LJ;mr onpe.n.enemu1 3q>~JeI<TliBHOro K03cp(pHUHeHTa pa3MHO)KCHIDI 
11ccrre.n.yeMOH CHCTeMbI ape,llJJO)KeHO l1C□OJlb30BaTb CTaUHOHapHblH 11 HMnyJJhCHblH MeTO)lhl, a )lJlji onpe.ueneHH» rny6H­
Hbl BblropaH11$1 rop10qero - co6CTBeHHOe HeHTJ)OHHOe l1 raMMa-113rryqeHl15l. 

COMPUTATIONAL AND EXPERIMENT AL APPROACHES FOR DETERMINING THE PARAMETERS 
OF SPENT NUCLEAR FUEL IN HANDLING AND STORING. I.E. SOMOV, S.A. NIKOLA YEV, V.B. 
POLEVOY, S.A. NEMYTOV, V.N. BESPALOV. Described in the paper are calculation and experimental approaches 
purposed to deteimine safety parameters of spent nuclear filel handling and storage. To determine effective multiplica­
tion factor of the system under consideration it was suggest to use stationary and impulse methods; fuel burn-up rate can 
be determined using neutron- and gamma-irradiation of fuel. 

XpaHem,1e O51T ~lBllileTC51 o.nHott 113 octtoBHbIX 
npo6neM $1,[(CpHOH 11H,[(YCTJ)HH. no ouettKaM [1 ], .no 
KoHu.a nepBow .neKa.llbI XXl BeKa B MHpOBOH »JJ.epHoH 
3HeprernKe o6mew MOlUH0CTblO OKOJT0 400 fBT 3JI. 
6y.neT HaKonnetto CBbillle 300 Tbrc. T O51T. B Ha­
CT05lll.(ee Bpew1 3TH npo6neMbI pernafOTC51 Y:epe3 yse­
m11-1em1e eMKOCTeii cyrn:ecrny10ll.(ll(. xpaHHn11m O51T 
(XO51T) 11 co3,1J.am1e npoMe)l(YTO'lHbrx xpattHnHm .nm1 
BpeMeHHoro xpaHeHH.ll O51T. 

B .nattHoi1 pa6oTe .naeTC.sI KpaTKoe on11caHHe coBpe­
Mettttoro cocroHHIDI npo6neM xpaHeHIDI O51T Ha A3C, 
MeTO.ll0B onpe.nenemuI xapaKTepHCTHK, BJIIDJfOll.(HX Ha 
6e3onaCHOe xpaHeHHe O51T, H HeKOT0pbIX pC3yJTbTa.TOB 
paCLieTH0-3KCnepHMeHTa.JlbHOro onpe)].eJieHIDI napa­
MeTJlOB 6e3onacttoro xpaHeffiUI OTJ)a6onIBwero T0I1IDI­
Ba B xpamurnmax A3C c P6MK. 

B HacT0$1J..Qee apeM.sI O51T PEMK xpaHHTC.ll ctta­
qana B npHpeaKTOpHI:,lX 6accei1Hax Bhl.llep)l(K11 (EB) B 
Te'leIDie ~ 3 JieT, a 3aTeM B BB XO5IT He Mettee I 0 
neT. Cnoco6 xpatteHH51 B npoMe)l(yTotJHblX xpamum­
max, pacnonO)J<eHHhlX Ha A3C, H B ueHi-panH30BaH­
HbIX xpamrnmuax pacc'IHTaH Ha nepHo.n He Mettee 
t:JeM 50 JieT, a 3aTeM O51T .ll0JI)l(H0 pa3Mell.(aTbC$1 B 
reonornqecKHx ¢opMau1rnx. 

)lonycTHMa.ll 6c3onacHaS1 no.nKpHTH'!HOCTb B yKa-
3aHHblX xpaHHnHmax ,[(llil o6nyY:eHHbJX TBC 
(OTBC) c tta'lanbHbIM o6oraru.ettHeM 2,4% no U-235 
JJ,0CTMraeTC.ll n1160 3a c'leT wara pe!lleTKH (npHpeaK-

TOpHblH 6B), JIH6o 3a CY:eT HaJTl1'IH51 CTaJTbHbIX '!ex­
JI0B IIpH MHHHMaJTbHbIX pa3Mepax .ll'!Cm<H. ITpH yn­
JlOTHeIDrn OTBC PEMK c Ha'laJibHbJM o6orameHHeM 
~2,4% no H30T0ny U-235 MOryT B03HHKaTb CHTya­
UHH, npH I<OTOpblX no.nKpHTH'lH0CTb CHCTeMbl He 6y­
)].eT YJJ.OBJieTB0pllTb TJ)e6oBaHH51M ll.nepttoii 6e3onac­
HOCTH. B 3TOH CB513H He06XO.llHMO HCIT0Jib30BaTb JIH-
60 'leXJibl C 6onee CHJibHblM nornow.eHHeM Heihpo­
HOB, JIH6o 6onee TW.aTeJibH0 KOHTIJ0mrpoBaTb reo­
MeTJ)HfO pa3MemeHH.ll OTBC c pa3JIHY:HbIM Ha'lanb­
HhlM 06oraw.e1rneM H JJ,OTIOJIHHTeJibH0 HMeTb CHCTe­
MbI, C IIOM0I.QbfO KOTOpblX HMeJlaCb 6bJ B03M0)1(HQCTb 
nepHO)].H'leCK0ro KOHTpOllil napaMeTp0B 6e3oTiaCHO­
CTH B ttaH6onee onacHbIX o6nacrnx xpaHHJIHW.. 

O.naoBpeMeHHO Ha A3C c P6MK npono.nHTCll pa-
6oTbI no no,n.roTOBKe K "cyxoMy'' xpaHeHHlO O51T. 
I.J;enh pa6oT - C03)],aHHe KOMilJieKca KOHTCMHepHOfO 
xpatteHIDI. 

TTpW-!HHbl H MexaHH3M yBeJIH'leHH.ll K.,~ npH pa3-
.ITlf'lHblX MeTO.nax xpatteHIDI O5.lT OCBeLQeHbl s pa6o­
TaX [2, 3]. B HHX paccMai-pHBaJOTCSI 3anpoeKTHbJe 
aBapHH, CB.!13aHHh1e c ocywem1eM EB, H pa3pa6oTKa 
Mep no ynpaBneH1110 3anpoeKTHbIMH aBapH$1MH. )lm1 
HeKOT0pblX THTIOB xpaHHJ111li.l, f)].e TOTIJIHBO xpaHHTC.ll 
B repMCTl1'!Hb1X neHaJiax, B03MO)l(Ha CHTyaUH51, K0r)].a 
npH ocy!lleHHH xpaHHJIHlll. Bona OCTaeTC51 BHYTPH 
nettan0B Jm6o BblKlrnaeT 113 neHaJT0B, 1HO npHBO,[(l1T 
K yaenHY:ettmo K'l<j>. 
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C TOqKH 3peHIDI »AepHOH 6e30TiaCHOCTH HaH6onee 

npoCTbIM nyTeM ynpasneHH}I TaKOM 3anpoeKTHOH a.Ba­

p11ew »sn»eTc» 06ecneqem,1e K,cj, Metthrne 1,0 6e3 He-

nonh3oBaHH» cneu11anhHhIX AOTIOJIHHTeJll,HbIX 

cpeACTB, HanpHMep, sse,AeHH» cneu11anhHbIX nornon1-

Tenei1 (roMorettmrx HJIH reTeporeHHhrx). TioJTOMY 

npe,AnO)KeHO [ 4, 5] )'tJHTbJBaTb rny61,rny BbiropaHW!, 

T.K. peanhHO Torurnso s xpamImImax o6na,AaeT 3Haq11-

TeJibHhIM BblfOpam1eM. EcnH YlfHTb!BaTb AOTIOJIHH-

TeJibHOe nornomeHHe OCKOnKaMH .neneHHH H yMeHb­

rueHHe 06orallleH11» Tonmma B npou.ecce Bbtropamui, 

TO JTa 3a.na1.Ja peIUaeTc» 6e3 BBeAemu, .nonomrnTenh­

HhIX TeXHH'-JeCKHX Mep. B AaHHOM cnyqae yqeT rny611-

Hbl BhiropaHIDI He npoTHBopelfHT npa.BHnaM 6e3onac­

HOCTH, T.K. paccMalpHBa!OTCH 3anpOeKTHbie a.BapHH. 

MrnK, ocHOBHOH 3a,Aaqej;i srnn»eTc.11 onpe,AeJJeHHe 

K,4 xpaHHJIHI.I.J.a npH npe.nnonO)Kemuix H .nonyll{eHH-

51:X, OITHCaHHbIX Bblllle, H rny6HHbI BhirOpaHW!. 

3KcnepuMeHT3JlbHble MeTO)J,bl KOHTPOJIH napaMeTPOB oe1onacuocTH xpaHHJIHUJ, O.HT 

1. MeTO,ALI HJMepeHHH no.mcpHTH'IHOCTH H BbtrOpaHHH 

CTeneHb ITO.D;KpI,fTHqHOCTH xpamrnmu OTpa6o­

TaBWero Tonmrna orrpe.nemreTcsi pactJeTHbIM nyTeM. 

,[(m1 nosepKH pacqerns pa3pa6oTaHhJ JKcnepHMeH­

Tanbttbie MeTOAbI. Ilpo6JJeMaM 3KCnepHMeHTIUibHOf0 

onpeAeJieHHSI peaKTHBHOCTeH H BbirOpamrn TIOCB.11-

meHO MHOJ'O pa60T, Ha116onee ITOJIHbIM o63op KOTO­

pbIX npHBe,AeH a (6 - 9]. 
Oco6enttocrn, xapaKTep113y1-0m11e xpaHHJJHille 

OTBC KaK pa3MHO)l(aJOll{YJO CHCTeMy .n:mI H3Mepe­

HHsi K,4: 
I. 6onbruHe (no a6comornoi1 seJJH'iHHe) OlpHUa­

TeJJbHbie peaKTHBHOCTH. KaK YKa.3bIBaJJOCb Bbillle, B 

)KCnepHMeHTax Heo6xo,n:HMO yCTallOBHTb, npeBbJilla­

eT JIJ,! 3HatJeHHe K34> B HOpMaJJbHOM COCT051HHH xpa­

HHJIH[Ua sem1lf11Hy, pasttyt-0 0,73. 
2. DOJibWl1e reoMeTpH<teCKHe pa3Mepbl xpaHHJJH­

ma 11 CJIO)l(HbIH ero MaTepHanbHbIH cocrns. Hanw-me 

3TOfO <paKTopa, 6e3yCJIOBHO, np1-rne.n:eT K npOCTJ)aH­

CTBeHHOM 3aBHCHMOCTH 3KCnepHMeHTaJibHO onpe.ne­

mIeMbIX napaMeTpOB 11, cne,uosaTeJibHO, K 60JJhlUHM 

Heonpe,AeneHHOCTSlM B H3MepsieMOM 3Ha'-!eHHH K,cj, 
AM scero xpattmrnma. 

3. IlpHHU.HITHMbHa.11 HeB03M0)1(HOCTb AOCTH)l{eHH.11 

11ccne.n:yeMOM CHCTeMOH B HOpMaJJbHJ,JX ycnOBH»X 

JKCIIJiyarnu.1111 KpHTH'-!eCKOro COCTOHHHSI. 3To 06-

CTORTeJibCTBO 3aTJ)y.n:HHeT HCITOJib30BaHHe psi,ua Me­

TO.D.OB, TJ)e6y1-0mHx .n:n.11 csoei1 peamnau.ww onpe,n;e­

neH.IDI B KpHTWieCKOM COCTOSIHHH HaqanbHblX ycno­

BHH m-160 COOTBeTCTBYIOIJ.(HX napaMeTpOB. 

4. Hanwrne MO[UHOro raMMa-M3Jryqemrn npHBOAWT 

K CJIO)l(HOCTSIM armaparypHOro xapaKTepa, COCTO.lllllMM 

rnaBHbIM o6pa30M B peweHMM 38,Aa'I.H perncTp81..\HH 

HeMTpoHHoro noToKa Ha cpotte conYTCTBYJOIUero 

MO[UHOfO raMMa-H3JIY1iemui JJH60 B yLJeTe 3TOfO H3JIY­

'leHH» B anropHTMe BbJt-lHCJieHH.11 peaKTHBHOCTH. 

Ilo cnoco6y 803.ll.eMCTBIDI Ha HCCne,n;yeMyJO CHC­

TeMy, Tpe6yeMoro ,n;nsi csoej;i pean1nau.11H, see H3-

secTHhie MeTOJJ.bl H3MepeHH» peaKTMBHOCTH npHID!TO 

AeJII1Tb Ha llHHaMM'IeCKHe (aKTHBHble) J,f CTaTHCTHtJe­

CKHe (rraCCHBHbie). ,[(HHaMH'-!eCKHe MeTO,/l;bl JilCTTOJib-

3y10T pa3JIHlIHbie yc-rpoiicTsa, 113MeH.S110[UHe no on-
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pe,n;eneHHOMY 3aKotty peaKTIIBHOCTb wccne.n:yeMOH 

CHCTeMbI n1160 ITJIOTHOCTb HeihpOHHOro IIOTOKa. 

CTaTHCTHl.feCKHe MeTO.llbl TaKHX YCTJ>OH.CTB, KaK npa­

BHJIO, He npwMeH»fOT JIH6o HCilOJib3YIOT 3KCIIepH­

MeHTaJibHOe o6opy,n;oBaHHe, KOTOpoe He IIp.HBOllHT K 

,n;eTepMMID!posaIIHOMY H3MeHeHHJO YKaJaH.HblX BbIIIIe 

napaMeTpOB. OT,n;eJihHO MOj!(HO BbI,UeJiliTb MeTo.n:, 

OCHOHaHHbTH Ha o6pall(eHHOM peruemnr ypasHeHHH 

KHHeTHKH peaKTOpa, KOTOpblH B CBOeM TJ)aJI.HUHOH­

HOM npHMeHeHHH XOT.11 H Tpe6yeT H3MeHeHI-UI peaK­

THBHOCTH CRCTeMbl, HO HCilOJib3YeT npH )TOM "UITaT­

Hbie YCTJ>OMCTBa"B HX HOpManbHOM TeXHOJiornqe­

CKOM pe)l(l,!Me. 

CpeAH JI.HHaMH'IeCKJilX MeTO.llOB 113MepeHH.II pe­

aKTHBHOCTH Ha116onbrnyJO nepcrreKTHBHOCTh HMeeT 

u.M11y11bCHbZU Memoo, Ha.116onee rroAroTosneHHhIM 

AJJ» H3MepeHHH K3$ s 6B X0.5IT. CpeAH scex MO­

,n;11cjrnKau.11i1 JTOro MeTo,n;a, cssi3aHHbIX co cnoco6a­

MH o6pa60TKH. OTKJIHKa CHCTeMbl Ha KOpOTKMM HM­

nyJibC HeHTpOHHoro reHeparnpa, rrpe.nno'iTeHHe 

cne,uyeT OTAaTb MOAH~HUHposaHHOMY MeTo.n:y 

CHMMOHca-K11Hra, nocKOJJhKY OH co.uep)KHT tta11-

Mettbwee '-IHCJIO napaMeTpOB, orm16KH KOTOpblX, 

o6ycJIOBJieHHbie CTOJib )l(eCTKHMH ycJTOBHSlMH 3THX 

Jil3MepeHHH, MoryT npHBeCTH K HeonpeAeJJeHHO­

CTSIM pe3yJibTaTa. 

Ilo HMefO[UHMCH coo6ru,eHHRM [6], rpaHHUa npH­

MeHeHHSI MeTo.n:a CHMMOHCa-KHHra ,n;m1 pa3Hb1X CHC­

TeM pa.3IlH'IHa, LJTQ Heo6xo,UHMO YLJHTbJBaTb .n:n» K8)1(­

.n.oro KOHKpeTHOro cnytJa.SI. ,[(OCTOHHCTBOM MeTo,n;a 

SIBJT»eTCH 11 TO, 'ITO HCIIOJib30BaHHe HMIIYJibCa HeH­

TJ)OHOB c 3Heprnei1. 14 M38 cnoco6crnyeT ycrnttoB­

neHHIO OCHOBHOH rrpocTpaHCTBeHHOH rapMOHHKH B 

npe,n;enax 60Jibll!OfO o6beMa HCCJie.n:yeMOH CHCTeMbl 

H, KaK CJie,llCTBHe, K MeHbilleM npOClpaHCTBeHHOH 

3aBHCHMOCTl!l AeKpeMeHTa 3aryxamu MTHOBeHHblX 

HeHTpOHOB. fnasttoi1 rpy,n;HOCTbJO B np11MeHeHHH 

3TOro MeTO,n;a »Bn»eTCSI Heo6XO.ll..HMOCTb rrpHMeHeHHSI 

pac'IeTHbIX 3HaqeIDfH .n:eKpeMeHTa 3aryxaHH}I B KpH­

THlJeCKOM COCTOSIHIHI H nonpaBOK Ha H3MeHeHHe 

BpeMeHH )l(l.f3HH MfHOBeHHb!X HeHTpOHOB. 



B pa6oTe [ 1 O] ,llJ.Ul onpe.n.enemu1 rny6oKOH no.n.­

KpHTH'IHOCTH (K3ijl $ 0,7) aJJbq>a-MeTOJ.lOM Ha OCHOBe 

H3MepeHHOH BemPUiHbl aCHMITTOTWieCKOH ITOCTOJIH­

HOH cna.n.a cx.-nOTOKa MTHOBeHHbIX HeihpoHOB HC­

nOJTb30BaJJaCb cpopMYna 

-Ro IP3<t> =ex./\ IP3qi-l ➔ K3qi = ( Ro - P3cJ>) / /\, (1) 
r.n.e R0 = (K3cJ> - I )/K3cJ> - peaKTHBHOCTb CHCTeMbI; 

P3cJ> - Jq><peKTHBHall ,ll,OJill 3ana3JJ.h1Ba10rn.Hx Heihpo­

Hoa; /\ - BpeMJI re11epaui,rn MTHOBeHHblX HeihpOHOB. 

BeJI.H'!HHa /\ o6paTHO nponopuHOHaJJ.bHa CKOpOCTH 

rettepauHH HeHTpOHOB ,lJ,eJTeHHll, CJTe}.loBaTeJlhHO, cy­

ll.(eCTBeHHO 3aBHCHT OT HCKOMOrO 3Ha'leHHJI K3cj,, KOTO­

poe Mbl XOTem1 6w onpe,lJ,eJI.HTb Ha OCHOBe JKCnepH­

MeHTaJJbHOro 3Ha-qeHHJI CX. H paC'leTHbIX 3Ha'leHHH p3ijl 
11 /\. J1oJTOMY 11cnonh3yeTCll JJ.pyraH <pOpMYna: 

l-K,<t,(1-B,,i,) 1-La 
a ---'--~➔ K.,.~=--, (2) 

L 1-P~ 
r.n.e L - BpeM.si: )KH3IDI MrHOBeHHblX HewrpoHOB B CHC­

TeMe, nony'!aeMoe H3 pacLJeTa H CBH3aHHoe co ape­

MeHeM re1-1epaum-1 /\ coornowem1eM L = I\ K:,cj,, Be­

mPrnHa L 3Ha'-IHTeJTbHO MeHbWe 3aBHCHT OT HeTO'I­

HOCTH 3HaH11ll pa3MHO)KalOW.11X xapaKTepHCTHK TOn­

JTHBHblX c6opoK, LJeM /\. 0.n.HaKO, KaK 11 /\ , L cyw,eCT­

aeHHO 38BHCHT OT T04HOCTH MO,lJ,eJTHposamrn 3aMe,l],­

JIHTeJIJI H ,ll,HQ.J<pY3Hl-t HeHTpOHOB, noJTOMY ,ll,JIH ee 

pac'IeTa uenecoo6pa3HO Hcnon1,3osa1-111e MeTo.n.a 

MoHTe-Kapno. 

.ll:nll caMocornacoaaHttoro pacLJeTa K:,cJ>, P3cJ>, L H ex. 
MeTo,noM MoHTe-Kapno B KOMTIJieKce nporpaMM 

MMK.FK-2 (11] 11cnon1,3yeTcJ1 nporpaMMa 

MCDENSP (12]. To'IHOCTh pacqern L no nporpaMMe 

MCDENSP cna6o JamtcHT OT TO'UIOCTH pact.Jern K3 cJ> 
6naro}.lapll HCTTOJlb30BaHH!O cpopMyJT TeopHH B03MY­

w.e11HH H onpe,n.eJTlleTCH rJTaBHbIM o6pa30M TO'IHO­

CTblO 3a,ll,aHHJI H MO,D.eJrnpoBaHHll ,ll,H<p<py3HOHHhIX 

(pacce11aa10m11x 11 nornoma1ow.HX) csoi1cTB cpe,n1,1. 

J.13MepHTeJTbHaM CHCTeMa ape}.lCTaBJIHeT 

CHJI.HTeJTH, CHrHaJJ.bl C KOTOpbIX no JIHIDUlM CB.si:311 no­

crynaIOT Ha BTOpH'-IH)'lO H3MepHTeJThHY10 annaparypy, 

CBM3atttty10 c IT3BM IBM PC c noMOll.(hlO HHTep­

<peiicttoii KapTbl CBJI3H. ,ami nonyqeHHM HMil)'JibCOB 

HeHTpOHOB C '-JaCTOTOH CJie)].0881-II-UI ,ll,O 30 fu H JRep­

rneH ttei1TpOHOB 14 MJB »cnon1,3yeTcJ1 HMnyJThCBI,IM 

HeHTpOHHbIH reHepaTOp. 

Y CTaHOBKa ,ll,JIJI H3MepeHHJI no,uKpHTH'IHOCTH HM­

rryJihCHblM MeTO,UOM J13roTOBJTeHa, co6paHa 11 HCITbl­

Tatta Ha fleHHtt.rpa)].cKoii A3C. 

Crra.n. MrHoBeHHhJX tteHTpOHOB ex. onpe.n.enMeTCll no 

anropHTMY, OITHCaHHOMY B pa6oTe (13]. B HaCTOHil.l,ee 

BpeMll B ¢311 pa3pa6aTb!BaeTCll ycoseprneHCTBO­

B811Hall nporpaMMa no H3MepeHHllM 11 o6pa6oTKe 

JKCnepHMeHTaJTbHbIX ,naHHbIX, Y'HITbIBalOW.all npo­

CTP8HCTBeHHbie H JHepren1qecKHe Jq><peKTbT HCCJJe­

J.lYeMbIX o6nacrew EB X05IT. 
B OTJIH'!He OT HMnyJJbCHOrO MeTO,lJ,a onpe.neneHHll 

00,D.KpHTH'IHOCTH, HCilOJib3yeMoro TOJThKO np11 cyru.e­

CTBeHHblX H3MeHeHHIDC cpe,Ubl H3-3a CBOei:i 'fPYAOeM­

KOCTH 11 orpattj,{t{eHHoro pecypca pa6on,1 1-1ei1TPOH­

HOH TPY6KH, cma11uoHap11blU Memoa HCil0Jlb3YeTCJI 

.D.JIJI TTOCTOllHHOro H HenpepblBHOro KOHrpOJJll 00,ll­

Kp!,fTj,{t{HQCTH. 

Crnu1-toHapH1>1ii MeTO.D. KOHTPOJIJI no.n.KpHTHqtto­

cr11 OCHOBaH Ha H3BeCTHOM CBOHCTBe pa3MH0)1(810-

w.ew CHCTeMbl yseJIH'HlBaTb HeHTpOHHhTH TTOTOK, Bbl-

3BaHHblH nepsHqHI,JMH HCTO'IHHKaMH HeHTpOHOB 

(14]. B X05IT TaKHM HCTO'!IDIKOM HeHTpOHOB cny­

)l(J,JT cnoHTaHHOe .n.enemi:e 11apa6oraHHhlX Tpattcypa­

HOBhlX H30TOTTOB 
242

Cm, 
244

Cm, 
240Pu. 

.ll:Jlll KOHTpOJHl no.o.KpHTH'iHOCTH X05IT cran,110-

HapHhIM MeTO,ll,OM [ 15] Heo6xo,nHMO 3HaTb CKOpOCTb 

reHepau1u1 HeH'IJ)OHOB BhIHy)K,ll,eHHOro .n.eneHHJI Ha 

rpaMM TOnnHBa (Q0 .'") H cKopocTb reHepaUHH Heii­

Tpouos cnoHTaHHoro .n.eneHHJI. Ha rpaMM TOnJIHBa 

co6oi1 4-x KattaJibHYIO ycTaHOBKY AJTH pern- CJJ1---­
cTpau11111 11 speMeHHoro attan113a pacnpeAe-

D zl 
neHHH tteHTpoHOB. EnoK-cxeMa H3Mep11-

TeJThHOH CHCTeMbl DOKa3aHa Ha pHC. I. 
B Ka'!ecrne .n.eTeKTopa tteHTpOHOB 11c­

non1,3y10TCJ1 KaMep1,1 .n.enctt11.si: KHT-31-1, 

KHT-54-1, Kamr6poaKa KOTOpblX He Tpe6y­

eTCll. IlpHMeHeHHe K3Mepbl }.leJTeHHll AJIJI 

perHCTpaUHH HeHTpOHOB TT03BOJIJieT HCKJTJO­

q11Tb BJIHllHHe raMMa-cpoHa. KaMepbl AeJTe­

IDill DHTaIOTCll OT TTOCTOHHHOTO HCTO'IHHKa 

1-1anpll)Kel-IHM +300 B. tJ:eTeKTOpHblH 6JIOK 

pa6orocnoco6ett npH ,A03e o6ny'leHHll $ 105 

P/'1 11 TeMneparype 0Kpy)Ka10rn.e11 cpeAhl $ 

1 oo0c 11 npe.n.Ha3Ha'leH ,nnJI pa6oThJ B cyxoM 

KaHane. K KaMepaM .n.enemu1 '1epe3 JTHHHH 

CBll3H ,lJ,JTHHOH ~20 M no,nKJTIO'leHbl npe.n.y-

s I( cii-r 

P11c. I. <l>yttKUHOHaJJbHIDI cxeMa H3Mep11renbHOM yCTaHOBKH: 

I - Tpy6Ka HHr; 2 - 6noK ynpaeneHHll 1'!Hr; 3 - no.11eecKa c Ka.Mepoii 
]leneHHll KHT-31-I (HJJH KHT-54); 4- npeJl.YCHm1Tenb KaMepb1 ]lenettttll; 
5 - eTopwrna,i annaparypa HJMepHTenbHOH cttcTCMbI; 6 - n3BM IBM PC 
C HHTCp<j>CHCHOH Kap-roH CBll3H 
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(Qcn) B TO'iKaX C MaKCHMaJlhHbIM OOTOKOM Heifrpo­

HOB. EcJIH Qcn H QBblH H3Becnu.1, TO YMHO:>KeHHe CHC­

TeMbl M MO)KHO 3arrn:caTb B BH,Ile 

M= (Q •• m+Qcn)/Qcn , (3) 
r.D,e QawH - llHcno BhIHY)f(.lleHHblX .D,eneHHH (BbI3BaH­

HhIX HeihpoHaMH HCTO'IHHKa) B CHCTeMe Ha e.D,HHHizy 

MaCChI, a Qcu - MOmHOCTb HCTOqHHKa HeHTJ)OHOB 

cnOHTaHHOro .uenemrn: TJ)aHcypaHOBbIX ::rneMeHTOB. 

TaK KaK M = 1 I M, a M = 1 - K 3<t,, 

TO 1 /(1 - K,<t,) = (QabtH + Qcu ) /Qcn ⇒ ( 1 - K3<t,) = 
= Qcn I (QBblH + Qcn), OTKY .ua 

K,ip = l - Qcn / (Q111,111 + Qcn) = QawH / (QobtH + Qcn)- ( 4) 

Be.rrnqJ,ffia K:xJ> oueHlIBaeTc» csepxy 113 coornorneHH51 

K,<j, ~ (Qehl/Qcn) / (1 + Qe•u.f Qcu ). (5) 
lfaMepeHHaH KaJIH6poeaHHoi1 KaMepoii .uenettmI 

CKOJ)OCTb ClleTa HeHTJ)OHOB B TO'IKe xpamurnma C 

MaKCHMaJlbHbIM IIOTOKOM HeMTpOHOB (f.nax) .D,aeT B03-

MO:>KHOCTb onpe.ueJIHTb OTHOIIIeHHe CKOJ)OCTeH reHe­

pauI111 HeHTJ)OHOB BhlHY)K.lleHHoro H cnoHTaHHoro 

,neneHHH 

QsbtH / Qcn = C lmax, (6) 
r.ae C - K03<pqrn1111eHT nponopuIrnAanhHocrn, onpe­

.nemreMhIH C HCnOJih30BaHHeM paclleTHOH BeJJHq],IHhl 

Qcu H KaJIH6pOBO'IHOro K034>qJHUl1eHTa KaMepbl, KO­

TOJ)blH .nn» K8)l(JlOH KaMep1,I .uenemrn: onpe,aeJI»eTc~ 

Ha crreUHaJihHOH ycTaHOBKe B PHU, "KH" B cooTBeT­

CTBHH C MeTO)J,i,IKOH [16]. 
C1<opOCTb rettepau1m HCHTJ)OHOB CIIOHTaHHOro 

.D,eJiemUI Hapa6oTaHHbIX TpaHcypaHOBbIX 3JieMeHTOB 

Ha rpaMM Torrmrna (Qcn) paccqHTbIBaeTC)l no npo­

rpaMMe MMKFK-2 11JIH STEPAN c HCDOJih30BaHHeM 

.naHHbIX no 3Heproe1,1pa60TKe TBC, nOJI)'1-leHHhIX H3 

CHCTeMbl ueHTpaJ1H30BaHHOfO KOHTJ)OJIH. OcHOBHOe 

COOTHOIIIeHHe .zvrn oueHKH K3<I> qepe3 CKOpOCTb ClleTa 

KaMepbI .ueJieHHH orrpe.nen.sieTCH cpopMynow 

K ,<ji ~ Cf maxi ( l + l max ). (7) 
0THOCI1TeJibHa)l norpernHOCTb 01..(eHKli 00)1,KpH-

TH"I.HOCTH CTaQHOHapHbIM MeTO.llOM /1/{3 <!> / K,<t, 
yMeHblllaeTC.s! C poCTOM K3<1>• ,ll;Jl.s! Toro, llT06bI BeJIH­

'lHHa M><I> / K,cJ> cocTaBJIHJia ~ 1 %, Heo6xo.nHMruI 

TO':IHOCTb B onpe.ueneHHH CKOpocTeii reHepaum1 HeH­

TpOHOB cnoHTaHHoro H BbIHY>K)l.eHHoro .uenemrn 

.uom1rna 6bITb He Xy)Ke 7% npH K3<l> ~ 0,9 H 1,4% npH 

K3 <t, ~0,5. YKa3aHHa» TOllHOCTb onpe,ueneHH.si CKopo­

CTH reHepaUHH HeHTpOHOB CIIOHTaHHOfO .uenemrn. 

.uocTHraeTc.si Ha cneu11anhHOM cTeH,ue PHIJ, "KM". 
KaHan H3MepeHHH CKOpOCTH reHepaUHH HeMTJ)O­

HOB BhIHy)K.IleHHoro .ueneHH.s! Ha e,UHHHUY seca TOn­

JIHBa npe.ncTaBmi:eT co6oi1 KaJT116ponaHtty10 KaMepy 

.neJieHHH KHT-31, rroMeJ.I.teHHYlO B TOHKOCTeHHbIH 

repMeTH'IHb111 I<Opnyc 113 Hep)KaBe10mei1 CTaJIH H co­

e;mHeHHy10 rrocpe.u,cTBOM Ka6eJI.s! (~30 M) C H3MepH­

TeJibHOH ycTaHOBKOtt. l13MepHTeJibHaH ycTaHOBKa 

COCTOIJT H3 HCTO'-IHHKa BhICOKOfO Hanp.si>1-;eHHH 
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(300 B) .unn n11TaHHn KaMep1,1 )l,enemrn, npe.uyc11mI-

TeJIH, ycHJIHTeJI)l, ,!J,HCKJ)HMHHaTopa H nepecqeTHoro 

apH6opa C 3aIIHCb1Ba10m11M ycTpOHCTBOM. 

KoHI.~epHoM "Poc3tteproaToM" BhmymeHa MeTo­

.U.HKa onpe.ueneHHH HeHTJ)OHHO-q>H3HlleCKHX xapaKTe­

pHCTHK n IlO.L{KpHTH'IHOCTH X05IT, KOTopa.si BKillO'-la­

eT o6a BhIIIIenepet.IHCJieHHbIX MeTO.D,a. 

0,aHOM H3 Ba)f(HeHUHIX xapaKTepHCTHK, 3aJlO:>KeH­

HhlX B Tpe6oBaHIDI SI.D,epHOH 6e30IIaCHOCTH npH xpa­

HeHHH OTBC, fil3Jl.s!eTc.si, KaK y:>Ke 61,rno CKa3atto BhI­

rne, 6bl20paHue, 3HaHHe KOToporo He06XO,IlHMO .nm1 

pacqera no.nKpHTHllHOCTH EB X051T . .[(Jui onpe.u,ene­

HIDI BhIropaHHH OTBC 11cnoJih3YeTc.si 2a.MMa­

cneKmpoMempul/eCKafl MemoouKa c ucnOJ1b306aHUeM 

KoppeJ1R.1,f-UOllllOU 3Q6UCUMOCtnU coonmozuemtR U30-

monoe 134Cs u 137Cs om ebzwpamm [17, 18]. )],attHhIH 

MeTO,D; onpe.ueneIDUI rny6HHbI BhirOpaHH51 6bIJI 11C­

nOJib30BaH )l,JI51 OTJ)a6oTaeurnx TB3JIOB BB3P [17] 11 

OTBC PEMK. TeopemqecKH 3TOT MeTO.Il MO>I<eT 

6bITh HCl10Jib30BaH .IlJI.s! onpe.neneHHH BblropaHH.SI OT­

pa6oTaBllIHX TB3JIOB HJIH TBC mo6oro THna. 

HaKonnett11e H3oTonon 
134

Cs 11 
137

Cs MO>l(eT 6hITb 

onpe.n;eneHO H3 O.D,HorpynnOBbIX ypaBHeHHH (19]: 

Q1 = g1 (5)cr~(<Pt)'2o5 + gi9)c❖,~Q08 (<I>t)2 I 2; (8) 

(9) 

r.ne, COOTBeTCTBeHHO, Q7 , Q4 - ICOHUeHTpauIrn H30-

TOl10B 
137

Cs 11 
134

Cs; g3(5), g1(5), g7(9) - BbIXOJlbl 

H30TOITOB 
133

Cs, 
137

Cs npH nenemrn 
235U 11 

239
Pu; cr/, 

cr/ - ce'l.eHHH .neneHH.si 
235U H 

239
Pu; cr/, cr} - ceqe­

HIDI nornomeHHH H30TOITOB 
233U H 

238U; Qos , Qog -
HallaJihHbie KOHUeHTpaUH11 1130TODOB 

235U 11 
238U; 

<I>t - cj>moeHC HeHTpOHOB (HeHTp.lcM
2
). 

BKJia)l,OM .neneHH$1 
241

Pu B KOHUeHTp8U11H H30TO­

ITOB ue3H)l MO>KHO npette6pet.Ib, BBH.IlY ero MaJlOCTH. 

lb coornoIIIeHHH (8) H (9) nonyqaeM 

Q4 g 3 (5)cr~(<Pt) 
-=~~~ (I~ 
Q7 2g7(5) 

lb 3Toro Bbipa)Kem,rn MO)f(HO onpe.uenHTb BeJJH­

q11Hy 4>n10ettca tteihpottos <t>t, a no HeM)' - Macey 

BbirOpeBllIHX 1130TOilOB ypaHa H nnyTOHl1.SI. Ha pHC. 2 
npHBO)l,HTC.s! paclleTHa.si 3aBHCHMOCTb BbirOpamuI B 

OT COOTHOllleHHH KOHUeHTpau110 H30T0110B 
137 

Cs H 
134

Cs no MO.D,Hq>HI.(HpOBaHHblM nporpaMMaM, npI1Be­

.lleHHbIM B pa6oTe [ 18]. 
flHHeMHa}l 3aBHCHMOCTb BbITOpamrn B OT Q4/Q7 

(p11c. 2) Ha6n10.uaeTc» rrpH ( <t>t) < l · l 0 21 
Hei:hp/cM

2
. 

OnmoHeHHe 3TOH 3as11c11MOCTH OT JI11HeHHOH npH 

6oJiblllHX <t>t Bbl3BaHO B OCHOBHOM BbirOpaHHeM 
134c 1,r s. n3 '.)TOfO cne.uyeT, '-!TO npH HanpH)f(eHHbIX yc-

JIOBHHX pa6oThI TBC, Kor.ua Ha6monaeTcH MHrpaUH51 

npo,n:yKTOB neneHHH, paccMaTpHBaeMhTI1 MeTO,Il no 
,nc u4c s 11 s HenpHMeHHM K onpenenemuo .nmpcpe~ 

peHUH8JlbHOfO BbirOpamrn. 
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P1-1c. 2. 3aBHC~{MOCTb OTHOWCHH.R Q4/Q7 
OT rny6HHbl BbirOpaHID! 

3KcnepHMeHnuu,Hoe onpeJ1.enem1e KOHQettTJ)aQHH 

J130TOilOB 
134es, 137es npOH3BO)J.liTC51 nyTeM l13Mepe­

Hl1M liHTeHCJ1BHOCTH y-JIJ1HHM 3TIIX H30TOITOB C JHep­

fHjfMJ.1 662 JB (
134 es) 11 800 KJB (

137es). 
)],Jrn Bbl'UICJJeHHSI nnorn:a)].di HCCJJe)J.yeMbIX cpoTO­

IlHKOB 11cnoJJb3yeTc51 cl>OPMY na 
Ill 

S= S11 -S<l>o" = L N; -0,5(N1 -N2)(n2-n1 + 1), (l 1) 
i=I 

r.11,e, cooTBeTCTBeHHo, Sn , Sq1oH - nnorn:a.lJ.H nHKa H 

cpotta; N1 , N2 - 'IHcno HMfTYJibCOB B nepsoM 11 no­

cne)J.HeM Kattanax 11ccne,!l.yeMoro cp0Tom1Ka (Ha rpa­

HHl..(ax Q)OTOITHKOB); n,, n2 - q11cno KaHaJIOB Me)K.ny 

rpaHHQaMH (pOTOnHKa. 

KottUeHTpauHjf H30Tona Q CBH3atta C TTJIOIQaJJ,blO 

COOTBeTcTBy10w:ero cpoTOTIHKa no cpopMyJie 

Q = S"'•r I ( E (Ey) "- K(Ey) 8(£1) ), ( 12) 

r.ne S - IlJIOJ.Ua)].b cpornnHJ<a; E(Ey) - 3cpcpeKTHBHOCTb 

perHcTpaum1 coorneTcTBy10w.e11 y-JIHHHH H30Toaa; A 
- aoCToHHttasi pacna.na 113oTona, Ile; K(Ey) - BbIXOJJ, 

y-KBaHTOB COOTBeTcTBy10mero H30TOna; 8(Ey) - KO­

J<p<j)Hl(HeHT caMonornomeHIUI y-KBaHTOB COOTBeTCT-

0y10rn:e11 3Hepnrn B TOilJil,IBe; txp - speMH OT MOMeHTa 

H3BJie4eHH51 c6opKH H3 peaKTOpa .no MOMeHTa H3Me­

peA1U1 (no yqeTHl,IM ,naHHblM CTalH~HH), C. 

McXO)J.SI 113 <j)opMyJihl (12), OTHOllleHHe KOHJ.J,eH­

TpaUHH H30TOilOB 
134es H 

137es paCC'lHThJBaeTCSI no 

<pOPMYJie 

Q4 = S4. E(E.,)1"-1 K(E.,)1o(E.,)7 e(k,-).,),,p . 

Q7 S7 e(E
1

) 4 A4K(E.,)J)(E.,)4 

(13) 

0THOCHTeJihHaH norpeurnocn, B onpe,n:eneHHH 

KOHQettrpauHii H30Tonos 
I34es H mes cKna)J.bIBaeTc51 

111 oarn6oK s oape,!l.eneHHH n.1101.Ua.neli nHKOB (±2%) 
l1 <pH3H4eCKHX KOHCTaHT (I - 2%). CyMMapHa51 rro­

rpelliHOCTb pastta ~ ± 5% (0,95). 

)J)rn M3MepeHIDI r aMMa-cneh.'TPOB OT OTBe tteo6-

XOJ1.HM CTeH.n. )],mi 113fOTOBJieHHH CTeH.na HCnOJib3YeT­

CSI CTan.napTHhIH "cyxoii" nettan )J.JJjf xpattemur orpa-

6oTaBlllHX c6opoK, K KOTOpoMy CIU'l3Y npHcoe.n.11HeH 

yrn)l(emnem,. 3all.l,HTa 6.110Ka )J.eTeKTHpoBaffiUI H3ro­

rnsn11saerc51 H3 ttep)Kase10meii CTaJIH H npe.ncTaBAAer 

co6oi:i KOJJbl(esoJl nonbrn 1.1,HJIHH)].p, 3ano.11tteHHbIM 

CBHHl..(OM, c OTBepCTHeM )J.JIH KOJ1JlHMaTopa. 3auuna 

6JJOKa .n:ereKT11poBaHHH C KOJJJIHMaTOpOM no.nsem1ma­

eTCSI Ha rpaBepce cttapy)lrn "cyxoro" rreHana H MO)f<eT 

rrepeMeUJ,aTbCH no ero ,nmrne no.11,'beMHbIM KpattoM JIH-

60 cneQHaJJI,HI,IM MexaHH3MOM. EnoK .neTeKrnpoBaHIDI 

no)J.BeUIHBaeTCSI Ha rpasepce BttyTJ)M CBHHl.l,OBOH 3a-

1UHTbJ H rrepeMeruaercsi BHYTPH neHana. 

M3MepeHH51 OTBC Ha cTeH)J.e np0Bo.n.11Tc.11 npM 

nOMOUJ,H raMMa-cneKTpOMerpa, COCTOSILUero H3 TeJJ­

nypH,!l.-Ka,UMHesoro 6noKa )J.eTeKTHpoBaHHH, Ka6eneJl 

JJHHHH CBSl3H, 6noKa raMMa-cneKrpOMeTpa 11 TT3BM 
IBM PC c attanoro-1.1,mpposh1M npeo6pa:30BaTeneM 11 

HHTepcpei1cHOH KapTOH CB513l1. 

JJ;pyrHM nepcrreKTHBHhIM cnoco6o.M onpeoeJ1emm 
2.11)16UHbl 8b120pal-tU.Jl Jl8JlJlemcJl Memoo, 0Cll08QHHblU /JO 

pe2ucmpal/uu co6cmeeHH020 11ez7mpoHH020 u3ny'leHufl 
Of/T. B rrpouecce o6nyqeHJ1jf 11cxo.nttoro TonnJ.IBa 

U02 B HJlepHOM peaKTope B HeM o6pa3y!OTCSI HYKJJH)],bl 

Pu, Am, Cm, 06na,1J.a10m11e BhICOKOH y )J.eJJbHOH a.­
aKTHBHOCThJO H 3HRlfHTeJJbHhlMH BhIXOJJ,aMH HeHTpO­

HOB cnoHTaHHoro )J.eneHHH. Be.1111tmtta co6CTBeHHoro 

HeH-rpOHHoro H3JJylfeH1'UI, COCTOSIUJ,ero H3 HeHTpOHOB 

(a., n) - peaKUHH Ha nenorx .si.npax H HeH-rpOHOB CrIOH­

TaHHOrO )J.eneHHjf 51.IJ.ep Pu, Am, Cm, Henocpe)].CTBeH­

HO CB513aHa C seJIHlfHHOH BbITOpattHSI B. 

Pacl.feTbl y .neJibHblX Bb!X0)],0B HeHTpOHOB ( a,, /I) -
peaKl.l,HH H HeihpoHOB CTTOHTaHHOro J].enemrn .11.m1 

0.51T PEMK-1000 H BB3P-l 000 nOKa3bJBalOT, 4TO 

IlOTOK co6crneH!fblX HeHrpOHOB s HHTepsanax BhirO­

pamrn 5 + 40 MBTcyT/KrU .nocTaT04HO HHTeHCHBeH, 

tff06bI HCTIOJJb30BaTb pe3yJibTaTbl HeHTJ)OH.HbIX J.13-

MepeHHH .nJIH onpeJ1.e.11eHH51 sbu-opaHHH c rrorpeurno­

CTblO ± 15 + 20% [20, 21]. 0CHOBHOH BKJia,n B TIOJI­

HblH Bb1xo.n tteifrpottos np.11 sbiropattu.six B 2'. 20 

MBTcyTIKrU H BpeMeHH BbJ)J.ep)KKJI tc > 1 + 1,5 ner 
)J.aeT 

244Cm. 
B 3HatJHTeJJbHOM )J.HaTia30He BbirOpaHHSI 5 + 40 

MBTcyTh<rU senH4HHa ttewrpoHHoro noToKa W cssi-

3aHa C BhirOpaHHeM (B rrepsoM npH6JJH)l(eHHl1) COOT­

HOilleHHeM 

B = Bo(W/Wc,)1111 ek,,.' (14) 

r)].e Wo, Bo - COOTBeTCTBYIOil.{He rpa)J.yHpOB04Hbie 

3HatJeH1'UI HeHTpOHHOro TIOTOKa H Bbiropamrn, nplIBe­

.neHHhle Ha MOMeHT BbJ)J.ep)J(KH tc = 3 ro)J.a; "- - no­

CTOjfHHaSI pacrra.na 
244

Cm; n - IIOKa3aTeJJh, 3aBHCH­

IUHH OT BbffOpamrn. TioKa.3aTeJJb n yMeHbwaeTC51 C 

pOCTOM BbITOpaHH.sJ, '!TO o6ycnOBJIHSaeT Heo6xo.n.M-
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MOCTb rpa,D,yHpOB011HbIX H3MepeHHH BO BCeM KOH­

TpOJJHpyeMOM .rurnmnoHe B H TeM caMhIM ycJJO)l(HSJeT 

Me-rponor!fliecKoe o6ecnet.JeHHe ,D,aHHoro MeTo.na. 

TipH BCeH npOCTOTe H3Mep1,neJihHOH TeXmIKH Me­

TO,D. Hy)l(,D.aeTCSI B MeTO,D.Hl.JeCKOH npopa60TKe Bonpo­

COB, CB$13aHHblX C yqeTOM 3<p<peKTHBHOTO K03cpqm­

UHeHTa pa3MHO)l(eHIDI HeH.TPOHOB, KOTOpbIH TaK)J(e 

3aBHCHT OT BeJIJflIHHbl BblfOpaHID! H OT cpe.n&r, OKpy­

)l(aJOl.l(eH H3Mep.sieMYJO OTBC. TaK, HanpHMep, .n.n.si 

o,n.HOH TBC BB3P-1000, pacnoJJO)l(eHHoH B EB (a 

BO,n.e), K3!p H3MeHHeTCSI B 11HTepaane (0,9 + 0,6) npR 

H3MeHemrn BhlfOpaHIDI B ,D,HaTia30He O + 40 

MBTcyTIKrU. KpoMe Toro, AJI.!I KOHTPOJJ.!I B&iropaHH.si 

np11 noMomH perncTPau.1:rn co6crneHHOro HeHTPOH­

ttoro 113.II)"IeHH.!I (Qiot ) He06XO,lJ,HMa HH<pOpMauwi 0 

apeMeHl1 BbI,D.ep)l(KH le ' '-IT06bl B COOTBeTCTBHH C 

<popMynoH (14) yt.JeCTb 3KCTIOHeHUHaJll,HOe yMeHh­

rnem;Ie CKOpOCTH C'IeTa HeHTPOHOB, Bbl3BaHHOe pac­

na,n.oM 
244

Cm. 

TipH H3MepeHHH co6crneHHOfO HeHTPOHHOfO H3-

nycieH11$1 OT OTBC BbiropattHe onpe,n.em1.eTCJ1 KaK 

CTeneHHaSI q>yHKUIDI HHTeHCHBHOCTH HeHTPOHHOfO 

nOTOKa: 

B = a.1(W) 11
' , ( I 5) 

r.n.e a.1, 0.2 - KaJIH6poBOlJHbTe K03q>q>HUHeHTbl. Pe-

3YJlbTaTbl 113Mepemrn BOCCTaHaBJJHBaIOTC.!I. C yTJeTOM 

reoMeTpH'ieCKOfO pa3peweHIDI ycTaHOBK.H. 

1IyBCTBHTeJibHOCTh MeTO,D,a HeHTpOHHOrO CKaHH­

poBaH11$1, 6naro,D,ap.si CTeneHHOH 3aBHCHMOCTH HaKon­

neHH.!I TpaHcypaHOB OT 11HTerpaJll,HOrO HeHTpOHHOfO 

TTOTOKa B peaKTOpe, TT03BOJISieT yaepeHHO onpe,D,eJIHTb 

CTeneHh HepaBHOMepHOCTH BhlfOpaHl-rn no JJ;JI.HHe 

OTBC, '-!TO .sI.BJIHeTcSI cymecTBeHHbIM <paKTopoM np11 

H3y'leHHH ,D.HHaMl1Kl1 BblfOpaH.JUI B aKTHBHOH 30He 

peaKTopa. Y CTpOHCTBO, HCnOJJb3YIOl.l(eec.si JJ;JJSI ocy-

mecTBneH11.si ttacTo.snuero Me-ro.na, no3so1rneT nposo­

.D.HTb cKamIposatt11e OTBC HenocpeJJ;CTBeHHO a EB. 

l1faMepSieMaSI c6opKa B nettane noMemaeTcSI B H3-

Mep1neJihH&1it o6beM, BbI6paHHhlH TaKHM o6pa30M, 

lJT06hJ HCKJIIO'IHTh BJIHsnrne coceJJ;HHX c6opoK, Haxo­

JJ;Sil.l(HXC.!I B illTaTHbIX MeCTaX CBOero xpaHeHIDI. KaK 

TIOKa3aJIH <pOHOBbie H3MepeHIDI, npH pacCTOHHHH .no 

6JJH)l(aHJ.lleH HeH3Mep.sieMOH c6opKH -1 M HHTeHCHB­

HOCTb CtJeTa q>OHOBOfO CHrHana npeHe6pe>Kl1MO Mana 

( < 1 % ) no cpasHeruno co cKopoCTbJO cqe-ra JJ;a)l(e MSI 

nep1-Hpep11HHbIX yqacTJ(OB KacceThl. 

.ll:eTeI<TttpyIOl.l(HH MO,D,yJJb pacnonaraeTC.!I B nycTOM 

nettane p.si,D,oM c H3Mep.si.eMoi1 c6opKOH nocne yCTa­

HOBKH rrocne.nHeH B H3MepHTeJibHOM o6beMe. TipH 

3TOM YCTPOHCTBO npOT.!l)l(KH MO,D,y]Iji pacnonaraeTc.si 

Ha KphimKe 6acceHHa Henocpe,D,cTBeHHO Ha,D, H3Mep11-

TeJibHbIM o6beMOM. B KatJeCTBe )I.eTeKTopa ,nruJ. pern­

CTPaUHH co6CTBeHHoro HeHTpOHHOfO H3Jiy'-!eH11$1 HC­

noJib3YlOTC.!I KaMepbI neJJeli11$1 rnna KHT-31. 
<l>HKCHpyeTCH Hat.JaJlbHOe TTOJJO)l(emIe ,D,eTeKTH­

py10mero MO,D,yJJH, nOCTO.!I.HHOe JI.JI.!! Bcex c6opoI< H 

COOTBeTCTByIOmee Ha'laJibHOH TOlJKe CKam1poBaHID1, 

H nepeMemettHeM MO,D,yJIH caepxy BHH3 ocymecTBn.si­

eTc.si ,aHCKpeTHOe ( C 3aJ.J,aHHhIM rnaroM) CKaHHpOBaHHe 

OTBC. Pent:CTPHPYIOma.si annaparypa 11 6noKH nw­

TaIDrn KOHCTPYKTHBHO BblHeCeHbl 3a npe.11.eJJbl pa6o­

qero o6beMa 11 MoryT pacnonaraThC.SI HenocpencT­

BeHHO B 3a.rre EB X0.51T. 

ITpe,D,JIO)l(eHHbie MeTOJJ;bl onpe,D,eJieHIUI Bb!ropaHH.SI 

no YKa3aHHhIM BbIIJJe npH<Il1HaM, a TaIOKe H3-3a or­

pOMHOfO KOJJH'-!ecTBa HaKonwarnwxcH B X0..51T OTBC 

PEMK (-20000 illT. TOJJhKO Ha JIA3C), MOryT 6bITb 

HCTTOJJb30BaHbl TOJJbKO L{Jiji Bb16opo'1Horo KOHTPOJJH 

TOl.JHOCTl1 onpe,D,eJJeHl1.!I BhlfOpaHIDI C nOMOl.l(blO 

mTaTHhTX CHCTeM A3C. 

2. PeJyJibT3Tbl HCDblT3HHH HMnyJibCHOrO MeTO,lla onpe,ae.rJeHHH 00.llKPHTH'IHOCTH 

TipaKTH'-leCKi-te peKoMeH,D,au.m-1 no B03M0)1(1{0CTH 

i-icnOJJb30BaHIUI CTaUI-IOHapHOH MeTO)lHKH onpe.n.e­

JieHH.SI IlOJJ;KpHTHl.JHOCTH MO)l(HO B3.s!Th 113 pa6oT, 

npose,D,eHElhlX B 6onee paHHHe cpoKH Ha 06beKTe 

"YKphirne" 1Ieptto6hIJJhCKOH A3C [22]. HcnblTa­

HJ,fj{ HMTTYJJhCHOfO MeTO,D,a onpe.n,eneHH.!I no.nKpH­

THlJHOCTH npOBOJJ.J,IJIHCh Ha JIA3C, a H3MepemI.si 

.11.eKpeMeHTa 3aTyxaHH.sJ. 0. - C nOMOl.l(blO :rneKTpOH­

HOH annapaTyphl, 6JIOK-CXeMa KOTOpOH npI-rne.11.eHa 

Ha p11c. 1. 
,ll;n.si pacqeTa p:><j, H L ' Heo6XO,lJ,11MbIX JJ;JIJI 3KCne­

pHMeHTaJibHO-pacqeTHOrO onpe.n.eneHH.!I p H K,q, ' 
HCTTOJib30Banacb nporpaMMa MCDENSP[l2], .sia­

n.siIOma.sic.si Mo.n.11<pHKau11ei-i nporpaMMhl MMKFK 11 

TT03BOJJ.!IIOIUa.!I C TTOMOl.l(blO TeOp11H B03MYlll.eHJrn pac­

cqHThIBaTb speM5I )l(H3HH L MfHOBeHHbIX HeHTpOHOB 
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KaK .npo6Ho-fo1mrneHHbIH qiyHKU110HaJJ KBa311CTa­

UHOHapttoro nOTOKa H ycnOBHO-KpHTH'-leCKOH u.eHHO­

CTll ttei-i-rpottos. MeTO,lJ,HKa pactJ.eTa H nporpaMMa 

o6oCHOBaHhI TeOpeTHl.JeCKH [23] 11 3KCnepHMeHTaJJb­

HO [24, 25] . 
Ha pHc. 3 - 6 np11ae,D,eHhI pac'-!eTH&Je 3Ha1IeHID1 L, 

p3<p, a. H K:><j,, nony'leHHhie B 3aBHCHMOCTH OT 060-

ramem,rn ropIO'-!ero no 113orony 
235

U H sb1ropaHHR 

OTBC np0 ynnorneHHOM xpaHeHHH. ITpe,D,cTasneH­

HhJe pactJeTHble KpHBble nony'leHbl ,ll,Jl.SI HeB03MY­

meHHhlX paaHoMepHhIX peweTOK OTBC. 3aMeHa 

OTBC Ha nycThJe KaHa.Jihl .nnH pa3MemeHIDI B Hl1X 

3Kcnep11MeHTaJibH.bIX YCTPOHCTB - Tpy6Ki-t 11Mnyn&c­

Horo HeHTPOHHOrO reHepaTopa H ]laT'-!HI<OB Heii-rpo­

HOB npHBOJJ.l1T K HecymecTBeHHblM H3MeHeHHSIM KOH­

CTaHT L, p,ip, a 11 K3q, . 
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3. 3KcnepHMCHTaJlbHaH npoBepKa onpe;:teJleHHH rny6HHbl BblropaHHH 

l1cnb1Tam1e Mero.umrn onpe.uenemrn rny611Hb1 BbI­
ropaHIDI 51,nepHoro rnnmrna s OTBC PEMK-1000 
npOBOJ],HJlOCb Ha MaKere H3MepHTeJU,HOro CTeH,ua, 
coopy)KeHHoro s 6acceirne X05IT KypcKow A3C. 

