
ISSN0205-4671 

POCCHHCKHH HAYqffhIH QEHTP 
"KYPqATOBCKHH HHCTHTYT" 

BOIIPOCbl 
~ 

ATOMHOH 
HAYKH 

H 
TEXHHKH 

CEPIDI: 

<l>H3HKa H,l1;epnLix peaKT0p0B 

BhlllYCK 

4 



POCCHHCKHH HAyqHI,rn: I.(EHTP "KYP~TOBCKHH IIHCTHTYT" 

BOIIPOChl 
~ 

ATOMHOH 
HAYKH 

H 
TEXHHKH 

HA~O-TEXHWIECKHH CliOPHHK 

CEPIUI: 

(J>H3HKA H,L(EPHbIX PEAKTOPOB 

H3,llAETC.SI C 1989 r. 

BLIDYCK 4 

,L(HHAMHKA II liE30IIACHOCTb 
H,L(EPHbIX 3HEPrETWIECKHX YCTAHOBOK 

H3)1.AETC.SI C 1971 r. 

MOCKBA - 2009 



C6opHHK ''Bonpocb1 aTOMHOH HayKH H TeXHHKH" (BAHT) BKJJJOYeH B TTepeYeHb se.nyw.Hx H3.UaHHM 
Bb1cwei1 arrecTaUHOHHOH K0MHCCHH (BAK). TTo,nnHCHble HH.QeKCbl OAO AreHTCTBO ·'PocneYaTb' : 
66675 s KanlJlore "]tb,naHWJ opraH0B HayYHO-TeXHH'-leCKOH HHQJOpMaUHH" H 32067 c 20 IO r. s KaTa.11ore 
"ra3eTbl. )KypHa./lbl". 

Cmambu, noc111yna10111ue <J peoaKl/WO, peiJeH1upy10111cR. Ilpu nepene'la1m:e u 11umupo<JOHUU CCblllK0 
11a c6op11u1- BAHT 06J11a111e.r1b1ia. Ilepene'lamKa .\famepuaw<J oonycKaemcR 111011b1-o c nucb.HeHHo20 
pa3peu,emlR peoaK11uu. 

Pe.aaKuuo1rnaJ1 KOJJJJeruH cep11u : 

rnaBHhIH peJlaKTop - 10.M. CeMqeHJ<os; 
3aMeCT11Tem1 rnasttoro pe.uaKTopa -C.M. 3apHUKHH, B.<D. Konecos, A.E. Kpournmrn, B.B. flqen11H; 
orneTCTBeHHhrn ceKpeTapb -E.A. Cnpocnrna; 
qJieHbl pe.uKonnenrn - IT.H. AneKcees, E.B. EypnaKoB, A.IO. farap11HcK1rn, 

M.II. fl113opKHH, BJ(. Ilasnos, 5U1. illTPOM6ax. 

B BblnyCKaX "A~UlaMIIKa II 6e3onaCHOCTb ll.UepHblX :rnepreT11'-leCKIIX ycTaHOBOK' ny6m1KytOTCll MaTepHaJibl 
no cne.uy10mHM eonpocaM: 
- MaTeManrYecKoe Mo.uem1poeam1e .!ll1HaMH'lecK11x npoueccoe e 513Y 11 11x :meMeHrnx; 
- pe3yJTbTaTbl 3KCnep11MeHTOB no YCTOH'IHBOCTl1 CTaUl1OHapHblX npoueccoe H o60CHOBaHHIO 

MaTeMaTH'leCKl1X MO.uenej:j 513Y; 
- pac'leTHble 11ccne.uoeaHH.S1 ynpaeneHHll, nepexo.UHhlX 11 aeap11Hm1x npoueccoe; 
- pac'leTHble 11ccne.uosaH11.S1 ycTOH'lHBOCTH CTaUHOHapHblX pe)KHMOB Jl3Y; 
- .u11arHOCTHKa CHCTeM H o6opy.uoeaHHll Jl3Y; 
- orrncaHl1ll H aHHOTaUl'IH nporpaMM pac'leTOB llHllaMl1Kl1 11 3KCnepHMeHTaJibHhTX 11ccne.uoeaH111i; 
- pac'leTHO-TeopernyecKoe 06oc11oeaH11e pa6orncnoco6Hocrn 11 pecypca o6opy.uoeaHHll Jl3Y. 

MaTepHaJibl .!l./lll ony6JJIIKOBaHl1ll cne.uyeT HanpaBJJllTb e POCCl1HCKHH HayYHhlH ueHTp "KypYaTOBCKHH 11HCTHTYT" 
Ha HMll rnaeHoro pe.ua,rropa cep111,1. 

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

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

© Pocc11i1cKHH HayYHblH ueHTp "Kyp4aTOBCKHH HHCTHTYf", 2009 



Y,[(K 621.039.586 

OCHOBllhlC pe3yJihTaTbl HCCJie)J.0BaHHH B3aH 10)).eHCTBHSI pacnJJaBa K0pttyMa 
u cranu B Kopoyce peaKTopa Tuna BB3P-1000 npu THJKeJIO.H asap11u 

B opoeKTe MACKA 

B.r. Ac.MOJl06, B.H. 3azpR31<Ull, J(. <1>. I..{ypuK06, 
PHU "KyplfaTOBCKHM HHCT1,nyr", 123182, MocKBa nn. KypqaTOBa, l, 

B.10. BuumeacKuu, E.K. /(MlKOB, A.EO. KomoB, B.M. Pem1u1<0B, 
Hl1I1 HTIO "Jiyt-r", 142100, r. TTo.n.onhCK MocKOBCKOH o6n., yn . )Kene3HOllopmKHaJI, 24 

TTocTynHJJa B pe.n.aKUHlO 05.05.2009 r. 

vfccne.11.0BaHb1 s3aHM0.1I.eikTs11.si pacnnasa KOpHyMa s Kopnyce peaKTopa s cnyYae TIDKenoi1 aBap1rn Ha 
A 3C, Bhin01rneHHb1e no Me)KJ],yHapo.11.HoH nporpaMMe MACKA. rlpeJlCTaBJJeHbl pe3ynhTaTbI s3a11MOJleikTBHJ1 
OKCH.11.HOfO pacnnasa H )l(eJle3a (CTaJlH), pacnpe)].ene1111e OCHOBHblX KOMnOHeHTOB (U, Zr, 0 Fe (Hep)!(. 
CTaJ!b)) Me)l(JlY OKCH.11.HOH H MeTaJ1JlH4eCKOH cfla.3aMH pacnnasa, pacnpe)].enemie MaJIOJleTycll-0( HMHTaTopos 
npo.nyKTOB .neneHH.SI Me)KJ],y qia.3aMH CTpaTHqiHl.(HposaHHOfO 6accei1Ha pacnnasa 11 Bnl-UIHHe OKHCJlHTeJlbHOH 
aTMOCqiepbl 11a CTpaT11cjm1..au1110 pacnnasa. rlonyYeHHble pe3yJlbTaTbl HCnOJlb30BaHbl )].Jl.SI nporH03HposaHHJI 
TepM0.11.HHaMHYeCKHX csoi1cTs pacnnasos c11creMbI U-Zr-Fe-O. 

K 1110•1eGble c.waa: T.Sl)l(eJla.SI asapm1, pacnnaBbl KOpHyMa H CTallH, B3aHMO,UeHCTBHe. 

The Basic Study Results on the Interaction between Corium Melt and Steel in the VVER-1000 Re­
actor Ves el during a Severe Accident Obtained under the OECD "MASCA" Project. V.G. Asmolov, 
V.N. Zagryazkin, D.F. Tsurikov, RRC '·Kurchatov Institute '", I, Kurchatov Sq .. Mo cow, 123182, V.Yu. 
Vislwevsky, Ye.K. D'yakov, A.Yu. Kotov, V.M. Repnikov, SRI SIA "Lutch", 2./, Zhe/e::nodorozhnaya St., Po­
dolsk, Moscow Region, J.12100. The paper discusses studies on the interaction of corium melt in case of a se­
vere accident at an NPP performed under the international MASCA program. The results are presented on the 
interaction between oxide melt and iron (stainless steel), on the partitioning of basic components (U, Zr 0, Fe 
(stainless steel)) between the melt oxidic and metallic phases. on the partitioning of low-volatile simulators of 
fission products between phases of the stratified melt pool. and on the impact of the oxidizing atmosphere on 
the melt stratification. The obtained results have been u ed to predict thermodynamic properties of the system 
U-Zr-Fe-O melts. 

K ey Words: Severe Accident, Corium and Steel Melts, Interaction. 

Bse,neirne 

B ,lJ,Ba,zJ,UaTb nepBOM BeKe HeH36e)l(eH 3Ha­

qHTeJJhHblH pOCT MHpOBOro 3HepronoTpe6ne­

HIDI, oco6eHHO B pa3BHBaIOLU11XCH CTpaHax. 

)J:a*e npH o4eHh HH3KHX TeMrrax 3Toro rrpo­

uecca, 3aBHCHLUero OT pa3BHTHH MHpOBOH 3KO­

HOMHKH, pocTa HaCeJieHHH H CTpeMJieHHH K 

6onee crrpaBenmrnoMy H paBHOMepHoMy pac­

npe.ZleJJeHHIO 1ttepnrn no perHoHaM MHpa, 

rno6anh11oe :rnepronoTpe6neHHe npaKTwrecKH 

Y.ZlBOHTC.SI K cepe)lHHe BeKa. 

B HaCTOH1Uee BpeMH npo6neMa COCTOHT He 

TOJJbKO B TOM, '-IT06hI rrpeO)lOJJeTb COBOKyn­

Hbie pecypcH.bJe orpaHH4eHIDI, HO H B TOM, 

'-IT06bl Bblpa6oTaTh HaUHOHaJibHhle H MHpo­

BYIO CTpaTenm pa3BITTHH 3HepreTHKH, KOTO­

pble o6ecne4HJJ.H 6hI ycTOH:.4HBOCTb CHCTeM 

3Heproctta6)1(emu, H rH6KOCTb HX peaKUHH Ha 

HenpepbIBHble H3MeHeJ-llrn TeXHOJIOrH4eCKOH, 

noJJHTH4eCKOH H 3KOHOMHqeCKOH o6CTaHOBKH. 

lb cyruecrnyroll.{HX TexHonorw:iecKHx B03-

MO)l(HOCTeH B HaH60JJbIJieH CTerreHH 3THM Tpe-

6oBaHHHM Y.llOBJJeTBOpHeT aTOMHaJI 3HepreTH­

Ka BCJiellCTBHe ,llOCTyITHOCTM reHepHpyrommc 

MOlUHOCTeH H BbICOKOro ypOBHH ee He3aBHCH­

MOCTH OT pernoHa .n.o6hPiH TOCTJIHBa [ 1, 2]. 
OnHaKo BOCTpe60BaHHOCTh aTOMHOH 

:rneprent:KH 3aBHCHT OT roTOBHOCTH pa3pa6oT-

4H:KOB 061>eKTOB aTOMHOM 3HepreTmrn rrpe,llb­

JIBUTb o6mecrny apr)'MeHTbl, TIO,llTBep)l(JJ.aIO­

LUHe rapaHTHpoBaHHOe 06ecne1.JeHHe 6eJonac­

HOCTH Bcex 3BeHbeB H.n;epHO-3HepreTH'-leCKOrO 

KOMnJJeKca, 3KOHOMH'-leCKYIO 3cpcpeKTHBHOCTb 

H npeBOCXO,llCTBO no cpaKTopy 3KOJIOrH4eCKOH 

Ilp11BJieKaTeJibHOCTH .npyrHx 3HeproTeXHOJJO­

rHH. 
O6ecnet.JeBHe rapaHTHpoBaHHOH 6e3onac­

HOCTH 6yneT llOCTHrHyrO nyreM pa.3pa60TKH 

.IfH)l(eHepHbIX 11 opraHH3al..(HOHHbJX cpeJJ.CTB 
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o6ecneLieHH.Sl MeponpIDITHH, HanpaaneHHhIX 
Ha npe,uoTapall.lemre aaap11i1, orpaHHLieH HJI HX 
pa,uHonor11qecKHX nocne,ucTBHH, o6ecneqeHH.Sl 
"npaKTH'-IeCKOH HeB03MO)KHOCTH" aaapHH C 
60Jlhll1HMH pa,u11onorH'IeCKHMH nocne,UCTBH.Sl­
MH. TepMHH "npaKTHLieCKa.sJ HeB03MO)KH0CTb' 
03Hat.IaeT, L!TO aepO.sITHOCTb TaKHx co6bITHH 
HH)Ke 31-1at.IeHHH 10-7 na onrrn ro.u 3Kcrrnyarn­

urm 3Hepro6noKa. 
K HaCTO.sJllleMy BpeMeHH B Pocc11H, KaK H 

BO Bcex CTpaHax, HCil0Jlh3)'lOlllHX .s1.nepHYJO 
3HepreTHKY HJIH nnaH11pyiolllHX ee pa3BHTHe, 
rrpHIDITa e.mrna.s1 KOHUeill.{H.sJ 6e3onaCHOCTH, 
OCHOBaHJia.Sl Ha MHOroneTBeM MHpOBOM OnbITe 
pa3pa6onrn, cTpOHTeJJhCTBa 11 3Kcnnyarnu1111 
06beKTOB aTOMHOH 3HepreTHKH H yq11ThmaI0-
TJ.la.sl ypOKH rrporne,UIJJHX TIDKeJlbIX aaapHH Ha 
A3C "TpH-Maiin-Ai1:neH.u" H l!epH06I,1IlbCKOH 
A3C. 

3m KOHUeITUIDI 6e3orracHOCTH peaJIH30-
BaHa B JJ.OKYMeHTaX MAr A T3 .11 pOCCHHCKHX 
HOpMaTHBHO-TeXH.11.'IeCKHX .UOKYMeHTax. OHa 
BKJIIOt.IaeT, a 1.faCTHOCTH, a npouecc pa3pa6oT­
KH npoeKTa A3C amlJIH3 He TOJJbKO rrpoeKT­
HbIX aaapHH, B KOTOpblX 3a cqeT ,neHCTBH.sJ 
rrpe,uyCMOTPeHHblX B rrpoeKTe CHCTeM He Ha­
pyrnaeTC.Sl uenocTHOCTb aKTHBHOH 3OHbI H He 

npoHCXO)lHT ee T.sJ)KeJioe IJOBpe)K)leHHe, HO .11 
aaapHH C HapYilleHHeM rrpoeKTHhlX rrpe.ueJJOB, 
KOTOpbie MOryr npHBO,UHTh K T.sJ)l(eilbIM no­
Bpe)K)leH.11.SlM aKTHBHOH 30Hhl BnJIOTb .no pac­
rrnaBJiemrn TOIIJIHBa H pa3pYilleHHJI aKTIIBBOH 
30Hhl. BepOHTHOCTb TaKOH aaapHH MeHee 10-6 

Ha peaKrnp B ro.u [3). Ha.116onee aepo.HTHOH 11 
ecTeCTBeHHOH npe,ucTaBJI.SleTC.Sl CJJe)l)'lOlllM no­
cne.uosaTeilbHOCTb pa3BHTIDI TaKOH aBapHH: 
1) IIOTepH 3cpcpeKTIIBHOro OXJia)K.lleHIDI aKTIIB­

HOH 3OHbl peaKTopa; 

2) rrnaaneH.Me aKTHBHOH 30HhI, nepeMell.lemIe 
pacnnaaa Ha )lHHTJ.le Kopnyca H o6pa30BaHHe 
6accei1Ha pacrrnaBa; 
3) Bhrxon pacnnaaa 3a npe,ueJihI Kopnyca peaK­
Topa; 
4) noape)K)lemre 3all1HTHOH o6onol.fKH 11 Bhrxo.u 
rrpo.UyKTOB .ueneHIDI 3a ee rrpe,ueJibI. 

TaKHe KaTerop1111 aaapmi Tpe6yioT cneuH­
aJibHhrx CHCTeM 6e3onacHOCTH H Mep no yn­
paBJieHHIO TaKOH aBapHeH, pa3pa6aThIBaeMhIX 
Ha OCHOBe 3HaHHH O npoueccax H .SlBJieHH.SIX, 
conpoBO)K)laJOIUHX TH)KeJiyio aaapmo. B Tet.Ie­
Iille IlOCJie)lHHX )lBeHa,uuan1. JieT PHU: "Kyp-

4 

t.IaTOBCKHrr HHCTHTYT" 6hm fOJIOBHhlM HCilOJI­
HHTeJieM B paMKax Me)K,UyttapO.UHbIX npoeKTOB 
P ACITJIAB (1994-2000 rr.) H MACKA 
(2000-2006 rr.) no Hccne.nosamuo .HBneHHH H 
npoueccoa, rrpo11cxo.UHlllHX B 6accettHe pac­
nnaaa aKTHBHOH 30Hhl JierKOBO.UHOfO peaKTO­
pa B cnyt-rae T5I)KeJJoii aaap1nI Ha A3C. 

B pa6oTe ITO npoeKTY npHHHMaJJH yqac­
rn:e 17 CTPaH Eaporlhl, AMepHKH, A3HH H Poc­
cw.s1 non 3TH.UOH areHTCTBa no H.UepHoH 3Hep­
nm O3CP. PHU: "KypqaTOBCKHH HHCTHTYT" 
nposo.urrn Hccne.uosattH.Sl B COTPYAHHqecTBe c 
p.sI.UOM KpynHhIX HayqHhIX HHCTHTYTOB H rrpo-
113B0,UCTBeHHhlX o6be,uHHeIDtH MHHaToMa H 
PAH. 

f JJaBHa.sJ UeJJb ITpoeKTa - HCCJie,UOBaHHe 
npoueccoa, rrpOXO.ll.sITJ.lHX Ha TOH CTa,UHH T.Sl­
)KeJJOH aaap1111, Kor.ua rrocne pacnnaaneHH.Sl 
aKTHBHOH 30Hhl H CTeKaHH.sJ ee B HIDKHIOIO 
qacTb Koprryca Ha .UHHTJ.le o6paJyeTc.Sl 6acceHH 
pacnnaaa. TaKoH cueHapHM peanH30BaJJCH so 
apeMJI aBapHH Ha TMI-2 B 1979 r. Bo BpeM.Sl 
3TOH aaapHH pacrrnaB MaTepHaJJOB aKTHBHOH 

30HbI rrepeMecnrnc.Sl Ha .UHHIUe Koprryca, pa3-
PYilleHHe KOToporo npe.uornpall.leHo no,naqeii 
)lOilOJIHHTeJibHOH BO.Ubl B peaKTop, qTo cno­
co6cTBOBaJJO OXJia)K,Uem110 6accei1Ha pacrrna­
aa. IT03TOMY BO3MO)KHOCTb OXJia)l()leHIDI pac­

nnaBa Ha .UHHTJ.le KOprryca .sJBJI.SleTC.Sl O,UHHM 113 

Ba)l(HeHlllHX BOIIpOCOB rrpH pa3pa60TKe rrpo­
o:e.uyp ynpaBJieHH.Sl aBapH.sIMH. CoxpatteHHe 
ueJIOCTHOCTH KOpnyca peaKTOpa B cnyqae Ta­
KOH aBapHH IIOMO)KeT rrpenornpaTHTb BbI6poc 
pa)lHOaKTHBHhIX MaTepHaJJOB B OKp~aIOUl)'lO 
cpe.uy. 

IToHcK Mep no rrpe.uoTBpall.lemr10 rrpo­
nnaBJJeHHJI Koprryca peaKTopa B ycJJ0BH.SlX T.Sl­
)KeJioH aaap.11.H TPe6yeT rroHHMaHH.Sl Tenno­
rn.upaBJIHLieCKHX H <pH3HKO-XHMH'IeCKHX .sJBJie­

HHH H npoueccoa B 6accei1ae pacrrnaBa aKTHB­
HOH 3OHhl. MIIOfOKOMIIOHeHTHOCTb pacrrnasa, 

He)l0CTaToqHQCTh HaK0ITJieHH0H 6a3bl naHHbIX 
H pacqeTHbIX MeTO,UOB IlOCTaBHJJH Ha rrepBbIH 

IIJiaH He06XO)lHMOCTb npoBe)leHIDI 3KCIIepH­

MeHTOB C rrpOTOTHIIHbIMH KOMII03HUH.SlMH aK­

THBHhIX 3OH nerKOBO)lHhIX peaKTOpOB, BKJII0-

9aIOUlHMH ypaH, UlipKOHHH, CTaJihHbie KOMIIO­

HeHTbI BHyrpHpeaKTOpHbIX KOHCTP)'KUI{H H 

HMHTaTOpbl rrp0)lyKT0B .ueneHIDI, a TaK)Ke .upy­
rHe MaTepHaJihl, HaXO,U.SlIUHeC.sJ B 3HepreT11qe­

CKHX peaKTopax, HaripHMep, MaTeprrnnhI opra-



HOB peryn11poaamu1 l1 BbirOpalOlllHX nornOTH­

Tenei-1. 
l1eene.uoaaHH51, BbIIlOJIHeHHble B paMKax 

npoeKTa P ACITJIAB Ha pea.r.rhHhIX MaTepHa­

nax, npo,ueMOHCTPHpoaanH, 'ITO noae,ueHHe 

roMoreHHoro paennaaa KOPHYMa epaBHHMO e 

rroae.uem1eM MaTep11anoB-HMHTaTOpoa npH ee­

TeeTBeHHOH U:HPKYJIHUHH. IloKa.3aHo, 'ITO Ta­

Koe noae.uem1e O)KH,[(aeMo, een11 6aeeei1H pae­

nnaaa eo.uepxrnT OKeH,[(Hbie MaTepl-HUlhI [ 4]. 
Heene,[(OBaJIHeb KOpHy'Mhl e pa.3JIH'IHOH CTe­

neHbl-0 C-n OKHeJieHHOeTH UHPKOHHH. l13Me­

peHbl Tenno- H 3JieKTponpOBO.llHOeTb, KHHeMa­

TH'leeKaK BK3KOeTb, noaepxHoeTHOe HaTIDKe­

HHe H ITJIOTHOeTb pK.ua paennaaneHHbIX KOpH­

y'MOB [5 ... 10]. IlonYLJeHHhTe pe3yJibTaTbl rro­

Ka.3aJIH, 'ITO noaeneH11e 6aeeeirua paennaaa H 

eaoiieTBa paennaaoa B eHeTeMe U-Zr-O 3aBH­

eHT OT aTOMHOro OTHOllieHH51 U/Zr H eTeneHH 

C-n OKHeJieHHOeTH U:HpKOHH51. 

OeHOBHhie 3KenepHMeHTbl B npoeKTe 

MACK.A KOHl{eHTPHPOBaJIHeb Ha neTaJihHOM 

Heene.uoaaHHH cp113HKO-XHMHLfeeKoro noae.ue­

mrn KOPHYMa B KOHTaKTe e KOHeTPyi<U:HOHHhT­

MH BHYTPHKOpnyeHbIMH MaTep11anaMH H 

BKJIIO'laJIH B ee6H 11ecne.uoaamrn: 

- B3aHMO,[(eHeTBHH OKeH,[(Horo paenJiaBa H )Ke­

n e3a ( eTanH); 

- BJIHHHH.sI MaTepHaJIOB peryJIHPYJIHPYJOlllHX 

eTep,,rneH Ha B3aHMO,[(eHeTBHe OKeH,[(HOro 

paerrnaaa c )KeJie3oM ( eTaJiblO ); 

- paerrpe.ueneHHJI. MaJIOJieTYLfHX HMHTaTOpOB 

rrpO.U)'KTOB .ueneHH.sI Me)K.uy cpa.3aMH eTPaTH­

qJIHlHPOBaHHOro 6aeeeHHa paerrnasa; 

- BJIH.sIHH51 OKHeJIHTeJlhHOH aTMoecpephI Ha 

eTPaTHq>HKau:1110 paennaaa H paenpe.ueneHH51 

oeHOBHbIX KOMTIOHeHTOB (U, Zr, 0, Fe(Hep)K. 

eTa.r.rb)) Me)K.uy OKeH,[(HOH H MeTaJIJIH'leeKOH 

cpa.3aMH pacrrnaaa. 

Bee 3KCnepHMeHTbl rrpOBO,llHJIHCb Ha HH­

.ll)'KU:HOHHOH ycTaHOBKe IIO TeXHOJIOfHH xo­

JIO.llHOro THrJI.sI [ 11 ... 16] . B KaqeeTBe HCXO.U­

HbIX MaTepHaJIOB ,[(JI.sI IlOJiy<Iemur OKeH,[(HbIX 

paennaBOB IIpHMeH.sIJIHCh OKCH,[(bl ypaHa H 

U:HpKOHH.sI H r11np11.u UHpKOHH.sI. CneKT­

palihHbIM aHaJIH3 IIOKa3aJI, 'ITO LfHCTOTa HCXO.U­

Hb!X MaTep11anos cocTaBJI.sIJia, %% no Macce, 

He MeHee: 99,95 .un.si UO2, 99 83 .UM Zr02 11 

99,5 nnH ZrH2. K11cnopo.UHhIH K03cpcp0:u11eHT 

OKCH,[(a ypaHa 6brn paBeH 2, 126 ± 0 005 . .ll:AA 

HCKJIIO'leHml ITO,[(KHCJiemu, MeTaJIJIH'leCKOfO 

UHpKOHH51 HCIIOJib30BaJIC.sl ero r11.up11.u B KOJIH­

'leCTBe, 3KBHBaJieHTHOM TPe6yeMOMY KOJIH­

qecTBY MeTanna. 

Hcxo,aHbie MaTepHaJibl B Blil{e nopOUIKOB 

TmaTeJibRO nepeMeIIIHBaJIHeb, npeceoBaJIHCb 

H crreKaJIHeb B neqax C MeTaJIJIH'leCKHMH Ha­

rpeaaTemlMH B aTMoccpepe O'lHmeHHoro apro­

Ha B 3allllfTHbJX KORTe.H.Hepax 113 TaHTaJia ap11 

~ 1 900 °C B Te'lemre qaea. l13roTaamrnanHeb 

,[(HeKH ,llHaMeTpOM 30 ... 31, BbICOTOH h ~ 13 
MM H KOJibUa C HapyxrnbIM ,[(HaMeT­

poM 30 ... 31, BHYTPeHHHM .UHaMeTPOM ~ 17 
MM, BhICOTOH h ~ 13 MM. IlpOBO,llHJIHCb XHMH­

'leCKHH H peHTreHoeTPYKTypHhrn aHaJIH3hI no­

Jiyt-IeHHbIX o6pa.3UOB. 

1. Ocuos11b1e pe3yJILT3ThI uJy'leHHH 
rrpou,ecca BJaHMoneikTBHH pacnJiaBa 

K0pHyMa H CT3JIH B Koprryce peaKTopa 
Tuna BB3P-1000 npn TH,teeJioH asapHH 

B npoeKTe MACKA 

1.1. B1au.MoOeiicmeue pacl1Jlaea OKCU01-to20 
Kopuy.Ma u cma11u. 

B ycJIOBirnX OTeyreTBH51 Ha,[(e)KHOH Tep­

MO,[(HHaMH'leCKOH 1rncpopM3UHH ,llAA eHeTeMbl 

U-Zr-O-Fe ueJJblO 3Kcrrep11MeHTOB crna11noch 

BhNeHeHHe oco6eHHOeTeH B3aHMo.uei1eTB1rn 

paerrnaBOB KOPHYMa H )I(eJ1e3a B 3aBHel1MOCTH 

OT BpeMeHH, eTerreHH OKHeJieHHOeTl1 KOPHYMa 

11 eooTHornemrn Mace KOP11YMa H )I(eJieJa. Co­

eTaBbI o6pa.3UOB, 11eIIOJib30BaHHbIX B 3KCnepH­

MeHTaX, rrp11ae.ueHhl B Ta6n. 1. 
C ueJiblO rroa1,r11Iemui: OTHOeHTeJlhHOH 

TO'lHOeTH onpe.ueneHHH KHenopo.na B OKeH,[(­

HOH 11 MeTaJIJIHLJeeKoH cpaJax BMeeTo aep)I(a­

ae10UleH eTaJIH rrp11MeH}IJ]Heb .uoeTaTOLfHO 

'lHCToe )KeJieJo, %% no Maece: C - 0,02, Si -
0,023, Mn- 0,015, S - 0,02 oeTaJibHOe Fe 11 

erreI.J,HaJibHM Kopp03HOHHO-CTOHKM eTaJib 

MapKH X20H l orT, OeHOBHblMH npHMeCHMH 

KOTOpOH HBJI.sIIOTeK, %% no Maece: Mo - 0, 19, 
W - 0,03, Nb - 0,03, Ni - 10,43, Mn - 0,74, 
Cr- 20,37, V - 0,14, Ti- 0,57, ocTanbttoe Fe. 

KOHUeHTPau.1111 KHenopo,ua BO aeex cnyqa­

.six onpe.neJIHJIHCb no pa.3HOeTl1 .uo l 00 %. Ha­

'laJibHble 3KCIIepHMeHTbl BbIIlOJillil.llHCh rrpH 

MaJibIX (~ 0,02) OTHOIIIemrax Mace Fe 11 KOpH­

y'M3, qTo ,UOJ])I(HO o6eerre'll1Tb ,llOCTl1)I(eH11e 

6onee IIOJIHOfO paBHOBeCHJI. Me)I(,lly OKCH,[(HhlM 

H MeTanJJH'leCKHM paenJiaBaMH. MaKCHMaJib-

5 



Ta 6 J1 11 u a 1. P e3ynbT8Tbl XHMH4eCKHX aHaJIH308 npHroTosneHHblX coc TaBOB KOpH)'MOB 

T11n U/Zr ill Hepp 

KOpHyMa npo6b1 

C-32 1,2 B867 
C-32 1,2 B885 
C-32 1,2 B927 
C-32 1,2 B1003 
C-32 1,2 Bl 144 
C-32 0,9 Bl 146 
C-50 1,2 8870 
C-70 1.2 8882 
C-70 1,2 B1065 
C-100 1,6 8861 

Hoe OTHOIJJeHHe K, = 111Fe/ m 0Kc111l, .uocni:rHyroe 

s 3Kc□epHMettrnx cepHM STFM-Fe s rrpor­

paMMe MACK.A, He npesbIIllaJJO semflrnHhI 

0,33. 
3Kcnep11MeHTaJihHO ycTaHOBneHO, qTo B 

pe3yJihTaTe B3aHMO.UeikTBml o6pa3yeTCH 

cTpaTH<PHUHposaHHM CTpYKTYPa pacnnasa, 

COCTOHIUM 113 MeTaJJJIJ1lieCKOH Q.)a3bI Ha OCHO­

se )KeJie3a H OKCH.UROro KOPHYMa. B 3KCnepH­

MeHTax, npose.ueHHhIX C HCilOnh3OBaHHeM He­

.UOOKHCneHHOro KopH)'Ma (C-32, C-50, C-70), 
s pe3ym,TaTe s3a11Mo,ueikTB~ pacnnasneHHoe 

)KeJie3o HaChimaeTCH ypaHOM, UHpKOHHeM M 

KHCJI0p0.U0M. Ero nn0TH0CTb CTaH0BHTCH 

6orrhllle nJI0THOCTH pac□JiaBJieHHhTX K0pHy­

M0B qTo npHB0,UHT K nepeMeIUemuo MeTaJJ­

JIJfqecKOH Q.)a3hl Ha }:{HO 6acceHHa. 

Ilo pe3ynbTaTaM XHM}[qecKoro aHaJJH3a 

MeTam111qecKrui cpa3a co.uep)KHT .uo 20 aT.% 

KHCJIOpo.ua B 3aBHCKM0CTH OT HaqaJibHOH CTe­

neHH 0KHCJieHH0CTH KOPHYMa. QqeBHJ:{HO, qTQ 

B ycnoBHHX rrposeJ:{eHHhTX 3KCIIep11MeHTOB 

3TOT KHCnopo.u BMeCTe C U 11 Zr nepexo,UHT H3 

pacnnasneHttoro K0PHYMa B pacnnasneHHoe 

Fe. Ilocne 0TKJUO'-lemu1 BbICOKO'-laCT0THoro 

reHepaTopa s npouecce KpHCTaJIJJH3aUHH npo-

0.cxo,UHT pacna.u 0,UH0p0.UHOro MeTaJIJIK'IeCK0-

ro pacnnasa Ha Q.)a30Bhle COCTaBITRIOIUHe. 

PeHTreHOCTpYKTYPHhIM aHaJIH30M s co­

CTase MeTaJIJIHl.JeCKOH qacTH CJIHTKa ycTaHOB­

JieH0 npHcyrcTs11e rnep,ubIX pacrnopos (U, 
Zr)O2 11 HHTepMernnm1.uos THna (U, Zr)Fe2. B 

0TJIKl.JHe OT 3KcnepHMeHT0B, npose,ueHHbIX C 

He,UOOKHCJieHHbJMJ{ KOPHYMaMH, B 3KCIIep11-

MeHTe STFM-Fe NQ 8 npHMeHHJICH K0PHYM C­
l 00 c UHpK0HHeM, nOJIHOCThlO OKHCJJeHHbIM 

.a.o 0KCH.D.a ZrO2. B 3TOM 3KcnepaMeHTe B3aH­

MO.D.eHCTBHe pacnnasneHHbIX cpa3 HOCHJIO MH-

6 

XHMH4eCKHH cocTas, Mace.% 

u Zr Zrc•o6 C 
66,18 22, 13 14,74 0,006 
66,3 21,95 14,78 0,008 
65,9 22,2 14,95 0,005 
66,71 21,78 14,84 0,003 
66,63 21,84 14,88 0,009 
63,06 25,82 17,73 0,007 
65.8 21, 11 10,46 0,007 
65,05 20,95 6,15 0,006 
65,10 21, I 0 6,22 0,006 
68,73 16,34 - 0,006 

HHMaJibHbIH xapaKTep. MeTaJIJIH4ecKaH cpa3a 

Ha 0CH0Be npaKTl{tJeCH q11cToro )KeJie3a, HMeH 

MeHblllyIO TIJI0TH0CTh, pacnonaranacb Ha no­

sepxHoCTH OKCH,UHoro KOpHyMa. B C0CTaBe 

MeTaJIJIHt.JeCOH cpa3hl nocne KpHCTaJinH3auHH 

o6HapY*eHbl cne,Ubl HRTepMeTaJIJJH,Ua (U, Zr) 

Fe2. OcHOBHhie pe3yn1:,TaTh1, nonyqeHHb1e s 

npoeKTe MACK.A no B3aHMO.D.eHCTBmo pac­

nnasos 0KCH.D.HhTX K0PHYM0B 11 )KeJie3a ( crn­

JIH), npJrne.uem1 s rn6n. 2. 
Ecn11 ouemrnaTb B3aHMo,ueiicTs11e pacTina­

sos K0PHYMa H CTaJIH qepe3 ycrnH0BHBIIIHeCH 

K0HUeHTpau1111 aT0MOB U H Zr B MeTann11qec­

KOH cpa3e, TO M0)KHO 3aMeTHTb, <1To rrp11 o.u11-

HaKoso11 HaqaJIE,HOH Macce Fe HHTeHCHBH0CTb 

B3aHMO,D.eHCTBHH na.a.aeT no Mepe yseJIH"tJeIDUI 

C-n. B 3KCnepHMeHTaX STFM-Fe N2N2 2, 6 ... 8 
11CTTOJib30BaJIHCb HCXO,D.Hbie 6p11KeTbl KOPHYMa 

c pa3nwrnoii cTeneHbIO oI<HcJieIDUI C-32, C-
50, C-70 11 C-100, C00TBeTCTBeHH0, C 0TH0-

IIIeHHeM K, = mFel moKc111l z 0,02. 3Kcrrep11MeH­

ThI np0B0,UHJIHCb c Bhl,Uep)KKOH -r :::: 10 MHH s 

TeMIIepaTypHOM HHTepsane 2 500 . .. 2 650 °C. 
Ha pHC. 1 npe,D.CTaBJieHbl K0HUeHTpaUHH U H 

Zr s MeTann11qecKoH qacTH CJJHTKa s 3aBHCH­

MOCTH OT HaqaJihHOH CTeneHH OKHCJieHHR pac­

nnasneHHoro K0PHYMa. 

O6paIUaeT Ha ce6H BHHMaHHe 3aBHCH­

MOCTb MaCCbl o6pa3yIOIUeHCH MeTaJIJIHqecKOH 

cpa3bl OT Ha'laJibHOH MaCChI BBO,D.KM0ro MeTan­

na. TaK, B Ta6n. 3 socnpOH3Be,UeHbl pe3yJib­

TaTbJ, 0Tpa)KaIOIUHe CBH3h 0THOIIIeHI-rn Mace 

paBH0BeCHbTX OKCH,D.HOH H MeTaJIJIH'leCKOH 

cpa3 K2 = m"e,- ctia:ialm0Kc11/l.~Ja:ia, o6pa3yIOLUHXCH 

□pH B3aHMo,ueHCTBHH Fe C pacnnaBOM OKCH.[1.­

HOrO K0PHYMa (C-32, U /Zr = 1,2), c HaqaJib­

HblM 0TH0IJJeH.HeM K, = mFel moKc111l• 
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PHc. 1. Kom.teHTpaUHH B MeTanJIH4ecKoi1 4aCTH 

CJIHTKa B 3aBHCHMOCTH OT CTeneHH C-n OKHCJieHHSI 

KOpHyMa: I - U, 2-Zr 

8 rpaqiw-1ecKOH cpopMe 3aBHCHMOCTb K2 OT 
K I npe.ncrnaneHa Ha pHc. 2. B aml.fIHTHYecKOM 
BH.D,e :na 3aBHCHMOCTh BhITJUI.D,HT KaK 

Ki= 2,924K1. (1) 
ConocrnaneH11e 3KcnepHMeHTOB NQJfQ 9 11 

15 noKaJ1>rnaeT, qTo npH rrepexo.ne OT )KeJie3a 
K Hep)KaBe10meH CTaJIH OCHOBHbie pe3yJ11>TaThl 

B3aHMO.D,eHCTBHH coxpaIDnOTC.ll. 

TaKHM o6paJoM, BhinOJIHeHHhie 3Kcrrep11-
MeHTI>I cep1111 STFM-Fe rroKaJa.rrn, '-ITO B TeM­
rrepaTypHoH o6nacTH 2 500 .. . 2 600 °C B pe-
3yn1>TaTe B3aHMO.D,eHCTBIDI He.D,OOKHCJleHHbIX 

KOPHYMOB C-32 ... C-70 (U/Zr=0,9 .. . 1,2) c 

)KeJ1e30M npH OTHOlliemrn Mace mFef m oKCltJJ. ~ 
:S 0,33 o6pa3yJOTC.SI HecMenmBa10m11ec.SI B 
pacrrnaBJleHHOM COCTOHHHH OKCH.D,Ha.SI H Me­

TaJlJIH'-leCKa.SI <paJhI. PacnnaaneHHoe )KeJie3o 
HaCI>IIUaeTCH ypaHOM, nHpKOHHeM H KHCJlOpo­
.D,OM. TinoTHOCTI> MeTaJIJIH'-lecKoH cpa31,1 CTaHo­
BHTCH 60Jlhllle IlJlOTHOCTH pacrrJiaBJleHHblX 
KOPHYMOB YTO npHBO.D,HT K ee nepeMell.{eHHIO 
Ha .D,HO 6accei1:Ha. Onpe.D,eJieHhl COCTaBh] Bcex 

K2 

0,8 
T 

-f 

18 

0.6 
o9 

0.4 

0.2 n~ 
0 0.1 0,2 0.3 0,4 

PHC. 2. 3aBHCHMOCTb KOHeL\HOro OTHOWeHHSI Mace 

m .,cT<t,33alm o,c11a ¢33a OT Ha4aJibHOrO OTHOWeHHH 

n7F/1110,c11:,. 

cocymecTByJOll.{HX OKCH.D,HbIX H MeTaJIJlHYe­

CKH:X <pa3, •ITO MO)KeT CJI~HTb OCHOBOH .D,JlH 
nocTPoeHHH TepMO.!J.HHaMHqecKHx Mo.n.eneii 
pacnnaBOB B CHCTeMe U-Zr-O-Fe. 

1.2. J1ccJ1eooea1me 6JlUJIHUJl B-1C Ha 63auMo­
oeiicmeue OKCUOH020 paCnJlQ6Q U CmQJlU 6 

Kopnyce BB3P-I000 npu mRJICeJLoii aeapuu. 
OcHOBHI>IM 11crnqHHKOM B 4C B pacnnaae 

B Kopnyce BB3P-l 000 cn~aT nornoma10-

IUHe CTep:>KHH CHCTeMbl ynpaBJJeHH.SI H 3all.{H­

Tbl, BbillOJIHeHHI>Ie C qaCTH~IM rrpHMeHeHH­

eM Kap6H.n.a 6opa. O6ma.SI Macca B 4C B BB3P­
l 000 COCTaBJI.SieT OKOJJO 260 Kr, 'ITO COOTBeT­
crnyeT 0,25 % no Macce no OTHomeHHIO K 
Macce aKTHBHOH 3OHbI. 

PaHee [ 17] rrpH HCCJJe.D,OBamrn BJlH.SIHHH 
yrnepo.n.a Ha ITOBe.D,eHHe He.D,OOKHCJJeHHOro 
pacrrnaaa THrra C-32 IIOKaJaHo, '-lTO a pe3yn1>­
TaTe IIJJaBJJeHHH H nocne.zzyiomero JaTaep.n.e­
BaH11H npOHCXO.D,HT ero CTpa,Tl1q:>11KaUHH Ha .[{Ba 

CJJOK rrp11 KOHUeHTPaIOIH yrnepo.na B 11CXO.D,-

T 6 a JI u u a 3 H aL!aJibHbie H KOHe4Hble COOTHOWeHHSI Mace B 3KCneoHMeHTax STFM e -F 
N2 3 KcnepHMeHTa Ha4anbHbie napaMeTPbI y CTaHOBHBWHecsi napaMeTDbl 

STFM-Fe 117Fe, f /l1o<c1111, f K1 //1 Me-f.ffi030> f lllosc1111 ma1a, r K2 
2 5,3 276,2 0,0192 262,7 18,8 0,0716 
3 5,3 301,3 0,01 76 19,3 287,3 0,0672 
5 5,2 322,7 0,0161 15,4 312,5 0,0493 
4 15 314,8 0,0476 54,2 275,6 0, 197 
9 29,3 273,3 0,1072 92,6 200,0 0,463 
14 48,5 265,2 0, 183 11 7,0 196,7 0,595 
16 60,2 274,8 0,219 123,0 2 12,0 0,580 
17 60,1 284,3 0,2 11 114,8 229,6 0,500 
18 90 274,5 0,328 178 4 186, 1 0,959 
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HOM Bh1we 0,2 % no Macce. Ilpupo,LJ.a crpaTH­
QJHKau,HH sepoHTHO, CBH3aJ-Ia C oco6eHHOCTH­
MH Qla30BbIX .[{HarpaMM CIICTeMbl Zr(O)-UO2 
[ 18, 19], OTCyrCTBHeM 3aMeTHOH pacTBopHMO­
CTH yrnepo,LJ.a 8 OKCH,LJ.ax UO2 H ZrO2 H HX 

TBep,ll.blX pacTBopax, a TaIOKe Bb!COKHM cpo,ll.­
CTBOM UHpKOHlrn K yrnepo,LJ.y. 

1'13secTHO, 'ITO UHPKOHHH HMeeT BhICOKoe 
cpO,LlCTBO H K .D.pyrHM 3JieMeHTaM BHe,LJ.peHHH 

(B, N), lJTO, 8 qaCTHOCTII, HaXOJlJ-IT OTPcl)l(eHHe 
npH cpastteHirn TeMnepaTyphI nnasneHHH co­
OTBeTCTBYJOIUHX CTeXHOMeTPHtJeCKHX coe.[{H­

HeHHH. TaK, TeMIIepaTypa nnasnemui: ZrC, 

ZrB2 ZrN cocrnsmieT 3 420, 3 245, 3 250 °C, 
COOTBeTCTBeHHO [20]. Ilo3TOMY MO)KHO 6brno 
O)KH,ll.aTb cymeCTBOBaHHe aHaJIOfH4HblX CTpa­

THQJHKaUHOHHhIX npOHBJieHHH B pacrrnase H B 
np11cyrCTBHH 6opa. IlpH HCCJie,LJ.OBaHHH ,LlO­

IlOJIHHTeJibHblli HHTepec npe,ll.CTaBJIHJIO BbIJIC­
HeHHe B03MO)KHOCTH COBMeCTHOfO BJIIDllHUI 

yrJiepo,LJ.a H 6opa Ha npoueccbr CTParn:cpHKa­
UHH He,LJ.oOKHCJieHHoro pacnnasa, a TaK)Ke ax 
pacnpe.neneHHe Me)K.[{y OKCH,ll.HOH H MeTaJIIDl­

qecKOH cpa3aMH pacITJiaBa aKTHBHOH 30HhI. 
licnOJih30BaHHble B 3KCnepHMeHTaX cepHH 

STFM-B KOPHYMbI, cocTaBbI KOTop1,1x rrpHse­
,ueHbI s Ta6JI. 4, ,ll.OilOJIHHTeJihHO co,uep)KaJIH 
no O 5 Mace.% Kapfo.r.ua 6opa. 

3KcnepHMeHTI,J rrpOBO,ll.1-UlHCb 8 XOJIO,ll.HOM 

THrne [21 ... 23]. B ero HH)KHIOIO qaCTb ycTa­
HaBJIHBaJIHCb BbI6paHHblli o6pa3eU c Kap6H­
,ll.OM 6opa, csepxy Ha Hero COOTBeTCTBYJOIUHe 
cne'leHHbie KOJibUa 6e3 B4C. OcHOBHhie napa­
MeTPhI H pe3yJJhTaTI,J BbIIlOJIHeHHbIX 3KcnepH­

MeHTOB npHBe,LleHhI s Ta6JJ. 5. 
C11cTeMa Zr(O)-UO2-B4C 3KcnepHMeH­

TaJihHO pattee He HCCJJe,ll.OBanacb. lfayqeHHe 

B3a11Mo.nei-icTBHH B4C-Zr [24] noKaJano, tJTO 
peaKUIDI Ha'lliHaeTCH npH TeMnepaType Bbillle 

1 250 °C H npHBO.llHT K o6pa30BaHHIO ZrB2 H 

ZrC. Bhlllle l 650 °C np0Hcxo.n11T 61,1cTPoe 
ycKopeHHe KHHeTHKH B3aHMO,lleHCTBllil, npH­

BO,ll.HIUee K onJJaBJieHHIO l(HpKOHHH. B3aHMO­

,LJ.eHCTBHe OKl[CJJeHHOro a-Zr(O) c Kap6H,LJ.OM 
6opa TaIOKe paHee He HCCJie,ll.OBaJJOCh [25]. 
I103TOMY 3KCilepHMeHTaM no H3yqeHHlO B~­

HHlrn Kap6n.ua 6opa Ha CTPaTHQJHKaUHIO ,ll.OJDK­
HO npe,ullJeCTBOBaTb HCCJie,ll.OBaHHe ero nose­

.ueHHH B KOHTaKTe C He,ll.OOKHCJJeHHbIM KOp11y­

MOM B 06J1acn1 TeMnepaTyphl ,ll.O IlOJJHOfO pac­
IlJJaBJJeHHH BCeH CHCTeMbl. O6pa30BaHHe neTy-

qero OKCH,Lla 6opa B2O3, YtJMTblBM HH3KHH: 
XHMH4eCKHH noTeHUHaJI KHCJiopo.na B BbI6-
paHHOM COCTaBe C-32, He O)KH,ll.aJIOCb. 

CneKam1e 11cxo,nHbIX 11peccosaHHbIX 3aro­
TOBOK npose,ueHO rrpH TPeX pa3HbIX pe)KJ1Max 
s HHTepsane OT l 830 ,ll.O 2 400 °C. O,LJ.HaKO 
Qla30BblH COCTaB nonyqeHHhIX o6pa3UOB BO 
scex CJJyqaHX OKa3aJICH O,ll.HHaKOBblM. B co­
CTaBe o6pa3UOB IlOHBHJJHCh OKCI1Kap611.u H ,ll.H-
6opH.ll UHpKOHHH. Kap6I1.n 6opa KaK caMO­
CTOHTeJJbHaH cpa3a He coxpaHHJICH. 3TO CBH,lle­
TeJJhCTByeT o TOM, 'ITO s3a11Mo,nei-icrn11e R1C c 

a-Zr(O), KaK 11 .UJIH UHpKOHHH, Ha'-urnaeTcg 
npH TeMnepaType HH)Ke 1 800 °C, tJTO corna­
cyeTCH C .uaHHbIMH pa60Tbl [24]. 

B 3KcnepHMeHTe STFM-B NQ 3 nposepH­
JJOCh BJIHHIOT JIM MaJibJe .no6aBKH Kapfor.na 60-
pa Ha B3fil™O,ll.eHCTBHe He,LJ.OOKHCJieHHoro pac­
nnasa C-32 c )KeJJe30M, a TaK)Ke 11ccne.uosa­
J1ocb pacnpe.neneHHe 6opa 11 yrnepo.na Me)K.[{y 
OKCH,ll.HOH: 11 MeTaJIJJH4eCKOH: cpa3aMH. Y CJJO­
Bllil npose.uemrn 3KcnepHMeHTa STFM-B NQ 3 
MaKCHMaJibHO np116JIIDKeHbl K paHee npose­
.ueHHOMY 3KCrrepHMeHTY STFM-Fe NQ 3, B Ko­
TopoM .uo6asoK Kap6H.ua 6opa He 61,mo. Cy­
mecTBeHHoe pa3JJH'-ille COCTOHJJO 8 TOM, qTo B 
3KCrrepHMeHTe STFM-Fe NQ 3 TeMrrepaTypa 

cocrnsmma 2 500 °C, Tor.ua KaK B 3Kcnepw­
MeHTe c Kap611.noM 6opa STFM-B N!! 3 Ha 50 
°C BbIWe. YBeJrnqeaHe TeMrrepaTypbl 3KCrre­
pHMeHTa Bhl3BaHO IIOBbIIlleHHeM TeMnepaTypbI 
JJHKB11,uyc crretJeHHoro o6pa3IW C-32 + 0,5 % 
no Macce B4C B pe3yJJhTaTe CBH3hrnaHHH qacTH 
MeTaJIJIH4eCKOfO UHpKOHIDl B OKCH.Kap6H.UHYJO 
11 ,ll.H60pH.llHyIO <pa3bl. 

CpaBHemre pe3yJibTaTOB 3KCnepHMeHTa 
STFM-B N!! 3 c pe3yJJhTaTaMH attaJior11~oro 
3KCIIepHMeHTa Il03BOJIJieT BhI,UeJJHTb, no KpaH:­
HeH Mepe, TPH OCHOBHbIX OTJIH-Y:HH 8 3KcnepH­
MeHTe c 6opoM: 66Jlbrn11e Macey (np1rnepHo B 
2,5) 11 06beM (npHMepHO s 2,8) MeTaJIJJH'le­
CKOfO CJJHTKa, Mem,wy10 Ha ~ 1,5 r /cM3 IlJJOT­
HOCTh MeTaJJJJHtJeCKOfO CJIHTKa, 6onee CHJJb­
HOe cMememre cocTasa OKCH.UHoro pacrrnasa B 
HarrpaBJieHHH K cocnrny C-100. EcJJH B 3KCIIe­
pHMeHTe STFM-Fe N!! 3 oTHoweHHe Macc1,1 
o6pa30BaswerocH MeTaJIJIHtJeCKOfO CJIHTKa 
(19 3 r) K Macce BBe,lleHHOfO 8 pacITJJaB KO­
PHYMa )KeJie3a (5,3 r) cocrnBJIHeT seJJH'lliHY 
3,64 TO aHaJIOfH'iHOe COOTHOllleHHe B 3KCIIe­
pHMeHTe STFM-B NQ 3 paBHO 9,56. 
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YMeHblllemre IlJIOTHOCTH MeTaJIJIH"leCKOro 

cnHTKa B 3KcnepHMeHTe STFM-B N2 3 CB513a­

Ho C }'BeJIH'-IeHHeM Bero COCTaBe )J.OJIH rrerKHX 

aToMoB (Zr, B, C). IIo pe3y11bTaTaM airnmna 

(rn611. 5) BHJJ.HO, qrn 6op 11 yrnepo,u npeHM)'­

mecTBeHHO KOHI.~eHTJ)HPYJOTC51 B MeTanJ111qec­

KOH qacTH CJIHTKa. 8 pe3yJibTaTe 3TOro B Me­

TaJIJll,PleCKOM pacrrnaBe IIOCJie KpHCTaJIJJH3a­

I.J,HH B COCTaBe MeTanmPieCKOro CJIHTKa )J.0-

TIOJIHHTeJibHO 3aqrnKCHpoBaHbl <pa3bl ZrB2 H 

Zr(C, 0) [21]. MeTaJIJIH9eCKHe cnHTKH B 3KC­

nep11MeHrnx STFM-B N2N2 3 .. . 5, 8 OKaJan11cr, 

B HH)l(HeH "laCTH xorro.n;Horo THrJI51, "ITO YKa-

3bmaeT Ha TO, qTO TIJJOTHOCTb MeTaJIJIHqecKOH 

<pa3bl 60JlbIUe ITJJOTHOCTH OKCH)]HOH. 

B 3KCIIep11MeHTe STFM-B N2 7 c pacIIna­

BOM C-70 MeTaJIJJHqecKa51 <paJa o6HapJ')KeHa B 

BepxHeH qaCTH CJJHTKa. Bep051THO, TIJIOTHOCTb 

OKCH)]HOH qla3bl B 3TOM 3KcnepHMeHTe 6r,ma 

He3Ha'IlJTeJJbHO BbIIIJe IlJIOTHOCTH MeTaJlJJH"le­

CKOH q>a3bl. TaKoe )Ke COOTHOII1em1e IIJIOTHO­

CTeH MeTanJIH"leCKHX H OKCH)J.HbIX CJIHTKOB 

coxpamIJIOCb H npH KOMHaTHOH TeMTiepaType. 

Cpe)J.IDUI IlnOTHOCTb MeTanrr11qecKoro CJIHTKa 

(8,4 r / cM
3
) OKaJanacb HH)l(e cpe)J.HeH llJIOTHO­

CTH OKCH)J.HOfO CJIHTKa (9,0 r / cM
3
) . 

PeJynr,rnTbI 3Kcnep11Mettrn STFM-B N2 3 
IIOCJJ~JIH OCHOBaHHeM )J.J15I nocne.uyrom11x 

HCCJJe)J.OBaHHH, B KOTOpbIX H3yqanocb BJIHJI­

HHe yBemrqeHH51 OTHOllleHM51 Mace CTaJlH H 

pacrrrrasa, CTeneHH OKHCJieHH51 I.1,HpKOHIDI H 

aToMHoro OTHOllleHH51 U /Zr Ha cocrnB H 

CBOHCTBa o6pa3YJOll{HXC51 q>a3. y CTaHOBJJeHO, 

qTo OCTaTOqHa51 KOHlleHTpaI.J,HH 6opa B OKCH)J.­

HblX CJIHTKax c11a60 3aBHCHT OT OTHOlUeHH51 

MaCCbl )KeJie3a H OKCH)J.HOro pacnrraBa, aTOM­

HOro OTHOllieHH51 U /Zr H CTeneHH C-n oK.Hc­

rreHH51 UHpKOHHH H COCTaBAAeT B cpeaHeM 

0,8 ± 0,2 %. 

