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- description and summaries of programs for dynamic analysis and experimental studies; 

- computational and theoretical substantiation of serviceability and resource of the NPP equipment. 
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K I06H/\el0 c6opHHKa 

B 200 I ro.n;y HCnOJJHHJIOCb TJ)H.nUaTb JJeT co ,nIDI BbIXO,Aa B 1971 r. nepaoro BbIIlYCKa Hay1rno-TeXHHtieCKOro 
c6opHHKa CTaTeH, noca.snueHHbIX ,nHHaMHKe H,nepHhIX 3Heprern:qecKHX ycTaHOBOK. B HaCTO.snuee BpeM51 3TOT 
c6opHHK H3,naeTC.sl PHU: «KyptJaTOBCKHH HHCTHT)'T» H C 1998 r. HMeeT ,nOCTaTOqHo CJIO)l{H0e Ha:maHHe: 
«Borrpoc1,1 aTOMHOH HayKH H TeXHHKH. Cepmi: <l>H3HKa ».nepHbIX peaKTOpOB. B1,mycK: ,lJ;HHaM11Ka 11 

6e3onaCHOCTh H,nepHbIX :mepreTHqecKHX ycTaHOBOK». C nepBoro BhmycKa c6opHHK CTaJI rreqaTHhIM opraHOM 
co3,naHHOH a MHHcpe,nMawe KOMl1CCHH (no3.nttee ceKUHH HTC) no .AHHaMHKe 5I3Y, K0TOpaSI 6orna 
O.IJ;HOBpeMeHHO H pe,nKOJIJJerHeH c6opHHKa. 

B nepBbIH C0CTaB pe,nKOJlJierHH, B KOTOpOH 3a 30 JieT pa6oTaJIO 45 1IeJ10BeK, BOillJIH B.,[(. fopHtieHKO, 
H.A.-)I{ene3[(0B, A.H. MorHJJbHep, E.H. MoTOpoa, IO.H. Om,ureBCKHH, B.H. Ilr.uornHcKHH, JI.H. Ilo,n:JJa30B, 
B.B. TI11errHH, E.<l>. Ca6aeB, 11.TI. CepreeB, A.C. CTenHH, E.3. TopJJHH H 51.B. llleaerreB. OT06paHHbie 
pe,nKOJinerneii nepaoro c6opHHKa 15 CTaTeH 6oIJJH noca.simeHbl aKT)'aJibHbIM 3a,naqaM ,n1rnaMHKH 5I3Y. 
EeccMeHHhIM OTBeTCTBeHHhlM pe,naKTopoM H Tipe.n;ce,naTeJJeM K0MHCCHH ( ceKUHH) no ,lJ;HHaMHKe ,no 1993 r. 61,rn 
Bb1,na1omHHC51 yqeHhIH H opraHH3aTOp .H.B. llleBeJJeB, naM.sITH KOT0poro noCB.sIJ.UeH BhmycK c6opHHKa 3a 1994 ro.n. 

Co BTOporo BomycKa COCTaB pe.nK0J1J1ern11 61,rn pacwHpeH, H B Hee B0llIJlH y)Ke 20 t.JeJJOBeK. C6opH11K 
BhIITYCK8JIC51 noqTH e)Kero,nH0, a 1rnor.na H ).lBa)K,n;bI B ro,n. Bcero 6hJJ10 BhmymeH0 33 H0Mepa H .no 2000 r. 6bIJJO 
ony6JJHKOBaHo II01ITH 400 CTaTeH, HaIIHCaHHI,IX co-rpy ,nHHKaMH MHOrHX opraHH3a[(HH, rnaBHblM o6pa30M 
MHHaTOMa. B lJHCJie aBTOpOB MHOro COTJ)Y.LJ;Hl1KOB .[(pyrnx Be,[(OMCTB, B TOM lJHCJie H BI,ICIIIl1X y1Je6HhIX 
3ase.neHHH. 

y :>Ke C nepaoro BhIIlYCKa onpe,neJJHJlaCb, a B ,[(aJibHeHllleM pacw11p1mac1,, TeMaTHKa ny6nHKyeMbIX pa6oT: 3T0 
MaTeMaT11lJeCKHe M0,[(eJIH peaKT0pOB H .npyrnx 3JleMeHTOB H CHCTeM 5I3Y, yrrpaBJJeHHe, rrepeXO,ll;Hbie H 
aaapHHHbie npouecChl, TeopH51 peaKT0p0B, 6e3onacHOCTh, ycTOifqHBOCTb, H,UeHTHCpHKaI..JJ,UJ, BH6pauH51 
KOHCTJ)YKU11H, qHcJJeHHbie MeTO,ll;bl, 3KCnepHMeHT8JlbHhie HCCJie,LJ;OBaHH.sl, TpeHa)Kepbl. MttorHe H3BeCTHbie 

crreUH8JIHCThl, 3aHHMaBIIIHeCH npoeKTHpoaamteM, Teoper11qecKMMH H 3KCrrepHMeHT8JibHbIMH HCCJJe,noBaHH.sIMH H 
3KcnnyarauHeH 5I3Y, npHHHM8JIH 11 npHHHMaIOT " ceifqac yqacTHe B C03,[(aHHH c6opHHKa B KatJeCTBe 
opraHH3aTOpOB, peueHJeHTOB H aBTOpOB. 

Oco6a.si poJib B C03.UaHHH, CTaHOBJleHHH H CHCTeMaTHqecK0M BbmycKe c6opHHKa npHHa,nne)KHT 
51.B. Illeaeneay, KOTOpbIH B TetJeHHe nepBbIX 20 JleT 61,m ero 0TBeTCTBeHHbIM pe,n;aKT0p0M, HaylJHbIM 
PYKOBO,ll;HTeJieM, 0,[(HHM H3 aaTOp0B H OCHOBHblM peueH3eHTOM HaH6onee Ba)KffblX pa6oT. Bcero OH 
orpeueH3Hp0B8JI H peKOMeH,n;OB8JI K rry6mtKal{HH 53 CTaTbH. B apXHBe pe,naKUHH xpaHHTC.sI MHOro ero 
IlHCbMeHHbIX peueH3HH, HO BO MHOfHX cnyqagx 3TO 6bIJIO ycTHOe o,no6pemte - peK0MeH.nal.lIDI, KaK OCH0Ba ,[(IDI 
ny6mfKal{HH. 3TOMY 061>ItJHO npe,nllleCTB0B8JIO He TOJibK0 BHHMaTCJlbH0e HJyqeHHe npe,UCTaBJleHHOH pa60TbI, HO 
H o6meHHe C aBT0paMH, KOTOphie .IJ;OJl)l{Hbl 6bIJIH 0TBeTHTh Ha MHoroq11cJieHHble Bonpoc1,1 H BHecn1 
tteo6xo.uHM@e HcnpaaneHIDI. Mttorne qneHhI pe.uKonnernH - aaTOpbI HanpasneHHhIX B caoe apeM.sI .nnH 
ny6JJHKaUHH pa6oT ITOMH51T IIpHHUl1IlHaJibHOCTb, rpe6osaTeJihHOCTb H .n;o6po)l{eJiaTeJ1bHOCTb .H.B. llleaeneaa, 
KOTOpbIH acer,na CTpeMHJlC51 noHHTh I1O3HQHIO H pe3yJibTaTbl aBTopa H nocne OCTpOH ,[(HCKYCCHH Mor CIDITb CBOH 

3aMelJaHH.sI. EOJibillOe 3HaqeHHe JJ;JI.sI BhI6opa MaTepHaJIOB c6opHHKa HMeIOT peryJIHpHhle ceMHHapbI no .AHHaMHKe 

5I3Y, B opraHH3a[(Hlf KOTOphIX 60JibIIIYIO pOJII, Hrpana H HrpaeT .no CHX nop pa6oTa lJJleHa pe,nKOJIJierHH H 
6eccMeHHoro y11ettoro ceKperap51 ceKUHH no .LJ;HHaMHKe B.B. IltJeJIHHa. 

B pa3Hhie rO,[(bI B pe,nKonrrenno sxo.n;HJIH B.,[(. fop5111eHKO, H.A. )l(erre3UOB, A.H. MornJihHep, E.H. MoTOpos, 
IO.H. OnMneacKHH, B.M. IlJIJOTHHCKHH, JI.H. Tio.nrra.JoB, B.B. Ilqemrn, E.<l>. Ca6aea, H.Il. Ceprees, 
B.C. CTerrHH, E.3. TopnHH, .5!.B. llleseneB, B.M. CenHBaHOB, C.H. EepttwreiiH, B.A. Acpattac1,en, B.H. BopoHHH, 
B.11. fpHUKOB, r.B. KHceneB, C.,[(. MaJIKHH, 11.11. CH,nopoaa, A .C. TpoqrnMOB, r.A. IllaposapoB, 
IO.E. Ear.nacapoa, B.II. fop6yHoB, B.,[(. HcMMOB, M.II. JieoHlJYK, K.11. 5IKoanea, A.,[(. Ecpattoa, ,n;.H. raneea, 
H.B. myKHH, O.E. KJioqKOB, B.<l>. ToKapemw, A.E. KpollIHJJMH, A.M. HoBHKOB, C.E. lllHXOB, M.X. ,[(oppH, 
B.H. EcpHMOB, A.H. KorrecHHKOB, 3.C. KyponaTeHKo, A.B. IleBHHUKHH, Jl.B. CMHpHoB, B.TI. CnaccKOB, 
r.c. TapaHOB, r.M. YnaHOB. 

B 3aKJJI01IeHHe pe,n;KOJlJierWI cqHTaeT Heo6xo,nHMbIM OTMeTHTl> 60JibmyIO pOJih B ycneIIIHOM TpH,nuaTHJieTHeM 
cpyttKUHOHHposaHHH c6opHHKa yIIIe,[(llIHX H3 )KM3HH tJJieHOB pe,nKonnernH C.H. EepHIIITeiiaa, B.M. Bopomrna, 
B.,D;. rop.s1qeHKO, H.A. )I(ene3uoaa, B.,n;. HcMMoaa, E.H. MoTOpoaa, B.M. CerrHBattoaa, r.M. Ynattoaa, 
R.B. Illeaerresa, C.E. lllmwaa. 
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llHHAMHKA H YnPAB/IEHHE 

Y):(K621.039 

IIPHHf(llllhl C03~AHIDI HAJIA~OlffiO-HCIIblTATEJThHOro KOMIIJIEKCA 
~JUI CY3 TPAHCIIOPTHhIX PEAKTOPHhIX YCTAHOBOK 

C.H. JluHbKOB, A.B. PyoHeecKUu, B.Il.Caew-t, O.A.I.IeemKoe, 
I'Yll «HllO «ABPOPA», 194021, CaHKm-llemep6yp2, yfl. Kap6btweea, 15 

Ha 6aJe OTTbITa C03)],aHH» H npaKTWieCKOfO HCnOJib30BaHH11 annaparypHO-Bhlli:HCJmTeJlbHOro K0MfiJleKca ,ll,Jl» HCTThlTaHHH H HaJia)],KH 
CY3 TpaHcnopTHblX »,AepHhlX peaKTopoa ccpopMynHpoaa:u,1 o6ll.'(He Tpe6oeaHH.ff, KOTOpble )],QJl)l<Hbl npe)],b»BJI»ThC» K cpyHKI.lH.SIM H COCTa­
ey KOMnneKC0B TaKoro HaJHali:eHIDI, a TaK)Ke Tpe6oeaHJUI K nporpaMMHOMY o6ecnel.feHmO HaJia)],01.JHO-HCITblTaTeJlbHOro KOMnJieKca, npH­
ee,ueHa ero CTPYKT)'pa. PacCMOTpeHbl eonpOCbl MaTeMaTHl-leCKOro MO)],eJIHpOBaHIUI peaKTopHOH ycTaHOBKH (PY) )],JI.SI ueneii OTJia)],KH H 
npose.n.emu1 HCTTbITaHJ.iH annapaT)'pbl CY3. TipHBO)],HTC» om1camte 11 scepe)KHMHOH 11 MaTeMaTHl.feCK0H MO)],eJIH np»MOTOYHblX naporeHepa­
TOp0B, K0T0pa» npe.n:naraeTCH aBT0paMH .ll.Jl» C03,namrn CTeH)],0BblX 3JieKTp0HHblX MO)],eneii PY, npe)],HaJHaLleHHblX )],JUI HCTTblTaHHH anna­
paT)'pbl CY3. 

PRINCIPLES OF CREATION OF A TEST AND ADJUSTMENT COMPLEX FOR CONTROL AND PROTECTION SYSTEM 
FOR TRANSPORT REACTORS. S.I. LIN'KOV, A.V. RUDNEVSKY, V.P. SAVIN, 0.A. TSVETKOV. On the basis of experience of 
creation and practical appliance of the hardware-computer complex for adjustment and testing of a control and protection systems for transport 
reactor plants are formulated the requirements to functions and structure of a modem test and adjustment complex. Its structure is given. The 
requirements to the software of a test and adjustment complex are formulated too. The questions of mathematical simulating the reactor plants 
for the purposes of debugging and testing of the equipment are considered. The description of common purpose mathematical model of boilers 
is resulted which is offered by the authors for creation of reactor plant electronic models, intended for tests of the control and protection system 
equipment. 

HaKormeHHbIH a.BTOpaMH OTTbIT CO3.D:aJUUI annapa-

TYPHO-BbitJHCJ111TeJibHblX KOMTTJleKCOB, npe,n:Ha.3HatieHHbIX 

.n:n~ o6ecneqeHIDI HaJIMKH 11 npose.n:eHIDI CTeH,n:OBbIX HC­
ITbITaHHH: CY3 -rpattcnopTHbIX PY, noJB0IDieT c<popM)'JJH­
poBaTb pH.ll 06m11x -rpe6oaaHHH H peK0MeH)],au,11ii, Kaca10-
~HXca o6beMa BbIIT0JlIDleMbIX cpyHKl.{HH H C0CTaBa annapa­
TYPHO-Bbiq11cJ1HTeJibHOTO KOMnneKca TaKoro Ha.3HaqeHIDI. 

Hana,noqHQ-HCilbITaTeJlbHbIH K0MITJleKC .n:omKeH HMeTb 
CJie.ey10mHH C0CTaB (pHC. 1 ): 

1. Bbl1UICJIHTeJibHOe R,npo: 
- TPH nepcoHaribHhie MaruHHhI IBM (Pentium). O,ntta 

HCITOJlb3yeTCSI Jl:llil pearrH3aUMli 3JleKTJ)OHHblX Mo.n:eneH 

o6beKTa ynpasnemrn, cMe)l(HI,IX CHCTeM, a TilIOKe oT.n:enh­
HbIX cocrasHbIX qacTeii armapa'fYPhI CY3 B pearrbH0M 
Macuna6e BpeMeHH. Bo3MO)KHOCTb 3aMeHbl 0T,neJibHbIX 
qacTeii arrnaparyphI CY3 cooTBeTCTBYIOLUHMH :}JleKTp0H­
HhIMH Mo,nemIMH 11O3BOJlHeT HaqaTh Hana,m<y CHCTeMbl .n:o 

TOfO, KaK ace ee KOMilOHeHTbl 6y.zzyT nonyqeffbl C 3aso.n:a­
H3fOTOBHTemI, qTo MO)KeT cymecTBeHHO COKpaTIITb BpeM.sl 

Ha.JIMKH. Brnpru1 113BM o6ecneqHsaeT o6MeH CHrHariaMH 
Me)I()l)' C0CTaBHbIMH qacrnMH K0MilJleKca, a -rpeTbR - npe.n­
CTaBJieHHe HH<popMaI.lHH onepaTOpy, pernc-rpauHro nepe­
xo,n:HhIX npoueccoa B cHcTeMe H B 061,eI<Te ynpaanemrn; 

- CTaH,n:apTHbIH HHTep<peifo rrepC0Ha.JlbHblX K0MilblO­
TepoB .D:IDI BB0,n:a H BbIB0,n:a ,UHCKpeTHbIX, aHaJI0r0BbIX, qac­
T0THbIX CIITHaJIOB, Me:>KMailIHHHoro o6MeHa; 

- ycTpoiicrna ram,BaHH1:1ecKoii pa3BH3KH Me>KJJ:Y anna­
parypoH IBM PC 11 arrnaparypow CY3. 

2. AnnapaTHo-opHeHrnpoeattHhIH HHTep<peiic CY3 B 

C0CTaBe HMHTaTOpOB ,naTqHKOB TeMrreparypbI, pa601:1eii H 
rrycKOBOH MOI.UHOCTH. 

11MHTaTOpbI ,naTqHK0B TeMneparypbl 11 HeHTJ)OHHOro 
fIOTOKa no CHrHariaM H3 MOJJ.eJIH JJ:OJDKHbl cpopMHpOBaTb 

CMfHa.JlhI .llJUI Ka)K)loro 113 -rpex KaHaJIOB KOH1J)Ollil TeMne­

paryphl, M0mH0CTH, rrycKOBOH annaparypbI. 
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npoMblWJ18HHblH npoMblWJ18HHblH nK ,0.JlR BblBO,D. a 
rpaipH48C KOH 
l1H!pOpMa411H 

nK C n11a1aMH nK 
aHa11oroeoro 11 (cepeep) 
,D.HCKpeTHoro 

sso,o.a-sb1so.o, a ,------------7 
I Annaparypa CY3 I 

I 
I 
l 

I l 

:r: . -J"'---....--_....__--.....JL....__--.--J : 

., .~t:. L,__, _______ '--'-----' 

IIIMHTaTOPbJ npHBO,AOB: 
waroebJX .o,s11ra1eneH, ,AaT 

4HKOB nono>KSHHR, 
K0HL48BblX BblK/ll04aTeneit 

- ct:, 
8KB 

--rn--,, 
nt<B 

- ft!,,, 
HKB np11so,o. Kr 

Puc.). Cocmae HaJlaoo11Ho-ucnb1mame.nbHOW KOMflfleKca 
BKB, llKB, HKB - eepxHue, npoMe:,,cymo'IHble u HU:JICnue KOHi,eebie 

BblKlllO'lamenu; KI' - KO.MneHcupy10u,aR zpynna 

3. B C0CTaB HaJIMOtJHO-HCilbITaTeJibHOro K0MTTJieKCa 
,n:oJDKeH BX0JJ:l1Tb, no MeHbllICH Mepe, 0JJ:HH pearihHbIH npH­
B0,L{ pa6oqHX oprattos (PO). OcTaJihHhie npi:,rno,na CY3 
MOiKHO 3aMeHHTb HMJ1TaTopaMH, KaiK,UblH 113 KOTOpb1X 

.n:on)l(eH BKJII-OtJaTh s ce6$1 l1MHTaTop maroeoro .ns11raTeJIH 
rrp1-rno.n:a PO, HMHTaTopbI .n:aTtIHK0B HH)l(HHX, sepxm1x 11 



npoMe>K)'TOlfHbIX KOHUeBbIX BbIKJIFOlfaTeJieM PO, HMHTaTOp 
.uaTlfl1KOB rrono>Kemrn PO. 

CHrHaJibI c MMHTaTopoa .n;a'NHKOB rroJio>KeHIDl PO qe­
pe3 Kapry aHanoroaoro sso.n;a .n;oJI)KHbI TPaHcnHpoaaTbCj{ B 
3JieICTpOHH)'JO MO.l(eJib o6beKTa ynpaaJieHHH H HCTIOJlb30-
BaTbC51 JJ.IDI BbllfHCJleHH51 BeJUi'iHHbl peaKTHBHOCTH, BROCH­

MOM PO. 
TTporpaMMHOe o6ecrrelfeHHe Ha.Jla,z:(OtIHO-HCilbITaTeJib­

HOfO KOMnneKca .l(OJI)KHO HMeTb cne.uyIOIT(HM COCTaB: 
1. CTaHJJ.apTHoe rrporpaMMHoe o6ecneqeHHe IBM PC : 

OC Windows NT, KOMilHIDITOpbI C++, .upaiiaepbI BBOJJ.a­
Bhrno.n.a 0 Me>KManrnttttoro o6Metta (Ethernet). 

2.Cl>yHKUffOHaJibHbie rrporpaMMhI: rrporpaMMbl, MO)].e­
JIHp)'lOIIJ,He 061>eKT ynpaaneHIDI - PY; CMe:>KHbie CHCTeMbl, 
06ecrret:1waa10m0e ynpaanettHe napo3ttep-reTHlfecKoi1 yc­
TaHOBKOM, BKmOlfa.H CHCTeMY JJ.03Hpoaamu1 pacxo.ua nHTa­
TeJJbHOM BO.Ubl e rraporeHepaTOpbl. I1pH Heo6xo)].HMOCTH a 
3TOT KOMTIJleKC BKJ1IO"llalOTC51 rrporpaMMbI JJ.IDI MO)J.em-i:po­

BaHIDI oT.n;enbHhIX cocTaBHbIX qacTeii CY3. 
3. TexHOJIOrHlfeCKHe nporpaMMbI .l(IDI o6cny>KHBaHIDl 

HaJI3,A01IHO-HCIIbITaTeJibHOro KOMTIJieKca - :no nporpaMMbl 
.UIDI rrpe.n;cTaBJleHIDl MHq>OpMaUHH, q>OpMHpOBaHIDI BH.n;eo­
Ka)J.pOB H rpaq>HKOB, perncrpallHH KOHTPOJIHPyeMbIX napa­
MeTPOB, 3anHcH HHq>opMarurn o nepexo.n;HhIX rrpoueccax Ha 
:>KecTKHM ,nHCK. 

3a.n;aqa MaTeMaTH'iecKoro Mo.n;en0posattlij{ TPaHcnop-r­
HOH PY .n;;rn: 06ecneqeHID1 HaJIMKff H npoae.n;emU1 cTeHJJ.O­
BbIX HCilhITaHHM anrraparypw CY3 HMeeT p51JJ. xapaKTepHbIX 
oco6ettttocTei1. I1oc1<orrhey T{)aHcnopTHM CY3 rrpe.UHaJHa­
qeHa )].llil yrrpaBJieHIDI MOIIJ,HOCTbIO peaKTopa H peryn11po:­

aamrn TeMnepaiypbI Tennottoc1-neJrn nepaoro KOttrypa, a 
MO.l(ellilX TaKOfO Ha3Hat:1emU1 Heo6xo.n;HMO .l(OCTaTOlfHO 
TOlfHO MMHTHpoBaTb HeMTPOHH)'IO Kirnern:ey peaKTopa, 
TeMneparypHbIH H MOIIJ,HOCTHOM 3q>q>eKTbl peaKTHBHOCTH, 

Terrnoo6MeH B aKTffBHOM 30He, H3MeHeHH.sI BeJJM'llHHbl Ten­
JIOOTBO.n;a OT nepaoro KOHrypa B rraporettepaTopax npH 
H3MeHeHIDIX MOI.I.{HOCTH H naponpOH3B0.l(HTeJJI,HOCTH yCTa­

HOBKH. MeTO)J.bI MaTeMaTfft:leCKOro MO)J.eJIHpOBaHHjl yKa-
3aHHbIX HeCTaUHOHapHbIX npoueccoB B PY )].OCTaTO'iHO 

IIOJIHO om1caHbI B JIHTeparype [ 1, 2]. 
L(HHaMl1Ka .n;aBJieH_Jijf B rrepBOM KOHrype paccMaTpHBa­

eTC51 B TaKOH MO)].eJJH KaK o,nHH H3 IIOKa3aTeJJeH Ka'ieCTBa 

peryJIHpOBaHIDl TeMneparypbl TeIIJIOHOCHTeJUI. flo3TOMY 

,nHaIIaJOH MO,neJIHpOBaHJijl H3MeHeHI-IH ,naBJieffffjl MO>KHO 

orpattwmTh npe.n:enaMH, orrpe.ueJljleMhIMH ycTaBKaMH cpa-
6aThrnaHIDI aaap1111HOH 3aIIJ,HThI no 3TOMY napaMe-rpy. Mo­
.nenHpoBaHHe aaapHHHhIX pe>KHMOB, COIIpOBO)K.l(aIOIIJ,I-IXCSI 
061>eMHblM KHTieHHeM B aKTHBHOH 30He, IIpH HCI1bITaHJ,Ij{X 
annaparypbI CY3 He -rpe6yeTCSI. 

Crrel.Ui<pHKa pemaeMOH 3a,u,a1rn n03B0JljleT TaK:>Ke yrrpo­
mettHO Mo,ne;rnpoBaTh H3MeHeHIDl .n:aBJJeHJ,Ij{ BO BTOpOM 

KOH'fYPC. CqHTaeTCSI, qTo .n:asJieHHe B naporrpoao.ne paBHO 
ycrnaKe pery JljlTopa .nasneHHH nap a (pery IDITOp ,naBnemu1 
C'iHTaeTC}I H.l(eaJibHbIM), a BeJJHqHHa .naaneHH51 Ha ytJaCTKax 

Tennoo6Metta a naporetteparnpax BbI'iHCllileTc51 a 3aa11c11-
MOCTH OT .l(aBJieHHSI B naponpoao.ne C yqeTOM BeJIH'il1H 
rn.n:paBJIH11ecKoro conponmneHJijl naporrpoao.na, 
naponeperpeaaTeJibHOro 11 HcnapHTen1,Horo yqacTKOB Ten­
noo6MeHa a naporeHepaTopax: 

Pnr=Pnn+MnnD/; PnH=Pnr+.1.PnD/; P3H=Pm1+.1.PHD/, 
r.ne P nn - .uanneHHe B naponpoBo.n:e, rro.u.n;ep>KHaaeMoe pe­
ry mnopoM .n;aBnemrn; 

P nr - .n;asneHHe tta BbIXOJJ.e H3 naponeperpeBaTeJibHOro 
yqacTKa Tennoo6Metta B naporettepaTopax; 

P 011 , P JH - .naanett11e Ha rpaHRlle naponeperpe-
aaTeJibHOro H HcnapHTeJibHOro, 3KOHOMaibepHOfO H Hcrra­

pHTeJlbHOfO yqacTKOB Tennoo6Metta B naporettepaTopax, 
COOTBeTCTBeHHO; 

.1.P nn, L\.P n, .1.P 11 - pacqeTHbie 3HalfeHIDI rn.npas-
JlH'iCCKoro conpoTHBJICHIDI naponpoao.n;oa, naporreperpe­
aaTenhttoro H 11cnapHTeJihHoro yqacTKOB Terrnoo6MeHa B 
rraporeHepaTopax rrpH HOMHHaJJbHOM pacxo.n;e cpe.n:1,1 BTO­
poro KOHrypa, COOTBeTCTBeHHo; 

Dn - pacxo.n. napa B ,nOJUIX OT HOMHHaJibHOfO 3Ha1ieHIDI. 

Cpe.nm1e 3Ha'ieHIDl ,naBJieHH.SI cpe,nbI BTOporo KOHiypa 

Ha naporreperpeBaTeJihHOM H Hcnap11TeJihHOM yqacTKax, 
KOTOpble HCilOJib3YIOTC.SI B ypaBHeHH.sIX, OITHChIBaIOI.UHX 

Tennoo6MeH B naporeHepaTOpax, nonyqa10TCS1 c rroMOIT(bIO 
ypaatteHHH: 

P0=0,5 (Pnr+Prrn); PH=0,5 (Pn 11+PJ11). 

L(JJSI OIIHCaHHSI HeCTaU110Hapttoro TCIIJJ006MeHa Me:>K,ny 
cpe,naMH nepBoro 11 BToporo KOHzypos B naporettepaTOpax 
aBTOpaMH rrpe.nnaraeTC51 B COCTaBe MaTeMaTifqeCKOH MO)J.e­

JIH PY HCilOJib30BaTb .nocTaTOtJHO npoczyIO MaTeMaTH1Ie­

cey10 MO)J.eJib naporeHepaTOpa, KOTOpruI Il03B0JljleT HMHTl1-

poBaTb B 3Jiel<TpOHHOH Mo,neJIH rrpOlleCChl nycKa ycTaHOBKH 

H3 XOJIO,nHoro COCTOXHJijl, pa3orpeB PY no KHnemrn BO,nbJ 
BToporo KOH'rypa, no,nrrHTKY rraporeHeparnpos B npollecce 
pa3orpeBa, pe>KffM pa60Tbl Ha 3HepreT0qecKHX ypoBH.SIX 
MOIT(HOCTH. Mo.n;eJJb TT03BOJI.SleT BOCITpOM3B0.l(HTb nepexo.n; B 

pe>KMM aBTOMaTH'ieCKOro yrrpaaneHJijl paCXOJIIDKHBamfeM 
ycTaHOBKH H MO,neJIHpOBaTb pe:>KHM pa3orpeaa C ocymeH­
HbIMH no BTopoMy KOH'fYPY naporeHepaTOpaMH c no,nat.JeM 
IlHTilTeJJbHOM BO.Ubl B naporettepaTop1,1 Ha 3aKJII01iHTCJib­

HOM 3Tane pa3orpeaa. 

N 
N -1 

C1RHRTJ 

{rDHOj 
TTnrhnrKj (0,5(Tj-l + Tj)-t2j)/N 11 

lj 

t2j 

iJ-1 

Puc. 2. PacllemHaJl cxe.Ma napozeHepamopa 

B rrpe.n:naraeMoit pacqeTHOH cxeMe rraporeHepaTOp pa3-
fo1BaeTcn Ha N paBHbIX yqaCTKOB. YpaBHCHH51, OIIHCbIBaIO­

I.UHe Terrnoay10 aKKYMYJUIUHIO H Tennoo6MeH Me>K,Izy Ten­
rroHOCHTerreM H cpe.uoi-1 BToporo Komypa, pernaIOTC51 no­
cne.n;oBaTeJihHO .l(IDI Ka)l(,Uoro H3 N YKa3aHHblX yqacTKOB 
(pHC. 2). YpaBHCHIDI, OTIHCbIBaIOIUHe Tennoo6MeH 11 aKey­
MyJrnU,HIO Tenna Ha 1<a)KJJ;OM TaKoM yqacTKe, .llllil TennoHo­
CHTellii M cpe,nbI BToporo KOHrypa HMeIOT BH,[(: 
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nr l dTj-1 
(cMmMR+c1y 1V1 ) N d/=c,RHR(Tj-Ti_1)-

1 
- N Tinrhnrkj (0,5(Ti+Tj_,)-t2j); 

l di1 1 .. 
S2hnrY · --=-Tinrhnrkj (0,5(Tj+Tj 1)-t2j)-Dn8 DH(tj-tj_1). 

1 N dt N . 

3,n;ech N - KOJrnqecTBO cpHKCHpOBaHHhIX yqacTKOB, Ha 
KOTOphIe pa.3,n;eneHa nosepxHoCTb Tennoo6MeHa s napore­
HepaTOpax; kj - Teeymee 3HatJeHHe K03cpq>HUHeHTa Tenno­
nepe.uaq1-1 Ha y11acTKe Tennoo6MeHa, Bb111HCJieHHOe Ha oc­
HOBaHHH ,n;aHHhlX cTaT11qecKoro TennoBoro pacqern napo­
reHepaTOpa; cM, c1 - TennoeMKOCTb MeTanna Tpy6oK no­
sepxHOCTH Tennoo6MeHa 11 TeIIJIOHOCHTeJUI I KOHrypa s 
naporeHepaTopax, cooTBeTCTBeHHo; mM - Macca MeTanna 
Tpy6oK nosepxHOCTH Tennoo6MeHa; V I nr - o6beM Tenno­
HOCHTellil I KOHrypa s npe,n;enax IIOBepxHOCTH Tennoo6Me­
Ha B naporeHeparnpax; S2 - nnorua.uh npoxo,n;noro ceqeHIDI 
)lIDI cpe.UhI II KOHrypa B naporeHepaTOpax; Tinr, hnr - ne­
pMMeTP H ,n;JrnHa nosepxHocTH Tennoo6MeHa s naporeHepa­
Topax, COOTBeTCTBeHHO; Yt - cpe,n;rurn nnoTHOCTh TenJIOHO­
CHTemr I Konrypa B rraporeHepaTOpax; RH, DH - HOMHHaJib­
HbIH pacxo,n; TenJIOHOCHTeJUI H muaTeJibHOH B0.llhl, COOT­

BeTCTBeHHO; Dne - pacxo,u IlHTaTeJU,HOH BO,ll.hl B naporeHe­
paTOpbl B )lOJUIX OT HOMHHaJibHOro 3HatJeHm1; R - pacxo)l 

TeIIJIOHOCHTeJUI l KOHrypa B )lOJUIX OT HOMHHaJibHOfO 3Ha­

qemUI; Tj, Tj.1 - TeMneparypa rennoHoc11TeID1 l Kottrypa 
Ha Bxo.n:e B q>HKCHpOBaHHblli yt-IaCTOK H Ha BbIXO.[le H3 Hero, 
COOTBeTCTBeHHo; ij-1, ij - 3HTaJibIIIDI cpe.[lbI II KOHrypa Ha 

BXO.[(e B Q)HKCHposaHHbIH yqacTOK H Ha BbIXO.lle H3 Hero, 

COOTBeTCTBeHHO; icp, t2j, Yj - cpe.nttee 3Haqem1e 3HTaJibilHH, 

TeMneparypbI .11 IIJIOTHOCTH cpe,LI;hl II KOHrypa Ha y1-rncTKe, 
COOTBeTCTBeHHO. 

C uenhJO ynpomemu1 MaTeMaTH11ecKoii Mo,n;em-1 s nep­
BOM H3 npHBe,[(eHHbIX Bblllie ,n;McpcpepeHI.UfaJil>HhIX ypaBHe­

HHH HCTIOJlb3yeTC.SI .n:onymemre, no KOTOpOMY aKK)'MYJI.SIUIDI 

Terrna s MeTanne -rpy6oK IIosepxHocrn Tennoo6MeHa yq11-
ThIBaerc51 nyTeM cyMMHposamrn ee C TemIOBOH aKK)'MYJI51-

UHeH s so,n;e I KoHrypa. flpH 3TOM, lff0601 HCKJIJ0'9:HTb 3a­
BHCHMOCTh TeIIJIOBOH aKK)'MYllilUHH B MeTaJIJie OT pacxo.na 
TeITJIOHOCHTeJI51, COOTBeTCTBYIOIUM COCTaBllill01Ua51 TeIIJIO­

BOH aKK)'M)' IDIUHH ( cMmM) YMHmI<aeTc.SI Ha senwrney 3Toro 
pacxo,n;a B .llOJI.SIX OT HOMHHaJibHOfO 3HaqeHH51. 

B 3aBHCHMOCTH OT BeJIHiiHHbl 3HTaJihIIHH cpe.[(I:,J II KOH­
rypa Ha sxo.n:e (ij-1) H Ha BbIXO,[le (ij) Ka~oro cpHKCHpOBaH­
Horo yqacTKa (j - HOMep paccMaTPHBaeMoro yqacTKa) 3Ha­
tJeHHe K03cpcpHuHeHTa Tenrrorrepe~aq11 (kj) paBHO pactJeT­
HOMY 3HaqeHHlO 3TOro K03cpcpHUHeHTa .llJI.SI 3KOHOMaH3ep­

HOro, 11cnapInen1:,Horo HJIH rraponeperpesaTem,Horo yqa­
CTKOB Terrnoo6Metta B naporettepampe. B Tex cnyqa51x, 
KOr,n;a 3HalJeH.IDI 3HTaJihIIHH ij-1 H ij COOTBeTCTBYJOT pa.3HbIM 

cpa30BbIM COCT051HIDIM cpe,n;bl II KOHrypa (ao,n;a H IIaposo­

):(51Ha51 CMeCb HJIH napOB0):(51Ha.51 CMeCb H neperpen,1i1: nap), 

):(JI.SI ~aHHOro yqacTKa B nporpaMMe BhNHCJI.SIIOTC.Sl «cpe.n­
HeB3BerneHHbie>> 3HatJeHH51 K03cpcpm_\HeHTOB Tennonepe.na­
q11 H TeMneparyphI cpe,n;bl II KOHTypa Ha .llaHHOM cpHKCHpo­

BaHHOM yqacTKe. 
Tip11 ij.1 < i'(P11) 11 ij < i'(PH) ,n;aHI-1I,rn cpHKCHpOBaHHbm yqa­

CTOK OTHOCHTC.SI K 3KOHOMaH3epHOM)' yqacncy Terrnoo6MeHa B 
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naporettepaTope H ,[(JUI Hero BhNHCIDIIOTCH 3HatJeHH51 napaMeT­
poa kj=k3, icp=0,5 (ij-1+ij), t2j = f(icp), Yj = f(t2j), 

flpH ij-l < i'(P") H ij >i'(P") .naHHI>IH q>HKCHpoaaHHbIH 
y11aCTOK Haxo,n;HTC51 Ha rpaHHUe Me~y 3KOHOMaH3epHbIM 

H Hcnap1nenhHhIM rmcTKaMH Tennoo6MeHa s naporeHe­
paTopax H .ll.Jl.SI Hero BbltJHCJI51JOTC51 3HatJeHH51 tj-1 = f(ij-1), 

_ (0,5ti_,· +O, St,, )({-ii_, )+t,, (i1 -{) 
tH = f(P11), hj - . , 

lj -zj-l 

cpe,llHee 3HatJeHHe IlJIOTHOCTH cpe,n;hI II KOHrypa Yj C'9:HTaeT­

C51 paBHbIM y', 
{-i . I i .-{ 

kj=k3 X ~+kH X -.-
1
-.-

zj-lj-l z1 -zj-l 

flpH i'(P ") < ij-1 < i"(P ") H ij < i"(P ") < ij-1 ,n;aHHhIH qJHK­
cHpoaaHHhrn yqaCTOK OTHOCHTC.Sl K HcnapHTeJibHOM)' yqacT­
Ky Teru1006MeHa B naporettepampax H .llJUI Hero s1:,11rncm1-
JOTC.S1 3Haqemrn kj=k11 , t"=f(P H), t2j=tH . BhNH:CAAJOTC.H )lJIH 

TaKoro yqaCTKa TaIOKe cpe,n;Hee napoco.nep)KattHe H cpe.ll}OOI 
no o6oeM)' yqaCTKa TIJIOTHOCTb rrapOB0):(5IHOH CMec11: 

- 0, 5(ij +ij-1 )-{ y y 
Xj- (-{ Yi y• +(y°-y")xi 

flpH i'(PH) < ij-t < i"(PH) H ij > i"(P") ,n;aHHbIB q>HKCH­
posaHHbIH )'1IaCTOK Haxo,n;HTC51 Ha rpaHHUe HcnapHTeJibHO­

ro H IIaponeperpesaTerroHoro y11acTKOB Tennoo6MeHa B 
naporeHepaTopax H .llJUI Hero BhJqHCJI.SIIOTC.SI 3HatJeHH51 

tH=f(P H), tncp=f(0,5(i"+ij), P n), 

t,, (( -ij-1 )+tncp (ij -{) 
t2j . . 

l j -lj-l 

Cpe,n;Hee 3Hat.tem,ie nnoTHOCTH cpe,n;bI II Kottrypa Yj 
ClJHTaeTC.Sl paBHbIM y". 

{-i. I i .-( 
kj=k'.) X ~ +kH X -. _J -.- • 

lj-zj-l lj-lj- l 

Ilp11 ij-1 > i"(P 11 ) 11 ij > i"(PH) paccMa-rpirnaeMhIH cp11K­
cHposaHHhIH yqacTOK OTHOCHTC.SI K naponeperpeBaTeJibHO• 
MY yqacTey Tennoo6Metta. )];JUI Hero Bh111HCJIJJJOTC51 kj=kn , 

t2j=f(icp, P n), Yj=f (t2j, P n), 
B np11Be,[leHHbIX BblpIDKeHH5IX npHIDITbl o603HaqeHH.SI: 

k3, k", kn - 3HaqeHH.Sl K03cpcp11u0eHTa Tennonepe,n;aq11 Ha 
3KOHOMaibepHOM, HCnapHTeJibHOM H rraponepe­

rpeBaTem,HOM ytJaCTKax Terrnoo6MeHa, BbJqHCJieHHhle Ha 
ocHosamrn ,n;aHHhIX CTaTHqecKoro pacqera naporeHepa­

Topa; tH - TeMrreparypa HaChII.UeHH.SI, COOTBeTCTBYJOI.Ua.SI 
~asneHHIO pH; i', i" - 3HaqeHH51 3HTaJibilHH B0.llhl 11 napa 

Ha JIHHHH HaCbill~eHH5I; y', y" - 3HatJeHH51 TIJIOTHOCTH BO~bl 

H rrapa Ha JIHHHH HaCbIIUeHmI; Xj - cpe,n;Hee 3Haqem1e Be­

cosoro napoco,n;ep)KaHH51 B naposo.n;51HOH cMecH ~n51 

,n;aHHOro qrnKCMpOBaHHoro yqacTKa TeIIJI006MeHa; tncp -
cpe,n;Hee 3HatJeHHe TeMneparyphl neperpeToro IIapa Ha 
yqacTKe. 

TeMneparypa napa Ha BhIXO,n;e H3 naporettepaTOpos BhI­
'tfHCJUieTC.H B 3aBHCl1MOCTH OT 3HTaJibilHH TenJIOHOCHTeJUI iN 
Ha BhIXo~e 113 N-ro (nocne~Hero) cpHKcHpoaaHHoro yqacT­
Ka: t0 = f(iN, P n). 

Pacxo,n; IIapa Ha Bbixo,n;e 113 naporettepaTopoa BhI'lJ:HCJI.H­
eTc.H C ITOMOlllblO cne.nyJOIUHX ypaBHeHHH: 



I N 

M2=- S2 hnr LYJ ; Dn= 0 npI-1 iN<i'(Pn); 
N }=I 

Dn = D - _l_ dM 2 
rrpH iN>i"(Pn); 

DH dt 

D = (D __ I dM2) iN-{ .,(P) . .,,(P) 
n rrpH l n <1N< 1 n , 

D,, dt {-{ 
B 3THX ypasHeHIDix M2 - Teeymee 3Haqem1e Macc1,1 

cpe.n.1,1 II K0H1ypa B rrpe.n.enax II0Bepxaocrn Tennoo6Meaa B 
naporeHepaTopax; iN - JHTarrbnH.SI cpe,n1,1 II K0Hiypa Ha 
BbfX0.[(e 113 Il0BepxH0CTH TeITJI006MeHa B rraporeHepaTopax. 

OCHOBHbie ,lJ,0CTOHHCTBa npe.n;naraeMoro HaJia,n.0qHo-
11.CITbITaTem>H0ro K0MJIJieKca. 

1. Enaro.nap.8 HCJT0Jlb30BaHHIO nepC0HaJihHbIX K0MilblO­
TepoB orna.n,Ka rrpouecca ynpaBneHIDI cpH3WieCKHM nycKoM 
PY ocymecTBJI.8eTC51 uenHKOM (HMHTaUIDI IlO,UoeMa MOIU­

H0CTH Ha 8 - 10 nop.SI.UK0B ocymecTBmleTC51 6e3 TeXH0JI0-
rnqecKH.X OCTaHOBOK). 

2. H.cnom>3yeMa.SI B cocTase Mo,neJIH PY «ace­
pe)KHMHa.SI» Mo.n,eJTh naporettepaTopoa, s KOTopoii Henpe­
pbIBHO BOCIIpOI13B0,UHTC.8 npouecc H3MeHeHH51 COCT051HIUJ 

cpe.n,1,1 II K0H'rypa OT Harpeaamui so,u1,1 H reHepau1rn: napo-

BO.[(.SIHOH CMecH .n.o rettepauHH neperpeTOro rrapa, no3B0IDI­
eT np0B0,UHTb HCITblTaHIDI CY3 6e3 TeXH0JI0n-t:'IeCKHX oc­
TaH0B0K rrpH nepexo.ue OT 0,[{H0ro pe)KHMa ynpasneHH.8 PY 
K .n;pyroMy. 

3. KoMnneKC ,naeT B03M0)KH0CTh npoB0,UHTh Hana.u,ey 
annapaiypbl CY3 no qacrnM, 3aMeffjl.SI oT.n,enhHhie :meMeH­
ThI annapa-ryphI HX MaTeMaTJ,fCieCKHMH M0,D.e.IDIMH. 

4. KoMIIJieKC Il03B0JUleT CHHMaTh peanhHbie xapaKTepH­
CTHKH 6JIOKOB H -rpaKT0B cpopMHJ)OBaHIDI CHrHaJI0B anna­
paT)'pbI CY3 KaK 3BeHheB CHCTeMbI ynpaBJieHIDI (BeCOBhle, 
1:1acT0THh1e xapaKTepHCTHKH) c uenhro amurn3a ycToiiq11so­
CTH H ,D.HHaMHqeCKI-IX xapaKTepHCTHK CHCTeMbl. 
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OQEHKA BJIIDIHH.H IlOilEPE411:bIX IIEPETEqEK HA PACilPE~JIEHHE 
IIJIOTHOCTH TEIIJIOHOCHTEJIJ( B AK~HBHOH 30HE B0,I(O-BOMHOro PEAKTOPA 

B.l1. ByoHUK06, o.r. CaBUXUl-l, A. C. l/ucmoe, 
Hl111 MexaHuKu HHTY, 603950, H Hoe20poo, np. I'awpuHa, 23, Kopn. 6 

Pa3pa6oTaHa MaTeMaTH'!eCKaJI MO.QeJib .nm1 pactJeTa Tennorn.npaBJIH\feCKHX npOI.\eCCOB B aKTHBHOH 30He BO)J.0-BOJ.VIHOro peaKTopa Me­
TO)J.OM H306apHoro ce1.1emrn. AKTHBH3$1 30Ha npe)J.CTaBJieHa B BHJJ,e rn.npaBJIM'leCKOH CeTH, COCTOSill.leH H3 nocne.noBaTeJibHO H napanneJJb­
HO coeJJ,1rneHHbIX KaHanOB. l1pe)lJIO>KeH 6bICTpo.neifoTByJOI.I.lHH MeTO.ll pewemrn CHCTeMbl ypasHeHHH MaTeMaTHYeCKOH MO.nemr. B Kal!eCT­
ee HJlJIIOCTpal..{HH paCClJHTaH nepeXO)lHblH npoll,ecc B H30JUipOBaHHOH aKTHBHOH 30He BTI.63P-600. )];JlSI oueHKH BJIH.SIHHSI nonepeYHblX 
nepeTet.ieK TenJIOHOCMTeJI.SI npoee.neHhI T8K)Ke pactJeThl no ynpomeHHbIM Mo.nem1M. 

ASSESSING THE CROSS-FLOW DEPENDENCE OF THE COOLANT DENSITY DISTRIBUTION IN THE WWR CORE. 
V.I. BUDNIKOV, O.G. SA VIKHIN, A.S. CHISTOV. A mathematical model has been developed for analysing thermo-hydraulic proc­
esses in the core of the WWR, using the isobaric section method. The core is represented as a hydraulic network consisting of channels 
with serial and parallel connection. A robust method for analysing the equation set of the mathematical model is presented. The efficiency 
of the method is illustrated by analysing a transient process in the isolated core of the VPBER-600. To assess the dependence of coolant 
cross-flow, simplified models are also used in the analysis. 

BBEAEHHE 

IloBhlllieHHe -rpe6oBaHHH K 6eJonacHoCTH A3C npH.Bo­
.D;HT K Heo6xo.n,HMOCTH pa3pa6oTKH MaTeMant:1.leCKHX Mo,ne­
JieH H rrporpa.MM, Il03BOJUIIOIUHX OilHChIBaTb npocrpaHCT­

BeHH)'IO JlHHaMHKY aKTMBHOH 30HhI peaicropa. B HaCTm1mee 
apeM51 11MeeTc.S1 6oJihmoe 1.mcno oTeqeCTBeHHhIX rrporpaMM­
HhIX KOMIIJieKCOB, pemaromHX :ny 3a,naqy. TaK, HanpHMep, B 

pa6ore [ 1] npHB0.[(HTC.SI orrncrurue nporpaMMhI, HCil0Jih3YIO­
llleH -rpeXMepH)'IO M0,D.em> reqeHIDI TeTTJI0H0CHTeIDI B aimm­
HOH 30He. E,rurnoo6pa3HhIH cnoco6 Mo,n.em1p0Bamra HecTa­
UHOHapHhIX Tennorn.n.pa.Bm1qecKH.X npouecCOB B aKTif.BHOH 

30He H BO BCeM K0H-rype UHpKYIDIUH11 npHH51T B pa6oTax (2, 
3]. B [2) KIDI<JJ.OH Kacce-re aKTIIBHOH 30HhJ COOTBeTCTBYeT 

TeITJiorn.npasrrHl.leCKHH KaHan, co.n,ep)KamHH TaKoe :>Ke q}ICJI0 
paCt.JeTHhIX 3JieMeHTOB, KaK H HethpOHHO-q>H3Ht.IeCKHH MO­

JlY1Ih. IlporpaMMHhIH M0A)'Jih, npe.n,cTaB11eHHhIH B pa6oTe 

[3], Il03B0IDieT M0,Uem-t:p0BaTh HeCTal.(H0HapHb1e npoueccbl B 

npOH3B0Jll>HblX TeIIJiorn.n;paBJIJ,fCieCKHX CeTHX. 

B p~e BO,UO-B0.[(.SIHhIX peaKTOpOB, Hanp1rnep, B 

BITE3P-600 H BB3P- l 000 c arr1>TepttaTMBHOH TBC 
(TBCA), npe.nnaraeTcH Hcnonh30BaTh 6ecqeXJIOBbie Kac­
ceThI. B CB.Sl3H C 3THM .[(JUI TaKoro THna peaKTOpOB yqeT 

nonepeqtt1,1x nepeTel.JeK TennoH0CHTeIDI Me)l(J].y KacceTa­
MH, a TaIOKe -ryp6yneHTHhIH o6MeH HMIJYJibC0M H 3Heprn­
eii, HBJUieTCSI aKTyaJibHOH 3a_uaqeii. AHanornqHbie npo-
6neMhI B03HHKalOT H npH pacqeTe peaKTopoB C map0BhIMH 
TB3JlaMH. 

):(1rn BB3P- 1000 c TBCA MeTO.n pewemrn yKa3aHHOM 
3a.n,aq1-1, ocHoBaHHhIH Ha gqeellHOM Mo.nerrH TBC, H3JI0)KeH 
B [4]. B HacTOHmeti pa6oTe Ha np1-1Mepe BITE3P-600 oue­
HHBaeTc~ smurn11e nonepe'iHbIX nepeTet1eK Ha pacnpe.n,e-
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JieHHe IlJI0TH0CTH TeTIJIOH0CHTem1 B aKTHBHOH 30He. }:(JI.SI 

perneHH.H :non 3a,n;atrn npe.n;naraeTc.H anropHTM Terrno­

n1.n;paa1nP-1ecKoro pact.JeTa pa3BeTBJieHHbIX KOHT)'pOB, 

np11B0,ll;51TC.H KpaTKOe OilHCaHHe anropHTMa H B03MO)KH0-

CTH ero npHMeHemu1 ,ll;JI.H pact.JeTa aKTHBHOH 30Hbl B0.L{O-

BO,ll;5£ttoro peaKTopa MeT0.Ll0M H3o6apttoro ceqeHH.H. 

,llrIB nonyqeHIDI t.JHCJieHHOH 0QeHIGI BJIIDIHIDI nonepet.JHblX 

nepereqeK TefIJioHocHTeJI51 npoae.n;eH pacqeT nepexo.L{Horo 

npouecca B BITE3P-600, Bbl3BaHHOro )'MettbIIIeHHeM TeMne­

parypbI BO,ll;bl Ha BXO.L{e B aKTHBHYJO 30tty. 

MATEMATH"IECKAH MOAEnb 

O.L{HHM H3 MeTO,l{0B, IIIHp0K0 rrpHMeIDleMbIX rrpH fH.n;­

pasnw-1ecKOM pact.JeTe aKTHBHOH 30HbI BO,ll;O-B0.L{.HHbIX pe­

aKT0p0B, .HBJI51eTC51 MeTO.n; H306apHoro ceqemrn, 0CH0BaH­

HbIH Ha npe.n;nOJIO)KeHHH O HeH3MCHHOCTH .n;asneIDUI B mo-

6oM nonepet.JH0M ceqemrn aKTHBHOH 30HbI peaKTopa. IlpH 

11crroJib30BaHHH rnnoTe3bI 11306apttoro cetJeHM.H nepepac­

rrpe.n;eneHlie pacxo.n;oa Me:>K.ny .srqe11KaMH npoHcxo.n;HT Ta­

KHM o6pa30M, 1-IT06bI o6ecnet.JHTb BbITI0JIHeHHe ycJI0BH.H: 

ITa.z:(eHHe .n;aBJieHH.H B napanneJibHblX KaHanax 0.L{HHaKOBO 

[5]. fH.n;paBJrnqecKHe TIOTepH np11 3TOM orrpe.n;emnoTCH 

HCKJUoqiffeJibH0 np0.Ll0JlbHblM ( oceBbIM) .L{BH)l(eHHeM Ten­

JIOHOCHTemI. 

,[(JI.H pact.JeTa aKTHBHOH 30HbJ MeT0,l{OM H306apttoro ce­

lfeHllil y.n;o6Ho rrpe,n;CTaBHTb aKTHBttyIO 30tty B BH.Ue Terrno­

rn.n;paBJUlqecKOH cent Il0CJie.L{OBaTeJibHO H rrapanneJibHO 

coe.L{HHeHHI>IX KaHaJI0B. B y3nax coe.n;1rneHIDI KaHaJI0B rre­

peTeYKH pacxo,n;oB Me:>K.ny KaHanaMH M0.L(eJIHPYlOTCH C yqe­

T0M 3aK0Ha coxpaHeHH.H MaCCbl. O6MeH HMrryJihC0M H 

:meprne11, cB.H3aHHbIH c nepeTeqKaMH pacxo.n;a H ryp6y­

JieHTHhIM nepeH0COM, ocymecTBmieTCSI Me)K,l{)' pacl!eTHLI­

MH ToqKaMH KaHaJI0B. 

,[(;rn Haxo)l(,Aemu1 3Ha'-leHHH nepeMeHHhIX B y3nax co­

e.L{HHeHHH BbIIl0JIIDieTC.SI CJie.L{ylOllla.H II0CJie.n;oaaTeJibH0CTh 

onepauHH. B cnyqae rrocne.L{oBaTeJibH0ro coe.n;HHeHH.H rrpH 

r1eTe paseHCTBa pacxo.n;os H .L{aaneHHH a y3ne HcKJiroqaeT­

c.H rrpoMe~TOtJHOe coe.n;1rneHHe H HaXO,ll;HTCH CBH3h Me)K,ll;y 

BXO.L{HbIMH 11 BbIXO,l{HbIMH nepeMeHHbIMH. B cnyqae napa.n­

JieJlbHOfO coe.n;i,rneHIDI HaxO,D;HTC.H 3aBHCRMOCTh cyMMapHO­

ro pacxo.n;a Ha BX0,n;e 11 B.bTX0.L{e CHCTeMhI napamieJibHhTX 

KaHaJIOB OT .n;asneHHH B 3THX TQqKax. Tiocne peIIIeHIDI no­

cne.n;Hero ypaBHeHIDI C H3BeCTHhIMH rpaHHtJHhIMH ycno­

BIDIMH BOCCTaHaBmlBalOTCa 3HatJemur .n;aaneHHH B y3nax 

coe.L{HHeHliH. PeanH3oBaHHhIH B nporpaMMe aJiropHTM pac­

qera aBT0MaTH3Hp0BaH, T. e . .ll,IDI Hero OTCYTCTByeT Heo6-

xo.n;HMOCTh )'Ka3hIBaTb nocne.n;oBaTeJibHOCTb BhITIOJIHCHH51 

onepaUHM, .n;OCTaTO'tJHO 3a;:(aTb rpacp KOHT)'pa UHPKYIDIUHH. 

TipeHMyIUeCTBO om1caHHoro Bhime no.n;xo.L{a CBH3aHo c 

11CilOJTb30BairneM O,l{HOH pa3HOCTHOH cxeMhl nporpaMMhI ,n;JI51 

paC'-leTa KaK Komypa UHJ)K)' IDIUHH, TaK 11 .L{eTaJihHOro Terrno­

rn.n;pasmNeCKoro pacqera c6opoK TB3JJOB. TipWieM MO)KH0 

0)l(H,naTb, 'ITO rrpHMeHeHHe 6bICTpo.n;eifCTByIOIUero nonyHe-

5£BHOro MeTO.L{a Il03B0JIHT rrpoBO.l(MTh paC'tJeThl HeCTal.(H.0-

HapHbIX npoueccoB B llIHpOKOM BpeMeHI-I0M .n;HanaJoHe: OT 

aBapHH, CB.sl3aHHblX C 6bICTpbIMH JIOKaJI.bHhIMH B03M)'Ine­

HIDIMH a aKTHBHOH 30He, ,no nepexo.n;Hl>IX rrpoueccoa Ha 

HHTepaaJie BpeMeHH, xapaKTepH0M ,n;JI5I YCTaH0BJieHH.H CTa­

UH0HapHoro pe)l(HMa BO BCeM KOHT)'pe UHpK)'lliIUHH PY. 

C ueJibIO ynpomeHH.H MaTeMaTR1ieCKHX BbIKJia;:(OK .n;m1 

om1caHID1 .n;Byxcpa3HOfO TenJIOHOCHTeJUI B KaHanax rrp11IDI­

Ta MO.ll,eJib f0M0feHH0ro paBH0BeCHoro Il0T0Ka. ,[(JUI peme­

mrn TJ)eX .ll,H<pcpepeHUHaJibHhIX ypaBHeHHH coxpaHemrn B 
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KaHanax HCilOJlh30BaJiaCh IIOJiyHe5£BHa.H pa3HOCTHa.H cxeMa. 

B npaBbie qacTH pa3H0CTHbIX 3aK0HOB coxpaHeHllil .L{06as­

JieHbl CJiaraeMbie, Y'-IHTbJBalOIUHe o6MeH HMfIYJlbCOM 11 

:meprneii l1x q>OpMa aHaJIOfHtJHa HCTIOJib3yeM0.11 B pa6oTe 

[ 6]. CnaraeMbie Bbl'-IRCIDllOTC.H c npe.n;hi.n;yll.(ero rnara ITO 

BpeMemi H B MO.n;yne pac1-1eTa KaHaJia 5JBJI.HlOTC.H cpopMaJib­

HbIMH napaMeTpaMH. B CB.H3H C 3THM Heo6xo.n.11Ma oueHKa 

orpaHH'tJeHIDI Ha mar HHTerpHp0BaHIDI. 

YpaaHeHIDI MaTeMaTH'tJeCKOH M0,n;e;rn HMeIOT CJie.L{ylO­

IUHH BH.L{ (npHBO.ll,HTC.H CHCTeMa ypaBHeHHH .n;IDI KaHaJia C 

HoMepoM k): 

S apkik aGkik -Q I . 
k + - k+k, 

at ax 

ap* + aGk =O· 
at ax ' 

aGk 8Gkuk S a~ ► G -J --+--+ k -+",Jc kU/c - k , 
. at ax ax 

r.n;e t - apeM.H; X - npo,n;0JibHaH Koop,nHHaTa; s - IlJIO­

IUa.ll,b npoxo,n;Horo ceqeHH.sI; p - IIJIOTHOCTb; i - 3HTaJih­

mrn; G - pacxo.n;; u - cKopocTI>; P - .n;aaneHI-rn; Q - Te­

nJioaou rroToK; ~ - K03cpcpwuHeHT rn.n;pas;rnqecKoro 

conpoTHBJiemrn. 

YpaBHeHHe COCTO.HH.1151 HMeeT BH.n;: 

Vn(P,i), i>i"(P); 

I= v'(P)+ v"(P)-v'(P)(i-i'(P)) i'(P)<i<i"(P)· 
p i"(P)-i'(P) ' ' 

v8 (P,i), i<i'(P), 

r.n;e v1 
(P), v11 

(P), i1 
(P), i" (P)- y.n;eJihHhie 061>eMbI H 3HTanb­

TIHH Ha JIHHHH HaCbII.Uemrn; Vn ( P, i), VB ( P, i) - 38BHCH­

MOCTH y,n;eJihH0ro 061>eMa OT .n;asJieHR.H H 3HTaJlhilHH ,ll;JI51 

napa H B0.n;bl, C0OTBeTCTBeHHO. 

B npaBhie t.JaCTH ypaBHeHRH coxpaHeHIDI .n;o6asneHbl 

qJieHhl, xapaKTepH3YlO~He o6MeH ::rneprHeH H HMnyJihC0M 

MeJK,Zzy KaHaJiaMH: 

Ik = r~k.n ·0,5·( Gk +G,, )-(i,,-ik )+&(x }:~)k,,,Gk,n, 

Jk = L ~k,n ·0,5·( G/c +Gn H Un -ulc )+o(x }Ll1:,11Gk,n . 

3.n;ech nepBhie c11araeMhIe B Ik 11 Jk xapaKTepM3YlOT TYP· 
6y11eHTHhIH o6MeH 3Heprne11 M MMnyJihC0M C00TBeTCTBeH­

H0 (~k,n- K03cpcp11u.11eHT T)'p6yneHTHOfO o6MeHa), BTOphle -

onpe.n;ell51lOT KOHBeKTI1BHbIH rrepeHoc TeIIJI0CO.L{ep)KaHH.H H 

HMITYJibCa. Ilocne.L{HI1.e CJiaraeMbie 0TJII1.qHbI OT ttyJI.H T0Jib­

K0 B y3nax coe.n;HHeHHH rraparrnenhHbIX Kamums: 



{
I e y3ne; 

o( x )= 0 e11.ympu 1<aHaJla. 

Gk,n - npHTOK Macchl H3 n-ro KaHana B k-hIH Kattan. Ile­
peHOCHMbJH KOHBeKTHBHbIM HMny JihC h,n H Terrnoco,ll,ep)l(a­
HHe Ik,n 3aBHC51T OT HarrpaBJieHIDI nepeTOKa: 

{
in, Gk" >0 I - , 

k ,11- • G 0 
lk , k,11 < ; 

{

Un , Gk,11 >0 
Jk = 

,n U1c , G/c ,n <0. 

,[(ml 'IHCJieHHOfO peweHH51 pacrrpe,ll,eJieHHOH CHCTeM'bl 

ypaBHeHHH MaTeMaTH'IeCKOH MO,lJ,em1 HCITOJib30BaJiaCb pa3-

HOCTHruI cxeMa cne;zy10ru:ero BH,lJ,a: 

P11+l •11 +1 -p" i" S m lm mm 

m /lt 
n+I II G11+I _G11+I 

p 111 - pm + Ill 111- ) O . 
tit llx , 

Gn+I GI' Gn+I II G"+I 11 
Ill - m + m+lum+I - m u,,, 

tit llx 

pn+l_pn+I 
+ S m+I m + 

n, Llx 

+ ~mG:,+iu: =J;;, . 
3.necb Htt,neKCbl m H n 03HaqaJOT, qTQ nepeMeHHhie 6e­

pyTCH B m-OM y3ne ceTKH no KOOp.L(HHaTe H n-OM y3ne no 

BpeMeHM, !ix -mar ceTirn no Kooprornare, ~t -no epeMeHH. 
MeTO)l pernemrn CHCTeMbl pa3H0CTHbIX ypaBHeHHH oc­

HOBbIBaeTC51 Ha nonyT.Iemnt ypaBHeHJUI OTHOCHTeJIJ:,HO )].aB­

JieHHj! C 1]Jex.n11aroHaJihHOH Mal])HUeH, KOTOpoe pean113y­

eTCH cKan.HpHoi1: nporoHKOH. 

MnntOCTPMPYtoU.V,1M nPMMEP 

PaccMa-rp1-rnaeTc.H asapHHHhIH npouecc, pacqeT K0Topo­
ro rrpHBe,lJ,eH B pa6oTe [7]. 3TOT npouecc Bhl3BaH yMeHb­
rnem-teM Ha 110 °C TeMneparypbI B0,IU,I Ha BX0)le a aKTHB­
HYIO 30H)' BIIE3P-600, a pe3yJihTaTe qero BB0,lJ,HTC51 nono­
)l(JffeJihHaSI peaKTH.BH0CTb H cpa6aTbIBaeT aBapHHHruI 3a­
ll.U.ffa. Ilpe,ll,nonaraeTcSI, qTQ npH cpa6aTbrnamrn aeap11ii­
HOH 3all{HTbl npOHCXO,lJ,MT 3aBHCaHHe rpynnhI CTep)l(Helt l3 
pa6oTe [7] HCTI0Jib30BaJiacb MH0f0KaHaJJbHruI MO,lJ,eJib aK­
THBHOH 30Hbl 6e3 YT.IeTa nonepetIHhIX nepereqeK TeTIJI0H0-
CHTeIDL 

IlpH noc-rpoeHHH MaTeMaTHT.IeCKOH MO,lJ,em1 TeilJionm­

paBJIHtJeCKHX npoueccoB a aKTHBHOH 3oHe BITE3P-600 
HcnoJib30BaHbI cne.nyroru:He yrrpoma10mHe npe,ll,ITOJI0)l(e­
HH.51. PaccMaTpHBaJiaCb H30JII1pOBaHHaJI aKTHBHruI 30Ha C 

q>HKCHpOBalfHhlMH paCX0)l0M Ha BX0,l],e H .naeneHHeM Ha 
BbIXO,lJ,e. Ilpe)].nonaraJIOCb, qTo Kaccen,I, B KOTOpbIX npo­
H30UIJIO 3aBHCaHHe CTep)KHeM aeapHHHOli 3anI.HTbI, Haxo­

,lVITC51 Ha paCCT05IHHH pa3Mepa KacceTbI (TIO)]. KJIIOli) OTHO­

CHTeJil,HO .D.pyr .npyra. IlpeHe6perM BJIIDIHHeM KpaeBhIX 
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d) 
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Puc. I. PacnpeoeneHue nnomHocmu meMoHocumeJUl B u,ecmu 
KQHQJIQX 8 H080M ycmaH08U8WeMCR cmaiJU0HapH0M cocm0JlHUU: 

I, 2, 3, 4, 5. 6 - H0Mepa KQHQ/106 

3,5 

3cpq>eKTOB, M0)l(HO ceecn1 33.,ll.aqy K nocrpoemno M0.LJ.em1 
TOJibKO 0)].HOH SJqei1:KH nepHO)].HqHOCTH, BKJIIOqa10meii Kac­

cery, B KOTOpOH rrpOH30lIIJIO 3aBHCam1e CTep)l(HeH, H ee 

0Kpy)l(eHMe, COCT0.Hmee H3 Ha6opa IT0JIOBHH0K KacceT. Ilp11 
3T0M npHHHMaJI0Cb cneny10mee pacnpe,AeneH11e 3Hepr0BbI­
.lleJieHH5I B 51qeiiKe nepHO)].HqHOCTH B HOBOM (ycTaHOBHB­

meMCSI nocne oKoHqa.HH.51 aaapHiittoro npouecca) crnuHo­
HapHoM COCTOSIHHH. B KacceTe, B KOTOpOH IIpOH30llIJIO 3a­

BHCaHHe cTep)l(HeH, :meproe1>menett11e cocraam1eT l.feTurpe 
HOMHHaJibHbIX 3Haqemrn, a B ee OKpy)l(eHHH 3HeproB.bI)].e­

neHHe paetto eynro. IlpHIDIToe pacnpe.!(eJieHHe cornacyeT­
C51 C .naHHbIMH, npHBe)leHHbIMH B pa6oTe [7]. flpH pacqeTax 
SJqeifKa nepH0)lHqttocTH 6brna npe,ucTaarretta rnecThIO na­
panJieJibHbIMH K8HaJiaMH, K0TOpbie, B CB0IO oqepe.nb, 6bIJ1 11 
pa36HTbl Ha .nec.HTb fiO)].KaHaJI0B. Ko3cpcpI11_\11eHThl ryp6y­
neHTH0ro o6MeHa BbI611pan11Cb cornaCHO 3aBHCHM0CTSIM, 
npHBe)],eHHI,JM a [ 6] )lmI TJ)eyrOJibHOH pemeTirn CTep)l<HeH, 
H nepecqHThIBaJIHCb ,lJ,JI51 reoMerpHH KacceTbI BIIB3P-600 
Ha 0CHOBe KpHTepIDI no.no6H5I. 

Pe3ym,TaT1>1 pacqeTOB npe,ll,cTaaneHbI Ha pHc. 1, 2. Bee 
rrpHBe)leHHble BeJIHT.IHHbl HOpMHpOBallbl Ha RX HOMHHaJib­

Hbie 3HatJeHH.51. no KOOp)lHHaTHOH OCH X OTJIO)KeHO pac­

CTO.SIHHe OT BXO)].a B aKTHBH)'IO 30H)'. 1-:13 pacqeTOB cne,lJ,yeT, 
lfTO pacxo)]. B CTaUHOHapHOM COCT05IHHH H3MeIDleTC.H no 

)].JIHHe, IlOCK0JibKy cymecTByIOT rrepeTelfKH Me)l(Jzy KaHa­
naMH. OcHOBHOH HHTepec npe.D.cTaBJUieT pacnpe.D.eJieHHe 
TIJIOTHOCTH TenJIOHOCHTeIDI B KaHane, MO)].em1py10meM Kac­

cery C 3aBHCJllHMl1 CTep)l(H5JMH aeapHHH0H 3all{HTbl. 3TO 
CB.Sl3aHO C TeM, qTo H3MeHeHHe IlJIOTHOCTM TeITJJOHOCHTeJISI 

B 3TOM KaHane BHOCHT OCHOBHOH BKJiaJJ: B IlJIOTHOCTHOH 

3cpcpeKT peaKTHBHOCTH. 

,[(ml oueHKH BJIH.5IHIDI rronepe':IHbIX nepeTeqeK Ha pac­
npe.neneHHe TIJI0THOCTH TeilllOHOCHTeJI51 B KacceTe, B KOTO­
poii npoH30lliJIO 3aBHCaHHe cTep:»rneii, npoee.D.eHbI pacqeThI 
asapHH Ha OCHOBe MO)].eJIH, COCTO.Hll{eH 113 O)lHOro KaHaJia H 

npe)lCTaBJIHIOll.ldi co6oii a.HaJI0f IT0JIHOfO rrepeMeJllHBaHH.SI, 
a TaIOKe no MO)].eJIH, COCTO.Slllleii H3 )lByx rrapanneJibHbIX 

Ka.HaJIOB, KOTOpruI He YlfHTbIBaeT B3aHMO)leMCTBHe Terrno­

HOCltTeIDI B nonepeqHoM ceqemrn. 
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Pe3JJibTaTf,I pact.IeTa MO,UeJibHbIX 3a,uaq npe,uCTaBJieHI,l 

Ha pHC. 2. :Vb cpaBHemrn rpaq>HKOB cne.uyeT, qTo OTHOllie­
HHe nOJIHOfO H3MeHeHIDI TIJIOTHOCTH TeIIJIOHOCHTe.JUI B Ka­

mUie C :rneproBbI,D.enem1eM K IlJIOTHOCTH Ha BXO,Ue COCTaB­

ID1eT 5% np11 rroJIHOM nepeMerrnrnaHHH, 27% 6e3 yqera 
B3aHMO,UeHCTBIDI H 13% C ycieTOM rrorrepeqHbIX rrepeTeqeK. 

TaKHM o6pa30M, H3 paccMorpeHHhlX yrrpomeHHbIX MO­
.nerreM HeJII,3SI BbI6paTb HH O,UH)', KOTOpa.H 6.bl ,uaaana KOJlH­
t.JeCTBeHHbie pe3yJibTaTE>I, 6JIH3KHe K rro.nyqeHHI,IM no MO­
,ueJIH, yiu-n1,rna10metf rronepeqtt1,1e rrepeTet.JKH. 

1,2 

1,2 

1, 1 
~ 
::c 1,1 
f-, 
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.£ 1,0 f-, 
(.) 
0 
:I: 
!-< 
0 

2 
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0,8 
0,5 

3 

1,5 2 2,5 3 

X,M 

---, 
I 
I 

I 
7 

2 
-! 

3,5 

Puc. 2. Pacnpeoe/leHWl n11omHocmu menJ10Hocume1111, no11y11e1111b1e Ha 
OCHOBe pa:JJIUllHblX MGmeMamu11eCKUX MOOe/leu: J - MOOe/lb no/lHOZO ne­

pe.MeutUBOHWl, 2 - MOOe/lb c y11emoM nonepe'IHblX nepeme11eK, 3 - MOOe/lb, 
11e YI/Umbzea101.4all e1aUMooeiicmeue e nonepe11110M cel/euuu 
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Y,[(K 621.039.514 

TYPliYJIEHTHOCTh HEHTPOHHOro IIOIDI 

(IIPOCTP AHCTBEHHO-BPEMEHHOH XAOC) B MEPHhIX PEAKTOP AX1 

H. C. llocmHUKOB, Hl111 MexaHuKu HHI'Y, 
603950, H.Hoe2opoo, np. I'a2apuHa, 23, Kopn. 6 

B paMKax O.D,HorpynnOBOH .llH<pq>y3HOHHOH MO,AenH KHHeTHKH C mrneHHblMH H HeJlHHeHHblMH o6paTHblMH CBSl3}1MH HCCJleA0BaHa xao­
Tl-fljeCKaR AHH8MHKa 11.l(epHbIX peaKT0pOB. TIOKa38HO, lfTO B peaKTopax 60J1bllIHX pa3MepoB MO)KeT B03HHKaTb npocTpaHCTBeHHO­
BpeMeHHOH xaoc, xapaKTepH3YlO~HHC.R CJ10)KHbIM apeMeHHbIM H np0CTpaHCTBeHHblM noae)J.eHHeM. 8 "-laCTHOCTH, Bbl.SIBJieH H HCCJle.D,OBaH 
xaOTH'ieCKHH pe)KHM, Ha3BaHHbl.H HMnyJibCHOH ryp6yneHTHOCTblO HeHTp0HH0ro nom1. ripHBe)leHbl npHMepbl B03HHKH0BeHHH npocTpaH­
CTBeHHO-BpeMeHH0fO xaoca ,l.l,JUI pa3mi1-IHblX THTI0B JIHHeHHbIX H HeJIHHeMHblX o6paTHblX CBj13eH. YKa3aHO Ha u.enecoo6pa3HOCTb peamna­
UHH pe)KHMa HMnyJibCHOH ryp6yneHTHOCTH B peaKTopax C fa3006pa3HblM H)J.epHblM TOnJIHB0M. 

TURBULENCE OF NEUTRON FIELD (SPATIO-TEMPORAL CHAOS) IN NUCLEAR REACTORS. N.S. POSTNIKOV. 
Chaotic dynamics of nuclear reactors is investigated within the scope of one-group diffusive model of kinetics with linear and nonlinear 
feedbacks. It is shown that in the reactors of large sizes spatio-temporal chaos, characterized by complex temporal and spatial behavior, can 
take place. In particular, chaotic regime is identified and investigated which is called pulse turbulense of neutron field. The examples of 
spatio-temporal chaos origin are given for various types of linear and nonlinear feedbacks. It is indicated to the expediency of the realiza­
tion of the pulse turbulence regime in reactors with gaseous nuclear fuel. 

1 Pa6oma nooiJepJ1caHa zpaHmOM (N T00-1 .3-81) no (j>yHiJG.MeHmaJlbHblM uccneooeaHWl.M e o6nacmu mexHu1.1ecKUX HayK. Pa3iJe.;r 3Hep­
zemuKa u 3neKmpomexHuKa (MuHo6pa3oeaHue, M3Jf) «llpocmpa,-1cmeeHHo-epeMe1mou xaoc e ouHG.MUKe RoepHblX peaKmopoe». 
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.HBneHHe caMo3apo)K)J;eHIDI cnyqauHoro B Hec.rryqauttoii 

)J.eTepMHHHpoBaHHOH CHCTeMe .sIBIDIOCb O,D;HHM H3 BIDKHeH­

urnx OTKpbITHH IIOCJie,D;HHX JieT. XaoTH'leCKHe KOJ1e6aHID1 

BbUIBJieHbl, HCcne,nosaHbI H HaXO,D;JIT npaKTHt.JeCKOe npHMe­

HeHHe B pa3H006pa3Hb1X 06nacn1x eCTeCTB03HaHIDI H Tex­

HHKH. 

Hrui6onee H3yqeHHbIM JIBJUieTC.sl speMeHHOH ,nHHaMWie­

CKHH xaoc, B03HHKalOmHH B CHCTeMU C MaJibIM 'IBCJlOM 

CTeneHeH cao6o,nbI, OIIHCbIBalOIUHXC.sl, KaK npaBHJJO, cocpe­

,noToqeHHbIMH MO,neIDIMH HeBblCOKOro nop.s1,n;Ka. MeHee HC­

cne,noBaH IIpOC'I'paHCTBeHHO-BpeMeHHOH xaoc, BO3HHKaIO­

[UHH a pacnpe,l.\eneHHbIX )J.HHaMH'-leCKHX CHCTeMU. TaKOH 

xaoc xapaKTep1nye-rc.s1 CJIO)l(l-ll,IM BpeMeHHbIM H IIpOC'I'paH­

CTBeHHbIM noBe,l.\eHHeM, KOr)J.a C.rrytlaHHbIMH OKa3bIBalOTC.sI 

He TOJThKO speMeHHhie pea.nH3aI.{MH nponecca, HO H pacnpe­

,l.\eJieHIDI nonei1: s npOC'fPIDICTBe. Ero BIDKHeHIIIHM npHMe­

poM CJI)')IOIT'I)'p6yneHTHOCTb s )KH)lKOCT.sIX H fa3ID{ [1-3]. 
B 60J1blllHHCTBe pa6oT, HanpHMep, B CTaTb.sIX [4-12], 

HCCJIC)lOBaHHe xaoTHt.JeCKOH )J.HHaMHKH MepHbIX peaKTO­

pos npoae.neHo B paMKax ToqeqHbIX Mo.neneii, H reM ca­

MbIM H3yqeH TOJibKO BpeMeHHOH xaoc. B pa6oTax (13, 14] 
).\HHaMHtieCKHH xaoc B peaKTope HCCJIC,l.\OBaH B paMKax 

pacnpe.neneHH:blX ypaBHeHHH. 0)lHaKO npH 3TOM J,13yqaJIHCb 

JIHlllb TaKHe xaoTHqecKHe ,l.\BIDKCHIDI, KOTOpbie xapaKTepH-

3YIOTC51 CJIO)KHbIM, Hepery1I.sipHbIM BpeMeHHbIM IIOBe,l.\eHH­

eM, HO npoCTbIM npoc-rpaHCTBeHHl,JM IIOBe,l.\eHHeM, KOr)J,a 

cpopMa HeHT!)OHHoro noJrn cna6o Mem1eTc.s1 so speMeHH. 

Me)K,D;y TeM Jl,l.\epHbIH peaKTOp .sIBJI.sleTC51 cymecTBCHHO 

pacnpe,ueneHHbIM ofrbeKTOM H rrpOC'I'paHCTBeHHbie 3cpcpeK­

Tbl B HeM HMeIOT Ba)KHCHUlee 3HaqeHHe. B qacTHOCTH, ~ 

peaKTopax 60JiblllHX pa3Mepos B03HHKaeT npOC'I'paHCTBeH­

Ha.sI HCCTa6HJ1bHOCTb HCHTJ)OHHOfO IIOJI.sl, Kor.na CTaI.{HO­

HapHoe pacnpe.neneHHe IIOTOKa HCH'I'pOHOB OKa3bIBaeTC.sI 

HeycT00qHBbIM OTHOCHTeJibHO HCCKOJibKHX rapMOHHK. IlpH 

3TOM, KaK Bbl.sICHeHo B pa6oTe (15], B peaKTope MO)KeT B03-

HHKttyTb npoc-rpaHCTBCHHO-BpeMeHHOH xaoc. CTaTb.sI [ 15] 
HBHJiacb nepso11 pa6oToH, s KOTopou B paMKax npoCTeif­

rneii pacnpe.nerreHHOH MO,l.\eJIH 6e3 3aila3.l.\hIBalOIUHX Heif­

TJ)OHOB ycTaHOBJieHa JIHillb npHHl..{HilHaJibHa.sI BO3MO)KffOCTb 

8O3HHKHOBeHH.sI npoc-rpaHCTBeHHO-BpeMeHHOfO xaoca B 

peaKTopax. 

B HacTO.simeif pa6oTe npoc-rpaHCTBeHHo-speMeHHOH xa­

oc HCCJie)J.yeTCSI s 6orree CJIO)KffbIX pacrrpe,l.\eJieHHbIX MO,ne­

JI.sIX, KOTOpbie yqHThIBalOT mrnaMHK)' 3aila3,D;bIBaIOI.l..{HX 

HeH-rpOHOB H lllHpOKO HCIIOJib3YIOTCH ,nJUI KaqecTBCHHOfO H 

KOJIHqeCTBCHHOfO OilHCaHIDI )lHHaMH'-ICCKHX npoueccoa B 

peaKTope. 3TO Mo.nenH O,l.\Horpyn11oaoro .l.\Hq>cpy3HOHHoro 

np116JIH)l(CHH.S1: 
k 

/{j(f) / at =M2'v 2<l>+(koo -l)<l>+ ~).;C; -P<l>; 
i=l 

ac; 1 at=P; ct>-A ;C;; i=I,2, ... ,k; 

ct>(r,t)+Yo ('v<l>,n)=O npH rer; 

k
00
(r,t)-I=k:(r)-l+M. 

(1) 

(2) 

(3) 

(4) 

3,uecb <l>(r,t) - TTOTOK HeHTJ)OHOB, 3aBHC.Slll(HH OT npo­

c-rpaHCTBeHHOH KOOp,nHHaTbI r H BpeMeHH t; r IIpHHa)J.Jie­

)KHT o6naCTH aKTHBHOH 3OHbl Q (reQ), orpaHHqeHHOH no­

BepXHOCTbIO r, Ha KOTOpOH 3a)J.aHbl rpaHHtJHbie ycJIOBIDI 

(3); ;; - HOpMaJib K f; I, y0, M = const>O; M - MHHa MH­

rpau1111 HeH-rpoHos; I - speM.SI :>IUI3HH ttew-rpottos; Ci(r, t)La 

- KOHUeHTpaUH.sI 51,l.\ep-H3nyqareneii 3aila3,l.\bIBaIOI.l..{HX Heii­

TJ)OHOB i -H rpynnb1; La - MaKpOCKOIIHqecKoe ceqeHHe no-

rnomeHIDI; A; >0 - IlOCTO.SIHHhie pacna,ua 3THX .su(ep; ~i >0 
- OTHOCHTeJibHbIH BhIXO)J. 3aTTa3,D;bIBaIOI.l..{HX HeHTJ)OHOB B 

pe3yJibTaTe aKTa aeneHJ,ljf; P= L:=
1
p1 ; k~l - tJHcno rpynn; 

k«> - K03Q)Q)HUHCHT pa3MHO)l(CHH.SI HeH-rpOHOB; k: - CTa-

1..{HOHapHOe 3HatJeHHe koo , KOTOpOM)' OTBetJaJOT CTaUHOHap­

Hble pacnpeaeJieHHR <l>·(,) H c;(,)=(~;l).. 1)<1>.; M - H3-

MeHeHHe koo 3a cqeT aei1CTBIDI o6paTHbIX CBJl3eH. 

PaccMOTpHM CHat.Jana cnyqaif, KOr,n;a o6paTHhie CB.sl3H 

B peaKTOpe .sIBJIHIOTC51 JlHHCHHbIMH H OIIHCbIBaIOTCR 

ypaBHeHH.SIMH 

M=0bT (U-U.)/ct>.; (5) 

au /8t=PU+d<l>. (6) 

3,l.\eCb P - IIOCTOHHHaH, rypBHUCBa Ma'I'pHUa mxm; 

d,b - IlOCTO.sIHHbie BeKTOpbI H3 Rm; U(r,t)eRm; nepeMeH­

Hble U;(r,t) onpe,ueJIBIOT COCTO.SIHHe peaKTopa; 

u·(r)=-P-1d<l>. - cTaUiifOHapHbie pacnpe.neneHH.SI nepeMeH­

Hb1x; 0 =const>O. 

TiycTb D - xapaKTepHblH pa3Mep o6nacrn n . B COOT­

BeTCTBHH co 3HaqeHHeM BCJIH'-IHHbI M / D2 
peaKTOpbl yc­

JIOBHO pa3)J.eJI.sIIOTC.SI Ha peaKTOpbI 60JihllIHX H MaJibIX pa3-

MepoB. K 60JiblllHM □pHtIHCJrnlOT peaKTOpbI, )J.JI.sl KOTOpbIX 

rt
2 M 2 I D 2 < p , ocTaJibHble CtJHTaIOTC.SI MaJibIMH. B peaKTo­

pax MaJibIX pa3MepoB cpopMa OTKJIOHCHHJI HeH-rpOHHOro 

IIOJI.SI H .npyrHX nepeMeHHhlX OT HX CTaUHOHapHbIX 3Hat.Je­

HHH cna6o H3MeIDieTC.SI BO BpeMeHH - TaK, qTo 

ct>=ct>• +n(t)ct>•; C; =c;• +c;(t)ct>*; U =u• +u(t)<t>.. (7) 

IlpH 3TOM ,D;JI.sl OilHCaHHH npoueccoa B peaKTOpe )J.O□yc­

THMbl ToqeqHbie ypaBHeHIDI, 3ailHCaHHbie OTHOCHTeJibHO 

aMrnrnrya n, c;, u: 

ldn I dt =(l+n)ok+ I:, A;C;-Pn; 

de; I dt=-A;C; +P;n; du I dt=Pu+dn; 

ok=ebr u. 

(8) 

(9) 

B pa6oTax [11, 12] IIOKa3aHO, tJTO eCJIH HMIIYJJbCHa.sI 

cpyHKUHJI o6parnow CBH3H ro(t)=br exp(Pt)d OTJmuaTerrb­

Ha, HeMOHOTOHHa H BhIIlOJIHeHO ycJIOBHe 

ro(t)«.o(O)exp{s0t) npH scex t>O (s0 <0 - 6JIH)KaHillee K 

MHHMOH OCH co6cTBeHHoe 3HaqeHHe MaTJ)HUbI p ), TO rrpH 

yaenaqeHHH K03q>Q)HUHCHTa ycHJJeHIDI o6paTHOH CB.sl3H 0 
a CHCTeMe (8), (9) CHaqana CTaHOBHTCH HeycTOHtJHBbIM 

CTaUHOHapHoe COCTO..SIHHe (n,cpu)=(O,O,O)' a 3aTeM B03-

HHKaeT xaoc, Ha3BaHHbIH s pa6oTe [12] liMnyJibCHblM. Co­

OTBCTCTBYIOll(He eMy xaOTHtJeCKHe )J.BH)KeHH.SI COCTO..SIT B 

TOM, qTo qepe3 c.rryqaHHbie npoMe»<yTKH speMeHH B CHCTe­

Me (8), (9) peamnylOTC.sI HMrryJihCbl n(t) CJiy1IaHHOH BeJIH-

'-IHHbl, OTBeqalOI.IJ,He HeHTJ)OHHbIM BCilbIIIIKaM. l1MnyJibCbI 

IIpOHCXOMT B Te MOMeHTbl BpeMeHH, B KOTOpbie peaKTHB-

HOCTb ok=0bT u npeBbIIllaeT 3Ha'-leHHe p B CJiyqae 6bICT­

pbIX o6paTHbIX CB513eH H 3HaqeHHe O B cnyqae MeaneHHbIX 

o6paTHbIX CB.sI3eH. Me)K)J;y HMnyJibCaMH IlJlOTHOCTb HCH­

TJ)OHOB KOne6neTC.sI Ha HH3KOM ypoBHe. TaKOH xaoc .sIBJrn­

eTC.sI npHHUHIIHaJibHO HOBbIM, npHCYI.l..{HM TOJibKO ..Sl,l.\CpHblM 
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perucropaM. EMy HeT aHanoroe e .npyn1x o6nacrnx HayKH 

H TeXHHKH. XaoTH"IeCKHe arrpaKTOpbI (npHrnrneaIOII.J;He 

MHO)KeCTBa), OTBel.faIOII.J;He HMrryJibCH0MY xaocy, TaK)Ke 

.SIBIDIIOTC.SI HOBbIMH H He CBOAATCSI HM K O)lHOMY H3 H3BeCT­

HbIX THTI0B xa0TI-NeCKHX aTTpaKTopoB. OHH M0ryT TI0TIOJI­

HHTb CITHCOK lllHpOKO H3BeCTHbIX aTIJ)aK:ropOB. 

TipoBe)leHHbie HCCJJe)lOBaHH.SI TIOKa3aJIH, qTo ecJIH 11M­

rryJihCHhIH xaoc B03HHKaeT B CHCTeMe (8), (9), TO npH Tex 

)Ke napaMerpax /, A;, ~;, P, d, b OH pean1nyeTc.S1 H e pac-

npeJJ,eJieHHOM CHCTeMe (1)-(6). TipH 3TOM ecm1 3Ha1IeHHe 

M 2 I D 2 
.nocTaToqHo BeJIHK0, TO Kone6aHl,fj{ so ecex TOtJ­

Kax rE!l npOHCXO)l.SIT CHHXpOHHO (Ka)l()lruI HeMTpOHHruI 

sc111>nnKa oxean,rnaeT cpa3y ecro o6nacTb n ). Ecm-1 )Ke 

3HaqeH11e M 2 
/ D 2 

.nocraToqHo Mano (pa3MepbI peaKTopa 

BeJIHKH), TO KOJie6aHJ,fj{, npoHCX0AAIUHe e KIDK,AOH (pHKCH­

poeaHHOH T0"IT<e peaKTopa, npe.ncTaBJrnIOT co6oit HM­

rrym,CHhIH xaoc, BpeMeHHhie xapaKTepHCTIUCH KOTOporo 

( cpeJJ.H.SI.SI eenwuma HMnynhcoe H cpe.nHee epehlj{ Me)KJJ.y 

HHMH) npHMepH0 O)lHHaKOBbl BO Bcex TOqKax ren M He 

CHJibH0 MeH.SIIOTCH npH yeenmeHHH pa3Mepoe peaKTopa. 

OJJ,HaKO Me)KJJ.y KOJie6aHHHMH e )lOCTaT0tJHO OT)laJICHHblX 

30Hax peaKTopa npaKTI-JlleCKH OTCyYCTBYeT KOppeIDIQMH. 

Tio:noMy B qrnKCHpoeaHHbie M0MeHTbl BpeMeHH B O)lHHX 

30Hax n; npoHCXO)lj{T HeHTpOHHhle BCTihIIIIKH, M B TO )Ke 

BpeM.SI B )lpyrHX 06JiaCTj{X Q~ TIJIOTHOCTh HeihpOHOB KO­

Jie6JieTCH Ha HH3KOM ypoeHe. HaqHHruI C HeKOTOphIX )lOC­

TaT01-IHO 60JibllIMX pa.3Mepoe o6naCTl1 n' HeMTpOHHbie 

BCilblWKH 8 HeH npOHCXO)l.SIT He npeKparua51Cb, T.e. He yc­

neaaeT 3aKOHqHTbC.SI JlOKaJibHruI BCTiblllIKa B O)lHOM 30He 

n; ' KaK Hal.fHHaeTC.SI omm HJUI HeCKOJlbK0 HeihpOHHbIX 

HMnyJihCOB B JJ.p)'THX JIOKaJibHbIX 06JiaCT.HX Q-t: . qMCJIO 
J 

o6nacTdi n: , 11x pa.3Mep1>1, cpopMa H pacrrorro)Kem1e e aK­

THBHOH 30He Heperyn51pHO MeIDIIOTC.SI co epeMeHeM, l1 3THM 

C03JJ,aeTC.SI cnyqaHHruI KapTHHa pacnpe)leJiefflfj{ HeHTpOHHO­

ro ITOJI.SI B rrpOCTpaHCTBe. 

HeMTpOHHhle BCilhIIIIKH peaJIH3YIOTC.SI B Te MOMeHThl 

BpeMeHH t' ' B K0TOpbie Ko (t ') > ~ B cnyqae 6h1CTpbIX 06-

paTHhlX CB.Sl3eH H Ko (t ') > 0 B cnyqae Me)lneHHbIX o6paT­

HbIX CB.Sl3eH. 3.nech Ko (t) - 3TO MaKCHMaJibHOe JJ,eHCTBH­

TeJibHOe co6CTBeHHOe 3Ha"IeHHe KpaeBOH 3a,Aa1IH 

M2V2<l>o +[ka,(r,t)-l]<l>o = Ko(t)<l>o C rpaHH"IHblMH ycJIOBMH-

MH (3 ). Qqepe)lHbie HeHYpOHHble HMrryJihChl np0HCX0AAT e 

TeX o6nacrnx n.; , e KOTOpbIX co6CTBeHHa.SI cpyH~MH 

<l> 0 ( r' t ') ~ 0 ' orneqaromrui 3HaqeHHIO Ko (t ') ' HMCeT Hp KO 

Bhipa)KeHHhle MaKCHMYMbl (HX B K~hlH MOMeHT t =t' 
M0)l(eT 6hITb HeCK0JihKO ). qeM 60Jibllle pa3Mepbl peaKTopa, 

TeM 6onee CJIO)KHOH CTaH0BHTCH 3aBHCHMOCTb OT epeMeHH 

BeJIHqHHhl Ko (t) H cpe)lttero no o6naCTH n Il0TOKa He:H-

Tp0HOB, TeM 6onee CJI0)l(Hbie pacrrpe.nerreHl,fj{ HeHTpOHHOfO 

noID1 peanmyroTc.SI B npoQecce xaon1qecKHX Kone6attHH. 

TaKoH HMrryJihCHhIH xaoc, pa.3BHBarom0:iic.S1 BO epeMeHH H 

np0CTpaHCTBe, He HMeeT aHaJI0fOB B .npyrnx o6naCTHX Hay­

KI1 H TeXHHKH. Ero ecTeCTBCHHO Ha.3BaTb HMrryJibCHOH ryp-

6yneHTHOCTbIO HeHTpOHHOfO TIOJI51. 

OTMeTHM, "ITO HMnyJibCHa.SI ryp6yneHTHOCTh B03HHKaeT 

TilIOKe B Crry<Ia.SIX, K0f)la K03cp<pHQMCHThl MaTpHQbI P H K0M-
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noHeHTbI BeKT0pOB b H d B (5), (6) 3aBHCHT OT npOCTpaHCT­

BeHHOH KOOp)lHHaThI r, eCIDI B KIDK,AOH TOqKe rE0 HM­

nyJihCHa.SI cpyttKl\IDI ro(r,t)=br (r)exp[P(r)t]d(r) y.noene­

TBOp.SleT ycnOBH.SIM B03HHKHOBeffl,fj{ HMnyJihCHOfO xaoca. 

CKa3aHHoe rro.nrnep)K)leHo np.SIMhIM pacqeT0M Ha 3BM 
xaorn:qecKHX KOJJe6aHHH B CHCTeMe (I)-( 6) )lJI.SI pa311H1:IHblX 

THTI0B o6paTHhlX CB.Sl3eH (5), (6). B O)lHOMepHOM 

(0=[0,DJ ), JJ.ByMepH0M (0=[0,Dx]x[O,DY]) 11 TpexMep-

HOM (O=[O,Dx]x[O,Dy]x[O,D
1

]) cnyqruix pacnpe.neneHHruI 

CHCTeMa ( 1 )-( 6) 3aMeH.SIJiaCb ueno11etJHbIMH HJIH peIIIeTO"I­

HhIMH CHCTeMaMH o6bIKHOBeHHbIX .nmpcpepeHI..{HaJihHblX 

ypaBHeHHH, 3aTIHCaHHoIMH )lJI51 nepeMeHHhIX <l>, C;, U B 

Y3Jiax, paBHOMepHO IlOKpbIBaIOIUHX o6rraCTb n . [(eno11eq­

Hbie H peIIIeT0tJHbie CHCTeMI>I 1fHCJJeHHO HHTerpHpOBa.JIBCb 

npH )l0CTilTOqHo 6oJihllIOM (JJ.JI51 npHeMJieMOH TOlJHOCTH) 

qffCJie Y3JI0B pa3faleHH51 06JiaCTH Q (HeCKOJJbKO C0TeH y3-

JI0B )J.JUl O)lHOMepHOH 38J(a1IH 11 TbICHqH Y3JIOB )lJI.SI )lByMep­

HOH H YpeXMepHOH). ,[LJul )lByMepHOf0 H TpeXMepHoro cny­

qaee HMrryJibCHa.SI zyp6yneHTHOCTb B03HHKaeT, KOf)la pa3Me­

pb1 peaKTopa )l0CTaTOqH0 BeJIHKH JIH6o TOJibKO ITO O)lHOH H3 

KO0pJJ,HHaT, JJH6o no JJ.Bj'M HJIH TpCM KOOp)lHHaTaM. 

IJ;eno"leqHhie H peIIIeT0"IHbie CHCTeMbl, arrrrpOKCHMH­

pyromHe ypaBHeHHH ( 1 )-( 6), s TO )Ke BpeM.SI rrpe)lCTaBJJHIOT 

co6011 CHCTeMy ypaBHeHHH, 0ITHCbIBaJOll.(HX J.{HHaMHKY CBH-

3aHHhIX Sl)lepHblX peaKTopoB. TI03TOMY xaOTl11.feCKruI )lHHa­

Ml1Ka CBSl3KH peaKTopoB (JJ.a)Ke He60JibIIIOrO 11X q11cna) OT­
pa)KaeT CBOHCTBa npocrpaHCTBeHHO-BpeMeHHOf0 xaoca B 

pacrrpe.neneHHhIX c11cTeMax (l )-( 6). B pa6oTax [ 11, 12] 
BhlSICHeH0, qTo xaonfqecKruI )lHHaMHKa OT)leJihHOro peaK­

TOpa npH6mt)KeHHO OTIHChIBaeTC.SI 0)lHOMepHbIMH OT06pa­

)KeHH.SIMH. MO)KHO ITOCTp0HTh uenottKy HJIH pernen<y CB.Sl-

3aHHhIX 0,lJ;H0MepHhIX OT06pa)KeHHH, rrpH6JIH)KeHHO onpe­

)leJI51IOIUHX xaOTHqecKyIO )lHHaMHKY CB.83Kl1 peaKTopoB. 

AttanH311pyS1 ceoi1cTBa 3THX orn6pa)KeHHH, M0)KH0 rrony­

qHTh Ba)l(Hbie KaqecTBeHHbie pe3yJJhTaTh1 0 MexaHH3MaX 

B03HHKH0BeHMH H CBOHCTBax HMrryJihCHOH ryp6yrreHTHO­

CTH HeHTpOHHOfO ITOJI.SI. 

OTMeTHM, "ITO HMnyJJbCHOMY epeMeHHOMY xaocy orne..: 

qaeT MaJiruI, a HMnyJlhCHOH ryp6yrreHTHOCTH HeHTpOHHOfO 

II0JI51 BbIC0Ka.SI pa.3MepH0CTb xa0THlieCKOro anpaKTopa -

TeM 6om,IIIIDI, qeM MeHbIIIe 3Ha"IeHMe M 2 I D 2 
• PaJMep­

HOCTh aTTpaKTopa HBJI51eTCSI Ba)l(HeHllleH KOJIH"IeCTBeHHOH 

xapaKTepMCTHKOM IIpOCTpaHCTBeHHO-BpeMeHHoro xaoca B 

pacrrpe.neneHHbIX CHCTeMax. ,[(JUI ee BbJtUiCJJeHIDI HMeIOTC.sJ 

3<pcpeKTHBHble lJHCJieHHI>Ie anropHTMhl, OCHOBaHHhie Ha 

o6pa6oTKe O)lHOH (JJ.OCTarncrno )lJIHHHOH) epeMeHHOH pea­

JIH3fill,H.M HCCJieeyeMOH BeJII-JlIHHbl. 