KoMnneKT 113MepHTeJJ.bHOi1 annaparypbl BKJI[Oqan: 
TeJIJJypH,U-KaJJ,MHeBbIH .uereKTOp B CBHHIJ,OBOH 381IJJ,f­
Te, npe.nycHJUlTeJib, Ka6e1111 Jll1Hl1H CBH311, 6noK aM­
nnHtyAHOTO attanH3a H TI3BM IBM PC co scrpoeH­
HOH nnaro:w AI.J,TI 11 11ttrepcpeifottoif Kaproif CB51311 
(pHc. 7). 3KcnepHMeHTanbH851 nponepKa MaKera 113-
Mep11reJibRoro crett.ua no.urnep.nHna B03MO)KHOCTb 
npose,ueHH51 M8CCOBblX 113MepeHHH raMMa-cneKTpOB 
OTBC B 6acceifHe X05IT crattu,w11 npH noMOll.lH 
npe,nnaraeMoH H3Mep11renr,tto11 annaparypb1. 

3Kcrrep11MeHTaJJbH851 nposepKa MeTO.UHKH onpe­
.nenemrn rny611Hbl Bbiropamrn si,uepHoro ronmrna s 
OTBC PEMK-1000 npOBOAHnacb Ha ,L(eCHTH orpa60-
ran!ll11x c6opKax c HallaribHbIM 06ora11J,eH11eM 2,0 H 
2,4%, cpe.n:Hdi pactJeTHOH rny611HOH BbiropaHHH 14 -
21 KriTU H npeMeHeM BhIAep)KK11 l ,5 - 2,5 ro.L(a no­
cne Bbirpy3KH H3 peaKTOpa H .no M0MeHTa H3MepeHH.51. 

,D.nsi H3MepeHHH raMMa-cneKrpos OTBC Hcnonb-
3osancsi raMMa-cneKTpoMerp c rennypH,n-Ka.UMHeBbIM 
.neTeKTOpOM c pa3pernaIOilUfMJ,f cnoco6HocrnMH 
IllllilB, paBHbIMH 7,2 - 8,5 .IXM l1HKa 137Cs (662 K3B) 
11 8,3 - 10,5 .UM mn<a 134Cs (796 + 802 K38). B raM­
Ma-cneKTpax OTBC 3TH y-n11HHH 6hIJJH t.ieTKO sbI,ue­
neHr,1, B TO speMSl KaK y-JJHHJ.,UI C )Heprnew 605 K3B 
{134Cs) Haxo.nwnacr, Ha Kparo KOMCTTOH0BCKOrO pac­
npe.n.eneHH51 H 6brna qacTH'IHO HM 3aKpb!T8. 

Ilocne o6pa60TKl1 113MepeHHhlX raMMa-cneKTpOB 
TIOJIY"l8JOTCSI 3KC□epHMeHTaJlbHbie BenHlJHHhl m!K0B 
S4 , S1 B TOLIKax H3Mepemrn .llJl5I K8)1{.ll.OH o6cne.no­
saHHOM c6opKM. no l13MepeHHb]M 3H8'-leHHHM S4 11 S1 
H ,n.allHblM Ta6JJHIJ,bl onpe.nemUOTCH nem,rtJHHf,I OT­
HO!lleHHH KOHU,eHrpau,,m l130TODOB Q4 H Q1 (ycpe.l{­
HeHHble no c6opKe). no rpaq>HKY, npe,n.CTaBJieHHOMY 
Ha pHC. 2, HaXO,D.MTCH cpe,n.IDUI rny6i-rna Bbrropamrn 
ronmma Bcp B .nattHOM c6opKe. Ha p11c. 8 npe.n.cran­
neH npHMep pacqerHoro H JI<cnepHMeHTaJJbHoro 
pacnpe.ueneHHH rny6HHbl Bbir0p8HHH no ,D.JJHHe o.u­
HOH 113 I 0-TH o6cne.uosaHHbIX c6opoK. 

CpantteHHe yt.ieTHblX .U8HHblX CTaHU.HH no rny61-1-
He BbffOpaHIDI c6opoK C 3Kcnep11MeHTaJJbHblMH 3Ha­
'-IeHIDlMH Il03B0AAeT orrpe,ueJlHTb HX pacX0)K,ll.eHHe 11 

{f)11311qecK11e xapaKTep11cr11KH 113oronon 
134

Cs "' 137Cs 

XapaKTep11cT11Ka 

Tiepwo.n nonypacna.ua T112 , neT 

TiocTOJIHHM pacna.ua 'J..., 1/c 

Br,rxo.n raMMa-KsaHToB K(E,), % 

Ko3cbcb11u11eHT caMonornol.l\CHIUI S(Ev), 0TH. e.u. 

3cpcpeKTHBHOCTb perHCTpaUKFI raMMa-KBaHT0B r.(Ev), 0TIJ. e.u. 

Ycu.ru, renL li110K" 

llll f3IIHH 

4 = 
P11c. 7 EnoK-cxeMa raMMa-cnet<TpoMe-rpa: 

I - Tennyp11,!(-Ka;1.M11eab1H ;1.aT'lHK; 2 - npe;zyc11m1Tenb; 
3 - cne1ffpoMeTp1-RecK11i1 6noK; 4 - n3BM JBM PC 

c aJlanoro-u11cppoBblM npeo6pa:msaTeneM 11 
11HTepcpeikHOH KapTOH CBll311 

7 
Bwco-ra OTBC, M 

'-.........._ 

5 -+----+-----+-----+-----+----.... 

• 

2 -+----+-----+-----+----+---+< 

• 

0,00 0,40 0,80 

P,. 

Pwc. 8. T111111•rnoe pacnpe.ueneHHe nr,1ropamu1 
no .ll.JlHHe OTBC: • - :>KcnepHMeHT, -- - paclleT 

oueHHTb norperuHOCTb onpe,ueJ1eHH_}J rny6HHbI Bbir0-
paIDU! H K03q>q>M~eHTb1 HepaBHOMepHOCTl1. 

Hcrronr,3yH: nonyqem-1r,Ie pacnpe.ueneHMH 137Cs no 
JJ.JlHHe OTBC, MO)KH0 onpeJJ.enHTb K03q>q>11u11eHT Kz 
ttepaattoMepH0CTH pacnpe,uenemuI BbiropattID! no 
.UJJHHe TBC, paBHhIH OTHOI11ett1110 MaKCHManI,HOro 
sr,iropaHJUI K cpe,uHeM)' no .u.mrne c6opKH. 

Cs-137 (662 K3B) Cs-134 (796 + 802 10B) 

30,0 2,0 
7,2 · 10·10 1,0. 10·3 

85,1 85,1+8,8 

0,8 1,0 

1,0 0,8 
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3aKJUO'ICHHe 

1. B CB51311 C npOBO,llHMMMH pa6oTaM11 no ynnoT­

Hemuo )J.eiicTBYI011111X CTaIJ.HOHapHbIX xpaHHIDlll(, C 

KOT0pbIX 051T He Bbl803HTC51, Heo6XO)J.11MO nposecn1 

pa60TbJ no C03)J.aHl1JO H BHe)J.peHHJO CHCTeMbl K0H­

TJ)0Jlll napaMeTJ)OB 6e3onaCHOCTl1 npH xpaHeHHH 11 

o6palll,emm c 05IT )J.n51 pacqerno-3Kcnep11MeHTanb­

aoro onpe.ueneHH51 cocT051HH51 n.uepHOH H pa.u11au11-

0HHOH 6e3onac110CTH, 0CTaToqttoro 3Hepr0BbI,llene­

Hl151, TeMnepaTypHbIX I,f )J.pyrnx Ba)l(HbIX ,llJlll 6e3o­

nacH0CTH xapaKTepHCTHK. 

2. Pa:3pa6oTaHHa51 MeT0,llHKa 11. 3neKTpOHHaJI CHCTe­

Ma Il03B0JllllOT C Ja,llaHHOH TO'IH0CTblO (.uo 1 - 2%) 113-

MepHTb CKOp0CTb cna.u.a llflOTHOCTH HeHTJ)OI IHOro no­

TOKa H HC□OJJh30BaTb 3TY Be.JillqHHy )J.n5! pacqeTH0-

3KCnepHMeHTIUlbH0ro onpe)J.eJJeHH51 K* EB xom. 
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A"1ArHOCT"1KA 

Y )],K 621.039 

MeTO,ll;HKa K3JIH6pOBKH H onepaTHBHOf'O KOHTpOJISI pa60Tocnoco6uocTH 

H3MepuTeJihHhlX KauaJIOB CBPKT 6e3 ,ll;eMOHTaJKa 

TepM03JleKTpH'IeCKHX npeo6pa30B3TeJieii 

B.H. liOZOAt01106, B.H. 3aMuycc«uu, 
fHI.~ P<l> <I>3I1 , 249033, O6HMHCK Ka.ny)KCKOH o6n. , nJJ. EoHJWpeHKO, I 

Om1ca11a MeTO.[{HKa KaJ.JH6poBKJ,f 113MepHTeJJhHblX l<aHaJJOB CHCTeMbl BHYTPHpeaKTOpHoro KOHTPOJUI TeMneparyp 
(CBPKT), BblnOJJID!eMoH 6e3 .QeMOHTIDKa nepew-rnbrx TepMo::>ne1CTpwiecKHX npeo6pa3oeaTeJJeH (T'.)fl). ,[{aHo om,caHJ,ie 
anropHTMa onepanrnuoro KOHTPOJlll pa60TOCITOC06HOCTM J,f3MepwTeJibHblX KaHaJJOB, OCHOBaHHOro Ha MeTO,lle napHbTX 
perpeccHH. MeTO.QRKa BHe.QpeHa Ha EenollpCKOH A3C Ii npowna TeCTRpoaa,-me Ha ::>KcrrepHMeHTaJJbllbIX ,uaHHbIX, nony­
qemtbIX Ha 5-0M 6noKe HoeoaopoHe)KCKOH A3C. 

NUCLEAR REACTOR CORE TEMPERATURE CHANNELS CALlBRA TION METHOD WITHOUT 
TAKING SENSORS OFF THE REACTOR. V.N. BOGOMOLOV, V.N. ZAMIUSSKIY. Nuclear reactor core tem­
perature channels calibration method without taking sensors off the reactor and measuring channels workability control 
algorithm, based on pair regressions, are presented. These methods were applied in industry on Beloyarskaya NPP and 
passed throw testing on experimental data from 5-th unit ofNovovoronezhskaya NPP. 

OcHOBHoe o6opyJJ,osaHHe A3C ocHametto 6oJJb­

IJl1ilM K0JIH"4eCTB0M H3MepHTeJlbHblX KaHaJI0B. b0Jlb­

IJl1ilHCTB0 J.13 HID<, 8 4aCTH0CTl1 TepM0MerpH4.eCKMX, 

0THOCHTCH K THrry BCTpoeHHblX, T.e. BeCbMa HeyJJ,06-

HI,JX JJ,JI_jj MerponornqecKoro 06ecnet1ettHH (ttaJJ,3opa, 

nosepKH 11 T .JJ,.). TaK, nosepr<a H3Mep11TeJlbHbIX KaHa­

JI0B CBPKT Ha 3-eM 6J10Ke EA3C, Hanp11Mep, Bbl­

noJJHHJJacb TOJlbKO BO BpeM_jj nnaHOBbJX OCTaHOB0B Ha 

peM0HT. ITp11 3TOM npOBOJl,J1nCll ,neMOHTa)K 4aCTH 

T3TI, s1,moJTHHnac1, 11x noBepKa B na6opaTopttb1x 

ycnOBHm< M He3aBHCl1MO OT pe3yJibTaTOB rrpoB0):(11-

JiaCb 3aMeHa Ha H0BI,Ie, T. K. BTOpH4HbIH MOHTa)f( 

T3TI 061,eKTHBHO tteu;enecoo6pa.3eH 113-3a noTem-1.11-

aJJhHOH onaCH0CTM HX MexaHH4eCKOH ll0JIOMKH, pa­

,l(Ha]-1110HHI,JX 3arpll3HeHl1H 11 np. 

MerponornYecKasi cny)K6a EA3C 11cnoJJb30BaJia 

"BpeMeHHb1e ITpaawna ... ", K0T0pb1e no3B0JJ.!IJTM eJ;i 

np0BO,UJ.1Tb BbI60p04HblH K0HTp0JTb TepM0Me1-pJ,!l-Je­

CKMX KaHaJJ0B. 3TO cymecTBeHH0 CHH)KaJIO TPYA0eM­

KOCTb MerponorntteCKHX pa6oT 11 MaTepHaJibHb)e 3a­

rpaTbl, HO He perna.no 3aJJ,a~1y Merp0JJ0rM4eCK0ro 

06ecnet1eHMll CBPKT, T.K. K0HTP0JJb npoBomrnc.11 

Bb16opo4.HhlH 11 coxpamrnacb npaKTMKa 3aMeHbl eme 

BnoJJHe 11cnpastt1,1x T3TI . 

B TO )Ke BpeMSI OTe4eCTBeHHOH H MMpOBOH npaK­

THKOH nOBCeMeCTH0 npH3HaeTCll, '-!TO MeTpOJJ0rH4e­

CK0e o6ecne'!eHHe CJI0)l(HbfX TeXH!1'-JeCKHX o6beKTOB 

B YaCTH nosepKH (Kam16poBKH) cpe,n:cTB 113Mepe1rni1, 
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BcrpoeHHbIX 8 TeXHH'leCJ<He ycrpOHCTBa, IlOHJJ,eT no 

nyn1 pa3pa60TKl1 cnel.(HaJlbHblX nosep04HbIX MeT0-

Jl:11K [] ], a TaK)Ke nyTeM 11CilOJlb30BaHl1.SI cpeJJ,CTB Jl,11-

arHOCTHpOBaHl-f_jj H3MepMTeJibHbIX CHCTeM TeCT0BblM 

11 cpyHKI.\HOHaJibHblM cnoco6aMl1 [2]. 

TiplfMeHJ-1TeJibHO K 06-heKTaM aTOMHOH :rnepreTH­

KH no.n:06Hb1e MeTOJl,HKH pa3pa6aTblBa.JJHCb B <1>3Jil 

paHee 8 OCHOBH0M Jl,Jl_jj ycTaH0BOK cnel.(J•taJJbH0ro Ha-

3Ha4eHl1ll . 3TH MeTOJl,bl BCeCTOpOHHe anpo6HpOBaHbl 

11 ll0Ka3aJIH CB0lO npaKTH"4eCKYlO l.(eHHOCTb. HeKOTO­

pr,1e pa3pa60TKli aJirOpHTMOB .n:11arnocTHp0BaHJ,U1 Jl,llil 

.11JJ,eptto-:rnepren1qecKJ,1X naponp0113B0,LVII.l..{RX ycrn­

HOB0K o6mero Ha3HatJeHHH BblllOJIHeHbl B <1>3H B 

nocneJJ,Hee apeM_jj no 3aKa3Y K0HcrpyKTopoB [3). 

MeTOJl,HKa Karrn6pOBKH 113MepHTeJibHblX KaHaJI0B 

CBPKT 6e3 JJ,eM0HTIDKa T3TI ,n:JJH peaKrnpa 6H-600 

EA3C pa3pa6aTbrnaJiacb B CD311 no ITporpaMMe 

OHTTI-6 "CoBeprneHCTBOBaH11e MeTponornyecKoro 

06ecne':lett11H JKcnJJyarau:1111 A3C". Otta 11cnOJTh3YeT 

npHHI.\Ji!Il 11Hcj)OpMal.(110HHOH H36bIT0'-1:HOCTH H 0CHO­

BaHa Ha 113BeCTHblX cnoco6ax CTaTl1CTH"4eCKOH o6pa-

60TKl1 3KCnepHMeHTaJlbHblX ,uaHHbIX, noJTyYaeMbJX 

MeTO.l.lOM naCCHBH0ro 3KCnepHMeHTa ( QH1Kca1-11111 Te­

KY[l.{HX 3HatJemrn napaMeTpOB) BO BpeM.!I nycKOB, oc­

TaHOB0B 11 pa60Tbl 6JJOKa Ha HOM11HaJibH0M ypoBHe 

MOUJH0CTH. 

MeTo,u11Ka coJJ,ep)KHT B ce6e JJ,Ba cnoco6a, 06-1,e­

,u11HeHHb1x o6wei1 3a,n:a4e11. TiepBr,111 npet1CTaBJllleT 



co6oi-i co6cTBeHHO KaJ1116pOBKY, 0CH0BaHHyIO Ha 11C-
110Jlb30BaHHl1 B KatteCTBe o6pa3UOBOro 113Mep11TeJ1h­
HOro Ka.Hana MaTeMaTH4eCKOH M0,nem1 B B11.lle TaK 
Ha3hrnaeMoro TeKyl.L\ero cpe.nHero. 11TepaU;l1oBHcUJ 
npou.e.nypa OT6opa KaHa.rJOB, 00KaJaHI-UI KOTOpblX 
MCTIOJ1b3YJ:OTC.H )lJl.11 qiopM11poBaH1-rn TeKyl.L\ero cpe.n.­
Hero, rrpe.nycMaTJ)HBaeT HC00J1b30Bam1e CTaTHCTMtJe­
CKMX 11 Me-rponorR'!eCKHX TIOKaJaTenei:i, K0T0pbie 
onepanrnHo BBO.llHTC.H no Janpocy nosep.11101.L\ero. 
3THM )l0CTMfaeTC.11 ee ymrnepca.nbH0CTb no.n. mo6b1e 
-rpe6oBaHIDr K npou.e.nype noBepKH (K8.J1116posKH). 

BblXOJ:(OM noBepKH (KaJI116poBK11) .Hl3Jl.HIOTCH 1rnc­
J1eHHble 3Ha'!eHK.H OTKJlOHeHHH OT o6pa3U.OBOro Ka­
HaJJa JlJl.11 BCex KaHaJTOB, BKJII0'-leHHbJX B CHCTeMY 
KOHTpon.11, rpeHJJ.b] 3THX OTKJTOHeHHH, BepO.HTHOCTH 
Bbrxo.na 3a .nonyCTHMbJe OTKJTOHeHJ1JJ, a TaIOKe HeKO­
T0pble npoMe)Ky'T0lJHbJe pe3yJThTaTbl, K0T0pb!e M0ryT 
6bITb IIOJTe3HbJMl1 .llJl.11 MeTpOJTOrH-YeCKOH aTTeCTaU.1111 
)laT'-!HK0B B TeKCTOBOM (Ta6JIHlJHOM) 11 rpacp11qecKOM 
BH,nax. Tipe.nycMo-rpeHa B03MO)KHOCTb BbJ)la'-!R "Tipo­
TOK0JTa KaJU16pOBKH" 113Mep1-nenbHblX KaHa.JJOB no 
CTaH,napTy npe.nnpH_.HTJHI. 

BTopoii cnoco6 np11MeHHeTc.11 .n:n.11 onepaTHBHoro 
KOHTJ)OJIH 3a coxpaHeHHeM MeTJ)0norHLieCKHX xapaK­
TepHCTMK MJMepHTeJihHbIX KattanoB. B HeM 11cnonb-
3y10Tc.11 npHop1ueTHble pa3pa60TKH ct>3H, 0CH0BaH­
HbJe Ha MeTo.n:e napHbJX perpeccMH [ 4]. Cnoco6 oc­
H0BaH Ha npHHU.Mne cjHIJH'feCKM otJeBli.!1.HbIX cpyHK­
U.HOHaJihHbIX CB.H3eM Me)l(Jzy napaMeTJ)aMH. KoHTpOJib 
.naTlJMKOB (mMepHTeJII,HbIX KaHaJ10B) npe.nnonaraeT 
3Ham1e 3TMX CB.H3efl X0T.SI 61:,1 Ha KalJeCTBeHH0M ypoB­
He. C'IMTa.H, 4T0 B Teqemte HeK0T0poro BpeMeHH 3TH 
CB.H3H He MeHHJOTC.H, MX 11CO0Jib3YlOT .l(Jl.11 perneHH.H 
3a,na'-I onepanrnttoro Ko1rrpon.11 Ja coxpaneHHeM MeT­
ponor1111ecKHx xapaKTepHCTHK H3MepHTeJibHbIX Ka­
HaJI0B. CB.H3H 11cnonhJY10TC.S1 tta ypoBHe perpecc11w B 
BH.lle JTaJI0HHblX 
CB.H3bJBaIOI.L\HX nonapHo Bee .naT'IHK.11 B rpynnax 
Me>K.n.y co6oii. Ha6op .n.aTtJMK0B s rpynnh1 
np0B0.llHTC.H Ha 0CH0Be .n.aHHhlX qiopMaJibHOro 
( CTaTHCTli'IeCKOro) M HecpopMaJTbHOrO aHaJIH30B 
pa60TblYCTaHOBKfl. 

KoHTpOJlb pa6oTocnoco6HOCTH KaHanOB BhITI0Jl­
HHeTC.H B npou.ecce 3Kcnnyarn11H11 peaKTopa B mo-
6oM pe)l(HMe ero pa6oTb1. Tip11 JT0M npe.n.ycM0TJ)e­
Ha KpaTH0CTb BbJB0.!1.0B 06 11cnpaBH0M (HeMcnpaB­
HOM) KaHane KaK no K0Jlli'IeCTBY onpoCOB, TaK R no 
YMcny .n.aT'-IHKOB-CBM.D.eTenew, 11cnon1,3yeMbIX s Me­
TO.ne napHb)X perpeCCMH B KaLieCTBe cpaKTOpOB B 
3TaJI0HHbIX MaTeMaTJ,f4eCKJ,fX M0.D.eJI_.SIX. Pe3yJibTa­
T0M KOHTpon.H .HBJJ.HlOTC.H TaK Ha3bIBaeM&Ie BeKTOp­
CMTyau,1rn, KOT0pbie CJTy)l(aT aHan0raMR ou.eHOK 
sepOHTHOCTett Bb]X0.D.a K0HTp0JJHpyeMoro KaHaJia 
3a .!I.0BepMTenhHbJe rpaHHllb[ C n106.bJM, Harrepe.n 
3a.naHHblM ypoBHeM 3Ha'-IHM0CTH. 

MeTO.llMKa BKJllOtJaeT B ce6,i )I.Be He3aBHCHM&Ie cne­
U.HaJIM3Hp0BaHH.bie rrporpaMMb] ( o.nHa .ll.JlH Ka.JIH6pOBKH, 

BT0pru! JUUi orrepaTMBH0f0 KOHTpOJI.Hpa60Tocnoco6Ho­
CTM), K0TOp&1e M0ryT 6b1Tb nocrasneHhI Ha TI3BM 

TMrra IBM PC c npou.eccopoM 80486 11 ny'lllle c OC 
Windows 3.1 H 6oJibrne. B nporpaMMH0M 06ecneqeHH.11 
npe.nycMOTJ)eHa onepaTHBHa.H noMOuth, a Ta!Olce 6noKH­
pOBKH [IQ 3arpYJKe 11 Bttyrpefil!HM CB.113.HM. 

"MeTo.D.HKa Kan116poBKM ... " cornacoaatta r AH P<D 
11 no 1-pe6osamuo 3aKaJ<rnKa M0)l(eT 6hJTh nepeBe.neHa 

s "MeTO.D.HKY rroBepKH ... ". Cnoco6 MerponorH'-!ecKo.i1 
arrecrau,1,n1 pa3pa6oTaH, ero MO>KHo 11cnom,JoBaTb 

.ll.JlH npose.n.eHJ1JJ no.no6ttoi-i pa6oThI rrocne cooTBeTCT­
BYIOlllero cornac0Batt11JJ s rocCTatt.n.apTe Pct>. 

C.n.enatto npe.n.noJio)l(em1e, '-I.TO pa3pa60TaHH&1e 
.n.m1 EA3C anropHTMbl KaJIH6posK11 11 K0HTp0JJH pa-
60Tocnoco6ttocTH: Kattanoa CBPK nocne MMHRManb~ 
HOH KoppeKU.H11 MoryT 6bJTb 11cnon1:,3oaattb1 Ha A3C 

.n.pyrnx TMII0B. 113 o6mHX coo6p8)1(eHl1H HCH0, '-!TO Ha 
6JTOKax c BB3P M PEMK, HJ-3a cyrn,eCTBeHH0 MeHb­

rnero no.norpeBa TeDJIOH0CMTeJIH B aKTHBHOH 30He, 

ypoBHeH TeMneparyp M npot:JHX COITYTCTBYIOII{HX yc­
JTOBHH, .naHHble anropHTMbl 6y JJ:YT pa6oTaTh c 6onee 
BbJCOKOH TOLlH0CTblO 11 Ha,ne)KH0CThlO, tJeM Ha peaK­
T0pax T11na EH. 

TiposepKa 3Toro npe.n.nono)l(eHIDI, Bbin0JJHeHHajl 

Ha .naHH.hrx no l 75-T11 KaHanaM H3Mepemu1 TeMnepa­
TYP, nony,-ieHHbIX c 5-ro 6noKa HBA3C B M0MeHTbl 

nnaHOBhIX nycKa H ocrattosa 6noKa, noKaJaJJa ero 
C0CT0.HTeJTbH0CTb. TennocpM3J.ftJeCKa.H JTa6opaTOpl-UI 

(T<l>JI) HBA3C npe.nocTaaHJia TaK)l(e pe3ynhTaThl 
co6CTBeHHOH nosepKH JTHX KaHaJT0B, BbtnOJIHeHHOH 

eJO no npHIUITOH Ha CTaHU.HH MeTO.llHKe B JT0T )Ke 

nep110.n. BpeMem1. Pe3ynhTaT&r np11MeHemrn npe.nna­
raeMOM "MeTOJJ.HKH Kan116poBKH ... " 11 cpaBHeHJ1JJ co 

IIITaTHOM MeTO.l(HKOH IlOKaJaJIH: 

1. )];eB.HTb KaHaJIOB (40, 47, 111, 120, 127, 133, 
168, 171, 172) npH3HaHb] co-rpy.D.HHKaMH Tct>JT Hepa-
60Tocnoco6HhIMH, noJT0MY HX noKaJaHMH "3aH)'JIH:­
nM", T.e. rrp11rrMCa.JJM eyneB.bJe II0KaJaHH.H BHe 3aBM­
CHMOCTH OT ,neHCTBHTeJibHbIX. 

2. O.n.11H KaHan (169) HMeeT CMJibH0 JaHM)l(eHHbie 

(.n.o 80 °C), HO He Hyneswe noKaJaHH:.ll. 

3. O,ro,rn KaHa.JJ (126) HMeeT .l(HCnepcmo (14810 °c)2, 

'ITO B C0THH pa3 npeB0CXO.D.HT Cpe)J.H}OIO (~5,5 °C)2, no-
3TOMY OH np113H8H 113Ha<taJTbH0 Hepa60TOCTIOC06Hb1M, 

X0TH Ha CTal-\UHH ero ClJHTaJIH pa6oTocnoco6HblM. 
4. P.11A KaHaJIOB (11, 12, 22 - 24, 41, 48, 80, 156, 

160, 161) HMelOT OT 0.llH0ro .no HeCK0JlbKHX e,nHHl1'-I­
HblX BbI6pocoB pa3JJH:lJH0ro 3HaKa aMnJIHT)'.AOH OT ~5 

.ll0 ~30°C. O6pa3 Bb16pOCOB aCC0llHMpyeTC.H C 3<pcpeK­
TOM rnyHTHp0BaRHH KaHana B M0MeHT 3anMCH KaKHM­
T0 rrapanneJibHbJM npH6opoM, TMna KCTI ttanpHMep. 
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5. O6pa6oTKa .u.aHHhIX no nporpaMMe npe.u.narae­

MOH 'MeTO,!J;HKH ... " nOKaJana, 'ITO see 11 Kattanos, 

HeHcnpaBHOCTb K0T0pblX OtJeBH)J,Ha ( 0HH rrepe'lllcne­

Hb] BbUlle B nn. 1 - 3), rrpH3HaHbI He11cnpaBHblMI1 Ha 

nepsoM )Ke mare ee pa6oTbJ. 3a,D,aB ,D,onycTHMWH 

yposettb OTKJIOHeHHH B l,5°C (:na se.m,rq1-1Ha .nwpeK­

THBHaH, D03TOMY M0)KeT 6bITb Ha3Hat.JeHa Ha 3Tane 

HCCJie)J.OBaHHH B pa3JMHbIX rrpe.n;enax mo6oi1, T .K. 3TO 

o6CTOHTeJibCTBO He BJII-UleT Ha BbIB0,!J,bl OTH0CHTeJibHO 

Be.lIH1UIHbl .11.eifoTBHTeJTbHb!X OTKJIOHeHHH )J.JIH oc­

TaJlbH blX ycnoBHO 11cnpaBHbIX 164-x KaHaJTOB), nony­

<JeHbI cne.11.y101.1..11-re pe3y JJbTaThI: 

- BeJIHl.JHHa .LJ.OIIYCTHMI,IX OTKJIOHeHH11 c yt.JeT0M 

MeTO.llHCJeCK011 norpeIIIHOCTH yneJUll.JHJiaCb )J.0 

[,574°C, T.e. MeT0,[(HCJeCKM COCTaBmllOLUM norpem­

HOCTH )J.llil 3THX 3KC□epHMeHTaJII,HblX ,D,aHHbIX co­

CTaBJUieT Mettee 5% OT .n.onyCTl1MOH BeJIHl.JHHhl; 

- Ha yp0BHe .LJ.0ilyCn-lMbIX OTKJIOHeHH11 J ,574°C 

□pH3HaHbl HeucnpaBHhIMH cne.u.yioIUHe KaHaJTbl (pe-

3YJibTiiTbl cse,n.eHI,I B Ta61rnuy, r.n,e B rpacpe "ITpHMe­

qamui" YKaJaHbl TaIOKe aepoHTHOCTH 3aBbJWeHHH / 

3aHIDKeHHH, nonyqeHRble no 3KCnep11MeHTaJThHhTM 

.D,aHHblM): 

cDparMeHT np0TOKOJia nosepKH 

(CID!COK KaHanOB, npH311aHHb!X He11crrpaBHI,IMM) 

BenH'IJrna 
N9 N9 OTKJIOHeHHH 

ITpHMe'!aHHH 
n/ri Katta.na (nonpaeoK Tct>JI), 

QC 

I. 25 - 2,71 (2,3) 
N9 Jl'JeHKH CBPK 001. 
Bep0HTHOCTb 1,0 

2. 68 4,92 (-5,3) 
NQ H'lCHKl1 CBPK 044. 
BepOSITHOCTb 1,0 

3. 79 -2,80 (2,4) 
N!! H'leHKH CBPK 055. 
BeDOHTHOCTb 1,0 

4. 106 - 2,77 (2,3) 
N!! H'lCHKH CBPK 082. 
8eDOHTH0CTb 1,0 

5. 109 - 3,02 (2,6) 
N!! H'leHKH CBPK 085. 
BepOSITHOCTb 1,0 

6. 117 1,63 (- 2,0) 
.N"!! ll'leHKH CBPK 093. 
8epoHTHOCTb 0,82 

- nporpaMMHbJMll cpe.11.crnaMH "MeTO.D,HKH 

o6Hapy)l(eill,I Bee He)J.OCTaTKH H3Mep11TeJibHbIX KaHa­

JIOB, OTMe'leHHbie B n. 4; 

- .u.m1 scex KaHanos CBPK noJJyqenh1 MaTeMan1-

qecK11e 0)1<H.D,aHirn BeJIWH!Hbl OTKJJOHeHHH MX ITOKa-

3aHHH OT o6pa3UOBOro (B HameM cny~iae poJib o6pa3-

UOBOro KaHana Bbl□ 0JIIDIJia MaTeMaTH'-!eCKaH M0,!1,eJib 

s BH.LJ.e TeKyLUero cpe.uttero ). 3TH OTKJJOHeHl,fjj xopo­

urn cornacy!OTCH C BeJIWiHHOH nonpaBOK, HCnOJib-

3yeMbIX )J.llil KoppeKT1-1pOBKJ,{ ITOKaJaJfHH COOTBeTCT­

sy!Olll,HX H3MepHTeJlbHb1X KaHaJI0B Ha 6JlOKe. llHC­

neHHble 3t1a•1emrn aen11t.tHH TaKHX □onpasoK nonytte­

HhI ttaM11 OT Tct>JI HBA3C. HecKOJihKO .n,aHHhlX no 

nonpasKaM T<t>JI n0Melll,e110 s rn6n»ue s cTOn6ue 

"BeJIH'H!Ha OTKJJOHeHWH:" B CK06KaX HenocpeJJ.CTBeH-
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HO 38 BeJIJ1l-lHHOH OTKJIOHemn1, nonyYeHHOH no 

npe.n,naraeMoH "MeTO,D.HKe ... "; 

- attaJIH3 IT0Ka.3aJI, l.JTO K03cpcj>11uHeHT napHOH 

KoppeJJHJ..{HH Me>KJJ.Y BeKTOpaMH 3HaYeHl1H OTKJJ0He­

llHH u nonpasoK Tct>JI paseH 0,9995, YTO yKaJhrnaeT 

Ha 6e3yCJIOBHYIO B03MQ)KHOCTb 3aMeHhl npe)J.Jlarae­

MOi-i "MeTO.D.HKOH ... " 11cnoJib3yeMb1x ceaqac Ha 

HBA3C cnoco6os KaJIH6poaKH Kattanoa CBPK; 

- 3HaYeHHH TeMnepaTypHblX nonpaB0K, HCDOJTh-

3yeMble Ha 6JIOKe, HMelOT CHCTeMaTH':leCK0e CMeLUe-

1-rne (OHH 3aHH)KeHb1) Ha 0,42 °C. 3TO, no sce11 BH)nl­

MOCTH, CBH38HO C MeTOJJ.H'leCKHMH norpewHOCTHMH 

nony':leHHH TaKHx nonpaBOK m-160 C □orpeWH0CTbJ0 

o6pa3UOBOrO MaH0MeTpa, HCITOJib3yeMoro npH Ka­

Jm6pOBKe TepMOMeTpHt.JeCKHX KaHaJIOB cneJ..\HaJIW­

CTaMH Tct>JI; 
- BeJIH'lHHa □onpaBOK Tct>JI )J.Jljj TepMOMCTpH':le­

CKHX KaHaJI0B C Bbl CO KOH TOY:HOCTblO ( cpe,nHeKBa}l­

paTHt.teCK0e OTKJIOHeHHe ~ 0,03 °C) cornacyeTCH C 

,n.aHHbIMH, rronyqeHHblMH no □pe.n,naraeMOH "Me­

TO)J.HKe ... "; 

- pe3yJibTaTbl o6pa60TKH .LJ.8HHblX 113 pa.3HhIX MaT­

p11u tta6n10.LJ.eH11H cosna.n,a10T Me)K.n,y co6oH npaKTH­

t.tecKH TIOJlH0CThJO, 1IT0 YKa.3blBaeT Ha ycTOHY:HBOCTb 

anropHTMa K0HTP0mI, '.3aJIO)l(eHHOro B "MeTO.D,HKe 

... ", .r1a>Ke .n,nH Hecrn6HJJhHOro TervmepaTypHoro pe­

)KHMa pa6oTbl 6noKa A3C, KaKOH 6hl11 3am1caH s 

MaTpHl.\bl Ha6mo,n;eHHM. 

OnhIT npHMeHemrn npe.11.naraeMOH "MeTo.n,11KH 

.. . " Ha ,n;aHHbIX c 5-ro 6noKa HBA3C noKaJan, 'ITO 

OHa ycneurno M0)KeT HCnOJlb30BaTbCH no HaJHa'le­

HHIO nocne a,!l,anrn1t1111 nporpaMMHoro o6ec□et.JeHl,fjj 

K peanbHOMY Ha6opy H3MepHTeJibHblX KaHaJI0B. Ee 

□pHMeHeHHe 003B0JIHT: 

• npOBO)J.HTb KaJil,f6pOBKY TepMOMeTPH':leCKHX Ka­

HaJI0B □pH llJTaTHblX pe)KHMax pa3orpe­

sa/pacxoJia)l(H88HIDI, He np116eraH K co3namuo cne­

U.HaJibHhIX TeCTOBbIX pe)l(HM0B; 

• H36e)KaTb IT0.SIBJJeHHH CHCTeMaTHYeCKHX norpem­

HOCTeH, OTKa.3aBU1HCb OT HCIT0Jib30BaHHH o6pa3UO­

Bl,IX MaHOMeTPOB, ycTaHaBJIHBaeMbIX Ha 3Ha'lHTeJib­

HOM paccTOHHHH OT T0'lKH ycTaHOBKH WT8THbIX .11.aT­

'IBKOB KOH1])0JIH TeMnepaTyp; 

• BblTIOJIHHTb npou.e.u.ypy KaJm6pOBI<H onepaTHBHO 

C MaJibTMH (npaKTw:IeCKH HyJieBbIMH) 3aTPaTaMH pe­

aKTOpHoro BpeMeHH H TPY.D.03aTPaTaMH nepcoHana; 

• aBTOMaTH3HpOBaTb H cpopMaJIH3088Tb npouecc 

npHHHTHH pemeHHH 0 pa60TOCIIOC06HOCTH TepMO­

MeTPHt.JeCKHX KaHaJI0B, ':!TO o6ecneCJHT 6onee BblC0-

K0e Kat.JeCTBO HX KaJI1-16pOBKH; 

• nonyYaTh Jl0IT0JIHHTeJibHYIO HHcpopMa[tHIO O Tex­

HH'leCKOM COCT0HHHH H3MepHTeJibHblX KaHaJIOB, KaK 

TO: Ha HaJIH'lHe BhI6pocos, BeJIHl.JHHY OTHOCHTeJihHOH 

.n,11cnepCHH, sep0HTHOCTH BhI6era fl0Ka.38HHH 3a mo-

6b1e Hanepen 38)1.8HHbJe rpaHHUbl H T.Jl. ; 



• HMeTb rpa<p11 YeCK0e rrpe)lCTaBJ1ett11e nOKa.JaHHH 

K0HTpomtpyeMblX K8HaJ10B no MaCCl1BY .n.attHhJX, oc­

TaTKaM 11 np.; 

• o6pa6aThIBaTh B ~enllx pernemrn MeTponorwie­

CKH.X 38.D.8'1 peTpocneKTHBHbie .n.aHH&le, 3an11caHH&Ie B 

CO0TBeTcTBy10~11e MOMeHThl speMeHH pa60ThJ 6JIOKa. 

B 38KJII09eHJ-re CJJe)lyeT 0TMeTHTh, YT0 no.n.06Hh1e 
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OnbIT C03,ll.8HHH H HCll0Jlb30B8HHSI ,LJ.naruoCTH'leCK0r0 o6ecne'leHHH 

cTeH,LJ.OBhIX .H3Y 

T. 3. Apacna110Ba, C. ll. Bumun, IO. T. KJZUJ1t06, M. r. M11.xaiinoB, C. B. 019mu,0B, I'.A. flozpe611ou, 
M. fl. Conoxa, k- M. lfymmoB,I 

HMTH, 188540, CocHOBhIH Eop Jiemrnrpa,ncKoi-f o6n. 

ilpeJJ.CTaeneH KpaTKHH o63op no OllblTY C03,ll.aHIDI J,j HCllOJlb30BaHJ,jjf .z:u-rarHOCTii'leCKOro 06ecne4em,u1 nporpaMMHO­
TeXHHl!eCKHX H H3MepHTenbHO-BLT'IHCJIHTenbHblX KOMJIJieKCOB (HBK) onepaTHBHOro ,ll.HarHOCTHpOBaHI-lll 3KCrrepHMeH­
TaJibHbIX cTeHllOBblX 5I3Y e HI1Tl1 HM. A . n. AneKca~mpona. 

EXPERIENCE IN DEVELOPMENT AND APPLICATION OF DIAGNOSTIC SUPPORT TO EXPERI­
MENTAL REACTOR PLANTS. T.Z. ARASLANOVA, S.P. VITIN, YU.T. KLIMOV, M.G. MIKHAILOV, S.V. 
OKUNTSOV, G.A. POGREBNOY, M.P. SOLOKHA, IA.M. CHUPAL05i The brief review on experience of mak­

ing and usage of diagnostic support of program-technical and measuring-computing systems of operative diagnosing of 
experimental bench power reactor facilities in Alexandrov's Research Institute of Technology has stated. 

OnbIT 3KCnnyaTaUM11 TexmrYeCKHX CHCTeM IlOKa-

3bl8aeT, t.JTO 3Ha4HTeJibHYlO t.JaCTb OT o6mero 'lHCna 

OTKa.308 C0CTaBJilllOT nocTeIIeHHbie 0TKa.Jbl, Bhl3BaH­

llbJe npouecC0M CTapeHHll H H3HOCa o6opy.n.osaHHH. 

ITo CTaTHCTHtJeCKHM ,n:aHHbIM, HHTeHCl1BH0CTb TaKHX 

OTKa.308 B HeCKOJibK0 pa3 npeBbJillaeT HHTeHCHB­

HOCTh BHeJaITHhJX OTKa.30B. )].JUI peanH38Ul1H yc­

neurnoro 06cny)KHBamu1 06opy.D.0BaH11H no TeXHH­

yecKoMy COCTOllHHIO tteo6xo,nHMO HMeTh cse.n.eHIDI 

O cpaKTH'leCKOM TeXHHYeCK0M COCTOHHHM H CKOpO­

CTJ,! ero HJMe1-1emrn BO speMem1. I1o3TOMY .um1 non­

HOH .n.11arnocTHKH CHCTeM 11 o6opy.noaaHHH >13Y 

tteo6xo.n.11Mb1 KaK MeT0JJ.bJ ,n11arnocn1posaHID1 no 

TeKyIII;eMy C0CTOHHMIO, TaK 11 cpe.1l,CTBa MOHHTOp»H­

ra 38 crnpeHHeM H H3HOC0M 06opy,nosa1uu1. AKTY-

8JlhHOH HBJUleTCH 3aJJ.aYa C03)laHHjJ anropHTMOB 11 

nporpaMM .D.H8rH0CTHKH o6opy.noBaHMH >13Y, a 

TaK)Ke co3.n.a11Mll 6a.J&I )laHHhIX pecypcur.1x xapaKTe­

p11cTMK o6opy,noBaHHll >13Y, KOTOp!U! fl03B0JIHJ1a 6hl 

OTCJie)l(H88Tb peTpocneKTHBY M3MeHeHHH xapaKTe­

pHCTHK » ouemrnaTb OCTaTOYHblH pecypc o6opy.uo-

88Hl1ll. Ha OCHOBe T8KOH HH<pOpMaU,HM ,UOfl)l(Hbl 

6bITb nocTpoettbl anrop11TMhI )lllaruocn1posamrn 11 

npe,nCKa38Hl1jJ nocTeneHHblX 0TK8308. 
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1. JiaJa Jl3HHblX no pecypCHblM xapaKTepHCTHK3M CTeHJl0BOH H3Y 

IlepBbJM IllaT0M B pernemrn 3a)J.acrn M0HHT0pHHra 

pecypca 06opy,noaamu1 .51.3Y irnm1ercR co3,naaaeMaR 

a HMTJ1 cHcTeMa K0HTJ)OJIR 11 perncrpau1u1 pecypc­

HbIX xapaKTepHCTHK CTeH,n:OBOH .51.3Y. 3Ta CHCTeMa 

co,nep)f(JIT K0MnneKc oporpaMM, o6ecney:irnaroIIJHX 

perncrpaumo Heo6xo,nHMhlX napaMerpoB, awrn:cne­

HHe pecypCHbIX IlOKa3aTeJieH, qiopMHpOBam1e 6a3bl 

,!l.8HHhIX, Il0HCK 3arpe6oaaHHbIX xapaKTepBCTHK 11 

ape,!1.CTaBJieHHe ID( B )J.OKyMeHTHp0BafIH0M BH,lle. 

B opouecce HaKOilJieHHH ,naHHhIX 3a)J.ei-icTBOBa­

H0 1490 anropHTMOB, He06XOJJ.HMbJX JJ.JIH 01.(eHKH 

pecypcHbIX TIOKa3aTeJieH o6opy .n.oaaHHll ycTaH0B­

KH; HCil0Jib3YeTC.!l 125 aHaJIOrOBbIX 11 600 .LI.HCKpeT­

UblX 113Mep.lleMbIX rrnpaMeTp0B. ,ll;nR IlOBhillleH.H.!l 

)J.0CT0BepH0CTH pe3yJihTaTa npHMeHReTC.!l 1136@­

TO'IIU,JH COCTaB BXO)J.HOH HHqJOpMal.(HH. flpw '.HOM 

peamny!OTC.!l Bbl4HCJieHH.!1 HeH3Mep.sieMbJX napa­

MeTpOB KaK B pe)KHMe peanbHOrO BpeMeHH, TaK 11 B 

pe)l(HMe nOCT- o6pa6oTKH. B HaCT0l!IIJee speMll y)Ke 

peaJIH30BaHbl BbI•!HCJieHHSI OKOJIO 100 TaKHX napa-

MeTpOB, cpe)J.H KOTOpblX TenJIOBbie M0IIJHOCTH KOH­

TypoB H TelJJI006MeHHHKOB, TeMnepaTyphI HaChl­

IIJeHHSI no .naaneHHHM B KOHTypax H 3anac JJ.O KH­

neHJUl, HeH3Mepl!eMbJe pacxo,D.bT, paccornacosaHJU1 

K0MITeHCHpyIOIIJHX rpynn H T . .n.. 

CaMa 6a3a )J.aHHblX pecypCHbIX xapaKTepHCTl1K 

pa6orne-r no TexttonornH "KJI.HeHT-cepsep". IlpH 

3TOM cepseptta.!! YaCTh npeJJ.cTasneHa tta6opoM Ta6-

JIHU B cocTaBe 6a3bI )J.aHHhIX l1BK s cpe.ne CYE,ll. 

"Oracle", a KJJHeHTCKlUI. LiaCTh ocpopMneHa KaK npH­

JI0)KeHJ,te, C03JJ.aHH0e cpe,ncrnaMH CYE,n: "Access97", 

KOTOpoe MO)KeT pa3MeIIJaTbCll Ha JIJ06bIX fl3BM B 

cocrnse JIOKaJibHOH BhJ1-IHCJI11TeJibHOH CeTH. Ea3a 

.naHHbJX CHa6)Kella cpe.n.crnaMH 38IIJHTbJ )J.aHHbIX H 

pa3,D.eJieHJUI IlOJIHOMO'lHH. 

flepBble pe3yJihTaTbl 0filJTHOH 3KcnnyaTaUHH 

JJ.8HHOH CHCTeMbI K0HTJ)OJUI H pentCTJ)81..\HH pecypc­

HblX xapaKTepHCTHK nOKa3aJI.H B03MO>KHOCTb YLieTa 

Hapa6oTKH o6opy.n.osamrn .51.3Y s pe)KHMe peaJibHOro 

BpeMe.liH no )J.OCTYIIHbJM H3MepHTeJibHhlM KaHaJiaM. 

2. KoMnJleKCbl )lH3rHOCTHp0B3HHSI TeXHOJJOrH'ICCKOfO o6opy,llOB3HHH H CHCTeM ynpaBJlCHHSI 

CTCH,ll,OBblX lITY 

Hap.!!.D.Y C pa3pa60TKOH CHCTeMbI KOHTpOJill pe­

cypcfillX xapaKTepHCTHK C03JJ.aIOTC.!l H OTpa6aTbl­

Ba!OTC.ll He T0JlbK0 anropHTMhl .L1.H3rHOCTHp0BaHHSI 

TeKymero COCT0HHHll ycTaHOBKH (H,n:eHTHqJHK3UH.!l 

TeKyIIJero pe)KHMa pa60Th1), HO H anropHTMb1 )J.11-

arH0CTHpOBaHH.ll KOHKpeTHOfO TeXHOJIOfH4eCK0ro 

o6opy.n.oBaHH.!1. TeM caMbIM OXBaTbIBaeTCSI nepe-

3. CHCTeMa BH6po;:i;uarHOCTHKH 

B 1999 r . pa3pa6oTatta H c.n.aHa B OIIhITHYlO JKC­

IlJIYaTaIIHIO CHCTeMa TeXHW-!eCKOro )].HarH0CTHp0BaHHH 

poTOpHbIX MexaHH3M0B rraporyp6liHHOH YCTiiH0BKH 

(TTTY) CTeHJJ.a KB-1 B Ka1-1ecrne .n.onoJIHHTeJihHOH HH­

cpopMaQHOHHOH CliCTeM&I, K0TOpall ocyIIJeCTBJIS!eT 

TeKylllHH BH6pal..(HOHHbIH KOHTpom cocTO.!IHIDI cne­

.LI.YIOlllHX 3JieMeHTOB ITTY H cTett.n.a: rnaBHOH ryp6H­

HhI, rnasttoro rettepaTopa, mrttHH npoMBana, ryp6o­

reHepaTopos, HaCOCOB BOJJ.HHbIX H MaClli!HhIX. ,ll;Har­

HocrnpoBaHHe JTHX JJieMeHTOB TITY ocyIIJeCTBm1eT­

C.ll no TPeM rpyrrrraM .n.ecpeKTOB: 

• .D.HH3MH'-!eCKHH He6anaHC poTopa; 

• HeHcnpaBHOCTH TIO,[{llIHIIHH_KOB CKOJlb)f(eHHH; 

• HeHcnpaBH0CTH IlO)].lllHnHHKOB KaYeHHll. 

CHcTeMa BH6po,n:11arHocT11poaattHH ITTY coCTOHT 

H3 ITOJJ.CHCTeMbl c6opa, o6pa6onrn J,f xpaHeHHH HH­

qiopMaQHH H II0,LI.CHCTeMbl cpopM!1:pOB8HH.SI H nepe.n.a-
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'-leHb 3a.na4 .n1-1ar HOCTHKH no 11epapXH11 csepxy 

BHH3, Ha'lHHall OT HJJ.eHTHqrnKal.(H.H pe)KHMa pa60TbI 

napo:mepreTH'-!eCKOH ycTaH0BKH (no.nroTOBKa K 

rrycKy, pa3orpes, JHepreT111-1ecKHH pe)f(HM, pacxo­

mu1ornamre 11 np.) 11. .n.aJiee .n.o aHoMaJJhHorc co­

CTOHHH.!l TeXHOJIOfH'-!eCKOH CHCTeMbl H KOHKpeTHO­

ro TeXHH4eCKOro cpe,D.CTBa. 

1u1 BH4JOPM3UIDf onepaTHBH0MY nepc01-1any Ha nyilhT 

yrrpaBJieHIDI creH,D.a. 

Tio 3anpocy onepaTHBHoro nepcottana KOMIIJJeKca 

BH6po.n.11arHOCTHKH CHCTeMa 06ecne1-1HBaeT B03MO)K­

H0CTb pa60Tb1 B .D.HaJIOr0BOM (nccne.n.oaaTeJibCKOM) 

pe)KJIMe, B KOT0pOM IlOJib30BaTeJIIO npe,D.CTaBJieHI,l 

CJieJzyIOIIJH.e B03MO)f(HOCTH: 

• ycTaHOBKa napaMeTPOB KOHqJHrypauHH H3MepH­

TeJI&HbIX KaHaJIOB ,n:JI.ll perHCTpal..(HH, YCTaHOBKa IJO­

CJle)J.OBaTeJibH0CTH HX onpoca, l.faCT0TbI orrpoca, .D.JJH­

TeJibHOCTH peanH331..(IDI, KOJ cjJcjJHl..(HeHTOB ycHJieHlUI 

no Ka)l(.D.OM)' Kattany; 

• npocMarp CHJllaJIOB Bhl6prurnoro H3Mepm:em,ttoro 

KaHaJia Ha M0HHTOpe B BH,n:e rpaqiHKos; 

• pacLieT H npe)J.CTaBJieHHe B rpaqiHLieCKOM BH)J.e 

aBTOCneKTpOB no JII060MY KaHany, B3aHMHblX xapaK­

TepHCTHK no n106oi1 nape Kattanos; 



• coxpaHeHMe H3MepHTeJibHOM MH<pOpMaUMM B 

cpa0nax JJ,JUI ,na.nbtteiiwew 06pa60TK11; 

• 6anaHCHp0B01.JRble J,13Mepemu1 H paC'ieTbI. 

C11cTeMa BH6poJJ,HarnocT11poBaH11R IlTY noKaJana 

CBOIO pa6oTOcnoco6HOCTI, 11 BOCTJ)e60BaHHOCTb B 

pe)KHMe MOIIHTOpirnra COCTORHH}f pOTOpHoro o6opy­

,noaaHHR 11 urnpoKoro cneKTJ)a npKJJO)Kem,10 np11 nyc­

Kottana,D;o1Im,1x 11 peMOHTHbIX pa6oTaX. 