IJJJOTHOCTb OKCH)]HbIX CJJHTKOB, KaK MO)K­

HO BH)J.eTb 113 rn6n . 5, TaK)Ke MaJ1O 3aBHCHT OT 

rrapaMeTpOB 3KCnepHMeHTOB H COCTaBJUleT B 

cpeaHeM 9,2 ± 0,2 r / cM
3

. HanpOTHB, OCTaTO'l­

HM KOHI.J,eHTpaUH51 yrnepona B OKCH,UHhIX 

CJIHTKax MOHOTOHHO, KaK MO)KHO BH)J.eTb no 

pe3ynr,rnrnM 3KcnepKMeHTOB STFM-B 

N2.N"2 3 ... 5, y6brnaeT C pOCTOM OTHOilleHH51 

MaCCbl )KeJJe3a H pacnJiaBa. Ko3q>q>HUHeHTbI 

pacnpeaerreHHH 6opa Me)K)ly MeTaJ1JJH1IeCKOH 

H OKCHllHOtt q>aJaMH pacnrraBa, onpeaeJU1eMb1e 

KaK ko = x"CT.<j>aJalXoKCll,!1.QJaJa qepe3 aTOMHYJO 

KOHUeHTpauIDO, C pOCTOM OTHOWeHH51 

)'MeHblliaI-OTC51 C 12,2 npH K1 = 0,021 B 3KCile­

pHMeHTe STFM-B N 2 3 ao 8,8 11p11 K1 = 0,12 B 

3KcnepHMeHTe STFM-B N2 5. CooTBeTcTBeH­

HO K03q>q>HUHeHTbI pacnpeaerreHH51 UHpKOHH51 

)'MeHblliaI-OTCH c 1 94 )J.0 1,08. 
ConoCTaBHM pe3yJJbTaTbI 3KcnepHMeHTOB 

cep1rn STFM-B c aHa11orH1IHbIMH cepHK 

STFM-Fe. B rn6rr. 6 cpaBmrnaIOTC51 pe3ynr,­

TaThI 3KcnepHMeHTOB pa3HhIX cepHH npH 

6JJH3KHX ycrrOBIDJX. Rx OCHOBHOe pa:3JJH'me 

COCTOHT B npKCYTCTBHH Kap611,ua 6opa B co­

CTaBe OKCH)J.HOro pacnrraBa B 3KCIIepKMeHTaX 

cepHK STFM-B. 

lfa Ta6rr. 6 MO)KHO BH)J.eTh qTo c }'BeJJH­

qemrnM Maccr,1 )KeJJeJa, BBOJJ.HMoro B pacnrras 

C-32 + 0,5 % B 4C, Ha6JJI-O,uaeTc51 )'MeHhIIIem1e 

aTOMHOH )J.OJIH 6opa H UHpKOHHH B MeTaJlJIH­

qecKOM pacnnase. li3MepeHHM cpeJJ.IDUI nnoT­

HOCTh MeTanmP-IeCKHX CJIHTKOB B 3KcrrepH­

MeHTax STFM-B N2 3 .. . 5 rrpH KOMHaTHOH 

TeMnepaType MOHOTOHHO yBeJJH1IHBaeTCH 

(9,43 , 9 47 H 10,07 r / cM3). PaJnHwe B Macce 

o6pa3YJOll{HXC51 MeTaJIJIH1IeCKHX CJIHTKOB HC­

qe3aeT. I103TOMY MO)KHO 3aKJII-0911Th, "ITO C 

yBeJIH'--IeHHeM OTHOIIIemrn m Fef m oKCHD. B pe-

3YJJbTaTe pa36asrreHHH MeTaJ1JIH1IeCKOH q>aJhJ 

)KeJie3oM BJJH51HKe ao6asoK B 4C Ha B3aHMo-

Ta6J1ona6 C paBHeHHe pe3yJlbTaT0B 3KCnepHMeHTOB cepHH -~ STFM B 1-1 STFM-Fe 

Macca N2 
CocTaB, Macca H TTJl0THOCTb 

Fe, r 
MeTaJJJlHYeCK0ro cmnKa 

3KCnepHMeHTa 
U/Zr B, aT.% Macca, r p, r/cM3 

~ 5 
STFM-B NQ 3 0,75 10,84 47,8 9,43 
STFM-Fe NQ 3 I, I 2 - I 9,3 I 0,89 

~ 15 
STFM-B NQ4 0,80 9,15 58,7 9,47 
STFM-FeNQ 4 1,05 - 54,2 10,29 

~ 30 
STFM-B NQ 5 0,93 4,91 84,9 10,07 
STFM-Fe NQ 9 1,04 - 102,6 9,85 

11 



)lei1:crn11e pacrrnaBa KOpH)'Ma c )KeJie30M 
)'MeHbllJaeTCji_ 

Ha CTa)llill npHrOTOBJiemrn. KOpHy-Ma C-70 
+ 0,5 % B4C B pe3ym,TaTe cneKamrn □pH 

2 150 °C OTMeqeH tte6onhlLIOH ynoc yrnepo)la 
npe)lTIOJ1O)KJ1TeJibHO B BH)le co BCJie)lCTBHe 

IlOBbillleHHOH XHMH'JeCKOM aKTHBHOCTl1 KHC­

nopo)la. B 3KcnepHMeHTe STFM-B N!! 7 npH 
2 600 °C npOH30llleJI )lOilOJlJU,!TeJibHblli yHOC 
yrnepo)la H3 pacrrnaBJieHHOM c11cTeMb1. Ocrn­
TOqHM KOHu;eHTpaum1 yrnepo)la B OKCH)lHOM 

CJIHTKe 0Ka3anacb np11MepHO B 50 pa3 MeHb­
rne, qeM B 3Kcnep11MeHTe STFM-B N!! 3 c pac­
rrnaBOM C-32 + 0 5 % B4C. 

ConocTaBHM pe3yJibTaTbl 3KCrrepHMeHTOB 

STFM-B N!! 7 11 STFM-Fe N!! 7 [10], e,uHHCT­
BeHHoe OTJIHqHe KOTOpbIX COCTOHJIO B HaJil1-

1iHH B HCXO)lHOM pacrrnaBe B rrepBOM 3KCTie­

pHMeHTe Kap6H)la 6opa. MO)KHO OTMeTHTb, 
qTO )lOTIOJIHHTeJibHOe BBe)leH11e Kap6H)la 6opa 
B pacnnaB C-70 npHBO)lHT K He3Haq11-
TeJihHOMY YBen11qeHHIO Macchi o6pa3Y1Qll.le­
rocH MeTanJIH'-leCKOro CJIHTKa (17' 1 r B 3KC­
nepHMeHTe STFM-B N!! 7 H 12,3 r B 3Kcrre­
pHMeHTe STFM-Fe .N!! 7). OTc10,na MO)KHO 3a­
KJII-Otfi1Th, qTo BJIHHHHe ,no6aBOK Kap6H,na 6opa 
Ha B3aHMO)leMCTBI1H OKCH,lJ.HOro pacnnaBa C 

)KeJie3OM CHH)KaeTCH no Mepe YBeJmqeHHH 

CTerreHH OKHCJieHHj{ UlipKOIDIH. 

CpaBHHBM Macey o6pa3YIQ1UHXCH OKCH)l­
Horo H MeTanJIH-..i:ecKoro CJIHTKOB B 3KCnepH­

MeHTax STFM-B .N!! 4 H STFM-B N!! 8, MO)KHO 
OTMeTHTb qTo )'MeHbllleHHe aTOMHOro OTHO­

rneHHH U/Zr B :11crroJib30BaHHhfX cocrnBax 
(U/Zr = 1,2 H U/Zr = 0,9) He orpa3HJIOCh Ha 
pe3yJibTaTax B3aHMO)leHCTBI1H. 

Ta.KMM o6pa30M, 3KcrrepHMeHTaMH STFM­
B ycTaHOBJieHO, qTo 6op H yrnepo,n npeHMY­
mecTBeHHO KOHUeHTPHPYIOTCH B MeTannHqec­
KOH <pa3e pacrrnaBa. C YBeJIWJeH11eM Haqanb­
Horo OTHOUJeHHH MaCCbI mFef moKCII/J. B pe3yJih­

TaTe pa36aBJJeHHH MeTaJIJIHqecKOH !pa3bl )Ke­
Jie30M BJJHHHHe )lo6aBOK B4C Ha B3aHMO,nei1:-

CTBHe pacrrJiaBa C )KeJJe30M )'MeHblUaeTCH, a 
BJIHHHHe ,uo6aBOK Kap6H)la 6opa Ha B3aHMO­
,nei1CTBHe OKCH)lHOro pacrrnaBa C )KeJie30M 
CHI1)KaeTCj{ no Mepe YBeJIH'-IeHHH CTeneHH 
OKHCJiemrn: u;HpKOHHH. 

1.3. l1cCJ1eooeaHue pacnpeiJeJ1eHw1 npooyKmoe 
OefleHU.R J1te:J1Coy J1temOJlllul/ecKoii u OKCUOHoii 
cjJa3aJ1tu pac11J1aea e Kopnyce BB:JP-1000 npu 
mR:»eefloii aeapuu. 

.lJ:anbHearnee pa3BHTHe pa6oT, rrpoBe)leH­
HhIX B paMKax nporpaMMbI MACKA, Ha□paB­
JieHo Ha BblHCHeH11e 3aKOHOMepHOCTeH, CBH-
3aHHbIX c pacrrpe)leJieH11eM ManoneTyqHx npo­
.UYKTOB )leneHHH Me)K,ny MeTaJIJJH'leCKOH 11. OK­
CH.UHOH <pa3aMH CTpaTl1!p11UHpOBaHHOro pac­
rrnaBa. IIpe,uBap11TeJibHO ycTaHOBJleHO, qTo 
rrp11 BBe)leHmr B pacrrnaB C-36 Kopp03110HHO­
cToHKOH cTanH npo11cxo)l11T nepepacnpe)lene-
1-rne rrpOJlYKTOB )leneHIDI [26]. M01rn6)leH 11 
PYTeHHH B OCHOBHOM rrepexo.UHT B MeTann11-
qecKYIO <paJy. OcTanhHhie 3JieMeHThI KOHUeH­
TPMPYIOTCH npeHM}'IlleCTBeHHO B OKCH)lHOM 
pacrrnaBe. 

lJ,eJlbro 3KcrrepHMeHTOB cepHH STFM-FP 
6brJIO HCCJie)lOBaHHe pacnpe,ueneHHH rrpO)lYK­
TOB )leJieHHH Me)K)ly OKCH)lHOH 11 MeTaJIJI11qec­
KOH <pa3aMH pacrrnasa B 3aBI1CHMOCTI1 OT CTe­
rreHH oKHcneHHH, aToMHoro OTHorneHmi U/Zr, 
TeMTiepaTypbl l1 COCTaBa CTaJIH . .D:orrOJJHHTeJib­
HO 11ccne,nosanocb BJIIDIHHe ,no6aBOK B4C Ha 
pacrrpe,ueneHHe BhI6paHHbIX HMHTaTOpOB rrpo­
JlYKTOB )leJieHJrn Me)K)ly MeTann11qecKOH 11 OK­
CH)lHOH: <paJaMR pacrrnaBa [ 14, 22, 27, 28]. 

B Kaqecrne HMHTaTopoB rrpOJlYKTOB )lene­
HHH BbI6paHbI Mo, Ru, Sr, Ba, La 11 Ce. Ilpe)l­
nonaranoch qTo x11MW1ecKaj{ <popMa 11x cy­
mecTBOBaHliH He HMeeT cymecTBeHHOrO 3Ha­

lJeHHH B CBH311 C TeM, qTo B 3KCIIep11MeHTaX 
KOPHYM 6y,neT rrpoXO.ll,liTb qepe3 IlOJIHOe pac­
rrnaBJieHHe. TTpHrOTOBJieHHhie cneqeHHhie 
6p11KeTbl KOpHy-MOB (rn6JI. 7) pa3)lpo6neHbl B 

T 6 a JJ" n a 7 X 6 HMH'feCKJ,IH COCTaB np11rOTOBJ1eHHblX O IOa.31..tOB, o/c o no Macce 

Kop11yM U/Zr W11cpp u Zr Zrceo6 C B 

C-32 1,2 B1066 66,80 21,92 14,85 0,007 -
C-32 1,6 81082 71,55 17,11 11,50 0,008 -

C-32 + 0,5 % B4C 1,2 Bl 195 66,33 21,76 - 0,12 0,37 
C -32 + 0,5 % B4C 0,9 Bl 197 62,81 25,51 - 0, 11 0,39 

C-60 1,2 B1091 65,30 21,10 8,46 0,006 -
C-70 1,2 B1065 65,10 21,10 6,22 0,006 -
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HeOK.HCn HTeJlbHbIX ycJJOBHIDC JlO COCTOfilil151 

KpynKH c xapaKTepHbIM pa.3MepoM ~ 0,5 MM, 

B KOTOpyro .uo6aBJleHbl OT06paHHbJe 3neMeHTbI 

B BH.Ue cMeCH rropolliKOB Mo, Ru, SrCO3, 

BaO2, La2O 3 H CeO2 B KOJTHqecrne 0,4 % no 

Macce B nepec'leTe Ha MeTaJJJJhI. 

PaBHOMepHO nepeMemaHHbie CMeCH no­

pOIIJKOB 3arpy3HJlli B BOJJbcppaMOBbie THTJTH 

BHYTpeHHHM JlHaMeTPOM 30, BbICOTOH 130 MM 

H neperrJJaBHm:1 B aproHe no pe)KJ,IMy: 6bICT­

pbrn- BbIXOJl Ha TeMnepaTypy nOJlHOro pac­

rrnaBJJemrn 2 400 ... 2 600 °C B 3aBHCHMOCTH 

OT CTeneHH OKHCJleHH51 pac1rnaBa, BbJ,Uep)l(Ka 

1 ... 3 MHH 11 BbIKJllOtJ.em1e HH.llYKTOpa. I1oJJy­

'leHHbie CJJHTKH H3BJJeKJJl1 113 BOJlbqlpaMOBblX 

THrJleH H B TaKOM BH,Ue HCil0Jlb30BaJJH B no­

CJle}ly'IOil.JJ[X 3Kcnep11MeHTax. PeHTreHOCTPYK­

TypHhrn amUIB3 ITJlaBJJeHbJX CJ111TKOB nOKa.3aJJ, 

qTQ cpa.30Bblli COCTaB O,llHHaKoB: (U, Zr)O2 + 
+ a-Zr(O). MeTO.D.OM KOJJHtJecrneHHoro q>a.Jo­

Boro aHaJJH3a onpe,ueJJHJJH KOHUeHTPan11ro cpa-

3hI a-Zr(O), IIOKa.JaBIIJero, qTo B pe3yJlbTaTe 

IIJJaBJleHH.sr CTeIIeHb OKHCJleHHR l.(11pKOHIDI 

YBenwnrnacb Ha 18 ± 3 %. BhIIIOJIHeHHa.sr ce­

p11R STFM-FP BKJJJOqaeT BoceMb 3Kcnep11MeH­

TOB C pacIIJlaBOM pa.3HOH CTeneHH OKHCJiemrn 

U11pKOHllil. OcHOBHbie ycJIOBllil 3KCIIep11MeH­

TOB cep1111 STFM-FP np11BeL1eHbl B Ta6n. 8. 
CocrnBJJeHHhIH no Kcl)l(JlOMY 3KcnepHMeH­

Ty MaTepHaJJbHbIH 6anaHC nOKa.3bIBaeT, 'ITO B 

pe3yJlbTaTe pa36aBJleHl1H cpe.n.HAA KOHUeHTPa­

UH51 Ka)l(,UOfO H3 npO.UYKTOB ,ueJJeHHR B pac­

IlJiaBe cocTaBAAJJa 0 25 ± 0,03 % no Macce. B 

a6comOTHOM Bbipa)KeHHH B pacnJTaB BBe}leHO 

no l 15 ± 0,05 r Ka)l(}lOro IIpO.UYKTa }leJleHHH B 

nepectJeTe Ha MeTann. Bo Bcex 3KcnepHMeH­

Tax o6ma5f Macca c6opoK, BBOJlHMbIX B XOJlOJJ,­

HhIH THreJlb, npHMepHO 0,llHHaKOBa 620 ± 
± 20 r. B paCIIJlaB BBOJlHJlOCb 0Jll1HaKOBOe KO­

JIH'leCTBO (no 15 r) )l(eJie3a l1Jll1 B 3KCIIepH­

MeHTe STFM-FP N!! 4 Koppo3HOHHO-cTom<oH 

CTaJJH. 

Y CJIOBl151 npoBe}leHJUI 3Kcnep11MeHTOB 

TaK)l(e 6hIJil1 B OCH0BHOM TO)l(JleCTBeHHbIMH. 

IT03TOMY 11 OTHOllleHHe MaCCbI CTaJJH K Macce 

OKCH,llH0ro pacnJJaBa IlO'-lTH OJlHHaKOBoe: 

Ki = mFelmoKctm = 0,045 ± 0,005. OcHOBHbie 

3aKOHOMepHOCTl1 IIpH B3aHMO,UeHCTBHH OK­

CHJlHOfO pacnJJaBa 11 )KeJle3a, B qacTHOCTH, 

BJlIDllll[e CTeneHH 0KHCJleHHR paCIIJJaBa Ha 

Macey o6pa3yroIUeHCH MeTaJJJIW:leCKOH q>a.3bl H 

KOHu;ettTPaumo B HeH ypatta H UHpKOHIDI, 

Ta6J1 8 0 HQ a , CHOBHbJe VCJJOBHSI 3KCnepttMeHTOB cep1u1 STFM-FP 

<l>aKTOpbl 
STFM-FP 

I 2 3 4 5 6 7 8 
ill.Hepp pacnnasa: 

B 1066 X 
B 1082 X X X 
BI 195 X 
B 1197 X 
B 1091 X 
B 1065 X 
U/Zr: 
0,9 X 
1,2 X X X X 
1,6 X X X 

T, °C: 
2 550 X X 
2 600 X X X X X 
2 700 X 

t, MHH: 

15 xlxlxlxlxlxl I 
60 X X 

Mernnn: 
Fe xlxlxl lxlxlxlx 

Crnnb X 
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OOJlTBep)K)lalOTCR H B np11cyrcTBHH B CHCTeMe 

rrpOJl)'KTOB ,[{eJieHHR (Ta6JI. 9). 
Kom.{eHTpaUHR rrpOLl)'KTOB neneHHR B OK­

CHJlHOH H MeTanJIHqecKOH cpa3ax naeT K03cp­

qJHUHeHT pacrrpenenemrn, KOTOpbIH xapaKTe­
p113yeT COOTHOllieHHe Me)K)ly KOHUeHTpaUIDI­

MH B qJaJax, HaXOJlUUHXCR B paBHOBeCHH Me­

)1(,lly co6o.H B H3OTepMH1'IeCKHX ycJIOBllilX, H 

onpenenReTCR KaK ko = XMei-.cpa:ia/XoKCIUl.cj>aJa• lfa 
Ta6J1. 9 B~O, 'ITO MOJIH6JleH H pyreHH.H a oc­
HOBHOM KO~eHTpHPYJOTCR B MeTan.m,rqecKoH 
cpa3e, Bee OCTaJihHhie rrpOJl)'KThl neneHIDI, Ha­
nponrn, npeHM)'IUeCTBeHHO B OKCH,llHOH cpa3e. 

AHaJIH3 ,[{aHHhIX Ta6J1. 9 llO3BOJ1ReT 3a­
KJIIO'l11Th [14, 28], 'ITO np11cyrcrn11e B pacnna­
Be Mo, Ru, Sr, Ba, Ce La KatiecrneHHO He 
BmrneT Ha era B3aHMO,[{eHCTBHe C KOHCTp)'K­

U110HHOH CTaJihlO H xapaKTep CTparnqJHKau1rn 

pacnnaaa B Kopnyce peaKTOpa. K03cpcp11uHeH­
Th1 pacnpeneneHHR rrpOJl)'KTOB neneHHR Me)K­
ny OKCHJlHOH H MeTaJIJIH'leCKOH cpa3aMH no 
pa3HOMY 3aBHCRT OT CTeneHH OKHCJ1eIDUI pac­

rrnaBa, aTOMHOH .nonH U/Zr, cocTaBa KOHCT­
P)'KUHOHHOH CTaJIH H TeMnepaTyphl. 

C yaenH'IeHHeM CTerreHH OKHCJieHHR pac­

rrnasa OT C-65 no C-86 H aTOMHOM nonH OT 
1,29 JlO 1,68 K03qJcpHIDleHThl pacnpe.ueneHHR 
,nnR Mo H Ru yaem1q.11aa10TCR B HeCKOJihKO 
pa.3, a Sr, Ba, Ce H La H3MeHRIOTCR B npe.ne­
nax 50 %. C yaeJIH'-IeHHeM TeMnepaTypbl OT 
2 600 .no 2 700 °C, a TaK)Ke npH nepexo.ne OT 
)KeJie3a K Kopp03HOHRO-CTOHKOH CTaJIH K03cp­

cpm..{HeHThI pacnpe.neneHID! acex rrpO.U)'KTOB 
nenemrn YMeHhlllaIOTCR. 
1.4. Jf ccneooea,we npoi,ecca cmpamucjJuKa­
LfUU 6acceu1-ta U-Zr-O-Fe pacnJ1.aea e 0Kucnu­
me.J1b1-tb1x yc110BURX. 

B BbIIlOJIHeHHhIX 3KC□epHMeHTax cepHH 

STFM-Fe [11 ... 13] ycrnHOBJieHo, qrn MeTan­
JIHqecKaR cpa3a tta octtoae Fe H OKCH,ll;Hhitt KO­
PHYM B pacrrnasneHHOM COCTORHHH He CMe­

WJiBaIOTCR. Bo BCex 3KCrrepHMeHTax, npoBe­

,neHHbIX C HCTIOJib3OBaHHeM He,llOOKHCJieHHOfO 

KOPHYMa (C-32, C-50, C-70), B pe3ynoTaTe 
B3auMonei1:cTBHR pacTIJ1aBnemwe Fe HaChIIJ.la­
eTc.H ypaHoM, UHpKomrnM H K.HcJioponoM. Ero 
□JIOTHOCTh CTaHOBHTCR 60Jibllle llJIOTHOCTH 
pacrrJiaBJieHHbIX OKCHJlHbIX KOpHyMoB. B pe-
3YJihTaTe o6pa3yeTCR CTpant:cpHUHpOBaHHa.R 
CTpYKTypa 6acceHHa pacrrJiaBa c MeTann11qe­
CKOH qJaJOH B HH)KHeH qacrn. 



Bee BhIITOJIHeHHhie 11ccne.nosamrn rrpose­

,neHhI B HHepTHOH aTMOC<pepe 'ITO Il03BOJIHJ10 

ycTaHOBHTh OCHOBHhie <paKTOpbI, onpe,nemno­

LQHe pe3yJihTHpy'lOLQHe COCTaB 11 Macey o6pa-

3YJOlll.eikH 6onee T.sI)KeJIOH MeTaJIJIHY:eCKOH 

q>a3bl. K 11X 'IHCJIY OTHOCHTCH CTerreHb OKHC­

JieHHOCTl1 OKCH)lHOro KOPHYMa, COOTHOllleHHe 

Mace KOp11yMa H CTaJIH, a TaIOKe aTOMHOe OT­

HOllleHHe U /Zr B KOpHy-Me. B peanbHhIX ycno­

BHHX rrp11 TIDKenotr anap1111 B Koprryce BB3P 

MO)KeT )lOCTaTO'lHO )lOMO coxpaHHTbC.H napo­

BaH aTMoccpepa. Ilo3TOMY cymecrnyeT Heo6-

xo,n11MOCTb HCCJie,nosaHHH 803,lleikTBHH OKHC­

JlHTeJibHOH cpe,nbI Ha)l nosepXHOCTbJO pacn­

nana, 06pa3onanrneroc.sr Ha HaY:am,HOM 3Tane 

y.uep)Kamrn: pacnnanneHHOH aKTHBHOH 30HbI 

BHYTPH Koprryca peaKTopa, Ha rrocne,uyiol.Qyio 

3BOJIIOUHIO KOH<pHrypaum-1. 6acceirna pacrrna­

Ba. 

U:eJibJO BbIIlOJIHeHHhIX 3KCnep11MeHTOB ce­

pHH STFM-Ox, pe3ynhTaTbI KOTOpbIX npe.n­

cTasneHhI B HaCTOHlUeM pa3,nene, CTaBl1JIOCb 

H3YLJHTb Bmunme napOBOH aTMOC<pepbl Ha 

crnu110HapHYJO KOHqmrypanHIO 6acceifHa pac­

nnana B c11cTeMe U-Zr-0-Fe (cTanb) B 3am1-

CHMOCTH OT KOJlH'IeCTBa rrornoLQeHHOro li3 

napoBOH cpe.ri;hl KHCJIOpo.na [ 16). HatJaJihHbie 

COCTaBhI OKCH,ZlHblX KOpHy-MOB H COOTHome­

HHH Mace KOPHYMa H Fe BbI6HpaJIHCh 6JIH3KH­

MH K aHanorHtJHbIM B 3KCnepHMeHTaX cepHH 

STFM-Fe [11 ... 13), rrpose,neHHhrx B HHepT­

HOH aTMOC<pepe, tJTO Bbl.sIBHJIO BJIIDIHHe KOJlH­

YeCTBa rrornomeHHoro KHcnopo.na Ha KOHetJ­

HOe COCTOHHHe pacnnaBJieHHOH CHCTeMbI. 

B KaY:eCTBe HatJaJihHbIX COCTaBOB HCITOJlb-

3OBaJIHCb KOpHy'Mbl, COCTaBbl KOTOpbIX IIpHBe­

,neHbI s Ta6n. 10. 
3KcnepHMeHThI rrpOBO,ZlHJIHCb n COOTBeT­

CTBHH C rrpe.nsapHTeJibHO COCTaBJieHHOH MaT­

pHueif (rn6n. 11) npH TeMnepaType 2 600 °C. 
MaTPHUa cnnaHHponaHa TaKHM o6pa30M, qTo-

6b1 rrp11 MHHHMaJibHOM KOJIH'leCTBe 3KCrrepH-

MeHTOB IlOJIYLJHTb MaKCHMaJibHO BO3MO)KHYJO 

HHq>OpMaUifJO O <pyHKUHOHaJibHhIX CBH3HX 

orrpe,nenHIOlUHX K0Hqmrypau1110 6acceiIBa 

pacrrnasa npw OKHcneHHH. 

3KcnepHMeHTbI OCYLQeCTBJIHJIHCb B .nsa 

OCHOBHhIX 3Tarra. IIepBbIH ITOJIHOCThIO ITOBTO­

p.srn TeXHOJIOrmo npoBeneHHH paHee BhIITOJI­

HeHHbIX 3KcnepHMeHTOB cepw11 STFM-Fe 

[ 11 .. . 13]. IIocne CTa611JIH3a[lUOHHOH BbI,Zlep­

)KKJ1 s Tet.IeHHe ~ 5 MRH B pacnnaB OKCH,ZlHOro 

KOpHy'Ma orrycKaJIHCh )KeJie3O HJIH CTaJih. Tipo­

,ZlOJl)KHTeJibHOCTh BbI.Uep)KeK 'tt pacrrnaBa KO­

pHy'Ma B KOHTaKTe C sae,neHHbIM MeTaJIJIOM co­

CTaBJIHJla OT 30 .no 60 MHH. BTOpOH 3Tan 3KC­

rrep11MeHTOB npoBOJlJ1JlCH: B ycJIOBH.llX, HMHTH­

PYJOLQHX OKHCJieHHe pacrrnaBa 113 napoBOH cpa-

3bl Ha.n nosepxttocn10 6accei1Ha. 3a 10 MHH 

.no HatJana OKHCJieHHH Ha'IHHanacb npoJlynKa 

ren11H qepe3 pa6oqyio KaMepy ycTaHOBKH c 

ITOCTOHHHblM pacxo,noM 17 HJII MHH. 

IIpoBe,neHHIO 3KCnepHMeHTOB npe.nU1eCT­

BOBana OTPa6oTKa MeTO.UHKH OKHCJleHIDI pac­

nnaBJieHHOro OKCH,UHOro KOpHy'Ma [16). B pe-

3YJlbTaTe BbIIlOJIHeHHblX cpaBHHTeJibHhIX 3KC­

nepHMeHTOB no OTPa6oTKe cnoco6a no.z:i;aq11 

rrapa npeHM)'IlleCTBO OT,ZlaHO KaneJibHOMY Me­

TO.UY KOTOpblli o6ecnetJHBaJI Ha,Zle)KHbIH TPaH­

cnopT OKHCJIHTeJrn K 3epKany pacrrnasa, BhI3hI­

nan MHHliMaJlhHhie BO3MY1UeHHH KaK IIO TeM­

nepaType, TaK 11 no MexaHH'-:leCKOMY COCTO.H­

HHJO pacnnaBneHHOH IlOBepXHOCTH, I1O3BOJIHH 

C xopollleH TOtJHOCThJO rrnaHHpOBaTb rrpose­

,neHHe 3Kcnep11MeHTOB Ha 3Tane OKHCJieIDrn. 

OK11cnett11e pacnnana BO.D.HHbIM napoM ,na­

nano BO3MO)KH(}CTb OCYlUeCTBJIHTh B pe)KHMe 

on-line KOHTPOJib 3a rrponeccoM no KHHenuce 

BbI,UeJieHHH Bo,nopo,na. C ueJibJO rrpaKTH'leC­

KOH pean1nal.l1111 3TOro B pa6oTe BhI6paHa xpo­

MaTorpa<p11Y:ecKa.sr MeTO,ZlHKa KOHTPOJIH COCTa­

Ba ra30BOH cpe,nbl. B 3KCnepHMeHTax OT6op 

ra3a OCYlUeCTBJIHJIC.H HenpepbIBHO 113 3OHbl B 

sepxHeH qacn1 KaMepbl C ITOMO!.UbIO BO.llOOX-

T 6 a JlHUa 10 H a4a.JlbHble COCTaBbl KOPHYMOB B 3KCne )HMeHTaX STFM 0 - X 

KopHyM U/Zr W11cpp 
KoHueHTpau11si , % no Macce <lJa30BblH cocrns 11 napa-

u Zr Zrc•o6 C MeTp peweTKH, HM 

C-32 09 Bl 146 63,06 25,82 17,73 0,007 
(U, Zr)O2 (a = 0,5418) + 

+ a -Zr(O) 

C-32 1,2 B1270 66,73 21 ,78 14,84 0,009 
(U, Zr)O2 (a = 0,5423) + 

+ a-Zr(O) 

15 



T 6 a JIHQa 11 M aTpHua 3KCnep1-1MeHT0B cepHH STFM 0 - X 

©aKTOpbl 

I. HaYarrbHbIH C0CTaB 

C-32 
U/Zr 
0,9 
1,2 

2. KotteYHblH cocns 

C-55 
C-70 
C-85 

3. 111M,/111.on 

0,05 
0,1 
0,2 

4. MeTarrn 

Fe 
CTaJ!b 

5. BpeMH, •1 
30 MHH 

60 MHH 

6. BpeMH, • 2 
30 MHH 

Jia)J(JlaeMoro 30H,na. npHMeHeHHe remrn: o6ec­

rre'!HBano 6b1cTJ)oe rrepeMellIHBaHHe o6pa3YJO­

maxcR ra30B (H2, CO) B 061,eMe ycTaH0BKH, a 

Il0CTORHHcUJ rrpo,nysKa reJIHSI orpaHH'!HBana 

ycTaH0BHBllIYJOCR K0HUeHTJ)aumo B0,nopo,na 

BeJIH-q]fHOH He 6onee 5 06.%. 3TO orpaHHqe­

HHe no K0HUeHTJ)aUHH Bo,nopo,na B KaMepe 

o6ecne'!HBanO B3pbIB06e3onacHOCTh, HCKnIO­

qcUJ yqacTHe o6pa3YIQmerocR so,nopo.na B qm-
3HK0-XHMH'!eCKHX npoueccax c pacnnasoM 11 

rH,npHposam1e MeTanJIK'!eCKOH cpa3bl npH ox­

Jia)K,l],eHHH H KpHCTanJIH3aUHli. 

Pe3yJibTaTbl H3MepeHHH KOHUeHTJ)aUHH 

o6pa3YJOWHXCR ra30B (H2 H CO) cpaKcHposa­
JIHCh aBT0MaTH'•IeCKH B BH,L{e ,L{HCKpeTHhIX IIH­

K0B c HHTepsanoM BO BpeMeHH ~ 15 C. Ilocne 

3aBepweHml :nana 0KHCJieHHR B 3KCIIepHMeH­

Tax STFM-Ox NQJf2 2 .. .4 nposo,nHnach ,no­

nonm1TeJibHM BbI.Uep)KKa 1:2 .nmneJibH0CThlO 

30 MHH. B .npyr11x 3KCnepHMeHTax ,naHHOH ce­
pHH TaKOH BbJ,L{ep)KKH He ,neJiaJI0Cb. no 0KOH­

qam,111 scex 3TanoB JKcnepmvteHTa ocyiuecTB­

JHI.JI0Cb Me,nneHH0e (~ 50 rpa)l/MHH) CHH)KeHHe 

TeMrrepaTypbI .no ~ I 600 °C. 3aTeM npo,nysKy 

reml:eM npeKpamanH, BbICOKO'IaCTOTHblH reHe­

paTop BblKnIO'!am1 H 0CTbIBam1e .no K0MHaT­

HOH TeMnepaTypbI np0B0,lll1JI0Cb B Te'!eHHe 

16 

I 

X 

X 

X 

X 

X 

X 

STFM-Ox 
2 3 4 5 6 7 8 9 

X X X X X XXX 

X X 
X X X X X X 

X 
X X X 

X X X X 

X X X X X 
X X X 

X X X X X X X 
X 

X X X X X )c 

X X 

X X 

HeCK0JlbKHX '!aC0B. TaK, HarrpHMep, B 3KCne­

pHMeHTe STFM-Ox N2 1 HCII0Jib30BanCR K0-

PHYM C-32 (U/Zr = 1,2). 
3KcnepHMeHT CIIJiaHKpoBaH TaKHM o6pa-

30M, '-IT06bJ ero pe3yJihTaThl M0)KH0 6hrnO co­

II0CTaBHTh C paHee npoBe)leHHbIMH 3KCnepH­

MeHTaMH STFM-Fe N2N2 4 11 10. Ha rrepBoM 

3Tane, KOTOpbIH npOB0,L{HJICR B 11HepTHOH cpe­

.ne, 0CH0BHbie ycJI0BHH, B TOM '!HCJie 0TH0-

rnem,,:e Mace )KeJie3a 11 K0PHYMa, noBT0pHIIH 

3KcnepHMeHT STFM-Fe N2 4. Ha BTopoM :na­

rre npe,urronaranocb 0KHCJIHTb CB060,nHhIH 

u11pKOHHH B K0PHYMe ,no ypoBHJt, cooTBeTCT­

BYIQlllero 1:-ia1IanbH0MY K0PHYMY C-70. 3TOT 
3Tan no ycn0BHHM npoBe,lleHHSI 3KCnepHMeHTa 

cooTBeTcrnosan 3Kcnep11MeHTY STFM-Fe N2 

10 c TOH pa3HHUeH, '-ITO C0CTaB K0PHYMa DO 

KHCJI0po.ny, 3KBJ1BaneHTHhlli HaqaJihH0MY co­

CTaBY C-70 B paHee BbHI0JIHeHH0M 3Kcnep11-

MeHTe STFM-Fe N2 10, nocT11rancS1 B K0HUe 

3Tana 0KHcnemrn. TeMnepaTypa 3KcnepHMeH­

Ta yseJIH'-leHa ,ll0 2 600 °C B CBH3H C npe.nno­

naraBlIJHMCH II0BblllleHHeM TeMnepaTypbl JIHK­

BHJJ.YC B pe3yJihTaTe ,L{0II0JIHHTeJibH0ro 0KHC­

neHHH K0PHYMa. 

no onhny scex paHee npose,neHHhIX B 

,llaHHOH reoMeTJ)HH X0JI0,L{H0ro TITTJIR 3Kcne-
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P11c. 3. Tep~1orpaMMa 3Kcnep11MeHTa STFM-Ox 
N!!l 

pHMeHTOB cep1rn STFM-Fe Macca pacrrnasa 

KOpHyMa COCTaBJUlJla ~ 300 r. nonanur TaK)'IO 

)Ke l\laccy B IIJI8HH.pyeMOM 3KCnepHMeHTe, BbI­

IIOJIHeHbl npe.nsap1neJlbHh1e oueHKH Heo6xo­

.n11Moro KOJ111'-leCTBa BO)lbl )lJlji OKHCJieHHR Bbl-

6paHHOro KOPHYMa C-32 .no C-70, rroKa.3aB­

urne, '-ITO .nm 3TOro IIOTPe6yeTCR OKOJIO 10 r. 
Ha pHC. 3 npJIBe.ueHa TepMorpaMMa 3KCITe­

pHMeHTa STFM-Ox Mi l . 
Ha nepsoM 3Tane nocne BBe.ueH11R B pac­

nnas KOPHYMa 15,1 r Fe BhI)lep)f(Ka -r1 cocTa­

BHJia 30 MHH. Ha :nane OKHCJieHJfji oueHeH­

Hbie IO r BO)lbl s BH.Ue ~ 300 KaneJib JlOCTaB­

JTeHbI K nosepxHOCTH pacnnasa 3a o6mee spe­

WI 15 MHH co cpe.nHeH qacrnrni:i no.na'!H 1 
KannR B 3 ceK)'H.llhI. ITp11 nona.naHHH Ka)l(.llOH 

KaTJJIH Ha rrosepxHOCTb pacnJiaBa OTMelfa.JIHCb 

11 <pl1KCHpOBa.JIHCb C TIOMOIUblO UH<ppOBOH BH­

)leOKaMepbl RpKHe BCIIblllIKH, CBR3aHHbie C 

OKHCJTeHHeM CB060.llHOro Zr (pHC. 4). 
Bb16paHRbie '-laCTOTa no)la'm Kanenb 11 11x 

Macca COBMeCTHO C npO.llyBKO}I rem1eM o6ec­

necrnBa.JIH 6hICTP)'IO .llMCCHIIaU1110 3K30TepMH­

'-leCKOfO TeIIJ1a. B pe3yJihTaTe npH <pl1KCHpo-

5 

4 

3 

2 

T 

BpeM.si. MHH 
0 +----~---,--'-~---4-~--+-...--:--.......... - .......... 

55 60 65 70 75 80 

P11c. 5. KoHueHTpau1111 H1 a KaMepe ycTaH0BKH a 
3Kcnep11MeHTe STFM-Ox NQ I a npouecce 
0KHCneHH.!I 

saHHOH IIO)lBO.llHMOH :meKTP11'-leCKOH MOI1lHO­

cn1 o6mee nosb1meH11e TeMnepaTypbI pacnna­

sa npaKTH'-leCKH He rrpm!CXO.llHJIO. Ha pHC. 5 
npHBe)].eH ycpe.nHeHHbili rpacp11K H3MeHeHilll 

o6beMHOH KOHUeHTPau1111 B0.llOpo)la B rrpouec­

ce OKHCJleHHH B KaMepe ycTaHOBKH. 

Ha Ha'-fa.JibHOM yqaCTKe B HHTepBa.Jie OT 

55 .no ~ 61 MHH npH IlOCTOHHHOH npO.llyBKe 

reJIHeM 17 HJII MHH npOHCXO.ll11T OTHOCHTeJib­

HOe HaKorrnem1e so.nopo.na B KaMepe .no ycrn­

HOBJieH}lji CTaUHOHapHoro paBHOBeCHR. Ilocne 

3aBeprneHl1H 3TaIIa OKHCJTeHJ,fji o6pa.30BaR11e 

so.nopo.na npeKparuaeTCR 11 nptt npo.non)KaIO­

ruei-lcH npO.UyBKe reJIHeM ero OCTaTO"IHM KOH­

ueHTPaU}lji B KaMepe na.naeT. 

BbIIIOJIHeHHbie 113Mepemrn IlOKa.3bIBalOT, 

'-ITO o6mee KOJ11,{1JeCTBO o6pa.30BaBlllerocH B0-

.nopoaa COCTaBHJJO l 0,8 JT. OTCIO.lla cne.nyeT, 

'-fTO 113 o6mei1 Macchi 10 r BO.llhI, no.naHHoil: Ha 

nosepxHOCTh pacnnasa B s11.ne Kanenh, B pe­

aKUHID C pacnnaBJJeHI-IOH IIOBepXHOCTblO BCTy­

IIHJJO TOJlbKO 8 68 r BO)lbl. Pa3HHU8 B 1,32 r B 

P11c. 4. Tepl\111'-leCKa.si BCnblWKa np11 B3al1MOJ].eikTBl111 KanJrn B0)lbl C 3epKaJJOM 
pacnnaaa 
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P11c. 6. KoHueHTpau11si CO B KaMepe ycTaHOBKH B 
3Kcnep11MeHTe STFM-Ox NQ 1 B npouecce 
OKHCJleHHSI 

BH,Ue napoB BO.Ubl yurna H3 30Hbl B3aHMO,UeH­

CTBH.sI. Ko3cpcpuu;i1eHT ycBOeIDUI BO.Ubl COCTa­

BHJJ 86 8 %. Macca KHCJJOpo,ua BOllle,uwa.sr B 

pacrrnaB, COCTaBIIJJa 7, 71 r H npwBeJia K OKHC­

nemno 21,98 r CB060,nttoro Zr ,no Zr02. O,u­

HOBpeMeHHO C BO,UOpO,UOM B COCTaBe ra30BOH 

cpe,Ubl Ha OCHOBe remrn B KaMepe ycTaHOBKH 

3acpHKCHpOBaHO o6pa30BaH11e CO. )],11HaMHKa 

H3MeHemrn KOHII.eHrpaIJ,HH co BO BpeMeHH Ha 

3Tane 0KHCJJemrn B0CTip0H3Be,UeHa Ha pHC. 6. 
BH.UHO, '--ITO ypoBeHb K0HIJ,eHTpamrn co 

MH0ro HH)Ke K0HUeHrpauI•IJf B0,nopo,ua. ITocJie 

3aBeplllemu, 3Tarra oK11cneH11.sr B pe3ynhTaTe 

CHH)l(eHH.sI TeMnepaTypbT KOHUeHTpaUH.sI co B 

KaMepe 6bICTpo CHH)l(aeTC.sI ,no rrpe,uena 1IYBCT­

BHTeJJbHOCTH. l1HTerp11poBaHwe B,U0Jib KOH­

ueHTpaUHOHHOH KpHBOH Ha pHC. 6 c yqeTOM 

IIOCTO.sIHHOH CKOpOCTII npO.UYBKH renHeM 

(17 HillMHH) 11 CB060llHOro o6beMa KaMepbI 

(~ 25 n) np11 pa601JeM ,uaBrreH1111 ren11.sI 1,4 aTM 

II03BOJ111J10 OIJ,eHHTb o6mee KOJIHlJeCTBO o6pa-

30BaBweroc.sr CO senwmHoH ~ 8,4· l 0-3 
HJI. 

Attanorn1JHhIM o6pa30M npose,ueIIbI see 

3KcnepHMeHTbI cep1u-1 STFM-Ox [ 16]. l1x pc-

3YJJbTaTbI npe,ucTaBJJeHbI B rn6n. l2. 
Pe3yJJbTaTbl nepBblX .D.Byx 3KCrrepHMeH­

TOB, KaK MO)KHO BH,UeTb H3 Ta6JJ. 12, flOJJH0-

CTb!0 C0Bna,uaIOT KaK no MaccaM o6pa30BaB­

!IlHXC.sI OKCH,D.Horo H MeTaJJJJH'--leCK0ro CJIHT­

K0B, TaK If no HX C0CTaBaM. )J.onOJIHHTeJlbHa.sI 

Bbl,Uep)KK3 T2 = 30 MHH II0CJie 3aBepwemrn: 

3Tana 0KHCnemur B 3Kcnep11MeHTe TFM-Ox 

NQ 2 He np1-rnena K KaKHM-JlH6o 3aMeTIJblM 0T­

KJI0HellH.sIM. 3ro YKa3bl8aeT Ha TO, '--ITO 11po­

IJ,eCCbl ycTaHOBJJemr.sr paBH0Bec11.sr B C\1CTeMe 

npH 0KHCJieHHH, no KpaJ:f-Heil Mepe B j'CJ I0BH.sIX 
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Ta6mn.ta 13. 3aBHCHMOCTb COOTHOllleHHll Mace MeTa.rIJlH4eCKOH H OKCH,UHOH cpa:3, o6pa.3ylOl.llHXCll 
B3aHMOD.eHCTBHH Fe C OKCH,nHblM KOPHYMOM, OT CTeneHH OKHCJleHHOCTH L\HPKOHHll 

npH 

3Kcnep11MeHT 
KoHe'-!ttasi cTeneHb OTHOLI1eH11e Mace m FJm oKcun 

OK.J,fCnemrn Zr Ha'-la.ribHOe K1 Kotte1.Jttoe K1 

STFM-Fe N!! 4 C-32 0,048 0, 197 (0, 146*) 
STFM-Ox N!! 3 C-54,2 0,056 0, 146 
STFM-Ox N!! I C-69 0,055 0, I 03 

STFM-Fe N!! I 0 C-70 6 0,052 0 085 

STFM-OxN!!2 C-72,4 0,057 0,097 
STFM-OxN!!4 C-83,6 0,060 0,068 
STFM-FeN!i 9 C-32 0, 107 0,513 (0,290*) 
STFM-OxN!! 5 C-74,5 0,112 0,169 
STFM-OxN!!6 C-88 0,096 0,077 
STFM-Ox N!! 6a C-92 0,098 0,089 
* 11cnpasneHHal1 B COOTBeTCTBHH C COOTHOWeHHeM ( l) BeJlH'-IHHa 

H MaCUJTa6e rrpoBe,neHHbTX 3KCIIepHMeHTOB, 

npoTeKalOT C L(OCTaTOtJHO BhICOKHMH CKOpO­

CDIMH. 

YBeIDP-Iefille CTerreHH OKHCJleHROCTH KO­

PHYMa IIpHMbIM o6pa30M BJlmleT Ha COOTHO­

meu11e o6pa3)'l01.l{HXCH Mace uecMennrnaJO­

IlUl:XCH MeTaJlJlH'IeCKOfO H OKCH.llHOro pacrrna­

BOB. B Ta6n. 13 co6paHbl pe3yJibTaTbI 3KCrre­

pH.MeHTOB, HJIJilOCrpHp)'lOmHe 3TY 3aBHCH­

MOCTb. 

Ha pHC. 7 rrpHBe,lleHbl B rpaqrnqeCKOH 

<popMe mrneHHbie 3aBHCHMOCTH OTHOllieHHsr 

K2 OT crerreu11 C-n KOHequou OKHCJieHHOCTH 

OKCH,llHOro KOpffYMa )lJUI .llByx 3uaqeHHH na­

paMerpa K1. CooTBeTCTBYJOillHe mrneHHbie 3a­

BHCHMOCTH HMelOT BH,ll. 

K2 = 0, 195 - 0,00 l 53C-n npH K1 = 0,05; 
K2 = 0,407 - 0,00357C-n npH K1 = 0,1. 

0,6 
K2 

9• I 
0,5 LI 

I 0,4 

9 I {-0.3 -

~ I 0,2 ,_ I 
J__ _:_' ~ 

0,1 I - . ~ 

0 ~- ~ --l- C-n _.j 

20 40 60 80 100 

P11c. 7. 3aBHCHMOCTb KOHe'-IHOro OTHOWeHHll K2 
Mace OT KOHelJHOH CTeneHH C-n 0KHCJleHHOCTH 
KOpHyMa: I - K 1 = 0,050 ± 0,007; 2 - K 1 = 0, 100 ± 
± 0,009 

Tio 3THM ,naHHhIM C yqeTOM COOTHOIIIeHHH 

(1) MO:>KHO nocrpoHTh o6o6meuHoe ypaBue­

HHe B BH,Zle 

K2 = - 0,01725 + 4,2438K1 -

- C-n(- 0,0005122 + 0,040832K1) , (2) 
CBH3b1Ba10mee OTHOJlleHHe K2 Mace, o6pa.3y­

lOilJHXCH B pe3yJibTaTe B3aHMO,ZleHeTBHH Me­

TaJlJIHqecKOH H OKCH.llHOH <pa3, C HaqaJlbHbIM 

OTHomeHHeM K1 Mace H Kouequou ereneH1>JO 

C-n OKHeneHHOCTH KOpH)'Ma rrpH aTOMHOM 

OTHOIIIeIDIB U/Zr = 1,2 .[(JUI TeMITeparypuoro 

HHTepBana 2 773 . .. 2 873 K. 
YpaBHeHHe (2) Il03BOAAeT (6e3 yqeTa HC­

aapeHHH )KeJie3a) rrporH03HpOBaTb COOTHOille­

HHe Mace B crpaTHQHIUHpOBaHHOM 6acceHHe 

pacruiaBa, o6pa3)'lOIIJ.eMCH IIpH B3aHMO,ZleHCT­

BHH Fe H OKCH.llHOro KOpH)'Ma, B 3aBHCHMOeTH 

OT HalJaJlbHOro OTHOllieHIDi K1 H KOJIH'leCTBa 

aornomeHHoro KHcnopo.na, BhipIDKeHHoro qe­

pe3 ereneHh oK11c11euHH Zr. YBemrtieHHe cre­

neu11 OKHCJieHHH npHBO)lJ1T K )'MeHbllleHHJO 

MaccbI MenUJJIHqeeKoro pacnnaBa H ero nnoT­

uoeTH. I103TOMY IIpH )J,JIHTeJlbHOM y.nep)KaHHH 

pacrniaBa B Kopnyce peaKTopa B OKHen11Tefil­

HhIX ycJIOBHHX 6y,neT ycrauaBJIHBaTbCH KOH­

<pHrypauHH 6aeceiiua c MeTaJIJIHt.JeeKHM cnoeM 

cBepxy. 

CTeneHb OKHCJleHHOCTH OKCH,llHOH qaeTH 

cJIHTKOB B 3KcnepHMeurax STFM-Ox, onpeL(e­

m1eMM no .none CB060.[{HOro UHpKOHHH, 3aBH­

CHT ue TOJlhKO OT KOJrnqecTBa nornomeuuoro 

KHcnopo.na. KaK ycraHOBJieuo pauee [11 . .. 13], 
)la)Ke B OTCYTCTBHe OKHCJleHIDi HeKOHrpY3HT­

HhlH xapaKTep rrpoa;ecca B3aHMO.lleikTBHH pac­

nnaBa CTaJlH H OKCH,llHOfO KOPHYMa npHBOL(HT 
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K )'BeJlH4eHJHO KOHl..{eHTpar.uu1 KIICITOpo.na B 

OKCH.llH0M CJlHTKe. ,l],rr.a orrpe.nerreHH.sI .UOJIB 

CB06o.nttoro Zr B 0KCH.UHbIX CJlHTKax, o6pa:30-

BaBUIHXC.sI B 3KcrrepHMeHTaX cepHH STFM-Ox, 

rrpHMeH.sIJJC.H. KOJlH4eCTBeHHbIH peHTreHOCT­

pyr<TypHbIH MeT0.ll attan113a. XHMM4eCKHH Me­

TO.ll attarr113a cso6o.nttoro Zr B OKCH.llHOM KO­

pH)'Me B rrp11cyrcTBMH aTOMOB Fe, OTJTH4al-O­

mHXC.sI ITO BaJJeHTHOCTH OT aTOMOB U 11 Zr, He 

.nasan .UOCTOBepHbIX pe3yJ1bTaTOB. IlonyqeH­

Hbie ,naHHbie ITO Zrceo6 co6paHbl B Ta6JJ . 14, C 

HCilOJ1b30BaHHeM KOTOphIX oueHeHhI Bem11n1-

Hbl C-n c yqeToM acex rrpoueccos B rrpose­

,neHHbIX 3Kcnep11MeHTaX. 

Harrp11Mep B 3KcrrepHMeHTe STFM-Ox 

N!! 3 )KeJJe3o sse.netto B OKCM.llHbIH pacrrnaB 

rrocne ero oK11crreHH.H .no C-54,2. B pe3ynh­

TaTe rrocne.nyromero B3a11Mo,nei,icrn11.a B HHep­

THOH cpe.ne npH MaJJOM Ha4aJJbHOM OTHOWe­

HHH Mace K1 = 11lFe/m 0 Kc1111 = 0,055 CTerreHh 

OKHCJJeHHOCTl1 OKC11.UHOH q)a:3bl pacrrrrasa CMe­

CTl1JlaCb .no Beml411Hbl C-79,5. O4eBl1.llHO, 'ITO 

C )'BeJJH'IeHHeM MaCCbJ CTaJJl1, BOBJieKaeMOH B 

npouecc B3aHMo.ne:i1:cTBIDi, KOHe4Ha.H. cTeneHh 

OKl1CJJeHHOCTH OKCH.llHOH q)a:3bI pacnnaBa 6y­

,neT Cll)eMHTbC.H. K 100 %. 
TaKHM o6pa:30M, 3KCnep11MeHTaJJhHO ycrn­

HOBJleHO, lfTO Kott¢11rypaum1: 6acceHHa pacrr­

nasa, o6pa:3yromeroc.a np11 B3aHMO.UeHcrn1111 

KOp11)'Ma C-32 C )KeJle30M, B pe3yJibTaTe 1]0-

CJJe.nyroruero OKHCJJeHIDI napoM npeTepneBaeT 

ttenpepbIBHbie H3Mettemu1. Ilo Mepe Y13em-1qe­

HH.sI CTerreHH OKHCJJeHHOCTl1 K0p11)'Ma Macca 

MeTaJJJ1H4eCKOH Q)a:3bl pacnnaBa 11 ee IlJJOT­

HOCTb )'MeHhIIJal-OTC.H.. Ilp11 .llOCTH)KeHHH Kp11-

Tl14eCKOH CTeneHl1 OKHCJJeHHOCTH KOp11)'Ma B 

pe3yJJbTaTe )'MeHbWeHIDi IIJJOTHOCTH MeTan­

JlH4eCKOH q)a:3bl HH)Ke IlJlOTHOCTH OKCH,nHOro 

pacnnaaa npo11cxO.llHT o6paTHa.H. MHBepcm1 

cnoes. .lJ:1rnTeJJbHOe y.nep)l<aH11e pacnnasa B 

KOprryce peaKTOpa B OKHCmHeJJbHbIX ycJJOBli­

.sIX npMBO.ll11T K YCTaHOBJieHHl-0 KOHQ)Hrypar.urn 

6accei-1Ha C MeTaJJJl114eCKHM CJJOeM CBepxy. 

2. TepMO,!lHHaMHqecirne H 06beMHbie 

csoiicTBa U-Zr-Fe-O pacnnasos 

3KcnepHMeHTaJJbHhie pe3yJJhTaTbI, norry­

qeHHbie B rrpoeKTe MACKA, IT03BOJJ5I.10T 

c¢opMyrr11posaTb TepMo;nmaMM4ecKHe Mo,ue­

n11 .llJl.sI nporH03HpOBaHH..H BbICOKOTeMrrepa­

TypHoro B3al1MO.lleHCTBH..sI OKCl1,[J;HOro KOp11y­

Ma 11 crnn11 B Koprryce peaKTOpa H xapaKTepa 

Cll)aTmp11Kal.{11H s o6pa:3yromeMC.sI 6acce:i1:He 

pacrrnasa. AHan113 JIHTepaTypHbIX .naHHbIX rro­

Ka:3bIBaeT, 4TO .llOCTOBepHOCTb 113BeCTHbIX 3KC­

nepHMeRTaJJbHbIX pe3yJJbTaTOB no TepMOJU1-

HaMH4eCKHM csoiicTBaM CHCTeM U-O, Zr-O 11 

U-Zr-O, a TaK)Ke no pacrnopHMOCTH KHCJJOpo­

.na B pacrrnasneHHhIX ypaHe H u11pKOHHH, He­

.llOCTaT04Ha .UJI5I. ITOCTl)Oemrn TepMO.lll1HaMl1-

qecKOH Mo,nen11, npHrO.llHOH .nm1 aaan_1,13a 

B3aHMO,lleHCTBl1.sI pacrrnaBJieHHOro KOp11)'Ma co 

cnnaBaMH Ha octtose )KeJJe3a. 

Ilpe.nno)KeHo B Kaqecrne Mo,nen11 pacrnra­

Ba MHOrOKOMIIOHeHTHOro KOp11)'Ma, COCTO.H.­

ll!ero 113 MeTaJJJIH4eCKH.X H MeTaJJJIOH.llHhIX 

aTOMOB, paccMaTpHBaTb aTOMapHbIH pacrnop 

3aMemett11.H., 06na.u.a10mHii CBOHCTBaMH pery­

mpttoro pacTBopa [29]. CooTBeTCTBYJOWHe 

ypasHeHH..sI XHMH4eCKHX IIOTeHI.ll{aJJOB .llJI5l U, 

Zr, Fe 11 0 HMeI-OT s11.n 

Ta6JJ1 1ua 14 C . ,YMMapHaSI CTeneHb 0KHCJTeHH0CTH z r B 3KcneooMeHTax cepHH STFM-Ox 

3KcnepHMeHT 
KoHueH,-pauHsi , Mace.% C-n 

Zr Zrceo6 nocne OKHCJTeHHSI nonHoe 
STFM-OxN!i I 19,77 2,95 69 85,1 
STFM-OxN!!2 19,64 2,60 72,4 86,8 
STFM-OxN!! 3 20,05 4,10 54,2 79,5 
STFM-OxN!!4 20,25 1.35 83,6 93J 
STFM-OxN!! 5 20,05 1,70 74,5 91 ,5 
STFM-Ox N!! 6a 19,84 0,40 92 98,0 
STFM-OxN!! 6 20,73 0,55 88 97,3 
STFM-Ox N!! 7 24,23 3,58 73 85,2 
STFM-OxN!! 8 23,9 0,85 87 96,4 
STFM-OxN!!9 20,2 0,73 87,6 96,4 
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~ = RJ1nx1 + l12x2(l -xi)+ L1JX3(1 -x1) + 
+ L1<1X4(1 - x1) - L2JX2X3 - L2<1X2X4 - L 3,iXJX4; 

l1F, = Rl1nx2 + l12x1(1 -x2) + L2JX3(l - x 2) + 
+ L2<1X4(1 - x2) - L1JX1X3 -L1<1X1X4 -L3.µ:JX4; 

~ = R1lnx3 + L1JX1(1 - x3) + L2JX2(l -x3) + 
+ L3,i.,Y4(l - x 3) - L12x1x2 - L1<1X1X4 - L2,iX2x4; 

~ = Rl1nx4 + L1<1X1(1 - x4) + L24X2(l - x4) + 
+ L3,iX3(l - X4) - L12X1X2 - L1JX1X3 - L2JX2X3. 