B Kaqecrne npHMepa paCCMOTpHM 0JJ,H0MepHyIO M0-

)leJJb peaKTOpa C IIIeCThIO rpynnaMH 3ana3)],hIBaIOUU1X 

Hei1Tpottoe: 
6 

1acr, 1at=(M 2 1 H 2 )82
<1> 1 a~2 +(k(X) -1)<1>+ L)-;c;-~<l>; 

i=I (10) 

aci I 8t=-A;Cf+~;<l>; i=l, ... ,6; <l>(O,t)=<l>(l,t)=O; 

( 11) 

3.nech H - pa.3Mep peaICTopa no 0)lHOH H3 K0Op)lMHaT 

(HanpHMep, ero BhICOTa); ;eO=[O; 1]; k:-l=M 2
n

2 
/ H 2

; 

<1>* (~)=sin n~. B KaqecTBe l, A;, P1 , p B03hMeM xapaKTep­

Hhie .nrr.si peaI<Topoe 3Ha1IeHH51 3THX napaMerpoe 



l=2x10-4 c; A.1=0,012c-1
; A. 2 =0,03c- 1

; 

A.3 =0,lllc-1
; A.4 =0,30lc-1

; A.5 =1,14c-1
; 

A,6 =3,01c-1; P1 IP=0,033; P2 /~=0,219; 

~ 3 /_~=0,196; ~4 IP=0,395; Ps / ~=0,115; 

~ 6 I P=0, 042; P=0, 0065. 

(12) 

H3MeHeHHe M omnneM CHCTeMoii ( 6) -rpen,ero no-
p.si,LJ.Ka 

M=b(Y-Y.)/¢•; fJX/ot=s0 (X-ct>); (13) 

fJY/ot=aY-oZ-a.X; fJZ/8t=8Y+aZ-8X, (14) 

r,LJ.e b,so,a,O=const; r·c~)=<l>·(~). HMnym,cHa.si cpyHK­

UIDI o6paTHOH CBH3H (13), (14) Y,LJ.0BJieTBop.sieT ycJIOBHSIM 

cymecTBosaHIDI HMnym,cHoro xaoca rrpw b<O, a<s0 <0, 

8>0 H 0<-a/8<0, 3. B TotJeqHoH Mo.nen11 (8), (9), orne­

qa10mei:i c11cTeMe (10)-(14), HMrryJihCHbIH xaoc pearunyeT­
c.sI, HarrpHMep, np11 [ 11, 12] 
s0 =-0, 25; a=-1; 8=10; bE[-0,5; - 0,16]. (15) 

ToT >Ke xaoc np11 cna6o MeH..s110meiicH cpopMe rrpo­

c-rpaHcTBeHHhIX pacnpe.neneHHH <I>, C;, X, Y, Z Ha6n10,LJ.a-

erc.s1 H B CHCTeMe (10)-(15) npH )].OCTaT01:1HO 60JibllJl1X 3Ha­

'-ieHHHX M 2 I H 2 >10-3
• HMnynbCHa.sI ryp6yneHTHOCTh tteii­

TIJOHHoro rroJI}l HaqwttaeT npO}IBJI.SIThCH npH M 2 I H 2 < I 0-4 . 
Ha pHc. I ,a rroKaJaH apeMeHHOH HMnym,CHhIH xaoc aenw­

tIHHhI \J'(~o,t)=ln(<l>(~o,t)) B T0t{Ke ~ o=0,5' B03HHKaJO-

~HH B cwcTeMe (10)-(15) rrpH b=-0,25 H M 2 
/ H 2 =10-7

• 

4'{0,\t) 

2 -

-1 

-4 
0 

4'(~ tJ 
3 

0 

-6 
0.0 

10 20 30 t,c 
a 

I 
, ... ', 

'/3 
I \ 

/ 1 
I 
I 

0.4 6 0.8 

Puc. 1. Xaomu'lec1<ue 1<011e6aHUJ1 4' ==ln[(<l>(0,5,t)] scucmeMe (JO)- (15) (a) 

u npocmpaHCmBeHHbte pacnpeOeJ1eHUJ1 4' ==ln[(<l>(~,10 )) , BOJHU1<a101i1ue B 

npol{ecce xaomu4ec1<ux 1<011e6aHuii (6) 

ITpH TaK0M 3Ha11eHHH M2 I H2 B rrpou.ecce xaoTH"lleCKHX KO­
ne6aHHH s pa3JIHtJHbie MOMeHThl BpeMeHH to nonyqaJOTC}l 
aecbMa cno>KHhie rrpoc-rpaHCTBeHHb1e pacnpe.n;eneHH.sI 
4'(~,to)= ln(<l>(~,to)) , 0,llHO H3 KOTOpbIX (THITHl!Hoe) orrpe,LJ.e-

IDieTC51 KpHBOH 1 Ha pwc. 1,6. HeHTpOHHblM HMrrym>caM oT-

Bet.JaJOT Te HHTepBaJibI n: E[0,l]' Ha KOTOpblX \J'(~,to) npe-

BbIIIIaeT CTaUH0Hapttoe pacnpe.n;enem1e \J'
0

(~)=ln(sin 1t~), 

onpeJJ.eIDieMoe KpHBOH 2 Ha pwc. 1,6. BH,LJ.Ho, tJT0 ,L1.llil 1qm­
Boii 1 Ha pHC. 1,6 HMeeTCH UJeCTJ, HHTepBaJJOB n; . ITpli 

M 2 I H 2 =10-s rronyqaIOTc.si 6onee npoCThle pacnpe.nenemrn 
4'(~.,o). O,LJ.HO 113 HHX onpe,LJ.eIDieT KpHBM 3 Ha pHC. 1,6, KO-

TOpOH 0TBeqaIOT TPH HHTepBana n; . 
ITpoc-rpaHCTBeHHO-BpeMeHHOH xaoc MO>KeT B03HHKaTb 

H B peaI<Topax C HeJIHHeHHhIMH o6paTHhIMH CB513.SIMH, om1-
Cb1BaeMbIX ypaBHeHHHMH (1)-(4), (6) 11 3aB11CHM0CThlO )].JI}l 
M s1-ma: 

M=/(µ); µ=br (U-U.)/et,. (16) 

3,LJ.eCh f (µ) - HeKOTopa.si Hemrnei1HM q>yHKU.H.sI; 

f(0)=0. TipH ycJI0BHH (7) pacnpe,LJ.eJJeHHOH CHCTeMe (1)­

( 4), (6), (16) 3KBHBaJieHTHa ToqeqHa.5{ M0J].eJJb (8), B K0T0-

poH 8k= /(µ); µ=br u. (17) 

Ecn11 ypaBHeHHe /(µ)=0 KpOMe TOllKH µ=0 HMeeT eme 

HeCKOJibKO KOpHeH µ j ' TO CT0JibKO >Ke .nononmneJibHhlX 

COCTO}IHHH paBHOBecm1 (n; , c~, u;) H CTal.JJ10HapHblX 

pacrrpe,LJ.eJieHHH (<I>~, c,;, u;) HMeeTC.SI y CHCTeM (8), ( 17) 11 

(1 )-( 4 ), ( 6), (16). EcnH BCe 0HH HeycTOHllHBhl, TO B03M0>K­
Hbl xaoT11qecK11e Kone6amrn, B npouecce K0T0pbIX -rpaeK­
TOpHH CHCTeMbl 6ny)K.naIOT Me>K,lly CTaU.H0HapHbIMH co­
CTO}IHJUIMH s npe.nenax Toro HJIH HHoro xaornqecKoro aT­
-rpaHpllll)a5onbUJHX 3HaqeHH.SIX M2 I D2 cTa1.umHapHh1e pac­
rrpe,LJ.eneHIDI HeycrnHqHBhI TOJihK0 Ha OCHOBHOH rapM0HH­
Ke, H s npouecce xaonrqecKHx Kone6aHHH cpopMa pacnpe­
.neneHHSI tteii-rpoHttoro nollil <l>(r,t) cne.n;yeT pacrrpe.nene-

HHIO <l>. (r) H coxpaH.sieTC}l BO BpeMeH.H, tJTO COOTBeTCTByeT 
BpeMeHHOMy xaocy. MHOfO"lJ]iCJJeHHble npHMepbI speMeH­
HOfO xaoca B Toqeqm,1x 11 pacrrpe,LJ.eJieHHhIX MO,LJ.e1rnx peaK­
rnpa C HeJIHHeHHblMH o6paTHhIMH CB}13.SIMH np11BeJ].eHhI B 
pa6oTax [8, 10, 13]. 

Tip11 yMeHbUJeHHH M2 I D2 pacTeT '-IHCJIO HeycTOHtIHBhIX 
rapM0HHK, OTH0CHTeJibHO KOTOpbIX CTaU.H0HapHble pacnpe­
.nenemrn HeycTOHtIHBbI. Bee tteyCToiRHB1>1e rapMOHHKH 
BOBJieKaJOTC.sI B xaoTHtJeCKOe .llBH)l(em,1e, H BpeMeHHOH xa­

oc, HMeIOIUHRC.sI B CHCTeMe (1)-(4), (6), (16) npH 60JibllJI1X 
M2 I D2

, cMeH.S1eTc.s1 npoc-rpaHCTBeHHO-BpeMeHHI>IM xaocoM, 
npH K0TOpOM cny"LJaHHhIMH 0Ka.3bIBaJOTCH He TOJibKO Bpe­
MeHHhle 3aBHCHMOCTH <I>, Ci, U B q>HKCHpOBaHHblX TOtJKax 

r, HO H npoc-rpattcrneHHhie pacnpe,L1.eneHID1 <I>, Ci, U. B 
Ka)K.nhlM MOMeHT BpeMeHH pacnpe,LJ.eneHHe ¢(r, t) 0Ka3hl­
BaeTC$1 TaKHM, lJT0 IlOTOK HeHTpOHOB Bblllle CTaU.HOHapHoro 
3HaqeHH}l <I>. (r) B 0.llHHX 30Hax n; peaKTopa H HH>Ke CTa-

U.H0HapHoro 3HaqeHJ-UI B ,L1.pyr11X ero 30Hax n; . qwcno 06-

naCTeii n;, n; , HX pa3Mepbl H paCTIOJIO>KeHHe 8 al<THBHOH 

30He Q HeperyIDipHO MemIIOTCSI CO BpeMeHeM, H 3THM C03-

,llaeTC» cnyqaHHa.SI KapTHHa pacnpe,LJ.eneHH.sI HeHTpOHHOfO 
nonSI B npoc-rpaHCTBe. 

13 



B KaqecTBe npHMepa paCCMOTJ)HM 0,[(HOMepttyIO MO)lem, 

(10)-(12) C HeJIHHeHHOM o6paTHOH CBj{3blO, OITHCbIBaeMOM 
CHCTeMOH ( 6) BT0poro nopH,[(Ka C xy6WJ.eCKOM 3aBHCHM0-

CTbIO f(µ) sima (16): 

M=b[l-(µI µ•) 2 ]µ; µ=(X-X.)I <I>\ (18) 

8X I 8t=Y; 8Y I 8t=-eyY-e2X +e
2<f>, (19) 

r)le b,µ • ,e,y =canst> O; x• =<I>•= sirntl;,. 

Pacnpe.ueneHHOH CMCTeMe ( 10)-( 12), ( 18), ( 19) C00TBeT­
CTBYeT Toqeqmur M0)].eJib (8), ( 17) npH 

8k=b[l-(µlµ.) 2 ]µ; µ=x; x+eyx+E 2
X=E

2n. (20) 

CHCTeMbl (8), (17), (20) H (I 0)-(12), (18), (I 9) Kp0Me 
CTaU.HOHapttoro COCT0.8HJ1JI 

Mo: (n,C;,x,x)=(0,0,0,0) 
(21) 

HMeIOT no ,[(Ba ,[(OITOJIHHTeJihHh]X CTaUHOHapHhIX COCT0.8HHH 

M± :(n, C; ,x,i)=(±µ., ±i1µ• IP;,±µ•, 0); (22) 

M± :(<I>, CpX, Y)=(<f>:, i;<I>: Ip;, <I>:, 0); 

<I>: =(1±µ.) sin rrs. (23) 

B pa6ore [8] B paMKaX TOlJelffioM MO,[(eJIH (8), (17), (20) rro­
KaJaHo, lJTO rrpH b>O COCT051HHe paBH0BeCIDI Mo BH,na (21) 

tteycroirnmo anepHo.zu,NecIOI, a TOlJKM M± BH,l{a (22) ycroii­

lfflBhI rrpH 60JihIIIHX 3HaqeHIDIX E Ji CTaH0BHTC5i KOJie6areJihHO 
Heycroffq}fBf,JMH rrpH E < EKp. B M0MeHT .[(0CTIDKemrn rrapaMeT­
poM E 1qnrrw1eCK0f0 3Haqemrn EKp B03HHKaIOT nepHO,[(W!eCKHe 
aBTOKOJie6amrn, KOTOpbie npH ,[(aJibHeHl.lleM )'MeHbmeHHH 8 

CMeIDII0TC.51 CT0XaCTHqeCKHMH. IlpH 3TOM CHaqana B 0KpeCTH0-

CTI1 CTaUH0HapHhIX TOqeK M± B03HHKaeT rrapa crrnpallbHbIX 
anpaKTOp0B, KOT0pbie npH )'MeHbmeHHH £ CJIHBaIOTC.R, 06pa-
3y51 0,[(ID:I .l{BOHHOH CIIHpa.JlhHhlli anpaKTOp. 3-roT anpaKTOp 
IIIHp0K0 H3BeCTeH (16]. OH .[(0CTaTOlffi0 xoporno ~eH 11 
se1peqaeTCH B pa:moo6pa3HhIX HemrneMHhrx CHCTeMax. Xaorn­
qecKHe ,[(BIDKemm B npe,[(eJiax .[(BOHHOfO CIIHpaJihH0f0 anpaK­
Topa C0CT0HT B TOM, 1ffO TpaeKTOp.HJ,f, Y.[(aIDUICh no crrnpa.JIH OT 

coCTOffliIDI paBHoBecffjl M+ HJIH M- , qepe3 HeKOTOphrn cny­
qamn,:rn rrpoMe)io/I'OK BpeMeHH JIH60 B03BpaurrcH B 0KpeCT-

H0CTb TOH )Ke TOlJKM M+ HJIH M- , JIH6o rrepecKolJaT s OKpe­

CTII0CTh ,npyroro coCTOHHIDI paBH0Becffjl M- HJIH M+. ITo­
cne 3TOro Hal.fllliaeTC5i HOBhIH I..Qfl(JJ paCKpyq:HBaHIDI crrnpanH OT 

M- HJIH M+ H T.)J,. 

OnHcaHHbIH cu:eHapHM B03HHKH0BeHIDI xaoca peanHJy­
eTC51 H a pacrrpe,[(eJieHHOM CHCTeMe (10)-(12), (18), (19), 
np11qeM xaoc a HeH B03HHKaeT rrpw Tex )Ke rrapaMerpax b, 
E, y, µ♦, , qTo H B TOt.JeqHOH MO,[(eJIH. IlpH 3TOM, eCJIH 

1t
2 M 2 I H 2 >~' TO BblII0JIHHIOTC51 C00TH0IIIeHH.SI (7), H xao­

TIP-IeCKHe KOJie6aHHH B KruK,nOH TQqKe S,E[0,1] IlpOHCXO,LVIT 

CHHXpOHHO, T. e. B03HHKaeT JIHillb BpeMeHHOM xaoc. Ecm1 
)Ke M 2 I H 2 )J.0CTaToqHo Mano, TO pean11JyeTcH npocrpatt­
CTBeHHo-speMeHHoii xaoc, Kor.na xaoTHlJeCKHe Kone6aHHH 
B pa3JIJ1qfff,JX TOlJKaX S,E[O,l] He CHHXpOHH3HpOBaHbI, l.JTO 

C03.l{aeT cnyqauttyro KapTHH)' pacnpe,nerreHHH <I>, C1, X, Y -
TeM 6onee CJI0)KH)'IO, qeM MeHbme M 2 I H 2

• B 3TOM cnyqae 
zyp6yneHTHOCTh Heii-rpOHHOfO IT0JIR rropo)K,[(aeTCH ,[(BOH­
HbIM crmpaJibHbIM arrpaKTOp0M. HarrpHMep, rrpH 

b=P=0,0065; µ· =0,1; y=0,485 (24) 
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CTau,H0HapHl,le pacnpe.ueneHIDI (23) CTaH0B}ITCH tteyCTOH­
qffBbIMH npH EKp = 0,33, nepH0,[(WJ.ecKHe KOJie6aHIDI cyll.(e­
CTBYIOT Ha HHTepBane EE[0,11; 0,33], a xaoc peanM3yeTc.si 
npH EE (0,33; 0, 11]. IlpocrpaHCTBeHHO-BpeMeHHOH xaoc s 
CHCTeMe (10)-(12), (18), (19), (24) HaliI1HaeT np051BJ151ThC}l 

npH M 2 I H 2 < 10-4 H .RpKo BbiproKeH np11 

M 2 I H 2 < 10-5
• TpaeKTopHH cHcTeMbI (10)-(12), (18), 

( 19), (24) npH e=0,06, M2 I H 2 = 1 o-s, onpe,ne1rneMb1e ee 
pemeHIDIMH X(~,t), Y(~ ,t) B TQqKe s = 0,5, IT0Ka3aJfbl Ha 

pHC. 2,a, BpeMeHH0e H3MeHeHHe Il0TOKa HeHTpOHOB <I> B 
ToqKe s = 0,5 H306pruKeHO Ha pHC. 2,6, a THilJ1lIH0e 0TKJJ0-

HeHHe ITOTOKa HeHTpOHOB OT CTall,HOHapttoro 3HatieHH,}l 

cp(~ ,/0 ) = <I>(~ ,t0 )- <I>•(~), B03HMKaIOIJ..(ee B npou.ecce xao­

THqecKHX KOJJe6aHHM, onpe,neJIJleT KpHBa}l 1 Ha pHC. 2,B. 

Y MeHhmettHe M 2 I H 2 npHB0AHT K ycJI0)KHemuo rrpo­
CTJ)aHcTBeHHbIX pacnpe,neneHHH. KpHBhie 2 H 3 Ha pwc. 
2,B orrpe.[(enHIOT pacrrpe,neneHHe cp(~ ,t

0
) = <I>-<l>· rrpH 

Y(0,5,t)I 

o.oo r 

-0 01 _______ _.__ ___ __.__ ___ _ 
' 0,85 0,95 1,os X{0,5, t) 

I 
1, 1 , 

<P(;,tJ 

o, 11 

a 

500 1000 
6 

\ 

-015 ----~---­
' 0.0 

,.,· ' 2 

0,4 
8 

1500 (, C 

.... 

0,8 ~ 

Puc. 2. TpaeKmopuu cucmeMbl (10)-(12). (/8). (19), (24), 
nopo:>1eoae.Mbte ee pez.ueHURMu X(0,5, t). Y(0,5. t) (a), xaomu1JecKue 

KOlle6aHUR HeumpOHHOZO nomoKa <t>rt:,, t) B m0'4Ke ;=0,5 (6) u 
npocmpa11cmBem1b1e pacnpeoeneHUR <p('E:,, to) = <t>('E:,, ta) - <JJ"(f,), 

peQ/IU3YIOUfUeCR B npo4ecce aBmOKO/le6aHUU (B) 



M2 I H 2 = 10-6 H M2 I H2 = I 0-1 
• BH.UHO, KaK npH 

yMeHbllleHHH M 2 I H 2 
pacTeT qHcJio HHTepsanos n; H 

Q; , Ha KOTOpbIX <I>(~ ,t0 ) ><I>•{~) H <I>(~ ,10 ) <<I>•(~), 

B KaqecTBe erue O)].HOrO npHMepa paCCMOTJ)HM O,D;HO­

MepH)'IO MO)].em, ( 10)-( 12) c HeJIHHeH:HOH o6paTHOH CB.H-

3bJO, OIIHCbIBaeMOH CHCTeMOH -rpeTbero nopSl)].Ka, H KYCOtI­

HO-JlHHeHHOH cpyHKu;HeH / ( µ) : 

M=a0 (<1>-<1>.)/<1>. +bf(µ! b); . 

µ=K
1
(z-z·)1<1>· +K

2
(X-X 0 )1<1>· +K3Y 1<1>·' 

!
lnpu µ/ b>l 

f (µ/ b)= µ / b npu Iµ/ bl<l ; 

-l npu µ/ b<-l 

az I 8t=s0 (Z-<1>); ax I Bt=Y; 

BY I 8t=-eyY-E2X +s2<1>, 

a0 ,b,e;y > 0; s0 < 0; z· =X· =<I> =sin 1t~. 

(25) 

(26) 

(27) 

CHCTeMe ( 10)-( 12), (25)-(27) OTBeqaeT Toqel{HaSI MO­

)].eJib (8), ( 17), (26) npH 

Ok=aon+bf(µ/ b); µ=K,z+K2X+K3 x; 
.i=s0 (z-n); x+cyx+s2x=£2n. 

(28) 

IT pH K 1 + K2 +ao < 0 CHCTeMbI (8 ), (26), (28) H (10)-
( 12), (25)-(27) KpoMe CTaQlfOHapttoro COCTOHHH51 Mo H 

M
0 

s11.na (21) HMeJOT B o6nacrnx µ/b > 1 H µ/b < -1 
- + ± 

eme .nsa CTau;HottapHbIX cocTOSIHH.s:r M - , M BH)].a (22) 

11 (23) npH µ• = blao H z = ± µ •, Z =<I>:. IlpH a0 , e>O; 
0 < y < 2 xapaKTepHCTl-ftieCKOe ypaBHeHHe, OTBe"4alO-

- ± 
mee rn11KaM M , HMeeT noJIO)KHTeJII,HbIH )].eHCTBH-

trnsaIOlllHXCSI cnHpaJieH MO)KeT perunnosaThCH B npou;ecce 

xaoTHtiecKHx Kone6attHH. ,nsoHHOH BHHTOBOH aTTJ)aicrop 

snepBbie BbUIBJieH B TpexMepHbIX KYCOtJHO-JIHHeiim,rx CHC­

TeMax C TJ)eMSI 30HaMH JIHHeHHOCTH B pa6oTax [10, 17] H 

CHHTe3HpoBaH B TOtJetJHOH MO)].eJIH peaicropa B pa6oTe [ 1 7]. 
flpH Tex )Ke napaMerpax, tiTO H s TOtretIHOH Mo,nenH (8), 

(26), (28), )].BOHHOH BHHTOBOH arrpaI<Top peamnyeTCSI H s 

COOTBeTCTBYJOIUeH pacnpe)].eJieHHOH CHCTeMe ( l 0)-( 12), 
(25)-(27), ecm1 3HatJeHHe M2/J-I2 )].OCTaToqHo semmo. fipH 

MaJibIX 3HatJeHJ.UIX M2/H2, OTBetJaJOmHx peaKTopaM 60Jib­

llIHX pa.3Mepos, .1l.BOHHOH BHHTOBOH aTTpaKTop nopo)K)].aeT 

T)'p6yneHTHbIH pe)KHM, npH KOTOpOM s KIDK.n;OH TOtJKe 

~ E [O, 1] peaJIH3YIOTCH )].BH)KeHml, OIIHCaHHbie Bblllle, HO B 

p8.3JIHtIHbIX TOtJKax OHH He Cl1HXpOHH3HpOB8Hbl, H Il03TO­

MY npOCTJ)aHCTBeHHbie pacnpe.neneHIDI nepeMeHHbIX B 

p8.3JIHl{Hble MOMeHThl BpeMeHH Be}::(yT ce6.H HeperyJI.HpHO. 

Y(0,5,t 

-0,03 

-0 07 ._ ___ ......___ ___ __._ __ --' 
' 0,92 0,99 1,06 X(O. 5,t) 

a 

Y(0,5, t 

TeJihHbIM KOpeHb 11 napy KOMilJieICCHO-COilpH)KeHHbIX 0,01 
KOpHeH € (-y 12 ± j.Jy 2 / 4-1) C OTJ)HQaTeJibHOH )J.eHCTBH-

- ± 
Tem,HoH qacn10, T.e. TOtJKH M 51BJIHlOTC.SI ce.nno-

cpoKycaMH. flapaMeTpbI ki s (28) TaKOBbl, t{TO Ce)J.JIOBOH 

»BJrneTC51 H TOt:rKa M0 • 

I1pH onpe)].eJieHHOM COOTHOIIIeHHH Me)KJ::(y KOpIDIMH xa-
-± 

paKTepHCTWiecKHX yprumeH11i1, oTBeqaromHx rn11KaM M 
11 M0 , B TOtJeqHoH MO.[(eJJH (8), (26), (28) MO)KeT peaJimo-

BaTbCH .[(BOHHOM BHHTOBOH arrpaKTop [17]. Xaonrti:ecKHe 

.[(BIDKeHIDI, rrpOHCXO.l(HmHe B rrpe.n;enax 3TOfO arrpaI<Topa, 

COCTOHT B TOM, lJTO, IlOKa rpaeKTopH.H CHCTeMhl HaXO)].HTCH 

B o6naCTH µ/b > 1, OHa CKpy1nrnaeTCSI no CIIHpaJIH K O,D;HO­

MepHOM HHBapHaHTHOH KpHBOH, BbIXO)].SllqeH H3 COCTO51HHH 

pasHOBeCHH M- , a KOr)J.a rpaeKTopHH nona,naeT B o6nacTh 

µlb > -1, Otta □pH6JIH)KaeTC.sl no cmq>aJIH K 0)1.HOMepHOMy 

HeycTOHlJHBOMY HHBapHaHTHOMY MHoroo6p8.3HIO TOtJKH 

M+ . CKpyt:1HBaH11e cn11panei1 npo)].oJDKaeTcH .no Tex rrop, 

noKa µ(t)/b He ,D;OCTHrHeT 3HalleHIDI 1 H.JIH -1 H rpaeKTOpHH 

He soH)].eT B o6nacTh I µ!bl < 1. ,LlanbtteHIIIHe )J.BH)KettIDI B 

o6nacrn I µ!bl < 1 orrpeAeJIHIOT, a KaKyIO H3 )].Byx o6nacTei1 

µ/b < -1 HJU1 µ/b > 1 BbIH.l(eT TpaeKTOpHH H KaKaSI H3 ,n;Byx 
cKpyq11sa10ruHXc51 cnHpaJJeH peanH3yeTC51 B oqepe.n;ttoii pa.3. 

Cnyt1aMHhIMM OK8.3bIBaJOTC.H q11cno BHTKOB KIDK)].OH crrnpa­

nM 11 speMH npe6hIBaHH.H -rpaeKTopHH s o6naCTH µlb < -1 11 

µlb > 1. qeM MeHbllle y, TeM 60Jiblllee q11c110 BHTKOB CKpy-

-0,03 

-0 07 } 0 

0,00 

-0~02 

-0 04 
' 0 0 

) 

20 

,, 
I \ 

I \ 

I 

0,2 

I 
I 
I I 

I' 

I' ,, ,, 

0;4 

40 
6 

I 

\ 1 

8 

I 

,~, 
I 

0,6 

60 t,c 

I 

,1'-2 

0,8 ~ 
Puc. 3. mpaeKmopuu cucmeMbt (10)-(12). (25)-(27). (29). nopo:>1coaeMbie 

ee pewem.1RMU X(O, 5, t), Y(0,5, t), (a) xaomu11ecKue Kone6amlll Y~. t) 

6 mo11Ke ~ =0,5 (6) u npocmpaHcmeeHHbte pacnpeOe//eHWl Y~. to), 
peamay10U{ueca 6 npo71ecce aBmoK011e6aHuu (e) 
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)];soRHOH BMHTOBOH arrpaKTop B03HHKaeT, HanpHMep, npH 

a0 =0,0008; b=0,0002; E=2; y=0,05; s0 =-0,I; 

K1 =-0,00814; K2 =0,0047; K3 =0,00006. 
(29) 

flpH 3THX napaMeTpaX npocTpaHCTBeHHO-BpeMeHHOH 

xaoc HalIHHaeT rrpo.SIBJUITbC.SI npH M2
/H

2 < 10-4. Ha p11c. 3,a 

H306pruKeHa TPaeKT0PIDI CHCTeMbl ( 10)-( 12), (25)-(27), (29) 
npH M2/H2 = 10-1

, nopo)l(,[{aeMa.SI ee pemeHIDIMH X(;, t), 
Y(~, t), B T0l!Ke ~=0,5, a Ha pHC. 3,6 IT0KaJaH0 BpeMeHH0e 

H3MeHeHHe nepeMeHHOH Y(0,5, t). 
KpHBhie 1, 2 Ha pHC. 3,B I.f306pIDKa.JOT nmWIHble pac­

npeaerreHHJI Y(<;, to), B03HHKa10mHe s npol\ecce xaoT11qe­

CKHX KOJie6aHHH. Kpirna.sI 1 0TBeqaeT 3Ha1IeHHIO 

M 2 I H 2 =10-7
, a KJHIBa.sI 2 - 3HalleHHJO M 2 I H 2 =10-6

• 

B 3aKJiroqeHHe 0TMeTHM, l!T0 speMeHHOH H npocTPaH­

crneHHo-speMeHHOH xaoc, BbUIBJieHHhIH B ToqeqHblX H 

pacnpe.n:erreHHbIX M0)leJUix peaKTopa, M0)KeT peamnoBaTh­

c.si B .SI,nepHbIX peaKTopax K0HKpeTHbIX THil0B. 

Ec1rn B Cnytiae HerrHHeIDibIX o6paTHbIX CBj13eH Bee K0pHH 

µi ypaBHeHlUI /(µ) = 0 Jie)KaT B6JIH3H T0lflGI J..lo = 0 (.D:M pac­

CMOrpeHHbIX rrpHMepos ManbI 3Hal!eHH~ µ· H b), TO xaoTHl:le­

CKHe KOJie6aHIDI np0HCX0,n.SIT B6JIH3H CTaUH0HapHoro pac­

npe)leJieH~ (<f.>
0

' ci·, u·)' HX aMITJIHTY)la Mana H 0HH M0JYT 

OKaJaThCjl )lOrryCTHMblMH rrpH 3KcrmyaTaIJ,HH peaKTopa. 

HMnyJibCHbIH xaoc MO)KeT B03HHKaTb B KHIUUUHX peaK­

rnpax, B peaKTopax C ra3oo6p83HhlM .SI.L{epHhIM T0IIJIHB0M H B 

peaKTopax C fa3006p83HblM TennoH0CHTeneM. mrneHHhie 

o6paTHbie CB513H 3THX peaKT0p0B TaK0BbI, 'CITO cymecrnyeT 

)lHaIIa30H napaMeTpOB, npH KOTOphIX MMfIYJibCHruI cpyHIU(IDI 

o6paTHOH CB.SI3H y.n.oBnernop.SieT KpHTepmo HMnyJibCH0f0 

xaoca, ccpopMyJIHpoBaHHOMY B pa6oTax [11, 12]. ITonoM)' 

np11 .L{0CTilT01IH0 60JibllllfX pa3Mepax B peaKTopax 3THX TH­

II0B M0)KeT B03HMKH)'Tb H HMrryJibCHruI 1)'p6yneHTHOCTb. 

I1MelOTC.H npHMepoI, Kor.n.a aBTOKOJie6aHli.SI a peaKTopax 

.n:orrycTHMhl 11 .n:ruKe uenecoo6pa3HhI. Tiep110.n:W1ecKHe pe­

)KHMhl .SIBJUIIOTC.H pa601IHMH )lJUI HMrryJibCHbIX peaKTopoB 

nepH0JJ,HtleCK0ro )leHCTBlUI. TipH yeenw-Iemrn M0il{H0Crn: B 

HM:X B03HHKaIOT CT0XaCTHl{eCKHe aBTOKOJie6aHH.SI [6]. B 
pa6oTe [5] YK83hIBaeTC.SI Ha .n.orrycTHM0CTb pa60Tb1 KHil}I­

Illero peaKTopa B nepHo.n:11qecKoM pe)la.JMe. B cTaThe [ 18] 
noKa3atto, l!T0 peaKTop c ra3006pa3HOH aKTHBHOH 30HOH, 

pa60TalOI.I.\HH B pe)KHMe aBTOKOJie6aHHH H)lepHoro TOIIJIM­

Ba, KaK .si:.n:epHbIH M~HHK, M0)KeT 6hITh MCII0Jib30BaH .Z{JI.SI 

rrp.si:Moro rrpeo6pa30Bam1.SI .SI,LI.epHOH 3HeprnH B 3JieK-rpHt1e­

c1<y10 C TTOMOillhlO M8fHHTO.L{HHaMHl:leCKMX H MarHHTOHH­

)lyKUHOHHbIX MeTO.Z{OB. 

Heo6xO)J.MMOCTh s peanH3aQHH MMrryJJhCHoro xaoca 

M0)KeT B03HHKHYTh B peaKTopax C ra3006pa3HhIM UI1p1<y­

JII1py1-0m11M TOIIJIHBOM npH )KeJiaHHH TIOBbIClffb HX MOIU­

HOCTb )J.0 TaKoro BbICOKOfO ypoBml, rrpH KOTOpOM HeB03-

M0)KH0 )J.06HTbC.sl YCTOHl:IHBOCTH CTal..{H0Hapttoro pe)KHMa 

3a cqeT H3Mettemrn napaMeTp0B (14). Eme 6on1,mero pocTa 

M0l.UH0CTH peaKT0p0B 3Toro THIIa M0)KH0 )J.06HTbC51, yse­

JIHqHBa.sI HX p83Mepbl H peaJIH3Yjl TeM caMbIM pa6ory peaK­

TOpa a pe)KHMe HMnynhCHOH ryp6yneHTHOCTH HeHTpOHHO­

ro rroJUI. 

YBeJIHl!eHHe pa.3MepoB H,nepHbIX peaKT0p0B HBJI.Sl:eTC.SI 

0)J.HHM H3 YHHBepcaJII>HhIX crroco6oB ysem1qeHIDI MX M0IU­

H0CTH. O,nHaKO TaK0e yseJIHlieHHe HaTaJIKJ,rnaeTC.SI Ha Tpy.n:­

HOCTH, CB513aHHble C B03HHKHOBemleM npocTpaHCTBeHHOH 

HeCTafoUibHOCTH HeHTJ)OHHOro TI0JUI, C ero BhICOKOW t.JYBCT­

BHTeJihHOCTbIO K JIOKaJibHbIM B03MymeHIDIM 11 CB.SI3aHHh1MH 

C 3TI1M 60Jibllll1Ml1 CJI0)KH0CrnMM, a B HeK0T0pblX CJIYl:la.sIX C 

HeB03M0)KH0CTblO yrrpaBJieHHH peaKTopaMH 60JiblIIHX pa3-

MepoB. 11.MnyJibCHa.SI ryp6yneHTHOCTb - 3TO caMopery1rn­

pyeMbIM C II0M0il{blO BttyTpeHHHX o6paTHhIX CB513eH aBTO­

KOJie6aTeJibHblH pe)KI1M, KOTOpbIM M0)KeT 601Tb peaJIH30BaH 

B peaKTopax CK0Jib yro,AH0 60JiblIII1X pa3Mepos. He HCKJil-0-

qeH0, 1IT0 B 6y .n:ymeM 6y .D:YT cnpoeKTHp0BaHbl 11 rrocrpoe­

Hbl g,nepHbie peaKT0phI, 0CH0BHbIM peiKHM0M pa6oThl K0-

T0pbIX 6y.neT pe)KHM HMrryJihCHOM ryp6yneHTHOCTM HeH­

Tp0HH0ro II0JUI. Pa3MepbI H M0il.(H0CTh TaKHX peaKT0p0B 

MOJYT 3HalfHTeJibHO rrpeBbICHTh pa3Mepbl 11 MOil{HOCTI, ,nei1.­

CTBYIOil{HX B HaCTOKIUee BpeM51 peaKTopoB. 
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Y,l(K 621.039.51 

PAcqET ,IJ;HHAMHKH TEIIJIOrH~PABJilflIECKHX IIAPAMETPOB MHlliEHHoro 
KOHTYPA C yqETOM HMIIY JlhCHOH PA6OThl YCKOPHTEJUI 

A.B. J(eoynb, M.fl. JleoHl./,JK, 3.X llblllbl./eHK06, A.B. Jla.MK06, C.H. I'puiuaKOB, 
rHa pep - (/)uJUK0-3Hep2emu~eCKUU UHcmumym UM. A.H.JleunyflCK020, 

249020, 06HUHCK Ka.ny:J1CcKou o6n. , rl!l.EoHoapeHKO, 1 

Pa.3pa60TaHa MeTOJU1Ka paclieTa )].HH8MHKH TeMneparypbl H ,naBJieHH.R B MHWeHHOM KOHType npH HMnynbCHOH pa6oTe ycKop1nem1, 
Y1U1Tb1Ba1-0masi C)ICHMaeMOCTb >KH.D.KOCTH H .n.ecpopMaI.tHH 3JleMeHTOB KOHTypa. Tip11se.n.eHbl pe3yJibTaTbl pact.ieTOB HeCTaUMOHapHbIX nonei:i 
TeMneparyphl, pacxo.n.a H .n:asnemrn B MHWeHHOM KOHType C )I<H,UKOH MHWeHbl-0 113 cnnasa CBHHeU,-BHCMYT, KOTOpblH pa.3pa6aTbIBaJIC.SI 
npHMeH11TeJ1hHO K npoeKTy ycKop11TeJ1bHO-ynpaan11eMOH c11cTeMhI MK-I Jloc-AJiaMoccKOH HauHOHaJihHOH J1a6opaTOpMH (JIAHJl) CWA. 

ON THE TARGET CIRCUIT THERMOHYDRAULIC PARAMETERS DYNAMIC CALCULATIONS TAKING INTO 
CONSIDERATION THE IMPULSE FEATURE OF ACCELERATOR BEAM POWER CHANGE. A.V.DEDOUL, 
M.P.LEONCHUCK, E.KH.PYLCHENKOV, A.V.LAMKOV, S.N.GRISHAKOV. The method of the target circuit temperature and 
pressure dynamic calculations taking into account the impulse feature of accelerator beam power change as well as liquid compressibility 
and construction deformations is developed. The results of calculations of flow rates, temperature and pressure nonstationary fields in the 
target circuit with lead-bismuth coolant are represented. The target circuit is developed for the project of target system ( TS- l ) for the 
LANSCE accelerator proton beam (LANL, USA). 

BBEAEHHE. MHWEHHblH KOMnllEKC 

YnpaBIDieMrul ycKOpH,TeJibHIDI CMCTeMa (pHC. 1) npe.uHa-
3HatfeHa .n.1rn nonyqemm HeHTpOHOB nyreM B03.UeikTBJ.-rn Ha 

M11llleHh npOTOHHOfO nyl.JKa, HanpaBJ15IeMOro H3 ycKop1ne-

r - - - - • • - .. - - • - • - • - - - - - • - - • • .. • ••• .. ~ .. - • • • •.., 

I t I I 

EycpepHaH: 
TennodfoJeHHHK : eMKOCTh 0 

111 
110 

2 

j Mf_r{ 
Hacoc 

;::~~HOHHM ~ . . . :.~ 
TipOTOHHhIH : : r;:::::::'.:!ii=:===~Jt Bl : . i 

nyqoK - - [?o. =-,o_ ~. _. _; ~HrneHL: 
: MeM6paHa : 

Puc. / . Cxe.Ma MUUleHuozo 1<0Mnne1<ca MK-I . 
0 - 120 - HOMepa pac'lemHblX R'leeK 

J151. B KatJeCTBe )KM,llKOH MH11IeH11 HCTIOJih3yeTC51 3BTeKTHt-Ie­

CKHM cn.rras cs11HeU-BHCMYT, KOTOphIH, u11pKyn11py.SI no 
3aMKttyTOMY KOHT)'py, OJ(HOBpeMeHHO BhITIOJIHSieT cpyHK­
UHM TennOHOCHTeJI51. 

TipoTOHHbIM nyqoK B6paChIBaeTCJI B MHllleHb nep11O.u11-
t.JeCKl1MH KOpOTKHM11 HMnyJihCaMH, MOW:HOCTb KOTOpbIX 

MHoroKpaTHO npeBbllllaeT cpe.uHee 3a rrepHO.ll 3Haqem1e. 
Eonee nonoBHHhI 3Hepnrn nyqKa nornomaeTcH MHWeHhIO 11 
npespaw:ae-rc51 s Tenno, KOTopoe BbI3hIBaeT pe3Koe ysem1-
t.JeH11e TeMrreparypbI KaK )l(HJ(KOH MHllleHH, TaK H pa:3.ri;en11-

TeJ1hHOH MeM6paHbI. JloKa.JJhHhie scnneCKJ1 TeMnepa-ryp s 
)l(H.D,KOCTM rrp11BOJ(51T K o6pa30BaHJ1lO BOJIH .n;asneHH51, KO­
TOpbie, pacnpocTpaHIDICh no KOHTYPY, BhI3bIBaIOT Hanp51-
)l(eHM51 B 3JieMeHTax KOHCTPYKUHH MHllleHH H, npe)KJJ,e Bce­

ro, B MeM6paHe. KpoMe Toro, .ri;ononH11TenhHble Harrpsrnce­
HIDI B MeM6paHe BO3HMKalOT B pe3yJihTaTe ee IIp51MOfO HM­
nyJihCHOfO Harpesa. 

YKa3aHHhie cpaKTOpbI OKa3aJUf.Ch HaH6onee cymecTBeH­
HhIMH npH o6oCHOBaHIU1 pa6orncnoco6HOCTl1 MeM6paHhl B 
EsponeiicKoH cHcTeMe EES c pryTHOH )l(H,llKOH MMrne­
HhIO [l]. 

B pa6oTe npe.UCTaBJleHhI MaTeMaTHqecKrul MO,lleJih 11 
HeKOTOphie pe3yJihTaThl pacqeTOB ,Ll;MHaMHKH napaMeTpOB 
M11meHHOro KOMrrneKca C yt-IeTOM HMnym,CHOH pa60ThI 
ycKOpHTeJI51 [2, 3]. 
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MATEMATH"IECKASI MOAEnb 

Ilollil TeMneparyp, CKOpOCTH TeqeHIDJ H .n;aBJieHIDI TennoHOCHTeJUI Heo.n;Hopo.n;Hhl B nonepeqHhIX ce'leHIDIX yqaCTKOB 
TPaKTa TennOHOCHTeJUI. Bo3MO)Kl{OCTb HCilOJlb3OBamra ycpe.u.HeHHhIX no nonepeqHOMY cel.JeHHIO KaHaJIOB 3HaqeHHH YKa3aH­

HhlX napaMeTPOB OCHOBaHa Ha cne.n;y10~eM : 

- )J;llil OITHCaHIDI rn.n;paBJIHKH H Tennoo6MeHa HCilOJih3YIOTC51 3HaqeHIDI K03cpcpHu.HeHTOB rH,LJ;paBJIHl.JeCKOro conpoTHBJie­
HHJI H TennooT.n;aqH, KOTOpbie norryqeHbl )J;IDI cpe.LJ.HHX 3HaqeHHH CKOpOCTH H TeMneparypbI; 

- npH onpe.u.eneHHH HeCTal.J,HOHapHoro ITOllil .u.aaneHIDI C'lHTaeTCH, qTo BCJie.U.CTBHe MaJibIX nonepeqHbIX pa3MepoB (no 
cpaBHeHHIO C IlpO)J;OJibHblMH) MHIIIeHH 11 .n;pyrHX yqaCTKOB KOHzypa H BbICOKOH CKOpOCTH pacnpocrpatteHIDI 3BYKOBbIX BOJIH 

a cnnaBe Pb-Bi ( ~ 1700 MIC) npoHCXO,LJ;HT rrpaKTH"IeCIGi MrHOBeHHOe H ITOJIHOe Bbipa.BHHBaHHe .n;aanemrn B nonepeqHOM ce­
qeHHH. 

C y1.JeTOM 3THX )J.Onyll.J,eHHH pacnpe.n;eneHIDI TeMnepaT)'phI, CKopocrn Te'leHHH H .u.aBJieHIDI B)J.OJih TPaKTa TeilJIOHOCI-:ITellil 

MO)l(HO OITHCaTb cne.n;y10meii CHCTeMOH O.U.HOMepHblX ypaBHeHHH: 

Hepa3pbIBHOCTH -
8pS + 8pwS = O 
ar ax ' (1) 

coxpaHeHIDI 11.Mnynhca - ~ 8(pSw) + ~ 8(pSw
2

) =- 8P -p gsin~ + {H,,} _ 5.. lwl·pSw, 
S Bt: S ox ax /11 S 

(2) 

r.u.e P = P{x, t:) - .u.asneHHe TeIDIOHOCHTeJUI Pb-Bi, Ila; 

coxpaHeHH~ 3Heprnn-(p·Cp). 
0
:j + (p·Cp·w). OT:,,cj = qJx, -c) + ((;/JvJ. •ar(0-T~JJ ,(3) 

] UC. j ax j 

cocTOHHHJI .nm1 cnnaaa Pb-Bi p = p (T, P) - p=10729-l,214·T+0,3436-(P-0,1). (4) 

3.n;ech H .nanee P - .naBneHHe Tem1oaocHTeIDI Pb-Bi, Mna. 
,[(JIH Tennoo6MeHHHKa 3anHChIBaeTC51 ycJIOBl1.e Terrnoo6MeHa C OXJiruK.l(aIOIUeH B0,LJ;OH rrpH 3a.LJ.aHHOM ee pacxo.u.e H TeMne­

pazype Ha Bxo,ue. 

ae - - - -
Ser ·Per ·CcT ·-= n, •a, . (T ltd - 0) + n2 ·U2 ·(T lK2 -0). 

8t 

B np11.Be)J.eHHhIX BhIIIIe cpopMynax T lK j(X, 't ), U= 1,2), 8 (x, 't) - cpe.n;m1e no ceqeHHIO TeMnepaTypbl IT OTO Ka Tenno­

HOCMTeJUI Pb-Bi U=l ), BO,LJ;bl U=2) H CTeHKH, COOTBeTCTBeHHO, °C; 't - BpeM51, c; X - mrneiitta.si KOop.u..1rnarn, M; w= 
w(x, t) - CKOpOCTb TeqeHH.H TeTIJ10HOCHTem1 Pb-Bi, Mic; S = S(x) - nnoma.nh npOXO.l{HOfO Ce1ieHH.H TeI1JIOHOCHTem1, 
M2; TI 1(x) - nep11MeTp, OMhrnaeMhIH rennoHOCHTeneM, M; Ildx) - rrepHMeTp, OMhIBaeMhIH so.u.011, M; p, Cp - nnoT-

HOCTb, KrlM 3
, H y.nenhHaH TerrnoeMKOCTh, ,ll;)Kl(Kr·°C), Tenn0Hocwrem1, cooTBercrneHtto; HH , /H - Hanop ttacoca, 

MITa, H ero .u.mrna, M, cooTBeTCTBeHHo; ~ - K03cpcpm .. v,IeHT rn.u.paam-111ecKoro conponrnneHHH, 1/(M·Kr); P - yron 
HaKJJOHa yqacTKa KOHTypa K ropH3OHTan11; qv(x, t} - MO[UHOCTb pacrrpe.n;eJJeHHbIX HCToqHHKOB Tenna, BT/M

3
; 

a t - K03cpcpm~HeHT rerrnorrepe.n;aq11, Br/(M2 · °C); ◊cT - TOJill.lHHa cTeHIGi, M; "-CT - Ko3cpcpm.{HeHT rennorrpo~ 
I+ cr•a 

2•Acr 
BOJ].HOCTH MaTepHana CTeHKH, Brl(M·°C); a - K03<p<pHllHeHT TeITJIOOT)J.a'lH Me:>K.Zzy TenJIOHOCHTeJieM M rrosepXHOCTblO CTeH­

KH; p CT, C cT - nnoTHOCTh, KrlM3
, H y.nenhHaH TerrnoeMKOCTh, ,[{)K/(Kr·°C), MaTepmUia cTeHKH, cooTBeTcTBeHHo; Sc-r - nno­

I..Ua.LJ.h nonepeqHoro ce1IeHID1 CTeHIGi, M2. 
HecTal.J,HOHapHbie ITOJI.sl TeMneparyp B ccpepH"IeCKOM 3JieMeHTe pa3,uenHTeJibHOH MeM6paHhI onpe.u.eIDIIOTCH M3 pellleHH.H 

ypaBHeHIDI H3 [ 4] : 

c30 
p·C -

P or 
l a c30 
-·-Ar2

- + q (r,r) 
r 2 ar ar V 

npH 3a.U.aHHH Ha noaepxHOCTH co CTOpOHhl rryqxa ycJJOBJ,ljf TeHJJOBOM H3OIDIUHH : 

(5) 

ae 
- = 0 
ar ' 

a Ha ITOBepXHOCTH co CTOpOH.bl TemIOHOCHTeJI.sI - ycnOBH.H Tennoo6MeHa C )l(ff,l{KOCThlO, HMe10meii TeMnepazypy T( t) : 
ae 

A - = a.·(0-T), r.n;e qv(r,t)- nocTOmHoe no TOJIIUHHe cTeHKH TennoBhI.U.eneHHe. 
ar 

,[(m1 oueHKH B03HHKaIO[UHX B MeM6paHe aanpH)KeHHH err, cr8=cr<p, .u.ecpopMaUHH Er, Ee, E<i> H rrepeMemeHIDI u B rrpe,nnono­
)KeHHH ynpyroro rrose,neHHH MaTep11an:a pelllaeTCjf CHCTeMa ypaBHeHHH: 

acr 2 a2u 
.l\BIDKeHH• - a: + ;{ 0-r -0-e) = p.,, Of 2 (6) 
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ou u 
(7) Hepa3pbIBH0CTH - E -- f:0 =e --

r ar (j) r 

H C0CT0SIHIDI - e =_!__-( o- -2vo- ) ; €0 =e = !{ o-
0 

(1-v)+vo-J , (8) 
r E , e (j) 

r..ne E, v-ynpyrne xapaI<TepHCTIIKH MarepHana cTeHKH. 

Ha BHelllHeH rpaHHue 3a,[{aIOTCjJ ycJI0BIDI, 0TBe'laIOI.D;He pa3JIM11HbIM Mo,neJibHbIM npe,ncTaBJieHH.HM 0 B3aHMOJJ;eHCTBHH 

MeM6pruu,1 C )KH,l{KOCTbIO. /J:HCCKIIaTHBHbie 3q>q>eKT.bI He ytlHTbIBaIOTC5I. 

CHcTeMa ypaBHeHHH (1) - (8) pemaeTCR 1iHCJieHHO. ,[(ml nocrpoeHH.H KOHetmo-pa3HOCTHOro aHanora CHCTeMhl KOHT)'p 

pa.36JrnaeTc.s1 Ha 3JieMeHTapH1>1e rnarn Llx, a npouecc - Ha HHTepaanhI Lh. 
I1cnom,3y.s1 cooTHorneHHe .llIDI pacxo.na G= pSw, (9) 

ypaaHeHHe coxpaHeHIDI HMIJYJibCa .lllIR i-TOH TOlfK.H KOHT)'pa B MOMeHT epeMeHH 't + ~'t npe,nCTaBIDieTC.sl B BH.ne 

G rflt = Aa;-CP; - Pi+i) + BG; ' (10) 

r..ne AGi, BGi - K03q>q>HI.{HeHTbI, Bblpa)KeHIDI .llIDI KOTOpbIX BBH..ny rpOM03.llKOCTH He npHBO)UITCH . 

.[ln.st: TeMnepaT)'pbl CTeHKH HMeeM : 

e,~ ·(PCT· ·Cp . )·t1x+qv ·'1x·Lh+(a,1 •Yi;+A't +U2 · -i;_~+A't) -~'t 

0
~+A-r , CT, , , 

i (Pc-r1·CPCTi)•11x+(a,1+a2J6-r , 

a .llJl.H TeMnepaT)'pbl TeTIJIOHOCHTeJI.H 

BOJIHHCTOM qepTOM caepxy o603HaqeHhI Inep11pyeM1>Ie BeJUll.lHHbl, a BeJIJ.flUIHbl B KBa.n;paTHOH CK06Ke COOTBeTCTBYJOT 

.llBH)KeHHIO TeruIOHOCHTellil no npHHl.{Jmy np.HMOTOKa HJIH npOTHBOTOKa. 

J,fa ypaaHemdi Hepa3pbIBHOCTH ( 1) H COCTO.SIHHR ( 4) C HCTIOJib30BaHHeM Bbipa)KeHHH ( 10) nonyqaIOTC.SI COOTHOllJeHIDI .llIDI 

.naeneHIDI H pacxo.na, KOTOpbie npH ycJIOBHH 3aMKH)'TOCTH KOHT)'pa pemaIOTCH MeTO.ll0M UJ,f KJiff\IeCKOH nporoHKH. 

pt+b.t =a . ·Pt+D.t+r:t .P,t+b.t +y . . 
I I 1+1 t-' i I I ' 

GtD.t=Q21·~+1+Q,,·Pi+Qo;, i=G , 
r..ne a;, P1 , Y; - nporoHotJHb1e K03q>q>HUHeHTbl. 

flony-qeHHa.SI CHCTeMa KOHe1mo-pa3H0CTHbIX COOTHOllleHHH pemaeTCj{ MeTO,n0M HTepauHH ,no rro~eHH.SI 3HaqeHHH T, 0, 
G c 3a,[{aHHOH T01lHOCThIO. 

PE3YnbTATblPAC~ETOB 

OcHOBHbie K0HC1])YKTHBHO-reoMerp11qecKHe H BX0.llHbie 

napaMeTpbl, a TaIOKe CBOHCTBa MaTepHaJIOB MHllleHHoro 

KOHT)'pa MK-1, pa3pa6aTbIBaeMoro npHMeHHTenbHO K yc­

KOp1neJibHO-ynpaBID1eMOH CHCTeMe JIAHJI, IIpHHHTbl B 

cooTBeTCTBHH c npoeKTHOH .noeyMeHTaUHeii [5]. Ypaette­

HHe COCTO.SIHHH .llllil )KH.llKOH MHllJeHH - TeIIJIOHOCITTeIDI 

Pb-Bi 3an11c1,rnaeTCH B BH.Ue ( 4). MMnyJihCHblH xapaKTep 

pa60Thl ycKOpHTeJUI Y1iHT.blBaJJC$1 B pac'IeTax KaK -rpane­

UHeBH)lHhie HMIJYJibCbl ::meprOBhI,neneHIDJ B MHllleHH 

(pHC. 2). TTpH qacT0Te HMnyJibC0B 115,2 fu, M0lllH0CTb Te­

IlJIOBbI.L(eJJeHIDI a HMnyJihCe COCTaBIDieT 7,314 MBT, 'ITO e 

14 pa3 npeeb1maeT cpe.nttee 3a nepHo.n 3HatJemte. 

PacqeTbl IIpOBO.llHJIHCb KaK .llJI,SI )KeCTKOro He.n;eq>opMH­

pyeMoro KOHT)'pa, TaK 11 c Yl.feTOM .n;ecpopMal.{HH MeM6paHhI. 

B nocne.n;HeM cnyqae onpe.n;eAAnocb H3MeHeHHe o6oeMa 

KOHTypa ecne.ncTBHe nepeMememuI MeM6paHbl, KOTopoe 

HaX0.llHJIOCb KaK <i>YHKl.{HjJ ,11,aanemu1 H3 perneHH.st: ypaeHe­

HJ,,UI .llBH)KeHHJI. 

Hcxo.nttoe pacnpe.neneHHe rrapaMerpoa no KOHT)'py no­

KaJaHo Ha pHC. 3,a. (pac11eTHhie TOtJKH Ha pHC. 1 ). TT pH 

nycKe B nepBble MOMeHTbl npOTOHHOfO HMnyJibCa B paifoHe 

MeM6paHbl npoHCXO.UHT BCilJieCK TeMneparypbI, KOTOpblH 

rrp11eo.n;11T K B03MymeHHIO ,naaneHIDI H pacxo.n;a. B rrocne­

.llYJOIIJ.He M0MeHTbl HMnyJibCa H3MeHeHIDI pacxo,L(a H .n;ae-

N, x522,4 K,L{)l(fc 

20 40 640 660 870 9340 17380 

Puc. 2. Buo UMny11bcoe 'JHepzoebtOe.neHUR, coomeemcmey10UJux 
UMnyllbCa.M ny'lKa npomoH08 ycKopume.nJl LANL 

18020 

t, µc 
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rreHIDl pacrrp0CTJ)aIDIJOTCSI Ha .npyrne yqacTKH K0HT)'pa 
(pHC. 3,6 - 3,,n). 

KaK cne.nyeT H3 pwc. 4, amumrwqH1:,1ii xapaKTep HMeIOT 
B03M)'IUeHIDI ,naerreHIDI H pacxo,na B ycTaHOBHBIIJeMCH HO­

MHHaJihH0M pe)KHMe. O.nHaKO 3,nec1:, 3TH B03M)'Il.leHIDI npo­
HCXO,wIT Ha cpoHe CJI0)KHBIIJeroCSI cymecTBeHH0 HepaBH0-
MepHoro pacnpe.neneHIDI TeMneparyp no K0HTYPY. A6co­
JIIOTHhIH MaKCHMYM ,naBJieHIDI 1,43 Mila HMeeT MeCT0 Ha 
yqacTKe BhIXO,UHoro narpy6Ka MHUieHH. 

Y nosepXHocrn MeM6pam,1 HaH6oJihUiee 3HaqeHHe .uaarre­
HIDI C0CTaBAAeT 0,983 Mila. XapaKTep H3MeHeHIDI napa.MeT­
poe y noeepxH0CTH e cepHH HMnym>C0B TI0Ka3aH Ha pHC. 5. 

B cnyqae y11era .necpopMau1n1 MeM6paHhI o6mHif xapaK­
Tep pacrrpe.uerreHHH H H3MeHeHIUI napaMeTJ)OB KOHT)'Pa B 
0CHOBH0M coxpaHHJICH (pHC. 6,a - 6,r). O.nttaKO Il0)J.aTJIH-

20 

p G 

:MIIa 

• • 
2.4 48 

2.2 44 
2.0 40 

1.8 36 

1.6 32 
1.4 28 

1.2 24 
1.0 20 

0.8 16 
0.6 12 
0.4 8 
0.2 4 
0.0 0 

a) 

r- -1- - 1- -,- ,- -1- -, - ,- - ,- -,- - ,- - r - -1 
r- -,- -T- -r - -,- -1- -r - ,- - r - -,- - ,- - r- -, r--,-- 'l - -r- -1-- T --r -.,. -r- -•- - ,- ... T - -1 ~-~--~--~- -·--~-~-- --~-~--~-----~--~- - -- -~-- --~- -- -
.. ,. - ! - - I... _I_ - .1 - -'- - .J. - L - -'• • .J-. L - .I 

I - -:- -f • -~ • -:- • t- -:- ... -:- 00 t- -:- - -:- ... t- -? 
- -,- - i- -,- - -,- - 1 - -.- - -,- - r - -,- - -,- - r - -i 
- - .- - T - -r - -1- - T - -,.. - ,- - r- -,- - ,- - r - -, 
- -,- - 1' - - .- - -1- .. 'f - - .- - 1 - .. f" - -,- - -.- • t - -1 

- --- - ◄ - - ... - -•- - • - - ... - .,. _ - .. - _,_ - ..... - .. - -· 
- _,_ - ~ - - L. - _._ - ,l - - ~ - _, _ - j, - _,_ - ..J- - l. - _, 

..... 1 ..... .l .... L ..... 1 ..... J - - L .. .J .... 1 .. -'- .. .J .... L - .. I 

--:-- :--: --:--:- -: - :- -t --:-- :--:--: 
- -,- - T - - r - -,- - , - -,.. - i - .. r - -.- - ,- - r - -, 
- -,- - , - -r- -1- - ,. - -r - -,- - r - -,- - -,- - r - -, 
- -1- - 1' .. -t- - -1- - i - -~ .. 1- • f""" -·- • ....... ,- .. -1 
- _,_ - ........ ~ - -t- - ◄ - - ... - ........ - -·- - ..... - .. - _, 
- ..J .... .J - .. \.. .. -I .. .. .l .... L. .. -' .... l. .. ,.I .... -'• .. L .... I 

- -!- -t- .. L __ ,_ -1-- 1
- .. -:- -t- -:- --:--t- -i 

.... , .... I .. I .. -,- .. • 1 • .. f .... , 
- -l--r--,--1--r-,--r- --.--r·-1 

T 
oc 
... 

33J 

310 
30) 

29) 

28) 

270 
2f:O 
2S) 

240 

23J 
23) 

210 

2CIJ 

I I I I I I I I N!! 
0 10 aJ 3J 40 50 60 70 8J 90 lOOllDlaJ 

p G T 

Mila 

• 
24 

2.2 

20 
L8 

16 

14 

12 

10 

a.a 
0.6 
0.4 

0.2 

a.a 

p 

MIia 

• 
2.4 

2.2 

2.0 

1.8 

1.6 
1.4 

1.2 

1.0 

0.8 

0 .6 

04 

0 .2 

0.0 

48 

44 

40 
35 

32 

2B 
;2q 

~ 

16 

12 
8 

4 

a 

• 6) ]20 MKC 

r - -,- - .., - - T - - r - .. , .. - -,- - T' - - r • -r- - -,- - ., - - , 
► - -·- - ◄ - - .. - - ~ - _,_ - ◄ - - .. - - ► - -·- - _,_ - "' - - t 
r.. ..... 1 .... ..J .... J .... L .... l- .J .. .I .... r.. .... I ...... I .... .J - .. I 

L - _,_ - _,_ .. t .. - r- -: --.- - i • - -·- - -·- - J _ - , 
- -.- - -, - - - - - - - - -,- - i - - - -.- - ....... , - .. 
.. -1- .. -,- .. T .... , .. • .., .... T - .. r .. .. , .... •1- •-, .... 1 

.. -•- - ~- - ............. , ..... -1- - ..... - ... - -,- - ..... - ~ - .. t 

.. _,_ - ◄ - - .... - ► - -·- - _, - - .... - .. - -·- - ...... - -4 .. - • 
- ... 1 .... J .... .& - - L .... 1- .. J- .. ,I .... L .... , ...... t .... J,.. .. J 

- ·:- - -:- - 7- .. }- -:- - ~ - - t --r- -:- ---:- -~ -.. ! 
- -,- - , - - 1 - - r - .. , .. - ,- - , • - r - -,- - -,- - , - - , 
- -,- - , - - T - - r - -,- ·., - - ., ... - r - ·•- - -,- - ., - - 1 

- -"- - _, - - .. - - ► - -·- - ... - - .... - ► .. -•- - .... - "' - ... 
..... I .... ~ .... ,I .... ~ .... I- .. .J.. .. .. L ..... 1 ...... I .... J,. .. I 

- -:- - ~ - .. { .. - ~ - -:- - ... - ~ .. -:- - ·:- - ~ - -! 
--,-··,--i--r--,-- ,-- --r--,---.---,--i --.--,-- - -- ,-- ·-r--.---,--,--, 
-·1---1-- -- ► --~--1--• -f"'--1--~--1-•• 
- ... I- - .... - • - - ► - _..., - ◄ - - .. - - ► - - •- - -t- - ◄ - ... . 
.... 1 .... J .. J .... L .... t ... ~ .... .& .. L .... • .... ~ .... J .... J 

--:-- ,--t--r--:---:--+·-. --:-- .. :--1--! 
.. .. -, - .. l ... r - -,- - -,- - i ... i.. .. - ,- - i - .. l 
-,--,--,--r--r-,--,·-r--1--, - -•- -~ - ..... -- ~ 

-------................. .--__ .__..,..,..S"TT ................. ...,.,,.__,._... 

oc 
... 

3~ 

310 

DJ 
~ 

28J 

270 

2el:J 
29::l 
;2qQ 

23:J 

2~ 
210 

:a:xl 

I I I I I I I I I I I IM 
0 10 Al 3J 40 9J 00 70 8) 00 100110120 

G 

0) 8680MKC 

T 
oc 

• 
48 
44 

40 

36 

32 
28 
24 

20 

16 

12 

8 

4 

0 

. __ . ___ . __ ' ..... ' ... '---' ...... ' -·'-·-· ..... · ...... · .... · 
~. -~::::: ::'.::: :: : :'.:::: :::'.:: :~ :::::::~:::~:: { 
I .. • ~ • • • ~ • • •:• •,. t • .. •:- • • ~ • • •:• • • ~ .. • •~ .. • ~ • • • ~ • '" 1 

-- -:- ... - t- - -:- - -t- - -:· - .. t .. -·:- - - ¾ - - - :· .. - i .. - -}- - - ➔ 

:: ~:: :~ :: ~:: :~: :~::: ~: ::~:::: :::~: ::t:~ ::~ 
--~-- -~---:··· ~· --:-- -! .... -~- ·~ ---;--~---~ --~ 
.... -: -- -t - .. --:- -- t .. - -:- - - t - - -:- - -t- --:- -- ~ ---:- . - ~ 

-- -: --. ~ . --:-- .. -~ .. - -:--. : · .. -:· - -:- . -:- -- ~ -- .. ~ .... ~ 
--'"'-- · r· ··,-· - r· --,-- -,- --,·- -, · ··,---,---r-·, 
... ~ ...... ~ .. --:- -.. ~ .. -~- .. - ~ .. -~ -. ~ -. ·:- . -~ ... -~ .... ~ 
: : ·:-=: ~ .. -~- --;- -.. :: : : ~ -. -~ ... ! : :-:- - - i ... -: - - -f 
·-,-··r··-,--- --- -- , ---,--· ---.---,-- ,- , 

-- - ... --- ... .. ..J .......... ·- ---

I I I I I I M 
0 10 20 lJ 40 9J 60 70 80 9'.) 100110120 

320 

310 

DJ 
ro 
280 
270 

aso 
250 
240 
2lJ 
220 
210 
:il'.X) 

B0CTh MeM6paHhl np1rnena K pacIIJHpemno .u11anaJ0Ha K0-
ne6aHHH pacxo.ua H K cHIDKeHHIO ecnnecKoB .nasneHHH. 
A6comoTH.hIH MaKCffMYM ,nasneHIDI CHH3Hnc.s.r .uo 0,9 MITa, 
a Ha1160J1bUiee .naeneHHe y noeepxH0CTM MeM6paHhI He 
npeBhICIDI0 0,45 MTia npH CTaUH0HapH0M 3Haqemrn 0,375 
MTia. EcnH MeM6paey MO.Ue.JIHP0BaTb TOHKOH 38MKH)'TOH 
ccpepH'ieCKOH o60JIO"tJ.KOH, TO B03HHKaIOmHe B Heii Harrp.s.r­
)KeHHSI rro.u .ueif CTBHeM HMny IlbCOB TeMneparypbI M .uaarre­
HIDI H3MeHSIIOTCSI, KaK Il0Ka.JaH0 Ha pHC. 7. 

Ha cpotte nocTOHHHOH cocrnsJIS110meii, orrpe.nenettttoii 
CTal{H0HapHbIM nepena.n,oM TeMrreparypbI no T0Jill\HHe 
MeM6paHbl H CTal{H0HapHbIM .uaerremteM TeIJJI0H0ClffeAA, 
B03HHKalOT rrepeMeHHbie HanpH)KeHHSI, o6ycnoBJieHHble 
HMIJYJibCaMH TeMnepaT)'pbI 11 .naeneHH.sI, a TaIOKe (pHC. 7,a) 
co6cTBeHHbIMH KOJie6amUIMI1 MeM6paHhl. 
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Puc. 3. Pacnpeoe11eHue ee11UI./UH Oa8/leHWl, pacxooa u meMnepamypb1 
mer1.110Hocume1111 no KOHmypy 6 UCXOOHOM cocmoRHUU U 6 pa3/1UI/Hble 

MOMeHmbt nepuooa nepeozo UMny11bca nyl./Ka npomoHOB. 
/{erpopMGl,fUU MeM6paHbl He Y'IUmb16a1omc11 
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Puc. 4. Pacnpeoe.neHue ee.nu11uH oa611eHUR, pacxooa u meMnepamypb1 men.noHocume.nR no KOHmypy e HOMUHClllbHOM 
ycmaH06U61,Ue.MCR pe:JICUMe 6 pa3llUI/Hble MO.MeHmbt nepuooa UMnynbCQ. J{erpopMal,IUU .MeM6pOHbl He YllUmbt6alOmCR 
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Puc. 5. 3aeucUA1ocmb om epe,,1eHu 6eJIU'lUH oa(JJleHUR, pacxooa u me.n1nepamypb1 me/1/loHocumenR y noeepxHocmu MeM6paHbl. 
J{e</JopMaifUU Me.M6paHbl He y11umb1ea10mcR. a) Pe:>«:u.M nycKa. 6) Ho.MUHClJlbHblU ycmaHoeueiuuucR pe:>1cw.1 
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3AK/1I0"1EHHE 

11:ccne,n:oBaHa ,AHHaMHKa napaMeTp0B K0H1ypa MHUICHH0f0 K0MnneKca MK- I C )1(11,AKOH MHUieHblO - TenJI0H0CHTeJieM 

Pb-Bi. IloKa.3aHO, tJTO HMnyJibCbl npOTOHHOro rryt-IKa npHBO.l:VlT K B03HHKHOBemuo B KOH1ype rryJJhCaUHli ,n:aBJJeHJUI, pacxo.n:a 

H TeMnepazypbI TeTIJIOHOCHTeJUI. 8 nycKOBOM H HOMHHaJibHOM pe)frnMax 3TH nym>CaUHH Ha scex yqacTKax KOH-rypa no Be­

Jil,ft{HHe H xapaKTepy npHMepHO O.LJ:HHaKOBbl. IlpH yqeTe rro,n;aTJIHBOCTH 3JieMeHTOB KOHTYpa pactJeTH.bie aMillllffY,D;bl IIyJibCa­

UHH .n:aBJJeHIDI rronyqalOTCH 3aMeTH0 fili)Ke. Ilynbcau1rn ,n;aaneHH.8 H TeMnepaTYpbI npHB0,LVIT K B03HHKH0Bemno B MeM6patte 

nepeMeHHbIX HanpH)KeHHH. O,n;HaKO orpaHJfqeHHaJI aMnJIHry,D;a 3THX KOJie6aHHH npH 0TCYTCTBHH pe30HaHCH.bIX .SIBJieHHH He 

BH0Ciff peUiaIOmero BKJia,Aa B rrospe~eHHe MeM6paHI,I, KaK 3T0 HMeeT MeCT0 B npoeKTe EES. 
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Y,L(K 621.039 

OIIPE)U:JIEHHE AKYCTlfllECKHX HArPY30K B rEJIBEBOM TPAKTE rT-MrP 

B.B. 3Hbziuee, MH HuKo!laee, A.Jl. llpu20poecKuu, 
Hl111 MexaHuKu HHI'Y, 603950, H.Hoe20poo, np. I'a2apw-ta, 23, Kopn. 6, 

H.I'. KooOI./.U208, B.B. /1,py.MOB, OKEM, 
603074, H.Hoe20poo, EypHaKOBCKUU npoe3iJ, I 5 

l13J10)KeH no.n.xo.n. K pacqery aKycTHt.JeCKHX xapaKTepHCTHK TpaKTa remtH ra:mryp6HHHOro MO)J.)'JibHOro renHesoro peaKTopa (fT­
Mf P). I1pHBeJJ.eHbI pe3yJ1bTaThl pacqeTa co6CTBeHHbJX tJaCTOT TpaKTa renHH fT-MfP H yposHeH 3BYKOBOfO .n.asJieHH.R B TpaKTe )J.JIH HOMH­
HaJibHOro pe)KHMa pa60TbI rT-MfP. 

ESTIMATION OF ACOUSTIC LOADS IN GT-MHR HELIUM FLOW PATH. V.V. ZNYSHEV, M.Ya. NIKOLAEV, A.L. 
PRIGOROVSKY, N.G. KODOCHIGOV, V.V. DRUMOV. The approach to an analysis of acoustic characteristics of a helium flow path 
of the gas-turbine modular reactor GT-MHR is described. The analysis outcomes of natural frequencies of the GT-MHR helium flow path 
and sound pressure levels in the flow path for nominal mode of GT-MHR operation are presented. 

nOCTAHOBKA 3AAA"IH 

B Te'leHHe nocne,n:HHX HeCK0JihKHX neT B H,n;epHOH 

3HepreTHKe HHTeHCHBH0 pa.3pa6aT.bIBaeTC.8 TeXH0JI0fIDI 

3HeproycTaHOBKH C BblCOKOTeMnepazypHbIM renHeBOOXJia­

)K,AaeMbIM peaKTopoM H Henocpe,n;cTBeHHO C HHM CBH3aH­

HOH renHeeoii -ryp6HHOH. IlepcneKTHBa cymecTBeHHOH 

3KOHOMMqeCKOH BbirO,Abl OT 3KcmiyaTaUHH reJIHeBOOXJIIDK­

.n:aeMbIX peaKTopoB np1rnena K co3,n:aID110 Me~Hapo,n:Hoi.i 

rrporpaMMbl pa3pa6oTKH IT-MrP, B KOTOpOH yqacTByioT 

M11ttaTOM (PoccHH), }l)Kettepan ATOMMKC (ClllA), ct>paMa­

T0M (<l>paHlVUI) 11 <l>y,n;>KH-3JieICTpHK {5irrOHIDI). C Il0M0-

lllblO IT-MrP MO)KH0 rrepepa6aTbIBaTh opy)J(eHHI>IM rrny­

TOHMM H rrp0H380.LJ:MTb 3JieKTp03Hepnno C K.rr.,n;. 0K0JI0 50% 
[ 1]. IlporpaMMa H 0IIl,IT 3KCnnyarnrurn Il0CTp0eHHbIX pa­

Hee rnIT.H 3HeproycTaHOBOK C fa.300XJia)l(,L(aeMbIMH peaKTO-

paMH B pa3HbIX CTJ)aHax BbI,ll;BHH)'JIH H0Bbie -rpe60BaHID1 K 

HayqHbIM HCCJle,A0BaHIDIM no o60CHOBaHHIO 3cpcpeKTHBHO­

CTH H 6e3onacHocT11 IT-MrP. TeMa CTaTbH CBH3atta c 3TH­

MH H0BbIMH Tpe6oaaHHjfMJil. 

O,n;HHM 113 KatJeCTB, Heo6xO)];HMbIX ,L:(JUI 3cpcpeKTHBHOH 

H 6eJonacHOH pa60Tbl ra3o-ryp6HHHOro peaKTopa, .slBJUl­

eTCH Het.JyBCTBHTeJil,HOCTb 3JieMeHTOB KOHCTPYKUHH K 

aKyCTl-fl-IeCKHM Harpy3KaM B fa30B0M TµaKTe rrpH 60Jib­

WHX reHep11pyeMhIX M0mH0CT.slX. Borrpoc 06 aKyCTJfqe­

CKHX HarpyJKax B03HHK H3-3a H3BeCTHbJX cnyqaes HeHC­

rrpaBHOCTeH, npHt{HHaMH K0T0pbIX CTaJIH BhIC0KHe ypos­

HH aKyCTH'leCK0ro .n:asneHHJI B 5{3Y C fa.30BbIM Terrno­

H0CHTeneM B BeJIHK06pHTaHI-rn H <l>paHI.{HH. KpoMe Toro, 

B peaKTope rT-Mr P rrpe.n:rronaraeTcSI HcnonhJ0BaTh o.n-
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HO H3 H0BblX Texm1qeCKHX perueHHH B peaKTOpOCTpOeHHH -

:rneKTpOMarHHTHblH no.nBec poTopa T)'p6oMallJHHhl, qTQ 

-rpe6yeT oco6o TIIJ,aTeJU,HOf0 113yqeHID1 BCeB03M0)KHhJX 

Harpy30K B CBH3H C Heo6xo,nHMOCTbfO o6ecneqeHIDI ycTOH­

qJ1BOM pa60TbI CMCTeMhI 3JieK1pOMafHHTH0fO no.nseca BO 

speWI 3KcnnyaTaum1 IT-MrP. 

PacqeT xapaKTepHCTHK 3BYKOBOro TTOJIH B TpaKTe re­

JIH51 fT-MfP npe.LJ.nonaraeT perneHHe .LJ.BYX B3aHMOCB51-

3aHHhIX 38)].aq: 

1. Onpe.neneHHe l:laCT0TH0ro cneKTpa co6cTBeHHbIX KO­

rre6aHHH ra3osoro TPaKTa. PemeHHe 3TOH 3a,na-q11 no3BOJI51-

eT rrpH H3BeCTHOM cneKTpe HCTOqHHKOB 3ByKa BbI)].emt:Tb 

BO3MO)Kllble 3OHhl pe3OHaHca. 

2. Onpe.nenettHe aKYCT11qecKHX Harpy3oK B :rneMeHTax 

-rpaKTa reJJH51 npH B036y>K.)leHJU1 3ByKa HCTOqHHKaMH C 3a­

.naHHblMJi qacT0THbIMH H MOll.lHOCTHbIMH xapaKTepHCTHKa­

MH. OcHOBHhIMH 11cToqn11KaMH 3BJKa B IT-MfP 51BJUU0TC51 

ryp611Ha, K0Mnpeccopbl BblCOK0fO H HM3K0ro .n:asneHH51. 

At<yCTJ,fqeCKHe xapaKTepHCTHKH, K0T0pble Heo6XO)lHMO 

nonyqHTb B pe3ym,TaTe O.QeHoqHbIX pacqeTOB: 

- MHTerpaJU,Ha51 no BCeMy tJaCTOTHOMY )].Haila3OHY aKy­

CTWleCKaJI Harpy3Ka B 3JieMeHTax TPaKTa; 

- MaKCHMaJJbHaJI crreICTpaJihHaJI IlJIOTHOCTh Harpy3KM B 

'-laCTOTHOH nonoce, f)].e reHepHpyeTC51 HCToqm1KaMI1 3ByKa 

OCH0BHa.st qacTb a1<yCTH11eCICOH MOIIJ,HOCTH; 

-cpe)].H5151 H MaKCHMaJibHaJI cneKTpaJibHbie IlJJOTHOCTH 

aI<yCTHqecKOH Harpy3KH B HM3KOqaCTOTHOH nonoce, r.ne 

8O3MO)KHbI pe3OHaHCHbie 51:BJJeHH51. 

PerneHHe 3THX Ja,na-q c noMOll.lhfO HaTYPH0ro M0.LJ.eJmpo­

BaHH51 npa.KTH'leCKH HeocymeCTBHMO. Manonorre3HblMH MO­

ryT OKa38ThC51 O1..{eHKH Ha OCHOBe rrepeC'-leTa H3BeCTHbIX pe-

3YJib TilTOB 3KcrrepHMeHTOB Ha HHhIX faJOBblX CHCTeMax, TaK 

KaK OTJIHt{IDI B 3KcnnyaTal..{HOHHbIX napaMe-rpax, BHeWHHX 

ycnosmrx, MaCIIITa6ax H cpopMax KOHCTpYKUHH 11aCTo .nenaJOT 

KpHTep1rn no.no61ffl HeBhillOJIHeHHbIMH 11, C00TBeTCTBeHH0, 

He)].OCTaTOl-JH0 .ll0CT0BepHI>IMH nonyq:aeMhie ouemrn. 

K.rraCCH't{eCKaJI TeOpH51 aKYCTHKH, OCHOBaHHaH Ha BOJI­

H0BbIX ypastteHH51X, .naeT CTPorne pacqeTHLie cpopMYnhI 

aK)'CTH1-leCKOf0 Il0AA .LJ.JI51 orpaHHqeHH0fO tta6opa np0CTbIX 

reoMeTplfqecKHX q>opM 3BYKOilp0B0)].0B [ 1-6]. ,1J;JI51 CJIO)K­

HbIX KOHCTPYKUHH 3syxonp0B0.LJ.0B ocrneTC51 B c1me .naBHee 

yTBep)K,L(etttte PeneH: "Kor.na ceqeHHe rpy61>1 nepeMetttto, 

npo6neMa Kone6aHHH ra3a BffYTPH Hee a o6meM cny-qae He 

M0)KeT 6hITb pemeHa" (1 ]. ITp11XO.LJ.HTC51 HCKaTb qacTHbie 

cnoco6h1 perneHH51. 

HEKOTOPblE HE06XOA"1MblE AJUI PAC"IETHOro HCCnEAOBAHH~ 
nPEAnOCblnKH H nPEAnOnO>KEHH$1 

HH3iliaJI co6cTBeHHaJI qacTOTa rpaKTa renm1 B fT-MfP, 

ouemrnaeMaJI B e)].HHHUhl repu, COOTBeTCTBYeT nepH0.LJ.Y 

Kone6aHHH nop.sm,Ka apeMeHH npoxo,na TpaKTa 3BYKOBOH 

BOJJHOH npH CK0pocrn 3ByKa 1000-2000 Mic. 
3a BepXHIOJO rpamuzy pacqeTH0fO -qacTOTH0f0 .LJ.Harra-

30Ha uenecoo6paJHo rrpHIDITh yrpoeHttyJO (HJIH yqeTBe­

pettttyJO) JI0ITaT0'-lttyfO qacTOTY KOMnpeccopoB H ryp6HHhl, 

)lmI fT-MrP 3TO 20-40 KI'u (100-200 JI0ilaTOK IIpM 3000 
06/MHH). 

Cornactto rrpe.n:sapHTem,HhIM oueHKaM ryp60Marn11tta, 

pa60TaromaJ1 a IT-MfP, 3arpa1meaeT Ha rettepauruo 3ByKa 

0K0JI0 O.LJ.HOH MHJIJIHOHHOH OT ee HOMHHaJibHOH MOll.lHOCTH 

B qacT0THOH nonoce 0-40 Kru,. 

J:J:mr 0XBaTa acero qacTOTH0ro .n11anaJ0Ha BbI6paHbl )].Be 

pacqeTHbie MO)].eJIH. O.ntta (BOJIHOBM) OCHOBbIBaeTC51 Ha 

npe,ncTilBJieHHH 3JJeMeHTOB ra3OBOro rpaKTa B BH)].e CHM­

MCTPJ,fqffbIX qerhipexnomocttHK0B [4] (no attanorHH c rrac­

CMBHhIMH 3JieKTpli'iCCKHMH qeTblpexnOJifOCHHKaMH). Bon­
HOBa51 MO,neJJb rrpe,nHaJHaqeHa )].JI51 pac-qeTOB B HH3Koqac­

TOTHOM )].HaIIaJOHe. IicToqHHK 3ByKa B Heil npe.LJ.CTaBIDleTC51 

rapMOHI·fl:IeCKHM OCUHJIJIHTOpOM C 3a,naHHblMH np11pall.(e­

HMHMH KOMTTJieKCHbIX aMTIJIHT)'.LJ. .LJ.aBJICHH51: WHJIH o6oeMHO­

ro pacxo.na. 

,[Lrul )lHanaJOHa, a K0T0pOM co6cTBeHHhle qacTOTbl pac­

nonaraJOTC51 HaCTOJibK0 6JIH3KO ,Apyr K .n:pyry' qTQ JJf06a.H 

K0MTT0HeHTa cneKTPa JiCTQqHHKa 3ByKa B036y)KJlaeT MH0-

)KeCTB0 co6cTBeHHbIX Kone6rurnii c qacToTaMH, MaJI0 0TJJH­

'-18lOll.lHMHC51 OT qacTOT KOMTIOHCHT HCTOt{HJ1Ka, aeycn1qe­

CKcUI 3HeprIDI pacnpe.neJrneTCH Ha MHO)KeCTBO COCTaBIDIJO­

[UHX. HeT 51pKO BblpruKeHHbIX pe3OHaJiCHblX TIHKOB. ITpH 

pacqern qacTOTHOf0 cneKTpa co6cTBeHHblX KOJie6aHHH 

OllIH6KJi Mo.nen11.posamrn 11 cqern a o6naCTH BbIC0KHX qac­

TOT OKa3hIBaJOTC51 cpaBHHMbIMH C pa3HHUeH Me)K,L(y CMC)K-
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HbIMH co6crneHHbIMM t:IaCTOTaMH. B 3TOM cnyqae )].JI51 on­

pe.neneHH51 ypoBHeH aKyCTJil:ICCK0fO ,AaBJieHirn B :meMeHTaX 

fa30BOro TPaKTa uenecoo6pa3HO IIOJib30BaTbC51 cpopMyJiaMH 

peBep6epaUHOHHOJ1 TeopHH .LJ.IDI .n11cpcpy3HOfO aeycTHl-JeCK0-

ro Il0JIH, T.e. nomr, o6na.naiomero CBOHCTBaMH M30TI)OITH0-

CTH (ace Hanpasnemrn IIOTOKOB 3Hepnn1 OT)].eJlbHbIX BOJIH 

paBHOMepHbI) H O)].HOpO.LJ.HOCTH (nJJOTHOCTb 3BYKOBOH 

3Hepnrn II0 BCeMy o6'beMy IIOCTOHHHa). 

B pesep6epal..{I10HHOH M0,D.eJIH HCn0Jib3YfOTCH cpopM)'JJbl 

TeOpKH aeyCTHKH noMeIIJ,eHHH [ 4, S]. 3Ta MO,neJJh 0ilHCbmaer 

.LJ.H<pcpy3HOe 3BYKOBOe none B TJ)aKTe reJJH51 np11 BbICOKHX tiac- . 

TOTilX. f eHepHpyeMa.H HCTOqHHKOM 3By-Ka MOll(HOCTb B pesep-

6epauHOHHOH M0)].eJIH 38)].aeTCH KaK Il0CT051:HHM BeJJH't{HHa B 

ypaBHeHH51X y-qacTKOB, CMe)KHbIX C HCTO1UIHKOM 3ByKa. 

CneKTp aK)'CTlft{ecKoro III)'Ma TYP60Mannrn - cnnoIIIHOH 

BO BCeM )lHaITaJ0He qacTOT C PMOM )lHCKpeTHbIX COCTaB­

JUl10Ill.HX, H3 KOTOp.bIX 3aMeTHO OTJilft{aeTC51: no ypOBHJO 3By­

KOBOfO .LJ.aBJieHH51: OT cpe.LJ.Hero C0CTaBJI51fO[Ua.H, COOTBeTCT­

BYfOill.aJI qacToTe cne.noBaHH51 nonaT0K. r eHepHpyeMa.H Ha 

3TOH qacTOTe aKyCTHl-JeCKaJI MOll.lHOCTb MO)KeT .LJ.OCTHraTh 

70% OT cyMMapHOH axycnrqecKOH MOII.(HOCTH -ryp6oMallIH­

Hbl. J,fa .npyrnx qacTOT M0)KH0 Bbl,l(eJJHTb t.JaCT0TY o6opoTOB 

sana 11 Y.LJ.BOeHHYfO nonaroqeyfO qacmry, Ha KOT0p.bIX ypo­

seHh 3BYK0BOfO .LJ.aBJieHH51 Ha 15-20 .LJ.E MeHbllle ypOBIDI Ha 

rronaTOtJHOH qacTOTe, T.e. reHep11pyeMM MOll.lHOCTb B .necHT­

KH-COTHH pa3 MeHbllle MOI.J..{HOCTH Ha JIOilaTOl.JHOH qacT0Te. 

Ha 0CTilJlbHbIX qacroTax pa3HHUa COCTaBJI51:eT 30 .nB Ji, C00T­

BeTCTBeHHO, M0I.J..{HOCTb 6orree qeM a TbICSl'-1)' pa3 MeHbWe 

M0I.UH0CTM Ha nonaTOtfHOH qaCT0Te. 

Typ6oMall1HHa MJIM HeCKOJihKO 0)].H0BpeMeHHO pa6o­

TaJOI.QHX pa3HhIX TYP60Maunrn HJnyqaJOT HeKorepeHTHbie 

BOJIHhl, )lJ151 KOTOpbIX cyMMapHaJI nnOTHOCTb 3Hepnrn pas­

Ha CYMMe IlJIOTHOCTeti 3Hepnrn OT scex COCTaBJI51JOIIU1X 
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BOJIH . .L(mI aKyCTH1IeCKHX BOJIH IIJIOTHOCTb 3Hepnrn rrpo­

nopQHOHaJibHa KBa,npa-ry aMTIJIHT)')lbl 3BYKOBoro ,L(aBJieHJUI 

(Sp). Tio3TOM)' OQeHKOH aKyCTHqecKHX Harpy3OK B KOHT)'pe 

rT-MfP 6y.L(eT HHTerpan no qacToTe oT TIJI0THocrn aey­

CTHqecKoii 3HeprHH )lJI.SI TPeX HCTOqHHKOB aKyCTHqecKoro 

rnyMa - -ryp6HHbl 11 .L(Byx K0MnpeccopoB. 

OTCYTCTBHe Heo6XO)lHMblX ,L(aHHI,IX H MeTO)l0B )lllil pe­

meHHH 3a,natrn O I1pOXO)l(,[(eHHH 3ByKa qepe3 MHOfOCTYOeH­

qaTble -ryp6mzy 11 KOMnpeccopbI ~aCTilBJI.SleT 0rpaHWIHTbC.SI 

paccMoTpeHHeM .ll.Byx cny-qaes: 

a) 3BYK CB060)lHO npOX0)lHT qepe3 -ryp60M8llIHHhl 6e3 

IlOTepb; 

6) 3BYK np0XO)lHT qepe3 -ryp6oMaUIHHbl C 6om>lllHMH 

rroTepHMH: cyMMa rroreph B -rypforne H K0Mnpeccopax pas-

Ha y)lBOeHHOH cyMMe IIOTepb no BCeM 0CTaJihHblM yt-IaCT­

KaM KOHT)'pa. 

PacqeT npOBO)lliJIC.SI cneeyIOII.UiM o6pa30M. 

TipH 3a,L(aHHOM 3HaqeHHH qaCTOThl H COOTBeTCTBy1oi:.u:ei1 

eii crreK1])aJibHOH IlJI0TH0CTH M0I.l{H0CTH fI0CJie)l0BaTeJlhH0 

paccqHTbIBaeTC.SI pacilpe.ueneHHe aMilJIHT)')lbl ,ll8BJieHH.SI B 

KOHrype npH 0,AH0M HCTOlJHHKe 3ByKa H3 Tpex (ryp6HHa, 

KOMIIpeccopbl BblCOKOro H HH3KOro ,naanemui:). 

CneKTpaJihHa.SI nnoTH0CTb d(Sp )/df ,nJUI 3a,L(aHHOH qac­

TOTbI f nony-qaeTC.SI cyMMHpOB8HHeM crreICTpaJibHhIX IlJIOT­

HOCTeH B K8)1(,nOM yqacTKe KOHrypa OT -rpex HCTO1IHHKOB. 

l1HTerpan OT Bb1q11crreHHOH cpyHKQHH d(Sp )/df no aceMY 

qacTOTHOM)' .L(llafla3OHy HCTOlJHHKOB .naeT 3Hat:JeHHe cpe.n­

Hero KBa,npaTa .nasnemrn: B pa3JIHlJHhIX TQqKax KOH-rypa. 

PE3YnbTATblPAC~ETOB 

PactJeTHOe HCCJie,L(OB8HHe aKyCTH'IeCKHX xapaKTepH­

CTHK Tl)aKTa remu1 IT-MrP npose,neHo c noM0IUbIO npo­

rpaMMHhIX KoMnrreKcoa ASPECT H RESPECT, pa3pa6o­

TaHHhIX Ha OCHOBe MO)leJIH ,L(JUI npO.L(OJihHbIX 3BYKOBhTX 

B0JIH H peaep6epaQHOHHOH Mo,ne.Jlll. 

,[(m1 pacqeTHoro Hccne.uoaaHIDI TpaKT remu1 a IT-MrP 

npe,L(CTaBJIHJICH MH0>KeCTB0M nocne.uosaTeJibHO H napan­

neJihHO coe.n1rneHHhIX pa:mHqHhIX :rneMeHTOB (KaHcUihl, 

rpy6h1, IIOJIOCTH, KOMnpeccophI, zyp61rna). 

AK)'CTHlJeCKHe xapaKTepHCTHKH, nepet:JHCJieHHbJe B 

cpopMynHpOBKe 3a,IJ.a1IH, 6blJIH nonyqeHhl .l(JUI Ka)K,nOfO 113 

47 yl.faCTK0B rpaKTa renm1 IT-MI'P. qacTb pe3yJihTaToB 

pacYeTa npHBe,netta B rn6n. 1 H 2. 
B ra6n. 1 npHBe,lleHhl 3Haqemu1 qaCTOT cao6o,nHbIX KO ... 

ne6aHHH s HHTepBane 0-200 fQ, a KOT0pOM IIO OQeHKaM 

npaaoMeptta Mo,nenh TpaKTa reJIH.sI IT-MrP )lJljl npo.nonh­

HhIX 3BYKOBhIX BOJIH. 

T a 6 n 11 Q a 1. 3natteHHH co6CTBeHHLIX ttaCT0T TpaKTa 

reJIHSI IT-MrP (ru) 
4,59 9,94 12,75 19,20 29,42 31,37 34,60 39,67 

43,30 49,59 52,31 54,60 55,36 60,72 63,19 66,68 

70,69 72,14 80,24 82,43 87,03 88,98 89,31 90,15 

101 ,62 108,00 110,22 114,24 116,63 117,83 126,53 127,66 

130,56 133,43 140,79 148,31 150,34 158,28 163 , 18 170,47 

173,72 176,29 179,51 182,44 191 ,40 191 ,79 199,05 200,72 

Ta6n. 2 co.uep)l(HT cne.nyJOIUHe xapaKTepHCTHKH: 

3q>q>eKTHBHOe aeycTHl.feCKOe ,L(aBJieHHe p; 

MaKCHMaJibHa.SI no qacT0THOM)' ;:J;HanaJOH)' cne.KTpaJib-

Ha.SI IIJIOTHOCTh KBa,npaTa 3cp<peKTHBHOfO ,L(asneHH.sI 

d(Sp)/df; 
qacTOTa f, Ha KOTOpOH Ha6n10;:i;aeTCjJ MaKCHMaJihHa.H 

cneKTpaJihHa.SI JlJIOTHOCTh Ha yqacTKe. 

T a 6 JI H Q a 2. AKyCTH'ICCKHe xapaKTepHCTHKH HCK0T0pbIX y11aCTK0B TpaKTa reJIHSI 

rT-MrP ,llJISI ttaCT0TH0r0 .nuanaJ0Ha 3 - 43000 ru 
YllaCTOK 
ropjtt.JHH fa.30XOA 

Bxo.n. TYP6HHbl 
B1,1xo.n. TYP6HHbJ 
PeeynepaTOp (rpeJO~rut cpeAa) 
PeKyneparnp (HarpeeaeMWI cpe,Aa) 
BbIXOA KOMnpeccopa BhlCOKOro ,naeneHHjJ 
KaHaJlbl8KTHBHOH30Hhl peaKTOpa 

PacqeTHOe HCCJie,L(0BaHMe II0Ka.3aJJ0: 

1. Bo BCeM paccMa-rpHBaeM0M t.JaCT0TH0M )];HaTiaJ0He 

3aMeTHblX pe3OHaHCHhIX 8K)'CTHtJeCKHX HBJieHHM He Ha-

6mo.naeTC.SI H3-3a 60JihlllHX IIOTepb Ha rpemte B KOH-rype 

(0,35 MTia). 
2. B npe.nenax B03MO)KHOH HeTOtJH0CTH 38.naHH..SI 3Hal.fe­

HHH 3aryxaHIDI pe3yJihTaThl paCt.JeTOB H3MeIDIJOTCH OTHOCH­

TeJlbHO MaJIO. HarrpHMep, yMeHbllleHHe K03<p<p~HeHTOB 

TIOTepb Ha -rpeHHe BO BCeM K0ttrype a 1,5 pa.3a ,naeT yae.Jlll­

qem1e H8H6om,lllero 3HaqeHIDI 3cpq>eKTHBHOro )laBneHIDI B 

K0HT)'pe npH6JIH3HTeJibHO Ha 5%. 
3. r py6h1e oueHKM aepxttei:i rpaHHUhI qacToTHOH rrono­

ChI, B KOTOpOH crrpase,nJIHBa B0JIHOBa.SI Mo,neJib ,rum rpaKTa 

renIDI IT-MrP, H HIDKHeii rpamH.lbI ,nn.S1 pesep6epaQ.HOH­

HOH MO,neJIH ,L(aIOT, COOTBeTCTBeHH0, 3HaqeHIDI 200 fQ H 

1000 ru. Tol.fHblX 3Ha1IeHHH ITOJIY'1HTh npaKT11qecKH He­

BO3MO)l(HO. KpoMe Toro, )lllil TTOJIOCbl Me)K)ly 3THMl1 tJaCTO­

TaMH a,neKBaTHOM MOJJ,eJIH He cymecTByeT. I1o3TOM)' JJ,JI.SI 

p, TTa d(Sp)/df, naLlrl..l f, ru 
2367 36513 4950 
3297 70405 4950 
1375 12076 4950 
147 138 4950 
51 32 49 

2180 9961 4950 
554 2096 4950 

OQeHKH BJlIDIHH.SI 3THX Heorrpe.neneHHOCTeM Ha peweHHe 

3a,na1IH rrpose,neH pacqeT .llllil ,nByx sapHaHTOB: 

- BOJIHOBa.SI MO,neJih .L(llil ,nHaITaJOHa 3- 200 fu, peBep-

6epaUHOHHIDI - ,AJI.SI 200-43000 fQ; 

- BOJlHOBa.SI M0.L(eJih ,nID1 ,nHanaJ0Ha 3-1000 fQ, pesep-

6epaQHOHHa.SI - .un.S1 1000-43000 ru. 
Pe3yJihTaThJ pacqeTOB ,nnH 3THX Bap11a1ITOB npaKTH1Ie­

CKH coana,naIOT. 

4. MaKCHMaJihHhie 3HaqeHH.SI aeycT.11qecKHX Harpy30K 

OKaJhIBalOTCH a y-qacTKax K0HT)'pa, pacfIOJlO>KeHHblX B6JI.H-

3.H HCTOqH.HKOB 3ByKa. 

HaH60J1hllIHe ru<yCTW:IeCK.He HarpYJKH B03HHKaIOT B yqa­

CTKIDC KOHT)'Pa, 6JIH3KHX K -ryp6HHe. HaH60J1hllJee 3Haqemfe 

3B)'KOB0ro .nasneHIDI nony-qeHO Ha BXO,ne B 1YJJ6HHy (3300 
ITa) AIDI aapmu-rra c 0TKphITbIMH AJU1 npoxo>K,neHIDI 3B}'Ka 

HCTOqHHKaMH ( CM. Bhillle - cny-qaii "a"). 3TO 3HaqeHMe rrpe­

BhllllaeT CO0TBeTCTBYIOIJzyIO BeIIHl.fHtty npH npoxo>K.L(eHHH 

3BYKOM HCT0'IHHK0B C IlOTepHMH ( cnyqaii "6") Ha 20%. 
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3AKJUOllEH~E 

C noMomhIO rrporpaMMHbIX K0Mrrne~coa ASPECT H 

RESPECT, rrocTJ)0eHHbIX Ha ocHoBe BOJIHOBOH H peBep6e­

paur10HHOH MO,U:eJieH aKyCTH'qecKoro IlOJI.sJ., npoae,u:eHbl 

pacqeTbl aKYCHll.JCCKHX xapaKTepHCTHK B K0Hrype 0XJIIDK­

,u:eHHJI IT-MrP. 
Pact.JeTbl BbIIl0JJHeHbl B ycJI0Bl15IX 60JibIIIOrO tJHCJia 

061>eKTHBHO HeH36e)KHblX Heonpe,neJieHHOCTeH B Heo6-

XO,U:HMblX ,nm1 peIIIeHJUJ 3a,u:a"lrn HCXO,U:HbIX ,u:aHHbIX. He­

onpe,u:eneHH0CTH ycTpamrnHCh qacTHtJH0 C IlOM0mbIO 

aHanorn:ii, qacTHtlH0 B0JJeBblMH peIIIeHH.sJ.MH, qacnit.JH0 C 

IIOMOI.l.l(:,IO BbitJHCJIHTeJibHbIX 3KCnepHMeHTOB, HO BO scex 

crryqaHx HCX0,U:.sl H3 coo6pa)KeHHH nonyqeHIUI pe3yJibTa­

T0B peIIIeHI-rn "c 3arracoM". PacctJHTaHHhie TaKHM o6pa-

30M mm Ka)K,u:0ro H3 4 7 Bbl,u:eneHHhIX yqacTKOB re1rneso­

ro KOHrypa fT-MfP 3cpcpeKTHBHOe 3Hat.JeHHe 3BYKOBOro 

,u:aBJieHH.sJ., cpe,U:H.sJ.SI H MaKCHMaJlbHa.sJ. no qacT0THhlM 

.u:1rnna30HaM cneKTpa.JlbHble IlJlOTHOCTH KBa,n.paTa 3cpcpeK­

THBH0ro ,naaneHH.sl rrpHr0,U:HF,l J(J]jl HH)KettepHbIX oueH0K 

CHJ10BbIX Harpy30K Ha 3JieMeHTbI KOHCTpyKUHH, BbI3BaH­

HbIX aKyCTlJ"lleCKHMH IIIyMaMH. 
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CMCTEMA 110MEP~KH IlPlllUITIDI PEIIIEHIDI 11PM IIJIAHIIPOBAHMM II 
IlPOBE,l(EHIIll l1EPErPY30K KAHAJIOB HA PEAKTOPE THIIA PliMK 

(HA liA3E IlPOrPAMMHOro KOMilJIEKCA «IIPOrH03») 

P.B. Apym10mm, A.M A(jJaHacbeB, J1EPA3 PAH, 113191, MocKea, E.TyllbCKaJl, 52, 
A.A. A(jJaHacbeea, A.A. A(jJaHacbeB, PHJ.J «Kyp1.Jamoec1<uu uHcmumym», 123182, MocKBa, nn.Kyp'-lamoBa, 1 

A.I' KyflbKO, /121-taJlUHCKaJl A3C, 4761, 2. Buca2unac, Jlumea, 
A.,[(. A6aUMoB, ff./1. Kopoeuna, CMo!leHcKaJl A3C, 216532, /J,ecno2opcK CMoneHcKou o6n., 

MI' AJ.u)peee, KypcKaJl A3C, 307230, KypttamoB KypcKou 06J1. 