B 200 l r. Ha'laTa pa3pa6oTKa CHCTeM Tex.1-111qecKoro 

JJ,HarHOCTHpoaaHHR nap03HeprC'D1'-JeCKHX YCTaHOBOK 

CTeHJJ,OB KB-1 11 KB-2 H M0611J1I,HOro ,D,HarnoCTw-1e­

cKoro KOMIJJieKca. B CeMH,D,eCRTbIX - BOCbMH,D,eCHTbIX 

4. ,LI:HarHOCTHKa CHCTeM ynpaBJieHHSI .83Y 

0,nHHM 113 OCHOBHblX 1J)e6osa110i1, KOTOpbie 

npeJJ,b.ffBJUIIOTCR K CHCTeMaM aBTOMaTHtJeCKOro KOH­

TJ)OJl.ff 11 ynpaaneaHR (CKY), RBJJReTc.ff HX cnoco6-

HOCTh BbJnOJIH51Tb npe,D,TIHCaHHhJe cpyHKUHH B yeqe­

HHe MHTeJlbHOro BpeMeHH C 3a,naHHbJMJ,f nOKa3aTe­

Jl.ffMl1 Ka"!ecrna. Ilo3TOMY Ha nepai,10 nnaH BhI,D,BHra­

eTcH npo6JieMa TIOBbJWeHJHI Ha,D,e)KHOCTH cpyHKI..(110-

HHpOBaHHR CKY H caoeapeMeHRoro Bhl51BJieHHH He-

11cnpaa1-1ocTei1 s MX pa6oTe. 0.n.Ho 113 ttanpaanett11A 

peweHHSI YKa3aHHOH npo6neMbl OCHOBaHO Ha C03,na­

HJ.fH KOMTIJJeKca KOHTJ)OJJll ynpaBJieH11S1. 

ilpm-1u1m pea.n113aUH11 YKa3aHHOro KOMIJJieKca 6a-

3HpyeTC51 Ha MeTo.ne cpaBHl1TeJibHOro aHaJIH3a pe­

nepHblX 11 peaJJbHhIX BblXO,UHbTX CI,ffHaJJOB, rettep11-

pyeMbIX, COOTBeTCTBeHHO, penepHOM (HJIH JJ;HarHo­

crnpy10LL1.eH) M peam,HOH (11m1 ,n11arnocrnpyeMoi1) 

CKY. Ilp11 3TOM npe,D,nonaraeTcsi, YTO Ha axo,D, pe­

nepHOH H peanbHOH Cl1CTeM TIO,D,alOTC.ff O,!l,HH 11 Te )Ke 

BXO,D,Hhle CJffHaJJbJ. PenepHOH CKY cny)KHT MaTeMa­

TWiecKa.ff Mo,D,eJib, a,neKBaTHaJI pea.nhHOM CKY. Tex­

HHLJeCKOe COCTO.ffHHe ,D,HarHOCT11pyeMOH CHCTeMbl 

MO)l<eT 6h1Tb oueHeHo no CTeneHH cosna.neHHjj pe­

nepttb1x 11 peanbHbIX BbIXOJlHblX CHTHaJJOB. ,n11arHO­

CTMPYIOLLl.aH MaTeMarn"!eCKaJJ MO,D,eJJb cpyHKUHOHHpy­

eT Ha 3BM J,f 06MeH11BaeTCSI HHcpopMau11ei1 C 061,eK-

ro,D,ax s Ill1TM pa.3pa6orn11 nepeHOCHOM KOMITJJeKc 

"Ml1HH-AH11c". Cei-f4ac Tpe6yeTC51 cJJ,enaTb cne­

,D,YIOJ..UttH war - C03.U.aTh M06HJibHbIH ,LIHarnocrn4e­

cKHH KOMCTJJeKc, 06ecnetJHBaIOLL1.HH He TOJJbKO CH.ff­

THe l1 apXHBHpOBaHHe H3MepHTeJibHOH 11H<pOpMa­

UHH C CHCTeM J,f 3JJeMeHTOB o6opyJJ,OBaHHJI 5I3Y, He 

11MeEOll\l1X LllTaTHblX H3Mep11TeJJbHbJX ycTpoikTB, 

HO 11 cpopM11poaam1e apXHBa peTpocneKTHBHhJX JlH-

arHOCTH'leCKHX H nporH03HblX peKOMeH,D,8UHH, 

Bblpa6aTbIBaeMbIX no Mepe HaKonne1:1ID1 11 

o6pa60TKH 11HcpopMaUHH no KOH1<peTHblM 

:rneMeHTaM 11JJl1 CHCTeMaM. 

TOM ynpaanemrn B "rraCCl1BHOM" pe)KHMe, TO eCTb 

TOJThKO nonyYaeT 11ncpopManw10 OT ofrbeKTa ynpas­

nemu1. CpasHeHHe pe3yJJbTaTOB pa60TbI MOJJ,eJJl1 

CKY 11 pea11hHOH CKY 06ecne411aaeTc.ff KOMnneKCOM 

anrop11TMOB - ap6HTJ)OM, KOTOpblH B cnyqae HeCOOT­

seTCTBHJI CHTHaJJOB cpopMHpyeT HHcpOpMaUHOHHO­

.u.11arHOCTH'-!eCKHe coo6UJ.eHHR, sbrnaaaeMbie Ha cne­

UHaJihHO pa3pa6oTaHHbie BH)],eOKaJJ,pbl. 

,[(JI.ff o6ecneLJeHJUI aJJ,eKB8THOCTl1 MO,nem1posaHHll 

pa3pa6oTKa MaTeMaTH4ecKoi1 Mo,nem1 CKY aenac& c 

HCTIOJib30BaH11eM C03JJ,aHHOH B 11HCTl1TyTe TeXHOJJO­

fHl1 TEPMlif.T 11 c yqeToM npHH1.1,11noa uenesoro 

Ha3Hal!eHH.ff, pau110HaJJbHOH cpopMaJJH3aUH11 MOJJ,eJIH­

pyeMoro npouecca, MOJJ,en11poaaHH.ff CHCTeMbI caepxy 

BHH3, "3KOHOM11LJHOCTH" MaTeMan1'-1eCKOfO annapa­

Ta, MO,D,YJJbHOrO nOCTJ)OeHH51 anropHTMa MO,D,eJJl1. 

B 1-1aCTOJ1LL1.ee apeM51 C03JJ.aHHa.ff MO,D,eJI& peaJJbHOH 

CKY o6pa6aThmae-r OKOJJO 250-rn aHanoroBblX, 3700 

,D,HCKpeTHhlX CHrHanos, MOJlenwpyeT pa6oTy 380-rn 

pene, 85-TH KJia□aHOB 11 3aJJ,BH)KeK 11 OKOJJO 25-TM Me­

xaHH3MOB, KOMnettcwpyioll\HJ< pellleTOK H cTep)l(ttei-1 

A3. H.cnoJib30BaHHe np11 pa3pa6oTKe MOJJ,em1 CKY 

Texttonorn11 TEPMMT )lonycKaeT onepaT11attoe a1-1e­

cem1e H3MeHeHHH 11 JJ,onontteHHH a Mo.u.en& CKY, cy-

11.\eCTaettHo nOBhlillaeT KaqecTBO nporpaMMHpOBaHH.ff. 

5. OTpa60TKa H TeCTHpoeaHHe aJ1ropHTM0B .ll,Han10CTHpoBamrn 

DpH OTpa6oTKe anropHTMOB ,D,HarHOCT11pOBaHHll 

He)l(eJiaTeJihHa 1-urn ,na)l(e tteB03Mm1rna peamnauHR 

aaap11i111 aaapHMHbIX c11ryau11i1 Ha peanbHOM 060-

pyJJ,osamrn CTeH,UOBbIX ycTaHOBOK, HO HeJJb351 11 oc­

HaLL1.aTh 513Y CHCTeMaMH JJ,(,faTHOCTHpOBaHH.ff. c He­

nposepeHHblMH anrop11TMaM11. Pa3BHTHe s Hl1TVI 
COBpeMeHHblX HH<pOpMaUHOHHblX TeXI-IOJIOrHH, B 

4aCTHOCTH, Mo.u.enwposatt11R npoueccos a 5I3Y, no-

3aon11no co3,uaTb pac"!eTHO-MOJJ,en11py10LL1.11e KOM­

nneKChI (PMK), KOTop&1e ,D,a10T B03MO)l(HOCTh HMH­

rnpoaaTh pa6oTy o6beKTa ,D,Harnocrnpoaamu, c He-

06xoJJ,11Moi1 ,D,eran113au,11ei1. 

Ha cero)J.HR H11TH HMeeT onhIT no 06ecneL1eH1110 

oma,ll,KH Ha PMK c11CTeM JJ,HarnocTHpOBattH.ff. 513Y. 

Hanp11Mep, TaKaH MeTO)J.HJ<a 11CTIOJJb30BaHa npH OTJJa)],­

Ke 11 TecTHpOBaHHH anrop11TMOB JJ,11arHOCT11pOB8HHJI 

CKY 513Y CTeHJJ,a KB-1, o KOTopoM CKa3aHo BbIUie. 

Ha nyTM K pa3pa6oTKe 3TOH MeTO.UHKH HMeJJHCh 

np11Mepbl 6onee paHHero 11CTIOJJb30BaHl1.ff MaTeMaTl1-

4eCKHX Mo,D,ene0 H PMK .U.JJJI OTJ)a6oTKH arrropHTMOB 

.n11arnOCTHpOBaHHR. B 1994 ro.ny B H.ttcrnryre rrpo-

6neM ynpasneHHl! P AH OTpa6aTbmaJJaCh Cl1CTeMa 

noJJ.ZJ.ep)l(KH oneparopa 513Y Ha pa3pa6o-ra.HHOH B 

HMTlif. MaTeManJ1-1ecKoM Mo,nen11 nepcneKTHBHoro 
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rrpoeKTil. B 1993 r. cneu,mlJlHCTaMH OKEM Ha pa3pa-

6oTaHHOM s HMTH MO)leJrnpy1omeM KOMruJeKce .nmi 

.5I3Y tJeTBepTOro noKoneHJ,JJI nposo.n:11nac1, npoaepKa 

anropHTMOB CHCTeMI,I ,!:(HarHOCTHpOBaHIDI. Ha Mo,ne­

JIMpy10meM KOMnneKce .5I3Y nepcneI<THBHoro npoeK­

Ta, no 3aKa.3Y CIIMEM "Manax11T", OTpa6aTh1Ba10TCH 

anropHTMhI .n11arnoCT11posamU1 DTY, pa3pa60TaHHh1e 

cne~anHCTaMH Kany)KCKOfO Typ6HHHOfO 3aBO)la. 

3T11 anropHTMhl nporpaMMHO peamnosam,1 B HHTH c 

McnoJib30Bal{J1eM TexHonorn.11 TEPMMT. 

YIMe10w,11wcM B HMTJ.1 onhlT co3,natt1111. c11cTeM as­

ToMannau,1,u:1 Mo.nem1poaaam1, nporpaMMHO­

TexmrqecK11x 11 HBK )],nH asT0Mannau1111 11cn1,natt11w 

11 11ccne.nosaHHw CTeH,nOBhrx .5I3Y no3BOllileT nposo­

.QHTh CJIO)KHbie HCIIblTaTeJibHbie pe)KJ,IMbI, conpOBO)K­

.naR 11X Heo6X0)],11MOH orrepaTl1BHOMY rrepcoHany .no­

ITOJIHHTeJibHOH HHqlOpMau,11eH - Bbl'il1CJrneMbTMl1 na­

paMeTpaMH .H rrporH03HblMl1 paC'IeT8Ml1, ITOBbillial0-

1.1..VIMH 6e30IJaCHOCTb H Ha)J.e)KHOCTb HCITblTilTeJibHOfO 

npouecca. 3TOT onhIT nonrrno npHBOJJ.HT K u,eneco-

o6pa3HOCTH C03)J.aHJ,UI 11 OTPa60TKI1 anropHTM0B JJ.11-

arHOCTHponamrn naporrpOl-1.380)1.IITeJibHblX ycTaH0-

BOK c np11Mettett11eM cyw,eCTBYIOlll.HX B HHTM Tex­

Honorni1. 

IlpHMemteMal! B HHTJ.1 CKB03HaR TeXHonorIDI 

pa.3pa60TKl1 CHCTeM TeXHHYeCKOfO Jll18fHOCT11pOBa­

HHH CTeH)J.0BblX .5I3Y OXB8TbIBaeT qeTbrpe :nana: 

l. I1poeKTHpoBam1.e C.HCTeMbl (BKJIIO'faM HHq>op­

MaU,H0HHyro MO,LleJib) np11 IT0M0IIl,ll TeXHOJIOfllif as­

TOM8TH'ieCKOf0 MO)],en11poaatt1111. TEPMHT. 

2. Orna.uKa cHcTeMbI Ha PMK. 

3. Orna).J.Ka CHCTeMbl B pe»rnMe off-line no 3KCIIe­

p11MeHTanhHOH 11HcpopMau,1111, xpaID1meik.sJ B apx1-rne. 

4 iloCTaHOBKa CJ,1.CTeMbl TeXHI-P-IeCK0f0 ,!:(HarHo­

CTHpOB8Hl1H B cocTaB HBK "AHMC" . 
B HaCTOHW,ee BpeMH B HHCTHryTe H8KOIIJieH Jl0CTa­

TO'llibIH TeXHl1'ieCKHH 11 MeTo.nonorn'leCKHH. ITOTeHu,11-

an, KOTOpblH n03B0llileT ycrreuJH0 pernaTb aKTYaJihHble 

3a,Lla'iH TeXIDt'IeCKOfO )],118rH0CTl1p0B8HHR CTeHJlOBblX 

11 cepRHHbIX .5I3Y. 

CTaTMI noci:ymrna B pe.n.aKUHJO 14 HJOilll 2002 r . 

Bonpocb1 aTOMHOH HayK1111 TeXHHKH. 

Cep. <!>H3HKa 11..11.epHI,IX peaKTopOB, 2002, Bbm. 3, C. 29 - 32. 

Y.lf.K 681.12 + 621.039.534.6 

)l,narHOCTHKa K0H.LI.YKU:H0HHbIX MarHHTHblX pacxo.u.oMepoB qacT0THblM MeT0.LI.0M 

C.A. Mopo3oa, C.H. Koamyu, 10.JI. llempoaa, ll.C. lliymoa, C.C. lllymoa, 
fHU Pcf> <f>3I1, 249033, O6HHHCK Kany:>KcKow o6n., nn. nOHJlapeHKo, 1 

PaccMaTpHBaeTCR <JaCTOTHhIH MeT0.11. .11.11arnoCTHKH K0H).(YKUHOHHb!X MarHHTHhIX pacxo.n;oMepos (KMP) )KJ,f).(KOl\le­

TaJI.JIH'!eCKOro TenJIOHOCHTeJUI. .lJ.aercR TeopeTWYeCKOe 06oc1mBaH11e MeTO.IJ.a. flpe.n;c-raeneHbl pe3yJ1hTaTbl np11MeHeHlli1 

Mero.n.a Ha ycrnHoBKe 6P- I 0. 

DIAGNOSTICS OF MAGNETIC FLOWMETER BY FREQUENCY METHOD. S.A. MOROZOV, S.N. 
KOVTUN, J.L. PETROV A, P.S. SHUTOV, S.S. SHUTOV. The frequency method of diagnostics of magnetic flow­

meter is considered. Theoretical basis of the method is given. The results of using the method are presented. 

OcHOBHbIM TeXHOn0rn'-!eCKl1M cpe).J.CTBOM 113Me­

peHIUI pacxo.na )KH,[(KOMeTanJIH'-IeCK0f0 TenJI0HOCH­

Tellil H)],epHblX 3HepreTH'ieCKl1X ycTaHOBOK HBJUUOTCH 

KMP, npMHUHn pa60Tbl K0TOpblX OCHOBaH Ha H3Me­

peHMl1 3,UC, HHJ.J.yKrnpyeMoi1. B noToKe :meKTPOnpo­

BOJlHOH :>KHJlKOCTH, K0TOpaR np11 CBOeM .[(811)1(eHl1H 

nepeceKaeT M8fHMTHOe none. B CO0TBeTCTBHH C 38-

K0H0M :meKrpOMaTHHTHOH HHJlYKll,1111 TOK, B03HH­

KalOW,HH B )KH.QKOCTH, nepnett,n1-1.KymipeH KaK Ha­

npanneHHJO J.J.BH)l(eHHH )1(11.QKOCTH, TaK 11 ttanpasne­

HHIO MafHHTHOfO ITOJIH. I1HJ.J.YI<THpyeMaR 3 ,UC npo­

nopu11ottanbHa CKOpOCTH nepecet.JeHM.sJ np0BOJlHMK0M 
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MaflOITHOro noJIH, T.e. B .[(8HHOM cnyqae CKOpOCTH 

)],811)KeHJur Tenn0H0CHTen_11., Tiocpe)],CTBOM 113MepeHH.sJ 

HH.L(yKTHpyeMOH 3,UC M0)l{H0 onpe)],enRTb CKOp0CTb 

)f(J,f)],K0CTl1 KaK a 0TKpblTbIX pycnax, TaK M s rpy6o­

nposo.u.ax. 

KoHCTPYKTHBHO KMP npe.ucrnnnsreT co6oi1 yt.Ja­

CTOK TPY6onposo)],a, noMew,eHH1,111 B nocT0HHHoe 

MafHHTHoe none. B .u.11aMeTpanbHOH. nnocKOCT11 TPY-

6onposo.ua, nepneHJlHKYJUJPHOH. HanpaBnemuo Mar­

Hl1THoro nollil, 38KpenneHbl (np11 ITOMOl.l..lH o6bJl-lHOW 

csapKH) T0K0CbeMHble ( CHrHanbHhJe) :m eKTpO.Qbl 

(p11c. l ). Hanp.sJ)KeHHe, CHHMaeMoe c Jl8T411K0B, n11-



HeMHO CBH3aHo co cpe.n,11e0 CKOpOCTbIO )J(l,j)J,KOMeTa.n­

m1qecKoro TeITJlOHOCHTeJUI 11 Bblpa)l(aeTCH q>opMy .noif: 

E = KB Wcpd, r,IJ,e E - HanpIDKeHHe; B - senwurna 

MarHHTHOH 1rn.n,yKUHH no1rn; Wcp - cpe.n.mur CKOpOCTh 

llOTOKa; d - BHyTpeHHID1 ,miaM.eTp Tpy6onpoBo,n:a. 

I I 
I I 

_, - 3 

s 

P1-1c. I. YnpomeHHM cxeMa KOH,U)'I<IUlOHHOfO MarHIITHOrO 

paCXO)I.OMepa: I - MarHHTHIDI CHCTeMa, 2 - TJ)y6onpoBOJ.1, 

3 - Cl1rHaJlbHbJe :rneK'rJ)O,llbl, 4- fJOC10llHHLJe MarHl1Thl 

K03qJqJHUHeHT K Y'fHTbJBaeT KOHCTpYKUMOHHble 

xapaKTepHCTHKJ,f )J.aT'!HKa, ::mel<'rpH'•leCKHe CBOHCTBa 

Tpy6orrpOBO)J.a H TeIIJJOHOCHTelli! . 06bI'iHO OH npe.n.­

CT8BJJHeTCSI B BH,n:e: K = j(QTP, Qll(, d, D), rne QTP 1-1 

Qll( - JJJeKTpOITpOBO)J.HOCTH Tpy6orrpOBO)J.a 11 )lG!.ll:KO­

CTH, COOTBeTCTBeHHo; D - BReWHHH )].HaMeTp Tpy6o­

IIpOB0)].8. B ttaweM cny•rne 

K= 2d/D +Q"'(1-(d!D)2). 
l+(d/D)2 Q,p 

TaKRM o6pa30M, KMP MO)l(HO paccMaTpHB8Tb KaK 

HcToqmrn JJieKTpHqec1<oro ttanpx)l(eH11R, BeJIH'-IHHa 

l(OTOporo np11 ITOCTOHHHOH HHJcyKUHH B npoaopuwo­

HaJJbHa cpe)J.HeH CKOpOCTM IlOTOKa H 38BHCHT OT 

3JleKTpOilpOBO)lHOCTH )KH.D:KOCTH B Tpy6onpOBOJJ,e. 

OcHOBHblM Tpe60BaID1eM, npe)J.'bXBJJReMbIM K 

M8I'ID!THI,IM pacxo,n:oMepaM, SIBJJSleTCSI mrneHHaSI 38-

BHCHMOCTb BbJXO)J,HOro ClffHaJia (HH,ll,YlVfPOBaHHOro 

pa.3HOCTbIO ITOTeHl.(HaJIOB) OT cpe)J,He:H CKOpOCTH IUIH 

061,eMttoro pacxoJJ,a )KHJ.(KOCTH. JlHHe:HHasi xapa1<Te­

pHCT111<a )],aeT M8I'HHTHbJM pacXO,ll,OMepaM BeCbMa 

3H8'lHTeJlhHbie npe11Myl.1.\eCTBa nepen 60JlbUlHHCTBOM 

JJ.pyrnx H3MepHTenhHbIX ycTpoikTB, raK KaK oHa rro-

3so.nsier orrpe.n.e.nHTb ttarrpas.nem1e ITOTOKa 11, KpoMe 

1. IlocTaHOBKa 33.JJ,3'1H 

Ten.noHOCHTe.nh, npoTeKaIOl.1.\HH no Tpy6orrpo­

so,1:1y, CHJlbHO Typ6yJJH3HpOBaH. 3To 03HaqaeT, 

'ITO cpe)].HSIH CKOpOCTb TeITJJOHOCHTeJJSI 6yJJ.eT 

qwyKTy11posaTb, a CJJe)].OBaTeJibHO, H llOKa3aHHSI 

JJ,aT'lHKOB. Heo6xo)].HMO noJiy'-IHTh cTaTH'lec1<y10 

xapa1nep11cnmy npeo6pa3oBaHJ-rn naTl[HKa nyTeM 

Toro, y cpe)].HeHHblM CH.rHaJl paCXO)J,OMepos 8 rryJibCM­

py10meM Tel.feHHJ,f HenocpeJJ,CTBeHHO COOTBeTcTByeT 

cpe.ntteMy pacxoey. TaK KaK rrpHHUHTI 113MCpett110 

OCHOBaH Ha HeMeXaIDflieCKHX HBJiemrnx, TO He B03-

HHKaeT □orpelUHOCTeH, CBH38RHbTX C HarropoM ycKO­

peHJ1H, KOTOpble CBOHCTBeHHbl 6oJII,lUHHCTBy o6bl'{­

HhIX paCXO)J,OMepos 8 cnyqae liX np11MeHeHJ1H )J.JISI 

113MepeHJ1H 8 HeycTaHOBHBlllHXCH Tet.Jemrnx. 

MarHHTHbie paCXOJlOMepbI o6ecnel.fHBaIOT 6ec­

npeITRTCTBeHHOe Telleffile )KI1JlKOCTl1 no K8HaJIY, H 

q>aI<THl[eCKH JII0600 Tpy6onpoBO)]. MO)KeT 6bJTb ape­

spam,eH 8 paCXO)J,OMep nyTeM ycTaHOBKH BHelllHHX 

3JieKTpO)J,OB 11 COOTBeTCTBy1ome11 MarnHTHOH CHCTe­

Mbl, eCJIH CTeHJrn Tpy6o□p0BO)],a .SI.BJIHlOTCH xopowu­

MH npOBOJJ.HHKaMH. 

MarHHTHble paCXOJJ.OMepbl He HMelOT JJ,peH8)1(HbIX 

11 npyrnx OTBepCTHH, B KOTOpbJX MOrJJO 6bI H8KO­

nHTbCSI TBepJJ,oe BemecTBo, •no np11BeJJo 6hI K JlO­

ITOJIHHTe.nbHhIM TJJY)J,HOCTHM, CBH3aHHblM C 01.fHCTKOH. 

3TO oco6eHHO 88)1(H0 8 KOHTypax C )KH,n:KH.M Ha-rp11.­

eM, r.n.e B HeKOTOpb!X MeCTax nep11.o,[(11lieCKH MO)l(eT 

npOHCXO)J,HTb 3aTBep.neBaHHe )l(I,f}lKOfO MeTaJJ.na. 8 
CBH311 C OTCYTCTBHeM )J.BH)l(YlllHXCSI HJJH KOHCTpyK­

TIIBHO CJIO)f(HbTX Y3JJOB pacxo.n,oMepbl He Tpe6y10T 

ITOCTOSIHHoro yxo)J,a, LJTO cyl.l.leCTBeHHO B CHCTeMax C 

HaJIHl{}feM HOHl13Hpyromero 113IlY'-leHI-rn. 

HapH)J,Y co BCeMH Bblllle H3JJO)l(CHHb1MH npe11My­

mecTB8Mli M8fHMTHble pacxoJJ,OMepbl HMelOT pH)J, cy­

mecTBeHHblX He)].OCTaTKOB, o6ycJIOBJJeHHblX, rnaa­

HbJM. o6pa30M, TpYJJ.HOCT.SI.MH orrpe.n.eJJeHHR rpa)J,yH­

pOBOLJHhIX xapaKTepHCTHK 11 o6ecneLJeHHH nepHO}lH­

qecKOH rrosepKH no MecTy JKIInyaTal.\MH. 

CreH,IJ,osax rpa,1:1y11pos1<a KMP He pewaeT npo-

6JieMy, TaK K8K npH nepeB03Ke 11 xpaHeHHH )].8Tl[HKOB 

MOryT npOH30HDi H3MeHeHHH MarHHTHOH HH.l(yKU!ill, 

'ITO B CO'-leTaHHl1 C HeH,D,eHTWIHOCTblO npocpHJieH 

CKOpOCTH ITOTOKa Ha CTeH)J,e 11 pa601.JeM MeCTe npHBe­

)J,eT K 60JibllIOMY pa36pocy B ITOKa3aHID!X O}lJ,JHaKo­

BbIX KMP. KpoMe Toro, He MeHee B8)l(Ha H rrepHOJlH­

qecKM nosepKa pacxo)J,OMepos Ha pa6oqeM MecTe 

)J,JJR )"IeTa H3MeHemdt B qyBCTBHTeJibHOCTH .D,aTl[l1l(a, 

KOTOpble npOHCXO,ll,XT B pe3yJJbTaTe yxyJl1]1eHHH 

CBOHCTB MarHJ1Ta ITO}l BJJHj(HHeM BblCOKHX TeMnepa­

TYP 11 B pe3yJibrnTe noHBJieIDUI OKHCJIOB 11 np11Mece0 

Ha CTeHKax Tpy6onpoBona. 

113MepeHHH cpe}lHHH LJaCTOTbl cneKTpa cpnyKTya-

1(1111 c11rHaJia KMP. 

Teopen1"!eCKHH 11 npaKTHt.JeCKHH acneKTbI 3TOro 

MeTO)].a o6cy)l(J(eHbl s pa6oTax XOOHCKRX cneu;HaJIH­

CTOB. B HIDC ITOKa3aHO, B qacTHOCTH, l.fTO Me)l(Jly 

cpe,rrnew 'I8CTOTOH cpnyKTyaum-1 CHrnana MarHHTHOfO 
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pacXO.ll,OMepa 11 cpe,n;ttei:i CKOpOCThlO □OTOKa )J.OIDl<Ha 

6hITb CBH3b, 6mHKaR I( JlHHeHHOH (npH 3TOM cpe,nHRH 

qacTOTa Q)Il)'K1)'aI.J:HH CHrHaJJa MarHMTHOro paCX0.!1,0-

Mepa He 3aBHCHT OT qyscTB1-1TeJlbHOCTH p;aTq11Ka). 

,D;mrna CMemeHHH s Typ6yneHTHOM TTOTOKe Bbl­

'lHCllifeTCH no cjJopMyne 

✓(w' )2 
l =-- (1) 

dw/ dy' 
r.ne w' - cpnyKTYauHH cKopocTH □oTOKa; w - ycpe.n.­

HeHHaR no speMeHH CKOpOCTb TTOTOKa; y - paCCTOH­

HHe OT BHYTPeHHeH cTeHKH TPY6onposo.a.a. 

fpa.n.HeHT CKOpocrn B.ll,OJlb pa.!1,J,ryca i-py6bl Bbl3bl­

BaeT cpnyKTYaQHH CKOpOCTH H CMeUI11Bat-1He Me)K.n.y 

coce.ll,Hl-lMH CJIOHMH TenJIOHOCHTeJTR. Ilpe,n□onaraeT­

C$1, '-!TO HeO,D,HOp0.!1,HOCTH TTOTOKa .ll,BHTaJOTCH co CKO­

pOCTblO u· B HHTepsane I. Tor.a.a qacTOTa J HeO.ll,HO­

po.n.HOCTeH MO>KeT 6bITb onpe,n;enetta 113 Bbipa>Kemrn 

f=m=dw_ 
I dy 

(2) 

4acTOTa cpnyKTyau,1,n,1 CHrHaJTOB o□pe,nenHeTCH qe­

pe3 pacnpe.neneH11e CKOpOCTH IlOTOKa, KOTopoe .ll,aeT­

C$1 B BH.ll,e 

w! -JT.w/p = 4,25+wcp/ JT.w/p-7, 21(1- y/ r0
2

)
2

, (3) 

r,ne W cp - cpe.!1,HJ!H CKOpOCTb nOTOKa; •w - KaCaTeilb­

HOe HaI1pH)KeH11e; p - TTJlOTHOCTb TeilJIOHOCHTem1; ro­
BHyTpeHIDIH pa.ll,Hyc QHJIHHJJ.pa i-py6bJ. 

KacaTeJTbHOe ttanpH)Kenwe .ll,JUl rnaJJ.KOH QHJTHH,n.pH-

qecKoi-i TPY6b1 B cnyqae Re> I 05 o□pe.ll,enHercH KaK 

•w = Apw;P /8, (4) 

r.ne A - K03<pcpHQHeHT TpeHHH. 

Ilo.n.crnBJIB (3) B (2) 11 11cnOJ1b3YR COOTHOlllett.1-te 

( 4 ), MO)KHO □OJlY'IBTb Bblpa)l(eHt-te ,D,JIJI '-laCTOTbl He-

0,nJ!Op0.!1,HOCTH nOTOKa 

J = 14;4 Fw"(i -L) = 14;4 /I,-wcp, 
ro VP ro r0 ~8 

(5) 

rL(e r = r0 - y . 

},fa ypaBHeHj,ljJ (5) B11.ll,HO, '-!TO LfaCTOTa <jmyKTya­

Ul1H MHHHMaJibHa B Qempe QHJIHHL\pH'-1ecKoi1 TPY6h1 

H so3pacrneT no Mepe ysen111:1emui r. 
Cpe.D.HHJI qacToTa cpnYKTyau,HH CBH3atta co cpe.n.­

Hew no Cel!eHJ.UO TPY6onpOBO,D,a CKOpOCTblO IlOTOKa 

cne.n.yJOlUHM COOTHOllleHHeM: 

jJ ../( w')
2 

df ~ }r
2
dr 

r - o = 14,4 ~-o-- w (6) 
J cp - co 2 g r1 cp ' 

f ../( w')2 
df ro f lrdr 

0 0 

rL(e r1 - pa.a.Hye Cel!eHJ,UI TPY6bl, B KOTOpOM nOTOK 

TenJlOHOCHTeJIJI Typ6ymm1poBaH. l-13 Bblpa)l(eHJ.fjJ (6) 
B11.ll,HO, LJTO .fcp nponopQ110HaJibHa Wcp· 
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Cpe.n.HRn qacTOTa cneKTPa cpnyKryaQHH c11rttana 

.n.aT'-IHKa onpe,n;eJIHeTCH Bblpa)KeHHeM 

f, f, 

hp = I JS(J)df I I S(J)df ' (7) 
J, J, 

r)J.e Ji 11 h - tteKOTOpb1e rpaHH'-IHbie •iacTOTbI, S(J) -
cneKTpaJTbHaH nnornoCTh MO~ttocrn (CIIM) q)JlyK­

TyaQHH ClffHana .n.aT'-IHKa. 

fu Bb1pa)KeHID1 (7) cne.n.yeT, '-ITO sen111I11Ha fcp 3a­

BHCHT TOJlbKO OT q>opMbI cneKTpa S(J), a Bee a6co­

JI10THbie BeJIH'-IHHhI, onpe.n.eJljleMhie, Hanp11Mep, l.fYB­

CTBHTeJlbHOCTblO cxeMbl 113Mepe1-nu1 I1 "tJYBCTBI1Ten1,­

HOCThlO ,n.aT'-IHKa, B3811MHO KOMnettc11py10TCH, no­

CKOJlbKY BXO)J.HT B no.n.1111TerpanbHbie Bblpa)KeHJ1jJ B 

'-IHCJIHTene H 3HaMeHaTeJie. 3TO 03HaqaeT, l!TO COOT­

HOUieHHe Me)K.!1,Y fcp H pacxoAOM Tenrr0Hoc11Tem1 G 
)J.OJI)KHO 6bJTb 6JtH3KHM K JIHHeHHOMy: 

fcp = K(/cp)G. (8) 
Ko3cpcpHI.\11eHT K(/cp) [fl\l(M

3
/ c)] He 3aBHCHT OT 

COCTOHHHH MarHHTa H Tpy6onpOBO.ll,a 11 SIBJIReTCH .n11-

arHOCTH'-leCKHM npH3HaKOM. 

Ko::Hp<jmu.11eHT K(E) [MBl (M
3
/ c)] Haxo)J.HTCR 113 

COOTHOUieHHH 

E=K(E)G (9) 
11 38BHCHT OT COCTOJIHJ,rn MarHHTa 11 Tpy6onpOBO.l(a. 

TaKHM o6pa3oM, npoQe.n.ypa .n.HarnocrnposaHI-rn 

COCTOJIHHH KMP 3aKJUO"tJaeTCH B cne.n.yrolJ..\eM. 

B Hal!aJihHblH MOMeHT speMeHH □OCJie ycTaHOBKH 

KMP Ha i-py6onposoL( ero '-IYBCTBHTen1,HOCTb C'-IHTa­

eTCH paBHOH nacnopTHOH. CooTHOillem1e Me>K.D.y pac­

XO)J.OM TenJIOHOCHTeJljl H 3)],C .ll,aTLfHKa onpe,!l;enHeTCH 

COOTHOllleHHeM (9) co 3HaqeHHeM K03cpcpm.1.11eHTa 

K(E) = K11 • • (E). IlpOH3B0)].HTCH H3Mepem1e cpe)J.HeH 

<JaCTOThl cpnyK1)'fil.lHH c11rnana H onpe,AeJIHeTCJI ee 

38BHCHMOCTb OT pacxo.n.a TennoHOCHTemI. BeJ1H'JI1Ha 

pacxoAa TenJIOHOCHTeJIJI HaXO,ll.HTCH IlO cj>opMyJie 

G = El K" •. ,(E). (10) 

IlonyLfeHHM 3KCnepHMeHTaJibHM 3aBl1CHMOCTh I1pH­

H11MaeTCH KaK 3TaJ10H, no KOTOpoH B .ll,aJibHeHllJeM 6y.n.eT 

onpeL(eJlj!TbCH HCTHHHhlH pacxo,n TellilOHOCHTenH: 

GHCT= fcp / K(Jcp ). (11) 

J13MepeHHOMY TaKHM cnoco6oM s npou,ecce 3KC­

nnyaTaQHH ycTaHOBKH pacxo.n.y GHcT 6y.n.er cooTBeT­

CTBOBaTh B03MO)l(H0 HOBOe 3Ha'-Ie~rne 3,D;C H3-3a 

O>K11.n.aeMoro H3Mettemrn K03cpqrn:1.1.Hel1Ta K(E) (HJIH 

H3Mettem1e 11yscTB11TeJTbHOCT11 KMP). Ben11-q11tty 

K(E) MO>KHO HaHTH B mo6oH MOMeHT speMeHH, 11c­

non1,3yJI .fcp H TeKymy10 3)],C (£) no cne,D,yJOil.\eH 

cpopMYne: 

K(E) = EK(fcp) lfcp• (12) 

3To .n.aeT B03MO>KHOCTh .ll,HarHOCTHpOBaTb COCTOH­

HHe KMP B nio6oH MOMeHT speMea11. 
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2. 3KcnepHMeHT3JlbH3SI npoeepKa '13CTOTHOrO MeTO)la Ha JHeprentt.leCKOM peaKTope liP-10 

3KcIIepr1MeHTaJlbHaJI IlpOBepKa '-{aCTOTHOfO MeTO­
.n,a rrpoH3BO)].HJJacb tta 3HepreT1-1YecKOM peaKTope EP-
10, nepBb!H KOHTYP KOToporo cocTOJff H3 .n,syx ne­
TeJJb (p1-1c. 2). HarpeTbIH TennottocHTeJib, npoH)].jJ 
qepe3 aKTHBHYIO 30HY, nona,D.aeT B Tem1006MeHHlfl<H, 
3a KOTOphlMH H3XO)].jJTCjJ 3JieKTPOMafIDfTHbie HaCOCbl 
nepsoro KOHTypa. 

Te0/I006MCIIIIIIK TCOJJ006MCIIIIIIK 

OCTJIH I ncTJIH 2 
- --- ---.,--------i 

pacXOilOMe~fl .NH 

o6pann,ril 
K11anaH 

6ailnaCHaR 
JIHHIII! 

peaKTop 

i 

paCXOAOMep ~ 
.N',2 

Puc. 2. CxeMa nepaoro KOH'rypa peaKTopa EP-10 

)];JUI 1-1cnbITaHHH Bht6paHbl .n.sa KMP, ycrnttoB­
neHHb1e Ha TPY6onposo)J,ax (Dyl 00) )J.Byx mrreJlb 
nepsoro KOHTypa peaKTOpHOH ycTaHOBKH. ITepe)J, 
KMP nepBoii nernH Tpy6onposo,u HMeeT 6aHIJacHoe 
ornernJJemre. Henocpe,ucTseHHO 3a pacxo,noMepoM 
H8XO,ll.HTCH o6paTHbtH KJJanaH, Bbl3bl8aIOIUMH rn,upo­
,UHH3MJ,JtieCKOe B03MymeHHe CTOTOKa. KOH,ll.yKL{HOH­
HbIH MarHHTHhIH pacxo,u.oMep BTopoFi ne-rn11 pacno-

JIO)KeH B 6onee 6naronpH}lTHbIX ycn0Biu1x .!J.Jlj! npo­
se,u.emrn 3KCnepHMeHTOB, TaK KaK 3a HHM HCT B03-
MymruolQ}IX aperpa,u.. KpoMe Toro, on ycTattosneH 3a 
rn6oM TPY6onposo,ua Ha paccTO.HllliJ,I 6 - 7 Kan116pos, 
qTo )].OCTaTOqttO )],JUI yCTaHOBJleHJ.Ul paBHOMepaoro 
TeqeHJUI TennOHOCHTeJUl. 

ITpose)J,e1-me 3KcnepH.MeHTa 3aKJIIO'-ianocb s cne­
.u.y10meM. C1-1rttan1,1 o6oHX pacxo,u.oMepos nocne ycH­
nemur H qJHJlbTpaUifH 3an11CblBaJIHCb Ha MHOroKa­
HaJibHT,lH ManrnTOqJOH nrna 7005 (npOH380,ll.CTBO 
qJHpMbl "EpIOJib H Kbep"). flpose,ueHa 3aTIHCh CHTHa­
JJOB C pacxo,u.oMepoB npH BOChMH pa3JIHlfHhIX ypoB­
HHX pacxo.u.a TeTIJJOHOCHTemr, a TaIOKe 3aTIHCb cpOHO­
BOfO CHrnana (Ta6n. I). 

T a 6 JJ u u. a 1. 3na<JeIDIB 3.D:C rrpH pa.JJIWllibJX 

OBIDIX acxo.n.a 
E,,MB G1, M /"I. E2,MB G2, M /4 

2,6 L 1,0 2,4 I I, l 
5,3 22 1 5, I 23,2 
7,5 31 ,4 7,5 34,1 
10,0 42,0 10,3 46,8 
15,0 63,0 15, l 63,1 
16,9 71,0 17,6 79,9 
20,3 85,2 20,0 90,8 
23,9 100,4 22,2 100,8 

3aTeM no 3an11caHHb1M tta MarmuocpoH BpeMeH­
HblM pean113aI.J,HHM BbTl:fHcnrurncb CflM, qTo ocyme­
crnmmocb npH ITOM0ll.ll1 .UBYXKaHanbHOro qacTOTHOro 
attaJllf3aTopa 2034 (npOH3BO)J,CTBO <jrnpMhl "EpIOJlh J.1 

Koep"). BbT11HcneHHhie cneKTPbl s l..lH<ppOBOM sr,i,ue 
3an1-1c1,manHcb Ha )KeCTKHH .U.HCK fl3BM. 

3. Pe3yJibT3Tbl o6pa60TKH 3KcnepHMeHT3JlhHblX J].3HHhlX 

Ha p11c. 3 11306pa)KeH1,1 CITM c11rnanos KMP, 
ycTaHOBJleHHOfO Ha nepBOH: neTne, npH pa3JIH'-iHblX 

BeJJHtJHHaX pacxo.u.a TeOJJOHOCHTeJI.H. 06Hapy)KeHo, 

lJTO senwrnHbI ,u.1-1crrepc1-111 cpnyKTyaQHH cyll\eCT­

setttto 38BHC}lT OT MeCTa ycTaHOBKH pacxo.n,oMepos. 

BoJJhlllaH ,uHcnepcHH cpnyKTyaQHH cwrttanos KMP 

Ha6n10,u.anaCb y ,u.aTqHKa, ycTaHOBJieHHOfO Ha neT­

ne 1. TaK)Ke ycrnHoanetto, tITO cpe,u.HeKsa,u.paT11qe­

cKM sen11q1,rna qmyKTyaUHH CJffHaJIOB npHMepHO 

rrponopUHOHaJJhHa pacxo.n.y TeilJIOHOCHTeJIH. 

Ha p11c. 4 H 5 □pe,ucTaBJJeHbJ pe3yJibT3Tbl on.eH­

KH 3aBMCHMOCTH cpe,u.HeH qacTOTbJ cneKTpa q)JlyK­

TyaUHH OT BeJTWHiHbl pacxo.ua TeilJIOHOCHTeJIH, a B 

Ta6JJ. 2 npHBe,U.eHbl oueHKH napaMeTpOB mrneHHOH 

Mo.n,em1 /cp = aG + b, ttai1:.n;eHHbie Mern,uoM HaH­

MeHblllHX KBa,u.paTOB. 

1x10' 
cnM, B2tn, 

1x10° 

1x10'1 

1x10_. 

1x10"" 

1x10'7 L...--------~-- ~-------
0 2 4 6 8 10 12 14 16 18 20 22 24 

LlaCTOTD, ru 
P11c. 3. CneKTpaJJbHcUI ITJIOTHOCTb MOW.HOCTl1 ClffHaJJOB 

KMP (neTm1 J) npw pa.JJiw-!HbJX 3Ha4emrnx pacxo,na 
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T a 6 JJ u u. a 2. OueHKJ,1 napaMeipos mrnei1HOH M0JJ.em1 

TiapaMeipbl PaCXOJJ.OMeObl 

I Mo.nem1 neTJUI I neTJJlI 2 

a, 11 (M"' /q) 0,049 ± 0 003 0,046 ± 0.003 
I b,ru - 0,291 ± 0,165 - 0,88 ± 0,166 

fuaecrHo, qro B Kaqecrse napaMerpa, xapaKrepw-

3YJOl.l\ero CTTM crau110HapHoro cJiyqaiiHoro npouec­

ca, B reopMH CJI)''iaHHblX npou,eccOB MCn0Jib3yeTCjj He 

cpe.D.HAA qacT0Ta, onpeJJ,eJijjeM8jj B&1pa)f(eHJ-teM (2), a 

cpe.nHeKBa,D.paTH'ieCK8jj <JaCT0Ta (tJaCTOTa Paiica) 
1/2 

JR = _J,_,f_2 ---- (13) 

f s(J)df 
f, 

TTpe.ncrasmno RHTepec paCCMOYpeTb 3aBHCH-
MOCTb 'iaCT0Tbl Patka OT senwrnHbJ pacxo.LJ.a H8TJ)Hjj, 

C noii u,en&IO .n:mr Ka)K.n;oro crre1npa B&1t:f11CJUIJiac1:, 

tJacrora Paifoa. ITonytJeH1lb1e 38BHCHMOCTH npe.n­

crasneH&J Ha pHc. 6 H 7. BH.LJ.HO, 'ITO tJacrora Paiica, 

KaK J,f cpeJJ,HS!jj tJaCTOTa, npaKTl1lJeCKl1 JlHHeHHO CM-

3aH:\ C paCX0J],0M (ra6n. 3). 

+ 
4 1--- -- + 

3 ,___.__ r 
2 

.__ __ 
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Pacxo11., MJ/01 

PHC. 4. 3aJHICl-lMOCTb cpe.nHei"r 4aCTOTbl cneKTpa 
OT pacxo.n;a (neTJUI 1) 
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PHc. 6. 3aaHCHMOCTb l.facToTr,1 Pauca OT pacxo.na (ne-rrui I) 

36 

T a 6 JI u u. a 3. O1.(e11K11 napaMeipos mrneiiHott 
JaBHCHMOcni.fR = aG + b 

f1apaMelpbI Pacx0,D.0MeDbl 
Mo.nem1 neTllil l nerlll 2 

a, I/ (M3/4) 0.062 + 0,004 0,059 + 0 004 
b, fl( 0,161 + 0,220 0,219 + 0,274 

KaK n0Ka3bIBaJOT pe3yJibTaTbJ 3KCnepHMeHTa, 8 

Ka'-lecrne napaMerpa, xapaKrepH3yiomero cocroHH11e 

paCX0JJ,OMepa, C 0JJ;HH8KOBbIM Ka'ieCTBOM M0)KeT 11C­

IT0Jlb30BaTbClI KaK cpeJJ,HlilI qacT0Ta cpnyKTyau,HH ero 

CHTHana, raK H 48CT0Ta PaHca. 

)J,aHHhIH 3T<CnepHMeHT TI03B0JljjeT orrpe,neJIHTb 

qyscTBIUenhH0CTb paCX0JJ,0Mepa Ff3 cne.11,y10mero 

C0OTH0WeHHlI: 

£ = K(3.D.C)G = K(3.D.C)fcp/ K(fcp), {14) 

r.ne E - H3MeplieM8jj B ,naHHbJH M0MeHT 3,lJ,C; /cp -
cpe,nHHR qacroTa qwyI<TyaU.HH cwrnana a ::nor )Ke 

MOMeHT apeMettw; K(fcp) - K03<pcjrnu,Hel!T, Bhl'iHCJieH­

HhlH B HatJane KaM!laHHM (K03<p<pHUHeHT a B JIHHeH­

HhIX MO.LJ.eJUix); K(3,nc) - 4YBCTBHTeJlbHOCTb pacxo­

.[\0Mepa. l.JyacTBHTeJlT>HOCTb KMP Ha $1HBapb 1998 r. 

COCTaa11na 0,23 MB/(M3/q) no cpe.n;Hdi lJ8CT0Te cneK­

rpa R 0,22 no qacTore Pai1ca. 

l(~ClOTa fJI 5 . ' 

i 

.3 
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3aKJIIO'ICHHe 

I . ITpoae.ueHbJ 3KcrrepHMeHTaJlbHble HCCJJe.uoaa­

HJ,[.SI B o60CH0Baf{He qaCTOTHoro MeTo.ua .UHarHOCTH­

poBaHH.SI cocTO.SIHHJI KMP Ha peaKTOpHoH ycTaHOBKe 

c tta-rpHeBbIM TennoHOCHTeneM EP-10. 
2. ITOJJ)"leHhI cneKTPMhHbJe xapaKTepHCTHKH 

CHrHaJlOB pacxo.uoMepos rrepBOH l1 BTOpOH OeTeJib 

nepaoro KOHTypa B .llHanaJoHe H3MeHeHHH pacxo.ua 

HaTPH.SI OT 0 .no 110 M3 /q. 
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IlporpaMMHO-TCXHHllCCKHH KOMllJICKC CHCTCMbl BH6pomyMOBOH ,n;uarHOCTHKH 

PYBB3P 

r.B. Ap1<aiJos, B.ll. Mamseea, O.B. Oo'lapos, A.H. Kanunu11, E.M. <Pun1<e.rtb, BHHMA3C, 

A.H. Yca11os, U:HKtt.Il: " .Il:11anpoM" , I 09507, MocKBa, <DepraHcK~ yn. , 25, 
B.H. llasen1<0, PHU: " KypYaTOBCKHH HHCT11TyT", 123182, MocKBa, nn. KypYaTOea, I 

Ilpe.nCTa.BneH nporpaMMHO-Tex1111qecKKii KOMIIJJeKc (TITK) c11cTeMJ,1 BH6pornyMosoii .UHarHocT11K11 (CBUJ.[() peaK­

TopHOH ycTaHOBKfl (PY) THna BB3P. TTp11se.ueR1,1 cocTaB, KpaTJrue TeXHH'iecKHe xapaKTepHCTf!KJ,1 KOMirneKca TeXH11qe­

CKHX cpe.UCTB ),1 npHKJJa,UHOfO nporpaMMHOfO o6ecne'-leIDUI. 

SOFT-HARDWARE COMPLEX OF THE NOISE-VIBRATION DIAGNOSTIC SYSTEM OF A REACTOR 
UNlT TYPE WWER. G.V. ARCADOV, V.P. MATVEEV, O.V. OVCHAROV, A.N. KALININ, B.M. FINKEL, 
A.I. USANOV, V.I. PAVELKO. The soft-hardware complex of the noise and vibration diagnostic system of a reactor 

unit type WWER is presented. The structure and the concise characteristics of the complex of the hardware and applied 

software are listed. 

CBill.Il: rrpe.l{H83Hat:ieHa .llilll Bh~BJiett1ur aHOMaJlb­

HbJX a.116pau.11ottHhTX cocTORHJilH 06opy.uoaaHID1 PY, 
Bbl3BaHHbIX H3Mettem1eM ycJIOBHH 3aKpenneHH.SI 060-

PY .UOBaHH.SI, H3MeHeHHeM ero )l(eCTKOCTHbTX xapaKTe­

pHCTHK HJIH B03pacTaHHeM fH.llPO.llHHaMHqecKHX Ha­

rpy30K co CTOpOHb] OOTOKa Te□JIOHOCHTeJIH (TH). 

06beKTOM )ll-larHOCTHpOBaHIDI .SIBJ!HeTC.SI rJiaBH1,lH 

U.HPKYilllU.HOHHhJH KOHTYP (fl.J,K) PY THna BB3P, 

aKJUOq~ peaKTop c BHYTPHKoprryc11b1MH YCTJ)OHCT­

BaMH (BKY), rnaBHb!e u11pKyJUIU.HOH11b1e TPY6onpo­

BO.llbI, rnaBHbJe u11pKyJIHU.HOHHb1e ttacocb1 ([IJ:H), 

naporeHepaTophl (nr), onopbI H 3JieMeHThI 

KpenneHHR KOMITOHeHTOB nepBoro KOHrypa. 

MoHHTOpHHf 3a BH6pau.110HHb)MH xapaKTepH­

CTHKaMH CJIO)KHbJX KOHCTpyKJ.J,MH cnoco6eH Bhl­

llBHTb Ha paHHeH CT8)1.HH IlO.SIBJTem1e MexaHHYeCKHX 

.necpeKTOB HJIH aHOM8JlbHOe H3MeHeHHe ycJIOBKH 

3aKpenneH11.S1 3JieMeHTOB KOHCTPYKU.HH . TaK KaK 

e116paU.HOHHbie xapaKTepHCTMKH (Ha□pHMep, pe30-

HaHCHbie qacTOTbl, MO,ll,bl KOJie6aHHH) CB.Sl3aHbJ C 

TaKMMH napaMeTPaMH KOHCTPYKU.HH, KaK MaTpHI.(hJ 

)l(eCTKOCTH, HHepu.,rn, TO OO.SIBJT.SleTC51 B03MO)l(HOCTb 

.n11arHOCTHpOBaHH.SI C BblXO,ll,OM Ha npH'-IHHY TOH 

HJTH HHOH aHOMaJJHH. 
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Cpe.D,w cneKTpanbHblX oco6eHHOCTei1 ClffHanoa 

JJ,aT~IHKOB a116ponepeMew,eH1-1i1 11 nynbcau11i1 JJ,aane­
HMJI, Hcnonb3yeMblX a Cl1CTeMe, MO)KHO BbIJJ,emtTb 4 
Knacca pe30HaHcoa [ 1, 2]: 

- co6cTBeHHbie 4aCTOTbl 0116pau1111 3JleMeHTOB 

KOHCipYKUH11; 

- pe3oHaHCM aKycTw-1ecKRx CTOH<rnx BOJlH (ACB) 

)laanemur TH; 

- pe30HaHCHbie 4aCTOTbI B036y>K.Ua!OW.11X CHn 

(HanpiiMep, YaCTOTbl apaw,eHIDI rlJ.H); 
- HemrneHHbie pe30HaHCHbJe HBJJeHHH (ttanpw­

Mep, rapMOHMKl1 11 cy6rapMOHl1KJ1 l£aCTOTbl Bpaw.e­

Hl1H rUH 11JJ),I KOM611Hal.\110HHbJe 'laCTOTbl). 

KIDKJJ,aH 113 JTl1X xapaKTepHCTl1K CJJY:>Kl1T )J,Harno­

CTWleCK.11M rrpH3HaKoM a CBill)].. Ilpe.D,MeTOM Ha-

6mo)J,ett11H .HBJJ.HIOTCH pe30HaHCbl cneK.panbHblX xa­

paKTepHCTHK (MeCTOOOJIO)KeH11e Ha OCH 4aCTOT, aM­

nJ111Ty)J,a J,f JJ,o6pOTHOCTb, ,n:11crrepc1111 B 3a)J,aHHbIX 00-

JIOCax qacToT, apeMeHa 3ana3.llbIBaIDUI O)J,HOro cny­
Yai1Horo npouecca no OTHOUiem-110 K ApyroMy 11 T.,D,.). 

CTaTl1CTH'leCKru! Hel13MeHHOCTb 0116powyMOBbIX 

o6pa30B B Te'leHMe Ka.Mnamrn .HBJlHeTCH np113HaKOM 

Toro, 4TO pecypc 06opyA00aHID1 ew.e He Bbipa6orntt. 

113Mettem,e 0116pauu11 KOMnoHeHTOB PY - caMblH 4y0-

cr011TeJ1bHhIH 11H)J,MKaTop .llJl.H Bbrnanemu1 TaKHX H3Me­

HeHl1H MeXaH11'-1eCKOfO COCTO.HHMH o6opy)J,OBaHHH, KaK: 

• J136bTT01rna.H JJ,e<popMaUHH rpy6LJaThJX ynpyrnx 

:meMeHTOB waxTbJ c ocna6nem1eM ee np11)1(anu1 co 

CTOpOHhl KpbllllKl1 peaKTOpa; 

• npeah1wem1e npoeKTHhfX 3a3opo0 no pa3JJ,emne-

mo noToKa; 

• aHOMaJlbHbie s116pau1111 TeOJIOBbI)leJIHIOW.11X c6o­

poK (TBC) 113-3a wx Kp11Bl13HbJ, a TaIOKe CMew,eHH51 

./ll1CTaHL(HOH11py10w.wx peUieToK; 

• 113HOC KOHTaKTHblX noaepxHOCTeH 0116porac11Te-

JJeH a aepxHeM 11 Hl1)KHeM y3nax KpenneH11R Uiaxn1; 

• 0cnnh1rne TBC; 

• aHOManbHble H3MeHeHl1_ll )l(eCTKOCTHbIX xapaKTe­

pHCTl1K onop nr, flJ,H, onopttoro 6yprn KOp□yca 

peaKTopa, npHBO)J,_llll.(11e K tte.nonycTHMl,JM aMITJIHTy­

,!laM 11 nmaM KOJJe6aHl111 rrepeLJl1CJJeHHblX 3JieMeHTOB 

rI.J.K; 
• ttenpoeKTHbJe TCMnepaTypHbJe rrepeMew,ett11H rrr, 
fIJ,H 11 Tpy6onpOBO)J,OB. 