3.nech np1rn.irrh1 cne.ny10uu1e o6o3Hat.Je­

Hm1: 1 - U, 2 - Zr, 3 - Fe, 4 - O; R - ra30Ba51 

TIOCTOIDIHa51; Lu - :mepnrn B3aHMO,lleHCTBI1Ji 

Me)K.ny i H j KOMTIOHeHTaMH B pacrrnaBe. He­

o6XO,llHM.hie napaMeTphI B3aHMO.UeHCTBIDI Me­

)K,lly MeTanJIH'-leCKHMH aToMaMH oueHHBanHCh 

C HCTIOJib30BaHHeM COOTBeTCTBYJOlllHX cpa3o­

BhIX ,llHarpaMM. B qaCTHOCTH, npHMemrn cpa-

30Bhle .n11arpaMMhI U-Zr, U-Fe, Zr-Fe, onpe­

.neneHo qTQ L 12 = 19 075 ,[{)K/Monh, Ln = 
= - 14 780 ,[{)K/MOJib H Ln = - 65 860 
,[()K/MOJih [29]. OCHOBHM Heonpe.neneHHOCTh 

CBJl3aHa C Heo6XO.UHMOCTh10 oueHl<H napaMeT­

pOB B3aHMO,lleHCTBIDI KHCJIOpo.ua C MeTannH­

qecKHMH 3JieMeHTaMH. ,[{mI oueHKH HCTTOJih30-

BanHCh pe3yJihTaThl 3KCIIepHMeHTOB cepHH 

STFM-Fe (Ta6n. 2). 
B ycnOBHJIX OTCYTCTBHJI Ha.ue)KHOH Tep­

MO,UHHaMHtJeCKOH HHq>OpMaU:HH ,lllliI CHCTeM.hI 

U-Zr-Fe-O uenh10 3KcnepHMeHTOB cep1rn 

STFM-Fe CTaBHJIBCh BhIJICHeHHe oco6eHHoc­

Tei1 B3aHMo,neiicTBHJI pacrrnaBOB KOPHYMa H 

)Kene3a, onpe.nenem1e paBeoBeCHhIX KOHUeHT­

pan11ii cocymecTBYJOlllHX OKCH.UHOH H MeTaJI­

JIH'leCKOH <pa3 B 3aBHCHMOCTH OT BpeMeHH, 

CTeneHH OKHCJieHHOCTH KOPHYMa H COOTHOIIIe­

HIDI Mace KOPHYMa 11 )KeJie3a. Y cnoBHJI npoBe­

.nettIDI 3KCIIepHMeHTOB ccpopMyn11poBaHhl Ta­

KHM o6pa30M, '-IT06hI TTOMHMO OTBeTOB Ha no­

CTaBJieHHhie BonpOChI IIOJIYtJHTb 3KCnepHMeH­

TanhHYJO OCHOBY .UJIJI IIOCTpOeHHJI a.ueKBaTHOH 

TepMO.UHHaMHtJecKow Mo,ueJIB pacnnaBOB U­

Zr-Fe-O. B qacTHOCTH, .UJIJI CHHTe3a Bcex co­

CTaBOB KOPHYMOB rrpHMeHeHbl BhICOKOtfHCThle 

MaTepHaJihl. 

C uenbro IIOBbillleHHJI OTHOCHTeJihHOH 

TO'-IHOCTH onpe.ueneHIDI KHCnopo.ua B OKCH.U­

HOH H MeTanJIHtfeCKOH <pa3aX, a TaIOKe ynpo­

meHml TepMO,UHHaMHqecKOH MO.UeJIH Ha Ha­

'-laJihHOM 3Tane, BMeCTO Hep)KaBe10meii CTaJIH 

HCilOJlh30BanOCb ,llOCTaTO'-IHO '-IHCTOe )KeJie3o. 

Ha'laJibHble 3KCIIepHMeHTbI BbIIIOJIHJUIHCb IIpH 

ManbIX (~ 0,02) OTHOlllemrnx Mace Fe 11 KO­

pHyMa, 'lTO .ll0Jl)KH0 o6ecne'-IHTh .UOCTH)KeHHe 

6onee Il0JIHOfO paBHOBeCHJI Me)K.ny OKCH.l{HhlM 

11 MeTaJIJIH'IeCKHM pacrrnaBaMH. 

Heo6xo.nHMhie napaMeTpbI B3aHMo.uei1:cT­

BHJI MeTaJIJIHqecKHX aTOMOB C KHCJIOPO.UOM 

onpe.neneHbl 113 3KCnepHMeHTaJihHO ycTaHOB­

JieHHOro paBHOBeCHJI OKCH,llHOfO H MeTaJIJIH­

qecKOfO pacnnaBOB B 3KcrrepHMettTax STFM­

Fe N2N2 3 . .. 5 H cocrnBHJIB: L14 =- 9 184 
,[{)K/r-aTOM, L24 = - 42 4 70 ,[{>K/r-aTOM H 

L 34 = 106 480 ,[(}K/r-aTOM [29]. 
Pa3BHTM MO.UeJih Il03BOJIJleT apOBO,llHTh 

oueHKH napUHaJibHhIX TepMO,lllrnaMH qeCKHX 

xapaKTepHCTHK pacnJiaBOB CHCTeMhI U-Zr-Fe­

O, aporH03HpOBaTh COCTaBhI H MaCCbl o6pa3y-

10lllHXCJI apH B3aHMO,lleHCTBHH U-Zr-O KOpHy­

Ma H >KeJie3a paBHOBeCHbIX OKCH,llHOfO H Me­

TaJIJIH'-leCKOfO pacnnaBOB. O.uHaKO .nm1. npor­

H03HpOBaHHJI npOCTpaHCTBeHHOH KOB(pHrypa­

UHH 6acceirna paCIIJiaBa aKTHBHOH 30Hhl Heo6-

XO,llHMO 11apannenhHO c onpe.neneHHeM Mace H 

COCTaBOB OKCH,llHOH H MeTaJIJIH'-leCKOH <pa3 

3BaTh HX IIJIOTHOCTH B 3aBHCHMOCTH OT COOT­

HOIIIeHHJI KOMIIOHeHT0B H TeMTiepaTyphI. 

Mttoroo6pa3He o6pa3YJOlllHXCJI B pe3yJih­

TaTe B3aHMo,ueiicTBHJI pacnnaaa KOPHYMa H 

CTaJIH C0CTaB0B paBH0BeCHhIX OKCH,llHOH H Me­

TaJIJIHqecKOH lpa3 rrpaKTWieCKH HCKJIIO'laeT 

3MIIBpHqecKHH no.nxo.n K perneHHIO nOCTaB­

JieHHOH 3a,lla'lH. J,faaeCTHhie JIHTepaTypHhie 

.uaHHbie 110 TeMIIepaTypHhIM 3aBHCHM0CTJIM 

TIJIOTHOCTeH OT.l{eJihHbIX COCTaBJIJIIOlllHX 3TOH 

CHCTeMhI B pacnJiaBJieHH0M C0CTOJIHHH He.noc­

TaTO'lHbI ,lllliI TT0CTpOemrn KOHUeHTpamrnHH0-

TeMnepaTypHhIX 3aBHCHMOCTeH IlJIOTHOCTeH 

HHTepecyiomHx pacnnaB0B ,UIDKe B H.UeaJihH0M 

np116JIH)KeHID1. Ilo3TOMY uenhIO Hccne.noBa­

HRJI cn~na pa3pa6oTKa Mo,uenH .UJIJI ouettKH 

061,eMHhIX CBOHCTB JI£06bIX pacIIJiaB0B B CHC­

TeMe U-Zr-Fe-O. 

K HaX0)K,lleHHIO IIJIOTHOCTei-i HHTepecyio­

lllHX C0CTaB0B IIO.UOH,UeM qepe3 orrpe.ueneHHe 

C0OTBeTCTBYJOlllHX MOlliipHbIX 061,eMOB (30]. 
IlpHMeM, '-ITO MOlliipHbIH ofrheM U-Zr-Fe-O 

pacnnaBa KaK TepMOJ{HHaMHtfeCKaJI <pyHKUIDI 

TaK)Ke o6na,uaeT caoi1:cTBaM11 perylliipHoro 

pacrnopa. B o6meM cnyqae Bhipa>Kemre .urrJI 

M0lliipHOfO o6beMa B paccMaTpH.BaeMOH CHC­

TeMe M0)KeT 6bITh 3arrncaHo KaK 
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Ta 6 JI II u a 15. TeMneparypHbte 3aBHCHMOCTH nnornocTeH pacnnaBOB U, Zr H Fe 

<l>a3a 
Be11114HHa 

a, r /cM3 B, r/(cM3·K) 
u 17,315 2, 146· Io-_, 
Zr 6,106 2,414· 10'"' 
Fe 7,0505 7,06· I 0-4 

V(xi) = XJ Vi + x2V2 + X3V3 + X4V4 + 1j.Tr'"S, (3) 
r.D,e XJ, X2, X3, X4 - KOHUeHTpau1u1· v,, V2, VJ 
Vi - crnH.UapTHhie Mo1rnpHhie 06beMh1 U, Zr, 

Fe 11 0, COOTBeTCTBeHHO; ~Vs - 1136hITOlffihIM 

o6beM o6pa3osaHHH pacnrrasa 113 OT.D,eJihHhIX 

KOMTIOHeHTOB. MompHhie 06beMb1 U, Zr 11 Fe 

Moryr 6hITh onpe.D,eJieHhI no 113BeCTHhIM H Ha-

116orree Ha_ue)KHI,IM, no MHeHHIO asTopos, TeM­

nepaTypHhIM 3aBHCHMOCTHM nJIOTHOCTe.H, 

np11se.D,eHHhrM s Ta6n. 15, s s11.ue mrneifttoro 

ypastteH11H 

p =a.-~ (T-TM), 
r.D,e TM - TeMnepaTypa nnasJieHHH MeTaJIJia; a 
11 ~ - IIOCTO.sIH.Hhie. 

Hccrre.uyH CBH3h ~ vs C xapaKTepoM Cl1C­

TeMbI, aBTOphI [34] nOKa3aJil1, '-ITO .D,llil cnna­

BOB, 6JIH3KHX K 11.D,eaJibHhIM, 1130TepMa 1136hI­

TO'-IHOro o6beMa 6JI113Ka K ttymo. )],m cmrn­

sos, HMelOill.HX IIOJIO)KHTeJihHOe OTKJIOHem1e 

OT 3aKOHa PayrrH, ~ vs > 0. C11cTeMb1, xapaK­

Tep113yIOILU1eCH OTP11UaTeJihHhIMH OTKJIOHeHH­

HMH OT 3aKOHa PayrrH, 11MelOT ~Vs< 0. Ilorra­

raH, 'ITO s paccMaTp11saeMhIX pacnnasax cpytt­

KIJ.HH V(x;) o6rra.D,aeT cso.HcrnaMH peryllilpHoro 

pacTsopa, 3arnnneM 

~vs= k(x1x2L12 + X1X3L13 + X 1X~1 4 + 
+ X2X3L23 + X2X~24 + XJX~34). 

3.uech k - KOJQ)q>HUHeHT nponopu110HaJih­

HOCTH, CBH3hJBaIOW,HH 1136hITO'-IHblH o6beM o6-

pa30BaHirn pacnnasa C 1136bJTO'-lHOH JHTaJihTIH­

eti o6pa3osaHHH JToro )Ke pacrrrrasa. IlpH rn­

KOM no.uxo.ue norryqHM, YTO s ypaBHemrn (3) 
HeH3BeCTHl,J Vi - MOJIHpHbIH o6beM aToMapHO­

ro KHCJIOpO.D,a B KOH.D,eHC11pOBaHHOM COCTOH­

Hl1H H K03cpcp11u11eHT nponopU110HaJibHOCTl1 k. 
)],JIH HX orrpe.uerreHl1H BOCITOJih3YeMCH 3KCne­

pHMeHTaJihHbIMl1 pe3yJihTaTaMH no nJIOTHOCTl1 

pacrrnasos UO2 [35] 

Pruo21 = 8,860 - 9,285· 10-4(T- 3 120), r / cM
3 

11 KOPHYMa C-100 cocrasa (Uo.60443 Zro_39m)O2 

[ 1 OJ 
P rc-1001 = 7,4 - 4,5· I 0-4(T- 2 973), r / cM

3
. 

22 

T-T • .,K 
l1 CTO 41-111 K 

11HcpopMal.(HH 

T - I 406 r3 11 
T-2 133 r321 
T- I 808 [33] 

IlepeXO.D,H OT nJIOTHOCTeH K MOllilpHhIM 

o6beMaM H pewaH nonyqeHHyIO Cl1CTeMy 

ypasneHHit,Ha.H.D,eM,YTO 

k = - 1 33 l · 10-4 + 7 91762· 10-8 T cM
3

/ TT)I(' 
' ' ' I-', ' 

V4 = 16/(2,8442 - 1,63525· l 0-4 1),cM
3 
IMOJibO. 

Hati.D,eHHaH cosoKynHOCTh 3Ha'-:leHHH Ly, 
Vi If k BMecTe c 113BeCTHhIMH no JIHTepaTyp­

HhIM .D,aHHhIM [31.. .33] senwrnttaMl1 Vi, Vi, Vi 
no3BOJIHeT npOBO.D,HTb oueHKH MOJIHpHhIX o6b­

eMOB 11 rrnoTHocTeti mo6oro pacnrrasa cHcTe­

MhI U-Zr-Fe-O no cooTHorneHHIO 

Pcx,) = (x1A1 + x2A2 + x]A3 + X~4)/Vcx,), 

r.ue A, - aTOMHM Macca. 

3aKJHO'leHHe 

Pe3yJihTaThI BhIITOJIHeHHhIX JKcrrepHMeH­

TOB .uaIOT .UOCTaTO'-lHO norrttoe rrpe.ucTasrrett11e 

o BhIC0KOTeMnepaTypHbIX npoueccax, rrpoTe­

KaIOlllHX Ha BHYTPHKOpnycHOH CTa.D,HH TH)Ke­

JIOH asapITTI. HIDKe B rn6n. 16 npHBe.D,eHhI pe-

3YJih TaTbI oueHOK IIJIOTHOCTeH pacnnaBOB OK­

CH.D,HOH H MeTaJIJil1'-leCKOH Q)a3 B JKCnepHMeH­

TaX cepHH STFM-Fe. 

ll3 Ta6JI. 16 MO)KHO BH.D,eTh, l{TO B JKcrre­

pHMeHTax c yqacn1eM K0PHYMa C-32 c aToM­

HhIM OTHOillett11eM U/Zr = 1,2 rrrroTHOCTb Me­

TaJIJIH'-leCKOH Q)a3bl 60Jihllle nnOTHOCTH OKCH.U­

HOH cpa3bl ycTaHasmrnaeTCH npH OTHOilleHirn 

BOBJieYeHHhIX BO B3aHMO.D,eHCTBHe Mace Fe 11 

Kop11YMa .uo seJIH'-lHHhI K1 ~ 0,3. Ilp11 6011b­

Illeti BeJIH1IllHe 3Toro OTHOIIIeHHH, KaK JTO 

HMeeT Mecrn B JKcnepHMeHTe STFM-Fe N!1 18 
(Ki = 0,328), 3HaqeHJ1H IlJlOTHOCTeH MeHHIOTCH 

MeCTaMH. EcTeCTBeHHO, 'HO B JKcnepHMeHTax 

c yqacTHeM KOPHYMa C-32, HO c MeHhIIIHM 

aTOMHhIM OTHOilleH11eM U/Zr = 0,9 (STFM-Fe 

N!1NQ 19, 21 .. . 24), s pe3yJihTaTe CHH)KeHHH 

paBHOBeCHOH KOHUeHTpaUHH ypaHa B MeTaJI­

JlH'-leCKOH Q)a3e rpaHHUa o6parnoti 11HBepCHH 

npHXO.D,HTCH Ha MeHhlllyIO serrwnrny K, ~ 
0,25. 

YseJIHqeIDfe CTerreHl1 OKHCJieHHOCTH KO­

PHYMa npHBO.UHT K CHH)Kemno HHTeHCHBHOC-



Ta6 JIIIU3 16 n JlOTHOCTb pacnnaBOB B 3KCnepHMeHTaX cepHH - e ou.e STFM F ( HKa) 

TeMne-
N2 3Kcne-

Kop11yM U/Zr parypa, 
pHMeHTa oc 

2 C-32 1,2 2 500 
3 C-32 1,2 2 500 
5 C-32 1,2 2 500 
4 C-32 1,2 2 500 
9 C-32 1,2 2 500 
14 C-32 1.2 2 500 
16 C-32 1,2 2 500 
17 C-32 1,2 2 500 
18 C-32 1,2 2 500 
6 C-50 1,2 2 550 
7 C-70 1,2 2 600 
10 C-70 1,2 2 600 
20 C-70 1,2 2 600 
19 C-32 1.2 2 500 
21 C-32 0.9 2 500 
22 C-32 0,9 2 500 
23 C-32 0,9 2 500 
24 C-32 0,9 2 500 

TH B3aHMO.UeikTBIUi Q)a3. B pe3yJibTaTe B ce­

p11H JKCIIep11MeHTOB STFM-Fe N°!!N!! 7, 10, 20 
C KOplfYMOM C-70 rpaHHqHoe OTHOlliem1e 

Mace, IIpH KOTOpOM MeTaJIJIHqecKa.si: q>a3a 

BHOBb CTaHOBHTC.si: Mettee IlJIOTHOH, IIpHXO­

.UHTCSI Ha BeJIHqJ,IHY K 1 ~ 0,2. 
Ilo 3KCrrepHMeHTaJibHbIM pe3yJJbTaTaM 

rrpoeKTa MACKA rroeT))oeHo o6o6mettttoe 
ypaBHeHHe (2), nporttO3HPYJOlllee eOOTHOIJJe­

HHe Mace B CT))aTHQ)HUHpoBaHHOM 6aeeei-iHe 
pacrnrnBa, o6pa3YJOIUHxe.si: rrpn BJa.11Mo.ueikT­
BHH Fe .11 OKCH.UHOro KOpli)'Ma, B 3aBHeHMOeTH 

OT HaqaJJbHOro OTHOIIIemrn K1 11 KOJIH'IeeTBa 

TIOrJIOIUeHHOro KHenopo.ua, Bbipa)KeHHoro qe­

pe3 CTeneHb OIGieJieHHH Zr. YBen.11qeH.11e eTe­

neHH OKHCJieHHOCTH KOpHyMa IIpHBO.UHT K 

yMeHbllleHHJO MaeCbl MeTaJJJiffqecKoro paen­

JiaBa 11 ero IlJIOTHOCTH. 

KaK H3Becrno, aKTHBHaR 30Ha BB3P-1000 
eocTaBJISieT 105 T (80TU0211 25 T Zr). O6maR 
Maeca eTaJJhHhIX KOHeT))YKUHH B Kopnyce pe­
aKTopa conoeTaBHMa C MaeeoH aKTHBHOH 3O­

Hbl. B rrpouecce TIDKenoii aBapw11 BO.UO-BO.UH­
Horo :rneprenr':lecKoro peaKTopa e rrnaBneHH­
eM aKTHBHOH 3OHbl KOpHyM B3aHMO,UeHeTByeT 

C BHYJl)HKOpnyeHblMH KOHCTPYKUMOHHbIM.11 

)JieMeHTaMH, HMeJOIUHMH 6onee HH3KYJO TeM­

nepaTypy nnaBneHIUi. Ilo Mepe soBneqeHIDI B 
rrpoueee B3aHMO.UeHCTBHSI see HOBbJX KOHeT-

TT110THOCTb no 

Ki = pacyery, r/cM3 

mr.f m aop OKCH.D,HaJ! MeTa.JIJlO-
cpa:rn cl:>a.Ja 

0,019 7,754 8,524 
0,018 7,816 8,883 
0,016 7,774 8,464 
0,048 7,668 8,467 
0, 111 7,451 8,332 
0,183 7, 171 7,470 
0,219 7,564 7,817 
0,211 7,567 7,805 
0.328 7,574 7,236 
0,018 7,728 8,491 
0,017 7,612 8,352 
0,052 7,480 7,559 
0,211 7,402 6,843 
0,011 7,761 8,080 
0,055 7,555 8,262 
0,106 7,463 8,336 
0,005 7,964 8,376 
0,280 7,430 7,269 

PYKUHOHHbIX JJJeMeHTOB (Mace) eoeTaB o6pa-
3YJOIUHXe.si: OKeH.UHOH H MeTaJJJIHqeeKOH q>a3 

HenpepbIBHO 113MeHSieTC.si:. 

ITpn JTOM O)KH,ZJ,aeMoe ornolllem1e 
lnFe/m 0 Kc1m Mace, BOBJieKaeMbIX B npouecc BJa­
MMO.UeHCTBIDl Ha BHYT))HKOpnycHOH CTa,[(J,IH, 
MO)KeT eymeCTBeHHO npeBbilllaTb BeJUfqJ,IHY 
0,33, .U0CTiffHYTYJO B 3KCrrepHMeHTax 
[11 .. . 13]. Il03TOMY, HCIIO.llh3y.si: ypaBHeHMe 
(2), Bbill0JIHeHbI 3KCTpaIIOJLIUJ.HOHHble ouemrn 
.uo OTH0IUeHHH Mace mFel moKcn11 = 0,667 .un.si: 
.UByx Ben.11q11H cTeneHH oKHcneHIUi Zr. IlpH 
JTOM npe.unonaranocb pacnnaBnemie BCeH aK­
THBHOH 30Hbl (105 T). Pe3yJibTaTbl npe,UCTaB­
JJeHbl B Ta6JJ. 17. 

BbmOJIHeHHbie oueHKH IlOKa3bIBaJOT, 'ITO 
B pe3yJJbTaTe B3aHMO)leHCTBM.si: co CTaJJbHbIMH 
K0HCTpYKUIUiMH cne.uyeT 0)1(}1,[(aTb B KOpnyce 
peaKTOpa o6pa30BaHHe B 6oJiblllHX o6beMaX 
Men1.JIJIH1IecKoi1 q>aJhI pacnnasa, co.uep)KallleH 
B CB0eM COCTaBe 3HawTeJlbHyJO ,D.0JIJO aTOMOB 
ypatta 11 u11pKOH11.si:. PeJynhTaTbI cepHH STFM­
FP [14, 28] Il03B0JJ.silOT nonaraTb, qTo HaK0-
ITMBllJHec.si: B o6nyqeHHOM TOnmme MeTaJJJIH­
qecKHe npo.U)'KTbI .uenemu1 (Mo, Ru 11, sepo­
HHo, Pd, Tc, Rh) 6y.uYT npenMyruecrneHH0 
KOHUeHTpHpOBaTbC.si B MeTanm1qecKOH q>a3e 

pacITJiaBa. 
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Ta 6 n 1t u a 17. Maccbt cpa3, 06paJyt011.(HXCSi np11 B3aHMO.D.eHCTBHH Fe 
c pacnnasneHHOH aKTHBHOH 30HOH BB3P-1000 ( I 05 T) 

CTeneHb Macca Ki = 
OKHCJleHHOCTH Zr Fe, T 117Fdll10,c11n 

30 0.286 
40 0,381 

C-30 50 0.476 
60 0.571 
70 0,667 
30 0,286 
40 0,381 

C-70 50 0.476 
60 0,571 
70 0,667 
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Y ~K 681.06+5 I 9.68 
TexHOJJOnrn pa3pa60TKH pacnpeJJ,eJJCHllhlX Bhl'-IHCJJHTeJJbHhlX CHCTeM 

Ha 6a3e cyncp-3BM JJ,JJH pcme1-11u1 KOl\mJJeKCHhlX JaJJ,aq HJJ.epnoii 3HepreTHKH 

B. </J. T0Kape111<0, ll.H. A11eKceea, A.B. I'11e.i,16ot(Km1, 
M.H. I'ypeau11, A.B. Kpa10uuwu, B.JI. fle6eOe6, 

PHIi, "Kyp•rnTOBCKHM HHCnnyr", 123182, MocKBa, nn. KypqaTOBa, I, 
H.M. beJIRKOB, A.M. Bapwu, O.A. BopouoBa, IO. <P. ,l{ammoB, 
A.A. ,l{eynuu, B.B. EaooKu.11106, ,a.B. KynbueeB, ll.C. Jlo6a1106, 

M.C. Ca.ltul)'.'ltllf, r.n. CeAteuoa, P.M. llla2anue6, T.B. liJeMJIKUlla, 
PcD5IIJ,-BHl1113<D, 607188, r. Capos Hm1<eropo.nc1<oi1 o6n., np-T MHpa, 37, 

B.A. ,l{a1111no6, H.,a. PaKt11111111, 
OAO "CHI111TT", 123060, MoCKBa, yn. Pacnnenrna, 5 

TTocTyn-ttna B pe.na1<u1110 22.07.2009 r. 

Pa3pa60TaHa TeXHOJlOrHSI, C03)].afO!ll3SI YAOfaryJO cpe.ny )].JlSI KOJlJleKTHBHOro peweHHSI Ha pacnpe)].e­
JleHHOH MHoronpoueccopHOH BbIYHCJJHTeJJbHOH c11cTeMe (PMBC) c cynep-3BM rno6anbHbIX Ja)].aY si,nep­

HOH :mepreTHKJ,f (.513) C MaKCHMaJibHblM HCnOJlb30BaHHeM HaKonJJeHHblX 3HaHHH J,f nporpaMMHblX pa3pa-
6oTOK KOTOpble nonyYHJlH WHpOKOe pacnpocTpa11eH11e KaK B Hawei1 CTpaHe, TaK 11 33 py6e)l(OM. OHa TaK­

)l(e COJ,naeT YJJ.06Hyl0 cpeJJ.y ,llJlSI HOBblX nporpaMMHblX pa3pa6oTOK peweHHSI Ja,nay C yrny6neHHblM MO}J.e­

JJJ,fpOBaHHe I pa3llHYHOro poJJ.a qJH3HKO-TeXHHYeCKHX npoueccoB B o6beKTax 5f3. 
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J. IlpuMenenne cynep-3BM 
llJUI pewemrn Jal{alf 513 

Kpafitte sa)f(HO» cocTaBHOH •-taCThlO 11c­
cne)losmmti H pa3pa6oToK np11 nepexo)le K 
6yJiyw.efi KpynttoMacwrn6HOH 513 JlBnSieTCSI 
C03.lludlle 11 npHMette1111e HUulffO CTOKOJ!CHl-rn 
KOMCTblOTepHbIX nporpa:-.1M H Te ·11 JJOnlH MO­
)lem1poBaHl1Jl cnmKHblX CHCTeM J1 np0113-

BO)ICTB, OCHOBaHIIblX Ha COBpeMellHblX MeTo­
)l8X MO)lem,poBaHHJl ll HCTIOflb3yIOl.UHX IJO­

cnemrne )IOCTH)f(eHmr s o6nacTH Bbl'-lllCJIH­
TeJJbHOH TexnHKH (cynep-3BM) [I]. 
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TaKHe nporpaMMbl Ii TeXHOnOrHH MO.nenH­

poBaHHSI o6ecne'-laT onTHMMbHOe cpopMHpO­
Ba1rne H IIOCTpoemie uenoCTHOM CHCTCMbl 

3Hepr eTHKH, ycKopeHHoe Bhmonttem1e rpaqrn­
KOB npoeKTHO-KOHCTp)'KTOpCKl1X pa6oT tt Ja­
MeTHOe COKpaw.eHHC JaTpaT np11 np11MeI-JeHHH 

HOBOH TeXHOnonrn npoeKTHpOBaHJrn H conpo-
80)1()leHH51 o6beKTOB 5£3 "oT KOJibJ6eJIH )lO 
MO rHn bl". 

IT051BHTC5l B03MO)KH0CTb pa3pa6onrn H co­
npoBO)f()leJJH51 pa3BeTBneHHOH KOMITbIOTepH-

311pOBarrnoti CHCTeMbI ITO,lJJlep)l(l(H H coxpaHe­

Hl1SI 3ttaHHH. C11cTeMa ynpasnemrn OTpaCJihIO 



CM0)l{eT 6hITb IT0CTaBJleHa Ha HOBblli ypoBeHb, 

o6ecrreqeHHbIH C0BpeMeHHblMH nporpaMMH0-

TeXHHl.feCK.HMJ,J cpe,UCTBaMH K0prropaTHBH0ro 

ynpaanemrn rrpoeKTaMH 11 crroco6HbIH 3cpcpeK­

THBH0 rro.u.n.ep)l{aTb caMbie aM6HUH03Hhie rrpo­

rpaMMbl pa3BHTJ,UI. 

Heo6XOJlHMOCTb pa3pa6oTKH H0Boro IIO­

KOJleIIH.Sl MaTeMaTHqecKHX MOJleJleH 6a3 }laH­

HI,IX 11 rrporpaMM KaK JlllH CHCTeMbl 513 a ue­

Jl0M, TaK H JlJl.)l 0T}leJlbHI,lX 3JleMeHTOB, }laBH0 

Ha3pena B Hawei1 OTpacnH. Pe3yJlbTaThJ MHO­

roneTHHX HayqHhIX HCCJle,UOBaHHH 11 pa3pa6o­

TOK, HaXOJlSlllIHXCH B cpoH,nax K0HCTPYKTOPC­

KHX opraHH3al.IHH H HayqttO-HCCJle,U0BaTeJlb­

CKHX HHCTHTYT0B, co,nep)l(aTCH, K C0)l{aJleHHIO, 

a BH}le cna6o ynop>l.llOl.feHHblX HHcpopMaUHOH­

HbIX MaCCHBOB H np116muKeHHbIX HH>KeHep­

HbIX nporpaMM, HCIT0Jlb3YI0IUJiX 3MITHpHqec­

KHe }laHHb]e. 

3a py6e)l(OM Y*e HeCK0JlbK0 JleT BeJlYTCH 

pa6oTbI no HanpasneHHJO Next Generation Si­

mulation Program. I1p11MeHeH11e cospeMeH­

HhIX HHcpopMaIIHOHHbIX TeXHOJlOrHH o6ecrre­

qHsaeT coxpaHeHHe H B0BJleqeHHe B HHH0Ba­

IIHOHHhlli npouecc Hayqtto-TexR11qecKoro H 

HHTeJlJieKTYMhH0ro Il0TeHUHMa. 

OnhIT HCil0Jlb30BaHHH C0BpeMeHHbIX K0M­

IlbJOTepHbIX TeXHOJlOnrn B 3apy6e)KHOH 513 

IlOKa3bJBaeT nepcneKTHBY Il0BbJilleHJ,J.)l 3cp­

cpeKTHBHOCTH ,neHCTBYJOll.{HX OTeqecTBeHHblX 

.)lJlepH0-3HepreTW:IeCKHX CHCTeM (513C) Ha 

15 ... 20 % 3a cqeT npo,nrreH11st: pecypca 3Hep­

ro6noKOB Jl0 50 ... 60 JleT, Il0BbJilleHIDI e,nH­

HHqHoH MOITIHOCTH, II0BhII11emrn KlfYM, 

ynyqmeHH>l T0ilJIHB0HCil0Jlb30BaHHH, 0ilTHMH-

3aUHH K0HCTPYKIIHH TBC, CHH)l(eHH>l KoJIHqe­

CTBa nepcOHMa CTaHiurn H C0KpameHH>l 3KC­

I1J1yaTaUH0HHbIX 3arpaT. 

6e3 nepexo,na Ha ROBbIH ypoBeHb MO,UeJIH­

p0BaHH>l H npoeKTHp0Ba.HH>l HeB03M0)l(H0 C03-

,naTb rrpoeKT KOHKypeHTOCnoco6Horo cepHH­

HOfO pecpepeHTHOfO pOCCHHCKOro 3Hepro6rro­

Ka 60JiblllOH M0ll.{H0CTH, YJl0BJleTB0p.)lJOIUero 

Me)l(.n;yttapOJlHbIM TeH,nepHbIM Tpe6oBaHJUIM; 

opraHH30BaTb ycKopeHH0e BhIIl0JlHeHHe rpa­

q>HKOB KOHCTPYKTOPCKHX pa6oT; 0CYIUeCTBHTb 

3aMeTHOe COKpaweHHe cpOKOB crp0HTeJlbCTBa 

H KamlTaJlbHbIX 3aTpaT; ysem.PUfTb 3KCnopT­

Hhlli noTeHUHM 513; ycnemRO 0CYIUeCTBHTh 

BHe,npeHHe H0B0H TeXHOJlOfH'leCKOH nnantJop­

MhI, BKJIJO'-IalOilleH 3aMKHYThIH TOITJlHBHhIH 

UHKJl, 6hICrpb1e peaKT0pbl C pacI11J,JpeHHbIM 

socnp0H380JlCTBOM T0□JlHBa, aT0MH0-B0JlOpo­

JlHYIO 3HeprenrKy 11 peaKT0pb1-nepe)l(HraTe1n1 

JlOJlfO)l(HBYIUHX p AO; cymecTBeHH0 COKpa­

THTb norpe6nemre rrpHpo,nHoro ra3a JlAA ue­

nefi 3JleKTpo3ttepreTHKH H 06ecneq11Tb coxpa­

HeHHe 3KCn0pTH0f0 Il0TeHUHaJla Poccm-1 B 0T­

HOilleHHH opraHHl.feCK0fO TOilJlHBa. 

3cpcpeKTHBHOCTb pellleHHH HIDKettepHbIX 11 

HayqttbIX 3a.u.aq Herrocpe.U.CTBeHH0 3aBHCHT OT 

CBOespeMeHHOfO BHe.u.peHHH HHH0BaUHH B BbI­

qJ,JCJlHTeJlbHYJO 11 M0.[l.ellHPYJOIUYJO 6a3bl. Pa3-

BHTHe KOMTIJieKCHbIX MO}leJleH npoueccos H 

>lBJleHHH, TaK)l{e KaK H KOMilJleKCH0e MO)leJ1H­

posam1e 06beKTOB, TI03BOmleT np0B0JlHTb ,ne­

TaJlbHbJe 11ccne,noBaHH>l 6e3 HaTypHbJX 3KCile­

pHMeHT0B. 

Oco6eHHO 3TO Ba)l(H0 TaM, r,ne HaTypHbie 

HCCJle,nosaHIDl He TOJlhKO .u.opon1, HO H HeB03-

MO)l(Hbl, HanpHMep, npH aHaJIH3e TIDKeJlbIX 

asapmi HJlH nporH030B COCT0HHH>l >l,UepHhlX 

peaKT0p0B H CHCTeM Ha JlaJibHIOIO nepcneKTH­

sy. Pa3BHTHe H npHMeHeHHe cynep-3BM He-

06xo,n11Mo KaK rro.u.n.ep)l(Ka KOMTIJleKCHhIX M0-

,llenei1 npoueccos H c11cTeM, Ka.I< cpe,ncTB0 OT­

pa6oTKH CHCTeM H cxeM ynpasneHH>l .11,nepHhr­

MH 3HeprerwiecKHMH, B TOM qJ,fCJle .R,nepH0- H 

pa,n;HaUH0HHO-orraCHhIMH o6beKTaMH. 

[(errb TeXHOJ10r11qecKOH 6a3bl H0Boro no­

KOJleHHH - pa3pa60TKa K0MTIJieKCH0f0 rraKeTa 

cpe,ncTB Mo,ne1rnposaHID1 JlllJl rrpoeKTHposa­

HH.Sl, attanH3a 11 HH)l(eHepHO-KOHCTPYKTOpCKOH 

rrpopa6oTK.H 6y,nyruHX CHCTeM 513 c IlOBbl­

IlleHHblM yp0BHeM 6e3onacHOCTH, ycKopeHHbI­

MH rpacpHKaMH pa3pa60TKH H CHIDKeHHblMH 

3arpaTaMH Ha Crp0HTeJlbCTBO 3a cqeT IlOJlH0-

CTblO aBT0MaTH3HpoBaHH0fO npouecca pa3pa-

60TKH. PacCMOTpHM OCHOBHbTe HanpaBJleHH.R 

HCil0Jlb30BaHIDl cynep-3BM Jlll.R HY*Jl 5I3 

(pHC. 1). 
Bo3MO)l(HOCTH rrpHMeHeHH.R cynep-3BM 

IlOKpbIBalOT Beeb speMeHHOH H npocrpaHCT­

aeHH.hIB JlHaIIa30H. 6onhlllIIBCTBO pemaeMhrx 

B 513 3a,n;aq H0CHT KOMIIJleKCHhIH xapa.KTep H 

rpe6yeT B3aHM0CB.II3aHHoro pemeHilll. 

Jlio6ow npoeKT rpe6yeT cTep)KHesoti rno-

6anhHOH 3a,naq11, KOT0pasi: 06be,UHHJ,[J]a 6bI B0-

Kpyr ce6.R ycHJIHJl pa3pa60PIHKOB H npHHecna 

cymecTBeHHblli 3KOHOMH'IeCKHH 3cpcpeKT npH 

ycnernH0H ee pearr1narrHH. TaKOH 3a,naqe11 Mo­

)l(eT CTaTb npoeKT K0MIIJieKCH0ro aHaJlH3a 

acero T0IIJlHBHoro UHKJia (p11c. 2). 
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P11c. I. Bo3MO)KHOCTH np11MeHeH11.si cynep-3BM .D,JISI H)')KJ:l 513: MM - xapaKTepHbie pa3Mepb1; c - xapaKTep­

Hble speMeHa· A3K - arnMHo-:mepreTH'-leCKHH KOMnneKc 

PerneID1e Ta.KOH 3a,ll,a'iH CO3}laCT 3cpcpeK­

THBH)'IO MO}leJJh TOITJJHBHOro 1.r1uma, OITTHMH-

3HpyeT BCIO CHCTeMy B ueJJOM H Ka)J{,ZJJ,IH 3JJe­

MeHT B OT}leJJbHOCTH, qTO .n,acT 60JlhllJOH 3KO­

HOMH'ieCKHH 3cpcpeKT H nOBbillJeHHe KOHKY­

peHTOCilOC06HOCTH .513. Ba)J{HO OTMeTHTh ue­

JJecoo6pa.3HOCTh 061,em,rneHH.sl CTa.D,HH npoeK­

THpOBaHHR H pac'ieTHOro MO.D,eJrnposaHH51 

CHCTeM (pttc. 3). 
C03.llam1e no.n,o6HbIX no11HoMaCI11Ta6HhIX 

nporpaMMHbIX KOMnJJeKCOB BO3MO)J{HO TOJJbKO 

Ha fia.3e OTKpbITbIX pa.3HOnJJaHOBbJX, HO CB.sl-

3aHHhIX CHCTeM (cpe)].bl) MO}leJJHpOBaHIUL Ta­

Ka.si cpe.ua MO)KeT cocT051Tb 113 PMBC pa.3nwi­

Horo nrna, BKJI10qa10m11x cynep-3BM H ¢YH­

KUHOHHPYJOlllHX B pa.3HbIX onepal.{11.OHHbJX 

cHcTeMax (OC). 
Ba)l(HhIM Tpe60Ba1rneM K cpe.n,e .srBJJ51eTc.sr 

BO3MO)KHOCTb ee HaCTpOHKH OTHOCHTeJibHO 
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npOCTbIMH cpe.D,CTBaMH Ha KOMIIJleKCHOe MO­

.uemi:posaHHe TaKHx acneKTOB, KaK HeMTpOHH­

Ka, Tellilon:1.upasJJHKa, TepMOMexaRHKa H 

npoqHOCTb, pa.n,HaUHOHHbie H XHMHqecKHe 

npoueccb1, }lHHaMHKa ACY Til, cttcTeMhI 

KOHTpOJJ,S[ H yrrpaBJJeHH51 6e30IJaCHOCTb H )].p., 

KOHKpeTHOro o6beKTa Ha scex 3Tanax ero 

)J{H3HeHHOro UHKJia. TaKa.si CHCTeMa C MaKCH­

MaJlhHOH 3cpcpeKTMBHOCTbIO o6ecnelfHT KaK 

pa.3pa6oTKY HOBbIX nepcneKTHBHbIX ycTaHo­

BOK c pea.KTOpaMH Ha TenJIOBbIX H 6hICTpbIX 

HeHTpOHax, TaK H pa60Tbl no nOBbillJeHHIO 

3KOHOMHl.!eCKOH 3cp¢eKTHBHOCTH H 6e3onac­

HOCTH CYll.leCTBYJOIUHX 513Y H 513C. 

Ilepsooqepe.n,Hb1e 3a.n,aqu cero,nmrnrnero 

,lUUI .D,JUI CHCTeMbI: 

• o60CHOBaHHe npo.n,JJeHIUI cpoKa 3KCITJJya­

Ta1.orn, 



AHMH3 Heonpe.neneHHocrei:i 

C1-tcTeMHbt11 aHaJJH3 ..5I3 

l1HTerpHp0B8HHbLH K0MnneKC attaJJH3a TOnJlHBH0ro 1..1,HKJla 

Tiepepa6oTKa 

PeaKT0p 3Hepro6noK, A3C JJ.eM0HTa)I( 

--+ 

I HeihpoHHKa I I Tennoo6MeH I pacrnopeHHe 

o6pa6oTKa -
Tenno- 0CH0BHOe 

rn.npaan1-1Ka 06opy.noaaH1-1e 3KCTpaKU,H}I ;, 

I 

TepM0- I ACY TIT I l MeXaHHKa 

' TOnJIHB0 H Typ6oreHe-
3axopoHem,ie 

MaTepHaJJbl paTOp 
xapaKTep1-13au,1-1g 

t 

I xpaHem1e I 
I• flpOH3BOJJ.CTBO -

TODnHBa 
Jl:o6bICfa 

np0H3B0,UCTB0 

I I Tonmrna JJ.06bJlrn 

I I 06oraw,eHJ,1e I o6pa6oTKa I 

PHc. 2. CxeMa nOJIHOM8CWTa6Horo nporpaMMH0ro K0MnJleKca M0JJ.eJIHp0B8HH}I TOnJlHBH0ro QHKJia 

CAD 
CHCTeMa 

CAD 
HHTepq_>eHC 

EaHK ,uaHHbIX 

O6pa6oTKa 

Ynpaa-

KoJJ.bt 

PHC. 3. O6beJlHHeHHe CTaJJ,HH npoeKrnpoaaHH}I H pac4eTHoro M0.D.eJIHposaHH}I CHCTeM 
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• ynyYwem1e 3KOHOMJ1l-leCKHX xapaKTepHC­
Tl1K, 

• IlOBhIIIJeHJ,Ie 6e3onacHOCTH 3KCnnyaTaUHIJ, 
• onepanrn1rne BHe.npeHHe coBpeMeHHhIX 

peweHHH. 
f J106aJ1bHbJe 3a,naLJ.11: 

• C03)laHHe KOHKypeHTOCnoco6HhIX npoeK­

TOB; 
• HHHOBaUI10HHOe pa3BHTHe 513; 

• nepexo.n K COBpeMeHHbIM TeXHOJ10rHHM 
npoeKTHpOBamrn 5I3Y 3a C'leT TTOBhIIlle­
HH.si: TO'IHOCTH Bbl'IHCJleHHH 11 HCilOJib3O­

BaJIHH 6011ee COBeprneHHhIX MeTOJ10B H 
rrporpaMMHhlX cpe,nCTB HOBOro IlOKOJle­
HH.si:; 

• pa3pa6oTKa HOBhlX H MO,nepHH3aUIDr .neii­
CTBYIOD.lHX ACY TIT H cHcTeM KOHTPOJJ.si: 11 
ynpaBneHHR 5I3C; 

• oueHKa BKJia.QOB pa3JIM'-IHhIX HCTO'IHHKOB H 
060CHOBam1e .nonycn{MblX rrorpeWHOCTeH 
B pacLJeTax 5I3Y .nm1 cocpe.noTolJeHml Ha 
HaH6onee 3HatJHMhlX HanpaBJieHIDIX, C03-
,llaHHe HHCTpYMeHTOB ,llJIH oueHKM H paH­
)KHpOBamrn norpenrnocTeii; 

• o6ecneqeHJ,Je KatJeCTBeHHO HOBOro IlO,llXO­
,lla K peaKTOpHOMY npoeKTHpOBaHHIO H no­
BbillleHHe KOHKypeHTOCnoco6HOCTH 
pOCCl1HCKMX 5I3Y. 
Pa3pa6oTaHHM B P<l>5Il.J:-BHI1II3<1> 

'IIporpaMMa pa6oT no C03,llaHIUO BHpTya.Jlh­
HhIX o6oeKTOB A3K Ha pacrrpe.neneHHbIX 
MBC c cynepKOMIIbIOTepaMH" [2] s OCHOBHOM 
11 HaueneHa Ha perneHHe nepeqffCJieHHhIX 3a­
.natJ. IIo 3TOH nporpaMMe orrpe.neneHhI cne11y-
10m11e HanpaBnemui:: 
1) Pa3pa6oTKa H BHe.npeHHe B Be.llyruHX opra­
HH3awrnx OTPaCJIH TeXHOJIOrHH y.uaneHHOro 

,llOCTyna K Bhl'IHCJIHTeJlhHblM pecypcaM BIJ; 
KonneKTHBHoro rronh30BaJIH.si: BHJ1113<1>, B 
TOM qJ,fCJie B 3allJHllleHHOM HCnonHeHHH. 

2) C03.llaHHe H a.uarrTaUIDl OTeLJeCTBeHHbIX 

nporpaMMH.bIX naKeTOB MO,lleJIHpOBaHIDl 3aMK­

HYTOro TOllJIHBHOro UHKJia. 

3) C0311aH11e H anamauH.si: nporpaMMHhIX rra­
KeTOB 3D npoeKTHpOBaHl1R. H pacqeTHOro MO­
J.J;eJIHpOBaHIDl. 

4) Pa3pa60TKa nporpaMMHbIX naKeTOB HOBOro 
IIOKOJieHHH J.J;JI.sl npeUH3HOHHOfO MOL{eJIHpOBa­

HIDl PY pa3nwrnoro THna Ha cynep-3BM, 
CO3J.J;aHH.sl BHpTyaJihHbIX 3Hepro6JIOKOB J.J;ettCT­

BYIOIUHX 5I3C H 5I3C HOBhIX rroKoneHHH. 
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5) OnbITHO-npOMblWJieHHOe HCITOJ1h30BaHHe 
CO3J.J;aHilblX naKeTOB nporpaMM H TeXHOJ10rHH 

MO,lleJIHpOBaHHR. Ha cynep-3BM, rrpoeKrnpy­
eMbIX B OTPacmt. 

Pa3pa60TKaIIOBbIX KOllOB, opHeHTHpOBaH­
HhIX Ha coBpeMeIIHhie cynep-3BM, .si:Bn.si:eTc.si: 
nnHTeJihHhlM rrpoueccoM. IIo3TOMY B03HHKJia 
Heo6XO)J,HMOCTh B C03)laHHH cneu11anbHOH 
TeXHOJIOrHH, C IIOMOlllbIO KOTOpOtt MO)KHO, 

rrpHMeHR..si: cyruecTBy10mee BepHCpHUHpOBaH­

HOe rrpHKna.nHoe nporpaMMHoe o6ecnetJeHHe 
(IITIO), npHcTynHTb K perneHHIO BhlIIIenepe­
'IHCJleHHhIX 3a,lla'l 5!3 Ha COBpeMeHHbIX 

PMBC c cynep-3BM. 3m TexHonorn.si: co3JJ,a­
eT y.no6HyIO cpeay JJ,JIH pa3pa60TKH KOJJ,OB HO­
aoro IlOKOJieHH.sl llOBbIIIIeHHOH TOlJHOCTH, 

aJJ,anT11poBaHHhIX K OC cynep-3BM. 
Pa3pa6oTKa TaKOtt TeXHonorHH Bhlll0JJHe­

Ha PHU "Kyp'-IaTOBCKMH 11HCTHTYT' H P<l>5Il.J:­
BHJ1113<1> B paMKax <l>eJJ.epanbHOH UeneBott: 
IIporpaMMhI "11ccne.noBaIIH.si: 11 pa3pa6oTKH no 
npHOpHTeTHbIM HanpaBJieHmi:M pa3BHTH.H Ha­

yYHO-TeXHOJIOrH'leCKoro KOMTTJieKca Poccr,rn 

Ha 2007-2012 fO)J,bl" no K0H'rpaKTY "TexHOJIO­
rIDl pa3pa60TKH nporpa.M.MHbIX KOMTIJieKCOB, 

0pHeHTHp0BaHHhIX Ha Cynep3BM, .nn.si: HC­
CJie,llOBaHHH cpyttKUHOI-IHpOBaHH.si: CJIO)KHbIX 
TeXHHlJeCKHX CHCTeM Ha BCex 3Tanax HX )KH3-

HeHHoro UHKJia" C <l>e.nepanbHbIM areHTCTBOM 

no HaYKe H HHHOBaUIDrM OT 18 MaH 2007 r . .N!! 
02.514.11.4031 [3 ... 6]. 

2. TexHOJIOrJIH pa3pa60TKH CaMOHaCTpaH­

BaJOI.UeHCH CHCTeMhl pemeHHH 33Ll3'1 513 
ua PMBC c cynep-3BM 

IIpe.nnocbrnKow pa3pa6oTKH TexHonorHH, 
JJ,a10mett B03M0)KH0CTb 
• JiefK0 06'be)J,HH.si:Th pa3Jil1'-IHOe fITIQ, 
• npoB0)lHTh C0BMeCTHbie pac'-leTbl Ha 

PMBC c cynep-3BM, 
• coxpatt.si:Tb 3aKpblTOCTb KO,llOB 11 cpopMaTOB 

JJ,aHH blX, 

• BbinOJIHHTb ou.eHKY H nporHO3 COCTOR.HH.sl 

pa6oTaIOIUHX CHCTeM, 
IlOCJI~Jia, KaK Y:lKe OTMe'laJIOCb BbIWe, He­
o6XOJIHMOCTh npH pemeHHH 3aJJ,atJ cpyttKU110-
H11pOBaHHH CJIO)KHbIX TeXHH'leCKHX CHCTeM, 

TaKHX KaK 5!3, Ha scex 3Tanax HX )KJ13HeHHoro 
UHKJia aJiaJIH3HpOBaTb pa3HOpOJ1Hbie B3aHMO­

CBH3aHHbie cpH311KO-XHMWieCKHe 11 MexaHH'-Ie­

CKHe npoueccbI. 



Pewemrn TaKHX rno6aJJbHbIX 3a.uaq He no.u 

cHJ1y KaK011-1rn60 oT.uem,Hoi1 opramnaum:.r, 

,Ull)Ke o6na.uammei1 MOIUHbIMH BbllJHCJlH:TeJib­

HhIMH cpe,uCTBaMH. 3n1 3a,ualJH MO)KHO pe­

waTb TOJlbKO nyreM )leKOMTI03I1IJ,fill o6mei1 3a­

,uaqr,i: Ha TIO.U3a)laqr,i:, np111IeM )leKOMTI03I1IJ,IDI 

MO)KeT 6bITb BbITIOJIHeHa Ha ypOBHe MO)leJieH 

KaK OT.UeJibHbIX npou,ecCOB, TaK H OT.UeJlbHbIX 

fil3Jiemi:11, TeXHI1'-IeCKI1X o6beI-.-TOB, OTIHCblBaJO­

Illl1X COBOKyrrHOCTb rrpou:eccos. 

Pa3pa6oTKOH Mo,ueneti H KO)lOB OT)lem,­

HbIX rrpou,eccoB 3aHHMaIOTCH opraHH3aIJ,HH OT­

pacmi mi:60 cMe)KHhIX o-rpacnei1, no po.uy .ue.si:­

TeJibHOCTH KOTOpbIX OHM H)l)KHbI. Ho TaKHe 

KO.Ubl, KaK npas1rno, He paCClJHTaHbI Ha I1X HC­

IlOJih30BaHJie npH perueHHH KOMTIJleKCHbIX 3a­

)laq C B3aHMOCB.sI3aHHbIMH H pa3HOpO)lHblMI1 

npoueccaMH. 

U:eH-rp Mo,ue1rnposaHIDI, 06na)la1-0IUHH cy­

nep-3BM, Mor 6bI B3.si:Th Ha ce6.si: 3a)lalJy cpop­

MHposaHHH 3aMKHYTOM Mo,ueJIH .un.si: peweHIDI 

KOHKpeTHOH npo6JieMbI 513 H o6ecrreqeHHe 

o6MeHa HH<pOpMaIJ,HeM Me)K)ly KO,UaMH MO)le­

JIHPYJOlllHMH OT,UeJibHble cplBHlJeCKHe rrpouec­

Cbl H .SIBJieHHSl. IlpH'ieM rno6aJJbHa.Si MO,UeJih 

TIO XO)ly pa3BHTHSI npoqeccoB .UOJI)KHa .UHHa­

MHqecKH rrepec-rpaHBaTI,CH C IlO)lKJlIOlJeHHeM 

HJIH OTKJilOlJeHHeM OT,UeJihHblX KO.UOB. 

Heo6XO)lHMO, lJT06hI npH BKJIJOlJeHJrn Be­

p11cp11u11poBaHHOro Ko.ua B cpe)ly cyrrep-3BM 

OH He rrpeTeprreBaJJ 6bI KaKHX-JIH60 cepbe3-

HbIX H3MeHeHHM, TaK KaK npH ero MO,UepHH3a­

U:HH MOryr B03HHKHYTb OlIIH6KH, KOTOpbie Ha­

pywaT TOlJHOCTh MO,D,en11poaamrn. IlpH 3TOM 

B03MO)KHbl BHeCeHHSI B KO)l )l0IIOJIHl1TeJlhHbIX 

onepaTopoB, KOTOpbie OlITHMH3HpOBa.JlH 6hI 

npoue)lypy opraHH3amrn o6MeHa )laHHhIMH 

Me)K)ly KO)laMH, HO He BJIHSIJIH Ha npouecc BbI­

lJHCJieHIDJ. PeaJJH30BaTb nepelJHCJieHHbJe -rpe-

6osaHHSI MO)KHO, ecJIH see 3a,ua'-IH no yrrpas­

JieHHlO 11 o6MeHy )laHHhIMH c BHewHeM cpe)lOH 

.un.si: Ka)K)lOro KO)la I1JIH rrporpaMMHoro KOMil­

JieKca 6y.uyr pewaTbCSI C IlOMOillhlO crreu11-

a.JlbHbIX rrpHCTaBOK K KO.Uy. 

TaKHM o6pa3oM, nepsocTeneHHOH 3a,ua­

qeJ1 pa3pa6oTKH TeXHOJIOI'HH HBJISleTC.11 C03,Ua­

HHe COBMeCTHO C aBTopaMH KO,Ua .UJI.11 Kll)K,UOro 

KO,Ua (npeTeH,ueHTa Ha BKJIIOlJeHHe B cpe)ly cy­

nep-3BM) nporpaMMHOH rrpHCTaBKH, KOTOpa.si: 

11 o6ecne'-!HBa.Jla 6bI TaKOe BKJIJO'-leHHe. IlpH 

3TOM Ka)K.UbIM yqacTHHK pernaeMoH rrpo6JieMb1 

)lOJI)KeIJ o6ecnelJHTh ttac-rpoi1Ky csoero Ko.ua, 

KOTopa.si: COOTBeTCTBOBarra 6bI TeKyweMy co­

CTO.IIHHJO MO)leJ111pyeMoro o6beKTa. 3To no-

3BOJIHT aBTOMaTH'-IeCKH IlO)lKJIIO'!aTb KO.U K 

npoueccy MO.UeJIHpOBaHIDI a cnyqae B03HHK­

HOBeHH.si: s HeM Heo6XO)lHMOCTH. TaKa.si: TeXHO­

JIOrIDI peaJJH3yeT pe)KHMbl CaMOHaCTJ)OHKH 

MO)leJIH Ha peweHHe KOHKpeTHOH 3a)la1.JH C 

Tpe6yeMOM TOlJHOCTbJO. 

B pa3pa6oTaHHOH TeXHOJIOrHH nporpaM­

MHhie rrpHCTaBKH K KO)ly Ha3BaHbl HHTenneK­

TYa.JlhHblMH o6oJiolJKaMH (MO) KO)lOB. MO co­

BMeCTHO C KO,IJ,OM o6pa3yeT 6a30Bblli 3JieMeHT 

TeXHOJIOrHH - BbllJHCJIHTeJibHblli ofrheKT (BO), 

B KOTOpoM 110 pernaeT cJie.uyroru11e 3a)la-cm: 

• 110 BMeCTe c KO)lOM o6pa3yeT BO; 

• o6ecnelJHBaeT o6MeH .uaHHbIMH; 

• s1,1pa6aThrnaeT 06ru11e npa.s11na cqeTa 11 

yrrpaBJieHHSI KO)lOM; 

• npoH3BO.UHT KOHBepTHpoBaHHe .[laHHbIX. 