Ilpe,nCTaBJieHbl .naHHble no nporpaMMHOMY KOMnneKcy «TiporH03»: anropHTMbl, BepHq>HKal{H5! H 3KcnnyaTal{H5! Ha 11rttaJIHHCKOH, . 
CMoneHCKOH 11 KypcKo» A3C. 

SUPPORT SYSTEM OF DECISION TAKING AT RELOADINGS OF CHANNELS PLANNING AND REALIZATION ON 
THE RBMK REACTOR (ON THE BASIS OF PROGRAM COMPLEX "PROGNOZ"). R.V.ARUTYNIAN, A.M.AFANASIEV, 
A.A.AFANASIEVA, A.A.AFANASIEV, A.G.KUL'KO, A.D.ABAIMOV, 1.1.KOROVINA, M.G.ANDREEV. The data on a program 
complex "PROGNOZ" are presented: algorithms, verification and exploitation on Igna1ina, Smolensk and Kursk NPP. 

BBEAEHHE 

B HEP A3 pa3pa6oTaHbI a.JITopHTMbl perneHHSI 3a,u:aq, 

CB~3aHHbIX C C03,U:aHHeM CHCTeMbl rro.n.nep)KKI-I orrepaTopa 

peaKTopa [I]. Ha 6a3e 3THX anropHTM0B HaITHCaH npo­

rpaMMHblH KOMITJJeKC ·«TiporH03», KOTOpbIH TT03B0J]jle'f ,u:a­

)Ke .U:llil PEMK B peanhtt0M speMeHH Ha PC P2 nposo,n.HTb 

e rpexMepHOH reoMeTJ)HH IlOJIHOMaClllTa6HbIH (noKaHaJib­

HbI:H) pacqeT (rrporH03) H3MeHeHIDI IlOJieH HeihpOHOB, 

:rneproBM,u:eneHHst, noKa3aHHH ,[U(3P, ,nl(3B 11 T.,n.. B aK­

THBHOH 30He pa60Ta10ruero B CTaUI-I0HapH0M pe)KJ1Me peaK­

TOpa nocne JIOKa.JlbHOro BBO,U:a peaKTHBHOCTH, CB513aIIHoro 

c nepeMemeHHeM cTep)KHeH ynpasneHHJI CY3, neperpy3-

KOH (nepecTaHOBKOH) Kattanoa (TBC, ,[(II) f1 T.,u:. IlpH 3T0M 

.u:eTa.JlbH0 Y'UffhIBaeTC.sJ. anropHTM pa60Tbl KOHKpeTHOH 

CHCTeMbl aBT0ManrtJeCK0fO ynpasnemrn fl.AP' C0CTOHIUeH 
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H3 JIOKaJJbHO pacnOJIO)KeHHbIX ynpasm1101.1u1x CTep)KHeH 

CY3, K8)K,Lll:,IM H3 K0T0pbIX CBH3aH C rpyrrrrow ,U:aT'-IHK0B, 

KOTOphie MOryT HaXO,U:HThCSI KaK B aKTHBHOH 30He peaKTO­

pa, TaK H 3a ee npe,nenaMH (JIAP-EHK). 
PeaJJhHOe apeM.sr B KOMflJieKce «I1porno3» ,lJ.OCTJffaeTC.sl 

He 3a CtJeT "3arpy6neHIDI" Mo,nemi (HCilOJib30BaHH.sl «CHH­

TeTHt.JeCK.11X» MeT0,U:0B H T.,u:.) HJIH yMeHbllieHJUI pa3MepH0-

CTH 3a,u:aqH (BBO,na paCtJeTHbIX o6nacTeH 11 T . .LJ:.), a 3a ClleT 

pa3,u:eneHH.sJ. pernettHJI 3a,u:atJH Ha orrepaTHBHbIH 11 tteonepa­

THBHbIH pacqen1. ITocne.uHHH npoeo,u:HTCH omrn pa3 B cy­

TKH H 3aHHMaer spewi rropS1,u:Ka 15 MHH Ha PC P2. ct>yHK­
UHOHaJibHO KOMTIJI~KC «Ilportto3» ycJIOBHO MO)KHO pa3,ne­

JIHTh Ha cne.u:yJ01.1.v1e cocTaBHhie qaCTH: DATA (Ea3a), 

PROG (PacqeT), OBJECT (O61>eKT), RBMK (fpacp11Ka). 



IlporpaMMHblH KOMOJieKC DATA Allil Bhl6paHHOfO (Te­
KyIUero) COCTO.SIHIDI peaKTopa C03,naeT 6a.Jy ,naHHhlX (E,[(), 
COCTO.SIIUYIO 113 Ha6opa <pyttKUHH BJIH.SIHl151 (<l>B) Allil KIDK­
noro cTep:»<IDI CY3 ( cTepiKH11 py't!Horo (PP) H aBTOMarnqe­
CKoro ynpaBnemrn JIAP) 11 KaHaJIOB-"KaH,nH,D.aToB" Ha ne­
perpy3KY (KaHam,1 c TBC, HMe10mHMJil 6onhIIIoe Bhrropa­
HMe, C AOIIOJIHHTeJihHhIMH norrronrrem1MH ()];II), co CTOJI-

6aMM eo,nhI (CB) H T.,n.). 
IlporpaMMHbIH MO,L()'Jih PROG c rroMOIUhIO co3,n;aHHOR . 

Ii,[( rrpornO3HpyeT (paCClfHTblBaeT B TpeXMepHOH reoMeT­

pHH C yqeTOM pa60TbI CHCTeMbl JIAP) B pe:»<HMe "on line" 
IIOKaHaJibHbie M3MeHeHIDI rronew HeiiTpOHOB, MOIUHOCTH, 

JJHHeHHOH ttarpy3KH, noKa.JaHHii ,[(IOP, ,[(K3B H .n;pyrnx 
xapaKTepHCTHK peaKTopa rrpH JlOKa.JlhHOM BBO,ne peaKTHB­
HOCTM, CB51:3aHHOM C nnaHHpyeMbIMH neperpy3K8MH KaHa­

JIOB 11 rrepeMemeHHeM cTep:»<Heii CY3. 
IlporpaMMHhIH KOMnneKc OBJECT 06ecneq11BaeT 

KOHBepTaUHIO CTa.HUHOHHhIX ,naHHblX (HaXO.[{}llllHXC.SI B JIO­
KaJibHOH ceTH CTaHUHH) a Heo6xonHMYIO AIDI KOMIJJieKca 
«IlporH03» HHq>OpMaUHIO, a TaIOKe o6ecneqHaaeT CB.Sl3b 
KOMrrneKca «IlporH03» co CTaHUHOHHbIMH KOMTIJieKC8MH 

pacqern xapaKTepHCTJilK peaKTopa (HBC TMT AH Ha MA-
3C, CUI< CKAJIA Ha CA3C, KA3C). 

TiporpaMMHhIH KOMnneKc RBMK 06ecnet.J:1rnaeT 11H­
Tepcpeiic nom,3osaTeJI.S1 (rpaq>J.P-1ecKoe oT06pa:»<eH11e pe­
JYJihTaTOB pacqern (nporHo3a), Hac-rpoi:iKa oTo6pa)KeHJil.SI 
H T.,n.). 

I1cnOJib30BaHHe KOMfIJieKca «IlporH03» ( 11 ero MOAH­

<pHKaUHH) Ha A3C B03M0)KH0 Ha 3-x ypOBH.SIX: 

• nnj{ 06yqeHID1 onepaTopa (KaK rpeHIDKep ), 

• .[{Jl.sl HCITOJlb3OBaHIDI Ha ypOBHe 0.fil> npH TIJI8HHpOBa­

HHH neperpy3OK, 

• .[{JUI HCITOJib3OBaHIDI Ha sepxHeM ypoaHe Ha Ell.lY (KaK 

rroMomHHK onepaTopa). 
Bbillle nepeq11cneHbI Te 8O3MO)KHOCTH KOMrrneKca 

«Ilporno3», 1<0Top1>1e y)l(e peanH3osam,1 Ha A3C (pea.1u13a­
UID1 nepBblX nayx nyHIITOB npe,nCTaBJieHa HH)Ke) HJIH npaK­
THtJeCKH fOTOBbl K peanH3aUHH (TJ)eTI.fH flYHlCT npe.nnona­

raeTC.SI peanHJOBaTh a 2001 r.). B ttacTmuuee BpeM.SI 
pacCM8TJ)HBaeTC51: BOnpoc 06 HCITOJib30BaHHH KOMilJleKca 
«IlporHo3» 11 rrp11 pernemrn 3a,naq onTHMH3aUHH neperpy-
30K, Bb1pa60TKH COBeTOB onepaTOpy no cpopMHpOBaHmo 
OTITHMaJihHbIX rroneii H T.,n. 

HH)l(e cxeMaTiflIHO np1-rne,neHhI cpopMy JIHpoBKa pernae­
MOH C ITOMOIUblO KOMTIJieKca «IlporH03» 38,11.at.JH, MeTO,nhI 

ee pelllemu1 H pe3ynhTaThl pean113aUHH Ha A3C. 

~OPMYnHPOBKA3AAA~H 

ITyCTb CTaU:HOHapHblH pe:»<HM pa60Thl peaKTOpa OITHChI­
saeTC.SI s cneny10meM BH,n;e: 

H ( r,z) N0 ( r,z )=0; f Ki ( r,z) N0 ( r,z )dv=qi, i=l,2,.,ML, (1) 

r.ne H ( r,z) - orrepaTOp, onHchmaromHH npouecChI, npore­

Ka10m11e s peaKTope; N0 (r,z) - HatJaJibHoe CTa[(Hottapttoe 

none Hei1rpoHos; qi - 3a,naHHM sen11q1ma, KOTopy10 non­

nep)l(HBaeT i-hIM JIAP; Ki ( r,z) - <pyHKUIDI c6opa HH<pop-

MaUHH i-oM rpyrrrrow ,naTqHKOB ,nJUI i-ro JIAP; ML - KOJIH­
qecrno JIAP. 

I1yCTh i-M rpyrrna COCTOHT H3 3i ,naTqJ1KOB, pa.3MeIUeH­

HhJX B KaHanax C KOOp,nHHaTaMH r~ . Ka.>K.nblli 113 3i ,narqH-

KOB COCTOHT H3 K ~ CeKUHH, pa.3Me.meHHhIX B BhICOTHhlX 

3OHax z~.k . ITycTb cyMMHpOBaHHe IlOKa.JaHHH no 3THM 

ceKUHHM C BeCOBhIMH <pyHKUIDIMH g~.k H .SIBmieTCjJ TIOKa3a­

HHeM ,narqM.Ka, KOTopoe rrocrynaeT s 6JIOK cpaBHeHIDI c 

secoBbIM 3ttatJeHMeM w~. B 3TOM c.rryqae cpyHKUH.SI Ki (r,z) 

6y ,neT HMeTh awn: 
E1 Kt 

Ki ( r,z )= L w~ ·O ( r-r~ )· Lg~.k •o( z-z~.k). (2) 
~"'I ka:I 

TpeoyeTCH npH 38JJ;3HHblX nepeMemeHHHX CTep»meu 
CY3 pacc~rnTaTb noJie neiiTpouoo H seJrnquabI nepe­
MemenHif tTep»rneu JIAP (rronnep)l(HBaIOIUHX none ttei1-
TpOHOB Ha 3a,naHHblX ,narq111<ax), T.e. peIIIHTb CHCTeMy 

ypaetteH1111: 

I\ K 

H(r,z)N(r,z)+ LPjljk (r,z)N(r,z)+ 
k= l 

ML 
(3) 

+ LP,F, (r,z)N(r,z)=0 
/= I 

E, Kl 
L w~ ·I:g~.k •N(r~,z~.k )=qi MJJH 
!;=I ka:I 

Iw~· Jg~(z}N(r~,z)dz=qi , i=I,2, .. ,,ML, 
!;=I 

(4) 

rne Fjk(r,z) H F, (r,z) - npocrpaHCTBeHHhie H3MeHeHml q>H-
3HtJeCKHX CBOHCTB aKTHBHOH 3OHbl npH rrepeMeIUeHHH jk-ro 

CY3 H /-ro JIAP, a Pjk Hp, - aMnJIH'fYAhI H3MeHeHIDI 3TMX 
CBOHCTB. 

<l>yHKUHH Fjk (r,z) H F, (r,z) MO)l(HO 3aTIHCaTb B cne­

nyromeM BH.D:e: 

Fik ( r,z )=8( r-riJ ~ 2 ( rik, z }f;k ( z), 

I F,(r,z)=o(r-r,)--
2 
(r,,z),f,(z). 

M 

(5) 

Kor.na i-wii CTep:»<eHh onttopo,nett rro BbICOTe H ero KO-

Heu nepeMeCTIIJICjJ C BhICOTbI zf Ha senwurny D.Zj H 3aIDIJI 

IlOJIO)l(eHJ-te z: ( z: > zf ), HMeeM: 

[o z: <z<H 
/;(z)= l;, z~ <z<z: (6) 

O· O<z<z~ ' 
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METOA PEWEHH.H (nHHEMHOE nPH&nM>KEHHE) 

B JIHHeITTIOM npH6JIIDKeHHH HCX0,LJ;Hhle ypaBHeHIDI 
HMeI-OT BH.L{: 

k=I 

ML 

+ I p,F, ( r,z) N 
O 

( r,z )=0 
/=I 

I w~ · f g~(z)-N(r~,z)dz=qi ; i=l,2, .. ,,ML. 
~=I 

,nmi KIDK,Iloro CY3 H JIAP sae,n;eM <l>B - \J'f ( r,z): 

H ( r,z )· 'Pj ( r,z) =-6 ( r-r;)-sin (: rnz }uj •sin (: z) . 

(7) 

(8) 

TaK KaK onepaTOp H(r,z) - oco6wi1, TO uj (HeKoTopoe 

co6crneHHoe q11cno) paccq11T1>IBaIOTCj{ H3 ycnoBIDI opTOro­
HaJihHocrn rrpaBOH qacTH (7) K No(r,z): 

uj =( sin(: rnz} N0 ( r;,z) )/(sin(: z} N0 ( r,z)). 
Bhlme H ae3,n;e no TeKcry qepe3 (A;B) o6o3HaqeHo cKa­

Jlj{pHoe npo113ae,n;eH11e. 

0rMeTHM, tJTO perneHHe 4'~ ( r,z) orrpe.n:enetto c T0tJH0-

CTbIO ,n;o rrpm:13B0JlhHOH TIOCTOjJHHOii At, KOTOpM 5JBJij{e'fC.8 

aMTIJIH'fY,LJ;0H rrpH N0(r,z), T.e. \Jfj =\J11' [ A7]. 3HatJeHIDI Aj 
HaxOMTC.8 H3 ycJI0BIDI H0pMHpOBKH, K0Topoe M0)KeT 6nm 
pa.3HI>IM .LJ;JI5I pa.3HbIX <l>B 11, KaK rrpaBHJio, onpe.n:eMeTCjJ 113 
ycJI0BIDI nyqrneii CX0.[{MM0CTH MeT0,n;a perneHIDI. 

PerneHHe ypaBHeHHH (7) HI.UeM B BH,n;e: 
K ksin 

N(r,z)=B·N0 (r,z)+ LP;k -~>Jk ·\J11k (r,z)+ 
k= I n= I 

M L ksin 
(9) 

+ LP,·Lb~·\fJ: (r,z) 
/=I n=I 

a]'.=( ~2 ( r;,, z )•f;, ( z )• N0 ( r;,, z );sin(: n-z)} 

b'. =( ~, ( r,, z )·f, ( z )•N0 ( r,, z);sin (: n-z)) · 

PerneHHe (9) To~ecTBeHHO o6pamaeT B H)'Jih ypaaHe­
HHe (7) npH BhITIOJIHeHMH ycJI0BHH 11KpHTHtJH0CTH 11

: 

(11) 

B cpopMyne (I 0) fi(z) 3aBHCHT OT h, (HCKOMOH rny6HHhl 
rrorpy)KeHJ{j{ /-ro cTep)ICIDI JIAP), nonoM)': 

b; =b; [ht], /=1,2,3, ... , ML., (12) 

T.e. l:IMeeM ML HeH3BeCTHhIX. 

Bse.n:eM B paCCM0TJ)eHHe cpyHKUHOHaJihI BH.n;a: 

ri [4'1 ]= tw~ · Jg~ (z)-4'1 (r~,z)dz. 
;=I 

(13) 

Ilo.n:cTaBHB (9) B (4), C yqeTOM (13) nony1-111M: 
K ksin K ksin 

B·qi + LP1k ·I>1k -ri [ q;1k ]+ LP, ·Lb~ r [ 4'; ]=qi, 
k= l n= l k=I n= I 

i= 1,2, ... ,ML. ( 14) 

ITpeo6pa.30BaB ( 14) H ,n;o6aBHB ycJI0BHe KpHTHtJHOCTH 
( 11 ), nonyq11M c11cTeM)' 113 (ML+ l) ypaaHeHHH ,n;JUI orrpe­
,n;eneHIDI ML, 3HatJeHMH rnyforn norpy)KeHMH cTep)l<HeH h1 

H aMrrn11ry .LJ;hI B: 
ML ksin K ksin 

LP,·Lb~ -ri [4'~ ]+~-qi =-2::P;k •IaJ: r [q,1k ], 
/=I n=I k=I n=l 

i=l,2, ... ,ML ; 
M1. ksin K ksin 

LP,·}:)~ -u~ =-IP;k ·Ia1k ·0 1k, r,n;e B=(B-1). (15) 
/= I n= l k= l n=I 

OTMeTHM, llTO cpopMaJihHO KOJIWieCTBO HeH3BeCTHhIX B 
(15) 60JihIIIe, t.JeM K0JIMtJeCTB0 ypaBHeHHH, T.K. C KIDK,n;OH 
HCKOMOH rny611Hoii norpy)KeHJrn JIAP - h1 CBjJJaHo ksin 

HeM3BeCTHhIX 3HatJeHHii b~, r.n:e n=l,2, ... ,ksin. 

CHCTeMa ypaBHeHHH ( 15) pernaeTCj{ MeTO,LJ;0M 1-nepa­
UHH. qT06hI HTepau110HHhlM rrpouecc ,n;ocrnToqHo xopowo 
CXO.[{HJICjJ, c.n:enaHhl HeK0T0phie npeo6pa.3088HH.H, CB.H3aH-

Hhie C onpe,n;eneHHeM rrpOH3BOJihHhIX fIOCT051HHhIX A J, 
KOTOphie .srnmn0TC.8 aMrnmry,naMM npH <l>B, T.e. 

\Jlj =\Jlj [ Aj]. 

YlfET HEnMHEMHOCTH 

B HenHHeMHOM np116nIDKeHHH paccMarp1rna~Tcsi tteno­
cpe.n;cTBeHH0 ypaBHeHIDI (3) 11 (4), perneHMe KOTOphIX, KaK 
11 paHee, MIII;eTC.sI B BH,[{e cyrrepn03HUHH ct> B: 

K ksin 

N (r,z)=B·N0 ( r,z)+ LP;k ·})Jk [N}\J'Jk ( r,z)+ 
k=I n= l 

ML ksin 
(16) 

+ LP, ·L b;[h,,N}\fJk ( r,z) 
/=I n= l 

r,n;e K03Q_)Q_)HUHeHTbl rrpH <l>B 3aBHCSIT OT HCKOMOro IIOJUI 

Heihpottoa: 

a;, [NJ=(~, ( r;, ,z )•f;, ( z )•N ( r;, ,z );sin(: n·z)} 

b;[N]=( ~ , (r,,z)-f, ( z) N( r,,z);sin(: n·z)). 
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y CJIOBHe Kp11TH1-lHOCTH 6yJJ.eT HMeTb BH,n;: 
K ksin M L ksin 

LPjk I:ajk [N}ujk + LP,Lbah,,N}u~ =0 (18) 
k= l n= I /= I n= I 

PacCtJHTaeM 113 BbipIDKeHHj{ ( 16) none HeHTpOHOB B 
T0tIKax C KOOp,n;HHaTaMH MeCTOpacnoJI0)KeIDUI nepeMec­
THBillHXCH cTep)l(Hei-i CY3 ri - N(ri,z), r,n;e i=j1j2J3, ... JK­
ITo~eHHhIH pe3yJII>TaT (3aBHCHI.UHH y)Ke TOJihKO OT z) 
CKaJIHpHO YMHO)KHM Ha <pyHKUHlO: 

( ~, (r,,z)•f, (z)sin(: n·z) )- (19) 

IloJI~M CMCTeMy anre6pa11tJeCKHX ypaBHeHHH 0TH0-

Cl-ITeJibHO HeH3BeCTHhlX K03q>q>HUHeHTOB b;(N] H ajk [N] 

KOTOpaJI pernaeTC5J C IlOMOI.UhlO HTepau11ii. 



PEAJU13AL01SI KOMnnEKCA «nPOrH03» HA MrHAJWIHCKOH A3C 

CTo .llOfOBOpy C J1A3C H COBMeCTHO C COlpY.llHHKaMH 

11A3C KoM1rneKc «Tiporno3» 6hIJJ nocrnBneH B 0.5IE I1A-
3C. BHe.npeHMe K0MnneKca npourno .naa :nana: 

I 3Tan (1997-1998 rr.) - rroctaH0BKa ,neM0HCTJ)aL(H0H­
HOro M0.l()'Jl51 (.LlJUI TJ)eHa:>Kepa H T.Jl.), 

II 3Tan (1998-2000 rr.) - a,n.anTaUIDI nporpaMM K pe­
aJihHOH ClpyK'l)'pe aKTHBHOH 30HhI peaKTopoB 11A3C H 
.Ll0nonHeHHe K0MnneKca rrporpaMMaMH ouemrn pacnpe,ne­
neHHhIX napaMelpOB - 3Heproshui;erreHHe, TeMneparypa 
rpaqmrn ( coe.znmemIe KOMnneKca «ITportto3» co Cneu11-
aJ1hHhIM MaTeMaTwiecKHM O6ecnetJeHHeM 11A3C H T.,n.). 

IlpH TIOCTaHOBKe B Ofil> COTJ)Y.ZlHHKaMH J1A3C 6h1JlH 

pa.3pa60TaHI>l MeT0,L(HKa H nporpaMMa HCilbITaHHH KOM­
rrneKca. McnbITaHH.SI npoBe,neHhI B 0KT.si:6pe-Ho.S16pe 1999 r. 
H 3a1unoqaJI11Ch B Mo,nen11poBaHHH neperpy3oK H nepeMe­
I.UeHHl1 CTep)KffeH CY3 3a HeKOTOphIH HHTepsaJI apeMeHH 

( 1 CYTKH) C nocne.n:yI-Oll{HM cpaBHeHReM nporH03HhIX .LlaH­
HbIX C pecpepeHTHblM COCTO51HHeM (peanhHrul E,[( l1BC Ha 

KOHeL( HHTepBana nporH03HpOBaHIDI). 

Tip11 npoBe.[leHHH C0TJ)Y.llHHKaMH l1A3C HCTihITaHHH Ha 
pa3HhlX 6JIOKax 11 pa3HbIX yp0BH.SIX MOll{HOCTH H ,D.aJihHeH­
IIJeH OilbITHOH 3KCTIJiyaTaL(IUi KOMrrneKca «Tiporno3» no­

JiytieHbl npornoJHbie pacnpe.neneHH.SI napaMeTJ)0B, K0TO­
p1,1e COBITa,ll.aJIH C pecpepeHTHhIMH .llaHHhIMH C TQqHOCTbl-0 

nyqrneH, qeM TJ)e6oBanoch no TexJa,namno. TaK, eo scex 
paCCMOlpeHHhIX cnyqa51x «)lHCnepCH.SI» OTH0CIITeJihHhIX 
OTKJlOHeHHH no MOW.HOCTH TK 6hrna paBHa HJJH MeHbllle, 
qeM 0,000 l, BMecTO TJ)e6yeMOH 3a,D.aHHOH semNHHhI B 
0,002. OmH6Ka s orrpe.neneH1111 onepaTHBHoro 3anaca pe­
aKTHBH0CTH (O3P) He npeBbllllaJia 0,6% 1-1 T.,L(. Eonee no.n­
po6Ho pe3yJJhTaTh1 HCIIhITaHHH 11 OTihITHOH 3KCTIJIYaTaL(I-UI 
npHBe,neHbl HIDKe. 

PE3YnbTATbl "1CnblTAH"1M HA HrHA11"1HCKOM A3C 

I 6JIOK. ITpoBe,[{eHbl pacqeTuI Ha MOI.UHOCTH 2400 MBT(T). B KatJeCTBe HCXO,L(HOH HCTI0Jlb30BaJiaCb E,[( OT 23.03 .99 r. Dbl­
JIH CM0,lleJIHpOBaHhl 2 neperpy3KM H nepeMem.eHIDI 43-x CTep)KffeH CY3. ).:{mI cpaBHeHH.SI pe3yJihTaT0B no KOMIIJieKcy «Tipo­
rH03» HCIT0Jih30BaJiach E,l.( OT 24.03.99 r. Pe3yJihTaThl cpaBHeHIDI nporH03Hb1X H 3KCnepHMeHTaJibHb1X 3HatJeHHH napaMeT­
poB, nonytJeHHbie B ,[{aHH0M cnyqae, npe.[lCTaBJieHI>l B Ta6n. I no.n N!! 1 (no,npo6Hble pe3ynhTaTb1 pacqe-roB no KruK,L(OMY ,naT­
tJHKY ,[(K3P, KIDK.IJ.OH ceK.l.\MH ,[(K3B, KIDK.U0MY cTep:>KHIO JIAP H T.Jl. np11se.[leHhI B pa6oTe [2]). 

TaIOKe ,nJI.SI I 6noKa rrpoBe,nettbI pacqeThI Ha MOil{H0CTH 4100 MBT(T). B KaqecTBe 11cxo,nttoii 11cno111>3osanacb E,[( OT 
19.05.99 r. bbIJIH CM0,lleJrnpoBaHbl 2 neperpy3KH H nepeMemeHIDI 36-TH CTep)KHeH CY3. ,[(Jrn cpanHeHHH pe3yJihTaTOB no 
KOMnneKcy «ITpomo3» Hcnorrh3osanach E,[( OT 20.05.99 r.-B Ta6n. I no.[{ N!!2 npe,ncTaBJieHhI no~eHHhie B .[laHHOM cny­
qae pe3ynoTaTbl cpaBHeHIDI nporttO3HbIX H 3KCnepHMeHTaJihHbIX 3HatJeHHH napaMeTpOB. 

Ta 6 JI Hu al. Pe1yJibTaTbI cpaBnennH npornoJHbIX u JKcnepuMeHTaJILHbIX 1ua1-1enuii napaMeTpoB no I 6noKy 

TTapaMeTp Ma KC.0TKJJ0HeHHe, % OTHocHTeJibHM «.LJ.HcnepCH$1», «D» KopeHb KBa,npaTHbIH HJ «D», % 

N~d N22 Nd N2 2 N2l N22 
MOI.UHOCTb TK 3,10 2,70 0,000093 0,000068 0,96 0,83 
T- a r a irra Tc 2,00 1,90 0,000119 0,000055 1,09 0,74 

03P 0,35 0,58 - - - -
MaxJ<z 2,70 2,70 - - - -

Kr 1,50 0,60 - - - -
TToKa3aHH$1 .LJ:K3P 1,2 5,10 3,10 0,000182 0,000120 1,35 1,09 
TToKa3aHH$1 AK3B 10,2 7,20 0,000314 0,000058 1,77 0,76 

II 6JIOK. IIpoBe;::i:eHbl pacqeTbI Ha MOil{HOCTH 2400 MBT(T). B KaqecTBe HCXO,L(HOH HCilOJib30BaJiaCb Ii,[( OT 04.11.99 r. 
IihIJIH cMo,ne;mposaHLI 1 neperpy3Ka 11 nepeMem.eHH.sI 48-MH cTep)KffeH CY3. ,[(JI.SI cpasttett11.s1 pe3yJihTaTOB no KOMnneKcy 
«TiporH03» HCTIOJlb30BaJiaCb E,[( II 6JioKa OT 05.11.99 r. B Ta6JI. 2 npe,nCTaBJJeHhl pe3y.1ll>TaTbl cpaBHeHJ.UI npOrH03HblX H 

3KcnepHMeHTaJlhHbIX 3HatJeHMM napaMeTJ)0B (no,npo6Hble pe3yn1>TaTbl paCl:JeTOB npHBe,neHbl B pa6oTe [2]). 

Ta 6 n H u a 2. Pe1yJJLTaThI cpaeuennH npornoJHLIX u JKcnepHMeHTaJihHhIX 1na1Ienuii napaMeTpoe no II 6noKy 

TTapaMe-rp Ma KC. 0TKJJ0HeHJ-te, % ChHOCHTeJibHM «)J)fcnepcmm, «D» KopeHb KBa,npaTH1>1tl HJ «D», % 

MomHocTb TK 7,1 0,000314 1,77 
T- a a irra Tc 1,6 0,000039 0,62 

03P 0,52 - -
Max.Kz 2,9 - -

Kr 0,91 - -
TioKa3aHH$1 ,D;K3Pl 11,4 0,000734 2,71 
TioKa3aHHJI ,D;K3P2 6,5 0,000405 2,01 
TioKa3amrn ,[(K3B 10,4 0,001264 3,56 

KaK BH,L(H0 ITT Ta6n. 2, pacxo)K,LlemIe nporH03HhIX napaMerpOB OT peaJibHhIX no II 6noey He npeBbilllaeT KpI1Tep1111, ycrn­
H0BJieHHhie TeX3a,ll.aHHeM ( 0TH0CHTeJibHruI .n11cnepcID1 «D» MeHhllle 0,0020). 
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Crre.n;yeT 0TMeTHTb, qTQ MaKCHMaJibH0e 0TKJI0Hemfe no IlOKa.JaHlUIM ,[(K3P 1 (06-09), pacnOJIO)KeHHOf0 Ha nepmpep1-rn 1-
ro KBa,upaHTa aKTHBHOH 30Hbl, )l0CTHraeT 11 % npH se;mq1,rne CaMOfO napaMerpa 0,61 B H a6comoTHOM OTKJIOHemut )lJUI 
.naHH0f0 TK OT 3KCnep11MeHTaJibHOH BeJIWIMHbl, paBH0M 0,08 ~. CoorneTCTBeHHO )lJUI 3T0f0 )Ke TK M3KCH.MaJibH0e 0TKJIO­
HeHHe no MO[UHOCTH .nocrn:raeT 7% npH BeJilfqHHe caMoro napaMeTpa 0,64 MBT 11 a6comOTHOM 0TKJIOHemrn ,[(JUI .n.aHH0f0 
TK OT 3KCnepaMeHTaJihHOH BeJIHqHllhl, pa.BHOM 0,04 MBT. YKa.JaHHOe 0THOCHTeJihH0e 0TKJI0HeHHe CHrHaJI0B ,nK3P H M0W.­
H0CTM TK B nepHcpepHHHbIX KaHarrax o6ycJIOBJieHO TeM, qTo Il0Ka.JaHHe ,[(K3P 06-09 3a cyTKH H3MeHMJI0Ch Ha 12,5% 6e3 
H3MeHemu1 rrorro)Kemtii p.s1,noM CT0.silUHX cTep)J(HeH CY3 H H3MeHemrn 3arpy3KH aKTHBHOH 30HhI s )laHH0M pa110He. K 3T0MY 
cne;zyeT Jl06aBHTh, qTQ noKa.JaHH.sI 6rrH)KaHIIIHX K W3P 06-09 ,[(aTqHK0B W3P 04-11, 06-13, 08-07, 08-11 H3MemmHch 
T0JlhK0 Ha 2-3%. B CB.sI3H C BbIIIIeH3JI0)KeHHhIM C)leJiaH0 3aKJI10qeHHe, 'LITO )U{3P 06-09 BhI,AaJI HenpaBHJihH0e Il0Ka33HHe. 
Heo6xo,n.HMO rnIOKe 0TMeTHTh, 'LITO a TK c BhIIIOJIHeHHOM s 3-eM KBa,ApattTe aKTHBHOH 30HhI neperpy3KOH (TK 43-30) H c 
HaH60JihIIJHMH H3MeHeHIDIMH noJIO)KeHHH cTep)J(HeH CY3 (s 3T0M paiioHe rreperpy3KH) 0TKJioHeHHe nporH03HOH MomHocrn 
,naHHoro TK oT 3KcrrepHMeHTa.JihHOH coCTaBHJI0 1,4%. 

OnblTHAJI 3KCnnYATAUH.S1 HA HrHAJU1HCKOH A3C 

flocne BblTIOJIHeHHOH, C0BMeCTH0 C corpy,nHHKaMH 
I1A3C, sepmpHKaUHH (.AaHHI>Ie o KOTopoif npHae,neHbI 
Bbillle) B HO..sI6pe 1999 r. K0MTIJieKC «TTporH03)) 6I>m c,n.aH 
l1A.3C, r.n.e OH s JlaJibHeHIIIeM Hax0)lHJIC.sI B onhITHOH 3KC­
rrnyarnum-1. HIDI<e npe)lcTasneHhI ,n.aHHbie, nonyt.JeHHhie 
corpy,nHHKaMH I1A3C a rrpouecce onhITHOH 3KcnnyaTa­
UHH. Ilp1rne)leHhI npornoJHI>Ie cuettapHH Bhmonttemrn ne­
perpy3oK a cpasHeHHH c peanhHOH peanmauHeH Ha peaK­
TOpax I H II 6noKoB I1A3C. B rn6m1uax np11ae.n.eH1>I Mom­
ttocrn TK a MBT (W) .n.o 11 rrocne neperpy3KH (JJ:o/IIocne ), 
r<0opmrnaThl nepeMelll,eHHhlX CY3 11 s HeK0TOpbIX CJIYlfa.sIX 

Ta 6 JI Hu a 3. 1 OJIOK. IleperpyJKa (39-24) 30.12.99 r. 

ITporH03 Peaml3aU.HJI 

W ,[(o/Tiocne ) 1,03/1,46 1,03/1,47 
Delta O3P 0,29 CT. 0,] CT. 

(Y; X) H ,Uo/Tiocne) H o/TTocne) 
38-33(CY3) 172/250 173/265 
40-25(CY3) 299/350 306/327 

Ta 6 JI 11 u a 5. 1 OJIOK. IleperpyJKa (24-08) 29.12.99 r. 

IlporHo3 PeanH3aUHH 

W (,l(o/Ilocne) 0,99/1,48 0,99/1,51 
Delta (O3P) 0,30 CT. 0,7 CT. 

(Y; X) H(Lio/IIocne) H(,l(o/TTocne) 
22-07(CY3) 268/200 269/269 
24-09(CY3) 328/350 329/347 
26-07(CY3) 147/230 148/243 

Ta 6 JI 11 u a 7. 1 6JIOK, IleperpyJKa (42-26) 20.01.00 r. 

Ilporno3 PeanH3au.m1 

W~o/Tiocne) 2,03/2,83 2, 10/2,78 
Delta (O3P) 0,30 CT. -0,2 CT. 

(Y; X) H(JJ:o/Tiocne) H(,Uo/Tiocne) 
42-27(CY3) 257/350 260/460 
40-25(CY3) 323/350 -
38-23(CY3) - 230/180 
38-27(CY3) - 50/20 
42-31 (JIAP 5) 47/26 70/50 
42-19(JIAP 12) 62/66 -
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- JIAP (Y ,X), rny6HHbl rrorpy)Kem,rn 3THX CTep)I<HeH B CM 

Jl0 H nocne neperpy3KH H(.D:oillocne ), a TaIOKe rrpHpaw.e­
HHe O3P B cTep)KIDIX - Delta (O3P). OTMeTHM, 1no s HeKo­
TOpbIX HIDKenpHBe)leHHbIX ra6mu.i:ax rrportt03H0e H peanM-
3yeMoe, Hatiarr1>Hoe 11 KOHe1rnoe noJIO)KemU1 cTep)J(HeH: CY3 
H )la)Ke JIAP MOryT He COBTia,AaTb. 3TO CB.sI3aHo C TeM, qTQ 

nrraHHpyeMhie neperpy3KH B om; pearrM3OBb1BaJIHCb Ha 

perucrope peanhH0 cnycT~ HeKoTopoe apeMJI, 3a K0Topoe 
CTep)KeHb JIAP MOf l13MeHHTb CBOe JlOJIO)KeHHe, a TalOl<e 11 

c TeM, tiTo onepaTop Mor He Toqtto cne.n.oaan, peKoMeH)la­
UH.sIM 11 C00TBeTCTBeHHO nepeMemaTJ:, CTep)KHM CY3. 

Ta 6 JI H u a 4. 1 6JIOK. IleperpyJKa (47-16) 29.12.99 r. 

nporno3 Peamnau.1-1.51 

0,57/0,81 0,57/0,80 
0,}8 CT. 0,20 CT. 

;X H( o/TTocne) H o/Oocne 
44-17(CY3) 93/0 93/0 
44-21(CY3) 188/240 188/223 
46-15(CY3) 3/190 4/175 

Ta 6 n Hu a 6. 1 6JIOK. Ileperpy31ea (14-09) 20.01.00 r. · 

IlpOrH03 Perun13au1u1 

W (JJ:o/TTocne) 2,01/2,90 2,03/3,02 
Delta (O3P) 0,26 CT. 0,40 CT. 

(Y;X) H(,Uo/Tiocne) H(!Iomocne) 
14-l l(CY3) 518/600 520/570 
14-07(CY3) 20/120 20/160 
l 8-07(JIAP 10) 75/26 140/80 

Ta 6 n a u a 8. II 6JIOK. IleperpyJKa (19-35) 27.12.99 r. 

Ilporno3 PeanH3au.J.ur 
w mom ocne) 0,97/1,43 0,97/1,43 
Delta (O3P) 0,28 CT. 0,35 CT. 

(Y; X) H(JJ:o/Ilocne) H(,[(omocne) 
18-35(CY3) 204/304 204/300 
20-33(CY3) 10/20 -
20-37 (CY3) 255/220 255/250 
22-35(CY3) 443/490 443/550 



Ta 6 JI Hu a 9. II 6JIOK. Ileperpy1Ka (39-19) 28.12.99 r. 

I I ITEOrH03 I Perunt3al.(HH I 
W(JJ;o/ITocne) 0,91/1,33 0,91/1,33 
Delta (O3P) 0,)6 CT. 0,25 CT. 

(Y; X) H(Jl,o/ITocne) H(.Uo/ITocne) 
38-19(CY3) 519/600 519/675 
40-2l(CY3) 95/150 95/180 
44-2J(CY3) 258/220 -

PEA/IH3Al,IHJI KOMnnEKCA «nPOrH03» HA CMOnEHCKOH H KYPCKOM A3C 

no .noroBopy c KoHuepHoM "PocJHeproaToM" KOMnneKc «Ilporno3» B 2000 r. 6hrJI nocTaBJieH s 05ffi CA3C (.nm1 III 
6110Ka) H a 200 I r. - B OJIE KA3C (.UIDI III 6noKa) H no MeTO,nHKe, pa.3pa6oTaHHOM .nm1 11A3C, BbmonHeHhI HCITbITaHIDI 
KOMrrneKca. Hcm,ITaHIDI, KaI< H paHee, 3aKJ110qanHc1> s Mo,neJIHpoaaHHH neperpy3oK H nepeMememu1 CTep)l<HeH CY3 3a He­
KOTOphIH HHTepBan apeMeHH C nocne.nyromHM cpaBHeHHeM nportt03HbIX .naHHhIX C pecpepeHTHblM COC1'0.HHHeM (peam,HM E,D; 
HBC tta KOHeu HHTepBana nportto3HpoaaHH.H). 

PE3YnbTATbl MCnblTAHMM HA CMOnEHCKOM A3C 

Ilpose.netthI pacqen,1 Ha MOIUHOCTH ::::: 3000 MBT(T). B ornwrne OT npe,n1,1.nymero, no rrpoch6e pa6oTHHKOB CA3C a1>1-
nonttem,1 11cnhJTamrn KOMnneKca «IIporno3», Kor.n;a Mo,n;e1rnpoaam1e neperpy3oK 11 nepeMemeHHe cTep)l<HeM CY3 rrpoao.n11-
n11c1> 3a pa.3Hhie HHTepBan1>1 speMeHH (oT I .no 5-rn cyroK). B 1<aqecTBe 11cxo.n;ttoa 11cnonM0Banac1> E;::( OT 24.05.00 r. B Ka­
l.JeCTBe 3KcnepHMeHTfillhHbIX E;::( HCilOJih30BfillHCb .n;aHHble OT 25.05.00 r. (HHTepaan 1 C)'TKH), OT 26.05.00 r. (HHTepBan 2 
cyroK) 11 OT 29.05.00 r. (HHTepBan 5 cy-r'oK). B pa6oTe [3] np1rne,n;eHbl no.n;po6Hble pe3yJibTaTbI pactJeTOB, nonyqeHHbIX ));JUI 

III 6noKa CA3C, a HIDKe np1rne.netta cso,nHcUI Ta6mu~a H3 Jrnx peJyJihTaToB. Bo BTopoii 11 -rpeT1>eii c-rpoKax Ta6m1u1>1 np11-
ae.n;etto KOn:Hl.JeCTBO cMo.n;e1rnposattH1>1x nepeMemeHHH CY3 H neperppoK TBC 3a paccMa-rp11BaeM1>1i1 HHTepBan BpeMeH11. 
TaIOKe np1rne,neHbI THI1bl neperpy3oK, BhrropaHHe nepei:py)KaeMoro TK, MaKcHMaJibHcUI (no sceM TK) OTHOCHTenhHa.H 
onrn6Ka nporno3a a pacqe-re MOIUHOCTH (Emax (Wi), %), OTHOCHTem,Ha.H «.n;Hcnepcmm "D"(W) no eceM TK Me)K,[{y nporno-
311pyeMoH H 3KcrrepHMeHTanbHOH IIOKaHaJU,HOH MOlUHOCTH, OTHOCHTenbHOe 11 a6conlOTHOe 3HalfeHIDJ OTKJIOHeHIDI 03P, 
MaKCHManbHrul OTHOCHTenbHrul onrn6Ka 11 OTHOCHTenbHcUI ((,[(HCnepcmr» no BCeM pa,n;HanbHhIM ;::(K3P 11 BbICOTHbIM ;::(K3B 
.n;aT4HKaM. Ilpi,rne.[(eHa MaKCHManbHcUI a6comoTHM oum6Ka B onpe.n;enemrn noJio)KeHIDI crep)KHeH JlAP - Hnap. B KOHUe 
Ta6JIHUbI npirne.n;eHhl OTHOCHTenbHbie OUJH6KH B nporH03e MOI.I.lHOCTH Ha neperpy)KeHHhIX TK. 

Ta 6 rr Hu a 10. Coo~naH Ta6nuua nony11eunb1x pe3yJihTaT0B (~JISI III 6noKa CMonencKOH A3C) 

CTapaMeTp /JJ,aTbl EJJ, 24.05-25.05 24.05-26.05 24.05-29.05 
Kon-so nepeMemeHHH CY3 56 64 76 
KoJIH"¾eCTBO neperpy30K {KOOp,ll.HHaTbI) 1 2 5 

34-34 34-34 34-34; 42-44; 
42-44 13-27; 63-30; 

56-40 
T1mb1 neperpy3oK TBC 2,4%=>2,6% Er 2,4%=>2,6% Er Bee neperpy3KH: 

2,4%=>2,6% Er 2,4%=>2,6% Er 
8b1ropaHHe neperpy)KaeMbIX TBC 2353 2353;2434 2353;2434;2329; 

2267;2551 
Emax (Wi), % (no eceM TK) 6,35 8,95 12,1 
«D»(W) 0,00063 0,00071 0,00081 
E(O3P), % 0,14 0,85 2,70 
Onrn.O3P (3Kcn.-nporn.), CT. 0,06 0,39 1,30 
Emax ()].K3P), % 6,55 9,22 12,3 
«D»( JJ:K3P) 0,00223 0,00247 0,00350 
Emax (JJ;K38), % 9,97 10,4 21,6 
«D»( JJ:K3B) 0,00195 0,00197 0,00707 
Hnap, CM 28 83 160 
E(Wnep. Koop,LJ..34-34), % -1,5 -0,3 4,9 
E(Wnep. Koop.n.42-44), % - -0,9 -2,0 
E(Wnep. Koop,n.63-30), % - - -2,2 
E(Wnep. KOOp,LJ..56-40), % - - 1,2 
E(Wnep. Koop.n.13-27), % - - -3,3 
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PE3YnbTATbl HCnblTAHHM HA KYPCKOM A3C 

IlpoBe,LI.eHhl pac1.JeTbI Ha M0IUH0CTif ~3000 MBT(T ). B pa6oTe [4] npHBe,n;eHhI no,n;po6Hhie pe3yJihTaTh1 paCt.JeT0B, nony-
1.JeHHbIX ,n;JUI III 6noKa KA3C, a HIDKe - CB0.LI.Hru:I rn6mu.w H3 3THX pe3yJihTaTOB. B nepBOH cTpoKe rn6mH.\hI npHse,neHhI ,naThI 
C03,LI.aHIDI E,l(, Ha K0T0pbIX np0B0,[(HJIHCb HCilbITaHIDI. B Ta6JI. 11 0TH0CHTCJil>Ha.SI OUIH6Ka Ha neperpy)KeHH0M TK o603Ha­
qaeTC.SI E (Wi), % Ha neperpy)KeHHOH TBC. OcTaJihHhie o6o3Ha1.JeHH.SI attanorH'-IHhI npe.n.h1eymeM)'. 

Ta 6 JI 11 u a 11. Cso.z.naH Ta6nuua nonyqeuu1,1x pe1yJILTaT0B (.Z.JIH III 6noKa KypcKoii A3C) 

ITapaMeTp/,UaTbJ EJ( 13.06-14.06 03.07-04.07 03.07-05.07 30.11-01.12 

Karr-so nepeM.CY3 72 54 67 61 

1 1 2 2 

Kon-so neperpy3oK ( KOOp.D.HH3Tbl) (60-40) (11-34) (I 1-34) (20-34) 

(56-37) (20-44) 

T1mb1 neperpy30K TBC 
2,0%=>2,6% 2,0%=>2,6% 2,0%=>2,6% 2,4%=>2,6% 

2,4%=>2,6% 2,4%=>CB 

BbiropaHHe neperpy)KaeMhJX TBC 1872 2222 2222 2276 
2550 2223 

E (Wi) Ha neperpy)KaeMbIX TBC, % 3,6 1,2 3,] H 2,3 4,0 HO (CB) 

Emax (Wi) (no sceM TK), % 5,66 3,08 5,52 5,75 

«D»(W) (no sceM TK) 0,00031 0,00023 0,00031 0,00041 

E(03P), % 1,01 0,20 0,45 0,15 

OTKJIOHeHHe O3P (3KCn.-nporn.), CT. 0,45 0,08 0,18 0,06 

Emax (J(K3P), % 4,33 4,91 4,39 6,00 

«D»( J(K3P) 0,00152 0,00117 . 0,00146 0,00195 

Emax (J(K3B), % 15,4 9,77 15,7 8,78 

«D»( J(K3B) 0,00455 0,00139 0,00212 0,00107 

Hnap, CM 61 46 49 62 

3AKnlO"IEHHE 

J,,fa aHaJIH3a npe,ncTaBJieHHhIX pe3yJihTaTOB no 11A3C, 
CA3C 11 KA3C MO)KHO c,neJiaTh BhIBO.ll. , t.JTO KOMnneKc 
«I1porH03», cornaCH0 pa3pa60TaHHOH BhIUie MeT0,ll.HKe 
sepmp11Kau1rn, BbI,LI.ep)KaJI ycrreurno HCllhITaHJ-UI, IlO3BOJIIDI 

,ll.OCTaTOl.JHO ysepeHHO nporHO3HpOBaTb H3MeHeHIDI 

xapaKTepHCTHK peaKTopa, KOTOphie npOH3OllIJI11 B TelfeHHe 

cyTOK, T.e. nnam1poBaTh TeKyuzyro neperpy3K)' TBC c 
,[(OCTaTOl.JHO BblCOKOM TOqHOCTblO. 

)J;onOJIHHTeJibHI,Ie HCCJIC,ll.0BaHJ-UI, BbIIT0JIHeHHbie ,LI.JUI 
CA3C 11 CB.SI3aHHhie c nporno311poBaHHeM H3MeHeHMH xa­
paKTepHCTHK peaKTopa qepe3 2 HJIH )lIDKe 5 cyT0K, Il0Ka.Ja­
JIH, qTQ KOMTIJieKc «IIporH03» IlO3BOJUieT ,ll.OCTaTOtJHO yc­

neurno nporH03Hp0BaTE, H C MHTepBa.JI0M 2 cyTOK. qTO )Ke 
KacaeTc.SI nporno3a Ha 5 cyTOK snepe.n, TO cne.n.yer 0TMe­
THTb, qTQ B ,naHH0M c.rry11ae OUIH6Ka nporn03a B03pacTaeT. 
Ilocne,nttee CB.SI3aH0 B 0CH0BHOM C TeM cpaKTOpOM, '1TO 3a 5 

cyToK npmicxo,nHT JaMernoe Bh1ropam1e scex TBC (peaK­
THBHOCTh 3a Ct.f.eT BbiropaHH.SI H3MeID!eTC.SI np116mi3HTeJihHO 
Ha 2,5 CT.), K0Topoe B «ITporH03e» yqHThIBaeTC51 npM6JIH­
)KeHH0, T.e. npe.n.nonaraeTC51, 1.JT0 npoq>HJih non.SI 3a 3TO 
speM.SI He MelUleTC.SI. B 3aKJIJOt{eHHe OTMeTHM, 1.JTO )lIDKe 

rrpH nporn03e C HHTepBaJIOM 5 cyTOK H3MeHeHHe maBH0fO . 
q>aKrnpa ( onpe,nen.Siromero 6eJonacttocTb peaKTopa) -
MOmHOCTH, CHHMaeMOH C KaHa.na, ocymeCTBJI.SieTC51 KOM­

rrneKCOM «I1porH03» C 3aMeTHO JI)'l.JUieH TOlffiOCTblO 

( «D»=0,0008), qeM Ta, K0T0pru:I 6blJia 3a,LI.aHa B TCX3a,LI.aHHM 
(«D»=0,0025). 3TOT pe3yJihTaT Il03B0JUieT npe)].JI0)KHTb 
cne,n;y10m11i1 cnoco6 11cnoJ1h3osamrn «ITporH03a». ITepso­
Ha1:JaJihHO rrnaHHPYJOTC51 neperpy3KH Ha He,nenIO snepe)l, 
T.e. q>aKT11qecKH onpe,neJUieTc.SI B03M0)Kff0CTh ocyrn;ecTBne­
HH.SI 3THX rreperpy3OK H T.,ll.., a IlOTOM, no Mepe IlOJiyl.JCHH.SI 

E)J;, Ka)l()lbIH ,[(CHI, .n.enaIOTC.sl yToqH51JOIUHe pact.JeTbI. 
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fiEPEXOlJHbIE H ABAPHflHbIE PE>KHMbl 

Y ,L(K 621.039.5 

Oli30P METO,L(JlllECKHX 110):J;XO)J;OB B AHAJIH3AX ABAPHH HA AC 

E. I' I'opoo1-1, H. H. HcmoMuHa, HTll. .ff PE I'ocamoMHao3opa Poccuu, 
109280, MocKBa, yll. ABmo3aBoOcKaff., 14123, 

B. c/J. ToKapeHKO, «Poc3Hep20amoM», 113545, Moc1<ea, yll. floooflbCKUX Kypca1-1mo8, 1 

8htnOJ1HeH ofoop cymecTByJOmHx MeTO.l(OB aHaJ1H3a Heonpe.AeJieHHOCTH H l.fYBCTBHTCJlbHOCTH cospeMeHHblX TenJIOrH.Apasm,ft-IeCKHX 
KO.ll,OB «ynyqweHHOH ou.eHKH», pa:3pa6oTaHHbIX B Eepone. IlpHBO)l,SITCH KpaTKOe om1caHHe Ka)KJJ.Oro MeTO.l(a H cpaBHemte HX .n.pyr C .ll.PY­
roM. B CTaTbe TaK>Ke OTMel.faeTC.fl Heo6XO){HMOCTb npoBe)J.eHHH no)J.06HbIX HCCJie.l(OBaHHH B PocCHH H o6pamaeTCR BHHMam,e Ha CO3,D.aHHe 
HIDKeHepHbIX 683 )J.aHHbIX, KOTOpbie MOryT HCITOJlb3OBaTbCH KaK OCHOBa )J.J(H pa:3pa6oTKH Ha6opos HCXO,lJ.HbIX .ll,aHHbIX ,AJIH no.l(06HbJX KOM­
nbJOTepHbJX KO.l(OB. 

METHODICAL APPROACHES REVIEW OF NPP ACCIDENT CONSEQUENCES. B. G. GORDON, N. N. ISTOMINA, 
V. F. TOKARENKO. There has done review of existing methods for calculating the uncertainty and sensitivity in the predictions of ad­
vanced "best estimate" thermal-hydraulic codes that have been developed in Europe. There are short descriptions of these methods and 
comparison between them. In the article, there also notes necessity to carry out such investigations in Russia and pays attention to devel­
opment engineering data bases that can be used for working out input desks of the computer codes. 

1. OCHOBHblE nPMHL0·1nbl 6E30nACHOCTM AC 

OcHOBHhie rrpHH~l1TibI o6ecneqeHJUI 6e30ITaCHOCTH B 

06nacn1 11CTT0J1b30BaHIDI aTOMHOH 3HeprnH, npHH.SIThle B 

OTeqecTBeHHOH npaKTHKe, co.uep»<aTC.SI B H0pMaTHBHbIX 

.U0K)'MeHTax. B OIIli-88/97 [ 1] f0B0pHTC.SI, qTQ «ATOMHruI 

cTaHUIDI (AC) y,uoBJJernop.si:eT Tpe6oBaHIDIM 6e3onacHocrn; 

ec1rn ee pa;:v1au110HHoe B03.Uei1cTBHe Ha nepcoHan, ttacene­

HHe H OKpy)KaIOuzyIO cpe.ey npH HOpManbHOH 3KCnnyaTa­

UHM, HapyrneHH51X HOpManhHOH 3KCnnyaTaIU1H, BKJIIO'lruI 

npoeKTHh1e aBap1111, He np11BO.U11T K npeBhillleHHIO ycTa­

H0BJieHHhIX ,U03 o6nyqemrn nepC0HclJia H HaceneHH.SI, H0p­

MaTl1B0B no BhI6pocaM 11 c6pocaM, co.uep)KaHHJO pa.u11oaK­

ntBHhIX BemecTB B oKpy)KaJOmeH cpei:r.e, a TaK)l(e orprurn­

q11saeTc.S1 np11 3anpoeKTHhIX asapIDix». «Ee3onacttocTh AC 

.nom1<Ha 06ecneq11aaTbc,q 3a cqe-r nocne,uoBaTem,HOH pea­

n113au1rn K0HUen~HH rny60KO 3llleJJOHHp0B8HHOH 3aI.UHThI, 

OCHOBaHHOH Ha rrpHMeHemrn CHCTeMbl <pH3JPieCKHX 6ap1>e­

p0B... H CHCTeMhl TeXHl-flleCKHX 11 oprattH3a:QHOHHhIX Mep 

no 3aIUHTe 6ap1,ep0B H coxpaHeHHIO HX uen0CTH0CTH, pa-

6orncnoco6HOCTH H 3<pcpeKTHBHOCTH ... ». 

Me)K).:(yttapo.umUI npaKTHKa TaIOI<:e rrpH3HaeT, lJTO <pyH­

,uaMeHTanbHhIM cpe,UCTB0M o6ecneqeHIDl 6e3onacHOCTH 

A3C .SIBJij{eTCj{ rny60KO 3llleJI0HHpoBaHHaJI 3am11rn. 3Ta H 

.upyrne peKoMeH,Ua~HH MAr A T3 no 6e3onacHocTH 113no­

)KeHbI, B 1Iacrnocrn, B INSAG-3 «OcHOBHbie npHHUHIThI 

6e3onacHocrn A3C» [2]. 
O6m11e TJ)e6oBaHIDI K K0HCTJ)YKUHH 11 xapaKTepHCTJif­

KaM CHCTeM M 3JleMeHTOB peaKTOpHOH ycTaHOBKM (PY), 
YCJIOBJUIM HX 3Kcnnyarnu1m, TeXHHqecKHM H opraHM3aUH­

OHH.hIM MepaM, HanpaaneHHhie Ha coxpaHeH11e uenocTH0-

CTH q>H3.H"l{eCKM.X 6aphepOB 6e3onaCHOCTl1, YCTilHaBJil1BafOT­

C5l «Tipas1maM11 .Sl,AepHOH 6e3onaCHOCTl1 peaKT0pHhIX ycTa­

H0B0K aT0MHbIX cTaHUHH» (ITE.5I PY AC-89) [3]. CornacHo 

(3] He .U0JI)I(Hbl 6bITh npeBbillleHhl cne,rzyIOUJ.He 3KcrrnyaTa­

UH0HHble npe.nenhI: 

• 3KcnnyaT8,UHOHHhIH rrpe.uen TI0Bpe)K.lleHJUI TB3JI0B 3a 

CtieT o6pa.30BaHIDI MHKp0'fl)ell{KH He )J.0JI>KeH npeB.hII.llaTh 

0,2% TB3JI0B C .ne<peKTaMH Tl1na ra.30BOH HeIIJJ0TH0CTH 

o6onoqeK H 0,02% TB3JI0B npH np.SIM0M K0HTaKTe .H)].epHoro 

Tonmrna C TeIIJI0H0CHTeJieM; 

• npe)leJI 6e3onacttoH 3KcnnyaTa~HH no q11cey H serr11-

tJHHe .ne<peKTOB TB3Jl0B C0CT8BIDieT 1 % TB3JI0B C .ne<peKTa­

MH THila ra30BOH Henn0TH0CTM 11 0, 1 % TB3n0B, .UJUI K0T0-

pblX 11MeeT MeCTO np.SIMOH KOHTaKT TennOHOCHTeJrn 11 5l)lep­

H0ro T0TIJIHBa; 

• MaKCHMaJihHhIH rrpoeKTHbIH npe.nen TIOBpe>K.neHJUI TB3-

JI0B C00TBeTcTByeT HenpeBblllleHHIO cne.uyiouu,rx rrpe.nenh­

HhIX napaMeTJ)0B: 

TeMnepal)'pa o6orrotJeK TB3JI0B - He 6onee 1200 °c; 
JI0KaJibHruI rny6HHa 0KHCJieHl15l o6onot.JeK TB3JI0B - He 60-

nee 18% OT nepBOHaliaJJbHOH T0Jilll,HHhI CTeHKH; 

,noIDI npopearHpoBaBmero UHpK0HIDI - He 6onee 1 % ero 

Macchi B o6onoqKax TB3JI0B; 

• 3HalieHIDl K03<p<pHL~HeHTOB peaKTHBHOCTH no y.uenh­

H0My o6beMJ TeTIJI0H0CHTemI, TeMneparype T0IIJIHBa 11 

Tenn0Hoc11Tem1, ero napoco.uep)Kamuo M M0l.UH0CTH He 

)J.0JDKH.bl 6bITh Il0JI0)KHTeJibHhIMM BO BCeM .I(H8II830He H3-

Mettemrn: rrapaMeTJ)0B peaKTopa rrpH HOpManbHOH 3Kcnnya­

Tau1111, HapymeHJUIX HOpMaJihHOM: 3KCIInyarnu1-rn H rrpoeKT­

HhIX aBapIDIX. 

Co6mo,nett11e YKa.3aHHhIX npei:r.enoa 6e3onacttoii 3KC­

rrnyarnu1111 06ecnetnrnaeTc.S1 TexHHtieCKHMH pemeHIDIMH H 

opraHH3aQHOHHbIMH MepaMH, npe.eycMo-rpeHHhIMlf npoeK­

TOM H pernaMeHTOM ITO 3KCITJIY8TaUHH. TOl.JHOCTh nporno-

3HpOBaHIDI noae,neHH.SI rrpH aBapIDIX OCHOBHbIX HeihpOHHO­

q>H3WieCKHX H Tennorn.npaBJIHtieCKHX napaMeTpOB PY, 
onpe)leIDIIOIUMX ~eJI0CTH0CTI, H pa60TOCTIOC06HOCTh 4)11311-

qecKHX 6apbepoB 6e3onacHOCTH ycTaH0BKH, .SIBIDieTCH oc­

HOBOH ouettKH 6e3onacttocrn AC. 

O6ocHOBaHHe .U0CTaT0l.JH0CTH M 3Q)<peKTHBHOCTH rrpe­

.llYCMOTJ)eHHhIX npoeKTOM TeXHH'-IeCKHX perneHHH H 3KC­

rrnyaTa.llHOHHhIX npoue,z:zyp OCHOBaHO Ha pe3yJihTaTax npo­

MhlllJieHHhIX HCTibITaHHH, qJH3Ml.JeCKHX 3KCIIepHMeHTOB H 
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pacqeTHbIX 11.ccne.n.oaaHHH. I1p1rLJeM o6oCHoBaHHe Henpe­
BbIUieHIDI rrpe.n.eJIOB 6e3onacHOH 3KCrmyaTaUHH H oueHKa 
ueJIOCTHOCTH. H pa60TOCTIOC06HOCTH 6apbepoB 6e3onacHO­
cn1 B ycJIOBIDIX aBapHH 06b1qHo npoBO)l.sITCH B paMKax .n.e­
TepMHHHCTCKOro aHaJIM3a 6e30TiaCHOCTM C npHMeHeHHeM 
CBH3aHHbIX HeihpoHHO-Q)H3WieCKMX, Tennori,,mpaBJIBlle­

CKHX H TepMOMexaHM'IeCIGIX BbILJHCJrnTem,HhIX nporpaMM. 
B «,[J:oKJia,ue Me)l()zyHapo.n.HoH KOHCYJibTaTHBHOH rpyn­

ITbI no .H.IJ.epHOH 6e30TiaCHOCTH» [ 4] rrpe.nnaraeTC5I .JJ.Byx-
3TaITHbIH no.uxo.n. K oueHKe 6e3onacHocT11 .n.eHCTBYIOillHX 
AC, BKmoqa10m11if B ce6.H npe.n.BapHTeJII,HhIM H yrny6JieH­
HhIH aHaJIH3bJ 6e3onaCHOCTH. 

Tipe.n.BapHTeJihHbIH o63op CJie.n.yeT BhITIOJIH.HTb B ycKO­
peHHOM TeMne, C TeM qT06bI onpe.n.eJIHTb .HBHO KpHTHqe­
CKHe COCT05IHIUI. ,[J:AA yrny6neHHoro aHaJIH3a BIDKHOH .HB­
AAeTCH oueHKa .n.onOJIH.HlOillHMH .n.pyr ,npyra MeTO)J.aMH: 
.n.eTepMHHHCTCKHMH H Bep05ITHOCTHbIMH. 

flpHHUHfHfaJibHbIM pe3yJII,TaTOM )leTepMHHHCTCKOro 

aHamna .8BmieTCS KJiaCClHpliKaUH.8 HCXOJlHOro co6bJTH.8 
11 cooTBeTcTByromero eMy aBapHHHoro rrpouecca no no-

cne)lCTBJUIM, K KOTOpblM OHM npHBO.II..8T. Co6blTHH pac­
CMarp1rna10TCH c TOqKH 3peHHH rpex Kp1nep0en 6e3onac­
HOCTH - B03.IJ.eMCTBHe 3a npe.n.enaMH nnoma)lKH, B03,neikT­

BHe aa nnoma,nKe, yxy.n.meHHe rny6oKo 3IIIeJIOHHposaH­
HOM Jall(HTbI. 

B [5] peKOMeH.n.yeTc.H: «.IJ.OJDKHbl paccMarpHBanc.H Ta­

KHe sapliaHTbl pa3BHTIDI .II.AA Ka)l(.IJ.Oro HCXO)J.HOro co6:E,ITIDI 
H TaKHe nyTH pa3BHTIDI aBapHH, KOTOpbie rrpHBO)J.HT K HaH-
6onee rn)KeJibIM nocne.n.cTBIDIM. TipH pactJeTHOM aHan1ne 
Ka)l(.IJ.blH M3 Bb16paHHblX .II.JI.8 aHaJIH3a cueHapHeB )J.OJI)KeH 
YLJHThIBaTh HaJIO)KeHHe Ha HCXO,nHOe co61>1n1:e cne.n.yIOillHX 
KOHcepBaTHBHbIX ycJIOBHH: 
• MHHHMaJibHbIH 061,eM HaXO)J..HII.(HXC.8 B pa6oTe (roTOB­
HOCTH) 3JieMeHTOB CHCTeM, onpe.n.eJI.8eMblH ycJIOBHHMH 

6e3orracttoi1: 3Kcnnyarnum1 3Hepro6noKa 11 ycnoBH.HMH 
HOpMaJihHOH 3KCrrnyaTaUHH CHCTeM H o6opy.n.oaaHHH co­
rnaCHO HHCTPYKUIDIM no 3KcnnyaTau1,r0; 
• He3aBHCHMhie OTKa3bl HJIH OUIH6K.H nepcoHana; 
• He o6Hapy)KHBaeMbie npH HOpMaJibHOH 3KCnrryaTilUHH 
OTKa3hI». 

2. 01..IEHKA HEOnPEAEnEHHOCTM AETEPMMHMCTCKOro AHAJ1M3A 6E30nACHOCTM 

B HacToHmee BpeMH .II.AA aHanl13a 6e3orracttocTH PY B 
OCHOBHOM HCTIOJib3YIOTCH Terrnorn.n.paBJIJ,JqeCKHe KO)J.bl 

«ynyqrneHHOH oueHKH» RELAP, ATHLET, CATHARE 11 
,np. [ 6], TaK KaK onpe,neJI.810IllHMH npoueccaMH B aaapHHHhIX 
cwryauIDIX SBillllOTC}I HMeHHO Tennorn.npaBmNeCKRe. I1o-
3TOMY Ha TOLJHOCTb MO,nemfpOBaHIDI 3THX rrpoueccoB 06pa­
ma10T oco6oe BHHMaHHe. Xorn B CTaThe paccMa'fl)HBaIOTCSI 
MeTO.IJ.bI oueHKH Heonpe.n;eJieHHOCTdi TaKHX KO.II.OB, TeM He 
MeHee 3TH MeTOJlbl MOryT 6bJTI, HCITOJib30BaHbl .IJ.Jffl oueHOK 
Heorrpe.n.eJieHHOCTeH KO.II.OB, paCC1:IHTbIBaIOI.UHX He TOJibKO 
TeITJiorn.n.paaJIHqecK.He rrpouecc1>1. 

Tennor11,npaBJIHLJeCKHe KO.II.bl «yrryqrneHHOH oueHKH» 

nma A THLET, RELAP, CATHA.RE pa3pa60TaH1>1 .JJ.JUI 
BblTIOJIHeHH.sI pac1:1eTHbIX aHaJIH30B nepeXO)J.HI,IX npoueccoB 

H aaapJIHHbIX pe)KHMOB C pa3JIHqflbJMM TeqaMH B JierKo­
BO.IJ.HbIX peaKTopax. TaKHe aBapHHHhie npouecCbl BKJIJ01:la­
lOT aBap1111 c noTepeH TennoHOCHTeJI» (LOCA), npH KOTO­
pbIX HapyrnaeTC.8 repMeTHqHOCTb KOHrypa OXJia)K)J.eHH.SI 
peaKTopa, H MHO)Kecrno .n.pyrHx nepexo,nHhIX npoueccoB, 
npH KOTOpbIX 3Ha1:leHIDI napaMe'I'pOB OTKJIOH.HlOTC.8 OT yc­

JIOBHH HOpMaJihHOH 3Kcrrnyarnum1. IIoTeHUHaJihHO onac­
HhIM nocrre.n.CTBHeM TaKHX aBapHH 5IBJI.HeTC}I pa3pyUieHHe 
6apbepoB 6e3orraCHOCTH B pe3yJihTaTe yxy.n.rneHIHI YCJIOBHH 
TeIIJIOOTBO.IJ.a OT TOilJIHBa B aKTHBHOH 30He peaKTopa. no-

3TOMY He06XO.IJ.HMO MO,nerrHpOBaTb npouecCbI, npo11cxo­
.II.HIUI1e B TeITJIOHOCHTene B 3aBHCHMOCTH OT BpeMeHH, co­
BMeCTHO C TeITJIOBOH peaKWieH TOilJIHBa, tfT06bJ npo.n.eMOH­
C'I'pHpOBaTh, MO)KeT JIM rrpOH30HTH neperpeB o6oJIOLJeK 
TB3JIOB HJIH HeT. 

HaKonneHHhIH K HaCTO.HIUeMy BpeMeHH OilbIT IlOKa3bl­
BaeT, 1:1To cymecrnyeT pa36poc a pe3yJihTaTax pacqeTHoro 
aHaJIH3a aBapHHHbIX rrpoueccoB H B oueHKe ITOCJie,ncTBHH 

aaap1111. 
Terrnor11.n.paBm11:1ecK11e CHCTeMHhie I<O)lbl 6a3Hpy10TCH 

Ha tJHCJieHHOM perneHHH ypaBHeHHH coxpaHeHH.8. HcT01:I­

HHKaMH Heonpe.n.eneHHOCTH HBJUIIOTCH: 
• ynpomeH11e cp113w-1ecKHX npoueccoa npH HX MaTeMa-
T11qec1<0M OITHCaH1rn; 
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• LJHCJieHHM anrrpOKCHMaUHH ypaBHeHHH coxpaHeHHH; 

• ocpe.n;Hemrn re0Merp1111 no .n;mrne Teru10rn.n.paBJI11Ye­
cKoro 'I'paKTa; 

• ocpe.n.Hea11e re0Merpm1 B pactJeTHhIX o6oeMax; 
• 1-111cneHHM cxeMa perneHH.ff; 
• 3a.JIO)l(eHHbie B KO.IJ.e KOppeJIHUHH H orpaH11tJemu1 06-
JiaCTeH HX np11MeHeHH.ff; 

• ypoBeHb rIOWOTOBKH TTOJib30BaTem1 KO.II.a; 

• BJIIDIHHe HOJlaJIH3aum1; 

• HenOJIHOTa 3HaHHM Hat.JaJibHhIX H rpaHI,PrnhIX ycno­

BHH H .n.p. 
B [7' 8] H3JIO)KeHbI MeTO,nhI aHaJIH3a Heonpe.n.eneHHO­

CTH, pa3pa60TaHHbJe B pa3JIHl.lHbIX crpaHax H cpaBHem1e 
KOTOphIX 6orno npoae.n.etto B paMKax Me)K.IJ.YHapo.n.Horo 
rrpoeKTa KoMHTeTa Ee3onaCHOCTH .51,nepHbIX Y CTaHOBOK 

CSNI. ,[J:aHHhie MeTO.IJ.hl MoryT 6bITh pa3.n.eneH1>1 Ha TPH 
rpyrrnhI cornaCHO HX OCHOBHbIM npHHUHilaM. 

- MeTO,n IT113attcKoro YHHBepcHTeTa (UMAE) ocHoBaH 
Ha 3KCTpaITOJUIUHH T01:IHOCTH pactJeTHOfO aHaJIH3a aBapHH, 

KOTOPM oueHHBaeTC.8 C 110M0Illhl0 COOTBeTCTBYJOilleI'O Ha-

6opa HHTerpanbHhIX 3KcnepHMeHTOB K 11ccne.n.yeMoi1 PY. 
B ,npymx MeTO,nax npe,nnonaraeTc.si paccM0TpeH11e 11c­

XO.L(HhIX .IJ.aHHblX, MO,nerreH Heonpe.n.eneHHOCTM, a 3aTeM HX 

KOJrnqecTBeHHoe onpe.n.eJieHHe 11 KOM6HHHpOBaHH.e. OIDI 
KJiaccmp11uHpy10TcH .n;ByMSI THnaMH: 

- MeTO.n. AEA Technology, KOTOpbIH xapaKTepH3yeT 
Heonpe.n.eneHHOCTH C TIOMOll{hlO «npHeMJJeMhIX )J.HanaJo­
HOB Heonpe.n.eneHHOCTH» 11 .n.enaeT IlOilbITKY CKOM6HHHpo­
BaTb 3TH o6JiaCTH C HCnOJJb30BaHHeM rpaHHqHoro aHaJIH3a. 

- Bep051THOCTHhie MeTOJlhl, KOTOpbJe onpe.n.eAAJOT cy6b­
eKTHBHhle BepoHTHOCTHbie pacnpe.n.enemuI .n.11arraJOHOB 

Heonpe.n.eneHHOCTH )J.JI.8 Heonpe.n.eJieHHhIX BXO.II.HbIX rrapa­
Merpoa H 11ccne.n.y10T o6pa3UhI pe3ynhrnpy10mei1 rrnorno­
crn cy61,eKTHBHOH sepO.HTHOCTH KaK CIIY'·laMHhie BhI60pKH 
B rrpocTpaHCTBe .IJ.HaITa30HOB Heonpe.n.eneHHOCTH. K 3TOMY 

THrry npirna,n;Jie)KaT MeTO.IJ.hI GRS, IPSN H ENUSA, a TaK­
)Ke MeTo.norrorIDI CSA U. 



2.1. MeTOA nM3aHCKOro YHMBepCMTeTa (UMAE) 

MeTO,n UMAE Mo:>KeT rrpHMeIDITbcsr K mo6oMy nepe­

xo.nHoMy rrpou;eccy ,nIDI npoeKTllbIX H 3anpoeKTHhlX aBa­

p11ii, .llllil KOTOpbIX HMeIOTCSI no,nXOMUUie 3KcnepHMeH­

TaJibHble .nattmie, HO ero o6nacn, npHMeHeHIDI orpattH11eHa 

pa.3pyrneHHeM aKTHBHOH 30Hbl. 

B [7] rrpe,a.CTaBJieHbI ,!(Ba crryqru1 npHJIO:>KeHIDI MeTO,na 

UMAE: .llilll Hcnonh30BaHIDI RELAP5/MOD2 cycle 36.04, 

IBM version H CA THARE 2 version l .3U rev 4. 
UeJiblO rrpoueeyp MeTO,!(a UMAE SIBJISieTCSI pacl!eT He­

onpe,neJieHH0CTH, OITTHMH3HpYSI npH 3TOM pa.3JIHqHhle CTa­

mrn, BKJIIOt.Irul HCIT0Jib30BaHHe CTaTHCTHl.feCKHX pacqeTOB, 

t.IT06bI H36e:>KaTb HJIH MHHHMH3HpOBaTh cy6neKTMBHhie 

3KCnepTHhie o6oCHOBaHIDI Ha pa3JIHqHbIX ypoBHSIX. 

Y rrpomeHHaSI 6JIOK-CXeMa MeTO,na UMAE IlOKa.3aHa Ha 

pHc. 1. B 3TOM MeTO,ne MO)l(HO Bbl)].eJUffI> CJieeylO~He 3TailbI: 

1. «3a.Mopo:J1CeHHaR eepcuR Koda». HaqanhHhIM 3Ta-

110M SIBIDleTCSI BbI6op 3aMopo:>KeHHOH eepci:rn KO.Ila (61lOK a), 
PY 11 cu:eHapHSI nepexo,nHoro npou;ecca. 

2. «PeaKmop u c71e1-tapuu aeapuu». Ha 3TOM 3Tarre 

,noIDKHbI 6bITh qeTKo onpe.neneHbI TMn PY H cu:eHap1di 

npoTeKaHIDI aaapHH. 

3. «llooxo0RU{,Ue 3KcnepUMeHmanbHbze oaHHbze». 
BbI61iJ)aIOTCSI TIO.L{XO,LVIII(He 3KCrrepHMeHTaJibHbie ,naHHbie, 

KOTOpbie .!(0JDKHbl BKJIIOqaTb OITHCaHHe ycTaH0BKH, cy~e­

CTBYIO~He rpaHH11Hhie H Ha11am,Hbie ycn0BHSI H epeMeHHbie 

xapaKTepHCTHKH BIDKHblX napaMe-rpOB, H3MepeHHbie npH 

npoae.neHHH 3KcrrepHMeHTa. 

4. «Bo3MO:J1C1-wcmu Kooa u nOflb306ameflJl,)>. 11:cnoJib-: 

3yeMbIH KO.ll .l{OJI:>KeH 6bITb xoporno orrpo6oaaH H ,llOJI:>KeH 

rapaHTHp0BaTb B03M0)l(H0CTb M0.l{CJIHp0BaHIDI 0:>KH,naeMbIX 

npo.u:eccoa B PY. Tionh30BaTenH 1<0.na .!(OJJ)l(HhI HMeTb co­

orneTCTBYIOI.U,)'I-O KBaJIH<pHKa1.v110 (6flOK b). 
5. «HHme2pQJ!bHaR ycmaH06Ka». 3Kcnep11MeHTaJih-

HaSI ycTaH0BKa ,ll0JJ)KHa HMeTb COOTBCTCTBy10m1111 Mac­

lllTa6. Bee HeH36e:>KHbie HCKa:>KeHHH, TaKHe KaK, HarrpHMep, 

TenJI006MeH Me)KJ.(y pa.3JIH11HbIMH 3JieMeHTaMH, .llOJI:>KHbI 

601Tb xoporno ou:ettem,1. 

6. «AHanu3 Mactuma6upoeaHUR. 3KcnepUMeHma». 
AttaJIH3 MaCillTa6HpOBaHHSI ,ll0JI:>KeH 6bITh npoBe,!(eH npH 

q:>HKCHpOBaHHhlX rpaHHtlHbIX H Ha'tfaJibHbIX ycJI0BHSIX, oco-

6eHHO B ceyqae 0.!(HHaK0BbIX 3KCnepHMeHT0B. 

7. «PG3pa6omKa HO0anU3ai,uu» (6llOKU c u i). Ho.!(a-

JIH3aU:HSI .!(OJI:>KHa npoB0.!(HThCSI I<BaJIHq:>HU:HpOBaHHbIMH 

TI0Jib30BaTeJISIMH, cneeysr peK0Mett.naU:HSIM, B .ll0KYMeHTa­

UHH K0.!(a. 

8. «O6U{,ue u cnei,uq>uttHble 3Kcn~pUMeHmanbHble 
oaHHbte» (6noKU d u h). 3ToT Ha6op .nattm1x He HBIDieTCjf 

Heo6XO.llHMbIM .llllil npouecca 3KCTJ)aIT0IDIUHH TQql{QCTH H 

.l{OJI)KeH HCTI0Jib30BaTbCjJ ,l(IDI He3aBHC'.HMOH npoaepKH H0-

.l{aJIH3aU:HH. B HeM .l{0IDKHJ,I 6bITb npe;n;cTaBJieHbl Bee KJIJO­

qea1.,1e SIBJiemrn, 0:>KH.naeMhie npH Hccne.nyeM0M nepexo.n­

HOM npou:ecce. 

9. «llpoeepKa Hooanu3a14uu» (6floK g). Pa.3pa6oTaH-

Hasr H0.UaJIH3aU:H0HHrul cxeMa .noIDKHa 6MTh rrpoaepetta 

nocpe.ucTB0M cpaBHeffHj{ Ha C00TBeTCTBHe pean:hH0MY rrpo­

eKTY 3KCnepHMeHTaJibHOH ycTaHOBKM, rpaHHtIHbIM H Ha­

t.{aJlbHhIM ycJJ0BHSIM H speMeHHbIM xapaKTepHCTHKaM C0OT­

BeTCTBYlOI.I.\HX napaMe-rpoB. 

10. «llpoeepKa Ho0anu3a14uu PY» (6noK i). IlocT})oe­

HHe HO,llaJIH3aUH0HHOH cxeMbJ peaKTopa .L{0JI:>KH0 6bITb oc-

H0BaH0 Ha Tex :>Ke caMhlX KpMTepHSix, lff0 R .!(JISI 3KCnepH­

MeHTaJibHOH ycTaHOBKH. ,l(IDI ee npoBepKH HCil0Jib3Y10TC51 

Te :>Ke caMbie npo.u:e.nypo1. 

11. «O1,feHKa cnei,uanbHOu 6a3bl oaHHblX». Crreu:wan:r,­

Hajf 6a3a .llaHHhIX onpe.nemreTC.8 c IlOM0I.l.\blO .naHHbIX, no­

JIY1IeHHbIX npH rrpoae.neHHH 3KCrrepHMeHT0B, H pe3yJioTa­

T0B pacqeTa. Ka:>K.!(hlH recTOBhiii cu:eHapHii (H3MepeHHhIH 

HJIH pacctJHTaHHbIH) .!(OJDKeH 6bITb onpe.neneH B «<1>eHOMe­

H0JI0fHl{eCKHX OKHaX». B Ka:>K.!(OM TaK0M OK.He J];OJJ:>KHbJ 

6hITb onpe.neJieHbI «KmoqeBbie SIBJieHHH» H «Ilo.nxo.rvnu:He 

TennonI.npaBJIH't.fecKHe acneKTbI». Kn10t.teah1e SIBJieHHSI xa­

paKTepH3YIOT pa.3nwrnb1e KJiaccb1 nepexo,nHhIX npoueccoe 

(T. e. MaJihIH pa.3phIB LOCA, 6oJiblllOH pa.3phIB LOCA HT. 

.!(. ), a Tennorn.npaBJIHqecKHe acneKThI onpe.nemnoT 11x na­

paMeTphI. KJI10qeBhie HBJieHHSI H TenJI0rH,npaBJIHlleCKHe 

acneKTbl K0JIH11eCTBeHH0 orrpe.neIDIIOT BbI6paHHhJe nepe­

X0.L{Hhle npoueccbl: Ka:>K,!(bIH TeTIJJOrH.npaBJIHtJeCKHM acrreKT 

.!(OJI)KeH 6bITb oxapaKTepH30BaH 0,!(l.fH0l{HbIMH napaMeT})a­

MH, HarrpHMep, MHHHMaJihHhIH ypoBeHb CMec11 B aKTHBHOM 

30He, 6e3pa.3MepHbIMH rrapaMeTpaMH, speMeHHOH rrocne.no­

BaTeJibH0CThlO co6bITHH, HarrpHMep, BpeMSI o6e3BO:>Kl-rnamrn 

aKTHBHOH 30Hbl, H HHTerpanbHbIMH napaMeTPaMH, ttarrpH­

Mep, HHTerpaJibHrul HJIH cpe.nHHSI BeJIH't.JHHa pacxo.na npH 

HCTeqeHHH He,norpeTOM :>KH,l(K0CTH. 

12. «Ilooo6ue 3KCnepUMeHmanbHblX 0GHHblX» (llUHUfl. 
FG). 11cnoJJh3YIOTCSI TeTIJJorn.npasJtWiecKHe acrreKThI, o,nH­

HOl{Hhie, 6e3pa.3MepHbie, HHTerpaJibHbie napaMeTJ)bl Jil epe­

MeHHrul nocne.noBaTeJibH0CTb co6bITHH .UIDI .neM0HCTpa.U:HH 

no.no6HSI HMelOIUHXCSI 3KCnepHMeHTaJlbHbIX ,naHHbIX. Ecmi 

3TO ycnoa11e He BhITI0JIIDJeTcjf, MeTo.n UMAE He MO)KeT 

6bITb HCil0Jib30BaH. 

13. «llpueMJ1eMocmb pe1ynbmamoe pac"ema» (61lOK 
e). l1cnon1>3y10Tcsr Terrnorn.npaB11HqecK11e acneKThI, o.nH­

H0l{Hbie, 6e3pa.3MepHbie, HHTerpanbHbie napaMe-rpbl H Bpe­

MeHHaSI rrocne.noaaTeJibH0CTb C06bITHH B Ka)l{,UOM cpeHOMe­

H0Jl0rJ.fqecK0M 0KHe .L{JlSI npoaepKH T0qHQCTH paclJeTa (Jrn­

HHSI FG.) EcJIH 3T0 ycnosHe tte BhmonIDieTcsr, MeT0.ll 

UMAE He M0:>KeT 6bITb HCTI0JJb30BaH. 

14. «llpoeepKa mottHocmu» (6flOK /). EcnH .naa npe­

.ZlhI.nymHx rnara BbITI0JIHeHbl ycrrelllHO, TOt.IHOCTb pacqeTa 

M0:>KeT 6bITb ou:eHeHa C Il0MOmhIO y:>Ke ynoMHHaBillHXC51 

npoueeyp. TaK Ha.3bIBaeMaSI cpe.!(IDI.H T0"tJH0CTh .!(0JJ)l(Ha 

6bITb BhIUie, qeM ycTaH0BJieHH0e ,lJJ.UI Hee 3Hal!eHHe. 

15. «O6pamHaR. C6R.3b 6 HO0anu1ai,uu PY» {llUHUfl GI). 
Pe3yJihTaTOM 6noKa g SIBJISleTCSI Ha6op ouetteHHblX HO,llaJil1-

3a.U:H0HHbIX cxeM, KOTOpbie y.nosneTB0pHTeJibHO 0IIHCbIBa­

lOT BbI6paHHbIH nepeXO,l(HbIH npouecc HJUI CBSI3aHHble 

KJIIO'tfCBhie SIBJieHHSI, eCJIH He HMeeTCSI COOTBeTCTByromHx 

3KCnepHMeHT0B. OnbIT, HaKOTIJieHHbIH IIpH ,naHH0M npo­

uecce, ~OJI:>KeH 6bITb HCTI0Jlh30BaH ,l(IDI HaCTpOHKH H0,llaJIH-

3aQH0HHbIX cxeM PY. 

16. «Pac"em PY» (6noK j). ,l(oJDKHhI 6hITb npoae;n;e­

HhI: a) pacqeT c o6'heMHbIM MacUITa6J.rpoBaHMeM ycTaHOBKH 

H 6) pac'-leT peanbH0ro C0CTOHHH.Sl. B nepB0M ceyqae HC­

IlOJib3YeMbie rpaHHt.IHbie H Hal!aJibHble ycJIOBIDI ,llOJDKHhl 

6b1Tb IlOJIYt.ICHbJ Ha 3KcnepHMeHTaJihHhIX ycTaH0BKax. Bo 

BT0pOM - B Ka'-IeCTBe HCX0.L{HblX .naHHhlX paccMaTp1-rnaeTC51 

peaJibH0e COCTOSIHHe. 

17. <<Ilpue.M!leMOCmb pac"ema PY» (6!loK k). l1cnonh-

3yioTC.S1 Tennon-1.npaBJ1H11ecKHe acneKThI, o.nHHoqH1>1e, 
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(°0
) - 1aeepw.enue npo4ecca 

6e3pa.3MepHhie, HHTerpaJihHbie napaMeTJlhl H BpeMeHHruI 

rrocrren:oBaTeJihHOCTb co6bITHii B Ka,)l(,L\OM cpeHOMeHOJIOrM­

qecKOM OKHe ,[\JUI npoBepKH rron:061-UI ycJIOBHH npoTeKaHHH 

nepexon:Horo rrpol.lecca B 3KcnepHMeHTaJibHOH ycTaHOBKe c 

3a,n,aHHhIM Macuna6oM pean&HOH PY c HCTIOJib30BrurneM 

pe3yJibTaTOB H3MepeHHH 11 pac1:1eTOB. 

18. «MoOeJlb anGJZumuttecK020 CUMYll51.mopa (MAC)» 
(6llOK m). 3TOT 3Tall BKJilOtJaeT B cefo1 pacqer, KOTOphIH 

rrpOBO,L\lff aTTeCTOBaHHbIH: IlOJib30BaTeJih no Bepml>Hl.lHpo­

BaHHOM)' KO.zzy C HCI10Jlb30BaHHeM arrecTOBaHHOH HO,[(aJIH-

3alll10HHOH cxeMhI. MAC MO)KeT Hcnorr1,30BaThC.SI rorn Hc­

cnen:oBaHJ.UI rrepexon:HhIX npoueccoB B PY, KOTOpble xa­

pa.KTep1nyroTCH TeMH )Ke caMbIMH cpeHOMeHOJIOfHtieCKHMH 

OKHaMM H KJIIOl.JeBhIMM .SIBJieHH.SIMH, l.JTO H paCCMOTpeHHhIH 

rrpo~ecc. 

19. «3KcmpanOJlJl.l,JUfl. mOttHOCmu» (6llOK v. TotJHOCTb 

pactfeTa 0,[(HHOtJHbIX, 6e3pa3MepHbIX, HHTerpanbHhIX rrapa­

MeTJ)OB H speMeHHOH nocnen:oBaTeJibHOCTH co6bITHH MO­

)KeT 6bITb 3KC-rpano;rnpoBaHa, ecm1 BhITIOJIIUl}OTC.H cne­

.Il)'lOIUHe ycJIOBHSI: 

• K03<pq>HllHeHT Macuna611poBaHJ.UI 3KCnep11MeHTaJihHOH 

ycTaHOBKH H Macuna6 3KCnepHMeHTa rrpHMeHHMhI K pac­

CMa'rpHBaeMOMY nepexo,n:HoMy npol.(eccy; 

• 3KCnep11MeHTaJibHa.H 6aJa n:aHHhlX aTTeCTOBaHa; 

• aTTeCTOBaHhI HO,L\aJIH3aUHOHHa.H cxeMa H IlOJih30BaTe­

Jll1 Kon:a; 

• eCJIH HCJIOJih3YIOTC.H o.n11HaKOBhie 3KCnepHMeHThI, Terr­

non1n:paBJIHtJeCKHe acrreKThI n:omKHhl 6&ITb TeMM )Ke ca­

MbIMM. B npoTHBHOM CJI)''.Jae OHH ,L\OJI)I(Hbl 6bITh rrpoaHaJIH-

3HpOBaHhl B pa3JIH1:1HhIX 3KcnepHMeHrnx; 
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• Tennon1n:paBn111:1ecKHe acneKThI n:oJI)KHbI xoporno orrn­

CbIBaT&c» C ITOMOlllJ>IO Ko.na Ha KaqeCTBeHHOM H KOJIJiqecT­

BeHHOM ypOBIDIX; 

• Terrnor:wn:paBn111:1ecKHe acrreKThI on:11HaKOBhl B pacqeTe 

MaC11ITa6HpOBaHHOH PY H B 3KCnepHMeHTe. TTpen:BapH­

TeJihHO B3BerneHHhie n::warraJOHbl ( 0,[(JilHOqHE>IX, 6e3pa3Mep­

HhIX, HHTerparrhHhlX napaMe-rpoB H speMeHHOH nocnen:oaa­

TeJTbHOCTH co6bITHH) - Te )Ke caMhie; 

• B pacqere PY peanbHble COCTOHHH}I q>eHOMeHonornqe­

CKHX OKOH H KJI}OqeBhIX HBJieHHH TaKHe )Ke, KaK H B pac­

CMa-rpirnaeMOM 3KCnepHMeHTe; O,L\HH01:1Hble, 6e3pa3MepHbie, 

HHTerparr1>Ho1e napaMe-rp1>1 H speMeHHa.H nocne.n;oBaTenb­

HOCTb co6hITHH, pa.3yMeeTCH, MOryT OTJIJ,fqaThCH. 

3KCTpaITOllill.lHH T01:IHOCTH IIpOBO,[(ITTCH no BbIIIIeyno­

MHH)'ThIM napaMe-rpaM C ITOMOIUblO HCTIOJih30Bamrn CTanf­

CTHtJeCKHX npouen:yp. CoOTHOIIIeHJ.UI H3MepeHHbIX 11 pac­

CllHTaHHbIX 3Ha'-leHHH 0,[(HHOliHbIX, 6e3pa3MepHbIX, HHTe­

rpanbHhIX napaMe-rpoB H BpeMeHHOH nocne.nosaTeJihHOCTH 

co6bITHM rrpe.n;cTaBJI.HlOTC.H Ha pHC. 2, nonarrui, l{TO OHH 

cnyqaHHO pacnpen:eneHbI B o6nacTH en;HHHI.lhl. 

Ha pHC. 2 no OCH a6Cl\HCC OTJIO)KeH OTHOCHTeJibHbIH 

061>eM Kv. 3arnrpHXOBaHHa.H o6naCTb OTHOCHTC.SI K 3Kcne­

pHMeHTa.TihHh1M ycTaHOBKaM HaMMeHblllero 11 Ha1160J1hl1Iero 

Macuna6a, 06beM1>1 KOTOpbIX MeHbIIIe 061>eMa PY rrp11Mep­

Ho B 2000 11 50 pa3. Ha OCH op,llHHaT npen:cTaBJieHbI o6rurui 

BeJIH'-111:Ha Y H OTHOIIIeHHe Y E/Y C (3KCnepHMeHTaJJbHOe 

3Ha'-leHHe K paCC1:IHTaHHOMY), 3TO COOTHOll.leHHe MO)KeT 

6bITh 3aMeHeHO JII06bIM 3Hal.JeHMeM, KOTOpoe onpe.ue1rneT 

rqrnTepHH o6mett TOLJHocrn Ko.na B pac'-leTe Toro )l(e caMoro 

CI..(eHapl-UI. Y HBJI.HeTCH BeJ1H1:IHHOH, 01.(eHeHHOH C IlOMOlUblO 

11ccnen:osatt1111 .naHHoro nepexon:Horo npo~ecca. CooTHO­

rneH11e y ENC eCTb KpHTepHH T01:IHOCTH pacqera. 3Hat.JeHHe 

I Ha OCH op.nHHaT npen:cTaBJLSieT MaKCHMaJibHO .UOCni)KH­

MYlO TO'-iHOCTb (Y E=Y c). ,[(JUI 06011x ceyqaeB MOryT HMeTb 

MeCTO TJ)M BapHaHTa, ITOKa.3aHHble KpHBbIMH 1, 2 11 3. 

y YE 
'Ye 

10- 4 10- , 10- .J 10-1 K ·..,· 1 

Puc. 2. Memoo UMAE. 3Kcmpano11J11.JWl 3KcnepUMeHmaRbHblX 
oaHHblX u mo11Hocmu Kooa 

KpuBaJ/, 1. :VhMepeHHoe 3Hat.JeHHe c-rpeMHTC.H K BeJ1HtI11-

He PY. To'-IHOCTh pactJeTa noBhimaeTc.H rrp11 yBenMt1ett1111 

Macrrna6a ycTaHOBKH. 

KpueaJ/, 2. 06paTHbIH cnyqaw. l13MepeHHa.H BeJIMtiHHa 

yxon:HT OT Tpe6yeMoro 3Hat.JeHJ.UI H TOtJHOCTb pacqern 

yxyn:maeTC.H, Kor.ua yBeJIWHrnaeTC8 MaClIITa6 ycTaHOBKH. 

KpueaJ/, 3. ,[(aHHbie pacnpen:eneHhI CJI)'"tiamm BOKpyr 

TQqHoro 3HaqeHJ.UI HJIH OTn:errhHOH BeJlMLJHHbl. 

I1pe,nnono)KeHHe 06 3KClpaITOIDII..(H11 o60CHOBaHo .HCCJie­

n:oBaHJ.UIMH 60JiblIIOro KOJIJ1qeCTBa nepeMeHlil>IX, BJIIDIIOlUHX 

Ha paccMa-rpHBaeMbie cooTttorneHHH. 3-rHM crroco6oM no.rry-



qaJOT «cpe,uHlOlO TOt.IHOCTb» H «95% TOt.J:HOCTL», KOTOpbie 
Moryr rrpHMeIDITLc.si )lJUI oueHKH pacqera PY. 

20. «Pact.tern HeonpeoeneHHocmu» (6noK n). 3KcTpa­
nonupoeaHHa.sI TOt.J:HOCTb MO)KeT HaI<JI~J:,IBaTbC.sI Harrp.sIMJlO 
Ha pe3ynhTaTb1 pact.J:eTa MAC. O,nHaKo tteo6xo.nHMbI H 
tteK0Topb1e .nonomunem,HhJe attamfTHqecKHe Hccne.noea­
mrn ,UJI.sI TJ)aHCqlOpMaum-1 0,UHHOt.JHbIX _semlt.JHH B Henpe­
pbIBHbie o6nacrn norpernHOCTH, KOT0pbie OXBaThIBalOT 
paccMaTpHBaeMhIH pact.J:eT MAC. B oco6eHttocrn «Bpe­
MeHHbie», «rrp0CTJ)aHCTBeHHbie» H «cpe,uHeHHTerpam,Hbie» 
Heonpe,ueneHH0CTH ,UOJDKHbl 6bITb oueHeHbl c IlOMOm;bJO 
YKa3aHHbIX 3HatJeHHH O,UHH0t.J:HbIX, 6e3pa3MepHbIX, HHTe­
rpanbHbIX rrapaMeTpOB H BpeMeHHOH nocne.noBaTem,HOCTH 
co6bITHH, COOTBeTCTBeHH0. 

MeTo.n UMAE HMeeT HeKOTopoe cxo.nCTBo c .npyrnMH 
paccMOlpeHHbIMH MeTO,UaMH. B (7] npHBO)J,HTC.sI ero cpaBHe­
HHe c MeTo,nonorneH CSAU, 6onee no.npo6ttoe onHcattHe 
KOTOpOH npHBO,UHTC.sI HIDKe. Yrrpow;eHHa.sI 6JIOK-CXeMa Me­
TO,U0JIOfHH CSA U rrpe,nCTaBJieHa Ha pHc. 7. Ha pHc. 1 11 7 
3TaITbl H ycJIOBIDI, CXO,UHbie ,nJI.sI 3THX .usyx IlO,UXO)l:OB, ITOKa-

3aHbI C IT0MOI.I.J;blO 3aDJTpHX0BaHHbIX 6JIOKOB. O6a 3THX no.n­
xo.ua Tpe6YJOT npoee,ueHIDI attanHJa Toro )Ke caMoro rnna. 
TeM He Mettee MO)K}{O onpe,neJJHTb lpH OCHOBHbIX 0TJIHt.J:IDl. 