Co3)J,aHHhIH TTTK CBill)]. no300JJHeT BhUIBJI»Th 

113MeHeHIDI a116pau1111 Ha paHHeii crn.n1111 11 nporno-

3HposaTb HX JJ,M.HaMHK)'. 0.D,HOBpeMeHHO C KOHTponeM 

113111etteHIDJ 111exam14ecKoro cocTO.HHllil o6opy.n,osa­

HI-LSI a IlTK CBill)]. pernaeTCH 3aJJ,a'-la KOHTpoAA TeM­

nepaTypttbJX nepeMelJ]eHHH OCHOBIIOro o6opy.D,OBa­

HHH f[(K B JJ,J,!HaMH'-leCKHX pe)KJ1Max (pa30-

rpe0/pacxoJia)K11BaHM.e). 3m cpyHKUHH CBill)], o6ec­

ne,rnaaeTc.H JJ,aT'lHKaMH OTHOCl1TeJibHOfO nepeMelJ]e­

Hl1H, KOTOpbie crroco6Hbl H3Mep»Tb KaK 0116pau110H­

HbJe MHKpO□epeMemeHH.H o6opy.D,OBaHIDr B CTau110-

HapHbIX pe)KHMax, TaK H nepeMemeHJUI pa3JIH'-lHblX 

3JieMeHTOB f[(K a npe.D,enax JJ,O IO CM np11 113MeHe­

HJ1H TeMrrepaTypbI TH. 

l. KpaTKOe onucauue TeXHH'-leCKHX cpe.llCTB CBIIl)]. 

CBlll)]. npeJJ.cTaa1rneT co6oi1 aBTOMaTH3HpoBaH­

HYlO JIOKaflbHYIO HHQ)OpMaUHOHH0-113MepHTeJibH)'IO 

CHCTeMy, COCTOj!UJ,YfO 113 113MepHTeJibHbIX KaHaJJOB 11 

nporpaMMHO-TeXHHLJeCKHX cpe,ri;CTB. B OCHOBY no­

CTpOeHHH IITK CBlll)]. nono)KeHo 11cnonh30BaH11e 

HOBeihrnoc cpeJJ,CTB H3Mep1neJibHOH H Bbl'lHCJIHTeJib­

HOH TeXHHKH: npeo6pa30BaTenei1 pa3J1WfHblX HlflOB H 

nporpaMMHpyeMbfX KOHTJ)OJIJiepoB B KaHanax 113Me­

peHHH 11 U11q>pOBOH o6pa6oTKH HHcpOpMal.(Hl1 1-1 npo­

MblWJieHHblX KOMObJOTepoB ,!IJI.H ynpaanemur 113Me­

peH11.HMl1, o6pa6oTKH 11 attanma HH<popMau1111. 

CBlll)]. HMeeT uenbIH pHJJ. cymeCTseHHbIX oco6emro­

cTew no cpaatteHJ,no c JJ.pyntMH cHcTeMaMH JJ,11arno­

CTHKJ1. 3TO B rrepay10 O'lepe.D,b OTHOCHTCH K wyMo­

BblM KOMilOHeHTaM ClffHaJJOB ,l.(aT4HKOB pa3JI(,[l-lH0H 

cpr1311qecKOH npr1pOJJ.bI. Hanp11Mep, pa3Max cpmoK­

ryau11i1 wyMOB BttyTJ)H30HHbIX HeHTµOHHhlX JJ,aT'-lH­

KOB COCTaBJI_S!eT BeJIH'-lHHY 10-9 
- ) 0·12 A H HaXO)J.HTCH 

Ha ypoBHe co6cTBeHHbTX uryMOB annapaTypbl, '-!TO 

rpe6yeT Ka4eCTBeHHOH aHaJJOfOBOH o6pa60TKH: 11C­

nonb30BaHHH npeUH3110HHblX 113Mep11TeJibHblX yc11-

n11Tenew ),f 8blCOKO)J,06poTHblX qJHflbTµOB, faJlbBaHl1-
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t.JeCKOfO pa3JJ.eJieHl1H BXO)J.HbIX H BbJXOJJ,tfblX CMTHa­

JlOB, npwMeHeHl1_S! l 6-pa3pj!JJ.HbIX AUTT JJ,JlR c11HxpoH­

HOM OUHQ)pOBKl1 acero 'laCTOTHOfO JJ,Ha□a30Ha. Kpo­

Me Toro, o6'beM Bbl'Il1CJieHHH 11 CJIO)KHOCTb 113BJie'!e­

Hl1H 113 perncrp11pyeMbJX CHfHMOB JJ,1-fafHOCTH'-leCKHX 

npH3HaKOB Ol.JeHb BblCOKl1, 'ITO rpe6yeT peaJJH3aUH11 

CJIO:>KHbIX anropHTMOB. OcHOBHble TeXHM4eCKHe xa­

paKTepHCTliKH CBill)]. rrpHBe.n;eHbl a Ta6JI. 1. 

Ta 6 n H u a I. OcHOBHbie TexH11ttecK11e xapaKTepHCTHKH 

TTTK CBW.D, 

lJaCTOTHble ,n11aml30Hbl, r1.1 (0, I - 200) 11 (0, I - 42) 
Pe)KJ,IM pa6oThI nepHO,ll,H4eCKHH 

Kon-Bo BXO,!lHblX CHfHaJl0B )J.0 80 
MaKc. ,!l,11111-!a 

pcanHJau,rn 

apeMeHHOH 
,!l0 65 Th!CH'-1 0TC'-leTOB 

MaKc. apeMS! H3MepeHHJ! JI MHH 

YaCTHble H o6o6meHHhle 

,l).J,farH03bl e116pococToS1-

Pe3ynbTaT aHamna HWI o6opy ,ll,OBaHIDI PY; 
Tpell)lbl ,ll,HarH0CTH'leCKl1X 

np1"31laKOB 



B116pau11>1 KOMTI0HeHT0B PY ITTMepsieTCSI npSIMblMH 

Id K0CBeH.HbJMH MeTo,naMH. TipH np51MbTX MeTO,nax HC­

IT0JJb3YIOTCSI ,UaTlfHKH, ttenocpe.ucrneHH0 npeo6pa-

3YJOUJ.He BH6pau;HIO nosepxH0CTH o6opy,noBaHH51 B 

JJJe1<TpH1IeCKHH CHrnan. TipH KOCBeHHbIX MeTO,uax pe­

nlClpltPYIOTCSI <pH3H-.iecK.He xaprucrepHCTHKH PY, Ha 

H3MeHem1e K0TOpblX BmUleT BH6paQHS1. B C0CTaB Tex­

IDfl!eCKHX cpe,ncTB CBUJ,l], BX0)l51T aHaJJ0T0BbJe H3Me­

p1-1TellbHble KattanbI cne,ny101.I\11X THTI0B ,naT'fHK0B: 
- .uaT'rnKH Mexattw-1ecKHX nepeMememu1 - ,uaT­

'-IHKH a6COJIIOTHblX (,l],AIT) H 0TH0CHTeJlbHbIX nepe­
MemeHl1H (,l],OrT); 

- ,uaTlfHKH BHe30HHoro HeHTpOHHoro IT0T0Ka -
H0HH3aUH0HHbTe KaMepbl (J1K); 

- ,uaT'-Hl1Gt BHYTpH30HH0ro HeMTpOHH0f0 n0T0Ka 
- .uaTlfHKl1 np.l!M0ro 3ap11.ua (,l],TI3); 

- ,uaTlfHKH nyn1,cau11i-i ,uaBnemui ()UU() TH fl.{K. 
Bee H3Mep1,1TeJJhHble KaHaJJbl (KpoMe llITaTHbIX 

Kattanos ,l],TI3 11 HK) cocT011T rn .uaTtJHK0B, JIB.Hirn 
nepe,uaLrn CIITH8Jl0B H BXO)lHblX 6JJOKOB (ycmmTe­
JleH). B 0TJIH'!He OT 0CTaJTbHbIX H3MepHTeJlbHbIX Ka­
HM0B KaHanhJ ,l],TT3 11 HK He HMelOT co6cTBeHHhJX 

,uaT'-IHK0B B C0CTaBe CBW,l],, a HCTI0Jlb3YIOT (,[{TT3) 
H0pManH30BaHHbJe attanoroa1,1e BbIX0.UhI ITTK BHYT-

pwpeaKTOpHOH l.ll)'MOBOH )lHarH0CTHKH (BPUJ,[{) H3 
C0CTaBa annaparypw CHCTeMhl BHYTpHpeaKT0pHoro 
K0HTp0Jrn, a KaHa.JibI MK 11cnoIIh3YJOT HopMMH30-
aatttth1e aHanorosble BhlX0.UhI annaparyphl AK-BKY 
(AK.HIT). 

IlpHMep p83MeUJ.eHH11 ,[{All, ,[{OTI, 11K H ,[{II,l], Ha 
PY BB3P- 1000 npe.n;crnaneH Ha p11c. I. qeTb1pe 
,l],ATI ycrnHas1maaJOTC.ll Ha cpnanue KpblUIKH peaKTo­

pa Ha MaKCHMaJlbH0M y.uaneHHH OT uettTpa KpbIUIKH. 
,l],OII ycTaHasrrwsa10Tc11 napaM11 B ropH30HTMhHOH 

ITJJOCK0CTH no.u yrnoM 90° .n.pyr K .upyry B cne.n;yfO­
UJ.HX MeCTax: 

• Ha Ka)KJJ:0M TTr B Hl1>KHeH '-laCTH CO CT0p0HbJ "xo-
JJO)lHOro" K0JIJleKT0pa - 4 x 2 ,naT'IBKa; 

• Ha YJJHTKax ruH - 4 X 2 ,naT'IHKa; 

• Ha U-o6p83HOM rn6e Tpy6onposo;:r:a Ka>K,D,oM 
neTnM - 4 x 2 .n.aT'IHKa. 

)UI,l], ycraHaBJIHBaJOTC.ll Ha HMII)'JlbCHbJX JJHHH..l!X: 

• Me)l(,ny K0pnycoM peaKTOpa H r~ Ha XOJJO,UHOH 
HHTKe - 4 ,naTtIHKa; 

• Me)l(,ny K0pnyc0M peaKT0pa Id flf Ha rop11'-1eM 
ITTITKe - 4 ,naTLJHKa; 

• Me)l(JI.Y nr H ruH Ha U-o6pa3HOM Tpy6onposo.ue 
- 4 )laT'-IHKa. 

235 245 

165 155 

P1-1c. I. TTp«Mep pa3MemeHH51 ,nAIT, )],OTT, I1K 11 )],TT)], Ha PY BB3P-1000: 
• )],A.TI - c 1 s no 4s; ■ )],11,n - c Ss no 12s; 

,+>ii, .D,0TT - c 13s no 36s; 0 I1K - c 37s no 40s 
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CocTaB TeXH11qecKHX cpe)lCTB TTTK CBIII,D. npe)l­
cTasnett B Ta6n. 2, a 6noK-cxeMa TITK CBlll,D. - Ha 
pHC. 2. 

IlTK 06ecne41,rnaeT c6op, perncTpaUHIO 11 o6pa-
6oTKY ClffHaJlOB ynOMJlHYTbIX Bhlme )l8T411KOB. 
TTpe)lBapHTeJibHaR o6pa60TKa CHrHaJIOB )laT4HKOB 
COCTOHT H3: 

• BbI)leJJemuI IDyMOBOH COCTaBJUrlOIJ.J,eH ClffHaJIOB 
.[(I13, ID(; 

• Bbl)leJJeHH.ll nocTOHHHOH COCTaBJl.llJOU(eH CHTHa-

JlOB )].OTT; 

• qnrnbTpfill.lHf nepeMeHHOH COCT8BJl.ll!Oll(eH CID'­
HaJJOB )].All, ,D.OII, ,n.rr.n, ,nrr3, ill( B ,D.J,'!an830Hax 
0,1 - 40, 0,1 - 200 rl.\. 

CHTHaJibI )l8T<U1KOB s116ponepeMeIJ.J,eHHH 11 nynh­
Cfill.HH )l8BJJeHH.ll nocTynaJOT B 6JJOKH npe)lBapHTeJJb­
HOH o6pa6onrn (:meKTpOHHbJH 6noK, 6noK YHLI), r.ne 
rrpOHCXOJ]..llT HX )leMo,nyJI.llllH.ll H npeo6p830BaRl!e B 

cHrttan ttanpH)l(eHHJJ c aMnn11ry.noi1 MaKCHMYM ±5 B, 
nponopl_\HOHaJibHbIH MexaHlofqecKHM BH6pau,mIM 
o6opy ,no Batt 11i:i. 

T a 6 JI u Q a 2. CocTaB TeXHH'IecKHX cpe.ncTB TITK CBW,D. 

I BH.n o60£t.llOBaIDlJI 

J13MePHTeJlb a6COJIIOTHhlX neoeMell(eHHH 
,D.ATI 
3neKTPOHH&IH 6noK 

TOKOB&Ie ClffHaJII,I UITaTHblX l1K OT annapaTyphl 
AK-BKY 113 COCTaBa AKHn H CHrHaJibl LJ:I13 ITOCTy­
muoT Ha 6JJOKH npeeMa CHrHaJIOB l1K 11 ,nrr3, r,Ae 
ocyw.ecTBJl.llIOTCjJ BbI)lenem1e nepeMeHHOH COCTaB­
Jl.lllOU{eH 113 rronttoro CHTHana, qmJlbTpal{HJ:i, yc11ne­
HHe 11 npeo6p83oBaHHe a cHrnan Hanpi:i)KeHIDl c aM­
nn11ry,D,oi1 MaI<CHMYM ±5 B. 

TipoUie,AlllHe npe,ABapHTeJJbHYIO ITO)lrDTOBKY CHT­
HaJibl B3Mep1neJ1bHblX KaHaJJOB nocTynalOT Ha BXO,l], 
CITTHaJihHOro npol_\eccopa Ha 683e npoM&Jll!JieHHoro 
KOMnI,IOTepa, KOTOpblH o6ecnet.JIIBaeT HX q>HJibTpa­
(.\llIO B ,AHana30Hax 0, I - 200 fQ, 0, I - 42 ru., O)lHO­
BpeMeHHYIO perwcTpa(.\HIO )lO 80 Cl1rHaJ10B ,AaT411KOB, 
OI.1,HCppoBKY H xpaHeHHe B 683e ,naHHbIX BpeMeHHhIX 
peanmau,HH. J,13 c11rnam,ttoro npou,eccopa ,naHHb1e 
nepe,D,aIOTC.ll IIO JlOKa.JlhHOH cen1 B rBY CHCTeMbl Ha 
683e rrpoMb1IIIJ1eHHoro KOMTibIOTepa Compact PCI, 
r.11:e ocyIJ.J,eCTBJl.lllOTC.ll o6pa6oTKa BpeMeHHbIX pean11-
3al_\HH, 38TIOJIHeHHe 683bl .11:aHHblX ,n11arnOCTJflieCKHX 
rrpH3HaKOB 11 BhI)la':la )ll18rHOCTHt.JeCKOH HH(pOpMaU,HH 
ITOJib30BaTeJIIO. 

I Tim, lllHQ:lE I Kon. I 
LJ:ATI-08 4 

,D.ATT-08TI 4 
3E-08 I 

fuMcpHTeJTu nepeMemeHHH 16-KaHaJJbHbIH nporpaMMJ-IPYeMhlH 16HTI 2 
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.n;orr 
Yc1rnHTellb ttecyinei,r 4aCTOThI (Yffll) 
bJIOK KaJIJ16pOBKH .non 
.nrr.n 
EnoK np11eMa c11rHanos ,Ul13, 11K 
C1ffHaJibHbJH npoueccop 
rnasttoe BhJqHCJIHTellbHoe vcTPoHcTBO (fBY) 

l . , ' '' '"l 

)J,An-08 (4) I 
I 

. 3JJelCTpOHHb1 H 
6JJOK 

---············"···········""·····"·······"'"""""'"·''"""•··"············"·····"················"·'·•··"""'"'"'"" '"'" ....................................................................................................................................................... 
I . r 

I :.I YWl (4) 
I 

·••·••···········--···· .. -· .. ······ ... -.. , .............................................................................................................. · 

I .[(Il)],(12) 6noK npweMa 

______ J ./ cwrnanoe YIK(l) 

I CHrHanbI l-1K Y 
I 

C 1 • 6noK npweMa 
J-trHanbt .llfl3 1 ... cwrnanoe .[(Il3 

.... 

,D.OTI-0811 
16IB1-0l 

EK 

LJ:TILJ:-814 
EITC 

CTT-80 

CHrttaJJbHblH 
npo1.1eccop 

PHc. 2. EnoK-cxeMa CBW)J. 

24 
4 
I 

12 
2 
I 
I 

IBY 



2 . Texnu11ec1rne xapaKTCpH CT HKH COCTaBHblX '13CTCH CBIIJ,n 

2.1. 1'13.MepumeJJb a6coJ11om11b1x nepe.Meu1e1-1uu 
,D,AIT perncrp11pyeT BH6pau,H10 06opy.noaamu1 a 

aepT11KaJlbHOM Hanpaanemrn, npeo6pa.3y» MexaHHYe­
CKYIO a116pau1110 a :meKTp11Yec1rni:i CHTHan no 11HJJ.YK­
THBHOMY npHHU,Hny (noJie3HblH c11rHaJI MOJlymrpyeT­
Cll Ha Hecymy10 1-IaCTOTy). BbIXOJlHOH ClffHaJl .naT'-111-
Ka q>OpMHpyeTCll 11H.QYKTHBHblM lIOJIYMOCTOM, BCTpO­
eHHbIM B .naTYl1K li IlOJlKnlOlieHHbIM K YH1l, pacno­
JI0)l(eHHOMY a 3JieKTpOHH0M 6JIOKe ,D.Afl-0836. 

OcHOBHbIMH ero oco6eHHOCTSIMl1 HBJIHIOTC.11: 

• B03M0)1(H0CTb H3Mepl!Tb HH3KHe 4aCTOTb1 BH6-
pal{HH; 

• 803MO)KUOCTh 6oJihlllOro y .nanemu1 OT yc11JJ11Tem1; 

• WfCTIIHUHOHHbie caMOJll1arHOCTHKa 11 KaJJH6poaKa. 
CHJIOBa.H t:taCTb 3JieKTpOHHoro 6JIOKa BbI.[{aeT no­

CTOllHHOe Hanpll)l(eHHe l1HTaHl1.sl MarHHTHOro noilll 

no.naecK11 11Hepu1101-1ttoi:i Macchi .naT1111Ka ,D.Afl-08fl H 
ocymecTBillleT aaT0Man1qecKy10 KaJIH6poaKy 11 tta­
crpo11Ky ,naTYHKa .[{ID! pa60Tbl B onTHMaJihHbIX rpa­
HHU,ax no 311eKTpH':lecKHM napaMe·rpaM. YnpaaneH11e 
Ka.JIB6poaKOH H HacTpoi:iKoi-i )].Afl ocymecTBID!eTcll 
HJ nporpaMMHoro 06ecneYetts-u1 CHCTeMbJ. 

YHl.I, BCTJ)OeHHbJH B JJieKTpOHHbtH 6noK, npe.ntta-
3Hal.JeH JlJill pa6on,1 c ,D.Afl, 06ecne411aa.11 Heo6xo,nH­
My10 .nn.11 tt11x ttecymy10 qacTOT)'. KpoMe Toro, yc11-
mucnb BbmonmteT .neM0JlYJI.lll{HIO IlOCTyna10m11x OT 
.naT4HKOB ClffHaJIOB C nocne.ny10m11M npeo6pa.30Ba­
Hl1eM HX B CHfHaJl HanpH)l(emrn C aMl1Jll1Ty,UOH MaK­

CHMYM ±10 B, nponopu110ttanhHhIH BH6pau1u1 KOH­
rpon11pyeMoro o6opy .noaamu1. 

2.2. f13MepumeJ/b 011mocume.nb11bLX nepeMeu1e11uu 
J 6-Ka11QJ/bllblU npo2paMA1upyeMblU 

,D.Ofl BhlnOJIHeH Ha ocHoae nonyMoCToaoi1 11HJlYK­
THBHOH JJieKTpHYeCK0H cxeMhJ 11 npeo6pa.3yeT Mexa­
IDfl-!eCKHe a116pau1111 06opy,noaatt11~ a 3JieKTpHt:tecKHe 
CHTHaJJbl no 11H.QYKTHBHOMY npHHI.Vlfl)' (110Jle3Hh!H 
ClffHaJI MO.QYJIHpyeTC.11 Ha HeCYll{)'IO YaCTory). Kopnyc 

Ta 6 n II u a 3. Texm-1'-lec1<11e xapaKTepHCntKII .LI.An, .LI.OTT, .D.n.n 
)],An ,non 

JJ.Hana:mH 8.MOJJHT)'.U, MM 
± 0,8 )],1-1amnoH aMrunr-ry.n, MM 

)],Hafla.30H 'laCTOT, ru 
I + 200 

t.JyBCTBlffCJlbHOCTb, 
MB/8 

HepaBHOMepHOCTb A 4X, 
12 )],HanaJOH '13CTOT, fu 

% 
HenHHdtHOCTb e .n1-rana30- 5 Hem1HeHHOCTh, % 
He aMnmrry.n, He 6onee, % 
Pa60'-laJ1 TeMnepa-rypa, °C 20+320 Pa6o'IM TeMneparypa, °C 

Hrurn'-!He .D.HCTaHUHOHHOH Ham1411e .UHCTaHUHOH-
KaJJH6pOBKl1 

HMeeTCll 
HOH KaJJH6pOBKH 

,naT1rnKa )l(eCTKO Kpen11TCll Ha q>yli)\aMeHTe CTaHUlfH 

11J111 Ha tteno.llBH)l(HOH onopHoH KoHcTpyKu,1111 06opy­
.noaatt11J1, a ero llYBCTBHTeJihHhlM 3JJeMeHT (lliTOK) KOH­

TIIKTHPYeT C 3JleMeHTOM KOHTpOJJHpyeMoro o6opy.no­
BaIDrn . flepeMemem-1e l!)'BCTBHTeJibHOro 3JieMeHTa 

per11cTp11pyeTCll KaK CHrttan .U8Tl!HKa. 

YHlI npe,UHa.3HalfeH .llJlll pa60Tb] C ,non H ,D.aT'-!H­

KaMH .naanettHll TeH30Mcrp11~1ecKoro THna, o6ecne'-fH­
Ball tteo6xo.nHMYIO JlJUI HHX ttecymy10 qacTOT)'. Kpo­

Me Toro, yc11JI11TeJ1h BhITIOJIHlleT neMO.UYIDIURJO rro­

CTyna10m11x OT .naTtJHKOB CHTHaJJOB C nocne,nyIOUJ,HM 

npeo6pa30BaHHeM HX B CHfHaJI HanpmKeHHll MaKCH­

MYM ±10 B. 
YcHJIHTeJib Ka)K,noro KaHaJJa H3MepeHHll BbJTT0JllleH 

Ha oT.nem,1-1011 nJiaTe, HMe101.1wtt yCTpoHcrna conpIDKe­
HHll C ,naT~lHKOM, 6anattcHpOBKH, peryJIHp0B1(11 c_pa3b1 H 

K03q>cjmu.11eHTa ycHJieHHll. Ka)l(.[{bri1 YHl.J CBll3aH c 
nnaToi1 npoueccopa, HMe10mero rettepaTop Hecyll{eH 
l!aCTOTbI 11 ynpaaID110UJ,ero ero pa6oToi-'i. IInara npo­
ueccopa o6ecne9HBaeT cne.ny10UJ,He cpyttKLJ,1-rn: 
• ycTaHOBKY K03Q)Q)HUHeHTOB yc11nemrn H3MepH-

TeJibHbJX Kattanoa; 

• ycTaHOBKY Hallpll)l(ettml lIHTaHH~ .naT1-lHKOB; 

• aaT0MaT11'IecKy10 6aJJa1-1c11poBKY MK; 

• Bh16op 11 KOHTpOJib BbIXO,JlHbIX Ha!Ipll)l(eIDIM K8)K­

,noro JilK. 
EnoK KaJil,f6poaKH ,D.TT-100 no,naeT Ha Kam16po­

aOYtty10 KaTyUJK)' ,D.0Il KaJIH6pOB04HbJH CHrHaJI. 

lilTOK .naTlfHKa nepeMemaeTCll Ha 3a,naHHYlO ae.m,p.111-

HY, KOTOpaR perncrpMpyeTCll 11 yqHTblBaeTCll npH 

pacqeTe KO:>cpcjmu:HeHTa l!)'BCTBHTeJJhHOCTl1 H3Mep11-

TeJibHOH uenH. 

2.3. J(am'luK ny11bCa't{U1J oa611e11uR 

,D.Il,D. npeo6pa30BbJBa!OT oepeMeHJ-ryFO COCTaB­

JI.HlOilzylO .naaneHMH TH nepaoro KOHTypa a JJieKTpH­
qecKHH c11rnan, nponopu11ottanbHhJW aMTIJIHTy,ne 
nynhcau.Jm (ra6n. 3). 

JJ.TTJJ. 

± 0,5; Kmcj>cp1-1u1-1eHT 7. 10-4+9• l0-4 
+ 50 npeo6pa3oeaH1rn 

1,6± 1 % JJ.1-1anaJOH pa6o'IHX lfaCTOT, 
0+250 

ru 

0 + 200 
)],HanaJoH pa6o'lero .naene-

0 - 20 
HJUI, MIJa 

0,4 
JJ.1-1anaJOH H3Mepl!eMblX 

0,001 - 1,00 
aynbcau11i1 .nairneHHJI, MITa 

20 .. . 80 
ITpHBe.neHHM 

± I 
noroewHOCTh, % 

HMeeTCll 
)l11ana30H pa60'-l11x Ter,rne-

20 - 320 
paTyp, °C 
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3. OCHOBHLle xapaKTepHCTHKH 6JJOKOB o6pa60TKH HHct,OpMaU,HH 

3.1. Cu2HaJlbHblU npotfeccop Cll-80 
CHTHa.JibHhIH npoueccop CII-80 npeJJ.mt:rna'!eH 

)].JUI npHeMa H npe)].BapHTeJibHOH o6pa60TKH UJYMO­

BhlX CHrHaJIOB (rn6n. 4), npe)].CTaBJleHHbIX B BH)].e 

aHa.JIOfOBbIX 3JieKTpHt.ieCKHX CHI'HaJIOB, OT )].aT'IHKOB 

pa:rnwrnoi1 qJH3H'leCKOH npHpO,nbJ. OcHOBHbie cpyHK­

UHH o6pa60TKH lllYMOBbIX CHTHa.JIOB (ycwneHHe, 

KOMileHCaQHJI IlOCT051HHOH COCTaBJUUOUJ.eH, CHH· 

xpOHHa51 OUH<ppOBKa H qJHJibTPaUH11) ocymeCTBIDIJ0T­

C51 c noM0lUbJO eocbMHKaHaJJbHhIX nnaT AIJ:Il Ll221. 

T a 6 n n u a 4. <l>yHKUHJ1 ynpasnemUI 6noKaMH npe)].Bap1-1TeJibHOH o6pa6oTKH 

Tim 
Ha.3tta•1ett1-1e 

BX0,L\HOro 6JJOKa 

,D.All-08 36 YnpannettHe MIT 

16MII Y n pann eHHe .[( 0 TI R ,[(IT.A 

IlT-14 
flpHeM TOK0Bb!X CHTI-laJJOB .[(TI3 
OT TITK BPlll.[( 

3.2. I'IIQ6HOe 6bl'lUCJ/UmeJ/b/J0e ycmpOUCmBO 
fBY Bbin0JIHeHo Ha 6aJe npoMwnrneHHoro KOM­

flblOTepa Compact PCI H wcnoJ1b3yeTc.si )].JUI Heno­

cpe,!1,cTBeHHoro ynpaeJ1eHH11 CHCTeMOH C noMOlll.blO 

HHTepaKTHBHOH o60JIOt.IKH IIOJlb30BaTem1., pa6oTalO­

l.l.\eH IIOJJ. ynpaBneHHeM OC LINUX. CwcTeMHoe npo-

11.HTepcpeiic y npaBIDUOUJ.He <pyHKUHH 

RS-232 
KanH6pOBKa, 6anaHCHpOBKa, ynpaBJJeHHe 
YCHJ1em1eM 

RS-232 nanaacuposKa, yrrpanneBHe ycHJ1em1eM 

RS-485 
YnpanneID1e ycHneHHeM, ynpasnemrn 
$HfilTPOM BbJCOKOH 'laCT0Tbl 

rpaMMHoe 06ecIIe'lem1e (ITO) noMep>KHsaeT npoTO­

KOJlhI TCP/IP, FTP, SNMP , o6ecne'lliBaeT aBT0Ma­

TH'-tecKHw CTapT IIpHI<JJa)].Hb£X 3a)].a'I npH 3arpy3Ke 

TIO, a TaJOKe TecnrpOBaHI-fe BbI'-UICJIHTeJJbHbIX 

cpe)].CTB. OcHOBHhie xapaKTepHCTHKH 6JIOKOB o6pa-

60TKH HH!pOpMaUHH_IIpHBe)].eHhI B Ta6n. 5. 

T a 6 JI " u a 5. Xapa.KTepHCTI1KH 6JJOKOB o6pa60TKH TfHQ)OpMUUHH 

I nnoK rrpHeMa cttrnanoe ,D.TI3, HK (TIT-I4) I CttrHaJibHhlH npoueccop CTI-80 I fBY I 
Konlf'•IeCTBO KaHaJJ0B 

14 
KonH'iecrno Katta-

80 THn K0MflblOTepa CompactPCI 
IIDHeMa CHJ'HaJI0B HK JlOB o6pa6oTKH 

KonH'!eCTBO KaHaJJ0B 
6 Tl-m CHfHaJia 

l..{eHTPaJlbHbIH 
Compact PC[ 

npi,1eMa Cltf'HaJJOB .[(TI3 
ttanpjl)l(eHHe 

npoueccoo 

Bxo,uHOH c11rnan TOKOBbIH XapaKTep sxo,ua 
~lJ.)cjiepem.tH- OnepaTHBHrui Intel Pentium 
aJlbHblH naM_S!Tb JII/500 64 M6 

tfacTOTHble )].11aIHl30Rbl 0,I+42 ru MaKCH.MaJlbHblH 
6,3 B )KeCTKHH ,uucK 18 r6 

BXO,L\HOH CHrHaJl 

Y poseHb co6CTBeHHblX 
:S 60,u6 

qaCTOTHblH ,u1-1ana-
0,1 + 200 ru 

30H (MHHVC 3 ,llD) 
- -

IINM0B Ha BbIX0,lle 

YpooeHb co6crneHHhlX 
$; IMB::>cji 

,[(HR3MHlJeCKHH ,llHa-
~80 - -

lllVM0B Ila.30JJ, ,llD 

KoJIWieCTBO 0TC4e- .LIO 65536 no 
HepasttoMepHOCTb A lJX $; 0,5 ,uE TOB BO BpeMeHHOH Ka>K,U0MY - -

peanH3aUHH KaHany 

YnpasneIDle 
no HHTepcjieii- T.in yrrpaemnomero RS-232 HID! 

cy RS-485 HHrepcjieika RS-485 
--

4. IlpHH ... HUbl ct,yHKU.HOHHpOBaHHJI aJJropHTMH'ICCK0ro H nporpaMMH0ro 06ecne11eHHJI 

CymecTBeHHOe OTJIH'•Ule n0,D,X0)].a K a.JirOpHTMaM 

)].HarnocTHpOBaHIDI, np11:MeHeHHoe B JJ.aHHOH CBlll.Il:, 

OT a.nropHTM0B, peaJTH30BaHHbIX B HMilOpTHhlX CHC­

TeMax attanorH'!Horo HaJHa'-!eHiu, ttanpHMep, B c11c­

TeMe SUS qrn.pMbl CHMeHc, cocTOHT B aBTOMaTH'-!e­

CK0M BhI)].eJJeHHH )].HarHOCTHt.ieCKHX npH3HaKOB [3]. 
OcHOBOW )].Jl51 npoee,D,eHllil )].HarHOCTHpOBaHH_ll cny­

)1(1,fT cueHapHH, KOTOpblH oIIpe,!1,en11eT: 

• BH.D. JJ.HarttocrnpyeMoro 06opy.D.0BaH11» PY; 
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• COBOKynHOCTb H3MepHTeJlhHbIX KaHaJI0B, Heo6-

XO)].HMblX )].JJH npoBe,lleHHH )].Harttocn,poBaHHH HMeA­

HO ,D,aHHoro 3JieMeHTa PY; 
• napaMerpbl H3MepeHH51 (Kom1'leCTBO OTCt.IeTOB, 

qacTOTa )].11CKpeTH3aUHH H T.JJ..); 

• anropHTMbl o6pa60TKH; 

• B11,ll H o6beM RH<pOpMaUHH, nonyqaeMOH B pe-

3YJJbTaTe .n11ar HOCTHpOBaHHH. 

TipH 3TOM BbI)].eJUieTC_ll He O,llliO MHO)l(eCTB0 pe3o-



HaHCOB, a HeCKOilbKO, KIDK)J.Oe H3 KOTOpbIX np,rnaA­

ne)KHT onpeJJ.eneHHOMY peaKTopttoMy 3<pcpeKT)'. Ta­

KOM no.uxoJJ. peanmyeTc.si: cne,n_y10me0 rrocne,u;oBa­

TeJibHOCTbJO ,u;e11crn1111: 

- 3KCnepTbl IIO peaKTOpHblM rnyMaM, npoBe)J..sl HC­

cne,u;oaaHIDJ peanmaQHii c~ai1mrx rrpoueccos npH 

3a)].aHHOH KOHqrnrypallHH )J.8TtfHKOB, COCTaBJI.sllOT an­

ropHTMbl Bbl)].eJieHH.sl pa3JIHtfHblX peaKTOpHblX 3q>­

q>eKTOB; 

- 3TH anroptffMbl 3KcnepTaM.H peanH3yIOTCH B 

BHJJ.e cuettapHeB - nocne,nosaTeJibHOCTH .nei1cTBHH 

Ha,lJ, MHO)l(eCTBOM 3apernCT{H1pOBaHHhlX CHfHaJIOB 

)].aT'-lJ,U<OB; 

- cuettap,ut, HBITJUICb qaCTbJO MeTOJJ.H'IeCKOro 

o6ecnet.teffiUI CBlII.[(, npHMeFUllOTC.sl sc.si:KIDi pa3 K 

KIDK)J.OH HOBOH. MHOrOKaHaJibHOH 38IDICl1 npoueccoB, 

nonyt.teHHOH B pe3yJibTaTe nepHO,L{HtfeCKOro BH6po­

KOHTPOJI.sl PY. 
TaKHM o6pa3oM, rrepcomw, 3KCl1JlyaT11py10mw11 

CHCTeMy )].HarHOCTl1KH, OCB060)1(,ll.aeTCS OT Heo6xo­

,L{HMOCTH BbJ6opa napaMeTpOB BbflUICJIHTeJibHblX 

npoue.n.yp MHO)KeCTBa c11manoa, OT nocne,ny10mero 

BbI.[leJieHIDJ apy1rny10 HeKOTOporo MHO)KeCTBa pe30-

HaRCOB. 

Beil 3Ta cno:>KHaH pa6orn y)Ke C)].emrna 3Kcrreprn­

MH no oueHHBaHHIO cneKTPaJibHbIX xapaKTepHCTHK H 

peaKTOpHOH BH6pomyMOBOl1 mrnrHOCTHKe. OcHOBHOe 

npeHMYmecTBO aBTOMaTH'IeCKOro Bbl.[leJieHH.ll pe30-

HaHCOB COCTOHT B TOM, 'ITO rrpH TaKOM IlO)].XO)].e aHO­

Ma.JllH1 B COCTOHHHH o6opy)J.OBaHH.sl MOryT 6b1Tb BbI­

)].eJieHbl Ha CaMOH paHHdi CTa)].HH HX 3apO)K)J.emu1, 

Kor.na OHH eme He3aMeTHhI "tta rna3". IlpH py'IHOM 

BhJ,u;enemu-1 pe3ottaHCOB H3-3a HX 6om,moro KOJIHtfe­

CTBa s O.D,HOH crreKTPaJibHOH xapaKTepHCTHKe, a TaK­

>Ke 113-3a B03MO)KHOro H3MeHeHHil HX ITOJIO)KeIDUI, 

cymecrnye-r onacHOCTh nponycKa aHoManHi1. 

CrnpTOBa.sl 6116n110TeKa cu.ettapHeB COCTOHT H3 

WITH o6o6meHHhrx cuettapHeB 11 MO)KeT ITOTIOJUUITbCil 

B npouecce 3KcnnyaTaUHH CBlll.[(: 

• BH6pau1rn ocHOBHoro o6opy.noaattm fU:K (IIT, 
fll,H, U-o6pa3Hhrii Tpy6onpoao.n); 

• a116paum1 Koprryca PY; 
• BH6paum1 maXTbI aKTHBHOH 3OHbI; 

• B.&Itty)l()J.a10m11e sH6pawrn CHJibI (ACB, nynbca­

ua11 TH); 
• BH6pauID1 TBC. 

B peJyJibTaTe BbTITOJ1Hemu1 cueHapHeB q>opMHpy­

eTCH .[IHarHOCTH'JeCKa.sl HH<pOpMaU,H.ll, KOTopy10 MO)K­

HO ycnOBHO pa3,neJIHTb Ha TPH ypoBFrn: 

- cneKTpaJihHbie xapaKTepHCTIIKH BH6pocurttaJIOB 

(aaTo- H B3aHMHbJe cneKrpbl, q>a3hl, KOrepeHTHOCTJ.i If 

T.n., a TaIOKe 3Hat.teHH$1 qacTOT, COOTBeTCTBYIOll.l,He 

onpe)].eJieHHOMY peaKTOpHOMY 3q>q>eKTy); 

- TPeH.[lOBbJe xapaKTepHCTHKH ,nMarnocTH'leCKHX 

npH3H8KOB; 

- qacTHbJe H o6o6meHHbie TeKCTbl .miarH030B , 
nonyqeHHble a.BTOMaTH'ieCK.H no TOH HJIH HHOH COBO­

KYITHOCTH cneKTpaJlbHhIX npH3H8KOB. 

no CBlll.[( <PYHKUHOH11pyeT no,n ynpasnemte OC 

LINUX. CTom,3osaTeJ1hCKHi1 HHTepcpeH.c peanH30BaH 

tta 6a3e cpe,u;cTB X-WINDOWS. C1-1cTeMHoe H np11-

KJ1a.uttoe 06ecnet.tett11e CBlll.[( peanITTyeT: 

• ynpaanem1e H3MepeHHHMH, B TOM tfHCJle Ka.Jrn6-

pOBKY H 6anattcHpOBKY H3MepHTeJIT,HbIX KaHaJIOB 

.[(All, .[(OTT; 
• npeJ];BapITTeilbHyIO no,nroTOBKY CHrHaJlOB ,naTtfHKOB; 

• perncTpauHIO .naHHhIX; 

• aBTOMaTHtfeCKHH. aHaJ1H3 H3MepeHHH. 

.[(1-1arnocrnp0Batt11e octtostta.si: npou,e)].ypa 

q>yHKI.{110H11pOBaHHH fl0 BKJIIOtfaeT B cefo1: 

- ITO)J.TOTOBKY 11 npose.neHHe I13MepeHHi1; 

- coxpatteHHe pe3yJibTaTOB H3MepeHHH. B 6a3e 

.D,aHHblX BpeMeHHl>IX peaJIH381.\HH; 

- o6pa60TKY peJyJihTaTOB HJMepeHHH B COOTBeT­

CTBHH co cu,ettapHSMH; 

- coxpattett11e peJyn&TaTOB BbmontteHJ-ui cuetta­

pHeB B 6a3e .D,a.HHbIX .L(HarHOCTH"!eCKHX npH3HaKOB; 

- attanHJ TpeH.L(OB cneKTpafilHbfX I1pH3HaKOB 38 

KaMnaHHIO WHJIH cpoK 3KcnnyaTaUHH; 

- OT06pIDKeHHe pe3yJibTaTOB. 

<PyHKUHOHaJibHM cxeMa TIO CBill.[( npHBe.D,eHa 

Ha p11c. 3 H COCTOHT :113: 

• no H8CTPOihrn H3MepHTeJibHbfX TpaKTOB, KOH­

TPOIT.sl Kat.tecTBa npou.eccoB, HX 3anwcH H apxmau1111 

Ha .nonrocpo'llibrn HOCHTeJlb HH<pOpMaIJ,1111; 

• 6a3bl .L(aHHbJX pe3yJI&TaTOB H3MepeHHH (MHOfO-

KaHaJibHbIX speMeHHblX peanHJau11i1); 

• ITO 00,WOTOBK.H BblTIOJIHeHHll CQettapHeB 11 HX 

Bbl<iHCillfTeJibHOH peaJIHJaUIDI; 

• 6a3bl .D,aHHblX BH6po.zmarHOCTHqecK.HX □pH3HaKoB; 

• nO BH3YaJIH3aUHH pe3yJibTaTOB pa60TbI CUetta­

pHeB. 

.[(11arHOCTHpOBaHHe MO)KeT npOBO.[IHTbC.sl KaK OT­

.L(eJibHO )].J1.sl 3a.D,aHHoro BH.[la o6opy.nosattl1j) (sb16opot.t­

ttoe ,n0arttoCTHpOBatt11e) nyTeM H3MepeHIDI H nocne­

,nyIO~ero a1,montteHW1 orrpe,neneHttoro cuettapIDi, TaK 

11 .L(JUI Bcex BH.[108 o6opy)].OBaHIDI, .L(HarHOCTHpOBaHHe 

K9TophIX JaJIO)KeHo s CBlll.[( (noJIHoe .L(HarHOCTHpOBa­

HHe ), rryTeM nocne,nosaTeJIT>HOrO aBTOMaTH1:leCKOro Bbl­

noJIHeHIDI scex JaJIO)l(eHHbIX B CBlll.[( cuettapnes. 

no CBill.[( o6ecneqHeaeT TaK)Ke B03MO)l(H0CTh 

npoBe)].eHH.ll cneu,HaJihHblX H3MepeHHH. Pe3yJibTaTbl 

cnel..{HaJibHbIX H3MepeHHi1 He npe,nttaJHat.teHbl .L(llil 

o6cny)K}!BaHU.sl KaKoro-ID:160 Cl..{eHapHll, a HCil0Jlb3Y­

fOTCH KaK HCXO.L(HbJe .D,aHHble )].JUI 11ccne,nosaTeJihCKHX 

pa60T C HCilOJib30BattHeM fl0, He BXOJ])llllerD B CO­

CTaB CBill.[(. Pe3ynhTaTOM Bhmon1-1emu1 cneu11anb­

ttoro H3MepeHm .L(OJl)l(Rbl HBHTbCH apeMeHHhJe pea­

ml3aU,HH BXO.L(HblX CHfHaJIOB, 3an0caHHbJe B oco6bIH 

pa3,D.eJI 6a3bJ )].aHHbIX apeMeHHbIX peanH3aJJ,HJ1. 
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I 
,D;TI3 I ~ 

KoHTJ)OJlI, Ka'!eCTBa Ci1rI!aJIOB 
OT BPlll,ll; I 

, 
~ , 

s npouecce 3anttc11 

I MK I . t I 
, 

flo)J,roTOnKa . PerHCTJ)aUIUI ClffllaJJOB -,. ,._ ~ __, 
CHrHaJIOB: ,naT'IHKOB 

I I . yc1111eHtte, 
0333 )J,3HHbIX 

.n;rr.n; I , ---) MHOfOK3HaJJbHbIX 
q>HJibTpau11ll, 

HOpMaJJH3aUKll CoJ)J,aHJ-1e 1rnqiopMaUHOHHoro pe3JJ113auKH 
....__ 

<j>aiina: 
_, 

I ,[(Al1 I "-
l .Kol<p<pHUHeHTbl ycHneHHll, '!3C-

I , 
TOTHblH JIHana:ioH, 3H3'leHHll nocTO-"- ,._ , 
llHHblX COCT3BJIJIIOLl.ll1X 

rl 2. 3Ha'!eHHll pa6o'!HX napaMCTpOB PY 
3. TeKCTOBblH KOMMeHTaplUI '~ 

I .n;orr r CneKTpaJJbHM 

Kmrrponb TellJ!OBOfO o6pa6oTKa 

4 
nepeMel.1-leHl-lll Bbt)leneHHe JlH3rHO-

OCHOBHOfO CTH'leCKHX npH3H3KOB: 

OOOPVJlOBaHHll PY - BH6pau~rn OCHOBHoro 

06opyJloBaHH11 fl~T; 

- eH6pau1rn Kopnyca 

h.__ ~ 

peaKTopa; --
nOCTpoem,e TpeHJlOB 6a3a )J,aHHblX 

- e116paUHJ-f waXTbl 

s116poaKyCTH'leCKHX ,~ 
s116po.n11arHOCTH-

~ 

3KTHBHOH 30Hbl; 
~ ~ - e116pau~111 TBC; 

npH3H3KOB 
•1eCKHX np113TI3KOB -ACB 

...___ 
~ 

PHc. 3. <DyttKUHOHaJJbHal! cxeMa ITO CBllJ)J, 

Cuettap1rn .RBJUIIOTC.11 Bxo;v1olf MHq>opMauHdi: JIJI.ll 

ITO CBW,n H nocTaBilll.JOTC.ll B BJ1JJ,e cpai:inos no cxe­

Me "oJJ,mI CI..(eHapHH - 0)J,HH qiaiin". <t>aHJJbl CQeHapH­

eB cpopM11py10TC.ll C noMOIUbIO cneUHaJJhHOro 110. 
CueHapHH COCTaBJUll-OTCll 113 CJJeJJ,y1oru11x 3JieMeH­

Tapm,IX onepaQ1111: 

1) qTeHHe BX0)J,HblX npoQeCC0B H napaMeTJ)0B 113-

MepelUfH (Kil. - K03ql<pHQHeHT npeo6p8.30BaHl1}1 .n;aT­

'iHKa, Ky - K03<p<pm.J;HeHT yc1rnemui TJ)aKTa, [ 0 - no­

CT0.llHHlUJ COCTaBJUI.IOUJ,a.ll CBTHaJJa .[(aT411Ka, Fil. - qac­

T0Ta .n;11cKpeTH3aQlfl1 (fu), ,n;Han8.3oH qacT0T (F1 - F2) 

(ru), N - tJHCJI0 T0'leK B 0.[(H0M KaHane). 

2) Tipe.n;Bap1neJibHM o6pa6oTKa: ueHTJ)ttposamr.e, 

HCKJ110l.fem1e n11tteirnoro TpeHJJ,a, p8.3pe,1nmatt11e, n11-

ttei1H1,1e npeo6p8.30BaH11.11 npouecca, npHBe,l),eHHe K 

(0, l )-npoueccy (ttyneBoe MaTeMaTR'iecKoe 0)KHJJ,am1e 

H e)J,HHHl.fHaSI .D;Hcnepc11.11). 

3) <t>HnbrpaUH.ll (HH3KO- , BblC0K0l.faCT0THaSI, no­

JJ0C0BaSI ). 

4) OueHKa Koppen.11uHott111,1x cpyHKUHH (asTO-, 

B3aHMH0K0ppemrQ.110HHbie cpyHKUWH). 

5) OueHKa aBTOCneKTpaJJbHOH nnOTH0CT.11 (KBa.n­

paTH-qHM, mrneID1a.s1). 

6) OueHKa B3aHMHbIX cneKTJ)aJJhHblX xapaKTepH­

CTHK: M0.D;YJJb H cpa3a B3aHMHOH cneKrpaJJbHOM nJJ0T­

H0CTH, K0repeHTH0CTb, nepe.naTOl.fHru! cpyHKUI-UI. 
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7) OnepaQHH C MH0)](eCTB0M tJaCT0T 3KCTJ)eMyM0B 

crreKTpaJJbHbIX cpyHKUHH (.n;anee C MH0)KeCTBaMl1 

MapKepos): 

• BbIJJ,enem1.e l.faCT0T JJ0KaJJbHbIX laKCHMYM0B HJlH 

MHHHMYMOB; 

• 06be.D;WHeH11e MH0)KeCTB MapKepos; 

• 
• 
• 

rrepeceqem1e MHmKeCTB MapKepos; 

p8.3H0CTb MH0)KeCTB MapKepos; 

Bhl,llenem1e rapM0HHl.feCKHX p.11.D;0B 113 MHO)l(eCTBa 

MapKepos; 

• BbJ,!l.eJJeHHe cy6rapMOHl1l.feCKHX p.!!,!1,08 113 MH0)Ke-

crna MapKepoe; 

• BbI,lleneH11e MapKepoB, r.n;e 3aJJ,aHHal! cpyH.Kl.lH}I 

npHHHMaer 3a,ll,aHHoe 3Haqefilie (HanpaMep, r.ne cp8.3a 

npHHHMaeT 3Hat.Jem1.e O HJJH 180° ). 
8) ABTOMaTHt.JeCKa.R ,n;eK0MII03111..(H}I THII0B KOJJe-

6aHHH K0pnyca no cneeyTOI.UHM CTaH.[(apTHblM TH­

naM: MrulTHl1KOBbTH O,ll,HOHanpaBneHHbIH, MaSITHHK0-

BblH cToxacTHlJ:ecKHi1, KpyroBoi1, sepTHKa.JTbHbIH. 

9) CocTaBJJeHHe npoTOKOJl0B BH6pOKOHTJ)Onll c 

rpacpHqecKHMH HJlJJIOCrpaUHRMH Ta6m1u. 

nocne,ll,IDUI onepaQHl! - COCTaBJJem1e npOTOK0JlOB 

BH6pOKOHTJ)Ollil - npe,nH8.3Hat.JeHa )lJlll no,n;r0T0BKH 

rpaq>11l.feCKOH, Ta6JJR'iHOH 11 TeKCT0BOH 11Hq>OpMaQ1111, 

OT06pa)Ka10w.e11 11T0rn npHMeHeHHSI K0HKpeTHoro 



c~eHap.FUI no e;:vrncTBeHHOH MHOfOKaHcUibHOH 3an11c11 

(TO eCTb 6e3 npe.n;blCTOpHH, 6e3 OT06pa)KeHJ,UI TpeH­

.[lOBblX xapaKTepHCT11K). 

Co3.n;aHHcU1 CBUJ)]; He yczynaeT no CBOHM 

xapaKTepHCTHKaM CBW)]; H3BeCTHblX MHOCTpaHHLIX 

qrnpM. HanpHMep, no Ta6Jl. 6 M0)l(HO cpaBH11Tb xa­

paKTepHCn!KH CBill)]; 1-1 CMCTeMhl KOHTpOJUI BH6pa­
Ullii qmpMbl C11MeHc. 

Ta 6 JI II u a 6. CpaBHeHHe c11cTeM .zu.tarHocrnKH CBill.[( (PoccID!), SUS (fepMattm1) 

' 
HrutMeHoBaHHe CBlll)], SUS (CHMettc) 

ITporpaMMttoe H arrro- BH6pOMOHHTOpHHr 11 .IlJtarttoCTHpoaa,rne C Bbl- TOJibKO BH6pOMOHJ:ITOplUIT (cJie)KeHHe 3a 
pHTMH'IeCKOe o6ecne- XO)]OM Ha KOHKpeTHblH il!'l8rH03 B aBT0MaT11:'ie- OTKJIOHeHIDfMH B pe30Hattcax cneKTpam,-
11eHHe CKOM pe)KHMe HblX xapa.KTepHCTHK OT :narrOHHblX 3Ha'le-

HMH) B PV'IHOM pe)l(J:IMe 
MaTeMaTl{t{ecKoe PacurnpeHHb1e B03MO)KH0CTH cneKTpaJlbHO- OrpaHH'-leHHOe KOJIWJeCTB0 803MO)KH0-
06ecne'iett1-1e KOooellll!Ui0HHOro amUJH3a cTdi cneKTpa.JJbttoro npeo6pa30Ba.HIDI 
CepnHc ABTOMan1qecK0e Bbl)]eJJeHHe pe30H8HC0B B cneK- Tpe6yeTCll KBaJIHcj>MUHpOBal-lliblH fl0Jlb30-

TJ)aJibHblX xapaKTepHCTHKax, 'iTO He -rpe6yeT BaTem, JJ.JlSJ py'!Horo Bhl)]enettHSJ pe3oHaH-
BhICOKOH KBaJIH(PHKaUHH nepcottarra COB 

TeXHJil-leCKHe cpeJJ.CTBa .[(onOJIHHTeJibHbie BHe30HHbJe (11K) H BHYTpM- OTcyTCTBYIOT BHe30HHble H BHyTpH30H-
30HH.ble (.[(TI3) KaHaJibl ,'-ITO n03BOJilleT K0HTp0- Hbie K8HaJlbl, '!TO orpaHWrHB8eT B03MO)K-
m1poaaT1, BKY 11 TBC pea.KTopa HOCTH CHCTeMbl 

.[(aT'-111 KH a6cOJIIOTHhlX lJaCTOTHblli )]llafla30H 2 - 200 fu 6e3 ,l\OflOJlHH- 9acTOTHblH )J,HamnoH 4 - 200 ru C ,!l0-
aw6ponepeMell(eHHH TeJlbH0ro o6opy,llOBaHIDI ,!lJlSI 110,l]'beMa HH)KJ-IHX nOJIHHTeJlbHblM o6opy,ll,OBaHHeM {KoppeK-

qacT0T THOV!Oll(HH YCHJlHTCJlb) 
l<OJlli'lCCTBO KaHaJIOB .[(o 80 C 803MO)KJ-10CTbl0 H8p81.l.(HBaHIDI )]0 160 B 48 6e3 B03MO)J(HOCTH ttapall(HB81-JIUI 

JJ.UHHhlX ra6ap0Tax np116opttoro lllKacj)a 
Y Hl1'cj>HK8UH.ll Y HHcj>11uHposamn,1e TeXHH'-!eCKHe cpe.llCTBa B KaRaJlbl a116ponepeMe1.UeH11.i-i 11 □yJlbcauirn 

Kattanax nepeMeme1-111l,i H nyn1,cau0i,i ;:ianneHH.ll JJ.aBJJenwr He yHmjmu11posaHhl 

3aKJUO'-leHHe 

OnbIT a).lanTarurn nporpaMMH0-TexH11qecK11x 

cpe.n;crn CBlll,[( Ha 3Hepro6noKax PY BB3P -

440 11 - I 000 no.n;rnep)]HJI npaBHJlbHOCTb 3aJio­

)KeHHblX TeXHl1'!eCKHX H nporpaMMHblX pemeHHH 

11 Heo6xo.n;HMOCTb 0CHamemrn 3Hepro6JIOKOB 

A3C c PY BB3P cHcTeMaMH s1-16pornyMoso11 

.IJ;HarHOCTHKH. 