Ko.Ubl, .um1 KOTOpblX C03,UaHbI 110, o6pa-

3YJOT pacrrpe)lerreHHYJO for6JIHoTeKy (PE) 

IIIIO, no.u.uep)KHBaeMyro cneu;11a.J11>HhIM npo­

rpaMMHbrM 06ecneqem1eM (CITO), Ha3BaHHhIM 

HHTeJineKTYaJihHOH cpe.uoii PEilIIO (MC 

PEIIIIO) KOTopa.si: o6ecnelJHBaeT: 

• rH6KOCTb npH o6be,lJ,HHeHHH He3aBHCHMhIX 

nporpaMMHhrx npO.UYKTOB ,nJI..si: npose.ue­

HH.si: COBMeCTHhIX Bbl1.JHCJieHHH; 

• coxpaHeHHe 3aKphITOCTH KO.UOB, MO)leJieH 

11 cpopMaTOB )laHHbIX; 

• MHHHMH3aUHIO 3a-rpaT pa3pa60T1IHKa Ha 

BHeceHHe H3MeHeHHH B nporpaMMHbJe 

rrpO)lYKTbI )lJI.11 IlO,lJ,KJIIOlJeHIDI K CI1CTeMe 

COBMeCTHbIX pacqerns; 

• 3KOHOMH'!eCKYJO 3aHHTepecoBaHHOCTb 

pa3pa60TlJHKa B perneHHH KOMIIJieKCHbIX 

3a)laq; 

• paclJeTbl B BhllJHCJlHTeJibHbIX ueH-rpa.x Ha 

cyrrep-3BM c y.uaJJeHHbIM .UHHaMHlJeCKHM 

KOHTJ)OJieM; 

• mrnaMlf'leCKYJO caMoHacrpoHKY pac1.JeT­

HOH MO,UeJIH Ha MO,UeJIHpyeMbIH npou:ecc; 

• KpoccnnaTcpopMeHHOCTh (Windows, Li­

nux) H no.u.uep)KKY pa3JIH1IHhIX Sl3bIKOB 

rrporpaMMHposatt11.si: (C, C++, Fortran, Perl 

H ,D,p.); 

• )leUeHTJ)aJIH3aUHJO CHCTeMbl o6MeHa )lJI.sI 

MaHHIIYJIHPOBaHHH 60JlbllIHMH 061,eMaMH 

)laHHhIX; 
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• 0TJJaJlKY c noM0lllbIO ymm1TbI " 3MYJJH­

Top" Cl1CTeMbl B3aHMO]leikTBH5£ KO]la 6e3 

yqacnrn .n.pyr11x peaJibHbTX K0Jl0B y"-IaCT­

HHK0B pacqeTa; 

• B03M0)KH0CTb npoae.n.eHl15£ CBH3aHHbIX 

pacqeT0B C 11cn0J1b30BaH11eM np0113B0Jlb­

HOH rpy□ Ilbl Bbl911CJIHTeJibHbIX CHCTeM 

(BC) □o.n. ynpaanemi:eM pa3HbIX OC. 

TeXHoJJonrn peaJ1InyeT cJJe.n.yiomHtt aJI-

ropHTM, H306proKeHHblli Ha cxeMe (p11c. 4 -

1-fl cmp. 1.1eenZHoii BKJ/aOKU ), cpopMHpoaamrn 

rno6aJihHOH 3a.n.a9H. 

CTaBHT 3a.n.a'ly 3aKa3'iHK, K0TOpbIM M0rYT 

6h!Tb PYK0B0JlCTB0 0Tpac1111, rnaBHbIH K0HCT­

PYKT0P ofrbeKTa JJH60 .n.pyr11e 0TBeTCTBeHHbie 

3a pa3pa6oTKY 11 3KcnnyaTamno oprammu:urn. 

ITocTaBHB 3a.n.aqy, 3aKa3lfl1K oT.n.aeT pacnopH­

)KettHe no.n.ae.n.oMCTBeHHbIM opramnau11HM 

o6ecne'll1Tb He06XOJl11MOH 11HQ)OpMailHeH co­

OTBeTCTBYJOIU11e Il0Jlpa3JleJJeHHH pa3pa60TlfH­

K0B PEITITO, a TaK)Ke .n.aeT YKaJaHIDl aceM 3a­

KHTepecoaaHHbIM opramnauIDI.M npHHHTh 

yqacrne B cpopMHpoaarnrn 3a.n.aq11_ 

3aKaJql1K yae.n.0MJJ5feT l.J,eHTP npoae.n.eHHH 

pacqeT0B 0 Heo6XOJlHMOCTH pernemrn Jl0CTaB­

JieHHOH 3a.n.aqH, noCJie qero l.J,eHTP npHHHMaeT 

Henocpe.n.crneHHoe yqacn1e B cpopMHpoaaHHH 

3a]la9H. Ha 3T0M :nane np0B0JlHTC.sI .n.eK0Mil0-

3HI.ll-rn o6rueii 3a.n.aqH Ha rroma.n.alfH. Orrpe.n.e­

AAIOTCH BC, Ha K0T0pbIX 6y.n.YT pernaTbCH 

no.n.3a.n.aqlf, H KaHaJibI CB5£311 C HHMH. Kor.n.a 

3a.n.a'la ccpopMHpoaaHa, Ha acex BC co3.n.a10T­

CH MaKeTbI, Ha K0T0pbIX np0B0.D;HTC.sI OTJia.n.Ka 

no.n.3a.n.aq_ TaKHe MaKeTbl Moryr C0CTOHTb 

T0JibK0 H3 BO, B K0T0pbIX BMeCT0 K0Jl0B 

BKJIIO'leHbl HX HMHTaTOpbI. HacTpOHKa 11 0T­

JJa.n.Ka KOJl0B He3aBHCHM0 MOfYT np0B0Jll1TbC5r 

HX pa3pa60T'lHKaMH JIH6o .n.ep)KaTeJJ5£MH. 

ITocJJe 3aBeprneHHH MaKeT11poBaHHH H 0T­

JianKH K0Jl0B HX HCilOJIHHeMbie cpaHJibl no Ka­

HaJiaM CB5£3H nepe.n.aIOTCH B C00TBeTCTBYIOIUHe 

BC, r.n.e 0HH BKJI10qa10Tc.s:r B BO BMecrn 11MH­

rnrnp0B. B npouecce Mo.n.enttpoaattHH Heno­

cpe.n.crneHHOe yqacTHe np11tt11MaIOT qepe3 

y.n.aJieHHYJO CB5£3b .n.ep)KaTeJIH K0Jl0B. nony­

qeHHbie pe3yJJbTaTbI Mo.n.e1111poaaH11H nocne 

IlOCT06pa6oTKH (3TO 0T]leJJbHaH 3a]la'-:la, K0T0-

paH BbIIl0JIHHeTC.sI cneQHaJJbH0H CH.CTeMOH) 

nocTaBJJ5£IOTCH 3aKa39lfKY, a TaK)Ke BCeM 3a11H­

TepecoBaHHbIM opraHHJau1-u1M no pa3perne­

HnIO 3aKa39HKa. CHcTeMa .n.onycKaeT qepe3 
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y.n.aneHHYJO CB5£3b yqacT11e 3aKa3'-:lHI<a B npo­

uecce MOJleJIHpoaattH.H. 

TaKaH cxeMa opraH11Jau1111 no.n.roT0BKH 

Ja.n.aq 11 npoae.n.ett11H pacl.feTHhIX 11cc11e.n.oaa-

1-111 i1 Il03B0Jll1T np11 pernemm rno6aJlbHblX 38-

.n.aq 5I3 11Cil0Jih30BaTb Bee Heo6XOJll-IMbie pe­

cypCbl OT 11CX0JlHbIX .n.aHHblX 11 cnel.{HaJll1CTOB 

Jl0 CO0TBeTCTByroruero nporpaMMH0f0 o6ec­

neqeHH.5£ H Bbl9HCJJHTeJJbHhIX pecypC0B. 

2.1. ApxumeKmypa PMBC 
OcHOBHbie rpe6oaaHl15£ K annapaTHOH 

CTpYKType PMBC JlJIH .n.attttoro npoeKTa: 

- B03M0)KH0CTh Bhill0JJHeHHJI Ha MaKCHMaJJb­

H0 rnHpOKOM KJiacce PMBC; 

- nonnep)l(Ka BblII0JIHeHH.5£ KaK 64-pa3p5rJlHblX 

np1111o)KeHHH, TaK 11 32-pa3pH.ll.HhIX nocJJe.n.o­

BaTeJibHhIX npHJJO)KeHHH □OJib30BaTeJieii; 

- npHMeHeHHe B Ka'-:leCTBe BbIq11cJJJ1TeJJbHblX 

Y3JJOB MH0ronpol.{eccopHbIX (MHOfOHJlepHbIX) 

Mo.n.ynei1 c 6onhrnoi1 onepaTHBHOH naM.s:rTbIO, 

JlOCTaTOlfHOH JlJIH 3cpcpeKTHBHOro BbIIl0JIHeHHH 

IIOCJie]l0BaTeJlbH.bIX rrpHJJO)KeHHH. 

Tpa.n.HUHOHHM CTPYKTYPHaH cxeMa 

PMBC, y;:i:0B11ernopHIOIUaH Tpe6oaaHHJIM .n.att­

Horo npoeKTa, npe.n.cTaBJJeHa Ha p11c. 5 ( 1-R 
cmp. !.f.BemHoi, 6KJ/aOKu) 11 npe.n.nonaraeT, lfTO 

axon B BC, pa3pa6oTKy, orna.n.Ky, 3anycK npo­

rpaMM (npHJIO)KeHHH) Ha C'-leT H K0HTp0Jib HX 

BbIII0JJHemrn IIOJlb30BaTeJJH ocyruecTBJ15£IOT H3 

HHCTpYMeBTaJJbHOH TIOJlCHCTeMbI (FrontEnd/ 
Servises/ ... ) PMBC. 

I1HCTpYMeHTaJlbHaH Il0JlCHCTeMa BKJJJOlfa­

eT HHCTPYMeHTaJibHbie cepaepr,r, BKJJIOlfeHHbie 

B cpai1JJOBYJO H ynpaBJJ5£IOIUYJO K0MMymn<aQH-

0HHbJe no;:i:CH.CTeMbl (HJJH npOCT0 KMeIOIUHe 

KaKOH-TO ceTeBOH JlOCTyn K cpaHJJOBbIM H yn­

paBJI5£IOIQHM cepaepaM BC). OcHOBHOe Ha3Ha­

qem1e HHCTpYMeHTaJlbHblX cepaepoB - TpaHC-

115£1.{HH, 0TJJa;:i:Ka 3a]laHHH, nonroTOBKa K cqeTy 

H 3anycK JlJ15£ HC□0JIHeHHH B Bbl9HCJlHTeJibHOH 

noJJ,CHCTeMe BC. ITO HHCTpYMeHTaJibHOH no.n.­

c11cTeMh1 BKJJJOqaeT Ha6op K0MITHJl.sITOpOB JlJIH 

H3hIKOB C , C ++, <l>opTpaH, KOMMyttHKau110H­

Hbie 6116JJ110TeKH (MPI), cpe.n.crna ornanKH 11 

npocp11JJ11poaamrn JlJIH nocJJe.n.oBaTeJJhHbIX H 

napaJIJieJibHblX npHJJO)KeHHH. 

YnpaBJIHIOIUaH non cucTeMa BKmoqaeT a 

ce6.s:r ynpaBJI5£IOIU11e cepaepr,1 H o6ecrre'iHBaeT: 

- ynpaaneHHe pecypcaM11 PMBC (MOHHTO­

p11Hr COCTOHHHH, pacrrpe.n.eJieHHe Y3JJOB Bbl-



1lHCJIHTem,Horo ll0illl napanneJibHhIM H 110-

cne.noBaTeJibHbIM npH'JIO)KeHJUIM); 

- CHCTeMy yrrpaBJieHIDI 3a.D.aHH}IMH, K0T0pM 

ocymecTBillleT llJiaHHp0BaHlfe 3a.naHHH ll0Jih-

30BaTeJieH Ha BhIIT0JIHem1e (BBO.D. 3a.naHHH C 

HHCTpyMeHTaJihHOH 110.D.CHCTeMbl, pacnpe.ue­

JieHHe no Bhl'-IHCmffeJibHOH IT0)lCHCTeMe, 3a­

rpy3Ky, yrrpaBnettwe, 11peKparuem1e, JaBeprne­

HHe 3a.naHMH H T.11.). 

<I>aHJIOBaJI ll0)lCHCTeMa C0CTOHT H3 cpaH­

JI0BhIX cepBepoB H cpaHJIOBOH K0MM)'HHKaUH­

OHHOH ll0)lCHCTeMbI, coe;::uuuuoruei1 <paHJIOBbie 

cepBepbl C Bbl'-IHCJIHTeJihHbIMH Y3JiaMH . .D:aH­

HM CT}JYKTypa 06ec11e'lHBaeT paBHbIH no CKO­

p0CTH .uocTyrr npoueccos napannenhnoro npH­

JI0)Kemrn K cpai1naM, pacrroJI0)KeHHbIM Ha cpai1:­

JI0BhIX cepBepax PMBC c 11c110Jih30BamrnM 

CTaH.Uaprnoro ceTeB0ro np0TOK0Jia (NFS) H B 

napanneJihHOH <paHJIOBOH CHCTeMe Ha <paRJIO­

BbTX cepsepax rro)l yrrpaBnemrnM rrapannenh­

HOH cpai-inoBOH cHcTeMhI (PFS). 

B .uaHH0H cxeMe BhmonneHHe Bcex noJlh-

30BaTeJihCKHX rrpouecC0B napanneJihHhIX H He­

rraparrneJihHbIX npHJIO)KeHHH ocymecTBJIJleTCJI 

Ha C'leTHhIX Y3Jiax BbJlillCJTHTeJlhHOro [!Olli. 

Da30BbIH sapHaHT orrepaUHOHHOH CHCTe­

Mbl PMBC - OC Linux c nporpaMMHhIM 

06ec11e'-1eHHeM .Uilll KOMM)'HHKauHOHHOH cpe­

.Uhl, cpaiinoBoro, yrrpaBmnoruero 11 HHoro cep­

B11ca. 

OCHOBHbie T}Je6oBaHlUI K Cl1CTeMH0MY I1O 

PMBC: 

- B03M0)KH0CTb pa3pa6onrn, 0TJia)lKH, npo­

<p11JIHpoBaHIUI II0CJie.D.0BaTeJlhHbIX H napan­

JieJibHhIX npHJIO)KeHHii .um }l3hIKOB C, C++, 

<I>opT}JaH; 

- B03M0)KH0CTh pa3pa60TKH (HHCT}JyMeH­

TaJibHhie cpe,UCTBa) H BhIII0JIHeHH}l (Ha Bhlt:JHC­

JIHTeJihHbIX Y3J1ax) KaK 64-pa3p51,UHhlX npHJIO­

)KeHl1H, TaK 11 32-pa3p51)lHbIX nocne,uoBaTeJib­

HbIX np«JIO)Kem1i1: noJih30BaTeneii; 

- K0MM)'HHKaUH0HHhie 6H6JIHOTeKH, C0OT­

BeTCTB}'IOIUHe CTaH)lapTy MPI-1 HJIH BbIIIIe; 

- B03M0)KH0CTh pa3pa6onrn (HHCT}JyMeH­

TaJihHhie cpe.ucrna) H Bbill0JIHemrn (Ha Bhl"IHC­

JIHTeJihHhTX Y3Jiax) npHJIO)KeHHH, 11Cl10Jlh3YJO­

IUHX crntt.napTHhie cpe.ucrna POSIX IPC B3aH­

Mo)leifornmr npoueccos BHYTJH1 Y311a; 

- B03M0)KH0CTb .UHHaMH'IeCKOH 3arpY3KH 

npouecc0M .U0II0JII-IHTeJihHbTX 61-1611110Te'-1HhIX 

Mo.nyne.11 (SO Mo.uyn«, aHanor DLL B OC 

Windows) Ha Bbl'-IHCJil1TeJibHhie Y3Jlbl B rrpo-

uecce Bblll0JIHeHHR napanneJihHoro np1rno)Ke­

HID1; 

- rroJ],D.ep)Kl(a xml; 

- noMep)KKa 3anycKa cneuHan11311poBaHHoro 

naKeTa 3a)J.aHH}l, COCTO}IIUero H3 MHO)KeCTBa 

naparrnenhHhIX H nocrre.uoBaTeJihHhIX 3a.z:r;aq 

pa3Hhrx noJih30BaTeneii c YKa3aHHeM coce.ucT­

sa (YKa3aHHbie rrpouecChl .D.0JI)KHhI BhIII0JI­

HJITbCJI Ha 0.UH0M Y3Jie) npoueccos pa3JIH'-IHblX 

3a,Ua'l. KaK .U0ilOJIHHTeJlhHa}l B03M0)KH0CTh -

pearrmau1ur .UHHaMWJ:eCKOH 3arpyJKH HOBbJX 

napannerrhHhIX H nocne,uoBaTeJibHhIX 3a.naq 

pa3HhIX noJih30BaTene11 c YKa3aHHeM coce.ncT­

Ba HJ BbITI0JIH}leMoro napanneJlhHoro npmro­

)KeH11J1. 

PMBC M0)KeT cocT0}ITh H3 K0MilhJOTepoB 

pa3JIHGHhIX KJiaCC0B, o6be,UHHHbIX qepe3 I1H­
TepHeT no 3aKpbIThlM KaHaJiaM. flpHMepHM 

cxeMa PMBC, np11ae.ueHHM Ha p11c. 6, cno­

co6Ha B HaCT0HIIlee BpeMR o6ecrreGHTh pewe­

HHe K0MllJieKCHbIX 3a)J.a'l 513 110 Bbiille0IUI­

CaHH0MY arrropHTM)'. PaccMOT}JeHHM PMBC 

COCTOHT H3 KOMllbIOTepoB pa3HhIX KJiaCCOB H 

no.rr; yrrpaBrrett11eM pa3JIH1llll,IX OC. 

Da30BOH B 3TOH CHCTeMe }IBJIJleTCR: cyrrep-

3BM P<I>~-BHl1lf3<I> KaK naa6orree M0IU­

HaR:. Ona M0)KeT B3R:Tb na ce6}l HaH6onee 

CJI0)KlibJe 110 Bbl'-IHCJIHTeJibHhlM 3aT}JaTaM 3a­

,ua'-IH. PHU: "KypYaToBcKHH HHCTHTYT", 

P<I>~-BIDllfT<I>, PAH, CI16fY, MfY Ha 

6a3e cyrrep-3BM M0rYT o6ecrreqJ,ITh BCeCT0-

pOHffi!H aHaJIH3 3<pcpeKTHBHOCTH H 6e3011aCHO­

CTH nepcrreKTHBHbIX 3Hepro6JIOKOB, a TaK)Ke 

pa3pa6oTKy 3cpcpeKTHBHOH M0,UeJIH T0ilJIHBH0-

ro UHKJia. 

Ilo,UKJIIO'leHHe K CHCTeMe pa60q]1X CTaH­

UHH rrpoeKTHhIX opraHHJaUHH no3B0JI5leT pea­

JIH30BaTh BTopyro, orrpe.uerreHH)'IO s pa3,uene 

1, rno6anhHYJO 3a,uaqy - 061,e,uHHeHHe CTa.uHH 

npoeKTHp0BaHHJI H pacqeTH0ro Mo.ne1111p0Ba­

HHJI. 8 K0MllJieKCH0M M0,uem1poBaHl1H MOrYT 

rrpHHHMaTb yqacTHe H opraHH3aUHH, He 06rra­

.na10IUHe BhICOKOI1pOH3B0.UHTeJihHOH Bhlt{HC­

JIHTeJJhHOH TeXHHKOH HO 5£BJI}II01UHeC5£ pa3pa-

60Tt{HKaMH JIH60 .uep:a:caTeJI}IMH KO.UCB, K0T0-

pble M0rYT 6bITh HCI10Jlb30BaHhI B K0MllJieKce. 

OHH M0rYT OTJia)J.HTb KO.D.bl Ha co6CTBeHHhIX 

K0MilhIOTepax 11 nepe.naTb HX HCil0JIH51eMbie 

cpaHJibl .nm1 BKJilO'leHHJI B CHCTeMy, a 3aTeM no 

KaHanaM CB5£3H 0TCJie)KHBaTb HX cpyHKl.{HOHH­

poBaHHe H npH He06XO.llKMOCTH BH0CHTh co­

OTBeTCTB)'IOIUHe K0ppeKTl1Bbl. 
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BUA3IT oKi;rn 

BU P<I>51U-BHMvl3Cl> 

BUPHLlKH 

BU OK£M 

HHK113T <I>3J1 

BU 
Kom.tepHa 
31-IEPfO­
ATOM 

BHl1HA3C 

BHJ1Tlvl3T 

BU P<PJJU- BHHHT<I> 

lCJ 
PHc. 6. PMBC 11,JlSI pewemu, KOMnJJeKCHbIX 3ana'-I 513 

2.2. B bt'lUCJIUllleJlbHbtii 061,eKm 

ba30BbIM 3J1eMeHT0M TeXH0J10fHH CJ1)')KHT 

BO, npe.n;crnBJ1HIOI1J,HH co6oi1 o,n;HH BHpTy­

anhttbili MaKponp0lleCc, C0CTOHlllHH 113 rpyn­
flb] B3aHMO,n;eikTBYfOlll,HX npoueccoB .LJ:JUI M0-

.n;e1mp0Bamrn o.n;ttoro KJ1acca cpu311:qecKoro 

npouecca, 061,eKTa HJJH HBJ1ett11.H. 

JJ:nH Ka)K.D,0ro BO, BKJJlOYeHHoro B cttcTe­

MY, BBeJieH pH.U aTpH6yroB HJIH nacnopT BO, 

xapaKTepH3YJOlll,HX npouecc C 3THM K0,U0M BO 

BpeMH C0BMeCTH0ro cqeTa, HanpHMep, cne.uy­

IOlllHe napaMeTpbI: 

• Knacc cpH3H9ecKoro Ko,ua (T.e. cnoco6-

H0CTh K M0,UeJrnpoaaHHIO o□pe.n;eneHH0ro 

Kpyra q)H3JilieCKHX HBJiemtH, nanpHMep, 

rrepeH0C HeHTpOHOB HJIH TennorH.n;paBJ1H­

Ka); 

• co6cTBeHHblH H,UeHTHqJH.KaTop KO.Ua; 
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• pH.ll napaMeTµ0B, onpe,uerrHIOlll,HX o6nacTb 

npHMeHHM0CTH ,uattttoro K0,Ua. 

Bee 3TH napaMeTpbl H3BeCTHbl (HJIH 3aum­

Tbl) a 110 K0,Ua, K0TOpM paCCbIJiaeT HX .n;py­

rHM BO H K0HTporrupyeT a1,monHeH11e K0.U0M 

pacqern, Hanp11Mep, npH BbIXo.n;e KaKoro-nH6o 

113 napaMeTµ0B 3a npe.n;eJibl .uonyCTHMblX ,UJij{ 

Ko,ua 3Haqett1111 HO ocrnttaan11aaeT npouecc 

cqern 3THM K0.ll0M H coo6maeT 06 0CTaH0Be 

aceM .llpyrHM BO. 

Bee MaKponpouecc1,1 BO 3anycKaIOTCH H a 

pe)KHMe K0JIJieKTHBHblX KOMMYJHfKaUHH 06Me­

HI1Ba10TCH nacnopTaMH H cneU11aJibHblMH cpaH­

naMH-0ilHCaTeJJHMH 3a,Uat.f.H. IIo HHq)OpMaUHH, 

conep)Kamei1cH B om1caTenHx, Ka)KJlM HO on­

pe,ueJij{eT BO, c K0TOpblM ei1 Heo6xo,uHMO yc­

TaH0BHTb JlByxToqeqHYIO CBH3b. 3TOT 3Ta□ 

o6ecneqttBaeT cpopMHpoaaHHe neo6xom-rMoH 

HHq)OpMaUHH JlJljl CBH3aHH0ro pacqern. 110 



Ka)K)loro K0,Ua .ll0JDKHhI 31-IaTb, no KaKHM a.npe­
eaM noebIJiaTb MaeeI1Bhl na11Hb!X npn o6MeHe 
HHcpopMaU,J1eH Me)Kny cpI13J1qeeKI1MJ1 KO.IlaMH 

11 Bee 1111 cplI3H'-leeKHe npoueeebI 3arrymeHbI 
nmi: Ha'-lana eB.H3aHHoro paeqen. TaKHM o6pa-
30M, peamnyeTe.H eaMOHaeTPaHBaIOIUa.He.H 

pae'-leTHa.H Mo,uem,. 
Bee 3anymeHHb1e MaKponpoueee1,1 BO 

M0I'YT <pyHKUHOHHpOBaTb KaK B pe)l(lfMe .nsyx­
T0'le'-IHOH eB.R:311, TaK H B )K.llYIUeM pe)lmMe, 
eenH 0HH He no,!lKJIIO'-leHhI K Monen11. )],mi: BO 
B pe)lrnMe .llByxT0'le'-IH0ro o6MeHa eH.Hxp0HH-
3au11ett BhITIOJIHeHH.H npoueeeoB, KOppeKTH­

pOBKOH BbI6opa BpeMeHHhlX waros (rnaroB 
cp113H'-leeKoro speMeHH MonennposanH.H), op­
ra1IHJau11eH o6MeHoB HHcpopMauHeH Me)Kny 
pa3JJH'-lIIhIMH cpH3J,flieeKHMH npoueeeaMM 3a­

HHMaIOTe.H 110 Ka)K)loro BO. 
Pean113osaHHa.H KonuenuIDr opraHH3aUHH 

e11eTeMbl HHTerpaUJUI KO.IlOB nonyeKaeT B03-

M0)1(H0CTb pa3rrw-rnoro enoeo6a opraHH3aUHH 
MO.UeJJHpOBaHIDI eBH3aHHhIX cp113H1leeKlfX npo­

ueeeoB: 
- Ha Ka)KJI0M BpeMeHH0M mare B rrpoueeee 

peweHI1.H eB.H3aHHOH 3a,ua'-lH noenenoBaTeJihH0 
paee'lHTbIBaIOTe.H 3Hat.JeHJUI. cpH3H'-leeKHX Bemr­

'-IHH B Ka)KJIOM Kone BO. no OKOH'laHHH pae­

lfCTa wara Ka)l(JihIH K0t:i; qepe3 eB0IO HO nepe­
naeT B erren)'lOIUHH KOJ]. HOBbie 3JlaqeHH.H eBO­

HX Bemi'-IHH Ha 3T0M ware, en~aw:He 11exon­
HbIMH J].aHHhIMH .UJI.H paeqeTa wara B erren)'lO­

meM Kone; 
- Bee KO.Uhl pa6ornIOT Ha BpeMeHH0M ware 

napanrreJihIIO. B Kat.JeeTBe HeXOJIHhIX OHH 11e­

TIOJlb3)'lOT 3Hat.Jemrn BenH1lHH, OTHOe.HIUHXe.H K 

npyr11M K0.rtaM, e npenw:tymero wara no Bpe­
MCHH. B 3TOM eJIY'-lae no OKOII'-laHHH BpeMeH­

H0ro wara Bee KO.Uhl o6MeHHBaIOTe.H npyr e 
npyroM .rcaHHhIMH .UJJ.H npo.rcon)Kemrn eqeTa Ha 
errenyiomeM ware. 

BO BhITI0mui:eT eJIC.ll)'lOIUHe cpyHKUI-rn: 
- rrp0B0.UHT 'lHeJJeHH0e Mo.nem-rpoBaHHe CB0-
ero cp11311qeeKoro rrpoueeea (npou,eecoB ); 
- o6MeHHBaeTe.H e .llpyrHMH BO, Y'-laeTBYJO­
W:IIMH B pae'-leTe, yrrpaBJIHIOW:HMH 11 e1-rnxpo­

HH3Hp)'lOlllHMH eoo6meHIDIMH (ttanpHMep, Be­
JlH'Urna nporHo3npyeMoro wara no speMeHH, 
eoo6weHHe 06 oeTaH0Be KO.llano BbTX0.UY 3Ha­
lfemrn 3a rrpe,ueJibI .rconyen1Moro 11 T.n.); 
- B e0OTBeTeTBHH e yrrpaBJI.HlOIUHMH JJ.HpeK­

nrnaMH npoBCp.R.eT Te 1rnn HHhle ycrrOBH.ff 11 

eoo6w,aeT 06 liX BhITI0JIHeHHH (HanpHMep, KO­
Ma11na Ha 3UilHeb pa3pe3a .llJl.H rroene.u)'lOmero 
nponon)Kemrn e'-reTa); 
- Ha warax no speMeHH o6MemmaeTe.R. .rcaH­
HhlMH e npyrHMH BO. 

IlpH .uoenuKeHHH KaKHM-JJJ'.160 K0JIOM rpa­
HHUhl onpenerremrn C00TBeTeTB)'lOIUa.R. 110 
rpyrrnOBOH paechrnKOH BhI.[(aeT K0Matt.ny Ha 
npeKpameHHe npoueeea Mo.rcerrHposaHH.H. B 
pe:,1<HMe rpyrrnosoi1 pacchlJIKH BO o6Memrna­
IOTe.R. nacnopTaMH H 0ilHeaTemIMH, ycTattaB­
JlHBaI-OT H0Bhle JlByxT0'-le'-IHhie eB.R:311 Me)Kny 
BO. 

Me)Kny 0TKJllO'-leHHhlMH H II0.IlKJlIO'-leHHhI­
MH K Mo.nem, BO B asTOH0MH0M HTepaQH0H­
II0M pe)KHMe Bhmonm1eTe.R. CMHXp0HH3al:{HR no 
BXO.UHhIM H BhIXO.[(HbIM .uaHHbIM. Bo speM.R. 
elfHXp0HH3aUHH Bee oeTaJJbHhie BO Mo.nerr11 
HaX0.[(.HTeH B )KJJ.ymeM pe)KH:Me. Tiocrre BbIII0Jl­
HeHHR ewttxpoHH3aum,, HO nonKJIIOt.JeHHhIX 
BO B pe)l(11Me rpyrrnosoro o6MeHa pacchma­
IOT K0MaH.rthI seeM BO Ha nponon)l(em-1e cqe­
Ta. OTKJIIOqeHHbie BO OCTaIOTe.R. cpyHKUROHH­
poBaTb B )K)lymeM pe)l(HMe. TaKHM o6pa30M 
pean1nyeTeR pe)KJ1M .UHHaMn-.ieeKOH nepeeT­
pomrn Mo.nemr. 

B1,1rue o6c~.[(aJJOCh, '-ITO 0eH0BHa.H u,eJJb 
e03]laHIDI ,n:aHHOH CHeTeMbl - 061>e,UHHe1-rne B 
e.UHHhIH nporpaMMHhlH K0MilJleKC nporpaMM, 
0TJJ,eJibHhIX cpH3H'-leCKHX npoueeeos K0MIIJJeK­
eHOH 3a.ua'-IH, C03.UaHHbIX pa3JIH'lHhIMH K0Jl­
JJeKTMBaMM 11cnoJJHHTerreii. PaJYMeeTCK, Ka)K­
.Ila.R. H3 Tal<UX nporpaMM IlO.IlJJ.ep)KHBaeT co6eT­
BeHH)'lO eTPYKTYPY JJ,aHHhTX, KaK rrpas1rno, ey­
weeTBeHH0 0TJIHliaTOIUyIOe.R. OT npyrwx rrpor­
paMM. B TO )Ke speM.H 60JiblIIBHCTBO pacqeTOB 
TPe6yeT B npoueece e'-leTa o6MeHa JJ,aHHhIMM 
Me)K.uy K0JiaMH, MO.rtemrpyIOIUHMH 0T.IlCilhHbJe 
cp113H'-leCKHe npoueeChI. 

B TaKHX erryqaHx seer.ua B03HHKaeT rrpo6-
neMa m160 npeo6pa3osamrn MHcpopMaumr H3 
o.rcHoro cpopMarn s npyroii, m160 rrp11Meuemrn 
neKoro ernttnapTH0ro cpopMaTa naHHhIX. B 
3TOH sepe1rn CHCTeMbI HHTerpauHH npHHHMa­
eTCR, '-ITO Ka)l(JlbJH K0JJ. coxpam1eT eo6eTBeH­
H)'lO CTPYKTYPY nattHbIX. 3a.uaqy npeo6pa3o­
samrn eTPYKTYPhI .naHHhIX npH o6MeHax c 
npyrHM11 K0.UaMH BblTI0JIH.R..lOT eneuHanbHbie 
K0I!BepT0phl, K0T0pbie BXOJJ,.HT B eoeTaB HO 
e00TBeTCTBYJOlllHX K0JJ.0B. OTMeTHM, '-ITO see 
o6MeHbI Me)KJIY BO np0H3B0JJ.51TCR c noMo-

35 



11.lbfO npoue)]yp 6116n110TeK11 MPI 11 KOHTJ)O­

n11pyioTc.sr 110. 
Ha :nane peryn.srpHoro cqern Ka)K)]bJH BO 

l\lO)KeT TIOCbIJlaTb )]pyroMy KO)]y cpH3WieCKJ1e 

)]aHHbie B KOHUe cBoero wara no speMeH11. 

Ilepe)] rrocbrnKOM JJ,aHHbIX BO nocbrnaeT y□-

paBJI.lllOll.lee coo6ll.le1rn:e. B JJ,aHHOH sepc1111 

CHCTeMbl HHTerpau1rn K0}],0B npHIDITO lfTO see 

npoueccbl KOHBepTauirn 0Tnpasm1.eMhIX 11 

npl1lrnMaeMblX JJ,aHHblX .sIBJl.Sl.lOTC.ll cpyttKIIHeM 

HO. BbIXOJJ,HOM K0HBepTOp npeo6pa3yeT )]aH­

Hbie 113 BHy-rpeHHHX npeJJ,CTaBJleHHH K0JJ,a 

(nMeHOB3HHe MaCCHB0B, HX CTJ)yKTypa, HC­

nOJib3yeMbie pa3MepHOCTH BeJlHlfHH H T.rr.) K 

11eKornpoMy CTaHJJ,apn-r3oBaHH0MY npe)]CTaB­

ne1uuo 3THX JJ,aHHbIX, npH 3T0M coxpamIB 

BHYTpeHHlOlO CTJ)yKTYPY HHcpOpMau1111 (Ha­

npHMep CtJeTHbie ceTKH). BxoJJ,HOM K0HBep­

T0p, rrony1rn.sr HHcpopMaUHlO B CTaH)]apTH30-

BaHHOM cpopMaTe OT JJ,pyroro BO, KOHBepn1-

pyeT )]aHHbie (KaK npas11no c nepeHHTepno­

mru11ew) BO BHYTpeHHHe MaCCHBbI csoero 

C'-leTH0fO K0JJ,a (HanpHMep, C OJJ,HOH ClfeTHOH 

ceTKH H C nepeBO}],OM B H)l)KHble pa3MepHOCTH 

BeJlH'-IHH). 

B Ha'-lane wara K0}],bl nonyqaJ0T OT CB0HX 

110 (KOTOpbie yx<e o6MeH.l!JlHCb Me)KJJ.Y co6ow 

C00611.lemurMH H Bhipa6oTMH cnenyioll.lHH 

war o6MeHa 11 tteo6xoJJ,HMOCTb KaKHx-m-160 

rno6aJJbHbIX JJ.ettcTBHH nma 3an11cb K0HT­

ponhHOH TO'-IKH cpai1na-pa3pe3a 1rncpopMaUITT1. 

.un.sr npoJJ,OJJ)KeHH.sr cqern) y□pasm1.FOmee coo6-

1llem1e, co)]ep)Kamee cneJJ,y10m11e rrapaMeTJ)hI: 

(p113HlfeCKOe BpeM51, na KOTopoe )]OJI)KeH BblH­

TH KO)], H: HHcpOpMRUHlO O npH3HaKax rno-

6anhHblX JJ,eHCTBHH. 

Ko.Ubl o6MeHHBaJOTC.ll. HHcpOpMauwei-f s 

TO'lKaX CHHXpOHH3aUHJJ, KOTOpbie MOfYT 6bITb 

KaK JlOKMhHhlMH (JJ.Jl.ll o6MeHa 1-rncpopMauuei,i 

Me)K)]y )]By'WI KO)]aMH), TaK 11 rno6aJJbHhIMH 

(nOJ\il1MO o6MeHa HH(pOpMaunefi KO}],hl C03,Ua­

lOT K0HTp0JlbHbJe T0lfKH }],JI.sr B03M0)KH0ro B03-

o6HOBJleHH.ll ClJ.eTa). 

Ko)]hl 06Merrnsa10Tc.sr 1rncpopMaruiei1 co 

csoew HO, 11crronh3Y.ll. cnetn1anbH0 pa3pa6o­

TaHHbJe APl-cpyttKUHH (Application Program 

Interface). 110 KoJJ,a ocyll.lecrn1rneT ynpam1e-

1-111e Ct.JeTOM }],Jl.ll KOJJ,a H Bbipa6aThJBaeT MO­

MeHTbl rno6aJJbHOll 11 JlOKaJihHOH CHHXp0HII33-

U1111. Kon npOH3BO}],HT pact.JeT MOJJ,em-rpyeMblX 

HM npoueccoB JJ,O HaJHat.Jemrnro 110 M0MeHTa 

speMeHH. 
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B pean1nosauH011 sepcHH: TexHonornH 

HO 06ecne'-l.1rna10T Bhmonttemrn cne.uYIQlUHX 

cpyttKUHM: 

• B3aHM0,UeHCTBl1e KOJJ,a 11 110 K0,Ua C 

TIOMOlUblO API-cpyHKUHH; 

• 06ecneqe1-rne TOlfeK CHHXp0HH3aUHH 

.um1 JJ,ByxTot.JelfHoro o6MeHa 1rncpopMau11ew 

Me)KJJ,y K0JJ,aM11; 

• nonyqem1e 11 nepeJJ.alfa o6MeHHbIX 

cpyttKUHH Ko.ua; 

• y□paBJJeHHe K0,U0M .un.sr BbIX0JJ,a Ha 

OtJepe.D,HYIQ TO'Il<Y CHHXpOHH3aum1; 

• ynpasneHHe KOLi.OM s rno6anbHblX T0tJ­

Kax CHHXp0HH3au1m (3amfCb K0HTJ)0JibRbIX 

T0lfeK JJ,n.s1. rrpoJJ,om1<emIB pactJeTa H T.JJ,.); 

• Bbl30B C00TBeTCTBYJOlUl1X KOHBepTO­

poB }],Jl.ll npeo6pa30BaHH.ll HH(pOpMaUHH K 

BHYTpeHHeMy BH:JJ.Y KO)]a. 

Ilepe.uaqa 11 npHeM HHcpopMaUHH B CHCTe­

Me B3aHMO,UeMCTBl1.ll pa3H0p0JJ,HbIX KOLi.OB ocy­

meCTBJl.lllOTC.ll B BeKTOpH0M BHJJ,e. IlpH 3TOM 

Ka)KJ].bIH KO}], co CBOeH 110 BhICTy□ aeT B JJ,Byx 

11IJ0CTaC.RX: TIOCTaBlUHK H nonyqaTeJlb HH<pop­

MaUHH. 

qT06bI pa3HOp0JJ,HbJe KO}],bl CB060JJ,HO 06-

MeHHBaJJHCb HRcpopMaU,HeH, C03)].aHa CHCTeMa 

K0HBepTopoB JJ,aHHbIX. PeaJJH30BaHbl CTaH­

napTHbie BXO.D,Hble J1 BblXO}],Hble KOHBepTOpbl, 

HO TaK)Ke OCTaBJleHa B03MO)l(HOCTb TIOJ].KJII-0-

qeHH.ll cneumpH1-iecKoro K0HBepTopa JJ,JJ.sr KOJJ,a 

(pHC. 7) . 
Bb16op 11 3arpY3Ka KOHBepTOp0B npOH3B0-

}],.srTC.ll .UHHaMw-recKH cpe,ucrnaMH 110 comae-

-- -, 

O6MeH .naHHblMH I .----~-' nonb30BaTeJlbCKHH I 
K0HBepTOp 

L-------::::;,~~ __. I 
oa30BblH K0HBepT0p 

---.D:HHaMH4eCKH 
1 no.nKJ1J-04ael\1aS1 

6H6Jll10TeKa 

¢ai1n 

KOHcjmrypau,1111 

PHC. 7. CTpyKTypa K0HBepTOpa 

I 



HO Hl-IQ)OpMal..{HH, )'IGl3aHHOH B Q)aHJJe-orrnca­

TeJJe BO. ,[(m1 Ka)l(.lJ.OH 3arpy-A<aeMoti Komm 

KOHBepTOpa cymecTByeT CBOH KOHQ)HrypauH­

OHHblH cpatrn, KOTOpbIB 3arp)')KaeTC51 H 06pa-

6aT1>maeTCR cpe.11.cTBaMH MO, H co.11.ep)J(amM­

cR B HeM HHcpopMal..{IUI rrepe.11.aeTCR B KOHBep­

TOp qepe3 cneu11an1>Hb1e rro.11.nporpaMMbl MO. 
IlpH pa6oTe C IlOCTaBlllHKOM HHQ)OpMau1rn 

KOHBepTOp KO.D.a npeo6pa1yeT o6MeHHble cp)'H­

KUITTi 113 BHyTpeHHero npe.D.CTaBJiemrn JlaHHblX 

BeJIH'-IHH B KO.D.e B o6menpHH51TbIH cpopMaT. 

Ho npH 3TOM o6MeHI-Ibie cpym<UHH OTnpaBJIH-

1-0TCR Ha ceTK)' KO.D.a OTnpaBHTem1. IlpH pa6o­

Te C no11yqaTeJieM HHcpOpMal..{I'1H KOHBeprnp 

Ko.11.a npeo6pa1yeT no11yqeHHb1e o6MeHHhie 

cp)'HKUHH K BHyTpeHHeMy npe.D.CTaBJieHIUO 

.11.aHHhIX BeJIH'IlfH B KO.D.e. 

)],JIH KOppeKTHOH pa60Thl CBH3aHHOH CHC­

TeMbI IlOCTaBlllHK H noJiyqaTeJII, HHQ)OpMau1rn 

HMel-OT 1:leTKOe npe,ll.CTaBJieHHe, C KaKHMH cpH­

JHqecKHMH BeJIH~nrnaMM OHH pa6oTaIOT H K 

KaKOMY o6beKTY MO,ll.eJIHpOBaHHR OHH OTHO­

CRTCH. TaKHM o6pa30M .D.JIR Ka)J()lOro BeKTOpa 

orrpe.D.eJieHa c11e.n.yromM CJI)')Ke6HaR HHcpop­

MauHJJ: 

• )lJIHHa BeKTopa o6MeHHOH Q)j'Hl(UHH; 

• cpH3H1:leCK.HH CMblCJI o6MeHHOH Q))'HK­

UHH (KJIIO'I H3 e)llmoro CJIOBapR HMeH Q)H3H­

qecKHX cpym<UHH); 

• TOtJKa rrpHB513KH BeKTopa o6MeHHOH 

ql)'HKUHH; 

• HHcpOpMaUHR O ceTKe, Ha KOTOpOH rre­

pe)laeTCR o6MeHHaR Q))'HKUHH. 

,[(JIH pa60Tbl KOHBeprnpoB npHHHThl )I.Ba 

IlOCT)'JiaTa: 

• .n.m Bceii 3a.n.a'ilf 3a.n.atta o6menpHHR­

TaR KapTa npHBH3KH (HaIIpHMep, npHMeHeHHe 

H)'Mepau:HH, BBe.n.eHHOH pa1pa60T'-IHKaM11 PY)· 
• 3a,[J.aH e.D.HHhlH CJIOBapb OilHCaHHH 06-

l\leHHhIX Q))'HKU.HH. 

KO.D.-TIOCTaBlllHK HHcpOpMa1urn .D.aHHbIX 

cpopMHpyeT HX .D.JIR ompaBKl1 B HCTIOJib3)'e­

MbIX HM pa3MepHOCT.stX. )],aHHbie cpopMHp)'l-OT­

CR Ha co6CTBeHHOH ceTKe KO.Ila C HCTIOJlh30Ba­

HHeM rroHRTHOH KO.D.Y TO'lKH rrpHB513KH. IlocJie 

OTnpaBKH )laHHhIX B MO TTOCTaBlllHKa OHM rro­

rra.11.aioT B BhIXO,[J.HOH KOHBepTop, BbIITOJIHHIO­

lllHH Ha,ll IlOJl~IeHHbJMH ,[J.aHHhlMH CJie,uyro­

lllHe onepau11H: 

• rrp1rne.11.eHHe K o6merrpHHHTbIM cpH3H­

qeCKHM BeJIHllHHaM, )'Ka3aHHblM B e,ZU1HOM 

CJIOBape Q)H3MqecKHX Q))'HKUilli ,[J.JIH .n.aHHOH 

o6MeHHOH !p)'HKUJrn; 

• nepectJeT TO'-IKH npHBR3KH Ha o6me­

npHHHT)'l-O o6MeHH)'l-O KapTy. 

)],aHHhie, .n.ocrnBJieHHhie s 6ycpep HO no-

11yqaTeJIH, xpam1:TcH TaM .11.0 3anpoca, rro11y­

qeHHoro .n.mr 3THX ,[J.aHHhIX. OT KO,[J.a IlOJiyqaTe-

1151.. ITocJie rrocTyrrrreHHH 3arrpoca o .11.attHbIX B 

110 OH nona.n.aeT B BblXO.D.HOH KOHBepTop , KO­

TOpblH rrepecllHTbIBaeT TO'lKY npHBH3KH Ha 06-

menp1rnHT)'l-O KapTy. MO npOH3BO,llHT ITOHCK 

BO BXO.D.HOM 6ycpepe ,llaHHbIX c COOTBeTcTBy-

1-0llleH napoti ( o6MeHHaR !p)'HKUHR, TO'lKa n pH­

B513KH) H OTilpaBJIReT HX Ha o6pa6oTKy BO 

BXO.D.HOH KOI-IBeprnp. 3.uecb npOH3BO,ll.51T CH 

crre.n.yrom11e orrepaUHH: 

• rrepecqeT ToqKH npHBR3KH c o6merrpH­

FUlTOH o6MeHHOH KapTbI Ha TO'lKY rrpHBH3KH 

Ko.n.a rro~aTeJIH; 

• rrepecqeT Q)H3H'JeCKHX BeJIH1IBH Ha Be­

JIH'lHHhl, rrpHHHTbie B Ko.n.e nonyqaTeJIR; 

• HHTeprrom1:UHH rronyqeHHoro seKTop a 

Ha ceTKY Ko.n.a nonyqaTem. 

Ilocne y.n.a1:1Horo 3aBeprueHHH Bcex BhITIIe­

)'Ka3aHHhIX onepaa;HR )laHHbJe ,ll.OCTaBlliUOTCH 

KO.D.Y nonyqaTeJIR. 

Pa1pa60TaHhI ,ll.Ba MeTO)la IIO)lKJIIOtJeHHJI 

KO.Ila K 11.0: npHMOH H qepe3 nporpaMM)'­

o6epTKy. B rrpRMOM MeTO.n.e KO,ll. ITO)lKJII-O'iaeT­

C51 K MO qepe3 ee API-cpyttKUHH. CxeMaT111:1Ho 

MeTO.ll IlO)lKJIIOtJeHIDI H306pa)KeH Ha pHC. 8. 
Cpem,1 MHO)KeCTBa pa3JIH'-IHhIX cpe.n.cTB 

Mexmpou.eccopHoro s3a11Mo.n.ei1crnm1 ,ll.JIR 06-

MeHa .n.aHHhIMH Me)J(,ll.y HO H KO,ll.OM BhI6paHbl 

HMeHoBaHHbie KaHaJibI. FIFO rro.n.xo.n.HT .ll.M 

perneHHH rrocrnsneHHhIX 3a,uaq nepe.D.a'-rn .n.aH-

,-_ g __ 7 
11 HO Ko,ua I I 
I I 
I u BO I 
I = I 
I ~.7 I 
I Ko.u I 
I I 
1.._ _____ 1 
I _________ I 

P11c. 8. npsiMoe no,uKJ110lfeH11e Ko.ua K 110 4epe3 
APl-cpyHKUIOI 
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HbIX, 5IBJ1ID!Cb npH 3TOM JJefKJIM 11 y,no6HbIM B 

o6pameHHH cpe,nCTBOM. 

HMeHOBaHHbie KaI'!aJlbl 06Jia,na10T p5I.Ll0M 

npeHMymecTB no cpaBHeHHlO C .npyrHMH 

cpe,ncrnaMM Me)KnpoueccopHoro B3aHMo.nei1-

cTBHJI a paMKax IlOCTaBJJeHHbIX Tpe6oaa,-mi1 K 

caottcTBaM CHCTeMbI. FIFO o6ecne'JMBaIOT 

B3aHMO.[{ettCTBHe Hepo,nCTBeHHbIX npoueccoa, 

He Tpe6yH peamnaum1 MexaHtt3Ma KOHTPOJUI 

,nocTyna K 061UHM pecypcaM, TaK KaK Cl1CTeM­

Hbie onepau1rn read(2) 11 write(2) HBJIHJOTCH 

aTOMapHbIMH. l1MeHOB3HHbie KaHaJJbl co CTO­

pOHbl pa3pa60TLJl1KOB no HO peaJJH3YIOT 

no.n.nep)Kl(y BbillOJJHeHl1H 3a,naq KaK 32-, TaK n 
64-pa3p5l,llHbIX npHJlO)KeffiIH. 

TaK KaK FIFO - o,nHottanpaaneHHhIH Ka­

Han, TO .[{JIR nepe,naLJH H nepeCbIJIKH ,naHHbIX 

c03.na10Tc.H, KaK MHHHMYM, .naa KattaJia. TaIOKe 

KOL{ H HO o6MeHl1B3lOTCH cny)Ke6HOH llli!pOp­

Mau11ei1 .[{JI}! opraHH33UHH KOHTPOJIR Han 

IIptteMoM/nepe,nat.J:eH .naHHbIX .[{JI}! CHHXpOHH-

33UHH H npyrwx ueJieH. I1o3TOMY C03.[{3HbI 

eme naa Kattana ,nJIH o6MeHa cepa11cH011 HH­

cpopMau11ei1. CTPYKTYPY ca.H3H Me)K.[{y HO 11 
KO.LlOM MO)KHO npe,ncTaBl1Tb cxeMOM, H3o6pa­

)KeHHOM Ha p11c. 9. 
JlJ06oe B3311MO,neMCTBHe 110 11 11CTIOJIH5Ie­

MOro Kona (noJiyqem1e crrenywmei1 rrro6anr,­

HOM TO'-IKH C11HXpOHH3aUHH, onpeneneHHe 

.[{aJibHeHWHX ,neMCTBHH 11 np.) CB0.[{11TC5I K 

npoue.nypaM nepe.naLJH 11 np11eMa naHHhIX. 

OnmueM npHHUHTI 3THX npoue.nyp a TO-LJKe 

CHHXpomnau1111. l-lepe3 cepBHCHhIM KaHan FI­

FO _SERY2 3a.naqa coo6maeT 110 o xapaKTe-

AreHT HO 

pe CBOl1X ,neHCTBHH, a 11MeHHO, l.JTO OHa XOlfeT: 

nepe,naTb 11JIH IlOJlYlfHTb ,naHHb[e. OT,neJJbHblli 

noTOK HO, npO'-IHTaa no)KeJiaHHR 3a,nal:f11 11 B 

3aBHCHMOCTH OT HHX, HJJH npHHMMaeT OT Hee 

.nattHbie, LJHTaH Kattan FIFO _DATA2, HJIH no­

cJie KOHaeprnu1m ,naHHhIX H3 o6mero a11na K 

BH.LlY 3a.[J.a'-!H nepe.naeT HX ei1, 3aTIHCbIBa5I B Ka­

HM FIFO_ DAT Al, ecJI11 TaKOBbie HMeJOTCH. 

Cne.nyeT OTMeTHTh, •no ec1m 3a.na1-ia Tpe-

6yeT .[{aI-IHbie, KOTOpbie eme He .[J.OCTaBJieHbI, 

TO 110 qepe3 cepBHCHhIH KaHan FIFO SERYl 

coo6maeT npHJIO)KeHHlO O HeB03MO)KHOCTH 3a­

aepWHTb onepau:i,110, ':ITO npHBO.D.HT K 6JIOKH­

poaKe HCTIOJIIDleMoro KO.[J.a. DJIOKHpOBKa CHH­

MaeTC5I npH IlOCTynJieHHH B cepBHCHbIH KaHan 

FIFO_SERVl coo6meHllil o HaJJHLJHH .naH­

HhIX, nanee 3a,naLJa npott3BO.D.HT lfTem1e .natt­

HhIX H3 KaHana FIFO DATAl. TeM caMbIM 

MO)KeT B03HHKHYTh He)KeJiaTeJibHaH 6JIOKH­

pOBKa B33HMO.[J.eHCTBYIOlUHX KOMTIOHeHTOB 

o6mei1 CHCTeMbl npH HCTIOJib30BaHHH 6noKH­

PYIOIUHX THTia TOLJKa-TO':IKa API-cpyttKUHH pss 

_put_data( ... ) H pss_get_data( ... ). TaKaH c11-

TyaUHH 11cKJI101-rneTc.H, ecm1 CHaLJana nepe.na­

IOTCH see qJH3H'-leCKHe .[J.3HHbie H JlHillb TIOTOM 

HalJHHaeTC5l npHeM. 

IloOKJ1JOl.fe1tUe l.fepe3 npo2pa.At.My-06epmKy. 
I1p11 c03.D.aHHH BO Re HCKJIJOLJeHo B03Hl1KHO­

aem1e CHTyaum-1, Kor.na H3MeHem1e HCXO,llHbIX 

K0.[{0B HeB03MO)KH0 HJIH RBJIReTCH He)KeJla­

TeJlbHbTM no KaKHM-J11160 □pHLJJrnaM. I1o.no6-

HaH c11Tyau1ui MO)KeT KOCHYTbC5I B nepayw 

OLJepe,nb KO.LI.OB, KOTOpbie paCCl.J:HTbIBalOT 

TOJlbKO 0.LlHH war. .D:aHHOro THTia KO.[{bI npH-

3a.na4a 

write fifod 
read fifod 

serv fifo w 
serv tifo r 

task _name.so.p 
FIFO SERVI 

read fifod 
write fifod 
serv fifo r 
serv fifo w 
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task_name.si.p 
-----------1 FIFO ERV2 ------------1 

task_name.o.p 
------------1FIFO DATA2-----------' 
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MeH5flOT, KaK npamrno, cpaHJibI ,UmI ClfMTbIBa­
HIDI HJIH Bbl,Ua'-IH cpH3H'-leCKHX .uaHHbIX, HMe­

lOillHX onpe,ueJieHHb!H cpopMaT. TaKHM o6pa-
30M, .llllil nO,UKJilO'-lemu1 3THX pac'-!eTHblX KO­
.llOB K MO 803HHKaeT Heo6xo,wrMOCTb B HOBOM 
HHCrp)'MeHTe, pea.JIB3aum1 KOTOporo BO3MO)K­

Ha npH HCIIOJib30BaIDIH o6epTOK API-cp)'HK­
UHH no.u Perl. )];aHHbIH 5f3bIK npe,UCTaBllileT co-
6011 y.uo6Hoe cpe,ucTBo .UJIH pa6oTbI c cpaI1:Jia­
MH H CO CTPOKaMH, '-ITO IIOCJI~HJIO OCHOBHbIM 

cpaKTOpOM .n.m1 BbI6opa. CxeManr<rno C03,UaH­
HhIH BO C IlOMOillblO rrporpaMMb1-06epTKH 
H306pa,)KeH Ha pHC. 10. 

PaC':leTHble KO.Ubl BbI3hIBalOTC5f: 113 npor­

paMMbI-o6epTKH Perl. Perl-o6epTKa npo113so­
Jl.HT HHHUHaJIH3aumo Kona B CHCTeMe 110 Bb1-
30BOM PSS_ !NIT( ... ) rroJiyqaeT BXOJJ.Hbie 
,ll.aHHhle qepe3 110 H IIOWOTaBJIHBaeT HX .llllil 
Ko,ua BhI30BOM PSS_GET{DATA) 11 SET_ 
DATA(DATA), 3anycKaeT caM KO.U BhI30BOM 
EXEC(PROGRAM), o6pa6aTbrnaeT ero BhI­
xo,u1-11,1e .n.a1-11-11,1e H rrepe.n.aeT 11x 11epe3 110 BhI-
3OBOM GET_REZULT(REZ) H PSS PUT 
(REZ, ... ), TaK)Ke noJiyqaeT 1rncpopMaumo no 
CHHXpOHI-I3aUHH ceMeHCTBOM Bbl30BOB, 061,e­
,ll.HHeHHblX IIO.U O.UHHM Ha3BaHHeM PSS 
SYNC( .. . ), H 3aBeprnaeT B3aHMo,ueI1:cTBHe c 
110 Bbl30BOM PSS_FIN( ... ). 

2.3. Cocmao u cmpyKmypa HC PEIIIIO 
B .n.aHHOM pa.3,UeJie orrncaHbI OCHOBHble 

(pj'HKUHOHaJibHbie B03M0)KH0CTH TeKymeH 

r...---------=-------- 7 
1 

1-10 KO.Ila I 

I BO I 
I 
I L-----,,.,-----1\"\: 

Kott<jrnrypau1,u1 

P1-1c. I 0. BO, C03,QaHHbtH c noMOJ..UblO nporpaMMbt­

o6epTKH 

peaJI113au1111 CITO PETITTO. IToJIHoe orr11catt11e 
MC PETIIlO H3JIO)KeHo a crrenywmei1 crnTbe 
3Toro )Ke c6opmuca. 

OcHOBHhie CBOHCTBa c11cTeM1,1: 
- MacwTa611pyeMOCTb - B03MO)KHOCTb HC­
IIOJib30BaHIDI no.u "o.n.1-1y" 3a.n.a11y nOJIHOro Bbl­
tIHCJIHTeJibHOro rrollil PMBC. B peaJI113au1111 
CHCTeMbI npHMeIDUOTC5f: rrporpaMMHbie TeXHO­
nonrn (MPI), 06ecne':lHBa!OlllHe MaKCHMaJibHO 
BO3MO)KHbie xapaKTepHCTHKH no 3cpcpeKTHBHO­

MY B3aHMO,ll.eikTBHlO BO C HCIIOJib3OBaHHeM 

KOMM)'HHKaUHOHHOH cpen1,1 PMBC-
- IIO,ll.llep)KKa BbillOJIHeHIDI B paMKax 3a.[la'IH 

KaK 32-, TaK 11 64-pa3p5r:,ll.HbIX rrpHJIO)KeHHii; 
- HHTepcpeik CB5f:3H C npHJIO)KeHH5f:MH Ha 5f:3bl­

Kax Fortran, C, C++; 
- TeKymM no,ll.llep)KKa "cTattnapTHoro" sap11-
aHrn CITO PMBC 11 B03MO)KHOCTb HacTpoi-iKH 
Ha mo6oi{ Knacc CITO PMBC; 
- HCTIOJih30BaHHe y.n.o6m,rx CHCTeMHo-cep­

BHCHhJX (GUI) nporpaMM B tJaCTH HHTerpaium 
BOB 3a.uaqy; 
- no,ll.llep)KKa s1,monHeHIDI B paMKax 3a.n.aqH 
KaK napannem,Hb!X rrpHJIO)KeHHH BO, TaK H 
I.IOCJie,llOBaTeJihHhIX. 