B cnyqae CSAU rrpouecc 11,ueHTHQ)HKaUHH Heonpe.ne­
neHHOCTH MO)KeT 6blTb 3aBepmeH TOJJbKO no ycM0TpeHHlO 
3KCrrepTa (6JIOKH e, f H / Ha pHC. 7), X0nl ,neTaJlbH0e cpaB­
HeHHe H3MepeHHhIX H paccqHTaHHbIX napaMeTpOB B MeTO,ne 

UMAE, B03MO)KHO, ,uaeT Te )Ke caMbie pe3y111,TaTI,1 (n11mu1 
FG Ha pHc. I). 

B no,uxo.ne CSAU tteo6xo.ni,1Mo rrposecrn tteCKOJJhKO 
pactJeToB c npHIDITOH HOlJ:aJIH3aUHOHHOH cxeMoH PY, KO­
Topa.si o.no6petta 3KcnepTaMH. B UMAE -rpe6yeTc.si Bhmon­
HHTh TOJJbKO O)l:HH pact.JeT C arrecTOBaHHOH HO,UaJIH3aUH­

OHHOH cxeMOH. 
l.fro6:E,I oueHHTb Heonpe.neneHHOCTb B MeTO,ne UMAE, 

Heo6xo,nHMbl CO0TBeTCTBYJOI.I.J;He 3KCilepHMelffiUibHbJe 
,UaH.Hhle, no.rryqeHHble Ha HHTerparrbHbIX . YCTa.H0BKax, 
ornoc.snw1ec.S1 K paccMaTpHBaeMOMJ nepexo,uH0MJ rrpoueccy. 
,[(amme ycnOBHe He .sIBJI.sieTCH He06XO,L{HMhIM B MeT0,UO.JI0fHH 
CSAU. TeM He Mettee KOMfilJOTepHLrn Ko,n ,noIDKeH HMeTb 
cnoco6ttoCTh paccqJfl'bIBaTh 3KcnepHMeHTa.JlbHbIH cuettapmt 

MeTO.U UMAE y)Ke npHMemmc.a Ha rrpaKTH.<e ,um1 
oueHKH Heonpe.neneHHOCTeH s pact.J:eTe ~H3H11eCKHX napa­
MeTp0B .nm1 pa3JIHt.J:HhIX rrpoueccoe B Heqm1HbIX TJ)y6onpo­
eo.nax (rro cymecTBy cMeceii HeqlTh /eo,ua /rrecoK 
/ttepaCTBOpHMhie fa3h1) [9]. 

2.2. MeTOA AEAT 

B MeTO,ne AEA T (7, 10) npe,ucTaBJieH11e Heon­
pe,ueneHH0CTH HJIH ,[lHaila.30HOB BXO,UHOH Heonpe­
.neneHHOCTI1 ,UOJI)KH0 6LITb B BH,[le «rrpHeMJieMbIX 
,n.Haila30H0B Heonpe.neneHHOCTH». 3TOT .uwana30H 
orrpe,neillleTC.SI KaK «HaHMeHbllHUI o6naCTb 3Haqe­
HHB ( mrn ,naHHOH een11qHHhI ), K0Topa.si BKJIJOl-IaeT 
Bee 3HaqeHH.sl, ,nJI.sI KOTOpbIX HMeJOTC.SI ,UOKa3aTeJJb­

CTBa, qTo OHH He HaxO,n.sITC.sI B nponrnopeqHH co 
BCeMH H3BeCTHblMH qlaKTaMH». 3TOT MeT0,[l npe.n­
nonaraeT B1>16op axo,nHhIX Heonpe.neneHHhIX napa­
MeTpOB 11 o6nacTeH, K0T0phie He nponrnopeqaT 
3TOH qlOpMJJIHpOBKe. KaK TOJThKO KOMIIhIOTepHhlH 
K0,U rrocrynaeT OT pa.3pa6oTt.J:HKOB, OH npOX0,ll.HT 
TeCTHpOBaHHe C IIOMOI.I.J;blO He3aBHCHMbIX .naHHbIX, 

KOTOpble ,UOJI)KHbl xapaKTepH3OBaTh nepeXO,UHbie 

npouecchl, HMe10mHe MecTO a PY. Ec11H rronyqeH­
Hhie 06nacn-1 Heorrpe,ueneHH0CTH cornacy10Tc.a c 
Bhl6paHHbIMH He3aBHCHMbIMH 3KCnepHMeHTaJih­
HbIMI1 ,uaHHbIMH, TO KO)l: H amurn3 Heonpe,ueneHHO­

CTH M0fYT 61>IT1> HCIT0Jih30BaHhl .AIDI pact.J:eT0B PY. 
Ec1rn HeT, To Heo6xo,nHMhI ,nan1>Heihna.si .nopa6oTKa 
Ko,na Hl11m1 yTotIBem1e HCX0.llHbIX ,ll.aHHbIX. H .naH­
Hble H3 He3aBHCHMOH 6a3bl Il0MeruaroTCR B 6a3y 
,aaHHbIX, HCilOJib30Bamiy10 npH pa.3pa60TKe. 

Ilonttoe onHcaHHe MeTO,na AEA T npHse,neHo B 
(10]. Hrnrosa.si 6noK-cxeMa MeT0,ll.a rrpe.ncTaBJJeHa 
Ha pHC. 3, r.ne BH,UHO, lff0 HMeIOI.UHeC.SI ,naHHbie 
11cnonh3YJOTC.st ,ueyM.sI cnoco6aMH. BHaqane Bbl­
rronIDieTC.SI TaK Ha.3bIBaeMhIH UHKJl pa3pa60TKH 
(no.npo6Hee Ha pHC. 4), Ha KOTOp0M pa3pa60TtrnKH 
KO,Ua ycoaepllleHCTBYlOT ,naHHbIH KO,ll. H MeT0,ll.bl 
aHanH3a Heonpe,ueneHHOCTeii. Ko.u ,uoIDKeH 6bITh 
,AOCTaToqHo ycTOHtJHBblM .ll.ID[ npose,neHIDI 601n,­
rnoro tJHCJia pacqeToB, K0T0pbie 6yJzyT Heo6XO,ll.H-

:Sa:,a .Q:UOO.IX, 

IICDOJJlo:JOBaHHaJI'. 

np11 pa:tpa6oni::e 
ICO.l{a 

)];a.H10>1e ID 

HHrerpa.m.111,1X 

:n~c:neplmteHTOB H 

Tecroo OT.Qe.ru.111,171: 

,t♦an-oo 

Haau11aosaa: 6a:,a 
.QaHIIJoD( 

,ZJ;uao.1e ID 

He:JIUIHCHMl>IX 

HHTerp aJD,JO.IX 

:>JCC:OepDMeliTOB 

Pa:1pa60-ixa xo.na, 
Tecnq>ooume, 

OTJiaJUta. oac-rpoH.Ka 

PayJJJoTa-n.1 aHIIJIKla 
ueonpeA~et111ocnt 
A1UI He:JaBHCHMlolX 

mn-erpaJD.111,IX 
)KCllepHMeHrOB 

,ll;lcana:,0111,1 

.QocraTo--ato y:111a1T 

Cpaeuem1e 

ueonp~eneH11ocreii 

COO-nte'TCTBYfOT HMUO~lMCSI 

i.lUIJll,IMT 

01.(UDQ 

HeOnpffl~f!IIIIOCTeH 

Al1R peaxropH~ic 
ycrllHOBEH 

CTon 

IJ;mm 
pa,paooTJCH 

Her 

Her 

Bo:JMO'lEIIO 

HCIIOJJlo)ODaHUe 

HODlolX 

:,11:cnepIIMeKl"OB 

HJU( 

.QODOJIHHTeJD.HJ,IX 

.QaJOD,IX 

B1oropa-n. ~yro.ii 
:,11:c:nepHMeKr AJlJI 

HetaBHarMoii 
Oa:Jl,I i.llHlll,IX 

Ilep~eu(em«e 
HCIIOJil,30BaHla.lX 

He:JaBHCHMltlX 

.QII.IIHl,IX B 

paoo"l)'IO 6a:sy 
.QaHHJ,JX 

Puc. 3. Memoo AEAT 5JloK-cxe.Ma 011R anamaa 11eonpeoe11en11ocmeu 
pe3yflomamoe pac'lema PY 
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PA3PA1>OTKA KO.I(A, TECTHPOBAHHE, OTJI.A,l(KA, HACTPOitKA 

PAl>OllAH 
liA3A 

.n;AHJ{l>IX 

IOICl"p)'KQIW D0m.30BIITMJI 

Pac•HTM AJlll npocn,ixu 

pewaeMr.lX 8RaJ1HTH'leCXH 

HA8"f1HCtn8AOBaami DTAem.HLD: 

34>4le1CTOB1 IUITerpaJD,Hr.lX 

n:c:uepHMBHTDB, nepeXOAJIYX 

DpOQ8CCOB PY, HCtn8AOB8HH8 

"fy&CTBKTBJD,HOCTH 

OutHKa 

Bo:1Mo:1a10 m• 
DOJIY"ll11> nocrommoe 

lt:l'leJIHe TO'IHOCTil'f 

HET 

Puc. 4. Memoo AEA T 5noK-cxeMa OJIR pmpa6omKu Kooa, 
mecmupoeaHUR, om.nai>Ku, HacmpouKu 

Mbl, B 3TOM UHKJie pa3pa60T'-IHKH npOBO,LVIT no )laHHOMY 

KOffi' pactJeTI,I 3KCnepHMeHTOB OT)leJibHbIX 3cpcpeKTOB, HH­

TerpaJibHbIX 3KCnepHMeHTOB H rrpouecCOB, HMeIOID:HX Me­

CTO B peaJihHOH :meprer0~ecKoH ycraHOBKe. llHCpopMaui-rn: 

0 Heoape,lleJieHHOCTHX, nonyqeHHasI H3 3KCnepHMeHTOB no 

HCCJie)lOBamno OT)leJibHblX 3cpcpeKTOB, HCIIOJio3yeTc~ )];JI~ 

o6ocHoBaH~ o6nacTeif Heonpe)leJieHHOCTH ~ Mo,nenew 

KO,D;a. 3aTeM rrpOBO)];~T paCtfeT, npHHHMasI BO BHHMaHHe 

rronytJeHHhie o6nacTH tteonpe,neneHHOCTH c QeJihJO oueHKH 

Heonpe.neneHHOCTH ,nIDI 6a3hI ,D;aHHhIX, HCTTOJib3yeMOH np11 

pa3pa60TKe, )lJUI OT)leJihHhIX 3cp<peKTOB H HHTerpaJibHI,IX 

3KCnepHMeHTOB (pHc. 5). 3TH pe3yJJhTaTbl cpaBHHBaJOT C 

3KCrrepHMeHTaJihHl>IMH ,naHHbIMH. I1onyqeHHhie )lHaila.30HhI 

)lOIDKHI,I 6bITh )lOCTaTO'-IHO IIIHJ)OKHMH, tJT06hI COrJiaCOBbI­

BaTbCH C HMeJOlllHMHC}l ,D;a.HHbIMH. Te )Ke caMhie BpeMeHHbie 

)lHaila.30Hbl ,AIDI nponecCOB B 3HepreTHtJeCKOH ycTaHOBKe 

)lOJDKHbl 6hITh )lOCTaTOqHo TOtfHbIMH, tfT06hl HX MOiKHO 6bI­

JIO HCilOJib30BaTh ~ ou,eHKH 6e30ilaCHOCTH 3THX npoueccos 

(HJIH npHHHTIDl JII06oro .[(pyroro peIIIeHHH). 

OIJ;EHEA HEOIIPE.1(EJIEHHOCIH ,IJ,IDI HHTEfPAJThHbIX 
3KCIIEPHMEHI'OB H PEAKTOPHOH 'YCTAHOBKH 

}fAeKTH4>~ooan. HtOnpez:ttJieHHOCTII 

Onpez:ttJIHTJt lOlaBa:JOHl,J 

HeOnpez:tMttlHOCTll EOJBNtC'l'BeJUIO 

IIpez:tCTilBKTI, Htonpez:teJitHHocm e e~e 

BXO~IX ueonpez:teJJtHIIOCJ"eii KOAa 

KoM6mocpouan. ueonpez:tt.r1tHHocn1, 
11cnom.:1yJ1 rpaHH'IHJ,1e paC"len.I 

Puc. 5. Memoo AEA T. Sno1<-cxe.Ma onR oi/eHKu 
11eonpeoe.neHHOCmU 

B KoHeqHoM c'-leTe pa3pa6oTqHKH pernaIOT, lffO KO.ll 

)];OCTaTQqHo Ha,LJ;e)KeH, H npe,ncTaBJUUOT )lHaila30HbI Heon­

pe,neneHHOCTH COOTBeTCTBYJOll(HX napaMeTpOB, KOTOphie 

)];OJI)KHI,I 6bITI, )lOCTaTOtfHO TQqHhIMH H npHro.ZJ;HhIMH )];JI5l 

npHMeHeHIDI K 3HepreTHt.JeCKOH ycTaHOBKe. Ha 3TOM 3Tarre 

Ko,n rornB K TecT11poBaHHIO 11 npoBe.n;emuo attamna tteon­

pe,neneHHOCTH C IlOMOil.l,bJO He3aBHCHMOH 6a3bl ,lJ.aHHhIX, 

KOTOpasI He HCilOJih30BaJiaCb B nponecce pa3pa60TKH. 

I1pHtfHHOH ~ HCilOJih30BaHlUI He3aBHCHMOH 6a.3bl .n;aH­

HbIX HBIDleTC5l .ZJ;OTIOJJHHTeJibHasI npoBepKa no.nyqeHHOH He­

onpe.neneHHOCTH. HanpHMep, BXO,D;Hbie Heorrpe,neneHHOCTH B 

nponecce aHaJIH3a Moryr H He 6hITh IlOJJHOCThJO H)leHTmJm­

UHpOBaHbI mm q11cneHHo onpe.n;eneHl>I, HJIH s npouecce pa3-

pa6oTKH MOryT 6bITh ynymeHhl H3 B.H.na KOMITeHCHpYJOinHe 

.npyr ,npyra OIIIH6KH. TaKHe ynymeHIDI HJJH ourn6KH MOryr 

BeCTH K HeBepHOH oueHJCe Heonpe,neJieHHOCTH B cnyqasIX, 

TaKHX KaK nepeXO)];Hble npouecCbI a PY, KOTOphie He 6hIJIH 

paCCMOTpeHhl a npouecce pa3pa6oTKH KO)la 11 )]..illl KOTOphIX 

He HMeeTCSI 3KCnepHMeHTaJihHbIX )J.aHHhIX. 

2.3. BepoHTHOCTHble MeTOAbl - GRS, IPSN M ENUSA 

3TH MeTO)];hl HMelOT cne,n;yIOlllHe OCHOBHhle qepThI: 

- KOA, PY 11 nepexo)lHhIH nponecc Toqtto onpe,n;eneHhI; 

- Heonpe.n;eneHHOCTH BhUIBJieHhl (Hat.Ja.JH,Hble Ii rpaHHt.J-

Hbie ycJIOBIDI, MO)lem1:, 3aJIO)KeHHbie B pacqeTHOM KO,LJ;e ); 

- MeTO.ZJ;hl npmt3BO)UIT oroop Heonpe,neneHHOCTeH, KOTO­

p1,1e 6y.nyT BKJUOt.JeHhI B pacqer. Mero,n GRS BKJIJOqaer Bee 

BbUIBJieHHbie IlOTeHI..{HaJibHO BIDKH.bie Heonpe.neneHHOCTH; 
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- BbI6paHHhie Heonpe,lleJJeHHOCTH paH)KHPYIOTCH no 
CTenemI Ba)KHOCTH C IlOMOlllbJO COOTBeTCTBYJOIUHX 3KC­

nepHMeHTaJibHhlX ,uaHHhIX )lJI~ OT,LJ;eJihHhIX 3<pcpeKTOB; 

- HMelOUlasICH 1rncpopMaU:IDI O KIDK,[{OM Heonpe.neneH­

HOM napaMerpe B KIDK,[{OM )lHaila30He Bblpa)KaeTCH cy61,eK­

Tl18HbIM BepouHOCTHbIM pacnpe.nenem1eM; 

- H3 pe3yJibTHPYJOlllero npOCTpaHCTBa Heorrpe.neneHHOCTH 



(3a,n.aHHOro C ITOMOlll,blO ,Z:Uiafla.30HOB Heonpe.n.eJieHHOCTH) 

npOH3BOJJ.HTC.8 cnyqai1Ha.H BbI60pKa B COOTBeTCTBHH C KOM-

6HHHpOBaHHbIM cy61>eKTHBHblM Bepo51THOCTHbIM pacrrpe­

.n.eneHHeM Heonpe.n.enettHhlX napaMerpos; 

- llHCJJO pacqeTOB ITO KOAY orrpe.n.em1eTCH rpe60BaHHeM 

TO'IHOCTH .n.orryCTHMoro/,l(oBepHTeJibHOro HHTepaana ,l(JUI 

rrpe.IJ.CTaBJUIIOlll,eH HHTepec BeJIHqHHhI; 

- CTaTHCTJ,fl{eCKHH aHaJIH3 pe3yJThTaTOB IIO3BOJI51eT rrony­

qHTb Mepbl qyBCTBHTeJThHOCTH HHTepeCYJOIUeH BbIXO,l(HOH 

seJIHqHHbI K ~OH H3 KOM6IDI~ tteorrpe.D.eneHHoCTeH. 

Crre1u1cpWiecKHe qepTbI Ka)K,l(oro MeTO.D.a npe.n.cTasne­

HbI B cne.eyroll.Uix rpex rro,n;pa.J.n.enax. 

MeTO.z:.GRS 
MeTOJJ. GRS [7, 8, 11, 12] .D..IDI amurn3a tteorrpe,l(enea­

HOCTH H 'tf)'BCTBHTeJibHOCTH Yt{HThIBaeT BJIH51HHe Ha pe-

3Y Jib TaT pacqera CJie,l(ylOillHX Heonpe.n.eneHHOCTe.H BXO,l(­

HbIX napaMeTpOB: 

- MO,l(eJieH KOMilhlOTepHOro KO.D.a; 

- Ha'IaJJhHhIX H rpaHI•f'iHbIX ycnOBHH; 

- .ZJ.p. cneuH<pH'IeCKHX BXO,l(HhIX ,n;aHHbIX H a.nropHTMOB. 

3TOT MeTOJJ. OCHOBaH Ha xopomo ycTOHBillHXCH KOH­

uenuIDlx H HHCTpyMeHTax sepORTHOCTHOfO HCt{HCJJeHHH H 

CTarncrnKH H IlO3BOJUleT nonyqHTb HHq>OpMaUHIO B cpopMe, 

y .n.o6HOH ,l(IlH aHaJJH3a. 

P11c. 6 noKa.JhIBaeT 3TaflhI MeTO,l(a GRS. 

llpUMeH.eHue O.ll.fl u1-1.me2pGllbH020 3KcnepUMeHma: 
- Bb16J..1paeTC.8 HHTerpanbHbIM 3KCnepHMeHT ,l(JUI HHTepe­

cy10mero cuettapHR (marn 1-3); 
- onpe,l(eJI.SIIOTCR JJ.OMHHaHTHole RBJieHHR H CB513aHHhie C 

HHMH MO,LJ;eJIB KO,l(a (rnarn 4 M 5); 
- onpe.D.e.JUIIOTC.8 BCe napaMeTphl MO,l(eJIH, Hat{aJJbHhie H 

rpaHH'-IHhie ycrrOBIDI, KOTOpble IlOTeHUHaJJbHO MOryT BHO­

CHTb Heonpe.n.eneHHOCTb B paC'ieT ,l(Jl5{ BbI6paHHOfO 3KCne­

pHMeHTa (marn 6, 7); 
- cy6beKTHBHbie BepoRTHOCTHbie pacrrpe,l(eJJeHH51 HJJH 

cpyHKUHH IlJIOTHOCTH aepO.SITHOCTH onpeAemIIOTC.H ,l(JUI Ka­

)K,[J.Oro Heonpe.n.enettttoro napaMeTpa. Hx on11:caHHe OTpa­

:>KaeT cocTO.HHHe 3HaHHH, rronyqeHHoe B npouecce samma­

u1111 KO)J.a C HCfJOJlh30BaHHeM, rnaBHhIM o6pa.30M, 3KCnepH­

MeHTOB )I.JI.ff HCCJie,l(OBaHHR OTJJ.eJihHhIX 3cpcpeKTOB H HHTe­

rpanhHhlX 3KCnepHMeHTOB (mar 8). Heonpe.D.eJieHHbie Ha­

qaJII,Hhie H rpaHH'-IHbie YCJIOBHR ,l(QJI)KHbl OilJ.iCbIBaTbC.H B 

COOTBeTCTBHH co 3HaHHRMH 3KCI1epTa O Heonpe)leJJeHHO­

CT.HX 3KCnepHMeHTa (mar 9); 
- ecnH ,l(JUI HeCKOJlbKHX napaMeTpOB J.iMelOTC.SI 06m11e 

BKJHl.L{qmrn Heorrpe.neneHHOCTJ.f, COOTBeTCTBYIOIUHe ,l(aHHbie 

RBJUIIOTC.SI 3aBMCHMblMH. 3Ta 3aBHCHMOCTb tty)K.L{aeTCR B 

KOJIHt{eCTBeHHOM aHaJIH3e, ecnH cqHTaeTC.SI, \l:TO :no IlOTeH­

UHaJU,HO Ba:>KHO. Ilpe.n.em,1 3aBl1CHMOCTH (K03<pq>HUHeHThl 

KOppemU(HH), rrpe,nCTaBJieHHbie a BH,Ue cy61,eKTHBHh1X Be­

pO.HTHOCTHbIX pacnpe.n.eneHHH H ,n;pyrHMH cnoco6aMH, MO­

ryT 6bITb IlO)J.BeprH)'Thl KOJUfqecTBeHHOMY aHaJJH3Y )J.JI.8 

onpe,l(eJieHH.SI CTeneHH 3aBHCHMOCTH; 

- BbI6HpalOTC.SI KJIJOqeBbie BblXO,lJ;Hble napaMeTpbl, ){JI.SI 

KOTOpbIX .ZI.OJDKHhl 6bITb oueHeHhl Heorrpe)leJJeHHOCTH pe-

3Y JJbTaTOB pactJeTa (mar 1 O); 
- cnyqaHHM BeJilftfHHa KIDK.L{Oro Heonpe.D.eJieHHoro napa­

M e'Ipa BbifarpaeTCH a COOTBeTCTBHH c onpe.n.eJieHlil,IMH cy6'b­

eKTHBHhIMJ1 Bepo.SITHOCTHbIMH pacrrpe,neJieHH51MH H KOJIWieCT­

BeHH.hIMH 3aBHCHMOCT.SIMH .lI,illl KIDK.L{OfO 3anycKa KO,l(a; 

- KOmtqecTBO pactJeTOB no KO.[()': 

• He 3aBHCHT OT q11cna Heorrpe,l(eneHHbIX rrapaMerpos; 

• 3aBHCHT OT .n.orryCTHMhIX npe,l(eJIOB (an11 HHTepBaJIOB) 

.n.n.H Heorrpe,n;enettHhIX onepaTopoB, BJIH.SIJOillHX Ha pe3y Jib­

TaT pacqera; 

• MHHHMaJibHOe KOJJJ1l-leCTBO n 3arrycKOB KO,l(a, oueHH­

BaeMoe sepXHHM CTaTHCTHqecKH .D.OrryCTHMhlM npe.D.eJIOM 

(o,n;HOCTOpOHHHM) (Ta6n. 1), 3a,l(aeTC.SI cpopMynoH YHJIKCa 

[13, 14]: 1-a">~; 
• orrpe,l(eneHHe .D.OrryCTHMoro HHTepsana: 

1-a" -n( l-a)a0
-
1>p, 

r)le Cl - :>KenaeMa.H BepOHTHOCTb 3HatJeHHR BeJIHl-lHHhl (KBaH­

THJib), %; p - ,l(OBepHTeJibHhIH HH'tepsan (npHHRThIM B C'IeT 

B03MO:>KHOH ourn6KH BbI60pKH H3-3a orpam,rqeHHOro llHCJia 

pacqerns no Ko.ey), % (Ta6n. 2). 

T a 6 n H I.l a 1. IlpHMepHble MHHHMaJJbHble pa3MCpb1 n .llJUI 

OAHOCTOpOHHHX CT8THCTHIICCKH AODYCTHMblX npe.l(eJJOB 

~ 0,50 0,90 0,95 0,99 

0,50 3 17 34 168 
0,80 5 29 59 299 
0,90 7 38 77 388 
0,95 8 46 93 473 
0,99 11 64 130 662 

T a 6 n H I.la 2. IlpHMepHble MHHHMaJJLHLle pa3MCphl n }lJIB 

onpe}leJICHH.H i.onycTHMOro HHTepBaJia 

~ 0,90 0,95 0,99 

0,90 22 45 230 
0,95 29 59 299 
0,99 44 90 459 

- 3anyCKH KO.ZI.a npOH3BO,l(RTC.SI C onpe.n.eneHHbIMH BbIWe 

3Ha'ieHHRMH napaMeTpOB (mar 11 ); 
- nony'ialOTC.8 KOJIH'ieCTBeHHh]e onepaTOpbl KOM6HHH­

poBaHHOro BJIHHHH.SI orrpe,l(eJI.HeMhIX BXO,lJ;HhIX Heonpe,l(e­

JJeHHOCTeH Ha pe3yJJbTaTb] KO.D.a; 

- rronyqaIOTCH KpMTepHH '-IYBCTBHTenbHOCTH. I1x pac­

cqHThIBalOT ,l);JUI KIDK,L{OH OTJJ.eJibHOH tJYBCTBHTeJlbHOCTH 

pe3yJJhTaTOB Ko.n;a 1<acaTeJibHO tteorrpe,n;eneHHoro napaMeT­

pa M Heonpe,n;eneHHOCTJ.i napaMerpa. TaKHM o6pa.30M, OHM 

YAOBJleTBOpXIOT rpe6oBaHH.SIM paIDKHpOBKM Heonpe.n.eneH­

HOCTH cornaCHO HX BKJia.l(y 8 06uzy10 Heonpe,l(eneHHOCTb 

pe3yJJhTaTOB. Cne.n.oaaTeJihHO, C ITOMOI.QblO 3THX Kp1nepHeB 

pamKHpOBKa Ba:>KHblX napaMeTpOB TTOJIY'iaeTC.H KaK pe3yJib­

TaT attamna ( a He C TIOMOll\blO 3KCnepTHOM anp11opHOH 

paIDIGipOBKH. Ba:>KHOCTH Tex HJIH HHhIX rrapaMeTpOB, no­

)J.06Ho MeTO.l(aM AEAT M CSAU, ttanpHMep); 

- paccqHTaHHbie npe.L{eJibl HJIH HHTepBaJibl Heonpe)le­

JieHHOCTH cpaBHHBalOTC51 C ,n;aHHhIMH H3MepeHHH HHTe­

rpanbHLIX 3KCnepHMeHTOB, tJT06bI IlOKa3aTh, cornacyIOTCH 

JlH paccqHTaHHbie mITepsam,I C HMelOI.QHMHC.sJ ,n;aHHblMH; 

- ecnH pacc'iITTaHHI,Ie npe,l(eJJhI Heorrpe.n.eneHHoCTH cooT­

BeTCTBYIOT 3THM ,l(aHHhIM, aHaJIH3 Heonpe,l(eJieHHOCTH MO:>KeT 

6b1Tb HCTTOJih30BaH ,n;IDI paClleTOB peaKTOpa. ECJIH HeT, TO Bbl-

6pamn,1e Heorrpe.D.e11etttt1>1e napaMeTphI H cneUM<pHKauHH ae­

po.SITHOCTHbIX pacrrpe.D.eJieHHH ,n;oJDKHhl 6b1Th npoBepeHb1. 

,nmi o6pa6oT~ pe3ynhTaTOB, nonyqeHHhIX np11 npose­

,l(eHHH pacqeTOB, B f epMaHHH HCilOJih3yeTC.H rrporpaMMHM 

c11cTeMa SUSA (software system for uncertainty and 
sensitivity analyses), KOToprui o6ecneqHaaeT attan113 B Te­

qett11e pa.3JIJ:ftIHbIX pa6oq11x ruaroa 11 rrpHMeIDieTcjf, rnas­

HhIM o6pa30M, JJ.ml ou;eHKH pe3yJihTaTOB. 
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I 1. B»dipaTh KaTeropmo nepexoAHoro npon;ecca I 
..; 

I 2. OnpeAeJIHTL 4>eaoMeHoJior1AecKoe OKHo I IlpoBepHTL w~u 4, 5, 6 H 
..; 7. llpoBepHTh fPYHX:o;HH 

I 3. BLI6pan, noAXOAH~ HHTerpa.J1LHLIH JKcnepHMeHT I Bepo.a:THOCTHOTO 

• pacnpeAeJieHWI. 
A - I 4. Onpe~eJIHTL ocH0BHl>Ie S:BJieHWI L 

B1>1.a:cHHTh, rpebyrorca JIH 
I+ 

l I 

..; ~onoJIHHT eJJLHl>I e 

®· I 5. Onpe~eJIHT:& onucaHHe Mop;eJieH I HCCJI8AOB3HWI OTA0JlLHhlX 
i 

J4>cpeKTOB? 
C 6. Unpe~eJlllTh onucaHHe napaMeTpoB MOAe.JIH ueonpe~eJieHHocru I 

.; 

~8A8.JmTL HeonpeAeJiemtLie rp3HH'IHLl8 yCJIOBHll j HET 
.; 

8. Y CTaHOBHTh 4>yexu;ID1 Bepo.a:THOCTHOro 
Hcc.ne,u;oBamm , 

pacnpeAeJieHHB A,WI napaMerpoB Mo~eJIH 
3!.Cirep:tmreHTOB ~ I ..; 

OT,D,"eJIJ,JWX 34_,c)e~TOB H 9. Y CT a.HOBHTh 4>YHK~ 
no.zr;xo,D,llllQIX no Macu.rraoy 

HHTerpaJO,JWX Bepo.a:THOCTHOTO pacnpep;eJieHHJI 

3~ClrepJIMeHTOB ~ rpa.HINHhlX YCJIOBHH 
..; 

E .~ I 10. OnpeAe.JIHT:& KJUO"feBhle napaMeTpl>I I .. 
I 11. IIpoBeCTH auamo HeonpeAeJieHHocrH 

• ... 
PamKHpoBKa napaMerpoB no B:oJJH"f enseHHas on;eHKa 

creneHH BJIHB:HIDI Ha H80Dp8A8JI8HHOCTH XJll0~8BhlX f-to 

HeonpeAeJieHH0CTI, napa.MerpoB 

llin erpa.Jll>HhIH JI(CllepHMeHT 
M 

llep exOAffhlH npon;e cc l 
I Bhl6paTh peaxropHJIO ycTaHOBKY 

@---------• .... I ___ II_P_HJI_o_:>IG1 __ Th_c_nu_c_o_x ___ o_cu_o_B_H_LI_x_.a:_B_JI_e_HHH __ -__ ___,1 

i 
@ • .... I ______ II_p_HJI __ o_:)IGI_T_1>_c_nu~c_o_K_M_o_A_e_JI_e_A _____ __. 

i 

D----

Cnucox aeonpeAeJieHHocTeH napaMerpoB Mop;eJIH 

Y CTaHOBHTI, HeonpeA0JI8HHLie rpaHH"!HLie ycJIOBHSI 

YcTaHOBHTJ, q,yimn;uu BepoS:TH0CTHOro pacnpeAeJieHWI A,WI 

napaMeTpOB M0A8JIH (rpe60BaJiac1, JIH MO)l;H4>HI(a.n;HB 4>YHKqHH 
BeposTHOCTHor o pacnpep;eJieHHH HHTerpaJI:&Horo JK cnepHM:eHTa) 

CTaHOBHTh 4>yaxqim sepo.a:THOCTHOro pacnpep;eJieHWI A,J.UI 

r 8HH'IHLIX CJIOBHH 

E------ C:rmcoK KJllO"feBhlX napaMerpoB 

Ilposecru aaamo HeonpeAeJieHHOCTH 

Ilpe~apureJJLHhle H 
no CT3KCnepHMeHT a.Jll>Hhl e 

pac"!era HHTerpa.Jll>Horo 
JKcnepHMeura. On;eHKa 
OTKJIOH8HHJI OT ~aHHhIX. 

~ 
·cpaBHHTJ, OTKJIOH0HWI OT 

~aHHl>IX C 

HeonpeAeJieHHOCTHMH 
KOlla ... 

0TXJIOH8HIDI He BhIXOAHT 

3apa.MKH 
HeonpeA8JI8HHOCTH? 

HccJieAOBaHHe 
llOJIHOM3CWTa6HhIX 

3KcnepHM8HTOB ~ 

K3Y'{8HHH OTA8JJLHhlX 

B:BJieHHii 

aIDKHpOBaHHe napaMerpoB no 
creneHH HX BKJI~a B 

He OIIp8A0JI8HHOCTI, l(JllO-qeB LIX 

na a.Mer OB 

KoJIH1{e CTBeHHas on;eHKa 
Heonpe~8JIOIIROCTM l<:JD0'18BI.IX 

napaMeTpos 

Puc. 6. EnoK-cxe.Ma Memooa GRS 
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llpuMeHe1-JUe 1< pac11emy PY 
BhIIIIeonHCaHHWI npoue,D.ypa np0B0)].HTC.sI CH0Ba .l{IDI 

HCCJie.l{OBaHIDI Tex )Ke C8MbIX HJIH 110)].06HblX nepexo.nHhlX 
npoueccos B PY. HacKOJihKO B03M0)KH0, ,nJI.sI a1,16opa sepo• 
HTHOCTHhIX pacnpe,D.eneHHH H oueHK.11 3cp<peKTOB MacrrITa• 
611poeaHHH H cneQHq>HtieCKHX Heonpe.nerreHHOCTeH CTaH­
[(HH HCilOJib3YlOTC.R: .naHHbJe 113 l10JIHOM8ClllTa6HhIX 3KCne­
pHMeHTOB TIO HCCJie)].OBaHHIO OT,nenhHbIX 3<p<peKTOB H 

HMe10ma.s1c.R: HHcpopMaQHjl o PY. 
IlpHMeHeHHe )].aHHOfO MeTO)].a C HCilOJib30B8HHeM 3TOH 

nporpaMMHOH CHCTeMbl npo,neMOHCTpHpOBaHO Ha IIpHMe­
pe pac'-leTa no Tennorn.npasnlfllecKoM)' KO)].)' A THLET (7, 
8, 15]. Ilpe,ncTaBJieHbl pe3yJihTaTbl pacqeTa, Ha 0CHOBaHHH 
KOTOpbIX npose,neH aHaJUl3 ll)'BCTBHTeJibHOCTH H BblilBJie­

HbI napaMeTpbl, Heonpe,D.eJieHHOCTb KOTOpbIX OK83bIBaeT 

HaH60Jiblllee BJIIDIHHe Ha BhIX0)].Hhie pe3yJibTaTbl. 
B KaqecTBe npHMepa amUIH3a Heorrpe.neneHHOCTH 11 

ll)'BCTBHTeJibH0CTH pacqe-roB )].Jljl Heonpe.neneHHOCTeH MO­
)].eJrnpoBaHIDI H napaMeTpOB, B03HHKalOmHx B 3KCnepH­

MeHTe, MaTeMaTiflieCKOH M0)].eJIH H anropHTMe nporpaMMH­
poBaHHjl, rrpoee.neH aHaJIH3 .nm1 nOCT3KcnepHMeHTaJihHhIX 

pactJeToB <ppatteyJcKoH cTep)K}{eBoH c6opKH OMEGA 
(TecT NQ 9) (7, 15, I 6] H paccMorpeH HHTerpanhHhIH 3KC­
nepHMeHT LSTF-SB-CL-18 (7, 15], B KompoM M0,D.em1po• 
BaJIHCb 5% pa3phIB, Il0Tep.s1 BHerrmero 3HeprocHa6)1(eHIDI H 
BilpbICK 80.l{bl CHCTeMOH asapHHHOfO OXJIIDK,neHIDI B xo­

JI0)].ttyIO neTJIIO. 
EbIJia c,D.enaHa e1,16opKa H3 I 00 pa3JIH"tJHhIX KoM6HHfillHH 

napaMeTpOB. Pacqer1,1 no KO)].)' BblllQJiffjlJIHCb )].IDI Ka)l()].OfO 

H3 CTa BbI6paHHbIX COCTO.HHHH BeKT0p0B napaMeTJ)0B. HeKO­
TOpbie H3 3THX 3anycKOB OKOlflIB.JIHCb Hey,naqeH, BbffiBJieH: 

Hhie ourn6KH 61,m11 HcnpasneHh1. ,lJ;aJiee npoae,neH attaJIH3 
pe3yJihTaTOB C HOBOH BbI6opKOH H3 3THX 100 KOM6HHaQHH, 
HMeIOIUHX HaH60JibIIIee BJIIDIHHe Ha K0He1llibie pe3ym;taThl 
pacqera. Ha OCHOBaHKH )].aHHOf0 HCCJie)].0BaHH.H MO)KHO c,ne­
rraTh BhIBOJlhI o ttanpaenemrn yrryqmeHH.H KO)la. 

Onpe,D.eJieHhl 60 TIOTeHUHaJibH0 Ba)KHbJX Heonpe,D.eJieH­
HOCTeH npH npoee,neHHH BbIIIIeonHcaHHOH npoue,D.yphl. 
OHH BKJll01.{aJIH 40 napaMeTpOB Heorrpe.neneHHOCTH MO)].eJIH 
KO)la A THLET, K0Top1>1e onHChIBaJIHCh cooTBeTcTBeHHO 
q>H3H1.{eCKHM .sIBJieHH.HM 3KCnepHMeHTa, 11 napaMeTpOB )].IDI 

Bbl6opa pa3JIH1.{HbIX KOppeJI.sIUHH, 7 crre[(Hq>HqecKHX rrapa­
MeTJ)OB 3KCrrepHMeHTa (3 CBOHCTBa MaTepHana CTep)KHeH 
(HHKOHeJih), 2 rrapaMe-rpa )].IDI 3aKpbITHjl no BpeMeHH xo­
JIO)].HOfO 11 rop.s1qero OTCet{HbIX KJianaH0B, 1 rrapaMeTp Ten­
JIOBOH MOIUHOCTH, 1 rrapaMeTp ,l.lIDl 0TKJIIOqeHIDI 3Heprm1) 
H 2 napaMeTpa 1.rncneHHoro anropHTMa (JIOKaJihHhIH II0 
speMeHH MHHHMaJibHhIH KpHTepHH ToqHOCTH )].IDI MaCCOB0-
ro TIOTOKa H ,[(Be aJibTepHaTHBHbie cxeMbl rrpocrpaHCTBeH­
HOH HO.l{aJIHJaUHH). 

Heonpe,neneHHOCTH M0)].emrpoBaHIDI Bblp8)1(eHbI no­
cpe,D.CTB0M )].06aBOt{HhIX napaMerp0B Heorrpe,neneHHOCTH. 
OHH BKJIJOqaIOTC.H a o6mee KOJIH1ieCTBO 60. TaKHMH napa• 
MeTpaMH .HBIDIIOTCSI <paKTOpbl KOppeKQHH Heonpe)leJieHHO· 
CTH )].JI.H )].aHHOH nocTaHOBKH MOAeJIH WHJIH Ha6op K034)· 
q>HUHeHTOB IlOCTaH0BKH aJibTepHaTHBHOH MO)].eJIH. 

B OCH0BH0M pH)]. H3 31-ro KJIJOqesoro pe3yJioTaTil Bbl· 
6paH )].IDI onpe,nenemUI o6naCTei1 tteorrpe,D.eneHHocm H Mep 
qyBCTBHTeJlhHOCTH. 3To - pe3yJihTaTbI pacqera 0)].HH01.{HhIX 

napaMeTpOB ( 1 - IIHK TeMnepaTYPbl o6oJIOt.JKH, 1 - BpeMH, 3a 
K0Topoe Jl0CTHraeTc.H HaH60JibIIIllil TeMnepa1)'pa o6onotJKH, 
1 - o6ruee speMjl pacqera) 11 pe3yJihTilTbI pacqe-ra pacnpe,D.e-

neHHhIX senH11HH (7 3HaqeHHif TeMneparyp@ o6onoqKH, no 6 
3Haqemrn TeMilepaTypbl )KH)].KOCTH, .l{aBJieHIDI H MaCCOBhlX 

pacxo)].OB .>KH.ZU<OCTH, 3 3HaqeHIDI napoco,D.ep)l(affHjl ). 

MeTO.nlPSN 

IPSN pa3pa6aThIBaeT MeTo,nonornio, noJIHOCThIO octto­
BaHffYIO Ha sepORTH0CTHOM IlO.l{XO)le, ){JUI aHamna Heonpe­
)leJieHHOCTH H ll)'BCTBHTeJihHOCTH pe3ynhTaTOB pact.JeTHOfO 

aHaJIH3a no COBpeMeHHblM KO)].aM «ynyqrneHHOH oueHKH». 

MeTO)]. IPSN nonHOCThIO orrHcatt B oHeTe [ l 7]. 
Uen.HMH Mern,na IPSN .HBIDIIOTC.H onpe.neneHHe ,n11ana-

30HOB Heonpe.neneHHOCTH )].Jl.H Bcex Bbl6paHHbIX pe3yJihTa­
TOB K0,na H KJiaCCHQ_)HKaUIDI Heorrpe.neneHHhIX napaMeTpOB 
cornaCHO HX BKJia.l{y a Heonpe)leJieHHOCTb BhI6paHHbIX pe-
3YJib TaTOB. Pe3yJibTaTbl KO)].a 3aBHC.HT OT Heonpe.neneHHblX 

napaMe-rpoB, TaKHX KaK HatJaJibHhie H rpaHHtlHbie ycJI0BH.H, 
4)H3HlJeCKHe MO,nemr KO.Ila H T . .n. 3TO npe,D.Il0JlO)KCHHe .n.aeT 
B03MO)KHOCTh Bblpa)KaTh HMeIOIUl•feCH 3HaHIDJ .nm1 TaKHX 

napaMerpoB c noMOIUhlO cnyqaHHOH nepeMeHHOH. 3Ta 
cnyqaHHa.sI rrepeMeHHa.sI HMeeT CMhICJl HaM6onee Bepo»THOH 
Bem-t:1fHHhl, K0TOpruI 3aBHCHT T0JibK0 OT H3BCCTHOH T01.{H0· 
CTH 3TOfO napaMeTpa. 

TaK KaK HeKoTophie napaMeTphI Mo,nenHpyroTc.H cny­
qai1HhIMH rrepeMeHHbIMH, n1060H pe3yJibTilT Ko.na MO)KeT 
6bJTb CJI)'\JaHHbIM H .ZJ;OJDKeH 601Tb npoaHaJIM3HpOBaH CTa­

THCTH'·IeCKH. UenH cTarncTH'-lecKoro attaJIH3a: 
- TI0JIY'lflffh )].OBepHTeJihHbIH HHTepean Ha BbI6paHHOM 

)l0Bep1-neJibH0M yp0BHe )].Jl.H ecex BhI6paHHbIX pe3yJihTaTOB 
KO)].a (aHaJIH3 Heonpe.neneHHOCTH); 

- KJiaCCH<pHQHpOBaTb Heorrpe.neneHHhie napaMerpbI co­
rnaCHO HX BKJia)].)' B Heonpe)leJieHHOCTh ecex pe3yJihTaTOB 

(aHaJIH3 tJyBCTBHTCJihHOCTH). 

Mero.n IPSN coCT0HT H3 .nsyx rnaBHhIX maroB: I) K0-
JIHqecTBeHHoe onpe)leneHHe 6830BOH Heonpe.neneHH0CTH, 
OCH0BaHHOe Ha BaJIH)].a[(HH pe3yn1>TaTOB K0,na, H 2) npoBe­
)].eHHe aHaJIH3a Heorrpe,D.eJieHHOCTH H tzyBCTBHTeJibHOCTH C 

HCTIOJib30BaHHeM naKern nporpaMM SUNSET (Statistical 
Uncertainty and Sensitivity Evaluation Tool). 
~ npose,D.eHH.H craTHCT11qecKoro aHamna SUNSET 

rrpOH3B0)].HT BbI60pI<y pa3MepoM N )].JI.H KIDK,ZlOfO napaMeT­
pa. Bee 3TH rrapaMeTphl BbI6HpaIOTC.sl C Y'lfeT0M HX CTam­
CTHt{eCKHX Bepo.HTHOCTHblX pacnpe,neneHHH H B03MO)KffblX 

3aBHCHMOCTeH Me)K,ny HHMH. Pa3MepHOCTh BbI60pKH N He 
3aBHCHT OT 1.{HCJia rrapaMeTpOB, a 38BHCHT OT ,nByx CTaTH· 

CTHt{eCKHX .nonycrnMLIX ypOBHeH cornaCHO cpopMyffe YHJI­
KCa [13, 14]. 

SUNSET o6pa6aTbrnaeT pe3yJibTaTbI Ko)la, 11Me10mfle 
e,nHHCTBeHHOe 3HaqeHHe. B cnyqae BpeMeHHOH 3aBHCHMO­

CTH pe3yJihTaTbI KO)].a ouemrnalOTC.SI B 0.l{HO H TO :>Ke speM}I 

)].JI.sl scex N pacqe-ros. 

MeTO~ ENUSA-CSAU 

MeTO)]. ENUSA [7] octtoBaH Ha no.nxo.D.e CSAU (the 
Code Scaling Applicability and Uncertainty Evaluation 
Methodology) [18, 19], pa3pa6ornHHOM e CllIA. ,[{JI» a1>1-
6opa npHeMJieMoro K0JilflleCTBa BX0AHblX Heonpe,neneHHO­
CTeH HcnoJih3YeTC.H PIRT (Phenomena Ranking and 
Identification Table), T. e. no.no6Ho MeTO,D.y AEA T. O6nac­
TH 113MeHeHH.H napaMe-rpoB TaIOKe q>HKCHpyIOTC..H C HCilOITh-

30BaHHeM TTO)].XO.ZJ;OB, CXO)].HhIX C IlO)].XO)J.aMH MCTO)],a AE­
A T. B nop..HJlKe MHHHMH3aUHH qffcna JanycKOB Ko)la 11c-

41 



rro11h3y10Tc.s1 no.uxo.ub1 GRS ff IPSN. 3TO 11 cocTaBJUieT pa3-
nwrae Me)K,[(y MeT0.UaMH ENUSA 11 CSAU. 

MeTo.n:ononrn CSAU RBJI.HeTCH MeT0Jl0M JlJUI KOM6HHI1-
poBaHHoro KOJIH1-IeCTBeHHoro aHamna H 3KcnepTHoro 3a­
Kmo\JeHHH npH H3yqeHHH Heonpe):(eJieHHOCTH. MeTO}l onpe­

,llellileT xapaK.Tep11cTI1KH nepexo)lHOro npouecca, npHMem1-
MOCTh KO.Ila, B03MO:>KH0CTb KO)J,a K Macnrra6HpOBfilllfEO H 
TQqHQCTb KO}la COBMeCTHO C xapaKTepHCTHKaMH ycTaH0BKH 
):(Jlj{ KOJIHqeCTBeHHoH oueHKH CYMMapHOH Heonpe.n:enettHo­
crn: [20 - 22]. 

OcHOBHhIMH maraMH )laHHoro MeTO)J,a HBJIHIOTCH [ 18]: 
• onpe.n:eneHHe A3C, cueHapIDI nepexo.n:Horo pe)KHMa, 
pactJeTttoro Ko.ua; 
• paIDKHp0BaHHe npoueccoB H HBJieHHH, HMeJOmHX MeCTO 
IIpH .uaHHbIX ycn0BHHX; 
• ,ll,HarHOCTHKa 1'pe6oBaHHH H B03M0)KH0CTH Ko.ua; 
• ycrnHoaneHHe Ma'I'pHll;bI BaJI:H,naa;HH, Ho,zJ,anHJau;HH PY; 

• pact:JeT OT)J,em,m,ix H HHTerpanbHhlX 3<p<peKTOB Mal'pH­

l(bl BaJIM)J,aUHH; 

• KaqecTBeHHaH oueHKa nocJie)J,0BaTeJibHOCTH H rpaHHll; 
HBJieHIDi, HCKa)l(eHHH MacmTa6a; 
• KOJIHtJecTBeHHa.H oueHKa B03MQ)KHQCTeH KO,ll,a (Toq-

H0CTh, norpeIIIH0CTb H Heonpe.n:eneHH0CTb ); 
• onpe.n:erreHHe BJIIDIHHH MacmTa6a H napaMCTl)0B PY; 
• rrposeJJ,em1e pacqerna qyBCTBiffeJibHocrn JJ.llil A3C; 
• 061>e.n:1-rnem1e norpemHoCTH H no~eHHe o6mei1 Heon­
pe.u.eneHHOCTH. 

U:errH Mern.uonornH CSA U 3aKmoqa10TC.H B o6ecneqe­
HHH TeXHHlleCKHX OCHOB KOJIHt:JeCTBeHHoro aHaJIH3a pac­

t:JeTHhfX tteonpe.uerreHHOCTeH Ba)l(HbIX KpHTepHeB 6e3onac­
H0CTH B paMK~ npaBHJI H 1'pe6oBaHHH K CMCTeMaM 6e3o­
naCH0CTH. OKOHtJaTem,HoH uen&10 CSA U-rrpouecca HBllil­
eTc.si npocTOe H Henocpe.llCTBeHHoe 3aKJI10tJeHHe o aenHtJH­
He pactJeTHOH Heorrpe.ueneHH0CTH )J,JIH 0CH0BHblX KpHTepH­
eB 6e3onacHOCTH A3C. 

CSAU-MeTo.uonorHH cocT0HT H3 l'pex ocHOBHhIX 3ne­
MeHTOB. OcHOBHbie :nam,I, o6.H3aTem,HI:,Je )lJIH MCIJ0JIHCHI-UI, 
3JieMeHT0B CSAU-Mern.uononrn IIOKaJaHI,I Ha pHc. 7. 

IlepBL1u :meMeHT - 1'pe6oaattHH K rrpHMeID1eM0MY Ko-
11.y H ero np1rneHHM0CTb. Tpe6oaamrn K Mo)leJIHpoaamno 
cueHapHH imeHTH<pMUHPYIOTC.sJ H cpaBHHBaIOTCH C BO3MO)1(­

HOCT.SIMH I<0)la JJ.illl onpe):(eJieHHH ero npHMeHHMOCTH K 
K0HKpeTHOMY c.u,eHapMIO H )laHH0MY THfl)' CTaHUMH, a TaK­
)Ke }lllil H)J,eHT.Hq:>HKa.U,HH ero noTeH.U,HaJll>HbIX orpattw-1e­
HMH. 

BTopoii 3JICMCHT - oueHKa M paff)K}fp0BaHHe napaMeT­
poB. B 3T0M 3JieMeHTe ocyiueCTBJIHIOTCj{ onepal.{HH no 
0l.{eHKe crroco6HOCTH K pacqery Ba)l(HbIX npol.{eCC0B HCCJie­
.uyeMoro Cl.{eHapHH C II0MQJ.l{I,JO cpaaHemUI nonyqeHHbJX 
pe3yJioTaTOB pacqe-ros C 3KCnepHMeHTaJibHbIM.H JJ,aHHhIMH. 

TpeTHH 3JieMeHT - aHaJIH3 tJYBCTB.HTeJibHOCTH 11 Heon­
pe.n:eneHHOCT.H. B HeM Hccne,zJ,yeTcH o6mrui Heonpe.n:eneH­
H0CTb B aHaJI.H3e 6e3onacHOCTH Ha 0CH0Be C0CTaBJUIJOJ.l{HX, 
KOTOpbie BO3HHKalOT H3 orpaHM'ieHHH KO)la, HCKa)KeHHH 

rrpH MaCII.JTa6HpOBaHHH, Heonpe.u.eneHHOCTeH, co.uep)Ka­
lll,HXCH B 3KCIIepMMeHTaJihHbIX )laHHbIX, pa36poca )laHHbIX 
0TH0CHTeJibH0 CBOHCTB MaTepHaJI0B, a TaJOKe HeTOqHOM 
HH<pOpMau1rn, CB.sJ3aHHOH C COCTO.HHMeM peaKTopa Ha Ha­

t.{aJlbHhIH M0MeHT nepeXO)lHOro pe)KHMa. 
ENUSA rrpHMeHHJI rrp.siMoii CTaTMCTWieCKHH MeT0)J, )lJI.H 

HCCJie)J,OBamra Heonpe.ueneHHOCTI1, KOTOpbIH OCHOBhIBaeTC51 
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Ha cpopMYrre YHJIKca [13, 14], qTo, He3aBHCHMO OT qHcna 
BXO)J,HhIX Heonpe.n:eJieHHOCTCH, IlO3BOillleT oueHHTh qJ,fCJIO 

pacqeToB no Ko,zzy, 1'pe6yemIX .llilll norryqeHM.H c 3a,naHHbIM 
ypOBHeM )lOBepHH )KeJiaeMoro 3HatJeHHH (o6bfllHO 95%) BI,J­
XO)lHOH BhI60pKH. 3aTeM MO)lH<pHI.OfPYeTCH 1J)eTHH 3JJeMeHT 
KJiaccwqecKoii MeTO)l0JI0rHH CSAU (aHanH3 qysCTBHTeJih­
ttocrn M Heonpe.uerreHHOCTH). OilHCaHMe l'peTbero 0CHOBH0-
ro 3neMeHTa MeTo.nonorHH ENUSA-CSAU npHB0)J.HTC.8 s 
[23 ], a TaIOKe Ha pHc. 8. 

3JJeMeHT 1. Tpe6oBaHHH u B0JM0,KH0CTH K0}la 
1.1. Bbi6op A3C 
1. 2. To 1moe onpeoe11eHue Cl/eHapuR 
1.3. Onpe0elleHue 0CH0BHblX Kpumepuee 6e3onaCHocmu 
1.4. J1aeHmu<jJuKai,uR u paH:J1CUpoeKa RBlleHuu (npoi,ecc 
PIRT) 
1. 5. Bb16op 3a.Mopo;»CeHHou eepcuu Koaa 
1. 6. O6ecne"leHue nollHOU 0OK}'MeHma7tuu Kooa 
1. 7. Onpeae.neHue npuMeHuMocmu Koaa 

3JieMeHT 2. Ouemca u paH,KHpoeaeue napaMeTpoe 
2.1 . Co3oaHue Mampui,bz eanuoai,uu 
2. 2 . OnpeaeJleHue HO0ClflU3Gl,/UU 
2.3. Oi,eHKQ Heonpeae/leHHOCmu napaMempoe Kooa, noo­
oa10u,uxcfl UCCJle006GHU10 

2. 4. O1./eHKa Heonpeoe/leHHOCmu HGIJClllbH020 cocm0RHUJl 
A3C, zpaHUtJHbIX yCJZoeuu u xapaKmepucmuK cucme.M. 

'TexHM~tcloe 
o6ocNOBaHMt 

T. e. lORM~ecTBO HO,QOB 

TeXNM~ec,oe 
o6ocHOBaHMe 

(T. ,. oT6op napaMerpos) 

TUHM~tclot 
o6ocHOeaHMe 

(T. e. ,QManfflHW napaMetpOB 

----1., np11MeHIIMOCTb KOAa 

Bbl6op BXOAHblX --~ 
napaMeTpOB 

AHan113 

lfYBCTBKTenb• m 
HOCTII 

noeepxHOCTb 
pe8KI.IIIM 

Puc. 7. S110K-cxeMa MemoooJ102uu CSA U 
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3JieMeHT 3. AuaJIH3 qyeCTBHTeJlbHOCTH H 

neonpe.l(eJieuuocTH (ENUSA- CSAU) 
3.1. CnyLtau1-um Bbz6opKa Heonpeoe.neHH.blX napGMempoB u 
pacl./emoB PY: cpopMYJia Y1rnKca no3BOllileT onpe.a.eJUITh 

KOJIHtJeCTBO Heo6XO.llHMbIX pacqeToB, TPe6yeMblX .llilll 

OQeHKH .llOITyCTHMOro HHTepBana .llllil HCCJie.u.yeMOH COBO­

KYTIHOCTH napaMeTPOB [ 13, 14]. Bxo.u.HL1e Heonpe.n:eneHHO­

crn: cnyqafuw BapbHpyI-OTC.SI c )"IeTOM HX <pyHI<.QHU cy6'h­

eKTHBHOfO BepO.SITHOCTHOfO pacnpe,nenemu1, ,Allil TOro t{T0-

6bl C03,AaTb Ha6op pe3yJII>TaTOB pacqeTa. Ecm1 HMeI-OTC.SI 

3aBHCHMOCTH Me>K,ll)' BXO,llHbIMH napaMeTJ)aMH, TO OHlf 

.n:omKHbl 6bITb YtJTeHhl. 3aTeM npOH3B0,lVITC.SI pact.JeTbl ITO 

KO,Ay ,AJI.H 3THX cnyqaes. 3To COCTaBJUleT rnaBHOe OTJIH'-Ufe 

OT Mern.u.onornH CSA U [20, 21]. 

3.JIElv.tEHT 1. Tpe6osaHW1 H B03Mo,icaocTH 1<:o.n;a 

B1.16paTL A3C 

Onpe.n;e.JIHTL ocHosawe 
:KpHTepHH 

6e30DaCHOCTH 

npe,n:eJIRTL 
c eaa HH 

TpeE>osaHHS: H B03M0,iQI0CTH 

xo.n:a cor.11acHo ero 

,U:0:K)'M8HT~ 

3JIEIVIEHT 2. O:qeHKa H paK>KHpoBaHHe 

napaMeTpoB 

HET 

LUIBHTL 

Heonpe,n:eJieHH0CTI> B 

napaMe Tpax, 

06 a6aT1>1BaeM1>1X KO OM 

hlJIBHTL 

Heonpe,n:eJieHH0CTL B 

rpa.HH'IHl>IX H Ha"la.JILHl>IX 

CJI0BHSIX PY 

lliMeHeHHe 

H0,U:a.JllD~ 

3. 2. AHGJIU3 HeonpeoeneHH.OCmu: C ITOMOlllbfO Ha6opa pe-

3y JlbTaTOB pacqeTOB, rronyqeHHOfO B n. 3 .1, MO)KHO oue­

HHTb HeKOTOpbIH .u.onycTHMbIH HHTepaan C HeKoTOpblM 

.llOBepHeM .IJ.Jl.SI JII-06hIX Kp1nep11ea 6e30ITaCHOCTH, yCTaHOB­

JieHHbIX a n. 1.3. EcnH CHCTeMaTHtJeCKlUI ourn6Ka onpe.u.e­

JieHa npH npoae.u.eHHH MCCJie,AOBaHHH He,noCTaTKOB KO,Aa, 

otta .AOJiiKHa 6hITh np11H.srra B pactJeT np.11 npoae.u.ettHH atta­

mna Heonpe.u.eneHHOCTH. 

3.3. Auanu3 LtyecmeumeflbHocmu: 11ccne.noaaHID1 tJYBCTBH­

TeJihHOCTH oueH11BaI-OT OTHOCHTeJibttyl-0 B8.)f(HOCTh KIDK,n:OfO 

napaMeTpa, yKa.JaHHoro a PIRT, 11 npoBOMT .nononH11-

TeJihHh1e CTaT.HCTJflleCI<He TeCTbl. 

Pe3IOMe paCCMOTJ)eHHhIX MeTOJlOB [7] rrpHBe.neHO B 

Ta6JI. 3. 

B1.16pau. JCO.U: 

HET 

eHTa:QHH xo.n:a 

IlpHMeHHMoCTL 

xo.n:a 

CT aH0BHTL o:qeH0'IH)'IO 

MaT 

Onpe,n:eJIHTL H0;D;a.JJH3a.1.XHJO 

HET 

0KYMeHTan;HR xo.n:a 

OTJIOCIIT0.1D,U:O OT~0.1JLJILIX 

34>4,eKTOB H mnerpaJ'ILHhlX 

3KCR8 HM8HT0B 

npe.n;eneHHe 3 eICT0B 

MacwTa6 osa.HHS 

°Y"CfHTl,U~aeTCH KaIC 

CHCT8MaTff'Cl8CKaH 

oUJH6ica 

Onp e,n:eJIHTL 

0TKJJ0H8HHSI 

3JIEM:EHT 3. Aaa.11H3 'IYBCTBHTSJD.H0CTH e aeonpe.n;e.11eHH0CTH 

C.JIY'<f aiiHaH B 1>16 opx a 
aeonpe.n;eneHHLJX napaMeTpOB H 

pac'leT PY 

C TBHT 8.JlbHO C TH 

CicoM6HHHposan. 
Heonpe~eJJeHHOCTb H 

OTl<:.JIOHGHHR H oq&HH~ 

06:uzyio Heonpe,n:eJieHHOCTb 

Puc. 8. 51101<-cxeMa Memooa ENUSA 
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Ta 6 n H u a 3. HTorosoe cpasueuue MeT0A0B oQemrn ueonpeAeJieuuocTH 

3rnn 

XapaKTepHCTHKa 

Heonpe.D,eneHH0-

cTeH 

8b16op ,naHHbIX 

AEA 
Technology 

TipMeMJieMLie AHa­

na30Hbl Heonpe,ne­

JieHHOCTH 

)lOJl)KHbI 6bITb HC­

n0Jib30BaHbl ece 

n0AX0JVIU(He H AOC-

rynHhle ,naHHble 

0TH0eHTeJibH0 0T-

,neJibHbIX 3cpcpeKTOB 

8bT6op Ba)l(HblX )la 

Heonpe.n.eneHH0-

CTeH 

Keam1cp1-1Kau1,rn 

KoM6HHal..{MJI He-

onpe.D,eJieHH0CTeH 

H 3KCTpanOJIHl..{H}I 
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ISO-9000-3 HJIH 

3KBHBaJICHTHaH 

3KcnepT HCCJieeyeT 

MH0roMepttoe npo­

CTpaHCTBO napa­

MeTpa .n,m1 OTbICKa­

HJ,UJ MaKCHMyMa H 

MHHHMyMa H pewa­

eT, KOr)].a OCTaH0-

B.HTbC.H 

University of Pisa 

TOllHOCTb (pa3JIHtJHe 

Me>K,Ay pac'leT0M H 

H3MepeHHeM) TpaKT)'eT­

CSI KaK CTOXaCTHl{eCKWI 

nepeMeHHWI 

,l{JUI npHMeHem-1.H MeTO­

,na A0JI)KH0 6bJTb A0CTa-

T0l{H0e K0JIH"leCTB0 

)J.aHHbIX HHTerpanbHbIX 

3KCnepHMeHTOB c: 

- n0.LlX0)J..Hll(HM Mac­

WTa6HpoeaHHeM ycrn­

HOBKH; 

- no;:o<.0,ZVIU(HM Mac-

WTa6HpoBaHHeM 

3KCnepHMCHTa; 

- noJIHblM )J.Hana3OHOM 

TennorH.n.paBJIH"leCKHX 

acneKToe 

HeT 

oa3a )].aHHblX, HO)].aJIH-

3aUHH, nOJib3OBaTeJIH 

A0JI)KHbl 6b!Tb aTTeCT0-

BaHbl. KoJIHl:ICCTBeHHble 

KpHTepHH )J.Jl.sl pac"leTa 

Tennor11.n.paBJIH"lecKHX 

acneKT0B H aTTeCTaUHSI 

HOAaJIH3aUHH 

O6ecne"IHTb, l{T06bl: 

- BblWeynoM»HYTble 

KpHTepHH )J.JIH HCnOJih-

3yeMbIX )].aHHblX 6bIJIH 

BbinOJIHeHbI; 

- BbJllleynoMnHyTble 

KpHTepHH aTTeCTaU.HH 

6b!JIH BbinOJIHeHbI; 

- aHanH3HpyeMbie Ten­

norH.n,paeJIHtJeCKHe 

acneKThI .l1.JI.H PY HMe­

JIHCb B 6a3e .Ll8HHbJX; 

- ,ZJ.HanaJ0HhI napaMeT­

poe, Ha)J.Jle)Karn.ee Mac­

WTa61-1poeaHHe; 

- COOTHOWeHHe H3Me­

peHHblxlpacc1IHTaHHblX 

BeJlHl:IHH,CJiyqai:iHO 

pacnpe.n,eJieHttoe oKono 
1,0; TOr.n,a H3MepeHHaSI 

T0l!HOCTb napaMeTpOB, 

paCCl.fHTaHHWI ,llJISI 6a3bl 

.n.aHHbIX, 3KCTpanonH­

pyeTC}I K PY 

GRS 

O6nacTb acex 

BO3MO)KHbIX 3Ha-

qeHHH nmoc 

HMelOllJ,HeCSI 3Ha-

mu, Bbipa)KeHHble 

cy6'beKTHBHblMH 

eep0RTH0CTHblMH 

pacnpe.D,enemrnMH 

)lOJDKHbl 6b1Tb 

HCTTOJib3OBaHbl ece 

n0,D.X0,ZVIU(He H 

.D,0crynHbie 

Hble 

,lJ.aH-

Bee noTeHI..(HallhH0 

Ba)l(Hbie Heonpe­

.aeneHH0CTH 

ATTecmeaHHhIH 

Ha6op HCX0)J.HbIX 

)J.aHHbIX. OnbITHblC 

n0Jib30BaTeJrn. 

ISO 9001 

npoCTp8HCTBO 

tteonpeAeneHH0-

CTH SIBJlSleTC~ cny­
"laHHOH Bh16opKoii 

cornaCH0 KOM6H­

HHpOBaHHOMY 

cy6oeKTHBHOMY 

pacnpe.n,eneHHIO 

eepoRTH0CTH .n.o 

9So/o KJiaceH"leCK0-

ro CTilTHCTH"ICCK0-

ro .n,osep1nenbHO­

ro npe,ZJ.ena c 95% 
eepo»THOCTblO, 

,IJ.OCT)'IlHOH )J.Jl.SI 

pe3yJibTaTOB pac­

qeTa 

IPSN 

ITpueMneMbIH 

)J.HamooH Heon-

pe.n.eneHH0CTH 

flJIIOC cy6oeK-

THBHble pacnpe-

.n.eneHH.H eepo.HT-

HOCTH 

)lOJI)KHbl 6b1Th 

HCnOJib3OBaHbl 

see n0)J.X0JVlllJ.He 

H ,nocrynm,1e 

,AaHHbie 

Bee noTeHUH-

aJihHO Ba)l(Hble 

napaMeTpbI 

ATTeCTOBaHHblH 

Ha6op HCX0AHhlX 

,llaHHbIX 

DpocTpaHcTeo 

tteonpe,ZJ.eJieHH0-

CTH SIBJI»eTCSI 

cJiyl!aHHOH Bhl-

6opKoH comae­

HO KOM6HHHpO­

BaHH0MY cy6o­

eKTHBH0MY pac­

npc.D,eJieHHIO 

eepoHTHOCTH .n,o 

95% KJiaccw.Je­

cKoro CT8THCTH­

lleCK0ro ,IJ.0BepH­

TeJibHOf0 npe.ae­

na c 95% eepo­

.HTHOCThlO, )].OC­

T)'nH0H )].Jl.SI pe-

3Y JibT8TOB pac-

1.feTa 

ENUSA 

TipHeMJleMblH 

)J.Hana3oH tteonpe-

.n.eneHH0CTH nmoc 

cy6oeKTHBHble 

pacnpe.D,eJieHHH 

eep0SITH0CTH 

)lOJI)KHbl 6bITb 

HCnOJib3OBaHbl Bee 

no.D,X0)J.Slll(He H 

.n:oc-rynHbie naH-

Hble 0TH0CHTeJlbH0 

OT)J.eJibHbIX 3cp-

cpeKTOB 

TipOl..leCC C0CTaB-

JICHHSI PIRT 

OnbITHhie noJib30-

eaTemf . 

ISO 9001 

IT pocTpatt CTBO 

tteonpe,AeneHHO­

CTH SIBJI»eTCSI CJiy­

llaHHOH Bb16opKoii 

COrJiaCHO KOM6H­

HHpOBaHHOMY 

cy6beKTHBHOMy 

pacnpe,ZJ.eJieHHIO 

BepOSITHOCTH AO 

95% KJiaCCH"le-

CKOro CTaTHCTH-

lfCCK0ro .n:oeepH­

TeJlhH0f0 npeJJ.ena 

c 95% sep0RTHO­

CTblO, AOCTynHOH 

JJ.ml pe3yJibTaTOB 

pact.JeTa 



qHCJIO 3anycKOB 

KOJla 

11cnOJib30BaHHe 

cneuHqrnqecKHx 
)].aHHblX 11nn MaC­

WTa6HpoeaHH.SI 
11cnom>30BaHHe 
noaepxH0CTH 0T-
KnHKa AJl.SI an-
npoKCHMaUHH 
pe3YJTbTaTOB 

11cnoJTb30BaHHe 
OTKn0HeHI-JH 
oe:3V JJbTaTax 

B 

AEA 
Technology 

Onpe.u.e11.s1eTc.s1 3KC­
nepT0M 

8 npouecce erurn­
.nau.m1 K0Aa 

HeT 

Hei-

University of Pisa 

O.LJ.HO JlJUI KIDK,l\oro 
TeCTa e 6aJe .u.aHHblX 11 
0JlH0 .un.s1 ueneeoro 
nepexo.nttoro npouecca 

,l(a 

HeT 

803MO)KH0 B 0T,L\eJib· 
HbtX cnyi-1aS1x 

GRS 

OueHHBaeTc.s1 c 
noM0lUblO q>OpMy­
nbl y 1-tnKCa .!lJl.sl 

.neyxcTopoHHero 

.nonycrnMoro/ 
,noeep1-neJTbH0ro 
HHTepsana 
8 npouecce sam1-
AaUHM KO)].a 

HeT 

IPSN 

OueHHBaeTc.SI c 
n0M0l.llblO q>op­
MY Jibl Y1-utKca 
JlJT.sl .L\BYXCTOpOH­

Hero .u.onycn1Mo­
ro/ .noeepHTenb­
ttoro HHTeosana 
B npouecce sa­
m1.nau.HH KOJla 

HeT 

ENUSA 

Ou.emrnaeTcsi c 
nOMOlUblO q>OpMy­

Jlbl YHnKca 11m1 

.neyxcTOp0HHero 
)J.0nyCTHMOro/ 
.noeepHTeJTbHoro 
HHTeoeana 
8 npou.ecce sanH-
11au;HH KO)].a 

HeT 

HenpephlBHbie rno6an1>H1>1e MaK- C noM0lUbJO mrneHHOH C noM0l.llhlO .L\BYX C Il0M0lUhlO C Il0M0lUblO ,n.eyx 
BblXOJlHble 

MeTpbl 

napa-

qyBCTBiffeJTbHOCTb 

BblX0JlHblX napa­
MeTpOB K BXO)].Hb!M 

napaMeTpaM 

TTposepKa c no­
MOlllblO He3aBHCH­

MhlX OT HCnOJib30· 

saHH0H 6a.3bl .D,aH­
HblX 3r<cnepHMeH­

TallbHblX )];aHHblX 

CHM)'Mbl H MHHH-

MYMbl paCCllHTaH-
HbIX KpHBhlX HJIH 

ouetteHHbie orn-
6a10mHe KpHBhle 

rionyqae-rc.s1 H3 no­
HHMaHHSI ~poueccoe 
H HX B3aHMO.D,eHCT­

BH.sl 

,[(a 

HHTepnomIUHH 

HeT 

KpHBblX, KOTOpble 

HMeJOT HenpepbTB· 
Hble CB.sl3H eepx-

HeH H HH)l(HeH 
K0HellHbTX T0lleK 
JI0KaJlbHhlX 95% 
,AonycrnMbIX (.L\O­
eepHTeJThHhIX) 
rrpe.nenoe 

Ouemrnae-rc.s1 c 
IlOMOlUhlO CTaTH-

CTH'-leCKOH HH-

q>OpMaUHH qyacT­
BHTenbH0CTH 

,l(a 

.neyx KpHBbIX, 

K0T0pbie HMelOT 

HenpepblBHhie 
CB.R3H aepxHeH H 

HIDKHeH K0Hell­
HblX TOlieK JIO­

KaJibHblX 95% 
.11,onycTHMblX 

KpHBbJX, KOTOpbie 

HMelOT HenpepbIB­
HbJe CBH3H eepx-

HeH H HH)l<HeH 
K0HeliHblX T0lleK 
JJOKaJibHblX 95% 
.nonycTHMblX (.no­
sepHTeJlbHblX) 

(.nosep11TenbHbIX) npe.nenos 
npe.u.enos 
OueHHBaeTc.SI c OueHHBaeTc.s1 C 

Il0M0lUblO CTaTH- noM0l.llblO CTaTH-
CTHlleCKOH HH-

q>OpMaU.HH qye­
CTBHTenbH0CTH 
Heo6.SI3aTenhHO 

CTHl1eCKOH HH­

q>opMal.lHl-1 t.iyscT­
BHTeJibHOCTH 

Heo6113aTeJJbHO 

3. TPE60BAHH$1 K 6A3AM AAHHblX A/U1 PAC"IETHOro AHAJ1H3A ABAPHHHblX nPOI.IECCOB 

11CXO)J.Hhle .n.aHHhie, HCilOJih3yeMbie ,D,JUI COCTaBJieHIDI 

sxo.n.Horo tta6opa Ailll TennorH,Apasm1qecKoro Ko.n.a, TaIOKe 

HBJUIIOTCH BKJHlJ],lJHKaMH B 06my10 Heonpe.n.eJieHHOCTb pe-

3Y JihTaTil pacqe-ra. Ilo:.noM)' norry"lleHHe .n.ocTosepttoro 

orrncaHIDI PY, HalJaJihHhIX H rpattw-rn1>1x ycnoBHH ClJHTaeT­

CH BIDKHOH Ja.n.aqeii. 

11cxo,lJ.Hhie JtaHHbie MOI)'T 6hITb pa.3.neneHbl Ha T})H pa.3-

JIH1-fHbJe KaTeropI-rn: [6]: 
• HewrpoHHO-q>H3HlJeCKHe xapaKTepHCTHKH; 

• TennonmpasrrwrncKHe xapaKTepHCTHI<H; 

• xapaKTepHCTHKH CHCTeM, o6opy.u,osaHIDI H np. 

,[(ml rrpose.nemur KOJrnqecTBeHHOH oueHKH pa.3BHTH.H 

asapHHHhIX npoueccoB C IlOMOI.UblO pacqeTHhIX KOJtOB He­

o6XOAHMO HMeTh HH)l(eHepHbie 6a.3hl HCXO,lJ.HhIX .n.aHHhIX 

)].JI.SI ::mepro6JIOKOB A3C, KOTOphie npe,nHa.JHaqeHbl Jtllil 

o6ecnet.JeHH.SI: 

1 . .nocrosepHoCTH pe3yJihTilTOB reIIJiorn.npaaJIHtiecKHX pac-

11e-ros, Hcnofil>3yeMLIX npH o6ocHoBfillHH 6e3onacHoCTH AC; 
2. ynpoI.UeHIDI npoue;zypbI paCCMOTpeHIDI .noeyMeHTOB, 

06ocH0B1>IBa10mHX 6e3onacHocTb AC. 

O.mm m oqeBH,Alfi>IX -rpe6osamrn K HIDKeHepHbIM 6a.JaM 

,namn,JX .nJUI ::mepro6JIOKOB A3C: MarepmUihI, BKJilO'tfe.HHble B 

~ ,D.OJDKHbl npe,nCTaBIDIThC.SI HaCTOJihKO IlOJ:lP06HO, tff06bI 

npH HX noMOI.UH o6ecnelJJfI'b Heo6xo,lJ.HM.brli o6oeM rrpose.ne­

HIDI 3KCilep11il,JX oueHOK, He npH6eIWI K J:lPyrHM HCTO'1HHKaM. 

B Kat.JeCTBe rpaHHlJHhlX H HalJaJihHhIX ycnOBJfH ,D;OJDKHbl 

BhI6HpaThCH 3Hal.JeHIDI, KOTOphie npHBO)J..SIT K HaH6onee 

KOHCepBanmHhlM (HaHMettee 6naronpIDITHhIM) pe3yJihTil­

TaM OTHOCHTeJibHO aHaJIH3HpyeMoro asapttHHOfO cuettapH.SI 

H KpHTepHeB npHeMJieMOCTH. qTO KacaeTC.SI TeXHOJIQfHqe­

CKHX nepeMeHHhIX COCTOHHH.SI, TO OHH .D.OJI:>KHhI, Ka.I< npaBH­

JIO, BbI6HpaTbC.H 113 KpaHHHX 3HaqeHHH caoero 3KcnrryaTil­

UHOHHOro cneKTpa. 

,[(JUI aHaJIH3a Heo6xo,nHMO 11CilOJih3OBaTb TOJihKO BbIBe­

peHHbie, KOHKpeTHbie Ailll paccMa-rpHsaeMOH A3C, 11cxo.n­

H1>1e ,D.aHHbie [24], COOTBeTCTBYIOI.UHe peanhHOMY COCTOH­

HHIO CTaHUHH. HarrpHMep, q>HJHqecKHe cet.JeHH.H JJ;OJI:>KHhl 

OCHOBhIBaThC.SI Ha peanbHOH cxeMe 3arpy3KH a.KTHBHOH 30-

Hhl. IlpH aHaJIH3e asapHH cne.nyeT 11crronh3OBaTh pa3yMHhie 

KOHCepBaTHBHbie npe.urrocbIJIKH. 
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3AKJ1t01.1EHHE 

3ana,uHbie K0.llbl «yny1nneHH0H oueHKH», npHMeH.si:eMhie 

.nm1 o60CHOBaHH51 6e3onaCHOCTH 6JIOKOB 0TetiecTBeHHhlX 

A3C, a TaIOKe pe3yn1>TaTbI pactieTos, nonyqeHHble c no­

MOIUbIO 3THX KO.llOB, npe.nCTaBAAIOTCH Ha 3KCnepTH3Y B 

focaTOMHa,n3op ,Pocc~rn. TTo3TOMY BeCbMa uenecoo6pa3HO 

npOBO)l.HTb HCCJie)l.OBaHIDI no aHaJIH3Y 1..fYBCTBHTeJibHOCTH 

pe3ynhTaTOB pacl..feTOB K pa3JIH1IHblM THTTaM Heonpe.neneH­

H0CTH H HaqaTb pa3pa6oTI<y 0Te11ecTBeHHbIX 3KCnepTHhlX 

MeTO)l.0B H no.nxo.nos HJIH a.nanTal(HIO y)l(e HMeIOIUHXCH 

3ana,uHblX no)l.XO)l.0B )l.JUI oueHKH yCToffqHBOCTH pe3yJihTa­

TOB pac1IeTOB K Heonpe.neneHHOCT.si:M HCXO.LJ.HbIX .naHHbIX 11 

tto.nanma1..urn. 

J,fa paccM0TpeHHblX HCToqHHK0B CJie,nyeT, qTo npo611e­

Ma oueHKJ1 Heonpe.neneHH0CTH pacqeTJil>IX K0.L{0B HBAAeTCH 

BIDKHOH H TaKHe Hccne.noBaHHR 3a py6e)l(OM aKTHBH0 Be­

.l{YTCH. ITpose.nem1e no.no6HbIX HCCJie.nosaHHH no3B0AAeT 

IlOBbIClffb .nosepHe K pe3yJihTaTaM pac11eTOB no KOMnhlO­

TepHbIM Ko,naM. PactJeTbl .llAA 6om>moro 1[0CJia pa3JIHtlHbIX 

Ha6opoB BeJIH1UiH napaMeTp0B H om1caHHH M0)l.eJIH, BhI6op 

MH0r0MepHblX o6nacTeM Heonpe.neneHH0CTH M0ryT pac­

CMaTpHBaTbCH KaK TT0JIHa51 rrpoaepKa ycTOHl:IHBOCTH. ,[J;anee, 

no pe3yJihTaTaM scex aHaJIH30B Heonpe.neneHHOCTH 11 qyB­

CTBinen1>H0CTH, BbIIl0JIHeHHbIX npHMeHHTeJlbH0 K pa3JIH1I­

HbJM K0,naM, np0B0.lllffC.sI HX Mo.nepm13aUJUI. 

IToJIO)l(lffeJihHbie pe3yJibTaTbl oueHKH Heorrpe.neneHHO­

cnt: pacqeTHhIX Ko.nos, rrpose.neHHOH Ha 3ana.ne: 

- HCCJie,noBaH0 60JibIBOe 1.JHCJI0 Heonpe.neneHHhIX na­

paMeTp0B; 

- o6nacTH Heorrpe.neneHH0CTH pe3yJibTaT0B paC1IeT0B 

qacTH1fHO xopomo cpaBHHMhl C H3MepeHHblMH aenH1rnHaMH 

.llAA HHTerpaJibHblX 3KCrrepHMeHTOB; 

- npose.netta paH>KJi'P0BKa tteonpe.neneHHOCTeM axo.n­

HhIX rrapaMeTJ)0B no HX BJIIDIHHIO Ha Heonpe.neneHH0CTb 

pe3ynhTaTOB pacqern; 

- co3,naHoI naKeThI nporpaMM nma SUSA 11 SUNSET, 

KOTOpble none3Hh1 ,llJUI ouemrn Heonpe)leJieHHOCTH H l£)'B­

CTBlffeJibHOCTH. 

ITonyqeHHbie KpHTepHH lJ)'BCTBHTeJibH0CTH TI0Ka3blBa­

lOT, B KaKOH 06nacn-1 Heo6xo,nHMO rrpoB0,llHTE, ,[.(aJibHeHillHe 

HCCJie)l.OBaHHH H YJIY11IllaTb HbIHelllHee COCTO.sIHHe 3HaHIIB, 

11T06bI Heonpe.neneHH0CTb npe.ncTaBJieHHblX pe3yJlbTaT0B 

Ko.na noHH)l(aJiaCb HaH6onee 3cpcpeKTHBHO. 

B pe3yJibTaTe HCCJie,[.(OBamrn pa3.Jilll:fHbIX MeTO,llOB ou.eH­

KH Heonpe.neneHHOCTH C03,[.(aHbl peKOMe~au;HH IlOJib30BaTe­

JUIM .llJUI BhI6opa MeTO.na B KIDI<,Z:{0M K0HKpeTH0M cnyqae. 

ITpe)l.JlaraIOTCH cne.nyromHe p)'K0B0Jl.HIUHe npHHUHTihI. 

- EcnH BbIII0JIIDIIOTC.sJ CTJ)0rHe Tpe6oBaHIDI K 6a3e .naH­

HbIX H T0qHQCTH M0)lem1posaHHH C TI0M0IUhlO BbI6paHHoro 

Ko.na H rroJih30BaTem1 cornama10rc.s1 c npe.nnoJio)l(emu1M11 

06 3KCTJ)an0AAUHH, Ha KOTOpOH 0CH0BaH MeT0)l., B03M0)l(H0 

11cnoJih30BaHHe Mern.na ITmaHcKoro YHHBepcwTeTa. ITpa­

MeHem1e :noro MeTo.na HaH6onee )KeJiaTeJihH0, Kor.n:a 3KCT­

panon.si:uIDI OT 3KCnepHMeHTaJIE,HhlX ,[.(aHHbIX K rrpe.ncraB­

MlOI.UeMy HHTepec CJl)''IaIO .sIBJIHeTC.H MaJIOH. 

- Ec;rn rronb30BaTenh cq11rneT u.enecoo6pa3HhIM 

rrpHMeHHTb MeTo.n, OCHOBaHHhIM Ha KOM6HHaUHH cy61>­

eKTHBHhIX Bepo.sITHOCTHbIX pacnpe.nenem1ii, T0r,IJ,a MoryT 

6hITh HCil0Jlh30BaHhI Bep0HTH0CTHbJe MeT0)J.hI, TaKHe KaK 

GRS, IPSN HJIH ENUSA. ITpw npHMeHeHHH 3THX MeTO­

.[.(OB MCTIOJib3YI-OTCH CTaH.napTHhie CTaTHCTH1:IeCKHe HHCT­

pyMeHTbI .nm1 orrpe.[.(enemrn o6nacTeH, B K0TOphIX tteo6-

xo,nHMhI )J.0IT0JIHHTeJibHbie HCCJie,noBamrn, Il0CK0JJbKY 

rrpHo6peTeHHe .ll0il0JIHHTeJibHblX 3HaHHH 0 paccqHThI­

BaeMbIX BeJIH11HHax .naeT HaH6onee 3cp<peKTHBHhlH pe-

3YJihTaT H IlOHHMaHHe MexaHH3MOB B3aHMO,IJ,eHCTBM.sI 

Me)l(,lly Ba)l(HblMH npoueccaMH. 

- EcnH IlOJib30BaTeJib, npoBO,ll.Sll.UHH HCCJie,noBaHHe He­

onpe.neneHH0CTH, npe.nno11~naeT He norraranc51 Ha 3a,na­

BaeMh1e cy6oeKTHBHbie Bep051TH0CTHbie pacnpe.neneHIDI 11 

MO)l(eT .nosep51Tb MaTeMaTH1JeCKHM H <pH3H"11eCKHM 3HaHJ-UIM 

3KCnepTa, KOTOpbIH 6y.ner rrp0B0,llHTh rpaHWIHhIH attanm 

Bcex HHTepecyIOIUHX aenw:rnH B npocTpaHcTBe Heonpe.ne­

neHH0CTH, Tor,[.(a M0)l(eT 6bITh npHMetteH MeT0,IJ, AEAT. 

TTpH HCTIOJib30BaHHl1 3TOro MeTO)l.a Ba)KHblM HBJI.HeTC.H 110-

HHMaHHe B3aHMo,neHCTBl151 Me)l(.lly npoueccaMH H CTerreHH 

Ba)KHOCTH Heorrpe.neneHHOCTeH B aHaJIM3HpyeMOM cny11ae 

(11TO, cne.nosaTeJThH0, YKa3hIBaeT o6JiaCTH, r.ne HMeeTCH 

IlOTJ)e6HOCTh B ,[.(0fl0JIHHTeJU,HhIX HCCJie,noBaHH.sIX), 

Bo BCex 3THX cnyqa51x ,ll0Jl)l(Hbl 6bITb no.nTBep)K,[leHbI 

COOTBCTCTBYIOLUHe TeXHH1ieCKHe 3HaHH51, KBaJIH<pHKaUIDI H 

K0MneTeHUHR 3KCrrepTOB H IlOJlb30BaTeJieH, K0T0pble 6y.nyT 

rrpoBO.L{HTb paclleThl C HCTIOJlb30BaHHeM Ko.na «ynyqrneH­

HOH oueHKH» H aHaJIH3 Heorrpe.neneHHOCTH. -:raIOKe .LJ.0Jl)l(HE,I 

rrpHMeIDITbC.sI COOTBeTCTBYI-OIUHe CTaH,napn.1 Kaqecrna . 

Ho 0CTaeTCH MH0ro cnopHbIX aonpocos 0TH0CHTeJibH0 

rrpHMeHHMOCTH pe3yJII>TaTOB aHaJIH3a Heonpe,neneHHOCTM K 

ou.eHKe 6e3orracttocTH peanbHhIX PY. B qacTHocrn, B03-

MO)l(HO JlH HCflOJTb30BamIe KO)l.a npH rrpoaepKe rrpoeKTa 

3KCaepHMeHTaJihHOM ycTaH0BKH, K0TOpa51 3aTeM 6y .neT 

rrpHMeHRTI:,C.sI ,ll.JIH rrony11eHID1 ,ll8HHblX )l.AA oueHKH TOfO )Ke 

caMOfO Ko.na? HMeeT JIH KO)l. rrp11cym11e eMy TaKHe «HCKa- . 

)l(eHHH» M0,nenHp0BaHH.sI, 1:IT06bI c.nenaTh ero HeHa,ne)l(HbIM 

HHCTJ)yMeHTOM .llIDI 3KCTpaTIOAAUHH ,llaHHbIX, nonytJeHHbIX 

H3 M8CU1Ta6ttoro 3KCnepHMeHTa, K aHaJIH3Y 110JIH0Mac­

IBTa6HOM ycTaHOBKH? 

B HaCTo.si:mee BpeM.si: He npe)l.CTaBAAeTC.sI, 1.ff0 ecTh aJIE,­

TepHaTHBa TIOJIHOMY aHanHJy C HCTTOJlb30BaHHeM CHCTeMHO­

ro KOMIThl-OTepHoro KO)l.a .llAA nporH03HpOBaHIDI speMeHli H 

MecTa peaKUHH PY Ha aBapHHHhie yc110BID1, tta6mo.naeMbie B 

3KCrrepHMeHTaJibHbIX ycTaHOBK8X, nOTOM)' t.JTO 3cpq>eKT CB.sJ-

3H Me:>K.Zzy 3KCnepHMeHTaJibHOH ycTaHOBKOH H 3HepreTHqe­

CKHM peaKTopoM II0Ka 11T0 He M0)l(eT 6bITh yqTeH C Il0M0-

1..UhlO rrpoCTOro o6mero Macmra6ttoro KpwrepIDI. 

TaIOKe cne.rzyeT 0TMeTHTh Heo6xo,nHMOCTh C03.LJ.aHIDI, Be­

pmpHKaUHH 11 BaJIH,D;aI(HH HIDKeHepHOH 6a3.bl ,naHHhIX )l.JUI 

,lleHCTBYJOlllHX 3Hepro6JIOKOB c PEtvfK-1000, ,llOCTYflHOH BCeM 

3aHHTepeCOB8HHbIM TIOJlb30BaTeJI.sIM HHTerpaJibHbIX K0.L{0B. 
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Y)J:K 621.039.514 

OU:EHKA 3<1>'1>EKTHBHOCTII CIIOT BB3P-1000 IIPII "MAJIOH" TEqJf 113 
IIEPBOro KOHTYPA B ABAPllll IlOJIHOro OliECTQqJIBAHIDI A3C l) 

B.lf. EyoHuKoe, O.I'. CaeuxuH, A. C. t./ucmoe, Hlf/1 MexaHuKu HHI'Y, 
603950, H.Hoe20poo, np.I'a2apwta, 23, Kopn.6, 

H.H. (/)QJlbKOBCKUU, BHHHAM, 125171, MocKea, yll. KocMoHaema Bo!lKoea, 6a 

)vijl A3C c BB3P-1000 rrpoae.n:ettbJ pactieTHbie Hccne.u.osaHHjl B03MO)KHOCTH ycKopeHHoro rrOAKnJO"leHHSI rn.n:poeMKOCTeti CAO3 s 
npouecce pacxon8)KHBaHHSI pea1<Topa B03.n:yurnoi:1 CTTOT s ycnoBHjlX nonHoro o6ecTO"IHBaHH11 A3C H HeK0MneHc11pyeMOH 11 Manoii" TeYH 
HJ I KOH-rypa. 

ASSESSING THE EFFECTIVENESS OF THE PHRS IN THE WWER-1000 FOR A "MINOR" LEAK IN THE PRIMARY 
COOLANT CIRCUIT IN THE EVENT OF TOTAL LOSS OF POWER IN AN APP. V.I. BUDNIKOV, O.G. SAVIKHIN, A.S. 
CHISTOV, L.N. FALKOVSKY. A possibility of fast employment of hydraulic accumulators of the CACS has been computationally ana­
lyzed of afrer heat removal from the reactor using an air PHRS in the event of total loss of power of the APP and a non-compensated "mi­
nor" leak in the primary coolant circuit. 

B 90-e fO.llbl nonytnrna pa3BHTHe KOHUe~H.SI CHCTeMbl 
naccHBHoro OTBO)la Tenna (CfIOT) A3C c BB3P-l 000, 
OCHOBbI KOTOpOH H3RO)KelfbI B pa6oTax (1, 2]. Bo3M0)KH0-
CTH CITOT Mccrre.uoBaJJHCh KaK c noMOlIJ.blO pacqe-roa, TaK 
H 3KCnepHMeHTaJH,HO [3-5]. 

0.UHHM HJ Ba)l(HhIX :meMeHTOB CITOT 5IBIDleTC51 CHCTe­

Ma perym1poBaHH.S1 MOI.UHOCTH B03.IzyllJHOfO TeIIJIOOTBO,na, 

3a,u.aqe0 KOTOp00 HBJUieTC51 IlOMep:>KaHHe .uaaJieHIDI B na-

/) Pa6oma nooaepxaHa zpaHmOM Muuo6pa1osaHW1 P</J M 85 I'p~98. 

poreHepaTOpe a 3a.uaHHhIX npe.nenax, a TaIOKe crna)Irn:aa­
HHe aaapHHHbIX npoueccoa. Perym-1poaaHHe MOIUHOCTH 
B03.lzylllHhlX Terrnoo6MeHHHKOB ocymecTBmJeTCH nyTeM 

H3MeHeHlUI CTeneHH OTI<pbITHH m116ep0B (3aCJIOHOK) B03-
.lzyllIHOro -rpaKTa C IIOMOlllhlO npHBO,D.a np~Moro .ueHCTBlUI, 
pa60Ta10mero OT .uaeneHM.SI oc-rporo napa Ha Bhlxo.n.e napo­
rettepaTopa. 

K Hacro.snueM)' BpeMeHH B pe3ym,raTe OITmMH3aI.J,HH Tex-
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HH1-1ecKHX xapaKTepMCTHK errOT, rrpoBe,AeHHoii A3fl [6], 
,AHaIIa.30H ,AaBJieHHH perynHpOBaHIDI ,AJUI npHBO,na np.SIMOfO 

,neHCTBHH BbI6paH 6,8-:-8 MITa. I1pH qaCTHqHoH pa.3repMe­
TH3al{HH I KOHTYPa, Kor.na ,naaneHHe a aKTHBHOH 30Re crn­
HOBHTC.SI MeHbUie HIDKHeH rpaHHl.{bl )lHana.JoHa pery nHpo­
BaHIDI, OTKpbITHe UIH6epoB npe)J.JlaraeTC.SI ocymecTBJUITb c 
IlOMOII.J;hlO 3JieKTpOilpHBO,L(a IlOCTO.SIHHOro TOKa mm pyqHo­

ro MexaHHl-leCKOro IlpHBO,na no MeC1)' pacrroJIO)KeHH.SI llIH-
6epOB. 3To He06XO,nHMO B ,AaHHOH CH1)'au:1rn, qTQ6bI o6ec­
rreqJilTh no,nKJI10qemie rn.npoeMKOCTeii CA03, nocKOJJbKY 
npH OTKJIIOqeHHOH CITOT ,naBneHHe a I KOffrype He MO)KeT 
onycTHTbC.SI .no 3a,[(aHHOH ycTaBKH (6 Mila) [7]. MoMeHT 
BKmoqeHH.SI npHBO,AOB H CTeneH1> OTKphITH.SI mH6epoB on­
pe,neJUIIOTC.sl orrepaTOpoM. 

HcnOJib30BaHHe B TaKOfO po.na asapIDIX 3JieKTpOIIpHBO­

,Aa .srnIDieTc.SI .AOCTaToqtto rrpocThlM cnoco6oM perym1poaa­
HH.S1 B03.L(yllIHOro TellJlOOTBO,na. 0,AHaKO B 3TOM cnyqae 
HapylllaeTCH npHHUHil naccHBHOCTH erroT, KpoMe Toro 
B03HHKaeT sonpoc o B016ope 1qmTepm1 .LJ.JI.SI BKJI101.1eHH.S1 
:rneKTporrpHBo,Aa. 

HIDKe paCCMaTplrnaIOTC.SI B03MO)l(Hble aapHaHTbI .nei1:CT­

BIDI eTIOr B asap1rn IlOJlHOfO o6ecTOqHBaHIDI A3e C 

BB3P-1000 C O,AHOBpeMeHHhIM B03HHKHOBeHHeM HeKOM­
rreHCHpyeMOH 

11
MaJ10H

11 
TetJH H3 XOJlO,AHOH HHTKH l KOH1)'pa 

H ou.eHHBaIOTc.si: HeK0Top1>1e crroco6b1 ycKopeHHoro no.n­
KJI101IeHID1 rn,npoeMKOCTeii eA03 np11 co6n10,Aemrn rrp1rn­
u.11na nacCHBHOCTH HJlH npH orpaHHtJeHHOM yqacTHH orre­

paTOpa. 
PacqeThl asapHH npOBO)lHJIHCb c IIOMOII.J;blO pa.3pa6o­

TaHHOH a Hl1l1 MexaHHKH nporpaMMhI "IIAeeHB" npH 
cne.LJ.yIOIUHX rrpe,AilOJIO)f(eHIDIX: 

- no.n IlOJIHhIM 06eCTOllHBam1eM IlOHHMa~C.sl ITOTep.SI 
acex HCTQqHHKOB nepeMeHHOfO TOKa CTaHU.lUf 11 He3anycK 

.AH3enr,-reHepaTopoa; 
- HOMHHaJlhHa.SI MOII.J;HOCTh B03.L(yIIIHOro TeIUIOOTBO,Aa 

cocrnsnHeT 20 MBT Ha o,nHH naporeHepaTOp H .AOCTHraeT-

c.SI npH TeMnepa'fYPe aTMoccpepHoro B03.Ayxa +50 °e 11 
IlOJlHOCThlO OTKpbIThIX nrn6epax; 

- Telfb .srnmieTC.SI HeKOMIIeHCHpyeMOH H ee ycpe,nHeHHa.SI 
aerrHtJHHa rrpHHHManach paBHOH 60 Krlc. 

Pattee pacqeTa~rn 61,mo noKa.JaHo (3, 7], 1.ITO 6e3 pery­
n0poaaHID1 MOII.J;HOCTl1 error IlO.L(KJilOqeHHe fIWJ>OeMKO­

CTeH eA03 npo0cxo.AHT Mettee, tJeM qepe3 I qac nocne 
Haqa.na aBapHM. ,[(nH 3a,naHHoro pa.3Mepa Te1rn rn.npoeMKO­
cm eA03 no,nKJ110qa10Tc.si Ha ~48-H M1rnyTe npu ypoaHe 
pacxo,Aa ecTecTBeHHOH U.HpKYJUIQHH a I KOHzype ~ 7%. 
Macca TennoHOCHTeJI.SI a I KOHrype K 3TOMY MOMeH1)' co­
CTaBJUleT OKOJJO IIOJIOBHHhl OT HCXO,AHOfO 3HaqeHIDI. 

B crryqae, Kor,Aa MOII.J;HOCTo CITOT peryn11pyeTc.si npH­
BO.AOM npj[MQfO ,AeHCTBHH, a nplUl)',n;HTeJlbHOfO OTKpbITH.SI 
mH6epoB B paccMaTpHBaeMOH aBapHH He npOHCXO,AHT, 3cp­
q>eKTHBHOCTb errOT cymecTBeHHO orpaHHlf:i,rnaeTc5l. B 
HTOre, K ~5000-H ceeyH,ne npoHCXO,A.sIT CMeHa 3HaKa Ten­
JlOBOfO JJOTOKa B rraporeHepaTope, cpbIB ecrecTBeHHOH 
u.11peyn.SIU.HH H 3anapHBaHHe aKTHBHOM 30HhI. B CB.sJ3H c 
3THM B03HHKaeT sonpoc, HeJih3.sI ITH H36e)KaTh TaKoro pa.3-
BHTIDI co6hITHH 3a cqeT yaeJJJNeHH.SI HOMHHaJihHOH MOII.J;­
HOCTH error? ITpoBe,n;eHHLie pacqeThI ,n;anH orpm."(aTeJib­
HhIH OTBeT (7]. 