C03.n.aH1-1e 11 stte.n.peHHe CBlll,[( no3B0IDIT ocyme­

CTBJU!Th nOCTO.sufHhlH BH6paUJiOHHI,JH KOHTp0JJb oc-

CIUfCOK JJHTEPATYPbl 

I. Ey11a6u11 B.B., I'y1<e6 ,a. <I>., llaBenKo B.H. J.1cc11e­
.noaaHID1 xapaKTep11cTHK att6poJJ.HaTHOCTHKH BB3P- I 000 B 
3KCIIJI)'aTIU~H0HHblX ycnOBMSIX. - ATOMH8JI 3HeprHS1, 1995, 
T. 79, Bbill. 5. C. 343 - 347. 

2. Bulavin V. V., Gutsev D.F., Pavelko V.I. Some Results 
of the Vibrations Analysis on the WWER-440. A Symposium 

H0BHOro o6opy.n;oBaHI-Ul H Tpy6orrpOBO.l(OB PY s npo­

Qecce JKCIIJTyarnum1, BbUIBJljJTb .n;ecpeKTbl Ha paHHeH 

CTa.QMH HX pa3B11Tl,Ul M TeM caMblM nOBblCHTh 6e30-

naCHOCTh pa6oThI 5I3Y. 

CBW,[( no CBOHM TeXHH1IeCKHM xapaKTepHCTHKaM 

He ycTynaeT cHcTeMaM s116po.n;1rnrnocTHKH Be,L\yll(ax 

3ana.l{HJ,rx q>HpM, TaKHX KaK C11MeHC (fepMaHHH), 

Becnrnray3 (ClllA), a no HeKOTOpbIM napaMerpaM 

npeBOCXOA11T HX. 

on Nuclear Reactor Surveillance and Diagnostics (SMORN-
7): Proceedings, 19-23 June, 1995, Avignon (France) . 

3. A11111<UH r.r., I'yt(e6 )1.<1>., Tla6e.rtl<O B.H. B116po­
myM0Ba.ll .n11arHOCTHKa peaKTopoe c so.now no.n .uasnemr­
eM. IlaTeHT P<l> N 97102549125(002836), Kil. MTII< 021 C 
17 / 00, 1997. 

CTaTbH nocrymrna B pe.llaKU.1110 26 anpeJlSI 2002 r. 
BorrpOCbl aTOMHOH HayKH H TeXHHKH. 

Cep, <l>H3HKa H,ll,epHblX peaKTopos, 2002, Bbm. 3, C. 37 - 45. 
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Y.[{K 621.039.5 

OcuoBHhle cneKTpaJ11>Hb1e xapaKTepucTHKH Bn6pococToHHHH PY BB3P-1000 

r.B. ApKaooo, B.ll. Mamoeeo, O.B. Oottapoo, A.H. Kammtm, E.M. <Pu11KeJ1b, BHl111A3C, 
A.H. Yca1100, I..{HK11,n ",LlttanpoM", 109507, MocKBa, <l>epraHcKaH yn., 25, 

B.H. lla6eJ1Ko, PHU "KypYaTOBCKL1H HHCTITTYT", 123182, MocKBa, nn. Kypqarnsa, 1 

TTpeJJ.CTaBJJeHbJ cpaKTOpb1, onpe.nem110u.u,1e BH6pococTosim1e o6opyJJ.oBaHHsi pea.KTopttoi1 ycTaHOBKH (PY) BB3P­
l 000. TipHBeJ].eHbl H HHTepnpen1poBaHbl cneKTPaJJl,Hble oco6eHHOCTH CHrHaJJOB cospeMeHHOH CHCTeMbl BH6powyMOBOH 
.n.HarHOCTHKH (CBW):() B83P-I000. 

THE MAJOR SPECTRAL CHARACTERISTICS VIBRATIONS OF THE EQUIPMENT OF A REAC­
TOR WWER-1000. G.V. ARCADOV, V.P. MATVEEV, O.V. OVCHAROV, A.N. KALININ, B.M. FINKEL, 
A.I. USANOV, V.I. PAVELKO. The major factors defining vibrations of the equipment ofa reactor WWER-1000 are 
presented. The spectral features of signals of a modem system of vibronoise diagnostics WWER-1000 are indicated and 
interpreted. 

B HacT011w.ee Bpewi Ha PY BB3P- l 000 3-ro 6JIOK8 
Ea118KOBCKOH A3C BBO.llHTCH B onbITHYIO 3Kcnnyarn-
1.(Hl0 CBlll,Ll. Otta rrpenmi:ma'IeHa nm, s116poKoHTpo­

JU1 Kopnyca peaKTOp8, BHYTPHKoprrycHbIX yc;rpoikTB 
(BKY), TenJJ0BhI.l{e.JUffOlUHX c6opoK (TBC), a TaJOKe 
0CH0BHOro 06opy.r10B8HHH rnaBHOro UHPKYJIHU,H0HH0-
ro K0HT)'p8 (rQK): naporeHep8TOpos (ITT), rnaBHbJX 

UHPKYAAUMOHHbIX Hacocos (rIUI) H TPY6onposonoB. 
CBlll,Ll 06p86aTbIB8eT CHrHaJibI .D.8T'-IHK0B a6conIOT­
noro nepeMeIIJ,eHHH (,LlAIT), 0THOCHTem,ttoro nepe­

Mew.eHHJI ()]:OTT), rrynhcau,11w .r1asJieHHJ1 ()],TI,n), npsi­
Moro 3ap11na ()]:TI3) H BHe30HHh1X HOHH3aIJ,HOHHblX 
KaMep (11K). OcHOBHble TeXHJ11-1ecKHe X8paKTepHCTHKH 
H Q)YHK.l.l,IDI CBlll,Ll npe,nCTaBneHbI s pa6oTe [ l] ( CM. 

HaCTOHl.l(HH c6opilll.K). 
fnaBHM 3a.naya CBlll,[l - onpe.r1enem,1e BH6poco­

CTOllHHSI o6opynosaHH51 PY B 3KcnnyaTaIJ,HOHHhlX 
ycJJ0BL1SIX no Me.l{JleHH0 MeWI.IOl.l(HMCH 3a Me)Kpe-

1. CneKTpaJibHbie oco6euuocTn cnruaJioB CBlll,IJ; 

JII06M cneKrpaJII,RM ou,ettKa nI06oro cHrnana 
.naTlfHKa CBlll,Ll co.nep)l(HT .no HeCK0JihKHX nec11TKOB 
pe30HaHCHblX oco6eHHOCTeH 8 pa6otJeM .n11ana30He 
lfaCTOT, a Ka)K,nM pe30HaHCH3SI oco6eHHOCTb HeceT 
HH<pOpM8L(H!O O TeXHH'IeCKOM C0CTOSIHHH Toro HJIH 
HHOro 3JieMeHTa PY. B npaKTH''leCK0M CMhlCne B8)1(­
Hhl CJie.n;yIOl.l(He 3TailbI rronytJeHlrn BH6pO.l{HarHOCTH­
lfeCKOH HHcpopMaUHH. Ha nepBOM 3Tane B8)1(HO pac­
no3H8Tb rJI8BHE,Je qJH3H'ieCKHe HCTO'-IHHKH (np11'IHHbl 

nO.SIBJJeHJrn) cneKTPaJihHbIX oco6eHHOCTei1 1-rn6nIO­
JJ.aeMbIX CHfHaJIOB. Ha BTOpOM - HaHTH HX npocTpaH­
CTBeHHYIO JlOKaJIH38QHIO, TO eCTb onpe.r1enHTb, npH­
Ha.nne)l(HT JIH .l{aHHbIH pe30HaHC KaKOMy-nH6o KOH­

KpeTH0MY 3JieMeHry PY HJIH SlBJISieTcH 061.UeKOHT)'p-
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MOHTHblH nepH0.l{ BH6po.n»arHOCTH'-leCKHM npH3Ha­
K8M (TPettnaM), a npH .l{JJHTeJI&HOH 3Kcnnyarnmrn -
nporno3Hposam1e BH6popecypca o6opy.noaauIDI. 
Ba)l(Hasi cpyttKIJ,IDI CBlll,Ll - omHMH3au11si o6beMa 
peM0HTHhIX pa6oT nocne onpeneneHHH ql8KTJ,fl{ecKo­
ro s11.6pococT011HIDI 06opynoB8HJrn. 

TI0M11Mo rrpllMI,IX H3MepeHHH B116p8u11i1 o6opy­
nosaHHsi ru;K ,naT'iHK8MH nepeMern.eHHH (,LlATI, 
,[lOTI), CBlll,[l CBOHMH BHe- H BHyTpH30RHhIMH 
HeHTpOHHbIMH .neTeKTOpaMH ocymecrnnsieT KOCBeH­

HbJe H3Mepemrn stt6p8u,HM Kopnyca pe8KTopa, BKY 
H TBC. KpoMe Toro, HK 11. ,nn3 YYBCTBHTeJJhHh1 H K 
MHO)KeCTBY .npyrHX HeHTpOHHO-Tennorn.upaBJIH'IeC­
KHX HCTOl!HHKOB IIIYMOB. <l>yHKl.\11H CBlll,Ll MoryT 
6b!Tb pacIIIHpeHbl 38 C'ieT IIIYM0BbIX M3MepemtH K0-
3qJQ)HUHeHTOB pe8KTHBHOCTH, nOKaHaJibHblX pacxo­
.l{OB TeTIJl0H0CHTenH (TH) H nap8MeTp0B He,norpeTO­
ro KHneHHll TH (2 - 4). 

HblM SlBJiem1eM. Ha TpeTbeM - npOKaJIH6poBaTb 
cneKTpaJJbHYIO oco6eHHOCTb, TO eCTb CBll38Tb napa­
MeTpbl pe30H3HCa C 'iHCJJeHHblMH xapaKTepHCTHKaMl1 
.l{aHHOro Q)H3H9eCKOro HBJiemrn. HanpHMep, CBH33Tb 
pa3Max KOJie6aHHH 3JieMeHTa B MHKp0Hax C 8Mnnw­
TY.LIOH pe30H8ttca B e,n11HHLJ,ax asTocneKTpanbHOH 
nnoTHocrn MOlUH0CTH (ACIIM) (e.n;.H3M.2/ru). Ha 
nocne.ntteM 3Tane - HaHTH TaKHe noporosb1e 3Ha'ie­
HHll '-IHCJJeHHblX xapaKTepHCTHK pe30HaHC8, BbIX0.l{ 38 
KOTOpb1e yrpo)KaeT pa60Tocnoco6ttocrn o6beKTa. 
CymecTBeHHO, 'iTO .n;8HHhJH nopor .l{OJJ)KeH BhrnBJIHTh 
HeHcnpaBHOCTH Ha caMOH paHHeH CTa.l{HH, KOfJJ.a OHH 
eme He yrpo)l(a!OT p860Tocnoco61-10cTH PY. OnH8KO 
Ba)KHO CJie.ll.HTb 3a MX JJ.HHaMHKOH H HaKonJJeHHeM HX 



qJ,fCJia C TeM, YT06bJ He nponyCTHTb MOMeHTa KaYeCT­

aeHHOrO nepexo.na a aHOMaJibHOe co6hITHe, KOTOpoe 

noBJieYeT 3a co6ow M3Mettemrn J,f UlTaTHO KOHTPOJIH-

pyeMhlX napaMeTpOB. TaKHM o6pa30M, BH6poruyMo­

BOH Momnop1rnr B nepcne1<nme cy1111T nepepacTH 8 
caMblH paHHHH 6aphep 6e3onacttocrn. 

2. OnblT ou6powyMOBblX JKcnepuMeHT0B Ha BB3P-1000 

B116powyMOBbie 11ccne.nosaHHJ1 BB3P- l 000 s 

3KCnnyaTaUHOHHhIX ycnosm,x npoBO.!J.KJIHCb Ha Ka­

JIHHHHCKOH, EaJiaKOBCKOH, Hosoaopotte)KCKOH, 3ano­

pO>KCKOM H XMeJTbHHU.KOM A3C. TexHHYeCKHe cpe.n­

CTBa B 3THX wyMOBhlX H3MepeHH.8X HOCI1JIJ,[ 3KCnepH­

MeHTaJTbHbIH xapaKTep, a .nereKTOpHOe OCHaw.eHHe 

COCTOHJIO rnaBHhIM o6pa30M 113 WT8THbIX 11.K, )J:TT3 H 

)J:Il)J:. Tiocne MHTepnpernuirn cneKrpaJI&HbIX oco-

6eHHOCTei1 llIYMOBblX COCTaBJISIIOllU1X .naHHbIX CHTHa­

JIOB, no COBOKynHOCTH aMTIJJHTY,!J.HbIX, (pa30BbIX, 

rapMOHl1YeCKHX H MHOroMepttblX aBTOperpeCCHOHhIX 

IlpH3HaKOB ycTaHOBJieHo [5 - 9], 1.fTO 

• Ha LlaCTOTe ~2,6 I'U. npOHCXOJ.(HT KOJIJleKTHBHhJe 

BH6pau.11H TBC c THTIOM Kone6aID1.i-i, cooTBeTcTByro­

W.HM HH3ruew Mo,ne Kone6aHHH cTep>KHH c .D.BYMH 3a­

Kpe□nentth1MH KOHUaMH; 

■ qacToTa KonneKTHBHhJX a116pau.1-1w TBC conpo­

BO)K,naeTcH rapMOIHfYeCKHM p.8.!J.OM lfaCTOT, YTO 

CBHJ.(eTeJihCTByeT O ttemrneHHOM xapaKTepe BH6pa­

UHH; 

■ '-!aCTOTa ~4,8 fU HBJIHeTCSI C06CTBeHI-IOH YaCTO­

TOH KOne6aHHH llJaXTbI aKTHBHOH 30Hbl H COOTBeT­

crnyeT HH3WeH MOJI,e MaJrTHHKOBbIX KOJie6aHHH, 

'YTO B03M0)!(110 np11 HeKOTOpOM 113HOCe BH6porac11-

Tenew; 

• ,nm1 1-ro 6noKa KaJIHHHHCKOH A3C B HOMHHan&­

HbIX ycJIOBHHX "YaCTOTbl ~0,6; 6,1; 8,6; 12,8; 14,5; 

17,5 fl:,l HBJIJffOTCH HH3llJHMH LJaCTOTaMH aKyCTHlfe­

CKHX CTOHLIHX aonH (ACB) .naaneHMH TH H Ha HHX 

npOHCXO,W[T BbIHy)K.l{eHHbie BH6pau1ur BKY. )J:m, 

cepHHHbJX 6noKOB BB3P-1000 yacTOThI ACB He-

3. KoJie6auuH Kopnyca peaKTopa 

ACITM cHrttanos scex JI,aT'lliKOB, -yyaCTBHTeJlhHbIX 

K Kone6attHS1M Kopnyca, a TaJOKe BKY H TBC (,DATT, 

MK, )J:Il3), co.nep)KHT pe3ottaHc KopnycHOH ACB ~9,3 

ru (peJoHaHc no.n HoMepoM "3" Ha rpacp»Kax ACITM 

)J:An w MK Ha pRc. 1 ). B c1-irttaJiax HeHrpOHH&IX ,naT-

1.JHKOB (MK, ,[I.TI3) pe3oHaHC 06pa3yeTC.8 H3-3a COBMe­

CTHoro .neHCTBHH ITJIOTHOCTHOro 3q>q>eKTa pea1<T11BHO­

CTH J,i 3cpcpeKTa BbIHY)K.!J.eHHbIX s116paU.HH, TO eCTb, C 

O.!J.HOM CTOpOHbI, Cl1I'HaJI HeitrpOHHOro ,neTeKTopa B03-

HHKaeT l13-3a MO.D.YAAUHH aKyCTITTeCKOH BOnHOH 

nnoTHOCTH TH B o6oeMe aKTHBHOH 30HhI, c .npyroii 

cTopoHbI, J.(811HaH ACB BhI3hJBaeT MexaHHLJecKHe KO­

ne6aHHH H Kopnyca, H aI<THBHOH 30Hhl, H3-3a 1.Jero MO-

CKOJlbKO OTJIH'YaIOTCSI w COCTaBnHIOT p.8.l( ~0,6; 6,8; 

9,3; 13,2; 15,5; 20,0 ru, r.ne 

- fl ~ 0,6 ru. - ACB, 38BHCS!ll(85! rJI8BHhIM o6pa-

30M OT Tennorn.npaBJIHYecKHX napaMerpos KOMnett­

caTopa .l(asnett11H; 

- fl ~ 6,8 ru - 1-aH nernesajj ACB c ttyneM aM­

rrn11ry .l(hI (y3JIOM) B npe.nenax Koprryca peaKTopa 11 

3KCrpeMyMaMH (nyYHOCTHM11) B neTJIHX; 

- f3 ~ 9,3 fl.l - 1-aH Kopnycml51 ACB c y3rraM11 s 

nernsix; 

- /4 ~ 13,2 fu - 2-asi KopnycHaH ACB c nyYHO­

CTbIO B npeJI,enax Kopnyca peaKTopa; 

■ YaCTOT&I ACB H qacTorn spaw.ettHH fU:H conpo­

BO)K.na10Tcsi cy6rapMOHHLJeCKRM11 pS!,!1.8Ml1 qacTOT, 

LJTO CBHJI,eTen&crnyeT o coy.napett1rnx BKY (coy.l(a­

pemrn .U.HCTaHU.HOHHpy10w:11x pemeTOK TBC, BHYT­

p11lllDOHO'YHhIX coe.nrrneHHH llJaXThl 8KTHBHOH 30Hbl). 

TaKHM o6pa30M, Ha nepBOM :nane BR6poruyMo­

BbIX 11ccne.nosaHH.i1 BB3P-1000 ,uoMHHHposaJI Heii­

rpoHHo-wyMoaoii aml.llH3, nocrasrrsiromHM mrcpop­

MaU:HIO o sttyrpHKopnyc11&1x ACB, BH6pau1rnx BKY 

0 TBC. norrttasi KapT(,I.Ha coaMeCTHbTX Kone6aHHH 

acex octtoBH&Ix 3IIeMeHTOB PY (ITr, fUH, Tpy6o­

nposo.nos, Kopnyca peaKTopa, BKY, TBC) MO)l(eT 

6l>ITI, nonyYetta TOJihKO c nepexo.noM Ha KalfeCTBeHHO 

HOBhIH yposettb Texmr-1ecKJ1X cpe.ncrn CBUI,[I. [I]. 
Tipe)K.ne scero 3TO OTHOCHTC.8 K 411CJIY H3MepHTenh­

HhlX KattaJIOB CBUI.D:: Heo6xo,n0M MHOroKaHaJI&HbIH 

(He Mettee 60-TH K8HaJIOB) rrporpaMMHO-TeXHH""!eCKHH 

KOMnneKc, pen1crp11pyEOUJ.l1H wyMOBble CHfI-laJibl 

)J:ATT, ,[I.OTT, )J:fl)J:, 11K, ,[{TI3. 

.nymrpyeTCSI IlOTOK 6hlCTpbIX HeHrpOHOB yTe'liGI np11 

H3MeHeHHH TOnill11.Hb1 BO,WfHOro 3a30pa B onycKHOM 

yqaCTKe. flp0MepHO TaKOe )Ke B03,UeHCTBHe Ha KOpnyc 

PY, HO MeH&Wee no MOWHOCTl1, HMeeT 11 ACB 13,2 ru 

(pe30HaHC no.n HOMepoM "4" Ha pHC. I). 
ACB ~9,3 ru, .noMHHHpysi s Kopnyce peaKTopa, 

HMeeT 3Ha411TeJibHble rpa,1U1eHTbl aMITJIH1)')].bl B xo­

JIO,UHI,TX neTJIHX fUK H npaKTHYeCKH OTCYTCTByeT B 

ropHLJHX nernHX (ACTIM )J:IT)J:r Ha pHc. 1 ). TTo3TOMY 

H so36y)l{.nettue a116pau0ii Kopnyca peaKTopa tta LJac­

TOTe 9,3 fU npOHCXO.!I,HT CO CTOpOHhl "XOJIOilHh!X" 

neTeJlh (KorepeHTHOCTH )J:TT)J:r - )J:ATT 11 )J:TI,[l.x -

)J:An Ha pHC. 1 ). 
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0TH. ACIIM · ,ll;IT)Jt 1 
e/.\. 

0 

t:(AII 1 

0 
1 

0 5 10 15 ru 0 5 

Tiemesrui ACB ~6,8 ru. (pe3oHattc no.I{ HoMepoM 

"2" Ha p11c. I) JHa'iHTCJlbHO ycrynaeT no c11ne B03-

.neHCTBHll Ha Kopnyc PY ACB ~9,3 ru: peJoHaHc 

ACB ~6,8 ru o<IeHb Man s q:>yHKU.H.ID( KorepeHrnocrn 

.L(Il,D; - .L(AIT 11 He Ha6mo.n.aeTC$1 B ACITM .L(Afl. OH 

)Ke 0TcyrcrnyeT B ACilM I1K H B q:>yHKU11H Kore­

peHTHOCTH HK - .L(Afl (p11c. ] ), TO eCTb OTCYTCTBYIOT 

H BH6pau,110HHbIH, 11 IlJIOTHOCTHOH 3<pq:>eKTbl, T.K. 3Ta 

ACB, c OAHOH cTopom,1, s ofrbeMe aKTHBHOH 30HhI 

Mana no aMnm1ry.n.e, c .n.pyroii CT0p0HbI, rrp11 l13Me­

Hemrn a.3HM}'TaJlbHOH KOOpAHHaTbl MeW!er CBOH 

3Ha.K. B HTore pe3ynornpyromHH nnoTHOCTHOH 3<p­

<peKT peaKTliBH0CTH - HyneBOH, H npaKTH'leCKH He 

B03HHKalOT BbJHY)K.D.eHHble KOJie6aHJ,!j! rnaXTbI l13-3a 

MaJlOMOU(HOCTH .n.aHHOH ACB B npe.n.enax Kopnyca 

peaxTopa . 

.[(JUI onpe.n.eneHIDI THil0B Kone6amm Kopnyca pe­

aKTopa Ha co6CTBeHHblX qacT0TaX TJ)a.D,HU.H0HH0 

ou.eH11:Ba10TC$1 q:>a.3bJ BCeB03M0)KHblX nap CHrHaJIOB 

.L(Afl. Ilocne.n.m1e HMe!OT xapaKTepH1>1e 3HatfeHH$1 B 

urnpoKHx J{Hana.J0Hax qacTOT (p11c. 2), 'ITO Il03B0JUleT 

.n.aTb rpy6y10 KJiaCCH<pHKau.mo THTI0B Kone6aHHH: (2 
- I 0) ru. - BepTHKaJibHbie KOJie6amu,, ( 13 - 22) ru. -
MaHTHHKOBbie KOJie6aHHll . Mol.l.(Hble, BblC0K0Kore­

peHTHbJe, CHHq:>a.3HbJe KOJie6aHH$1 Kopnyca peaKT0pa 8 
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HH3K04aCTOTHOM )].Haml3oHe AO 6 f Q (ACITM ,l],AII 

Ha pHC. 1 11 KorepeHTHOCTb ,l],AIIl - ,l],ATT2 Ha pHC. 2) 

He Bhl3bIBaIOT KOJie6aHJUI waXTbl aKTHBHOH 30Hbl 

(Hynearui KorepeHTROCTh MK - ,l],AII Ha p11c. 1) 11 

neTeITh (HyneB!UI KorepeHTHOCTh ,l],AII- fUH Ha pwc. 

2), TO eCTb Kone6aH1u1 Kopnyca PY, Ha KpbIUIKe 

cpnaHI.~a KOTOporo ycTaHOBJieHbl ,l],AII, pa3BSl3aHbl no 

OTHOlllemuo K waxTe, l(TO o6nerqaeT )IHafHOCTHpO­

BamIe onopHbIX Y3JIOB waXTbl aKTHBHOH 30Hbl. 

XapaKTepHO, 4TO COBMeCTHbie Kone6aHHSI KOp-

nyca 11 o6opy,/loBaHHSI neTeJlb npOHCXO)].HT a oc­

HOBHOM Ha BbJHY)K.UCHHblX qacrornx (ACB no.A 

HOMepaMl1 "2" - "4" 11 o6opoTHa.H l.JaCTOTa ru,H 
Ha rpaq>HKe KOrepeHTH0CTH ,l],AII - fII,H Ha p11c. 

2), TO eCTb co6CTBeHHbJe qacTOTbl KOJie6aHHH 

Bcero fIJ,K, KaK rno6aJibHh1e caoi1crna BCeM KOH­

CTPYKQHH, 11Me10T He 6onee ':leM neTneay10 n0Ka­

n113au1110, a 06weKOHTyptty10 JIOKaJIH3al(HIO 

HMeIOT pa3JIHlIHbie ACB, ,uei1cTBYIOW.He H3HYTPH 

KOHTypa. 

4. Bbrny,K,UeHub1e KOJ1e6a11u11 o6opy.nouattHSI neTeJib Ha qacToTax ACB 

ACB B f[(K BB3P - MOJ..I.\HI:,Ie 06weK0Hryptth1e 

co6crneHHb1e Kone6aHHS1 AaBnemrn TH [ l 0, 11] c 

)lJIHHaMM BOJIH, AOCTHra!Ol.1.1,HMH HeCKOJlbKHX COTeH 

MeTpOB rrpH HOMHHaJibHJ:,IX napaMerpax TH. B MO)ICJIH 

O.L{HOMepttoH reoMeTpHH fUK CTO~He sonm,1 pacno­

narat0TCS1 Ha )].HCKpeTHOM rapMOHH'-leCKOM psi,/le qac­

TOT. B pean.bHOH TpexMepttoi1 reoMeTpHH fl..(K, npH 

HenocTO.llHCTBe TeMneparypbI TH no fUK, JHat.Jemur 

co6crneHHhIX YaCT0T ACB OTJIH'IaIOTCSI OT rapMOHH­

t.JecKoro p.H,na H 3aHHMalOT HCK0TOpbie HenpepbIBHhie 

,nwanaJOHbl BOKpyr ueHTpaJibHl,IX qaCTOT. 

TaK, nepBaS! nerneaaS1 ACB c QeHTpanbHOii qac­

TOTOH --6,8 fLt 3aH11MaeT ,ll.11alla.30H t.JaCTOT IIIHpHHOIO 

nop.H,nKa Tpex repu (ACTTM )],TI,l],r Ha p11c. 1). Otta 

npeBOCXO)IHT no CBOeH aMTTJIHTY.llC ace .llpyr11e HC­

T04HHKH nynhcau11i1 ,/laanem,rn TH B nernsix, B TOM 

YHCJie 11 nynbCal.(HH .nasneHHH Ha o6opOTIIOH qacTOTe 

fUH. Bee wecTb ,l],OII, ycTattoanettHnie B nerne, KaK 

ycJI0BHO IT0KaJaH0 Ha pHC. 3, q>HKCHPYIOT Kone6amrn 

Ha ACB ~6,8 fu. TioKa)KeM :no no BJaHMHbIM xapaK­

Tep11cTHKaM ",l],II,l], - pa3JTHt.JHbJe ,D;OII", .HBJTSIJOWHM­

cH np51Mb1MH CBH,lleTCJI.S!MH HaJIH'-IHSI Bb!HY)K,ll.CHHJ,IX 

aw6panwi:i Ha t.JacToTax ACB. Ha qacToTe ~6,8 fQ 

npoHCXO,/lSIT BbIHy)K)leHHbJe KOJie6amrn ITT (Kore­

peHTHOCTb ,n;TI,D;r - nr Ha pHc. 4), fUH (KorepeHT­

HOCTb ,n;TI)J,r - ru;H TaM )Ke), U-o6pa3HOro Tpy6o­

npoBO)].a (KorepeHTHOCTb ,l],TI,D;r - u TaM )l<e). AM­

ITJTHTYAbl KOJie6a1rnii nepet.JHCJTeHHbJX C,ll.HH11l.( 060-

PY./lOBaHHSI fl..(K Ha qacT0Te ~6,8 ru, KaK npaBHJI0, 

npeaocxo)I.S!T aMnJIBTY./lbl KOJie6aHHH Ha co6cTBeH­

HbIX qacTOTax, a HHOf)Ia npeB0CXO)I.S!T 11 aMnmIry,ny 

KOJie6rurni1 Ha o6opornoi:i t.JaCTOTe fl..(H. B "ropsi­

t.JeM" Tpy6onposo.ne HaXOAHTCR. MaKCHMaJibHbIH rpa­

)1.HCHT ITOJTSI ACB ~6,8 ru, HMeHHO Il03TOMY KOJie6a­

Hllil Tif, fl..(H H U-o6pa3HOf0 Tpy6onpOBO,ll.a B036y­

)K)J.a!OTCSI co CTOp0HbI "ropsit.Jero" Tpy6onposo,ua. 

IIepeq11cneHHbte csoi1cTBa ACB ~6,8 ru. pacnpo­

CTpaID110TCS1 11 tta ACB ~ 13,2 [Q, KOTopa~ no OTHO-

rneHmo K Heil .HBJI.S!eTcsi BTopoi1 npocTpattcrneHHOH 

rapMOHHKOH. OrJIH1:111e cocTOHT B TOM, l!TO ACB 

~ 13,2 fQ, o6na.n.M nolfTH B,nBoe MeHbilleH AJIHHOM 

BOJilll,I, HMeeT HHoe pacnpe.nenett11e aMnJIHTY.U no 

fUK, 11 ee MO)KHO aa6nIO,/laTh He TOJibK0 B nernsix, 

HO H B Kopnyce peaKTopa. 

IlOM11MO ynoMR.HyTOro Bblllle B03,neikTBIDI Ha 

Kopnyc peaKTopa 11 BKY, ACB ~9,2 ru B036y)l(.n.aeT 

o6J..I.\eKOHTYPHbie BH6pau1111 scex fUH 11 U-o6pa3HbIX 

Tpy6onpOBO,UOB (KorepeHTHOCTH ,l],AIT - fl..(H Ha 

pHC. 2 11 rUH2 - rUH3, U2 - U3 Ha pHC. 4). 

Ha caMoH HH3KOYacTornoi1 ACB ~0,6 ru npo11c­

X0MT Bb!Hy)K)leHHhJe BH6paUHH nr 11 rUH (pe30-

HaHC no.n H0MepoM "l" Ha pHC. 5), npitt.JeM BF16paLtHH 

IIf SIBJIJUOTCSI o6meKOHTy'pHhlMH (KorepeHTHOCTb 

Tif2 - TTf3 Ha pHC. 4). 

PHc. 3. PacnOJIO)KeH1-1e wecrn ,n:orr Ha nr, rUH 
11 U-o6pa3HOM -rpy6onposo.ue 

(Tg - TaHreHUHaJlbHOe, R - pa.D,HaJlbHOe Hanpasnemrn) 
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5. KoJie6aHH11 o6opy,llOB3HH11 neTeJII, Ha co6CTBCHHblX '13CT OTax 

OTJll1'1HTeJlbHOH oco6eHHOCTblO s116pau11H 060-

PY nosaHml PY BB3P-1000 no cpasttemno c s116-

paUHHMH 06opy.n.osatt11.11 PY BB3P-440 (12 - 14] 

.11sn»eTC.II rrpaKTH'1eCKJ1 JJ0JlHOe OTCYTCTBHe o6w;e­

KOHTYPHbIX BH6pauHH Ha co6crneHHI,IX 11acT0TaX B 

,nHana30He (0 - 6) f Lt: 60J1blliHHCTBO KorepeHTHO­

cTeH c11:rttanos )J.OI1 - )J.OII, ycraHOBJieHHI,IX B 

pa3JlH'-IHbJX neTJI.IIX, npaKTW{eCKH HyneBbie (pHc. 

4). TaKHM o6pa30M, pa3JlHqHbJe neTJIH, r<aK :me­

MeHTbl COBMeCTHblX KOJJe6aHHH, "pa3BSl:3aHbI" no 

OTHOLIJeHHIO ,npyr K ,/l,pyry. Ha6J110J(alOTC.II TaIOKe .. 
HH3KHe r<orepeHTHOCTH 11 s c11rttanax )J.OI1 - )J.AI1 

(p11c. 2), 'ITO f0B0p11T 06 OTCYTCTBHH B3aHM0BJlR.ll­

mrn Kone6att11w neTeJib 11 r<opnyca pear<Topa B 

HJ13K0'1aCTOTHOM .zviana30He. 

Ha p11c. 5 rrpe,ncTasneHbI ACIIM H cpyH.K.l..(HH KO­

repeHTHOCTH Cl1fHaJ10B )J.OII, ycTaHOBJleHHbIX Ha rrr, 

U-o6pa3HOM Ypy6orrposo.n.e H nn, O.D:HOH nern11. 

TpH BbICOKO)J.06poTHbIX pe30Hattca B ,/J,Halla30He lfac­

T0T (0 - 5) r u B03Hl1KaIOT M3-3a KOJ1e6aHHH o6opy­

,ll0BaHH.11 Ha co6cTBeHllblX lfaCT0Tax. KaK n0Ka3aHO 

BbTIIJe, 0HH JI0KaJll130BaHbl B O.D.HOH neTne. TTepBble 

)J.Ba pe3ottattca M0)KH0 o6Hapy)KHTb Ha scex Tpex 

K0HTpOJrnpyeMbIX 3JleMeHTax neTJlH: Ilf, LJ­
o6pa3Hblli Ypy6orrposon 11 rUH, TO eCTb npo11cxonii:T 

HX C0BMeCTHbie KOJ1e6amur, '1T0 Il0)J.TBep)l{)J.aeTCH H 

<PYHKllH51MH KOrepeHTHOCTeH (pHC. 5). T:lm&I KOJie6a-

3aKJIIO'ICHHe 

AMnmnyJJ.&I BhJHY)KJJ.ettHhIX Kone6aHHH o6opy.n.o­

samrn neTeJib fUK, Kopnyca PY tta lfacrnrax ACB, 

Kar< npaBHJJO, npeB0CX0,lt.llT aMTIJlHTY.ll.bl BH6paU.HH Ha 

co6CTBeHHbIX 11aCT0TaX, lITO B03BO)J.HT ar<yCTJftJeCKHe 

BHYTPHr<oHrypab1e 3cpcpeKTbI s rnasHbie cpa1<Top&1 

BH6pOI-13HOCa o6opyJJ.OBaHIDI. 

Ha lfacToTe nepsoi1: nernesoH ACB ~6,8 ru tta-

6mo,na10Tcii: 06meKottrypHb1e s116pau1111 acex 3Jle­

MeHTOB neTeJlh, K0T0pble B036y)l{)J.alOTCH co CT0p0Hbl 

ropH'iHX Ypy6onpoBO,D.OB. TaKHM o6pa30M, H.MeHHO 

TaM cymecrnyIOT MaKCHMaJlbHbie rpa)J.HeHTbl TIOJUI 

,llasneHHH TH JJ.JUI ,nattHOH ACB. Ha qacToTe nepsoif 

KoprrycHOH ACB ~9,3 ru np0HCX0)J..IIT COBMeCTHbie 
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)l{eH ( <pyHK~HH KOrepeHTH0CTH fJJ,H - u' nr - fUH 

Ha pHC. 5). TaKHM o6pa30M, cymecrnyIOT rpynlihI 

co6CTBeHHhlX 'iaCT0T, Ha KOTOpbIX 
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KOJie6aIDUI Koprryca peaKTopa, waXTbl aKTHBHOH 30-

HI,J, I'JJ,H 11 U-o6pa3mIX Tpy6onpoBO,llOB, npHlfeM HX 
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PECYPC 

Y)U{ 621.039.83+539.l.07:681 

Oi_.euKa 3anaca pecypca rpa4>HTOBOH KJJ3,l(KH no pac11eTH0-3KCDepnMeHT3JlbHblM 

ueuTpOHHO-cJ>H3H'leCKHM xapaKTepHCTHKaM PEMK-1000 

H.E. Co.MOB, B.E. llone6ou, C.A. HUKO/lae6, 
nm P<l> <f)311, 249033, 06H!lliCK Karry)KCKOH o6n., nn. DOH,napemw, 1 

o.r. qepHUK06, 10.B. I'apyco6, B.r. llle6'leHKO, B.r. PoZ03IIH, 10.0. 3axap:HCe6CKUU, 
Jiemrnrpa.ucKrui A3C, 188540, CocHOBhIH Eop Jiemrnrpa,ncKoH o6n. 

O~emrnaeTc.11 pecypc rpacp11Tosoi1 KJia.AKl1 peaKTopos l-IV :mepro6noKOB J1A3C no HJBeCTHOMY Kp11TwrecK0My 
JHa<re111110 cpmoeHca 6bJCTPhIX HeHTPOHOB 11 cpruoeecy HeHTPOHOB, nony<reHHOMy 113 pe3ynhTaTOB pac'!eTH0-
3KCnepHMei-rra.ribHbIX 11ccne.uosaHHH cnel<TpOB H a6comoTHhIX 0OTOKOB HeHTP0HOB no 061,eMY rpacjJHTOBOH KJJa,!lKH Ha 
3a,!laHJ-lbIH M0MeHT speMem1. Pac'-!eTH0-3KCnepHMeHTaJJ.bHble npoCTpaHCTBeHH0-3HepreTHt.JeCKHe pacrrpe.ueneHIDJ a6co­
JIIOTHblX 3Ha'lemri1 nOT0K0B H cnel<TpOB HeHTPOHOB 003B0JUIIOT orrpe.uemrn, <iJmoettc HeffTPOJ-IOB H, cne.nosaTeJJ.bH0, 
pecypc rpaq>HTOBOH KJJa.UKH s n106oii Hccne.eyeM0H o6nacru peaKTopa 

EVALUATING LIFETIME OF A GRAPHITE STRUCTURE BASED ON THE CALCULATED AND EX­
PERIMENT AL NEUTRON-PHYSICAL CHARACTERISTICS OF RBMK-1000 REACTORS. I.E. SOMOV, 
V.B. POLEVOY, S.A. NIKOLA YEV, O.G. TCHERNIKOV, Yu.V. GARUSOV, V.G. SHEVCHENKO, V.G. 
ROGOZIN, Yu.O. ZAKHARZHEVSKY. The paper deals with evaluation of graphite stack lifetime of reactors I to IV 
of Leningrad NPP. The lifetime is estimated using known critical value of fast neutrons fluence and neutrons fluence 
derived from the results of calculation and experimental investigation of spectra and absolute flux within graphite stack 
at given time interval. Neutron absolute flux and spectra distributions recived by means of calculations and experiments 
provide for determination of fluence and graphite stack lifetime in any part of the reactor under investigation. 

Hccne,u.oBaHIDI COCTO.llHIDI rpaqmTOBOH KJia,UKlf Ha 
3Hepro6noKaX J1A3C noKa3a.Jlli 3aMeTHbie H3MeHemu1 
ee CBOHCTB: yMeHbllJl,IJiaCb ITJIOTHOCTb rpaqmrn no 
cpasHeHmo C HCXO,UHbIM COCTOj[}ffieM, 8 p.SI,ne KJia,D,OK 
rpaqnna npoHJowno qacTlflJHoe pa3pyweHHe, npH­
se,nwee K Heo6xo,nHMOCTl1 HX peMOHTa. B HaCTO.Simee 
BpeMeIDI HaKOilJieH 60JJbllIOH 0TiblT no l13Y1iemno no­
Be,neHID! rpaqrnrn, BKJIIOqrui BJIIDJHHe Ha Hero o6nyqe­
HH.ll, COBMeCTHMOCTh, yCTaJIOCTb, IlOJI3}"'1eCTb 11 T.n. 
CoBMeCTHo c Hayqm,IM pyKoBO.U.HTeneM H rnaBHhlM 
KOHCTpyKTOpOM PoMK-1000 COCTaBJieHbI H pea.JIB30-
Battbl .u.onrocpO"IHbJe nporpaMMbl Jil3Y1:leHID! CJilCTeMbl 
TeXHonom-qecICHH KaHaJl - rpacpHTOBlUI KJia,n,Ka. IlpH 
atta.mi3e Jil3MeHeHl1:H CBOHCTB rpaqmrn H3 pH,na j{qeeK 
ocymecTBJUIJIOcb B3.HTHe rrpo6 rpa<jmTa rou1 11ccne.no­
BaHHJ1 sonpoca o coxpaHemrn rpaqrnTOM ero CBOHCTB. 

113MeHeH11e CBOHCTB rpacpHTOBOH KJia,nl(_l,I OKa3bI­
BaeT BJilflIHHe Ha xapaKTepHCTHKJil CHCTeMbl TOITJIHB­
HhlH KaHaJJ (TK) - rpaq>HTOBa.H KJia,nKa peaKTopa, on­
pe.u.erunomHe ee pa6orncnoco6HocTb. Ba)KHOH xa­
paKTep.11cr.11Koii c11CTeMhI, onpe,u.eJIHIOW.eH ee pecypc 
pa6oTbl, .HBJUieTC.H TeXHOJIOfl,Jl•(eCKl1H 3a30p Me)K_ny 
Tpy6oi,i TK .11 rpacpHTOBOH KOITOHHOH. KaK YKa3aHO s 
[I], B npoeKTe PEMK-1000 He npe.nycMOTJ)eHo CH-

Tyau.IDI, np11 KOTopoii TK 3KcnnyarnpoBancH 6b1 B 

rpacpHTOBbTX HtJeiiKax 6e3 TeXHOJIOfl11:ICCKOfO 3a30pa, 
Ha'-!aJII,HOe 3HatJeHHe KOToporo paBHO ~3 MM. no co­
CTOllHHlO Ha Hl0Jlb 1986 r. ysem,rqeH11e .U.l·IaMeTpa OT­
,u.eJihHbIX TK COCTaBJilJIO 0,92 MM, a yMeHbll1e1rne 
,UHaMeTpa rpaqrnTOBblX 6JIOKOB 1,2 MM. TaKHM o6pa-
30M, .nn.11 HeKOTOpblX KaHaJJOB, pa60TalOtnHX B Ha11-
6onee Hanp.SI.)l(eHHbJX o6naCTID{ aKTIIBHOH 30Hbl peaK­
TOpa, 3a30p Me)l(ey KaHaJibHOH rpy6oi1 H rpacpHTOM 
COKpaTHJIC.H C 3 .no 0,9 MM. B QeJJ0M 3a30pb1 Me)K,!),y 
TK H rpaq>HTOM no 061,eMy peaKTopa pa3Hbie. OHH 
3aBHC.HT OT TeMnepaTypbI, pa,ni,l.aJJbHOr0 H BblCOTHOfO 
pacnpe,neJieIDJ.H IlJIOTHOCTH ITOTOK0B 6bICTJ)blX HeH­
rpoHOB no peaKTopy. 

11.3 npHBe,neHHbIX B pa6ore [ 1] J.J:8HHbIX BH.!J.HO, qTQ 

.UIDI onpe.neneHIDI pecypca pa60Tbl TOilJIHBHOH .11•1eii­

K.H - TK 11 rpaqrn.ToBoii KJia,nKH - no cpnIOettcy ttei-i­
TJ)OHOB Heo6XO,UHMO 3HaTb pacnpe.u.eneHHe ITfl0TH0-

CTH IlOTOKOB 6bfCTJ)bIX HeHTpOHOB C En > 0,5 M3B 

,UJIH TK H En> 0, 18 M3B ,UJIH rpaq>.liTOBOH I<Jla,D,KH. 

PaccMa-rpirnaeTc.H MeTO,n ttepa3pyma10mero KOH­
TpOJUI COCTOHHIDI rpaqmTOBOH KJla,D,KH TOnIDlBHOH 
.11qe11KH 11 Kattana CY3, octtosaHHWH ua cpasttett.1111 
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cpmoettca 6bICTpblX tteHTJ)OHOB B 3a.11.aHHOH o6nacrn 

peaKTopa C KpHTfflCieCKHM 3Ha'-!eHJ,leM cpmoettca 6bICT­

pblX HeHTpOHOB, BeJJl,J'-!Jllia K0TOporo onpe.11.em1eTCjj 

no H3MepeHHb1M 11 pacqeTHblM a6COJJJOTHblM n0T0KaM 

11 cnelITJ)a.M 6blcTpblX HeHTJ)OHOB B 11ccne.u.yeMblX 

o6nacrnx aKTHBHOH 30Hbl peaKTopa. 

Tipe.D.JJaraeMblH MeTO.D. KOHTpOJljj ll03B0mleT C 

.D.OCTaTOqHo 81:,JCOKOH TO'-IROCThlO onpe.u.emITb co-

CT0HHHe rpaq>HTOBOH KJla.D.KH Ha mo6011 M0MeHT 

BpeMeHH no 113BeCTHOH HJlH 3a.D.aHHOH 3HeprOBhlpa-

6oTKe T0JJJ,K0 B TOM cnyqae, Kor.u.a KpJ.iT.11'-!eCK0e 31Ia­

qett.11e cpmoeHca H3BeCTHO C xopowdi TQLIHOCTblO. 

BMeCTe C TeM aBTOpbl Ha.D.eJOTCjj, '-!TO .u.m1 cneQHaJTl1-

CTOB, pa6oTaJOII{HX a 0611acT11 11ccne.n:0BaH.11jj pa.D.Ha-

1.\HOHHOH CTOHKOCTH MaTep11anos, ny6m1KyeMbfe pe-

3YJlbTaThI MOryT 61,JTI, none3HbJMJ,I. 

1. Bnusmne 4>moeuca 1-1euTpOHOB n TeMnepaTypb1 ua pa60Tocnoco6uocTb KOHCTPYKU:HH peaKTopa 

Pa6oTocnoco6HoCTb KOHCTJ)YKI.J,HH aKTHBHOH 30-

HbI PEMK-1000 3aBHCHT OT cocT0HH1'UI cHcTeMbI ao3-

.nencrny10ll.(HX KOMnOHeHT0B TeXH0JJOr111:1ecKoro Ka­

Hana 11 6JIOKOB rpaq>HTOBOH KJJa.D.KH 11 onpe.neJijjeTCjj 

cne.u.yJOll.([,fMJ,f Kp11TepHHMH: 

• KpHTH'-!eCKOH CTeneHblO pa.nr,raQHOHHOro nospe-

)l(UeHJ,Ui (KpHTHLJecKoe 3HatJeHHe cpmoettca <l>Kp); 
• Kp[,fTJ,flJeCKHM H3MeHeHHeM reoMeTpHH rpa<pHTO-

BbIX 6JIOKOB; 

• HapyweHHeM QeJJ0CTH0CTH rpatjrnTOBblX 6noKOB. 

1'13 3TOf0 cne.n:yeT, "!TO B Ka"leCTBe .D.HafH0CTH"!e­

CKOH BemtCJHHbl, xapaKTepH3ylOll.(eH C0CTO}IJ,U[e rpa­

qlHTOBOH KJJa.D.KH B npouecce K0M□aHHH, MO)KHO 11C­

noJib30BaTb JIH60 BeJJH'lllHY 3a30pa Me)KJJ,y rpaqJHTO· 

BOH KJJaJIKOH 11 TK, n1160 Kp11TH"lecKoe 3Ha'-leHHe 

cpmoeHca HeihpOHOB, npH KOTOpOM Hac'rynaet .n:e­

rpa.n.aQ.11jj rpacpIITOBOH KJia.D.KH. 

IlpoQecc wcqepnaH.11jj ra:maoro 3a3opa ao acex pe­

aKTopm.rx 11'-!eHKax HBJl}leTCH 0LJ.eHb .u.mneJJbHblM, no-

3TOMY Heo6xO.D.11MO )'1-111TbIBaTb pa3MepHbJe .n:onycKH 

.ll.J1}I TJJY0 TK 11 rpaqrnTOBblX 6JJOKOB □pH HX H3fOTOB­

neHHH 11 pa3HHltY B CKOpOCTH HX pa,nHaQli0HHOro .u.e­

cpopMHpOBaHHjj, KpoMe Toro, KOHTaKT Me)l(Uy rpacpH­

TOBblMH 6noKaMH 11 UHpKOHHeBOH -rpy6oif TK B03Hl1· 

KaeT HepaattoMepHo H3-3a HepaBH0Mepttoro pacnpe­

.nenemIB HeHTJ)OHHOro ITOTOKa no OCH aKTHBHOH 30HbI 

H pa3JIH'IHOH pa.D.Hal.\'110HHOH yca,n:K11 rpacp11Ta pa3HbTX 

6JIOKOB. Ha M0MeHT npoeKTHposamu, peaKTopa, HCX0-

)1.ll 113 HMeBWHXCSI cae.n:eHHH O CBOHCTBax rpacp1-1Ta H 

l.\HpK0Hl1SI, a TaJOKe HeHTpOHHO-<pl13H'-!ecKHx H Tenno­

BblX pac"!eT0B, HOMHHaJlbHblH .D.HaMeTpaJJbHbIH 3a30p 

6bln ycTaHOBJleH paBHbIM 3 MM. 

AHaJJH3 .naHHbIX HHCTpyMeHTaJII:,Hl:,lX 3aMepoB, 

11ccne.n:osaHHH, pacLJeTOB, Ha6nJO.D.eHHH [ 1] noKaJan, 

'-!TO cpaKTl:P{eCKHH IT0TOK 6bICTpbIX HeHTpOHOB, a 

TaJOKe pa36poc cpaKTH'-leCKHX CBOHCTB MaTep11ana 

-rpy6 H rpaq>HTa OKa3aJIHCb Bbillle npoe1<T11pyeMbIX, 

LJT0 Bbl3BaJT0 npe)l(UeBpeMeHHOe HCLJepnaHHe 3a30p0B 

H B03Hl1KHOBel·fMe Jl0KaJTbHOro KOHTaKTa Me>K.ny TK 11 

rpaq>HTOBO.H KJlaJJ,KOH. )J:ononHHTeJJbHE,Je HanpSI>Ke­

HH}I a rpacpHTOBbTX 6noKax np11BO.D.JIT K HX npe)f()l.e­

apeMeHHOMY pacTpecKHBaHHJO, HCKp11BJiellHIO Kna.n­

KH a uenoM 11 C0Kpal.I..leHHJO cpoKa cny>K6bI peaKT0pa. 
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OnbIT 3KCnnyaTaUHH H paC"leTbl ITOKa3blBaJOT, LJTO 

B OTCyTCTBl1e KOHTaKTa 11 □pH o6ecneLJ.eHHJ,J np11eM­

JJeMoro TeMIIepaTypttoro pe)lrnMa cpoK cny>K6b1 rpa­

q>HTOBOH KJia.D.KH MO>KeT 6bJTb yaeJJH'-!eH .no 35 - 40 

neT, T.e. rm 5 - l O neT 6onbrne npoeKTHoro. )J:nJ1 
o6ecneLJeHHSI 6e3onacttoH H tta.ne>KHOH pa6oTh! 

PEMK ocTaHaBmmaIOT Ha Ka□ HTaJYbHblH peMOHT rorn 
JaMeHbl TK Ha HOBbie c OTO>K)f(eHHl>IMH TJ)y6aMH r13 

crniasa 3-125 11 pacTOLJ.KH ornepcrnH rpacpHTOBbIX 

6JIOKOB Ha Heo6xo.n:HMbJH .n:11aMeTJ). 

Hcnonb30BaHHe 3a3opa Me>K,ny TK H rpaqmTOBOH 

KJJa.D.KOH B Ka'-leCTBe .n11arHOCTHLJeCKOH senHLJHHbl 

3aTpy.11.m1TeJJbHO 113-3a tteo6XO)lHMOCT[,f noCTOSJ.HHOro 

KOHTp0JlH BeJl11'-IHHbl 3TOro 3a30pa. Ha116onee Qene­

coo6pa,mo a KaLJeCTBe ,n:HarHOCTK'IeCKOH aemrlJHHbl 

COCTOJ!Hf,U! rpaq>HTOBOH KJia.D.KH HCn0Jib30BaTb KpH­

TH"!eCKOe 3Hat1eH11e cpJJJOeHca tteihpoHoa, xapaKTe­

PH3Y10U1ee Kp11THLJ.ecKy10 cTeneHT, pa.n:HaQ110HHoro 

noape)f(.n:eH.11jj rpacp11TOBOH KJJa,a:KH. 

Kpumu'leCKClJl cmeneHb paou01,1uoHH020 noepe:»c­

oeHUR. 2parpuma - napaMe-rp, np11 KOTopoM ttacrynae-r 

6bJCTpajj .D.erpa.naQ.IUI CBOHCTB rpa<pHTa, npHBO.D.Slll.(aSI 

K noTepe rpaq>HTOM cnoco6HOCTH HeCTH Harpy3KY B 

Ka'-!ecrne KOHCTPYKL\HOHHoro MaTep11ana. 

B KalJeCTBe Mepbl KpHTH'-leCI<OH CTeneHH pa.n:Ha­

l..lHOHHOro nospe)l(.neHIDJ PHU, "KM" npe.nno>KeH 

cpmoettc, npH KOTopoM 061,eM MaTepmIBa nocne pa­

,nHaQHOHHOH ycamrn 11 nocne.u.y1omero pacrryxamrn 

npHXO.D.HT K HCXO.ll.H0MY 3Ha'-leHl1IO. 3Ta BeJJHlJHHa 

Ha3BaHa KpHTHqecKHM cj>moeHCOM ct>KJJ. B 3TOH 06-

nacrn <pJIIOettca npoHcxo.nHT pe3Koe yxy.nwett11e q>H-

3HKO-MexaHH"!eCKHX CBOHCTB rpacpHTa - npO'-IHOCTH 

(MO.D.YJijj ynpyroCTH) 11 TennonpoBO.D.HOCTJ,J. 3TH H3-

MeHeHJ,fjj 6bICTPO nporpeccHpy10T, npHBO)l.jj B HT0re K 

ITOJIHOH .nerpa.naUHH CBOHCTB J,f .D.eCTpyI<.1..,11-rn MaTepH­

na (pHc. 1.). KpHTHl.!eCKHH q_)JIIOeHC CHJlbHO 3aBHCHT 

OT TeMnepaTypbl o6nyLJeHJ,f}I, yseJI11'-1eHHe KOTOpOH 

npHBO,nl1T K CMell.{eHHIO KpHTH'-leCKOro cj>moettca B 

o6naCTb MaJlblX 3HaLJeHl1H (pHc. 2) [I, 2]. 
CoxpaHeHHe pa60TOCITOC06HOCTH rpacp11Ta B pa60'-IHX 

ycnOBH11X B Te'-!eHHe onpe.n:eneHHOrO BpeMeHH eCTb 

pa.11.11au,HOHHajj CTOHKOCTb rpa<pHTa. TipH 3TOM Heo6-

X0,!lHM0 YLJHTbIB8Tb Beeb KOMTIJJeKC ero qJH3MKO-
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Mexamr'-!eCKHJ< CBOHCTB )J.flSI 38KJIIO'-leHIDI 06 o6ecne­

'-!emrn rpacj)J,fTOBOH KOHCTJJYKL(HeH pecypca pa6oTbl 

peaKTopa. /J.nR 2pa¢umoBblX 6noK06 KJWOKU peaKmo­
poe muna PEMK-1000 pecypc1tb1u ¢moeHc (cpeiJHuu 
no 6noKy) cocmaenRem 1,6-1022 1teump!CM2

. 