MC PETIIlO pa3pa6orn1-1a KaK rrporpaMM­
HhIH rraKeT PSS (Parallel Scalable Suit), K0TO­
p1,111 BKJIIO'!aeT B ce65f: CJie,ll)'lOIUHe KOMIIOHeH­
Tbl: 

- 6aJOBM 6n6JIHoTeKa cpymcuHH (PSS_ AP!) -
API IIOJih30BaTeJI5f: (pa3pa60TqHKa BO) K cpyH­
KUIDIM B3aHMO,UeHCTBIDI Bbl'IHCJIHTeJibHbIX KO­

,ll.OB C 110, rrpe,rmaJHa"leHHM ,llllil pa3pa60TKH 
nporpaMM Ha 5f3bIKax rrporpaMMHpOBaHIDI C, 
C++ H Fortran; . 
- 6H6JIHOTeKa HH3KOypOBHeBbIX Q))'lllCUHH 
(PSS_LAPI) - API pa3pa6oTtJHKa KOMnoHeHT 
MO, B qacTHOCTH, crreuHaJIH3HpoaaHHhIX KOH­
sepTopos, 3arp~aeMbIX KaK .UHHaMHtJeCKHe 

MO.UYJIH B 110 BO, rrpe,uHaJHa11eHHM JlJIH pa3-
pa6oTKH nporpaMM Ha 5f:3bIKax rrporpaMMRpo­
BaHH5f: C, C++; 
- rraKeT CRCTeMHo-cepBHCHbIX IIpRJIO)KeHHH H 
YTHJIHT (PSS_UTIL) - 1-1a6op rrporpaMM H 
YTHJIHT, yrrpomaIOIUHX pa3pa6oTKy 11 corrpo-
80)1{,lleHHe nporpaMM B cpe)J,e naKeTa PSS. 

)];JI5f KO,UOB BO, (p)'HKUHOHHPYIOIUHX B 
paMKax PEITITO Ha MYJihTHIIpoueccopHhIX BC 
non yrrpasne1-111eM OC Linux/Unix, co3,uaHa 
TeXHOJIOfH5f pa3pa60TI<H R OTJia,UKH rrapaJI­

JieJibHbIX npHJIO)KeHHH JJ;JI5f MYJihTHrrpouec-
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copHhIX BC, cpyHKI.JJIOHHp)'K)mHx non ynpan-

11ett11eM OC ceMeikrna Linux/Unix, s cpe.ne 

OC Windows Ha O3BM pa3pa60Tt.J11Ka npor­

paMM. )],rui: :noro pa3pa60TaHbI HHCTp)'MeH­

TaJTbHbie cpe.z:i;crna OTJTa.lll<H 11 npocp111111posa­

HIDI napanneJibHbIX MPI-nporpaMM H co6cT­

BeHHaR sepcmr WMPI fo16JI110TeKH MPI .nm1 

OC Windows, qTo rro3som1eT nposo.z:i;HTh tta­

qanbH)'K) pa3pa6oTKy H orna.nKy napanJieJib­

HhIX rrporpaMM Ha pa6oq11x CTaHU11.sIX IIOJib30-

BaTeJleH. 

OcttOBHhie npeHM)'llleCTBa .D.aHHOH Textto­

nonrn: 

- HeT Heo6XO.llHMOCTH B HCilOJlb30Bamm .llO­

poroCTO.filUHX pecypcos napanneJibHOH BhI­

'-iHCJIHTeJibHOH 3BM; 

- .[J.OCT)'TIHOCTh; 

- HaJlHLJHe pa3BHTbIX cpe.D. nporpaMMHpOBa-

HH..SI, npe.D.OCTaBmnoIImx rpacpJ,fCieCK11H GUI 
HHTepcpeik; 
- )'CKOpeHHe CpOKOB pa3pa60TKH np1rno)l(e­

Hl1H. 

y CJIOBHO npouecc orna.nKH MO)KHO pa3-

6HTb Ha .D;Be COCTaBJlfilOlI.lHe: 

- OTJia.z:i;Ka Henocpe.D.CTBeHHO caMoro KO.D.a BO 

C npHMeHeHHeM HMelOIIJHXC.SI HHCTJ))'MeH­

Ta.JibHT:,IX cpe.ncTB B cpe.D.e pa3pa60TKH rrpHJIO­

)Kem,111; 

- orna.nKa npaBHJlbHOCTH q>)'HKUHOHHposa­

HH.SI KO.D.a BO B npouecce BhlllOJIHemur s paM­

Kax P£IU1O. 

2.4. Mooe.nupy10u,4uu KO~tnJleKc 

I1oJib30BaTe.JIH PMBC, BhlllOJIIDllOIIIHe 

pacqeTbI CBOI1X npHJIO)l(eHI1H, aBTOpH3)'K)TC.sI 

tta PMBC Tpa.D;lill;HOHHbIM .UJI.sr ceMeucrna OC 

Unix cnoco6oM c HCTIOJih30BaHHeM )'HHl<aJTh­

Horo CHMBOJibHOfO HMeHH (login) 11 napomr. 

CRMBOJihHOM)' 11MeH11 ITOJih30BaTeJI.SI PMBC 

npHCBa11saeTC.SI )'HHKaJlbHOe '-il1CJIO - 11.neHTH­

q>HKaTOp ITOJib30BaTellil (UTD), a caM IlOJib30-

BaTeJib HMeeT np1rna,nJie)l(HOCTh K rpynne 

noJib30BaTeneu, KOTopou npHcsa11saeTc.S1 csott 

H,UeHTHq>HKaTOp (GID), B COOTBeTCTBHH C KO­

TOpblM ITOJib30BaTeJil1 ITOJI)"-ialOT .llOCT)'TI K 

,rtaHHblM. 

Cne.nyeT HMeTb B BM.UY, '-ITO noJib30BaTeJib 

MO)l(eT HMeTb np11Ha,nJie)l(HOCTb K HeCKOJibKHM 

rpynnaM. KaK npaBl1JIO, .[J.aHHbJe IIOJib30BaTe­

JTeH 113 OT.lleJibHOH rpynmr 3alI.lHlI.leHbI OT .noc­

Tyna H3 .upyrou rpynnh1. 3Ta nomnHKa rrpH-
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eMJleMa .[I.JI.SI Bb!IlOJIHeHl1.sI OT,rteJJbHblX IIp11JIO­

)KeHHH, KOTOpb1e He npHMett.srIOT ,uaHHbIX APY­

rnx nOJih30BaTeJieH. B rrpoeKTe npe.z:i;nonara­

eTc.sr npose.[J.emre "cs~l3aHHhrx" pacqeTOB c HC­

IIOJih30BaHHeM o6mHx .llJI.sr pacqeTa cpaHJIOB­

om1caTeJieH 3a.D.aqH, I1o3TOM)' B .D.aHHOH pea­

n113auHH npe.D.yCMaTp11saeTC.sI C03.UaHHe OT­

.[J.eJibHOH rpyrrrrhI .nrr.sr scex nOJJh30BaTeJieH, 

rrpHHHMaIOIIIHX yqacn1e s pac'-ieTe no .uaHHOH 
TeXHOJlOfHH. 

CJie.D.yeT OTMeTifTb, '-ITO IlOJlb30BaTeJIH 

,naHHOH e,UHHOH rpynilhI MOf)'T HMeTb KaK 

JIH'-iHbie (.UOCT)'IIHhie TOJlhKO .llaHHOM)' IIOJlb30-

BaTeJIIO ), TaK 11 06m11e .z:i;aHHbie (.llOCT)'TIHbie 

BCeM qJieHaM .uaHROH rpynrrhI). 

Pa6oLJue KamaJ102u BO. Pa3pa6oTKa BhI-

1-rncJIHTeJibHhIX Ko.nos BO MO)l(eT OC)'llleCTB­

llilThC.SI rronb3osaTeJieM PMBC s ero co6cT­

seHHOM pa6o'-!eM KaTanore (ttanpHMep, B Ka­

KOM-JIH6o no.z:i;KaTanore .D.OManrneif HepapXH11 

IlOJlb30BaTem1) 11 HMeTh CTaT)'C JIH'-iHblX .UaH­

HhIX 3T0f0 IlOJib30BaTeJI.sr, KOTOpbie MOf)'T 

6hITb He,nOCT)'TIHbl OCTaJibHbIM '-iJieHaM rpyn­

Ilbl. 

)],Jl.SI npose.ueHIDI "cB.sI3aHHbIX" pacqeTOB 

Heo6xo.uHMO C03.[J.aHHe pa60'iHX KaTanOroB, 

CTaTyc .uaHHhIX B KOTOpbIX .sIBJUleTC.SI 06m11M 

.[I.JI.SI 'iJieHOB .[J.aHHOH pacqeTHOH rpyrnn,1. I1o-

3TOM)' npe.zmoJiaraeTc.sr .llJI.sr npose.ueHH.SI pac­

qeTa BhI.UeJJeHHe cneu11anbtthrx pa6o'IBX Kara­

Jioros BO, B KorophIX pacnonara10rc.sr cpaHJihI 

.D.aHHhIX, tteo6xo,n11M1,1e ,nn.SI npose,nett11.S1 .natt­

Horo THIIa pac'-!eTa, 11 co6CTBeHHO HCIIOJIHH­

MhIH Mo,nyn1, BbJqHCJIHTenhHoro KO.D.a BO. 

MemawujJopAtalfU5l BO. )],JI.sr Ka)l(.[J.oro BO, 

BKJIIO'-!aeMoro B CHCTeMy, pa3pa60TLJHKaMH 

CHCTeMbI HJIH pa3pa6oT'-iHKOM .naHHoro BO 

no.nrorns11HsaeTC.S1 nacrropr BO, KOTOphIH xa­

pa1<rep1nyer ,naHHhIH BO. KaK npasHJIO, rrac­

nopT BO roTOBHTC.SI OllHH pa3 H .SIBJI.sreTc.sr tte­

H3MeHHhIM .nn.sr scex 3a,uaq, HCil0Jlh3)'K)IIJHX 

,uaHHhIH BO. B TeK)'llleH peanH3aUHH s nac­

nopTe BO )'Ka3hIBaJOrc.sr cne.nyt0mHe rrapa­

MeTpbl: 

• )'HHKaJThHOe HM.SI, IlO.[J. KOTOpbIM OH 

H,lleHTH<pmJHpyeTC.SI B CHCTeMe; 

• Knacc q>H3HqecKoro Ko.na; 

• napanneJlbHbJH HJIH IlOCJie.[J.OBaTeJib­

HblH KO.D.; 

• sepc11.sr .D.aHHoro Ko.na; 



• napaMeTpb1, onpenemnom11e o6nacn 
npHMeHMMOCTH ,[{aHHOro KO,D.a . 

.Ll,aHHbie nacnoprn BO 11cnonb3)'lOTCH HO 
CHCTeMbl npH ee HHHUllaJlH3auIrn. TiacnopT 
nonroTaBmrnaeTCJI. B cpopMaTe xml JJH6o c no­
MOlUhIO rpa(pI·i'IeCKOro npHJJO)l(CHJUI GenPas­
sport, JJH6o B 06bPJHOM TeKCTOBOM penaKTOpe. 

,UaHHbie nacnopTa 51.BJJ.sIIOTC.sI, KaK npaBH­
JJO, HeH3MeHHblMH, a .[{JI.sI KORKpeTHoro pacqe­
Ta Moryr H3MeH.sITbC.sI B 3aBHCHMOCTH OT Tlllia 
3a.llat.J:H, B Kornpoii HcnoJib3yeTc.sI naHHbIH BO. 
Tio:noMy napaMeTpbI OIDfCaHH.sI BO .[{Jl.sI KOH­
KpeTHOro 3a,[{aHH.sI MOryr 6bITb BbI,lleJJeHbI B 
OT,lleJJbHbIH cpaHJJ JJH6o fibITb COCTaBHOH qa­
CTbIO nacnopTa. 

<I>aiin onucaTeJJ.sI BO no.uroTaBJJHBaeTc.sI, 
KaK H nacnopT, B cpopMaTe xml n1160 C TIOMO­
lUbIO rpacpHt.J:eCKOro npHJJO)l(eHID! GenDes­
crib, JJ1160 B o6blt.J:HOM TeKCTOBOM pe,llaKTOpe. 
,UaHHbie onHcaTeJrn BO ap11MeHJ1IOTC.sI HO 
CHCTeMbl npH ee HHHUHaJJH3au1rn ,llJlX ycTa­
HOBKH rpe6yeMbIX CB51.3eH (KaHaJJOB) C .upyrn­
MH BO .uaHHOH 3anaw. 

,Unx npenBapHTeJlbHOH npoBepKH KOppeK­
THOCTH rrnpaMerpoB nacnopTOB H orrncaTeneii 
BO B paMKax noJJHOH 3ana•rn OCY1UeCTBJJJ1eTCJ1. 
KOHTPOJJb nporpaMMOH CTaTH'!eCKOro aHaJJU3a 
.uaHHOH MeTaHHcpopMaUHH (StatCheck). B 
nepBOH cpa3e aHaJJH3a BbIIlOJllUleTC51. CHHTaKCH­
t.J:eCKHH aHaJJH3 napaMerpoB H HX 3Hat.J:eHHH, a 
BO BTOpOH q>aJe - npoBepKa TIOJJHOTbl HHq>Op­
MauHH .un.sI HHHUHaJJHJaUHH H cBH3bIBaHHH BO 
B .uaHHOH Ja,lla'Ie. 

IIpKMeReRHe nporpaMMhl CTaTK'ieCKOro 
aHaJJH3a Il03BOllileT Ha Ha'iaJJhHOM :nane IlO,ll­
roTOBKH 3a.uaHID1 (no,LtrOTOBKe MeTaHH(pOpMa­
UHH H Bcex BO 3ana'IH) H36e)KaTb HCTIOJJb30-
samrn .uoporocrnHmero BpeMeHH PMBC H 
npHMCHHTb PMBC TOJJbKO nnH ornanKH Jana­
t.J:H Ha nocnenyIOLI.J.HX Bblt.J:HCJlHTeJlbHbIX :na­
nax. 

TpaJJ;I1UHOHHO Ha PMBC pacnpeneneHMe 
pecypcoB, 3anycK 3anaq Ha C'ieT H ynpaBne­
HHe HX BbITIOJJHeHUeM OCYllleCTBJl.sIIOTC.sI on­
HOH HJ KOMnoHeHT CITO PMBC - cHcTeMoH 
ynpasnem,rn 3a,llaHH51.MH (CY3). HaH6onee 
CJJO)l(HOH t.J:aCTbJO CY3 HBJJHeTCH cHcTeMa nna­
HHposaHHH H pacnpe.ueneHIDI pecypcos .llllil 
noTOKa napannenhHhIX npHJJO)l(eIDIH. HanpH­
Mep, pecypcbI BbI'IHCJJHTeJJbHOro aonH PMBC 
- ,mrnaMHLJeCKHe, T.e. He HCKJJJO'iaeTC51. B03-

MO)l(HOCTb BbIBO.lla •rncnr pecypcos PMBC Ha 
npocpHnaKTHKY HJJH peMOHT. TipH 3TOM oc­
TaBWHeC.sI BbI'iHCJJHTeJJbHbie pecypcb1 PMBC 
,llOCTaTO'!Hh] .l{JJJI BhIIlOJJHeHID! Tpe6yeMOH 3a­
nat.J:H. 

)],pyrHM rrpHMepoM IIOBbillleHH.Sl 3cpcpeK­
THBHOCTH npHMeHeHH51. Bhl'-IHCJJHTeJJhHbIX pe­
cypCOB PMBC cn~HT apxHTeKTypHO-JaBHCH­
MOe pacnpe.l{eneirne pecypcoB no.u KOHKpeT­
Hoe rrapanneJihHOe npHJJO)l(eHHe. B ,l{aHHOM 
cnyqae CY3 pacrrpe.l{eJJHeT pecypcbr B cooT­
BeTCTBHH C reoMerpHeH napanneJJbHOro npH­
JJO)l(eHH51. Y'fHThIBa51. rrpH 3TOM H 6aJOBbie rpe-
60BaHID1 no npOH3BO.[{HTeJJbHOCTH Y3Jla H orre­
paTHBHOH rraMJ1n1. 

B HallleM cnyqae cqeT "cs.sI3aHHoro" rro­
TOKa 3a.l{a'i rrpe.n;cTasmeT eme 6onee CJIO)l(­
HyIO 3a,lla'iy. TI03TOMY B paMKax .uaHHOfO rrpo­

eKTa HCllOJJb3yeTC51. "HHTeJIJJeKTyaJJbHM" <l>YH­
KUHOHaJJbHOCTb CY3 PMBC c pacurnpeHHeM 
3a Ct.J:eT BHOBb pa3pa60TaHHblX nporpaMMHbIX 

KOMTIOHeHT (nporpaMMbI-reHepaTOpbl ynpaB­

Jl51.I01UHX KOMaH,ll CY3), KOTOpbie pemaJOT 
"rrpuBITTKy'' PETITTO K CY3 KOHKpeTHOH 
PMBC. 

Hcrronb30BaH CY3 Ha 6aJe PBS (Portable 
Batch System). Ee KOMMepqecKHii sapHaHT -
PBS/Pro, OTKpbITM Bepcrrn (Open Source) -
OpenPBS, ee .n;anhHeHllJee pa3BHTHe ,n;JI.sI 
6onbw.HX PMBC - TORQUE. )],pyrHe H3Be­
CTHbie HaM CY3 - LSF (Platform Cornputig), 
SGE (SUN), LL (IBM), SLURM (LLNL) H 
.llpyrHe HMelOT B rpe6oBaHM.sIX .n;aHHOro rrpo­
eKTa attanorwrnYIO CY3 PBS <PYHKUHOHaJJb­
HOCTb. Hx OCHOBHOe OTJlWIHe B &3bIKax OIIH­
caHHJI 3a.uaHHH Ha BblIIOJJHeHHe. Tio3TOMY pa3-
pa6oTaHHhie B paMKax .uaHHoro rrpoeKTa rrpo­
rpaMMhI-reHepaTopbr ynpaBJI.sIIOLI.J.HX KOMaH,ll 
CY3 nerKO MO.l{Hq>HUHpyeM1>1 B qacrn: HaCT­
pOHKH Ha KOHKpeTHhie CY3, npHMeH.sIIOIUHec& 
Ha HcrronHHTeJihHOH PMBC. 

IIporpaMMbI-reHepaTOpbl ynpaBJJJI.IOlUHX 
KOMaH.u (StartPSS) ocymecTBJJHlOT no.n;roTos­
KY cpaiinoB cueHapHeB Ha JarrycK BO H 110 
Ja.n;at.J:H qepe3 CY3. Ha nepBOM nane OCYIUe­
CTBJI.sieTCH no.uroTOBKa cuettapHeB 3arrycKa 
co6CTBeHHO BbPIHCJJHTCJJbHbIX npHJJO)KeHHH 
BO KaK napanneJJhHhIX, TaK H nocne,n;oBa­
TeJibHhIX, c OIIHCaHHeM Tpe6yeMbIX .[{JI51. HX 
BblIIOJJHCHIDI pecypCOB. ,UaHHM HH<pOpMaUHH 
0 pecypcax rrpHBO.l{HTCH B MeTaHH<pOpMaUHH 
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orn1caH11.1J BO 3a,naq 111111 3a)laeTC.ll B napaMeT­

pax KOHcj_mrypau110HHoro cpawna nporpaMMhI 

StartPSS. 

flocne BhmonHemrn pacnpe.nenemur pe­

cypcoB .nmr Bcex BO 3a.uaq11 11 11x 3arrycKa 
cpe.ucrnaMH CY3 ocymecTBJUieTCSI Il0)lTOT0B­

Ka c1wHapm1 3arrycKa rrapannenhH0ro MPI­

np1111o)KeHH.H MO 3a.n,aq}i 11 ero 3arpY3Ka Ha 

Bhf'IHCJlHTeJJhHhJe Y3JlhI, HCIT0JlH.HJOmHe BhI­
qJ1CJJHTeJJhHhie npHJJ0)KeHH.H BO. Ha 3T0M 

3Tan 3arpY3KH "cBs:i3aHHoi1" 3a.uaq11 3aseprua­
eTCjl. YnpaBJleHHe Bhlil0JlHeHHeM 3a.uaq}i ocy­

meCTBJJ.HeTC.H CTaH,llapTHhIMH cpe,llCTBaMH )laH­

HOH CY3, Hanp11Mep, nocnaTh Tpe6yeMhrn 

CHrHan Bhf'IHCJlHTeJlhH0MY npHJl0)Kemno, no­
CM0rpeTh HCJI0Jlh3yeMoe npHJJ0)KeHHeM BpeM}l 

CPU H .np. 
,[(JUI npHHY.llHTeJlhH0ro y.uaneHH.H 3a.uaq}i, 

HaXO.ll.limeHC.sl B C0CT0.slHHH C'IeTa, T.e. y.nane­

HIDI scex npHJlO)KeHHH .uaHHOH 3a.ua1111 (BO, 
MO) CHCTeMHhJMFI cpe,ncTBaMH, npHMeH.sreTC.H 

K0MaH)la KillPSS. 

O6myw CTpYKTYPY M0.Ue11HpYJOmero 
K0MirneKca Ha cyrrep-3BM H Ha PMBC c cy­

nep-3BM M0)KH0 npe,llCTaBHTh cne.uywmHM 

o6pa30M. BO o6MeHHBaJOTC.sl )laHHhIMH qepe3 

MO B cpe.ue MPI. Ha cyrrep-3BM CTPYKTypa 
K0MIIJleKCHOH 3a,naqJ1 H3 BO M0)KeT 6hITh 

rrpe,llCTaBJleHa B BH)le cxeMhl, H306pa)KeHHOH 

Ha p11c. 11. B cnyqae rrpoBe.ueHH.sI pacqern Ha 

HecK0JlhKHX BO, 06oe.n,11HeHHhrx B ceTh, cy­

mecTByeT B03M0)KH0CTh CB.ll3hJBaHJrn qepe3 
CHCTeMy "lliJll030B" (p11c. 12). 

2.5. llpo«eoenue c llOMOUJ,blO 
pa3pa6omauuoii mexnoJ102uu 

Oe.JUOIIClllplll(UOllllblX paCl/elllOB 
Ha rrp11Mepe PEMK c n0Momh10 pa3pa6o­

TaHHOH TeXHOJlOrHH, HCI10Jlh3y.sr cymecTBYJO­

m11e KO)lhl pa3JIH1IHhIX opraHH3aUHH, C03)laHhI 

rrporpaMMHhle K0MTIJleKChI )lJUI cyrrep-3BM 

pac11era HdrrpoHHo-cpH3H1IecKHx H rerrnor11.n,­

paBJJJ1qeCKHX npoueccoB B aKTHBHOH 30He pe­

aKT0pa. Mcnonh30BaHhI K0)lhI STEP AN 11 KO­

BRA [7], MCU [8] (pa3pa60TKH PHIJ; "Kyp-

11aTOBCKHH HHCT11ryr"), KORAT [9], PATEf 

[10] (pa3pa6oTKH P<l>5Il.J:-BHl1M3<l>), Sim­
WorT 3D Viewer (SimPort pa3pa6oTKH 3AO 

HITil "MHrep.uYM") [ 11]. ,[(n.sr Ka)K.n,oro K0)la 

co3.uam1 MO. Bee K0)lhI, 3a HCKJJJ01IeHHeM 
MCU, rro.uKmoqeHhI K MO HanpHMYJO 11epe3 

API-cpyttKUHH 06011011eK. Ko.n, MCU rro,nKJJ10-

11eH 11epe3 nporpaMMy-o6epTKy, C IT0M0IUblO 

K0Topow pean113yeTC.H HacrpoiiKa BX0)lHhIX 11 
BhlXO)lHhIX )laHHhJX. 

Ilo.uKmoqeHHhie K MO Hcno11ID1eMh1e cpai1-

JlhI K0)l0B, 3a HCKJII01IeHHeM SimWorT 3D Vi­

ewer, o6pa30BMH 113 BO B nporpaMMHOH cpe­

.ne cyrrep-3BM (Linux) PBililO (Bepc1rn 1) 
Mo.ue1111poBaH1U1 HeHTpOHHbIX, rermon1.n,paB-

Onepau110HHa.ll cpe,na cynep-3BM (MPI) 

__ .J 

P11c. 11 . CTpyKTypa K0MnJJeKcHOH 3a_ua411 Ha cynep-3BM 
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TepMHHM noJ1b30BaTeJU1 

PHc. 12. CTpyKT)'pa KoMnJleKcH0H 3a,D.a4H Ha PMBC 

;rnqecKHX npoueccos B aKTHBHOH 30He PEMK. 
BO SimWorT 3D Viewer 06ecne1IHBaeT B pe­
)KHMe on-line BH3YaJIH3aumo pe3yJIJ,TaTOB MO­

.ue1rnposamui: Ha y.ua.JJeHHhIX BhI"tJHCJIBTeJlh­

HhIX CHCTeMax (rro.u Windows). HIDKe OIIHCa­
Ha TexHonorIDI c03.uamui: BO, c6opKH Bhl'IHC­
mneJJbHbIX KOMIIJieKCOB MO.n;enHpOBaHHR rrpo­

ueccoB B aKTHBHOH 30He PEMK H 061,eKTaX 
3Hepro6noKa, BH3YaJIH3aUHH rrpoueccos Mo.ne­
JJHpoBaHIDI Ha y.n:aneHHblX KOMilhIOTepax l1 pe-

3YJJhTaTOB pacqern. 
OcHOBHaH 3a.n;aqa pa3.nena - HarJIR.llHO 

npo.n:eMOHCTPHPOBaTb, KaK C IIOMODlhlO pa3pa-

6oTaHHOM TeXHOJIOrJ,U,[ MO)KHO C03.llaBaTb rrpo­

rpaMMHble KOMIIJJeKCbl pac1IeTa pa3JIHtJHOro 

po.na □poueccos B HJyqaeME.1x o6T,eKTax. O.u­
HHM H3 TaKHX 061,eKTOB MO)l(eT 6bITh □Oml­
H'IeHKa aKTHBHOM 30HhI peaKTopa. 

B Kaqecrne rrorrHJ1.-.:iei1K11 Bh16paHhl 1IeTb1pe 
cMe)l(HbIX KaHana PEMK, rroMeIUeHHhie B 
rpaqrnTOBhie 6JIOKl1. B Ka)l(JlOM KaHaJJe Haxo­
.llHTCR TBC, cocTomua.i1 H3 18-TH TB3JJOB. fpa­
HHtJHhie ycJJOBIUI no HeHrpOHaM B flOJIHJl.qeti:Ke 
rrpHHHThl cne.nYJOWHe: Ha 60KOBOH □OBepxHO­
CTJ,f - ll)aHCJIJIUHOHHM CRMMerplUI, Bepxmur H 
HH)l(HHR - qepHM rrorrroma10ma.i1 nosepx­
HOCTb. 

fpaHHtllihie ycrroBHH no TeTIJIOHOCHTemo: 
Ha BXO,lle B KaHaJihl - TeMIIepaTypa H pacxo.n, 

Ha BhIXO.lle - .naBJieHHe. PactJeT Ha KpHTHq­
HOCTb flOJIH,HqeHKH BblilOJIHeH C yqeTOM H3Me­
HeHHH TeMIIepaTypbI H flJIOTHOCTH MaTepHana, 
.lllIR qero C03,ll;aH BhltJHCJIHTeJibHhIB KOMITJieKC 
H3 BOC KO.llOM MCU HBO C KO.llOM PATEf. 
YrrpaBJJeHHe H o6MeH .naHHhIMH c KO.llOM 
MCU pea.JJH30BaHbI -.:iepe3 rrporpaMMy-o6ep­
TKY Perl-o6epTKa B MO MCU. 

KpaTKO H3JIO)KHM arrropHTM pa6on,I KO.n;a 
MCU co csoeu 110 qepe3 nporpaMMy­
o6epTKY, KOTOpM npHMeH.HeTCR JlJijl pearrH3a­
UHH o6MeHa .naHHhIMH Me)K.ny pacqeTHhIMH 
KO.llaMH MCU H PATEf, a TaIOKe 3arrycKaeT 
KO.D: MCU. O6epTKa co.nep)KHT cpyttKUHH set_ 
dataO, get_ fin_ data(), exec_ cmcu() H ocHoB­
HOH 6JJOK, B KOTOpOM Bhl3hIBaIOTCR .llaHHhie 
cpyttKUHH 11 cpYffKUHH o6MeHa .naHHbIMH c KO­
.llOM PATEr. <l>YHKUHR set_ data() npo113BO.l{HT 
3aIIHCb nonyqeHHhIX OT p A TEf .llaHHhIX B 
cpai1:n KottqmrypaUHH Ko.ua MCU, <p)'HKUHJI 
exec_cmcuQ - 3anycK MCU, a cpyttKUIDI get_ 
fin_data() BhIIIOJIHJl.eT 4TeH.He .naHHhIX H3 cpaii:­
rra pe3yJihTaTOB Ko.na MCU .n;AA rrocne.n:yiomei1 
HX oTnpaBKH B KO.LI. PATEf. Bcero npoHcxo­
.UHT tJeTbipe o6MeHa .LJ.aHHhIMH, pe3yJihTaThl IIO 
HeKOTOphIM H3 HHX npe,n;CTaBJieHhl HIDKe. 

BO MCU nonyqaeT OT BO PATEf cne,n;y­
IOIUHH excel cpaiirr C TeMTiepaTypaMH TOITJIHBa 
H TeIIJIOHOCHTe;rn H □JIOTHOCThlO TeIIJJOHOCH­
TeJJH. IlpHHHMaeTCH, qTo TeMITepaTypa H IlJIOT-
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HOCTb rpacjmrn H KOHCTJ)YKU,MOHHbIX MaTep11a­
JJOB He MeWIIOTCSI.. 3TO ,llOIT)'Ill,eHHe HenpMR­
UHTIHaJJI,HO, HO ynporn.aeT 06MeHHh1e npou,ec­
ChI Me~y BO. CTPYKTYPa cpatina np1rneneHa 
B rn6n. l. 3necb YKa3hmaeTc.H: KaKa.H rrepena­
eTc.H o6MeHI-IaSJ. Q)ytIKU,MSI., pa3MepROCTb BeKTO­
pa rrepe,lla'-111 HOMep Kattana c KaKoro 11 B Ka­
KOH rrepe,llaIOTCSI. ,llaHHbie, TO'll(11 IIpHBSl.3KH 
BeKTopa rrepe.ua'-rn . 

.D:anee KOHQ)IITypau110HHbIH cpaHJJ rrpHHH­
MaeT KOHBepTOp, KOTOpbIB rrpHBO,llHT pa3Mep­
HOCTH o6MeRHbIX <py'HKUHH K pa3MepHOCTAA1, 
IIpHHSI.TbIM s MCU. 3aTeM KOHBepnrpyeMbIH 
KOH<pHrypall,HOHHbIH cpaHJJ o6pa6aTbIBaeTCSI. 
rrporpaMMoti Perl-o6epTKa. 3m rrporpaMMa 
BhIIIOJIR.HeT cnenyroIIJ.He orrepau,1111: 

• no IIJJOTHOCTH TeIIJJOHOCHTeJJ.H Bhl'IHC­
JJSJ.eT BeCOBYJO )],OJIIO B0,llOpo.n;a H KHcnopo.n;a B 
TeIIJIOHOCHTene; 

• pe.n;aKT11pyeT BXO.llHOH cpatiJJ MCU; 
• 3arrycKaeT KO.ll MCU. 

Ilocne 4-ti 1-nepaUHH Me~y BO MCU 11 BO 
PATEf rronyqeHhI cneny10rn.11e pe3yJJhTaThI: 

RGS TALLY MODULE OUTPUT 

Number of Series 
Full Number of Particles : 
Number of Tally Materials: 
Nurnber of Tally Zones 
Number of Tally Objects 
ISTR 
NRET 3214 DOWN 
FIXED 
FINISH tally 

0 

2 
12 000 

129 
129 
29 

ALL DISPERSIONS ARE PRINTED IN PER 
CENT 
<<NEUTRON SPECIFIC TALLIES FOR 
WHOLE SYSTEM>> 
Mean Disp DispOJDisp AssymFactor 
Ke.ff abs. : 5.81115E-Ol l.54449E+Ol 
Ke.ff col. : 5.78260E-Ol l.61193E+OI 
Keff t.len.: 5.79976E-Ol l.62836E+Ol 
Ke.ff comb. : 6.55198E-Ol l.05642E-05 
KeffBriss.: 5.98987E-Ol 3.81731E-06 
<<PARTICLE TYPE I>> 
Physical module particle type: I (neutrons) 
The estimation type: by collision 
H COOTBeTCTBeHRO HeihpOHHhle IIOTOKH a 129-
TH 3OHax IlOJJHSl.'-IeHKH. 

B HeKOTOpbIX CJl)"laSJ.X MO)KeT BO3HHKHYTh 

Heo6xo.n;HMOCTb BI,ITIOJIHHTh pacqeThl Ha cy-

44 

nep-3BM C HOMOill,bIO KaKoro-JJ1160 KO,lla HJlH 
)KeCTKO CBSJ.3aHHOro rrporpaMMHOfO KOMIIJJeK­
ca. TaKHe pacqeThJ MO>KHO npoBeCTH C ITOMO­
Ill,bIO HX 110. KaK npHMep npHBe.n;eM pacqeT 
cTau110HapHoro pe)K}lMa "xono.n;Horo" peaKTO­
pa 6e3 H3MeHeHHSJ. BXO.n;HhIX ,[laHHbIX C IIOM0-
111,bIO KO.lla MCU 6e3 rro.n;KJI10qeH11S1. npyrnx 
BO. IIonKJI10qeHHe MCU K 110 BhIIIOJJHeHo 
qepe3 rrporpaMMy-o6epTKY, ocymecTBJISJ.IO­
rn.yro TOJlbKO HHHIJ.Ha.JII,[3all,HIO KO,lla, He H3Me­
IDUI. BXO,IJ;HhlX 11 BhIXO,llHbIX rrapaMeTpOB. Ta­
KHM o6pa30M peaJIH3yeTCSI. CTaH,llapTHhIH 3a­
rrycK MCU qepe3 110. KaK npHMep pacc'-IHTa­
Hbl HeHTjJOHHO-<pH3HqecKHe xapaKTepHCTHKH 
PEMK. 

Mo,lleJJHpOBaJJaCh aKTHBHaSI. 30Ha, COCTO­
SI.IIJ,aSJ. 113 rpa<pHTOBOH KJia,[lKH, B KOTopyro no­
Mern.eHI,J l 661 TeXHOJJOrnqecKHX 11 211 KaHa­
JJOB ynpaBJJeHHSI. H 3alll,HTbI. BcSI. aKTHBHaSJ. 30-
Ha pa36HTa Ha 22 pact.JeTHhie 30HhI, COCTOSI.­
IIJ,He 113 22-x pa3JJI{qttbJX MaTepHaJJOB. Bee HC­
XO,IJ;Hhie .n;aHHhle 3a,llaHhI B CTaH.n;apTHOM .um 
KO.D,a MCU cpaiine HCXO,IJ;HbIX ,llaHHhIX, Ha3-
BaHHOM fn 206. BcSI. aKTHBHaSJ. 30Ha rrpe,llCTaB­
JJeHa OLlHHM pacqenn,IM 061,eKTOM. PacqeT 
BblIIOJIHeH ,llJJSI. 2 000 HeHTjJOHHhIX IlOKOJJe­
HHH. MaKCHMaJJhHoe q11cno cep11i1 c yqeToM 
pa3MepoB aKTHBHOH 30Hhl rrpHHSI.TO paBHhlM 
2 000. HH)Ke rrpHBO)],SI.TCSI. cpparMeHTbl pe3yJlh­
TaTOB pacqeTa KpHTH'-IeCKOfO COCTOSI.Hilll pe­
aKTOpa. 

*************MCU - Options:********* 
CM5 MEMORY: NP.MEM 
TG5 
RGS5 
************************************* 

TG TRANSPORT MODULE OUTPUT 

Ke.ff-Collision 0.946688 (0.0008) 

END OF TG TRANSPORT MODULE 
OUTPUT 
----------------==-========= 

RGS TALLY MODULE OUTPUT 

Number of Series 
Full Number of Particles : 
Number of Tally Materials: 
Number of Tally Zones 

2 000 
2 000 000 

22 
22 
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Number of Tally Objects 
ISTR 0 
NRET3214 DOWN 
FIXED 
FINISH REG 
C flOMOl.llhJO KO,Ua t.Jepe3 ero HO 6e3 ,UOilOJIHH­
TeJihHhIX BO. 

B Ka'-IeCTBe cnen)'IOmero npHMepa HC­
rIOJih30Bamu1 Texnononrn paccMorpeH pe)KHM 
HecaHI<J~HOHHpOB3HHOro H3BJiet.Jemrn CTep)KH.SI 

PP. BhIIlOJIHHM MO,UerrHpOBaHHe 3TOro pe)KH­

Ma C IlOMOll.l,hJO Bhl'-IHCJIHTeJihHOrO KOMTIJieKca, 

C03.UaHHoro 113 BO, pacc'-IHThIBaJOm11x HeHT­
pOHHO-Tennor11.upaBnWieCKRe npoueCChl B aK­

Tl1BHOH 30He peaKTopa Ha 6a3e KO,UOB KO­
RAT-3D 11 PATEr. TiycTh CTep)KeHh pp co 
CKOp0CThJO 40 CM/c H3BJieKaeTCSI" c 677 .uo 370 
CM OT BepxHero KOHUeBHKa. BKJIIO'-IeHa CHqe­
Ma aBTOMaT11qecKoro peryn11posaHH.S1 (AP), 
KOTOpa.SI no CYMMapH0M)' CITTHany BHyrpHpe­
aKTOpHhIX ,U3T'-IHKOB, pacnoJIO)KeHHhIX B .Slt.Jdi­
Kax c KOOp.UHHaTaMH 60-16, 60-61 , 17-16, 17-
61, nepeMemaeT 4 cTep)KIUI AP, pa3Me­
meaab1e B .Slt.feHKax 52-25, 52-51 , 26-25, 26-
51 , B aKTHBHYJO 30HY peaKTOpa (pHC. 13). 

Ha pttc. 14 npHBe,UeHa pac1-IeTHa.S1 cxeMa 
rn.upaBn11qecKoro rpaKTa KMIIIJ; PEMK, r.ue 
npHH.SIThT cne.u)'IOmHe 06031-Iat.feHH.SI: 1 . .. 6 -
1-IH)KH.SI.SI BO,Ufill3.SI Mar11cTpanh. 7 - aKTHBHa.SI 
30Ha. 8 .. . 15 - BepXH.SI.SI nap0B0,USIHaJI MarncT­
panb, T31 - TenJIOBOH 3JieMeHT 1 (18 TB3JIOB 

P= 7 MTTa 

T32 
7 

T31 

6 

5 

4 

P1-1c. 14. Pac<ieTHall cxeMa Tennorn)lpasnw-1ecKoro 
KOHrypa peaKTopa s KOJie PA TEr 

,UJIHHOH 7 M), T32 - TeTIJIOBOH 3JieMeHT 2 
(cTeHKa TK - KOJihUa - rpaqrnT). Pe3yJihTaThl 
pacqern npHBe,UeHhI Ha pttc. 15 (2-R cmp. 
l,{BemJ-toii BKIWOKu). 

CTep)l(eHb PP Bbl.llBHraeTcJJ 
BBepx co CKOpOCTblO 40 CM/C 
c 677 )10 370 CM OT BK 

CTep)l(HH AP JIBHralOTCll 
CHHXpoHHO co cKop. 20 cMlc 

BP,[( 

P1-1c. 13 flocTaHOBKa Tecrnsoi-1 Ja)la'-IH PY PEMK- I 000: BK - sepxHHH KOHuesoi-1 BblKJIIO'-laTeJib; BP,[( -
BHyrp11peaKTOpHblH )laT'-IHK 

46 



PeamnoBatta cne.nyioma8 TexHononrn 

co3.na1u-rn BO: 

- .UJI8 HaCTpOHKH KOHBeprnpoB pa3pa6oTaH 

0611.(HH cpopMaT o6MeHHblX .naHHblX .nmi: 3TOro 

KJiacca 3a,uaq; 

- no.uroTOBJieH cpaiin Kottqrnrypaum1 .umr 

KOHBeprnpa JJ,aHHbIX, HMelOI.l(HH <PopMaT xml 
H co.uep)KalllHH OTIHCaHHe HCil0Jlh3yeMbIX 06-

MeHHbIX QJYHI<UHH H HX pa3MepHOCTeH, npaBH­

Jia nepecqern <PH3H'-IeCKHX BeJIH'-IHH H BbICOT­

HbJX ceTOK, om1caHHe KapTorpaMMbl nepeBOJJ,a 

TO'IeK IlpHBH3KH. 

B Ka'-feCTBe o6MeHHOro <PopMaTa JJ,aHHbIX 

BhI6paH cneJJ,}'lOlllHH: 

- HYMepauI-rn KaHaJIOB - cornaCHO KOHCTpYJ<­

TOpCKOH Jl,OK)'MeHTaIJ;I-IH" 

- Jl,Jlj[ BbICOTHbIX ceTOK - HarrpaBJieHHe CHIBY 

BBepx, B Ka'-feCTBe Ha'-fana Koop.u1rnaT - HH)K­

HHH cpe3 aKTHBHOH 30Hb1, pa3MepHOCTb - B 

MeTpax· 

- nepeqeHb H pa3MepHOCTH QJH3H'ieCKHX 06-

MeHHbIX <PYHKUHH npe,UCTaBJieHbI s Ta6JI. 2. 

CembLBaHue npo2pruw KORAT-3D u PA­
TEI'. B CBH3aHHbIX ,uHHaMH'ieCKHX pacqeTax 

HOMHHaJibHbIX H aBapHHHbIX pe)KHMOB HC­

Il0Jlh3}'JOTCR JJ.Hcll<PY3HR HeHrpOHOB B MHOro­

rpynnoBOM rpexMepHOM npH6JIH)KeHJ-rn, KH­

HeTHKa HeHrpOHHO-RJJ,epHoro B3aHMOJJ,eHCT­

BHR (KORAT-3D), Te'ieHHe TennoHOCHTeJIR B 

JJ.ByxCKOpOCTHOM, JJ,ByxTeMnepaTypHOM MHO­

roKaHaJibHOM TepMorn.upaBJIH'JeCKOM npH6JIH­

)KeHHH (PATEf). IlpH :noM Ha Ka)KJJ,OM spe­

MeHH0M mare nporpaMMhl PA TEr H KORA T-

3D o6MemrnaJOTCR TJ)exMepHbIMH pacnpe.ue­

neHH8MH paCC'UlTaHHbIX cl)yttKUHM. TipH C'ieTe 

npOH3B0.UHJICR o6MeH cne.nyioIUHMH cl)yttKUH­

SIMH (rn6n. 3): 

T a 6 J1 11 ._. a 3. O6MeHHble cbVHKU.IDI 

KORAT-3D PATEr 

y .aeJlbHIUI M0I.UH0CTb Tenno- TeMneparypa Ton-

Jl0BbI,lleJleHl18 B T0ilJlHB0, mrna, rpa,avc K 

,l.()K/( c·cM
3

) flnOTHOCTb TenJJ0-

Y.lWJlbHan M0I.UH0CTb Tenno-
I 3 H0CHTeJlH, Kr M 

Jl0BbJ,lleJleHHl! B rpacjmT. TeMneparypa rpa-
3 .IJ:)Kf ( C·CM ) cjmTa, rpa.ayc K 

O6e npe.ncrnsneHHble nporpaMMbI pean11-

30BaHhI H cl)yttKUHOHHPYJOT KaK He3aBHCHMbie 

KO.Ubl, Ka)K,llblH H3 KOTOpbIX HMeeT CBOH co6cT­

seHHblH <PopMaT .naHHbIX. OTJIH1IBJI s <iJopMa­

TaX npe.ncrnBneHHH .naHHhrx cne.nyiomHe: 

• HecoBna.naromaR H)'Meparurn KaHaJIOB 

( CKB03HaR no qHcny scex KaHaJI0B aKTHBHOH 

30HhI B nporpaMMe KORAT-3D H CKB03HaR 

no 'iHCJIY TOilJIHBHbJX KaHaJIOB B rrporpaMMe 

PA TE[ (pHc. 16); 
• pa3JIH'-IHbie BblCOTHble ceTKH (pHc. 17); 
• pa3MepH0CTb (pH3H'-leCKHX seJlli'-fHH 

o6MeHHhIX cllYHKllHH (rn6n. 4). 

T a 6 JI u Q a 4. Pa.JMepHocrn 

H3HlJeCKHX BeJlHYHH 

KORAT-3D 

11311YeCKHX o6MeHHblX HK.l.ll1H 

Ha3BaH11e cj>H3H'leCKOH 

BeJlHYl1Hbl 

¢11311yecK11H CMblCJl 

cp113HlJeCKOH BeJl H'IHHbl Pa3MepHOCTb 

Total :Power 

Coolant Power_ density 

Fuel : Power_ density 

Graphite:Power _ density 

o6MeHHOH HKU.HH 

MoI.UHOCTb TenJ10Bbl.D.eJ1eH1-ll! 

y .ueJlbHal! M0I.UH0CTb Tenno­

Bbl,lleJleHH8 B TenJl0H0CHTeJlb 

Ter.rne a a TennoH0CHTeJll! 

£1.noTHOCTb TenJJ0H0CHTeJll! 

y ,aeJlbHal! M0I.UH0CTb Tenno­

Bb[,lleJleHH8 B T0nJlHB0 

Te~me a a TonJJHBa 

rfJlOTHOCl b T0nJlHBa 

y ,aeJlbHIUI M0I.UH0CTb Tenn o -

r a.a c K 
Kr/ M 

r a.a CK 

Kr/ M 
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f., :, 4 , 5 6 7 10 11 12 13 14 15 16 17 20 21 22 23 
73 
72 
71 
70 
67 
66 
65 
64 
63 
62 
61 
60 
57 
56 

156 
183 184 

221 222 
243 244 245 246 

285 286 287 

KORAT-3D: OT 1 ,ll,O 2 488 

122 

185 
223 
247 

54 
75 76 77 

105 106 
123 124 125 126 
157 158 159 
186 187 188 189 
224 225 
248 249 250 251 
288 289 290 

''.\''',, , 4 · 5 ·6 , 7 10 11 12 13 14 15 16 17 20 21 22 23 
73 
72 
71 
70 
67 
66 
65 
64 
63 
62 
61 
60 
57 
56 
55 
54 

395 
443 

491 492 
541 542 

305 
349 350 
396 397 
444 445 
493 494 
543 544 

149 
185 186 

223 224 225 
263 264 265 266 
306 307 308 309 
351 352 353 354 
398 399 400 401 
446 447 448 449 
495 496 497 498 
545 546 547 548 

55 56 
83 84 85 86 

115 116 117 118 119 
150 151 152 153 154 
187 188 189 190 191 
226 227 228 229 230 
267 268 269 270 271 
310 311 312 313 314 
355 356 357 358 359 
402 403 404 405 406 
450 451 452 453 454 
499 500 501 502 503 
549 550 551 552 553 

PATEf': OT I AO I 561 

PHc. 16. HyMepaUH!I KaHaJIOB (cpparMeHT KapTOrpaMMbI) 

" 
CM 

800 M 

7 

1----1- --- - ------+---I 

---4----- ---------4 

---4----- ---------4 
---4----- ________ _,, 

32 CJ1051 t---➔---- --------1 14 CJlOeB 

---4----- ________ _,, 

0 
0 

IloOKJZIO'ieHue npo2pCl.Aw K uHme11J1eKmy­

aJlbHOii o6oJZO'iKe. Ilp11 06-1,e;::urneHHH npor­

paMM rryreM 11O.UKJIIOqeHJUI HX K 110 HCKJIIO­

qaeTC51 o6MeH naHHhlMH HerrocpencTBeHHO 

Me)KJ:ly nporpaMMaMH. IlporpaMMa o6MeHHBa­

eTC51 .naHHblMH co CBOeH 110, IlpH 3TOM .uaH­

HhJe OT,Ua!OTC51 11 npMH11MaJOTC51 B TOM q)OpMa­

Te, KOTOpbIB npHHfl B nporpaMMe, H Ha CBOHX 

ceTKax. B csoJO oqepe.Ub 110 rrporpaMM 06Me­

H11BaIOTC51 .naHHbIMH Me)KJ:ly co6oH. 

O6MeH ,naHHbIMH rrpOHCXO,llliT s BeKTop­

HOM BM,lle, M Ka)K,llbIB naKeT naHHbIX corrpo­

BO)K.llaeTC51 TO'-IKOH IIpHB513KH H ceTKOH OTnpa­

BHTeJUI. Ilpw nonyqeHJm ,naHHhIX rrporpaMMa 

)'Ka3hIBaeT cBoIO ceTKy, Ha KOTOPYIO Heo6xo­

.UHMO rrepe11HTeprrom1posaTb rrpHHHMaeMhJe 

,naHHhle. Ilp11Be,nettwe pa3MepttocTeH 11 nepe­

cqeT TOl{eK npHB513KJf BhIHeceHbl B KOHBepTO­

pbI. 

PHc. 17. KORAT-3D 11 PATEf'. 8b1COTHb1e ceTKH TeXHonorm1 ITO.UKJIJOqeHH51 rrporpaMM K 

110 BKJIIOqaeT B ce651 HeCKOJJbKO 3Ta110B: 
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PMcy11KM K CTaTbe B.<l>. ToKapeHKO M Jlp. 

"TexHOJJOnrn p83pa60TKH pacnpe.n.eneHHblX BbllIHCJlHTeJlbHblX CHCTeM 

tta 6a3e cynep-3BM JlJUI pewett1ui K0MnneKCHblX 38}latJ HD,epHOH :rneprennrn" 

I 
38Ka34HK t 

Bhl'rncmnenhHbllI ue1-1T 

Pa3p860T'JH Ktt 

K0.U0B Pa3p860T41 I KH 

o6beKTOB 
CDopM11p0B8H11e 

rno68J1bHOH 18.11.8411 

O6pa60TKa p e3yJJbTaTOB 

11TOroB8H 06p860TK8 

pe3yJJbT8T0B 

PMc. 4. CTp)'KT)'pHaR cxeMa cj)opM11posaHHH 3ana411 

Cepsepb1: 

t~ I:-------._.....- ~ I 
ynp8BmllOLUHH ~-

HHCTJ)YMefTaJJbHbJH . 

C4eTHbltt y3en 
• • • 

r ·---~,-~-i~J . CJ 
I IHCTpyr,1e1-1Tan bHbrM 

C4eTHbIH )'JCJI 

Bbl'ILICJlWne.'lbHOe IIO!le 

1 1i□,1--..~-----.---.----
TeXHOJ10rH4CCKlfH 

.. -M8cc11sb1 : .UHCKOBblH JlHCKOBblH .11.IICKOBblH 

Ethernet 

Lll lCKOBblH 

BKC 

PHc. 5. CTPYKTYPH8H cxeMa PMBC: SAN - cCTb .n.ocTyna K xpaHIIJUtl..L\Y ,D,aH11b1x, 

BKC - BblC0K0npoMJBOJlMTenbHbte 1<a1-1an1,1 CBH3M 



Mo11111oc11,. 
<YJ 'I 

1.05 

1,04 

1,03 I\ 

' :-... 
1.02 

1,01 

) 
0.99 

- Mou 

- :c,. l!p 

- hn· 2T 

noJ10,KeHJ1C 

CTCp)!(HCH OT BK, CM 
800 

IHO tTb 
700 

~er b ' 2- 5 
600 

HI AP 

500 

400 

300 

200 

100 
I pe Ml! C 

oc 
2 000 

I 990 

I 980 

I 970 

I 960 

I 950 

I 940 

I 930 

J 

oc 
96 

v """"' 894 

~ 
I 

892 
J 

I 890 

I - 11M[ ep Ty ba or 1111 38, 

M KC [M Jlb ka: nc a .. 888 

Tf Mn epi Tyj Da on lrrn a, -- '~- ,m •~a Inn 1~. 886 

Bbe~ ll, c 
884 

10 30 50 70 90 

a) 

0 

110 130 150 10 30 50 70 90 

6) 
110 130 150 

P11c. 15. HeK0Top1,1e pe3ynhTaThl paci-1ern TeCTOBOH 3a)],a'-IH PY PEMK- 1000: 
a) l13MeHeHHe MOIUHOCTl1 11 IJOflO)Kemrn opraHOB peryJIBpOBaHIDI; 

6) 113MeHeHHe TeMneparypbl TOnJIHBa 11 rpaqnna, a.3. - aKTl1BHaH 30Ha 

l = 0,8 C 

I = 3,9 C 

t = 3 1 c 

I= 4,5 C 

Pttc. 18. l1JMeBe!IlUI IlnOTHOCTH TennoHOCJ1Tem1, TeMneparypbl TOnn11sa 11 HeproBbl)],enemur 

B 8KTHBHOH 30He B MOMeHTbl speMeHl1 '= 0,8, 3, 1, 3,9 11 4,5 C OT Ha'Jana aBapHH: 

l - nnOTHOCTh Tenn0Hoc11Tem1; 2 - TeMneparypa Tonn11sa; 3 - :meproBbJ)l,eJ1eH11e 



P11cyHKJ1 K CTaTbe B.<t>. ll111Kanosa 11 ,np. 
"<l>11311~1eCKOe pa:rnoo6pa311e np11 cpopM11poBaH11l1 ClffHanOB asap11HHOH 3aW.11TbJ no HeITTpOHHO-cp11311'-leCKHM 

napaMeTpaM .nmr A3C c BB3P" 

HannasKa 

OnycKHOH 
~aCTOK 

Kopnyc 
peaKTopa 

Bb1ropoJ1Ka 
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- pa3pa6oTKy o6mero cpopMaTa 06MeHHb1x 

)WHHbIX JIJUI ,narrnoro Knacca 3aJiat.I .nm1 HacT­

poiiK11 KOHBepTOpoB; 

- no.nroTOBKY qla:HJia KOHcj:mrypa1urn ,llJl.R. 
KOHBepTopa ,llaHHbIX, Bxo.nm:uero B COCTaB 

HO. c!)aifn KOHqrnrypamm KOHBepTOpa HMeeT 

cpopMaT xml H co.nep)K11T orrncatt11e 11CTTOJlb3Y­

eMbIX o6MeHHblX (p)'HKUHH H HX pa3MepHOC­
TeH npas11na nepecqern q:>113Ht.IeCKl1X BeJI11-q11H 

11 BblC0THbIX ceTOK, on11caH11e KapTorpaMMbl 

nepeso.na TOt.IeK npRBH3KH. 

B Kat.Iecrne TPen,ero pe)KHMa paccMoT­

p11M "Tml<eJJyJO" asapmo, BbI3BaHHyJO pa3pb1-

BOM HanopHOro KOJIJieKTOpa O,llHOH neTJJH 

KMIIll 3m aBapm1 rrpRBO.llHT K nonHoMy 

npeKpamettmo no.na1lli TenJIOHOCHTeJIH B asa­
pHHHyJO IlOJIOBHHY aKTl1BHOH 30Hhl peaKTOpa. 

PaccMaTp11saeTc.si: aBap11.R. rrpH Hecpa6aThIBa­
Hl1H aBap11ttHOH 3RlU11TbI. Pac1IeT :noro pe)KH­

Ma BbIITOJIHeH C IIOMOlllblO KOMnJieKca, COCTO­
H1Uero 113 BO c KO,llaMH STEP AN 11 KO BRA, 

MO}],en11pyJ01UHMH HeHTPOHHO-TeITJJOrHJ].paB­

JIHt.IeCK11e npoueCCbl B aKTHBHOH 30He. 

O6pa6oTKa pe3yJJbTaTOB pact.IeTa npOB0-
}].11JiaCb BO SimWorT 3D Viewer, KOTOpbrn 

3anyrueH Ha BbJql1CJll1TeJihHOM KOMllJieKce 2, 
C0CTOHlUeM 113 0}].HOro rrepCOHaJlbHOro KOMnh­

JOTepa c OC Windows. Pe3yJibTaTbJ o6paooT­
KH pact.IeToB nepe.liaHhl B MocKBy no 1'1HTep­

HeTy. Ha pHc. 18 (2-Jl cmp. L/BemHou BKJWOKu) 
npHBe}],eHbI 4 CJiaii.na 113 noJiyqeHHbIX pe3yJib­

TaTOB, Ha KOTOphIX 11306pa)Kettbl pe3yJlbTaTh] 

pacqern aepBbIX 4,5 c pa3Bl1TIDI asapm1. 

BO coJ,llaHhI no Texttononrn, OIDlcaHHOH 
Bbillle ,llJl.R. KO,UOB KORAT-3D H PATEr. 