B pa6oTe [7] rrpe,AnaraeTC.sJ npOH3B0)lHTh HaCTpOHKY 
error B 3aBI1CHMOCTH OT TeMneparypoI aTMOC<pepHOfO 

B03.nyxa. e 3TOH I.\eJihlO )lJl.sl 3a,naHHOfO Ha6opa TeM11eparyp 
B03.L(yXa aKTHBH3HpyeTC.sJ IlHlllb HeKOTOpa.SI tiaCTb 803.L(ylll­

HhIX Tenrroo6MeHHHKOB H perym1py10m;HX urn6epoB TaKHM 
o6pa.30M, qT061>1 MOII.J;HOCTh eITOT coorneTCTBoaa.na HO­
MHHaJihHOMY 3Hat.JeHHlO (20 MBT Ha naporeHeparnp ). AK­
THBHhie nrn6epbl IlOJIHOCThlO OTKpbIBaIOTC.sI a MOMeHT 
o6ecTOtJHBaHHH CTaHQI1M. I1pH 3TOM npou:ecc pacxorra)l<11-
BaHH.S1 peaICTopa CBO,AHTC.sI K cnyqaJO Heperym1pyeMOH 

MOI.I..I;HOCTH B03,Aynrnoro TeilJIOOTBO,Aa. flpHMepHa.SI cxeMa 

TaKOH HaCTpOHKH MO)KeT 6bITh npOHJlJllOCTpMpOBaHa cne­
.AYIOil\eH Ta6m1u.efi: 

HacTpoii1ea CilOT no mKaJie TeMneparyp aTMoccJ,epuoro 003.z.yxa 

<IS 
t:: 

+ 
0 

ci.. 
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TeMnepaTypa eo3,nyxa .D;om1 3a,neHCTBOBaHHh1X llHcno nonHOCTblO OTKphIBaeMblX 

803.lJYlllHblX Tennoo6MeHHHKOB nonacTeH 1IJH6epoe 

+50°C 100% 6 H3 6 
0°C 66% 4 H3 6 

-40°C 50% 3H36 

a) 
160 

6) 
20 r--T--------T"""---...------,,-----,-----, 

140 
151--+---+----+----+-------..1-----+-----i 

120 · '$. 

100 

fflO 1--1-----+--,,..--+-----+-..;;a,,,--.:::::---ir-----+---~ 
:c 
5 

0 500 100) 1500 2CXX) 2500 t, C 0 500 1000 1500 2000 2500 t, C 

Pacxona:JICUBQHUe BB3P-J000 BOJOyumou cnor 6 ycnoBURX nonHOZO o6ecmol/U6QHUR A3C u "Manou,. me'IU U3 I KOHmypa npu T 6='=+ 50 °c 
c npzmyoumenbHblM omKpbzmueM pezynupylOUfUX wu6epoB npu 30% npoea.ne ypoBHR BOObl B KOMneHcamope oaeneHUR 

a) I - Oa6JleHue e peaKmope; 2 - oa6/leHue eo II KOHmype napozeHepamopa; 
6) I - omHocumenbHbtU pacxoo e I KOHmype; 2, 3 - pacxooHoe napocooep:>1CaHue Ha exooe u Bbtxooe aKmueHoii 10Hb1, coomeemcmBeHHO 



Qqesw,nHo, tJT0 6orree TOHKIDI HaC'fl)OMKa CTTOT no'fl)e-
6yeT )'MeHhIIIeHIDI M0J:nH0CTH 0TJ(eJII>HbIX B03)zylliHbIX Ten­
JI006MeHHHKOB H pa.3MemeHIDI HX B HH.nHBH,LzyaJibHblX rn­
f0BbIX KaHanax BttyTPH KOpo6a. 

KaK OTMeqarrocb BbIIIIe, npH HCI10Jlb30BaHHH 3Jiel<TpO­

npHB0J(a 0CTaeTCS: 0TKpbIThlM Bonpoc 0 BoI6ope KpHTepHH 
!(JUI ero BKJIIOtJeHIDI. PaccMOTPHM 803MO)KHOCTb HCnOJib30-

BaHIDI B Kat.feCTBe TaKoro Kp1nepHH CHrHarra O noJIO)KeHHH 

ypoBHH B K0MneHCaTope J(aBJieHIDI. OtJeBH,L{HO, tJT0 nposan 
ypOBHH B KOMneHcaTope .nasnemui: CBHJ(eTeJibCTByeT O Ha­
JJHt{Hfl Te"l!H H SIBJIS:eTCj{ rrerno ,J:U•fafH0CTHpyeMbIM, TeM 60-
rree tJT0 HMeeTCj{ UITaTHbIH peryJUIT0p ypoBHH K0MUeHca-

Topa .nasneHIDI. Ha p11cyHKe npHse.n;eH pactJeT npouecca 
pacxomrnrnsaHIDI BB3P-1000, Kor,na npowcxo.nHT asToMa­
TwqecKoe BKJIJOtJeHHe 3JieKTPOI1pHBOJ(OB perynHpylOll\HX 

IIIH6epos CTTOT no cHrnany o 30% nposane yposfUI B 
K0MneHcaTope .nasJiemrn. 

Y cTasKa no .nasneHHJO B I K0HTYpe Ha no.nKJI10qem1e 
rH.npOeMKOCTeH CAO3 (6 Mila) B 3TOM CJI)'tJae JJ;0CTHraeT­
C.ff Ha ~ 50-fi: MHttyTe asapHHHoro npouecca. 3HaqeHIDI Te­
nnoTexmrqecKHX napaMe-rpos A3C s M0MeIIT rro.n;KJI10qe­
HIDI CAO3 0l.feHh 6JIH3KH K C00TBeTCTByJOmHM 3HaqeHJrnM 
,nIDI cnyqM pacxorr~BaHHH peaKTopa 6e3 pery1rnposaHHH 
MomHocTH cnoT. 

CilHCOK JIHTEPA TYPhl 

1. Bopouuu JI.M.,TaTapnuKOB B.II., 6epKoBuq B.M. OcHOB­
Hbie nyTH nOBbillleHIDl 6e30ITacHOCTH aTOMHblX :meK1pOCTaHL{H_H C 
peaKTopaMH nma BB3P. -TeTIJ10:meprerHKa, 1989, N2 12, c. 2-6. 

2. Boponuu JI.M., .6epKOBH'1 B.M. PeweHHe 3KonornqeCKHX 
Bonpocoa npH pa3pa60TKe HOBbIX npoeKTOB aTOMHblX 3JieKTpo­
CTaHL{HH c BB3P- l 000 noab11JJeHHOH 6e3onacHocrn. - Tenno­
:rneprernKa, 199 l, N2 12, c. 21-26. 

3 . .6a.riy11on E.<I>., BaBHJJOB A.A., Kono,a;.H,KHbIH M.H. u .a;p. 
Hcc11e,n.oaam1e HecTaUHOHapHbIX pe)KHMOB JITIITY c CHCTeMOH 
nacc11aHoro oTao.na ocTaT011ttoro Tennoah1,u,eneHH.st A3C c 8B3P. 
- B KH.: Tpy)u,1 Me)K,u,yHapo,llttoro ceMHHapa "T<l>-90". Ten11oq)H-
3HqecK11e acneKTbl 6e3onaCHOCTH BB3P. - O6HHHCK, 1991, T. 1, C. 
277-283. 

4. KonL1xau JI.H., CoJJOBbeB B.H., Ilyn.ees B.cJ>. u .i.p. Hc­
cne,n.oaaHHH B o60CHOBaHHe naCCHBHOH CHCTeMbl OTBO,lla Tenna 
npi:1 MaKCHMa.JibHbIX npoeKTHhIX aaapH.HX H UJTaTHOM paCXOJ18)KH­
BaHHH. - TaM )Ke, c. 45-51. · 

5. liy.a;nuKoB B.H., CasnXHn o.r., qucToB A.C. Pacqernoe 
HCCJieAOBaHHe pa60TOCITOC06HOCTH CHCTeMbl nacCHBHoro OTBO,U,a 
Tenna 8B3P-1000 a aaapHH nonttoro 06ecTOlfHBatt11.si A3C. - B 
KH.: Tpy.Ahl Me)KJlyHapo.nHOH KOHcpepeHI.(HH. TennocpH3H'l.:leCKHe 

acneKTbl 6e3onacHOCTH 883P. - O6HHHCK, 1995, T. 3, C. 63-66. 
6. TapanoB r.c., 6epKOBHIJ ),J.M., KpymeJJbHHU,KHH )],.H., 

MewKOB B.M. YcTpOHCTBO OTBO.D.a Tenna OT JHepren14ecKoro 
KOHT)'pa. CTaTeHT P<l> N2 2072571, KJI. G 21 C 15/ 18, 1997. 

7. liy.a;HHKOB B.H., qHCTOB A.C. Hccne)J.OBaHHe B03MO)KHO­
cTeH noab1weHH.H 3cpcpeKTHBHocrn CTTOT npw HeKoMneHCHpye­
MOH "ManoH'' TeqH H3 1-ro Kott-rypa BB3P- l 000 a aaapHH nonHo­
ro o6ecTOLfHBaHH.H A3C. - OTqeT HHH MexaHHKH HHfY. 
N!'!fP1980003267. l1Ha.N2 02200005684. - H.HoaropoA, 2000. 

CTaTh.H noc-rynHJ1a B pe,n.aKumo 26 oKT.si6p.si 200 l r. 
BonpOCbl aTOMHOH HayKH H TeXHHKH. 

Cep. <l>H3HKa .H,llepHblX peaKTopoB, 200 l, Bblll. 4, C. 47 - 49. 

Y,l(K 621.039 

liErYI.IJ;HE BOJIHhl B 01,orPEBAEMbIX KAHAJIAX C KHIIEHHEM TEIIJIOHOCHTEJUI 

E. <P. Ca6aee, ll.H. Kapnw,ee, HHI'Y UM. H.H. JJ06al/.eecK020, 
603950, H.Hoe20poo, np.I'awpw-ta, 23, Kopn.2 

PaccMOTpeHO O)J.HOMepHoe )lBH)Kem1e TCTIJIOHOCHTem1 B KaHane C IIO.D.BO)1,OM Tenna. npe)J.CTaaneHa MaTeMaTH\.feCKa.st MO,U,eJTb C r1eTOM 

nepe,n.aq11 Tenna OT Ta6JieTOK rop10qero K KHn.Hlll.eMy TenJIOHOCHTeJIJO. nnoTHOCTb Tennoaoro noTOKa K TenJIOHOCHTeJIJO annpOKCHMHpy­
eTCSI 38BHCHMOCTbJO, BKJ1}01.{8}0UJ.eH ,naa ytJaCTKa: ITY3blpbKOBOro H 3aKpH3HCHOro KHIIeHH}I. Pa3pa60TaHa pacqeTHa.51 cxeMa )J.Jl.H ypaBHeHHH 

C pa3pb1BHbIMH npaBbIMH 11aCT.llMH. TTpHBe,D.eHbl HeKOTOpbie pe3yJioTaTbl pacqern .D.11.H pa3JIHlJHblX Haqa.JibHbIX ycJTOBHH. 

TRAVELING WAVES IN HEAT CHANELS WITH BOILING COOLANT. YE.F.SABAYEV, P.N.KARPYCHEV. The paper 
highlights the one-dimensional circulation of a coolant in a channel with heat supply. The mathematical model considering the heat transfer 
from a fuel can to a coolant is represented. The heat flow density to the coolant is approximated by piecewiselinear relation and includes 
two patches: a nucleate boiling patch and boiling crisis patch. The research is completed using digital methods. The model of change in a 
temperature of a fuel can and a coolant in transfer process consideriry boiling crisis of l and 2 type is obtained. The time and temperature 
distribution along a fuel can is taken into account. 

BBEAEHME 

B HaCTOHll{ee BpeM.sI 0,L{HHMH 113 Ba)KffeHllIHX HBJIKIOTCH 
sonpocbI 6e3onacH0CTH A3C. 6eJasapHHHIDI pa6orn ycT­
pofi:cTB C TenJI0H0CHTeJieM B 3HaqHTeJibHOH CTeneHH orrpe­
.nenHeTCH npaBHJibHblM BbJ60pOM pe)I(HMHbIX napaMeTp0B, 
l1CKJIJ0qa1011mM 803M0)KH0CTh 803HHKH0BeHl1j{ Kpmaca 
TennooT,naq11, IlpHMbie 3KcnepHMeHTbI B 6om,mHHCTBe 
cnyqaes HeB03M0)KHhI, H Il03T0MY 0tJeHb Ba)KH0 TeopeTH­
qecK0e 1nyqem1e MaTeManItJeCKHX Mo.neneii. 

YpasHeHHH nepeHoca Tenna B JJ;JIHHHhIX KaHanax HBJlji­
lOTCH OJ(HHMH 113 OCHOBHhlX 3JieMeHTOB MaTeMaTHl.feCKHX 

MOJ(eJieH rrpoueccos, npOHCXO.llHmHx B aKTHBHOH 30He pe­

aKTopa M B ycTaH0BKe B uen0M [ 1]. OJJ;Hl.fM H3 rrpH0pHTeT­
HbIX HanpaBJJeHHM HB.JUieTC.sI pa.3pa6oTKa o6ll{HX no.nxo.noa 
K H3Yl.feHHIO HatJa.JibHbIX 3TanOB asapHH, CBH3aHHbIX C ne­

pexo,noM TB3JIOB B nneHoqHblH pe)KHM KHITeHIDI. CMeHa 

pe)KHM0B KHnemrn conposo)KJ(aeTcH HJMeHemreM TeMne-
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parypbl CTeHKH H npoHCXO,ll.HT B BH,Ae ,ll.BIDKyIIJ,eHC.SI TeMne­

parypHOH BOJ1HI>1. B JJHTepaTYPe HMeeTC.SI ,D.OCTaT01iHO 

6oJibIIIOH 061,eM 3KcnepHMeHTIUibHOH H Teoper}fqeCKOH 

HH<popMaQHH O nepeXO,ll.HLIX npo-

ueccax npH KimeHMH [2-8], H3)fllalOIUHXC.SI, B OCHOBHOM, Ha 

npOBOJIO'-IKax H TJ)y6ax. 

B [2] npHBe,ll.eHO HCCJie,ll.OBaHMe KpJITHlieCKHX xaparcre­

pHCTHK mrnmrnpyromero B03,D.eHCTBIDI. IlpoBe,D.eHo cpaatte­

HHe reopenrqecKHX H 3KCnepHMeHTilJII,HLIX pe3ym,raTOB. 

Pac'-leTbl npOBO,ll.HJIHCb WI.SI IlJlaTHHOBOH npOBOJIOKH B paM­

Kax O,ll.HOMepHoro ypaBHeHIDI TeilJlOnpoBO,ll.HOCTH. l1cnofil>-

30BanOCb ,Ap06JieHHe IIIara no rrpocrpaHCTBeHHOH KOOp,ll.H­

HaTe B o6JiaCT.SIX pe3KOfO H3MeHeHIDI TeilJIOBOfO IlOTOKa 

F(T). 0rMeTHM, tITO MeTO,ll., HCnOJib30BaHHLIH B pa6oTe [2], 
He rro3BOMeT npoH3BOJUfI'b pac1ieTbI B CJI)fllae, ecnH F(T) 

HMeer pa3pb1Bf>I HerrpepbIBHOCTH. B [3] paccMaTJ)HBanach 

3aJJ.aqa o B03HHKHosemrn: TeMrrepaTYPHOH aorrHbl a 1rnTT.S1meM 

KaHane B ycrrOBIDIX KpH3HCa KHTieHH.SI. B HeH TeMneparypa 

Ta6JieTOK rop10qero, BBH,Zzy 3Ha"llliTeJlhHOH IlOCTO.HHHOH ape­

MeHH Harpeaa, npHHHManacb TIOCTO.SIHHOH. B [4] HCCJie,ll.OBa­

nach pacqerHbIM nyreM 3a;J.aqa o pa3BIITHH JIOKaJibHLIX oqa­

ros nneHo'-IHoro KHTieH.IDI Ha TOHKOM HarpeBaTene. B pa6oTe 

[5] H3)fllaJIHCb YCJIOBIDI nepexo,D.a TIY3brpbKOBOrO KHileHH.SI B 

nneHO"'iHOe Ha TB3Jle. IIperrpHHT [6] npe,D.CTaBJI..SleT ofoop 

pa6oT no nepeXO,D.y ny3olpbKOBOro KHneHIDI B nneHOl.{HblH 

npH BO3M)'llleHIDIX TeilllOBoro IlOTOKa H no aBTOBOJIHOBbIM 

~IBJieHIDIM npH KHileHHH. 3KcnepHMeHTilJlbHOe MCCJle,ll.OBa­

HHe nepexo,na rry3bipbKOBOfO K.HTieHIDl B nneHO'-IHOe Ha .UBY­

MepHOH rrosepXHOCTH npoBe,ll.eHO B pa6oTe M.0.JiyueTa [7]. 
B pa6oTe [8] Hccne.uoBaH nepexo.u OT nnetto'-IHoro KHneHIDI 

K rIY3bipbKOBOMY. IlpoBO,ll.MJIOCb M3MepeHMe paBHOBeCHOro 

Tennosoro TIOTOKa qpa6H npH KHneHHH 80,ll.bl B ycnOBIDIX 

60JI.bIIIOfO o6beMa. flpH qpa6H cymecTByer CTaQHOHapHoe 

pewettHe ( CToaqIDJ Bon.Ha). 

.. llirneHIDI, aaanorHtIHhie pacnpocrpaHeHHJO TeMnepa­

TYPHOH BOJIHbl no ,ll.JIHHe TB3Jia, rrpOHCXO,ll.HT B pa3JIHl.{HbIX 

CHCTeMax. Y KIDKeM, HanpHMep, neperoprurne 3JieKTJ)H1Ie­

cKoH JiaMTIOllKH, nony JI.SllJ,HOHHbie BOJIHbl B 3KOJIOrH'-leCKHX 

11 6HOJIOrH1IeCKHX CHCTeMaX, TeopHIO ropeHH.SI H ,D.p. [9-11]. 
B CBH3H c 3THM 113yqeHHe rro,no6HbIX .SIBJieHHii: rrpe,D.CTilBAA­

eT 6oJibllIOH HHTepec. HaKOilJieHHf>IH o6mHpHbIH 3KcnepH­

MeHTaJlbHblH MaTepHan nO3BOJI.SleT CT!)OHTb npe,D.IIOJIO)Ke­

HHH, HO )J.JI..SI TOlfiIOro OIIHCaHIDI Heo6XO,ll.HMO IIOCTJ)OeHHe 

KOppeKTHLIX MaTeMaTHlleCKHX MOJ.];eJieH. 

IlpH HCCJie,noBaHHH aBTOBOJIHOBblX npoueccoB Tenno­

nepe,naqH MOryT 601Tb HCilOJih30BaHbl pe3yJILTilTbI, rrony­

tJeHHbie, Ka3aJIOCb 61>1, B COBepUieHHO ,npyrHX o6rraCTHX. 

TaK, ell\e a 1937 r. A.H.KonMoropos, M.f. TieTJ)OBCKHH, 

H.C.IlMCK)'HOB [9] B CBH3H c 6HonornqecKoi1 npo6neMoH o 

pacrrpOCTJ)aHeHHH nonyJI.SIQHH HCCJie,D.OBaJJM 3aJJ.aqy, KOTO­

pa.SI MaTeMaTHl.{eCKH q>OpMYJIHpyeTCSI TilK )Ke, KaK H 3a)J.aqa 

06 M3MeHeHHH TeMneparyphl CTeHKH TB3Jla B nepeXO,[(HOM 

npouecce, H OTJIHqaerC.SI JIHWh BH,ll.OM HeJIHHeHHOH <pyHK-

J.Uffl. Y Ka3aHHa.SI pa6oTa 61,ma nepBOH, B KOTOpOH ycTa­

HOBJieHO cyruecTBOBaHHe perneHH.SI H npoBe,ll.eHO CTJ)Oroe 

MaTeMaTHtJeCKOe HCCJie,ll.OBaHHe 3a,D.a'-IH O BOJIHe, pacrrpo­

CTJ)aH.SIJOI.QeHC.SI c nocTOHHHOH cKopocThlO. HapH,D.Y c 3TOH 

pa60TOH IlORBHJiaCb IIOXO)Ka.SI pa6oTa <l>Hrnepa, HO B HeH 

OTC)'TCTBOBaJIO CTJ)Oroe MaTeMaTHtieCKOe o6ocHOBamie. B 

1962 r. B pa6oTe .5I.M.KaHeJISI npoBe,D.eHO HCCJle)J.OBaHHe 

ycTOHtJHBOCTH nony11aeMblX aBTOMO,[(eJihHhIX pemeHHH 

[12]. ,[(OK3.3aTeJibCTBO HeycTOH'IHBOCTH HeMOHOTOHHbIX 

aBTOMO,ll.eJlbHblX perneHHH nonytJeHO a pa6oTe XaraHa s 
1981 r. [ 13]. I1ccne.uoaaHHe noxo)KeH Mo,nerrH np1rneHH­

TeJibHO K TeopHH ropeHH.SI rrpHBe)J.eHO B [ I 1]. OOJibWIDI pa-

6oTa no o6o6rueHHIO pe3ynoTaTOB H nocTilHOBKe sonpocos, 

BO3HHKalOll.{HX rrpH MaTeMaTHqecKQM Oirncamm, aHaJJH3e 

ycJJOBHH H 3aBHCHMOCTeH ny3LlpbKOBOro H nJieHoqHoro 

KHTieHH.SI, npe,D.CTaBJieHa a [ 6]. 
HecMOTp.8 Ha MHOrOtJHCJieHHOCTb pa6oT no HCCJie,ll.OBa­

HHIO IlO,D.06HbIX MO,D.eneii, B HaCTOHIQHH MOMeHT cymecTBy­

eT MHO)KeCTBO BOnpOCOB, TJ)e6yromux ,ll.aJI.bHeHmero HC­

cne.n;oBaHIDI. AttanHTH'lecKoe pemeHHe cyrueCTByeT Jllilllh 

,ll.AA MaJibIX CKOpocTeH H HeKOTOpbIX qacTHbIX cnyqaeB an­

rrpOKCHMaUHH KpHBOH KHTieHIDI K)'COtJHO-JIHHeMHOH 3aBH­

CHMOCTbJO. 

B ,naHHOH pa6oTe paccMa1'pHBaerc.S1 o,nHOMepHoe ,D.BH­

)KeHHe TeTIJIOHOCITTeJI.SI B KaHane C IIO)J.80,[(0M Temia. IlnoT­

HOCTh TeTIJIOBoro IlOTOKa K TennOHOCHTeJIJO annpoKCHMH­

pyerc.SI 3aBHCHMOCThlO, BKJIJOqaJOrueif ,ll.Ba y-qacTKa: ny-
3blpbKOBOfO H 3aKpH3HCHOro KI11IeHHH. [(eJih ]laHHOH pa6o­

Thl - pa3pa60TKa pactJeTHOH cxeMbl )J.AA ypaBHeHl1H C pa3-

pb1BHbIMH npaBbIMH tJaCT.SIMH. ,[(JUI OTJ)a6oTKH HCilOJib30Ba­

JI3Cb eycoqHo-mrneHHa.SI 3aBHCHMOCTb KpHBOH KHneHIDI. 

3aMeTHM, tJTO pa3pbIBHa.SI 3aBHCHMOCTb MO)KeT B03HHKH)'Th 

B pe3yJibTaTe npHHHTHH HeKOTOpbIX H,neaJJH3aUHM. TaK, 
HanpHMep, )J.IDI yMeHbIIIeHH.SI nop51,ll.Ka pactJeTHOH cxeMbl 

llaCTO HCIIOJlb3YeTCH CJie,D.ylOI.Ua.SI H,D.eaJIH3aum1: BCH TeTIJIO­

eMKOCTb JJieMeHTa cocpe,noTOYHBaeTCH B cepe,nHHe, a B 

OCTaJlbHOH qaCTl1 nepe.uaqa Tenna rrpoHCXO,ll.HT no 3aKOtty 

HblOTOHa. 0YeBl1,ll.HO, llTO npH TaKOH H,ll.eaJIH3aUH11 TOtJKH 

3KBHBaJJeHTHOH KpHBOH KHTieHH.SI CMell.{alOTCH B crnpotty . 

60JiblIIHX 3Ha11emdi pa3HOCTH TeMnepal)'p HarpeTOH 110-

BepXHOCTH H H,npa TenJIOHOCITTeJI.SI Ha BeJIHllHH)', rrponop­

QHOHaJibH)'lO MOIIJ,HOCTH TeIIJIOBOro IlOTOKa, tJTO MO)KeT 

npHBeCTH K HeO,[(HO3Ha'-IHOCTH 3KBHBaJieHTHOH KpHBOM KH­

neHH.SI. HOBblM TillOI(e HBJI..SleTC.SI yqeT KOHeqHQCTH apeMeHH 

nporpeBa Ta6neToK rop10qero. YqeT apeMeHH rrporpesa 

rop10qero OKa3hIBaer cymeCTBeHHoe BJIH.SIHHe Ha npoTeKa­

HHe nepexo.uHhlx npoueccos H3-3a 3Ha1iHTem,Horo yMeHh­

meHIDI CKOpOCTH pacnpOCTJ)aHeHH.SI TeMnepal)'pHOH BOJI­

Hbl. C )flleTOM yKa3aHHhIX Bblllle H,D.eanmauHii pa3pa6ornHa 

nporpaMMa pacqera rrepexo,D.HhIX npoueccos B Kattane c 

KHileHHeM TeTIJIOHOCHTeJI.SI, IIO3BOAAIOI.Ua.SI npoBeCTH pacqe­

TbJ npH pa3JIH'-IHbIX napaMerpax H BO3Mym,eHIDIX CTiiQI1O­

HapHOfO pe)KHMa. 

KPMBAS1 KMnEHMJI 

3aBMCHMOCTb IIJIOTHOCTH TeTIJIOBOro IlOTOKa OT pa3HOCTH 

TeMneparyp Harperoii noaepxaoCTH g 51.lq>a TeITJ10HocwreJI.S1 

11.Meer xapaKTepHyJO cpopMY, npe,D.CTaBJieHH)'lO Ha pHc. 1. 
B HHTepBane AB so.ua HarpeBaeTCSI ecTecTBeHHOH 

KOHBeKuHeii. B HHTepsane BC )KH,ll.KOCTb B03ne cTeHKH 
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neperpeTa H HaqHHaeT HCnapHTbC.SI, o6pa3y.SI ny3hlp11 

BCIO,ll.y' r.ue HMelOTCH QeHTpbl napoo6pa30BaHHH B BH)le 

KpoweqHblX Bila)J.HH HJIH uapanHH Ha nosepXHOCTH. Ta­

KOH rrpouecc Ha3bJBaeTC.SI TIY3blpbKOBblM KHIIeHHeM H xa­

paKTepH3yeTC.Sl oqeHb BblCOKHM TennOBbIM TIOTOKOM npH 



Ma.TIOM rrepena.ue TeMnepaTyp. 0.uHaKo TeOJIOBOM ITOTOK 
npH TIY3blpbKOBbIM KHTieHJU,f yBenH~rnBaeTC.sl He6e3rpa­
HH1-!HO. TTpH 60JiblllOH ITJIOTHOCTH TennoBoro ITOTOKa 
(ToqKa C), Kor.ua ny3blpbKOB CTaHOBHTC.sl CJUflllKOM 

MHOfO, OHH MoryT rrpeIDITCTBOBaTb nocTyrmeHHfO :>KH.U­
KOCTH K ITOBepXHOCTH Harpesa. Ilap 06pa3yeT H30JIH­
py10myro o6onoqKy Ha nosepxHOCTH HarpeBa, qrn rrpH­
so.n:HT K ITOBbIII.IeHHfO TeMnepaTypbl rrocne.uHeii. TaKoe 
HBJ1em1e Ha3bJBaeTC.sl KpH3HCOM KHITeHH51 [ 14]. B HHTep­
sa.rre CD cpa3y ITO Ll.OCTH:>KeHHH KpHTHqecKOH ITJIOTHOCTH 
Ternrnsoro TIOTOKa KHTieHHe CTaHOBHTC51 HeycToiiqHBbIM. 

TTosepXHOCTI, Harpesa TIOKpbITa TO napOM, TO CJIOeM 80-

,LJ;hl, qTo BhI3bIBaeT Korre6amrn ee TeMrreparyphl. Ecm1 
ITO.UBOLI. Terrna K rrosepxHOCTH Harpesa npo.uo11:>1<aeTc.s1, ee 
TeMnepaTypa 6bICTPO so3pacrneT ,n:o ToqKH D, B TO spe­
M.sl KaK ITJIOTHOCTb Tennosoro IlOTOKa OT o6onoqKH K 
TeTTJIOHOCHTeJifO HenpepbIBHO yMeHblllaeTC.SI. B Haqane 
HHTepsana DE Ha nosepxHOCTH Harpesa 06pa3yeTc.s1 na-

Q 

A B 

F(0)=F(Tcm -T J 
C 

D 

E 

Puc. I . 3aeucUMocmb n.JIOmHocmu men.J1oeozo nomoKa om pa3Hocmu 
me.Mnepamyp Hazpemou noeepxHocmu u aopa menn0Hocume11a (kpUBaJl 

KuneHUJl) : BC- nyJbtpbKOBoe KuneHue, DE- n11eHO'IHoe KuneHue 

posa51 nneHKa, a nnoTHOCTh Tennosoro noToKa K Ternrn­
HOCHTenro CHH:>KaeTC.sl .n:o MHHHMyMa. TTpouecc K1memu1 

B 3TOM HHTepsa.rre Ha3hIBaeTC.sl ycToffqHBblM nneHoqHbIM 
KHTTeHHeM. TTpH ,n:aJihHeHIIJeM ysem1qeHHH TeMrrepaTypbl 

o6onoqKH TB3rra IlJIOTHOCTb TeTIJIOBoro ITOTOKa B03pac­
TaeT. 0.uHaKO rrpH CJIHIIJKOM BbICOKHX TeMrrepaTypax 
MO:>KeT npOH30HTH pa3pymettHe (rrepe:>1<or) TB3na. no-
3TOMY Ha npaKTHKe BepxHHH npe.uen TeMneparyphI or­
pam1q1rnaeTc» csoiicTBaMH MaTepHana. HaH6onhrnHii 
HHTepec .UJI51 npaKTHqecKoro npHMeHeHH51 npe.ucTasn»eT 
HHTepsan rry3hipbKOBoro KHneHJit..sl (BC), s KornpoM np11 
OTHOCHTeJihHO HeBhlCOKHX TeMrreparypax nosepXHOCTH 
MO)KHO rronyqHTb oqeHh BbICOKHe IlJIOTHOCTH TeTIJIOBblX 
ITOTOKOB. 

B .n:anhHeiirneM rrp1rn11MaeTc», qTo pacxo.u, .uasnett11e 11 
TeMneparypa OXJia)K,AaIOrn.ero ITOTOKa TIOCTO.slHHhI, XOT.sl Ha 
caMOM .uene 3aBl1CHMOCTb fIJIOTHOCTH TeTIJIOBoro fIOTOKa 
HOCHT 6onee CJIO:>KHbIH: xapaKTep [ 15]. 

--1 
--~--~-----------_ ........ __ ......__....,~---2 

~~-:~ !. ,. ·-.~~/*~1,?l:-~1~~ • ..i-~•~-~l.; 

,.., _., 

···-.... ____ 4 

---------------------- 5 

Puc. 2. Cxe.Ma me::JJ1a: 
1 - ma611emKu wp,o'lezo, 2 - zaJOBbtu 3a30p, 3 - 060J10'lKa, 

4 - nozpaHu'IHbtu c11ou, 5 - RiJpo me11.J10Hocume11R 

MATEMATH"IECKMI MOAE/lb 

He B.UaBrulCb B no.upo6HOCTII, pacCMOTJ)HM CXeM)' TB3Jia 
(pHC. 2), rrpe,ncTaBJI.slIOllI.ero co6oi1: TPY6KY 113 UHpKOHHeBO­
ro crrnaBa, 3anonHeHttyfO Ta6neTKaMH m ,n:110Kc11.n:a ypatta 
[ 16, 17]. Me:>K,ey Ta6neTKOH rop10t1ero H o6onolfKOH TB3na 
HMeeTCH fa.30BbIH 3a.30p. 06onoqKa MMeeT HeKOTopyIO 
TOJillI.HH)' d. ~JUI 60Jibllleii TQqHOCTH OTIHCaHH..sl nepe.n:aqH 
rernrn qepe3 060.110-Yey TB3na 6y.n:eM c11HTaTh, lfTO Tenno­
eMKOCTh cocpe,noTO"ieHa B cpe.ntteH TOtJKe. KaqecrneHHhIH 
B11,U 3aBHCHMOCTH TeTIJIOBOro fIOTOKa OT rreperra.n.a TeMne­

pazyp Ha o6onoqKe npe.n:cTasJieH Ha pHc. 3. C yqeTOM 3TOH 
3aBHCHMOCTH TQqKH KpHBOH TIJIOTHOCTH. TenJIOBoro fIOTOKa 

6y ,nyr c,nBHH)'TbI BnpaBo Ha aenH~.mry rrepena.n.a TeMnepa­
TYP Ha noJiomrne TOJillJ.HHhI 06onoq101. TTpH 3Haq11TeJibHbIX 
neperra,n:ax TeMrreparyp Ha o6onolfKe 3as11c11.MoCTh TeTIJio­
soro IlOTOKa OT pa3HOCTH TeMneparyp MO:>KeT np11.06pecTH 
na,na10mHi-i yqacToI< CD, HMe10m110 nono:>KHTeJihHhlH Ha­
KJIOH. C yqeTOM 3TOH oco6eHHOCTl1 6y,neM annpOKCHMHpO­
BaTb Kp1-rny10 KMITeHH.sl eycoqHo-JIHHeHHOH: pa3pbIBHOH 3a­

BHCHMOCThlO, BKJIIO'!aIOrn.eM yqacTKH fIY3blpbKOBOfO H 3a­

KpH3HCHOfO KHITeHirn (p11c. 3 ). 

Q 
F(0)=F(Tcm - T J 

Puc. 3. AnnpoKCUMQl,fWl 3aeucUMocmu n11om11ocmu merl/106020 nomoKa 
K)ICO'lHO-JlUHeimoti pa3pb16HOU <j)yHKl,fUet,: 

I - 1aeucUMocmb n//OmHocmu me11.J1oeozo nomoKa •1epe3 cmeHKY, 
2 - KpUBQJl KUneHWl, 3 - 3K6UBaJ/eHmHQJI KpueaR, 4 - annpOKCUMQl,/WI 

K)ICO'IHO-nuneuHoil pa1pbt6HOU 1aeucUM0Cmb10 

f) 
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B 3Heprern:qecKHX pea.KTopax MaTepmuu,1 HaxOJVITC.H 

rrpH CTOJJb BbICOKHX TeMneparypax (HanpHMep, B BB3P 

cpe.uwrn TeMneparypa TOilJlHBa tu02 ~ 1000 °C, a so.u1,1 

tHiO ~ 300 °C), tffO ,D;ruKe OTHOCHTeJibHO MaJibie OTKJIOHe­

HIDI OT HOMHHaJibHbIX pe:>KHMOB pa60Tbl npHBO,wIT K 3Ha­

qJITeJihHbIM a6comoTHbIM H3MeHeHIDIM TeMneparyp. B pa-

6oTe [3] paccMa'I'pHBaJiaCb 3~aqa O 803HHKHOBeHIUI BOJI­

Hbl B KHIUllI.l;eM KattaJie 8 ycJIOBIDIX KpH3HCa KHTieHIDI. B 
HeH TeMneparypa Ta6JieTOK ropJOqero BBH.Lzy 3HatJHTeJII,HOH 

IIOCTOSIHHOH speMeHH HarpeBa IIpHHHMa.JiaCb IIOCTOXHHOH. 

PacCMO'I'peHa MO)leJib, IlOKa3hIBaJOm;aSI, tJTO eCJIH Ha 060-

rroqKe TB3Jia 06pa3yerc.sr. JIOKaJibHoe Tennosoe B03Myll.leHHe 

(ropHqee IlHTHO), TO npH onpe,AeJieHHbIX ycJIOBHHX B03HH­

KaeT BOJJHa, KOTOpaSI OXBaTHT IIpaKTHl.leCKH Beeb TB3JI, qro 

BBHJzy JHa1rnTeJJ1>Horo poem TeMneparyp1,1 o6onoqKH Mo­

)l(eT np1rnecTH Kee nepe)l(ory. 

TaIOKe B pa6oTe [3] IlOKa3aHO, tJTO IIpH npH IlJIOTHOCTH 

TeilJIOBOfO IlOTOKa, 6om,mei1 IlJlOTHOCTH q pa~H , rop.H1.1ee WIT-

HO Ha nosepXHOCTH CTeHKH np1rne)leT K BblTOpaHHIO TB3Jia. 

TipH 3TOM HatJa.JlbHrul TeMneparypa HHHI.(HHpyJOmefi 30Hbl 

B03pacTaeT BO MHOfO pa3. 3ToT npHMep IlOKa3bIBaeT, qro 

cpal<TlflieCKH He scs np.srMruI BC, a JIHllib ee qacTh no.uxo.AHT 

)lilll HCI10Jib30BattH.H Ha I1pa.KTifKe. yqHTbJBa.H, q'[Q BH,ll 3aBH­

CHMOCTH MO)l(eT MeIDITbCH OT pH,Aa .APYrHX napaMeTpOB, 6e­

fYII.(ruI BOJIHa MO)l(eT peaJIH30BaThCSI npJA ycnoBHH s 1 <S2 
(pHC. 4) BHe 3aBHCHMOCTH OT KOHKpeTHOro BH,lla KpJABOH 

KHIIeHH.H. CTa.UHOHapttoe perneHHe cymeCTByeT TOJibKO npH 

O,AHOM BIIOJIHe orrpe,AeJJeHHOM TeilJJOBOM ITOTOKe qpaou [6, 

8]. TI pH paseHCTBe 3an11pHX0BaHHbIX IlJIOllla,AeH s 1 =S2 B03-

HMKaeT CToSJqas sorrtta ( CTal.(HOHapHoe pemeHHe ). I1pH Ten­

nosoM noToKe MeHbllle q paoll MO)l(HO He onacaThCSI rrepexo,na 

K rrneHOqffOM)' KHIIeHmO npH JIJ06bIX OTKJIOHeHIDIX pe)l(HM­

HbIX napaMeTpOB OT HOMHHaJILHOro 3HaqeHH,SI. 

B pa6oTe [3] TeMrreparypa Ta6neToK rop10qero, BBR,D;y 

3HaqHTeJlhHOH IIOCTOSIHHOH speMeHH HarpeBa, npHHHMa­

JiaCb IIOCTOSIHHOH. B ,AaHHOH CTaThe rrpH coxpaHeHHH oc­

HOBHblX npe,nnOJIO)l(eHHH pa60Tbl [3] yqHThIBaeTC$1 KOHe'-i-

Q 

q 
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C F(0)=F(Tcm - T J 
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Puc. 4. K ycflOBUIO 803HUKH08eHUJl 6ezyi1.1eu 80/lHbt: Tcm - meMnepamypa 
060110111<u me311a, T,. - mtwnepamypa ROpa mefllloHocumeJIJI 

HOCTb BpeMeHH ttarpesa rn6neToK ropJOqero. HH)l(e 6y.AeT 

IIOKa3aHO, qTo YtJeT KOHeqHQCTH BpeMeHH HarpeBa Ta6Jie­

TOK roplOtJero OKa3hIBaeT 3Ha'-iHTeJibHOe BJIH$1HHe Ha nepe­

XO,llHhIH npoQecc. 

Ypasttem1e Tennosoro 6aJiattca .Zlilll TOHKOH CTeHKH c 

IIO)lBO)lOM Tenna, O.AHOCTOpOHHHM OXJia)l()leHHeM TeIIJJOHO­

CHTeJieM H npH npette6pe)KeHHH nepe.uaqei:i Tenna B.AOJih 

Ta6JieTKH HMeeT BH)l: 

ae a2e 
(pctmhrtDat=1-vrtDh ax2 +2rcD)..(T-0)-F(0), (1) 

(pc\D'1t a; ~' Q-21tDA.(T-8), (2) 

r,Ae h - TOJII.IJ.HHa CTeHKH; X - KOOp,AHHaTa B)lOJlb CTeHKH; t -
BpeMH; p - IlJIOTHOCTh; C - K03<p4_)Hl.(HeHT TeIIJIOIIpOBO)lHO­

CTH; pc - o6oeMHruI TeIIJIOIIpOBO)lHOCTb; A, - K03q>q>Hl.(HeHT 

TerrnonpOBO)lHOCTH; D - ,AHaMerp TB3Jia. 11H.AeKC (('t)) co­

TBeTCTByeT Ta6JieTKaM ropJOqero (.ZlBYOKMCb ypaHa), «CT» -

o6onoqKe TBJJia (QHpKOHHeBbIH crrnas), 38BHCHMOCTb 

F(0)npe,AcTasneHa Ha pHc. 5.a). 

Tiepe,Aaqei:i TeilJla B.AOJib ropJOqero MO)KHO rrpeHe6pe­

raTh H3-3a He3Ha'-iHTeJlbHOCTH ero BKJI~a B TeIIJJOBOH no­

TOK B)lOJib CTep)l(HH, IlOCKOJibKY K03q>q>Hl.(HeHT Tennonpo- · 

b) 

B,:r 

.. X 
D 

Puc. 5. a) KpueaR KuneHWl; b) Ha11aJ1bHOe pacnpeoe.neHue me.Mnepamypbl no 011uHe 06011011Ku mB3fla: 
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Tcm - me.Mnepamypa 06011011Ku me:,11a, T 11 - mtwnepamypa ROpa men.noHocume.nR, TH -me.Mnepamypa HGCblU/eHUR men11011ocume/1Jl, 
D - paJMep nepeoHa'IQ/lbHOW 011aza noeb1tueH110u me.Mnepamypb1 



-

B0,UH0CTH Ta6JieTOK rop10qero (.n.ByOKHCb ypaHa) 3Ha~m­
TenbH0 MeHhllle, l.JeM ,Ullil o6oJJoqKJ,f (UHpKOHHeBbJH CIUiaB). 

,[{JUI MalllHHHOro cqern . HCflOflb3OBaJIHCh cne.ey10m11e 

3Ha1.JeHHJ1 napaMei:poa [17-20): 
Bm 3 KKaJl Bm 

Acm=3O--.-, (pctm=IO - 3 -.-, At=4--.-, 
M· C M. C M· C 

KKQJl 
(pc)t =600-3 -.- , D=lCM, h=O, lcM. 

M·C 
Ha ,LJ.aHHOM :nane BbTIDeyKa3aHHble napaMeTpbl cqi,rra­

lOTC» Il0CT0.HHHhIMH. YpaaHeHHe ( 1) ,nmpcpy3HOHHOro THna 
yqHTbIBaeT pacnpe,nenett11.e TeMneparypbl B)J:0Jlh CTeHKM, a 
ypaeHem1e (2) - TeMneparypy rop10l.fero. l1ccne,noaam1e 
;:i:aHHOH MO,nem1 IlO3BOllileT oueHHTh BJ111.HH11.e nepBOHa­

l.JaJihH0ro pa3Mepa JIOKaJihH0ro oqara IlOBhillleHHOH TeMrre­
paryphl Ha )J:aJJbHeHnrne TeIJJJ0Bbie rrpouecChl B CTep:>KHe. 

TeMneparypa TeITJI0HOCHTellil no eceii )J:JlHHe npHHHMa­

eTC.H paBHOH TeMneparype HaCbll.IleHHJI. TaKHM o6pa30M, B 
Hal.JaJibHbIH MOMeHT speMeHH t=O 3a,n.aeTC.H pacrrpe.n.eneHHe 

TeMrreparyp1>I no Ta6neTKe 11 o6onoqKe KaK cpymaurn npo­
crpaHCTBeHH0H K0op.mrnaThI x. 

,[{ml MaiillIHHOro Cl{eTa B HaqaJihHbIH MOMeHT epeMeIDf 3a­

L{aBaJIC.H TI-o6pa3HhIH rrpocpHJib TeMrrepaTYJ>bI o6onoqKH TB3Jia 
(pHc. 5.b). Be.JIHlOIHa B03M)'l.Ilemrn H pa3MepbI oqara rroBbI­

UICHHOH TeMrreparypoI (ropH1Iero IDITHa) BapoHpOBa.JIMCb. 
,[{JUI ynpor.ueHHJI BH,na ypaBHeHHH BBe;:i:eM p.sI,ll. o603Ha­

qeHHH: 

R = 81tA., 
J D2 , 

C yt.JeTOM BBeL{eHHbIX o603HaqeHHH ypaBHemrn rrpHHH-
MaIOT BH.,n: 

ae a2e 
-=R21-2 +R31(T-ecr)-R11F(8), at ax 
ar =K2Q - K3(T-0). 
at K1 K1 

¢yma.u,rn F(0)=F(~m -TR) rrpe,n.cTasnetta Ha pHc. 5.a). 

IlpH tJHCJJeHHOM perneHHH HCilOJib3yeTC.H pa3HOCTH8.H 

cxeMa: 

(- R21 )S"+I -(- I - 2R21 )S"+I +(- R21 )S"+I = 
h2 k-1 !:l.t h2 k h2 k+I 

=R31 (T;'-S~)-F;'R11 +_!_s;, 
M 

r,n+I =(K2 Q _ K3 (T," -S" ))Af+ T," 
k K k K k k k' 

I I 

r.n.e cpopM)'JihI pacqeTa F(0)=F(~m -TR) rrpe,n.cTaBJieHhI 

HH)Ke, 

OcttoBHbie TJ)YJ:J:H0CTH npH pearrH3auirn cxeMbI Ha 3BM 

B03HHKaIOT H3-3a pa3pbIBa 3aBHCHM0CTH F(0)' KOT0pa.H 

COCTOI1T 113 ;:i:ayx yqacTKOB: 

0<0 F(0)= Qmax 0 · 0 0 F(0)= Qmin 0. 
a' e ' > a' 

er ec, 

,[{a>Ke ecJIB 6hI pa3pbIB OTCYTCTBOBaJJ, TO pe3KHH nepe­
rra,n 3HatieHHH IIJIOTHOCTH TeIIJIOBOro IlOTOKa Me)K)J:)' ,nayMSI 

yqacTKaMH He II03BOJJHJJ 61>1 HCil0Jih30BaTh T01IHhie 3HatJe­
HH.H. PaHee B pa6orax, rrp11se.neHHbIX B JI.HTepazype, 11c­
IIOJib30Banocb .n.po6JieHHe IIIara no rrpoc-rpaHCTBeHHOH K0-
op,nHHaTe B o6naCTH pe3KOro H3MeHeHH.H TeMrreparypbI. 
Ho, KaK OTMe1IaJJOCb pattee, H3-3a H,neaJIH3aUHH MO)KeT 

IIOHBHTbCSI pa3pbIB, KOTOpbIH HeBO3MO)KHO rrpocqHTaTb C 

II0M0IUbIO .n.po6neHH51 npocrpaHcTBeHHOH K0Op,LI.HHaTbI. 

TipH BhIBo,ne cpopM)'JI L{llil pact.JeTa F(0) Tennosoii no-

TOK OT Ta6JieTKH HHTerpHpOBaJJCSI a npe.nenax yqacT-

8i+I 
Ka f F(0)dx=F(0)!:l.x. 

a, 

<l>opM)'JlbI ,n;rn paCt.JeTa TeIIJIOBOro II0T0Ka pa3JIHtiaIDTCSI 
B 3aBHCHMOCTH OT Toro, Hax.O,LJ.HTCS HJIH HeT 0 B rrpe,nenax 

,naHH0fO yqacTKa. 
OKOH1IaTeJibHhie pactieTHhie cpopMyJihl npHHHMaIOT BH,l.l: 

F(ek )= Qmax 0k ecnrx 0 <0 ' (3) 
' .n k+I er ' 

eer 

F(ek )= Qmin 0k 0 0 , eCJIH k- 1 > er; 
eer 

(4) 

F=iM' +f..., ec;rn0k-l .s;ecr .s;ek+I, (5) 

- 2h (Ser -Sk-1) Ser -Sk-1 r,ne x 
sk+l -sk-1 2h sk+l -sk-1 

YqHThIBM 3T0 BhipIDKeHHe, cpOpM)'JIY (5) 3am1meM B BH,l.le: 

F(S ) Sc, --Sk-1 (Qmax e _ Qmin e ) + Qmin e 
k n n 0 k-1 0 k+l e k+I · 

\J'k+I --.::,-k- 1 er er er 
11ccJJe,noBamie rrpOBO,LJ.HJIOCb qHcneHHO C npHMeHemIeM 

MalliHHHOB HMHTaUHH.. 

B HaqanbHblM M0MeHT speMeHH Ha o6oJJOt.JKe TB3Jia 3a­
,naBaJI0Cb JIOKaJibHOe TT0BbillieHHe TeMneparypbl HM paB­
HOBeCHblM 3HaqeHHeM (ropSiqee II.HTHO ). Pa3Mep rop.Hqero 

TISITHa, TeMneparypa Harpesa 11 TeIIJJOBOH IIOTOK OT Ta6Jie-

TOK Bap&HpOBaJIHCb. ,[{anee orrpe,ne.JI.HJJOCb 3HaqeHHe r;i+1 
, 

3ttaqeHHe S;+1 paCCt.JHTbIBaJIOCh MeTO.l{OM nporoHKH, KOTO­

pbIH ,n.IDI ,naHHOH cxeMbI ycTOHl.fHB, TaK KaK BhITIOJIH.HeTC.H 
ycnoBHe ,n11aroHaJihHoro rrpeo6na,namrn [21]. 
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Puc. 6. PacnpocmpaHe1me meMnepamypHou 60/IHbL: 
pa3Mep 011aza 50 CM, Be/lUI/UHa Ha'-IQ/lbHOZO meMnepamypHOZO BOJMYU(e-

1/Wl 30 • C. nnomHOCmb men11oeo20 nomo1<a 6011btue q poo11 (c11y11aii SJ<S2) 
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IlpH TeruJOBOM IlOTOKe, 6om,IIIeM paBHOBeCHOfO, 

Haqam,HoM TT-o6pa3HOM TeMnepaTYPHOM BOJMymemrn 

30 °C H pa3Mepe oqara B03MJID:eHIUI 50 CM ( cnyqaM S 1 <S2) 
o6pa3yeTCj{ 6erym;ru1 son.Ha, T.e. o6pa3oBaHHe ropj{qero 

llilTHa npHso,nHT K pacnpoc-rpatteHHIO TeMnepaTYPHOH 

BOJIHhl Ha BCIO ,D;JIHH)' TB3Jia (pHC. 6). ITpHtieM TeMnepa'fYPa 

o60JIOl.fKH B 3TOM cnyqae yse.JIWIHBaeTCj{ B HeCKOJibKO 

,neC.HTKOB pa3. Ha pHC. 7 IlOKa3aHO H3MeHeHHe TeM­

rrepa-ryphl cTeHKH rrpH Q>qP0811 (cnyqaii Sl>S2). KaK H s 

c.rryqae C rrpOBOJIOlJKOM, HaqanhHOe B03MymeHHe raCHTC.H. 

Y qeT KOHetJHoro apeMeHH Harpeaa ra6neTOK rop10qero H 

y-cieT pacrrpe,neJieHIDI TeMneparyphI B,AOJih CTeHKH TB3Jia 

npHBO,!VIT K yMeHbllieHIUO CKOpOCTH pacnpoc-rpatteHIDI 

BOJIHbl 11 ,nonymeHHIO ropj{qHX ruJTeH 6oJihlliero pa3Mepa, 

He npuso,r:vm,\HX K nepe)l(ory TB3Jia. 

TaK 6hmH nonyl.feHI,I pe3yJihTaTI,J, IIOKa3bIBaJOm;He, l.{TO 

pa3Mep HatJaJII,HOro IDITHa OKa3bIBaeT cymecTBeHHOe 

BJiffj{HHe Ha ,nanbHeMUiee pacnpoc-rpaHeHHe TeMneparyp­

Hoii BOJIHhl. Ha pHC. 8 IIOKa38HO, tJTO npH TeruJOBOM ITOTO­

Ke, 60JibllleM paBHOBeCHOfO, H rrpH MaJIOM pa3Mepe oqara 

B03MJII.(eHHj{ (Mettee 10 MM) JIOKaJI.hHOe B03MJIUem-1e 3a 

cqeT nepe,n;aqH Terrna s,nonb o6onoqKH TB3Jia racHTCH. 

<l>HJ.HqecKH MexaHH3M o6pa3oBaHIDI rop51qero llilTHa 

He60JibIIIOfO pa3Mepa MO)l(eT BblfIDI,ll;eTI> cne,n;yIOlllHM o6-

pa30M: npH BH6paU:HH TB3Jia MO)KeT cymecTBeHHO yMem,. 

llIHThC.H lll11pHHa fa30B0f0 3a30pa H B HeKOTOpOM MeCTe 

Ta6neTKH rop1011ero np.H:cnoIDITCj{ K o6onolfKe TB3na, tJTO 

npHBe,n;eT K JIOKaJibHOMY IIOBhIIIIeH.H:10 TeMI1epa-ryphl 060-

JIO({KH 60JibIIIe Sc,, T.e. H306p8)KalOIUrul TOl.{Ka nepeH.UeT B 

HeycTOHqJ.ffiYJO o6naCTb (pHC. 5.a). B [2] npe,n;CTaBJieHO 

,n;pyroe 061,.HCHem1e B03HHKHOBeHIDI oqara IlOBbIIIIeHHOH 

TeMneparyphI, CB.H3aHHOro C KOary JLSII.J;HeH HeCKOJibKHX 

coce,LI.HHX IIy3bipeii (scne.n,cTBHe KOarymIQHH HeCKOJlhKHX 

coce,LI.HHX IIy3bipeH B O,ll;HH Ma.KpOny3blpb MO)KeT CJIO)l(H.Tb­

CSI KpHTHt-IeCKrul c11rya1.urn, npH KOTOpOH nap OTTeCHHT 

)KJ,f,l{KOCTb OT nosepxHOCTH TB3Jia Ha speMH, ,AOCT8T01-JHOe 

)],JI.SI o6pa30BaHIDI rureHOtIHOfO pe)K.H:Ma KHileHIDI). 

KaK cne.n.yeT H3 npHBe,neHHhIX pe3yJibTaTOB, B036)')1(,[1,e­

HHe aBTOBOJIHOBOro rrepexo,n;a rrpH BbI6paHHbIX H8l.{aJibHhIX 

ycJIOBIDIX B03M0)l(HQ TOJibKO ,l{Jij{ pa3MepoB 30H H:HHUH:Hpo­

Bamu1, 6om,lliHX HeKOTOpOH semfqJffibl, cymecTBeHHO 38-

BHCKIUeH OT 3HatieHHH TeilJIOBOH HarpY3KH H I1peBbIIIIeHID1 

TeMneparypHOfO 803MymeHIDI Ha,A Ser . 

TipH yserrnqeHHH aenwnrnhI ruJOTHOCTH TernIOBOfO no­

TOKa a rrocne,n;yromHX pacqeTax rrpH tteH:3MeHHOM nepaoHa­

qam,HoM pa3Mepe ropj{qero IDITHa 6omH nonyqeHbI pe3ym,-

3s T-T11, 0c 
t=O ceK 

30 

2S 

20 

15 
t=IO ceK 
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15 

10 

o 1=:====---------:-:::-:-J_ ________ no.....:x, MM 
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Puc. 7. Ha'IMbHbtu 0'laz B03MyU,eHUR nozacWlcR: pa3Mep 0'laza 20 CM, 
me11J10Bou nomoK MeHbwe q plH/" (clly'lau Sl>S2) 

T-Tu, 0c 
t=-0 

/ 

t= lOceK 

Ol-=====--------'--------J.----'~MM 
-20 - 19 -18 - 17-16-IS - 14 - IJ -12 -II-I0 -9-8 -7 .{) -S -4 -3 -2 -1 0 l 2 3 4 S 6 7 8 

Puc. 8. O6pa306QHUe nep60HQ'laJlbH0ZO 0'IQZQ pa3MepoM IO MM He npu6e.no 

K o6pa3080HUIO meMnepamypHOU 801/Hbl : 6e/lU'IUHQ 603M)'U(eHUJl 25 °C. 
men110Bou nomo1< 6ollbUJe q paa11 (c11y'lau SJ <S2) 

TaThl, IlOKa3blB81011..J;He, lffO rrp11 ManOM ,n;HaMe-rpe (MeHee 10 
MM) IIJIOTHOCTb TeTIJIOBOfO noTOKa, npH KOTOpOM o6pa.JyeT­

c.sr 6erymrui BOnHa, rpe6yerc.sr 6oJibIIIe, qeM a cnyqae TIHTHa 

6oJlhIIIOro .n;.H:aMe-rpa. 3a Cl.feT nepe,n;aq11 renna B,LI.ODb CTeHKH 

aMIIJIHry,na 11epBOHaqaJihHOro B03M)'llleIDUI yMeHhlllaeTC.H, · 

TeM caMbIM pa3HOCTh TeMneparyp Me)l(,[l,y o60JI0l{K0M TB3JI8 

H MJ)OM noToKa MO)KeT CTaTb MeHhllle KpHnrqecKOH, H Tpe-

6yeTC.sl 60JihlllHH TeITJIOBOH IlOTOK ,l{Jij{ o6pa30BaHIDI 6ery­

meii aonm,1. 

TaKHM o6pa30M, He06XO,[(HMa.sr Alli o6pa30BaHIDI 6ery­

meii BOJIHbl TeMneparypa rop.srqero IDITHa B Hal{aJibHhIH 

MOMeHT BpeMeHH 3aBBCHT OT pa3Mepoa oqara H rrpeBhlllle­

HIDI Tennosoro IlOTOKa Ha,n paBHOBeCHhIM. 
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Y,L(K 621.039.51 

K BOIIPOCY ON OilTHMH3A~HH IIOJIHOMACIIITAliHbIX 3KCIIEPHMEHTOB 
no KPH3IICY TEilJIOOT,L(AllJI, OCHOBAHHOH HA TOIIOJIOrWIECKHX 

OCONEHHOCTHX KPIIBOH KHIIEHIDI 

C.M,l(Mumpuee, HITY, 603600, H. Hoewpoo, yll. MuHu1ta, 24, 
/I.I'.Kpecoe, A.B.KynpuRHoe, OKEM, 603074, H. Hoewpoo, Eyp1-taK0BcKUu npoe3o, 15 

PaccMaTpHBaeTCH pH)). Ka'lfeCTBCHHblX C TO'lfKH 3pemrn .UHHaMHKH J<p<peKTOB, BbJ3BaHHblX nepecTpOHKOH KpHB0H KHneHHH B npocTpaH­
CTBe pe)l(HMHblX napaMeTpOB. Ha 0CH0Be pean113yeMblX B ynpol.l.(eHHblX reOMeTpl-UIX pe)l(HM0B TenJI0OTJ].8tJH npe)J.JlaraeTCSI onTHMl1311pO­
BaTb Bb16op 3KCnepHMeHT0B AJT$1 nOJIHOMacwTa6HbIX ycnOBHH. 

ON THE OPTIMIZATION OF FULL-SCALE EXPERIMENTS ON BOILING CRISIS, BASED ON TOPOLOGICAL PE­
CULIARITIES OF BOILING CURVE. S.M.DMITRIEV, D.G.KRESOV, A.V. KUPRIJANOV. Number qualitative from the point of 
view of dynamics of effects, caused by reorganizations of boiling curve in space of parameters is resulted. On the basis of sold in simplified 
geometries of allocated thus modes heat emission it is offered to optimize a choice of experiments for full-scale of conditions. 

CJIO)KHBIIJHMC.SI <paKTOM MO)KHO cqHTaTI, rrpemcymecT­

BeHHO 3MflHpWieCKOe H3YlleHHe 51BJieHHH, CB.Sl3aHHhIX C 

KpH3HCOM TeITJJOOT,Aal.lH [I]. 3TO 06-b.SICH.HeTC.H CJJO)KHOCTI,IO 

HBJleHIDI H 3aBHCHMOCTblO pe3ym,TaTOB OT 6om,IIJoro KO­

JJWieCTBa onpe.neIDIIOUJ,HX rrapaMe-rpoB. KaK cne,ncTBHe, B 

JIHTeparype OTMeqaeTC.SI cym;ecTBOBaHHe 60JlbIIIOrO qHcJia 

KOppeIDIUHH, npHMeIDieMblX .Ailll KOHKpeTHblX reoMeTJ)HH H 

no-pa3HOMY 3aBHC.Hll.J,HX OT pe)KKMHblX rrapaMeTJ)OB [2]. 
Cno:>KHOCTH B o6o6meHHH pe3yJibTaTOB ~HKTYIOT Heo6xo­

~HMOCTb .nmp<pepeHI .. tHpOBaHHOro H3yqeHIDI npoueccoB, 

ynpomeHIDI ycJIOBHH 3KCIIepHMeHTOB nyTeM HCKJIIOtJ:eHIDI 

BCeBO3MO)KHblX HepaBHOMepHOCTeH, )'MeHbIIJeHHH KOJIHlle­

CTBa TB3JIOB B c6opKe. TaK B (3] aHaJIH3HpyIOTCH pe3yJibTa­

TbI 3KCnepHMCHTOB ~ml HeKOTOpbIX TIIIlOBbIX _gqeeK, a B [4] 
OT~eJlbHO OTMetiaeTC.H pa6oTa ITO HCKJIIOqeHHIO HepaBHO­

MepHOCTH TeITJIOBhI)J.eJieHHH no CTep)KH.HM B c6opKe. TipH 

3TOM BO3HHKaeT 3a,zw-1a BepH<pHK~HH pe3yJihTaTOB 3THX 

HCCJie~oBaHHH Ha TIOJIHOMaCIIJTa6HhIX 3KCnepHMCHTaX. 

BepHQ)HKaQHOHHa.H pa6oTa CT_POHTCH, KaK npaBHJIO, no "ce­

TO\JHOMY" npHHU:Hny [ 4] rryreM nepe6opa 3Haqemrn onpe­

~enarommc napaMeTpOB (.naaneHIDI, MaCCOBOH CKOpOCTH, 

OTHOCITTeJibHOH 3HTaJlbIII111 H .np.) C rrpOH3BOJibHbIM UiarOM 

B HHTepecyeMoH 06nacn1. 

B CTaThe o6painaeTCH BHHMaHHe Ha om1caHHe 3<p<peK­

TOB, Ba)l(HbIX C TOqKH 3peHIDI rrpoxo~eHIDI aaapHH, H, B 

qacTHOCTH, Ha KaqecTBeHHbie acneK'n,I ,AHHaMHIGI TB3JJOB B 

3aKpH3HCHOH o6nacTH. He npeTeH~Y.SI Ha rro11H0Ty oxsarn 

Bcex BO3MO)KHbIX TOIIOJJOfHH, aBTOpbI Ha npHMepax atta­

JIH3a co6cTBeHHbIX 3KcnepHMeHTOB Ha ceMHCTep:>I<HeBOM 

q 

Puc. 1. Bllwmue pacxooa men.noHocume.nR 11epe3 TBC Ha Kpu«y,o KuneHWl 
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Puc. 2. BmulHue :mmanbnuu mennoHocume.n!l na exooe 6 TBC 
na 1<puey,o KUnem.iJl 

c6opKe [5] OTMeqaIOT p.SI.L{ H3BeCTHblX xapaKTepHblX nepe­

c-rpoeK KpHBOH Klmemra, KOTOpbie npe,AcTaBJUIIOT HHTepec 

B KaqecTBe orpaHHqeHHOfO tta6opa COCTOHHHij paBHOBeCH.SI. 

TipeACTaBmieTCH BIDKHbIM a~eHTHpOBaTb BHHMaHHe Ha 

JTHX COCT051HH51X npH sepmpHKaUHH pactteTHhlX MeTO.L{HK 

Ha nOJIHOMaCUITa6HhlX MO)leJUIX. 

Y MeHhI1Iem-1e pacxo.L{a TennoHOCHTeJUI qepe3 TBC 

(pHC. I) rrpHBO.L{HT K yMeHbIIIemno HaKJIOHa KpHBOH KH­

neHH51 B o6naCTH nepeXO.L{HOfO KJmeHJUI C 0.L{HOBpe­

MeHHblM pacurnpem1eM :noii o6nacTH. KaqecrneHHO 

pe3yJibTaTbl cornacyIOTCH C )I.aHHbIMH, rrp1rne)I.eHHblMH B 

(6). Yt.JHTbIBaH H:HepUHOHHOCTh o6paTHhlX CBH3eH OT 

TeMrrepazypbI TefIJIOHOCHTeml K HeffTPOHHOH MOil.lHOCTH, 

3cp<peKT HBJUleTC.SI onpe.L{enHIOIIJ.HM B 3arrpoeKTHbIX 

pe)Kl,fMax c aaapHHHbIM OTKJIIO'ieHHeM flUI H BbipIDKaeTc.H 

s 6bICTJ)OM CMerueHJrn YCTOHt{HBOH rpaHHQbI s o6naCTb 

6onee BbICOKHX TeMnepazyp rrpH npaKTHlieCKH HeH3MeHHOH 

MOJ.UHOCTH. B pe3yJibTaTe CKOpOCTh pOCTa TeMnepa'I)'pbI 

TBJna a JTOH asapHH 6y.neT onpe.L{eJUITbC.SI, fJiaBHLIM 

o6pa30M, ero HHepUHOHHOCTbIO, a BeJIHt{HHa KOHeliHOH 

TeMneparypbI - llIHpHHOH rrepeXO.L{HOH o6nacTH. 

y MeHhllleHHe BXO)lHOH TeMnepazypbI HIDf CHIDKeHHe 

3HTa.J1bl1HH, O)l(H)I.aeMoe .L{JUI ceqeHHH, pacrroJIO)KeHHbIX 

6n11>Ke K sxoey noToKa TerrnoHOCHTeJUI B TBC, TaK)Ke rrpH­

BO.L{HT K yMeHhWeHHIO AN/ AT B nepexo,[{HOH o6nacrn 

q 

. P 

T 

Puc. 4. B11wmue oaBJ1eHWl menno11ocume.nR Ha 1<pu«y10 KUneHWl 
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Puc. 3. B11wmue ll0l<(lJlbH0zo napocooep::»eaHWl ua Kpuey,o KuneHWl 
npu 6011bUtUX pacxooax mennoHocume.n!l 'lepe3 TBC 

(pHC. 2). CneeyeT OTMeTHTb, qTQ BJIH.SIHHe napoco,nep:a<a­

HH.SI Ha KpllBYIO KHIJeHH.SI, npeJJ.CTaBJieHHOe a [6] )I.JIH Klme­

HIDI B 60JiblllOM o6oeMe, He O,[{H03H8t.JHO H npOHBJI.SleTC.SI B 

cymecTBOBaHHH 3KCTpeMyMa Terrnosoro ITOTOKa (MHHHMY­

Ma), COOTBeTcTByJOmero TOt.JKe JleH)I.eHcppocTa. BMecTe C 

TeM, cornacHO [6], AJUI ceMeiforna MOHOTOHHbIX KpHBbIX 

KHTiemrn «Bbin0JI8)KHBaHHe» nepeXO)I.HOH o6nacTH TaIOKe 

tta6JIIO)I.aeTC}l C yMeHbIIIem1eM napOCOAep)KaHJ.rn. 

TipH OTHOCHTeJll,HO BblCOKHX pacxo)J.ax TenJIOHOCHTenH 

qepe3 TBC (npH Maccoaoii cKopoCTH 6onee 1300 Krl(M
2
·c)) 

«BbIIlOn8)KHBaHHe», BbI3BaHHOe yMeHI,wem1eM napoco­

Aep>Kamu1, conposo)K.L{aeTC51 cMemeHHeM o6Jiacrn ycToii­

t.JHBoro nJieHO\.JHOro KHneHH.SI B CTOpOH)' BbICOKHX TeMne­

pazyp (pHC. 3 ). KaK CJie)I.CTBHe, B )I.HHaMHKe OTHOCHTeJihHO 

"M51rKOe" BXO)K,ll.eHHe B KpH3HC BepXHHX CJIOeB TB3Jla MO­

)KeT conpoBO)K.L{aTbCH no Mepe yrny6neHIDI B 3aKpH3HCH)'IO 

o6naCTb ( c yseJIHtieHH:eM MOIUHOCTH) cymecTBeHHO 6onee 

pe3KHM H 3Ha1rnTeJibHbIM IlOBbilliem1eM TeMnepazyp B ero 

cpe,AHHX no BbICOTe CJIOKX. 

TTpH ysenHlieHHH AaBJieHH.SI B ,[{HarraJoHe 11, 7-15 Mila 

TaK>Ke tta6nJO)I.aeTc.S1 3<p<peKT 11 BbITIOna)Kl,IBaH1U1 11 nepexoA- · 

HOH o6naCTH KpHBOH KHITeHH.SI (3KcnepHMeHTbl HIDKe 

11, 7 MTia He npOBO,nHJIHCb, a s )I.Haila30He 15-1 7 MTia 

3<p<peKT He Ha6JIIO,[{aeTCH). KpoMe Toro, Ha IlJIOCKOCTH Ten­

JIOBOH ITOTOK - TeMneparypa CTeHKH (pHC. 4) OTMeqaeTC.SI 
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Puc. 5. HM10cmpat{Wl pe(lJlUJai,uu KpU3uca mennoo6MeHa npu 
H(lJlU'IUU 1anaca no Kpumu11ecK0My mennoeoMy nomo,cy e yc11oewu: 

HeM0H0m0HII0Cmu KpU60U KUneHWl 



► 

cMemeHHe cooTBeTcTBy10men KpHBOH anpaao. O6a 3cpcpeK­

Ta HanpaaneHhI Ha nepeHoc ycTOi1qHBoi1 pa601.Jei1 TOtJKJ,f B 

o6nacTb BhICOKHX TeMneparyp. flpHMepoM npmrnnemrn 

noro 3cp<peKTa MO)KeT CJIY)IUITb c1nyaum1 C OCTaHOBKOM 

f'I .. UJ, COrrpOBO)f()l;aeMa.H )J.HHaMHl.JeCKHM BhI6eroM )J.aBJieHIDI 

Ha Hal.JaJibHOM :nane pa3BHTIDI aBapHH. 

foBOpH O TOilOJIOfHl.JeCKHX oco6eHHOCTHX KpHBOH KH­

neHIDI, Heo6XO)J.HMO OTMenm, Ha6mo.z:i:aeMYIO a ycJIOBHSIX 

CB060)J.HOM KOHBeKUHH Ha rrpocTeimIHX reOMeTpIDIX HeMO­

HOTOHH)'IO 3aBHCHMOCTb TeilJIOBOro IlOTOKa OT TeMnepa-ry­

pbI. YKa38HHa.H HeMOHOTOHHOCTb y)Ke CTaJia KJiacc:i,rqecKHM 

rrpHMepoM [7], a TaIOJCe rro.z:i:Taep~eHa TeopeTMtJeCKJ,{ [8]. 

TipH IlOHBJiemrn HeMOHOTOHHOCTH BblXO)J. B pe)l{MM KpH3HCa 

TenJIOOT)J.alJH npHH[(HilHaJlbHO BO3MO)KeH npH HaJIMl.JHH 

3anaca no KpHTif'ieCKOM)' TenJIOBOMY IIOTOKY (KpHTJ,fqe­

CKOH MOIUHOCTH). 

Ha pHC. 5 HJIJIIOCTJH1pyeTCH rrpHMep TaKOro BblXO)J.a B 

KJlH3HC
1

• TaK KaK B ,UHHaMHKe BO3MyIUeHHH BO3MO)I(Hbl 

0,UH0BpeMeHH0 no .llBYM H 6onee nepeMeHHhIM (HanpHMep, 

G 11 P), To B03MO)I(Ha c11rya[(IDI, Kor.na He pa601.Jrui ToqKa 

)J.BH)KeTCH BBepx no OCM q, a KpHBruI KlmeHH.sl 
11
BhlnOJI3aeT" 

BJieBO 113-Il0)J. pa601.JeH TOlJKM. Pa6oqrui TOlJKa, HaxO,nHCb B 

0-H MOMeHT epeMeHM Ha ycTOHlJHBOH "BeTKe" (Ha rryHK­

THpHOH KpHBOM), B ,UHH8MJ,lqeCKOM rrpouecce He ycIIeaaeT 

3aMeTHO H3MeHHTb CBOe nono)KeHHe 3a Cl.JeT HHep[(HOHHO­

CTH TB3Jia, TOr)J.a KaK KpHBa.H KHnemrn MeH.HeT CB0H BH)J. 

TaKHM o6pa30M, 'ITO pa6otJa.H TQqKa 0Ka3hIBaeTCH npaaee 

HeycTOHt.fMBOH "aeTKH" (Ha cITJJ0111ttoi1 KJ)HBQH). B pe3ynh­

TaTe TeMneparypa noaepXHOCTM TB3Jia MOHOTOHHO OT Bpe­

MeHH B03pacrneT .no 3Ha'IeHMH T 1 Ha ycTOHtJHBoii BeTK~ 

HOBOH KplIBOR KHIJeHHj{. flpH 3TOM TenJIOBOH IIOTOK B npo­

uecce acero nepexo,nHoro pe)KHMa M0)KeT ocTaBaThC.H HH)Ke 

KpHTM'JeCKOro. B KaqecTBe 3aMe'IaHIDI OTMeTHM, 1.JTO 3TH 

paccy)K,.[(effHj{ ynpomaIOTCSI npHMeHHTeJU,HO K M0II(H0CT­

HOMY 3anacy - 8 3TOM cnytiae .nm1 HJIJIIOCTJ)8UHH 3cp<peKTa 
11 BbIIlOJI3affHj{11 )J.0CTaT0lJHO IlO'Ipe6oBaTb H3MeHeffHj{ JIHlllb 

o.z:i:Horo napaMe-rpa. 

TaKHM o6pa30M, npH HeM0HOT0HH0M no TeMneparype 

xapaKTepe KpHBOH KHneHI-I.H, orpaHl1t.feHHe HCCJie,noBaHHH 

rpaHHU 6e3onaCHOCTH HaXO)K,.[(eHHeM B 3KcnepHMeHTax 

KpHTH"t.JeCKOH MOUJ,HOCTM OKa3hIBaeTCH He)J.OCTaTOlJHbIM. 

B8)I(HbIM CTaHOBMTCH He TOJibKO 3anac .no KpHTHlieCKOH 

M0IUH0CTH (IIO eepTHKaJIH), HO H paCCT0.slHHe .no HeycTOH-

1.JHBOM BeTKH (no ropH30HTaJIH), HMeH BBH)J.Y aJlhTepHaTHB­

HbIH, cyry6o )J.HHaM11"t.JeCKHH MexaHH3M BbIXO,Ua B KpH3HC. 

3m coo6p8)KeH11e - o.z:i:Ha 113 np11qHH HHTepeca K nepexo.z:i:­

HOM o6nacTH. 

flmoTeTMtJeCKH OTMeqeHHbIH 3q><fleKT 11BhIIlOJI8)I(JfBa­

HJ,UI11 KpHBOH KHneHIDI MO)KeT HMeTb KatJecTBeHHhle no­

CJie,UCTBIDI - TIOHBJieHJie HeM0H0T0HH0CTH, HanpHMep, npH 

6onee rny6oKoM H3MeHeHHH napaMe'IpOB HJIH npH nepexo­

.z:i:e K ,npyrnM reoMerp11qecKHM xapaKTep11cTHKaM TBC. B 

Il0Jlb3Y 3TOro npe.z:i:nono>KeHIDI ecTeCTBeHHO O)l{M)J.aTb Ha­

JIMl.JIDI HeKOTOpOH nepeXO)J.HOH o6JiaCTH (mrn OT CB060)J.­

HOH KOHBeKr.urn K npHtty.UHTeJihHOH WiPKYJIHUHH, HJIH npH 

CMeHe THna TBC), B KOTOpOH npOHCXO)J.HT HC"t.Je3HOBeHHe 

( IlOSIBJieHHe) HeMOH0TOHH0CTH. 

KoppeKTHOe onpe,neJieHiie rpaHHU HCMOHOTOHHOCTH 

1 flpeo110::>1ceH E./1.MomopoebtM. 

af<TYaJibHO H )J.IDI KBa3HCTaTH'IeCKHX pe)KHMOB. IlpoBe.ueH­

Hbie Ha 0THOCl1TeJibHO paHHHX :nanax pactJeTHble HCCJie.n.o­

aamIH c noMOIIJ,hIO nporpaMMbI RELAP5/MOD3 rroKa3aJIH 

B ueJIOM 6onee K0HCepBaTHBHhle no cpaBHeHlilO C 3KCne­

pHMeHTaMH Ha nycTOTeJU,lX HMHTaTOpax TB3JIOB pe3yJihTa­

Tbl B 3aKpH3HCHOH o6JiaCTH (npH Y.ll0BJieTB0pHTeJibHOM 

onpe)J.eJieHHl1 YCJIOBHH BXO~eHIDI B KpH3HC OIIIH6Ka He 

npeBbICHJia 13% no KpHTHtJeCKOH MOIUHOCTH). B HeKOTO­

pbIX pe)KHMax, B tJaCTHOCTH, npH MaCCOBOH CKOpOCTH 

1370 Krl(M2 
·C), TeMnepa-rype BXO,na 230 °C H ,naBJieHIUI 

14,7 MTia paccornacosaHHe TeMnepa-ryp cocTaBHJI0 6onee 

400 °C. IlpH'IHHa TaK0ro pe3ynhTaTa - e nporpaMMHOH 

pean:H3au1rn ,UIDI 3a,naHHbIX napaMerpos HeMOHOTOHHOH 

3aBHCHMOCTH TennoBoro IlOTOKa OT TeMneparypHoro nepe­

na.n.a H pe3KOM, 38 Cl.JeT 3TOro, CHH>KeHHH K03cpcpmi:11eHTa 

TenJI0OT,nat.fH e nepexo)J.HOH o6nacTH ( 0TcyTcTBy10meM e 

3KCnepHMeHTax). TaIOJCe H3JIHIIJHe KOHcepaanIBHhlMH OKa-

3aJIHCb Il0IIbITKH 0illiCaHHj{ 3aKpH3HCHblX TeMnepazyp 6e3 

YtfeTa nepeX0)J.HOfO KHneHIDI - no cpopMyne MHpOTIOJib­

CKOfO [9]. fI03TOMY nocne.z:i:yIOIUHe pa6on,I 6hIJIH HanpaB­

JieHbl Ha YTOtJHeHHe 3aMhIKaIOIUHX COOTHOllleHHH, nocrpo­

eHHbIX Ha 6a3e 3KCIIepHMeHT0B C my60KHM BblX0)J.OM B 

3aKpH3HC [4]. 
B KaqecTBe OCHOBH0rO pe3yJihTaTa 3THX pa6oT MO>KHO 

YKa3aTb, tJT0 8 HCCJie,noBaHHOM o6JiaCTH napaMeTpOB ( OT 

11,7 .no 17 MTia no ,naBnemm, OT 650 .z:i:o 2600 Krl(M2
·c) no 

MaCCOBOM CKOpOCTH, OT 200 )J.0 285 °C no TeMnepazype 

BO.Uhl Ha axo)J.e a TBC 11 .no 750 - 800 °C no TeMnepazype 

TB3JIOB ), opHeHTHpoeaHHOH Ha ycJIOBH.H aBapHH, He CB.H-

3aHHbIX C TetJaMH TeTIJIOHOCHTeIDI (BblCOKHe MaCCOBbie CKO­

pOCTH, ,naBJieffHjl H TeIIJIOBble nOTOKH), nony-qeHa MOHO­

TOHHruI 3aBHCHMOCTb Tennoeoro nOTOKa OT TeMrreparyp1,1 

TB3na2. 3TO B QeJIOM )J.eJiaeT npaBOMepHbIM rrpaKTHKyeMoe 

onpe,neJieHHe rpaHHUhI pe)KHMa yxy.z:i:rneHH0ro Ten.noo6Me­

Ha no HHTerpanhHbIM napaMe'IpaM. IlpoBe)J.eHHbie ouemrn 

BKJia,u.a HHepUHOHHblX 3<fl<peKTOB, CBH3aHHblX B 3TOM Il0)J.­

xo.ne C OTCTaBaHHeM 3HeprOOTBo.n.a OT 3Heprono.uBo.n.a, a 

TaK)Ke C KOHetJHOCTblO BpeMeHH pacnpoC'IpaHeHIDI BO3M)'­

rueHIDI no TI0TOKY TeTIJIOH0CHTeJijl, Il0Ka3aJIH npHeMJie­

M0CTb KaK BeJIHl.JHH .llHHaMH"t.JeCKHX nonpaB0K (He npeBhl­

CHJIH 5% OT TeKymHX 3HatJeHHH TeIIJI0B0f0 IIOTOKa), TaK Ii 

HX 3HaKa (6onee OIITIIMHCTH'IHblH np0rH03 ). 

flpHBe,neHHbie paccy~eHIDI MOryT CJiy)KHTb npHMepoM 

BbI6opa paccMa'IpHBaeMblX oco6eHHOCTCH, npoBO)J.HMOfO 

HCXO,LVI H3 HX 3Ha"t.JHM0CTH ,LJ;IDI pactieTHbIX HCCJie,noeaHHM. 

BMecTe C TeM, YtfHTbIBruI orpaHHlJeHHOCTb KOJIH'-IecTBa 

3KCnepHMeHTaJibHO BbUIBJieHHhIX pe)l{MMOB TetJeHIDI ,nayx­

cpa3HOH >KH)J.K0CTH [IO], MO)KH0 npe.u;nonaraTb Han:wrne 

KOHelJH0f0 liHCJia KatJeCTBeHH0 Bbl,UeJieHHhIX TMTIOB KpHBOH 

KHIIeHIDI. 3To, B CB0IO oqepe,llb, Il03B0JIHeT yMeHblIIHTb 

KOJIHqeCTBO BepH<pHKa[(HOHHbIX 3KCnepHMeHTOB, opHeHTH­

py.SI HX .Jrnlllh Ha nepenposepey rrapaMeTpHtJec1<11x rpaHHU 

Il0.slBJICHIDI CO0TBeTCTBYIOUJ,HX THilOB. TaKHM o6pa30M, 

nepeXO)J. K CJIO>KHbIM HHTerpan:bHblM 3KCnepHMeHTaM 

npe)J.CTaBIDieTC.sI pean:H3yeMbIM (.llOCTaTOlJHbIM) C noMOIUblO 

rrpoaepKH orpaHH1.JeHm1x o6JiacTeH 3Haqemdi no Ka)f()l;oMy 

113 napaMerpoa. 

TaK, e KatJecTBe HanpaaJieHHH 11ccJie)J.0BaHHM MoryT 

1 B c11y 11 aRX CJ1a6ozo HaKJIOHa nepexooHou 0611acmu Kpueou 1<uneHUJ1. K ocu 6.T MOHomoHHOCmb noomeep:JtCoaJZacb e 3KcnepUMeHmax omcymcmeue.M 
zucmepe3uca npu na6ope u CHU:JK:eHuu MOUfHOcmu. 
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paccMaTpI-rnan>c.H 3a,n,aq11 onpe.n.eneHIDI napaMe-rpos, np11 
K0T0pbIX: HaKJI0H KpHBOH KHneHH.H a nepexo.n.HOH o6JiaCTH 
CTaHOBHTCH ropH30HTaJI.bHhIM, .n.eJiaeTC.H 0-rpm.1.aTeJihH.bIM 

J,fJJH nepecTaeT H3MeH.SIThCH; 110.HBllileTC.H TeMnepaT)'PHhIH 

MaI<CHM)'M Bbnue (no 110TOK)' TeilJIOHOCHTellil) TO'C!KH Haqa­

na KpH3Hca KHneHIDI; Haqarro o6nacTH yCToiicrnaoro ruie­
H0'9'.H0ro KHneHIDI npeebIIIIaeT onpe,nenettttyIO TeMnepaTY­
PY H T . .LJ.. IlpoeepKoii .n.aHHhIX no no,no6HhIM KpHTepHanh­
HblM napaMeTpaM, 110.rryqeHHblM Ha ynporueHHhIX reoMeT-

pIDIX, 11 MO.>KHO, no MHemuo aBTOpOB, orpamtt.JHTb eep11qn1-
Kal{HJO MeT0.D.HK Ha 110JIHOMaCllITa6HOH M0.LJ.eJI.H. IlpH 3T0M 
MHHHMa.JibH0e K0JIHtieCTB0 -rpe6yeMbIX 3KcnepHMeHT0B -
.LI.Ba Ha KruK,eyJO H3 TOilOJIOrH'IeCKHX rpaHHI..{: 3cpcpeKT eCTb 

"cnpaBa" 11 0TCYTCTeyeT "cneea". 
B KaqecTBe HaqarrhHOrO 3Tana pemeHIDI IlOCTaBJieHHOH 

33,Aacrn ecTecTBeHHhIM npe.n.crnem1erc.s1 BhI.HBJieHHe ecex 
B03M0)KHblX TOilOJIOrHqecKHX sapHal{HH Ha ynporueHHbIX 

c6opKax B HHTepecyeMoii o6naCTH napaMe-rpos. 
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KOM11blOTEPHAH TEXHOJIOrIDI SimPort H 3MY JUITOPbl ACY TII. 
OilblT P A3P AliOTKH 

B.A. PaHWlOB, p.H. JIHyiueeul/,, A.p. 3eHKOB, C.P. MQJlKUH, 
A. 0. MacaHoe, H.A. Mouceee, /1./.( PaKumuH, 

PHI.{ «Kypl/amoecKuu urtcmumym», 123 I 82, MocKea, nn. Kypl./amoea, 1 

B cTaThe o6o6meH peaJibHbIH onbJT BHeApeHHSI C03.[(aHHOH a PHU «KypqaTOBCKHH HHCTHTYT» KOMITbJOTepHOH TexHonorHH SimPort a 
pa3pa60TKY nOJIHOMaCWTa6HhlX -rpeHa:>KepoB H, rnaBHbIM o6pa.30M, 3Mym1rnpoa ACY TTI :mepro6JIOKOB. PaccMOTJ)eHbl OCHOBHbie xapaK­
TepHCTHKH TeXHOJIOfHH KaK Windows NT-peamt3aU.HH TeXHOJlOrHH Alf C CO3.[(aHH51 MO.[(eJ1npy10mHX CHCTCM, B TOM llHCJle TpeHIDKepHblX. 

KpaTKO npe.D.CTaBJieHbl pa3pa6oTaHHbie TpeHa:>KepbI 3Hepro6noKoB c ACY TTI, nepet:t11cneHb1 npo6neMbI 3MYJI51UHH ACY TTI, onHcaHbI 
cnoco6b1 HX peweHIDI, a TaIOKe H3JlO)KeHa pa3pa6oTaHH851 Ha peaJibHOM onhITe MeTO)J.OJJOrHSI CO3AaHHSI JMynnopoe ACY TTI. TIOATBep­
)K)J.eHHeM 3q>cpeKTHBHOCTJ1 H ypoBH51 TCXHOJlOfHl-f, a TaIOKe npe)J.JlO)KeHHbIX perneHHH npo6neMbl 3MYJ1SIUHH ACY Tn 51BJ151eTC51 CO'-leTam-Ie 

6ecnpeu,e.QeHTHO MaJibIX TPYAO3aTpaT (KaK MHHHMYM B.D.BOe HH)Ke, t.JeM )J.J151 H3BeCTHblX pa.3pa60TOK nOA06Horo ypoBH.SI) no CO3AaHJ.oUO 
nOJIHOMaCllJTa6HblX )J.HCnJieHHbIX TpeHa)l(epoB 3Hepro6JIOKOB C ACY Tn H HX COOTBeTCTBHSI coepeMeHHblM CTaH)J.apTaM TpeHa:>Kepoe AJU1 

A3C H ypOBHIO, BKJ1104M o6bCM MO.n,em1poBaHIUI, HX JIY4lllHX o6pa3UOB. 

SimPort COMPUTER TECHNOLOGY AND DCS EMULATORS. DEVELOPMENT EXPERIENCE. V.A. DANILOV, D.I. 
Y ANUSHEVICH, A.O. ZENKOV, S.D. MALKIN, A.O. MASANOV, I.A. MOISEEV, I.D. RAKITIN. This paper describes the Sim­
Port computer technology application experience related with power plant simulators and Distributed Control System (DCS) emulators 
development. The paper presents basic characteristics of the SimPort as a Windows NT-based implementation variety of the developed in 
RRC «Kurchatov Institute» math modeling and simulator creation AIS technology. The DCS-inclusive power plant SimPort-based simula­
tors are presented in the paper briefly. The DCS emulation principal problems, solutions and the experience-based DCS emulators devel­
opment methodology are presented also. The presented technology quality and efficiency as well as presented DCS emulation problem 
solutions were verified by the smallest power plant full scope computer simulators development man-hours (at least twice lower in com­
parison with the similar simulators) in combination with the simulators correspondence to the standard and the best quality of nuclear 
power plant simulators. 

BBEAEHME 

SimPort [1-3] SIBIDieTC}I Windows NT-opHeHTHpo­

BaHHOH peaJIH3al.{HeH pa3pa6oTaHHOM B PHU «KypqarnB­

CKHH HHcnnyrn TeXHOJIOrHH AHC [3-5], npe.D.Ha3HaqeHHOH 

,[{JUI C03)laHHSI MO,Uenwpy10m11x CHCTeM pa3JIWIHOro KJiacca 

11 Ha3Ha11emrn, BKJII011:a.SI TJ)eHIDKephI, aHaJIH3aTOpbl 6e30-

nacHOCTM 11 MO)len11pyIOIIU-te KOMITJieKCbl ,[(IDI o6oeKTOB 

rennosoii H MepHoM 3Heprennrn. 

TexHononrn SimPort ycneIIIHO BHe.npeHa rrpH co)leHCT­

BHM aMep»KaHCKHx KOMnattwii SAIC, DS&S 11 Western 

Services Corp. H 3amrna .[(OCTOHHoe MecTO Ha MHposoM 

pbIHKe TpeHIDKepoB )].JUI o6'heKTOB TeilJIOBOH 11 j!J(epHOH 

3HepreTMKH (1-3]. 
3H8'l{HTeJibH8SI qacTb COBpeMeHHbIX 3Hepro6nOKOB, 

rnaBHbIM o6pa30M TeilJIOBhIX, CHafoKeHa ABTOMaTH3Hp0-

BaHHbIMH C11cTeMaMH Ynpasnemrn TexttorrornqecKHMH 

ilpoueccaMH (ACY TTT) HJIH, no TepMHHononrn 6on1,­

llIHHCTBa 3apy6e)KHhlX KOMIIaHHH, Pacnpe.neneHHhlMH 

CHcTeMaMH Ynpasnemu1 (Distributed Control Systems, 

coKpameHHO DCS). ACY TTI HBJrneTCH HHTerpaJibHOH 

cHcTeMOH, 06ecnetJ11sa10meii pacnpe.D.eJieHHoe ynpasne­

HHe M aBTOMaTH3aUHJO Bcex CHCTeM :mepro6JIOKa. KoH­

TpOJib M aBTOManna:uwsr OXBaTIJBalOT BCCb UHKJI IIpOH3-

BO)lCTBa 3JleKTJ)HlJeCTBa: )lJI.sl TeTIJJOBOro :mepro6noKa 3TO 

MCJJbHHQhl ,[(JI.H nepeMaJihIBaHHSI yrllil, TOilKH ,[(Jljl C)l(Hra­

HHSI yrm1, CHCTeMa IIMTaTeJJbHOH B0,[(bl, napOBbie KOTJibl H 

ryp6HHh1, a TaK)Ke pa3ITH'4Hbie BCTTOMOraTeJJbHhie CHCTe­

Mbl, TaKHe KaK BeHTJUI.SIUIDI, CKpy66epbl, TeXHOJIOrH11e-

CKHH npouecc OlJHCTKH mnaTeJibHOH BO,[(hl, KOHTpOnb 

ypoBHSI NOx B .[(hIMOBOH Tpy6e H T . .[(. ACY TTI noBhIIIIa­

IOT 3<p<peI<THBHOCTh pa60Tbl TeITJJOBOM CTaHUHH H o6ecrre­

'l{HBalOT co6JIIO,[(eHHe HOpM ITO 3allJ.HTe OKpy)KaJO[lleH cpe­

.[(bl. ACY TTI )lOCTaToqHo MHoroo6pa3HbJ: B MHpe HacqH­

TbrnaeTcH OKOJIO 10-12 KpyrrHeHIIIHX q>HpM-pa3pa-

6oTtJHKOB H COOTBeTCTBeHHO THilOB II0)].06HbIX Cl1CTeM 

,[(llil 3Hepro6JIOKOB. 

Co3)laHHe MaTeMaTH'l{eCKOH MO)].eJIH H KOMilblOTepHO­

ro KO.[(a ACY TTI [6] npH pa3pa6oTKe TpeHIDKepa »BJrneT­

CSI cep1>e3HOH npo6neMOH B c1-1ny onpe,ueneHHhIX rrp11qHH, 

rnaBHOH 113 KOTOpbIX HBJIHIOTCH lJHCTO KOMMepqecKHe 

yrnnHrnpm,ie coo6pa)KeHHSI qrnpM-pa3pa6oTtJHKOB ACY 

TTI. Ka3aJIOCh 6b1, caMbIM rrpocTbIM cnoco6oM MO)len1-1po­

samrn TaKOH CHCTeMbl SIBJIHeTCSI BHe,upeHHe ee npOTOTH­

na-opHrnHaJia Ha -rpeHa)Kepe. Ho TaKoH nyTh HeB03MO)KeH 

ITO 3KOHOMHtJ.eCKHM coo6pa)KeHHSIM, TIOCKOJibKY )lJIH 3TOrO 

TJ)e6yeTcsr npocrn KYIIHTb ACY TTI, a ee CTOHMOCTb B 

HeCKOJibKO pa.3 npeBhIIIIaeT CTOHMOCTh CaMoro KOMJiblO­

TepHOfO TpeHa)Kepa TeITJ10Boro 3Hepro6noKa. TaKHM o6-

pa30M, )lJISI TpeHIDKepa Heo6XO.[(HMO pa3pa6oTaTh 3MYJUI­

TOP CHCTeMbl ynpaBJieHHJI, tJTO B HeKOTOpOM CMhICJle Ha­

IlOMHHaeT C03.[(aHHe caMoH ACY TTI, npae.na, no 11Me10-

If(eMycH npOTOTHIIY. 3a.[(atJa HeCKOJibKO ynpomaeTCSI Ha­

JlH11HeM q>yHK:UMOHaJihHOH HHq>OpMa:UHI-1 0 CHCTeMe, KOTO­

pasr, O)lHaKO, 3aMeTHO OTJrnqaeTCH ,UJISI Ka)KJJ,OfO npoeKTa 

IlOJJHOTOH, HOCHTeJUIMH HHCpopMaQHH H T.,[(. B JJJ060M 

59 



cnyqae T})y,no3aT})aT1>1 no c03,nattmo 3Myn.arnpa ACY TIT 
MO)KHO cpaI<THqecKH rrpHpaBH.8Tb K TPY,U03aT})aTaM no 
·pa3pa60TKe OCTaJibHOH qacTH IlOJIHOMacmTa6Horo ,L(HC­
nneH:HOfO TpeHa)Kepa 3Hepro6noKa, _na)Ke npH ycnoa1-111 
HaJIHqlUI TeXHOJIOfHH MO,nen11poaaHIUI ypoBH.8 SimPort. 

AaTOpbI a1>1pa)KaJOT 6naro,n:apHocT1> ,[(.B.f aapImoay, 

C.B.)I{HryHoay, ,[(.B.KHIIIHHeBcKoMy, K.f.TepneuKoMy, 
M.XycaHHoay, B.B.lllaJI.8, K.r . .51Koaneay, a TaIOKe MeHe,n­
)l(epaM KOMnaHHH DS&S H Western Services Corp. Y.Anrn 
H r.YTMeJIH,[{3e, BHeCIIIHM cymecTBeHHbIH Blilla,Il BO BHe­
.npeHHe TexttonorHH SimPort H pa3pa6oTKY Ha ee ocHoae 
3M)'JI.8TOpOB ACY TIT. 

TPEHA>KEPHblE PA3PA60TKM C 3MYnJITOPAMM ACY Tn 

B HacTORIU.HM MOMeHT Ha 6aJe TexHonorn11 SimPort 3a­
aepmeHa pa3pa60TKa H npHeMKa 3aI<a3tlHKOM T})eX IlOJIHO­
MacuITa6HhlX KOMilbJOTepm,IX T})eHa)KepoB C 3MYJI.8TOpaMH 
ACY TTI [ 6] ,L(JI.8 Terrnoa1>1x :mepro6noKOB. 
• Sherco2 (Northern States Power Co., ClllA, M11HHeco­
Ta) - rpeHa)Kep ,L(JI.8 2-ro 6noKa CTaHUHH. Morn.HOCTb 6noKa 
730 MBT. B cocTaB ,peHruKepa aomen 3M)'AATop ACY m 
MAX 1000 Control System (MAX Control Systems Inc., 
JfaHc,neiin, ITeHCI1JlbBaHIUI, ClllA). O6mee I<OJIHtJeCTao 
rrapaMeTpOB BBo,na/ablBO)Ia ,L(JI.8 3MYAATopa ACY TIT Tpe­
Ha)Kepa - OKOJIO 8000. B COCTa.Be T})eHruKepHOf0 KOMITJieKca 
- 10 KOMITbIOTepos: 'leT11pexrrpoueccopm,IB cepsep, HHCT­
pyKTopcKM CTaHI:~H.8, 4 I<0MflblOTepa H, CO0TBeTCTBCHH0, 
,n:HcrrneH AJI.8 rpacpw1ec1<oro oTo6pruKeHHH rryJihTa yrrpaa­
neHHR (50 3KpaHoB) H 3Kpattoa ACY TTI (73 3KpaHa), a 
TalOKe 4 K0MIU,IOTepa H ,L(HCnJieSI )J.JHI OT06pIDKeHH.sI T0JI.bK0 
3KpaHOB ACY m ( OKOJIO 200 3KpaHOB ). 
• Armstrong (Allegheny Power Services Co., ClllA, 
ITeHCHJibBaHH.8) - rpeHruKep ,L(JI.8 1-ro 6no1<a CTaHUHH. 
MomHoCTb 6n01<a 180 MBT. B cocTaB TpeHIDKepa B0illen 
3MYMT0p ACY TIT WDPF Distributed Control System 

ICOMOOIH, OfllP,ITOpl 

(Westinghouse Electric Company, IlHTc6ypr, ITeHCHJ11>Ba­
muI, ClllA). O6rn.ee K0JJHt{ecTBo napaMeTJ)0B BBO­
,na/a1>1ao,na ,nJI.8 3M)'JI.8T0pa ACY TIT TpeHa)Kepa - oKono 
4000. B COCTaBe TpeHa)KepHOfO KOMilJieI<ca - 8 K0MilblOTe­
poa: qer1>1pexnpoueccopHbIH cepaep, HHCT})yKTopcKa.a 
cTaHQIUI, 4 KOMITbIOTepa 11 ,n11cnne.s1 .nmI rpacp11:qec1<oro 
OT06pa)KeHHSI naHeJieH rryJibTa yrrpaBJieHH.sI (54 3KpaHa) H 2 
KOMITbIOTepa H ,nHcnJiejl AJI.8 oT06pIDKeHIDI 3KpaHOB ACY 
ffi (262 3KpaHa). 
• Arnot (ESKOM, IOAP) - T})eHa)l(ep ,nM 6-ro 6noKa 
CTaHI.UiH. MomHOCTI, 6noKa 350 MBT. B COCTaB TJ)eHa)l(epa 
aomen 3MYJI.8TOP ACY TTI ABB Control System 
PROCONTROL P (ABB Power Generation, Ea,neH, llisdi­
uapffj{). O6mee KOJIH'leCTBO napaMeTJ)OB BBO.LJ;a!BblBO,D;a ,L(JI.8 
3M)'JI.8Topa ACY TTI TJ)eHa)l(epa - OKOJIO 7000. B cocTaae 
TJ)eHIDKepH0fO K0MnneKca - 9 KOMilblOTepos: AByxnpou,ec­
copHbIH cepsep, HHCTIJYKTOpCKa.8 CTaHU,H.8, onepaTOpCKa.8 
CTaHUHR 11 6 KOMilblOTepoB C ,L(BYMH MOHHTOpaMH Ka)l(AbIH 
AM oro6pa)KeHID1 3KpaHoB ACY Tll. 