TeopeTH'-!eCKHe npopa60TKH H 3KcnepHMeHTanb­

JU,[e HCCJie)J.OBaHIDI ( 1] IlOK83aJil1, '-ITO B KaqeCTBe 

npe.n.enhttoro KpHTepID! pa.n.Hal.(HOHHOH CTOm<OCTH 

)J.JISI rpaqrnra K8K KOHCTJ))'Kl(HOHHOro MaTepV1ana He­

o6XO)J.HMO HCil0Jib30BaTh KpHTep11i1 KpHTHqecKoro 

cj>moettca 11eHTJ)OHHoro 06rrytJeHID1, onpe,neJIS1eMoro 

H3 pa.n.Hal.(M0HH0ro cj>opMOH3MeHeHHSI o6p83UOB rpa­

cj>HTa, Kor.n.a nocne cTa)J.HM yca,nKH 061,eM o6pa3L(OB 

rpacj>HTa )J.OCTHraeT CB0ero nepBOH84aJibH0r0 3HatJe­

H}UI. ripH 3TOM cpopMaJibHbJM ycn0BHCM coxpatteHJUI 

pa6orncnoco6HocTH rpacp1,na 6y,neT <Ppec< <t>KP (I, 2]. 

O)).HaKO pa3pyrneHHe H3)J.eJIHH H3 rpacjrnTa M0)J(CT 

HaCTYCTHTb H apH cpmoettce HCHTJ)OHOB MeHbille KpH­

THCieCK0ro. Pa6oTocnoco6HOCTb rpaqrnTa B 3THX yc­

Jl0BKSIX 6y.n.er oape.n.eJI.!l'TbCSI ero rpel.lJ,HHOCTOHKO­

CTblO. B Ka'-leCTBe KpHTepm1 rapaHn1poBaHHOH pa6o­

TOCITOC06HOCTH rpaqrnTOBbJX H3)J.eJIHH npHHl!MaeTC.ll 

ycJIOBHe )J.O□yCTHMOCTH np0HHKHOBeHHSI pa.n.HanbHOH 

Tpel.I.{HHbl Ha rny6mry, He npeBbJWaJOI.IJ,YIO 80% T0JI­

I.IJ,HHbI (cTeHKH) rpacj>HTOBOH KJI8)J.KH. 

Pa6orocnoco6HOCTb KJia,!1.KH npH )J.0CTVl)KeHHH. <I>"P 
MO)KeT np0,!i.0JI)J(8TbCSI, ecm, He npOH30H)leT p83py­

WCHHe OT BHyrpeHHHX HanpS!)l(eHHH, BbI3B8HHblX He-

0)).HOpO)J.H0CTlfMH. noneii TeMneparypbl H TT0JISI Hei-1-

TJ)OHOB HJIH OT B38HMO)J.eHCTBIDI C KaHaJI0M. B 3T0M 

cnyqae pa6orocrroco6HocTb 6y.n.eT onpe)leJIRThCSI 

)J.OCTH.)J(eHHeM C0CTOHHKSI, Kor.n.a npOH30H)J.eT TTOJlHaSI 

.n.erpa,nal.(HSI CBOHCTB, npH KOTOpOH rpacj>HT noTepReT 

CBOHCTBa K0HCTJ)YKUH0HH0rO MaTep11ana, H.nVI 6y.n.eT 

.n.ocTHTttyTa .n.ecj>opM81.ll1SI (pacnyxatt11e) rpacj>11ra, np11 

KOTopoi-1 6e3onacHa» 3KcrrJiyaTaUH..R peaKTopa 6y.n.er 

HeB03M0)KHa. 

TaKHM o6paJoM, pecypc KJiaJJ.KH. P6MK-1000 c 

y'!eT0M B03MO)J(H0CTVI pa6oTbl 38 <I>Kp MO)f(HO npo­

AJH!Tb 38 npoeKTHblH (ecJIH. coxpaHHTb 6JJOKH Hep83-

pyweHHblMH.). 

fpacpttTOBhJH 6noK P6MK- I 000 B 30He MaKCHMy­

Ma 3HeprOBbJ,lJ,eJieHH» TeXH0JlOfH'-IeCK0ro KaHana 

cpe.n.HeH M0II.lH0CTblO 2 MBT M0)f(eT coxpaHRTb pa-

6orncnoco6HOCTb JJ.O 35 - 40 JleT. OcHOBHbIM tpaKTO­

poM, KOTOphlH MO)J(eT orpam1tJH.Tb pa6orncnoco6-

H0CTb KJ18AKH, SIBJISleTCSI qpe3Mepttoe pa,!1.1181.(H0HH0e 

pacrryxattHe. Pecypc no Kp11Tep1110 pacnyxattHSI 

KJI8AK11 B ueJIOM 6y.n.eT onpe.n.enSITbCSI cpe,nHeH M0I.11-

HOCTblO KaHaJia. 

2. HccJJe,llOB3HHe cneKTpOB H a6COJUOTHblX noTOKOB ueitTpOHOB B TK peaKTOpa 

2. t PactJeT cneKTp0B H a6COJIIOTHblX n0T0K0B 

HCHTpOHOB 

B 1991 H 1997 rr. Ha JleHmrrpa,ucKoi-1 A3C a pe­

aKTopax I-IV 6noKoB npoBeJJ.eHl,I H3MepeHHSI a6co­

JlIOTHhIX IlOT0K0B VI cneKrpOB HeHTpOHOB MeT0)J.OM 

aKTHBaUH0HH0ro 3Ha.JIH38. 3KcnepHMeHTaJibHbie pe-

3YJibTaTbl cpaBHHB8JIVICb C paC'lCTHbTMH C QCJlblO 

npoaepKH pac':leTHbIX nporpaMM JJ.JUI HX HCTI0J11,30Ba­

HHSI B pacqeTax a6comoTHblX TI0TOKOB 11 cneKTp0B 

HeHTpOHOB B o6nacrnx peaKT0p0B, He,lJ,0CTYilHbIX )J.JISI 

3KCrrepHMCHT0B. 

B pe3yJihTaTe B 1991 r. nony1..JeHbJ pac'-leTH0-

3KcnepHMeHTanbHbJe 3Ha'!eHHSI a6COJIJOTHbIX IlOTO­

KOB H cneKTp0B HeHrpOHOB B TOTIJIHBHblX WteHKax 

peaKTopoa npH p83JIH':IHblX Bbiropamrnx H o6orame­

HHRX TOilJIHBa no H30TOITY U-235, K0TOpbie urnpOKO 

11cnoJih30BaJIHCb OPT JIA3C JJ.JIM o6ocHoBaHHR BHe­

.n.pS1eMbIX pa.n.11.al.(VI0HHbIX TeXHOJiormi (3). 

C 1996 r. Ha Jiemrnrpa.n.cKow A3C Ha'-IaT nepeao.n. 

peaKT0p0B Ha TOilJIHBO C 06oraI.1J,em1eM 2,4 ... 3,0% no 

M30Tony U-235 c Bhrropa10I.11VIM nornoTHTeJieM (Er). 
Pe3ynbTaTbl npoB0)J.HMblX pa6oT 6brnH He06XO)ll1MbI 

Jlllil onpe.n.eneHHSI p83JIH'-IHbIX acneKTOB, BJIHS!lOl.llHX 

Ha pacnpeJJ.eJieH11e Il0T0KOB HeHrpOHOB B peaKTopax 

C ypaH-3p6HeBbIM T0ilJlHB0M, VI BHeceHHSI He06XOJJ.H­

MblX KOppeKTHB B TCXHOJIOrHIO 06JJY'-ICHH» J,f HaKon-
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JICHHR pa.n110H30Tonos B PEMK. Tipoae.n.eHRbie pac­

'-leTH0-3KcnepHMeHTaJibHbie nccne.n.oaaHHSI a6comoT­

HbJX nOTOK0B VI cneKrp0B HeHrp0HOB IT0KaJanH, '-IT0 

ace H3Mel:leHIDI YK838HHblX xapaKTepHCTMK, CBSl3aH­

Hbie c BbiropatttteM rop10qero, 06oraI.1J,eH11eM, BBe.n.e­

HHeM Er-rrornoTHTeJISI, TeMnepaTypoH 11 T.)J.., Jie)J(aT B 

TerrnoBOH VI 3IIVITenJJOBOM qacrnx cneKrpa. 6bICTJ)851 

t.JaCTb cneKrpa HeHTpOHOB, HCO0Jib3YeMa» )J.JISI onpe­

,lJ,eJleHHR pa)J.HaIUi0HHblX noape)J()J.eHHH s peaKTope, 

SIBJIReTC.ll aeJIH'-IHHOH 6onee KOHCepBaTH.BHOH, 11 no-

3TOMY B npe.n.enax OlliH6oK H.3MepeHHH 11 pact.JeT0B ee 

M0)J(H0 ClJH.TaTb CTOCTO.llHHOH. flo 3TOH npH'!HHe HIDKe 

rrpHBO)J..llTC» Kp8TK0e 0ilHC8HHe MeT0)lOB pacqe-ra H 

3KCnepHMeHT0B H JIHillb qacTb ITOJTY'-leHHOH paHee 

o6urnpHOH HHcpOpMal.(HH 06 a6comoTHblX Il0TOKax 11 

cneKrpax HeHTpOHOB, KOT0paS! HCil0Jlb30Banacb )J.JISI 

onpeJJ.eneHH» pecypca rpacp11TOBOH KJia)J.KH . 

,[l;JISI pac'-!eTHOH 011eHKH .n.ecpopMal.(HH rpacp,na 

Il0JJ. )leHCTBHeM HeHrpOHHOro o6JJY'-JeHIDI HY)KH0 Bbl­

,neJIHTb 113 o6mero cpmoeHca BKJiaJJ. 6b1crp1,1x Hei1-

rpottoa c 3Heprnei1 6onee 0, 18 M3B, cooTaeTcTay10-

l.ll.HX rpynnaM I+ 7 26-rpynrroaoro p836»emui 3Hep­

reTH'-leCKOH lliKaJlhJ a CHCTeMe K0HCTaHT 6HAE. Pac­

'-!eTbI Bbin0JIHJIJil1Cb MeT0)J.0M MoHTe-Kapno no KOM­

nJieKCY nporpaMM MMKFK-2 (4, 5) Ha IBM PC. 



Tiepettoc tteihllOHOB B JnHTenJJosoif o6nacrn 
3HeprHH M0J(eJJ11p0BaJJC8 B no~ynn0B0M rrpH6n11-
)l(eHHH Ha octtose 26-rpynnoBbJX K0HCTaHT EHA:6-
78,85 [6] . TepMaJJH3aU.H8 HeihpoHOB npH 3Hepnrn 
mnKe 1 3B MonenHposanacb B 40-rpynnoaoM np11-
6nmKemrn Ha octtose cp11311qecKoro M0AyJrn MO­
<I>l1TIT 113 BepcJ1T,1 2.0 naKeTa nporpaMM MCU [7]. 
IlpH 3T0M HCil0Jib30Banacb 6tt6JJHOTeKa 40-
rpyrrnOBb]X K0HCTaHT TETIKOH-85, nonyi:IeHHaR 
npHBeneHHeM 6H6JJHOTeKH TEIIKOH-90 H3 MCU 
2.0 B C0OTBeTCTBHe C K0HCTaHT3MH EHA:6-78,85. 

,ll,nR n0JJ)'1-leHHR 33BHCWM0CTH pacrrpeneneHM no­
TOKa B rpacp11Te OT Il0JJ0)KeHJ,lj{ TOITJJHBHOH j{TjeHKH 
0THOCHTeJJI,H0 opraHOB pery;ui:poBaHIDI H MaKCHMy­
Ma IlOTOKa HeliTp0HOB B rpacp11Te KJJa.L{K11 paccMaTJ)H­
BaJJaCb pacqeTHM MO,neJJb nomu111eHKH 4x4 C rpa­
HH'-IHJ,IM11 ycnOBltl!MH nep110,nH'lHOCTl1 Ha 60KOBbIX 
rpaHRX H OTpIDKeHHeM CHH3Y H CBepxy. KapTa nOJJH­
HTJeHKH np,rne,netta Ha pwc. 3. 

49 49 49 49 
1 2 l 2 

49 49 OP 49 
3 1 1 

49 49 49 49 
1 2 1 2 

OP 49 49 49 
1 3 1 

PHc. 3. KapTa nom1J11.£ettKF1: 
49 - TBC rnna 49; HoMep I, 2 HJIH 3 060Jtta•1ae-r perncTpau,H­

OHHhlH THn ll'leHKH (t<attana); OP - opraH perym1posamuI 

,l],;rn nonyqeHIDI ,nern.Jlbttoro pacnpeneneHIDI no­
TOKa Hei1TpottoB B rpaqnrre TOITJlllBHOH H'feHKH pac­
CMa-rp11sanacb Wiei1Ka c o,nHOH TBC T11rra 49 H rpa­
HH'-IHblMH ycnoBHHMH OTJ)8)Kemu1. B ttei1 BbI,ne;rnn11cb 
U.11JJHH,npH'-1eCKHe 30Hbl perHCT_PatUIB, pacnoJJO)!(eH­
Hbie OT u.ea-rpa no ttopManH K rpa.mt, no mrnrottanH H 
BJ(OJTh rpaHHUb1 H'-leHKH. 6onee no,npo6Ho reOMeTpH­
'-leCKM 11 per11c-rpau110HHaR pa36HBKa H'-leHKH noKa-
3aHa Ha pHC. 4. 

IlowrTHO, 'ITO 113-3a OTCYTCTBl1R CTOKa TeIIJIOBbIX 
Heii-rpottoa B KattanbI CY3 cneKTJ) a onttow HqeifKe 11 
ee K 3$ OTJ1H'-la10TCR OT cneKTpa H KJ$ nomui'-!eHKH c 
O.ll.HHaKOBbIMH TK. O.n.ttaKo pacnpeAenem1e noToKa 
no nnow.a.D.11 $£'ieHKl1 M0)KHO C'iHTaTb cna6o 3aBl1CR-
11{11M OT ee rronmKeHHR B noJrnHtJeHKe, no Kpaiittew 
Mepe, J(JJjl H"'-leeK nma 3, a TaIOKe J(JJjJ HHTepecy10w.e­
ro Hae a nepsyJO oqepeJ{b IlOTOKa 6bICTJ)bIX HeHTpO­

HOB ao acex H•1ei1Kax. 

e 1,sm GEOMETRIC STRUCTURE. 

·1.0 

0.00 0.20 0.40 0 .60 0.80 1 .00 1 .20 
X e 1,sm 

P1-1c. 4. 5I'leii1<a ,nJU1 pacL£eTa ,ueTam,ttoro 
pacnpe,ueneHIDI noTOJ<a tteiiTpOHOB B rpacjrnTe 

(reoMeTJ)H1.£ec1<rui c-rpyKTYpa) 

KottcTpyKl..{H.H TBC Mo,n.eJrnposanacb TO'-IHO 3a HC­
KJJJO'-lem1eM ,n11cTaHUHOHHpy10lllHX perneTOK. B Ka'-!e­
CTBe TOilJIHBa paccMaTPHBaJJHCh: 

1) CBe)l(ee TOITJJHBO 113 ,nsyOKHCH ypaHa C 06ora­
Il{e1rneM 2,4% no U-235 (U, cse)Kee); 

2) CBe)Kee TOrIJIIIBO H3 ,nsyOK.HCH ypatta C o6ora­
lI(eHHeM 2,6% no U-235 11 ,no6aBKOH 0,41 % BeC0BblX 
Er2O3 (U + Er, cBe)l(ee); 

3) BblfOpeswee TOITJIHBO 113 JlBYOKHCH ypatta C 
06oram:em1eM 2,6% no U-235 11 no6aBKOH 0,41% 
BeCOBhIX Er2O3 (rny611Ha BbITOpaHIDI 20 
MBTCYTIKrU) (U + Er, Bbll'opesmee). 

B Ka'-leCTBe TeIIJJOHOCHTeJljJ MO,nenHpoaanacb na­
pOBO,nRHa8" CMeCb C BeCOBhlM napoco,nep)l(att11eM 
14,5% np11 TeMnepa-rype 558 K. TeMnepa-rypa rpa­
q>HTa np,rnHManacb paBHOH 773 K. B Ka.)J(,nOM 113 sa­
p.HaHTOB pacl.feTa see TBC B IIOJJHRtJeHKe 11Mem1 
o,n11HaKOBblH COCTaB. 

Kattan OP Mo,uenwposancR KaHanoM CY3 .n11aMeT­
poM 96 MM 3anoJIHeHHblM BOAOH C A06aBKOH 3cpcpeK­
THBHOfO KOJU-11.fecTBa B-1 0 .nJljJ B bIBO,na B Kp11THKY 

MOAeneii nom-1RtJeHK11 co cse)KHM TOITJlHBOM. Bap11-

attT C BhiropeBWHM 3p6HeBh!M T0ilJl.lfBOM paCC'iHTbl-
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B8J1Cll 6e3 .l{o6aeKH 6opa B Kamun,1 CY3, a □JIOTHOCTh 
BO,D,bl B HID( 3a,l{aBa.nacb 0,85 ,D,Jlll BblBO,D,a MO,l{e.rrn no­
JIHSf<feHKH B KpHTHK)'. 

CocTaBhI TOIIJIHBHhIX 30H MO.l{eJieH npHBe,D,eHhl e 
-ra6n.1. CocTaB e1,1ropeBlllero ypatt-3pfo1eeoro Ton­
mrna .D.aH .D.Jlll e&rropaHHH 20 MBTcyT/KrU. Bb1ropa­
HHe pacct.tHTblBaJJOCh no nporpaMMe WIMS-ABBN 
(eepCHll V9.002, 1998 r.). B pe3yJJhTaTe no.JJ)"IeHbl 
H3MeHeHHbie KOHUeHT))aJ..tHH 54-x ttyKJJll,D,OB, 113 KO­
TOpbIX ,D,Jlll pacqera no MMKFK-2 Bb16paHbI tta1160-
nee secOMbie. 

Pe3yJJhTaTbJ pac'IeTOB 0OJJIUlLJeeK npHI!e,l{eHbJ K 
cpe.D.Heif MomttocTH B noJJHl!YeHKe < N > = 2,1 MBT 
Ha KaHaJl H K M0CUHOCTH Ka)K.D.Oro KaHaJJa N = 2, I 
MBT. TTOTOKH HeHT))OHOB .D.aHbJ B 0JJOCKOCTH MaKCH­
MyMa pacnpe,D,eJieHID! 3HeprOBhJ,D,eJJeHIDI no e1,1c0Te 
peaK'ropa C K03cpqrn.1.u1eHTOM HepaBH0MepH0CTH K, = 
1,2. TT03T0MY npH cpaBHelflrn C 3KC□epHMeHTOM yqH­
TbIBaJJaCb BbJCOTa pacnOJJO)Kelrnll .n;eTeKTopoe. CTaH­
.n;apTHal! CTaTHCTH':leCKal! rrorpernHOCTh B rpyrrnOBblX 
ITOTOKax He 6onee 0,5%, B HHTerpaJibHbIX ITOTOKax 11 

e MOI.QHOCTH KaHaJIOB - He 6onee 0, l %. 

T a 6 JJ H u a 1. CoCTas1,1 TO□JIHBHhlX 30H paccieTHI,1x MOJ.J.enei:\ 

O6o3aacierute ttyKJIH,D,a U, cse)l(ee 

U-235 0,46400E-3 
U-238 0,22736E-I 

0 0,46400E-l 
Er-162 
Er-164 
Er-166 
Er-167 
Er-168 
Er-170 
U-236 
Pu-239 
Pu-240 

' Pu-241 
Pu-242 

Rh (ecTecTB. CMec1,) 
Xe-135 
Sm-I~ I 

OcKomrn ,D,eJieHHll U-235 3a 
HCKJIIoqefilleM Xe H Sm 

Pe3yJJbTaTbJ pactJeTOB JTOKa3aJJH, 'ITO npH q>HKCH­
posaHHOH MOmHOCTH Kattana cpe,D,Hl1H 0OTOK H ,D,OJill 
6hICT))blX HeHTpOHOB 8 rpaqrnTe crra6o 3aBHCsrT OT 
COCTaBa CBe)KefO TOnJIHBa H MeCTa pacnoJI0)KeHHll 
Katta.na B ITOJIHSf'IeHKe, HO cy1UeCTBeHH0 MeIDIIOTCll 8 

pe3yJibTaTe BbITOpaHIUI. To )Ke caMoe MO)KHO CKa3aTb 
0 noTOKe 6h!CT))blX HeHT))OH0B B uettrpe KaHaJJOB, 
KOTOpbIH cna6o 3aBHCHT OT COCTaBa CBe)KefO Ton.rrn­
ea, HO cymecTBeHHO 3aBHCHT OT noJIO)KeHHll KaHana 8 

OOJJIDrtJeHKe 11 OT BblropaHIUI. 
Pe3yJJhTaTbl pacl:feTOB TaK)Ke 00Ka3b!Ba!OT, lJTO 

npocTpaHCTBeHHoe pacnpe.D.enem1e noToKa B siqeH­
Ke npaKTHt.teCKH He 3aBHCHT OT COCTaBa TO0JIHBa. 
Pacnpe,D,eJJeHllil HHTerpaJJbHhIX 0OTOKOB HeHTpOHOB 
no TpeM HanpasJieHHllM B lltJeHKe npe,D,CTaBJieHbJ Ha 
p11C. 5 H 6. 

Ha pHC. 5 11 6 no OCH X - paCCTOllHHe OT ueHTpa 
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U+Er, cee)Kee U+Er, e1,rrop. 

0,60023E-3 0,22435E-3 
0,22485E-l 0,22260E-l 
0,46372E-1 0,46372E-l 
l,87626E-7 l,87626E-7 
2,12594E-6 2,12594E-6 
4,48800£-5 4,19950£-5 
3,06540E-5 1,99170E-6 
3,60521E-5 3,60521E-5 
l,95888E-5 0,95888£-5 

0,60383E-4 
0,56678£-4 
0,31115E-4 
0,99109E-5 
0,31466E-5 
0,12362E-4 
0,48273E-8 
0,25378E-6 

0,13373E-3 

siqei-lKH B CM. Kp11sal! 1 - pacnpe,nenett11e OT ueHT))a 
no X RJIH Y no H0pMaJIH K rpattHUe srqei1KH. KpHBal! 
2 (X = Y) - pacnpe.n;eneHHe IIO .l{HaroHan11 siqeifKH s 
3ae1-1c11MOCTH OT 3a,D,attHhIX KOOp,D,"HRaT X, Y. KpHBall 
2(R) - Te )Ke pacIIpe.n;eneHIDI, HO 8 3aBHCHMOCTH OT 
paccTOllHIDI R OT ueHrpa lltJeHKH. KpHBal! 3 - pac­
rrpe)J.enem1e BJJ,OJib rpaHHU,bl ll"'IeHKJ,I OT OCl1 X HJJH Y 
B HanpaBJieH1lli Ha yroJJ ll'leHKH. 

KpoMe Toro, paCC'-IHTaH HHTerpaJJbHbIH IIOTOK 
HeihpoHOB e Kattane CY3 no;nu1'-1eHKM c 3p611esb1M 
TOIIJJHBOM (Ta6n. 2). 

HHTerpa.nbHbie noTOKH 6hICT))blX HeifrpOHOB 8 

noJJHll'-leHKe c KaHaJIOM CY3 np11 N = 2, l MBT no3so­
JlllIOT cpaBHHTb HX C C0OTBeTCTBYIOlll,J.iMl1 n0T0KaMH 
HeHT))OHOB s noJIIDl'-leHKe c TOn.rrnsoM (U + Er) np11 
BbiropattHH 20 MBTcyT/KrU) H ytJeCTh npH pac1:1eTe 
pecypca rpaqrnToeoi-i: KJia,D,IOI. 



1,05 

1,00 

0,95 

0,90 

0,85 

noTOK. OTHOC. en. 

0 10 

2(R) 

'-

15 
KoopnHHO.Tbl,CH 

Puc. 5. PacnpeJ1e11emre nonHoro nornKa Heih poHOB no pa3HbIM ttarrpaBJieHMKM B K'leHKe 

2,5 

2,0 

1,5 
2(x= y) 

1,0 

0,5 
0 

3 

5 10 

2(R) 

15 
KoopAMHOTbl,CM 

P11c. 6. Pacnpe11e11eHJ,1e ITOTOKa 6bICTphIX HeHTJ)OHOB no pa3HhlM HanpaaneHMKM B Jl'leHKe 

T a 6 n u u a 2. I1HTerpan&HbIH noTOK HeHTJ)OHOB a KaHane CY3 rrp11 cpe,zrnei1 MOlllHOCTH 
TBC 2, I MBT (U+Er, 20 MBTcyTh<rU) a nomui4ei1Ke 4x4 

XapaKTep11crnKa acqeTHblX 30H ITOJlMH<JeHKH 
V / 2 nOTOKa, He11rp CM ·C B011a y= 0,85 fpaq>HTOBble B1)'JlKl1 fpaq>HTOBal! KJla,llKa 

f1oJJHbIH 1,5804 E+ 14 1,5316 E+l4 1,5709 E+ l4 1,7077 E+l4 

OblCTphIH 4,8637 E+ 12 6,9741 E+ l2 7,6467 £+ 12 1,0770 £+13 
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2.2. 3KcnepuMeHT8J1bHble HCCJ1eJJ.0B8HHSI a6co­

J1l0TllblX D0T0K0B H cneKTp0B ueuTpOHOB 

3Kcnep11MeHTaJlbHbie 11CCJie,l].OBaHIDJ a6COJTIOTHblX 

flOTOKOB HeHTpOHOB npoBO.[(HfiliCb B COOTBeTCTBHH C 

MeTO,l{MKOH, pa3pa60TaHHOH co-rpy,nHHKaMH <1>3M H 

JIA3C cneumu:n,uo ,nJUI 11ccne,nosaHID1 KaHaJJOB 

PEMK. B 113MepeHIDIX 11cnoJ1b30BaHbI rrpe.n.sap11-

TeJibHO OTKa.Jnt6posaHHhie !pOJlbrH 113 cnel.l,HaJJl13Hpo­

BaHHbIX Ha6opoB, KOTOpbie xapaKTep113)'1:0T a6co­

JIIOTHbie 3Ha"leHHH llOTOKOB ueihpOHOB B pa3Jiff"IHblX 

qacrnx cneKTpa. 

<l>oJlbrn pa3Me[QaJJRCb B Kancynax 113 aJUOMHHllil 

MapKH A~-1. Pa3MepbI !pOJJhr H Kancyn llOJJ.06paHbl 

TaKHM o6pa30M, tJT06bI 6hma B03MO)KHOCTh 6bICT})O 

llOMeCTHTb !pOJTbrH Ha rny61rny 6onee 11 M npH 

J0,1aMe-rpe KaRaJJa ~ 8 MM. 

DOJiblillfHCTBO q)OJihr c,ny6ID1p0B8HO )].JUI ynyqwe­

HHH CTaTl1CTl1KH 11p11 o6pa6oTKe pe3yJJbTaTOB 113Me­

peH!fH 11 ,ll.JUl HCKJUO<JeHHH ITOTepH HH<popMa1uu1 11p11 

cnyqainIOM BbmaJ].eHHH q)OJibf s npOl..\eCce MX o6rry­

'-IeHIDJ. 3oJJOTbie 11 aJUOMHHHeBble q)OJibrH yCTaHOB­

JieHbI 110 KplUIM H l.\eHTPY KarrcyJihI JJ.JJH y4e-ra liCKa­

)l(eHIDJ fiOJljj ueH-rpOHOB B TennosoH 11 6b1c-rpoii qac­

rnx cneK-rpa no BhlCOTe Kancynb1. Ka11cynb1 c JJ.eTeK­

TopaMH llOMeI.UaJJHCb B aKTHBHYlO 30HY peaKTopa Ha 

3aJ].aHHYIO BblCOry. Pa3Mer.uem1e KancyJI B aKTHBHO.H 

30He ocymecTBJIHJlOCb C ll0M01Ub!O no.n.seCKH, co­

CTO~di 03 mrxpoMOBOH rrposonoKH, pacnonarae­

MOH B OTpa)l(aTeJie peaKTOpa, H aJIJOMl•IIIBeBbIX KOJJeH 

MapKH A~-1 ,ll.HaMeTpOM 3 MM 11 J].JIHHOH 1000 MM, 

coe)].HHeHHbIX Me)l()l,y co6oi1 HHXpOMOBOH npOBOJIO­

KOH 11 pacnonaraeMbIX B aKTHBHOH 30He peaKTOpa. 

TaK KaK cneK-rp HeHTpOHOB q)OpMRpyeTCH, B oc­
HOBHOM, OKpy)l(eHHeM Ha TOJl uvrne, paBHOH 4 - 5 
TpaHCIIOpTHblM 11po6eraM HeHTpOHOB, TO ,ll.llil Ka)l(,l{OH 

TO'lfKH 113MepeHIUI Heo6XO,ll.HMO 3HaTI, COCTaB nepsoro 

p}l.na TBC, cocTaB H noJJO)l<eHJ-1e nornoTHTeJieH, op­

raHOB CY3, a6comoTHoe 3Ha':leHHe TeMneparyp, co­

CTOHHHe TenJIOHOCHTeJUI, 3Heproswpa60TKY TBC. 

~ nonyqeHIDI 3HepreTHLJecKoro cneK-rpa HeH­

Tpouos B cneuKaHaJJax B .n.11ana3oue 0,0001 3B - 20 

M3B H3MepetthI a6comoTHbie 3Ha':leHID! cxopocrn 15-

rn 51;:J.epHhlX peaxumi: 

(n, a) Ha 
27 AJ; 

(n, p) Ha 
58Ni , 24

Mg, 
54

Fe, 
56

Fe; 

(n, y) Ha ssMn, 11s1n, 191 Au, 139 La, 59Co, ssFe, 

69Cu 45Sc 116Lu· 
' , ' 

(n, n) Ha 
1151n . 

AKntBHOCTH o6nyqeHHhIX s TBC JieTeKrnpos 113-

Mep51n11ch c noMOIUhfO raMMa-cneKTpOMeTpa Ha 6a3e 

TT3BM IBM PC. 
~JijJ pernc-rpal..(ml raMMa-KBaHTOB HCilOJih30BaJIC}I 

11onynposo.n.m1KOBb1H Ge(Li) .n.eTeKTop KoaKCHaJibHO-
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ro nrna. A6comoTHruI KaJJH6poBKa cneKTpOMe-rpa no 

3gJ!peKTHBHOCTH non1-1oro nornoll.l,eHH51 raMMa­

KBaHTOB B 3aBHCHMOCTH OT 3HeprmI H3JIY':leHH51 ocy­

mecTBllilJl8Ch C nOM01UbfO CTaHJiapTHbIX liCTO'-IHHKOB 

H3 Ha6opa 0CfI,f. 
~Jljj BOCCTaHOBJJeHH~ 3Heprer11qeCKHX cneKTpOB 

HeHTpOHOB no H3MepeHHblM 3Ha'-IeIDJJIM CKOpOCTeH 

51,n:epHhlX peaKl..\11H HCilOJib30BaJJaCb nporpaMMa 

ST A YSLF [8], B KOTopow, KaK H B ee opHrHHaJJbHOH 

sepcm-1, ne)l(.HT 6awecOBCKHH no)].XOJJ. K peweHHfO 3a­

,nacrn. IIporpaMMa STA YSLF n03BOllileT soccraHaB­

JIHBaTb cneKTp HeHT})OHOB B 200-ax 3HeprenIqecKHX 

rpynnax. 1-Ittcno HCllOJ!b3yeMbIX ,ll.eTeKTOpOB (,n:aHHWX 

no CKOpOCT51M peaKl..\1111) MO)l(eT ,l{OCTHTaTb 30. 

~nB BOCCT8HOBJJeHH51 cneKTµOB HeHTpOHOB B HC­

crre.n.yeMbIX TO'iKax peaKTopa 2-ro 6noKa JIA3C B 

nporpaMMY ST A YSLF BBOJJ.HnHCb H3MepeHHbie 3Ha­

qemrn cKopoCTeil: }IJiepHhIX peaxu11ii, 75-rpynnOBhie 

JiaHHble no ceqeHl151M peaKQiill 11 HCXOJ].HOe np116JIH­

)l(eHHe cneKTpa HeHTpOHOB B KruK,nOH TO'-IKe. ~llil Ka­

)1(,n:Oro H3 nepe<rncJieHHT,IX Ha6opoB BXO,[(RhlX ,UaHRbIX 

38)].aBaJIHCb COOTBeTCTBYI01UHe HM rrorpernHOCTH H 

KOppeJl}IQHOHHbie MaTpHUbl. 

B KatJeCTBe anpHOpHWX cneKTpOB 3a,l].aBaJl11Ch 

MaKCHMaJJhHO a.n.eKB8THbie J].JISI HCCJie.l(yeMbIX T04eK 

peaKTopa 2-ro 6110Ka JIA3C .n.aHHb1e no cneKTpaM, 

nonyqeHHbIM H3 pac4eTa no nporpaMMe MMKFK-2. 

3KcnepHMeHTa.JlbHhre JiaHHhle no cnex-rpaM Heil:­

TpOHOB B KaHaJJax peaKTopa 2-ro 6noKa JIA3C no­

Ka3aJJH, "ITO 6blC0K03Uep2emul./eCKQJl K0M.n01-1euma O, l 
+ 20 M3B y ecex cne1<mpoe HeumpoHoe npa1<mu,1ec1<u 

oouua1<oea no <jJopMe. B o6Jiacm 3aMe,urrettrur see 

H3MepeHHhJe cneKTphI HMeIOT pacnpe.nenettH}I, 6mn­

KHe K cneKTpy <PepMH. M3MepeHHbJe H pac4eTHbie 

cneKTpbl HeHTpOHOB B 6hICTpOH lfaCTl1 xoporno co­

rnacyJOTCSI Me)l(.l{y co6oi1. 

CpaBHeHH51 paC4eTHhIX 11 3KCnep11MeHTaJJbHhlX pe-

3YJibTaTOB, npHBeJ].eHHI,IX B ,l].aHHOH pa6oTe H B [9], 

noKa3aJI.H xopowee cornacHe. B Ka4ecrne np11Mepa 

Ha pHC. 7 rrp.HBOJJ.HTC51 cneKTp HeH-rpOHOB B TK 34-32 

peaKTopa 2-ro 6noKa JIA3C Ha BbICOTe 1,901 M OT 

sepxa aKTHBHOH 30Hbl, BOCCTaHOBneHHblH no CKOpo­

crnM ».nepHhIX peaKUHH. 

IloTOKH 6hlCT})bIX HeHTpOHOB a l.\eH-rpe KaHaJJa 11 s 

rpaq)HTe C TO'-IHOCTblO OKOJIO 1 % MO)l(HO C4HTaTb He-

3aBHC511IU{MH OT TIOJIO)l(eHIDI KaHana B llOJIJ,ljJ'feHKe, 

ec1111 OHl1 OTHeCeHbl K OJJ.HHaKOBOH MOIUHOCT.11 Katta­

na. IloTOK 6hICTpbIX HeHTpOHOB B 11eHTpe Kattana 3a­

BHCHT OT BH,l].a Tonmrna H ero BhJropaHH51. IlonHbIH 

IlOTOK B l.\eHTpe Kattana H TIOTOK B rpaq)HTe O,ll.HH8KO­

Bh1 npH CBe)l(eM U H U+Er TOnJIHBe (c paCCMOTpeH­

HblMH o6orameHH51MH), HO 3aMeTHO OTJil1'-IalOTCH np11 

BbJropesrneM TOTIJl HBe. 
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PHc. 7. CpaBnemte pac11e-rnoro H Ji!JMepem,oro cneKTpos HeifrpoHos B Tonn.HBHOM Kattarre 
34-32 peaKTopa 2-ro 6J10Ka JIA3C Ha pacCT0$1HHH 1,901 MOT sepxa aKTHBHOH JOHbT 

3. Onpe.r.enenue KpHTHl.feCK0ro epeMeHH JKCnJiyaTaU,HH rpatJ>HT3 

B pa6oTe [ 1] 0IIHCbIBaeTCH Il0IDITHe KplITW:leCK0f0 
q>moeHca 6bJCTpblX HeifrpOHOB <1>,q,, npe.llJ}0)l(eHH0e B 

PHl\ "KH": JT0 cpmoenc, np11 K0TopoM o6heM MaTe­

p11ana rrocne PMHaJ.U10HHOH ycMl(}I 11 nocne;zy10Ulero 

pacnyxan11>1 npHX0AH'f K HCX0,llH0M)' 3Ha'!eHHIO. J13 

pHC. 2 BH,llHO, LJT0 <l>Kp = 2,23-1022 Heihp/cM2 
,llJUI rpa­

<pHTa rP-280 npH T o6n = 500 - 600°C. Ilp11 yBeJ1Ht:Jemur 

TeMneparypbl <f>Kp yMeHbUJaeTCH. 
.[(1u1 0l(emrn MMHHMaJJbH0ro apeMeHH JJ.0CTJ.f)l(e­

Hl-t.H <l>Kp 6bICTpblX HeiiTpOHOB 803bMeM 113 pe3ym,Ta­

T0B pac'leTa MaKCHMaJJbHbie 3Ha'leRHJl Il0T0Ka 6bJCT­

pbIX eeihpoHOB Ff a rpaqmTe ao1<pyr 3TBC npH 

M0IQHocrn 2,1 MBT: 1,92-1013 
,llJUI cae>KeH H 

2,25-1013 Hei1:Tp/(cM2·c) ,llJUI Bbrropeawei-1. Cpe.n;nee 

3Ha':lemre 3a KaMnamno 3TBC <Ff> = 2,085-1013
• 

C yqeT0M nepaBH0MepH0CTM TT0T0Ka no KJJa)J.Ke 

MaKCMMaJJbHblH Il0T0K Ha rpaHHUe KJia,llKH C B'fYJlKOH 

6yJJ.eT paaen: Ff-max = <Ff>·l ,4551 = 3,034 - 1013 

HeHTp/(cM2 ·C). 

KpHTH'JeCKHH cpmoettc Ha rpaHHu,e KJJa,llKH c 

B'fYJJKOH 6y,n:eT .nocrnrnyT Ja apeWI T KP = <l>KP / Ff­
max = 8500 Jq><p. cyTOK. 

,l1.m! oueHKH cpmoe11ca, Ha6paHHoro Ha HaCTOHIUett 

MOMeHT rpa<pHTOBOH KJJa,llKOH, He06XOJJ.HMO 3HaTb 

KO.Jrnt:JeCTB0 3!p!peKTHBHblX cyT0K, OTpa6oTaHHblX 
peaKTopaMB K HaCT0HUleMy M0MeHTY: 

I 6110K - 6629 3ql!p. CY'f0K Ha 11 .04.01 r .; 

II 6JJOK - 6451 3q>!p. cyT0K Ha 11.04.01 r. ; 

llI 6JJOK - 5332 3!pcp. CY'f0K Ha 11.04.01 r .; 

IV 6rroK - 5143 3cpcp. cyTOK Ha 30.06.98 r . 

B Ta6JJ. 3 npe.n;cTaBJJeHbI cpmoeHCbJ Hei1Tpottoa, 

Ha6paHHble rpaqJMTOM pa3JJHY:Hb1X 6JIOKOB JIA3C. 

llOTOK11 6bICTpbIX HeHTpOHOB 3a KaMnaHHJO B rpacpH­

Te .zlilll 3TBC rrpw MOU(H0CTH 2, l MBT cne,ny10lU}le: 

<Ff.> = 2,085-1013 Hei1Tp/(cM2·c); 

Ff-max = <Ff> 1,4551 = 3,034-1013 tteih p/(cM2•c); 

Ff-min =<Ff.>0,7967 1 = L,661·1013 HeHTp/(cM2•c). 
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T a 6 JJ u LI a 3. <l>moeHCbl He~hpoH0B, Ha6paHHble rpaqmTOM PEMK Ha 11.04.200 l r. 
npH cpe,nHeii M0I.U;H0CTR 2, l MBT Ha Kattan 

<l>moettc neiiTPOHOB, tteiiTPlcM2 

HoMep 6noKa 3tteproeb1pa60TKa 
6JIOKOB,MBTCYT 

Cpe.1u1Hi1 no rpaqmTono- MaKCHM. no rpaqmrn- MHHHM. no rpacjn1To-
MY 6JIOKY XI 022 

BOMY 6JIOKY X 1022 
BOMV 6JIOKY XI 022 

I 6JIOK 6629 1,194 1,738 0,951 
ll 6JIOK 6451 1,162 1,691 0,926 
Ill 6JIOK 5332 0,961 1,398 0,765 
rv 6noK 5143 0,927 1,348 0,738 

3aKJIIO'leHue 

Ha 0CH0BamrH aHaJJH3a paclleTH0-3KCnepHMeH­
TaJJbHb!X ,naHJ-lblX nony'!eH0, '!TO B 3HepreTHt.J:eCKOH 

06nacn1 cneKTpa c En ~ 0, 18 M:>B, HCIIOJih3yeMOH 
.U.ID1 onpe.nenettHH pecypca rpaq>HTOBOH KJia,u.KH, pac­
rrpe,u.eneHHe II0T0Ka HeHTJ)OHOB B npe.u.enax Ollill60K 
pact.JeT0B 11 JKcnepHMeHTOB B npouecce JKcnnyaTa­
UHJ,1 peaKTopa He H3MeHHeTCH, a H3MemIeTCH T0JThKO 
a6comoTHOe 3Hat.J:eHHe II0TOKa. 

Ha 0CHOBaHHH nonyt.JeHHhIX ,u.aHHblX 11 CBe,neHHH 
06 JHeprosb1pa60TKe PEMK-1000 JIA3C 3a Bee 
BpeMH HX JKcnnyaTaIUfH onpe,nenettw 3Hat.J:eHHH 

cpmoettca IIOTOKa 6bICTpbIX Helil1)0HOB (E ~ 0, 18 
M3B). B HaH6onee ttanpIDKeHHOM o6nacrn rpaq>HTO­
BOM KJia,n;1m, npHM1>rKa10mdi K TBC, qimoettc 6bICT­
pbIX HeihpottoB HMeeT 3Hat.JeIDie Ha O 1.04.200 I r. ~ 
1,738-1022 Heihp/cM2 npH cpe,u.Heii M0I.UH0CTH 2,1 
MBT/KaHan. 

B st.J:eHKax, npHneraIOIUHX K 6oKOBOMY o-rpa)l(aTe­
JIIO, H3-38 yTe'IKH 6hJCTJ)b!X Heih])OHOB B 0Tpa)l(aTeJTI, 
cpmoettc npHMepH0 Ha 40% HH)l{e, t.J:eM B ueHTpaJJb­
HbIX Ht:Jeiaax [3]. AHaJIOfHtJHI,JH 3q>q>eKT HMeeT Me­
CT0 B oceBOM HanpaBJieHHH B CJIOHX aKTIIBHOH 30Hbl, 
npHneraiomHX K T0pUeBhIM OTpaJKaTeJij{M, 

B H'IeHKax CY3 seJIHtJHHa cpmoettca 6hICTJ)hIX 
HeHTJ)OHOB IDDKe ero 3Hat:JeHHH ,l].JIH coce,nHHX jll.JeeK 
cTBC. 

B KatJeCTBe KpHTepwi .nnH orrpe,u.eneHIDJ pecypca 
rpacf>HTOBOH KJHl,l].KH HCII0Jlb30BaHbl ,u.aHHble pa60T [I, 
10, 11 ], tJTO rrpH ,IJ.0CTH)l(eHHH cpmoettca 6hICTJ)hIX HeH­

TpOH0B <1>,q, ~ 2,23-1022 HeHTp/C~ np0HCX0JJ.HT pe3KOe 
yxy.u.rnem1e q>H3HKO-MeXaHJift.JeCKHX CBOHCTB rpaq>HTa: 
rrp0'iHOCTH H Teru10np0B0,IJ.HOCTH. 3TH H3MeHeHW! 
6b!CTJ)O nporpeccHpyI-OT, npHBOJJ.H s HTore K IIOJIHOH 
.u.erpa.nauHH CBOHCTB H .u.ecrpyKUHH MaTepHJia. 

,[vIH JJ.0CTIDKeIDUI qimoenca 6bICTpblX HeMTJ)OHOB 

<1>,q, ~ 2,23· 1022 HeHTp/c~ B C3MblX HanpH)l{eHHbIX 
TO'iKax rpaq>HTOBblX 6JIOKOB B03MO)l(Ha pa6oTa peaK­
rnpa I 3Hepro6JIOKa II0CJie 11.04.200 I r. B Te'ieHHe ~ 
2000 3cpcp. CYT0K. TaK K8K MaKCHMaJJbHh!H noT0K 61,1-
CTpbIX HeHTpOHOB rrpHXOJJ.HTCH Ha rpaq>HTOBble BT)'JIKH 
B u;eHTpaJibHOH '18CTH 8KTHBHOH 30Hbl, TO npH HX 3a­
MeHe B03MO)l(Ha pa6orn peaKTopa eme ~ 900 3qJq>. cy­
T0K. B npIrnu1-me, B .uanbttei1weM, nocne JJ.OCTH)l(eHH.H 
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<l>Kp ~ 2,23-1022 tteihp/cM2 yxy.u.weHHe CBOMCTB rpa­
QlHTOBOH KJia,IJ.K.H He COIIpH)l{eHO C yxy.u.rne,-rn:eM co­
CT0HHJUI H,nepHOH 6e3onacHOCTH peaKTOpHOH ycTa­
HOBKH, a MO)KeT TOJIT,KO B Kp8HHeM cnyqae pa3pyme­
HWI s HeK0T0pOM CTOJI6e np0HBHThCH s BH.Ue TeXH0JIO­
rHtJecKHX TPYJJ.HOCTeH npH ocymecrnneHHH neperpy3-
KH TK Ha ocTaHOBJieHHOM pea.KTOpe. KpoMe Toro, s 
nep11cpepHHH1>1x cTon6ax rpaq>HTa H oco6eHHO B o-rpa 
)l{aTeJUIX 3Hat.J:eHHe qmioettca cymecTBeHHO HH)Ke, t:JeM 
B u;eHTJ)aJThH0H o6naCTH. Tio:>TOMY 'iaCTb aKTHBHOH 
30Hbl c 6oJibillHM cpmoencoM 0Kpy)l(etta co scex CT0 
poH rpaqJH:TOM C nOHH)l(eHHhJM 3Ha'cleHHeM q>JilOettca. 
3-roT rpaq>HT 11MeeT cymecrneHHO 6oJibiilllH ttesblpa 
6oTaHHhIH Janae np0'iH0CTH H TeM caMoJM cnoco6CT 
BYeT coxpaiIeHHIO ueJJ0CTHOCTH KJla}J.K.H. 

Onpe.uenemzy10 cTa611JIH3Hpy10my10 ponh B ye 
TOITTHBOCTb rpa<pHTOBOH KJia,L{KH BH0CHT K8HaJibl 
CY3. MeHhrnHH, lJeM B coce,1J.H11x TBC, Ha6paHHbJH 
qimoeHC 6blCTpblX HeHTpOHOB o6ecne'IHBaeT rapaH 
THp0BaHtty!O 803MO)l(H0CTb CB060;:tHOro nepeMeme 
HHH nornomaIOIUHX CTep)KHeH no BblC0Te aKTHBHOH 
30Hbl, 'ITO rapaHntpyeT HJ],epH)'IO 6e3onaCHOCTb pe 
aKTopa )];8)1(e npH yxy;:tweHHbIX np0'IHOCTHbIX CBOH 
crnax rpaqmTOBOH KJI8,ll.KH. 

.LLmi .u.pyrnx 3Hepro6JIOKOB JIA3C cH-ryauwi MeHee 
Kp11TH'iHa B 0TH0rnemm rpacpHTII B CBJl3H C MeHhWHM 
BpeMeHeM 3KCnnyaniiurn H,nepHblX pea.KTopoB. 

Ilony11eHHhie nportt03Hbie pe3yJibTaTbJ, eCTeCT 
BeHH0, HeCYT B ce6e pac'ieTHYIO 11 3KCnepHMeHTaJih 
tty!O norpewH0CTh, CBH3attttyI0 npe)l(Jl.e scero c on 
pe.u.eneHHeM Kp111w-1ecKoro 3Hat:JeHHH qimoettca, KO 
Topoe M0)l(eT 3aBHCeTb OT ycJIOBMH pa6on,I rpaq>HTO 
BOH KJia,IJ.KH. Il03TOMY Heo6xo,nHMO 0TCJie)l(HBaTb 
xapaKTepHCTHKH rpaq>HTOBOH KJia}J.KH B npou;ecce 
npaKTHt.J:eCKOH )KCnnyaTaUHH peaKTOpa nyTeM oc 
M0Tpa ll0BepXH0CTH KaHaJIOB H HCCJie,l].0B8HHH xapaK 
TepHCTHK Ha o6paJuax npo6 rpa<pHTa. 

Ilp11se,neHHb111 B ,naHHoH pa6oTe ttepa3pywa10IUHH 
MeT0.U onpe;:teneHwi pecypca rpacpHTOBOH KJia,u.KH 

MO)l(eT C ycDeX0M 11CII0Jib30B8TbCH .UJilI onpe.u.eneHliSl 

pecypca mo6oro KOHCTpYKUHOHH0ro MaTepHana aK 
THBH011 30Hbl peaKTopa C H3BeCTHblM KpHTHtJeCKHM 
cpnIOeHCOM He!1T))OHOB. 
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TPEHA>KEPbl 

Y,D;K 621.039 

KOMilhlOTepHaH TeXHOJIOrHH SimPort™: OUhlT BHeJJ,peHHH 

B.A. /{aHUJlOB, A.p. 3eHKOB, C.,l(. Ma.nKUJt, A.O. MacaHOB, H.p. PaKumuH,/{.H. Jl11ymeeu'l, 
PHI..l "Kyp1IaToscKIDi HHcrnryT", 123182, MocKBa, rm. KyptJaTOaa, l 

1''3JIO)f(eH OIThJT npaKTKtJecKoro HcnoJTbJOBamuI H BHeJJ.pemU1 pa3pa60TI1HHOH a PHU "KW' KOMllbIOTepttoif TexHo­

nornw MaTeMaTH'!eCKOro MO)J.eJUlpOBaJiH.11 SimPort™ B co3,namIe MO)J.eJIBpymmm<: CHCTeM pa:3IlH'-!HOro HaJHaqem,ui, 

BKJII04a.ll TpeHIDKepHbJe, )J.JT.11 pOCCHHCKHX Jil 3apy6e)KHbIX 061,eKTOB TellJIOBOH H .IIJJ.epHOH 3HepreTil!(Jil, KpaTKO pacCMOT­

peHbl OCHOBHJ,Je oco6eHHOCTJil TeX.HOJIOrHH SimPort™ w ee 6aJOBble COCTilBJJ.IIIOll(He. BbI)J.eJieHbJ OCHOBHble oco6eHHO­

Cnt peaJIHJOBaHHblX Ha 6aJe TeXHOJionrn SimPort™ npoeKTOB, CBH)J.eTeJlbCTByromHe O npaBHJlbHOCTH Bb16prurnoi1 KOH- I 

uem.1.1uI Ii OCHOBHbIX TexmIqeCKl1X pewemtH H ll03BOJJ.IIIOU{He peaml30BaTb npaKTHlJeCKH lIOJJHblH cneKTp B03MO>KHI,IX 

MO.lleITHpyIOll.lHX CHCTeM ,llJJ.11 TeXHOJJOrHtJeCKoro 11pOH3BO.llCTBa. 

THE SimPort STATE-OF-THE-ART COMPUTER TECHNOLOGY: APPLICATION EXPERIENCE. V.A. 
DANTLOV, A.D. ZENKOV, S.D. MALKIN, A.O. MASANOV, I.D. RAKITIN, D.I. YANUSHEVICH. This paper 

describes an experience of the Kurcbatov Tnstitute' s SimPort™ computer simulation technology appl ication in the field 

of development of various types simulation systems (including training simulators) for Russian and foreign fossil and 

nuclear power plants. The SimPort™ basic features and components are presented briefly. The paper also presents the 
SimPort™ -based-projects' main features, which demonstrate and prove the SimPort™ basic conception and solutions 

propriety and the technology talent to be a base of full range of different technology plants simulation systems. 

Texttononrn SimPort™ [l - 5] .srnm,eTca Windows 

(NT, 2000)-aepcHeii pa3pa6oTaHHOH B PH.IJ: "KH" 
KOMnblOTepHOH TeXHOJIOfHH AMC [6 - 8), npe,D.Ha-

3Ha'!eHHOH )I.JUI C03,D.amu1 MO,D.emIpy10W.HX CHCTeM 

paJnHqHoro KJiacca H HaJHatJeHHa, BKJIIO'!aa Tpetta­

)l(epbI, amurn3aTOpbl 6e3onaCHOCTH H MO,lleJrnpyio­

UJ.He KOMOJleKCbl ,llJI}l o6beKTOB TenJIOBOH H a.nepHOH 

:mepreTHKH. 

K '-IBCJIY OCHOBHblX xapaKTepHCTHK H OTllH'IH­

TeJlbHbIX '!epT TeXHOJIOrHH B nJiaHe C03,D.amu1 HHTe­

rpanbHb!X paCl.feTHhlX KO)J,OB H MO)J,en11py!01.l.(HX KOM­

nneKCOB MO)l(HO OTHeCTH c11e.uyIomHe. 

• fipe,D.CTaBnemre MO,D.eJIHpyeMblX CHCTeM B BH,D.e 

cpopManbHbJX CTJ))'KTYP, COCTOHil(HX H3 CB.113aHHl>JX 

Me)l(,ll.)' co6ow ofrheKTOB paJJIWIHbIX munoe, .smmno­

m11xc.11 MaTepHaJIOM IlOCTJ)OeHHSI KOMilblOTepHoro 

o6pa:38 MO,D.em1pyeMOH CHCTeMhl. 

• ITo,ll..llep)l(Ka npeeMCTBeHHOCTH pa3pa60TOK 3a 

CLieT 6116mroTeKH npm<Jia.llHbIX HHCTJ)yMeHTOB Tex­

HOJlOfHH [2 - 4]. 
• I1pe.nocTaBJ1ett11e pacumpeHttoro 1a C'!eT cneuw­

a.JibHbIX KOHCTJ)YKUHH Sl3hIKa C, 0611er'!a10mero .noc­

ryn K muna.M H aBTOMaTH3Hpy10mero pa3pa60TKY 

npHKJI8)J,HblX HHCTpyMeHTOB TeXHOJIOnlH. 

• 06ecne1.Jett11e pe)KHMa rpacp11qecKoro rrporpaM­

MHposatt11.11, T.e. pa3pa6oTKa CJlO)l(UblX MaTeMaTH'Ie­

CKHX MO,D.eJieH H pactJeTHblX KO,ll.OB B pe)l(J1Me pH.CO-
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saHH.II Ha 3KpaHe .u11cn11ea B cpe,D.e cneu11an1,ttor o 

rpacpoaHaJIHTH'Iec1<oro pe.ztaKTopa. 