TonbKO B ornHt.IHe OT BO KORAT-3D 11 PA­

TEf B STEP AN H KO BRA t.JHCJIO KaHanOB H 

BbICOTHa:H pa36HBKa COBTia,llaJOT H COOTBeTCT­
BeHH0 paBHhl 1 661 11 14. Cosna.naJ-OT HYMe­

paUHH KaHaJIOB J1 pa3MepH0CTH q>H311t.IeCKHX 
BeJIHl.!HH. 

3aKmoqemte 

Pa3pa60TaHHaH TeXHOJIOfHR C03,llaeT rpH.ll­

ceTH H3 pa3Jil1l.!HOro KJiacca KOMIIbJ-OTepoB, 

BKJJJOt.IaH cynep-3BM, H ITO .nnH no:nanHoro 

peweHH.R. 3a.naq pa3BHTIDI KpyTIHOMacwrn6HOH 

.5!3 B Harnei-1 CTpaHe. MO)l<HO Bh]}].eJil1Th s co­

OTBeTCTBl111 co CTPaTernew pa3BHTJUI A3K [1] 
cne.nyJOm11.e 3Tailhl IlporpaMMhI pa6oT no pe­

weHHJO 3THX 3a,naq_ 

3man 1 (2009-2015 22.). Pa6oTbJ BeLlYTCH 

no 4-M OCHOBHbIM HanpaBJJeHirnM: 

• coJ.n;aeTcH 061,e.n;HHeHHM PMBC Ha 

npe)lnplrnTHHX A3K 11 BHe,llpHeTC.R. TeXHOJJO­
rHH KOJIJJeKTHBH0ro pewemrn KOMilJieKCHhIX 

3a.naq; 

• pewaJ-OTCR aepBooqepe,llHhJe 3a,naq11 

3KCTTJiyaTa1urn, BBe,lleHID! B 3KcnnyaTaUHJO 11 

BblBO,lla H3 3KCrmyaTaUHlI o6beKTOB .5!3; 

• pernaJOTC5l 3a,naq11 pacnrnpemrn pbIHKa 

c6b1Ta aTOMHOH 3Hepnn1 H pa3pa60TKH 6a3o­

BhIX 3JieMeHT0B KpyTIHOMacrnTa6HOH .5!3; 

• pa3pa6aTblBaIOTC51 K0,llbl H0B0TO IlOKO­

JieHH51, opHeHT11poBaHHb1e Ha PMBC, .lIM yr­
Jiy6neHHoro perneHH.si: 3anaq 2-ro 11 3-ro :na­
noB CTPaTer1111. 

3man 2 (2016-2030 22.). Pa60ThI 3Tana 

Be}].YTCH II0 CJieJJ;yJOlUHM HanpaBJJeHH.5IM: 

• YBeJIH'IHBaeTCR BbPIHCmfTeJJbHa:H MOlll­

HOCTb PMBC 11 BBO.lIHTC51 B 3Kcnnyarnumo HO­

sa.si: Bepc11.si: l1C PEIIIIO c KOJ].aMH Hosoro no­

Konemrn, Il0Bhllll3l01Ua:H 3q>q:>eKTHBHOCTb HC­

nOJJh30Bamrn Bbl'IHCJJHTeJJbHbIX pecypcoB 11 
06ecneq1rnaJOmag KOMq:>OpTHbIB HHTepq>eHC C 

n0JJb30BaTeJJeM; 

• Ha 6a3e K0)],0B HOB0ro n0K0Jiemrn pe­

rnaJOTC.R. nepB00t.Iepe,llHhie 3a.D,at.Il1 BhIB0.D,a H3 

3KCnnyaTaUHH 3Hepro6JIOKOB nepBoro H BT0-

poro IlOKOJJeHHH H 3aMe111emrn 11X ycTaH0BKa­

Ml1 TPeTbero nOK0JJeH11H; 

• Bblil0JIH5IlOTCR pact.IeTHhTe HCCJie,lloBa­

HH.R. o6beKTOB KpyTIHOMacrnTa6HOH .5!3. 

3man 3 (2031-2050 22. ). Pa6oThI 3Tana BO 
MH0roM 6y.llYT onpe,lleJJ51ThC.sI yp0BHeM pa3Bl1-

Tl15l Bblt.JHCJIHTeJibHOH TeXHl1KH, a 0CH0BHhie 
1-rnnpasneHH.si: - 3-M 3Tan0M CTpaTenrn: 

• )],aJJbHewrnee pa3BMTHe K0)],0B HOBoro 

noKOJJemrn, 0CH0BaHHbIX Ha M0,llen11poBaHHl1 

npoueccoB Ha M0JJeKyn.si:pHOM yp0BHe .lIJIH yr­
ny6neHHbIX HCCJie,llOBaHHH scex qJH3HKO-XH­

Ml1qeCKHX, 6Honor11qeCKl1X H MeXaHJ1qecKHX 

npoueccoB B A3K H oKpy)KaJOmei1 cpe.ne; 

• 0ilTHMH3a:uHH HHTepq>eHCHOH 6a3bl 

noJib30BaTen.si:; 

• perneHHe scero KOMnneKca 3a.D,aq 

KpyTIHOMaCllITa6HOH .5!3. 

Cmtcoic JJHTepaT)'pbl 

I. Aepopuu EH., Bep6Ul{KllR O.B., /41eKceee 11.H. u 
op. CTparenrn pacw11peHHoro pa3BHTH51 A3K. 
11TOf08blH OTLfeT no fOCKOHTpaKTaM N2 28.07. 
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npe,ne.ne~1tty10 6116.n110TeKy np11KJ1a,uttoro nporpaMMHoro 06ecneYett11.11 (TITIO) .n.n.11 MHoronpoueccopttoii Bbl­
'-IHCJIHTe.nbHOH c11cTeMbl (MBC) c cynep-3BM. 
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The Distributed Library of the Applied Software and Its Intellectual Environment. V.F. Tokarenko, 
RRC ''Kurchatov Institute", I, Kurchatov Sq., Moscow, 123182, J.M. Belyakov, A.M. Vargin, O.A. Vo­
ronova, Yu.F. Danilov, A.A. Deulin, V. V. Evdokimov, D. V. Kul'neev, P.S. Loba11ov, M.S. Samigulin, G.P. 
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607188. Special software supporting the distributed library of the applied software for multiprocessor comput­
ing system with the super computer is described. 
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Pacrrpe,neneHHYJO 6H6JJHOTeKy IlIIO 

(P£IIIIO) o6pa.3YJOT KO.D.hI, no,nKmot..J.eHHhie K 
CBOHM HHTerrneKT)'MbHhIM o6ono'fKaM (HO). 
Ko.n BMecTe c HO c03.naeT BhJt..J.licnHTerrhHhIH 
o6beKT (BO). AreHTOM HO Ha.3BaH Ka)K,D.hIH 
0T,D.eJihHhlli npouecc HO, KOTOpblH o6CJJ)')KH­
BaeT 0,D.HH BhJt-lHCJIHTeJibHhIH KO.D., 06ecnet..J.J1-
Ba.R eMy KOHBepn1poBami:e ,naHHhIX H KOp­
peKTHhIH o6MeH c ,npyrHMH BhJl-lHCllHTeJJbHbl­
MH KO)].aMH t..J.epe3 HX areHTbl. 

Ilepe,nat..J.a J].aHHhlX Me)KlJ.y K0J].OM H areH­
TOM HO ocymecrnm1eTc51 nocpeJJ.CTBOM HMe­
HosaHHhIX KaHanOB. ,Um, nepeJJ.at..J.H ,naHHhlX 
Me)K.ny areHTaMH HO npwMem:1eTc.H TexHono­
fH.H MPI ( crnH,napT MPI 1.1 ). H11)Ke onwcaH 
peanw3oBaHHhlH nporpaMMHbIH 6rroK noJJ.­
.nep)KKH P611IIO, Ha.3BaHHhIH HHTenneKTyanh­

Hoi1 cpeJJ.011 PEIIIlO (l1C PETTilO) [!, 2]. OH 
npe,nHa.3Hat..J.eH .D.JUI opraHH3aUHH CB513eH Me)K­

.ny KO,D.aMH pa.3llH'illhlX rrpOH3B0.D.HTeJJeH 11 
o6ecnet..J.HBaeT B03MO)l<HOCTh KOM6mrnpoBa­
HH.H npOH3BOJibHOfO MHO)KeCTBa K0,D.0B, yqacT­
B)'IOillliX B pac'-!eTe 3aJ].at..J.H, 6e3 KOMTIHJI.!II.{HH 
H c6opKH HCII0llH.HeMbIX cpaHJJOB. 

TaK)Ke o6ecne'-rnBaeTc.H B03MO)KHOCTh no­

nyqeHIDI OT nocTaBII.J,UKa KO.Ila e,D.l1HOf0 HC­
IT0J1H51eMoro cpaiina (6e3 HCX0.lI.HhlX TeKCTOB) 
.ruur pernemrn Bcero MHO)KeCTBa 3a,naq, pernae­

MhIX KO.D.0M. Pa6orn 3TOfO nporpaMMHOfO 
6noKa B03MO)l(Ha KaK Ha coBpeMeHHhIX MBC, 
TaK H Ha O.D.HOnpoueccopHblX rrepCOHMhHbIX 
KOMilbIOTepax (TIK). 

OcHOBHhie CBOWCTBa HC P6IITIO: 
- Macrnrnfoi:pyeMOCTb - B03M0)KHOCTh HC­

IIOJ1h30BaHH.H TTO.ll "o,nHy" 3a.L(at..J.y TIOJJHOfO BhI­
'-IHCJIHTenbHOfO non.H MBC. B peanH3aUHH 
CHCTeMhl npHMeHJIIOTC.H nporpaMMHbie TeXH0-
nonrn (MPI), o6ecne'IHBaIOil{He MaKCHMMbHO 

B03M0)KHbie xapaKTepHCTHKM no 3<pcpeKTHBHO­
MY B3am,10,nei1cTBHIO BO c wcnorrh30Ba1-111eM 
KOMM)'HHKaUHOHHOH cpe.D.hI MBC; 
- fI0.ll.D.ep)KKa BhIITOJIHeHIDI B paMKaX 3a.nat..J.J1 
KaK 32-, TaK H 64-pa.3p.ll.D.HhIX npHJIO)KeHHM; 
- HHTepcpewc CB.H3H C np1rno)Ke!-JH,IIMJ,f Ha .H3bl­
Kax Fortran C, C++; 
- TeKyma.R no.n.nep)KKa "cTaH,napTHoro" BapH­
aHTa CITO MBC H B03MO)KHOCTh ttacTPofurn 
Ha mo6oi1 KJiacc CITO MBC; 
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- np11MeHeH11e YA06HhIX CHCTeMHO-cepBHC­
HbIX (GUI) nporpaMM B LiaCTH HHTerpau,1111 
BOB 3a,uaqy; 
- no)],)],ep)l(Ka BhIIIOJIBeHJ.rn B paMKax 3a.n.aq11 

KaK naprurnenhHhIX npHJJO)l(emu1 BO, TaK 11 
nocne}lOBaTeJJbHblX. 

HC PEITTIO pa3pa6ornHa KaK nporpaMM­
HhIM naKeT PSS (Parallel Scalable Suit), BKJJlO­
qa10i:u,11w B ce6H cne.n.yiom11e KOMilOHeHTbI: 
- 6a3oBaH 6116m10TeKa q>)'HKUHH (PSS_API) -
API (Application Program Interface) IIOJJh30-
BaTeJUI (pa3pa60Tq11Ka BO) K q>)'HKUHHM B3aH­
MOAeikTBHH Bhrq11cn11TeJJbHhIX KO}lOB c HO, 
npe}lHa3HaqeHHaH }lJJH pa3pa6oTKH nporpaMM 
Ha H3hIKax nporpaMMHpoBaHHH C, C++ 11 
Fortran; 
- 6116mroTeKa Hl13KOypOBHeBhIX q>)'HKJ..J,HH 
(PSS_ LAPI) - API pa3pa6onHKa KOMTTOHeHT 
110, B qacTHOCTH, pa3pa60TKH cneu,1-ram,r311po­
BaHHblX KOHBepTOpOB, 3arp~aeMbIX KaK }lH­
HaMHt.JeCKHe Mo.n.yn11 B 110 BO, npe}lHa3Ha­
t.JeHHaH }lJJH pa3pa6oTKH nporpaMM Ha H3bIKax 
rrporpaMMHpoBaHHH C, C++; 
- naKeT CHCTeMHo-cepBHCHbIX IIpHJJO)l(eHHH H 
yr11mrT (PSS_UTIL) - Ha6op rrporpaMM 11 
yr11JJHT, ynpomaJOmHX pa3pa6oTKY 11 conpo­
BO)K.LJ.eH11e rrporpaMM B cpeAe naKeTa PSS. 

Ha pHCyttKe npHBe}leHa cxeMa CTpyKTypb1 
11C PETITIO. 

CTp yKTypa KaTaJioros naKeTa PSS 

OpraHH3aUHJO CHCTeMhI PSS y}lo6Ho 
npe.n.cTaBHTh Yepe3 CTPYKTYPY ero .n.11peKTO­
p11w. ,1J;11peKTOpm1 BepxHero ypOBHH CO}lep)KHT 
Cl:(J)HilTbl H HHCTp)'MeHTaJJhHbJe cpe,llCTBa, He­
o6XO,llHMbie .z:vrn rroCTpoeHHH PSS. TaK)Ke 

Ea:30saH 6116n110TeKa cpyHKLJ.HH 

3.D.eCb pacrronaraeTCH pH}l IlO,llllHpeKTOpHH AJJH 
pa3JJH1IHblX THTI0B q>aHJJOB. 

O6mHe cpeACTBa IlOCTpoemrn CHCTeMbI 
BKJJIOYaIOT acinclude.m4, autogen.sh, configu­
re.ac, Makefile.am, INST ALL, READ ME 11 
COAep)KHM0e .D.HpeKTOpl1l-1 auxdir. KoMaH,llhl 
autoconf H make liCilOJJh3YJOTC.sl }lJJH IlOCTp0e­
HIDI cHcTeMhI PSS B aBTOMaTHt.JeCKOM pe)KH­
Me. 

HH)Ke npe}lCTaBJJeH CilHCOK Bcex BepxHe­
ypOBHeBbIX .zrnpeKTOpHH: 
• auxdir npHMeHHeTC.sl ,llJJH IlOCTpOeHH.sl 

PSS; 
• src co,uep)KHT Bee HCX0,llHbie KO.LI.bl, a TaK­

>Ke HCXO,llH.bie KO,llbI TeCTOB. 

IICXO,ll.Hb le KO,ll.b l 

B }lHpeKT0pHIO src BXO,llHT cne,uyiom11e 
IlO,llllHpeKTOpHH: 
• common - co}lep)l{HT q>aMJJhI peanH3aJ..J,HH 

H 3aroJJOB0l!Hbie q>aH.JlbI o6mHX MO.LJ.yJJeH, 
K0T0pbie HCII0lib3YJOTCH .ll.JJ.sl K0MIIHJJm:mH 
CHCTeMbr PSS 11 rronyqemrn 6116n110TeKH c 
API-q>yttKUH.sJMH, a TaK>Ke q>aifnhI om1ca­
HH.sr KOHCTaHT o6mero npHMeHemrn; 

• convertor - co}lep)KHT q>aHJJhI peanH3aJ..J,HM 
H 3aronoB0':!Hbie q>aiinhI Mo}lyneH, Hcnonh-
3yeMbrx }lJJ.sl pa60Tbl C KOHBepTopaMH; 

• j90modules - M0JlYJJH }lJJH no,llllep)l(KH 
H3bIKa cDopTpaH 90; 

• lib - peanH3aI{HH 6H6JJHoTeKH API-q>)'HK­
n11ii; 

• pss _ agent - peanmamui areHTa MO; 
• tests - co,uep)KHT pa3JJH':!Hble TeCThl ,llJJH 

npoBepKH CHCTeMbl. 

TTaKeT cepBHCHhIX YTHJTHT 

AreHT HHTeJJJJe"-'TYaJJhH0H o6ono'-IKH 

E116JJHOTeKa HH3KOyposHeBbIX 

cpyHKU.HH 

CTPYKT)'pa KOMITOHeHT H.C PEnno 
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TaIOKe B JlHpeKTopmo src BX0)l.SIT CJJe­
Jl)'lOlUHe cpaHJlhI: 
• aio.conf - IIpHMep KOHcfmrypaUHOHHOfO 

cpai111a c11cTeMhI PSS; 
• Makefile.am - np11MeH.S1eTC.S1 yrnnHT0H au­

tomake. B .D.aJJhHewweM cpaHJJhI asrnMaTH­
qecKoro Il0CTP0emrn CHCTeMbI ynoMJ1-
HaTbCJl He 6y.n.yr. 

J(upeKmopu11 common co.n.ep)f{HT 06II01e 
cpaHJJhl H onpe.n.eneHH.SI. K0HCTaHT. ,lJ;aHHa.SI ,D.H­
peKT0pH.Si co.n.ep)KHT cne.n.yiomHe cpaHJihI: 

• int init_ log (canst char *name_logfile, un­
signed int level, canst char *prefix) - 0T­
KphrnaeT nor-q>aHJI c HMeHeM name _log­
file, yposeHh ae)lett11.S1 noros 3a.n.aeTc.S1 s 
nepeMeHHOM level (s cpai1:11 se.n.eu11.S1. noros 
6y.n.yr .n.o6aBJJ.SI.ThC.SI. TOJJhKO Te 3an11c11, 

yposeHh K0T0pbIX He Bhillle YKaJaHH0ro B 
rrepeMeHHOM level). qepe3 napaMeTp prefix 
eCTb B03MO)KHOCTb YKaJaTb npecpHKC, KO­

TOphili 6y.n.eT .n.06aBJ1.S1.ThC.SI K Ka)l(JlOM 3a­
IIHCH; 

fifo func covers.h 
Pa6oTa c HMettosaHHhIMH KaHanaMH FIFO 

fifo func covers.c 
log.h 

Be.n.eHHe noros pa3nHqHhIX yposHeM 
log.c 
pss funcsdefine.h H.n.eHTHcjrnKaTOphI o6MeHHhIX q>y'HKUH.H H Knac-
pss funcsdefine.c COB KO.Ila no HX CHMB0JJhH0MY npe,D.CTasneHHIO 
task conversation.h 

Cs.SI3h Me)l(Jly areHT0M HO H pacqeTHhIM KO.D.0M 
task conversation.c 
macros.h BHyrpeHHHe K0HCTaHThI HO 

macros const.h 
O6mHe KOHCTaHThl ,D.JI.SI HO H n 0,D.KJJIO •rneMOfO 

- K0Jla (C) 

macros constf.h 
O6mHe K0HCTaHThl JlJI.SI HO H n o.n.KJ1101-rneM oro 

- KO.Ila ( <l>oprpaH) 

<l>ai1n fifo func covers.h .S1.BJ1ReTC.S1. Jaro­
nosoqHhIM cpaHJJOM, B K0T0p0M 0IIHCaHhJ HH­
TepcpeHChl cpyttKUI1M-06epTOK .D.AA pa60Thl C 
11MeHosaHHhIMH KaHanaMH FIFO: 
• int open_fifo (char *path_fifo, int flags, int 

*pdes_fifo) - coJ.n.aeT H 0TKphmaeT FIFO 
no nyrH path_fifo, pe)f{HM 0TKphITJ1.SI 
(TOJJhKO )lJJ.SI qTeHH.SI, T0JlhK0 JlJJ.SI 3anHCH, 
3an11cb H qTem,1e) YKaJbrnaeTc.SI qepe3 na­
paMeTp flags, )leCKpHnTOp 0TKphIT0ro FI­
FO coxpatt.S1.eTc.S1 no a.n.pecy pdes_fifo; 

• int do_write (int fd canst void *buf, size_t 
count) - 3arrnchrnaeT s FIFO c .n.ecKpHilTO­
poM fd MaCCHB 3JieMeHT0B buf, pa3Mep K0-
rnporo paseH count; 

• int do_read (int fd, void *buf, size_t count) 
- 1-rnTaeT 113 FIFO c necKpmnopoM fd co­
unt 3JJeMeHT0B H 3aIIHChIBaeT HX B MaCCHB 
buf. 
PeaJJH3aUHR ,D.aHHhlX <py'HKUHH HaX0,D.HTC.SI 

s cpawne fifo _ func _ covers.c. 
B q>aftne log.h npe.n.crnaneHhI HHTepcpew­

ChJ cpyttKUHM, K0TOpbie rrpHMeH.SI.IOTC.SI. )lJJ.SI Be­
.n:eHH.SI JIOroB pa3JJ}fqHhIX ypOBHeM: 

• void destroy _log (void) - JaKphITHe nor­
cpai1:na 11 ocso6o)K)J.eHHe JaH.SI.TOM 11aMRT11; 

• void error (canst char *fmt, ... ) - coJ.n.aTh 
3arrHch B nor-q>ai1:ne yp0BHR LOG_ LEVEL 
_ERROR; 

• void info (canst char *fmt, ... ) - coJ.n.aTh 
3an11ch s nor-q>ai111e yp0BH.SI LOG_LEVEL 
_INFO; 

• void debug ( canst char *fmt, . .. ) - C03,D.aTh 
3arr11ch s nor-cpawne ypoBH.SI LOG_LEVEL 
_DEBUG; 

• void debug2 (canst char *fmt, ... ) - coJ­
.n.aTh 3arr11ch a 11or-cpai1:11e ypoBH.SI LOG_ 
LEVEL_DEBUG2; 

• void debug3 (canst char *fmt, ... ) - coJ­
.n.aTb JaITHCh s nor-cpaftne ypoBIDI LOG_ 
LEVEL DEBUG3. 
,[.(anee rrpHse.n:eHHbie Q)YHKUHH 0TJlHqaIOT­

C.SI. OT T0JlbK0 '-ITO 0ilHCaHHhIX TeM, l.{T0 K 3a­
nHCH He .n.06asm1eTC.SI rrpeq>HKC: 
- void non prefix_ error ( canst char *fmt, . . . ), 
- void nonprefix_info (canst char *fmt, ... ) 
- void nonprefix_debug (canst char *fmt, ... ), 
- void nonprefix _ debug2 ( canst char fmt, ... ), 
- void nonprefix_debug3 (canst char fmt, .. . ) . 
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TaIOKe B cpawne log.h orrHcatt rrepe"rncm1-
MhIH nm t_debug, B K0TopoM y1«l3aHbI Bce 
B03MQ)KHble ypoBHH Be)J,eHM.SI J]Qf0B. B cpai1.ne 
log.c om1catta cTp)'KTypa log, B KOTopoii xpa­
HHTC.SI Heo6xO.[(HMa.H HH<pOpMaUH.H 06 OTKpbl­
T0M nore, H rrpeJlCTaBJieHhl peamnau1111 cpyHK­

UHH Be)J,eHMH noroB. 
B cpaiine pss _ funcdefine.h npeJlCTaBneHhl 

HHTepcpeHCbl q>)'H1{.UHH, l103B0JUIIOIUHe no11y­
qJ,1Tb 11,[(eHTHQJHKaTOpbl o6MeHHbIX Q_)yHKUHH H 
THn0B K0)J,a no HX CHMB0JibH0MY npencrnBne­
muo: 
• int pss_funcsdefine_init (char* fi le_narne) 

- HIDIUHa.JIH3al..{HH cnHCKa 11neHTH<pHKaTo­
poB. B cnyqae Heo6XOJll,IMOCTl1 B03MO)KHa 
3arpY3Ka nepeqHH H}leHTH<pHKaTOpOB H3 

cpaiiJia, HMH K0T0poro rrepe)J,aeTCH B file -
name; 

• pss_code get_code_id (char *code_narne) 
- B03BpaIUaeT 11neHTH<i>HKaTop KO)J,a no 
ero HMeHl1, B cnyqae 0TCyTCTBHH B03Bpa­
IUaeT PSS_CODE_NONE· 

• pss_func get_func_id (char *func_name) -
B03BpamaeT H)J,eHTHQ_)HKaTOp o6MeHHOH 
cpyttKUHH no ee HMeHH, B cnyqae 0TCyTCT­
BH.SI B03BpamaeT PSS_FUNC_NONE; 

• int pss_funcsdefine_Free (void) - ocBo6o­
)KJJ.aeT rraMHTb, BbI)J,eJieHH)'lO no.[{ CJ1y')Ke6-

Hble CTPJ'KTYPhI. 
B cpawne pss _ funcdefine.c co.nep)KJffCH 

pearrH3aUHH naHHbIX q>yttKI{l{H. 
B cpai1ne task_ conversation.h conep)KaTcH 

KHTepcpeHCbl Q_)yHKU11H, nocpe)J,CTBOM KOT0-
pbIX ocymeCTBJl.HeTCH CBH3b Me)KL{y areHT0M 
110 11 pacGeTHbIM KOJlOM. I1p11Be.neM cn11C0K 
3Tl1X q>yHKUHit 

• int init_ agent_ipc _ canal ( const char *task 
_name) - naHHa.H cpyttKUHH Bbl3bIBaeTC.SI co 
CTOpOHbI areHT0B 110 H npHMeHHeTC.SI Jlllil 
0TKpbITl1..H KaHarroB FIFO nepena'IB )J,aH­
HhIX H cepBHCHbIX coo6IUeHl1H, qTQ 06ec­

neqJ,1BaeT CB.Sl3b areHTa C pacqeTHbIM KO­

JlOM; 

• int init_task_ipc_canal (const char *task_ 
name) - murnan cpym.a.nrn BhI3hrnaeTcn co 
CTOpOHbl pacqeTHOfO KO)J,a H npHMeHHeTCH 

Jlllil OTKpbITHH KaaarroB FIFO nepenaGH 
L{aHHbIX 11 cepB11CHblX coo6IUeHHH, qTo 

o6ecne'lliBaeT CBH3b pacqeTH0ro Kona c 
areHT0M 110; 
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• void close_ipc_canal (void) - 3aKpbITHe 
Bcex FIFO KattarroB; 

• int write_serv_msg_ipc_canal (canst void 
*buf, size t count) - L{aHHM cpyttKUH.SI no-
3B0J1..SleT 3aITHCaTb cepBHCH0e coo6mem1e B 
coorneTCTB)'lOIUHH FIFO Kattarr. Coo6IUe­
HHe xpaHHTCH no a)J,pecy buf, ero JlilHHa 
rrepenaeTc.H qepe3 napaMeTP count; 

• int read_ serv _ msg_:_ipc _ canal ( canst void 
*buf, size_t count) - L{aHRa.H qiyttKUHH no-
3B0J1..SleT rrpoqHTaTb cepBHCH0e coo6IUeHHe 
113 cooTBeTCTB)'lOIUero FIFO Kattana. Co-
06IUett11e 3al1HCbIBaeTCH B MaCCHB buf, q11:­
TaeTC.SI count 3JleMeHT0B; 

• int write_data_ipc_canal (canst void *buf, 
size_t count) - )J,aHHM cpyttKUHH rro3B0JIH­
eT 3aITHCaTb naHHbie B COOTBeTCTB)'lOllll1H 
FIFO KaHan. ,[J;aHHbie xpaIDI.TCH no anpecy 
buf, HX Korr11qecrno nepe)J,aeTC..H qepe3 na­

paMeTP count; 
• int read_data_ipc_canal (const void *buf, 

size_t count) - ,IIaHHa.H cpyttKUHH n03B0llil­
eT np0qJ,ITaTb ,llaHHbie H3 C00TBeTCTB)'lO­
mero FIFO KaHarra. ,[J;aHHbie coxpaH..SIIOTCH 
a Macc1rne buf, qHTaeTcH count 3neMeHT0B; 

• int writev _ data _ipc _ canal ( canst struct 
iovec *iov, int iovcnt) - )laHRM qiym<UHH 
n03B0JI.SleT 3am1caTb BeKT0p naHHbIX iov B 
cooTBeTCTB)'lOIUHH FIFO Kattarr; 

• int re adv_ data_ ipc _ canal ( con st struct io­
vec *iov, int iovcnt) - naHHM <PYHKUHH 
l103B0JIHeT npoGHTaTb BeKT0p naHHbIX IOV 
113 cooTBeTCTB)'lOIUero FIFO KaHana. 
B cpai111e task_ conversation.c co.[{ep)KaTc.SI 

pean113aUHH 3Tl1X qiyttKUHH. TaIOKe B 3TOM 
cpawne onHcatta CTP)'I<Typa fifo _ipc _ canal, Ko­
T0pM conep)KHT necKp11nTOpbl 0TKpblTbIX FI­
FO, H npeJJ.CTaBJieHbI nae CTaTHGecKHe <pyHK­
UH11 .llJlH OTKpbITH.SI KaHanOB H ycTa.H0BKl1 3Ha­
qeHl1H 3TOH CTp)'KTypbI: 

• 

• 

static int set_elem_agent_ipc_canal (canst 
chat *task_ name, canst char *postfix, int 
type_access, int *pelem_ipc_canal) - BhI-
3hIBaeTc.H B cpyttKUHH init_apent_ipc_ca­
nal ( ... ), T.e. Bbl30B np0HCX0)lHT co CT0po­
Hbl areHTa 110; 
static int set elem task ipc canal ( const - - - -
chat * task_ name, canst char *postfix, int 
type_access, int *pelem_ipc_canal) - BhI-
3hrnaeTCH B q>yHKUHH init_task_ipc_canal 



i 

-

( ... ), T.e. Bhl30B npOJ,!CXO,lUff co CTOpOHbl 
pac'ieTHoro Ko.n.a. 
B cpaiinax macros.h, macros_const.h mm­

caHhI 06uu1e KOHCTaHThI, KOTOpbie HCITOJJh3Y­
J-OTCR KaK B areHTe 110, TaK w s 6H6JJHOTeKe 
API-cpyi-1KIJJ1H. <l>aHJJ macros_ const.h .D.OJJ)KeH 
sKJJro'iaTbcsi: s KJJHeHTCKHH KO.D.. Cl>aHJJ mac­
ros constf.h BKJJfO'ieH .D.JJ51 no.IJJJ.ep)KKH pac­
qeTHhIX KO,D.OB, HanwcaHHhIX Ha cI>opTPaHe. 

J,(upeKmopuR j90modules co.n.ep)KJ,IT HH­
TepcpeHCHhie MO.D.YJJH ,llJJ51 B3aHMO,D.eHCTBIDI C 
MO nporpaMM, peanH3osaHHhIX Ha 513hIKe 
cI>opTPaH . .lJ:aHHaH ,D.HpeKTOpHH co.uep)KHT cne­
.uyromwe cpa.i1nh1: 

B cpaifoe pss_api.h □pe.n.crnBJieHhI HHTep­
cpeHChI API-cpyttKUHH, KOTOpbie HCI1OJ1b3YfOT 

Km1eHTCKHH KO.D. .D.JJH B3aHMO.D.eikTBH51 C areH­

TOM 110: 
• int pss_init (unsigned int rank_appl, un­

signed int type_ appl, const char *task 
name)- HHHUHamnau11.H pa60ThI c 110; 

• int pss_finalize (void) - 3asep1□em1e pa-
6oTbI C 110; 

• int pss_get_mind (unsigned int wishful_ 
mind, unsigned int *pmind _resulting) -
onpe)le11em1e .D.aJJhHeifrneif CTPaTenn1 cqe­
rn; 

• int pss _put_ data ( const void *buf, un­
signed int count, unsigned int type_data, 

CreateChoiceSrc 
KoMaH.D.HhIH cpai111 .D.JI.H reHepamm Mo.n.y11e.i1 .D.JJ51 pa6o­
ThI C pa3JJH'iHhIMH nmaMH ,D.aHHbIX 

pss _ api_typeb_typeg_pg. f90 
IIpornnm MO.D.YJJ51 cpyttKUHH, cpopMaJJhHhie napa­
MeTPhI KOTOphIX He CO)lep)KaT pO,D.OBhIX YKa3aTeJieH 

pss_api_nch.f90 Mo.n.yJlb .D.1151 QJYHKUHH, cpopMaJihHhie napaMeTPhI KO­
TOphIX He co.n.ep)KaT po,D.OBhIX YKa3aTeJieH 

B cpai111e pss_api_nch.f90 on11caH Mo.n.ynh 
cI>opTPaH 90 C QJYHKUH51MH, cpopMaJihHble IJa­
paMeTphl KOTOphIX He co.n.ep)KaT pO)lOBhIX YKa-
3aTeJieH (YKa3aTeJIH TH□a void *). 

TaK KaK cI>opTPaH He ITO.IJJJ.ep)KHBaeT TH□ 
void, TO .D.JIH cl>YHKUHH c napaMeTpaMH nma 
void * HaITHCaH OT,D.eJihHhIH cpaHJI pss _ api_ 
typeb_typeg_pg.f90. M3 :noro cpai1:11a no­
cpe.n.crnoM cKp11nrn CreateChoiceSrc nonyqa­
eM HeCKOJlhKO cpaHJIOB C MO.D.YJJ5IMH, B Ka)K,D.OM 
113 KOTOphIX THII void * 3aMeHeH Ha O,D.HH l13 
B03MO)l(HhIX nmos: integer(l), integer(4), 
real(4), real(8). B pe3ynhTaTe pa60ThI KoMatt.n.­
Horo cpatina TaK)l(e co3.naeTc.H cpaiin pss_ api. 
f90, KOTOpbIH BKJlfO'-IaeT B ce651 BCe <DopTpaH­
HHTepcpeHCbI .um, no)lnporpaMM, orrncaHHbIX B 
cpai111e pss _ apif.h, l1 TIO.D.KJIJO'-!aeTC51 TIOJJh30Ba­
TeJJeM B nporpaMMbl. 

J,(upeKmopw, lib co.n.ep)KHT APl-cpyttKUHH 
)lJJ51 B3aMMO,D.eHCTBMH KO.[la C MO (HHTepcpeHChI 
H 6116JIHOTeKa). ,D:aHHaR .D.HpeKTopmI co.uep­
)KHT c11e.n.yrom11e cpaHJihJ: 

pss api.h 11HTepcpeifchI APl-cpyttKUHH .D.JIR 
pss api.c B3aHMO,D.eHCTBM5J KO,D.a C 110 
pss apif.h 11HTepcpei1ChI APl-cpyttKUHH .nnH 
pss _ apif.c B3aMMO,D.eHCTBIDI KO,D.a Ha Sl3hIKe 

<DopTPaH c 110 

unsigned int physical_type_data, unsigned 
int <lest, unsigned int anchor _point, const 
void *grid, unsigned int size_grid, un­
signed int type_ data _grid) - nepe.uaqa .uaH­
HhIX; 

• int pss_get_data (void *buf, unsigned int 
count, unsigned int type_ data, unsigned int 
physical_type_data, unsigned int anchor_ 
point, const void *grid, unsigned int size 
_grid, unsigned int type_data_grid) - np11-
eM ,D.aHHbIX; 

• int pss_get_data_nonblock (void *buf, un­
signed int count, unsigned int type_data, 
unsigned int physical_type_data, unsigned 
int anchor_point, const void *grid, unsign­
ed int size _grid, unsigned int type_ data 
grid) - tte6110K11pyromHH np11eM .n.aHHhIX; 

• int pss_get_global_time_sync_max (dou­
ble wishful_gl_time_sync, double *pnext_ 
gl_time_sync) - CHHXpOHIBaumr <i>tt3HlJeC­
KOro BpeMeHH no KpinepHro MaKCHMYMa; 

• int pss_get_global_time_sync (double wis­
hful_gl_time_sync, double *pnext_gl_ ti­
me sync, unsigned int op) - CHHxpoHH3a­
UH51 QJH3H'-IeCKOro rnara no BpeMeHH; 

• int pss_reset_transput_buffer (void) -
c6poc o6MeHHhIX 6ycpepoB; 

• int pss_transfer_barrier (void) - <i>YHKilH51 
CKHXpOHH3aUHI1 C'!eTa. 
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B cpattne pss_api .c co.uep)KaTCSl peamna­
u,1111 3Tl1X cpyttKU11H. TaK)Ke B 3TOM cpawne Ha­

XO.USlTCSl cne.nyrouu1e BHyrpeHHl1e CTaT11qec-

,a upeKm opuR pss _ agent rrpe.ucrnBnSieT 
peamnau1110 areHTa MO. )J:aHHM .u11peKTop11.H 
co.uep)KHT cne.nyioru11e cpaHJJbI: 

a10.c <l>YHKU11Sl main(), 11HJ1UHaJil13aUIDl, 3asepmeH11e pa60Tbl 
communication.h MHTepq>eHCbl 4)yHKI.J,11H .D,JlSI l1HHUJ1amnau11w'.ne11HJ1UI1a-

communication.c 11113au1111 KOMMyHl1KaUHOHHOH cpe.D,bl 

operations task info.h <l>yHKu1111 .D,JJSl c6opa 11 rrpe.nocrnsneHIDI HH<pOpMau1111 o 
operations task info.c pacqeTHOM KO.D,e 
Service contacts.h r naBHhIB UHKJJ are Rm, B3aHMo.nei1ern11e Me)K.uy areHTa-
Service contacts.c MM KO)lOB 

xml reader.h )J:ocTyrr K fIOTOKOBOMY qTeHHIO xml-q>aHJlOB 
xml reader.c 

KHe q>yHKUHl1 .UJlSl rrpoBe.D,eHHSl o6MeHOB 3a,ua­
qJf c ee areHTOM: 
• static int _MPI_BARRIER (void) - cpytt­

KUHSl-o6epTKa MPI_ Barrier; 
• static unsigned int get_size_elem_data (un­

signed int type_data) - rronyqeH11e pa3Me­
pa Tl1fla .uaHHhIX; 

• static int write_ agent_info _passed_ data 
(unsigned int dest, unsigned int anchor_ 
point, unsigned int physical_type_data, un­
signed int count, unsigned int type_ data, 
unsigned int size_grid, unsigned int type_ 
data _grid) - 3an11ch 3arrpoca Ha nepe)laqy; 

• static int write _agent_ info_ demand_ data 
(unsigned int count, unsigned int anchor_ 
point, unsigned int physical_ type_ data, un­
signed int size _grid, unsigned int type_ data 
_grid, canst void *grid) - 3arr11cb 3anpoca 
Ha rrpHeM )laHHhrx; 

• static int read_ data_ agent (unsigned int 
count, unsigned int type_data, void *but) -
rrnnyqeHHe )laHHhIX OT areHTa MO; 

• static int convert_buf_type (void *buf_dst, 
void *buf_src, unsigned int count unsign­
ed int type_data_dst unsigned int type_ 
data_src) - np11se.uem1e THIIa .lJ.clHHhIX :=,ne­
MeHTOB 6yqiepa OT nma type_data _src K 
nmy .uaHHhIX type_ data_ dst. 
B cpai1ne pss_apif.c npe.ucrnsnettbI API-

4JyHKUHH, KOTOpbie HCfI0Jlb3y'IOT KJIBeHTCKHH 

KOL{, Han11caHHbIH Ha Sl3bIKe <l>opTµaH, L{J!Sl 
B3aHM0)leikTBIDI C areHTOM MO. E .UHHCTBeH­

HOe OTJ!Hq}fe 3THX 4JYHKUHH OT omi:caHHhIX s 
cpaune pss_api.h 3aKJiioqaeTCSl s TOM, qTo B03-
spamaeMoe 3HaqeHHe nepeHecetto s nocne.u­
HHH .uonoJJHHTeJJbHhIH aprYMeHT. 

60 

<l>ai1:J1 aio.c co.uep)KHT cpyttKUHIO main() 11 
cne.nyroru11e CTaTHqecKHe q>yttKUHH: 
• static int usage (void), 
• static int init (int *pargc, char ***pargv), 
• static void safe_ exit (int exit_ code). 

<l>ai1J1 communication.h co.uep)KHT HHTep­
cpei1:c1,1 cpyttKUHH .UJJSl HHHU11a.JIH3au11w'.ue11HH­

UHaJIH3arurn K0MMyHHKaUHOHHOH cpe.UbI, a 

TaIOKe .[{JlSI rronyqemrn CTaTYCHOH HH<popMa­
UHH: 

• int open_ communication (int *pargc, char 
***pargv) - .uaHHaJI q>yttKUHSI npoH3BO.[{HT 
HHHUHaJIH3aUHIO KOMMYffm<aI.J,HOHHOH 

cpe.u1,1 (s1,nos <pyttKUHH MPI_Init( ... )) c 
rrocne.uyroUJ.HM norryqeHHeM o6wei1 HH­
<popMau,1111 (BbI30B cpyttKUHH MPI_Comm_ 
size( ... ) 11 MPI_Comm_rank( ... )); 

• int close_ comunication (void) - .uaHHaJI 
<pyttKIIHSI npOH3B0.UHT 3aKpblTHe K0MMY­

HKKaUHOHHOH cpe,Ubl (Bbl30B q>YffKUHH 
MPI_Finalize()); 

• int get_agent_id (void) - B03BpamaeT paHr 
areHTa HO; 

• int get_agents_amount (void) - B03Bpawa­
eT KOJJHqeCTBO 3anymeHHbIX aapa.rrnenb­

HbJX apoueccos B MO, T.e. Kon11qecTBO 
areHTOB. 
B cpaHrre communication.c Haxo;::i:SlTCSl pea­

n 113aum1 3THX <pyttKUHH. 

<l>aHn operations_task _info.h co)lep)KHT 
HHTepqJeHCbJ <PYHKU11H, He06XO)ll1MblX .UJJSl 
c6opa 11 npe.nocrnsneHIDI HHqJOpMaumi: o pac­
qeTHOM KO.Ue, KOTOpa.Sl HaXO.UHTCSl B xml-.uaH­
HbIX H B KOHqmrypaUHOHHOM <paHJJe HO. H11-

)Ke □pHBe)leH CfIHCOK 3THX cpyttKUHH: 

• int get_task_info (char *user_xml_dir, char 
*user_conf_file) - ,uaHHaJI q>yttKUIDI npo-
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H3BO,llHT nonyqem1e scex so3Mm1rnbrx 
,uaHHblX O pact.JeTHOM KO,lle, 

• void free_task_info_structs (void) - BbI­
nonmi:eT ocso6o)K,uemi:e naMRTH, 3aHHTOH 
no.u CTp)'KTypbl ,llJl}l xpaHeHJ,rn HHcpOpMa­
UHH o 3a,uatJe. 
.ZJ:anee npHBe,lleITbl q>y'HKUHH, KOTOpbie 

npe,llOCTaBJUIIOT ,llOCTyn K pa3Jll1lJHbIM ,uaHHblM 
o 3a,llat.Je. Ha3BaHHe cpy'HKUHH rosopHT O THile 
nonyqaeMbIX ,l].aHHblX, TI03TOMY □pHBO,UHTb 

om1:cam,1e ,llJJ}l HHX 6y,ueT H3J1HlllHHM: 

• 

• 

• 

• 

• 

• 

• 

• 

char *get_task_name (void) - IIO11Yt.JHTb 
HMH o6cn~HsaeMoi13a.ua•m; 

char *get_conv_narne (void) - nonyqHTb 
HMH xml-cpa11.11a C KOHcpHrypauHeH KOH­
sepTOpa; 
char *get_lib_conv_name (void) - nony­
t.JHTb HWI fo16fillOTeK.H KOHBepTopa; 

box_info *get_first_inbox_info (void) -
□O11)"-IHTb )'Ka3aTem, Ha CTp)'KTYPY, B KO­
TOpOH co.uep)KHTCH HHcpOpMaUHH O nepsoM 

inbox'e; 

box_info *get_first_outbox_info (void) -
nonyqHTh )'Ka3aTem, Ha CTPYKTYPY, B KO­
Topow co.uep)KHTCH HHcpOpMaUHH O nepBOM 

outbox·e; 

unsigned int get_arnount_inboxes (void) -
IlOJJ)"-IHTb KOJlHt.JeCTBO inbox. os; 

unsigned int get_arnount_outboxes (void) 
- TIOJJ)"-IHTb KOJlH.t.JeCTBO outbox. OB. 

unsigned int get_amount_contacts (void) -
ITOJl)"-IHTb KOJIJ,fl-leCTBO KJiaCCOB, C KOTOpbl­
MH. KOHTaKTHpyeT 06cJJy)K11BaeMaH 3a,uaqa; 

• int get_class_id_contact (unsigned int num 
- contact) - IlOJJyq:HTb H,llettrncpHKaUHOH­
HbIH HOMep KOHTaKTHpyIOl.llero KJiacca; 

• int *get_mas_rank_contact (unsigned int 
num contact) - IIOJJ)"-IHTb CTTHCOK paHroB 
areHTOB, KOTOpbie BXO,llHT B KOHTaKTHpy­
lOl.llHH KJJacc; 

• unsigned int get_size_mas_rank_contact 
(unsigned int num _ contact) - □OJI)"-IHTb 

KOJJHt.JeCTBO pattros areHTOB, KOTOpbie 
BXO,llHT B KOIITaKTHpyIOl.llHH KJJacc; 

• unsigned int get_amount_transput_agents 
(void) - □O11)"-lHTb 061.llee KOJIHt.JeCTBO 
paHroB areHTOB KOTOpbie KOHTaKTHpyIOT C 
TeKytUHM areHTOM; 

• unsigned int get_amount_task_clas _ na­
mes (void) - IlOJI)"-IHTh KOJJHlJeCTBO KJiaC-

COB, K KOTOpbIM npHl-Ia,llJle)KHT o6cJJ~H­
BaeMaR 3a,llaLra; 

• int *get_mas_task_classes_id (void) - no­
JI)"-IHTb MaCCHB H,lleHTH(pJ-IKaIIHOHHbIX HO­
Mepos KJJaCCOB, K KOTOpblM npr,rna,llJie)KHT 

06cn~11saeMaR 3a,uaqa; 

• int get_rank_agent (void)- nonyqHTh paHr 
TeKyi.uero areHTa; 

• int get_amount_tasks (void) - aonyqHTh 
061.llee KOJIHlJeCTBO 3anymeHHblX 3a,D,aLJ. 

TaK)Ke s cpai1ne operations_task_info.h 
orrncaHa CTPyKTypa box _info, s K0Topo11. xpa­
HHTCH HHqJOpMaUIDI O BXO,llHbIX H BbIXO,UHbIX 

KOHBepTOpax. PeanH3aUHH cpyttKUHH c6opa 0 

npe,uocTaBJJeHlUI HH<pOpMaUll.H O pacqeTHOM 

KO,lle ttaxo,llHTCR s cpaifne operations_ task_ in­
fo.c. B 3TOM cpatine pa3MeIUeHbl TaJOKe CTaUl­

'-leCKHe BHYTPeHHHe Q))'HKIIHH ,llJJR pa36opa 
KOH<pHrypauHOHHblX Q)aHJIOB . 

B cpa11.ne operations_task_info.c Haxomu­
CH OilHCaHHe CJJe,llyIOl.llHX CTp)'KTyp: 

• struct_linkage _task _agent - ,llJJR xpaHeHHH 
HH<pOpMaUHI-1 H3 KOHcpHrypaUHOHHOro 

cpaiina 

• task_contact_info - ,llJJH xpaHeHHR HHcpop­
MaUHH O KOHTaKTax C 3a,lla'-leH, 

• full_info _about_ task - ,llJJH xpatteIDUI sceii 
HHq>OpMaUHH O 3a,lla'-le. 

B cpai111e service_ contacts.h on11caH1>1 HH­
Tepcpeik1,1 cne,llyIOl.llHX <p)'HKUHH: 
• int loop_ service_ contacts ( void) - CO.llep­

:>K.HT rnaBHbIH. pa60'-IHH UHKJI arettTa 110, 
• void free_service_cotacts_structs (void) -

(py'HKUJHI OCB060)K,lleHIUI rraM}lTH, 3aHHTOH 
□O.ll pa6otJHe cTpyKTyphI. 
B cpa11.11e service_ contacts.c Haxo.URTCH pe­

aJIH3aUHH 3THX <pyttKU.HH, a TaK)Ke CTanfqec­

KHe BHyTpeHHHe <PYHKUHH ,llJljJ o6MeHa ,llaH­
HbIX areHTa C 3a,llat.JeM H ,D,pyrHMH areHTaMH H 

<p)'HKUHtt-o6epTKH .llJJH MPI-s1,13osos. TaK)Ke 
s 3TOM cpailne on11caHa cTpyKTypa struct_ data, 
KOTOpaR HC□OJlb3yeTCH ,llJI}l xpaHeHHH npHHH­
MaeMbIX H nepe,llasaeMblX ,llaHHhlX. 

B cpaiirJe xrnl_reader.h npe,llCTaBneHbI HH­
Tepcpei1.cb1 <pyHKUHH, KOTOpbie npe.uocTaBilHIOT 

,llOCTyn K IlOTOKOBOMY '-ITeHHIO xml-cpaHJioB: 
• int new _reader_for_file (char *filename) -

,llaHHM cp)'HKUHH CO3,llaeT TIOTOK ,llJljJ t.JTe­

HHH xml-cpa11.na filename ,D,AA IlOTOKOBOro 
tJTemrn; 
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• void del_reader_for_file (void) - y,nam1eT 
TTOTOK ,llJUI l.JTemrn OTKpbIToro xml-cpaHJia; 

• char *get_var_value_frorn_xml (char *var­
name) - ,uaHHaJI cpymru;llil TT03Bom1eT no­

Jiy"-IHTh 3HaqeHHe Y3Jia varname s xml­

,naHHhIX; 

• char *get_current_node_name (void) - rro­

Jiy"-IHTb TeKymee HMR Y3Jia; 

• int go_to_node_in_xml (char *name_node) 
- rrepeHTH Ha Y3eJI name_node B xml­

namn,rx; 

• int go_to_next_node_in_xml (void) - rre­

peHTH Ha cnenyromHii Y3en B xml-,naHHhrx; 

• char *get_attr_no (int no) - nonyqHTb 3Ha­

qem1e a-rpH6YTa c HOMepoM no TeKymero 

y3na; 

• void free_xml_data (char *data) - oqHc­

THTb naMRTb, 3aHHTyIO ITO.LI. xml-,uaHHbie. 
Heo6xo,UHMO HCIIOJlb30BaTb rrocne Ka~o­

ro BbI30Ba cne,nyroll.{HX cpyttKIViH: char 

*get var_value_from_xml (char *vama­

rne), char *get_current_node_name (void), 
char *get_attr_no (int no). 

PeaJIH3aqIDI 3THX cpyttKUHH rrpe,ucTaBJleHa 

s cpaii:ne xml_reader.c. 

/(upeKmopu11 convertor - pean113aUHH 

CHCTeMbI KOHBepn1poBaHIDI o6MeHHbfX <pyttK­
IIHH, cpe,ncrna ,nHHaMHqecKoro IIO,llKJlJOqeHJUI 

KOHBepTopos, npoTOTHil KOHBepTopa TTOJlb30-
BaTem1. ,[(aHHM .llHpeKTopIDI co,nep)KHT cne,ny-

10mHe cpairnbr: 

He06XO,llHMOCTH IlOJlh30BaTeJlb MO)KeT peanH-

30BaTb CBOIO CJ1CTeMy KOHBepTHposamrn: ny­

TeM BHeceHHH H3MeHeHHH B cpa11n ioconv -
user.c. 110,UKJIJOqeHHe KOHBepTOpa rrpOHCXO­

,llHT ,nmrnMHqecK.11 cornacHo KOHcpHryparrm1 

PEI111O cpe,ucTBaMH ,UHHaMH'ieCK.11 IlO}lK.JllO­

qaeMbIX 6H6JIHOTeK. 

<I>aiin ioconv.h co,nep)KHT 06bHBJ1eHHe 

crr~e6HblX CTPYKTYP, Heo6XO,llHMbIX ,UJlH 

xpaHeHHH ,naHHbIX fia3osoro KOHBepTopa, 3a­

rp~aeMbrx H3 xrnl-cpaHJla KOHQ)HrypaIIHH: 

• ioconv _info - y"-leTHaJI HHcpOpMaIIHjJ KOH­

sepTopa, 

• ioconv _ dimen - HH<popMaIIIDI rro rrpeo6pa-

3OBaHHIO <pH3J,IqeCK.11X pa3MepHOCTeH, 

• ioconv _ funcdimen - naHmie no rrpHBH3Ke 

o6MeHHOH Q)yttKUHH K rrpeo6pa30BaHHIO 

pa3MepHOCTH, 

• ioconv _ userdata - noJih30BaTenhcK.He ,naH­
Hbie KOHBepTopa, 

• ioconv _ rnaptable - c-rpyi<Typa .lJ.JljJ opraHR-

3aIIHH CilHCKa ,llJIH xpaHeHml ,uaHHbIX Kap­

TbI rrepect.JeTa ToqeK npHBH3KH, 

• ioconv _ data - o6maH cTpyi<Typa ,naHHbIX 
KOHBepTOpa, o6be,nHHHIOmaJI s ce6e see 

,uaHHbie C HCTIOJib3OBaHHeM BbllllerrepeqHc­

JleHHbIX CTPYKTYP-
<l>aiin ioconv _proto.h co,uep)KHT 06bHBJ1e­

HHR HHTepcpeircos APl-<pyttKIIHH 6aJosoro H 

TIOJib3OBaTeJlbCKOro KOHBepTopoB, a TaK.)Ke He­

KOTOpbIX cn~e6HhIX <pyttKIIHH 6a30BOro KOH­
seprnpa. 

ioconv.h 
OIIHCaHHe c-rpyI<Typ ,D.Jl5l xpatteHHR HHQ)OpMaIIIDI, Heo6XO,L(KMOH 

}lJl& KOHBe TH osaHHSI o6MeHHbIX ,uaHHblX 

ioconv _proto.h 

1oconv base.c 

IOCOilV user.c 

ioconv _ config.c 

ioconvif.h 

ioconv load.c 

I1HTepcpeHCbl APl-cpyttKUHH 6a30BOro H IlOJib30BaTeJlbCKOro KOH-

Be TO OB a TaK)Ke HeKOTO e6Hb!X KIIHH 

PeanH3aIIH5l 6aJoso11 qacT 

PeaJIH3aIIHSI II OTOTHIIa TIOJlh30BaTeJlhCKOH qacTH KOHBe TO a 

Pa36op xml-cpa11na KOHQ)HrypaUHH 11 HHHIIHaJIH38UH5l KOHBepTOpa 
Hal.JaJlbHbIMH ,naHHbIMH 

OnHCaHHe HHTe e11ca ,llHHaMHqecKoro KOHBe TO a 

PeanH3aIIHH ,llHHaMH'{eCKOH 3arpY3KH KOHBepTopa H CBH3bIBaHHe 

HHTe t!ika C IlOJlb3OBaTeJihCK.11MH Kl{H.&MH KOHBe TO a 

CHCTeMa KOHBepTHposaHH5l opraHH30BaHa 
TaK, qTo KOHBepTop pa3,lleJieH Ha 6a30ByIO H 

IlOJib30BaTeJibCKyIO qacTH. Da30BaJI '-1.aCTb HB­
JrneTC.Sl HeH3MeHHOH H HaCTpa11BaeTC.Sl qepe3 

xml-cpaifrr KOHq>HrypaIIHH. 11orrb30BaTeJibCKaJI 
ttaCTb no YMOJittaHHIO TOJJbKO Bbl3bIBaeT cpyttK­

IIHH 6a3osoro KOHBepTopa, O,UHaKO s CJiy"-lae 

KoHCTpyi<TOpbI H ,nec-rpyi<TOpbl OIIHCaH­

HbIX BbIIIIe cTpyi<Typ ,naHHhrx: 

• IOConv Data*IOConv Data IOConv 

Data (void); 

• void IOConv Data DestIOConv Data 

(void); 
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• IOConv _Info *IOConv lnfo IOConv 
Info (void); 

• void IOConv Info DestIOConv Info 
(void); 

• IOConv_Dimen **IOConv Dimen IO-
Conv_Dimen (void); 

• void IOConv Dimen_DestIOConv Di-
men (void); 

• IOConv _ FuncDimen**JOConv _FuncDi­
men_ IOConv _FuncDimen (void); 

• void IOConv _FuncDimen_DestlOConv 
FuncDimen (void); 

• IOConv _ UserData *IOConv _ UserData 
IOConv _ UserData (void); 

• void IOConv _ UserData_DestIOConv 
UserData (void). 
CJiy')Ke6m1e (py'HICQHH 6a30BOro KOHBep­

TOpa: 

• int LinkDimensions (void) - rrpoHJB0,llHT 
CB513bIBaHHe o6MeHHblX <pymawti C THna­

MH qJH3Hl.!eCKHX npeo6pa30BaHHH, 
• int CheckMapTable (void) - npoH3BO,llHT 

rrpoBepKy KOppeKTHOCTH 3a.n;aHH51 KapTO­

rpaMMbl nepect.IeTa TOlJeK rrpHB513KM. 