B KatJecTBe npHMepa Ha p11c. 1 rrpe,n:cTaBJieHa npo­
rpaMMHo-arrnapaTHM CT})YKT)'pa TJ)eHIDKepHoro KOMTIJieK­
ca ,nM 6-ro 3Hepro6noKa cramurn Arnot. 
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HEKOTOPblE TEXHH"IECKHE XAPAKTEPHCTMKfll TEXHO/IOff/1"1 SimPort 

Oco6eHHOCTM M Texm1qecKHe xapaKTepHCTHKH TeXHO­
nonrn SimPort nocrnrntrno nontto npe)lCTaBJieHbI paHee 
[ 1-3]. B .D,aHHOH pa6oTe c.n,erraH aKueHT Ha Te 113 HMX, KOT0-
pbie 6orree Bcero Ba)l{Hh1 HMeHHO .Alli pa.3pa6onn-1 3M)'lll­
rnpos ACY TIT. 
• B SimPort npHIDIT cTpyKT)'pHpoBaHHhIH rro)J,Xo.n, K naH­
HbIM. Jl:attHbie, cpopMa.JJH3YJOtnHe rrpM OITHCaHHH TOT HJIH 

HHOH qJH311qecKHH 061>eKT, opraHH3YJOTC.SI s BH)J,e C'fPYKTYP 
- THITOB C orrpe.n.eneHHbIM 1U1CJIOM rrapaMeTpOB. Kom1"tJeCT­

B0 pa.3JIH'lJHbIX THIIOB He orpaHH'lJeHO. 

• MaTeMan1qecIG1e anropHTMhI, pa6oTocnoco6Hbie e 
paMKax O.D,HOpo.n,HbIX (TO eCTb COCTO.SIW:HX H3 THIIOB O,lJ.HOli 

qJH3HqecKOH np11pom,1) qJH3H'CfeCKHX ITO,lJ.CHCTeM H, cne.n.o­

BaTeJihH0, npm13B0.D,,Sllll;J1e o6cqeT 0)lH0p0)lHbIX TMII0B, pea­
JHl30BaHhl B BH)J,e cpyttKUHH Mo,ue;mposaHH.SI. 
• B TeXH0Jl0rHH C)leJlaH aKl..{eHT Ha TaK Ha3bIBaeMoe 
«rpacfrnqecKoe nporpaMM11posam1e». Pact.JeTHM cxeMa 
Mo.n.em1pyeMOH CHCTeMhl rrpocTO «p11cyerc.S1» (npopHCOBbI­

BaeTC51 rnrronorH1:.JecKa.S1 cxeMa) B cpe.n.e crreQHaJibttoro, 
BCTpOeHH0ro B CHCTeMY rpacpo-aHam-nHqecKoro pe.n,aKT0-
pa. CxeMbJ Ha6J.1pa10TC.SI 113 npe)lBapHTeJihHO C03.D,aHHbIX 

THilOB. )J:aHHhie O »HapHCOBaHHOH» Mo.n,emf ofrhe.D,HWIJOTC.SI 

s TaK Ha.3hIBaeMyJO Kmny, K0TOpaR rrpe,uCTaBIDleT co6oM 
3aK0Htiemiyro TeXHOJIOrnqecey10 e)lHHHizy. Heo6xo,UHMbie 
.D,JUI cpyHKll,HOHHpOBaHH.SI BH0Bb C03)laHHOH CJIO)KHOH M0.D,e­
JlH <PYHKU.HH MO.n,em1poBaHID1 11JIH MaTeMaTH'lleCKHe anro­

pHTMbl Ha3Hat.JaIOTCj{ Ha KHHry. 
• TexHOJIOI'H.SI no.n,.uep)KHBaeT npeeMCTBeHH0CTb pa3pa-
60TOK. B ee cpe.n.e co3.n,atta 6oraTeH1.mu1 6J.16m-t:0TeKa np11-
1<m1,ntth1x HHcTpyMeHT0B. Ka)KJ:(oe TaKOe SimPort­
npHJI0)KeHHe rrpe.n,CTaBJI.SleT co60H COB0KJITH0CTb THil0B H 
o6pa6aTbIBalOII(HX 3TH THilbl K0.D,OB. 3n1 HHCTpyMeHTbI 
M0ryT 6bITb HCTT0Jib30BaHI,I .D,IDI pa.3pa60TKH H0BbIX pac­
qeTHblX cxeM. Bee HHCTpyMeHTbI xoporno 0TJia)KeHhl, tIT0 

TI03B0JIHeT pa3pa60T'l!MKY m6e)KaTb H3J111ll1HHX rpy )l03a­
rpaT npH Mo.n,enwpoBamrn. B npouecce pa3pa6oTKH 3MJJ151-
rnpa ACY TIT MAX 1000 Control System pa3pa6oTaHhI .n.Ba 
HHcrpyMeHTa TexH0Jl0rHH SimPort: Max Control Tool 11 
Max Control Ladder Logic Tool, no3B0JI.SIJOIUHe 3MYJIHpo­
BaTh pa6o-ry C00TBeTCTBeHH0 cpyHKI.(HOHaJihHbIX 6JIOKOB 
Max 1000 Control System 11 peneHHhIX uenei1 ynpaeneHIDI 
H 3al1(HT. 

• TexHOJIOfIDI 5IBJI,HeTC}I OTKpbITOH, Il03BOJI.S151 IlO)lKJIJO­

qaTh K peanH3oBaHHoi1 a ee cpe.ue Mo.n,eJIH paHee pa.3pa6o­
TaHHhie H BepHqJHU.MpOBaHHbie K0,[.(hI, HaITHCaHHbie CT0-
p0HHHMH pa3pa60Tq11KaM11 BHe SimPort. TexHononrn no-
3B01rneT 3anycKaTb BHellIHHe ITO OTHOUieHHIO K HeH KO.D,bl H 

rrpe,ll0CTaBJI,HeT B03M0)KH0CTh o6MeHa .n,aHHbIMl1 C HHMH no 
CTaH.D,apTHbIM 11 cneuMaJibHhIM rrpOTOKOJiaM. TaKHM )Ke 

o6pa.30M, HanpHMep, pearrH30BaH 3MYJ151T0p rpacpHt.teCKHX 
3KpaHoB ACY TIT ABB Control System PROCONTROL P. 
• Texttononrn npe.n,ocrneJI.S1eT .n,oc-ryn K JIJ060M)' rrapa­
MeTpy Mo.n,eneH H o6na.naeT MOIUHOH c11cTeMoa B11Jyan113a­
[(HH, B K0Topy10 BX0.D,.SIT rpacpHKH, Ta6JI.HUb1, npocTO q11c­

JieHHbie 3Hat.JeHH.SI, TeKCTOBbie .n.oeyMeHThl, a TaIOKe CIIe[(H­

aJihHbie .D,HHaMHtieCKHe 061>eKTbl (Hanp.11:Mep, pa3JIHtIHhie 
pHCJHKM B 3aBHCHMOCTJ1 OT 3HatieHH5I rrapaMerpa). TexHO­
JI0rH.SI Il03B0Jl}IeT npHBH3bIBaTb K fOTOBOH M0,UeJIH Hanrn.n.­
H0e 11306pa)Kem1e 061>eKTa Mo.n,e1rnposattIDI ( cpoTorpacpH.S1, 
pHCJH0K, qJHJihM H T.n.) c OT06pa)KeHHeM Ha ero cpotte co-
0TBeTcTBy10.11vrx pe3yJihTaTOB Mo.n,e1rnposamu1. 3rnx 
cpe.n.crn Bil0JI.He .D,0CTaT0tJH0 .D,JUI pa3pa60TKH 3KpaHHbIX 
o6pa.30B (soft-rraHeJieH) nyJibT0B ynpaBJieHIDI TeTTJI0BbIX 11 
aTOMHbIX CTaHUHH, a TaIOKe ,[.(JI5I 3MJJI.sIQHH rpacpw-1eCKHX 

3KpattoB ACY TIT. 3KpaHhI CHCTeM MAX 1000 Control 
System H WDPF Distributed Control System B0Cilp0H3Be­
.n,eHbI C HCilOJib30BaHMeM CTaH,lI.apTHbIX cpe,lI.CTB TCXHOJIO­

rHH SimPort. 

CTPYKTYPA ACY Tn M 3AAA"ll-1 3MYIISIUMH 

HecMOTp.sI Ha MHoroo6pa3He ACY m see 0HH 0611a.n,a­
IOT TIOXO)KeH CTpJKT)'POH. O6Il(a.SI CTpyKTypa HeKOH 0606-
meHHOM rum nmoBOH ACY TIT npe.n,cTaaJieHa Ha p11c. 2. 
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Puc. 2. 06U/aR cmpyKmypa munoeou ACY Tll 

Pacnpe.n,eneHHbIH O6pa6anrnaJOII(HH EJioK (POE) 
ocymecTBmieT M0HHT0pHHr H KOHTJ)0Jib 3a pa6oTOH o6o­
py .n.oBaHH51 CTaHUHH, T.e. o6ecnet.rnBaeT ,ll0CTyn K mo6oMy 
KOHTpOI111pyeMOMY napaMeTpy H IlO.LJ.)lep)Kl,fBaeT ero 3Ha­

qemie a nwana3otte coorneTcrny10mHx npe.n.enoB (ycrn­
BOK). Kor.n.a 3HaqeHHe KOHTpOJIHpyeMoro napaMeTpa Bbl-

X0.D,MT 3a ycTaH0BneHHbie npe.n.enbI HJIH rrpoHCX0.D,HT c6011 
8 pa6oTe o6opy.n,oBaHH.SI, 3Ta HHqJOpMa[(H.SI 3aH0CHTCH B 
PerncTp Co6hlTHH (PC) 11 M0)KeT 6b1Tb orn6pa)KeHa Ha 
3KpaHe OnepaTOpcKOH Cratt[(HH (OC) B BH.n,e npe.n,ynpe­
.IJ.HTeJibHOH WHJIH aBapHHHOH cHrnamnal.{HH. ACY TTI 
Il0JJ..D.ep)l(HBaeT 6a.3y .n,aHH.bIX, s KOTOpOH xpaHHTC}I MH­
cpopMal.llUI 0 pa6oTe CTaH[(HH 3a .D,JIHTeJibHhlH nep.110.n. 
speMeHH (EnoK XpatteHH.SI 11 BoccTaHOBJieHH,H )J:aHHhlX -
6XBJJ:). HanpHMep, 3T0 M0)KeT 6b1Tb Ha6op K0HTp0mi­
pyeMblX rrapaMeTPOB, 3HaqeHH.SI KOTOpbIX coxpaH5JIOTC.H 

Ka)K):(ble 5-10 ceKyH.n, B Tetiem1e MH0fHX .D,HeH, a II0TOM 
MoryT 6hITb BbIBe,lleHhl s BH.n,e rpacpHKa. 

KIDK,ll.a.SI ACY m HMeeT 6a.Jy .ll.aHHhIX rrapaMerpoB (rn­
qeK): JIOKaJibHbIX H TeXHOJIOrHl.JeCKHX. noKaJlhHble HJIH 

BHyrpeHHHe T0qKH CHCTeMbl cny)KaT )lJI.SI rrepe,llatJH .n,aHHbIX 
Me>K.Lzy pa3HbIMH M0)lJJIRMH, a TaIOKe .D,llil xpaHeHH.SI HH­
cpopMaum1 o cocTO.SIHHH caMoro M0.AJllil (Hanp11Mep, ec1rn 
Mo_nynh pa6orneT onpe.n,enettttoe apeM,H). I1HTepcpeHc Me)K­
.uy ACY TIT H 3Hepro6noKOM ocymecTBJI5JeTC.SI nocpe.ncT­
B0M TeXH0JI0fHlJeCKI1X T0l.!eK BB0,Ua-BblB0.D,a: aHaJI0fOBblX -
AI, AO (analog input H output) M QM<ppoBbIX - DI, DO 
(digital input 11 output). I1ttTepcpei1c Me)K)ly MaTeMaT11qe-
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I 
c1<ou Mo,neJihIO :mepro6noKa 11 3M)'JIHTopoM ACY TTI TaK­
)Ke ocymecTBJIHeTCH nocpe,LlCTB0M 3THX ToqeK. B 683e .naH­
HbIX ,Llllil KIDK,IJ.OH rnqKH ACY TTI co.nep)l(HTCSI cne.nyiomaH 
1rncpopMal(HS1: OITHCam1e TOqKH, e.L{HHH[la H3MepeHID1, Tl111 

T0tJKH (aml.lIOfOBbIH rum nmppOBOH), BepxHHH H HIDKHHH 
npe.neJihI, rrpH0pl-lTeT ,LlIDI CHfHaJI0B 0TI<Jl0HeHIUI, BpeMH 
CHrHaJia OTKJIOHeHHSI, TeK)'m;ee H rrpe.n1:,i.nymee 3HaqeHIDI H 

T.,Ll. BcH 3Ta HHcpopMal(H.SI HBIDleTC51 ,LlOCTYJIHOH ,LlIDI OTO-

6pa)l(eHIDI tta 3KpaHax ACY TTI. HMeHHO Ha octtoBe 3THX 
OIIBCaHHH npH pa3pa6oTKe TPetta)Kepa 61:,mH coJ.naHbl 6aJhI 
,naHHhIX acex TOtfeK ACY TTI H ToqeK sao,na-BbIBo,na B 
qJOpMaTe Microsoft Access. 

OC HBIDieTCH ocH0BHbIM HHTepcpei1coM ACY TTI H rro-
3B0IDieT onepaTopy Ha6n10.naTb TeK)'IUee C0CT0.SIHHe 3Hep­
ro6JIOKa, a TaIOKe ynpaBIDITb BCeMH pe)l(HMaMH ero pa6o­
Thl. B C0CTaB oc MO)KeT BXO,LlHTb crreI.Uia.JlbHa.SI KJiaBHazypa 
,Llllil Toro, lfT06bI onepaTop HMeJI .noc-ryn K .naHHhlM H KOH-

TPOJThHblM ,nHarpaMMaM, HCIIOJib3Y.SI cpyHIQlHOHa.JibHbie 

KJiaBHllIH. oc HMeeT B CBOeM COCTaBe TaK)Ke npIDITep .nm1 

pacneqaTKH CHTHaJIOB OTKJIOHeHHH 0'. npoqeii 1rncpopMaQI1H, 

He06XO,LlHMOH onepaTopy. 
OcHOBHbIMH Ja,n.atiaMH rrpH 3Mym11.(HH ACY TTT HBJUI­

IOTCH crre.zzy10mHe: 
- C03,l{aHHe 6H6JIHOTeKJ1 K0,Ll0B, M0,LleJIHpYIOlllHX cpym<­

IOI0HHp0BallHe oT.nerrhHbIX ynpaBJUIIOIUHX Mo.zzyneii ACY TTT; 
- TOqHoe BOCI1pOH3Be,LleHH.e BCeH KOHq>Hrypal(HH CHC­

TeMhl ){JUI K0HKpeTHoro 3Hepro6noKa; 
- CO3,LlaHHe 683bl ,LlaHHbIX TOtieK A~Y ill H TeXHOJIOrH­

qeCI<HX T0t{eK; 
- HHTerpauH.SI MaTeMaTH"'l{eCKHX MO,LleJieH TeXH0JI0rHtJe­

CKHX CHCTeM CTaHUHH (6oHJiep, CHCTeMa mnaTeJlhHOH 1\0· 
.LJ;hI H T.,n.) c cooTBeTCTBYIOIIU-IMH qacTSIM.H ACY TTT, KOH­
TP0JIHpy10IUHMH HX pa6ozy; 

- 3MYJI.SIQIDI rpacpHtJeCKHX 3KpaHOB oc. 

PA3PA60TKA 6H6/U10TEKH KOAOB MOAYllEM ACY Tn 

Oco6eHHOCThlO POE HBIDieTcH M0JzyJibHaH Komtmrypa­
l.lH.SI c MHHHMaJibHbIM K0JIWieCTB0M 0CH0BH0fO o6opy.n;osa­
HH.SI. Ka)K,LlbJH M0,LJ;)'Jlb OCHameH MMKporrpoQeccopoM H 
BMeCTe co BCTPOeHHbIM BBO,Ll0M-BbIB0,Ll0M o6p83yeT K0M­
naKTHbIH M 3aKOHlJeHHbfH ynpaBIDUOll.UfH 3JJeMeHT. 

Ka)l(,Lla.SI qmpMa-p83pa6oTtJHK ACY TTT o6na.n.aeT co6-
CTBeHHhIM Ha6opoM no.n;o6HbIX M0.nyJieH. Mo.nynH no.n­
po6Ho om1caHhl B TeXHHqecKOH ,LlOK)'MeHTaI.UfH CHCTeMbl, 
rrplfqeM 0TIHCaHHe Ka)l(.L{0f0 M0JzyJUI, KaK rrpaBHJI0, BKJilO­
qaeT B ce6H om1caHHe ero BXO,LlOB H BhIX0,Ll0B, anropHTM 
pa60Tbl H 6JIOK-CXeMy. 3TOH 1rncpopMan1-rn 61,maeT )l0CTa­
TOl.{HO .a;nH ttan11caHID1 Ko.a;a, Mo,nen11py10mero ero pa6ory. 
K CO:>KaJieHHlO, HeI<OTOpbie clJHpMbl, IIpOH3BO)ljlmHe ACY 
TTT (K rrpHMepy, MAX Control Systems H ABB Power 
Generation), npoeo,uSIT nonHTHK)' ttepacnpocTPaHeHHH cso­
ei1 TeXHOnor1111. Il03TOM)' Ha MHOrHe MO.L{yJIH OTCyrCTBOBa-

JI0 KaKoe-JIH6o none3H0e 0TIHCaHHe, H rrpH H3IlHC3HHH K0-
,LJ;OB npHX0,UHJIOCb pyKOB0,LlCTBOBaTbC.SI JIHIIJb 061.l{HMH co­
o6pa)l(eH.IDIMH H pe3yJihTaTaMH cpyHIQ(HOHHpOBaHIDI 3THX 
MO.eyneii Ha 6JIOKe. TI03TOMY OKOHl:{aTeJibHa.SI 0TJia.z:{Ka 3THX 
K0.l(0B np0HCX0.l(HT ~e npH HHTerpaum{ 3MYJIHT0pa ACY 
Tn C MaTeMaTHl.{eCKHMH M0,Llen.SIMH TeXHOJI0rH'IeCKHX CHC­
TeM 3Hepro6noKa (zyp6HHhI, 6oi1Jiepa, TIHTaTem>HOH B0,LJ;bl 
HT.,LJ;.). 

TaKHM o6p830M Ba)l(HeHllIHM 3JieMeHT0M pa3pa60TKH 
3MYJI.S1Topa Ka>K)].OB KOHKpernoJi ACY TTT HBIDieTc.SI co3.a;a­
HHe 6H6JIHOTeKH KO,Ll0B no BCeM K0HTP0JIHP)'J0I.UHM 
(ynpaamnomHM) MO.L{yJI.SIM ACY TTI 3Hepro6noKa. TipH 
3MYJI.Sil.lHH MAX I 000 Control System pea.JIH30BaHhI MaTe­
MaTH"'l{eCKHe MO.[(eJIH .L{IDI 90 no.no6HhIX MO.nyneii, rrpH 3My­
IDIQHH WDPF Distributed Control System - ,nnj{ 45, ABB 
Control System PROCONTROL P- .Un.SI 75 Mo.nyJieii. 

BOCnPOH3BEAEHME KOHCl>HrYPAL,IMH ACY Tn 

11rnK, ACY TIT 3Hepro6noKa cocT0HT H3 ynpaBJI.SIIO­
IUHX Mo,nyneii. BbIXO.[(bl 0,LlHHX yrrpaBJIHIOU\HX Mo,nyneii 
j{BJIHlOTC.SI BX0,LlaMH .a;pyrHx, a rpynn1:,1 MO.nyJieH o6pa3yIOT 
ynpaBJI.SIIOIUHH l.lHKJI, K0HTponHpy10m11ii onpe,nenettttoe 
o6opy ,noBaHHe 3Hepro6noKa ( Ja,nBH)l(Ka, KJiarraH, Hacoc, 
BeHTHllilTOp H T.,U.). fpyrrna ynpaBJIHIOII(HX l(HKJIOB 06pa-
3yeT COOTBeTCTBeHHO ynpaBJij{IOII(HH 6JIOK, OTBeTCTBeH­
Hbl.H y)Ke 3a l.leJIYlO TeXHOJIOfHlJeCKYIO CHCTeMy 3Hepro-

6noKa (HanpHMep, zyp611tty, 6oi1nep H T.rr.). B rrocne.n;o­
eaTeJibHOH uenolIKe Mo.nyneJi npe.nycM0TPeHa cnel(Ha.Jlh­
HaH o6paTHaH CB.Sl3b Ha TOT cnyqaii, ecJIH onepaTOp 
ynpaBJIHeT TeMH HJIH HHhIMH Mo,nym1MH Bpytrny10. Otta 
03HaqaeT aBTOMaTH-ciecKyJO KOppeKTHpOBKY BbIXO)lOB 

rrpe,nlllecTByiomHx B l(enotJKe Mo.a;y JieH TaK, qT061>1 
ynpaBJISllOllla.SI onepal(IDI Bhin0JIIDrnacb 6e3 CKal.lKa Bbl­
X0.L{HOfO napaMeTpa MO.UYJI.SI (HarrpHMep, IIpH nepexo,Ae OT 
PYlIH0f0 K aBT0MaTHtJeCK0M)' ynpaBJieHHlO H T.,Ll.). 
YnpaBJISllOII(He 6JIOKl1 06MeHHBalOTCj{ Me)K,Lly co6oii ,naH­
HhIMH M, TaKHM o6pa30M, ACY TTI o6paJyeT o.a;Ho e,n1rnoe 
uenoe, B KOT0pOM ynpaBJieHHe O,LlHHMH CHCTeMaMH TeCH0 
CBH3aHo c pa6oTOH .a;pyrnx. 
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Cne,noaaTen1:,Ho, em;e o,nHoii Ba)l(HOH 3a,naqeif 3MYJI.SI­
l.lHH ACY TTT .srnJI.SieTcH T0lIHoe BocrrpoH3Be,neHHe ee 
KOHq>Hrypaum1. 

3a,n.aqa 3Ta peruaeTC.SI rro-p83HOMY B 3aBHCHMOCTH OT 
Toro, B KaK0M BH,[(e 6hma rrpe.uocnmneHa HH<popMau;H.SI no 
KOHq>Hrypa~1rn ACY TTI, a TaK)Ke OT Toro, KaK.He Tpe6oaa­
HIDI 3aK83l.lHK rrpe,n'h.SIBJI.SIJI K TPeHa)l(epy. 

• I1ttcpopMal(IDI rro MAX I 000 Control System 6hrna rrpe­
,nocraBrretta B BH,U.e 3neKTpOHHOH 6a3bl ,LJ;aHHblX C B03M0)KH0-
CTblO pacneqaTKH ee B BH,U.e .UHarpaMM. IlpH 3M)'JI.SIUHH CHC­

TeMbl B paMKax TeXH0JIOrHH SimPort pa3pa6oTaHa 6H6JIHO­
TeKa HHCTpyMeHT0B MAX Control Tool H Ladder Logic Tool, 
s C0CTaB K0TOpOH BXO)];IT M0.[(e.lIB cpyHIQ(HOHa.JibHI,IX 6nOKOB 
H peneKHbIX l(eneJi ynpaaneHIDI H JamHT. 3Ta 6"116n11oreKa 
HCilOJ1b3OBaJiaCb ,LlJlH MO,LleJIHpOBaHIDI Bcex pacqeTHbJX cxeM 

H pa3pa6oTK.H <pyma.uu-1 Mo.a;eJIHp0BaHIDI ACY TTI. 

• I1H<popMal(IDI no WDPF Distributed Control System 
61>IJia rrpe,D;0CTaBJieHa B BH,LJ;e cpaiiJIOB HCXO,LJ;Hb1X KO,LlOB, 
co.nep)l(aU,lHX 6aJy .a;aHHbIX TOl.leK H KOHqJHrypal(HlO CMCTe­
Mbl. Ilo TeXHHqecKoMy 3a.n;attH10 tta Tpetta)l(ep Armstrong 
p83pa6oTaH nornqecKHH TPaHCIDITop, KOTop1>1ii H3 11cxo.u-



► 

HbIX cpafinoB C03,[(aBa.JI K0,Ll cpyHKIJ;I1H M0,[(eJrnpoBaHHH C 
nocJie,[(OBaTeJihHhlM Bbl30BOM MO,[(eJieH (K0,[(0B) ynpaB­
JUUOLUHX Mo,zzyneii B TOM nopH,u;Ke, B KOT0p0M OHH Haxo­
,LVlTCH B KOHq>HI)'pauHOHHOM cpai1:ne. 
• KompnrypauIDI ABB Control System PROCONTROL P 

6hina npe,nocTaBneHa B BH,[(e 10 TOM OB pacnelfaTaHHbIX 
JIOrffl-IeCKHX ,[(HarpaMM. non11-IeCKHe ,AHarpaMMbl Ha6npa­
JIHCh B TeKCTOB0M BH.,[(e B cneUHaJibH0 pa3pa60TaHHOM 
<popMaTe H 3aTeM o6pa6aTbIBa.JIHCb TpaHCJIHTOp0M ,nJIH rro­
JiytJeHIDI 6a3bl ,naHHhIX H. cpymnnn1 M0,[(eIDlp0Bamrn. 

MHTErPAL\H.R MATEMATH"IECKMX MOAEnEH TPEHA>KEPA C 3MY/UITOPOM ACY Tn 

Ha.JI1.Pu1e ACY TIT Ha 3ttepro6noKe H, coorneTCTBeHH0, 
ee 3MYID1TOpa B COCTaBe -rpeHIDKepa 3Hat.IHTeJibHO ycJIO)K­

WieT rrpouecc 0TJia,AKH MaTeMaTH'-ICCKHX MO,nerreii TeXH0-
JIOfffl-leCKHX CHCTeM CTaHUHH, TTOCK0JibKY ACY m «npo­
HH3hIBaeT» pa6ory BCero o6opy,noBaHHH, H C0CT0HHHe o.n­
HHX Cl1CTeM BmrneT Ha ynpaBJieHHe ,npyrnMH. IT03TOMY 

pa3pa60Tl.fHKH MO,[(eJieH TeXHOJIQfHqecKHX CHCTeM 3Hepro-
6JIOKa 3aqacry10 CTaJIKHBaIDICb C cepbe3HblMH rrpo6rreMaMH 
KOMIUieKCHOM 0TJia,LlKH H TecrnpoBaHIDI MO,Aenei1: B C0CTaBe 
'I'peHa)Kepttoro K0MITJieKca, npHqHHbl KOTOpbIX TaK HJIH 

HHaqe CB.H3aHbI C 3MYIDITOpOM ACY m . B q11cne 3TI1X 

npH1IHH KaK HenpaBHJibHOe KOHqmrypHpoBaHlie B 3MYJI.H­

rnpe Mo,nyneii ACY TIT, TaK H HenpaBHJihHaH pea.JIH3auHH 
MO,neneH OT,AeJihHblX Mo,zzyneii H3-3a OTCYTCTBIDI TOqJIOTO 

OITHCaHH.H HX pa60ThI. 

O6mee KOJIHlfeCTB0 rrapaMeTJ)OB BBO,[(a/BbIBO,D;a (IO) 
,[(JIR 3M)'JI.HTopa ACY TTI rpettIDKepa Sherco cocrnBHJJ0 
8000, TpemoI<epa Armstrong - 4000, Arnot - 7000. 

B3aHMO,[(eHCTBHe MC)K)zy MaTeMaTHqecKHMH MO,[(eJI.HMH 

TeXHOJIOrJ,ltJeCKHX CHCTeM 3Hepro6noKa H 3MYIDIT0pOM 
ACY TIT ocymecrnIDieTc.H B rpemt)Kepe c IlOMOJ.UbIO cne-

QHa.JihHhIX npoMe~rnqHhIX 061,eKToa (ITO) no np.HM0H 11 
o6paTHOH cxeMaM: 
• {naM51Tb MO,[(eJUI ➔ no ➔ naM51Tb ACY TIT}; 
• {naMHTh ACY Tn➔ no ➔ rraMHTb MO,[(em1}. 

ITepe.n Haqa.JioM pa6oTbl 3MYJIHTopa ACY TIT ,naHHhie 
MO,[(eJIH 3Hepro6noKa KOnHpylOTC.H B ITO, r.ne OHH C IlOMO­
LUhlO cneuHanhHOH IO-3a,nat.IH (IO-TASK) HopM11pyrorc51 B 
COOTBeTCTBHH C CHCTeMaMH e,n:HHHU H3MepeHH51, rrpHH51-

TblMH B ACY TIT {ttarrp11Mep, B CHCTeMe ABB Control 
System PROCONTROL P B octtoBHOM rrpHIDIThI npoueH­
ThI). 3aMeTHM, lfT0 np11 3MYJI51UI1H ACY TIT Heo6xo.n;11Mo 
CTpOro rrpH,u;ep)KJ-iBaTbC.H rrpHIDITblX B HeH CHCTeM e,[(HHHU, 
TaK KaK C HHMH CB.H3aHbl Bee npe,neJibl M K03cpcpm.1.HeHTbl, 

«3arn1-1n1e» B Mo,zzynnx ACY TIT. KpoMe rnro, Hanp11Mep, 
.AJI.H 3MYJIITTopa CHCTeMbI ABB Control System 
PROCONTROL P B ITO BbflfHCJIHJOTC51 ,norroJIHHTeJihHhie 
BX0,[(Hhle TOllKH (HarrpHMep, aHaJI0rOBbie BCIDft{HHbl npeo6-
pa3yIOTCH a u11cpp0Bb1e: >MAXI, <MAXI, >MINI , 
<MIN 1 ), nocne qero npeo6pa3oBaHHbie BX0,[(Hbie ,naHHhie 
K0ilHpyroTcH B naMnTb 3MYIDITOpa. nocne 3aBepmeHIDI pa-
6oTbI 3M)'ID1TOpa ACY TIT BhIX0J:lHhie .naHH1>1e 113 ero na­
M51TH t1epe3 ITO K0nHpyIOTcn B naMHTh Mo,neneH. 

3MYnSll,\M.R rPACl>M'-IECKMX 3KPAHOB oc 

Ba)l(Hei1:rneii 3a,naqeii HBIDleTc.H 3MYJI.HQIDI 3KpaHoB one­
paTOpCKOH cTaHUHH ACY TIT, rrp11 n0Mom11 KOTOphIX orre­
parnp ocymecTBJI.HeT MOHHT0pHHr l1 K0HTpOJib pa60TbI 
3Hepro6110Ka. Hanp11Mep, Bee ynpan11ettHe 3Hepro6noKOM 
CTaHUHH Arnot ocym;ecTBJI.HeTC.H TOJihKO qepe3 rpaq>Hlle­

CKHe 3KpaHhI cHcTeMbI ABB Control System 
PROCONTROL P. ITo3TOMY npH co3.n;aHHM TpeHIDKepa 
He06XO,[(HMO BOCilpOH.3Be,nem1e scex B03MO)KHOCTeH oc 
ACY TIT. KaKOBbI )Ke OCH0BHhie cpyttKUHOHaJibHbie B03-
MO)I(Hocrn OC ACY TIT, pea.JIH30BaHHhie B 3MYID1Tope? 
• oc I103BOJI.HeT BblB0,AHTb HHq>OpMaQHIO O mo6oM napa­
Me-rpe, K0HTpom1pyeMOM ACY TTI (TeKYJ.Uee 3tta1Iem1e, 
OilHCaHHe, e,[(HHHUbl H3MepeHIDI, ycTaBKH, npHOpHTCT Clff­

Ha.JIOB OTKJIOHeHIDI H T. ,[(. ). 

• QC rro.n.nep)KHBaeT pa311H1IHble B11,[(bl 3KpaHOB, BKJIIO'laH 

,[(HHaMifl-IeCKHe pHCYHKH, OKHa BBO,[(a 3HaqeHHH (HanpHMep, 

THna «H3MeHl1Th ycTaBKY») HJIM 01rna ,[(IDl BbffiOJIHCHIDI 

onpe,nerreHHbIX orrepaQHH {ttanp11Mep, «3a)KelJb ropenKY» ). 

• 3KpaHhI OC HMeJOT Hepapx11qecKYIO CTJ)YKTYPY OT 
fJlaBHOro 3KpaHa K 3KpaHaM TeXHOJIOrntJeCKHX CHCreM H 

Il0,LlCHCTeM 3Hepro6JIOKa. 
• oc ITO3BOllileT BhIBO,[(HTh rpacpHKH ,Allil 3apaHee BhI-

6paHHhlX rrapaMeTJ)OB, CilHCKH CHI"HaJIOB OTKJIOHCHHH (Bbl­
XO,[( 3a npe,n;eJibI ycTaBOK), pacrrellaThIBaTb Ha rrpHHTepe 3TH 

CITHCKH, a TaIOKe TeKYmHH OTKpblThlH 3KpaH HJIH CilHCOK 

,AeHCTBHH oneparnpa. /J:JI51 q>OpMHpOBaHHH CilHCKa rpeBO)K­

HbIX co6hITHM cneUJ,{a.JlbHaH 3a,nat.Ja, MO,[(en11py10masi CHf­
HaJIH3aumo (Alarm-TASK), rrocne 3aseprneHHH pa6on,1 

3MYJIHTopa ACY Tn «rrpoxo,nHT» no eceM K0HTJ)OJIHpye­
M.hIM rrapaMerpaM 11 rrposepsieT 11x 3HatJemui:. KpoMe Toro, 
B 6a3e ,[(aHHhIX 3KpaHOB oc MOryT co.n;ep)KaThC51 npOCThie 
rronrqecKHe onepaum:1 (Harrp11Mep, ecmt rrapaMerp paBeH 
'0', BhIBO,[(HTh CTp0KY «Normal», 'l' - «Alarm»). 

Cne.nyer 3aMeTHTb, 1ITO rrpH 3MYJI.HQHH 3KpaHOB CHCTeM 

WDPF Distributed Control System H ABB Control System 
PROCONTROL P Ha HaqanbH0M :nane rrp11xo,n;M11och 
TI0Jlh30BaTbC.H TOJihKO TeXHHl.feCKOH .LJ;OKYMeHTau,11e11 C 0ITH­
caHHeM pa311HtJHhIX THI1OB 3KpaHOB H cneUHaJihHbJX rpaqm­

qecKHX q>yttKQHH, a TaIOKe pacrretiaTKaMH 3Kpattos. B 
,[(aJibHefuneM rpacp11qecKHe 3M)'JI5ITOpbI OTJia)KHBaJIHCb B 

npoQecce TecT-rrpoue,zzyphI coeMeCTH0 c oneparnpaMH 
3ttepro6noKa 11 Henocpe,ncTBeHHO Ha caM0M :mepro6noKe. 

3a,n.aqa 3MYIDlQHH rpacpHqecKHX 3KpaHOB ACY Til pe­
ma.Jiac1, Il0-CB0eM)' Ha K~OM -rpemt)KepHOM npoeKTe. 
• no TCXHHt{eCKOMY 3a,naHMIO Ha TpeHa)Kep )J.Jl.8 3Hepro-

6noKa Sherco (ACY TIT MAX 1000 Control System) 3aKa3-
tJHK npe.nocTaB.IDln 4 KOMilblOTepa C rpaq>Ht.IeCKHMH 3Kpa­
HaMH OC (GP-3KpaHa.Mu) ACY TIT, 11 no3TOMY B rpeH8.)Ke­
pe Heo6xo,n:11Mo 61,rno o6ecneqHTh n11rnh nepe,naqy ,naHHhIX 
Me)K)zy 3KpaHaMH 11 rexHonorneii SimPort. npas,na, «no 
BHHe» see TOH )Ke ITOJIHTHKM Hepacrrp0CTpatteHH.H TeXH0JI0-
nrn, np0TOK0JU:,I o6Metta ,[(aHHI:,IX npe,nocTaBJieHhl He 6hIJIH, 
ITO3TOMY Ha paClIIH<ppOBKY 3TMX npOTOKOnOB YCHJIHH IT0-
Tpe60BaJIOCb He MeHbille, qeM Ha pacrnHcppOBKY III)'MCp­
CKHX rJIHIDIHbIX Ta6m1qeK. B ,[(aJibHeHrneM, npH MO.IJ.epHH-
3aUHJ-1 rpeHa)Kepa, C HCilOJih3OBaHH'eM rpaq>Jft{eCKHX BO3-
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MO)KHOCTeii SimPort 6brno .n;onoJIHHTeJihH0 «ttapHcoBaHo» 
73 GP-3KpaHa ACY TIT. B KatJeCTBe np11Mepa Ha p11c. 3 
H3o6pa)KeH 3KpaH MAX 1000 Control System .n;1rn K0HTJ)0llil 
cr<py66epa. 
• Y.lcxo.n;Ha>i Koaqrnrypaumr 3KpaHOB ACY TIT WDPF 
Distributed Control System xpaHHTCH B cpaii:rrax B TeKCTO­
B0M BH,n;e Ha cneu1-mm>H0 p8.3pa60TaHHOM 5l3bIKe BeKTop­
HOH rpacpHKH. ITo TexHHqecKoMy 3a,naHHIO Ha TJ)eHa)Kep 
.n;m1 3Hepro6noKa Armstrong p8.3pa6oTaH rpacpHqecKHH 

-rpaHCMTOp, KOTOpbIH 113 3Tl1X cpaifooe C03,llaBaJI 3KpaHbl B 

cpopMaTe OC TeXHOJIOfHH SimPort. 
• ,[(1rn 3Mymn~IDI 3KpaH0B ACY TIT ABB Control System 
PROCONTROL P pa3pa6ornHa BHeIIIHIDI rrporpaMMa, K0-
Topa>i 3arryc1<aeTC.H Texttonornei1 SimPort H o6MeHHsaeTC.H 
.naHHhIMM C HeH no CTaH.napTHOMY rrpOT0K0JIY. r paqm-qe­
CKIIB 3M)'MTOp ACY rn pa6oTaeT co cneuwanbHOH 68.30H 
3KpaHOB H IIOMep)KHBaeT ace cpyH~HOHaJibHbie 8O3MO)K­

HOCTH 3KpaHOB CHCTeMhl. 

3AKJIIOllEHHE 

FROM 
RECIRC. 

TANK 

111111 j .. 

TeXHOJIOfHH SimPort no3BOllileT co3.n;a­
saTh CJIO)l(Hei111rne MO,D;eJIHpyIOIII.He CHCTe­
Mbl, s TOM qHcJie noJIHOMaCWTa6Hbie lpe­
Ha)Kepbl 3Hepro6JIOKOB, Ha nepe.noB0M MH­
pOB0M TeXH0JIOfH1IeCKOM yp0BHe. B pa.M­
Kax )laHHOl-f TeXHOJI0fHH peruetta CJI0)K­
HeHlllruI B CIDI)' p.sma npwnrn 3a,naqa noJI­
HoMacuna6Hoa 3M)'IDIUHH ACY TIT. Ilo.n;- ' 
TBep~eHHeM 3cpcpeKTRBHOCTH H ypOBHH 

TeXHOJI0fJIB HBAAIOTCH 6ecnpeue.n;eHTHO 
Ma.JThie 1PY.ll03a-rpaTb1 (KaK MHHHM)'M B)lBOe 

6onee HHJKHe, 'leM wrn H3BeCTHh1X p8.3pa-
6omK rro.n;o6ttoro ypoBHH) rro C03.llaHHJO 
TIOJIHOMaCIIITa6HbIX .llHCTIJieHHbIX TJ)eHa)Ke­
poB :mepro6rroKOB c ACY TIT, cooTBeTCT­
syro~HX cospeMeHHhlM CTaH.n;apTaM -rpe­
Ha)Kepos .llAA A3C H ypoBHIO, BKJIJOqa>i 
06-beM M0.n;e.rrnpoBa.HIDI, HX JIY'IIIIHX o6pa3-
U0B. Cne.nyeT em.e pa.3 oco6o no.n;-qepKffYTb 
cprucr pa.3pa6oTI<H, B pa.MKax C03.llaHIDI lpe­
Ha)Kepos, 3M)'AAT0pos ACY TIT 3nepro-
6noKoB, 0TCYTCTByH)III.HX Ha 60JihllIHHCTBe 
3Hepro6noKOB A3C. ,[(orroJJHIITem,HhlM 
TIO.llTBep)KJ].eHHeM 3cpcpeKTHBHOCTH TeXHO­

JI0fHH .HBllileTCH TaK)Ke <paKT pa3pa6on<H 
3M)'IDITOpOB ACY ffi B ycJIOBIDIX orpaHH­
qeHH0CTH HH<pOpMauHH H 6e3 npHBnet.JeHHH 
3KCnepTOB OT <pHpM-pa3pa6oTtIHKOB CHCTeM 
ynpairneHHH. 

Puc. 3. B11eumuu euo 3KpaHa ynpa611e11Wl CKpy66epoM ACY Tll MAX 1000 Control system 

CilHCOK JIHTEPA TYPhl 

l. raepHJIOB ,lJ;.B., KHIDHHCBCKHH ,ll;.B., MacaHOB A.O. H ,up. 
ABTOMarn3HpoaaHH'"1 CHCTeMa M0,AeID1poeaHID1 SimPort. - BAHT. 
Cep. <l>H3HKa jl.nepHbIX pealCTOp0B, 2000, Bbin. 3, C. 32-44. 

2. Moucees H.A., Macauos A.O., Huywesuq ,[(.H. HAP, 
KoMnJieKC Tennorn.n.paBJIHtJeCKHX K0A0B TeXH0JI0rHH SimPort KaK 
HHCTpyMeHT co3.namrn Tpetta)Kepoa H aHaJJH3aTopoa 6e3onacuo­
CTH 3Hepro6JJOKOB. - TennorH,ll.paBmfqecKHe KO.LI.bl A.JUI JHepreTH-
1.1eCKHX peaKT0poe (pa3pa60TKa H BepmpHKarvur). - C6opHHK Te-
3HC0B ,ll.0KJla,ll.0B Ha OTpacneBOH KOHcpepeHU:HH «TennocpH3HKa-

200 l ». O6HHHCK, 2001, C. 146-148. 
3. KuwuuescKHH ,lJ;.B., Macauos A.O., 3euKoB A.,[(. u ,up. 

ABTOMaTH3HpoBaHHrut HHCTpyMeHTaJJbHrut CHCTeMa AHC: onbIT 
BHe.D.peHHjf . - B KH. : BTOpaJI Me)K)\)'Hapo,uHrut Haytrno­
TexHHqecKrui KOHcpepeHJ..J,IDI «Ee3onacHOCTb, 3cpcpeKTHBHOCTb H 

JK0H0MHKa aTOMHOH JHeprentKH». MocKea, BHHHA3C, 22-23 
MapTa, 2001. 4acTb 2. CTeH,nos1,1e .LI.0KJ1aJJ,bl. - M .: 3H.vl~ 
BHI111A3C, 2001, c. 240-243. 

64 

4. HKOBJJeB K.r., MaJJKHH C.,ll;., PaKHTHH ll.,[(. u ,up. As­
T0MaTmHpoaaHHcUI HHTepaKTHBHrul CHCTeMa C03.Ll,8HH$1 MaTeMaTH­

qecKHX MO.LI.enett .Ll,Jlj[ TpeHa)Kepoe 11 aHaJYH3aTOpos. - BAHT. Cep. 
<l>H3HKa $1.lJ.epHbIX peaKTopoe, 1999, Bhm. 2, C. 127-130. 

5. 3euKOB A.,[(., Jlunos M.IO., Mamrnu C.,[( u .n.p. AHaJJH-
3aTopbr H M0.n,em1py10LLV{e K0MnneKCbl .lJ.JUl npoeKTaHT0B H K0HCT­

pyKTOp0B. - BAHT. Cep. <1>H3HKa H.nepHbIX peaKTopos, 1999, 
Bbtn. 2, C. 45-50. 

6. ,lJ;aHHJJOB B.A., KnwuuescKuii ,ll;.B., jluywesHq ,[(.H. u 
AP· OnblT pa3pa60TKH 3M)'JI11TOpoe ACY TTT .n,ru1 Tpetta)f(epos. - B 
KH.: BTOprui Me>K.Ll,yHapoAHcUI HaytJH0-TeXHH'ieCKrul KOHcpepeHUHjf 
«Ee3onaCHOCTb, 3cpcpeKTHBHOCTh H 3K0H0MHKa aT0MH0M 3HepreTH­

KH». MocKBa, BHl1l1A3C, 22-23 Mapra, 200 I. lJaCTb 2. CTeH.D.O­
Bbte .n.0KJ1a,n.b1. - M.: 3HHIJ: BHIB1A3C, 2001, c. 229-235. 

CTaTbjj nocrymrna a pe.n.aKUHIO 12 Ho116p11 200 I r . 
BonpOCbJ aT0MH0H HayKH H TeXHHKH. 

Cep. <1>H3HKa HAepHb]X peaKTopoa, 2001, BblIT. 4, C. 59 - 64. 



Y~K 621.039 

KOMilhlOTEPHAfl TEXHOJIOrHH SimPort H KOMI1JIEKC IIPHKJIA,L(HhIX KO,ll;OB 
KAK IIHCTPYMEHT C03,L(AHIDI TPEHAJKEPOB H MO,I(EJIHPYIOI.QHX KOMITJIEKCOB 

3HEPrOliJIOKOB 

,[(.J1 . .JlHyw,eeutt, B.A. ,[(aHUflOB, A.,[(. 3euKOB, MJO. Jlunoe, C.,ll,. MQJlKUH, 
A.A. MaxoHbKO, A. 0. MacaHOB, J1.A. Mouceee, J1.,[(. PaKumuH, 

PHIJ "KypttamoecKUu uHcmumym ", 123182, MocKea, nn.. Kypttamoea, 1 

TTpe,n.cTaBJieH KOMTIJJeKC npHKJlMHblX KOAOB KaK HHCTpyMeHTOB KOMTTbJOTepHOH TeXHOJlOrHH SimPort. PacCMOTpeHbl OCHOBHble xa­
paKTepHCTHKH TexHonornH KaK Windows NT-peam13au,HH pa3pa6oTaHHOH s PHU, «Kyp4aTOBCKHH HHCTHTYT» TeXHonornH AHC co3,namrn 
MO)J.em1py10m11x CHCTeM, B TOM q11cne TpeHaiKepHblX. KpaTKO npe.n.cTaBJieHbl peamf3OBaHHbie Ha 6a.Je TeXHOJlOnrn SimPort pa3pa6oTKH. 
npencrnsneHHbie npHKJla,UHbJe HHCTpyMeHTbl o6ecnetrnBaJOT MO,nenHpoaaHHe npaKTH1-leCKH scex CHCTeM 3Hepro6JIOKa H B 3HaqHTeJibHOH 
CTeTICHH aBTOMaTH3HpyJOT CO3,n.aHHe .LJ.JUI Hero KOMnneKCHOH MO)J.eJrnpy10meH CHCTeMhl, cymecTBeHHO COKpamru1 B KOHCY.HOM HTore TPY­
,11.O3a1·paTbl H nOBbJllIM KatJeCTBO pa3pa60TKH. TTo,nTBepiK,neHHeM 3cpq>eKTHBHOCTM H ypOBHH TeXHOJIOrHH .HBJUIJOTC.SI 6ecnpe~e.n,eHTHO Ma­
Jlble Tpy,n,o3aTpaTbl (KaK MHHHMYM BABOe 6onee HM3KHe, l.feM .u;m1 H3BeCTHbJX pa3pa6oTOK no.no6Horo ypoam1) no CO3AaHHl:O H MOJJ.epHH3a­
U.l-UI TpeHaiKepoa, COOTBeTCTBYJOl.l.(HX cospeMeHHhlM cnm.u.apTaM TpeHaiKepos .ll;JI.H A3C H yposmo, BKJIJOllrul 061>eM MO,n.em1poBaHm1, HX 
JIYlfllIHX o6pa3UOB. 

SimPort COMPUTER TECHNOLOGY AND CODES SYSTEM AS A TOOL FOR SIMULATORS AND MODELING SYS­
TEMS DEVELOPMENT. D.I. YANUSHEVICH, V.A. DANILOV, A.O. ZENKOV, M.Y. LIPOV, S.D. MALKIN, A.A. MAK­
HONKO, A.O. MASANOV, I.A. MOISEEV, I.D. RAKITIN. This paper presents the applied codes system as a tool of the SimPort 
computer technology. The paper describes basic characteristics of the SimPort as a Windows NT-based implementation variety of the de­
veloped in RRC "Kurchatov Institute" math modeling and simulator creation AJS technology. Some of the developed with the aid of the 
SimPort technology products are presented in the paper briefly. The presented applied tools provide practically a math modeling of all the 
power plant systems and introduce to a great extent an automation into the power plant complex modeling system development. Such the 
automation drastically reduces labor expenditures and raises quality of the modeling systems' development as result. The presented tech­
nology quality and efficiency were verified by the smallest man-hours (at least twice lower in comparison with the similar simulators) of 
power plant simulators development and upgrade and by the simulators correspondence to the standard and the best quality of nuclear 
power plant simulators. 

BBEAEHHE 

SimPort [I-3] srnllileTc.sI Windows NT-opHeHrn-
poaaHHOH pean113auHeM pa3pa6oTaHHOH B PHIJ; "Kypqa­
TOBCKMH HHCTHTYT" Texttorronnt AI1C [3-5), rrpe.n;ml.3Ha­
lfeHHOH )],JUI C03)],aHH.sI MO)],eJmpyIOI.U.HX ClfCTeM pa3JIHtJHOro 

KJiacca H Ha3HaqeHm1, BKJI1011ru1 rpeml)lcep1,1, amUIH3aTop1,1 
6e3onaCHOCTII H MO)],em1py10mHe KOMnneKC.bl )],JUI 061>eKTOB 
Tennoaoii 11 H.nepHOH 3HepreTHKH. 

B ocHoBe TexHonornH Jie)KHT 0.neonorn.S1 EL UD 
(Easy to Learn, Use and Develop), ocHoBono;rnraromHe 
rrpHHI.{IUII,I KOTOpOH MO)KHO ccpopMynHpoBaTb cne.n;y10-

~HM o6pa30M: 

• C03)],am1e KOJIJieKTHBOM pa3pa60PUIKOB CJIO)KHbIX Ma­
TeMaTWieCKHX MO)],enei:i H rrporpaMM B pe)KHMe pHCOBaHlUI 
061>eKTOB H CBSJ3eH Me)K.,l(Y HHMH Ha 3KpaHe ,D;HCIIJieSJ C aB­
TOMaTW-IeCKOll MfHOBeHHOH npHB.S13KOH H306pIDKeHHH K 
MO)leJUIM 061>eKTOB 11JIH 3JieMeHTOB CJIO)KHOfO 061>eKTa; 

• BHeceHHe cnel{HaJIHCTaMH-TeXHOJioraMH H3MeHeHI1H B 

MaTeMaTW-IeCKHe MO)],eJIH 6e3 npHOCTaHOBKH npouecca MO­
.nenHpOBaHIDI, To ecTI> B pe)KHMe NON-STOP; 

• nerKa.SI a.n;anrnum1 MaTeMaTw-1ecKHX Mo.nenei1 ( c npe­
.nocTaBJieHHeM 3aKa3llHK)' B03MO)KH0CTl1 ee BbITIOJIHemra) K 

H3MeHeHI.UIM 11 MO)],Hq>HKaIJ,IUIM 061>eKTOB MO)],eJIHpOBamra; 

• aBTOMaTl13HpOBaHHIDI 11HTerpau.IDI MaTeMaTHtJeCKHX 

MO)leJieti: cwcTeM no Mepe pa3pa6oTKH npoeKTa. 
3TH npHHI.{Hilbl onpe.nemurn Heo6xo,n;HMOCTb pa.3pa6oT­

K11 B paMKaX TeXHOJIOrmr naKeTa npHKJia)],HbIX KOMTiblO­

TepHhIX K0)],08 [2], o6na.n;al0ll{HX CBOMCTBaMH, B MaKCl1-
MaJU,HOH CTeneHH cnoco6cTBy10nu-1MH aBTOMaTH3al{HH H 

TeM caMhIM 3HatJ1,nenhHOMy CHH)Kem,110 TPY.U03arpaT, no­
BbIIIIeHHJO peHTa6eJihHOCTH 11 KatJeCTBa npH C03,l].aHHH 
CJlO)KHhlX MO)],eJrnpyIOlllHX CHCTeM, KaKOBbIMH .SIBJUIIOTC.SI 
T))eHIDKepbI H aHaJIH3aTOpb1 6e3onacttocrn 3Hepro6nor<OB. 

CmmeTenI>CTBOM ycneurnoro peIIIeHHH 3TOH 3a.n;atJH HB­
JJHIOTCH BHe.n;peHl:l.e TeXHOJIOrHH Ha MHpOBOM pbIHKe Tpe­
HIDKepoB [l-3) H peaJIH3aIJ,HH Ha ee OCHOBe u,enoro pH)la 
KOMMepqecKHX npoeKTOB, ocyI.U.eCTBJieHHbIX npH CO)],eHCT­
BHH aMepHKaHCKHX KOMITaHHH SAIC, DS&S H Western 
Services Corp. 

Pa3pa60TaHbI 11 c.n;aHbJ 3fil(a3llHK)' TIOJIHOMacuna6HI>Ie 
)],HcnneiiHble -rpeHIDKepbI c 3MyJUirnpaMH ACY TTI nn.sr 3-x 
Tennos1>1x 3Hepro6noKOB (Sherco2 11 Armstrong, CillA; 
Arnot, IOAP), BbITIOJIHeHa Mo.nepHH3au,11J1 TpeHIDKepoB )],JUI 

9-w .SI.neptt1>1x 3Hepro6noKoB (Hatch, Vermont Yankee, 
CIIIA; Bradwell, Dungeness A, Hinkley Point A, Oldbury, 
Sizewell A, Wylfa, Chape/Cross, BenHK06pwrnmu1). KpoMe 
TOro 3aBepIIIaeTC.sI pa3pa6oTKa npoeKTOB JIOKaJibHOro TJ)e­
HIDKepa ueHTpaJihHOfO lllHTa ynpaanemrn: ::rneKTpHlleCKOH 
11acTbIO nepaoii oqepe.n11 lleHuH2paocKou A3C H aHanHrn­
qecKoro TpeHIDKepa .nnH 3-ro 6noKa f../enR6w-tcKou T3L{ . 

ABTOpbI BhipIDKruoT 6naronapHOCTh A.B. ApTeMbeay, )],.B. 
raBpHJIOBY, C.B. )Kmyimay, O.B. K03J10BY, H.B. KplOl{}(OBy, 

B.B. Illa.rm, BHecrn11M cyI.U.ecrneHHhIM BKJIM B pa.3pa6oTKy 
npmrnMID>IX KO)],OB TeXHOJIOfl1H SimPort, a TaIOKe MeHe)l)Ke­
paM KOMnamrn: DS&S H Western Services Corp. Y. A.urn 11 r. 
YTMemI)],3e, CO)],eHCTBOBaBillHM BHe)lpeHHIO TeXHOJIOrHH If ee 
rrpo.n;mu1<emno Ha pI>IHKe Tpemrncepoa. 
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OCHOBHblE TEXHM"IECKME XAPAKTEPHCTHKH TEXHO/lOrHH SimPort 

K llHCJIY 0CH0BHhlX xapaKTepHCTHK H ornHqHTeJihHbIX 

qepT TeXHOJIOrHH B IIJiaHe C03,ZJ;aHH.si: HHTerpaJJbHI,IX pac­

qeTHbIX K0,ZJ;0B H M0,ZJ;eJIHPYJOlll;lfX K0MilJICKC0B M0>KH0 0T­

HeCTH CJIC)];)'IOllJ,He. 

• B SimPort rrpHIDIT CTIJYKTYJJHposaHHhIH no.n:xo.n K .ZJ:aH­

HbIM. ,[(aHHbie, OilHChIBalOllJ,He TOT HJlH HHOH q>H3fflieCKHH 

061,eKT, opraHmyroTc.H a sH,ZJ;e CTpyKT)'p-THnos. Ko.rmqecT­

so pa.3JIH1IHbIX THilOB He orpaHH1IeH0. 

• MareMaTHlleCKHe MO,ZJ;eJUI O,LUiOpO,[(HhIX Q)H3HqCCKHX 

IlO,ZJ;CHCTeM peanH30BaHhl B BH,ZJ;e Q>YHKUHH MO.n;emqmsaHH.H. 

• TexHOJIOfH.H npe.nocTaBIDleT )];IDI pa.3pa6oTqHKa 3THX 

q>yHKllHH .H3hlK Mo.nenHposaHIDI (pacurnpeHHe .H3bIKa C), 

OCHOBaHHbIH Ha cneUHaJJH3Hp0BaHHbIX K0HCTPYKQIDIX, 06-

n.erqaJOI.lUIX )];0CTYII K THila.M H HX M0,ZJ;eJrnposaHHe. 

• B TeXH0JI0rHH c,nenaH aKQeHT Ha TaK HaJblBaeMoe 

"rpa4>1-1qecKoe nporpaMMwpoaaHHe". Pac"tfeTHa.H cxeMa M0-

.nem1pyeMoii rncTeMbI npocTo "pHcyeTc.H" s cpe.ne cneuH­

aJJhHoro rpacpoaml.lIHTH'-leCKOrO pe.n;aKTopa TeXH0JI0fHH. 

CxeMhl H 0,ZJ;H0BpeMeHHO C HHMH M0,nenH CTp0jJTC.sl H3 060-

eKT0B onpe.neneHHbIX (npe.nsapHTeJihHO pa3pa60TaHHblX) 

THTT0B. ,n:aHHbie 0 "ttapHCOBaHHOi.f'' M0,ZJ;CJIH 061,e.n;HIDIIOTC.H 

s TaK Ha3bIBaeMYJO KHHI)'. Heo6xo.n;HM1>1e .ZJ:illl Q>YHKUHOHH­

posattHH BHOBb C03)];aHHOH CJIO)KHOH Mo,neJIH 4JYHKl.(HH MO­

.n:.emrpoBaHHH "Ha3Ha'-laJOTC.H" Ha KHHry. 

• <I>yHKUHjl M0,nenHp0BaHIUI, o6pa6aTbIBaJOllJ,a.H Te HJIH 

HHble ,naHHbie (KHHrH), He 3aBHCHT OT o6'beMa 3THX ,naH­

HbIX. OJJ;Ha H rn )Ke Q>YHKUH.si: M0,ne.rmp0BaHH.si: M0)KeT o6pa-

6aTbJBaTh KaK KHHry' C0CT0.HIIzyJO H3 0,ll.H0ro 061,eKTa, TaK 

H KHHry' C0CT0.HIIzylO H3 MHO)KCCTBa no.no6HbIX o6'beKTOB. 

• TeXHOJIOfIDI Il03B0JUleT o6'be)];HfUITh 0T,ZJ;eJibHbie KHHrH 

B eme 6onee CJI0)l(HbJe KHHTH. TaK np0H3B0,UHTC.H HHTerpa­

UlUI CJIO>KH.bIX CHCTeM. 

• OT.neJibHhie CHCTeMbl (HaIIpHMep, KaKOH-JIH6o Terrno­

rH):(paBJIH'JeCKHH K0HTYP, CHCTeMa ynpasneHIDI o6opy.L(o-

BaHHeM 3TOro KOH1)'pa 11 T.n.), peanH30BaHHhle B BH,ll.e 

KHHr, M0ryT pa3pa6aTbIBaTbC.sl Ha pa.3HhIX K0MTiblOTepax H 

pa.3HbIMH nIO)];bMH, qTo o6ecnetrnBaeT napa.JIJieJibH0CTh 

BbIIlOJIHeHH.H pa6oT. 

• TeXHOJIOrIDI no.rmep>KHBaeT npeeMCTBeHH0CTh pa3pa-

6oTOK. B ee cpe,ne co3,naHa 6oraTeHma.H 6H6JIHOTeKa npH­

KJla,ZJ;HhIX HHCTPYMeHToB. Ka)l{,,noe TaKoe SimPort­
npHJI0)KeHHe npe.n;CTaBJUleT co6oH C0B0K)'IIH0CTb THil0B 11 

M0.n;e.rmpyJOllJ,HX 3TH THnbI K0J:(0B. 3TH HHCTPYMeHTbl M0-

ryr 6h1Tb HCil0Jib30BaHbl ,[(JUI pa.3pa60TKH HOBbIX CHCTeM. 

Bee HHc-rpyMeHThI xoporno 0TJia)f(ett1>1, tIT0 no3B0IDleT pa.3-

pa6oT"llHI<y H36e)KaTb ourn6oK H H3JIBUIHHX TPY.ZJ:03aTPaT 

npH MO.n;em1poBaHHH. 

• TeXHOJIOrIDI SlBJI.sleTCH OTKpbITOH, IT03B0JUl.sl HHTerpHpo­

B8Tb peanH3oBaHHbie B ee cpe.n:e Mo.neJIH c pattee pa3pa6o­

TaHHhIMH H eepHq>HUHpoaaHHhIMH KO,ll.aMH, C03,naHHbIMH 

BHe TeXHOJI0rHH SimPort . 
• CmaHlfWl HHcmpyKmopa KaK qaCTb TeXHOJIOrHH IT03B0-

mleT HHCTpyKTopy c Il0M0lllbJO y.n:o6Horo rpaqmqecKOfO 

HHTepcpeiica npOH3B0,[(HTb 3cpq>eKTHBHhIH KOHTpOJib TPeHH­

posoqHoro npouecca Ha Tpetta)f(epax, pa.3pa6oTaHHhIX Ha 

ocHose TeXH0JI0rHH SimPort. 
• TexttonorIDI o6na,naeT MOI.UHOH CHCTeMOH BH3Ya.JIH3a­

UHH ,AJUI OT06pa)f(eHH.si: pe3yJihTaT0B M0,L(eJJHpOBaHH.si:. 3TO 

M0ryT 6bITb rpa<pHKH, Ta6JlliUbI, npOCTO qffcJieHHble 3Hat.{e­

HIDl, a TaIOKe CIIeUHaJibHbie )];HHaMfflleCKHe o6beKTbI [ 1]. 
• TexHOJIOfH.si: n03B0llileT "npHB.H3hl88Tb" K fOTOBOE M0-

.n:.emI HarJISl,ZJ;H0e H306pa)f(eHHe o6oeKTa M0,ll.eJIHpOBaHIUI 

(cpoTOrpacpH.H, pHCYH0K 11 T.II.) c OT06pa)f(eHHeM Ha ero 

cpoHe COOTBeTCTBYJOIIJ.HX pe3yJihTaTOB MO,ZJ;eJIHpOBaHHSl. 

• TexHOJIOfIDl Il03B0IDleT pa6oTaTb C BHeIIIHHMH no OT­

HOllleHHJO K HeH nporpaMMaMH H npe.L(OCTaBJISleT B03MO)K­

H0CTb o6MeHa ,naHHbIMH c HHMH no CTaH,ll.apTHhIM 11 cneuH­

aJlhHhlM npOT0K0JiaM. 

KOMn/lEKC nP"1K11AAHblX KOAOB TEXH0110r"1H SimPort 

B KaqecTBe nporpaMMH0fO Han0JIHeHIDI TeXHOJI0fl1H 

SimPort pa.3pa6oTaH KOMnJieKC K0,ZJ;0B [2] J);JUI peamI38UHH 

MO,lJ,eJIHP)'lOIIJ.liX CHCTeM H -rpeHa)f(epttbIX K0MirneKC0B 

3HepreTH"tfeCK.HX o6oeKTOB pa.3JiffliH0r0 Ha3HaqeHIDI, BKJIIO­

qa.H TeITJI0Bhie H aT0MHbie 3JieICTp0CTaHl.(HH. 3.n:.ecb CJie.L(yeT 

TI0HHMaTb KO.Ahl KaK tteqTO 60JibUiee, qeM np0CT0 pacqeT­

Hhie K0,[(bl. 3TO HHC1J)yMeHThl TeXH0Jionrn SimPort HJIH 

SimPort-npHJIO)l(eHIDI. KIDK.llbIH TaKoH Httc-rpyMeHT no,L(qH­

HeH o6meH 06'beKTHO-OpHeHTHpOBaHHOH H,ZJ;e0JI0fHH, CyTh 

KOTOpOH 3aKJIJOqaeTC.H npe)l{,,ne Bcero B onHCaHHH o6oeKTa 

Mo.n;en11posattIDI e BH,ZJ;e HeKOH cpopManbHOH CTPYKTYPhI, 

COCTOHI.UeH H3 CB.H3aHHbIX Me)K,ey co6oi1 o6'beKTOB pa3JIHq­

HbIX munoe. 11MeHHO munbl o6'beKTOB HBJI.HIOTC.H MaTepHa­

JI0M II0CTP0eHH.si: K0MilbJOTepHoro o6pa.3a o6'beKTa Mo.ne­

JIHp0BaHIDl H, TaKHM o6pa30M, onpe.n:eneHHe muno6 KaK 

MHKp006oeKTOB M0,ll.eJIHp0BaHIDI H .HBJUleTC.H OCHOBOH 

H,neonornH SimPort-rrpHJIO)l(eHIDI. qTo KacaeTc.H co6cTBeH­

H0 pacqeTHoro Ko.na SimPort-rrpHJIO)l(eHIDI, To rnaBHhIM 

ero KatfeCTB0M SlBllileTC.H rH6KOCTI, T0TI0JI0rHH, T.e. crro­

co6HOCTb BbIIJ0JIH.si:Tb pacqeT IIp0H380JlbHOH CHCTeMbl on­

pe.L(eJieHHOH JJ.JI.H J:(attttoro npHJI0)l(eHHjl'. <pH3HqecKoi1 npH-
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pO,ZJ;bl H COCTO.SUU:eH H3 CB.H3aHHbJX Me)l{,,ny co6oi1 061>eKTOB 

onpe.neneHHbIX WUI J:(aHttoro SimPort-npHJIO)KeHHH munoe. 
3a.n:.aHHe MCX0,AHbIX ,L(aHHhIX )];JI.H M0,ll.eJIHp0BaHH.8 

(«c6opKa» Mo,ne1rn) KaK a '-laCTH 3a,naHIDI pacqeTHOH cxe­

MM, TaK H B qaCTH <pH3ff1-ieCKHX napaM~OB (B TOM q11cne 

Hat.{aJibHbJX .n;aHHbIX) np0HCXO,L(HT B cpe.n:e crreuHaJibH0f0 

rpacpoaHanHTHqecKoro pe,naKTopa. 3a,naHHe pacqernoi:i 

cxeMbl 6onee Bcero Il0X0,ll.HT Ha «pHC0BaHHe» paC'-IeTHOH 

cxeMhI H3 HeKHX 3arOTOBOK-Uia6JIOHOB, .HBIDIJOmHXc.H rpa­

cpHqecKHMH o6pa.3aMH munoe o6oeKToB, onpeJJ;eneHHhIX 

.LI.JUI ,naHHoro SimPort-np1rno)KeHHH. «PHcoeattHe» np0Hc­

xo.n;11T no TexHonorHH "drag&drop", T.e. nocpe.ncrnoM s1>1-

6opa 113 cneuHaJibHblX MeHIO H npoCTaH0BKH Ha 3KpaH H30-

6pa)l(eHHH munoe. 3a,naHHe napa.MeTpOB o6oeKTOB npoHc­

XOJJ.HT JIH60 no yMoJiqaHHJO, m160 B OKHe napaMeTp0B mu­
na 061>eKTa. Oco6o cne.n:.yeT no.n;qepKH)'Tb B03M0>KH0CTh 

pe)KffMa NON-STOP ,Ullil noJI1>3osaTeJU1, T.e. B03M0)KH0CTh 

3a,ZJ;aHIDI H H3MeHeHHSI pacqeTHOH cxeMbl o6'beKTa M0,[(eJIH­

poBaHH.si: KaK B cxeMHO-TOilOJIOrwieCKOH qacTH, TaK H B 

qacTH napaM~OB q>H3H1IeCKHX aeJIHqHH, Henocpe,L(CTBeH­

H0 a pe)KffMe cqeTa. 



TaKHM o6p830M rJiaBHI,IMH IlOTpe6HTeJihCKHMH (IlOJib-

30BaTeJI.bCKHMH) KaqecrnaMH mo6oro SimPort-
rip1rno)KeHHJI 'IBIDUOTCH: 

• rpacp11qecKoe 38)laHHe H pe,n.aKTuposaHHe pacqeTHOH 

cxeMbI 061,eKTa Mo.n.em1posattH.si; 

• rn6Ka.si Tononorffj{ KaK xapaKTepHCTHKa Ko,n.a SimPort­
rrpHJIO)KeHffj{; 

• BO3MO)KHOCTb pe,n.aKTHpOBaffHj{ pacqeTHOH cxeMhI KaK B 

cxeMHO-TOITOJIOfWICCKOH qacn1, TaK H B qacnt. napaMerpoB 

¢m11qecKHX senw-rnH B pe)KHMe NON-STOP; 

• B03M0)KHOCTb Ha6JIIO)leHffj{ 3a BCCMH rrapaMerpaMH MO­

)leJIHpyeMoro o6oeKTa Henocpe,n.cTBeHHO so speM» cqe-ra 

KaK B BHJ(e qJicJieHHblX 3HaqeHHH, TaK H B BH)le Ta6mu.1, H 

rpacpHKOB. 

HH)Ke npe,D.CTaBJieHbl peaJIH3OBaHHhie HHCYpyMeHT.bl 

Texttononrn SimPort. 
TeruwzuopaMuitecKuu u11cmpy.Me11m KOBRA KaK 

SimPort-rrpHJIO)Kett11e HBIDieTCH HOBOH sepc11eH H3BecTttoro 

H llOJIO)KHTCJII,HO 3apeKOMCH)l0BaBIIIero ce6}1 B aTOMHOH 

:rneprenrne KO)la KOBRA [6], npe)lHa3HaqeHHoro .D.IDI MO­

.n.em1poBaHffj{ HeCTaUHOHapHI,IX npoueccoB B npOH3BOJib­

Hb1X Tennorn.n.paBJIWieCKHX cernx C .n.syxcp83HblM napOBO­

)l.sJHbIM TeTIJIOHOCHTeJieM B repM11qecKH HepaBHOBeCHOM H 

MeXaHHtieCKH HeroMoreHHOM npH6JIH)KeHHH. C MOMeHTa 

caoero coJ,n.aHIDI B 1988 r. KO.LI; o6na,llaJI uenhIM pH.n;OM 6ec­

cnoptt1,1x npeHMYI.UCCTB, KOTOpbie ce0qac np1UUITO OTHO­

CHTb K xapaKTepHCTHKaM TennorH.n;paBJIHt:leCKHX KO,LJ;OB 

HOBOfO IlOKOJleHH}I [7]. Cpe,n;H HHX: 

• opHeHTaI.J,HjJ Ha cp11311qecKH o60CHOB8Httyl0 MaTeMaTM­

qeceyIO MO,LJ;eJI.b H 3cpcpeKTHBHhie MeTO,LJ;hl ee q11cneHHOH 

peaJIH38l.J,HH; 

• 8)lCKB8THOe MO,LJ;CJIHpoBaHHe (pH3HqecKHX npoI.J,eCCOB H 

Ha)lC)KHOCTh, .LJ;OCTlffttyThie 38 cqer urnpOKOM8CllITa6HOH 

Bep11cp11Karuu1 H Tecnrposamrn; 

• MO.LJ;yJJbHa.sI crpyICTypa cpyHKI.J,HOHaJibHOro HaITOJIHeHmI; 

• cnoco6HOCTb perneHHH 3a,n;aq B pe)KHMe rn6KOH TOITO­

nonrn, cyrh KOTOporo cocTOHT npe)f(,Ue acero B Mo,nemrpo­

BaHHH KO.LJ;OM npOH3BOJII,HOH TennorH,D;aBJiliqecKOH cen1; 

• nepeHOCHMOCTh, fIO,LJ;TBep)K,lleHHrul BHe.n;peHHeM KO,LJ;a B 

UCJIOM pNJ:e opraHH3aUHH OTJ)aCJIH (PHl( «KypqaTOBCKHH 

HHCTffTYT», HMKH3T, BHMM3<D, JIA3C) B cpe.n;e pa3nWI­

HhIX onepaI..J,MOHHbIX CHCTCM H BbJqHCJIHTCJibHbfX. rrnaTcpOpM; 

• HHTerpHpyeMOCTh, fIO,llTBep)K,lleHHrul HCTTOJlh3OBaHHeM 

KO,LJ;a KaK TeTIJIOrH)lpaBJiliqecKOH 6a3bl I.J,eJioro psi.n;a CJIO)K­

HbIX nporpaMMHblX KOMnJieKCOB, TaKHX KaK 

STEPANIKOBRA [8-11], READY [12, 13] (cosMecTHo c 

TpeXMepHhIM HeHYpOHHO(pH3Hl:leC.KHM HCCTaI.J,HOHapHbIM 

KO)lOM NEU [14], p83pa6oTaHHhlM BO BHill13<D), rroJIHo­

Macrnrn6HhIH H aHaJIHT11qecKHH 'IpCH8)KepbI rpeThero 

3Hepro6JIOKa [11, 15, 16], a TaIOKe pa3pa6aThIBaeMhIH s 

nacrn.sii.uee BpeM.s:r rroJIHOMacrnrn6Hl>IH rpeH8)Kep nepaoro 

3Hepro6noKa JIA3C. 

KpoMe Toro, B rrepsyIO )Ke sepcHIO Ko.n;a 6hrna 3aJIO)Ke­

Ha o6oeKTHO-OpHeHTHpOBaHHrul H,lleononu1, KOTOpa.s:r co­

CTOHT npe)l()le scero B on11catt1111 o6oeKTa Mo.n;enwposaHJUJ, 

KOHM HBJUieTC}I Tennor11,llpaBJ111qecKa.si ceTb, B BH.n;e HeKOH 

qJopMaJihHOH CTPYKTYPhI, cocTo.sJmeii 113 cs»3aHHhIX Me)K,lly 

co6oi1 061,eKTOB p83JIHqHblX munoe. 11.MeHHO 3Ta IU{COJIO­

fH51 IT03BOJIHJia y)l(e B 1988 r . peaJIH30BaTb ynOMHttyThIH 

Bblllie pe)KHM rn6KOH TOTTOJIOrHH perneHffj{ 3a,n;aq11 MO)le­

JIHpoaamuI. 

,l(o ttacrn.s:rmero speMeHH KO)l KOBRA 61>IJ1 peanH3oBaH 

Ha anropHTMHl:leCKOM .H3bIKe FORTRAN-77 11 He Mor 6f>ITh 

OilTHMaJibHhIM o6p830M HCITOJlh30BaH B Kat.JeCTBe COCTaB­

HOH 1:1acrn: ycnernHo npHMeH.sJeMOH TeXHOJIOrnH SimPort. 
KpoMe Toro, HeCMOYpH Ha Bee CBOH npeHMyi.uecrna, OH 

o6na,n;an 0,llHHM cymecTBeHHhIM HC.D;OCTaTKOM - OTCYTCT­

BHeM .n;py)l(eCTBCHHOro HHTepcpeifoa IlOJlb3OBaTeJIH (HanpH­

Mep, 38)laHHe .n;aHHbIX npOH3BO,LJ;HJIOCh qepe3 TeKCTOBbJe 

cpaHJibl), KaK Bnpo'IeM H Bee rrporpaMMbI Toro BpeMeHH. B 
HOBOH Bepc1111 KO.Ila, KOTopa.si: SJBJIHeTc.SI SimPort­
npwno)l(eHHeM, 3TOT He,llOCTaTOK JIHKBH,D.HpOBaH. 

TaKHM o6p830M cero.nHH MhI HMeeM Bepcmo Ko,n.a KO­
BRA, KOTOprul no CBOHM xapaKTepHCTHKaM .SIBIDleTCH KO,LJ;OM 

HOBOro IIOKOJieHH.SI H, KpOMe Toro, HHCYpyMeHTOM HOBCH­

llICH TeXHOJIOfHH SimPort. 
06oeKToM Mo.n;em1posamrn: ,n;JIH Ko,n;a KOBRA HBJI}ICTC.SI 

men.Jl02UOpa6JlU'-leCKWl cemb, KOTOprul MO)KeT 6hITb npe,n.­

CTaBJieHa s o6i.ueM cnyttae s BH)le HCKOTOporo MHO)KeCTBa 

y'-laCmKOB rpaKTa TeTIJIOHOCHTeJIH, Ka)K,llhIH H3 KOTOpbIX 

MO)KHO oxapaKTepH30BaT.b HCKOTOphIM Ha6opOM <pH3Wie­

CKHX rrapaMerpOB C o6II.J,HMH ,llJI}I Bcero yqacTKa 3HatteHffj{­

MH, 11 coeowteHUU 3THX yqaCTKOB Me)K,lly co6oit TipH 3TOM 

CMblCJI coeow,e1tufl y'-lacmKOB - 3TO nepeHOC MaCChl TeTIJIO­

HOCHTeIDI Me>K.Zzy yqacTKaMH, a caMo coeow-teHue - 3TO 

rn.n;paBJI11qecKoe conpoTHBJieH11e (KJianaHhI, .npoccen11 H 

T.,LJ;., T.e. MeCTHbie corrpOTHBJieHHJI p83JIHtJHOro THrra) 11/mrn 

HCTOl:IHliK .uasJieHffj{ ( O,LJ;HH HJIH HeCKOJThKO HaCOCOB ), ecrrM 

TaKOBOH HMeeTC.sJ Me)l()ly CMe)KHhIMH yqacTKaM11 CeTH. IIpH 

'.HOM, aoo6i.ue rosop.s:r, coeouHeHue - 3TO COBOKYITHOCTb 

( MHO)KeCTBO) "napaJIJieJibHO BKJIIOt{eHHbIX" H,D;eHTHqHbIX 

coe,llHHeHliH, Ha3hIBaeMhIX KQHQJlQ.MU coe.n;11HeHH.sJ. 

B HCKOTOpbIX cnyqa.si:x COBOKYIIHOCTb yqaCTKOB pa3-

611eHHH cpM3wqecKH npe,n;cTaBJIHeT co6oi1 oi>HoMepHblU me­
Ylflo2uopaBflU'tlecKuu KQHQJl, KOTOpbIH MO)KeT 6hITh OITHCaH B 

O)lHOMepHOM npocTpaHCTBCHHOM np116JIH)KeHHH; TaKHe 

yqacTKH no CBOeH cyTH .sJBJI.SIIOTCH paCtJeTHhJMH fll.JeUKQ.MU 
p836HeHH.s:r ooH0MepH020 merl.llo2uopaBflU1.Jec1<020 KaHaJla. 
IIpH 3TOM IlOH.sJTHe OOHOMepH020 meruzo2uopa8JlUtteCK020 

KQHQJlQ o6oe,llHH5IeT COBOKynHOCTh "napanneJihHO BKJIIO­

qeHHhIX" H,LJ;eHTHl!HbIX KaHaJIOB. 

IIpOC'IpaHCTBCHHhie rpaHHI.J,hl rpaKTa TerJJIOHOCHTeJIH 

MO.D;eJIHpyeMOH cent: H ee CBj{3h C ,n.pyrnMH 061>eKTaMH MO­

.nenHpOBaHHH no TOKY TeTIJIOHOCHTeJIH rrpe,n:cTaBIDIIOT co-

60.H 2paHU'-lHble YCll06UJl )lIDI CeTH. 

KpoMe TOTO, Ba:>KHeHllIHM 3JICMeHTOM TerrnorH,n.paBJIH­

qecKOH CeTH HBIDleTC.sJ noMeI.UeHHOe B ITOTOK TeITJIOHOCHTe­

IDI TCilJI006MeHHOe o6opy )lOBaHHe C BttyrpeHHHM TCITJIO­

BbI,D;eJieHHeM (HanpHMep, TB3JibI) HJIH 6e3 Hero (Hanp11Mep, 

TCIIJI006MeHHble rpy6bl). IlpH 3TOM ytJacmoK TpaKTa Ten­

JIOHOCHTCJIH MO)KCT Mo,n;enHpOBaTh KaK O,llHH H3 KOHyYpOB 

Tennoo6MeHHHKa uenHKOM, TaK 11 ero qaCTh - Heo6xo,n;HMO 

Jllilllb a,n;eKBaTHO paCCl:IHThIBaTh TenrrOBOH TIOTOK B TCilJIO­

HOCHTCJib 3TOrO y'-lacmKa rpaKTa. Coe,n;HHeHHe CMe)KHbIX 

( CBH3aHHhIX Tennoo6MeHHhIM o6opy .n;omurneM) y1.Jacm1<.oe 
rpaKTa HMeeT CMhICJI men.Jloeo20 coeouHeHUfl, T.e. nepettoca 

Tenna Me)K.LJ;y ytJaCmKCJMU, H HBJI.SieTCj{ TepM11qecKHM co­

npOTHBJieHHeM. 

B Mo.n;enw Tennonmpaarr111:1ecKoro Ko,n:a KOBRA TaIOKe 

oT.n;enhHO 3aJIO)KeH c.rryqaH ocec11MMerpwrnoro Tennoo6-

MeHHoro 3JleMeHTa KOJihUCBOfO HJIH CTep)KHesoro norre­

petJHOfO ceqemrn c rrpette6pe)KHMO MaJI.blMH OCCBbIMI1 rre-
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pere'lIKaMl1 TeilJla, TIOMemeHHOfO B TTOTOK TeilJIOHOCHTeJI.Sl 

001-1.o.Mep1-1020 mel1Jlo2UOpa6llul/.ecK020 KaHana. TaKoii :me­

MeIIT MO)KHO paJfa.rn, B oceBOM HanpaBnemrn Ha OT,D.eJlhHble 

3JieMeHTbI, CBH3aHHbie c Rl/.eUKGMU pa36HeHIDI ooH0MepH020 
me11llocu.opa6llUl/.ecK020 KaHaJla. KIDK.D.hIH Ta.KOH 3JieMeHT B 

nonepe11HOM ceqeHHH MO)leilllJ)yeTCj{ O,D.HOMepHbIM HeCTa­

l.{HOHapHblM ypaBHeIDleM rennonpoBO,D.HOCTH H npe,D.CTiiBflj{­

eT co6oi1 Heeyro o,nHoMepayro npoc-rpaHCTBeHH)'lO CTPYKTY­
py, KOTopyI-O B ,nam,HeihneM 6y,neM HaJhIBaTh 00110.MepHbLM 
mennoo6MeHHbl.M 3/le.M.eHmOM, .sJBilj{lOIIzylOCH MHO)KeCTBOM 

nocne.noaaTem,Ho coe,n;HHeHHbrx. H TilIGfM o6paJOM CBHJaH­

HhIX Me:>t<,Zzy co6oii mennonepeoa10U1,ux 3/leMeHmoe. Te11llo­
nepeoa10U{,uu 3/leMeHm B CBOIO oqepe)lb IIpe)lCTiiBilj{eT C060H 

nocrre.noaaTem,ttyro COBOK)'IlHOCTb RtJeeK pa36UeHUJl meruzo­
nepeoa10U{,e20 3/leMeHma. CoemrneHIDI men.nonepeoa10U1,UX 
3/leMeHmOB Me)K,ey co6oii H ( eCJIH TaKOBble HMelOTCSI:) co 

CMe)I(HOM Jl'-leuKOU pa36HeHIDI 00HO.MepH020 menno2UOpae­
llU'-l.eCK020 KQHQJlQ repMHHOJIOrWieCIOI .srBJUII-OTCH me11Jl08bl­

MU C8Jl3RMU. <l>HJWieCIOIH CMbICJI men.noeou C6Jl3U - no rre­

peHOC Te11Jia Me)l()zy mennonepeoa10U1,UMU 3neMeHma.Mu HJIH 

Me)K,ey meYlflonepeoa10u,UM. 3/le.M.eHmOM H CMe)KHOH C HHM 

Wiem<OH pa36HeHIDI 00HO.MepH020 men.nozuopa6llUl/.eCK020 

KQHQJlQ. CaMa )Ke men.nOBQJl C8Jl3b - :no, COOTBeTCTBeHHo, 

TepMR'IeCKOe corrpOTHBJieHHe WHJIH TeilJIOOT)laqa Ha no­

eepXHOCTH rennoo6MeHa. 

Ha OCHOBe paCCMO-rpeHH.SI 061,eKTa MO)leJIHpOBaHHj{ on­

pe,neneH rrepeqeHh munoe o6oeKTOB Mo,nenHpoBaHHj{ Ten­

norn..r:tpaBnHqecKoii cern npH peanHJaUHH Ko,na KOBRA 
KaK SimPort-npHJIO)KeHIDI. ITpH 3TOM pacqeTHaH: cxeMa 

Mo,ne1rnpyeMoii rennorH,D.paBnwiecKoii cern ,nJUI yrrpome­

H1uI TepMHHOJIOrHH 6y,neT B ,lJ.aJibHeihneM HaJblBaThCSI 

( aHaJIQntqHo npHIDITOH paHee repMHHOJIOrHH [ 6]) 2paqJOM, 
OCHOBHbIMH 3JieMeHTaMH KOTOporo HBJUilOTC.sl: 

• y3e!l - MO,nem1pyeMhIH yl.lacmoK rpaKTa TeilJIOHOCHTeflj{, 

He BXOMl.lJ.HH B COCTaB OOHO.MepH.020 men.no2uopa6llU'-le­

CK020 KQHQJlQ,' 

• 2paHUl/.HblU y3en - 3JieMeHT 2pa¢a, MO,nenHpyro11u1ii 

Kpaeaoe ycnoa11e ,nJIH MO,D.eJIHpyeMOH Terrnorn,npaBJIWie­

CKOH ceTH; 

• pe6po - coeouHeHue cMe)KHbIX y11acmKoe Tparcra Terrno­

HOCHTem1, He BXO.lUIII.J;HX B COCTaB OOHOMepH020 mel1Jl02UO­

pa8JlUl/.eCK020 KaHaJla. Ka)K,[.(I>IH H3 MHO)KeCTBa "rrapan­

nem,Ho BKJil{)qeHHhlX" H,D.eHTHqHbIX KaHa.JlOB TaKoro co­
eOUHeHUJl Ha3hIBaeTCSI KQHQJlOM pe6pa; 

• pacnpeoeJZeHHOe pe6po - COBOK)'IlHOCTb yl/.acmKOB 
-rpaKTa TeITJIOHOCHTem1, COCTaBJIHIOII.J;HX OOHO.MepHblU men­

Jl02UOpa8JlU'-leCKUU KQHaJl H HaJhIBaeMhIX R.'-leUKa.Mu pac­
npeOelleHH020 pe6pa, HX coeow-teHuu, HaJhIBaeMbIX ceJl3Jl­
Mu pacnpeOelleHHOW pe6pa, Me)K.[{)' co6oii H co cMe)KHbIMH 

C HHMH ytJacmKa.MU Tl)aKTa TeITJIOHOCHTeJIH, He BXO~HMH 

B COCTaB OOHO.MepH020 men.n02UOpa8/lU'-leCK020 KQHQJla. 

KruKJl.bIH HJ coaoKynHoCTH "napanneJihHO BKJIJOqeHHbIX" 

H,ZJ.eHTWIHbIX KaHaJIOB, o6oe,lJ.HHeHHbIX IlOH.slTHeM 00HO­
MepH020 meflJl02UOpa6llUlleCK020 KQHQJlQ, HMeeT TepMHH 

KQHQ/l pacnpeOelleHH020 pe6pa,· 

• men.noeoe pe6po - men/loeoe coeow,eHue CMe)KHhIX 

( CBji3aHHbIX Tennoo6MeHHbJM o6opy)lOBaHHeM) y'-laCmKOB 
-rpaKTa TeilJIOHOCHTeJUI, He BXOJJ,SIIUHX B COCTaB OOHOMep­
H020 mennozuopa8JlUlleCK020 KQHQJlQ,' 

• pacnpeoeJleHHOe mel1JlOBOe pe6po - COBOI<yTIHOCTb no­

cne,noBaTeJihHO CBH3aHHhIX mennonepeoa10U1,ux 3/le.M.eHmoe, 
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cocTaBJUIIOt.nHX ooHoMepHblU men.noo6MeHHbzu 3/leMeHm, 
HX coeouHeHuu (HaJhIBaeMbIX C8R3Jl.MU pacnpeOMeHH020 
men.noeozo pe6pa) Me>K.Zzy co6oH H co CMe)KHbIMH c HHMH 

JltteuKa.MU pa36HeHH.SI OOHO.MepH020 men.nozuopa8JlUlleCK020 

KQHQJlQ. 

Cne,nyeT TaIOKe OTMeTIITh, qTQ pe6po H pacnpeOelleHJwe 
pe6po SIBJIHIOTC.SI opHeHTHpOBaHHbIMH, T.e. HanpaBJieHHbIMH 

OT exo0Ho20 y3lla HJIH 2partUl/.H020 Y3lla K BhIXO)lHOMY y3ny 
HJIH 2paHUl/.HoMy y3Ry. PacnpeoelleHHoe mewzoeoe pe6po, 
KOTopoe onHc1>1BaeT nonepeqHoe ceqettHe ocec:HMMerpWI­

Horo Tennoo6MeHHoro 3JieMeHTa KOJibQesoro HJIH CTep)K­

Heaoro nonepetJHoro ceqeHHH c npeHe6pe)l(HMO MaJiblMH 

oceBbIMH nepere1IKaMH TenJia, IlOMemeHHOrO B IlOTOK Terr­

J10HOCHTeJIH OOHO.MepH020 menno2uopa8JlU'-leCK020 KQHQJla, 

TaIOKe j{BJUieTCH OpHeHTHpoaaHHbIM H HanpaaneHHbIM "B 

cTopotty yaemNeHIDI pa,neyca". 

Tipe)lCTaBJieHHM Bblllie crpyJ<TYpa (2pa¢) OITHChIBaeTC.SI 

CHCTeMOH HeCTaQHOHapHbIX ypaBHeHHH coxpaHeHHSI: [6], 
Mo,nenwpy10mHX JlHHaMHKY Ten11orn)lpaam1qecKoi1 CeTH. C 

ToqKH 3peHHj{ 3TOH CHCTeMhl, MO,D.eJI:H HeKOTOporo o6opy­

)lOBaHIDI TeTTJIOrH,D.paBJIWieCKOH ceTH, B KOTOpoe BXO)lSl:T 

rH,D.paBnlfCleCKHe KJianaHbl pa3JIH't{H0f0 THna, HaCOCbl, Ten­

noo6MeHHHKH H T.Jl., .SIBJIHIOTCH 3aMhIKal-OII.J;HMH COOTHOllle­

HIDIMH ,lJ.IDl OCHOBHOH CHCTeMbl ypaBHeHHH. TaKHe MO)leJIH 

HBJUIIOTCH ,lJ.OCTaTOlJHO ymrnepca.IThHblMH H qacTO npHMe­

IDieMbIMH H I1O3TOMY BKJIIOqeHbI B 6H6JIHOTeKy TeilJIOnf)l­

paBJIHqecKoro 1rnc-rpyMeHTa KOBRA. B CJI)"Iae npHMeHe­

HHj{ TaKHx MO,lJ.eJieH OHH )lOJI)Kffbl 6hITb ITOCTaBJJeHbl a co­

OTBeTCTBHe TOMY 3JieMeH1)' pacqeTHOH cxeMbl (HJIH 2pa­
¢a), .[{JUI KOToporo OHH npHMeIDIIOTC.SI. B TepMHHOJIOfHH 

TeXHOJIOnrn SimPort onpe,neJIHTb TIU<Oe COOTBeTCTBHe -

3TO HQKJleUmb MO,D.eJih HJIH peani,13yeMbIH elO mun 06oeK­

TOB. B t.{HCJie TaKHX HQKJleueae.MblX munoe: HQCOC, MOU{,HO­
cmHaJl xapaKmepucmuKa Hacoca, zuopae/lu11ecKuu KJZanaH, 
o6pamHblU 2UOpaellutJecKuu KJZanaH, xapaKmepucmuKa 
zuopae/lutJecKozo KJZanaHa, HeKoHoeHcupyeMblU 2a3 (Mo,ne­

nHpyeT COCTO.SIHHe HeKOH)leHCHpyeMhIX raJOB B Y3flQX CeTH, 

Mo,nenHpy10mHX ,nByxq>aJHhlH 6aK) :H .np. 

EaJHC MO,nenH ,D.HHaMHIOI TennorH.npaBJIHqecKOM ceTH. 

COCTaBJUIIOT: 

• CHCTeMa JlHq>q>epeHI..{Ha.JlbHbIX ypaBHeHHH B qacTHblX 

npOH3B0,D.HbIX, OilHCbIBaIOII.{aH: 3aKOHbl coxpaHeHIDI MaCChl, 

HMITyilbCa H :mepnrn TeilJIOHOCHTeJI.SI )lJijJ BXOJljllUHX B co­

CTaB CeTH OOHOMepHblX men.no2UOpa8JlUl/.eCKUX KQHQ/l08 

(pacnpeoeneHHblx pe6ep ); 
• CHCTeMa o6bIKHOBeHHbIX ,D.Hq>q>epeHI.\HaJibHbIX ypaBHe­

HH.H coxpatteHHSI MaCCbI, HMITyJibCa H 3HeprHH )lflj{ cen1 "B 

uenoM" (T.e. ,D.Jl.sl CHCTeMhl Y3llOB H pe6ep); 
• O,D.HOMepttoe HeCTal.{HOHapHoe ypaBHeHHe TeI1Jionpo­

BO)lHOCTH ,lJ.Iljf pacqerHoro ceqeffffj{ Tennoo6MeHHoro :me­

MeHTa c BttyrpeHHHM TenJIOBbl)J,eneHHeM a o6meM cnyqae 

(T.e. ,lJ.JIH pacnpeoeneHHbZX mel1.floebzx pe6ep ); 
• TOqeqHoe ypaBttem1e TellJIOilpOBO)lHOCTH )lJIH men.noeo-
20 pe6pa, T.e. )lJUI Terrnoo6MeHHoro 06opy,noeaHID1 y'-lacm­
Koe TJ)aKTa TeITJIOHOCHTeJUI, He BXOMIUHX B COCTaB 001·tO­
.MepH020 men.rz02UOpaBllUlleCK020 KQHG.lla; 

• CHCTeMa 3aMhIKaIOmHX COOTHOllleHHH. 

MaTeMarn:qecKaH Mo,neJib H ee q11cJieHHM pean113au1rn 

npe,nCTaBileHhI B pa6oTe [ 6] ,llOCTaTOqHo nonHO 3a HCKJil-0-

qeHHeM peaJIH30BaHHOro IJ03,D.Hee, HO cymecTBeHHOro C 

<PYHKQHOHaJibHOH ToqKH 3peHHSI pacurnpeHH.sl, KOHM .sIBJHI-



eTCH TOqeqHoe ypaBHeHHe Tennonpoao,nHocrn Alli menJio-
6020 pe6pa, T.e. ,nmI TeilJloo6MeHHoro 06opy,noBaH1u1 ytJa­
cmKoe TPaKTa TennOHOCHTemI, He BXO)l.HI.U;HX B COCTaB oo­
HOMepH020 meYlJlo2uopa6/lUL/,eCK020 KGHG.!la. YpaBHeHHe 

TenrronpoBO)lHOCUI )llll TeMneparypbI CTeHirn 3JleMeHTa 

TaKOfO o6opy,noBaHHH MMeeT cne;zyIOI.U;HM BH,n: 

Mw·Cp·dJ:v 
F·(q, -qi). 

dt 

3.necb ep - TeJIJIOeMKOCTb, K,[()K/(Kr·°C); Mw - Macca 

CTeHOK TPY6, 1<.2; q I . q2 - TeJIJIOBhie TIOTOKH OT TeJIJIOOT­
,naromero TellJIOHOCHTemI (TeIIJIOHOCHTeJlb 1) K CTeHKe HOT 

cTeHKH K TennoBocnpMHHMaJOmeMy TeITJIOHOCHTeJIJO (Ten­

JIOHOCHTeJlh 2), COOTBeTCTBeHHO, KBTIM2; Tw - cpe.n:mrn 
JIOCTO.HHHa.H (no nosepxHOCTH) TeMrrepazypa CTeHKH, De; F 
- nrroma.n:h nosepxHoCTH Tennoo6Metta, M

2
. 

YpaBHeHHe Tennonoro 6anaHca Me>KJzy TennoHOCHTe­

rreM 1 (nap) 11 CTeHKOH HMeeT BH)l: 

Cp· GI' dT = -kl' (T - T w} df. 

3.necb G 1 - pacxo.n TennoHOCHTemI 1, 1<.2/c; df - rrno­
lUMh 3J1eMeHTa JIOBepXHOCTH CTeHKH, M

2
; T-TeMrrepaT)'pa 

TeilJlOHOCHTemI 1, De; k1 - cpe.n;HHM K03<l>q>HnHeHT Tenno­

OT.ZJ:atIH, K13T/(M2 
·0 C). 

3TO )Ke ypaBHeHHe npH ITOMOII.I.H 3aMeHhl rd= T - Tw 
MO)KeT 6hITb 3an11caHO B BH.n;e: 

dTd =-k, ,__!!!_. 
Td Cp·G, 

PerneHHe :noro ypaBHeHH.H OTHOCHTeJlhHO Td TT03BOJ1.HeT 

B HTore nonyqHTb BblpIDKeHHe .n:n.H nOTOKa Tenna OT Tenno­
HOCHTemI 1 K CTeHKe B BH,ne: 

F F ~~ 

q =L fk ·T ·dlf=_!_·k ·(T. -T ) fe -cp-G, ·dlf= 
I F I d F 1 111 , l w 

0 0 

=-P_· _1 ·(T -T )· 1-e cp-a, e G [ _!r!_] 
F 111,I W 

3.n:ecb Tin.2 - TeMnepazypa Terrn0Hoc11Ten.H 2 Ha Bxo.n:e, De, 

TionyqeHHhie Bbipa)KeHH.H, o.n;HaKO, MOryT 6hITb HenpH­
MeHHMbI npH HeKOTOpbIX 3HatJemrnx napaMeTpOB (ttanp11-
Mep, np11G1=0111111 G2=0), a TaK)Ke B cny-qae HaJJWIH.H cpa-
30Boro rrepexo.na .ZJ:n.H TenJIOHOCHTeJI.H 1 HIHJIH 2. 