• 06ecneqem1e pe)KHMa NON-STOP pa3pa6oTKH 11 

KOppeKTHpOBKR MaTeMaTH~eCKHX MO,lleJieH Heno­

cpe.ucTBeHHO B pe)l(HMe MO,D.en11poaamrn HJIH pac1.Jera 

6e3 ero OCT8HOBKH. 

• 06ecneqettHe rrapanneJlbHOCTH BbinOJIHeHIDI pa-

6oT npH C03,ll.8HHH CJIO)l(HOH MaTeMaTHl.feCKOH MO,D.eJIH. 

• 06ecnetJettHe aBTOMaTH3Hp0B8HHOH HHTerpauIDl 

MaTeMaTH'leCKKX MO,lleJieH TeXHOJIOrH'!eCIGfX CHCTeM 

H C03,llaHHe KOMOJieKCHOH MO)J,emI o6beKTa. 

• 0TKpbITOCTb TeXHOJIOnrn: 

- o6ecneqeHHe HHTerpaUHH C03)J,8HHhlX B cpe,D.e 

TeXHOJlOrHJ,f MO)J,eJieH C T8KOBblMH, pa3pa6oTaH­

HblMH Btte TeXHOJIOnlH H rropn1poBaHHbJMH B Hee; 

- o6ecneLiettHe pe)l(HMa pa6oTb1 c BHernHHMH no 

OTHOll!eHHJO K TeXHOJlOfHH KO,D.aMH, o6Mett ,D.aH­

HbIMH C KOTOpblMH ocymeCTBJl.lleTCSI no CTatt.napT­

H.h]M H cneUHaJibHblM npOTOKOJlaM. 

• 06ecneqeHHe npaKTHttecKH scex H3BeCTHbIX cno­

co6on BH3YaJIH3aUHH pe3yJibT8TOB MO)J,em1posaH.Ha H 

.uaHHblX O MO.lleJIH. 

• Ilpe.uocTasnettHe cma111,1uu uncmpy Kmopa KaK 

HeOTbeMJieMOH COCTaBHOH ttaCTH C03Jl8HHl>TX Ha 6aJe 

TeXHOJIOrlfl1 TpeHa)l(epHblX CHCTeM. 

DaJHCHbie COCTaBJIJl!Olll,He TeXHOJIOf HH, KOTOpble 

06ecne1JHBaJOT .llOCTH)l(eHHe YKaJaHHbIX Bbl.We 



CBOHCTB 0 xapaKTepHCTHK, MO)KHO onpe,ueJIHTb cne­
.u)'lOIQHM o6pa30M. 

• Engineering Station - nnaT<popMa ,D,JUI pa3pa6oT­
KH npoeKTa Ha 6a3e TexHononrn, 06ecne,msa10mrui B 
TOM '·UICJie nocrpoemte H HHTerpaI.\RIO MaTeMaTHtJe­
CICHX MO,UeJieH, a TaIOKe npe,ucTaBJieHHe pe3yJibTaTOB 
MOAeJIHpoBattmr, H BKJ110tJa10mrui B ce6,1 zpapoa,w­
llUmu'lecKuu peoaKmop pa3pa60TIUI MO,l(eJieH TeXHO­
JIOfH'JeCKHX CHCTeM. 
• E06n1-10Te1<a SimPort™-npHJIO)KeHHM, 06ecneq0-
Ba10mrui aBTOManr3aU:HlO TeXHOJIOfH'leCKHX CHCTeM H 
apou:eccos o6beJ<Ta Mo,nem1posaHID1. 

• Type Builder - HHCTPYMeHT ,nn,1 onpe.neneHH,1 
muno6 o6beKTOB Mo,nemiposaHm1 SimPort™ -
npHJIO)KeHHH. 

• Task Builder - HHCTpYMeHT pa3pa6oTKH Ko.n:os 
SimPort™-np1rnm1cemrn. 
• Data Base Server - HHCTpyMeHT 06ecneqeHID1 
,nocryna K HHq>opMaQHH, co.uep)Kameikll a 6a3e .uatt­
HhIX pa3pa6an,rnaeMoro Ha 6a3e TexttonorHH npoeKTa. 

SimPort™-npHJIO)KeHHH [2 - 4] IlO,l(qHHeHbl 06-
meii 061,eKTHO-OpHeHn!pOBaHHOH H,neononrn. 
• Ilpe,ucTasJTeHHe o6'heKTa Mo,nem1posamrn B BJ-1,ne 
cpopManbHOH CTPYKTYPhI, coCToHmeii H3 CBH3aHHhlx 
Me)K.n:y co6oil o6'beKTOB pa3JIH'rn.bIX THilOB. 
• fH6KaH TOilOJIOfH}I KaK CBOHCTBO pacqenmro 
KO.Ua SimPort™-npHJIO)KeHHH. 

E06111-10TeKa SimPort™ -npHJIO)l(eHHH BKJIIOti:ae-r B 
ce6,1 HHCTpyMeHTbl MO,l(eJIHpoBaHml: 

• L(HHaMHKI.f Ten11orn.npasn1-1ti:ecKHX ceTeii c napo­
BO.UHHhJM (KOBRA [9]) 11 raJOBbIM (GAS-NET) Ten­
JIOHOCHTeJUIMH; 
• MexaHHKH ryp6oarperaTOs; 
• Ten110Bb1x npoueccos np11 cropaHHH TonJIHBa B 
3HepreTH'JeCKHX napOBblX KOTJiax; 

• npou.eccos rettepaUHH, pacnpe.nenemur H no­
TPe6nettI1,1 JJieKTPOJHeprHH B JJieKTPHtJeCKOH tJaCTI.f 
3Hepro6noKa; 
• c0CTeM ynpasneHHH, BKJTJO'-Ia» ACY TIT; 
• THilOBblX ,naTtJHKOB Fl3MepHTeJI.bHOH annaparyphI; 
• HHTepcpeifoa Me~ naHeJI$1MH BI.UY H MO,UeJihlO 
061,eKTa; 

• cpe.ncrn qenoseKo-MallIHHHoro HHTepcpeiica . 
lllHpOI<OMaCUITa6HOMY BHe.upeHHIO TeXHOJIOfHH 

SimPort™ npe.nrnecTBOBaJIH, Ha Harn B3fJ1$1,[{, secb­
Ma 3HalfHTeJibHhle pa3pa60TKH. B nepsyio oti:epe,nb 
cne.nyeT ynOM$1HYTb .nsa nporpaMMHblX KOMilJleKca 
- JTO pa3pa6oTaHHble B PHU: "KW' B 1988 r. KOM­
nneKc STEPAN/KOBRA [10 - 12] 11 B 1992 r. co­
BMecTHO c P<I>.5IQ BHl1113<I> KOMnJieKc READY 
[ 13, l 4 ], npeL(HaJHatJeHttble AJI$1 Hccne.nosattHH JlH­
ttaMHKH .5I3Y c peaKTOpaMH, cooTBeTCTBeHHO, TI.fna 
PEMK H nma BB3P. 3TO no-HacToHmeMy MHTer­
pHpoaattHhie nporpaMMHble npo,uyKTbl .llJrn BhlflOJl­
Hemrn CBH3aHHblX HeHTpOHHO-Tennoni:,npaBJIH'ieC­
KI-iX pacqeTOB. B Ha1160Jibl.lld1 crenettH BHe,npeH­
HhIM B Hccne.noaamuI JJ;HHaMHKH H aHaJIH3 6e3o­
naCHOCTH HBJIHeTc,1 KOMnneKc STEPAN/KOBRA. 
Y6e,nHTeJibHbIMH IlOKa3aTemrMH 3TOfO HBJI$1IOTCH 
pe3yJihTaTbl HCCne.noBaHHH asapHH Ha 4-0M 3Hep­
ro6JIOKe 1IA3C H 0cnoJib3oBaH.He Ko,a;a KaK q>H3H­
KO-MaTeMaTHtJecKou OCHOBbl KoMnJieKCHOH Tpe­
HHpOBOlJHOH C0cTeMbl JlettHHrpa,ncKoH A3C. 

f JiaBHhlMH COCTaBJl$1IOUJ.HMH CHCTeMbI HBJIHIOTC$1 
pa3pa60TaHHhle a 1993 - 1996 rr. ITOJIHOMaCl.llTa6-
H.blli (IIMT) H attan.11rnqecKHH TPeHa)KepbI JJ;JIH 2-oii 
oqepe.a;H JIA3C [15 - 17] (p0c. l) 11 IIMT Alli 1-oii 
Olfepe.n.0 CTaH~HH, C03,l(aHHe KOTOporo 3aBeprnaeTC51 
s 2002 r. J13 oco6ettHocTeii JTI-fX pa3pa6oToK cne.ny­
eT npe)l(,ne scero Bhl,neJIHTh .nae: so-neps&rx - ::no 
ypoBeHb MaTeMan1qecKHX MO,neneii H pactJeTHblX 
KOJJ;OB, Il03BOJI$1IOIUHX BOCapOH3B0.llHTb 3Kcrn1yara­
QHOHHbie pe)KHMhl, npoeKTHhle H, 'ITO, IlO)l(aJIVH, 
BnepBbie B MHOOBOH npaKTHKe, T,l)KeJibie 3anpoeKT­
Hhle asapHH, H B0-BTOpbIX - 3TO 061,eM MO,nenHpo­
BaHH.sl. IIMT 2-oii otJepe.aH JIA3C .ao cHx nop HBJIH­
eTCH KpyntteHIIJH.M B MHpe no o6menpHttuoMy H 
CtJHTalOIUeMyCH HaH6onee o6beKTHBHbIM B TPeHa­
)KepocTpoemm noKaJaTeJIIO - tJHcny napaMeTpOB 
BBO,lla-Bh!BO,l(a. 11:x B 3TOM TpeHmKepe 6011ee 27-MH 
TbJCj{q_ Pa6oTa BbIIlOJI8"Jiacb 0 BbinOJIH,leTCH a KOO­
nepai.zyrn c aMepHKaHCKOH KOMnaHHeif GSE Systems 
H poCCHHCKHM.H napTttepaMH - JIA3C, 3aBO.llOM 
"3JieKTPOilYJibT" H rnaBHhlM KOHCTPYKTOpOM PBMK 
-HHKl13T. 

~.:r'-- -··~ .:;., ~~ 
- ~ '\.."-.'-' . . 

Pttc. I. BHemHttH BHJJ. nonttoMacwTa6ttoro -rpeHa)l(epa 2-ou oqepe1rn JIA3C 
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l. Pa3pa60TK3 nOJJHOMaCWTa6HblX TpeHa,teepoe 

PaccMarp1rnaeMI>1e B .nattttoM H nocne.uyromeM 

pa:3.uenax p a3pa6oTKH co sna.uaroT no speMeHH c KpH-

3HCHhIM H IlOCTKpH3HCHbIM :narraMH )l(J13HH poCCHH­

CKOfO 06IUeCTBa, qTO B 3HaqHTeJibHOH CTeneHH HBH­

JIOCb rrpJ,flIHHOH Wl1p OKOMacuna6ttoro BHe.upeHID! 

TexHononrn SimPort™ 3a py6e)l(OM. 

B 1997 - 2000 rr. pa3pa6oTaHbl Tp H .UHCIJJieH­

HblX TTMT .UJIH TennoBhIX 3Hepro6noKoB: B 1997 -

r . 
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·,. r-
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~:•.;-, ~ .... , f ,~ 
, .,,. I t.11!1 

1988 rr. - ,L\JUI 3Hepro6JIOKOB MOIUHOCTblO 750 0 

200 MBT CTaHUHH Sherco l1 Armstrong (ClllA) 
(pHC. 2), COOTBeTCTBeHHO, K s 1999 - 2000 rr. -

.UJIH 3Hepro6noKa MOIUHOCTblO 350 MBT CTaHUHH 

Arnot (JOAP). 
KaKOBbl oco6eHHOCTH 3Tl1X pa3pa6oTOK, KOTop1:,1e 

IlO3BOllillOT oueHHTb 3q>q>eKTHBHOCTb TeXHOJIOrHH 

SimPort™, qTO .nm1 Hae oco6eHHO sa)l<HO? 
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PHC. 2. 3KpaH C 0CH0BHhlMl1 napaMerpaMM CTIIHl~11H HHcrpyKTopa rpeHIDKepa CTaHI.J,}iH Armstrong 
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Bo-nepBblX, 3TH Tpetta)Kepbl no CBOeMy ypoa­

HIO COOTBeTCTBYI-OT JIYl.flliHM o6pa3QaM TpeHaxce­

poB ,nm1 A3C KaK no o6beMy Mo.n;em1poaaHHH (c 
qHCJlOM napaMeTpOB BBO,na-BbIBO,na nopH,nKa 10 
TbIC. ), TaK 11 no YPOBHIO MaTeMaTH'IeCKHX Mo.n;e­

neH, T.e. no HCnOJib3yeMbIM npH6mnKCHHHM, TO'i­
HOCTH H ITOJlHOTe MO.L(em1posamrn. 3oecb CJleOyem 
JaMemumb, 'lmo Boo6Uje mennoeou :mep206110K 
omflu?Jaemca om 11.oepH020 mo11bKO ucmo'lHUKOM 
3Hep2uu (8 oOHO.M cny'lae 3mo 3HepzuR c20paHUR 
mOnJIU8a, a 6 OpyzoM - 3Hep2UJl OelleHUH.) U, ecme­
cmeeHHO, cnoco6oM ynpae11enu». 3Hep2oebzOe11eHu­
eM. 1ho )Ke KacaeTC.ll IIITaTHblX pe)KHMOB pa60Tbl, 

TO TernIOBOH :mepro6no1c HBJrneTCH 6onee ",n1rna­

MH'ieCKH:M", 'iTO o6b.llCHHeT 60JibIIIH:e OTihlT nep­

COHana H 3HaHHH O peaJibHbIX ;:11rnaMH'1eCKHX npo­

Qeccax. B CB.ll3H C 3THM npHeMKa TpeHa)Kepa OKa-
3b1BaeTCH 6onee crporoii. 

PRC. 5. 
31<paH 3MYJUJT0pa ACY Tfl ABB Control System 

PROCONTROL P -rpeua)Kepa CTIIHU.ttli Arnot 

Bo-BTOpMX, ynpasnew1e TeXHOJlOf HqecKHM 

npo~eccoM B 3ttepro6noKax-npoTOTHnax ocymecT­

smi:eTcH c noMOI.UbI-O ACY TTI, 'iTO norpe6oBano 
pa.3pa6oTKH HX 3MYJIHTopoB B Tpetta)Kepax. Ka)!(­

,nbIH H3 rpex 3Hepro6noKOB-npoTOTIHIOB l.fMeJI 

CBOIO OTJIHqttyIO OT ,npyrHX CHCTeMy, np11qeM OT 

pa3JJHqHI:,IX qrnpM-pa3pa6oTl.fHKOB. .D:nH Sherco -
:no cHcTeMa MAX 1000 Control System; ,nn.i1 Arm­
strong - WDPF Distributed Control System; ,nm1 

Arnot - ABB Control System PROCONTROL P 
(pHc.3 - 5). IlpH 3TOM pa3pa60TI<a 3MYJIHTOpOB 6b1-

J1a BbIIlOJIHeHa B ycJIOBHHX orpaHl.fl.JeHHOCTH HH­

cpopMaUHH H 6e3 npHBJJe'ieHH.ll 3KCnepTOB qrnpM­

pa.3pa60HHKOB ACY TIT. 
B-rpeTbHX, OTCYTCTBHe noJ1HOMacn1Ta6HbIX ">Ke­

Jie3Hb1X" nyJlhTOB ynpaanemrn s Tpetta)Kepax cTaH­

UHH Sherco H Armstrong norpe6osaJio CO3.llaHHH 11x 

,nHcnnefuu,1x attaJioros (soft panels). 

PHC. 4. 
3Kpatt 3MyAArnpa ACY TTI WDPF Distributed 
Control System -rpeHa)Kepa CTaHUHH Armstrong 
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11, HaK0Heu, s-~rersepThIX, -rpy.n.03a-rpaTh1 Ha co~a­

HHe -rpemoKepa TaK0ro yp0BIDI (no T0qHQCTH H II0JIH0-

Te MO.QeJIHP0BaHIDl, HaJIW-IHJO ,ro1CnJieHHbIX aHaJI0roB 
nattendi nym,T0B ynpaBJieHHR H 3MYMTopa ACY TIT) 
0Ka3aJI.HCh npHMepH0 s 2 - 3 pa3a HIDKe TaK0BhIX c HC-

00Jib30BaHt-:teM 113BeCTHbIX HaM TeXHOJJOrnii-nnaTCj>OpM, 

CKIDKeM Ta.JC, npe.IJ.bl.IJ.YUJ,ero 00KOJiemrn. 

lJTo KacaercR crnCTo TeXHH1-1ecK.HX acneKTOB .Il.aHHbIX 
-rpemm:epHhlX pa3pa60TOK, rJiaBHhIMH H3 K0T0pbIX $1B­

JUIJOTCR pa3pa6oTKa 3MYAATOpoa ACY TIT 11 MaTeMaTH­

LJecKHX Mo.n.enett TeXHonorl1':lecKHX c11CTeM, TO B .IJ.aH­

HOH pa60Te HeT CMbICJia 0CTaHaBJllIBaTbCR Ha HHX no.n.-

po6Ho. IIpo6neMa H 0JibIT pa3pa6oTKH 3MYJIRTopoa 

ACY TIT Ha 6aJe TeXH0JI0rnH SimPort™ .n.ocraTO'-IHO 

no.n.po6tto paccMoTpeHhI B pa6ore [5]. lfro )Ke KacaercR 

MaTeMaTH"!eCKHX Mo.n.eneit, TO B 3TOH CBJ13H CTOl1T 0T­

MeTIITb JIHlllb TO, l!TO ace OHH 6bIJJH pa3pa60TaHbI 
cpeJJ.CTBaMH TeXHonornw SimPort™ 11 a no.n.an.runow.eM 

tJHcne Ha 6aJe 6116n110TeKH SimPort™ - apHJlO)l(eIDfH, 

t.JTO 11 orrpeJ].eJIHJIO OLJeHb BbICOKYIO CKOp0CTb 11 3cpq>eK­
THBHOCTh HX C03.Il.aHIDI H OTJia,D.KH. 

Om,we11em1b1e oco6en11ocmu, na uaw. 63211Jl0, f/a­
ZllJl0HO noom6ep;»C0Q/Om 3</J<jJeKmUBHOCmb meXH0/10-
zuu SimPort™. 

2. Mo)J.epHH33UHH nOJIHOM3CWT36HblX Tpeua,tcepoB 

PaccMa-rp1-rnaeMbie B .naHH0M paJ.n.ene pa3pa60T­

KH - 3T0 Mo.n.epHH3all;HH (HJIH TaK Ha3bIBaeMbie 

upgrade) ITMT. ITpoeKThl MOJ(epH11Jau11w peamno­

naHbI .n.nH .n.ayx aMepHKaHCKHX A3C (Hatch H 

Vermont Yankee) COOTBeTCTBeHHO B 1998 11 1999 
rr. 11 .D.JIR ceMH 3Hepro6JIOKOB C peaKT0pa~rn THna 

Magnox A3C Ben11Ko6pHTaHHH (Wylfa, Dungeness 
A, Hinkley A, Oldbury, Sizewell A , Bradwell, 
Chape/Cross) B 1999 - 2000 rr. 

KaKOBhl oco6eHHOCTH J].aHHhlX pa3pa60TOK H Ha 

•no cneJ(yeT o6pannh BHHMaH11e? 

Bo-nepBblX, o-rpa60TaHa TeXHOJJ0rHR H BhIITOJJHe­

Ha 3aMeHa -rpeHa)l(epHbIX KOMilhEOTepoa, onepaUl:IOH­

HOH CHCTeMbI 11 nnaTq>OpMhl-TeXHOJJOnrn Ha 

SimPort™. B xo,ne peanl:13aUJIB 3TOH npoue.l{yphI, 

KOTOpM Ha Tpetta)KepHOM 83hIKe 3BY'lHT KaK nopmu­
pooa11ue -rpetta)l(epa, ycnerntto perneHbJ cne,nyroUJ,He 
JaJ].atJH. 

• O6ecneLJem1e rro,zmep)l(KH acex cneumpI,fqeCKHX 

q11cTo mpe11a:J1Cep11bvc ¢y11KZfUU op11nrnaru,Horo Tpe­

tta)l{epa HOBOH nnaTcl_>opMOH-TeXHOJIOrneit (B J].aHHOM 

crryqae SimPort™) 11 rrpeJ].ocraaneHHe 3aJIO)l{eHHhIX a 

SimPort™ H pattee tte.n.oczyntthIX -rpeRa)l{epy cpyaK­

umi (a t.JaCTHOCTH, no Bl-13YaJIH3al{HH Mo.n.en11pyeMhlX 

napaMe-rpoa ). 

• ITopTHpoaaHHe 6a3bl oaHllblX napa.Mempoe rpe­
Ha)l{epa, qTo COOTBeTCTBOBaJJO 3KBHBaJieHTHOMY rrpe­

o6pa30BaHHIO HCXO.l{HOH 6a3bl B 6aJy Microsoft 

Access, JJ.0C1)'TIHYJO SimPort™. 

• IIopT11poaaH11e ucxooHblX cocmoR11uu. 

• Tiopn1poaam1e pac11.em11b1x Koooe c coxpaHe­

HHeM OpHrHHaJlhHOro 83bJKa nporpaMMHpoaaHl1$1 

(Ho C a,l(anTauweH TeKCTa KO.IJ.a npHMeH11TeJibH0 K 

no.n.JJ.ep)l(HBaeMblM B HaCTOJIUJ;ee BpeMR B .n.aHHOH 

onepau;110HHOH Cl1CTeMe BepCHRM $13bH<a) C ITOMO-
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llJ.blO cne1..1HaJibHO pa3pa60TaHHOro HHcrpyMeHTa 
Texttonon,u,I SimPort TM . 

• O6ecneqeHHe 3aKa3'lHKY B03MO)KH0CTH pa60Thl 

KaK c opITTHHaJil,HOH cmaHZfueu w,cmpyKmopa, TaK 11 

c pa3pa6oTaHHOH cpe.n.crnaM11 TeXHOJJOrHH SimPort™ 
11 HBAAIOIIJ;eHCR ee COCTaBHOH '-!aCTbEO. 

• O6ecnet.JeHJ-re 3aKaJqHKY B03MO)KH0CTH pa60Thl C 

cyw.eCTBYJOllJ,11M opHrHHaJihHblM npeiJcmaBJ1ef/UeM 
napaMempoe (MHeMOCXeMI>I, 3KpaHbI CHCTeMhI KOH­

TJ)OM, CHCTeMbl npe,ACTanJJeHIDI napaMeTp0B 6e30-
nacnocnI H T . .IJ..) H pa3pa6oTKa TaKosoro (MtteMocxe­

Mhl, J(11canei1Hb1e aHanom natteneii yapasneHHR) Ha 

6aJe cpe.ncrn TexHonorHH SimPort™. 
• O6ecneqem,1e B 0OJlHOM 06beMe HHTepcpeHCa C 

hardware-KoMnbIOTepaMlf rpetta)l{epoa. 

Bo-sTopbIX, BbmonHeHht MOJ(epHHJau;i,rn 11 nocne­

,ey10w.aR HHTerpauHR -rpeHa)l{epHbIX K0AOB B paMKax 
nnaTq>OpMbI-TeXHOJionm SimPort™. 

B-TDeThHX, Mo.n.en11 pR.na TexHonornqecKHX c11c­

TeM peamt30BaHhI JaHOBO H Ha 6aJe SimPort™ -
npHJIO)Kem,tii, a Tal()l(e BhIO0JIHetta HX HHTerpauHR B 

TM paMKax nnaTq>OpMhI-TeXHonorn11 SimPort c pa3pa-

6oTaHHhlMl1 pattee H M0AepH11311p0BaHHblMH -rpeHa­
)KepHblM11 KO.IJ.aM.H. 

H, HaKOHeu, B-'-leTBepTbIX, pa3pa60Tillib1 J].11cnnei1:­

Hb1e ITaHeJIH nyJlbT0B ynpaBJieHIDI 3Hepro6JJOKOM. 

TaKUM o6pa3oM, peQ/lU3QijWl 3mux npoeKm0B 
no1111ocmb10 0OKQ3QJla cnoco61-wcmb mex11011ozuu 
SimPort™ 6blmb ruzam¢opMou-meXHO/lOZUeu 0/lfl 
pa3pa6omKU MO0enupylOU/UX K0MnJ/eKCOB KQK HQ 6a-
1e co6cmee1111b1x Koooe-npz1110:J1Ce11uu, maK u c uc­
no11b1oea11ueM 11y11.wux MameMamu11ecKux MoiJeneu u 
Koooe ompaCJ1u, ucno11b3YeMblX 6 pac<Jem110-
meopernu11ecKux ucc11eooBa11uRX u npoeKmflblX 06oc-
11oea11URX. 



3. Pa1paOOTKa 3H3JJHTHqec1rnx H JIOK3JlbHblX Tpeuamepoe 

nonPiHbTM nponom1ceHHeM mrnHH TpeH8)KepHhIX 
pa3pa6oToK, Ha'laToH B ClllA, .srnmnoTc»: atta.rrHTH'le­
cKRe R noKaJibHbie Tpetta)Kepb1. Cpe.zvt nocnenHHX 
HHTepeCHblX pa.3pa60TOK Ha 6a.3e TeXHOJionrn 
S . p tTM ~ im or cnenyeT, TTO)KaJIYH, BbIJ{eJlHTb TpH. 
• AHa.JIHn1qecKHH Tpett8)Kep mnaTem,Ho­
,nea.3pal\HOHHOH YCTaHOBKH (J{JU! zyp6HHbl TIT-60-
130) EcppeMOBCKOH T3U (pHc.6). 
• TpeHa)Kep 'L(eJU16HHCKOH T3Q - nonttoMacrnrn6-
HbIH attamtTHtJeCKHif Tpemo1<ep, pa:1pa60TKa KOTopo­
ro eme He 3aseprnetta. Ha pHc. 7 rrpenCTaBneH rrpH­
Mep pacqernoH cxeMbl (cHMYJUIUHOHHOH n11arpaMMbI 
TpeH8)Kepa) B cpene rpacpoattarmTHqecKoro penaKTO­
pa TeXHonornH SimPort™. 
• JlOKa.JlbHblH TpeHa,Kep ueHTpaJJbHOro lll,HTa 
yrrpaBneHH»: 3JJeK-rpH<IecKoH qacTblO nepsoi1 oqepenH 

PHC. 7. 
C1lMyn»:UHOHHa.sI )lHarpaMMa rpetta)Kepa 

1lem16HHCKOH T31J, 

JIA3C (pHC. 8), pa3pa6oTKa KOToporo 3aBeprnaeTCH a 
2002 r. 

TiepBble J{Be H3 nepeqHcJieHHblX pa3pa60TOK .sm­
JUIIOTC.sr aHaJJHTH'leCKHMH TpeHIDKepaMH - B HH:X OT­
cyTcrnyeT WT8THbJH qeJIOBeKO-MallIHHHblH HHTep­
cpeHC H J{8)Ke soft panels. BMeCTO 3TOfO B TpeHa)f(epe 
Eq>peMOBCKOH T3U no -rpe6osamno 3aKaJqHKa pa3-
pa6oTaHbl cneUHa.JibHbJe MHeMOCXeMbJ ynpaBJieHIDI 
ycTaHOBKOH. Tpe6oBaHH.s! 3aKaJ'lm<a npo,nHKTOB8HbJ, 
rnaBHbIM o6pa30M, He06XOJ{M.MOCTblO peanmawm 
TpeH8)Kepos KaK y11e611b1x cpeocme ,nn.sr nepcotta.rra 
THTia o6XOJ{lfifK Ha nepBOM 3Tane H TOJJbKO Ha IlOCJle­
J(}'lOlll,eM 3Tane, B TOM qffcJJe no Mepe "3aMblK8HIDI" 
MOJ{eJJH J{Jlj! nepBOH H3 npe,nCTaBJlefilU,JX pa3pa6oTOK, 
KaK mpeHupoeo'IHbZX cpeocme c peamnau11ei-i rnTaT­
HnIX cpe,ncTB qenoBeKO-MaIIIHHHOfO HHTepcpeika. 

LJ 

-rj I 

P11c. 6. 
MtteMOCXeMa o6y'-leHWI rpeHa,Kepa 

EcppeMOBCKOH T3ll, 

I '---------- \ 
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P1-1c. 8 . .ll:HcnJJeiitta11 nattem, ynpaBneHID! noKam,eoro -rpetta>Kepa uett-rpam,Horo ll{HTa 
ynpaBJJeHHll 3JJe1<Tpw1ecKoii 'IaCTbJO nepBoii oqepe)lH JIA3C 

3aKJIIO'-leHHe 

TexHononu1 SimPort™ ycnew1m BHe,l\peHa Ha 

MHpOBOM pblHKe pa:3pa60TKH H MO,nepHH3aUH.11 rpe­

Ha:>I<:epHbIX CHCTeM. Can.n.eTeJibCTBOM TOMY .l!BllileTC.ll 

ueJlb1H p.11.n ycneurno 3aaepmeHHbIX npoeKTOB. Cpe.n­

CTBa TeXHOJJon,n,1 TI03BOJ1.l!IOT peaJJH30BaTb npaKTHlJe­

CKH nOJIHblH cneKrp B03MO)KHhJX MO,nem1py101.1.v1x 

CHCTeM TeXHOJlOrHlJeCKOfO npoH3B0)lCTBa, O)lHOH H3 

pa3HOBM)lHOCTdi KOTOporo .ITT3mleTCll TeXHOJlOrHlJe­

CKHll npol(ecc :mepro6noKa. 

Ycnewtta.11 peamnaum1 Ha 6a3e TexttonorHH 

SimPort™ Qenoro pH.L\a KOMMep•1ecK11x npoeKTOB 

no Mo.n.epmna1..un1 TIMT A3C, BhmonHeHttasi c 

HCilOJ1b30BamteM KaK npHKJla)lHblX HHCTpyMeHTOB 

SimPort™, TaK H OpHnrnaJJbHblX KO)].OB H Mo.ne­

nei:i MO,nepHH3HpyeMblX TpeHa)KepoB, .llBJI.lleTC.ll 

rapaHTHe.ii B03MO:>I<:HOCTH H ycnemHOCTH 
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Y)U( 621.039 

BHpTyaJJbHblH 3Hepro6JJOK H TeXHOJJOnlH KOMDblOTepHoro MO.Z:.eJJHpoBaHHH 

C.J(. MMKUH, B.A. ,4a11w,oa, A.,4. 3eHK06, A.O. Maca,wa, H.ft. Pa«umuu,J(.H. HHyUle«u'l, 
PHIJ, "Kyp•rnToBcKHH HHCTHTYT", 123182, MocKaa, nn. KyptJ.aTOaa, I 

ITpe,!lCTaBJie.Ha KOHUenI.{IDI BHp'fYaJlbHOro 3Hepro6JIOKa (B3) KaK npHHUHID!aJlbHO HOBOro cpe,D,CTBa aBTOMaTH3UUHH II 
npoeKn1poeaHllil, HCCJie,D,OBaHHM, conpOBO)KJ(emrn 3KCITJl)'aTaUIDI H 3KCrrepTH3hJ ~epHhlX 3HeproyCTaHOBOK (5I3Y). 
TIOKa3aHa BO3MO>KHOCTh H uenecoo6pa3HOCTh pa3pa60TKH B3 Ha 6a3e coepeMeHHhIX KOMIThJ-OTepHbIX TeXHOJIOntH Ma­
TeManfl!eCKOro MO,D,eID!pOBamtSI H, e '-!aCTHOCTH, TexttonorJIB SimPort™, pa3pa6oTaHHOH e PHU, "KM" H ycnewHo BHe­
,upettHOH B ueJl.hJH psi.n. pa3pa60TOK. TIOKa3aHO, "ITO 6a30Bfill KOMIThIOTepHasi TeXHOJIOrlUI llBJISleTCSI peallhH.hlM cpe,D,CTBOM 
aeTOMaTH3aUJU,f rrpoeKTI1pOBa.HIUI H rapMOHWlHhlM ,!lOITOJ1Hem1eM HCITOllh3yeMblX cero,D,HSI CHCTeM aBTOMaTH3aUHH npo­
eKTHpoeamui (CATIP) 5I3Y. 

VIRTUAL POWER PLANT AND COMPUTER SIMULATION TECHNOLOGY. S.D. MALKIN, V.A. 
DANILOV, A.D. ZENKOV, A.O. MASANOV, I.D. RAKITIN, D.I. YANUSHEVICH. This paper gives a concep- , 
tual view of a virtual power plant (VPP) as a tool to provide an automation of Nuclear Power Plants' (NPP) design, re- , 
searches, operation support and expert examination. VPP development profit and ability, based on modem computer 
simulation technologies is demonstrated. The RRC "Kurchatov Institute" SimPort™ state-of-the-art computer simulation 
technology is presented and proposed as a potential base ofVPP. The basic VPP computer technology as a tool of design 
automation and as a part of modem NPP CADs is demonstrated also. 

Y cneXH rrocne,[(HHX · llilTHa,[(1..1,aTH ner B o6naCTH 

C03,!laHIDI ,!lOCTYTTHhIX Bb]C0KOTip0H3BO,!lHTenhHhIX 

KOMITblOTepoB H pa3pa60TK.H KO,D.0B MO,!leID!poBaHJ-ui 

q_)H3HlJ.eCKHX npoueccoB ,umI TaKHX CllO)I<HettllJHX o6b­

eKT0B, KaK 5I3Y, oqesH,!lHbl 11 6eccnopHb!. O,ntta.KO, 

CJTO Kacaerc.a pa3pa6oTKH 5I3Y (npoeKTHpomurne, 

paC'-.le'l'HO-TeopeTHCJeCKHe HCCJie,nosaHIDI B o6ocHOBa­

Frne pa60Tocnoco61-1ocTH, 6e3onacHOCTH H r . .n.), To 

3,lleCh 11C□OJib3YIOTCSI B OCH0BHOM KO.!l;bl ,!lJl.ll Mo,neJIH­

poBaHIUI 0TJleJibHI,IX C0CTaBHhlX lJ.aCTe.H o6mero TeX­

HOJlOrHCJeCKOro npouecca 5I3Y. 1:l.aCTh 3THX KO,!lOB 

o6be,!lHH.lleTCH, HO TaKa.ll HHTerpau.H.ll llHlllh lJ.aCTHlJ.Ha 

11 He o6ecnetJ.HBaeT K0MTIJieKCH0rO M0,D,enHpOBaHH.ll 

5I3Y a u.eJI0M. E,nHHCTBeHHO rro-HaCT0.llll{eMy HHTer­

pHpOBaHHblMH rrp0)zyKTaMH cer0,llH.ll .llBJI.lllOTC.ll TOJibK0 

TIOJIHOMaC!llTa6Hbie, TIOJIHOMaCUITa6H.hie ,!lHCnndiHble 

H nonHOMaC1I1Ta6m1e aHanHTl!l"lJ.eCKHe TPeHIDKepbl. 

TipeHMyIUeCTBa OTKpbITOH HHTerpanbHOH MaTeMa­

THCJeCKOH MO.D;eJIH H pacqe-raoro KO,lla 3Hepro6JIOKa 

0\.JeBH,llHbl. 

noKaJibHbie MO,!lellH TeXH0ll0rH\.JeCKHX CHCTeM 

:mepro6noKa (peaKTopttoii: ycTaHOBKH H nepaoro 

KOHrypa, napoTyp6HHHOH ycTaHOBKH, KOH,!lettcaTHO­

TIHTaTeJibHOH Cl1CTeMbJ 11 T.,n.), 6y,ny'-IH ,llIDKe oqeHb 

TO\.JHhJMM, MoryT 3HalJ.11TeJibHO YTPaTl1Tb T0lJ.HOCTh 

socnpOH3Be,neHHH pe)KHMOB, oco6eHHO aaapHHHhIX, 

113-3a HeKoppeKTHOfO yqern CMe)l(Hh!X TeXHOllOrH'-le­

CKHX CHCTeM. B KOHelJ.HOM c•JeTe 3TO MO)KeT 0TPa-
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3HTbC.ll Ha KaqecTBe npoeKTwpoBaHH.ll 11 HaytJ.H0ro 

o6ocHOBaHH.ll rrpoeKTa BKllJOlJ.a.ll 06octtoaam1e 6e3o­

nacH0CTH. 

0 npeHMyIUeCTBax nOJIHOMaCUITa6Hh1X HHTe­

rpanhHhIX MaTeMaTHlJ.eCKHX MO,nenei:i Harn.ll,nHO CBH­

.nerenbcTByeT, B lJ.aCTH0CTH, 0ilhlT pa3pa60TKH ],I 3KC­

nnyarauHH TIOJIHOMaCWTa6Horo 11 aHMl1Tll'-leCKOfO 

TpettruKepos ,nllil ne1urnrpa,uc1<0H A3C. 3TH npe­

HMymecTsa npH3Hattb1 TaIOKe HHKl13T KaK fnas­

H.blM KOHCTPYKTopoM PEMK B xo,ne npose,neHH.ll ero 

cneumurncTaMH He3aBHCHMOH 3KCnepTH3h] TpeHa)Ke­

poB [I]. C,nenaH, B qaCTHOCTH, BbJBO,!l O B03MO)KH0CTH 

H uerrecoo6pa3HOCTH HCilOJib30BaHHH nOJJHOMaC­

UJTa6Horo TPeHIDKepa ,LI.JUI pa3pa60TKH ycoaeprneHCT­

B0BattHblX anropHTM0B aBTOMaTH'JeCKoro yrrpasne­

HHSI H 3aJIJ,HTbI H npoue.nyp ynpairneHHJI 3Hepro6no­

KOM C y"tJ.aCTHeM onepaTOpOB. flp11 HMHlJ.HH 110,no6-

H0ro HHCTPYMettrn, KOTophlH no caoeii cyn1 .llBJUieT­

C.ll eupmyaJlbftblM 3Hep206JlOKOM, ,neHCTBRTeJibHO no­

.ll.BillleTC.ll B03MO)KHOCTb KOMTIJieKCHOro noHCKa, pa3-

pa60TKH 11 o60CHOBaHIDJ mo6oro TeXHHlJ.eCK0fO pe­

UieHH.ll, npose.n.emrn n106oro Bhl'rncn11renhttoro 3KC­

nep11Mettrn, B TOM lJ.HCne no IT0HCKY HOBbIX cuettapH­

eB pa3BHTHJI aaapHHHhIX c11ryaUHH, BKJUOqa.ll rn)Ke­

JlbJe asapHH, C ueJiblO HX npe,n0TBpaIUeHH.ll H JI0Kam1-

3aUHH, H T.,n. OTKpbJTOCTb )Ke no,no6HOH Mo.n;em1 no-

3BOJUieT HCITOJlh30BaTb Bee COCTaBe tta116onee TOCJ­

HbJe H npH3HaHHb]e B 0TPaCllH pacCJeTHble KO,llhl. 



1. O6maH 1rnaccmiJHK3U,HH M0~eJIHPYIOlUHX CHCTeM 

Ilpe)l(JJ.e 'leM H3Jiaran, 06m.y10 KOHUen[{HIO 83 
ueJiecoo6pa:rno CKaJaTb o TOM, KaKHe cymecrny10T 

soo6rn.e MO<Jenupy1oi4ue cucmeMb! HJIH MoiJe.nupy10-
UJUe KOJ11nneKCbl. 

B coorneTCTBHH c npmurToH B PHU "KM" .n.syx­

yposuesoii KJiaccmp11Kau11eif [2] MO,D,e.rrnpy10rn.11e 

CFICTeMbJ no~aJ,llemuoTCSI B COOTBeTCTBHH C THTTOM 

IlOJih30BaTeJJei-i Ha nepBOM ypoBHe 11 ueJUIMH HX HC­

ITOJlb30BaHHSI - Ha BTOpOM. 

ITo nmy IlOJJb30BaTeJJei1 MO:>KHO BbIJ].emfTh MO,lle­

m1py1omHe KOMITJJeKChl, npe,llBaJHa<IeHHbJe .n.mi: 

• JKcnnyarnUHOHHoro nepcomwa 11 nepcoHana pe-

ry JJnpyrom11x opra1ws; 

• pa3pa60T'-IBKOB ycTaHOBOK (KOHCTpYKTOpOB 11 

rrpoeKTaHTOB ); 

e HCCJJe,llOBaTeJJeH (amurnTHKOB H liH)f(eHepoB). 

Moi)en.upy10Uf.ue cucme.Mbt iJnR 31<cnnyama71uOHH0-
20 nepco11ana u nepcoHana pezynupy10Uf.ux op2aHoe B 

3aBl1ClfMOCTH OT l{endi HCITOJJb30BaHHSI MO)f(HQ pa:3-

,neJIMTb Ha Te, KOTOpbie HCTTOJlb3YIOTCH .l{JlJI o6y'-lemrn, 

Tpet-mpOBOK H nposepoK TeXHHqecKHX peweHHM 11 

3KC£1J1yarnu110HHblX npoue.n.yp, 11 Te, KOTOpble MC-

nOJJh3yroTcsi B npouecce yrrpasnemrn peanbHhIMH 

061,eKTaMH 1Ull1 B Kp11TH<IeCKl1X C11Tyauiurx. 

Mooe.nupy10utue cucmeMbl ORR pmpa6oml./uKoe 
11.rrn, KaK MX ern.e rrpIDUITO Ha3bIBaTb, pacqeTHO­

MO)leJJHpy10mHe KOMITJJeKcb1 (PMK) no,upaJ,uemnoTCH 

Ha HCTTOJib3YeMbie .l{JISI pa3pa60TKM OCHOBHOro 060-

py.uosaIDUI 0 o6oeKTOB B uenoM, npe,qHaJHa<JeHHbJe 

)].JUI CHHTe3a anropMTMOB ynpaBJJeHlrn, 6r10KHpOBOK I1 

3al..l.{HT pa3pa6aTbIBaeMblX o6'beKTOB J,f )].JUI HCITbITa­

Hl1H CHCTeM aBTOMaTII'JeCKOro ynpaBJieHl1SI peaJib­

IlbIMH 061,eKTaMH. 

Mooenupy1014ue cucmeMbl OJlfl uccneooeameneu 
,neJI.llTCj{ Ha Te, KOTOpb!e HCIIOJib3YJOTC}l ,D,JJj{ aHa­

JJHTHKOB, OCHOBHOH 3a.D.a'Idi I<OTOpblX HBmreTCSI 

onepaTl1BHhlH DOHCK npHqHH peaJibHbIX aBapHH­

HhlX CHTyaUHH, a TaK>Ke ITOHCK cu.eHapHeB 11 HC­

cnen;oaaHHe B03MO)KHJ,JX nocne,llCTBHH fHITOTeTH­

qecKHX 3anpoe1<THbJX TH)KeJibIX asapHH, H Te, KO­

TOpble npe,D,Ha:rnaqeHbl ,llJJ51 pa3pa60TL111KOB MaTe­

MaTlf'-IeCKHX MO,lleJieH qJH31P-IeCKI1X npoueccoB, 

rrpoHCXOP.HmHx B peaJJbHblX HJJH pa3pa6aTb1Bae­

MblX o6oeKTaX. 

2. O6man K0HUenuuH pa1pa60TKH BHPTY3JlbH0rn JHepro6JJOK3 

Mcxo,LVI 113 o6mnx l{enew 11 3a.D.a<I, perneID!e KOT0-

pb1x tJ.OJJ)KeH 06ecrre1I11Th B3, a TalOKe 113 o6mei1 KJiac­

CHq>lfl<aI(MH MO)leJJHpy101I(KX CBCTeM, MO)KHO npe,q­

CTaBHTb ce6e, 'ITO OH ,UOJI)KeH co6oii npe)].CTaBllilTh. 

BupmyanbHblU 311ep206noK - 3TO OJIHOBpeMeHHO 

Mooenupy,oufafl cucme;wa on.fl pa3pa6om'luKoe, Mo­
oenupy10Uf.afl cucme.Ma onfl uccneooeameneu, MoiJe­
nupy10Uf.aR cucmeMa <Jflfl nepcoHana pe2ynupy10Uf.ux 
op2a11.oe H KOMnneKc Mooenupy10UJUX cucme.M (mrn 

no KpairneH Mepe octtosa :noro KOMnneKca) iJn11 3KC­
n;1yamal,(UOHH020 nepco1-1ana pa3pa6aTbrnaeMoro 

3Hepro6JioKa. 

qTO ,D,aCT pa3pa60TKa B3? 
BupmyanbHblll 311epw6no« KaK Mooe11upy10U(aR 

cucmeMa OnR pa3pa6om'lu1<oa o6ecne'lum pa3pa-
6on11ry u 06oc,10ea11ue (eKn10I./Qfl 06oc1-1oea1-1ue 6e30-
nao1ocmu) npoeKma u, 2JlQ6HbZM o6pa30M, e 'lacmu 
CXe.MHo-mex1-1ono2ul./ecKou, e 1./acmu 6b16opa napa­
Mempoe u xapaKmepucmuK oc11oe11020 o6opyooea­
Hu.fl, a maK:J/Ce e 1./acmu pa3pa6omKu cmpyKmypbl u 
xapaKmepucmw< cucme.Mbl ynpaeneHuR u eb16opa 
napGMempoe u xapaKmepucmuK ee 06opyooea1-1ufl. 
PacqeTHOe 060CHOBam1e mo6oro TeXHJ,£qeCKOfO H 

Texttonon1qecKoro perneHIDJ 11 HP.eH Hay1rnoro py1<0-

BOJJ.HTem1, rnasttoro npoe1crnurn Jttepro6noKa 11 

rnasm,1x 1<0HcTpyKTopos s JTOM cJiy'-lae MoryT ocy-

mecTBJI}lTbcsi ttenocpe,qcrneHHO B npou.ecce s1,1pa-

60TKH 3TOro peweHIDJ HJIH H,D,eH. 

Aei1CTBHTeJlbHO, Ba)f(HeiflllHMH Ha scex crn.u11six 

npoeKTMpOBaHHSI 513Y SIBJIHIOTC51 COCTaBJJSIIOl.l\He, 

CBH3aHHbie c: 

• pa3pa60TKOH TeXHOJIOrH'IeCKHX cxeM 3Hepro6no-

Ka B nrnpoKOM CMbJCJie; 

• pa3pa60TKOH TeXHOJJOfH'IeCKHX cxeM J,f OllTHMH-

3au11eii anropHTMOB ynpasnettu_si 513Y. 
3Tl1 CTa)].1111 -rpe6y10T napa.rmeJibHOfO BbIITOJIHeHHH, a 

ec.rrn TO'!Hee, COJJ,ep>KaT B ce6e 3Ha'lliTeJ!hHYIO, eCJJl1 

He not1.asrrn1ouzy10, pactJeTHYIO cocTaBJU110uzyro, CBH-

3aHttyIO C MO)leJIHpOBaHHeM HeCTaUHOHapHbIX HeH-

1'pOHHO-q>H3H'JeCKHX, Tennorn.n.pasJIW1ecKHX H P.PY­

rmc npoueccos (B T.'I. anropHTMOB ynpasnemu1), 

rrpOHCXO,LVIl.l\HX B 3Hepro6JJOKe (3TO paCl{eTb] no no-

11CK}' H rrposepKe cxeMHblX pemeHHM, no OilTHMH3a­

U11I1 aJirOpHTMOB ynpaBJieHl1SI H T.)]..). 

Pa3pa6omKa mexuonozu'lec,rux cxeM fl3Y co)J.ep­

)Kl1T B ce6e: 

• pa3pa60TKY npHHUHIDlaJJbHoIX TeXHOJIOfJ,ftJeCKHX 

cxeM; 

• onpet1.eJJeHHe cocTaBa o6opy)J.oBamur u ero 06-

lllHX xapaKTepHCTHK; 

• BbITTOJIHeHHe pactJeTOB s ITOP.TBep>KP.eHHe pa6o-

TOCTIOC06HOCTH npHID!TblX perneHHH. 
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Pa3pa6omKa mexHoJ102u'leCKUX cxeM u onmuMu-
3Qt/UJl aq20pumM06 ynpa6J1eHuJl Jl3Y co.u;ep)l(MT B 

ce6e: 

• pa3pa6oTKY cj>yHiru:HOHlUihHbIX cxeM CHCTeM 

yrrpaBJieHHSJ TeXHOJIOn!'feCKHX CHCTeM H 5l3Y B u:e­

JIOM; 

• BbIITOJIHeHHe paC'feTOB e IlO.L(TBep)l(Jl:eHHe pa6o-

TOCnoco6HOCTH npHHS!TblX pemeHHH; 

• pa3pa6oTKy peJieHHbIX TeXHOJIOrlf'JeCKHX cxeM. 

3TH COCTaBJUUOil(He "npOHH3hIBaFOT" ace CTa.L(HH 

rrpoeKTHpOBalUUI, CTJ)OHTeJihCTBa H 3KcnnyaTaU:HOH­

HOro conpoBO)K,UeHl-1.Sf .513Y 11 SJBJI.Rl:OTCSJ o6meKOH­

QenTylUI.bHhlMH Ha Ha'-laJibHOH crn;:u,rn npoeKrnposa­

mur H HHTerp11pyiom11M11 Ha scex nocne;zy1:0ru:Hx 

CTa~. O6e OTMe'feHHbJe COCTaBJI.Rl:01.I(He IlO.L(pa3y­

MeBaJOT TeCHYl:O B3aHMOCBSJ3h cxeMHblX peweHHM H 

HX pacqeTH0f0 o60CHOBaHIDI. TTpHMeHHTeJibHO K 

5l3Y paC'feTHOe 06ocHOBaH11e rnaBHhIM o6pa30M 

CB.sJ3aHO C HeHTpOHHO-!pH3H'-leCKliMH H Tennorn.u;paB­

JlH'ieCKHMH pac'-leTaMH CTaI.U,IOHapHbIX H HeCTaUH0-

HapHblX pe)ICflMOB pa60Tb! 5f3Y Hee CHCTeM - TaI<He 

paC'-!eThI TIO,ll.TBep)l(Jl:aFOT pemeHHH, CB.R:3aHHhie KaK C 

o6ll(HMH TeXHOJIOnP!eCKHMH cxeMaMH, COCTaBOM 

o6opy.n.osaHH.R 11 ero xapaKTepHCTHKaMH, TaK H C JI0-

rflKOH pa60Thl 3TOro o6opy.n;oBamrn, T.e. C CHCTeMOH 

ynpasJieHHSl H 3alllHTbl 51.3Y (pac•:teThl lllTaTHh!X 11 

aBapIDIBblX pe)l(J,fMOB pa60TbT 5l3Y). 

Eru.e O.L(HOH Ba)!{Heiimeii cocTaBJI.RIOllleH rrpoeKTH­

poBaHIDI .R:BJISleTCSl pG3pa6omKa u onmUMu3a1,fUJl ,,e­

ll06eKo-Mazuu11Ho20 uHmepcjJeitca. 

C mot/KU 3pemm aemoMamu3a1,fUU npoeKmupo6a­
HUR. H.L(eaJibHbIM SlBJISleTCSl KOM□JieKCHaSl peaJIH3awrn 

0TMe'feHHblX C0CTaBJISllOIIJ.HX "3a e,11,11H0H K0MTThlO­

TepHOli qepTe)l(HOM ,llOCKOH" C MrHOBeHHOH aBTOMa­

THlJeCKOH pac'feTHOH rrposepKoH 11 o6ocHoBaHHeM 

Ka)l(Jl:oro rnara pa3pa6oTKH. B 3TOM cnyqae MO)l(HO 

KOHCTaTHpOBaTb C03,llaIDJe 3HaqHTeJibHOH COCTaB­

IDllOIIJ.eH CAI1P. 
Bupmyan.bHblU 3Hepzo6noK KaK Mooe.nupy10-

u4a11 cucmeMa on11 ucCJleoooame.neii cpaKTH'feCKH 

SJBJISleTc.R. pe3y1IhTHpYJOllleH cpopMou MooeJ1upy10Uf.eu 
cucme.Mbl OllJl pa3pa6om'IUK06 Ha cTa,nHH JaBeprne­

mrn npoeKTa :rnepro6noKa. Ha 3TOH CTa.rlIDf o,uHo­

speMeHHo C qiopMHpOBaHHeM K0HCTpYKLJ.liH li xapaK­

repHCTHK :rnepro6JIOKa H ero COCTaBJISllOI.LJ,11X q>op­

MHPYlOTCSl MaTeMan11JeCKaSl Mo,neJib H COCTaBJISllO­

ll.\11 H ee KOM□JieKC paC':leTHhIX K0,11,0B, pac'-leTHblX 

cxeM H HCXO,UJU,IX .n.aHHbIX. 

Tip11 3TOM 06ecne11HsaeTC.ll Oill_\HOHHblll BhI6op 

Ko.u;os ,nJISl Mo,a:em1posamrn o,uHoro Fl Toro )Ke o6opy­

.n.osaHllil HJIH TeXHOnOrn':leCKHX CHCTeM B 3aBHCHMO­

CTl1 OT 3a.n.aq HCCJie.L(OBaHHH ( OT penepHbIX KO,IJ;OB 

ynyqrneHHOH ouemrn .LIO 6hICTµhIX 11H)l(eHepHhIX KO­

.nos .L(JI_Sl 3a_naq pacqenmH om11MH3aUHH 11 11cnonh30-

samrn s TpeHa)l<epax 11 .D,pyrHX c11cTeMax no.u;roT0Bl(J,[ 
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nepCOHaJia H IIOMep)l(KH 3KCilJIY8TaUHH). Pa6orn B 

e,ll.HHOM KOMilJieKce KO.D,0B pa3HOfO ypOBHJI cnmrrno­

CTH, KpOMe Toro, B 3Haq1neJibHOH CTeIIeHH aBTOMa­

TH3HpyeT npOl..\eCC sepHqJHKau1111 H KOppeKTHpOBKl1 

6bICTJ)hIX HIDKettepHblX KO.L(OB IIO KO,ll.aM YJIY'-!WeHHOH 

oueHKH. 

Bupmyan.bHblU 31tep206noK KaK Mooenupy,o­
U(OJI cucme.Ma om1 3Kcnnyamal(U0HHozo nepconOJla 
u nepco11an.a pezynupy10U(ux op2aH06 cpaKTWiecKH 

.R:BAAeTc.R: pe3ynbmpy10w.ei1 cpopMOH MoiJe!lupy10Uf.ux 
cucmeM nepBbIX .n.syx paCCMOTJ)eHHhJX THITOB. 