Cny')Ke6Hbie qJYHKUHH pa60TbI co CIIHC-
KOM KapTorpaMMbI rrepecqera TOl.!eK npHB513-

IGI: 
• IOConv _MapTable*GetNextMapTable 

(void) - nepeBO,llHT TeKymHti :rneMeHT 
CllifCKa ,llaHHbIX KapTOrpaMMbI Ha cne.n;y­

JOIUHH, 

• IOConv_MapTable* GetFirstMapTable 
(void) - B03BpamaeT rrepBbIH 311eMeHT 
C□HCKa 

• IOConv _ Map Table* GetLastMapTable 
(void) - BO3BpamaeT IlOCJle,llHHH 3JleMeHT 

CTTHCKa, 

• int GetlsFullMapTable (void) - B03Bpama­
eT npH3HaK uenoCTHOCTH KapTorpaMMbl 

nepect.IeTa, 
• void ResetMapTable (void) - c6pacbrnaeT 

YKaJaTenb TeKymero 3JieMeHTa Ha ttat.Iano, 
• void AddToMapTable (JOConv_MapTab­

Le *) - .uo6asneH11e 3neMeHTa, 
• void AddToMapTable_point (unsigned int 

loc_a, unsigned int glob_a) - .uo6asnem1e 
TOlfKH, 

• void AddToMapTable _ vector (unsigned 
int loc_a, unsigned int loc_b unsigned int 

glob_a, unsigned int glob_b)- .ao6aBneHHe 
BeKTOpa. 
O6m11e qJYHKUHH 6a30BOro KOHBepTOpa: 

• int Init (void) - mrnu11an1,J3aUH51, 
• int Finalize (void) - 3aseprne1-rne pa6oTbr c 

K0HBepTOpOM, mo6M )laJibHeHrua51 pa6ora 
C KOHBepTopOM 3anpemeHa. 
<l>YHKUHH 6aJOBOro K0HBepTOpa npeo6pa-

3OBaHH51 qJH3HlfeCKHX BeJIHqJ.rn: 

• int LocalToGlobalValue (double *buf, int 
count, int physical_ type_ data, unsigned int 
anchor_point) - nepectJeT 3Haqemdi K rno-
6anhHOH qJHJHqecKOH pa3MepHOCTH, 

• int GlobalToLocalValue (double *buf, int 
count, int physical_type_data, unsigned int 
anchor_point) - nepecqeT JHa11eIDIB K no­
KaJibHOH q>H3WJeCKOH pa3MepHOCTH. 

<l>YHKUHH 6a30BOro K0HBepTOpa npeo6pa-
3OBaHJ,UJ TOqeK npHB513KH: 

• int LocalToGlobalAnchorPoint (unsigned 
int*local_anchor_point, unsigned int* glo­
bal_anchor_point) - nepecqeT TO'IKH rrpH­
B513KH K rno6anhHOH HYMepau1-rn, 

• int GlobalToLocalAnchorPoint (unsigned 
int *local_anchor_point, unsigned int *glo­
bal_anchor_point) - nepecqeT TQqKH npH­
B513KH K noKaJibHOH HYMepaUHH. 
<l>YHKUHH 6a30BOro KOHBepTOpa HHTeprro­

JI5IUHH cpH3HlJeCKHX BeJIHl.!HH Ha ceTKY aony-

11aTeJrn: 
int InterpolValue (int physical_type_data, un­
signed int anchor_point canst double *so­
urce_buf, int source_count, const double *so­
urce _grid int source_ size _grid, unsigned int 
source_type_data_grid, double *<lest buf, int 
dest_count, const double *dest_grid, int dest_ 
size_grid, unsigned int dest_type_data_grid) -
npOH3BO)lHT rrepeHHTepnOJI5IUHIO 3HaLJeHI1H 

o6MeHHOH cpy'HI(QI1H C ceTKI1 HCTO11HHKa Ha 

ceTKY nonyqaTeJI51. 
TaK)Ke 3)leCb CO,llep)KaTC51 06'b5IBJiem-rn 

(pYHKUHH KOHBeprnpa nOJib3OBaTem1, qJYHKUH­

OHaJibHa51 HarpY3Ka KOTOporo COOTBeTCTByeT 

¢YHKUl15IM 6a30BOro KOHBepTOpa: 
• int IOConv _lnit, 
• int IOConv _Finalize, 
• int IOConv_LocalToGlobalValue, 
• int IOConv_Globa!ToLocalValue, 
• int IOConv_LocalToGlobaLAnchorPoint, 
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• int IOConv _ GlobalToLocalAnchorPoint, 
• int IOConv_InterpolValue. 

Cl>atin ioconv _ base.c conep)KJIT peamna­
umo q))'HKI.U1H 6a30BOro KOHBeprnpa H ero 
CJI)')Ke6HblX !p)'HKUHH, rrepe'-!eHb KOTOpbIX 
rrp1rneneH BhIII.Ie, a peamnaum1 cp)'HKUHH 
TIOJlb30BaTeJibCKOro KOHBepTopa co6paHhl B 
cpaiine ioconv _ user.c. ,[(aHHbIH cpaiin nocTyneH 
JlJl.Si CB060]lHOfO pe]laKT11p0Balill.Si TIOJlb30Ba­
TeJ1eM npoeKTa JlJlH coxpaHemrn B03M0)KHOCTH 
HarrncaHIDI crreu11anbHbIX cpe]lCTB KOHBepTH­
poBaHHH ]laHHbIX. 

Cl>aii.n ioconvif.c conep)KHT onucam1e HH­
Tepcpetica ]lHHaM}PleCKOfO KOHBepTopa 11 areH­
Ta 110. 11HTepcpetic peanH30BaH B BH]le TPeX 
CTp)'KTyp: 
- struct ioconvif - co6cTBeHHO 11HTepcpeik 
KOHBepTOpa; 
- struct io_global_in - HHTepcpetic npeo6pa-
30Bamrn rno6anbHbIX 3Ha'-!eHHH B Jl0KaJlbHbie· 
- struct io_local_in - 11HTepcpeik npeo6pa3o­
BaIDrn JIOKaJlbHhlX 3HaqeHHH B rno6aJ1bHbie. 

B HHTepcpeiicax rrpeo6pa3oBamrn: conep­
)KaTcH )'Ka3aTeJTII Ha <p)'HKUHH, KOTOpbie 6y­
Jl)'T CBH3aHbI C !p)'HI<IlHHMH KOHBeprnpa IIOJ1b-
30BaTem1: 
struct io_global_in { 
int (*g2lv_func)(); /* CBH3bIBaeTCH c !p)'HKU11-
eii IOConv _ GlobalToLocalValue() */ 
int (*g2la_func)(); /* CBH3bIBaeTCH C <p)'HKUH­
eii IOConv GlobalToLocalAnchorPoint()*/ 
int (*Interpol_func)(); /* CB.Si3bIBaeTCH C <p)'HK­
u11ett IOConv _Interpol Value()*/ 
} ; 
struct io_local_in { 
int (*12gv - func )() · /* CB.Si3bIBeTC.Si C Q))'HKUHeH 
IOConv _LocalT oG lob al Value() * / 
int (*12ga - func )(); /* CBH3bIBeTC.Si C <p)'HI<IlHeH 
IOConv _ LocalToGlobalAnchorPoint() * / 
} ; 

llHTepcpeik ioconvif K0HBeprnpa co,uep­
)KHT ,UBe OilHCaHbIX BbIIlle CTP)'KT)'pbl io _glo­
bal_in H io_local_in, a Tal()Ke JlBa )'Ka3aTe1rn 
Ha !p)'HI<IlHH. TiepBbJH *_ init_ func 6y,ueT CB.Si'-
3aH c cp)'HKUHeii IOConv _Init() 11tt11u11an1na­
u1111 KOHBepTopa, a BTOpOH *_ fini_func - C 
cp)'HimHeH ocBo6o)K,ueHH.Si KOHBepTOpa IOC­
onv Finalize(). 

B cpa11ne ioconv _ config.c pean113oBaH 
BHenrne ,UOCT)'l1HbIH MeT0Jl configure(), K0TO­
pblli 0C)'llleCTBJI.Si'eT pa36op xrnl-cpaiina KOH-
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cp11rypau11H KOHBepTopa H 11Hl1U11aJIH3aumo 
Ha'laJlbHblMH ]laHHblMH HeKOT0pbIX rno6anb­
HbIX CTp)'KT)'p K0HBeprnpa. Tipornnm <p)'HK­
UHH: int configure (char *file). 

Bxo]lHOH napaMeTp file ecTh HM5.I xml­
cpaiina, 3anaromero KOHcpHrypau1110 KOHBeprn­
pa. Bo3BpamaeMhie 3Ha'!emrn: - l B c.rryqae 
ourn6K11, 0 B cnyqae H0pManbHoro 3aBepwe­
Hllil. 

B cpaiine ioconv _ Ioad.c pea..JIH30BaHhI JlBa 
BHewHe ,U0CT)'IlHbIX MeTO]la. 0,1JJIB - load_ 
convertor() BhlII0JIH.ReT 3arp)'3K)' o6'heKTHoro 
Kona KOHBepTopa, BTopoii - unload_ conver­
tor() OC)'llleCTBAAeT ero Bbrrp)')KeHHe C OCBO-

60)1(,UeHHeM 3aHHMaeMbJX pecypCOB. 

Tipornnm !p)'HKUHH 3arpy3KH KOHBepTO­

pa: int load_convertor (ioconvif_t *ifc, char 
*file). Bxo]lHbre rrapaMeTpb1: 
ioconvif_t *ifc - )'Ka3aTeJih Ha BhI.UeneHHhIB B 
naM.R'rn: HHTepcpe11c ioconvif KOHBeprnpa, 
char *file - 11wi: o6'heKTHoro cpaiina KOHBep­
rnpa. 

Cl>)'HKUH.R B03BpamaeT: 0 B cnyqae HOp­
MaJihHoro 3aBeprnemrn; - l B c.rryqae B03HHK­
we11 ourn6KH: 

IlpoTOTHil !p)'HKUHH Bhirp)')Kemrn: KOH­
Beprnpa: int unload_convertor (ioconvif_t 
*ifc). Bxo]lHhle napaMeTPhl: 
ioconvif_t *ifc - )'Ka3aTeJih Ha BbI,UeJieHHbIH B 
naM.Si'TH HHTepcpeiic ioconvif KOHBeprnpa. 

Cl>)'HKUIDI B03BpamaeT: 0 B cnyqae Hop­
MaJlhHoro 3aBeprneHJ1H, - 1 B cnyqae oum6K11. 

3aKJllO'leHHe 

C noMOUihIO nporpaMMHoro naKeTa PSS_ 
IS co3natta nepBa.R Bepc11.R MC PETITTO, noL(­
nep)KHBaroma.R PETITTO 113 BO STEP AN H 
KOBRA [3], MCU [4], KORAT-3D [5], PA­
TEr [6] , SimWorT [7]. ,[(JI.Si' 3THX BO orna)KeH 
BH)'TPeHHHH HHTepcpeiic KaK Me)K,U)' KOJl0M 11 

110, TaK 11 Me)KL()' BO. 3Kcnep11MeHTbl rrpoB0-
,UHJ1HCb Ha MBC 11 0L(H0IIpoueccopHhIX IJK B 
OC Linux, Windows. 
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Y,IJ,K 621.039 
A)lanTaU.HH nporpaMMhI MCU-PD K napaJJJieJJbHbIM BhrqucJJeHHHM 

Ha MHoronpou.eccop11b1x KOMilbIOTepax 

M.H. Fypesu.11, I{. C. OJ1et1nuK, J(.A. lllKapo6cKuu, 
PHU "Kyp'-IaTOBCKHH 11HCTHTyr" 123182, MocKBa rm. KypqarnBa, 1 

TToCTyrrnna B pe.naKLi:mo O 1 mOH51 2009 r. 

nporpaMMa MCU-PD npe,n.Ha3HalfeHa .am1 Mo.aem1posaHJ-rn Ha MHoronpoueccopHb1x KOMnbJOTepax npo­

ueccoB nepeHoca HeihpOHOB, q)OTOHOB, 3JleKTpOHOB 11 n0311TpOHOB aHaJIOfOBblMH 11 HeaHaJJOrOBblMH MCTO­
.aaMH ]\,' )HTe-Kapno Ha OCHOBe oueHeHHblX ll.llepHblX .aaHHblX B CHCTeMax. C TpexMepHOH reoMeTp11eH C ylfe­

TOI\I 113MeHeHHll 1130TOnHoro COCTaBa MaTep11aJJOB. PacnapaJ1nemrnaH11e nporpaMMbl ocyw,eCTBJleHO Ha OCHO­
Be 6116n110TeK11 (j)yHKU11H MPJ (Message Passing Interface), KOTopall llBJll!eTCll Ha116onee pacnpocTpaHeHHblM 

CTaH,llapTOM o6MeHa .aaHHb(MJ,f B napaJJnenbHOM nporpaMM11pOBaHJ-rn. PeaJ1113au1111 6116n110TeK11 MPJ cyw.ecT­
BYlOT .llJlll 6onbWOro lfl1CJla onepau110HHblX Cl1CTeM (OC) . .ll:nll ycTaHOBKl1 nporpaMMbl Ha MHoronpoueccop­

Hble KOMnblOTepbl ./lOCTaTOlfHO HaJll1lf11ll Ha Hl1X peaJ1113au1111 MP! 11 KOMn11JlllTOpa <l>opTpaH-90/95. np11 pa-

6oTe B pe)f(l1Me MHoronpoueccopHblX Bbllfl1CJleHl1H nporpaMMa MO)f(eT 3a,lleHCTBOBaTb .llJlll pac'-1.eTa Bee ,n.oc­
TynHble eH npoueccopbl. BpeMll paclfeTa C 11cnOJ1b30BaH11eM HeCKOJlbKHX npoueccopoB o6paTHO nponopUJiO­

HaJlbHO lfl1Cny 3a.aeHCTBOBaHHblX npoueccopoB np11 OTCYTCTBl111 npoMe)f(YTOlfHOro o6MeHa .aaHHblMM. On11ca­
Hbl aJJrop11TMbl pacnapaJJneJlHBaHHll nporpaMMbl 11 np11se.aeHbl pe3yJ1bTaTbl BbinOJlHeHHblX TeCTOBblX paclfe­

TOB Ha MHoronpoueccopHbIX KOMnhJOTepax. 

Kr110•1eeb1e Cll06a: nporpaMMa MCU-PD, MeTO.a MoHTe-Kapno napaJ1neJ1bHb1e Bbllf11cneH11ll . 

Adaptation of MCU-PD Code to Parallel Computing on Multiprocessor Computer. M.I. Gurevich, 
D.S. O/eynik, D.A. Sltkarovsky, RRC "Kurchato, Institute ", 1, Kurcharov Sq., Moscow, 123182. MCU-PD 

code is developed to simulate processes of neutron, photon, electron and positron t ransport using analog and 

non-analog Monte Carlo methods taking into account fuel burn up. That code is adapted for multiprocessor 
computing. Simulation is realized on estimated nuclear data basis and for models with three-dimensional ge­

ometry. Code parallelization is accomplished using MPI (Message Passing Interface), which is widespread 
standard of data exchange in parallel programming. It is important that MP! 's implementations exist for plenty 

of operating systems. There are enough installed MP! and Fortran-90/95 compiler versions to mount MCU-PD 

code. Multiprocessor version of the code is able to use all availab le processors to perform calculations. In that 
case computation time inversely proportional by amount of enabled processors taking into account that inter­

mediate data exchange is absent. In this paper algorithms of the code parallelization and results of test calcula­
tions are described. 

Key Worcl\·: MCU-PD Code, Monte Carlo Method. Para llel Computing. 

BneJJ,e1me 

B nocne.nHee speMR .D.JIR YBenw-IeHH51 npo-

1l3BO.D.HTeJibHOCTH BhflfHCflHTenhHbIX CHCTeM 

see 60Jibille BHHMaHH51 y.neAAeTC51 pa3BHTHIO 

rrapannenhHbTX BhP-rncneH1111 tta MHoronpouec­

copHbIX KOMflbJOTepax, KOTOpble 3a Cl.JeT Bbl­

nom-IeI-11151 pacLJeTI-1bIx 3a,ua1.1 Ha HecKonhKlfX 

npoueccopax 3Hal.JHTenhHO YBen11lf11Ba10T cKo­

pocTh Bh~HcneHHH. MttoronpoueccopH.h1e 

KOMflhJOTepbl )')Ke npHMeH51]0TC51 B npaKTHKe 

npoBe.nemrn MaTeMaTHtJecKoro Mo.nem1posa­

H1rn CJIO)KHbTX Q)H3HtJeCKl1X npoueccoB [I]. 
B Hacrnm.uee speM51 s PHLI; "Kyp'-laTOBC­

KHH 11HCTHTyr" pa6oTaeT cynepKOMflbIOTep, 

TIHKOBa51 npOH3BO)J.HTenbHOCTb KOToporo co-
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CTaBAAeT OKOJIO 32 Tcµnon. Ou ofrbe,UHHReT s 

ce6e 3 456 npou,eccopRbIX R.nep H 3aHHMaeT 

11 8-e MeCTO s nocne.ntteH, Ha MOMeHT HanH­

caHHR CTaTbH penaKUHH CITHCKa caMbIX BbICO­

KonpOH3BO)ll1TenbHblX CHCTeM MHpa (3-e Mee­

TO B Poccmi:), ycTyTJa51 B npOH3B0)J.HTenbHOCTH 

caMOMY MOIUHOMY KOMTiblOTepy B 45 pa3 H ca­

MOMY MOIUHOMY oTeLJecrneHHOMY - B 3 pa3a. 

Ynpasnem,e Bbll.JHcneHJ151:MH Ha HeCKOnh­

KHX npou,eccopax ocyruecTBJrneTC51 c 11cnonh-

30BaimeM cneu,HanhHhlX nporpaMMifbIX cpe.n­

CTB, Tpe6yioIUHX pa3pa60TKH COOTBeTCTBYIO­

lU11X anropHTMOB ananTall,HH nporpaMM K na­

pannenhHblM BhT'-IHCneHHRM. 

BbIITOJIHeHbI pa60Tbl ITO pacnapaJIJ1en11sa­

HH1-0 nporpaMMhJ MCU-PD [2 ... 5]. C03,uaHa 



1......-

BepCHH nporpaMMbI C napa.rrnenbHblMH BblqJ,fC­
neHHHMH Ha 0CH0Be 6H6nHOTeKH q_J)'HKUHH 
MPI [6] - HaH6onee pacnpocTpatteHHoro 
cTaH.uapTa o6MeHa }laHHblMH s napaJJJ1eJ1bH0M 
nporpaMM11p0BaHHl1. 

TiporpaMMa npeJlHa3Ha<JeHa .Ullil Mo.uem1-
poBamrn npoueccoB rrepettoca HeihpoHoB, cpo­
T0H0B, :rneKTPOHOB 11 Il03HTPOHOB aHaJJOr0Bbl­
MH H HeaHaJJOfOBblMH MeTO,UaMH MoHTe-Kap­
no Ha 0CH0Be oueHeHHblX 51.UepHbIX .uaHHblX B 
CHCTeMaX C TpexMepHOH reoMeTPHeH C yqe­
TOM H3MeHemrn H30TOilHOro COCTaBa MaTepHa­
JIOB. OcHOBHM o6nacTb npttMeHerurn - pact:JeT 
tteHTPOHHo-cp11.3HlJeCKH.X xapaKTepHCTHK peaK­
TOpHhIX ycrnHoBoK nma BB3P 11 PWR. 

IlporpaMMa a.uanr11posaHa K napannenh­
HbIM BbPIBCJieHl1.HM Ha pa3JIHlJHblX MHOronpo­
ueccopHbIX BblLil,fCJ111TeJ1hHbIX Cl1CTeMax. IlpH­
BOJlHTC.H 0ITHCaHHe peanH3aUHH arrropHTMOB 
pacnapanrrerrHBaHmr nporpaMMl>I MCU-PD. 

1. AJiropHTMbl pacnapa.rIJie.rJHBaHHH 

1.1. Bbt6op 11pozpa.MMllblX cpeocma. Me­
To.uonorIDI napanrreJibHOro nporpaMMHpoBa­
mur .um1 Bbl'-IHCJlHTeJlbHhlX CHCTeM C pa3HblMH 
BH,D.aMH apxHTeKTypbl OTllH'-laIOTC51: .upyr OT 
.upyra, H cpeJlCTBa .um1 pacnapanrrenHBaHHR 
nporpaMM, BBO,llH.Mble B .H3blK nporpaMMHp0-
BaHH.H, o6hlt:JHO TO)Ke pa3JIH'ffihl. 

OcHOBHbIM rrapaMeTpOM KJiaccHcpH:KaUH11 
napanneJlbHblX K0MilbIOTepoB CJl~T HaJlH­
lJlie o6wei1 (SMP) Hmi: pacnpe.ueneHHOH 
(MPP) naMRrn. He<JTO cpe.uHee Me)K)],y SMP 11 
MPP npe.ucrnBnmor co6oi1 NUMA-apX11.TeK­
ryph1, r.ue naMJlTh cp113HLJecK.11 pacrrpe.uenetta, 
Ho nor11qecKH o6we.uocrynHa. KnacTepttb1e 
CHCTeMbl .HBJ151IOTC}I 6onee .uerneBbIM BapHaH­
TOM MPP. 

IlpH IlO,llJlep)KJ{e KOM3H.U o6pa60TKl1 BeK­
TOpHblX .uaHHblX roBopHT O BeKTOpH0-KOH­
BetiepHbIX npoueccopax, KOTOpbie B CBOIO 
oqepe.uh Moryr o6be.U11H51ThC51 B PVP-c11cTeMhI 
c Hcnonb30aamreM o6wei1 HnH pacnpe)leneH­
Hoi1 rraMRTH. Bee 60JlblliyIO norrynHpH0CTb 
IlpHo6peTaIOT H}leH KOM6HHHpOBaHJrn pa3HbIX 
apXHTeKTyp B O.UHOH CHCTeMe H nOCTPOeHH.H 
lieO.L{HOpO.UHbIX CHCTeM [7]. 

.ll,.IUI Ka)K.uoro TH.Ila apx11TeKTypb1 HMeIOT­
C}I CBOH CTaH)lapTbI cpyttKUHH o6MeHa .uaHHbl­
Mll Me)K)].y napannenbHbIMH npoueccaMH wrn 

pea.rr1nau1rn BhJtrncnemlit HarrpttMep, .Ullil MO­
)len11 C pa3,uen5!eMOH rraMJITbIO TaKHM CTaH­
,[{apT0M CJlY)ICHT 6J.16J1HOTeKa cpyttKUHH Open­
MP .umr Mo.uen11 c pacnpeAeneHHOM naMRTbIO 
- MPI, A.JUI CMernaHH0M apxHTeKTypbl rrpHMe­
JUieTCH KOM6HHHpOBaHHbIH no.uxo.u MPI + 
OpenMP 11 T.Jl. 

ABrnpaM nporpaMMhI MCU-PD B ttacrn­
muee BpeM.sr .uocTynHhl B OCHOBH0M MH0ro­
npoueccopHbie Bhlt:JHCJIHTeJibHbie CRCTeMbI 
)lJl}I npose.neHH.H pacqeT0B, 0CH0BaHHbJe Ha 
apXHTeKType C pacnpe.uerreHHOH naMJITbIO. 

KpoMe rnro, pa3pa6oTIJHKaMH MCU-PD H3 

t:JeTbipex.sr.n.epmrx nepCOHaJJbHI,IX KOMIThIOTe­

poB, o6bemrneHHhIX .upyr c .upyroM nocpe)lCT­
BOM JI0KaJlbHOH ceTH, co6paH Bb.Nl1CJIHTeJib­
HhIH KJlaCTep. 

B1-16rr110TeKa cpyttKUHH MPI xopomo co­
rnacyeTc.H c H3hIKaMH nporpaMMHpoBaHIDI ce­

MeHcTBa <DopTI)aH, Ha O)lHOM 113 KOTOpbIX 

(<DopTpaH-90/95) Hami:caHa nporpaMMa MCU­
PD . .ll,aHHM 6116nH0TeKa ¢YHKUHH y.uoaner­
sopHeT TPe6osaHHIO MaKCHMaJihHOH He3aBH­

CHM0CTH OT 11cnon1,3yeMOH Ha KJ1acTepe OC. 
TaKHM o6pa30M, nonyqeHHM rrporpaMMa 6e3 

.UOilOJIHIUeJibHbIX H3MeHeHHH cpyttKUHOHHpy­

eT ITO.U ynpasneHHeM oc ceMeHCTB Unix H 

Windows. IlpHHHMa.H so BHHMaHHe BhnneH3-

rro)KeHHoe, .D.JIR a.n.anrnu:HH nporpaMMhI MCU­
PD K rraparrnenhHhIM BhrqwcneHlli!M Bb16paH 
crnH.uapT MPI. 

Bo MHOrHX pearrH33UHHX napanrrenbHbIX 

Bbit:JHcneHHH cymecrnyeT rrpouecc, KOTopbrn 
HeOfol3aTeJ1bHO IlOJIHOCTbIO 3a,ZI.eHCTByeT BCIO 

MOIUHOCTb OT,lI,eJibHOro npoueccopa (3,ZI.eCb 11 

,ll,aJJee Ka)K,noe H)lpo MHOroR.uepttoro rrpouec­
copa paccMaTPHBaeTc.H KaK caMOCTO.HTeJJhHhrn 
npoueccop ) , ocymeCTBJIM (p)'HKUHIO MOHHTO­

p1rnra scex Bhflrn:crrHTerrbHhIX npoueccopoB, 
yqacTByIOll.ll1X B pac11ere, H pacnpe.ue1rn.H Me­
)K)].y HRMH 3a.uat:JH. <D)'HKUIDI MOHHTOpHHra 

.UOJI)KHa HMeTh oqeHb KOpOTKOe speMR OTKJlH­

Ka Ha 3anpoc nro6oro npouecca. 
B H)learre rrpouecc, ocymecrnn.srIOWHH :ny 

cpyttKUHlO, .UOJl)KeH H3XO,ZI.HThC.H B COCTOHHHH 

0)KJ1.UaHH51 co6bITHH, TPe6yIOmero o6pa6oTKH 
Ha Me)KnpoueccopHOM ypOBHe, H:JIH B UHKJle 

nposepoK CHrHana O ero IIO.HBJleHHH. B 3TOM 

cnyqae npH peanH3aUHH O)lHH npoueccop 6y­
JleT cpaKTff!IeCKH HCKJIIOlJeH H3 pa60Tbl. IlpH 

COBpeMeHHbIX ycnoBHHX 3KCnrryaTaUHl1 npor-
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paMMbI MCU-PD oc110BHbie rraprurnenhHbie 

Bbl'-:IHCJieHIDI npOBOLVlTC.sJ. Ha He60JihlllHX (no­

p.si..n,Ka 16 ... 32 rrpoueccopos) KJiacTepax. B 

:HOM cnY'"'ae BhI.Uenem1e .ua)Ke o.uttoro npo­

ueccopa Ha BbIIIOJIHeHHe QJYHKUHH MOHHTO­

p11ttra BCeH Ja,Zlal.fH OKa3bIBaeTC.sJ. HeOTITH­

MallbHbIM. 

B nporpaMMe peanH30BaH IIO.ZlXO.Zl, opHeH­

nrpoBaHHblH Ha MHHHM.113aumo 'IBCJia CHH­

xpoHH3aUHH pa6oTbJ npoueccopos, TeM 6onee 

qTo MeTO.Zl MottTe-Kapno .uorrycKaeT nOY:TH 

He3aBHCHMYJO pa6oTy OT,ZleJlbHbIX npouecco­

pOB. Omrn npoueccop KOTOpOMY npHCBaHBa­

eTC.SI H)'JleBOH HOMep (.uanee Ha3bIBaeMbIH Hy­

neBblM rrpoueccopoM), opraHH3yeT .uocTaT0'-1-

Ho ,IJ,JIH.HHbie He3aBHCHMbJe BbJqHCJIHTeJibHbie 

HHTepBanhI pa60TbI OCTallbHbIX rrpoueccopoB 

J,[ TaIOKe BbillOJIH.SleT BbPIBCJieHIDI. 

,lJ;JIHTeJThHOCTb HHTepsanoB Me)K.uy o6Me­

HaMH .uaHHbIX peryJIHpyeTC.SI IIOJib30BaTeJieM, 

KOTOpbIH MO)KeT BbIIlOJIHHTh Bbl'lliCJieHH.sJ. C 

O,ZlHOH e,ZlHHCTBeHHOH CHHXpOHH3aUHeH. B KOH­

ue pac'-IeTa, T.e. Me)KflpoueccopHhie o6MeHbI 

1rnq>opMau11.ea 6y.uYT OTCYTCTBOBaTb. TaKa.sJ. 

opraHH3aUIDI 06ecrre1IH.BaeT B03MO)KHOCTb pa-

60TbI nporpaMMhI MCU-PD He TOJibKO Ha 

KJiaCTepax co crreuHanbHhIMH KOMMyHHKaUH­

OHHhIMH. rrrraTaMH, HO 11 Ha o6hf<ffibIX ceT.sJ.X 

3BM, r.ue CKOpOCTb o6MeHa HHQJOpMauHeH 

3Hal{H.TeJibHO HH)Ke no cpaBHemno co CKOpo­

CTblO BhJqHCJieHHH. 

1.2. llocma,106Ka 1aoa1m. Tipouecc MO­

.uemrpoBaHH.sJ. nepettoca H3JIY'"'eHHH MeTO.ZlOM 

MoeTe-Kaprro B nporpaMMe MCU-PD JaKJIIO­

qaeTC.R" B MO,ZleJIHpOBaHHH rpaeKTOpHH qacnrn,, 

BKJIIO'-IaIOIUeM HX rettepauHIO, p03blrpbllll CB0-

60,llHbIX npo6eroB H B3aHMO.D.eHCTBHe l.faCTHU 

C BemeCTBOM. 

Mo.uerrHpyeMbie '-IaCTHUbl 061,e,ZlHH.SIIOTC.sJ. 

B IIOKOJieHJ-HI q>HKCHpoBaHHOH. .ll.JlHHbI. TipH 

perneHHH O.lJ.HOpO,UHOH 3a.n.a1IH HeHTpOHbl, IIO­

rryqa10mHeC.ll B pe3yrr1,TaTe .uenemrn .si..uep ttei1-

TpoHaMH o.uttoro noKorremrn, o6pa3YIQT cne­

.ZlYIOmee noKorreHHe. DpH Mo.uerr11p0Bamm: o.n.­
HOH TpaeKTOpHH ett CTaBHTC.ll B COOTBeTCTBHe 

HeKa.sJ. oueHKa (BKJia,Zl B oueHKY Bbll{HCJI.SleMoro 

cpyttKu,HOHana Yr OT .uaHHOH rpaeKTOpHH). 

TipH perneHHH HeO,llHOPO.ZlHOH 3a,Zlat.JH 

'.HOT BKJia.Zl - CJIY'"'aHHa.sJ. BeJIH'-IHHa C MaTeMa­

THt.JeCKHM 0)1<11.lJ.aHHeM, paBHb!M HCKOMOMY 
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3Ha'-IeHHIO q>yttKUHOHana, H0pMHpOBaHHOMY 

Ha omrn HeHTpOH HCTOWH.Ka. ,IJ;rr.si. HeO.UHO­

po.n.HhlX 3a.n.aq BKJia,ZlbI rpaeKTOpHH .sJ.BJI.llIOTCH 

He3aBHCHMb]MH CJIY'"'aHHbIMH BeJllf'-IHHaMH. B 

CJIY'"'ae HeO,UHOpO.D.HOH 3a.n.al{J1. HeHTpOH .uerre­

Hii.sJ. 0THOCHTCH K TOMY )Ke TI0KOJieHHIO, B KO­

TOp0M HaXO,ZlHJIC.sJ. nopO.ZllIBllIHH ero HeHTpOH. 

Kor.n.a II0KOJiem1e BMeCTe C TaKHMH HOBbIMH 

CJaCTHUaMH 6y.n.eT HC1IepnaHO, HCT01IHHK Bbl­

pa6aTb1BaeT HOB0e. 

)];JI.SI O,UHOpO.UHOH 3a,uaq11 rpaeKTOpHH qac­

THU H, cne.n.osaTeJibHO, HX BKJia,Zlbl B oueHKH 

q>YHKlJ.HOHallOB HeJib3.sJ. paccMaTpHBaTb KaK He-

3aBHCHMbie, TaK KaK rpaeKT0pirn 'IaCTHl.{hl, 

pO)K,ZleHHOH B pe3yJihTaTe .ueneHH.SI, CB.sJ.3aHa C 

rpaeKTOpHeH 1:JaCTHIJ;I,I, Bbl3BaBmeii 3TO .uerre­

m1e. Tio3TOMY npH perneHH.11 o.uHopo.UHhIX Ja­

.uaq HeCKOJibK0 nocrre.uoBaTeJibHbIX IIOKOJie­

HHH o6be.Zll-IH.SllOT B cepHIO. 3TO Heo6XO.ZlHMO 

.n.n.si. npaBHJihHOH ou,eHKH cpe.uHeKBa.upaT111Iec­

KOH norpernttocTH. EcnH .n.nHHa cep1111 .uocTa­

T0'-IHO BeJIHKa, TO CYMMapHbie BKJia,llbI no ce­

pmlM MO)KHO C'-IHTaTb He3aBHCliMhIMH CJIY'"'aH­

HbIMH BeJIH'-IHHaMH H .ZlHCnepcmo ouemrn BbI­

Y:HCJI.SITb 6e3 yqeTa KOppemmHH Me)K.uy ce­

pH.SIMH. 

BBe.UeM crre.uYIQm11e o6o3Ha1:JeHH.S1: N10 1 -

'-IHCJIO 1Iacnru, po)K,IJ,aIOIUHXCH B nepBOM no­

KOJieHHH; Nbat - t.JHCJIO IIOKOJieHHH B cep11.11.; M 
= N101Nba1 - l.fHCJIO rpaeKTOpHH B cep1111; N -
IIOJIHOe 'IHCJI0 M0,Zlen11pyeMhIX cepHH. 

Tipe,unOJIO)KHM, l.fTO q>yHKUHOHan TOJibKO 

0.ZlHH. Tor.ua BKJia,Zl i-H rpaeKTOpHH B oueHKY 

cpyttKUHOHana Ha j-H cepHH o603Hal.fHM qepe3 

11u 11 BKJia.n. B oueHKY j-H cep1rn 

11 , =1111 +1121 + .. . + 11A!J · 
TaK KaK cnyqaHHbie senH'-IHHhI 11J C'-IHTa­

IOTC.R" He3aBHCHMhlMH, TO oueHKa HOpMHpO­

BaHHOro Ha 0,llHH HeHTpOH cpyttKUHOHarra 

y = (11, + 112 + ... + 11 N )/(MN) (1) 
OueHKa ero ,llHcnepcm1 

l (ri ~+ri~+ ... +ri~-y 2
M

2
N) 

cr = M 1N(N - I) . (2) 

Tipe.unonO)KHM, Y:TO HMeeTc.si. P npouecco­

poB (TI0, TI 1, ... , Ilp_i) H o6ecneYeHa CTaTHCTH­

Y:ecKa.si. He3aBHCHMOCTb MO,ZleJIHp0BaHH.SI Ha 

Ka)K.ZlOM npoueccope. B 3TOM cnY'"'ae Bemt'-IH-

HhI ri !k) 11 rill) (sepxm1H HH.D.eKc - HOMep npo­

ueccopa) He3aBHCHMbI np11 rr106wx i, jE [I , N], 
k < le [O, P - 1]. 



Tor,na oueHKH 3Hat.IeHHH Ql}'I-IKUHOHaJia H 

;:u1cnepc1rn 3TOM oueHKM ocy:iuecTBJlRJOTCH no 

4>opMy11aM 

y = A,/(PMN); (3) 

a2 =(A2 -y1PNM2 )/[N(N-l)(MP)2], (4) 
,._, " 

r,ne A,. =LL ( TJ:'l)'" - HeHopMHpoBaHHhrn 
I =O J= I 

m-M Bb16opoqm,1J1 MOMeHT. 

TaKHM o6pa30M, ,D.JUI He3aBHCHMOro MO,ne­

m1p0Bamrn ,D.OCTaTOqHo HaKOilHTh CYMMbI 
~· 

Atl = L TJ~q H Bh16opoqHbie MOMeHThI k-ro ,., 
I/ ' 

npoueccopa ~k) = I ( 11~4) )" 
J= I 

3aTeM Ha O,D.HOM npoueccope MO)KHO HX 

rrpOCYMMHpOBaTb H ITOJlYlfHTh OKOHqaTeJlbHOe 

3Ha1.£em1e oueHKM Ql}'I-IKUHOHaJla H ero CTaTJ,l­

CTHl.£eCKOM norpeillHOCTH. 3Ta npoue.nypa Ha 

HeCKOJlhKO nopH,D.KOB MeHee Tpy,noeMKa, 1.JeM 

ttaKonneHHe CYMM Aik) H A~k >, cne,noBaTeJlb­

Ho, KmcpcpHUHeHT pacnapannenHBaHHJI 6y,neT 

npaKnP1ecKH paBeH l. 
Heo6xo,nHMOCTh pacqern MHOrHX (p}'I-IK­

UHOHaJIOB rrpHRUHilHaJlhHO HM'Iero He MeHHeT 

B apoBe,neHHM BhllfMCJleHJ-IH. ,n:ocTaToqHo 

npe,nCTaBMTh BKJia,D.bl "IpaeKTOpMH H cepMH Tly 
H lv, a TaIOKe MX Bb16opo11Hhle MOMeHThl A!~) 

H Am, KaK BeKTOphl, KOMTIOHeHThl KOTOphIX HH­

,[{eKCHpOBaHhl qI,JCJlaMH ,. - HOMepaMH oueHH­

BaeMhIX cpyaKUHOHaJIOB. 

1.3. Cma11mc111Ul/eCKOR 11eJ08llCUMOCntb 

fttOOe.nupoaanuR. HaH6onee KoppeKTHbIH cno­
co6 o6ecneqeHMH CTaTHCTHlJeCKOH 11e3aBHCH­

MOCTH Mo,ne1rnp0Bamrn Ha npoueccopax IT0, 

Il1 , ... - 3To 11cnOJ1b30BaHHe Ha Ka)KJJ.OM npo­

ueccope CBOeH noc11e,noBaTeJ1bHOCTH cnyqai1-

RhIX qHcen, He3aBHCHMOH no OTHOUJeHHIO KO 

BCeM OCTaJlbHhlM. 

B HacToID.Uee BpeM.H cymecTByJOT reHepa­

TOpbI c11y1.iaHHhIX qJ1ce11, HMeJOruHe npaKTHqe­

CKH HeorpaHHqeHHbIH Ha6op ,nonycnfMh!X Ha-

1.JanbHbIX 3HalfeHUH (- 106
), Ka)K,D.Oe 113 KOTO­

PbIX ,naeT He3aBHCHM}'IO OT ,npyrn.x llOCJlel{O­

BaTeJlbHOCTb cnyqaHHhIX qHcen. B nporpaMMY 

MCU-PD cneUHaJibHO wrn C03J:IaH1rn napan­

nem,HoH BepcHH BKJIJOlfeH reHepaTop rrceBAO­

cnyqai1HbIX lfHCeJJ [8], aJiropHTM KOTOporo oc­
HOBaH Ha 1..fHcnax <1>116ottalf1.JH 11 o6ecnetJHBaeT 

nonyqett11e TaKHX IIe3aBHCHMbIX nocne,noBa­

TeJibHOCTeH. 

6116n110TeKa QJYHKUHH MPI no3BOJ1HeT 

Ka)KJ:IOMY npoueccopy 0611a;:raTb HH<popMaUH­

eti O ero nopS!.,D.KOBOM HOMepe B pacqeTe, KO­

TOphIH MO)KeT CJiy')KMTb B KatJeCTBe y'HHKaJlh­

Horo ,nn» Ka)Knoro npoueccopa Hal.faJihHoro 

3Hal.JeHHH retteparnpa cnyqaMHhIX '-IHCeJI. Ca­

Mhrn npocTOH cnoco6 HHHUHaJIH3HpOBaTb re­

HepaTop cnyqaiiHhIX l.JHCeJI 3aKJIJOl{aeTCSI. B 

rrpHMeHeHHH p-ro 3Hal.JeHHH, r,ne O $ p < p -
nopH.D.KOBhIM HOMep rrpoueccopa. 

B nporpaMMe MCU-PD 11crroJih30BaH anh­

TepttanIBHblli anropHTM cor11acHo KOTOpOMY 

6epeTCH BeJIHlfHHa 54 217 137 + 2p B KalfeCT­

Be Hal.Ja.JThHoro 3HatJeHIDI reHepaTopa c11yqai1:­

HhIX 1.JHCeJI. ,ll;aHHhIH anropHTM Bblpa6oTaH Ha 

OCHOBe HeKOTOporo KOJIH'-IeCTBa TeCTOB, ueJih 

KOTOpbIX 3aKJllO'-IaJ1aCh B Bh16ope TaKHX Ha-

1.{aJlhHhIX 3Ha'tfeHHH reHepaTopa cnyqaum,IX 

l{HCeJl, l{T06hI MHHHMH3HpOBaTh oueHKH OT­

KJlOHeHHH u HepaBHOMepHocTei-i. 

1.4. C,-,em c npOOOllJICellUeM. flpH Mo,ne­

JIHpOBaHHH rrepeHOCa H3JJyqeHHM MeTOJ:IOM 

MoHTe-Kapno Yacrn TPY.rlHO 3apaHee rrpe,n­

CKaJaTh, KaKoe KOJ1Hl.JeCTBO cepHH np11,neTCH 

npOMO.r{enHpOBaTh .nn» ,D.OCTH)KeHIDI Heo6xo­

JJ.HMOM TOllHOCTH. ITo3TOMY Hy')KHO o6ecrre­

qJ1Th B03MO)KHOCTh npo.non)KeHHH tta6opa CTa­

THCTMKH nocne OCTaHOBKH pacqeTa. TaIOKe 

3TO 61,rnaeT Heo6XO.rlHMO BBHJ:lY Toro, 1.JTO Bhl-

1.{HCJleHHR MeTO.rlOM Mmne-Kapno .nocTaTo':1-

HO npOJ:IOJl)KHTeJibHhl no BpeMeHH, a HaJlHlfHe 

KOHTPOJlhHhIX TOlleK H B03M0)KH0CTb rrpo,non­

)KeHHH Ha6opa CTaTHCTHKH 3aIUHWaJOT pacqe­

Thl OT c6oes B pa6oTe 3BM. 
Bc10 HHq>OpMaUHJO, He06XOJ:IHMyIO .nn» 

npo.ri:011:lKeHHSI. CtJeTa, MO)KHO pa36HTh Ha J:IBe 

KaTeropHH: IlOCTOHHHyJO, CO3.r{aHIIYfO B npo­

uecce rro,nroTOBKH K npoBe;:reHHJO Mo.nenHpo­

samur, H nepeMeHHyJO HHcpOpMaUHIO, H3MeIDI­

eMyio B npouecce Bhil.JHcneHHH. 

flpH pa6oTe Ha cynepKOMilbJOTepax KOJl­

neKTHBHOro IlOJTh3OBaHHH Hellh3H CKaJaTh 3a­

pattee, Ha KaKHx cpH3HlfeCKHX rrpoueccopax 

OKa)KeTCSI. 3aJ:Ial.fa □pH. □OBTOpHblX 3arrycKax, 

H, cne,noBaTeJlhHO, co6CTBeHHyJO naMH:Th npo­

ueccopoB lfa BHellIHHX HOCHTeJlSI.X MO)KHO 

□pH.MeHHTb JIHlUh .rlJUI xpaHemrn BpeMeHHbIX 

cpaHJlOB, C03J:IaBaeMbIX Ha BpeMH ClleTa. ,ll;m1 
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pa3Mememrn nepeMeHHOH 1rncpopMau1111 np11-

xo,u11TeH 11en0JII,30BaTb naWITb Ha o6meM 

BHenrneM HOeHTen e. 11MeHHO :HOT peeype M0-

)KeT OKa3aTbe.!I )lJI.!I IlOJlb30BaTemI eaMbIM )le­

<I_J 11 UHTHI:,IM. 

IIoeTO.!IHHa.!I HHQ)OpMal{H.!I He rrpe)leTaBJIH­

eT 60Jibllll1X npo6neM npH paenpoeTPaHeHl1H 

ee no BeeM npoueeeopaM, yqaeTBYJOIU11M B 

paeLJeTe, TaK KaK npH ee e03)lamrn see npo­

ueeebI HaXO)ll1Jil1eb B O)ll1HaK0B0M eoeT0HHl1H 

11, CJie]lOBaTeJibH0, Otta e)lHHa JlJl.!I Beex. 3Ta 

HHcpopMaUHH ay6JIHpyeTeH Ha Bee rrpoueeeo­

pb1. Ee o6'beM TOT :lKe, LJT0 H np11 Bb~l1eJieHH­

HX Ha OJlH0M npoueeeope. 

IIepeMeHHaH 11mpopMaUHH yttl1KaJibHa ,llJl.!I 

Ka)Kaoro npoueeeopa, no3TOMY tteo6xoa11-

M0eTb ee paenpoeTPaHemrn no BeeM npouee­

eopaM Morna 6bJ noTPe6oBaTb orp0MHbIX 06'b­

eMOB naMHTH. Hanp11Mep, np11 paeqernx e 

np11MeHeHHeM O)lHoro npoueeeopa no npor­

paMMe MCU-PD 3a)la'-I Ha BhrropaHHe IIOJl HH­

cpopMaruno, 113Mem1eM)'IO B npoueeee cqern, 

M0:lKeT IlOTPe6oBaTbeH .no 25 M6aHT Ha BHern­

HeM H0eHTeJie. 

.D:mI eoKpameHIDI o6'beMa TPe6yeMOH rra­

WITH Ha BHellIHHX H0eHTem1x rrpoaHaJIH3Hp0-

BaH eoeTaB eoxpaHHeMOH TaM HHQ)OpMaUHH. 

IIepeMeHHYJO HHq>OpMaumo MO)KH0 pa3)le­

Jll1Tb Ha HeeKOJlbKO KJiaeeoB. 

a) Pb1.¢opA1a4ufl o cocmoRHUU npo4ecca .Mo­

oe.nupoeaHWl 

)laHHbIH KJiaee eoCTOHT H3 l1HQ)OpMau1111, 

orrpe)lemIIOIUeH M0)leJIHpOBaHHe TpaeKTOpHH 

qaeTlill. 3TO Ha116011ee Ba)KHblH KJiaee, TaK KaK 

11MeHH0 Ha He3aBl1eKMoeTl1 M0)leJIHpOBaHJ,UI 

TpaeKTOp11ii 6aJ11pyioTcH see oueHKH. PaJYMe­

eTeH, HeT HY:lKJlbl o6ecneLJHBaTb B03M0:lKHOeTb 

npepbIBaHl1H npoueeca B mo6oi1 TOlfKe - 3TO 

IlOTpe60BaJIO 6bl eoxpaHHTb Bero npoMe:lKy­

TO'iHYJO BpeMeHHYJO HHQJOpMaUHIO. 

B npoueeee paeqern no nporpaMMe MCU­

PD eyr.ueernyeT M0MeHT, Ha116011ee n0JlXOJlH­

IUHH )lJI.!I rrpepbIBaHilll pa60Tbl 11/ 111111 coxpatte­

HHH HHQJOpMaQ}IH. 3To M0MeHT, K0f)la 3aKaH-

4HBaeTeH M0Jle1111posaH11e seex qacn1u B ce­

pHH. B 3TOH T0'!Ke HH o,nHa 113 qaeTHU He Ha­

X0JlHTCH B np0ileCee M0)leJrnpoBaHml, □03T0-

MY BeH 11HQ)OpMaUIDI eB0)ll1TeH K eoeT0HHHIO 

reHeparnpa cnyqaHHbIX lfHee11, QJa30BbIM KO­

op)lHHaTaM H HeCKOJibKHM ,ll0il0JIHHTeJibHblM 
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xapaKTepHeTl1KaM qacT11U 0'-lepe)lHOr0 Il0K0-

neHl1.!I. 

O6'beM )laH.HbIX .llJI.!1 eJieJl)'l-Omero Il0K0Jie­

HIDI '-laCTHU, :lKJlymHx 06pa60TK11 np11 perne­

Hl1H O)lH0p0.D.HblX 3a)la'-I, He TaK Y:lK MaJI. Ha 

Ka:lK)lYJO '-laCTHUY Ha)lo OTBeCTH O)lHH 6aHT Ha 

ee Tl1Il, rneeTb )leHeTBHTeJibHbIX LJHCeJI - Ha 

Q)a30Bble KOopmrnaThI, 0)lHO 'llieJI0 - Ha Bpe­

WI 11 eIUe ,nBa - Ha K0MilJieKCHbIH Bee npH pe­

wemrn 3a,naq e 3a)laHHbIM 3Ha'-leHHeM 6aKJIHH­

ra. )lJIH yeKopeHilll Bbl'-IHeJieHHH HeIIOJib3YJOT­

e.!I )l0Il0JIHl1TeJibHbie reoMeTp11qecK11e napa­

MeTpbI, KOJIHqecTBO KOT0pblX 3aBHCHT OT THna 

pernaeMbIX Ja)laLJ. 

B pe3yJibTaTe B nporpaMMe MCU-PD Ha 

xpaHeHHe l1Hq:>OpMau1111 06 O)lHOH qaeTHUe 3a­

TPa'-111BaeTCH JlO 80 6aHT. O6'beM )laHHbIX 3a­

Bl1el1T OT pernaeMbIX 3a)laq 11 B HaeTO.!IIUee 

BpeMH o6bJt-lHO eo.nep:lK11T HHQJOpMallHlO 0 
2 000 qaCT11U B Il0K0JieHl1H, HO np11 pae'-leTe 

peaKTopa B ueJIOM B eB.!1311 e Heo6xo,nHMOCTblO 

no11yqeHHH no)lpo6Horo npoeTPaHeTBeHHoro 

pacrrpe)leJiemui: Il0T0KOB M0ryr IlOHa)l0611TbCH 

H 60JiblllMe '-IHCJia qacTHU B Il0K0Jiemrn. 

TaKHM o6pa3oM Ha OJlHH npoueeeop JlmI 

xpaHeHIDI 3T0ro KJiaeca rrepeMeHHOH 11Hcj:>op­

Mau1111 TPe6yeTC.!I nop.!IJlKa 80 N1o1 6ai1T naMH­
Tl1, tJT0 B 60JibllIHHeTBe paeqeTOB He npeBbI­

I1IaeT 200 K6. TaKoH o6'beM Heo6xo)lHMOH na­

MHTH BIIOJIHe )l0CTyneH. 

IIpH e03]laHHl1 BepeHH rrporpaMMbI e pae­

napanneJI11BaHHeM BbI"IHCJieHl1H M0)lepHH311-

poBaHa pa6oTa e 6aHKOM qacT11U, )K.llYIUHX o6-

pa60TKH, TaK KaK He 6bIJIO eyr.ueeTBeHHOH He­

o6XO)lHMOeTH 3K0H0MHTb naM.!ITb Ha BHelllHeM 

H0eHTene. Ha KJlaeTepax npaKTl1tJeeKH Beer)la 

11MeeTC.!I orpaH111IeHHe )lHCKOBOfO npoeTPaH­

CTBa .lllliI n0Jib30BaTeJIH, Il03TOMY npoBe]leH­

HM MO,nepHH3aUH.SI nporpaMMbl B .naHH0M 

e11yqae JaKJiroqanaeb B TOM, '-ITO nepeJl 3an11-

eb10 Ha BHellIHHH HOeHTeJib np0113B0)lHTe.!I 

YJlaJieHHe JlHUJHeH 11HQJOpMaUHH H3 6aHKa. 

IIpH pellleHHl1 Heo,nHOp0JlHblX 3a,naq pa-

6oTa e JII06bIM naKeT0M Ha1I11HaeTCH e MO)le­

JlHpOBamrn p0:lK)leHH.!I H0BbIX qaeTlm BHern­

HHM HeT01IHHK0M. Ha BHellIHHH H0CHTeJib 113 

6aHKa He TPe6yeTeH HH1Iero eoxpaHJITb 3a He­

KJII01Iem1eM JaronosKoB Ol.fepeJleH qacTHU 113 

6aHKa - MeHbllle 200 6aHT, H 3TO aBTOMaTH'-Ie­

eKH Yl.fllTbIBaeTeH nepeynaKOBKOH, TaK KaK Bee 

oqepe)lH B 3T0T M0MeHT rryeTbl. 
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6) HaKa11J1ueae.MM cmamucmuKa 
3TOT KJJaee eoeTaBJJ.HlOT eyMMhl BKJJa)lOB 

TPaeKTop11i-1 B pa31nrqHhie q>yttKUHOHa.JlhI, a 
TaIOKe eYMMbl eTeneHeH 3THX BKJJaJ].OB, He­
noJJh3yeMbie JJ.JJ.H oueHOK eTaTHeTw:.ieeKHX no­
rpemHOeTeH. BB11.uy 6om,ruoro '-IHeJia O.D.HO­
apeMeHHO oueHHBaeMbIX cpyttKUHOHaJJOB B 
nporpaMMe MCU-PD 3TOT KJJaee 11ttcpopMa­
u1111 eoeTasmIeT 6oJJee 75 % OT seero 061,eMa 
)laHHhlX, a B 38,D.84aX e 60Jihlli11M qJ,[eJIOM Bpe­
MeHHhIX TO'-leK pae•-ieTa, B KOTOpbIX eoxpaH.H­
eTe.H HHcpopMaUH.H Ha BHellJHHH HOeHTeJJh, orr­
pe)lellileT rrpaKTHqeeKH Beeb 061,eM )laHHhIX. 

OTMeTHM, '-ITO ,D.aHHhie 3TOro KJJaeea !IO 
OT)leilhHOeTH He H)f)KHhl, a Tpe6yroTe.H IlHlllh 
HX eYMMhI 

J;116mrnTeKa cpyttKUHH o6MeHa ,uaHHhIMH MPI 
rrpOH3B0.UHT 061,e.u1rneHHe 3THX eYMM ITO Mepe 
paeqern H xpaHHT JJHillh ero. B rrporpaMMe 
MCU-PD 3TO .neJJaeTe.H eJJe,nyroIIIHM o6pa30M. 

BBO.D.HTe.H rroH.si:THe rnara rrpoueeea, eo­
eTO.HUiee H3 cp11Ke11posaHHoro '-IHeJJa D eep11ii. 
Tor.na BhJtIReJJeHH.sl eoeTO.slT H3 BhillOJJHeHH.H Q 
rnaros, T.e. N = DQ . .ll:llil Beex eYMM BBO.UHTe.si: 
BTopoii Bepxrudi HH)leKe, 03Haqa1om11ii HOMep 
eepHH Ha ware, a filDKHHH HR)leKe j Terrepb 

03Ha'-laeT HOMep wara. Harrp11Mep, TJ~u> o3Ha­

qaeT eYMMY BKJJ8)l0B B oueHKY q>yttKUHOHa­
JJOB, Bhl'rneneHHbIX Ha /-H eepHH, Haj-M mare 
Ha k-M rrpoueeeope. 

BMeeTo oueHOK A,'.k) cpyttKUHORaJJa, Bhl-

4HCJJeHHbIX Ha k-M IIpoueeeope, Ha Ka)l(JJ.OM 
mare Bhl'-!HellilIOTe.si: eyMMhl 

{) 

B~) = z:( T]~tl) r 
/=I 

Bo speM.H tta6opa crnTHeTHKH Ha k-M urn­
re npoueeeophI pa6ornJOT eosepweHHO He3a­
BHeHMO. TioeJJe ero OKOH'!aHH.H epe.ueTBaMH 
MPI Ha ttyJieBOM npoueecope 06pa3yeTe.H 06-
UIM eyMMa 

H Terreph Hyneaow npoueeeop s1,1411en.si:eT rno-

6aJJhHYIO oueHKY S,j = s, .,-1 + B,1 (S, o = 0) no pe-

3YJihTaTaM Bhl4HeJJeHl1.H Ha seex npHMeH.si:e­
MhIX B paetJeTe npoueeeopax, K0TOpa.H B K0HUe 
BhPIHcneHHH eoB1rn.naeT e eyMMOH Av. Ha 
BHernHHR H0eHTeJib coxpaHSIJOTe.H T0JihKO 

CYMMhl SV,J· 

TOLIHO TaKoH )Ke MeTo.n uenoJih3yeTe.H .nn.H 
oueH0K KOBapHaUHH Q)yttK!lHOI!aJJOB. EeJIH He­
o6XO)lHMO oueHHTh KOBapHaUHlO .nsyx cpyttK­
UH0HaJI0B e H0MepaMH /1. H µ, TO oueHHBaeTe.si: 
HX BTOpOH eMemaHHhlH M0MeHT . .lJ:o6aBJJ.H.s£ BO 
see o6o3Ha4emrn .noIIOJJHHTeJihHhIH HH)l(HHH 
Irn)leKC - H0Mep Q)yttKI(HOHaJJa, II0JJY'fHM CJJe­
.UYIOillYIO noeJie.uosaTeJihH0eTh oueHoK: 

/) 

B (_k) = ~( (~ I) (U) ) 
/I.fl L..J Tl" 11,µ · 

l=I 

Ha HynesoM npoueeeope e rroMOlllhlO MPI 
P- 1 

06pa3yeTeSI eYMMa BJi.fl = Z:B},~ ' H OH o6pa3y-
k=O 

eT rno6aJJhHYIO oneHKY 

Sp.., = s,-u.jl + B P.fl (S0)-j> = 0). 

3Ha'Iem,ie 3TOH BeJIH1IBHhI, .neneHHOe Ha 
(MPN)2 

, H eeTb oneHKa BT0poro eMemaHHoro 
MOMeHTa. 

s) J11uf;opMai,uR Oll5l yee/lu<JeHuR cKopocmu 
Bbl'JUC/leHuii 

K JT0MY KJJaecy oTHoe.si:Te.si: .uorronmueJih­
Hhie .naHHble, eymeeTBeHH0 yeKOp.si:IOlllHe Bhl­
qJieJieHH.H. TipoeTeHllJHH npHMep TaKOH HH­

cpopMau1m - CIJHeKH, K0T0pbie eocTaBAAIOTC.H 
)lJJ.H Ka)l(JJ.OM reoMeTPHtieeKow 30HhI H orrpe.ne­
MJOT, KaKHe reoMeTPH'-!eeKHe 30Hhl IIpHMbIKa­
JOT K Ka)l(JJ.OH ee rpaHH. 