TipH HaJJHtiMH <paJOBoro nepexo.n:a, HarrpHMep, .ZJ:mI Ten­
noHOCHTemr 1 (nap) MO)KHO onpe.n:enHTb aem11rntty no­
BepxHOCTH TeilJJ006MeHa 30Hhl KOHBeKTH'BHOfO OXJI8)1(.ZJ:e­
HlUI napa lo, np11paBHHBa.H H3MeHeHHe 3HTaJihJIHM napa OT 

BXO,na a Terrnoo6MeHHHK .n:o TOtIKH Haqana KOH.ZJ:eHcau:mf 11 
Tenno OT TenJIOHOCHTemI 1 K CTeHKe (q1F): 

Cp ·G1 T;,, 1-T.,, 
fo=--·ln · . 

k, T:a, -Tw 
3.n:ecb Tsat- TeMnepazypa HaChII.U;emrn, 0c. 
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;•:;) !look fdit YteW Epc;ution eres!lfltalion Qbjei;.1 jnstrudQr Window Jjalp , 

-~,.101 ~ ~ a1~101 ~ .:21 010101~1 ~ ~r . 
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Tor.n:a rroToK Tenna Ha yqacnce KOH.l(eHcal{HH: 

qcond = kcond • (Tsai -Tw) · (F- fo) · 
KoM6HHHpyH o6neKThI nma menJ10Boe pe6po, MO)l(HO, 

He rrp116erru1 K CJJO)l(HbIM pacnpe,neneHHbIM MO.l(eJUIM, pea­
JIH30BaTh B ynpomeHHOM BapHaHTe MO.l(eJIH TaKoro o6opy­
.l(OBaH:IDI 3Hepro6JIOKOB, KaK pereHepanrnH1>1e no.n:orpeBa­
TerrH BhICOKOro H HH3Koro ,naBJieHJUI, KOH.r(eHCaTOpbl napo­

B1,IX T)'pforn, no,norpeBaTeJUI ceTeBOH B0.llbl, HCnapHTe.JIH, 
rraporeHeparnphI H ,npyroe Terrnoo6MeHHOe 06opy.n:osam1e. 
Pacqe-r K03cpcpHI..{HeHTOB TenJIOOT,n:atIH Me)l(Jzy CTeHI<aMH 

TJ)y6 H TeTTJlOHOCHTeJUIMM IIpOHCXO.l(HT B COOTBeTCTBHH C 

3a.l(aHHbIMH .l(JUI men.no6020 pe6pa Oill.(IDIMH, xapaKTepH-
3YlOIUHMH nm Tem1006MeHHHKa WHJIH pe)KHMbl TetJeHIDI. 
B HaCTO}II..Uee speM.SJ. peami30BaHbl cne,n:yIOII.(He OITI.J,HH: 

• Tennoo6MeHHHK nap-so,n:a 6e3 cpa.Josoro nepexo,n:a; 
• TeTTJ1006MeHHHK nap-Bo,n:a C B03MOil<HOCTblO cpa30Boro 
rrepexo.n:a O,l(Horo Tennoaoc1uem1; 

• Tennoo6MeHmnc ao.ua-so.ua HJIH nap-nap. 
)];IDI MO,UeJIHpOBaHIDI, HarrpHMep, no,n:orpeBaTeIDI BbICO­

Koro ,l(aBJieHIDI Heo6xo,n:HMO HCil0Jlb30BaTb Bee lJ)H Oill{HH: 
rrepBM 6y.l(eT rrpe.ncTaBJUITh co6oii 30tty oxnruK,ueHIDI napa, 
BTOprul - 30tty KOH.l(eHcauHH napa, a TJ)eTMI - 30H)' OXJJcl)K­

.n:emrn .n:peHcl)Ka. IloBepxHoCTh Tem1006MeHa .z:vrn Ka)KJJ.oro 
R3 menJZ06blX pe6ep .HBJUieTC}l rrepeMeHHOH BenHqHHOH H 
MO'.>KeT yBem,rqJrnaTI,C5I H yMeHI>UiaT£>C$1 B 3aBHCHMOCTH OT 

ypoBH.Sl KOH,l(eHCaTa B IlO,l(OrpeBaTeJJe. ITpH IIOJIHOM CJIHBe 
KOH,neHcaTa nonyqHM HCt{e3HOBem1e 30Hh1 OXJla.)l(.l(eHH}l 

.n:petta)Ka H ysen11qeHHe 30HbI KOH,neacauirn napa, tJTO 6y­

.n:eT BbJpa,KaTbC}l B OTCyTCTBHH Tennosoro IlOTOKa 11epe3 

[lii@li,i,lilUll,4itbMtM ■ hli,11,l,FiiMl 1 111►MitUJli@il:ii,i'ii'fl·GUl41NII 

TJ)eTE,e men.noeoe pe6po. TaKrui: MO,n:enh HBIDieTC.H onTH­
Mam,ttoii ,n:m1 no,norpesaTeJI.Sl BbICOKoro .n:asneHIDI, T. K. 
ytIHTbmaeT see OCHOBHbie KOHCTIJYKTHBHbie oco6eHHOCTH, 
a TaIOKe B03MQ)KH0CTH OTKJlOHeHHM OT HOpMaJibHblX pe>KH­
MOB 3KcrrnyaTaI.{HH, qTo oco6eHHO BIDKHO ,nJI}l MO.l(eJJH B 
COCTaBe TPeHcl)KepHoro KOMnJieKca. Ha pHC. 1 npe,n:CTaBJieH 
BHeIIIHHH BH,n (B cpe.ne rpacpoaHaJIJIT_HqeCKOro pe,n:aKTOpa) 
cpparMeHTa pacqe-rttoii cxeMhl ( CHMYJJHUHOHHOM ,n:HarpaM­
MbI) TJ)aKTa mITaTeJibHOH BOJJ:hl C no,n:orpeBaTeJJeM BbICOKO­
ro ,n:aBneHIDI rpeHIDKepa lle.IDI6HHCKOH T3U 3. Ha cxeMe 
npHcyTcTByIOT o6neKTbl SimPort-npHJ10)Kem,m KOBRA, 
COMPONENT, TRANSMI'ITER. 

EI..U;e O.l(HHM Bail<HbIM JJ:OJIOJIHeHHeM [ 6] .srnmeTC.Sl MO­
,neJib cryneHH T)'p6HHbI KaK OCHOBHOro 3JieMeHTa MO,n:em1-
pOBaHH51 rrpoToqHoii qacrn rrapoBhIX T)'p6HH 3Hepro6no­
KOB. B paMKax 3TOH MOJJ:eJIH Beeb rpaKT UHJIHHJJ:pOB BhICO­

KOro, cpe,l(Hero H HH3KOro ,n:aBJieHIDI pa.36.HBaeTC.SI Ha yqa­
CTKH, ,[\JUI KOTOpbIX pacctIHTbIBaIOTC.H Tenrroneperra,n:hI. C 
yqe-roM nonyqeHHbIX 3HatJeHHii TerrJJonepena,n:os npotIHe 
Tennorn.n.paBm1qecKHe napaMeTJ)hl no ·rpaKTY ryp6HH1,1 
onpe,n:e.IDIIOTC}l C HCITOJJb30BaHHeM 6a.JOBOH Mo.nenH Ko,n:a 
[ 6]. Ha pHC. 2 npe,n:CTaBJJeH BHellIHHH BHJJ: cpparMeHTa pac­
qeTHOH cxeMbI TJ)aKTa naponpoBO.llOB H npoTOqHoii qacTH 
T)'p6HHbI rpeHcl)Kepa qeIDI6HHCKOH T3U 3. Ha cxeMe rrpH­
cyTcTByIOT o6neKThI SimPort-npHJIO)KeHHH KOBRA, 
COMPONENT, TRANSMITTER. 

HncmpyMenm TURBINE MoaenupoBanuR Mexanuite­
c«ou 'lacmu myp6UHbl Il03BOJI.SleT rrpOH3BOJJ:HTb pactJeThI: 
TeMneparyp MeTrurna naporrposo,n:os, naposbIX 3a,n:sIDKeK, 
o6onoqeK, qmaHI~eB H lIIIlHJleK )],JUI I.{HJIHHJJ:pOB 3Heprenf-

' ·I fl.col( Edit ~aw ~QJl/on e,esemelion Qbjed t,,s1ructor 't/.indaw ' l:lelp • 

-~l♦IOI ~ ~ alQ!D! ~ ~ ,. IOIOIQ,! ~ ~ I '1□ 1°1°1c\jw!!!ill 
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TUTT053 
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~ 

af>rH: 0.1000 

Puc. 2. (/)paZMeHm pac1.1emHou cxeMbl mpaKma naponposoooe u npomo1.1Hou 11acmu myp6m1bl mpeHaJ1Cepa l/enR6UHCKou T3[{ 3 
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( TUTT136 ) ( TUTT141 ) ( TUTTU6) 
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Puc. 3. <l>pacMeHm pac'lemHou cxeMbl MexaHul/e~Kou 'lacmu myp6uHbl mpeHa:JICepa l.fellJl6uHCKOU T3L( 3 

qecKHX ryp6Irn; pacurnpeHHH pornpa ryp6HHhl, ocesoro 

C,D.BHra; BH6paQHH 11 TeMneparyp B TI0,LJ;IIIHilHm<ax; o6opo­

T0B BaJia ryp6HHhl. KpoMe TOro, B HHCTPYMeHT B0IIIJIH M0-

.n.em1 BanorrosopOTHOfO ycTpOHCTBa, MaCJIOCHCTeMbI, CHC­

TeMbl rn.n.poyrnIOTHeHHH, a TaIOKe MO,D.eJIH ynpasneHIDI 

ryp611Ho11. Cpe.D.H fonoBhIX ypaBHem1w paccMarpHsaeMoro 

SimPort-npi:rno)l(eHH51 - ypaaHemIe Tennonpoao.n.HocTH JJ;Jl.sI 

Mo.n.e1rnposaHIDI nporpesa MeTarrrra 11 ypasHeHHe MOMeHTOB 

,LJ;JUI Bhll!HCJieHIUI o6opOTOB. CTblKOBKa c MO,LJ;eJlhlO 11 HHCT­

pyMeHTOM KOBRA ocymecTBmIeTc.S1 no TenrroBhIM noTO­

KaM OT TeIIJIOH0CHTeJI.SI H TeIIJIOBhIM M0I.l(HOCDIM cryrreHeM 

ryp6HHhI, He06XO,LJ;HMhlM ,D.JI.SI pacqeTa yrnoBOH CKOpocrn. 

Ha pHC. 3 npe,LJ;CTaBJieH BHellJHHH BH,D. cpparMeHTa pact.ieT­

HOH cxeMhI MexaHHt.ieCKOH qacTH ryp6HHhl TPeH3)1(epa qe­

IDI6HHCKOH T3Q 3. Ha cxeMe rrpHcyTcTByIOT 061>eKThl 

SimPort-rrpH110)£(emdi TURBINE, COMPONENT, TRANS­
MITTER. 

Tenn.ozuopaanu~eCKUU u11cmpyMeHm GAS NET 
rrpe,D.Ha3Hat.ieH ,D.JI.SI MO,LJ;en11pOBamrn HeCTaQHOHapHbIX rrpo­

QeCCOB B rrpOH3BOJlhHhIX TerrnorH~paBJIHqecKHX CeT.SIX C 

ra3OBhIM TeTIJIOHOCHTeJieM. Ea30BbIMH muna.Mu .n.aHHOro 

SimPort-rrp1rnmKeHIDI HBllilIOTC» attanornqHhie 6a30BhlM 

munaM HHCTPYMettTa KOBRA y3en, 2paHuttHbZU y3ell H pe6-
po, a TaIOKe KJianaH 11 2a306blU 1,1upK)lllR.mop. OcHosy MOJJ;e­

Jrn HHCTPYMeHTa COCTaBllileT CHCTeMa HeCTaUHOHapHbIX 

06bIKHOBeHHhIX .n.mpcpepeH[(HaJlhHblX ypaBHeHHR coxpatte­

HH.SI MaCChJ, HMnyJlhCa I.f :meprHH )].JUI ra30BOH ceTH. 

H11cmpyMe11m LOGIC MOOeRupoaa11u11 cucmeM 
ynpaane11u11 npeJJ;Ha3Hat.ieH .D.JI.51 M0JJ;enHposaHH51 CHCTeM 

ynpaaneHl1.SI o6opy.n.oaaHHeM H TexHonorHtieCKHMH rrpo­

ueccaMH, rrpe,.ucTaBJieHHbIX 8 .U,OCTaTOt.IHO Tpa.n:,JiUHOHHOH 

q>OpMe JIOrHKO-aHaJIOfOBOH cpyHKU.HOHaJibHOH cxeMbI. 

3neMeHTaMH TaKOH cxeMbI .SIBllilIOTC.sI THTI0Bbie s HeKOT0-

poM CMhICJie ycmpoucmea npeo6pa3oeaHUR nornqecKHX 

Kimm: aHaJIOfOBbIX BXO,LJ;HhIX CHfHaJI0B B BhIXO,D.Hhle JI0nI-

1.JeCKHe WHJIH aHaJIOfOBbie CHrHaJibl H C6R.3U TaKHX ycT­

pOHCTB Me)K.lly co6oi1 HJIH c BHellIHHMH no OTHOilleHH:IO K 

JJ;aHHOH CHcTeMaMH. Ilp11 3TOM CMb1c11 ceR3u - 3TO K0MMY­

HMKaQH.51 6e3 3a,uep)Kl(11, T.e. rrepe,LJ;at.ia 11ornqecKoro MJIH 

attanorosoro napaMerpa. <l>opManH30BaHHa.sI pac11eTHa.sI 

cxeMa MO,LJ;em1pyeMOH CHCTeMhl .SIBJUieTC.SI 2parjJoM, OCHOB­

HhIMH 3JieMeHTaMH KOTOporo .sIBJI.SIIOTCH: 

• y3en - ycmpoucmeo npeo6pa3oea11uR. rror1-NeCKHX Hhrn11 

aHa.JIOfOBhIX BXO,LJ;HbIX CHfHaJIOB B BhIXO.U,Hble norHqecK.He 

WHJIH attanoroBhie CHrHaJlhI. IlpH 3T0M, ecrrH BhIXO.D.HOH 

ClffHaJI .D.IDI Y3llQ HJIH ycmpoucmea npeo6pa306QHUR. He HB­

Jl.sieTC.SI BX0,D.HblM ,D.JI.SI Y31ZQ Toro )Ke 2pa<fta, TO TaKOH y3en 
onpeJJ;eJieH KaK ebzxooHou 2pa1-tut.t1tbzu y3en 2pa¢a. Attano­

rnqHo, ecJIH BXO.D.HOH CHrHaJI JJ;JI.51 y3na HJIH ycmpoucmea 
npeo6pa306QHUR He .SIBJI.SleTC.SI BblX0,D.HhIM ,LJ;JI.SI Y31ZQ TOro )Ke 

2pa¢a, TO TaKOH y3en onpe.ueneH KaK exooHou 2paHut.tHbzu 
y3en 2parjJa; 
• pe6po - CBR.3b ycmpoucme npeo6pG3oeaHUR Me)l(JJ;y co-

6oil HJJH c BHellIHHMH no 0TH0llleHHlO K MOJJ;emrpyeMOH 

CHCTeMaMH, T.e. C6Jl3b BhIXO,LJ;HOro CHrttarra O,LJ;HOfO Y3llQ 

HJIH ycmpoucmea npeo6pG3oeaHuR c .D.pyrnM. 

l1CKOMhie 2pa¢ H ero pe6pa 51BJIHIOTC.SI opHeHrnpoBaH­

HbIMH. flpH 3TOM HarrpaBJieHHeM pe6pa HJIH C6R3U 51BJI.SleTC.SI 

ttanpasnemIe nepe.n.aq11 c1-1ma.rra OT BhIX0JJ;a npe~hl.D.ymero 

Y3flQ Ha BXO,LJ; IIOCJieJJ;ylO[I.J.ero. 

oa3HC MOJJ;em1 .n.aHH0ro SimPort-rrpHno)KeHH.SI cocTaB­

m1eT COB0KYilHOCTb MO,LJ;eneH ycmpoucme npeo6pa306QHUR. 
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JI0rw!eCKHX WH.Jlli a.HaJI0roBblX BX0)J,HbIX CHf'HaJI0B B BhlX0)J,­
Hhie JI0rJiflfeCKHe WKJIM a.HaJI0fOBhie CHrHaJihI, T.e. C0B0K)'TI­
H0CTb M0,1],eJleH )J,IDI TIUI0B 061>eKTOB, .sIBIDIJOIUHXC.sJ )'3llQMU 

2pa</Ja. KIDK.Aa.si raKruI Mo.n.eJib a o6meM c.rryqae npe.n.cnmIDleT 
co6oH CHCTeM)' )Ulq><pepeHI.(HaJil,HbIX H anre6paw:iecKHX 
yprurnemrn H ypaaHemrn 6yneaoi1: anre6p1>1. Cyn, pemeHIDI 
3aJJ:aqJ,f ,1J,ID1 BCeH CHCTeM.bI COCTOHT B crporo orrpe.n.eJieHHOH 

rrocne.n.oaarem,Hoii peamoa.QHH Mo.n.eJieif KIDK.L(oro H3 Y3fl08 

2parj)a, T.e. crporo nocne.n.oaareJihH0 ,1J,IDI KIDK.L(0ro y3Jla orr­
pe.n.eID1JOTC.s1 BbIX0,UHl>Ie CKfHaJil,l no BX0)l.Hl>IM. 

IIonHoTa 6H6JIHoTeKH Mo,neneii (munoe 061>eKT0B) .n.aH­
Horo SimPort-rrpHJIO:>Kemra Ta1<oaa, '-IT0 no3aom1eT Mo,ne­
nHpoaaTb npaKTHqecKH mo6y10 CHCTeMy yrrpaaneHIDI Tex­
Honorw-1ec1<11MH npou:eccaMH :mepro6noKa H oT,neJihHhIM 
ero 06opy.n.oaam1eM. 

HncmpyMenm RELAY MOOl!llupoaanua cucmeM 
ynpa6/l.eHUJl rrpe,1],Ha3HatieH )J,IDI M0)leJrnpoaaHIDJ CHCTeM 
ynpaaneHIDI o6opy.n.oaaHHeM H TexHorrorHtieCKHMH npo­
ueccaMH, npe,ncTaBJieHHhIX B <pOpMe peneHHhlX cxeM, C00T­
BeTCTBYIOIUHX cpopMe rrpoeKTHOH .noeyMeHTaU:HH. HecMOT­
p.si Ha TO, qTQ TaKa.sJ cpopMa .sJBmieTCH MeHee <pyHKQHOHaJib­
H0 lIJffa6eJibHOH no cpaaHeHHIO c cpyHKU:HOHaJihHbIMH cxe­
MaMH, TeM He MeHee 3aqacry10 TaKMe cxeMbl 6hlBaIOT 
e)lHHCTBeHH0 .n.ocrynHhlMH rrpH Mo.n.enHp0BaHHM, H HaJIM­
q,He no.n.o6Horo HHCTJ)yMeHTa a 6H6mrnTeKe no3B0IDieT 
Hanp.siMyIO HCil0Jih30BaTh npoeKTHbIH MaTepHaJI npH pea­

muaum1 Mo.n.em1 cHcTeMhI. 
HucmpyMenm COMPONENT MOOe.nupoBanua muno-

6blX. CXeM ynpaa/1.eHUR rrpe.n.CTaBIDleT co6oH fot:6JIHOTeK)' 
MO)leJJeH cxeM ynpaaneHIDJ HCTI0JIHHTeJibHhIMH MexaHH3-

MaMH nrnoaoro o6opy.n.oaaHIDI :mepro6no1<0B. Tuna.Mu 
061>eKT0B .n.aHHoro SimPort-npHJIO:>KeHIDI .sIBIDIIOTCH a He­
K0TopoM CMhlCJie MaKpo-ycmpoucmea npeo6pa3o8aHUfl. 

lliitMll'YYO,l:liMMMtbl•llllf·Mlt'10•J.tMMllllllll!IIBrtffihiMhiA444i46 
.:.;J aook ~dit Yoaw EpculK>!1 EreHritolion Qbjed tnnudor ~pdow Help IX*~'"''~~ a!a!Ol ~ .:2.1 IO!OjQ,! lli!Ol m 

I1HcrpyMeHT .sIBJUieTC5l caM0CT0.sJTeJihHhlM opraHHtieCKHM 
.n.ononHeHHeM npHJIO)l(eHHH LOGIC H RELAY 11 no3aon.s1e-r 
3HaqHTeJibHO 3K0H0MHTb -rpy,n03aT])aTbl npH C03)],aHHH 06-
meii M0.z:temt CHCTeMbl yrrpaaneHIDJ TeXH0Jl0fHl·IeCKHMH 
npoueccaM.H 3Hepro6noKa. Ha p11c. 4 npe,D.crnaneH BHew­
HHH BH,L( cpparMeHTa -rpeHIDKepHOH CHM)'JI.sJUHOHHOH )lI•ia­
rpaMMhl noKaJII>HhlX (He BX0MIU11X B cocTaB ACY ID) 
cxeM ynpaaneHIDJ l-lCil0JIHHTeJlbHhIMH MexaHH3MaMH Tex­

H0JI0fHtieCK0f0 o6opy,noBaHIDI (B qacTH0CTH Hacocoa) 
:mepro61101<a CTaHUHH Armstrong, CllIA. Ha cxeMe npH­
cyTCTBYIOT 061>eKThI SimPort-npHJIO)KeHHH LOGIC, 
RELAY, COMPONENT. 

Hncmpy.MeHm TRANSMITTER npe,ncTaBJI.sJeT co6oH 
6M6JI.HOTeKY M0)leJieH THil0BhIX ,naTqHK0B M3MepHTeJlhHOH 
annaparypbI :mepro6no1<a. 

Hncmpy.Meum ELECTRO npe,nHaJHaqeH ,nJUI Mo,nenH­
poaamu.1 npou.eccoa rettepaUHH, pacnpe.neneHIDI 11 rrorpe6-
neHIDI 3JleI<Tp03HeprHH B 3Jlel<TpHqecKOH ceTH. O61>eKT 
Mo.n.enHpoBaHJ,u1 npe.n.cTaBJI.sJeT co6oH 3JieKTJ)Hqecey10 ceTh 
KaK C0B0KYTIH0CTb CB.sJ3aHHblX 3JieKTJ)H'IeCKHMH coe,nHHe­

HIDIMH YCTJ)OHCTB ,nayx 0CH0BHbIX o6o6meHHhIX rnnos: 
reHepaTOpbl 11 TIOTJ)e6HTeJil1. PactieTHruI cxeMa TaKOH CHC­
TeMhI, KaK 11 ,L(Ju:I 6CJiblUHHCTBa ceTeBbIX TeXH0JI0fWfeCKHX 
CHCTeM, rrpe.n.cTaBHMa B BH)le 2pa</Ja, 0CH0BHhlMH 3JieMeH­

TaMH K0Toporo }IBJUIIOTCjl Y3llbl, M0,L(en11py10m11e rettep11-

py10m11e H IlOTJ)e6JUIIOIUHe 3JieKTpH"'CJeCKHe YCTJ)OttCTBa, H 
pe6pa, Mo.n.en11py10mHe 3JieKTJ)H"tfecKHe coe,nHHeHIDI. 

OcHOBHblMH muna.Mu 061>eKTOB M0,L(emt:pyeM0H CHCTe­
Mbl .sJBIDIIOTC.sI: reHepaTOp c IlOCTO.ffHHOH 3,lJ;C, reHepaTOp c 
nepeMeHHOM 3,lJ;C J,f CHCTeMOH B036y)K)leHHH, )lByx- H 
TJ)exo6MOTOtIHhIH TJ)attccpopMaTOpbI, 3JieKTpHtieCK0e co­
e)lHHeHHe C yqe-roM II0Tepb, IIIHHI,I BhIC0I<0fO H HH3l<0ro 

Hanp.si)l(eHH}I. 

-!ti> 
...l!J.! 

CondtnHII Pumps IA/18 
OWG NO. 2316-A.612F 
r;t.No NO· D-SeT-2 

Heller Drain Pumps IAIIB 
DWONO-
fJWGNO- ' 

CPM..f'UU. 
u10P1A cHOPIB 

nnnn-f'ln ,c,n, ,Ac 

Puc. 4. </JpaZMeHm CUMYllRl.fUOHHOu ouazpa.MMbl 110KClllbHb1X cxeM ynpa6.11e1tzm 011a mpeHa:>1Cepa 3Hepzo6110Ka cmam1uu Armstrong, CWA 
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Puc. 5. (J)paZMenm pac11emHou CXe.Mbl 3JleKmputJecKou tJacmu mpe1-1a:J1Cepa 31-1epzo6J101<a cmaH11uu Armstrong, ClllA 

OCHOBHbIMH C0CTaBJUUOll{HMH MaTeMaTH"tJeCKOH M0,n:e;rn 
JlfillH0ro SimPort-npHJIO)KeIDUI j{BJUIJOTCj{ Mo,n:e.Tll1 3JieKTplftie­
CKOH CeTif BbICOKOro Hanp.SDKeIDUI, 3JleK1JlHlJeCKOfO reHepa­

rnpa, 3JieKTJ)HT.JecKoa Hfil'PY3KH, 3JJeKTplftieCKOH ceT11 HH3Koro 
Hanp.SDKemrn, 3ail..UITbl 3JJeKTpH"tJeCKOM CMCTeMbI. 

OCHOBY M0,n:eJJH 3JieICTp11qecKOM CMCTeMbJ C0CTaBIDieT 
3aKoH KHpxrocpa ,n:IDI 3neKTp11qecKoii ceTH, KOTOpbIM rrpe,n:­
CTaBmieTcj{ B BH.,n:e CHCTeMbI ypaBHeHHM BH.,n:a: 

[Y] X [V] = [I]. 
3,n:ecb [Y] - KOMTIJieKCH~ Ma'fl)MQa 3JieICTponpoB0;::{H0-

CTeii; [V] - KOMruieKCHl>IH BeKTop Harrpj{)KeHHH; [I] - K0M­
nJJeKCHbIM BeK'rop T0K0B. 

Ha pHc. 5 npe.n:cTaBneH BHernHHM BH.JJ: <pparMeHTa pac­
qernoii cxeM1>1 3JJeICTpMT.JeCKOH tJaCTH -rpeHa)Kepa 3Hepro-
6noKa crnmurn Armstrong, ClllA. 

O,n:HOH H3 KJUOT.JeBl>IX C0CTaBmllOI.l{HX KOMnneKCHOM Ma­
TeMaTMt.J:eCKOH M0.[(eJJH 3Hepro6noKa 51BIDieTCj{ M0JJ:eJJI, rrep­
BMtJHOro MCTO'-IHMKa 3Hepnrn, Koeii 5lBIDieTCj{ :meprWI ro­

pemrn .[(JIR TennoBoro 3Hepro6noKa wrn 3Hepnu1 H,Aepttoii: 
u,enHoM peaKQHH )J.eneHWI - ,n:m1 .a.n:epHoro. 

HncmpyMenm BOILER rrpe,n:Ha3HatJeH .[(JUI Mo,n:enM­
posaHHj{ TenJI0BhIX npoQeCC0B rrpH cropamrn T0IIJIHBa B 

3HepreTH'-leCKMX rrap0BbIX K0TJiaX. O6oeKT M0,n:enHp0BaHHH 
(napOBOH KOTeJJ) M0)KeT 6bITb ycJI0BH0 pa36In Ha ,n:Be co­
CTaBIDIJOll{He: T0IIKa K0TJia C pa.n:Hal.{H0HHbIMH nosepXH0-
crnMH Harpesa M fa30BbIH TenJIOBOH -rpaKT C KOHBeKTM.B­

HbIMH nosepXHOCT.HMH HarpeBa )J.JUI rrepe,n:aq11 TeIIJlOBOH 

3HeprHH K OCHOBHOMY TeilJIOHOCHTeJIJO. MaTeMan1qecK~ 

MO;::{eJib KOTJia TaIOKe COCTOHT 113 JlByx qacTeM: 

• Mo,n:enh TeIIJI0BhIX npoQeccos B TorrKe Korna rrpH cropa­
HHH TonnHBa TBep.n:oro, )KH)J.Koro mm ra.3oo6pa:moro BH)J.oB; 

• MO)leJJb rrepe,n:atrn Tenna OT TOIIOtJHhlX fa.30B K KOHBeK-

TMBHhlM TIOBepxHOCT51M HarpeBa KOTeJII>HOfO arperaTa. 

<l>opMaJIH30BaHHOe npe,n:CTaBJieHHe 061>eKTa M0D.eJrnpo­
BaHM, 0CH0BaHH0e Ha on1>1Te pa3pa60TKH Tpetta)KepoB 
TeIIJl0BI,IX :mepro6JIOKOB, HMeeT B11)1. pactJeTHhIX cxeM ,n:syx 
BMJJ:OB: 

- pacqeTHaH cxeMa TOITKH M K0HBeKTHBHl>IX maxT, Ha­
fI0MHHaJOI.l{M CXeM)' o6mero BH,n:a K0TeJihH0ro arperarn; 

- pactJeTHM cxeMa .[(JUI 3a,n:aqH onpe;::i:enettHH TeMnepa­
TYP ra3a no rpaicry Koma, stterrrne attanonttrnM Tennosoii 
cxeMe Koma. 

BHelllHHH BHJJ: pactJeTHI,IX cxeM KOTJia Ha 3 Kpattax 

cmam4uu uHcmpyKmopa Tpetta)Kepa 3Hepro6noKa CTaHL{l1M 
Arnot (IOAP) rrpe.n:crnsnett Ha pHc. 6 11 7. CxeMa nepBoro 
BH.[(a (p11c. 6) cTp0HTCH 113 o6oeKTOB cne.n:y1om11x munoe: 
monKa, nepBaR KOHBeKmUBHGR waxma, BmopaJl. KOHBeK­
mUBHQR waxma, paOUQ'LjUOHHQR noBepXHOCmb 1-1a2peea 
(3KpaH), KOHBeKmUBHQR noBepXHOCmb Ha2peea (wupM0-
6blU naponepe2pe6amellb), BOOR.Hou 3KOHOMau3ep H pe2e-
1-1epamuBHblU eo3oyxonooo2peeamellb. CxeMa BToporo 
BH,n:a HBmieTC51 2pa<jJoM, B Y3flQX KOTOporo paccq11TbIBa­

JOTCH TeMrreparyp1,1, a pe6pa, HMeJOI.l{He CMbICJI TeilJI0BbIX 
CBj{3eM Me)K.[(y Y3JJaMM, COOTBeTCTBYJOT KOHBeKTHBHblM 

nosepxH0CTHM ttarpeBa, 1no6pa)KeHH1>IM Ha cxeMe nepso­
ro s11,n:a. TTp11 TaK0H cpopMaJJH3aU,HH (rrpe;::i:crnsnemn1 B 
BH,n:e pactJeTHblX cxeM) KOTJia 11 COOTBeTCTBYJOlll.eH peam1-

3aQHH pacqeTHOfO KO,n;a ,n:ocnffaeTCj{ B03M0)KH0CTb 3a,ua­
BaTb rrpOH3B0JlbHYJO KOMITOHOBKY rrosepXHOCTeM Harpesa 

K0TJJa, T.e. peaJIH30Ban. pe)KHM rH6KOH T0fI0JI0fJUf peme­
HJ,fj{ 3a.[(atJH Mo,n:e;rnposamrn. 
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OcH0B011 MoOellu Heumpo,motjnou'lec«ux npou.eccoB 
B aKTHBHbIX 30Hax peaKTopoB H)].epHblX 3HeproycTaHOBOK 

HBJUieTC.SI TpexMepHoe HeCTaUH0HapHoe ypaBHeHHe rrepe­

H0Ca HeihpOHOB B rpyruIOB0M )].H<pcpy3HOHHOM npH6mr>Ke­

HHH. 3Ta C0CTaBJI.SllOW.a.51 KOMilJICKCHOH MaTeMaTHqecKOH 

Mo.uen11 3Hepro6rroKa ( B .D.aHH0M ceyqae .SI,uepHoro) HBm1er­

C.SI 6onee BCero 3aBHCH.MO.H OT nma 061,eKTa M0)].CJIHp0Ba­

HIDI H ero xapaKTepHCTHK, IT0CK0JibKY HaH6onee Tpy.uoeM­

KOM ee qacTblO .srnm1eTC.SI 11acn,, CB513aHHaH C HCHTpOHHblMH 

I<OHCTattTaMH (B 0CH0BH0M IT0)].fOT0BKa 6H6JIHOTCKH). Ilo-

3T0MY TT0Ka, KaK HaH6onee OIITHMaJibHhIH, peaJIH30BaH 

fTYTb, CB.SI3aHHbIH C MHTerpauHeH KOMITJlCKCHOH MaTeMaTH­

qecKOM M0.D.em1 H.D.epttoro 3Hepro6noKa c HeirrpoHHocpm11-

qecKHM K0)].0M ero peaKT0pa, B 60JiblllMHCTBe CJiy"t.J:aeB xo­

polll0 orna)KeHHbIM 11 BepH<pHI.:(MpOBaHHhIM. 3TOT nyTb 

xopowo cornacyeTC.SI C 0)].HOH 113 63.30BhIX xapaKTepHCTHK 

TCXH0JI0fHH SimPort ' a HMeHH0 C ee omKpblmocmblO H 

aem0Mamu1a1,rueu uHme2patfuu peanH30BaHHhrx B ee cpe.ue 

MO)J.eJieM C paHee pa3pa60TaHHbIMl1 H sepHCpIU.'(HpOBaHHhl­

MM K0)].aMH, C03.D.aHHhIMH BHe SimPort. 
KpoMe Toro, Tennorn.n;pasn1111ecKHH HHcrpyMeHT KO­

BRA, KaK O)].HH H3 KJil01JCBhIX 3JieMeHTOB ~.113HKO­

MaTeMaTHqecKOM MO)].eJIH 51,n;epHOfO peaKTopa, HalUI)'lJIIIl1M 

o6pa3oM rrp11cnoco6nett MH TaKoii HHTerpauHH, tno .D.0Ka-

3aHo, KaK y)Ke 0TMCl.JaJI0Cb Bblllle, ycneWHOM pa3pa6oTKOM 

uenoro p.sI.n;a CJI0)KHblX nporpaMMHbIX K0MilJICKC0B: 

STEP ANIKOBRA, READY, nonHoMacwTa6Horo 11 aHaJIH­

rn11ecKoro Tpetta:>Kepoa TpeThero 3Hepro6JJoKa, a TaIOKe 

pa3pa6aTbIBaeMoro B HaCT0Hll.'(ee BpeM.sI TIOJIHOMaClllTa6Ho­

ro TpeHa)Kepa rrepsoro 3Hepro6noKa JIA3C. 

HHcmpyMeum IO 06ecneq1rnaer HHTepcpewc Me)K)];y 

06beKTaMH TeXHOJIOfH't.J:CCKHX CHCTeM J,f )].HHaMHl.JeCKHMH 

o6beKTaMH rpa<pH1!CCKHX 3KpaHHhlX o6pa30B rraHeJieH 

TTyJibT0B ynpaBJieHH.SI. 

3AKJltO"IEHHE 

Ilpe.ucrnsneHHhIH B pa6oTe rraKeT rrp1111o)KeHHH K0M­

IlhIOTepHOM TexHonorn11 SimPort npaKTH"t.J:eCKH nonHocn10 

0XBaThIBaeT npo6neMy K0MTIJieKCH0ro M0)].err:11:poBaHJ.rn 

H)].epHhIX J,f TeIIJI0BbIX :mepro6JIOKOB M B 3HaqHTeJihHOH 

cTerreHH aBT0ManmipyeT rrpouecc pa3pa6oTKH M0)].eJIH­

pyIOW.MX CHCTeM pa3JIM:1JH0fO nrna, BKJI}()qa.SJ II0JIH0Mac­

ll1Ta6Hhie J,f aHaJIHTH"t.J:eCKHe TpeHa)KepbI, a TaK)Ke aHaJIH3a­

T0J)bl 6e3onaCHOCTH .11 pac1.JeTH0-M0,D;eJIHpy10rn:He K0MTIJieK­

Chl )];JUI npoeKTaHTOB H KOHCTJ)YKTOpOB. Ilocne.um1e, B 11a­

CTH0CTI1, II0.D.pa3yMeBaI0T HCM36e)KHOe Ha CTa,rvrn npoeK­

THp0Bamui BHeceHHe Heo6XO)J.l1MbIX H3MeHeHHH B pacqeT~ 

Hble cxeMbI 11, COOTBCTCTBeHHO, B MaTeMaTI1lJCCKHe MO)].CJUf 

cneUMaJIMCTaMH-TCXH0JI0raMH 6e3 H3MCHCHIDI pacqeTH0ro 

KO)J.a H C 11CITOJib30BaHHCM TOJibKO rpa~OaHaJIHTHt.JeCKOfO 

pe.D.aKTopa Texttonorn11 SimPort. TaKHM o6pa3oM, TexHo-

JI0filll H K0MI1JICKC ee npMJIO)KeHHH M0ryT C II0JIHbIM 0CH0-

BaHHeM paccMarpHBaTI>c.sr KaK 3JieMeHT CAIIP. 

Pa6orocrroco6HocTI> TexH011orn11 SimPort no)].rnep­

)K)];eHa ycIIeIIIHOH peaJIH3aUHCH Ha ee OCHOBe u,enoro p.SI,ua 

K0MMepqecKHX rrpoeKT0B no pa3pa60TKe H M0,llepHH3aumr 

aHaJIHTHqeCKl1X 11 TIOJIHOMacrnTa6HblX TpCH~epoB .sr.n;ep­

HhIX M TeITJI0BbIX 3Hepro6nOKOB, a ee 3cpqJeKTHBHOCTb -

.D;0CHl)KCHHCM 6ecrrpeue.n;eHTHO MaJibIX Tpy,u03arpaT (KaK 

MHHHMYM B)].B0e 6onee HH3KHX, qeM )J.JIH M3BeCTHhIX pa3pa-

6oTOK rro.uo6ttoro yposIDI) no co3,naH1110 11 Mo.n;epHH3aum1 

TpeHa)KepoB 3Hepro6noKoB (B TOM q11cne c ACY TTI, oT­

cyTcrnyJOm:HMH Ha 60JiblllMHCTBe A3C) H C0OTBeTCTBMeM 

pa3pa60TOK C0BpeMeHHbIM MH'p0BbIM CTaH.l.(apTaM rpeHa­

)KepoB .D.JIH A3C 11 ypoBHIO, BKJIIOl.JaH 061>eM M0.D.enaposa­

HIDI, HX JIYt.JlllHX o6pa3UOB. 
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► 

3KOHOMHKA 

Y,L(K 621.039.5 

MOJKHO JIH Y,ll;EIIIEBIITh IIPOH3B0,11;CTBO 3HEPrHH, ECJIII OTKA3AThCH 
OT H~EPHOH 3HEPrETIIKII ? 

C.I'. I'opoiJKoB, A.B. KnuMeHKO, Ill. KoUtoBaH, JO. C. MapuHa, 
I'ocyoapcmeeHJwe npeonpuRmue BHEillHETOPI'OBAJI <PJfPMA ''3HEPI'Jffl'', 

144001, 3JleKmpocmQJlb MocKoBcKou o6Jl., yll.K.MapKca, 12 

BhmOnHeHhl paC1leTbl CTpaTenrH p8.3BHTlUI MHpOBOH :mepreTHKH Ha BpeMeHHOM HHTepsane OT 2000+2010 )J.O 2500 ro.n.os c yqeTOM 
JKonorw-tecKwx orpam-11.JeHHH. CTparerm1 npe.n.nonarruor KOHKypeHTHOe 11cnoJ1h30Bam-1e nepawrnh1x 3Hepropecypcos - yrm1, npHpo.n.tto­
ro ra.Ja, Heq>TH, rn.n.popecypcos, ypaHa H TOplUI a H.D.epHOH :meprenrne, conHelfHOl1 :mepnm - .n.n.S1 .n.ocTH)Kem,rn .n.onrocpol!Horo H ,nocrn­
To1rnoro o6ecrretteHH.SI 3Heprneii qenoseqecraa. 

CAN WE CHEAPEN ELECTRICITY PRODUCTION IF WE ABANDON NUCLEAR POWER ENGINEERING? S.G. 
GORODKOV, A.V. KLIMENKO, SH. KOSHOV AN, J.S. MARINA. The strategies of world power engineering expansion have been 
calculated over term of (2000+2010) - 2500 years, taking here into account environmental restrictions. These strategies suppose competi­
tive use of primary energy resources, i.e. coal, gas, petroleum, hydroresources, uranium and thorium in nuclear power engineering, solar 
energy - in order to achieve long-term and sufficient electricity supply for humanity. 

1. BBEAEHHE 

B :noif pa6oTe Mbl ITOIIbITaJIHCb C,[(eJiaTh cpaBHeHHe B 

CTOHMOCTHOM Bblp8.)KeHJrn: .ZJ;Byx MHpOB: "MHpa 6e3 H.[(epHOM 

3Hepnrn" H "MHpa c H.[(epttoii 3Hepr11di''. J1Haqe rosop}l, 

rrom,ITaJIHCb oueHHTb, BO CKOJibKO 060.H.[(eTCH qeJIOBeqeCTBy 

)KI13Hb B "MMpe 6e3 51,[(epHOH 3Hepn:rn:" H 6y.[(eT JIB 3TO ,[(0_­

po:>Ke )1(113HH B "M11pe· C .H,UepHOH 3Heprneif '? 11 eCJIM TaK, TO 

cymecTBeHHa'. JUi pa3HH[la B CTOMMOCTHOM Bhlp8.)Kem,rn? 

B 3THX oueHKax Mbl HCXO,[(HJIH H3 OIITHMaJihHbIX c:rpa­

TefMH pa3B11TIDI MHpOBOro X03HHCTBa, T.e. Mbl rrpecJie,[(OBa­

JIH uenb IIOKa.3aTh qeJIOBeqecTBy B03MO)KHOCTM 6onee ,[(e­

meBOH H nyqmeii )KJ13HH, K KOTOpOH He rpex 6:I,IJIO 6hI 

crpeMHTbC.H. 

Tipe)J(.[(e Bcero onpe,[(eJIHM, qTo Mhl IIOHHMaeM ITO,[( 

3THMH .[(BYMH MHpaMM. 

"MHp C 51..[(epHOH. ::meprneif' rrpe,[(IIOJiaraeT HCITOJib3O­

BaHHe 3HeprOHCTOqHHKOB, KOTOpbie, Ha Hain B3flll,[(, crro­

co6Hhl s OT,[(eJibHOCTH IUIH B KOM6HHaIU1H o6ecrreqMTb qe­

JIOBeqecTBO :mepmeii Ha,[(e)l(HO 11 Ha ,[(.rnneJihH)'IO nep-

cneKTHBy. 3To 3HeproTeXHOJIOrnH, HCIIOJib3YIOll.(11e ,[(JUI 

rrpOH3BO,[(CTBa 3Heprm1 yroJib, rrpHpO.[(HbIH ra.3, Hecp~errpo­

.IzyKTbI, rl1,[(popecypcb1, H.[(epttyIO :rneprn:10 11 conHe1rnyro 

3HeprnIO I) . 

"MHp 6e3 51..[(epttoii 3Hepnrn" ytiHTbrnaeT, qTo see no­

Tpe6ttocn1 B rrpOH3B0,[(CTBe 3HeprnH y.[(OBJieTBopHIOTCH 3a 

CtJeT Tl)a.LlHUMOHHhIX 3HeprOHCTO'-IHHKOB (yrmI, npMpO.[(HO­

ro ra:m, Heqnenpo.[(yKTOB, rH.[(popecypcoB) H, ecJJH norpe-

6yeTCH, TO - corrHeqttow 3Hepnrn. B 3TOM crryt.tae H.[(epHM 

3HepreTMKa (JI3) HCK)'.CCTBeHHO npeKpall.(ana CBOe cyll.(eCT­

BOBalille K Haqa.rry MHTepBana rrmunrpoBaHIDI, ,[(JlHHa KOTO­

poro rrpHIDITa B 500 rreT. 

Ey,n;ytrn HIDKeHepaMH-H.[(epll.(HKaMH ITO o6pa.30BaHHIO, 

Mhl, TeM He Mettee, IlO,[(OIIInH K npo6neMe cpaBHeHIDJ. .[(Byx 

MHpOB TaK, 1-IT06hI, r,[(e 3TO B03MO)l(HO, "HaCOBaTb Ila.JIOK B 

KOJieca pa3BHTHSI JI3", 3arpy.[(IDIH eH KOHK)'peHUHIO C .[(py­
rHMH 3HeprOMCTOqHHKaMM. Ilpe)l(.[(e Bcero, Mbl XOTem1 

YSICHHTb .[(lll ce6SI, BhDKHBeT JUI B 3THX ycJJOBIDIX .513? 

2. APYrHE AOnYl.LIEHHSI 

CpaBHHBaeMbie OITTHMaJibHble crpaTerHH pa3BMTIDI MM­

poeoro :meproxo3HHCTBa norryqa.J1.Hch rrp11 pemeHHH .[(HHa­

MHt:JecKoM OI1THMH3a[lHOHHOH 3a.L{aqH no MO,[(eJIH, npHBe­

.ZJ;eHHOH B llpUllOJ/CeHUU ill, 11 HCXO,[(HbIM ,[(aHHbIM, rrpHBe­

,[(eHHhIM B llpUllOJJCeHuu ll2. 
TioqeM)' Mbl B3H:JIH HHTepBaJI ITJiaHHpOBamUI pa.BHbIM 

500 neT? 

11CTMHHblH OIITHMaJihHblH ITJiaH ,[(HHaMHt{eCKOH OilTH­

MH3a[lHOHHOH 3a.z:,,a1.rn IIOnyt:JaeTC5l, KOr,[(a B IlJI3HOBOM HH­

TepBaJie (0, 1) ero ,[(mfTeJibHOCTb T = +oo. flpH perneHHH 

TaKHX 3a.z:,,aq 1.JHCJieHHbIMH MeTO,[(aMH OCb BpeMeHH npmco­

,[(HTC.sI pa36HBaTh Ha ITO,[(HHTepBaJibl 11 ,[(lll KIDK,Z:{Oro ITO)UIH-

TepBaJia 3aITHCh1BaTb CHCTeMy orpaHHl.JeHHH, CBH3bIBrul 3TH 

ITO,[(HHTepBaJibHbie CHCTeMb1 ycJIOBH}IMH Ha rpaHH[laX IlO,[(­

HHTepBaJIOB. qT06hI rrpH6JIM311TbCjJ K npaBHJibHOMY peme­

HHJO 3a,[(fft.JH, t{HCJIO IlO,[(HHTepBaJIOB BpeMeHH rrplfX.O.[(HTC.H 

yBeJIH"l{HBaTh, H3-3a qero pa.3MepHOCTb 3a,[(aqH H KOJIHqecT­

BO BbJtIHCJieHHH yseJIH1-lHBaIOTC.sI He Mettee, tJeM 3KCITOHeH­

UHaJihHO. 3a.[(aqa rro.11yrneTCH 60JiblIIOH pa3MepHOCTI1 H 

Bbl3bIBaeT cepbe3Hhie TPY ,[(HOCTH npH ee pernemrn (.[(0 CID( 

nop HeT 3<p<peKTHBHhIX MeTO,[(OB pernemrn OilTHMH3al.(11-

0HHhIX 3a.[(a1.J 6011hrnow pa3Mepttocrn). 3To rro6y)J(.[(aer 

HCCJieAOBaTeneH CHH)KaTh '-IHCJIO TIO.[{MHTepBaJIOB BpeMeHH, 

a BMeCTe C HHM - yMeHblliaTI, ,[(JIHTeJihHOCTb T TIJiaHOBOro 

I) B 3mou pa6ome .Mbt ne pacCMampuBaJtu opyzue eo3061108JIReMb1e ucmol./HUKU 3Hepzuu, KpoMe zuopopecypcoe. Mbt maK:JfCe He omHOCWIU K co11Hel./HOU 
·:mepzuu ee npooyKmb1, HanpUMep, 6uoMaccy. Cucme.Ma pacl./emoe npeoycMampueQ//a ucno11bJoeaHue co1111e'1Hou 3Hepzuu KaK caMozo oopo2020 311ep2ope­
cypca, JaMbtKaJOzt,1e20 3Hepzemu'lecKuu 6aJ1a11c (ec11u 3mo20 nompe6yem pacl./emHaJl MOOeJ/b U3 DpHJ10)1(CHH51 n 1). 
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mrrepaana. ITocne.n;Hee ynporueHHe npHB0JJ.IIT K TOM)', q-ro 
nonyqeHHoe pellleHHe CIDlbHO 0TIDftlaeTCH OT OIITHMa.JlbHOro. 

Ilo:nOM)' 60JibllIOH HHTepBan IIJiaHHp0BaIUUI .SlBJUleTC.Sl 
Heo6XOJJ.HMbIM 1'pe6oBaHHeM JJ.HHaMJ,JqeCKHX 0ilTHMH38UH-
0HHbIX 3a,n;aq nnaHHp0BaHIDI. C~ecrnyeT MHHHMaJibHOe 

rpaHH'-IH0e 3HaqeHHe JJ,JIHTeJibHOCTH T HHTepaana IIJiaHH­

poarunra, MeHI>rne K0Toporo perneHHe JJ.HHaMHtleCKOH on­
THMH3aUHOHHOH 3a,n;atm 6yJJ.eT HCKa)l(eHo. KaK a0Ka3aH0 B 

[ 1], ecJIH Mbl X0THM IlOJI)"iHTh OilTHMaJibH0e perneHHe Ha 
6mt)KaHlllee 6y .zzymee, To HHTepaan nnaHHp0BaHH.Sl cne.zzyeT 

BLI6HpaTh H3 C00TH0llleHIDI p X T ~ 6+ 7' r.n;e p - H0pMa 
J.J;HCKOHrnpoaamui. 11To6bI y.n;oBJieTB0pHTb 3TOM)' C0OTH0-

meHHIO npH p = 0,05 ro.n- 1 (I12.5 H3 llpuno:;,ceHuR. Il2), 
HHTepaan T JJ.0JI)l(eH 6b1Th He Mettee 125 + 140 neT. Onrn­
MHJau1-u1 npH MeHhlllHX T JJ,aCT pellleHHe, K0Topoe 6y.n;eT 

CHJibH0 OTJIHt{aThCH OT OilTHMaJibH0f0 [ 1]. 3HaqeHJ1e T = 
500 JleT BbI6paHO Il0TOM)', qTQ 38 npeJJ,eJiaMH 3T0fO apeMe­
HI,f 0Ka3hIBalOTC.Sl HCtiepnaHHblM.H He T0JihK0 MHpOBhie JlOC­
T0BepHLie, HO 1-1 npennonaraeM1>1e 3anac1>1 yrnH, npHpo.n;Ho­
ro ra3a, He<i>TH, ecmI pa3BirnaTh MHpOBYIO 3Heprernicy Ha 
3THX BH,n;ax CblpMI 6e3 yqaCTIDI 513. 

3a Halfano OTCtJeTa ("eyn1,") HHTepaana nnaHHpoaaHJ{jl, 
cne.n;y51 RCX0JJ.HbIM .n;aHHbfM 113 llpuno:JICeHUfl. []2' M0)l(H0 
npRHRTh 2000 HJIH 2010 ro.n. 

qT06bI BbJjJCHHTh Ma.KCHMaJihHbie 803MO)l(HOCTR Tpa.D;H­

UR0HHhIX nepBOHCTQqHHK0B (yrm1, npHpO.D,HOfO fa3a, He<t>­

TH) B o6ecneqeHHH qeJI0Be'lfeCTBa 3HeprHeH, Mbl Ct{IITaJIH, 
lffQ Bee HX 3anaChl paCXO.ZJYIOTCH TOJibKO .[\JUI np0H3B0.[J;CTBa 

3HeprnH. 3TO 3aBhIIIIaeT 3anaCbl Tpa,D;HUHOHHbIX nepB0HC­
T0t{HHKOB B :mepronpOH3BOJ.J;CTBe, yaeJIHtJMBaH HX KOHicy­

peHTocnoco6HOCTh no cpaBHeHIUO C H.n;epHOH 3Heprneit 
PactieTLI " MHpa 6e3 HJJ.epHOH 3Heprn11" JJ.OIDKHbl noKa-

3aTb, M0)l(eT JUI t.Jenoseqecrno cymeCTB0BaTb 500 neT Ha 

TP8.AI1UHOHHbIX HCTOlfHHKax 3Hepr11H? l1 ecJIH MO)l(eT, TO 

CKOJlhKO 3TO 6y .neT CTOHTh qeJIOBe'lfeCTBy? 
Pacqer1,1 "M11pa c 51.n;epHOH 3Hepr11ei1" ytIHTLIBaIOT, qTo 

HapHJJ.Y C TJ)a.D;HUH0HHhIMH 3HeproTeXH0JI0fIDIMH B :mepro­

Bhipa6oTKe B CTPYKTYPe ..H3 6y .nyr yqacTBoBaTL qeTL1pe 
nma .Sl.D,epHbIX 3HepreTH1.leCKHX ycTaH0B0K (..H3Y): 

BB3P-l 000(U) - ypaHoa1,1e B0JJ.O-B0JJ.SIHbie jJJJ.epH1>1e 
peaKTop1,1; 

BB3P-1 000(Pu) - n.rryrottHeBLie ycosepmeHcrnoaaH­
Hb1e TeITJIOBbie jfJ.J;epHhie peaKTOphl, B HHX ypaHOBbie xapaK­

TepHCTMKH ycoaepllleHCTB0BaHHbIX B0J.J;0-BQJ.J;jfHblX .s1,nep­

HhIX peaKT0p0B 3aMeHeHhl Ha JIJiyTOHJ-leBbie; 

EH-l 600(Pu) - 6bICTpbie H,nepHbie peaKT0pbI c Ha1'pHe­
Bh1M 0XJia)l(,[(eHHeM, C OKHCHblM JIJiyTOHHeBhIM T0ilJIHB0M H 

K03q>q>HUHeHTOM B0cnp0H3B0.[J;CTBa (KB) .sr.n;epHoro TOilJIH­

Ba c-rporo 6om,IIIHM 1,0; 
EPECT- l 200(Pu) - 61>IC'fPbie MepHLie peaKTop1>I c ec­

TeCTaeHHOH UHPKYJUIUHeii H CBHHUOBLIM oxnIDK,.UeHHeM, c 
ypaH-IlJIYfOHHeBhIM T0ilJIHB0M 11 KB, paBHhIM 1,0. 

B 3THX pacqernx Mbl He HCCJie.[J;0BaJIH .n;eTaJil,H0 0ilTH­

MaJibHYIO C'fPYKT)'PY ..H3, Hac1.JHThIBarouzy10 .n;ecsmrn (a 
B03MO)l(H0, H COTHH) THil0B ..H3Y, xorn M0.[J;eJib Il03B0JI.SleT 
3T0 CJJ,eJJaTb oqeHh no.n;po6Ho. Mhl CTapanHCb npe.n;cTaBHTb 
Ha arpernpoaaHH0M ypoaHe y)Ke xopolllo ce6jf 3apeK0MeH­
.n;oaaaurne s .n;ene jJJ.J;epHbie ::meprorexHonorHH, a Tal()l(e 
npopa6aTbIBaeMLIH npoeKT ..H3Y THna EPECT-1200(Pu). 

1
> TUSD - Tera USD, m.e. IO 12 USD. 3oec& USD - OOllllap ClllA. 
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<l>H3HKO-TeXHH'lfeCKHe xapaKTepHCTIIKH 3THX 5l3Y BO Bpe­
MeHH Mbl He MeIDUIH, B3SIB HX TaKHMH, KOTOpbie COOTBeTCT­

BYIOT cero.n;H.SllllHeMy .zm10 (llpuno:;,ceHue ll2). 3To 3aae­
,n0Mo yxyJJ.rnaeT KOHKYpeHTOCilOC06HOCTb ..H3. 

PacqeThI "MHpa c H.n;epHoii 3Hepr11ei1" ,n;0JI)l(Hl,J oTBe­

THTh Ha BOnpoc, M0)l(eT JIH ..H3 caMOCT0~JlbHO HJIH a 

KOM6irnaiurn C .n;pyrHMH BH.[J;aMH 3HeprHH .n;aTb Ha,n;e~IO 

H JJ,onrocpotrny10 (Ha 6JIH)KaHrnHe 500 neT) nepcneKTHBY 
qenoBetJeCTBy? M, ecJIH MO)l(eT, TO 3TO 6y.n;eT .n;erneBJie HJIH 

,nopo)l(e "M11pa 6e3 .Sl.n;epHoM 3Hepr11H"? 
Pac1.JeT1:,1 YliHTbIBaJIH B03MO)KH0CTb onnaThI llITPa<t>oa 3a 

Bpe.n;Hhie Bh16pocbl B 0Kpy)l(aIOnzyIO cpe.ny. Ilpl·P-leM OilJiaTa 
llI1'pa<poB 3a speJJ,Hbie BbI6poc1,1 B 01<py)l(aIOmyIO cpeJJ,y OT 
..H3 OTpa)KaeT peanhHOCTH cero.n;H.SllllHero ,[(HH, Kor,na OT­

.n;em,Hble nepe.neJibl 51.n;epHoro T0ilJIHBHOf0 UHKJJa (..HTU) 

HCil0Jib3YIOT ::meK1'p03HeprHIO H Tenno pa3Hh1X IlOTeHuHa­

JI0B, Bhipa6aTbIBaeMhie Ha TeIIJI0BblX 3JieK1'p0CTaHUH.sJX H B 

K0TeJibHhIX. O,nHaKO, B 6y.n;yI.UeM filQ 6y,neT pa60TaTI, Ha 

3JieKrp03Hepnrn 11 Tenne, BL1pa6aTLrnaeMhIX 51.D,eptthIMH 

3HeproycTaH0BKaMH. Il03TOMY' 38CTaBJIHSI .513 onnatrnBaTb 
llITpaq>1,1 JITU 6y .n;ymero no "pacueHKaM" cero.nH.S1rnHero 

.AH.SI, Mhl TeM CaMbIM HCK)'CCTBeHHO CTaBHM SIJJ,epHLie 3Hep­

fOTeXH0JIOfHH B HeBbir0.[J;H0e Il0JI0)l(eHHe rro cpasHeHHIO C 

TJ)aJJ.HUH0HHbIMH 3HeproTeXH0J10fHRMH. 

B pacqernx npHHHMarrocL, qTQ rn.npo::meprernKa He .aa­

eT s1,16poc0B, 3arpSI3H.SIIOI.UHX 0Kpy:>Ka10myro cpe.ny. 3TO 
CHJII:,HO yaeJIHqHBaeT ee KOHeypeHTOCilOC06HOCTh no cpaB­

HeHHI-0 C .n;pymMH 3HeproHCTOtJHHKaMH, Be.Ah He onna'lfH­

BaIOTCH IlITpa<t>hI 3a HapyIIIeHHe KJIHMaTa B OKpeCTH0CT0 

BOJJ,OXpamrnmua H3-3a IlOBhillleHHOH BJ18)1(HOCTH, 3a HeHC­

Il0Jib30Bairn:e nno.nopo.n;HhIX HJJH no-.n;pyroMy none3HbIX 

IlJIOI.Ua.neif 3eMJIH, no.n;aeprnyrhIX 3aT0TIJieHJ110 H 3atq)bITbIX 

JJ.JUI .n;o6hitJH IT0Jie3HbIX HCKonaeMbIX, 3a 3eMmrrp51CeHJUI, 
Bbl3BaHHbie YCTaJI0CTblO no.n;3eMHbJX nopo.n;, HaXOJ.J;.Slll{HXCSI 

IlOJJ. 1136bITOqHbIM CTanrqecKHM MexaHHtieCKI-IM HanpSI)Ke­

HHeM B0,nHOfO MaCCHBa so.n;oxpaHHJIHlll,a, HT.,[(. 

B pac11ernx MLI He ytiHTbIBaJIH Tennos1,1e Bhl6pocb1 (Te­

nnoBoe 3arpSI3HeHHe OKpy)l(aIOI.UeH cpe.n;bl), np0H3B0J{HMbie. 

:meproTexHonorIDIMH. Hanp11Mep, .[(JUI 5l3Y c nernoao.n;­
HLIM ypaHOBhIM peaKTopoM K0JIWJeCTB0 TenJIOThl, K0T0poe 

Ha.D;0 0TB0J.J;HTb OT 1 Kr TeXHHtJeCKOH BO.Ahl, npHMepH0 s 1,5 
pa3a 6oJibllle, tJeM )J,JISI TenJIOBOH 3JieKrpOCTaHUHH IT0BhI­

meHHblX napaMe'I'p0B [ 14]. O,nHaKO, KaK Il0Ka3aJIH pactie­

Thl, cyMMapHbIH BKJiaJ.J; B npHBe.n;eHHbie 3aTpaTbJ OT spe.n­

HblX BLI6pocoB XHMWieCKHX coe.n;1rneHHH B 0ilTHMaJibH0M 
nnaHe He rrpes1,1mae-r 2,5 TUSD 2>. Ec1rn Tenrroaoe 3arpjf3-

HeHHe OT 51:3 6y.n;eT npeBbilliaTb TaK0B0e OT TJ)a,l{HUHOHHhIX 

3HeproHCT0qHHK0B Ha yrne, npHp0)].H0M ra3e, Heq>Tenpo­

.zzyKTax .n;IDI<e Ha eeJIHtJHHY Toro :>Ke nopAAKa, To 3T0 He 
CK8)KeTC.sJ Ha BbIB0.n;ax 3TOH pa60TbI. 

B TO :>Ke BpeMsi MLI He Y'lfHTLIBaJIH BI<JiaJJ. s <l>YHKUHOHan 
(cyMMapHbie npHBeJJ,eHHble 38Tp8TbI) pa.n;HoaKTHBHbIX Bhl-

6pocoB OT TPa.D;HUHOHHbIX 3HeproTeXHOJJOrHM Ha yrne, 
npHpo,nHoM raJe, Heq>Tenpo.nyKTax H, Hanponrn, yqHThIBa­
JIH 3TOT BKJia)]. OT .Sl.n;epHblX 3HeproTeXH0JIOfHH, CHJibHO 

no.nIDIB CT0HM0CTb ecex nepe.n;enos BHelllHero 51TU, cs.si:-
3aHttyIO C peQHKIIHp0B8HHeM .n;em1meroc.S1 TIJIYT0HIDI. 3Ta 
CTOHMOCTI, B rrepecqeTe Ha .n.em1I.UHWC51 ruryroHHH Bap1,11po-



aanaCh s HHTepsane OT 0 .[(0 1000 USD/r. 3TO ycJI0BHe 
3aBe.[(0M0 o6nertiaJIO Tpa.r(Hl.l(,iOHHbIM 3HeproTeXH0JI0fIDIM 
KOHK)'peHUI1JO C x,nepHbIMH :rneproTeXH0JI0fH_SIMH. 

Bo scex pacqeTax cqITTanacb 3a,AaHHOH npe,nHcTopIDI 
(,uo K0HUa "eynesoro" ro,ua) KIDK,D;OH Texttononrn 3Hepro­
npo113so,ucrna. 

Pe3yJibTaTbl paClleTOB npe,n;CTaBJICHbl Ha pHCYHKax, r,n;e 

speMeHHrul 0Cb ,n;JIHHOM B 500 JICT pa36J.1Ta Ha c11e,zzy1onu,1e 
TTO.[(HHTepBaJibIBpeMeHH: 

-1 ro,[( - 0 ro.n (,n;m1 <pHKcau1rn 3HeprernqecKoM npe­
,n;HcTop1rn ); 0 ro,n; - 30 ro,n;; 30 ro.[( - SO ro,u; 50 ro,n; -
100 ro,n;; 100 ro,n; - 150 ro,n;; 150 ro,n; - 200 ro,u; 200 
ro,n; - 250 ro.n; 250 ro,u - 500 ro.n 11 .nn.si Ka)K.noro no,n;-

HHTepBana speMeHH .naI-OTCSI cyMMapHoe 3Hepronpo1n­
so.ncTB0 (s TBT·ro.nax), BH.llbI 3HeproTexttoJiorni:i 11 1-1x 

npoueaTHasi .non.SI yqacnrn s o6meii 3HeproBI>Ipa6oTKe, 
H3MeHeHHe 3anacos neps11qHbIX 3Hepropecypcos (s fT 
H.3. ))), CTpyKTypa 513, T.e. npou.eHTHbie .[(0JIH yqacnrn 
B Il0KpbITIUi o6meii 3HeproBbipa6oTKH pa3HbIX THTI0B 
.5I3Y. OT,n;enhHO .[(JIH scero HHTepsana n11am1posaHI1S1 
npHB0,ZJ;.sITC.H cyMMapHbie 061>eMhI spe,n;HhIX BhI6pocoB 
.llJI.H XHMHqecKHX coe.nHHeHHH SOx, NOx, CO, CH4, 

CO2 H TBep,n;bIX qacTHU (a fT). HaKoHeu, rpacpHKH ue­
HbI 3JieKTp03HeprnH (s cUSD/(KBT•q) 4>) rrocTpoeHhI no 
T0qKaM, npHXQ.[(jlll.J,HMC.H Ha cepe,n;HHY Ka)K.[(0fO TI0.[(HH­
Tepsana speMeHH. 

3. CXEMA MCcnEAOBAHHH 

Ilpe)K.[(e scero orrpe,n;eJIHM 0IITHMailbttyIO CTJ)aTermo 
"MHpa 6e3 SJ.nepttoii 3Hepr1111", ytJHTbIBaI-OnzyI-O, qTo see 
norpe6HOCTH B IIp0H3B0.[(CTBe 3HeprHH Y.A0BJICTB0p.HIOTCH 
3a cqeT Tpa.r(HU.HOHHhIX :meprOHCTOqttHKOB (yrJij{, npHpO.[(­

H0ro raJa, rimpopecypcoB, He<pTenpo.nyKToB) H, ecJIH no­
Tpe6yeTcsr, To - conHeqHoH 3Heprm-1. B 3TOM cny-qae .513 
HCK)'CCTBeHHO rrpeKpamana CB0e cym.ecTBOBaHHe B K0HUe 
"eynesoro" ro.na HHTepsana nnaHHposaHHSI. IlonyTHO oue­
HHM rpaHHUhI MaKCMMaJibHO 6bIClp0f0 HC'lfepnaHIDI Jl0CT0-
sepHO H3BCCTHbIX 11 npe11rronaraeMbIX MI1pOBbIX 3anac0B 
yrm1, np11po.nHoro ra3a, Hecpn1. 

,[(aJJee onpe,neJIHM OITTHMaJJhHYIO c-rpaTernro "MHpa C 
x.nepHOH :meprneii", yqHTbIBaIOuzyJO, qTo Hap51,n;y C Tpa,[(H­

UH0HHbIMH 3HeproTeXH0ilOrIDIMH 6y.nyT yqacTBOBaTb B 
:meproBbrpa6oTKe S1,AepHhie 3HeproTexHonornH. Tionyrno 
K0CHeMCH npo6neMbl Hepacnp0C1])aHeHH51 51,D;epHoro opy­
)KH.H B CBH3H C HCilOJib30BaHHeM 5I3Y C 6hICTPhIMH peaKTO­
paMH c KB=l,O. 

HaKOHeu., cpaBHHM BbffO,ZJ;bl OT HCITOJib30BaHH_SI OITTH­

MaJibHblX crpaTerHH "Mwpa 6e3 51,nepHOH :meprm," H "MHpa 
c 5.1,llepHoH 3HeprneH". 

4. O~EHKA rPAHH~ MAKCHMAJlbHO 6blCTPOro HCI.IEPnAHHSI AOCTOBEPHO H3BECTHblX 
H nPEAnOnArAEMblX MMPOBblX 3AnACOB Yrnsa, nPHPOAHOro rA3A, HECl>TH 

4.1. "MMp 6e3 stAepHoH 3HepntH". 
nnaTHble pecypCbl yrn.H, npMpOAHOro ra3a, Hect>TenpOAYKTOB M onnaTa WTpact>oe 

3a epeAHble Bb16p0Cbl B OKpy>Kat0LL1YtO cpeAy 

Kor.[(a pecypCbI CTaH0B5.ITC51 6ecnnaTHbIMH? Kor.na 0HH 
.ll0CT)'ITHbl 11 6ecnpe,n;enbHbI, T.e. He0rpaHHqeHHI>I a pa3Me­
pax. EepH CK0JibK0 3axoqeruh H HcnoJih3YH B caoHX 3Hep­
roTexttorrorn.Hx! EcnH 3TH 3HeproTexHononrn K0HK)'peHTo­
cnoco6HhI, TO 6ecnnaTHocn pecypcos o6ecrreqHaaeT MaK­
CHMaJibffYI-O CK0p0CTb I1Cil0Jib30BaHIDI 3TI1X pecypc0B. 3Ha­
tJHT, pennrn Ja.naqy c 6ecrrnaTHbIMH pecypcaMH, M0)l(H0 
0TbICKaTf> rpaHHI.l)' MaKCHMaJihHO 6hIC1])0ro 11cqepnaHIDI 
,llOCTOBepHO H3BeCTHbIX MHpOBhIX 3anacoB 3TI1X pecypcoa, 

B HarneM cnyqae - ynrn, npHpOJlH0ro raJa, He<pTM. 
PacqeT 3TOro cnyqrui ITOKa3hIBaeT, qTo: 

- JIOCTOBepHO H3BeCTHbie MHpOBhie 3arraCbl yrM 3aKaH­

l{HBaI-OTC.sl B 200 ro.ny' 3aTeM BI<J1JOqaJ-OTC.H B pa6ory ~ 
norraraeMble MHpOBbie 3anaCbl, KOTOpbie 3aKaHqHBaI-OTC.sl B 

500 ro.ny; 
- lIOCTOBepHO H3BeCTHbie MHpOBble 3anaCbl npHpO)lHOfO 

fa3a 3aKaHtJHBaI-OTC.H B 50 ro.ny, 3aTeM Il0.llKJIJ-OqaIOTCH B 
pa6ory npennonaraeMbie MHp0Bbie 3anach1, K0Top1,1e 3a­
KaHqHBaI-OTc.si B 100 ro,n;y; 

- lIOCTOBepHO I13BeCTHbie MKpOBbie 3anaCbI Heq>TH 3a­

KaHq11aa1-0TCH a 100 ro,zzy, a npe11nonaraeMb1e - B 150 ro.ny. 
.[{anee nonpo6yeM BbJql,fCJIHTb, HaCKOJibKO OTMeqeHHbie 

rpaHMUhl BpeMeHH HCtieprraHIDI MHpOBhIX 3anaCOB ynrn, 

rrpHp0.llH0fO ra3a, Heq>Tenpo,eyKTOB M0ryT C.[(BHffYThC.H B 

J) I'm H.3. - I'uzamOHHbl He<j}mRHOZO 3K6U6a/leHma. 

"J cUSD - 11eHmbl do1111apoe CWA . 

6y.nyiuee, ecnH aeecTH nJiary Ja 3TH pecypc1>1, a TaIOKe on­
nary nrrpacpos 3a ape,AHhie Bb16pocb1 B oKpy)KaJOnzyI-O cpe­
,zzy 3HeproTeXHOJIOfH.HMH. 

Ec1rn HCK)'CCTBeHHO ycTpaHHTb 5.1,UepHyJO 3HeprnI-O 113 

paCCMOT})eHIDI, T.e. paccMa-rpHBaTb "MHp 6e3 51.llepHOH 
3Hepnrn", H 3a BbI6pocbI, 3arp.S13IDIJOIIU1C OKpy)KaJ-OI.IJ,YJO 
cpe,zzy, tty:>KH0 nnaTHTb illTpa<pbI, a )l06bitfa H )l0CTaBKa 
nepBH"t:IHhIX :mepropecypcoa (yrJij{, npwpo,n;Horo raJa, Hecp­
Tenpo.zzyKTOB) K 3HeproycTaHOBKaM - nJiaTHrul, TO TJ)a.[(H­

UHOHHruI 3HepreTHKa .[(QJI)KHa nepecrpoHTI:, CBOH nnaH B 

CTOpOll)' CHH)KCHM.H 3THX onnaT. 

Ha pHC. 1 Il0Ka3aHa 0ilTHMaJihHrul crpyKzypa 3Hepro­
np0H3B0.llCTBa B )TOM cnyqae. BH.llHO, qTQ 6on.hrnyI-O qaCTh 
ttarpy3KH B 3Heproa1,rpa60TKe 6epeT Ha ce6a rn.npo3Hepre­
THKa: ee ,[\0JUI Be3,Ae BbIIIIe 60%. TexHOJIOnrn Ha Heq>Te­
npO.[(yKTaX BX0,LVIT B OilTMMaJlbHhIH nnaH Ha BpeMeHH0M 
Il0)lHHTepearre c KOHUa 30 f0.[(a .[(O K0HU.a 150 ro,n;a. TexHo­
JIOfITTI Ha np11p0.[(HOM raJe BXO,ll.HT B OilTl1MaJJbHbIB nnaH Ha 

speMeHHhIX TI0,D;HHTepearrax C K0HUa so ro,n;a .[(0 K0HIJ.a I 00 
ro.na H c KOHU.a 200 ro.na .no K0HU.a 250 ro.na. YronhHhie 
TeXHononrn :mepronpoH3B0,L\CTBa BXO.[(.HT B OITTHMaJlbHbIH 

ITJiaH Ha apeMeHHOM TI0)lHHTepaane c K0HQa 100 ro.na .no 
KOHUa 5 00 ro,na. 

Ha p11c. 2 .llaHbl H3MeHeHIDI 3anaCOB rrepBHqH.hlX 3Hep-
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flp11nc:1c11111,1c ·1aT(H1Thl = 122,5 TUSD 

C)'MMapuo 

(Tlh-roilbl) 

1.7/ 
(100%) 

llcclm, 10.0% 

312,-i 

(100%) 

60,8% 

ra1 18,0% 

Yrom. 36,0% 

I 
76,0 

(100%) 

78,8 
(100%) 70,7% : ... -.-

He4'1b 3,6% ;.: . :\)).-:. 

-1 0 30 

312 4 

(100%) 
312,4 

(100%) 
1561,9 

(100%) 

)
:·: ::··:· ·­

< >:. 
: 6~:~-~/~ 

500 

rollbl 

Puc. /. OnmUMaJlbHaR cmpyKmypa pa:1eumUJl u 3Hep2oeb1pa6omKa (e TBm·zo<J) Mupoeou 3HepzemuKu npu yc11oewzx: 
- n.namHbte pecypcb1 y2Jlll, npupooHozo zaJa, He(/Jmu; - 3Hep20mex1101102uu iumpacjJy,omcR Ja epe0Hble Bb16pocb1 

ropecypcoa. llocToaepHo H:3BecTHhre MHpOBhie 3anachI 
npHpO,ll,HOro ra.3a 3aKaHqHBaIOTC.H B I 00 ro,n,y' Heqn11 - B 

150 ro;zy, yrilll - B 250 ro,n,y. ITpe11nonaraeMh1e MHpOBhie 
3arraCbl 3THX :meproHCTO''-IHHKOB IlHllih qacn1qHo pacxo;zy­

IOTC.H Ha HHTepaane B 500 neT, TaK 'liT0 3Haq11TeJll,Hhie HX 

pa3Mephl OCTalOTC.H ITOTOMKaM 3a npe.n:emlMH BpeMeHHOfO 

HHTepsana s 500 neT. 
CTOHMOCTb pean113au1111 TaKOfO nnaHa Ha HHTepBane B 

500 neT o6ott,n,eTCH qenoaeqecTBy B 122,5 TUSD. B 3ry 
CTOHMOCTh Hap.H.LI.Y C .LI.PYnlMH COCTaBllillOI..QHMH 3aTpaT 

BKJIIOt.JeHa onnarn (,n,06.b1qa, nepepa6oTKa, TpaHcnopT) yrmI 
B pa3Mepe 2, 1 TUSD, rrpupo.n:Horo ra3a - 14, I TUSD, He<p­
rn. - 8,7 TUSD. TaKHM o6pa3oM, CTOHMOCTh acex 3Hepro­
pecypcoa cocTaBmieT 24,9 TUSD. Onnarn JilfHHH 3JieKTpo­
nepe,n,at.JH nIDI .L(0CTaBKH 3HeprHH noTpe6HTeJIHM C fl1,ll,pO­
:meKTpOCTaHI.{HH cocrasm1eT 85,4 TUSD. CyMMapHhIH 
urrpacp 3a Bpe,LI,Hbie BbI6poCh1 B OKpy)I(aJOI..QYJO cpe;zy 3a 500 
neT cocrnBMT 1,5 TUSD. CTOJih He6oJihUJOH urrpacp 060HC­
m1eTCH TeM, qTo rH,ll,p03HepreTHKa, 3aHHMaIOI..QM B CTpYK­

rype nnaHa .n:on10 6onee 60%, a pacqeTax npMHHManach 
3K0JJ0fH"ieCKH t.JMCTbIM (6e3 BpenHhIX BbI6pocoB 8 0Kpy­
)l(aIOnzyro cpe.L(y) BR.LI.OM :meprorrpOH3B0,lJ,CTBa. KpoMe To­
ro, yronbHhie 3HeproTexHonornH, 6y;zyqFf HaH6onee 3KO­
norwrecKH rpH3HhIMH, BXO.L(.sIT B OTITHMaJ.lhHhIH nJiaH nocne 

I 00 ro.L(a H ,ll,0 KOHUa HHTepBaJ.Ia nrram1poBaHH.sI, H Ha 3T0M 
BpeMeHH0M HHTepsane CTOH:MOCTHhie IT0Ka.3aTeJIH (llITpa­
<pbl) CHJibHO ,l.J;HCK0HTHPYIOTC.H, BH0CH MaJibie .n;o6aBKH a 
cyMMapHhIH lllTpacp. 

3ToT nnaH OITTHMaJihHO HCIIOJih3YeT rn,n,popecypcbI Ha 

Tex rro,n,HHTepsanax speMeHH, r,n,e 0H11 peHrn6enhHee yrn.H, 
Heq>TH, rrpHpO,D;HOro ra.3a HJIH HMeJOT o,rurnaK0BYIO C HHMH 
peHTa6eJibHOCTh. Ott MaKCHMaJ.IbHO TibITaeTCH coxpaHHTb 
yrOJih, Heq>Tb, npHpO,ll,HbII1 ra.3, OTO,lJ,BlffM IDC HCilOJlb30Ba­

HHe B nepcneKTJ,rny. 
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TaKHM o6pa.30M, "MHp 6e3 .sr,n,epHoH 3Heprmf" B cny1rne 
rrnaTHhlX TPa.AHUHOHHhIX nepBJ1lIHbIX 3HepropecypcoB 11 

HaJIH1HUI mrpa<pOB 3a Bpe,n,HI,le BhI6poChI, 3arpH3IDIIOIU11e 
OKpy)I(alOI.U)'IO cpe;zy, B03MO)l(eH npH ycJIOBHH, eCJIH ~ 

nonaraeMhie 3anach1 3TIDC pecypcos oqeHh aemum 11 cyme­
CTBYIOT B .n;ei1:cTBHTeJihHOCTH. Ecn11 )l(e yToqaemre oueHoK 
npe11nonaraeMhIX 3anacos 3THX pecypcos B 6y;zyn.(eM .n:acT 
MeHbillHe 3Ha1IeHH.H, TO "MHp 6e3 H)lepHOH '.)Hepruu" B03-

M0iKeH T0JlbK0 )l0 250 ro)la, )l3Jlee - HeB03M0iKCH Ha 

Tp3.llHUH0HHb(X 3Hepr0HCT01.fHHKax. 

OcL-1, rr II.'). Oc1,-2, r111l(. ·1. 

700 ,/(/(10 

l'TO.'lb-2 

600 
]J(/11 

500 

!/JO() 

~00 

/!if)() 

300 

/(1(/0 

200 

- .. .. . 
rA· -1 51)0 

JOO 

TAJ-1 

·I .,O SU JOO I SO 2llU 250 5011 

ro!lhl 

Puc. 2. 113.weHeHue oocmoeep110 U3eecmHbtX {I) u npeono11azae..Mb1x (2) 
3anacoe nepeu11ub1x 3Hepzopecypcoe npu yCJ1oewu:: 

- n.f/amubie 3Hep2opecypcb1; 
- 3uep20mex1101102uu tumpa(/Jy,omcR Ja epe0Nble Bb16pocb1 



4.2. rpaHHLlbl MaKCHManbHO 6blCTporo HC"lepnaHHH 
nepBH"IHblX 3Hepropecypcoe 

BhtnOJIHeHHhie 1-1eene,noBaHI-U1 fl03BOJIH:JIH e.uenaTb OQeHKy (Ta6JI. 1) rpamm MaKeHMaJibHO 6hie1J)OfO HCY:epnamm ,noeTO­
aepHO H3BeCTHbIX 11 rrp_e,unonaraeMhIX MHpOBhIX 3anacoB nepm1:qHbIX peeypeoa: rrp11po,nHoro ra3a, Heq>TH, yrn.51 .LJ:JUI e.r.ryqrui, 
KOr,na BBO.ll H pa3BHTI1e 513 11eeyeeTBeHHO 3anpemeHbl. 

T a 6 JI H I.{ a 1. Ou.euKa rpaHHU. MaKCHMa.JlbH0 6bICTporo ncqepnaHHH .U0CT0Bepuo H3BeCTHblX H npe.ll,U0JJaraeMhIX 
MHp0BLIX 1anac0B nepBH'IHhJX pecypcoB: npupo,nuoro raJa, uect>Tn, yrJJH 

BH.n: nepBHqHoro peeypea KaTeropH.SI 3anae0B 
)loeTOBepHO H3BeeTHhie Ilpe,unonaraeMhie 

IlpHpO.UHbIH ra.3 50+ 100 fO,Ubl 01<ono 100 ro,ua 
Heq>Th 100+ 150 ro,nhI OKOJIO 150 roJ.(a 
Yronh 200+250 fOJ.(bI OKOJIO 500 ro,ua 

qTO KaeaeTe.sI npennonaraeMbIX 3anaeoB, TO OHH MOryT npo,nJIHTb )l(H3Hb Tpa.UHUHOHHblX 3HeproTeXHOJJOrHH Ha yrne, 

npHpO,UHOM r83e, Heq>TenpO.zzyI<TaX npH ycnOBHH, eeJIH OHH B neiieTBHTeJihHOeTH eymeCTBYIOT. 11MeHHO npH 3TOM ycJIOBHM 
BbIIIOJIHeHa 01..(eHKa ID( MaKeHMaJibHO 6hICTPOro HeqepnaHH.sI. 

3AMEll.AHl1E 

Kax 6y.uer TIOK83aHO ,nanee, B cnyqae paCCMOTpeHH.sI "M.Hpa C .SIJ.(epHOH :meprneii", T.e. Kor.ua HCI10Jib3YeTC.sI .si,uepHruI 3Hep­
nUI Hap.S1.ny e :meproTeXHOJIOm..SIMH Ha yrrre, rrp11po,uHoM r83e, Heq>Tenpo.uyKTax, rn,upopeeypeax, a TIUOKe Ha eo11He1IHoii 3Hep­
nrn, .Sl,llepHble 3HeproTeXHOJIOfHH IIOJIHOCTblO BbITeeH.SIIOT Bee rrepeq11eJieHHbie 3HeproTeXHOJIOrHH B TeqeHHe BCero HHTepsana 

nnaHHpoBaHIDI B 500 JleT. flpH 3TOM eoxpaH.51IOTe.H Bee 3anaehl yrJI.51, 11p11po,uHoro r83a, He<pm HeTpOH}'TblMH ,llJl.51 3Hepre~e­
CKOI'O I1CITOJih30BaHIDI. B 3TOM cnyqae rpaHI-II.{bI McqepnaHIDI ,l{OCTOBepHO M3BeCTHbIX H npe,anonaraeMhIX MHpOB.bIX 3anacoB 

yr.JUI, rrpHpo.n:Horo r83a, Heq>rn OTO.UBHra.IOTC~ 3a rrpe.n,eJihI paecM01J)eHHoro HHTepsana IIJlaHH:poaaH11.s1, T.e. 3a rrpe,uefil1 500 
ro,n:a. 3To KpaHHHH cnyqaa HCIIOJih30BaHIDI nepBH:qffblX pecypeoB, TOtJHee - He 11CTIOJib30BaHH.51 RX B :mepremKe. 

5. "MMP C .AAEPHOH 3HEPr"1EH" 

5.1. "MHp c HAepHoH 3HeprneH''. 
nnaTHble pecypcbl yrnH, npHpOAHOro ra3a, He<t>TenpOAYKTOB H onnaTa WTpa<t>oe 3a epeAHble 

Bbl6pocbl e OKpy>Kat01.11yt0 cpeAy 

np1mci.e1111b1c JaTpaTbl = 26,5 TUSD 

CyMMap110 
(TBT-ro;:\bl) 

1,7 
(100%) 

r111tpo 19,0% 

ra1 18,0% 

Yrom, 36,0% 

- I 0 30 so 

268,8 
(100%) 

312,4 
(100%) 

883P-1000(Pu) 

312,4 

(l00%) 
312,4 

(100%) 

lrl@1 I I I II I I I ~i@1 I I I I I I I I I lliiiili 111111111 liiiif i 

JOO 150 200 250 

1561.9 
(100%) 

26,6% 

11111111 

500 

Puc. 3. OnmUMQ/lbHaJl cmpyKmypa pa3eumwt u '3Hepzoeblpa6omKa (8 TBm·zoo) Mupoeou '3HepzemuKU 011R yc11oeuii: 
- Hem 3anpema Ha 8600 f/3Y c 6puoepa.Mu EH-1600 (Pu); 

- 1anpem Ha eeoo fl3Y muna EPECT-1200 (Pu) 

( Ollbl 
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PacCMOTJ)HM HCilOJlb3OBaHHe .H,nepHOM 3HeprnH Hap.suzy 

C 3HeproTeXHOJ1OrHHMH Ha yrne, rrpHpo,nHOM ra3e, Heq>Te­

npo,nyKTax, rn,npopecypcax, a Ta.IOKe conHe1rnoH 3HeprnH. 
Kmrr<ypeHIJJUI acex BH,nOB 3HeprOHCTO'CIHHKOB B npe.nno­

JIO)KeHHH, lffQ 3a BM6pochI, 3arpH3IDIIOll.J,He OKp)')KaIOllzylO 
cpe,ny, tty)KHO I1J1amn, urrpacphI, a .no6I>Na H .noCTWJKa rrep­
BWIHhIX :mepropecypcoa {yr.IDI, npHpo,wioro raJa, tteq>Te­
rrpo,nyKToB) K :meproyCTaHOBKaM - fIJI~THaH, . IIpHBO,D;HT K 

TOM)', 1ITO B OITTIIMaJibHOM IIJiaHe Bee IlOTJ)e6HOCTII B 3Hep­
nrn y,noBnernopHIOTCH 3a C'lleT H,nepHbIX JHeproTeXHOJJOmH: 

OHH TTOJIHOCThlO IlOKpIJBaIOT Bee no-rpe6HOCTH MHpa B 3Hep­
rn:M, .naaaH B03MO)KHOCTh pa6omTh rH,np03HeprenIKe H 
3HepremKe Ha 'Ipa.r{Hr(HOHHbIX BH,nax TOilJlHBa TOJlbKO B 

npe,nHCTOpHH (,no Haliana HHTepBana OJiaHHpOBaHHH). 
Ha pHC. 3 H 4 IlOKa3aHa OTTTHMaJlbHaJI c-rpy.rcrypa 3Hep­

ronp0113B0,D;CTBa B 3TOM c~ae. PHc. 3 OTHOCHTCH K CJIY­
t.taIO, Kor.n:a Ha BCeM HHTepaane rn1am1pOBaHHH HCK_yCCT­

BeHHO BBe,neH 3arrpeT TOJibKO Ha coopy)Kem1e >I3Y THna 
EPECT-1200(Pu), T.e. ecnH no KaKoii-nH6o npHlfHHe He 
y,naCTCH TIOCTJ)OHTb 3TOT THil JHeproycTaHOBOK C 3aHBJJeH­

HbIMH xapaKTepHCTHKaMH. Ha pHC. 4 3TOT 3anpeT ,neifoTBy­
eT TOJII,KO ,no KOHlla 3 0 ro,na HHTepBana IIJiaHHpOBaHIDI, T.e. 
npe,nnonaraeTCH, tJTO JTOT THO >I3Y ,no KOHlla 30 ro,na 6y­
,neT IIOCTJ)OeH, onpo6osaH H COOTBeTCTBOBaTh 3aJIBJJeHHbTM 
xapaKTepHCTHKaM. B OIITifMaJihHbIX nnaHaX, IIOKa38HHbIX 

Ha p11c. 3 H 4, y,nem,Hble KanHTaJibHhie 3a-rpaThI, npHXO.LlH­
ll.J,HeC.H Ha e,nHHHL{Y ycTaHOBJieHHOH 3JieicrplflleCKOH MOIU­

HOCTH, Alli >I3Y THnOB BB3P-1000(U), BB3P-1000(Pu) H 
EPECT-1200(Pu) npHHHMaJIHCb o,n11HaKOBbIMH H B nomopa 
pa3a MeHI,I.lie, lieM .Ll.IDI .5I3Y THna EH- l 600(Pu). 

KaK BH,D;HO Ha 3THX pRCYHKax, KpOMe IlO,D;HHTepaana 

apeMeHH OT KOHUa -1 ro,na ,no KOHUa O ro,na, OTMe'ia10mero 
npe,nHCTOpHIO, Be3,ne BI1J1OTh )J.O KOHU:a HHTepaana nrraHH­

poaaHIDJ (500 ro.n) npucyrcTByeT TOJihKO .513. 
Ecm1 paCCMOlpe'fb ,nBa OTITHMaJibHhIX OJiaHa, B O,nHOM H3 

KOTOpblX ueHa ,neID:lllleroc51 IUI)'TOHIDI BMecre co CTOHMOCThJO 

Op11se11em1b1c 1aTpaTbl = 25,9 TUSD 

CyM,\tapllO 

(TBT-rOJU,1) 

1,7 
(JOO¾) 

Hcqm. 10,0% 76,0 78,8 

r111.1po 19,0% 
(100%) {100%) 

f'Dl 18,0% 
1111111111 

BR'lP-IOOO(Pu) 11""" 1111111 
23,1% 14,9% 

(100%) 

312,4 
(100%) 

.5IT[( B CHCTeMe 11 CTOHMOCTh xpaHeHIDI ,neJIHll{efOC51 nnyTO­

HHJI paBHbl eymo, a BO BTOpOM ueHa ,ne.ID1merocH OJIYTOHH.H 
BMeCTe co CTOHMOCTbIO .5ITU B CHCTeMe B mo6oi1 MOMeHT 
BpeMeHH pru3Ha I 000 USD/r H CTOHMOCTh xpaHeHIDI ,neJIH~e­
rocs: nnyroHIDI paBHa 2 USD/(r·ro,n), To KatJeCTBeHHo OIITH­
MaJThHWI c-rpyK1)7pa .513 B 3THX I1JlaHax O.D;HHaKOBa. 

PHc. 3 H 4 OTHOCHTCH KO BTOpOM)' cnyqaIO. CTOHMOCTH 
TaKoro onTHMaJihHOro TIJiaHa cocTWJ.IDIIOT 26,5 TUSD - .LlIDI 

pHC. 3 H 25,9 TUSD - )lJIH pHC. 4. 
KaK BH.D;HO, 5.13Y c nerKOBO)];HblMH H,nepHbIMH peaKTO­

paMH Ha ypaHe (BB3P-1000(U)) orpa6aT1>rna10T csoi,f cpoK, 
6yizylfH BBe,neHHhlMH ,no HatJana HHTepBana nJiaHHposaHHH. 

J(om 5.13Y THna EH- l 600(Pu) TOtJHO COOTBeTCTByeT 
Hapa6oTKe IIJIYTOHHH, Heo6xo,nHMOH ,nn.H no,n,nep)KaHHH 
co6cTBeHHOH pa6oTbI 11 pa60T1>1 513Y THna BB3P-IOOO(Pu) 
(pHC. 3), a Ha pHC. 4 c KOHUa 30 ro.n:a HHTepaana rmaHHpo­
BaHH.H - eme H .n:m1 HalfaJJbHbIX TOilJJHBHhIX 3arpy3OK peaK­

TOpOB THna EPECT-1200(Pu). TipmeM >I3Y rnna BB3P-
1000(Pu) IIOCJie 50 ro,na HHTepaana nnaHHpOBaHIDI He BXO­
JVIT B OilTHMaJil:,HbIH IIJiaH Ha pHC. 4, eCJIH 6y.nYT sae,neHbl a 
crpoi1 >I3Y nma EPECT-1200(Pu). 

Ka)K,[(hIH H3 orrTHMaJibHhIX nnaHoB pa3BHnUI MHposoi1 
3HepreTHKH Ha pttc. 3 H 4 HCIIOJlh3yeT MaJJyIO qacTh Bcex 
3arracoB ypaHa. TaK, ypatta nepBoii KaTerop1111 (llpww­
;)(CeHue ll2) y)Ke He xaaTaeT K Hal:lany HHTepaaJia rrnamI­
posaHHH, ypaH BTOpOM KaTeropm:1 HCIIOJib3yeTC}l tJaCTHl-f­

HO, TOJibKO .nm1 no,nnHTKH BB3P- l OOO(U) ,no KOHUa HX 
cpoKa cny)K6b1. ,l(anee see 3arracbJ ypaHa coxpamIIOTC51, 
TaK KaK >13 nepexo.nHT Ha nnyTOHHH. Bo3MO)KHO, JTOT 
ypaH noHa,no611TcH a 6y,nymeM, 3a npe.nenaM11 HHTepsana 
B 500 rreT, ecnH OTBaJibHOro ypaHa ,nmI BOCI1pOH3BOJJ:CTBa 
,nemunerocsi nnyTOmrn 6y ,neT He.n,ocTasaTb. 

3anachl yr.IDI, Heq>TH H npHpo,nttoro ra3a OCTaIOTC.8 He­
TpOttyTbJMH JJ:.IDI H)')K)]; 6y,nyumx IlOKOJJeHHH, KOTOp1>1e, 
Ha,neeMCa, HaH,nyT HM 6onee ,D;OCTOHHOe npHMeHemfe, qeM 
C)KHraTb B TOITKax JHepren1qeCKHX KOTJlOB. 

312,4 
(100%) 

312,4 
(100%) 

1561,9 
(100%) 

Yrom, 36,0% 

$1317,0% 

1111 
1 'E~: 111111111' ;~~·;;. 11111 rn~:~rr~[ii 1111 ·;::;:l' 11111111 ';;·,;~:' 
11111111 111111111 11111111 11111111 111111111 

71,7% 

111111111 

-1 
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Puc. 4. OnmUManbHClJl cmpyKmypa paJ6umUR u :.mep206b1pa6om1<a (6 TBm·zoo) Mupo6ou 3Hepzemwru 011R yCJ106uu: 
- Hem 1anpema Ha 6600 f/3Y c 6puoepa.Mu EH-1600 (Pu); 

- Hem Janpema c K0Hi,a 30-zo zooa Ha 66oofl3Y muna EPECT-1200 (Pu) 

ro.[lbl 



5.2. "MMp c HAePHOM 3Hepntei1" e OTCyYCTBMe 6pMAepoe. 
npo6neMa HepacnpocrpaHeHMSI JIAepHoro opy>t<MSI B CBJl3M c MCnOnb30BaHMeM .H3Y 

c 6blCTpblMM peaKTopaMM c KB = 1,0 

Orpam1qemrn, CB.SI3aJIHhie c Hepacrrpoc1-paHeHHeM 
5I,UepHoro opy)l{H.SI, 3aCTaBRIIH HCCJIC,ll,OBaTeJieH Tlll,aTCJII,HO 

npopa6aTbIBaTI> K0HQCIIl(HH 513Y c 6hICTpbIMH .SI.D;epHbIMH 
peaICTopaMH, .U.IDI KoTOpbIX KB ~ 1,0. Ilo:noMy HHTepecHo 
paccMoTpeTI, c1-pan;rmo 3Heproo6ecneqeHH.SI "MHpa c 
Mepttoi1: 3Heprneii'' .n;IDI ycnoBHi-i n. 5.1 3a TeM HcKJI1011e­
HHeM, qTO B tteH oTcyTcrnyIOT 513Y c 6pl1.[(epaMH nma EH­
I 600(Pu ), ttapa6aTbIBaJOm;i-1e .u.eIDI111;11ifc.SI IIJIYTOHHH c KB > 
1,0. B TaK0H CHCTeMe 113 Bcex 513Y C 6bICTpblMM peaKT0-
paMH 0CTaJOTC.SI T0JibK0 513Y c peaKTopaMH nma EPECT­
l 200(Pu) c KB~ 1,0. 

OnTHManhHbIH IIJiaH (pHc. 5) s TaKOH CHCTeMe, Kor.na 
3a BbI6pocbI, 3arp.SI3HJJJOUU-Ie 0Kpy)KaJOmy10 cpe.u.y, HY)l{H0 
rrnaTHTb WTpa<phI, a .u.061,1qa H ,ll,0CTaBKa nepBH1{HbJX 
:mepropecypcos (yrm1, rrp11po.n;Horo ra3a, tteqnenpo.nyK­
TOB) K 3HeproycTaHOBKaM - IIJiaTHa.SI, BKJIJOqaeT COBMeCT­

HYlO pa6ory KaK 513, TaK H rn.npo:meprernKH. TipHqeM a 
noKpbITHH o6mei1 3HeproBbipa6oTKH rn.npo3HepreTHKa 
y11acTByeT TaK: c Ha11ana HHTepBaJia nnaHHpoaamrn - 60-
nee qeM Ha 30%, c K0HU:a 50 ro,n:a - 6onee 11eM tta 70%, a 
c K0Hl(a I 00 ro,n:a 11 .no K0HIW HHTepBana rrnaHHp0BaHH.SI -
6onee t.JeM Ha 60%. 

.513 peHTa6eJibHa Ha BCeM HHTepsane ITilaHMp0BaHH.SI a 
500 neT. YpaHOBble nernoso,nHhle 513Y nma BB3P-1000(U) 
pa6oTaIOT Ha BCeM HHTepBane rrnaHHp0BaHH..SI. TIJI)'ToHHeBbie 
nernoso,n:Hb1e .5I3Y THna BB3P-1000(Pu) 3anomrnJOT nay3y 
c Haqana HHTepBana ITilaHHp0BaHIDI .no K0HIJ:a 30 ro.na. C 
K0Hl(a 30 ro.na H .no K0HU:a HHTepsaJia rrnam1poBaHH.SI pa3-
peweH BB0.ll B CTJ)OH 513Y c peaKTOpaMH nma EPECT-
1200(Pu), H Hapa6an,maeMblli s ypaH0BhIX nerK0B0,ZlHbIX 
peaicropax rrnyToHHH Hcrronb3yeTc.SI .llIDI nepBbIX 3arpy3oK 
aKTHBHbIX 30H .SI,AepHbIX peaKTopos THna EPECT-1200(Pu). 
IlpH 3TOM Bee 3anac1,1 rrp11po.nttoro ypaHa s 3eMHoi-i Kope 

ITp11ncAe1111t.1e JaTpaTbl = 79,2 TUSD 

Cy1m~rap110 
(TBT-fO.llbl) 312,4 

(100%) 

3aKaH11HBaJOTC.SI Ha TT0,mfHTepBane MC)l():zy 50 ro,n:oM 11 100 
ro.noM H ~e Ha 3T0M no.ni,rnrepsane H ,n:aJiee rrpMX0.llHTC.H 
no.n;KJI101.JaT1> rnnoTeTHqecirne 3anac1,I npHpo.uHoro ypatta 
(Hanp~ep, ypaH H3 B0;:\hl MHpOBOf0 OKeaHa) no a;eHe 1000 
USD/(Kr U3Og). 

CTOHMOCTh TaKoro ruiaHa paaHa 79,2 TUSD. CToH­
M0CTh rrp11po,n:ttoro ypaHa cocTaBIDieT 25,5 TUSD. llITpacp 
3a 3arp.H3HeHHe 0Kpy)l{aJOI.l.(eH cpe,Zlhl C0CTaBmieT 1,9 
TUSD. Pacxo.n;1,1, CB.H3aHHbie c nepe.n;at.Je.a 3JieKTp03Heprn11, 
Bhipa6aTI,IBaeMOH rl1.[(p03HepreTHKOH, COCTaBJUIIOT 3 7, 7 
TUSD. 

B npHHJJ;Hne, ,n:eny M0)l{H0 n0Moq1,, HanpH:Mep, no.n­
Kn10q11s B CHCTeMy 3anac1,1 TOpmI H nepeBe)];jJ JierKOBO)l­

Hble aKTMBHble 3OHbI Ha TOpHeBbie KOMI1O3Hl(HH TOTIJIHBa. 