)J;eiicTBHTeJibHO, B pe3yJihTaTe HX co3,n;aH11.ll Pa3-

pa6oTqHK (B Il.lHpOKOM CMbICJie 3TOTO CJIOBa) HMeeT B 

CBOeM pacnopSl)l(eHHH peanmoBaHHbJe B paMKaX 

e,nHHOH cpe,a:hI Ii TeXH0JIOfHH MOAeJIBpOBaHI1.ll: 80-

nepBhIX, B3aHMOYBSJ3aHHbJe B CMbJCJie .L(0CTOBepHOCTH 

pe3ynbTaTOB MaTeMaTHqeCKHe MO,ll.em1 H K0.L(hl pa3-

Jll1'-!HbIX ypoBHeH CJIO)KHOCTH H 6bICTpO.L(eHCTBIUf ( OT 

penepHbIX ynyqJ.IIeHHOH ou:eHKH .no 6bJCTpbIX J,fH)l(e­

HepHbIX, B T.'-1. 06ecneq1rna1:0lllHX MO,ne1rnp0Bami:e B 

MaCUJTa6e peaJibHOro speMem-1); B0-BTOpbIX, noJittylO 

6a3y .u;aHHhIX no o6opy,a:osaHHIO 1-1 ee xapaKTepHCTH­

KaM H, B-TpeThHX, IlOJIHblH Ha6op "npHBSJ3aHHbIX" K 

MO,ll.em1M pac':leTHhlX ,[{HarpaMM-CXeM l1JIH CHMYJISJ­

LJ,HOHHhIX .u;uarpaMM. )];pyrnMH CJI0BaMH, Pa3pa6oT­

':IHK HMeeT tta116onee 3HaqHMYJ:O HHTenneKT}'aJibHYIO 

0CH0BY ,nJI.R: IlOMep)l(J(H 3KcnnyaTaI..(HH, T.e. 0CHOBY 

TµeHa)l(ep0B JLF06oro ypOBH.ll - OT ITOJIHOMaCl.IlTa6HO­

ro .n.o aHaJIHTl1lJeCKOfO. 

Pean1-nal.(IDI 83 B rrpe.u;crnsrreHHbIX BhIIIIe Tpex 

"HITOCT8C.llX" llBJISleTCSl .n.eJIOM Henpocn,lM! 

KaK y)l(e rosopHJIOCb, e.u;HHCTBeHHO H3BeCTHbIMH 

peaJibHhlMH □pOTOTHnaMH B3 cerO.L(H.ll SlBJIS!lOTCSl 

ITOJIHOMaCUJTa6HhJe, lTOJIHOMacrnTa6Hble AHCnJieHHbie 

11 nonH0Macrnrn6Hh1e aHaJIHTWiecKHe TpeHa)KepbL 

OmIT pa3pa60TKH TaKHX TpeHIDKepoB noKa3h1BaeT, 

tJTO 21zaBHoit ux cocmae!lR.TOUf.eu R.6/lR.emcR. n.namcjJop­
Ma UIIU cne1,fUaf/b1taJl KOAtnb,OmepHaR. mexHO/l02UJl ux 
C030QHUJl. TOJihKO TaKM TeXHOJIOTRSJ peaJibHO o6ec­

neq-i,maeT aBTOMaTH38U1flO HHTerpaQHH, peaJibHYl:O 

yupaBJUieM0CTh, K0HTf)OJIHpyeM0CTb H o6pa60TKY 

napaMeTJ)OB MaTeMan1t.JeCKOH MO.L(eJIH CTOJib CJIO)l{­

HOro, B QeJIOM npaBHJihH0 onpe,neJieHHOfO Bhlllie co­

CTaBa B 3aBHCHMOCTH OT ypOBHSl TeXH0JIOnlll speMSJ 

C03AaHHSl TaKOH MOAeJIH MO)KeT KOJie6aTbCSJ OT 1 AO 3 
JieT, a t.JHcneHHOCTb KOMaHAbl pa3pa60TlJHKOB - OT 5 
.n.o 20 - 25 qeJIOBeK. TTpw1eM l.JHCJieHHOCTh KOMaH,ll.bl 

onpe,a:eJISleTC.ll ypOBHeM TeXHOJIOfJ,IH H 061,eMOM MO­

,a:eJI.HpOBaHH.R:, H ee ysen11t.Iett11e csepx orrpe.neneHHO­

ro 6apbepa He npHBOAHT K COKpallleHHFO cpoKOB pa3-

pa6onrn. KpoMe Toro, yxa3aHHbie cpoKH H q11cneH­

HOCTh pa3pa60T'-!HKOB onpe.u;eJieHbI HCXO,ll.Sl H3 Toro, 

'fTO MO.L(eJIH Toro HJIH HHOro TeXHOJI0rH'-!eCKOfO 060-

py A0BaHIUI H Cl1CTeM cpaKTH'-!eCK.11 He C03,ll.a!OTCSJ 

BHOBh, a .llBJI.RlOTC.R JIH6o cyllleCTBYI0lllHMl1 a.u;anTH-



poBaHI·lhJMH, Jrn6o C03)1.aHtlblMH 113 cnel.(HaJibHblX M0-

J).eJleH-38TOTOBOK (rronycpa6pHK8TOB), K0T0phle j!BmI­

IOTCj! npHKJI8,U:HblMJ,i 11HCTpyMeHTaMH HCOOJ11>3yeMOH 

TeXHOJI0fJ1H. 

TaK UJIU u1-1a11e, Henpe.MeHHbl.M U ZIIG6HblM yc11O­
eueM C03OGHWl B3, yooe11emeopn,10U{-eZO npooeK11a­
pupoea1-1HblM 6blUle C60UCm6aM U J/.61/J/.TOU{-eZOCR, co­
cmaBHOll ttacmbTO CAllP, J/.BJmemcJ/. HCl//Ul/ue cne-
1.fUClllbHOU KOMnbTOmepnot, meXHO/IOZUU. oe3 TaKO.H 

TeXHOJlOfHH B3 6y J).eT C03JJ.8B8ThCji oqeHb J].OJlTO, a 

nonb30BaTbCj! HM 6y.neT 01:JeHb TPYJJ.HO. B3 TaKHM 

o6pa30M He 6y.neT peanbHbJM 3neMeHTOM CAIIP. 

KpoMe Toro, B3 j!BJij!eTc51 ,D.e.HCTB1nenhHO cocTaB­

HOH IIaCThlO CAIIP TOJlhKO B TOM cny<rae, ecm1 OH 

B npouecce rrpoeKT.11poBaH11ji ocyw.ecTBJij!eT MZHO­
een11y10 KOMn11e1<.c11y1O rrpoBepKy mo6oro Tex1-rn1:Je­

cKoro pewemu1 (KaK B ccpepe anropHTMOB H c11cTe­

Mhl yrrpaBJleHH.sJ, TaK H np11 BbJ6ope napaMeTpOB H 

xapaKTepHCTHK o6opynoaaH.H.sJ H T.,u.) . MHI,IMH 

CJ10B8MH, 113MeHeH11e HJIH .nonOJIHeHHe MO,UeJIH 

,uomKH0 cosrra.naTb C H3MeHe~rneM xapaKTepHCTHK 

HJIH BHece1rneM o6opy,uoBaHH.sJ B 06w.y10 TeXHOJIO­

rHlfeCKYIO cxeMy, T.e. 113MetteHHe TeXHOJlOfHl{e­

CKOH cxeMhl B TOOOJlOfH'-IeCKOH HJ111 napaMeTpH':l.e­

CKOH qacTH .nom1rno 6hJTh 0O11oepeMeHHblM, T.e. 

8blnOIIHeHHblM 8 mom :J/Ce Ca.MblU MOMeHm epeMeHU 
U me.M :J/Ce ,,enoeeKOM l-13MeHeID!eM TOTIOJlOfHH co­

OTBeTCTBeHHO pacqeTHOH cxeMhJ HJlH ee rrapaMeT­

poB. 

TaKHM o6pa3oM, pea.rrH3au1,rn B3 npaKmu'lecKu 
He8O3MO:J/CHa (no KpaifHeH Mepe B p83yMHI,Ie cpoKH) 

6e3 HOJIUl/Wl cnel,(UOJlbHOU KOMnb10mep1-1ou meXHO/1O­
zuu. TaKa.si mexHO11ozuR co3oaHUJ1 Mooe.nupy10U{-UX 
cucmeM pa311U'IHOZO ,owcca u 0611acmeu npUMeHe11un, 
J{OJDKHa o6JJa,!l,aTh cne.nyIOD.{EIMH CBO.HCTBaMH. 

1. Tio,!1,.D.ep)KKa co3oa11wi MameMamul/ecKoii Mooe.nu 
e zpacjJu'leCKOM pe:J1cUMe rryTeM Bhr6opa s cne.L{lfaJIJ,­

HI,IX Memo o6beKTOB onpe.neneHJ-lhlX TMITOB, rrpocra­

HOBKH HX Ha 3KpaH 11 3a,naHJ,f.ff Heo6XOJJ.HMblX rrapa­

MeTpOB Bh16paHHbIX 061,eKTOB. 

2. Ilo,!1,.D.ep)KKa pe:)ICUMa NON-STOP co3,n;att),fj! 11 

KOppeKntp0BKH M0,UeJill B pe)KHMe MO,lleJIHpOBaHJUl 

(pacqern) 6e3 ero np11ocTaHOBKH. 

3. Aem0Mamu3up0Ba1-111em uHmezpa71U5l MaTeMaT11-

qecKHX MO,lleJieH TeXHOJlOrH'ieCKHX CHCTeM H 110)].­

CHCTeM B xo,ue p83pa6oTKH npoeI<Ta H KOMilJieKCHOH 

MOJJ.eJ1J,1 :mepro6noKa. 

4. B03MO)KHOe OTCYTCTBHe HaBbJK0B nporpaMMMpo­

B8HIDI y C03)1.aTene.w MO)].eJieH, T .e. B03MO)KHOCTb pm­
pa6omKU Mame,wamu11ecKux .Mooe.neii cnetfUGJLucma­
Mu-mex11O11ozGMu UJTU KOHcmpyKmopaMu cC1Mocmon,­
me11b11O C MHHHM11381..(lfeH npHBJle'-JeHJ,fj! nporpaMMH­

CTOB. 

5. O6ecne1.JeH11e napGJ111e11b1-1ocmu pmpa6omKu MO­
oe11eu p83JIH'lHblX TeXHOJIOfHl{eCKHX CHCTeM HJlH 

TIO,UCHCTeM (p83HhIMH cnellHaJlHCTaMH Ha P83JIH'-JHbJX 

pa6o'l.Hx Mecrax). 

6. O6ecneqem,ie B03M0)1(H0CTH peJ/CUMQ eOWIOU 
'lepmeJJCHou oocKu JI.J1.ff HeCKOJlbKHX pa3pa6oTYJ,ll(OB 

(co CBO.HM pa60'IHM KOMTThIOTepoM) eJJ:HHOH o6w,eH 

MO,!l,emr. 

7. O6ecneqeHHe B03MO)KH0CTH UHme2pai1uu M0,!1,eJIH 

HJJH ee yacrn, p83pa60T8HHbIX B cpe.n.e TeXHOJIOfHH, C 

CaMOCTO.sJTeJlhHO p83pa6oTaH!ffilMH (Bepwqrn.uMpo­

BaHHblMH 11 ycnewHO np11MemreMblMl1 B pacqeTH0M 

06ecne~1ett1111 npoeKTHposaHH.sJ, s T.£f . B 11ccne,n;osa­

HIDIX B 060CHOBam-1e pa6oTOcnoco6HOCTH 11 6e3o­

nacHOCT11) KOJJ;aM.11 MO,lleJ1J,lp0B8HHSI TOH HJIH HHOH 

TeXHOJ1or11YeCKOM CMCTeMhl HJJH cpH3H'-leCKOro npo­

uecca. 

8. O6ecnet:iem1e scex Hn11 MaKc11MaJihHoro KonM-
1.JeCTBa l13BeCTHbIX cpe,n;CTB BH3yanE3aUHJ,i ,!l,Jl.sJ OT0-

6pa>KeHHH pe3yJihTaTOB MO)leJrnpoBaHIUI (rpacpHKJ.f, 

Ta6JIHI.(bl lJHCJJeHHblX 3H81.JeHHH, H3MeHe1rne l.(BeTa 

B 3aBHCHMOCTH OT C0CT0$1Hl1.sJ o6beKTa MO,U:eJIHpo­

BaHHji 11 T .,U. ). 

PeaJIB3al.(11.sJ nepBbJX wecTM nyHI<TOB 3THX CBOHCTB 

mex1-1O11ozuu rpe6yeT p83pa6oTKH B cpe,ue TeXHononrn 

KOMnneKca cneuHaJJhHhlX Koooe-npWlo:»ceHuu, o6ec­

nelfJ1BaIOIJ.lID{ M0,llemi:posaHBe Bcex H3BeCTHblX THTIOB 

TeXHOJlOrl-f'JeCKHX CHCTeM H q>H311'-leCK11X npOI.leCC0B 

JI.J1.ff 061,eKTa M0JJ,eJJHp0BfillIDI. 

COJ.namre B3 HBJI.sJeTC$1 .!l.Jl.ff ero p83pa6oT'-JHKa 3a­

.n.aqei1-MHHHMyM. B Ka'-JeCTBe )KC 3a,na'IH-M8KCHMYM 

MO)KeT 6bITh paCCMOTpeHO C03.U8Hl1e llo11HOMGC­
Ulma61-1ozo BupmyClllbHOZO 3Hep206110Ka, T.e. B3, 
CAafo,ceHHOro 110JlHOM8CIIJTa6HOH 3M)'JHII.(HCH .lll1H8-

MH'-!eCKOfO 3pHTeJlhHO-MexaHH'-JeCKOro B3aHM0,!1,eH­

CTBHH 3Hepro6noKa (scex ero noMelll,eH11i-i .11 o6opy­

,uoBaIDUr) .11 nepcotta.rra. 

KoMTIJieKCHa.sJ MaTeMaTH4eCKa.sJ MO)].eJlh U np11-

KJ18.D.HOe nporpaMMHOe 06ecne1.JeHHe rnKoro Mo.n.e­

nMpy10w.ero KOMIIJJe1<ca noMHMO scero npoqero 

BKJ1J0'-18lOT B ce6.si: 

• TpeXMepHbie ,!l,HH8MH'-JCCKHe BH3YaJlhHhJe MO,D.eIDI 

TexHonor111:1ecKoro o6opynosamrn 11 oKpy)KaJOlll,eii 

cpe,nb1; 

• TpeXMepHble MO,UeJJH .l(BIDKeHH.sJ; 

• -rpeXMepHbie MO,Uem, Q_)M3HKO-Mexam1':l.eCKOTO 

B3811MO,D.eHCTBJ,Iji OIIBCblBaeMoro o6opy.n.oBaHH.sJ 11 ero 

803):(eHCTBIDI Ha 0Kpy)KaJOw,y10 cpeny (BKJUOY.aSI nep­

COHan) H .n.pyroe TeXHOJlOrH'JeCKOe o6opy.n;osaHHe (B 

v:i. scne,ncTBH.e anapHii). 

PeanH3aUIDI TaKHX Mo,ueneH M TexttonornH BMpTY­

anbHOH peanbHOCTH Il03B0Jl.sJeT, B npHHUHTie, pean11-

30BaTb TaKOH yposem, BH3YaJJH38U.HH p83Hoo6p83HbJX 

nponeccos, KOTOpblH He MO)KeT 6bITb JJ.OCTHTHYT HH 

Ha K8KHX ,u:pynrx cpe,llCTBax, a TaIOJ<e Ha ,n;ei-iCTBYIO­

w,eM o6opy.n;osaHHH, HO 6y.D.eT crroco6eH B MeJII,qai,r­

LllHX reOMCTpMtJeCKHX ,lleTaJI.sJX H TeXHOJ10fHl{CCKHX 

75 



no.n.po6HOCUIX OTo6pa3HTb oco6eHHOCTH COCTOJJHJHI 
o6opy.n.oaaHH.H, o6ycnoaneHHoro TeKyl.l\eH coaoKyn­

HOCTbIO MO.D.eIDlpyeMblX (HJIH peaJibHO qrnKCHpye­
MI,!X) napaMeTpOB .11 nOKa3aTeneH Q)YHl<I.].HOHHpoaa­
HHJJ. TipH 3TOM MaTeMaTWJeCKa.H Mo.n.em, ocyIQeCTB­

AAeT .11HTepaKTHBHble B3aHMO.D.eikTBH51 BHPTYaJibHblX 
o6oeKTOB a peanbHOM MacwTa6e apeMem1 nocpe.n.cT­
BOM H3MeHeHlrn HX B3aHMHOro noJIO)KettH.H, HMHTa­
l].HH BeCOBbIX Harpy30K, ynpyrnx H nnaCTHtleCK.11X 
.n.e<PopMal].HH, rn.n.po.D.HHaMHlJeCKHX H rn.n.poCTaTHlJe­
CK.11X ao3.n.ei1crn11i1, c»n Tpemu1 » CHJI 1,rnepQHH, 3By­

KOBbIX 3Q)qJeKTOB, TeMneparypHbIX pacnrnpeHl1H, 
3JieKTpOMexaHHtJeCK.11X H pa.n.Hal].HOHHbJX rrapaMeT­
poB pa3JIHlJHOro 3JieKTPOTeXHH'-leCKOro o6opyJlOBa­
HI-Ui, .n.aTlJHKOB H np116op0B. Tiepe'IHCJJeHHbJe B03-
MO)KHOCTH MO,ll.eJIH OTHOCHTCJJ K KaTeropHH TeXHOJIO­
fHL[eCKHX B3aHMo.n.eifoTBHH. l.Jpe3BbJ'-laHHO Ba)f(HhJM 
CBOHCTBOM TaKOH MO)leJIH JJBJI.HeTCJJ ee cnoco6HOCTb 
HMHTHpoBaTb BCeB03M0)Kffbie 11eurmamHble U aBa­
puUflble cumyaZ{UU, CBH3aHHble C HenpaBliJibHblMH 
.n.eHCTBIDIMH nepcoHana H OTKa3aMH 11 HeHCIIpaBHO-

CTSIMH TeXHOJIOrHlJeCKOro o6opyAOBaml.H. Oco6o 
3.UeCb cne.nyeT Bhl,ll.eJJHTh cnoco61-1ocTh Mo,nem1poaa­
HHH B3al1MO.l].eikTBIDI aaapHHHOro 06opy,L10Ba1-11,u1 
(acne.n.cTBHe ero rrepeMel.l\eI-I.IDI a npoc-rpaHCTBe) c 
.n.pyrnM, B T.'-1. HeaaapHHHhlM o6opy.n.osaHHeM. TaK 
,l(OCTl1faeTCH B03MO)KHOCTb rrpe,LICKa3aHHH 11 MO)l,eJJH­
poaamui rrOJJHhlX nocne.n.cTBHH aaap,,rn. BoJMO)KHO­
CTH TaKoro Mo,nen.11poaaHID1 otJeHb TPY.D.HO, ecnl! He 
HeB03MO)KH0, .D.OCTH'Ih KaKHMll-JIH60 .l(pyrHMH cpe.n­
CTBaMH. 

BrrOJJHe 3aKOHHblM MO)KeT 6hJTb Bonpoc: PeaJlbHbl 
JIU n0006flble Y/Jlaflbl U 1/mO MO:J/Cem 6blmb OOIOBOU, 
zapaHmupylOUf.eu ux peaJ1U3aZfu10? 

OnhJT H .nocTH)KeHIDI PHU, "KM", a TaIOKe u;enoro 
pn.n.a HaYLfHO-HCCJie.n,oBaTeJibCK.11X H npoeKTHO­
KOHCTPYKTOpCKHX npe.n.npIDITHH OTpaCJIH a o6naCTH 
MaTeMaTH'-leCKOro MO,ll.eJIHpoaaHIDI .11 pa3pa60TKH 
MO,Llen0py10umx KOMIIJleKCOB .D.JI.H CJTO>KHbIX TeXHO­
JIOfHlJeCKHX o6'beKTOB, a TaJOKe aBTOMaTH3HpoaaH­
HbIX TeXHOJ!OfHH C03)laHHH no.n.o6HbJX KOMIIJTeKCOB, 
II03B0.IUUOT ,D,aTb yrnep.n.11TeJI1>HbIH OTBeT . 

3. OnblT H )l0CTH'.ffi'.eHH11 PHU "KH" KaK ocuoea )lJJSI pa3pa6oTKH eupryaJJbHoro 3Hepro6JJoKa 

Cpe.n.H octtOBHbIX .n.ocTIDKeHHH PHU: "KH'', KOT0-
pb1e, no HallleMy MHeHHIO, II03BOJ!HIOT rapaHTHpO­
BaTb ycnex pa3pa60TKH B3, 1-1eo6XO.L{HMO OTMeTRTb 
cne.11,yt0IIJ.He. 

1. CJIO)l(Hb]e nporpaMMHbJe KOMrrneKCbl MO.D.eJIH­

poaamu1 1-1ecTau001-1apHbIX HeHT))OHHO-TeilJIOfHA­
paamtlJeCKHX npoQeCCOB a Jl3Y c peaKTOpaMH BO)l,O­
B0,11.HHOro nma (READY (3) coaMecTHo c P<t:>5£U 
BH11M3<l>) H PEMK (STEPAN/KOBRA (4, 5)). 

2. I10JJHOMacwrn6Hh1H H aHaJil!TJ,fl,!eCKHH Tpetta­
)l(epbI HOBOfO nOKOJieHHS! .D.JI.H 3-ro 3Hepro6JIOKa JIA-
3C [6 - 8) (pa3pa60Tam,1 B 1996 r. H ycnew1-10 3KC­
nnyanrpyIOTcH) H IlOJ1HOMacUITa6HblH Tpetta)Kep MR 

1-ro :mepro6noKa JIA3C (JaaepweHHe pa3pa6oTKH B 
2002 r.), no3BOJIIDOIIJ.Re o-rpa6aTbIBaTh HaBbIKH one­

paTHBHoro nepco1-1ana He TOJJbKO a ycnoBHJDC mrnT­
HhIX 3KCnnyaTaUMOHHbIX pe)KHMOB H rrpoeKTHbIX aaa­
pHH, HO TaIOKe B ycJIOBH51X Tll.)KeJTbIX 3anpoeKTHbJX 

asapHii. 
llocJ1eo11ue no ceoeu cymu R6JIR10mcR B3 c PEMK 

u Ha2.IIROHo OeMoHcmpupy,om ycneumbzu onbzm co3-
oa11uR U u11me2patJUU 6 paMKQX eOUHOU meXHOJ/02UU 
KOMnJ/eKca K0006, OX60mbl6aJOU/UX MOOeJlUp06aJIUe 
Bcex meXHOJ102U'lecKux cucmeM A3C. 

3. TexHonorHH AMC (2, 9 - 14), npe.n,Ha3HatJeH­

HM .D.JI.H COJ,11.amui MO.D.eID1py1-0l.l\HX CMCTeM pa3JIHlJ­
HOf0 KJiacca H Ha3HaYeHH.H, BKJIIOlJaSI Tpetta)Kepbl, 
aHan11JaTOpb1 6e3onac1-1ocT.11 w Mo.n.em1py1-0mwe KOM­
nneKCbI ,II.JUI o6'beKTOB TenJIOBOH H ll,ll.epHOH 3Hepre­

THKH. TexHOJlOfJ,!J! peanH30BaHa ,11.Jlll .n.syx HaH60Jiee 
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pacnpoc-rpaHeHHblX B MHpe onepaQHOHHbIX CHCTeM: 
Windows NT - TexttonorH.H SimPort™ [10 - 14) H 
UNIX/Linux - Tex1-1011ornn SOBOL [ I 0). 

TexHonorIDI SimPort™ ycnewtto BHe.n,peHa Ha MH­

poBOM phIHKe TpeHa)KepoB. Pa3pa60TaHI,J H c,naHbl 3a­
Ka3<IHK)' llOJIHOMaCUITa6Hhle ,11.HCIIJieHHbie -rpeHID!cepbl 
c 3MYJI5JTopaMH ACY TTI ,11.JJ.H 3-x TennoBhlX 3ttepro-
6noKOB (Sherco2 H Armstrong, CllIA; Arnot, JOAP), 
BbIIIOJTHeHa MO,UepHH3aUH.H TpeHa)KepoB ,ll.Jlll 9 51,L\ep­
HbIX 3Hepro6noKOB (Hatch, Vermont Yankee, CllIA; 
Bradwell, Dungeness A, Hinkley Point A, Oldbury, 
Sizewell A, Wylfa, Chape!Cross, Ben11Ko6p11rnIDU1). 
3aaepmaeTcH pa3pa6oTKa npoeKTa JIOKa.JThHoro -rpe­
Ha)Kepa QeHTpaJibHOfO ll{HTa ynpaaneHIDI 3JieKTpwie­
CKOH t.JaCTbIO nepaoi1 oqepe.n.H J1A3C H npoeKTOB 
aHaJIHTHtJecKHX -rpetta)KepoB .D.JI.H qeJI.H6HHCKOH 11 E<P­
peMOBCKOH T3IJ,. KpoMe Toro, TexHonorH51 SimPort™ 
ycneurno BHe.l(peHa B pa3pa6oTKy rro 3aKa3Y MHHaTO­
Ma P<l> lli!JIOTHOro sapHaHTa .D.HHaMHtJecKoFi HHTepaK­
THBHOH MaTeMaTHlJeCKOH M0,11.eJIH BHeUIHero Sl)lepHoro 
TOIIJIHBttoro u;11KJ1a (JITI.U A3C, oxaaTbrnaIOl.l\eH 1-1a11-
6onee Ba)l(Hb1e c-rpyKT)'PHhie 3JJeMeHTbI 51TI( (npo»J­
ao,ucrao cae)Kero TOIIJTHBa Ha rrpe,nrrpID!TJ,lj{X KOHUep­
Ha "TB3JI", HCITOJih3oaa1-111e TBC Ha pocc»iicKHX 
A3C .D.JI.H npoH3BO.D.CTBa 3JieKT))03ttepnrn, o6pamemre 
C o6nytJeHHbIM 51,UepHbJM TOIIJJHBOM (OJIT) Ha A3C H 
Ha npe,nnpi:umurx "MaHK" H DU<, BKJIIO'IaH -rpattc­
nopT0poBKY OJIT, 11 T.n.). 

TexttonornH SOBOL TaJOKe ycnewHo stte]:lpetta, .11 

Ha ee OCHOBe pa3pa6oTaH psi.n. .D.HCilJTeHHbTX TpeHa)l(e-



poB .D,JUI Yt.Je6HO-TJ)em1poBO'IHOro ueHTpa JIA3C, 

attamnaTop aTOMHOH CTaHUHH (Super Power Plant 

Analyser (SPPA)) c peaKTopoM nma PWR (coBMeCT­

HO c GSE Systems Inc., CWA), a TaIOKe c11eu11a11h­

HhIH TJ)eHa)Kep TP3M-VR c Hcnon1:,3oaamreM TexHo­

nonnr BHprya.r1hHO.H peam,ttocni AJUI pa3rpy3otJHo-

3arpy304Ho.i1 MaWHHbI P.6MK JIA3C (coaMeCTHO c 

lnstitutt for energiteknikk OECD Halden Reactor 

Project, HopBenu1). 

B1:,mo1rneH1U,1e B paMKax Texttononrn TpeHa)Kep­

Hbie pa3pa60TKH .UJUl 3Hepro6JJOKOB 110 CBOeH cyn1 

SIBflSIIOTCji B3 11 HarJUI.UHO ,lleMOHCTpHpyroT ycnern­

HbIH onhlT aBTOMaTH3aI.UU-f 11X C03,llaHIDI 11 lti:ITerpa­

QIHf C mo6hIM11 KO,UaMH 11 MO,UeJUIMH, np113HaHHblMl1 

,AJUI KOHKpeTHbIX :mepro6JIOKOB Ha116011ee .UOCTOBep­

HbJMl1. 

fio.nTBep)l(,AeHHeM 3qJcj)eKTl1BHOCTJ1 11 ypOBHH Tex­

HOJlOrHH RBJUTIOTCR KaK MHHHMYM B.ABOe 6onee HH3-
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nAMSITM KPAMEPOBA A.SI. 

KpaMepoB AneKcan~p .HKoeneeHq 
11.V.1927- 24.VIII.2002 

Pe)J.aKII.HOHHrul K0J1J1enu1 BbinYCKa ")].11HaMHKa H 6e300aCHOCTb ».D.epHbIX 

3HeprenrqecKHX ycTaHOBOK" H ceKUHH N!i 3 ",l])rnaMm<a, TeTIJJorH.D.paBmJKa 

11 6e3onacHoCTh peaKT0p0B H A3C" HTC N2 l M11HaT0Ma Poccm,i c npw­

CKop6HeM coo611ia10T o cMepTH 24 anrycTa 2002 r . nocne rn)Kenoi-t npo­

.D.OJl)KHTeJThHOH 6one3ID! AneKCaH.npa JIKOBJleBHI.Ja KpaMepoBa - rnaBH0ro 

ttarrnoro corpy/.lHHKa OT.D.eneHH» KaHaJibHhIX peaKropon HHcntzyra 11.nep­

HbIX peaKTopos PoccHiicKoro ttay1.JHoro ueHTpa "Kyp':laTOBCKHH HHcrn:ryT", 

.!l0KTopa TeXIDflleCKHX Ha)'K, npocpeccopa, 0/.IH0fO U3 aKTHBHeihlrnx 'IJieH0B 

pe,n.K0JIJlenrn H ceKQl,fJ,f .nHHaMHKH. 

AneKCaH.np JIKOBJleBHt.J KpaMepoB 6b1Jl npe.nCTaBHTeneM nne»JlbI yt.JeHhIX H HH)Kettepos, TaJiaHT K0T0pb!X 

np0.s!BHJIC5! B nepHOJJ. CTaH0BJJeHHH H pa.3BHTH.H COBeTCKOH ».nepHOH 3HepreTHKH. OH yt.JaCTB0BaJI B C03.!laHHH nep­

BhlX KopnycHI,IX peaKT0p0B 11 RBJUIJICH 0.!lHHM H3 OCHOBaTeJieH :mepreTHt.JeCKHX KaHam,HbIX ypaH-rpaqrnTOBblX 

peaKTopos THna PEMK. 

AneKcaH,np 5lKonneBH'I - »pKHH npencTaB11TeJib poccHHCKOH HH)KettepHoif wKom.1, KOTOpblH Mor pewaTb tte­

TpHBMaJihH&1e HH)KettepHo-cpH3M4eCKHe 3a}lat.JH. Ero 0TJ1Hqan IIIBpOKJ-IH HH)KeHepHO-TeXHl-l'leCKHH 11 Hay'lHblH 

Kpyr03op, KOTOpb!H 003B0Mil eMy 6bITb reHepaTOp0M 11.D,eH no pa3pa6oTKe H )J.aJlbHeihueMy conepweHCTB0Ba­

HHlO KaHaJib.Hb!X ypatt-rpacpHTOBbJX peaKTopos. 

Cnoro .neHTen&H0CTb AneKcatt.np .5IKoBneBH'-l Haqan B OKE "f011.ponpecc", r.ne npornen nyTh JJ.0 3aMeCTHTeJ15! 

fnaBHOro HH)J(eHepa. B HA3 HM.H.B. KyptiaTOsa A..51. KpaMepoB ytJaCTB0BaJI s pa.3pa6oTKe KHOHI.l.(ero peaKT0-

pa BK-50, a c 1967 ron.a B03rnaBilllJI MH)KeHepHy10 na6opaTOpMm PEMK H Ha Hero 6&1J1H so3JIO)KeHbt o65!3aHHO­

crn 3aMecrnTen» HaYt.JHoro pyKoso,i:unen» PEMK no HH)KettepH&IM sonpocaM. Ilocnen.H11e ro11.b1 )KM3HH AneK­

caHD.P 5IKosneBHI.J 3aHMMaJIC» pa3pa6oTKOH Hay-t1H&1x D0JJ.XOJl0B K attamny 3anpoeKrn&1x aBapHH PEMK. 

A . .51. KpaMepos - asTOp MH0rHX ttayqH&IX Tpy.nos H KJ1acc.111IeCKJ,JX MOHorpaqrn:»: "Bonpocb1 K0HCTpy11poBa­

HHJI HJJ.epHbJX peaKTOpos" 11 "11:H)KeHepHbie pactJeTbJ ».nepHbJX peaKTOpoB" (B coaBT0pcrne c 5l.B. UJeneneBblM). 

OH BeJJ neJJ,arorK'IecKyIO pa6oTy, B qacTH0CTH B MHCl>M, 11 6hrn HaytJHbIM pyK0Bo,n11TeneM 3Ha0rnTeJI&Horo tJMcna 

KaH,n11,naTCKHX .n11ccepTaUHH. 

AneKcaHJJ,p 5lKosneBH4 - JlaypeaT rocy.napcrneHHO» npeMHH CCCP, Harpa)K,lleH MH0fHMH npaBHTen&cTBeH­

HhIMH Harpa,naMH. ,Uo nocne,nHHX ,nHeii AneKcaHJJ,p 51:KonneBH'I sen aKTHBHYIO Hay1.JHY10 pa6ory, non.aBAA5! B 

ce6e pa.3BHna1omymc» 6one3Hb. 

AneKCaH.np .5IKOBJieBH'-l Hancer.na 0CTaHeTC.ff. B Hawej;j naM.HTM KaK npHMep HCTHHH0r0 yqeHoro, 0T3blBI.JHB0fO 

1.JeJ10BeKa, TaJiaHTJlHB0fO HCCJle,noBaTenH. 
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YTO'-IHeHHhie npaBHJJa o(j>opMJieHDH CTaTeii 

TTpH 110,WOTOBKe CTaTbH B c6opHHK aBTOp ,llOJDKeH PYKOBO.D.CTBOBaTbC.s! rocy.napcTBeHHbIM CTaH,llapTOM "OpH­

nrna.nbl TeKCTOBbre, runopcKHe R H3,llaTenbCKHe" (fOCT 7. 3 - 77). K aBTOpCKHM opHT1-rnanaM, rrepe.mUJaeMbIM 

.nnsi 113.D.aHHR, npe.nbsiBnRJOTC.s! cne.nyI01.I1;11e Tpe6osam:u1: 

1. 3K3eMnllilp CTaTbH ,llOmKeH 6bITb nepBhlM, OTITel.!aTaR Ha O.D.HOH CTOpOHe mlCTa <j>opMaTa A4 rnpmf>TOM N!! 
12 l.!epe3 2 HHTepsa.na. CTaTMI .nomKHa 6hlTb cocTasnena B CJJe.D.yiolUeM nop.si.nKe: HH.D.eKc Y,l],K; 3arnas1-1e; HHH­

IIHaJihI 11 cpaMHJHU1 aBTOpos; MeCTO pa60Tbl Ka)l(J{0f0 aBT0pa C noqTOBblM a.npecoM; aHHOTaL(IDI Ha pyccKOM .11 

aHrJJHHCKOM .s!3bIKax (He 6onee 10 CTp0K Ka)l(J{a.si); TeKCT; CllHCOK nHTeparypbI; p11cyH1<11; 110.D.pHCYHOqHbJe no.n­

ITHCH (Ha OT,llenbHOM JIBCTe). 

2. CTaTb.s! ,ll0JDKHa TalOl(e npe.nocTaBJUITbC.s! o6H3aTeJibHO B BH.D.e :meKT})OHHOH sepcHH 06bl'-1Hh!M lllpHq>TOM 

N2 11 Times New Roman, Me)l(,ll)'c-rpoqm,1ii HHTepsan - O.D.HttapHbIH, B pe.n.aKTope Word 97 HJIH 6onee 1103,llH.HX 

sepc11i1. TeKcT He qiopMan1pyeTc.s!, B KaqecTBe 11MeH11 qiaiina HCIT0Jib3YeTC.s! <Dl1O rrepnoro asTopa CTaTbH. Ka­

BbI'lKH B TeKCTe CTaBHTC.s! rrpH aHrJlHHCKOH pacKJJa,D.Ke KJIas11arypbl (" .. "). 

3. Co,llep)l(aHHe CTaTbH ,llOJDKH0 6b!Tb KpaTKHM H 'leTKHM. l1ClilllO'!aIOTC.s! 06m11e paccy)l(.neHHH, 113BeCTHbie 

OOJIO>Kemrn. He .norrycKaeTC.s! .n.y6n11posatrne MaTepHana B TeKCTe, Ta6m1uax, ITO,llpHCYHO':IHbIX Ha,D.ITHC.s!X. Heo6-

X0JJ.I1M0 co6JIJO,llaTb e.n.11H006pa311e B HaTIHCaHHH TepM11HOB, HaHMeHOBaHHH qlH3H'leCKHX BeJIH':IHH 11 e,lll1HHII 113-

MepeHHH, ycJI0BHhJX o603Hal.!eHl1H, COKpameHJril., CFIMB0JI0B. Ha11MeHOBaHIDI 11 o603Hal.!eHl1.s! e,llHHHII q>H311':fe­

CKHX BeJll1l.!11H He06XO,llHMO npHBO,l{HTb 8 CHCTeMe Cl1. 

Heo6XO,lll1MO o6p~aTb BHf!MaHHe Ha HarrncaH11e np0TI11CHhJX 11 CTp0'-IHblX 6yKB: pyccKHe 11 rpe'!eCKHe 6yKBhl 

(a, ~. 'Y, <pH T.,ll.) Ha6Hpa10TCJI rrp.s!M0, a JiaTHHCKHe (x, y, z, w 11 T.,ll.) - KypCHB0M. Te )Ke -rpe6osaHHH B o603Ha'le­

HHHX HY)l(H0 co6mo.naTb npH Han11caHHH HH,lleKC0B 11 CTeneHeH B cpopMyJiax. O6o3Ha'leHH.s! MaT})HII 11 BeKT0p0B 

tta611pa10TC.s! ITOJIY)l(l,lpHbIM IDpHq>TOM npHMO. <DopMyJihl, BKJJIO'leHHbie B TeKCT, cne.n.yeT Ha611paTb 6e3 yseJI11'1e­

HHR HHTepsana Me)l(,lly c-rpoKaMH, Hanp11Mep bid, exp(x/e). 

4. Ta6m111h1 ttyMepyioTcH, Ka)l<.D.a.s! rn6m1ua .nom,rna HMeTb 3aronosoK. C0Kpa1.I1;ett11n s rpaqiax Ta611111..(bI tte 

.nonycKaIOTC.s!. B TeKCTe Heo6XO,llHMbl CCblJJKH Ha see Ta6JJ.HL(bl. Ta6J1Hllbl rreqaTalOTC.s! s o6meM TeKCTe nocne 

nepBOH. CCbinKH. 

5. <l>opMynhI 11 6yKBeHHbie o6o3HaqeHlUI BeJIJ1l.{11H )],0JJ)KHbl 6bITb pa3Me':feHbl 11 Cpa3y pacurnqiposaHbl. <Dop­

MYJibl HyMepyioTCH apa6CKHMH umppaMH, HOMep CTaBHTCH C rrpaBOH. CTOp0HbI JIHCTa B KpyrJihJX CK06Kax. HyMe­

poBaTb cne.nyeT T0JlbK0 Te q>OpMyJJbl 11 ypasHemui, Ha K0T0pble eCTb CCblJlKa B DOCJle,llyJOlUeM 113Jl0)l(eHJ,f11. <Pop-

i 1 
MYJibl BhIIT0JIH.s!lOTCH B peJ1,aKTope Equation 3.0 np11 HeB03MO)l(H0CTJof Ha6opa Ha KnaBJ-i:arype ( x ! , y:,vG: Jx,- ],f 

0 y 

T.JJ..). Tio.n.crpoqm,Ie H Ha.n.c·rpoqHble HH,lleKCbJ BBO,llj!TC.s! C KJJaBHaTypbl (x3, KM
2 

11 T.JJ..), rpel!eCK}le 6y1rn1,1 BCTaB­

n.s!IOTCH Yepe3 Memo BcmaeKa ➔ cuMeon. 

6. B TeKcTe CTaTr,11 pHcyHoK oouJaTCJibHO npe.ncTaBJIHeTCH Ha oT.nenbHOM JIHCTe cpopMaTa He 6onee A4. Ha 

pHCYHKax ,ll0DYCKaeTCH Ml1HHMa.JlbHOe 'IHCJIO o603Hal!eHHH - KpaTKl1e l(HqlpOBbie (no 110p.s!.D.KY H0MepOB CJieBa 

Hanpaso Irn11 no qacosow c-rpemce) HJIH 6yKBeHHbJe o6o3HaqemUI. Bee noncHeIDUJ BhIH0CHTCH B no.npHcyRoqHbie 

ITO)],0HCl1. Ha o6opoTe 1(8)1(,llOfO pHCYHKa YKa3bIBalOTC.s! cpaMHJIHH aBTOp0B, Ha3BaHHe CTaTbH, HOMep p11cyttKa, 

o603Ha'leH1UI sepxa H H.H3a. Btty-rpeHID!e Ha)],0HCFI Ha pHCYHKax Ha611pa10TC}I mpHqlTOM N!:! l 0. BHmy Ka)l(J{0ro 

p11cyHKa ,llOJI>KHhl 6bITb rrpHBe,lleHbJ ero H0Mep 11 D0JJ.pHCYH0'IHaH 110,llDHCb rnpFlq>TOM N!! I 0. TipH Ha.Jll1l!HH He­

CK0JTbKHX pa3JIHl!HblX rpacpHKOB Ha 0,llH0M pHcyHKe K8)1()],I,JH H3 HHX o6o3Ha':faeTC.s! pycCKHMl1 6yKBaMH a), 6), B) 

11 T .,ll. 11 pacrn11q>pOBb1BaeTCH. 

B KOMITblOTepHOM 811,lle pHCYHKH npe,llCTaBJJHIOTC.s! B 0TJl,eJibHblX cpaifoax, BbIIT0JIHeHHbie B rpacpl1l.!eCKl1X 

pe.D.aKTopax Paint, PhotoShop, Core/Draw B '1epuo-6eJioM l(BeTe ( cjJornrpacpHH B pac-rpoaoM cpopMaTe tif, dpi-
300). P11cyttK11 B Word tte scTaBJI.llTb KpoMe crryYaes, KOr)],a p11cyHoK 113Ha':fa.nbHO BbIIl0JJHeH s Word. 

7. CcblJIKH Ha rr.1uepaTypy B TeKCTe Jl,a.JOTCH 110 nopH.llI<Y apa6CKHMH 1111cppaMH B KBa.npaTHblX CK06Kax. Cn11-

COK JJl1TepaTyp1,I C0CTaBJIHeTCH B TOH )l(e D0CJieJl,OBaTeJibH0CTH, 8 I<OTOpOH np1180,llj!TCH CCblJIKH Ha JIHTeparypy. 

<l>aMHJil111 11 11Hl111Ha.Jlbl aBTOp0B tta611pa10TCJI TI0JIY)l(HpHblM KypcH:B0M. 

8. CnHCOK n11repaTypbl cne.n.yeT ocpopMJUITb B C00TBeTCTBl111 C focyJJ.apCTBeHHblM CTatt.napT0M "E116JIHOrpa­

cjJ~eCKOe oIT.HcaH11e npo113se.neH1111 neYaT11" (fOCT 7. I - 76, pa1.u.en 7), B qacTHOCTH, Heo6xo.n.11Mo YKaJaTh : 

a) .n.nR )l(YPHa.JlbHhlX CTaTeH - q>aMl1JIHH 11 11HHIIHa.Jlbl aBTOpos (He MeHee -rpex nepBbtX), Ha3BaHHe CTaTbH, Ha-

3BaHHe >KypHana (6e3 KaBbJ':feK), ro)],, TOM, BbITIYCK, H0Mep, CTpaHHUhI; 
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6) )J.JUI KHl,ff - cpaMHJlJHI 11 HHJU\IHlJlbl aBTOpOB, nonnoe H<l3\3a1rne KHH.rn, MeCTO H3)J.amu,, HJ)J.aTeilbCTBO (6C3 
KaBhP-JeK), roJJ. H3JJ.amu1; 

B) )J.JHI. aBTOpecpepaTOB .l(HccepTa11.1rn - cpaMHIDIIO H .HHHU11aJihl asropa, H83Bam1e aBTOpecpepaTa .l(HCCepTaUHH, 

Ha COl1CKaHJ-1e KaKOH yqeHOH CTeneHH 11arrncatta ,lU-1:CCepTall.HJI, MeCTO H ro)J. 3aill,HThI; 

r) )J.JUI npenpHHTOB - q:>aMHJil.fl,f H HHHUHa.Jibl aBTOpOB, HaJBaHHe nperrpHHTa, HaHMel-10Bam1e H3)J.a!OJJ.J.CH 

opram13a1J.HH, WH4)p 11 HOMep, MeCTO 11 ro)J. H3)J.aHm1; 

.11.) )J.llil naTeHTOB - <PaMHilIDf H HHHUHailbl aDTOpOB, HaJDam,e naTeHTa, CTpaey, HOMep H KJiacc naTeHTa, J].aTy 

" roJJ. 31urnnemu1 H ony6n11K0Batt11ll naTettrn; 

e) JJ;Illl OT'ieTOB - q>8MlUIHl1 H HHHUHailbl aBTOpOB, Ha3BaHHe OT'!eTa, HHBeHTapHblH .N2, HaHMeHOBam1e opraHH-

3aUHH, ro.11. BbITTYCKa; 

)I() )J.IlH 3JJeKTPOHHbIX HCTO'iHHKOB - nOJJHI,IH 3IlCKTpOHHhlH a.npec, □03B0IllllOJJ.J.11H o6pantTbCll K ay6IDfKaUIUI. 

9. B KOHUe TeKCTa aepe.n; CTTHCKOM IlHTeparypbI YKa3bJBafOTCH KOHTaKTHblH TenecpoH 11, )l(enaTeilbHO, a.n;pec 

3neKTPOHHOH n01iT1>1. 
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B H0H6pe 2000r.BLllllJia 113 ne'laTH 1euura AuaTOJIUH CTenauosuqa ,AHTJIOBa «qepuo6blJIL. KaK :no 
6blJIO» (M.: 000 «Hay•ITCXJIHTH3JJ,3T», 2000. - 240c.), B anpeJie 2001r. - BT0poe, ucnpaBJICHH0e H t{O­

U0JJHCHH0e H3.ll:3HHe, a B SJHBape 2003r. - TpeTbe HJJJ,auue. 

3To yHHKaJibHa.ff. KHHra. Ee asTop 6hIJI JaMeCTHTeJieM rnaBHoro HH)l(eHepa qep~o6bU1bCKOH A3C no 

3KcnnyaTau,HH. Bo apeMH asap1rn OH Haxo,nHJIC.H Ha 6no'IHOM IIJ,HTe ynpaaneHIDJ 4-ro :rnepro6noKa. 

Ilpo11cxo,n.Hlll.ee OH BH,neJI co6cTBeHHbIMH rnaJaMH. Ero rrpe,n;cTaBJieHHe H rroH.HMaHHe Toro, tJTO npo­

H30WJJO, TPYAH0 rrepeou,eHHTb. ~aJieKO He co BCeM, tJTO uamicaHO B :noi-1 KHHre, MO)J(HO cornaCHTI,CSl. 

Ou.eHKa mo,nei% o npowe,n;rneM co6bITHH JatJacTy10 tteceT .HpKy10 3MOQH0HaJibHYIO 0KpacKy. O,nHaKo ,nm1 

! Bcex, KT0 HHTepecyeTC.ff. 3TOH OAHOH HJ KpynHeHUIHX TeXH0reHHblX KaTaCTpocp, KHl:Ira A .C. ~.ff.TnOBa 

npe,ncTaBJI.HeT orpoMHYIO u.eHHOCTb. 
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BblnYCTnno KHnrn: 

113QATC-nbCTBO 11AY'-lliO-TEXli11'-IECKOfl nt1TEPATYPbl 

«HAY'-ITEXnt1Tn3aAT» 

CnpaB0l.4HHK "Cl>HPMbl nPOMblWnEHHOH ABTOMATHKH B POCCHH". 
ISBN-5-93728-040-7. 2003. - 276 CTp. c 1.1eeTHblMH H 1.4epHo-6e11blMH Hl11ltOCTpa1.1HJ1MH 

8 cnpaB04Hll1Ke npeACTaBJleHbl 0K0Jl0 200 opraHll13al..1111H, 3aHll1MatOll.(111XC.A C03AaHll1eM H0BblX 111 

MOAepH1113aL1111e(;l AeHCTBYtOll.l1'1X C"1CTeM ynpas11eH111.A Ha 6a3e HOBeHW111X nporpaMMH0-annapaTHblX cpeACTB, 

SCADA-rncreM, nTK, nonesoro 06opyA0BaH111.A, Kltln 1,1 111HTe1111eKTYaJ1bHblX AaT4111K0B. B cnpaB04Hll1Ke 

C0Aep>Kll1TC.A 111Hq>0pMal..1111.A 0 cp111pMax Pocc111111, crpaH CHr 111 AaJlbHero 3apy6e)l(b.A, aKTll1BH0 pa60Tat01.1.1111x Ha 

pbiHKe np0MblWJleHHOH aBT0Marn3a1..1111111 P0CC"1111. 

KH111ra pacnpocrpaH.AeTC.A Ha np0MblWJleHHblX npeAnp111.AT1'1.AX Pocc111111, CHr 111 3a py6e)l(OM . 

CTOHMOCTb cnpaB04HMKa - 300 py6. (BKIIIOi.taA Hanorn M AOCTaBKY) 

A. nae11t01.4eHK0 «nPAKTHKYM no WONDERWARE INTOUCH. 6A3OBblH 1,11 

AOnO/lHHTEnbHblH KYPCbl». ISBN-5-93728-041-5. 2002. - 140c. 

KH111ra M0)l(eT CTaTb 0CHOBOi-1 All.A 1113y4eHll1.A InTouch - caMoro nonyn.ApHoro B M111pe HMl-naKeTa 

M0I.I.IHblX 111 rn6Kll1X cpeACTB pa3pa60TKll1 onepaTOpCKll1X 111HTepcpei-icos All.A C03AaHll1.A ACYTn All1CKpeTHblX 111 

HenpepbiBHblX np0ll13B0ACTB, pacnpeAeJleHHblX Cl1CTeM ynpasneHIHI, A111CneT4epcK0ro ynpasneHl'1.A 111 c6opa 

AaHHblX (SCADA), a TaK>Ke APYrlilX o6nacre(;l np0MblWJleHH0ro np111MeHeHll1.A. 

KH111ra paCC4111TaHa Ha cne1..1111a11111CT0B B 06nacr111 aBT0MaTll13al..1111111 np0ll13B0ACTBa 111 M0)l(eT 6b1Tb none3H0i-i 

TaK>Ke CTyAeHTaM crapw111x KypcoB BblCWll1X TeXHll14eCKll1X y4e6HblX 3aBeAeHll1H. 

K KH1-1re np11111araeTc.A CD-R AJ1.A caM0CT0.ATeJ1bHoro 1113y4eH111.A HMI-naKeTa. 

CTOMMOCTb KHMrH - 180 py6. (BKIIIOl.faR HanorH M AOCTaBKY) 

K.H. Tpy6e&.1KOH, tO.n. ran'leHK0, /1.1,11. 6yp1.1ee «3KO/1OrH4ECKHE nPO6/1EMbl 
OCBOEHl,UI HEAP nPH YCTOH4"'1BOM PA3B1,1Tl,11,1 nPHPOAbl H O61.J.1ECTBA». ISBN-5-
93728-048-2. 2003. - 262c. 

Ha np111Mepe pa3B111T"1.A Ml'1HepaI1bH0-CbipbeBoro K0MnneKca paccM0TpeHbl B0np0Cbl crpaTerl-11-1 111 TaKTl-1Kl-1 

B3all1MOAei-iCTBl'1.A TeXH0KpaTl'14eCK0i-i l..1111B111Jlll13al..1111111 C ecreCTBeHHOi-1 61110Toi1 3eMJ1111, C y4eT0M oco6eHHOCTei-i 

3B0JltOL.11110HH0ro pa3B1-1T"1.A 4eJl0BeKa 1-1 Tpe60BaH111i-i K0HL1en1..11111-1 YCT0H41-1B0ro pa3B111Tll1.A. 

npoaHam13111posaHa CTPYKTYPa 111 cne1..1111cp111Ka B03AeHCTB111.A A06b1sat01.1.1111x npeAnp111.Arni1 Ha 

ecrecrseHHYtO 61110TY. np111BeAeH 3Mnll1p1114eCKll1H MaTep111a11 no TpaHCq>0pMaui,1111 3JleMeHT0B 61-1occpepbi B 

YCJ10B111.AX A0JlroBpeMeHH0ro B03Aei:,CTBll1.A ropHoro np0ll13B0ACTBa. Ha 0CH0Be ll1CCJ1eA0BaH111.A peaKL.1111111 3T"1X 

3JleMeHT0B, o603Ha4eHbl 061.1.11-1e MeT0A0J10r"14eCKll1e n0AX0Abl 111 npeAJ10>KeHll1.A K0HKpeTHble MeT0Al-1Kl-1 

6111011orn4ecKoi:, pernaMeHTal..1111111 BeJ11114111Hbl 0CH0BHblX TeXH0reHHblX cpaKT0POB. 

O6cy>KAeH0 n0H.Arne 3KOJ10r"14eCK0ro 111MnepaTll1Ba 1-1 AaHa era crpyKrypa B YCJ10B111.AX K03B0Jlt0l..ll-1111 

TeXH0 111 6111occpepb1, KaK K0HL1enTYaJ1bH0 aHTar0Hll1CTll14eCKltlX CltlCTeM. O60CH0BaHbl np1-1H41t1nbl nocrpoeHl-1.A 

3K0TeXHOJ10r"1i:, n0A3eMH0i:, pa3pa60TKl-1 MeCTop0)l(AeHltli-1 111 o603Ha4eHbl cne1..11-1cp1114ecK1-1e acneKTbl 

3K0H0Ml-14eCK0ro 111 npasosoro o6ecne4eHll1.A 3K0J10rltl4eCK0i:, 6e3onaCH0CTll1 npi-1 0CB0eHl-11-1 HeAp • 

.[In.A Hay4HbIX It! l-1H)l(eHepH0-TeXHll14eCKltlX pa60THll1KOB, 3aH.ATblX B ccpepe ropHblX HayK, ropHoro 

np0ll13B0ACTBa 111 oxpaHbl OKpy>Kat01.1.1eH cpeAbl, npenoAaBaTeJleH ropHblX 111 3K0Jl0r"14eCKll1X BY30B, a 

TaK>Ke Afl".A npeAcrasi,neneH 061.1.1ecrseHHocrn, 111HTepecyio1.1.11-1xc.A npo611eMaM1t1 coxpaHeH111.A 

ecrecrseHHOi-1 61110Tbl 3eMJ11'1 B ycn0Bll1.AX pa3B1-1Tl'1.A TeXH0KpaTll14eCK0H l..1111B111J11113al..1111111. 

Vlnnt0crpa1..1111i:, 42, Ta611111~ 18, 6111611111orpaq>111.A 141. 

CTOMMOCTb KHHrM - 200 py6. (BKIIIOl.faR HanorH M AOCTaBKy) 

no sonpocaM npHo6peTeHHR KHHr 06pa1.1.4aifTec& s 6yxranTepHIO ff311aTen&CTsa 
no Ten.: (095) 737-52-19, nH6o nHc&MeHHbtM 3anpocoM no a11pecy: 

107258, r.MOCKBa, AnblMOB nep., Jl. 17, CTp.2. «"13JlaTen&CTBO» (RnR 6yxranTepHH) 
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