TipH 3T0M Harpy3Ka B Bbipa60TKe 3HeprnH Ha 513Y nma 
EPECT- l 200(Pu) CHH3HTC.H, TaK KaK qacTb HX pa60Tb1 
B03hMYT Ha ce6.H TeilJIOBbie TOpHeBbie .SI,nepHbie peaKTOpbl. 
B 3TOM cnyqae M0)l{H0 06oih11c1, 6e3 .nopornx rnrroTent­
qecKHX 3arracos npHpo.n;Horo ypaHa. O.nttaKo TaKOH nnatt 
He MO)l{eT 6b1Tb .neweB, TaK KaK rro-npe:>I<HeMy 3Hat.JHTeJib­
HYIO ;:\0JIJO 3HeproBbipa60TKH 803bMeT Ha ce6.SI rn.npo­
:mepreTHKa. 

CpaBHHBaJI CT0HM0CTH OITTHMa.JibH0ro nrraHa c 5.I3Y c 
6pH,n:epaMH THna EH-1600(Pu) (pHc. 4) H 6e3 IDIX (pHc. 5), 
MO)l{H0 B11,[(eTb, qT0, IlpMMeH.SI5I 513Y c 6pH.nepaMH nma 
EH-1600(Pu), Mbl He T0JibKO no.nyqaeM 3K0H0MHJ-O, paBHYIO 
79,2 - 25,9 = 53,3 (TUSD), 1-10 H 0TO.D;BHraeM B 6y.u.ymee 
HCIIOJJb3OBaHHe ypaHa. 

l1 see )l{e 3KOH0MH.SI, paBHa.H 53,3 TUSD, 03HaqaeT, 
qTo 11 MHp 6e3 6p11.nep0B 11 6onee tJeM B 11m pa3a .nopmKe. 
3To 3aCTaBJJ.SieT 3a,nyMaTbC.H: 6bITh M0)KeT npo6JieMa He­
pacnpocTpaHeHH5£ .H.UepHoro opy)KH.H HMeeT 6onee ,n:ewe­
Boe pemeH11e? 

312,4 
(100%) 

312,4 
(100%) 

1561,9 
(100%) 

1,7/ ;-<-·::.:~-~ .. ~::·:: ·. ~:. -.:~ :----:~';· ~ : ... ·~_,;:~. 

(100%) 

llect,n. l0.0% 

fll!lpO 19,0% 

fa3 18,0% 

Yronb 36,0% 

78,8 
(100%) 

268,8 :::. rn.upo 

ro,nbl 
500 

Puc. 5. OnmUMQ/lbHaR cmpyKmypa pa1aumwi u 3Hep208b1pa6omKa (B TBm·zoo) Mupoeou 3Hepzemw<U OIIR yCJ1o<ruu: 
- 1anpem 110 6600 fl3Y c 6puoepa.Mu EH-1600 (Pu); 

- 11em Janpema c K0Hi/a 30-20 200a Ha 8800 f/'JY muna EPECT-J 200 (Pu) 
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6. CPABHEHHE ABYX MMPOB: "6E3 JIAEPHOH 3HEPrHM" H "C JIAEPHOH 3HEPrMEH" 

IfraK, Mbl BH,LJ,eJIB, I.JTO OTITHMaJibHblH rrnaH 

tta,LJ,e>1rnoro 11 ,LJ,onroapeMeHHoro (Ha 6m-1)KaHll1He 

500 ne-r) 06ecrreqemu1 -qenoaeqecTBa 3Heprneti c 

TTOMOlllblO Tpa,LJ,HUHOHHblX :meproTeXHOJIOfHH 

(Ha yrne, npHpO,LI,HOM ra3e, tteq>Terrpo,LJ,yKTax, 

rn,LJ,popecypcax) 6e3 yqacTH51 .513, T.e. onTHMaJib­

HbIH IIJiaH "MHpa 6e3 }I,ll,epHOH 3Heprm-f'', IIpHBO­

,ll,HT K JlOJIHOMY HCtieprraHHIO llOCTOBepHbIX Jana­

COB npHpO,ll,HOfO raJa K 50+ 100 ro,LJ,aM, Heq>TH - K 

100+ 150 ro,ll,aM, yrllil - K 200+250 ro,LJ,aM HHTep-

aana IIJiaHHpOBaHIDI J,f rpe6ye-r BKnlOtieHIDI B 114,5 

o6opoT rrpenrronaraeMbIX 3arracoa 3THX nepBHtI­

HhIX 3HeproHCTOqHHKOB. Ta.KOH nnaH o6ecneqe­

HH.sI qenoBetieCTBa 3HeprHeH 6y,LJ,eT eMy CTOHTb 

122,5 TUSD. IlpHtieM 3TOT nnaH B03MO)KeH rrpH 

ycnoBHH, qTQ rrpennonaraeMhie 3anac1>1 npHpO,LJ,­

ttoro raJa, tteq>rn, yrJI51 cywecrny10T B neiieTBH­

TeJibHOCTH H 60JihlllHX pa3MepoB, HHal.Je npH,LJ,eT­

C}I 3aMbIK8Tb :mepreTWieCIGI.H 6anattc C IIOMO-

IUhlO caMoro ,LI,opororo 3Hepropecypca (HanpH- sox 
Mep, IlO,ll,KJIJOqaTh eoJIHe1IB)10 3Heprnro ). 

OnTHMaJihHa}I eTpaTerff}I, BKJIJOtiaroma}I .513, 
6011ee 3KOHOMHqHa H 3cpcpeKTHBHa. B cnyqae 

paCCMOTpeHIDI "MHpa C .H,LI,epHOH 3HeprHei1", T.e. 

KOr,LJ,a HCilOJib3YeTe.sI .smepHa}I 3HeprIDI Hap51,LJ,y C 3Hepro­

TeXHOJIOrH51MH Ha yrne, rrpHpO,ll,HOM ra3e, ttecpTerrpoeyK­

TaX, nt,ll,popecypcax, a TaK)Ke contte1.1Hoii 3tteprnew, .H,IJ.ep­

Hbie 3HeproTeXHOJIOrHH IIOJIHOCTblO BbITeCIDIIOT Bee nepe­

llHCJieHHbie 3HeproTeXHOJIOfHH B TetieHHe Beero HHTepaana 

rrrraHHpOBaHIDI B 500 JleT. IlpH 3TOM coxpaIDIJOTe.H Bee 3a­

nachl yrJI.H, rrpHpO,ll,HOro ra3a, HeqnH HeTpOH)'TbIMH ,ll,llil 

3HepreTH11eCKOfO HCI1OJlb3OBaHH51. B 3TOM eny-qae rpaHHUhl 

HClfepnaHH}I ,LJ,OeTOBepHO H3BeCTHbIX H rrpe,ll,IlOJiaraeMbIX 

MHpOBblX 3anacoa yrllil, rrpHpO,ll,HOro ra3a, Heq>TH OTO,ll,BH­

ra10Te51 3a npe,ll,em,1 paecMorpeHHoro HHTepBana nnaHHpo­

BaH.IDI, T.e. 3a rrpe,LI,eJihI 500 ro,LJ,a. TaKHM o6pa30M, 3TH 

rrepBWIHhie pecypebI OCTalOTC.sI ,ll,JI.sl H)')K)]. 6y,ll,yIUHX IlOKO­

neHHH. 

Onrn.ManbHbIH rrnaH "MHpa c 51,LJ,epttoii 3Heprneii" 

o6oH,LJ,eTe5111eJIOBeqeeTBy B 25,9 + 26,5 TUSD. TipH 3TOM B 

aTMOCq>epy Bb16paCbIBaeTe}I HeCOH3MepHMO MeHbIIIee KO­

JIH"tJeCTBO Bpe,LJ,HbfX Bemecrn (pHC. 6), 3a KOTOpbie .513 38-

IlJiann 6onbIIIHH mrpa<p (2,3 TUSD), qeM B BapHaHTe 6e3 

.513, me KOJIHlJeCTBO BhI6pocoB B ,LJ,eCHTKH pa:3 60JihIIIe, a 

rnTpa<p 3a HHX MeHI,lllHH (1,5 TUSD). MeHhlllM BeJIH1.J1rna 

IIITJ)acpa 3a BbI6pocbl B c-rpaTerHM "MHpa 6e3 .Sl,LI,epHOH 

3Hepnrn" 061>.sICIDleTC.sI TeM, t{TO, BO-nepBbIX, 6onee 60% 
BCeH 3HeprOBbipa6oTKH rrpHXO,ll,HTC51 Ha rH,L1,p03HepreTMKY, 

KOTOpruI B pacqeTax rrpHHHMaJiaCb 3KOJIOrnqeeKH lJHCTOH, a 

B0-BTOpbIX, KOJIOCCaJibHbie BbI6pocbI Bpe,n;HhIX BemecTB, 

rrpoH3BO,LJ;HMbie Tpa.z:tHUHOHHOH 3HepreTHKOH, npHXO,rolTC}I 

3a l 00 fO,ll,OM HHTepBana IlJiaHMpOBaHH}I, r,LJ,e CTOHMOCTHbie 

IlOKa3aTeJIH (rnTpacpbI) CHJibHO ,ll,HCKOHTHPYIOTCH, BROCH 

MaJibie ,LJ,06aBICH B cyMMapHbIH lllTJ)a<p. KpoMe Toro, KaK 

y)Ke OTMeqanocb B n. 2, IIITpacp 3a BbI6poCbI OT .513 eHJibHO 

3aBbIUieH. 

EcJIH qeJIOBe11eeTBo BbI6epeT "MHp C H.n;epHOH 3Heprn­

di'", TO 3TO npHHeCeT eMy 3KOHOMH10, paBH)'IO 

122,5 - 26,5 = 96,0 (TUSD), 
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9576,1 

■ • 11
1\IIIJ) oc.1 sucpuoii 'mepnrn" 

111111 - "Mup c naep11011 ·rnep111c11" 

29,1 tll.3 

II-
5,7 -ll!3m 1.2 0,1 

NOx co CII~ CO2 Tocp!lb1r •111c·111111,1 

Puc. 6. CpaeHeHue oeyx Mupoe: cyMMapHb1e Bbz6pocbt epeOHblX eeu,ecme 
e amMoccpepy 3a eecb 11.flaHOBblU nepuoo. I'm 

HJIH C y-qeTOM HOpMbI ,LJ,HeKOHTHpoBaHH51, paBHOH 0,05 
ro)].-l, e)KefO,LJ,HM 3KOHOMH.SI COCTaBHT BeJH-11.JHH)': 

96,0 TUSD x 0,05 ro,LJ,-
1 = 4,8 TUSD/ro.n. 

Ec1rn :ny BeJiffll.HHy rrepeaeeTH Ha erraceHHbie qenose­

qecKMe )KH3HH, C11HTM [ 1 ], lffO 38Tpaqi;rna.s1 1 MHJinHOH 

USD (Ha oxpatty rpy,LI,a, 6e3orraettocTb TexHorrornH H )KH3-

HM, 3,ll,paBooxpaHem-1e, OT,ll,blX H T . .l(.), Mbl cnacaeM OJlHY 
qeJIOBelJeCKYIO )KH3Hb, TO 3KOHOMH.SI B 4,8x l 06 

MJWJIBOHOB 

USD/ro,LJ, ,uacT B03MO)KHOCTb e)Kero,LJ,HO cnacrn (mm eo­

xpaHHTb) )KH3Hb IlOl.lTH [UITH MHJIJIHOH8M qeJJOBeK B MMpe, 

B KOTOpOM y)Ke K 100 rO,LJ,y HHTepaana TIJiaHHposaHH}l 6y­

,ll,)'T rrpO)KHBaTh ~ 12 MHJinHap,LI,OB qeJIOBeK. 

Bo3MO)KH0, ,UJI.sl qenoBeKa, e He,LJ,OBepHeM OTHOeHIIJ,ero­

CSI K .513, npHBe.l(eHHhie apryMeHTbI B IlOJib3Y HCilOJib30Ba­

HIDI K,n;epHOH 3HeprHH Hey6e)].HTeJihHbl HJIH He,LJ,OCTaTO"tJHbl. 

Mb! Ha,neeMCH Bee )Ke IlOKOJie6aTb ero HejlOBepHe K .513, 
o6paTHBIIIHCb K pHC. 7. 

Ha pHC. 7 H306pa)KeHbI rpa<pHKH [(eH Ha 3JieKTp03Hep­

fHIO ,ll,JI51 OIITHMaJibHbIX ITJiaHOB "MHpa 6e3 H,LI,epHOH 3Hep­

rm1'' (n. 4.1), "MHpa C }I,ll,epHOH 3Heprneii" B OTCYTCTBHe 

6pH,L1,epoB (n. 5.2) H "MHpa C 11,ll,epHOH 3Heprn:ei:f' rrpH Ha­

JIHl.lHH 6pH,L1,epoB (n. 5.1). 06pamaeM BHHMaH11e, lffO Oeb 

op,LI,HHaT - uetta 3neKTp03HeprH11 - rrpe,LJ,cTaBJieHa nora­

p11cpM11qecK00 ll.IKaJIOH. EcnH pa3B11BaTb "MHp 6e3 51,LI,epHoii 

3Heprn11" (rpa<pHK "a"), TO qenoaeqeeTBy y)Ke K 15 ro,LJ,y 

HHTepBana nJiaHHpOBaHH.SI IIpHIIIJIOeh 6hI ITJiaTHTb 3a 3JieK­

Tp03Hepnno OKOJIO 18, K 40 roey - OKono 44, a K 75 fO,LJ,y -

OKOJIO 101 cUSD/(KBT•q), T.e. OKOJIO 1 ,LJ,01rnapa ClllA 3a 

KHJIOBarrqac. ~anee CJle,ll,yeT pOCT u:eHbl 3JieKTJ)O3HeprnH, 

TaK "\JTO K 375 roey HHTepBana rrJiaHHpOBaHIDI uetta 3J1eK­

TJ)03HeprnH 6y,LJ,eT rrpeBbilllaTb 15 ,LJ,onnapoa CWA 3a KH­

nosarrqac. 

ECJIH pa3BHB8Tb "MMp C 51,LI,epHOH 3Hepnrei1'' npH HaJil1-

lJHli 6pH,LI,epoB (rpacpHKH "b2" 11 "b3"), TO qeJIOBel.JeCTBO 

Ha nporn)KeH11H scero HHTepaana nnam-1poaaH115I B 500 neT 



06ecne1nrnaeT ce651 :meKrp03Hep- 10000 ~--------------------------------, 

rneii no cTafomhHOH u,eHe - tJ)'Th 

BhJllle 3 cUSD/(KBT-q), T.e. tte­
cKOJlhKO u.eHTOB 3a KJrnOBaTf'tiaC. 

TipH 3TOM, ecn11 pa3pa6oTKa 5I3Y 
1000 

nma EPECT- l 200(Pu) yeeH1IaeT-
C.SI ycnexoM, TO :no IlO3BOJIHT 

CHH3HTb u.eH)' rrpOH3BO.llCTBa 

3JieICTpO3HeprHH rrpHMepHO Ha 

nonu,eHTa 3a KHJIOBa'fT'llaC, 'llTO 

cymecTBeHHO. I1o3TOMY CTOHT 

HarrpaBHTb ycHJIJUI HH)KeHepos Ha 
pa3pa60TK)' H0BhIX ycoeeprneH­
CTBOBaHHhIX THilOB 5I3Y. 

0rKaJ OT 6pM,D.epos y.nopo)Ka-
eT 3JieKrp03Heprmo (rpaqmK 

I 
"bl"). 1.(eHa 3neKrp03Hepnrn B 

-1 

J,8 J,6 

J,2 
J,8 J,2 

0 30 so 

1513,7 

J0-1,7 

101,3 IOJ,S 

~---3-6,_I ---3-6,_I ___ 3_6_,1 ---36,1 bl 

J,6 J,6 J,6 J,6 J,6 bl 

J,I 3,1 3,1 3,1 3,1 b3 

fOJ,lbl 

100 150 200 250 500 

3TOM c~ae COCTaBJI.SleT 0K0JlO 18 
cUSD/(K13T•q) a 15 ro.izy HHTepaa­
na nnaHHp0BaHH.SI, OK0JI0 12 - e 40 
ro.ey, OKOJl0 35 - a 75 ro.izy, HaKO­
Heu., poCT u,eHhI 3JieKTJ)03Heprm-1 
,Zl0CTlffaeT OTMeTKH tJYfh 6onee 36 
cUSD/(K13T·1l) K 125 ro.izy 11 3TOT 

Puc. 7. L(eHa 3/leKmpo3Hepzuu: a - "Mup 6e3 ROepHou 3Hepzuu"; 
bl - ''Mup c .ROepHou 3Hepzueu" npu omcymcmauu Jl3Y c 6puoepaMu; 

b2 - ''Mup c ROepHou 311epzueu 11 npu HQJIU'luu Jl3Y c 6puoepaMu u BB3P-/OOO(Pu); 
b3 - ''Mup c 11oep11ou 3uepzueu" npu HQJIU"luu Jl3Y c 6puoepaMu, BB3P-JOOO(Pu) u 5PECT-J 200(Pu) 

yposeHh .nep)KHTC}l .no KOHU.a HHTepsana nJiam-1poeam-rn. 
Tpy .[(HO nosepHTh, qTo JIIO,ZlH npe.[(IlO'lfl'YT rrnaTHTb 3a 

3JieKrpO3HeprHIO He HeCKOJihKO u.eHTOB 3a KHJIOBaTf'l!aC, 

pa3BHBa}l .513 c 6pH.[(epaMH, a .nec.HTKH 11 .n~e COTHH UeH­
TOB 3a KHJiosaTiqac (T.e. HeCK0JlhKO .nonnapos CIIIA Ja 
KHJIOBaTI11ac ), OTKa3aBlllHCb OT .513 C 6pH.ZlepaMH. Be.n~ 
C3KOHOMJleHHhie .nette)KHhJe cpe,!\CTBa acer.na MO)KHO Ha­

rrpaBiffb Ha TIOBbillleH.Me ypOBH}l )KH3HH, T.e. Ha TIOBbillle­

HHe KaqecTBa )KH3HH H ee 6e3orracHOCTH. 
KaK BH.ZlHO, He .SIBJI.SleTC.SI peI1IeHI-1eM npo6neMhl Hepac­

npocrpatteHIDI H.nepttoro opy)KH51 H OTKa3 OT 6pM.D.epoe c 
KB > 1,0 e noJib3Y 6hICTphIX HAepHhIX peaKTopoB c KB ~ 

1,0. BeAh B 3TOM cnycrne u,eHa JneKTpOJttepnu-1 yseJIHtIHBa­
eTCjJ 6onee tfeM a 10 pa3 H cocTaeAAeT .necimrn: u,eHTOB 3a 
KHnosarrqac. 

Ilony-iieHHhie pe3yJihTaTbI onpe)].eJI.SIIOT MeCTO ·513 B 
CHCTeMe MHposoro 3HepronpOH3BO,!\CTBa. 

BhlfIOJIHelilU,IH CHCTeMHhIH. aHaJIH3 acemieT Ha.[(e)K,Zly Ha 

TO, 1ITO )Kff3Hb 3aCTaBl1T JIIOAei:i OTHeCTHCh cepbe3HO H C 

ya~eHHeM K B1>16opy csoero 6yJJ.ymero. Cep1>e3HOCTh Mo­
MeHTa COCTOHT B TOM, qTo, 3Ha}l OIIHCaHH)'JO nepcneKnrny 

MHpa, cJie,!\yeT y)Ke cero)lIDI nmumo nepeop11eHT11posaTh 
HHBeCTHUHH C Tpa,ZlHIJ,HOHHhIX 3HeproTeXHOJlOrHH Ha ».nep­

Hble 3HeproTeXHOJlOrHH. 

npMno>KeHMe n1. Mo~enb 3HeprocMcreMbl 

PaccMOTPHM 3HepreT11qecey10 CHCTeMY 5>, K KOTopo.w 

npeAJ>HBJI51I0TC51 i ( rrpHtieM i = 1, I ) BM,D.0B cnpocoB Ha 

:meprnio pa3HbIX rroTeHu,Hanos (Hanp11Mep, 3neKip03Hep­
nUI 6a311CHM, TIO.II)'IlHKOBa51, IlHKOBM H T.)].., TenJIO pa3HhJX 

TIOTeHU,11aJIOB H T.,Zl. ). 

3Heproc11cTeMa pa6oTaeT Ha pacqeTH0M HHTepea11e 
(-co, T) BpeMeHH, KOTOpbIR CKJia,ZlbIBaeTCj{ 113 .[(OilJiaHOBOro 

(-co, 0) H nJiaHOBOrO (0, T) HHTepBanOB, npuqeM T - ,ZlJIH­

TeJlhHOCTb rrJiaHOBOro rrep11O.na (B03MO)KH0 T= +co). 
B 3HeproCHCTeMe .neikTByroT H MOryT BBO,ZlHTbC51 B 

3KCTI.II)'aTaU,HIO (AAA y .noenernopeHH.SI i 811.llOB crrpOCOB) 

3HeprocTaHU,HH ( JJieKip0CTaHQHH, CTaHIJ,HH TeilJIOCHa6)Ke­
HH51, TeXHOJIOfHqecKHe CTaHIJ,HH, HCTIOJib3YIOil(He npou.ecchJ 

Bh1pa60TKH 3Hepnm Ha 3HeprocTaHIUUIX, H T.n.) nma r 
(np11qeM r =LR; HanpHMep, r = TerrnoBOH 3Hepro6noK Ha 

rrpHp0.llHOM ra3e, H,ZlepHblR :mepro6JIOK c peaKTopoM THrra 
BB3P-440, 51)].epHhIM 3Hepro6noK c peaKTopoM nma 

BB3P- l 000 11 T.)].. ), HCTI0Jih3YK>IUHe B KaqecTBe Cbipb.H 

B03M0)KHOCTH I (np1111eM I = I, L ) 3HeprernqecKHX K0M­

nne1<coa no .no6b1qe H Bbipa60TKe nepa11qHhIX HCTO'l:IHHKOB 
3HeprHH (nepBHtrnoro 3HepreTHtleCKOro Chlph.SI, HanpHMep, 

l = yro11b, rrpHpO.!\HhIH ra3, rM,D.popecypc1>1, Heq>Tb, 51,Zlepmui 
3Hepnui:, COJlHetJHa51 3HeprH51 H T.,Zl.). 

3HeproCTaH~HH pa3HblX THD0B pa3Mell{aK>TC51 Ha IlJIO­
Il(a,ZlKax 0) pa3Mell(eHJUI, npH1IeM Ha O)].HOH IlJI0llla,ZlKe MO­
ryT pa3Mell(aTbCj{ 3Hepro6JIOKH pa.3HblX THTI0B, He T0JlhK0 
HCfIOJih3YIOil(He O,ZlHH BRA Chlph51 pa3HOfO copra (HanpH­

Mep, j{.nepHbie 3ttepro6JIOKH THna BB3P-440 M TMrra 
BB3P- l 000), HO H pa3Hhle B11.llbl Cblph.Sl (HanpHMep, 3Hep­
ro6JIOKH Ha Ma3yTe, rrpHpO,!\HOM ra3e, yrne H.lllf nI06a51 
.npyrrui KOM6Httau,H.SI 3Hepro6no1<0B ). IlpHtJeM Ha OJJ.HOH 
nnoma,nKe co paJMeI.I..J.eHH~ M0ryT pacnorraraTbCj{ 3ttepro-
6JIOKH, Hecynu-1e pa3H)'JO Harpy3K)' (HanpHMep, 0.llHH :mep­
ro6JIOK - 6a3HCH)'K>, Apyroii - rroey1rnKosy10, a rpeTHH 
BKJIK>'lleH .ZlJI.SI ITOKphITHj{ IlHKOBOM Harpy3KH 3HeprocHCTe-

5) lloo 3Hepzemu'leCKOU CUCnleMOU Mbl nOHU.MaeM 30eCb 3HepzocucmeMy n.traHembl, 11u60 KOHmUHeHma WIU HeCKO/lbKUX KOHmUHeHm08, 11u60 pezuoHa, 
11u60 cmpaHbl, J1u60 0611acmu cmpaHbt, nu6o pauoHa 0611acmu, 11aK0Hel,f, 'Jmo 1,10:>1Cem 6b1mb oOHa 311epiOIVIOU/aOKa, Ha Komopou paJMeU/eHbl JHepzo-
6JioKu WlU oa:>1Ce oou11 3Hep206110K. 
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MhI, HMeH CBOI0 co6crnemzy10 Harpy3.K)'' paBttylO HJUI 
MeHl,mylO HOMHHaJibHOH M0DJ,H0CTH, H T.,ll.). A TaIOKe 0,nHH 
H TOT )Ke :mepro6JIOK M0)KeT yqaCTB0BaTb B Il0KpLITHH 
cnpoca Ha :meprHIO pa3Hb1X BH,ll0B i (HanpHMep, Bbipa6a­
TbIBaTb 0,llH0BpeMeHH0 6a3HCH)'IO :me:icrpo3Hepnuo H Ten­
no orrpe,lleneHHF,IX II0TeHUHaJI0B ). 

C11creMa orpamNeHHH M0,[leJill 3HeproCHCTeMbl H <pym<­

U:H0Han ( OH MO)KeT 6hITb nw6o'H; no }'M0JfllaHHIO a KaqeCTBe 
<pyHICl.lHOHana IlpHIDITbl C)'MMapHbie ,llHCKOHmpOBaHHbie 3a­

TpaTbI Ha BCIO nporpaMM)' pa3BHTIDI H q>ym<.UHOHHpOBaHHH 
3HeproCHCTeMbI) ytrnTI,IBalOT TaIOKe, lffO ,l(IDI KIDK,l(Oro 3Hep­

ro6noKa THna r, BBe,lleHH0ro B 3KCIInyaTal.J,H10 C rrop51,ll.K0BblM 

H0Mep0M j Ha nnomanKe 0) pa3Mell.{eHIDI B M0Melff 

t ~, ... 1 BpeMeHH, HMelOTCH KOHeqHbJe cpoKH: 
J 

(construction) 
- 't l · co,) c-rpoHTem,cTBa; 

- 't l · oi) CJIY)K6h1 3Hepro6noKa. B CBH3H c 3THM yqH-

TbIBalOTC.sI pacXO,llbl, CBH3aHHI:,Ie C BB0,llOM 3aMemaJODJ,HX 

( B3aMeH BblfaIBalOmmc) MOII(HOCTeH, a TaIOKe pacxom,1, }'1IH­

TbIB8IOI.J..U,le CIDITHe C 3KCnnya-ranHH BhI6bIBaJOII(HX MOIQH0-
CTew; 

(modernization) 
- 't .(r . 0.1) , Il0CJie KOTOpOro npOH3B0,[lHTC.H M0-

1 

,llepttmauIDI o6opy,lloBaHIDI 3Hepro6noKa rnna r, aseneHHO­
ro B 3KcrrnyaTaUHJO Ha IInOll.{Ml(e CO pa3MemeHIDI B MOMeHT 

f .(r . o>) BpeMeHH. B CBHJH C 3THM yqHThIBaJOTC.H paCX0,llbl, 
J 

CBSl3a.Jrnble C MO,llepHH3aQHeH 3TOfO :mepro6JIOKa. 
<t>yHKUHOHan H MH0)KeCTBO nepeMeHHbIX OIITHMH3aIJ.H­

OHHOH 3a_naqff Il0CTJ)0eHbl TaK, tff0 TI03B0JI.HIOT nepepac­

rrpe,lle.IDITh Harpy3.K)' Me)K)zy IIJIOillMKaMH (I) pa3Mell(eHIDI, 

Me)l{,[(y 0T,lleJI.E,HbIMH 3Hepro6noKaMH THna r Ha O,llHOH 
nrromanKe, a TaK)Ke Mattesp11poaaTb 3arpy3K0H Ka)K.[loro 
3Hepro6noKa, T.e. B n106oii M0MeHT speMeHH 3Maqa caMa 
onpe,neJIHeT OilTiiMaJlhHhIH pe)KHM pa60Tbl 3Hepro6noKa: 
pa60TaTb Ha HOMHHaJihHOH M0W:H0CTH JIH6o Ha CHH)KeHHOH 

M0l.I.\H0CTH ( o6ycnoaneHHOH TeXHH"t!eCKHMH B03M0)KH0CTSI­
MH CHH)KeHHSI MOIUHOCTH) BnJIOTb .no Il0JIHOro BhIKJII01ie­
HIDI :mepro6noKa (ttyJieBWI MOII(HOCTb). 

Mo,llem, TaIOKe noJB0JijJeT MaHeapHpoaaTh 3arpy3KOH H 
IIO,AIIHTKOH T0IInHBa: B pa3Hbie M0MeHTbI BpeMeHH 3Hepro-

6JIOK M0)l(eT pa6oTaTh Ha T0ilJIHBe pa3Horo copTa. HanpH­
Mep, 3Hepro6JIOK BB3P- l 000 B 0.L(HH MOMeHT M0)KeT pa6o­
TaTb Ha ypaH0B0M TOilJIHBe, B ,llpyroH - Ha rrnyT0HHeB0M, B 
TJ)eTHH - Ha ypaH-IlJIYTOHHeBOM, B qeTBepTI>IH - Ha npyroii 
q>H3H"tJeCKH ,llOrryCTHMOH KOMil03HUHH TOilJIHBa H T.,n. 

IIpe.n;ycMOTJ)eHo, qrn n106oif 3Hepro6noK, ec1rn rroJBO­
JI.HeT ero KOHCTpyKIJ.mI, cnoco6eH a1,rpa6an,rnaTh sech CnH-

coK i = I, I BH.z:l0B 3Hepnrn HJIH qacTb ero. 

YtJHTbIBaeTC.H ,llOCTaBKa CblpbH (TOilJIHBa) ,no Ka)K,Aoro 
3Hepro6rroKa H .nocTaBKa npo.zzyKIJ.HH 3Hepro6noKa no no­
TJ)efonenH ( 0IITHMH3aUH.SI JIHHHH rrepe,natUI Cblpb.H H :mep­

rHH pa3HhIX BH,llOB H Il0TeHUHaJIOB ). 

yqHTbIBaeTC.H BJIHJIHHe Ka)K,AOH TeXH0JI0rHH 3HeproBbl­

pa60TKH Ha 0Kpy)KaJOIIzylO cpe.zzy. OmHMH3HpyeTC.sl IIJiaTa 
(lliTJ)acp) 3a HapyrneHHe orpaH11qeHHH Ha s1,16poc1,1 spen­
HhIX aemecTB a 0Kpy)Ka10rny10 cpe.zzy. 

11MeeTCH 803MO)KH0CTb 0ilTHMH3HpoBaTh pa.3pa6oTKy 11 

(BOBJieKaTh a o6opoT IlOTOKH) pa3H0fO nepBWIH0ro CblpMI: 
tteq>TH, raJa, yrIDI, rn.n;popecypcoa, conHeqHoii :meprnH, 
ypaHa, TOpHSI H T.,n., a TaK)Ke peIJ.HKJIHpoBaHHOf0 T0TTJIHBa 
Ha 0CH0Be TJ)aHCypaH0BhIX :meMeHT0B. 

OIIHcaHHa.51 Bhlllle 0ilTHMH3aIJ,HOHHWI M0,lleJib peaJIH30-

BaHa KaK C0CTaBHa.H 11acTL K0MIThIOTepHoro K0MIIJieKca 

OITTHMH3aUHOHHbIX rrporpaMM TOBAS (1, 2], Han11caHHoro 
Ha H3bIKe <l>OpTJ)aH H npe,nHa3HaqeHH0ro ,llJI.H 0ilTHMH3aUHH 

(npHIDITIDI perneHHH) MH0fOHepapXHlJeCKHX MH0f0MepHbIX 
CTJ>YKTYP CK0Jih yro.n;Ho 6oJiblllOH CJI0)KH0CTH. 11,ueonorIDI 
K0MrrneKca TOBAS TaK0Ba, t.JTO ero M0)KH0 HanoJIHSITh 
Jil06hIMH MO,lleJI.SIMH. no )l(eJiaHHJO IlOJih30BaTellil TOBAS 
0ThICKHBaeT 1rn60 norrycn1Moe ( cornacoBaHHoe) pernemre, 
rr1160 orrTHMaJIJ,H0e perneHHe. OrpaHHqeHIDI ha pa3Mep­
HOCTh 3MaqH y TOBAS 0TCYTCTBYIOT, pean1>Hb1M orpaHH-: 
qemIeM .HBJI.ITTOTCH pecypCbl K0MilhlOTepa. 

npMno>KeHMe n2. HCXOAHblE AAHHblE 

B pacqeTax CTpaTerHH MHpOBOH :mepreTHKH npHHHMaJIHCb cne.zzy10mHe HCX0,AHbie ,[laHHhie. 

112.1. CIIPOC HA 3HEPrmo 

IlpHHHMaJIOCb, t.JTO B 50 ro.zzy HHTepaana nnaHHp0BaHIDJ 
,AJIHHOH a 500 neT cpe,llH.IDI y,lleJibHWI (Ha eyrny HaceJieHIDI) 
3JieKTp0eMKOCTh BBIT (BanoBI,IH BttyrpeHHHH Ilpo,eyI<T) B 
MHpe )lOCTHrHeT ypoBIDI 3JieK1J)0eMK0CTif cpe,nHero y.n;eJib­

H0f0 BBIT 3amuurneaponeHcKHX CTJ)aH J(IDI 1996 rona H K 
100 rony HHTepsana rr11aHHpoBaHID1 ,nocTHrHeT Toro )Ke 
noKaJaTeIDI 3ananHoeaponeHCKHX crpaH, HaMetJeHHoro Ha 
2020 ro.n [3, 4]. TaIOKe CtJHTanocb, qTo nocne 100 ro.n;a 
HHTepaana nnaH11posaHID1 pocT HaceJiemrn Ha 3eMne npe­
KpaT11TcS1, a .n;yrnesoe 3Heprono-rpe6rreH11e He 6y,lleT B03-
pacTaTh (rrpennonaraeTC.sI, qTo JllO,llH Il0BCeMeCTH0 6yeyT 
11crronh30Ban, 3Heproc6epera10mHe Texttonorm1). 
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B Ta6rr. 2 naH MHpoBoH crrpoc Ha 3Heprn10 a coorneT­
CTB.MH C Bhillienp11ae.n;eHHbIMH .D;0II)'IneHIDIMH. 

T a 6 n H u a 2. Mnpoeoii cnpoc ua Jnepruro, TBT·'I 

B ro.zzy 
Cnpoc Ha :meprm-0 

HIDKHHH ypoaeHh BepxHHH yposeHh 
-3 13330 13330 
50 39450 42420 
100 54730 63340 
500 54730 63340 



► 

Il2.2. PECYPCbl IIEPBlflIHbIX 3HEPrOHCTQqHHKOB 

OueHKa MHp0BbIX 3anacoB rrepBHtIBbIX H3BJieKaeMbIX pecypC0B .naHa B Ta6J1. 3 [3, 4], ou.eHKa MHpOBbIX 3anac0B rn.npope­

cypcoB - B Ta6JI. 4 [5], ou.eHKa MHp0BblX 3arrac0B ypaHa H 3a-rpaT Ha ero .no6bitJ)' - B Ta6J1. 5 [6]. 3anaChl TOpIDI np11Hl1MaJIJ1Cb 

rrpM6mrnrreJ1I>HO paBH.I,IMH JanacaM ypatta. 

Ta 6 JI Hu. a 3. OuenKa nepnntJHblX HJBJieKaeMhIX pecypcos, rT n.1. 

BH.LJ. TOnJIHBa 

YrOJib H JHffHHT 

Heq>Tb 
o6LJ1-1HaJI 
He06bl'-IHa.sI: 

IlpHpOJJ.HbIW raJ 

Tj{)KeJtaJI 

6HTyMH8j{ 

cnaHI.1.eaa.si 

Pecypcb1 

3400 

200 
75 
70 

450 
220 

T a 6 JI H u a 4. OuenKa uo306nosJrneMbIX pecypcos 

f H,l(popecypcbl, 
(KBT·t.i) e)Kero.n.Ho 

33000x109 

T a 6 JI 11 u. a 5. MuposL1e 1anach1 ypana u JaTpaTbI na ero JJ.06LitJY 

KaTeropm1 3anacoa I 2 3 

3aTp8Tbl Ha ,LJ,06bll.f)' 

no u,eHe, 35+80 80+ 130 30+180 
USD/(Kr U3Os) 

3anaCb1 U30a ' rr 
MaJlble 2300 1000 4600 
60JibWHe 2300 1000 6000 

n2.3. 3HEPrETHLIECKHE TEXHOnorHH 

B Ta6JI. 6 nepeq1-1cneHhl :meprenflleCKHe TeXH0JI0fHH, HCI10Jlb30BaHHhie B pacqernx, a TaIOKe YKa3aHI,I y,n.eJihHhie Karm­

TIUihHhie 3a-rpaTbl H y,neJibHhie co6cTBeHHbie TeK)'J.I.Uie paCX0,llbI (6e3 pacxo,n0B Ha TOnmrno) B 0TH0CHTeJII,HhIX e.nHHHUax .ll.JUI 
3THX :meproTeXHOJIOfHH. y .nenbHblM Ha e,nHHHizy :meK-rpHqecKOH M0IUH0CTH KanHTaJibHbIM 3a-rpaTaM, paBHbIM 1,0 0TH0CH­

TeJibHhIX e.nHHHU, coorneTcTByeT Be.JilllIHHa 3000 USD/KBT. Y JJ,eJII,HhJM Ha e.nHHHizy Bbipa6ornHHOH ~_JieKTpo:meprn11 co6cT­

BeHHhIM TeK)'ll.I.HM pacxo.naM, paBHbIM 1,0 0TH0CHTCJibHl>IX e.nHHHU, C00TBeTCTByeT Bem1q1rna 0,20 cUSD/(KBT·lf). 

Ta 6 JIM u a 6. 3aTpaTHble xapaKTepHCTHKH lHepr0TeXHOJI0rHH (OTHOCHTeJibHble eJJ,UHHULI) 

3He reTHt{eCKaa TeXHOJIOfHj{ -------- Y .n,eJibHhle K811HTaJibHble 3aTJ)aTb1 Y.l(eJibHble co6cTBeHHbie TeK)'mHe pacX0,l(bl 
Ha si.n.epHOM TOllJIHBe 

8B3P- l 000 (U) 
8B3P-1000 (Pu) 
EH-1600 (Pu) 
EPECT-1200 (Pu) 

1,0 1,0 
1,0+1,2 1,0 

1,5 1,0 
1,0 1,0 

Ha yrne 0,4+0,9 0,4+ 1,4 
HanpHpOJJ.HOM_ra3_e _______________ 0,~1_6-_:0_,_6 _____________ 0~,_2-_:~l,_0 ______ ~ 

Ha Heq>TH 0,3+0,8 0,4+ 1,4 
HarH.n,popecyp_cax _________ _._ ______ 0_,5_+_1_,0 ______________ 0_,l _______ ~ 

CTOHMOCTh .no6bll{H nepB11qJ{bJX H3BJieKaeMbIX pecypcos (yrm1, IIpHp0.nHoro ra.3a, Heq>TH) aapbHp0BaJiaCh B .n11ana.J0He 

OT 20 .no 200 USDIT H.3. [7]. 
3a1'paTf,1 Ha coopy)l(eHHe H q>yHKI.UiOHHpOBaHHe JlHHHH nepe.naqH 3JICKTp03Hepnrn H nepBHl{HbIX HJBJleKaeMhIX pecypcoB 

oueHHBaJJHCb B .n11anaJ0He OT 1 .no 2 MHJIJIHap.noB USD/fBT [8]. 
,naHHbie no 3a'IpaTaM Ha H,n;CpHblli TOTTJIHBHhIH UHKJI 6panHCb H3 pa6oT [ 1, 6, 9-13]. 
IT pH pacqeTe KamlTaJJbHbIX 3aTJ)aT 3Hepro6JIOKa yqHTbIBaJIHCb: cpoK ero CT()0HTeJibCTBa 6+ 12 JieT H pacrrpe.nenemfe 3a­

TpaT no f0)laM CTI)0HTeJibCTBa, THTIJlqHoe .[(llil 3TOfO 3Hepro6rroKa; cp0K CJIY)l(6bI 40+ 70 JieT H 3a'Ip3Tbl Ha ClUITHe :mepro-
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6noKa C 3KCn.rryaTaI.UUi (,noIDI 3a-rpaT ~ 15% ); MO,nepHH3aI.{IDI 3Hepro6JioKa qepe3 Ka)KJJ;ble 20 JleT H 3a-rpaTbl, CB.SI3aHHbie C 

HeH, a pa3Mepe ~ 20%. 
Y,nem,Hhle paCXO,[(bI TOIDIIIBa ,l{IDI 'I'p~Hl.{HOHHbIX 3HeproTeXHOJIOnlH (Ha yrne, fa3e, Heqrrenpo,nyKTax) npHHHMaJJHCb B 

,[(Hana30He 250+330 r/(KBT•q) ycJIOBHOfO TOIDIHBa. 

B Ta6JI. 7 H 8 ,naHLI q>H3HKO-TeXHHqecKHe xapaKTepHCTHKH .sui.epHbIX 3Heprerl-NeCKHX TeXHOJlOfHH, BOTIIlOI.UeHHI:,IX B JI3Y. 

T a 6 JI H u a 7. <l>H3HKO-TeXHH1.Jec1rne xapaKTepHCTHKH .SI3Y 6) 

XapaKTepHcnfKa 
BB3P-1000 (U) BB3P-1000 (Pu) 

.513Y 
EH-1600 (Pu) 6PECT-1200 (Pu) 

3neKTpHqecKW! M0l.l\H0CTb, MBT 1000 1000 1600 1200 
Tennoaan M0l.l\H0CTh, MBT 3200 3200 4300 2800 
Bee Jarpy3KH, T 70,2 114,0 27,4 •) 60,0 

24,0 
52,8 

fOAOBOH pacxo.n TOnJIHBa, T/ro.n 22,8 38,0 15,4 •) 12,0 

14,2 

f 0,ll0BWI noTpe6HOCTb a pa6oTe pa3,neneHHSI, 
25,0 

Kr EPP/(MBT·ro.D.) 

·) aKTHBHWI 30Ha 

TOpueaou 3KpaH 
6oKOBOH 3KpaH 

J130TOTI 

235 U 
Pu (.D.ennl.l\HHcn) 

235 U 
Pu (.nemlll.\HHC11) 

235 U 
Pu (.D.emn.UHHC}l) 

235 U 
Pu (.nem11.1.u1HC}l) 

•) aKTHBHWI 30Ha 
TOpUeBOH 3KpaH 
6oKOBOH 3KpaH 

134 - - -

T a 6 JI H u a 8. <l>HlHKO-Texuu1.JecKue xapaKTepHCTHKH R3Y 6) 

.H3Y 
BB3P-1000 (U) BB3P-1000 (Pu) EH-1600 (Pu) EPECT-1200 (Pu) 

HaqanhHbIH H30TOnHbIH cocTae (nepean Jarpy3Ka), Krl T 

31,2 - - -
- 18 120 82,17 

113oTOnHhIH cocTae Bhrrpy)KaeMoro Tonmrna (nepea11 3arpy3Ka), Kr!T 

8,7 - - -
6,0 13,72 m·> 82,17 

20 
9 

HaqanbHblH H30TOnHblH COCTaB (ycTaHOBHBlllHHCSI pe)KHM), Kf/T 

44 - - -
- 24 120 82,17 

l130TOITHblH COCTaB Bblrpy)KaeMoro TOnnHea (ycTaHOBHBWHHCSI pe)KHM), KrlT 
12,4 - - -
8,2 15,91 llQ._•) 82,17 

20 
9 

n2.4. 3KOnOn1"1ECK"1E orPAHM"IEHMS'I 

B Ta6n. 9 ,naHI:,I y,neJibHbie BeJiffqHHbl Bpe,nHbIX aTMOCq>epHbIX BbI6pocoB, KOTOpbie corryTCTBYJOT npHMeHeHHJO 3Hepro­

TeXHOJIOfmi Ka)l(Jloro B11.,na [3]. 3aMernM, qTQ ,[(JUI >ITU: ,naHHhie rn6mfUbl OTJ)IDKaJOT pearrbHOCTH c_erO,[(IDlllIHero )UUI, KOr,na 

OT,l{eJibHbie nepe,neJibI .si,nepHoro Torurnsa HCilOJib3YJOT 3JieKl])03HeprHJO H Tenno pa3HbIX noTeHUHaJIOB, Bblpa6aTbIBaeMLie Ha 

TeIIJIOBbIX 3JieKl])OCTaHUIDIX H B KOTeJibHbIX. 

B Ta6JI. 10 npHBe,neHbl 3HaqeHIDI ,neHe>KHhIX IIITJ)aq>OB (B HeMeUKHX MapKIDC - DM 3a TOHH)' Bb16pocoa), pa3pa60TaHHbJX 

B 11HcnrryTe npHKJJa,llHOH 3KOJIOrHH (fepMaHIDI) [3]. 

6) XapaKmepucmuKu Jl3Y muna BB3P-J000 (Pu) no11y11aJ1UCb npRMou 3a.MeHou ypaHa-235 Ha Oe//JlU,/UUCR n.J1ym0Huu 01111 ycoeepweHcmeoeaHHOZO 11ezKo­
eooHozo ROepHozo peaKmopa [1 , 6, 9. JO]. 

88 



,.....-

I 

I 
I 

Ta 6 JI H. I.J, a 9. ATMOc4>epHble Bb16pocbl OT pa3JIHqffblX TODJIHBHblX 1.1,HKJIOB, 

BKJifOqaH CT3,LlHIO npOH3BO,LlCTBa JJieKTpOJHepruu, r/(KBT•q) 

BH.n, Bb16poca TonJIHBHhIH UHKJl 

51TU YronbHhJH H e$rnHoi1 Ha npHpO.lJ.HOM ra.Je 

SOx l,500 12,500 8,300 13,700 
0,400 3,000 4,500 3,400 

co 0,010 0,240 0,610 0,060 
0,005 0,050 1,250 0,010 
8,000 1100,000 640,000 530,000 

Tse Ahle tJaCnlUbl 0,400 0,900 0,860 0,140 

Ta 6 rr 11 I.J, a 10. IIITpa4>bl 1a Bb16pocb1 B aTMoc4>epy, DM/T 

BH,n Bb16poca SOx NOx CO CH4 CO2 Teep.n.b1e tJaCTHUhI ---------+-------+-----.... -----+---------6--
IJJ T pa cJ> 5000 4000 500 2000 O + 100 1000 

11 

IToCKOJibK)' MO)leJib 3Heproc11cTeMbl BKJIJOqaeT 3KOJIOrHqecKHe orpaHWieHIDI, TO npe)lCTaBJUieTC.H B03M0)1(HhIM Bhl.HCHHTb 

X CHCTeMHYIO pOJib - orpaHWIHTb HJIH IlOOUWHTb rrp11MeHeHHe TOH HJil1 HHOH 3HeproTeXHOJIOrHH. 

n2.s. HOPMA AMCKOHTMPOBAHMSI 

C 

0 

B 

B 

Bhl6op 3Ha"tJeHH.SI HOpMbl (HOpMaTHBa) )lHCKOHTHpOBaHml oqeHb Ba)l(eH. B 3TOM HHTerpaJibHOM napaMeTpe, .HBJI.HIOll.1;eMC~ 

OI.J,HaJibHbIM CTaH,n:apTOM Hal..{Homun,HOH 3KOHOMHKH, co6paHl>I Bee CTJ)aCTH JIIO)lCKHe H rrpe,n:cTaBJieHH.H 1110,n;eH O TOM, KaK 

HH )l(HBYT ceifqac H KaK XOTHT )l(HTb B 6y.n:yn.(eM. Ee3 3H8HIDI 3TOro HOpMaTHBa HeB03MO)KH0 nnaHHpOBaTb 11 nporH03HpO­

aTb )K113Hb JIIO)leii. ITpe,UCTaBJUleTC51 pa.3yMHbIM rrpe.n:nOJIO)KHTb, qTQ B 6y.n:ymeM MHpe 60JibllIHHCTBO CTpaH 6y.n:yT Hapanu,1-

aTb CBOH rrp0113B0)lHTeJibHble CHJihI, TaK qTo HeT OCHOBaHH.H nonaraTh aemfqHH)' HOpMaTHBa )lHCKOHTHpoBaHH.H )lJUI 6om,­

IlIHHCTBa CTJ)aH MHpa Bhirne ee cero.n:mmrnero 3HaqeH1-u1 .n:1rn pa3B11Thrx crpaH, T.e. BhIIlle 3Ha"tJeHIDI 0,05 ro.n:-
1 [1, 6]. TTo:no­

y B pacY:eTax Be3)le npHHjJTO 3TO 3HaqeHHe HOpManrna )lHCKOHTHpOBaHH.H. M 
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nAMHTH 6.H.MOTOPOBA 

Pe.n.aKUHOHHruI KOJJJierIDI BhmycKa «,l(1-rnaMHKa H 6e30-

rracH0CTh .sI)lepHbIX :mepreTHtieCKHX ycTaH0BOK» C rrpH­

CKOp6HeM coo6maeT O TOM, tffO IIOCJie rn)KeJIOH 6oJie3HH 9 
q>eBpaJI.SI 2001 ro,aa CK0Ht.IaJIC.sI 0)lHH H3 aKTHBHbIX t{JleH0B 

pe)].KOJIJienrn H ceKIJ;RH no )lHHaMHKe MoTOpOB 6opHC 

I1saHoa11q. Ymen HJ )KHJHH TanaHTJIHBbIH yt.IeHblH, xopo­

rno H3BeCTHblH qJITaTeJIRM Harnero c6opHHKa H cneUHaJIH­

CTaM no .UHHaMHKe 5.l3Y. 
Ceoro TPY.LI.0BYIO )le.sITem,HoCTh rrocne oKo~aHffj{ B 

1961 r. pa,zvw<l>H3Ht.IeCKOro $ar<yJibTeTa fopbKOBCKOfO 

rocyHHBepcHTeTa OH Haqan B pyKOBO)].HMOH H.A. )l(ene3-

UOBbIM cneuna6opaTOp1111 fM<DTM. Cneu11aJIH3aum1 Ha 

C03.1laHHOH A.A. AH.upoHOBblM Ka$e.n.pe Teop1111 Kone6aHHH 

11 )].HHaMHKH MaIIIHH, yqaCTHe a pa6oTe na6opaTOpHH IIO)l 

pyKOBO)].CTB0M A.B.CeprneBcKoro 11 E.<D. Ca6aesa cbrrpa­

m1 JaMeTH)'JO pom, a CTaH0BJieHHJI E.M. MoTOposa KaK 

y11eHoro. 

C 1964 r. 6.M. MoTOpos cTan pa6oTaTh s OKEM no.u 

pyKOBO)].CTB0M <D.M. MHTeHKoBa, r.ue OH cq>0pM11posanc.sI 

KaK KpYTIHbIH cnel.Ufa.JIHCT H pyKOBO)lHTem,, B03fJJaBHBillHH 

B 1969 r. C03)laHHbIH OT)leJI )lHHaMHKJI. O)].HOBpeMeHHO C 

a,UMHHHC-rpaTHBHO-npOH3B0)].CTBeHHOH ,ne.sITeJibHOCTblO OH 

sen 60Jiblll)'10 Hay1rnyro pa60T)', 0 qeM CBH)leTeJibCTBYlOT 

PM KHRf H MOHOrpa$HH, a TaK)Ke 3am11Ta B 1968 H 1982 
rr. KaH,l(H)laTCKOH 11 ,[{OKTOpCKOH ,[{HCcepTaQHH. 3a f0)].bl 

pa60T1>1 s OKEM E.M.MoTOpos H pyKoso,nHMbIH HM Kon­

neI<THB BHeCJIH 3HaqHTeJibHbIH BKJia)]. B o6ecrreqeHHe pac­

qeTHbIX o60CHOBaHHH )].HHaM11qecKHX H 3KcruryaTaUH0H­

HbIX xapaKTepHCTHK H 6e3onacHOCTH pa3pa6aTbIBaeMhIX B 

OKEM 513Y pa3JrnqHhIX THnOB H Ha3HaqeHH.sI. 3a ycnern­

HhIH 11 nno)lOTBOpHbIH rpy.LI. E.l1.MoTOpoa Harpa)K.[{eH op­

)leHaMH H Me)].aJI.sIMM, OH JlaypeaT focy.uapcTBeHHoii npe­

MHH CCCP. 

B naM.sITM corpy,nHHKOB OKEM 11 3HaBillHX ero Konner 

113 .upymx opraH1nau11ii 6.M.MoTOpoB ocTaHeTCH KaK 3py­

.u11posaHHbIH, rny6oKo nop.sI.LI.Ot.IHhIH qenoseK, KaK yqem,111 

11 cneu11an11cT, BHecrnHH 3Ha1mTem,H1>1ii BKJia.u B pa3BHTHe 

HayqHo-TeXHHl!eCKOH 6a3hl pacqeT0B J:(HHaMHKH 513Y 11 B 

C03)laHHe p.si.ua I<OHKpeTHblX :mepreTHl!eCKHX ycTaHOBOK. 

CJioBo o MoTopoBe liopuce HBaHOBH'·Ie 

Tiocrre pa6oT no coJ)laHmo nepaoii ycTaH0BKH )lJI.sI 

aT0MH0fO JieJ].OK0Jia "JleHHH11 B K0HCTl)YJ<TOPCKOM K0JIJieK­

THBe OKEM CJI0)KHJIOCb MHeHHe o cymecTBeHH0M He.uoc­

TaTKe a opramnaum1 pa6oT Ha.u npoeKTaMH ycrnHoBoK H 

o6opy)loBaHID1 pa311Ht.{H0f0 HaJHaqeHIDI H3-3a 0TCYTCTBHH B 

OKEM cneuHanHcToa no .UHHaMHKe MaIDHH H npoueccoa 

pa3JIJ1qHQH q>HJHqecKOH npHpO)lhl, B HHX rrpoTeKaIOlll,HX. 

O6pamettMe a cneuManH3HpOBaHHhie opraHHJan:1111 He 

o6ecneqHaano Heo6XO.UHMOH onepaTHBHOCTH npH Il0HCKe 

OilTHMaJibHbIX KOHCTIJYJ<THBHhIX pemeHRH, XOT.sI uenecoo6-

pa3H0CTb H He06XOJJ.HMOCTh pa6011ero B3aHMO,[{eHCTBIDI C 

HMMH He Bbl3bIBaJia H He Bh13bIBaeT COMHeHHH. PyKOBO­

.llCTBOM OKEM 6Lrno npRH.sITO perneHHe o coJ)].aHHH cne­

I.UiaJihH0ro no,npa3)leJieHIDI IIO ,[{HHaMHqecKHM HCCJie)lOBa­

HIDIM, pa3pa6aTbIBaeMbIX 513 Y. 
B 1964 r. B OKEM 6hIJI npHH.sIT Ha pa6o-ry a KaqecTBe 

HH)KeHepa-pacqeTt.IHKa MoTOpOB 6opHC MsaHOBJ.fq, KOTO­

pbIH B 1961 r. 3aK0Ht.{HJI pa.zu•m<PH3Ht.IeCKHH cpaey JibTeT 

rrY HM. H.M. Jlo6aqescKoro 11 TpH ro.na npopa6oTan a 

rH<DTM, c K0TOpbIM OKEM coTpy)].HHl.JaJI. Mo11 nepsb1e 

npOH3B0,[{CTBeHHbie KOHTaI<Tbl C EopHCOM l1BaHOBHqeM He 

Bbl3BaJIH y MeH.sI oco6oro OilTHMH3Ma, IlOCKOJlbK)' KOHTaK­

Thl 6hmH npaKTHqecKH O)lHOCTOpOHHHMH: a paCCKa3bIBaJI, 

qTo HaM tty)KHO OT J:(HHaMHt.IeCKHX HCCJie,l(OBaHMH, KaKHe 
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,l(OJI)l(Hbl Ha HX OCH0Be Bbipa6aTbIBaTbC.sI peK0MeH)laUHH, 

KTO HX a )laJibHeiirneM 6y.ueT 11cnoJih30BaTh. OT EopHca 

JiBaHOBHqa ,SI YCJibllllaJl HeCK0JibKO YT0qH.sIJOIUHX B0ilp0COB 

H T0JibK0. Ho KaK0B0 )Ke 6hIJIO Moe Y.LI.MBJiem1e, K0r)la 

rrpHMepHO qepe3 MeC.SII.(-IlOJlTOpa OH nonpoc1rn y MeH.sI 

BCTl)el.JH H H3JIO)KJIJI CBOe BH)leHHe opraHH3aUHH perneHffj{ 

3a_uaq, KOTOpbie OH ycMOTJ)eJI H3 MOeH HHq>OpMan:1-rn np11 

HallIHX npe)lbl)l)'ll{MX BCTl)eqax. 

<DopMYJIHpOBKa 3a,naq, xapaKTep 11 nepeqeHb Heo6xo­

.UHMbIX )laHHbIX, npe)lJIO)KeHffj{ 0 nocJie)lOBaTeJibHOCTH RX 

pemeHIDI, coo6pIDKeHIDI 0 B03MO)KHbJX BhJqJ,ICJIHTeJibHhIX 

TIJY.l(HOCT.sIX H T.,[{. OTJIHt.IaJIHCb qeTKOCThIO, CHCTeMHOCThJO, 

l!T0 CBH)leTem,CTB0BaJIO H 06 3PY.LI.HUHH, HO KOHKpeTHOCTH 

MbIIllJieHIDI, H 06 yMeHHH BH)leTh H He 3a61,rnan, 3a qacTHO­

CT.sIMH uenoe. Tio3TOMY Hey)].HBI1TeJibHO, 1.JTO BCKOpe B0-

Kpyr Eop11ca MsaHOBHl!a o6pa3oaanacb rpyrma HH>KeHe­

poB, KOTOpbie cneUHaJIM3HpOBaJIHCb Ha )lHHaMHqecKHX HC­

CJie)lOBaHIDIX (npo6neMhl ycTOHqHBOCTH, nepeXO)lHbie 

npoueccbI H ,np.). BechMa aenHKa 3acnyra EopHca l1aatto­

BH'4:a a o6ecnetieHHH npocpeccHOHaJihHoro pocTa cnewrn­

n11cToB B rrpouecce pernemu1 KOHKpeTHhIX 3a,n.aq, 

Ero Il0CTO.SlHH0e caMoo6pa30BaHHe B o6JiaCTH ,l(HHaMH­

qecKHX HCCJie)lOBaHHH 61,rno X0p0illHM H CTHMyn11pyIOll(HM 

np11MepoM. Ha octtose rpynn1,1 Eop11ca MBaHoa11qa s 1969 r. 



6hIJI opraHJ130BaH OT,l],eJI ,UHHaMH'IeCKHX 11ccne,n,0BaHHH, 

KOTOpbIH OH H B03rJiaBHJI. 

3a fO.l(bl COBMeCTHOH pa60ThI C EopHCOM 11:BaHOBHtieM 

Mb] HailHCaJIH c HHM tteCKOJihKO KHIIT, pa6oTa Ha,D, KOTO­

pbIMH cnoco6cTBOBaJia 0606~eH1UO llOJiytleHHOfO npaK­

THtieCKOfO onhna H o6ecneqHBaJia .llaJihtteiirnee yrny6ne­

HHe HCCJie.l(OBaHHH IIO .l(HHaMHKe .5:13Y H llOBbIIIIeHHlO HX 

Kaqecrna. 

CoaMecrnru1 pa6oTa He BbI3hIBana KaKHX-n1160 rpemdi, 

IlOCKOJibK)' KpHTH'tJeCKHe 3aMe'tJaIDUI Ka)K)J.OH CTOpOHbl 06-

cy)l(.l(aJIHCb 6ecrrpHCTpaCTHO H o6mee MHeHHe Bhipa6an,I­

BaJIOCb 6e3 3aTpy ,l],HeHHH. 

qTO e~e BCllOMHHaeTC.ff H3 COBMeCTHOH pa60TbI C Eo­

pHCOM H.BattOBHqeM? 3To He3aBHCHMOCTb ero cy)l(.l(eHHH, 

CCbIJlKa Ha aBTOpHTeT cpaMHJIHH B .l(HCK)'CCH.ffX HM BO BHH­

MaHHe He npHHHMaJiaCh. ,l(.rI.H Hero 6bmo BeCbMa xapaKTep­

HO yMeHHe H3 JI1060H CTaTbH, aBTOpecpepaTa, ,ll,HCcepTaUHH 

BbI,l],eJJHTb ,n,eHCTBHTeJibHO HOBOe, "cyxoH OCTaTOK
11

, KaK OH 

JIIOfom Bbrpa)KaTbC.ff. 

Y MeIDI cno)l(J1JIOCb o tteM ycrownrnoe MHem1e KaK o 

TaJiaHTJIHBOM yqeHOM, HCCJie)lOBaTeJie, BHecrneM 6oJibllIOH 

BKJia,zJ, B opraHH3al.{HlO ,ll.HHaMHl-leCKHX HCCJle,UOBaHHH .5:13Y 
B OKEM, B oTpa6oTKY MeTO.llOJJOrHH HX Hccne,uoBaHHH, B 

C03,ll,aHHe COOTBeTCTByIOIUHX cpe.ll,CTB. ITpH 3TOM BKJia,[{ ero 

He orpaHHl-lHJIC$1 pa3pa6oTKOH TeopeTH'l:leCKHX Mo,n,erreH H 

COOTBeTCTBYIOl.UHX rrporpaMM. 3Ha11HTeJieH ero BKJia.l( B 

pa3pa60TK)' Tpe6oBaHH0 K 3KCnepHMeHTaJibHbIM ycTaHOB­

KaM H o60CHOBaHHe rrpe.ll,CTaBHTeJI.bHOCTH no.rryqaeMhIX 

pe3yJibTaTOB no .l(HHaMHKe COOTBeTCTBYIOIUHX npou,eccoB 

npHMeHHTeJihHO K HaTYPHbIM CHCTeMaM. 

IIpe)l(.l(eBpeMeHHa51 cMepTb EopHca lfaaHOBH'l:la - 6onh­

llla51 noTepH .llM OKEM, B HCTOpHIO Koroporo OH BOIIIen 

BeCOMO H BeCbMa rrpo,uyKTHBHO. 

<P. M MumeHKOB 

HHIITO qeJI0BCT.fCCK0e eMy 6blJIO ue qy,imo ••• 

C EopeH MoTOpOBhIM 11 rro3HaKOMHJICjJ 45 ne-r HaJa,n,, B 

1956 r., Kor.ua Mbl CTaJIH nepBOK)'PCHHKaMH Pa.LlHOq>H3H'tJe­

CKOfO cpaK)'JihTeTa rrY. ,[.(o rrocne;lHero BpeMeHH M.bl o6a 

pa6oTaJIH B OKEM - cttaqana B O.UHOM oT.uene, a II03.llHee B 

pa3HhIX, 3aHHMMCb CMe::>KHhlMH BOnpocaMH. MoH 6JIIDKaH­

nrn:e ymrnepC11TeTCKHe ,n,py3MI K TOM)' )Ke yqHJIHCb B llIKOJie 

BMecre c OTJIH'tlHHKOM Eopei1 c nepBoro KJiacca. .5I Mor 601 

np1,JBeCTH MHOro q>aKTOB, CBH.l(eTeJihCTBYlOlllHX O ero ycl-1,1.(­

't{HBOCTH, u,eneycrpeMJieHHOCTH, JIOfHtleCKOM MbIIIIJleHHH, 

npHCymHX HaCTOHII(eM)' yqeHOM)'' HO 06 3TOM, Haaepttoe, 

CKIDKyT ero 6oJiee KOMIIeTeHTHhie KOJlJierH. M.tte XOTeJIOCb 

6.01 OTMeTHTh, qro EopHC 11BaHOBH11, HeCMOTp$1 HH Ha KaKHe 

BeyrpeHHHe H BHellIHHe KaqecTBa H rrpH3HaKH, BCe-TaKH He 

6bIJI 11 CTapaJIC.sl He 6bITb «cyxapeM», orperneHHhIM OT MHp­

CKHX 3a60T 11 3a6aB. MMesi B03MO)KHOCTb no COCTOHHHIO 3.l(O­

pOBhSI He yqaCTBOBaTb B 6HTBax 3a ypo)KaH KapTOq>eIDI H 

.llpymx, cpopMaJibHbIX H Heq>OpMa.JlbHbIX MeponpH.slTIUIX czy­

.l(eIITOB, OH B OCHOBHOM B HHX y11acTBOBaJI. 

JleTOM 1958 r. 51 npHrJiaCHJI ero rrpHHUh yqacTHe B 

cnJiaBe Ha IIJlOTax IIO Kep)l(eHizy, H OH C Y.llOBOJlhCTBHeM 

cornacHJIC$J. Bttal-lane C y,nHBnem1eM B3Hpan Ha IIO)U'OTOB-

KY, KOr,n,a Ha 6opT H Ha rpy,n,h B3$JJIJ,f MHOfO BO.l(KH H pb160-

JJOBHbIX np:irnaJ.VJe)KHOCTeH H HeMHOro xne6a H ryrneHKH. 

qero eM)' CTOHJI )TOT MeC51'-1HblH noxo.n OT HCTOKOB peKH ,[(0 

MaKapbesa Ha Bonre - O.llHOM)' Eory H3BecTHO. C . 3TOro 

BpeMeHH ero OTHOllleHHe KO MHe CBO,UHJIOCb K BonpocaM 0 

pbI6aJIKe, IlHBHOM .ll,ecepTe, 0 ,n,ocyre, a TaK)Ke O Kypbe3HbIX 

CJIYtia51X MOJIO.l(hlX neT. 

B 1960 r. EopHc J.iIBaHOBHq Haaecnrn MeIDI 11 I1. C. ITo­

CTHHKOBa (6y.a;yruero ,ueKaHa MexMaTa YHHBepc11TeTa) B 

paCTIOJIO:>KeHirn BOHHCKOH qacTH, r)le Mbl rrpoXO)lHJIH BOeH­

Hhle c6oph1. CyMeB npeo,n,oneTh ace rrpenoHhl ( oxpaHa, 

CTapurnHa H np.) C IIOMOl.UblO «BetIHOH pOCCHHCKOH BaJJ.lO­

ThI», OH BbI3B0JlHJl Hae Ha HeCKOJihKO qacoB H opraHM30BaJI 

IlHKHHK Ha 06oq1rne. 

EopHC HBaHOBHq HHKOf.l(a He )KaJIOBaJICSI Ha He O'l:leHb­

TO 6narocKJIOHHy10 cy.l(h6y. TaK 6brno H aero noc11e,n,m1e 

MeC.sIQbI H ,ll,HH. roaopHn O pa6oTe, BCTTOMHHaJJ .npy3eH, 

3HaKOMbIX, HO HHKvr.l(a He Kacancs CBOHX 6oJie3HeH. Ero 
He CTaJIO B fO.l( 40-JieTHero 106HJJej{ BbIITyCKa pa.n11ocpaKa 

ffY 1961 r. 
E. A. ABep6ax 

BocnOMHH3HHSI 

C EopHCOM J.iIBaHOBWleM MHe ITpHlllJIOCh rrpopa60TaTb 

npaKTHqecKH ac10 TPY.llOBYIO )KH3Hb. 

B OKEM opraHH3oBancH oT,uen ,n,HHaMHKH H3 coCTasa 

pa3HOpO,ll,HbIX OT.l(eJIOB, H 51 OKa3aJICjl «pac'l:leT'tJHKOM». 

TiepBrul COBMeCTHrul pa6oTa COCTQjJJia a TOM, t.JTO H paccKa-

3bIBaJI 06 ycTpOHCTBe MexaHH3MOB H CHCTeMax ynpaBne­

Hl1H, a Eop11c J.iIBaHOBHtI 3am1cbIBa.JI ::no B BH)].e cpopMYn 

.l(JIH C03,l],aHH$1 pac1-1eTHOH rrporpaMMbI. HeCKOJihKO neT 

crrycu OH TaK orrpe,neJIHJI CBOe OTHOIIIeHHe K HaM, «npaK­

THKaM»: «MO)l(HO, KOHe'-IHO, H Me)lBe,l],eH yqHTb TaHU,eBaTh, 

HO 60JihHO y)K ttepeHTa6eJihHO» Ho 3TO BhICKa3hlBaHHe $1 

nonyqHJI MHOfO TI03.l(Hee, Kor.na OTHOllleHH51 CJIO)KHJIHCb 

,l],OCTaTOt.{HO .l(OBepHTeJihHbie. 

B uenoM )Ke Eop11c HBaHOBWI ol.feHh qeTKO crpeMHJicsi 

onpe,AeJIHTb IlOTeHQHaJihHbie B03MO)KHOCTH qenoBeKa no 

npOH3B0.l(HOH B HOBOH 3a,n,aqe H COOTBeTCTBeHHO ycTaHaB­

JlHBaJI eMY rrnaHK)' B 3a,uaqe. Bo acex CJIY1-IMX, CKOJibKO 

IIOMHIO, EopHC J.iIBaHOBHl.J caMOCT051TeJlhHO «npopy6an» 

HOBOe HanpaBJieHHe H TOJibKO IlOTOM npHBJ1eKaJI COTpy.U­

HHKOB B pacrn11pettHe 061,eMa H HanpaBnemi:u pa6oT. 

Ha116onee xapaKrepHhIM, IIO)Kanyi-i, .UJI.sl Hero npH 3TOM 

6bJJ10 11.l(TI,f OT OCHOBOIIOJ1ara10uu1x 3aKOHOB q>M3HKH, a6co-
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moTH0 He npHeMJUI roTOBhie pe3ym>TilThI ( «He YMPHTe OT 

oneqaTKH» ). Ol.feHh l.faCTO Ha MHe , KaK Ha «ocem<e», OH 

npoaepHJI caoH nonyqeHHbie pe3yill>Tan1, oTTatrnBM apry­

MeHTaumo, He )l(aJie.H BpeMeHH , J.(0B0,lVI MOH ypoBeHb 3Ha­

HHH .no caoero TI0HHMaHIDI. 

B nepH0J.(bI pa6oThI HM HOBOH npo6neMOH OH 3a6f>1aan 

o ecex ocTaJihHbIX 3a,naqax oT.nena. OH «T0H)'ID> B npo6ne­

Me. 3aTO B pe3yJibTaTe IlO.SIBJUIJIHCb orpaHeHHbie H;leH, on­

posep)l(eHIDI K0T0pbIX 6bIJIH HeMbICJIHMbl J.(IDI 110,nqHHeH­

HbJX M HatJanbHHJ<OB H MaJIOBepO.SITHbl J.(IDI KpYTIHbJX cne­

U;I1aJIHCT0B s ,naHHOH y31<0H o6nacrn. ,[(ocrnToqHo acrroM­

HHTh pe3yJibTaTbI no ycTOMtJHBOCTH KHIDII.l\eH ACT, o6oc­

HOBaHHIO napaMeTpHtJeCKOH npHpOJ.(bl B036y)l(J.(eHIDI ac1rn­

xpOHHOro reHeparnpa, o6o6meHHIO MexaHH3M0B Heycrnii­

tJHBOCTH. 

Boo6me EopHca MsaHOBKqa OTJIHl.fano CTJJeMneHHe He­

craH,napTHo MbICJUITb. Ilopoii .naaanOCb 3aKJII01Jem1e, KO­

Topoe epo.ne 6bJ M He K 'lleMy «npHCTaBHTb», H TOJihKO 

cnycu Ka Koe-TO speM.H ( HJIM nocne Ot.Jepe,nHOH ,L\HCJ<YCClUf) 

Mbl HalJMHanH IlOHHMaTb rrpaBHJibHOCTb cy)l(J.(eHH.SI. 

Y .r\HBHTeJII,HbIM caoiicTBoM qenoaeqecKOH HaTypnI Eo­

pHca HaaHOBHt{a 6bIJIO OTCYTCTBHe BhlCOKOMepH.SI. Ilo Tex­

HHKe K EopHcy 11BaHOBfftl)' MO)KHO 6bIJIO no.noiiTH c mo-

6bIM BOnpOCOM H nonyqHTh HCl.JepnbIBaIOll.lHH OTBeT 6e3 

J.(IDKe HaMeKa Ha TO, l.JT0 aonpoc TpHBHaJibHhIH. BbIBeCTH 

ero H3 paBHOBeCIDI B enope MOrJIH JIHlllb J.(OBO.[\bl nma «A 
Hae TaK yqHJIH», He Tepnen neHH H J.(HJieTaHTcTBa. OlleH.b 

yeiynqHBblH H HeTpe6osaTeJil,HhIH a :>KHTeHCKOM CMbICJie 

( «M1>1 He Ha KOMM-yHaJihHOH KYXHe» ), qro nopoii Uino He Ha 

Il0Ilb3Y pa60THHKOB oT.nena, EopHe I1BaHOBHl.J CTaHOBHJIC51 

C0BepUieHHO HecrH6aeMbIM s sonpocax TeopHH H npaKTH­

KH e03,L\cilUl.SI .5I3Y. 
B 3Hal.fHTeJihHOH eTeneHH 3acnyroi1 EopHca l1aaHoa.0qa 

cne.zzyeT Cl.fHTaTh TO, l.JTO no.npaJ,neneHHe 70 3aHHMaeT oco-

6oe MeCTO a cTpyicrype OKEM: JII06M HeCTaH.l{apTHrui Ja­

.I(aqa nopyqanac& oT.neny, pyKoBO.r\HMOMY EopHCOM Maa­

H0BHtJeM, H lJeM eJI0)l(Hee 3a,naqa, TeM 60Jibllle aJapTa 61>rno 

y pyKoBOllHTeIDI. HMeHHO Ha TaKHX Ja,naqax H poc;m cne­

UHaJIHCTbI. 

B nocne,L\HHe rO,L\bI EopHC I1BaHOBHt{ HaMeTHJI H0Bbie 

HanpaBJieHIDI Hecne.nosaHHH (no KpH3HCY TeirnOoT,naqH, no 

mrnaMHKe noMnIDKa, no .z:\HHaMHKe poTopa, no npHMeHH­

MOeTH KpHTepHeB no.no6m1) H CO)l(aJleJI, t.JTO HeK0MY 11X 

IIpO,llOJI:>KHTb. 

,[(o nocne.nttero .[\H.SI EopHe l1BaHOBHli HHTepecoaaneH 

X0,L\0M pa6oT, tJaCaMH BOenpHHHMaH HHq>OpMaumo 11 .nenaH 

KpaTKHe, HO KpaHHe IlOJie3Hbie COBeTbI. 

B. C. Bocmo«oe 

BocnOMUHaHHB 3KCnepHMeHT8TOpOB O COBMeCTHOH pa6oTe 

C JiopucoM HBaHOBHqeM MoTOpOBhIM 

Eop11c l1BaHOBH'-I Mornpoa oCTanc.H B naM.SJTH KaK Ta­

JiaHTJIHBbIM HIDKeHep, T0HKO tfYBCTBOBaBIIHiH npe.nMeT Ha­

IIHIX COBMeCTHbIX HCCJie,nosaHHH. Ero 3HaHIDI B o6nacTH 

TeopHH KOJie6aHHH, 3py.nHUH.SI Il03BOJI.SIJIH pacmmppOBbI­

BaTb H 060.SICIDITb q>H3H'lleCKHH CMbICJI npouecCOB, K0TO­

pblMH Mbl 3aHHMaJTHCb. 

OH yMeJI, BblCJIYlllaB Hae - MexaHl1K0B H TCITJIOTeXHH­

KOB, 060.SICHHTb rrpHpo.zzy B03HHKHOBeHH.H rn.npo.nHHaMHt.Je­

CKOH HeycToi-iqHBOCTH no xo;zy npose.neHHH 3KenepHMeHTa. 

C HHM 6hIJIO 01.feHI, npIDITH0 o6maTbC}I: HHKor.na He o6op­

BeT, He eKa)l(eT, t{TO roaopHlllb eM)' rnynoeTb, a enOKOHHO 

BbICJIYUiaeT H nocrnpaeTe.SI 06'hSieHHTb, eCJIH ffY)l(H0 rpa-
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q>Ht.JeCKH J.(OBeCTH .no IlOHHMaHH.SI, 0CTaBJIJUI see TeopeTH­

qecKHe BhIKJI<l.L\KH 3a eo6oii. 

3TO 6hIJI HaCTO.HI.l\HH yqeHI,IH, H oueHHTh ero Mor T0Jib­

KO qeJIOBeK, CT0511.l\HH C HHM Ha O,L\HOM ypOBHe 3HaHHM. MbI 

)l(e, 3KenepHMCHTaTOpbl, BOCilpHHHMaJIH ero KaK CKa3OtJHH­

Ka, Kor.na B npoueece 3KcnepHMeHTil OH, 0TCJie>KHBa51 3a 

noae.neHHeM napaMe-rpoa no CTpenKaM npH6opa, .noso,nHn 

.no Hae e TIOMOIUblO CHCTeMbI ypaBHeHHH, IlOH.SITHhlM .Sl3bl­

KOM BepO.HTttylO rrpHpo.zzy .SIBJICHH.H. 

Bcer.na B OCHOBHOM 3aMKffYThIH, Hepa3rOBOpllHBbIH B 

6bl'ry OH, TeM He MeHee, OCTaBHJI O ce6e CBeTnyJO naM.SITb 

KaK qeJI0BeK, KaK JIHlJHOCTb. 

JI. H. KymbUH 
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K CBEAEHMtO ABTOPOB 

IlpH no,n;rOTOBKe CTaThH B c6opHHK aBTOp ,n;omKeH PYKOBO,ll;CTBOBaTbCH rocy,n;apcTBeHHblM CTaH,[(apTOM 

"OpHrnHaJihI TeKCTOBhie, aarnpcKHe H HJ,n;aTenhcKHe" (fOCT 7.3 - 77). CornacHo 3TOMY crnH.n:apTy K 

aBTopcKHM opHrnHanaM, nepe.n.aaaeMbIM ,n;JIH H3,n;amrn, npe.n:1>HB.JUlIOTC.sI cne,n;yIOII(He Tpe60Bamu1: 

1 . 3K3eMrrJI51p CTaTbH ,n;OJDKeH 6bITb rrepBhIM, OTIJeqaTaH Ha O)J.HOM CTOpOHe nHcqeii 6yMarH cpopMaTOM 

21 0x297 MM qepe3 1,5 HJ:ITepaana (rOJIOBKH B Ta6JIHllaX MO)KHO qepe3 I HHTepBaJI) C IlOJ151Mlf C JieBOM 

CTOpOHhI He MeHee 20 MM. CTaTMI ,n;om1rna 6bITh COCTaBJieHa B cne,n.yIOmeM nop.sr,n.Ke: HH.L(eKC y ,[(K; 
3arnaBHe; HHHllHaJibl H cpaMHJIHH aBTOpos; MeCTO pa6on,I Ka:>K,n;oro aBTOpa C IlOlJTOBbIM a,npecoM; 

aHHOTaumI Ha pycCKOM H aHrmiMCKOM .sI3hIKax (He 6onee IO CTJ)OK Ka)K)].ru1); TeKcT; CilHCOK mnepaTyphI; 

pHCYHKH; no,npHCYHOtIHble no,n;rrHCH (Ha OT,n;eJibHOM Jil1CTe ); pecpepaT (15 - 17 CTJ)OK Ha OT,lJ.eJibHOM JIHCTe ). 

2. CTaTMI ,ll;OJI)KHa npe.n:OCTaBIDIThC.sI B ,n;ayx 3K3eMnMpax H :meKTJ)OHHruI BepcIDI (Ha .L(HCKeTe B 

pe,n;aKTope Word 97, rnpH<pTOM N2 10, Times New Roman), TeKCT He cpopMampyeTc.sI . 

3. Co,n.ep)KaHJ-Ie CTaTb.H ,AOJI)KHO 6LITb KpaTKHM 0 tieTKHM. l1cKJIIOtialOTCH o6ll.l,He paccy)K,n;eHHH, 

H3BeCTHhie IlOJIO)KeHH.sI. He .n:onycKaeTCH ,n;y6JrnpoBaHHe MaTepHana B TeKCTe, Ta6nm.(ax, no,n.pHCYHOtJHbIX 

Ha,n;nHCRX. Heo6xo,n;HMO co6n10,n;aTh e,n;HH006pa3He B HanHCaHHH TepMHHOB, Ha:RMeHOBaHHH q>H3H'l!eCKHX 

BeJIHtIHH H e,n;.HHHU H3MepeHIDI, ycJIOBHbIX o6o3HaqeHHM, COKpameHHH, CHMBOJIOB. HaHMeHOBaHH.sI H 

o603HatieHlUI e,n.HHH[( (pH3HlJeCKHX BeJIH'IHH Heo6xo,n;HMO npHBO,ll;HTh B CHCTeMe CH. 

4. Ta6JIHI.U>I HyMepyIOTCH, Ka)K,lJ.aH rn6nm~a ,D.OJDKHa HMeTh 3aroJIOBOK. CoKpameHH.H B rpacpax Ta6mi[(bl 

He ,n;orrycKaIOTCH. B TeKCTe Heo6xo,n;HMh1 CCbIJIKH Ha see Ta6JII.i[(bI. Ta6JIH[(hI neqaTaIOTC.H B o6meM TeKCTe 

ITOCJie nepBOM CChIJJKH. 

5. <l>opMyJibI H 6yKBeHHbie o603HaqeHIDI BeJIHtJHH ,ll;OJDKHbI 6bITb pa3MelJeHbl H cpaJy pacurncppoBaHbl. 

<l>opMyJibI HyMepyIOTC.sI apa6CKHMH [(H<ppaMH, HOMep CTaBHTCR c npaBOH CTOpOHbI JIHCTa a KpyrJThIX 

CK06Kax. 

6. Bee pHCYHK.H, cxeMhI, cpornrpacpHH ,lJ.OJI)KHbl 6hITb qepHo-6eJiblMH 11 npe,neJihHO lJeTKHMH; MoryT 

HMeTb pacrn11peHHH, cosMeCTHMhie c Word 97 (HanpHMep, GIF, JPG, TIF, BMP, WMF H T.,ll,.). 

qeM Kpynttee pHCYHOK, TeM Kpynttee ,AOJI)I(Hbl 601Tb o603HalJeHR51 Ha HeM (,n;JIH TOrO 'ITOfibI npH 

yMeHbillemrn pHCYHKa 6bIJilf qHTaeMbl o603HatieHHH). Ha pHCYHKax ,n;onycKaeTC.sI MHHHMaJihHOe tIHCJIO 

o603HaqeHHH - KpaTKHe umppOBbie (no nopH,n.Ky HOMepoB CJieBa Hanpano HJIH no qacoBOH CTpeJIKe) HJIH 

6yKBeHHbie o603HalJeHH.H. Bee IlOHCHeHH.H BbIHOCHTC.sI B no,n;pHCYHOlJHbie IlOJJ:IlHCH. Ha o6opoTe Ka)K,lJ.Oro 

pHCYHKa YKaJhIBaJOTCjJ cpaMHJIHH aBTOpOB, Ha3BaHHe CTaThH, HOMep pHCYHKa, o603HatieHH51 Bepxa H HH3a. 

7. CcbIJIKH Ha JIHTepaTypy B TeKCTe )J,aIOTC.sI no nopH,n;Ky apa6CKHMH [(Hq>paMH B KBa.n:paTHhIX CK06Kax. 

CnHCOK JIHTepaT)'pbI COCTaBIDieTCJI B TOM )Ke nocne,n;oBaTeJihHOCTH, B KOTOpOH npHBO,A.HTC..H CChIJIKH Ha 

mnepaTypy. 

8. Cn.HCOK JIHTeparypbl cne,n;yeT ocpopMJI51Th B COOTBeTCTBHH c rocy,n;apcTBeHHhIM CTaH.n:apTOM 

"EH6nHorpacpHtiecKoe onHcaHHe npOH3Be,n;eHHH neqarn" (fOCT 7. 1 - 76 , paJ,n.en 7), B qacrnocrn, 

Heo6xo,n.HMO YKaJhIBaTb: 

a) ,n.mI )I(YPHaJihHhIX CTaTeH - cpaMHJIHH H HHH[(HaJihl aBTOpOB (He Mettee -rpex nepBhIX), Ha3BaHHe . 

CTaTbH, Ha3BaHHe )K)'pHana (6e3 KaBhJtieK), ro,n;, TOM, BhITIYCK, HOMep, c-rpaHH[(hI; 

6) ,n;m:1 KHHr - cpaMHJIHH M HHH[(Ha.JII,I aBTOpOB, IlOJIHOe Ha3BaHHe KHlffH, MeCTO H3)J.aHH», H3)J,aTeJibCTBO 

(6e3 KaBbitieK), ro)J. 113,n;amrn; 

B) )J.JI..H aBTOpeq>epaTOB )J,HCCepTaUHH - cpaMHJIHIO " HHH[(HaJlhl aBTOpa, HaJBaHHe aBTOpecpepaTa 

,lJ.HCCepTaUHH, Ha COHCKaHHe KaKOH y'-leHOH CTeneHH HaTIHCaHa ,ll;HCCepTa11m1, MeCTO H fO)J, 3a{UHThI; 

r) ,AJI..H npenpHHTOB - cpaMHJIHH Ii HHl111HaJihI aBTOpOB, HaJBaHHe npenpHHTa, HaHMeHOBaHHe H3,lJ.aIOIIJ.eH 

opraHH3aUHH, urncpp H HOMep, MeCTO H ro,n; H3,n.amrn; 

)I.) )J.JI51 naTeHTOB - cpaMHJIHH H HHHllHaJlhl aBTOpOB, HaJBaHHe naTeHTa, CTJ)aHy, HOMep H KJiacc naTeHTa, 

,[(aTy H ro.n JaJIBJieHH.sI r1 ony6JIHKOBaHHH naTeHTa. 
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B HOH6pe 2000r. BblWna M3 ne'laTH KHHra AHaTonHJI CrenaHOBH'la AslTnoea «"lepH06blnb. 

KaK 3TO 6b1no» (M.: 000 "13AaTenbCTBO «Hay'ITexnHTH3AaT», 2000. - 240 c.), a e anpene 

2001r. - BTOpoe, HcnpaeneHH0e H A0nonHeHH0e H3AaHHe. 

3TO YHHKanbHaJI KHHra. Ee aBTOP 6bln 3aMeCTHTeneM rnaBHOro HH>KeHepa "lepH06blnbCKOM 

A3C . no 3KCnnyaTal.lHH. Bo epeMR aeapHH OH HaXOAMnCJI Ha 6nO'IHOM LLIMTe ynpaeneHHJI 4-ro 

3Hepro6noKa - npH B3Pb1Be M' ~ocne B3pb1Ba, npoMCXOAJ1t11ee OH BHAen C06CTBeHHblMH 

rna3aMH. Ero npeACTaeneHMe H nOHHMaHHe Toro, 'ITO npOH30Wno, TPYAHO nepeo1.1eHMTb. 

AaneKO He co eceM, 'ITO HamtcaHO B 3TOH KHMre, MO>KHO cornaCHTbCJI. O1..1eHKa nt0Aeit 0 

npoWeAWeM C06blTMM 3a'lacrytO HeCeT Hpt<ytO 3MOI..IHOHanbHYIO OKpacKy, OAHaKO AnH ecex, KTO 

HHTepecyeTCJI 3TOM OAHOH M3 KpynHeMWHX TeXHOreHHblX KaTaCTpo<I>, KHHra A.C. AslTnoea 

npeACTaenJleT orpOMHYIO 1..1eHH0CTb. 

KHHry MO>KHO 3aKa3aTb no aApecy: 

107076, MocKBa, KonoAe3HblH nep., A· 14, 6-it 3Ta>K, KOMH. 2. 

Ten.: (095) 269-00-04. E-mail: pribor@dialup.ptt.ru 

HnM npMo6pecnt HenocpeACTBeHHO B H3AaTenbCTBe. 

BOilPOCLI ATOMHOH HAYKII H TEXHHKH 

C e p H .R: <l>HJHKa HJJ.epHhlX peairropoB 

BhmycK 4 

OTBeTCTBeHHbIH 3a BI>mycK - C.M. 3apHUKHH 

Pe,n:a1<rnph1 B.E. YcHmesa OT Hl111 MexaHHKH HHrY, B.B. IlqeJIHH 

KoMnhJOTepmUI sepcTKa - JI.M. Kpacttosa 

IlO)lllHCaHo s rreqaTb 04.01.2002. cDopMaT 210x297 

T11pa)K 350. HH)leI<c 3646. 13 CTaTeit 3aKa3 171. 

0TneqaTaHO B 000 113,naTeJlbCTBO «Ha~eXJIHTl13)laT» 

107076, r. MocKBa, Kono,ne3HhIM nep., ,u. 14, ocpHc 602. 

Ten.: (095) 269-00-04. 



H3)].ATEJlhCTBO HAyqHO-TEXHHqECKOH JIHTEPATYPhl «HAyqTEXJIHTH3)1.AT» BhIIIYCTllJIO KHlffH: 

A.3. CJI3BHHCKHH. BLICOKOBOJibTHble 880.l].hl: pac'leT, K0HCTpyupoaauue H peM0HT. 
B KHHre paCCMOTpeHbl OCH0Bbl pac'leTa, KOHCTpyHp0BaHIUI, BbI6opa H peMOHTa BhlCOKOB0JlbTHblX BB0.UOB pa:moro Ha~ma"tJem-rn Ha 

l(JlaCChl Hanpn)KeHHR l 10 ... 750 KB. H3JJO)KeHbl MeT0.UbI pactJeTa pacnpe,neJleHHSI Hanp.sr)KeHHjf no H30JlHU,HH, cnoco6bI .L(0CTH)Kem-rn 

paBHOnpot.IHOH C T0l.fKH 3peHIUI 3JleKTpHl.feCKOH npO'-IHOCTH K0HCTPYKU.HH. ITp11Be,UeH o6urnpHblH 3KCnepHMeHT3.JlbHblH MaTepHa.JJ ,UJIH 

pa3JJHt.IHblX KOHCTpyKU.HH BblCOKOB0JibTHblX 880.U0B K0H.L(eHcaT0pHoro THna. IlOKa3aHbl npHt.IMHbl CTapeHHjf 6yMa)KHO-Macmrnoi1 

H30JISIU.HM. OnHCaHbl Tpe6oeaHHn, npe,nbnBmleMble K npoX0.L(HblM H30JUIT0paM eoo6ute 11 K BB0,UaM K0H)leHCaTOpHoro THna B 

oco6eHHOCTH. IlpHBe)J,eHbl pa3!1HlJHble K0HCTPYKTHBHble HCn0JIHemrn BB0)J.0B K0H)J.eHCaTopHoro nma, omIcaHbl cnoco6h1 HX pacl.feTa 

11 Bbl6opa. 

KHHra npe,nml3HalfeHa ,LJ,JHI HH)KCHepH0-TeXHHl.feCKHX pa60THHKOB, 38H}1TblX B o6nacnt annapaT0CTp0eHHH :mepreTHlfeCK0f'0 

Ha3Hat.IeHHn; M0)KeT 6b1Tb none3Ha KaK ,LlJlSI onepaTHBH0ro nepCOHa.JJa, TaK H .umI Hayt.iHblX pa6oTHHKOB, HH)KeHepoB H CTyAeHT0B. 

ct>opMaT 60x90 1/16. 374 c-rp. ~eHa KHlffM 200 py6. 

H.U:. ApucToea, A.H. Kopueeaa. IlpOMhlWJieunhle nporpaMMHo-annapaTHble cpe.llCTBa ea 
oTe'leCTseuuoM phrnKe ACYTil. 
B KHHre paCCM0TpCHbl 0CH0BHble HTK, ceTeBblC MHOrocpyHKU,HOHa.JJbHble KOHTpOIIJiepbI, cpe,ncTBa c6opa, o6pa6oTKH 11 

npe,nCTaBJleHHSI HHq>OpMaUHH, SCADA-CHCTeMbl 0Tel.fecTBeHH0ro H 3apy6e)KH0ro npOH380.UCTBa. PaccMaTpMBalOTC.sl CTpyKTypa H 

<PYHKU,HH, TeH.L(eHUHH H nepcneKTHBbl pa3BHTHSI ACYTIT, npHBO.L(HTCH nOAp06HblH ofoop HX npHMeHemrn Ha K0HKpeTHblX 06beKTax. 

~JUI 0l(eHKH pbIHKa nocTaBl.l.lHK0B npo,nyKU.HH ACYTIT ,nalOTCSI cse,neHHSI 0 q>HpMaX-HHTerpaTopax, HMe10m11x 0ITblT BHC.LJ.peHHSI B 

Pocc1111 11 CTpaHax CHr. KHHra 6a3HpyeTc.si Ha MaTep11anax, ony6JIHKosaHHhIX e )Kypttane "IlpoMh1wneHHb1e ACY 11 KOHTpo11nepb1", 

K0TOpblM PYKOBO)J,.s!T asTOpbl, HCITOJlh3yeT 6oraTbIH HHq>OpMaU,HOHHblH 0TTblT Me)K)J,yHapo,nHblX ceMHHapoB no TTTK, KOHTpo1111epaM H 

SCADA-rncTeMaM, perynnpHo npoeo,LJ.HMhIX B 11HCTHryTe npo6neM ynpasJieHHjl - MITY PAH. 

ct>opMaT 60x88 1/8. 400 CTJ). UeHa KHHTH 300 py6. 

H.T. Knew.ea, A.A. PoMauos. IlpaKTn'lecKoe pyK0B0.llCTB0 no oprauu1auuu u npoeKTuposaumo 
HH<j>OpMaUHOHHhlX CHCTeM. 
PaccMaTpHBaeTCH nparMaTHlfeCKHH no.uxo,n K opraHH3aU,HI,f H npoeKTHpOBaHHlO HHq>OpMaU,HOHHblX CHCTeM, 0CHOBaHHblH Ha 

npHMeHeHHH C0B0KynHOCTl1 a,nanT11poBaHHblX H napaMeTpH3HpOBaHHblX 6a30BblX Me)K.uyHapo,nHblX H HaUH0Ha.JJbHblX CTaH)].apTOB H 

OTKpbITblX cneuHq>HKaUHH, 0TBet:falOUJ,MX CTaH,napTaM ".ue-cpaKTo" H peK0MeH,naU,HHM Me)K.uyHapO.LJ.HbIX K0HC0pUHYM0B. 

CHCTeMaTHlfeCKH H3JJaralOTCSI npHHUMnbI opraHH3aU,HH H npoeKTHposaHHH HHq>OpMaU,HOHHblX CHCTeM H HX OCH0BHble 3JieMeHTbl. 

Oco6oe BHHMaHHe y.uenHeTCH npHHUHnaM, MeTO,LJ.aM, TeXHOJIO.rHSIM 11 CTaH,napTaM, KOT0pble np0WJlH npaKTHlfCCKYlO npoeepKy Ha 

TeXHOJlOrHtJeCKOM CTett,ne HJIH B ,neHCTBYlOl.l.\HX CHCTeMax, MCTO,LJ.aM H cpe,l1,CTBaM o6ecnelfeHHSI HHq>OpMaU.HOHHOH 6e3onacHOCTH. 

ITpe,ncTaBJleHbl K0HKpeTHble npHMepbl apXHTeKTyp H CHCTeMH0-TCXHHlfeCKHX peweHHH, npHMeH.sieMblX B npoueccax 

npoeKTHposam,rn H pa3pa60TKH, KaK THn0Bble. 

~H pa3pa60TlfHKOB H nOJlb30BaTeJieH HHq>OpMaUHOHHblX CHCTeM. 

ct>opMaT 60x88 1/16. 388 CTJ). Uetta KHl.ffH 200 py6. 

A.IO HCTpaTOB, )],.A. Areea, H.<I>. 3axapoB, 3.B. HJILH'leHKoea, C.M. MaJypuua. 
Ocuoahl nporpaMMnpoBannH Ha HJhlKe C/C++. 
PaccMaTpHBalOTCSI OCHOBHbie npHeMbl H MeTO.L(bl nporpaMMHpoeamrn Ha Sl3bJKe CIC++. IlOJlHOCTblO npHBO.l].SITCSI see 

KOHCTPYKU.HH H3bIKa, Hat:fHHaSI C npOCTCHWHX noHHTHH (npHMHTHBOB) H 3aKaHl.fHBWI nocne,nHHMH .UOCTH)KeHHSIMH q>HpM­

pa3pa60TlfHKOB, y.uoenernopniow,He Me)K.uyHapo,uHbIM cTaH,napTaM ANSI 11 ICO (CDx3J16IWG21). Y.uenHeTcH BHHMaHHe 

oco6eHHOCTSIM 3B0J110UHH Sl3bIKa Ha cpaBHHTeJlbHblX npHMepax 60JlblllOrO KOJIHlfeCTBa nporpaMM, npoTeCTHp0BaHHblX Ha 

KOMnHJISITOpax q>HpM Borland, Meta Ware, Microsoft, Symantec, Watcom. 

PaccMaTpHBaIOTCH TaK)Ke OCHOBbl C03AaHH.sl KJIHeHT-cepsepHblX npHJIQ)KeHHH MS! pa60Tbl C 6a3aMH AaHHblX (6)0. l1JJ1ara10TC$1 

0CH0BHbie acneKTbl pa60Tbl C ADO - HaH6onee nepcneKTHBHblM H YHHBepCaJibHblM HHTepcpeHCOM .uocryna K coapeMeHHblM CY6)J, 

npH pa6oTe a cpe.ue Microsoft Windows. TipHBO,LVITCX npHMepbl o6paw:ettH.si K 6)), e KOHKpeTHbIX nporpaMMHbIX npHJIO)KeHH.s!X. 

~SI y .uo6cTBa nporpaMMHpoeamu1 B npHJlO)Kem,rnx KHHrH 0Tp8)KeHa HHq>OpMaui-rn no <PYHKlJ,HjfM CTaH,napTHOH 6H6JlHOTeKH 

CIC++, no pa6oTe B pa3IIWIHbIX HHTerpHpoaaHHbIX nporpaMMHbIX cpe.uax, no rn6m-1uaM Ko.nos ASCII H UNICODE H ,np. 

KHHra npe,nHa3Hat.JeHa KaK ,LlJlH Hat.IHHalOl.l.\HX nporpaMMHCTOB, TaK H MR CJ10)KHBUJHXCSI cneUHa.JJHCTOB. MO)KeT 6b!Tb 

HCITOJlb3OBaHa B Kat.IeCTBe PYKOBOJ].CTBa nporpaMMHCTa. 

lli.U:. JlyTH.llJe, 3.A. ,lvKa<j>apos. Caepxnpoao)lHI.UHe Tpauc<j>opMaTOpb1. 
8 KHHre H3JIO)KeHbJ 3JleKTpO,lll-lHaMHKa caepxnpoBO.L(HHKOB H OCHOBbl pac'-leTa csepxnpOBO.ll..s!W.HX npoBO,l].O8 H csepxnpOBO.UHl.l.\HX 

06MOTOK . 

.[{aHbl MeTO.Uhl paclJeTa caepxnpoB0.ll..s!W:HX TpaHccpopMaTopoB C nyJibCHpyrorn.HM H epamaIOLUHMC.s! MarHHTHblMH TI0JHlMH. 

PaCCMOTpeHbl ceepxnpOB0.ll..slllUle TPaHccpopMaTOpbl C cpeppoMarHHTHbJM H ttecpeppoMarHHTHblM MarHHT0np0BO,ll0M, C OT,UCJlbHOH 

06MOTKOH B036y)K,UCHHn. 

KHHra npeJJ.Ha3HalfeHa .nn» Hayt{HbIX H HH)KeHepHO-TeXHH4eCKHX pa60THHKOB, cneU.HaJJH3Hpy10rn.HXC.s! B o6nacTH pa.3pa60TKH H 

C0J,UaHHSI csepxnpOBO.USllllHX rpaHccpopMaTOpOB. 

llo oonpoca.M npuo6pemenu11 «nuz o6paU(aumecb s 6yxzanmepu10 H1oame11bcmaa «Hay'lmexJlumUJOam» 
no me.n.: (095) 269-00-04, 11u60 nooaume 1anpoc no <J>a«cy: (095) 268-74-82 
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