Tio.uo6Ha.H 1rncpopMaUIDI B rrporpaMMe 
MCU-PD npHMett.si:eTe.H reoMeTPHqeeKHM MO­
.uyneM H Mo,uyneM HCTQqHHKOB. Oco6eHHOeTb 
3T0ro KJJacca HH!pOpMaUmI B TOM, '-lTO .naH­
Hble, rronY4eHHhre mo6hIMH rrpoueeeopaMH, 
3KBHBaJJeHTHhI Me)l(Jly eo6oii. Tio3TOMY co­
xpalli!JOTCSI .naHHhre T0JJhKO ttynesoro rrpouec­
eopa H B H84aJJe npo.nomKeHHSI Cl!eTa HMeHHO 
OHH HeII0JJb3YIQTe5l )lpyrHMH npoueeeopaMH. 
TaKHM o6pa30M, .ny6n11posaHH.H ,naHHhIX ITO 
npoueeeopaM He npmIexo.n11T 11, ene.nosa­
TeJihHO, HX o6oeM HeKpHTH'-!eH. 

OTeYTeTBHe .ny6n11posaHH.s£ )laeT B03M0)[(­
HOeTb 3aHOCHTh BblllJeonHeaHHYJO HH!pOpMa­
UHJO B 0,D.HH MaeeHB, MHHHMH3Hpy.H speMR, 3a­
TpaLieHHOe Ha o6MeH ,uaHHhIMH Me)l(JJ.y npo­
ueeeopaMH. 

1.5. /(OllOJI/IUlne.JlbllQR CUIIXpOllUJQl{UJl. 

B KOHUe K8)K.[(0ro ruara n0MHM0 061,e,n1rneHH51 
eTaTHeTHKH, nonyqeHHOH Ha pa3HhlX npouee­
eopax, s nporpaMMe MCU-PD npoH3BO.lJ.HTe.H 
eme 0.D.HH o6MeH .naHHhIMH Me)K.ny npoueceo­
paMH. 
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B HCX0.UHbIX .uaHHbIX 3a.ua4J1 3a.uaeTCR 
MaKCHMa.JJbH0e Bpe~rn Tmax C'leTa, B TetieHHe 
K0Toporo M0)KeT BbITI0JlIDlTbCR ee pacqeT. 
IIpH :noM, aocK0JihKY .un.si npo.uon)KeHHJI cqe­
Ta 3a.uaqa .U0Jl)KI-Ia 6bITb 0CTaH0BJleHa nocne 
nonHoro 3aBeprne1-nu1 wara 6e3 rroTepH HaKo­
nneHHOH 1rncj:JopMau1rn (tteaBapHiiHo), oueHH­
BaeTcR BpeMR Mo.ue1111poBaHHR YpaeKT0pHH 
O.UHOM cepHH Tc = Tm-p l(DQJ), r.ue QJ - '-mcno 
waroB, CJ].enaRHhrx K .uaHH0MY M0MeHTY, a 
Tmp - 3aTJ)aqeHHoe Ha :no BpeMR. 

)],a.rree onpe.uem1eTcR ocrnBweecR BpeMR 

T0 = Tmax - Tmp H, eCJJH (I - E)T0 < TcD, TO 
rrocJJe.IJ.HHH mar YKOpaq1rnaeTCR .uo Dn = [( l -
- E)T JTc] cepHH, a ecn11 Dn = 0 TO Bbrcrncne­
HHR rrpepbIBaIOTCR. IJo YM0JJ'-{aHHIO BeJJHqJ,rna 

£ paBHa 0,05, '-{TO MHHHMH3HpyeT B03M0)KHbie 
Il0TepH HaKOITJJeHHOH HHcj:JOpMaUHH ap11 ycno­
BHH, '-ITO BpeM.SI, Tpe6yeMoe Ha pactJeT O.[(HOH 
cepHH, onpe.ueMeTCR c 5 %-H TO'-IH0CTbJO. 

ITocKOJJbKY Mo.uen11poBaHHe Ha pa3HbIX 
npoueccopax IIp0HCX0.UHT He3aBHCHM0, TO Be­
JJWIHHbI T3a-rp, T0 , Tc M0ryT 0TJII1tJaTbCR, rro­
:noMy orrpe.ueneHHeM ycJJ0BIDl 0K0H'IaHHR 3a­
.ua'-IH 3aHHMaeTCR T0JJbK0 HyJJeBOH npoueccop. 
OH pacchmaeT BeJJH'-IHHY D HJIH D11, K0TopaR H 
CJJ~T npH3HaK0M 0CTaH0Ba .UAA rrpouecco­
poB. 

1.6. IlapMlleJlbllbte Bbll/UCJleHu.R « Mo­

oyJ1e «btzopa11u.R. TiporpaMMa MCU-PD a.uarr­
THpoBaHa K npoae.ueHHJO rrapa.rrneJibHbIX Bbl­
q11cneHHH pacqeTa 113MeHeHHR H30T0nH0ro co­
CTaBa (BbiropaHHR) MaTepHa.JJ0B B rrpouecce 
KaMrraHHH peaKTOpHoii ycTaH0BKH. Ilo.IJ. MaTe­
pHa.rroM Il0HHMaeTCR re0MeTJ)HtiecKa.SI 30Ha, 
orpaHH4eHHaR IlJJ0CK0CTj{MJ,f 11 rroaepXH0CTR­
MH BT0poro rropR.UKa, rrapaMeYpbl K0T0pbIX 3a­
.uaroTCR II0Jib30BaTeJieM. IIOMHMO :noro .uaH­
HM reoMeTJ)H'IeCKOH 30IIa onpe.ue1rneTCR TeM­
nepaTypOH, CTTHCK0M HYKJJHJJ.0B, co.uep)Ka­
lUHXC.SI B Hei-i, HX RJJ.epHoi1 KOHUeHTpauHeH H 
JJ.p. 

Pac'leT H3MeHeHHR H30T0IIH0ro C0CTaBa 
0J].H0ro MaTep11a.rra 3aKJJIO'-IaeTCR B HaX0)K,lle­
HHH perrreHHR CHCTeMbI 06bIKHOBeHHbIX .UHCp­
cpepeHUHa.JJbHbIX. ypaBHeHHH, K0T0poe He 3a­
BHCHT OT peIUeHIUI .UJlR .upyr11x MaTepHaJI0B. 
3To B 3Ha1IHTeJJbHOH CTeneHH o6ner<rnJIO rrpo­
uecc pacnapa.rrneJ1HBaHID1 BhJtmcneHHH, opra­
HH30BaHHhIH cne.uyrom.HM o6pa30M. 
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Hyneaoi1 rrpoueccop ctta6:arneT KR)K.llbIM 
H3 0CTa.JJbHbIX npoueccopoB .uaHHbIMH .UJIR 
pac'-!eTa BbrropaHHR o.uHoro MaTepHa.rra, nocne 
qero caM Ha'-!1rnaeT pac11eT BbrropaHJUI oqe­
pe.IJ.Horo MaTep11a.rra. 3aKOH'-{.HB CBOH pac11eT, 
Hyneaoi-i rrpoueccop coxpaHReT ero pe3yJJhTa­
TbI Ha BHeWHHH H0CHTeJJb. IIocne :noro OH 
rrocne.uoBaTeJibH0 co6HpaeT pe3yJlbTaTbI BbI-
1111cneHHH JJ.pyr11x rrpoueccopoB H coxpaHReT 
HX Ha BRelllHHH H0CI1TeJ1b. 

Ta.KOH ITOJJ.XO.U 3KOHOMHT orrepaTHBHYIO 

rraM.S1Tb Hyneaoro rrpoueccopa, rrocK0JibKY B 
Ka)K.llblH M0MeHT BpeMeHH B HeH C0JJ.ep)KHTCR 
HHcj:JOpMaUHR T0JlbK0 06 0.UH0M MaTepHa.rre. 
)],a.rree Hyrreaoi-i npoueccop CH0Ba cHa6)KaeT 
0CTaJlbH.bie HHcj:JOpMaUHeH 0 Heo6pa60TaHHblX 
MaTepHa.rrax H rrp0B0.UHT co6cTBeHHbie Bbl'lliC­
rreHHR. 3TOT UHKJJ np0.U0Jl)KaeTCR JJ.0 Tex nop, 
rroKa He 6y.uyr norryqeHbI pernemrn .UAA acex 
MaTepHa.JJOB. 

Bo3IDIKaJOill.He np11 TaK0M no.uxo.ue npo­
CTOH rrpoueccopoB, KOTOpbie Q)KHJ].aIOT HOBbie 

.uaHHbie, B OCHOBHOM HeBeJlHKH, TaK KaK Bpe­

MeHa, 3aTJ)aqI,rnaeMhie Ha norryqeH11e peweHirn 
.UJIR pa3HbIX. MaTepHa.JJ0B, Ma.JJ0 0TJIWiaIOTCR 
.upyr OT .upyra. TaKHM o6pa30M, ape~ 0)1(11-
.uaHHR HeHyJJeBbIM npoueccopoM H0BbIX. .uaH­
HbIX onpe.uerrReTCR B 0CH0BH0M CK0p0CTblO 
3am1cH Ha BHeWHHH HOCHTeJlb, TaK KaK Me)K­

npoueccopHbIH o6MeH HHcpopMauHeH npoHc­
XO.llHT .UOCTaT04HO 6bICTJ)O. 

ITOMHMO :noro IlOTepR BpeMeHH B03HHKa­

eT B TOM cnyqae, Kor.ua K0JIH'-leCTB0 BbIT0pa­
IOIUHX MaTepHa.JJ0B He KpaTH0 K0JIH'•IeCTBY 
npoueccopoa. B 3T0M cnyqae qacTb npouec­
copoB npoCTaHBaeT, 0)KH.Ua.SI noKa 0CTa.JJbHbie 
3aK0H1IaT pac'-leT "cBoero" oqepe.uHoro MaTe­
pHa.rra. O.IJ.HaKO, KaK II0Ka3bIBaeT rrpaKTHKa, 
apeM.SI co6crneHHO pacqern o.uHoro MaTepHa.rra 
.U0CTaT0'IH0 Ma.JJ0 .llJl.SI Toro, 1IT06bI rrpeHe6-
pe'-lb 3THM He,nocTaTKOM. 

OnHcaHHblH Bblllle rro.uxo.u, He HapywM 
apXHTeKTypy nporpaMMbl pacqeTa H30TOilHO­

ro cocTaaa MaTepHa.JJ0B B npouecce 0611yqe­
H1ur, 3HatJHTeJlbHO IlOBblCHJI ee rrpOH3B0.UH­

TeJibHOCTb. IIpH 3TOM K03cj:JcpHUHeHT pacna­

pa.rrneJIHBamrn C0CTaBJJReT 0K0JJ0 0,8 H 3aBH­
CHT a 0CH0BH0M OT CK0p0CTH o6MeHa .uaHHbIX 
Me)K.lly rrporpaMMOH 11 BHelllHHM HOCHTeJieM. 

1.7 CxeAta Bbt11uCJ1euuii ua Mlt0zonpo-
14eccop11blX KOJHnb10mepax. O6mM cxeMa 
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pac4eTa npH 3T0M cosrra.aaeT co cxeMOH pac-
4eTa Ha o,aH0M rrpoueccope [2]. 

Bbl4HCJ1em1e 0,AH0ro C0CT0HHHH peaKTopa 
c 3a,uaHHbIM H30T0IIHbIM C0CTaB0M MaTepJia­
JJ0B MeT0.ll0M MoHTe-Kapno ocymecTBm1eTcH 
KaK rrocne.n;osaTeJihH0e BhIIT0J1Hem1e Tpex urn­
ros c ycnoBHhIMH Ha3saHHHMH INPUT CAL­
CULATION u OUTPUT, K0TOphre oTBet.JaJOT 
C00TBeTCTBeHH0 3a BB0,A HCX0)lHhIX .ZJ:aHHbIX H 
no)lr0T0BKY K Hat.JaJiy Bbl'-lHCJleHHH, M0)leJlH­
posaHHe MeTo,aoM MoHTe-Kapno ypasHeHHH 
rrepeH0Ca H3JJYt.JeHHH, q>HHaJ!bHYJO o6pa6oTKy. 

Ha ware INPUT rrp0H3B0.UHTCH sso.u 11c­
X0JIHhIX )laHRbIX, rro.uroT0BKa H 3aIJHCb B pa-
601.JHe cpaMJibl 3a,uaq11 HRq>OpMaUHH .ZJ:JlH rrpo­
se)leHHH pacqern. C 3arrycKa 3Toro wara Ha­
tJHHaeTcH pact.JeT Ka)K)l0ro sapHaHTa. Y crrern­
Hoe 3aseprneHHe pa6oThI wara CJly')KH.T Heo6-
X0.llHMhIM ycn0BHeM JlJlH 3arrycKa 11 pa60Tbl 
0CTaJihHbIX waros. Ilocne BbIIT0JJHeHH.H rnara 
06pa3yeTC.SI cpaHJl, Ky,ua 3aH0CHTCH BC.SI ,UHar­
H0CTHKa: rrpe.uynpe)K,UeHHH H coo6IUeHHH 06 
OlllH6Kax s HCX0llHhIX ,n:aHHblX. IlpH o6Hapy­
)KeHHH Oll1H60K HX Heo6xo,n:HMO HCrrpaBHTh H 
rrpOH3BeCTH 3arrycK rnara 3aH0B0. 

Ha rrocne.uyrom11x warax CALCULATI­
ON H OUTPUT pe)KHM pa6oThI orrpe,n:eAAeTcH 
co.uep)KaHHeM TeKCT0B0ro cpawna, KOTOpblH 
o6pa3yeTC.SI IIYTeM aBT0MaTHtJeCK0fO pe)laKTH­
poBaHHH cpai1na C HCX0.llHhIMH .uaHHhlMH Ha 
mare INPUT. IloJib30BaTen1, M0)KeT rrepeorr­
peJieJlHTh 3Hat.JeHml yrrpaBJlHlOlllHX rrapaMeT­
poB, co.uep)KalllHXCH B 3T0M cpattne. 

Ha mare CALCULATION ocymecTBJlH­
eTcH Herrocpe.UCTBeHH0e M0,lleJlHp0BaHHe Me­
T0,A0M Mo1-ITe-Kapno ypastteHHH rrepenoca H3-
rryqemrn:. Bo speM,11 pa60T1,1 Ha JTOM rnare 
npoHCX0JlHT rrepHO.llH'leCKaH 3anHCh 1-rncpop­
MauHH, HaKOIIJleHH0H B pe3yJlhTaTe M0,lleJIH­
POBaHHH, B 61rnapHbIH <paHJl na BHeWHHH H0-
CHTeJlb. 3To IT03B0JlHeT MH0roKpaTH0 rrpepbI­
BaTb H B0306HOBJI.SITh Bhl1¾HCJleHHH 6e3 IT0TepH 
HaKonneHHorx 3a speMH pact.JeTa pe3yn1,TaTos, 
a TaK)Ke 3aCTPaXoBaThCH OT Il0TepH HHcpOpMa-
1.J,HH s CJlY'-lae Herrpe.UBH,lleHHOfO c6oH s pa6o­
Te 3BM. 

Ha mare OUTPUT rrpo11cx0JIHT qrnttaJih­
HaH o6pa6oTKa 11 3arr11c1, pe3ynhTaTOB pacqern 
B TeKCTOBhIH cpattn .un.si: 11x )laJibHei:iwero atta­
JIH3a. ,naHHhIH Illar M0)KeT 6bITb BbIII0JlHeH 
nocne rrepsoH 3arrHc11 HaKorrneHHOH rro HT0-

raM M0)leJlHposaHirn HHcpopMaUHH 8 611Hap­
HbIH cpaHn Ha npe.aw1ymeM ware. KaK rrpaBJl­
no, 3T0 peK0MeH,n;yeTC.SI .aenaTb TOJlbKO nocne 
HaK0ITJleHHH 3Ha4HMOH CTaTHCTHKH. 

IlpH pact.Jernx sapna1-1T0B c H3MeHem1eM 
H30T0ITH0ro C0CTaBa MaTepHaIIOB peaKT0pa B 
rrpouecce KaMrramrn K TpeM waraM pactJeTa 
o.aHoro cocTo.si:1-111.si: .uo6asnHeTCH mar BURN 
UP. B 3T0M cnyqae cxeMa pact.JeTa BbirJI.s!JlHT 
cnenyrolllHM o6pa30M. C1-1aqaJia rrocnenosa­
TeJlbH0 BhinOJlH.SIIOTCH marH INPUT, CALCU­
LA TIO , OUTPUT, a rrornM Ha ware BUR­
NUP rrpOH3B0JlHTC.s! pac'-leT H0BbIX C0CTaBOB 
MaTepHMOB peaKTOpa C yqeT0M pe3yJlhTaTOB 
pact.JeTa ITOTOK0B HeHTpOHOB H cet.JeHHH CK0-
pocTeH peaKUHH, Bhit.JHcnem-11,rx Ha ware 
CALCULATION. IlonY'-leHHhie H30TOIIHhie 
COCTaBbl 3aIIHCbJBalOTCH B o6MeHHbIH cjJaHJI B 
cpopMaTe, npHro,llHOM JlJlH HCTI0Jlb30BaHHH Ha 
ware INPUT. 

Ecn11 nocne s1,monHeHHH wara BURNUP 
see 3a.uaHHbie B HCX0JlHhlX naHHbIX war11 pa3-
6HeHH.s! KaMrraHHH BbIIT0JlHeHbI, TO nporpaMMa 
3asepwaeT CB0IO pa6oTy, B rrp0THBH0M cnyqae 
ocymecTBJIHeTc.si: rrepexon Ha war INPUT, Ha 
K0TOp0M HOBb[H H30TOTIHblH C0CTaB MaTep11a­
JIOB 6epeTc.si: H3 o6MeHHoro cpattna, o6pa3o­
saHHoro Ha ware BURNUP, rrptt ero HaJIHt.JHH 
B JlHpeKT0plm C cjJaHJIOM HCX0,llHbIX naHHbIX. 

IlpH pac':leTax sapHaHT0B C H3MeHeHHeM 
H30T0ITH0fO COCTaBa MaTepHaIIOB peaKTOpa B 
npouecce KaMrraHHH rrocne 0K0H':laHH.si wara 
OUTPUT t.JaCTh rronyqeHHhIX K JJ,aHHOMY MO­
MeHTY speMeHH cpai,inos, co.aep)Kamwx rrone3-
HYJO HHcpOpMaUHlO )lJlH IT0Jlb30BaTemr, K0IIH­
pyeTCH B q)a}IJlbl HMelOIUHe TaKHe )Ke HMeHa, 
HO K pacw11peHH51M KOT0pbIX JJ.06asneHO 
0K0Ht.JaHHe BH)la '_Bn', r.ae D - 3TO K0JlHt.JeCT-
80 warns BURNUP, 3asepI11HBUIHXCH K naH­
HOMY MOMeHTY speMem1. 

B pe)KHMe MH0rorrpoueccopHbIX BbI-.rac­
JTeHHH HyneBOH npoueccop II0MHM0 co6cT­
BeHH0 Ct.JeTa K0HTpon11pyeT npoxo)KJleHHe 3a­
)lat.JH. TaKHM o6pa30M, 0,llHOIIpoueccopHb!H 
pac1¾eT C T0':lKH 3pemu1 rrporpaMMbl - 3TO pac-
4eT, BbinOJlHHeMbIM TOJlbKO Ha HyneB0M rrpo­
ueccope. 

YrrpaBJlHJOIUHe cpaHJlbl C yttHKaJ!bHOH JlJl.SI 
Ka)K)loro npoueccopa ,rncpopMauudi, co3.uaaa­
eMb1e HettyneBbIMH rrpoueccopaMJ1, nonyqa10T 
.aorrontteHHe K pacwwpeHHJO s11.aa '_Pn', r.ue n 
- H0Mep npou,eccopa. 
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llapaJIJieJII,Hhle BblqI1cJJeHID1 BbinOJJH.lU-OT­

C.ll tta warax CALCULATION 11 BURNUP, 

Tor.ua KaK warn INPUT M OUTPUT peam13y­

I-OTC.ll TOJlbKO Ha HyJJeBOM npoueccope. TTpH 

npo.noJDKeHHH pacLJ.eTa tteo6xo.n11Mo np11Me­

H.llTh TO )Ke KOJJ11qecTBO npoueccopoB, LJ.TO H 

□pH nepB111IBoM cLJ.eTe, H npoue.llypa 3anycKa 

Ha npo,llOJJ)KeH11e BhillOJJH.lleTC.ll TaK )Ke, KaK 11 

B cnyqae BhI'-IHCJJeHHH Ha o,uHOM npoueccope. 

llp11 3a.uaHHH .upyroro Konwiecrna npouecco­

poB nporpaMMa He BhIH.LieT Ha c'-leT. Bee warn 

He CB.ll3aHhI Me)K,Lly co6oi-i C TOlJKH 3peHH.ll 3a­

nparmrnaeMoro '-IHCJJa npoueccopos. 

KaK CKa3aHo paHhwe, rnan-1 INPUT 11 

OUTPUT Moryr BbmOJJH.llThC.ll Ha O.llHOM npo­

ueccope, np11 3TOM rnarn CALCULATION 11 
BURNUP MO)KHO ocyrIIeCTBHTh Ha mo6oM KO­

.rn,rqecrne npoueccopoB. 3To MO)KeT 6hITh no­

ne3Ho npH pacLJ.eTax Ha KJJaCTepax C BbICOKOH 

3arpY*eHHOCTbl-O oqepe,llH, nOCKOJlbKY no3BO­

JI.lleT BbIIIOJifUlTb OT,lleJibHbie 3TanhI Ha O.ll,HOM 

rrpoueccope, ,LlOCTyn K KOTOpOMY nonyqHTb, 

KaK npaB11no, nerqe_ 

Ko.JIWieCTBO cepHH JlJUI Mo,nen11poBaHID1, 

33,llaBaeMOe B HCXO,llHhIX ,LlaHHhIX, OTHOCHTC.ll K 

001t0Aty npoueccopy. O6mee KOJ111qecTBo ce­

pHH, KOTOpoe 6y,neT rrpOMO,lleJIHpOBaHO, nony­
qaeTC.ll YMHO)KeHHeM 3a,LlaHHoro KOJ111'-IeCTBa 

cepHH Ha 3aKa3aHHOe KOJIH'-leCTBO npouecco­

poB. 

C6op HmpopMaUHH, HaKonneHH0H npo­

ueccopaMH, ocyiueCTBJI.lleTC.ll B MOMeHTbl npo­

Me)KyrOqHOH H !pHHaJJhHOH 3an11ce11 Ha ro,ICK. 

B MOMeHT npoMe)KYTO'-IHOH 3an11c11 npoHcxo­
.UHT HaH60JibWa.ll □oTep.sr CKOpOCTH BbP-m:cne­

HHH, nOCKOJlhKY B03HHKaIOT 3aTpaTbI BpeMeHH 

Ha CHHXpOHH3aUHI-O npoueccopoB H 3an11cb Ha 

,LlHCK. ,[(aHHa.ll CHHXpOHH3al.{l,f.ll CB.ll3aHa C He­

o6xo.ll,HMOCTbl-O c6opa BCeH nepeMeHHOH HH­

cpopMaUHH ttyneBbIM npoueccop0M H .ll,aJib­
HeHllIIIM coxpatteHHeM ee Ha 06uu1ti BHeumHH 

HOCHTeJib. O ,nttaKO, TaK KaK LJ.aCTOTa 3TOro co-

6hITH.ll perymi:pyeTC.ll noJJb30BaTeneM, npor­

paMMY MO)KHO 3!p!peKTHBHO HCnOJih30BaTb H B 

CHCTeMax C Me.uneHHbIMH AHCKaMH H Me)Knpo­

ueccopHblMH o6MeHaMH naM.llThl-0. 

ilOJih30BaTeJII-O peK0Mett.nyeTC.ll Bb1611paTh 

MaKCHMaJibHO B03MO)KHbIH, HO npHeMJieMbIH C 

TO'-IKH 3peH11.ll asapHHHOro rrpephIBaHH.ll cqeTa 

HHTepsan AJJ.ll coxpaHeHH.ll npoMe)l(YTO'-IHbIX 

pe3yJlhTaTOB Ha BHeWHHH HOCHTeJih. 
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2. TeCT OBbl e p a c '-leTbl 

2.1 . Onucauue pac'lem11ou MOOeJlu. ,L(n.sr 

TeCT11pOBaHml pacnapanneneHHOH BepCHH 

nporpaMMbI MCU-PD BhI6paHa rronttoMacw­

rn6Ha.sr TpexMeptta.ll Mo.uenb BB3P-l000 l-ro 

6noKa BonronottcKoif A3C [9]. 
AKTHBHa.ll 30Ha COCTOHT 113 reKcaroHaJih­

HblX TerrJIOBbllleJI.llI-OlllHX c6opoK (TBC) pa3-

rrwrnoro nma, OTJIH'-laI-OIUHXC.ll MaTepHanh­

HhIM COCTaB0M TOnJIHBa, H OKpY*eHa orpa)Ka­

TeJieM, B COCTaB KOTOporo BXO,Ll.llT, HaqHHa.ll OT 

uettrpa: BOll.llHOH 3a30p (l MM OT KOHTypa 

TBC); CTaJibHa.ll BbITOpO,LlKa C 3anonHeHE1I>IMH 

BO,LlOH UHJIHH,LlpH'-IeCKHMH KaHanaMH; lllaXTa 

peaKTopa; so,na; Koprryc peaKTopa. 

TBC cocrn11T 113 33 l-H reKcarottaJJhHOH 

.ll'-IeHKl1. llo reoMerpH11 11 KOH!pHrypauHH Ma­

Tep11aJIOB pa3J1Hqa1-0T '-IeTbipe THila .srqeeK: 

.ll'-leH.Ka c OKl1CHbIM TOnJil1B0M pa3HOro o6ora­

meHH.ll IIO 1130TODY 235U (1,6, 2,4, 3,3 H 3,7 % 
BeCOBbIX), uettrpanhHa.ll rpy6Ka!HarrpaBJI.llIO­

II{HH Kattan, KaHaJibl C BbITOpaI-OmHM norJIOTH­

TerreM 11 rrornomaIOIUHM 3JieMeHTOM, KOTOphIH 

MO)KeT nepeMeIUaTbC.ll no BepT11KaJIH. llpH 

BBone B TBC BhrropaI-OmH:x nornoTHTerreH 

HJIH nornomaI-OIUHX 3JieMeHTOB IIp0HCXO,LlHT 

BhITeCHemre BOAbl 113 ttanpaBJI.lll-OIIIHX KaHaJIOB 
aKTHBHOH 30Hhl. 

B MOlleJIH npHMeHJiI-OTC.ll 7 pa3Jil1qHbIX IIO 

06oramett111-0 H Kottqrnrypaumi n:inoB TBC. 

KaHaJibl C rrornomaI-OlllHMH ::meMeHTaMH B 

onpeneneHHbIX TBC, BX0.U.llllIHX B opraHhI pe­

rym1posamoI cHcTeMbI ynpasJJeHH.ll H 3aru11-

TbI, o6pa3yI-OT rpynnbl 06m11M '-IHCJJOM 10 . 

TTOJJO)KeH11e rpynrrhl 3anaeTC.ll npoueHTOM 113-

BJJe'-IeHH.ll (OT O .uo 100 %) 113 aKTHBHOH 30Hbl. 

llOJJHOe on11caH11e MO,LleJIH npHBOllHTC.ll B [9]. 

2.2. PeJyllbmambt pac'lemoB. PaclfeTbI no 

nporpaMMe MCU-PD rrposo.u11n11cb Ha KJJa­

CTepe, co6paHHOM B 1151P PHU: "Kypqarnsc­
KHH 1rncnnyr" 113 OT,lleJibHblX nepcomUihHhlX 

4-x .sr.uepHbIX KOMnbI-OTepoB, o6bellHHeHHbIX B 
JIOKaJihHyI-0 ceTb. 

B MHoronpoueccopttoM pe)KHMe paccq11-
TaHbI 14 pa3JJH'-IHbIX COCTO.llHHH rpexMepHOH 

IlOJJHOMacwTa6HOH MOl{eJrn aKT11BHOH 30Hbl 

peaKTopa nma BB3P- l000 1-ro 6noKa Bon­

ro,nottcKoif A3C. OcttOBHhle napaMeTpbI pac­
CLJ.HTaHHbIX COCTO.llHHH IIpHBe.ll,eHbl s [9]. 



Pacqenia.si MO.UeJJh peaKTopa 3a.uasanach 
6e3 HaJJH'1IUI CHMMeTpI-111 B HCXO.[lHhlX ,naH­
ffbTX, £JT06bJ oueHHTh .[lOCTOBepHOCTh CTaTH­
CT}P1eCKOM norpernHOCTH paCC1IHTaHHblX 

3HeproBhJ,neneHHM s OT,neJJhHhTX TBC. ITo.no6-
Ha.si: ouemrn nony,-raeTCR H3 attan113a OTKJJOHe­
HHR pe3yJihTaTOB .[lJl.sJ CHMMeTpWIHO pacrroJJo­
)KeHHhlX TBC, KOTopoe .noJI)KHO cornacosaTh­
c.si: c sem11I11Hoi-i cTaTHCTH'-lecKoif norpeurno­

CTH. 
ITpH apose,neHHH pac'ieTOB BhI6paHHblX 

COCTORHHH aKTHBHOH 30Hhl no nporpaMMe 
MCU-PD ncrroJih30BaJJHCh cne.uyK>ru11e napa­
MeTphI MO.UeJIHposamrn: 
• He.ifrpOHbl Hynesoro IlOKOJJeHH.sJ pacnpe­

.ueneHbl paBHOMepHO no o6beMy, 3aHRTO­
MY TOnJIHBOM B aKTHBHOH 3otte; 

• tJHCJIO HeHTpOHOB B noKOJieHHH Mot = 
= 3 000; 

• 'IHCJIO □OKOJieHJIB, 06be;:r1rneHHbIX B ce­
pmo .um1 KOppeKTHOM OlleHKH CTaTHCTH1Ie­
CKOM norpeWHOCTH, Nbat = 400; 

• '-IHCJIO npor.10,ueJlI1pOBaHHhIX □OKOJieHHM 

34 000; 

• BpeMR Bhl'-lHCJieHHM Ha 16-TH R,npax (TaK­
TOBa.sJ. qacrnrn R.Upa 2,66 rru) = 33 qaca. 
BpeMR, 3aTpa'-leHHOe Ha pac'-1.eT, Il03BOJIR­

eT npe,nnOJIO)l{(,!Th, 1ITO rrpH cospeMeHHbIX 
TeMnax pa3BHTHR Bbl1IHCJlJ,1TeJibHOM TeXHHKH 
(ysem11.J:em1e TaKTOBOH qacTOThI npoueccopa, 
OITTHMH3aUH.sJ BCTpOeHHOfO MaTeMaTH'IeCKOfO 
arrrraparn 3BM, ysen1111eH11e q11cna npollecco­
pos 11 .up.) s 6mrnrni1rueM 6y.nyme 1 CTaHeT 
B03MO)l{HhIM B cpaBHI1Mbie C 11:H)KeHepHbIMJ.1 
nporpaMMaMH: cpoKH nony,-raTb no rrporpaMMe 
MCU-PD nei-iTpOHHo-cp11311qecKJ1e xapaKTepw­
CTHKH peaKTOpHbIX ycTaHOBOK B rrpouecce 
KaMrraHHH. 

B Ka'-leCTBe pe3yJJbTaTOB pac'-!eTOB pac­
CMaTp11sam1Cb 3cpcpeKTHBHbIM K03cpq>HllHeHT 
pa3MHO)KelI!I.sJ., 3cpcpeKTHBHOCTb c6poca A3 H 

□pOCTJ)allCTBeHl-lOe 3HeproBbI,lleJicrme. BbI­
TIOJIHeHO cpasHeHHe pe3yJibTaTOB C pac'ieTai\lrn 
no HH)Ke11ep11oi1 rrporpaMMe EMI1P-7A [JO], 
peanH3yK>IUei1 Mern.u MottTe-Kapno npor­
paMMe TTPH3MA-,D, [l l] 11 c 3KC□epHMeHTOM 
[12]. 

OueHKH 3cpcpeKTHBHOCTH c6poca A3, no­
JiyqeHHble no nporpaMMaM, xopowo cornacy­

lOTc.si Me)K.uy co6oi-i (s npe.uenax - 1,5 %), TO­
r.ua KaK pa3JJHlJHe C 3KCllepHMeHTaJibHblMl1 

,naHHbIMH .UOCTHraeT l O %. MO)KHO rrpe.unono­
)KJ,!Tb, '-I.TO OTJIH'-1.He pac'ieTHbIX .uaHHbIX OT 
3KCnepHMeHTaJlhHbIX o6bRCH.sJeTC.sJ. He.uocTa­
TO'-lHOH TO'iHOCTbIO H3Mepemrn 3cpcpeKTHBHO­
CTH c6poca A3 (rn6n. 1). 

T a 6 n II ll a 1. 3cpcpeKTHBHOCTb c6poca A3 c 
yYeTOM Ha4aJibHOro COCTO.sJHIUI o/o ., 

MCU- 6HCTP- TIPH:3MA- 3Kcne-
PD 7A .a pHMeHT 
6,74 6,80 6,84 6,38 ± 0,38 

Pe3yn.hTaTbl pacqeTOB, rronyqeHHbie ITO 
nporpaMMaM MCU-PD 11 ITPIBMA-JJ:, .ne­
MOHCTpHp)'I-OT xopornee cornactte Me)l{.uy co-
6oi1 B rrpe.uenax cTaTHCTHtJeCKOH norperrrnoc­
TH. Pa3JIBtJHe B K,<1> cocrnsmreT Mettee 0,2 % 
(rn6n. 2), B IlOJij{X 3HeproBbI.UeJieHH.sJ. - OKOJJO 
2%. 

T a 6 J1 H ll a 2. 3cpcpeKnrBHblH K03<pcpHUHeHT 
Da3MHO)KeHH.sJ HeHTpOHOB 
N2 COCTO.sJ-

MCU-PD 6HIIP-7A TTPH:3MA-L( 
HIUI 
2 1.0025 1,0039 1.0015 
7 1,0019 1,0030 1,0009 
8 1,0022 1,0030 
9 1,0026 1,0032 
10 1,0017 1,0024 
11 1,0028 1,0030 
12 1,0026 1,0026 
13 1.0023 1,0034 
15 1,0028 1,0036 1,0017 
17 1,0031 1,0034 
20 1,0025 1.0025 
21 1,0014 1,0016 
Al 1.0025 1,0040 1,0016 
A2 0,9391 0,9398 0,9374 

Pa3JIH'-I.He pe3ynbTaTOB rrpocTpaHCTBeHHO­
ro :meprosh1.ueneHJ.1R Me)K.[ly penepHblMH rrpo­
rpaMMaMH 11 EJ1ITP-7 A MHOro 6onbUJe H .uoc­

THraeT - l I %, HO He BhIXO.lIHT 3a rrpe,ueJlbI 
T0'-1.HOCTH, 3a.si:sneHHOM pa3pa60T1JHKaMH rrpo­
rpaMMbl. Cnnt:CTHqecKHe rrorpellIHOCTH, pac­
cqHTaHI-lbie no rrporpaMMe MCU-PD, xoporno 
cornacyK>TC}J C OTKJJOHeHHeM B CHMMeTpH'i­
HbIX TBC. Pa3JIH1.!He s K3<1> cocrasn.si.er Mettee 
0,25 % (ra6JJ. 2). Pe3yJibTaThl pac'-leTOB IIO 
TpeM rrporpaMMaM H rro.upo6HbIH aHaJIH3 
cpaBHeHH.sJ. np11se,neHbl B [ 13' 14]. 

TTp11 pa6oTe B pe)KHMe MHoronpoueccop­
HbIX Rbl1IHCJieHHH rrporpaMMa HCn0JJh3OBaJJa 
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,rum: pacqeTa Bee nocTynHbie eH npoueccopb1. 
Ko3cpqmu;He11T pacnapannemrnaHIUl nporpaM­
MhI 6nH30K K 1, IIOCKOJibKY nm1 o6ecrre'ieHH.ll 
3al.IlHTbl OT c6oeB B pa6oTe 3BM coxpaH.ll­
JIHCb rrpoMe)KyTO'-IHbie 3anHCH. B OTCYfCTBHe 
3Tl1X 3am1cei1 cornactto npenBap1ueJibHhr 1 
TeCTaM, K03cpcp11:r.u1eHT pacnapannemrnamu1 

paBeH 1. 

3aKJIIO'leHHe 

Co3natta BepcIDI nporpaMMhI MCU-PD c 

napanneJibHbIMH Bbl'iHCJieHIDIMH ou;eHOK Heii­

rpOHHO-Q)H3II'ieCKHX xapaKTepHCTHK peaKTOp­

HblX ycTaHOBOK nma BB3P 11 PWR Ha ocHoBe 

6i,16m10TeK11 cp)'HKUHH MPI [6] KaK Hatt6onee 
pacnpocTpaHeHHoro cTaHnapTa o6MeHa naH­

HbIMH B napanneJibHOM nporpaMMHpOBaHHH. 

Pean1nau;1,m 3TOH 6116m10TeKH cymecTBYJOT 

nnJI 6onhrnoro tIHcna OC. .D:m ycrnHOBKl1 

nporpaMMhI Ha MHoronpoueccopHYJO 3BM 
.llOCTaTO'-IHO HaJIH'Ul.ll Ha HeH mo6ott pean1na­
UHH MPI c mo6hIM KOMITHJI.llTopoM .ll3hIKa 

<l>opTpaH-90/95. 
ITpH pa6oTe B pe:>KHMe MHoronpoueccop­

HhTX Bbl'iHCJieIDI.H nporpaMMa HCilOJlb3YeT )lJIJI 

pacqern Bee nocTynHbie e11 npoueccopbI. Bpe­
M.ll pac'ieTa C npHMeHeHHeM HeCKOJlbKHX npo­

ueccopoB npH OTCYfCTBHH rrpoMe)KyrO'iHblX 

3aIIHcei1 naHHblX Ha }],HCK TIO<JTH o6paTHO rrpo­

nopUHOHaJibHO 'iHCJIY 3anettCTBOBaHHhlX npo­

ueccopoB. 
B pe)K1-rMe napanneJihHbIX BhJ1--111cne1111iI no 

nporpaMMe MCU-PD Bhmom1eHb1 paclJeTbI 

3cpqJeKTHBHOro K03cpcpnuHeHTa pa3MHO:>KeHH.ll 

H npoCTpaHCTBeHHOfO pacnpeneneHH.ll 3Hep­

fOBhJ)leJieHH.ll .llJI.ll 14 COCTO.sIHHM rpexMepHOM 
nonHoMacrnTa6ttoi1 Mone1111 aKTIIBHOH 30HbT 

BB3P-1000 1-ro 6noKa BonronoHCKOM A3C. 
B xone pa6oT nn.si Bmyanmaui-rn reoMeT­

p1111 HCITOJih30Banc.ll KOHBeprnp AltNCG, r.10-
.uepttH3HpoBaHHhil1 npr1 no.u.ucp)KKe rpa1na 

P<l><l> H N!! 08-07-00288-a. 
TiporpaMMa MCU-PD c03.uaeTc.si np11 non­

nep:>KKe KoHuepHa OAO "TB3JT". TipencrnB­
neHHhie pe3yJibTaTbl nonyqeHbl B xone BhlilOJI­

HeHJ.UI pa6oT no npoeKTY A3C-2006. 
ABTOpbl Bblpa)KaIOT HCKpeHHIOIO 6naro­

napHOCTb E.A. r OMHHY, c.c. ropO)].KOBY H 

C.B. Map1rny, KOTOpbie npotIHTaJIH pyi<oIDICb 
cTaThH H cnenanM uermb1e 3aMe'iamrn. 
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Hccne.n,yIOTCll H0Bble CBOHCTBa H MexaHH3Mbl HMnynbCHOro xaoca 8 peaKTopax. PaccMaTp11BaJOTC51 HO­

Bble cnoco6bl ynpasnertH51 HII-IITYilhCHbll\lH CT0XaCTHYeCKH 111 pe>KHMaMH. 
K1110•1eeb1e c,waa: llJlepHbri-1 peaKTop, JJ.HttaMHYeCKHH xaoc, MexaHH3M xaoca, ynpasne11He xaocoM. 

Pulsed Chaos and Its Control in uclear Reactors. N.S. Postnikov, Research Institute of Mechm1ics of 
Nizhny Novgorod State Unil'ersity, korp. 6, 23, Gagarin Ave., Ni=Jmy Novgorod, 603950. New properties and 

mechanisms of the pulsed chaos are investigated. New ways of controlling pulsed stochastic modes are con­
sidered. 

Key Words: Nuclear Reactor, Dynamic Chaos, Mechanism of Chaos, Chaos Control. 

B pa6ornx [ I ... 8] swrnneHhl H 11ccne.no­

BatthI HOBbie 3BTOKOJJe6aTeJ1bHbie pe)KHMb] pa-

60TbI 51,UepHblX peaKTOpOB - HMIT)'JlhCHbie CTO­

xacT111-recK11e pe)KMMhI. Om1 peamnyioTc5l 3a 

C'-IeT .neiICTBIHI BI!yrpeHHIIX o6panlhlX CB5l3ett 

Ti COCT05JT B TOM, '-ITO B peaKTOpe 4epe3 c11y­

'-faHHh1e npol\re)KyrKII speMeH11 rrpo11cxo,nSI.T 

HeihpOIIHb]e BCilbIIIJKII cny1.Iai111oii HHTeHCHB­

liOCTH. Hal.JaTa pa3pa60TKa Teop1m IIMrrynbC­

llbIX CTOX3CTH4eCKHX pe)KI1MOB [ I . . .4] 11 

npe,nno)KeIIhI tteKOTOpb1e crroco6h1 yrrpasne-

1-nr.!I )Tl1l\1H pe)KIIl\13M11 [7, 8]. 
B 11acTo.muefi pa6oTe uccne,nyioTcSI. HOBhJe 

CBOMCTBa MexaHH3Mbl B03HHKHOBeHirn HM-

nyJJbcHoro xaoca 11 npe.nnaraIOTC5l: HOBhie cno­

co6r,1 ynpasneHIDI 11 1 B peaKTopax. 

)J,1151 on HC3HH5l: )J.H Hal\lHKTJ peaKTOpa BOC­

ITOJ1b3)'el\lC51 T0'--!el.JHbll\lll ypasHeHH.511\UI KTIHe­

Tl!Kll C mrneJIHblMII o6paTllbll\1H CB.51351MII 06-

wero s11.na 
k 

ldn / dt = (I + n)ok + L,11.,c, -~11; (1) 
1=1 

dc,ldt = - A,ci + ~111, i = l .. . k; (2) 
du/dt =Pu + dn, 8k = 0bTu + 8k,. (3) 

3.necb n(t) = (N(t) - N0)/N0 - OTHOCHTenh­

Hoe OTKJ10He1rne nJJOTH0CTH HeHTpOHOB N(t) 
OT ee CTallllOIIapHoro 3Ha'-:leHM.51 No; I - speM51 
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)KH3HM M.rHOBeHHblX HettTpOHOB; 8k - peaK­

THBHOCTh; C;(t)// - OTHOCHTeJJhHOe OTKJJOHe­

!Ule OT CTaUJIOI-IapHoro 3Ha'-IeHirn KOHI.1,eHTpa­

UHH H,nep-M3Jl)"-IaTenei1 3ana3,nhrna1-0II{ID{ HeH­

TpOHOB i-ii rpynrrhr k - q11cno rpynn; A; - no­

CTORHHhJe pacrra.na 3TI1X H,nep· p, - OTHOCH­

TeJlhHhIH Bh!XO,ll 3ana3,llhIB3lOIUHX HeihpoBOB 

B pe3ynhTaTe aKTa .nenettm1; P = I.:=
1 
P, ; t -

BpeMW u(t), d b - BeKTOpbl 113 R111
; p - IlOCTO­

filiHM rypBHI.l,eBa MaTPHIJa pa3MepHOCTH 

[mxm]; 8 > 0 - K03cpcpHIJHeHT ycHJJeHHH 06-

paTHOH CB5I3H; 8kr - perymrpyJ-Omee B03,nei1-

CTBHe. 

B pa6oTe [3] ITOKa3aHO, '-ITO HMTIYJJhCHhIH 

xaoc B cHcTeMe (1) ... (3) peanH3yeTC5I npH 

yseJJH'-IeHHH K03Q)qJHI.1,HeHTa 0 ycH.JieHHH 06-

paTHOH CBR3H, ecnH Hl\mynhcHaH cpyttKUHH 

o6paTHOH CB5l3H W(t) = bTexp(Pt)·d 5lBJJReTc5I: 

OTp11uaTeJ1bHOH 11 HeMOHOTOHHOH. 

B 51,neptthIX peaKTopax MOrYT peamno­

BaThCH ,llBa pa3JJH'-IHhIX MexaHH3Ma HMnyJJhC­

HOro xaoca. Oco6eHHOCTh nepBoro COCTOHT B 

TOM, '-ITO nocne HeHTPOHHhlX RMIIym,COB pe­

aKTOp CHa"!ana CTaHOBIITC5l rny6oKO IIO,llKpH­

TH'-leCKHM, a 3aTeM nepeMeHHhie, orrpe,nen.R­

lOIUHe ero COCTOj{f-lHe, rrp116nm1<alOTCR K KOJ1e-

6aTeJJ1:,HO-HeycTOH'-I.HBOMy paBHOBeCHOMY co­

CT05lHHI-O peaKTOpa. TOJlhKO rrocne 3TOro npo­

HCXO,llHT oqepe,nHOH HettTPOHHhIB HMIIym,c 

KaK pe3yJJbTaT HapaCTalOIUIIX KOJJe6a1m11, 

rrpOHCX0,ll5lll111X B6ll1311 tteycT0H'-lHBOfO CTa­

UHOHapHoro COCTOIDHrn. B 3T0l\1 cnyqae Terrno 

BhI,neAAeTCR KaK B J\IOMeHThl HeihpOHHhIX 

BCilhlllleK, TaK II BO Bpe)\,rn KOJJe6aHI!H B6JIH311 

CTal.l,HOHapttoro COCT051.HH5I. 

Oco6ettHocTh BTOporo 111exaHH3Ma xaoca 

COCTOHT B TOM, '-ITO Me)K)ly HeRTPOHHhlMH HM­

ITYJJbCaMH IlJlOTHOCTh Hef1TpOHOB KOJJe6neTC.R 

Ha HH3KOM ypOBHe, peaKTOp He npn6mrn<aeTC5l 

K CT3UHOHapHOMY COCTO.RHHlO, a BhJ,neneH11e 

Terrna npOI-ICXO,llHT Illlillh B MOMeHTbl Hei-h­

poHHhIX BCilhlllleK. 

CTpoHJJIII-OCTPHpyeM B03MO)KHOCTh pea1nI-

3auHH omrcaHHhIX MexaHH3MOB Ha np11Mepe 

rrpOCTeaweH o6paTHOH CB5l3H, rrpMBO,ll51:IUeH K 

xaocy, 

8k =- by+ 8k,; (4) 
dxldt = s0(x - 11); dyldt = ay - wz - ax; 
dzldt = wy + az - wx, (5) 
r.ne (x, y, z)ER 1

; so< 0; b > 0; a< 0; w> 0; 
0 < - a/(1) < I. 
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B CHCTeMe (1), (2) (4), (5) 3acpHKCHpyeM 

napaMeTPhI 

8kr=0; b=0,195;so=-0,25; a=-1; l= 
= 104 c; k = 6; A1 = 0,012 c-1, A2 = 0,03 c· 1

, A3 

=0,111 c·
1
,A4=0,301 c· 1,A5 = l,14c·1,A6= 

= 3,01 c·
1
; P = 0,0065; P,IP = 0,033, P2IP = 

= 0,219, p3/p = 0,196, P4/p = 0,395, PslP = 

= 0,115, PJP = 0,042 (6) 
H liCCJJe,nyeM ee ,llHHaMHKy 1Ip11 H3MeHeHHH 

TOJJhKO o,znroro rrapaMeTpa w, xapaKTepH3yJ-O­

mero CTeneHh KOJ1e6aTeJ1hHOCTH HMTIYJlhCHOH 

cpyttKUMH o6paTHOH CB.Sl311. 

Ha puc. I 11306pa)Ketta 6ncpypKau1rnm-rn5r 

mrnrpaMMa, IlOJJ)"'IeHHa5I ITYTeM '-IHCJleHHOro 

HHTerpHpOBaHirn ypaBHeHHH (1), (2), (4) ... (6) 

npH qJHKCHpOBaHHhlX 11 nocne,noBaTeJlhHO yse­

JJH'-IHB31-0IUHXC5l C rnaroM .6,(1) = 0,02 3Ha'-IeITTI­

RX (1) OT l .no 12. B Ka)K)lOM ceqeHHH (1) = 
= const no ocH opm,rnaT HaHeceHbI Bee MaKcH­

MYJ\llhI nepeMeHHOH x, KOTOpbie nocTIITHy'Thl 

e10 nocne HeMTPOHHhIX BCIIhlllleK B rrpon;ecce 

asTOKOJJe6aHHH Ha ,llOCTaTO'-IHO 60JJhillOM rrpo­

Me)KYTKe BpeMeHH tE [O, 5 000 c ]. 

HeihpoHHhie HMnynhChl rrpoucxo,nRT B 

MOMeHThl BpeMeHH, KOr,na peaKTHBHOCTh 8k 
rrpeBhillJaeT 3Ha'-IeHHe ~ 11 peaKTOp HaXO,llHTC.SI 

B COCTO5lHH1f Ha,nKpHTH'-IHOCTH Ha MrHOBeH­

HbIX HeMTPOHax. qel\1 CHJJhHee HMnynhc, TeM 

6omrne MaKCHMYM x(t). MaKCHMYMhI x(t), pe­

aJJH3yJ-OIUHec5I rrpH 8k < p, He )"'IHTbIBaJ-OTCR. 

IlepHomP-1ecK1Ic Kone6amrn rrpoucxo,n.RT npH 

(l)E [10,8; 12] 11 B OKHax rrepHO,llH'-IHOCTH, Ha-

6n10,na10IUHXC.SI Ha HHTepBane (l)E [l · 3,5]. IlpH 

Tex (1), npH KOTOphIX MaKCHMYJ\llhl x(t) JIJIOTHO 

H HeperynHpHO 3arrOJJH~lOT 0Tpe3KJ-I IIp5lMhIX, 

peaJJ1ByeTCH HMIIYJlbCHbIH xaoc. 

X 

2 

0 

P1-1c. I. MHo)KecTBo 3Ha'--leH11H MaKCHMYMOB nepe­
MeHoH x(t). peaJJH3yJOuntxc~ B npouecce aBTOKO­
ne6a111-1i1 B CHCTe 1e (I), (2), (4) ... (6) npH 113MeHe-

11111-1 napaMeTpa w B npenenax I < w < 12 



MaKC11MYM x•, .uocnrraeMbIB nepeMeHHOH 

x nocn e oqepe,uttoro HeihpoHHoro HMIIYJibca, 

BeCbMa TO'IHO OIIpe,uemreTCH npe,Uhl.UYI-UHM 

MaKCHMy'MOM Xo, ,UOCTJ,ffHYThIM nocne rrpe,Ubl­

JlYll-lero HMIIYJihca. I1o3TOMY xaoTw1ecK.He KO­

rre6aH11H s c11cTeMe (1), (2), (4) ... (6) onpe,n:e­

JIIDOTCH O,UHOMepHhIMH TOqe'-IHhlMll OT06pa-
• 

)KeHHHMH X (xo). OHH CT{)OHTCH nyreM Hanece-
• 

HRH Ha TIJIOCKOCTh (x ' xo) nocne.uosaTeJihHhIX 

nap MaKCHMy'MOB <pyHKl.{HH x(t). 3TH OT06pa­

)KeHHH .UJIH 3HaqeHHH ffi = 2 , 1, ffi == 3, ffi = 3,9 
(t) == 10 ITOKa3aHbl Ha pHC. 2,a) - r). Ha p11c. 3 
noKa'.3aHhl xaoTH'-IeCKHe KOJie6amu1 IIJIOTHOCTH 

HeihpoHos (seJIH'-IHHbI ~ == ln(l + n)) s cnyqae 

(t) = 2 , 1 H (t) = 10. 
To'-Iel£Hbie OTo6pa)KeHIDI, IIOKa3aHHhie Ha 

pHC. 2 , - 3TO THIIHl£Hhie OT06pa)KeHHH, rropo­

)K)laIOU.lHe xaoc B ,n:HHaMJ1qeCKHX CHCTeMax. 

OIDI HBJIIDOTCH KYCO'-IHO-HenpepbIBHbIMH H 

paCTHnrnaIOutHMH SCIO.UY 3a HCKJIIO'-IeHHeM 

He60Jibl11HX HHTepsaJIOB. lfa pHC. 2 BH,UHO, 

qTo OT06pa)KeHHH X. (xo) HMeIOT MHO)KeCTBO 
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1,2 

0,6 
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0 0,6 1,2 
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i t 
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B) 

TO'-IeK pa3pbIBa. 3TO TaKHe 3Ha'-IeHHH MaKCH­

My'MOB xo, IIOCJie KOTOpbIX <pyHKUHH '&k(t) Ka­

caeTCH npHMoH Dk = ~- Pa3JIB'-IHbIM HHTepsa­

JiaM HerrpephIBHOCTH OTBe'-IaeT pa3HOe 1H1CJIO 

MaKCHM)'MOB peaKTHBHOCTH H IIJIOTHOCTH HeH­

TpOHOB, peaJIH3yIOlllHXCH Me)K.uy Hei:hpOHHbI­

MH BCilhIUlKaMH H , CJie,UOBaTeJlhHO, pa3JIWI­

HOe BpeMH Me)K.uy HMIIYJibCaMH . 

lfa p11c. 2 BH.n:HO, CITO Ha HHTepsanax He­

npepbIBHOCTH orn6pa)KeIDlH x • (xo) HMeIOT IIO 

O,UHOH HeycTOH'IBBOH HeIIO,UBH)KHOH TO~e. 

HM OTBe'-IaIOT HeycTOH'IBBbie HMrryJihCHhie 

rrepHO,uHqecK.He pe)KHMbJ CHCTeMhI ( 1 ) , (2), 

(4) ... (6), OTilH'-IaIOIUHeCH .n:pyr OT .u.pyra BeJIH­

qmrnMH HeihpOHHhIX HMITYJibCOB H speMeHeM 

Me)K)ly HHMH. 

Ha pHC. 2,a) - B) BH.U.Hhl TO'IKH xo = 1,12, 

Xo = 1,82, Xo = 2,27, BO3Jie KOTOphIX rpymrn­

pyeTCH MHO)KeCTBO TOqeK pa3phma H HHTepsa­

JIOB HenpepbIBHOCTH. TiocJie COOTBeTCTByIO­

ll.{HX 3THM MaKCHMy'MaM Xo HMITYJibCOB l'paeK­

TOpHH (n(t), c,(t) x(t), y(t), z(t)) CHCTeMhl (1), 
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Xo 
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X 
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l l :: i 1 I 
1,2 \ 

. 
' ' I 1 
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r) 

P11c. 2. O.nHOMepHble OT06pa)KeHlUI, onpe.nem1101.1..111e xaornl.feCKHe .Ll811)1(eHHji B CHCTeMe ( 1 ), (2), 4) .. . (6): 
a) oo = 2 1 · 6) oo = 3 · s) oo = 3 9 · r) oo = I 0 , ' , ' ' 
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(2), ( 4) . .. ( 6) IIpH6JIIDKaeTC.sJ K KOJie6aTeJibHO­

HeycTOR'IllBOMY cTauHoHapHoMy cocTOHHJUO 

(0, 0, 0, 0, 0), T.e. B CHCTeMe HMeeTCH fOMO­

KJIHHHt.IeCKM TpaeKTopm1 - neTJIH cenapaTpH­

ChI ce,D,JIO-Q)OKYCHOro COCTOHHH.s! paBHOBeCHH 

(0, 0 , 0, 0, 0). l13MeHeHHe ~(t), orneqaromee 

3TOH TpaeKTop1rn npH (1) = 2, 1, BH,D,HO Ha pHc. 

3,a) (HHTepBaJI tE [15 ... 30 c]). llpH w = 3 H w 
= 3,9 3aBHCHMOCTb ~(t) Ha rOMOKJIHHHtieCKOH 

KpHBOH m3JI.sJeTCH HeMOHOTOHHOH - ,D,O npH-

6nmKelilUI K TO'!Ke ~ = 0 Q)yHKUHH ~(t) HMeeT 

B o6nacTH ~ < 0 O,D,HH MaKCHMYM rrpH w =3 H 

,D,Ba MaKCHMYMa npa w =3,9. 

113BeCTHO [9], 'ITO HaJIHt.IHe B )lHHaMHqec­

KOH CHCTeMe ,D,BOm<OaCHMilTOTHqecKOH K co­

CTOHHHJO paBHOBeCHH TpaeKTOpHH THila neTJIH 

cenapaTpHCbI ce)lno-q>oKyca nopo)K)laeT B 

3TOH cHcTeMe .llHHaMHtJeCKHH xaoc, KOTOpbrn 

Ha3bIBaIOT xaocoM lliHJihHHKOBa. llpH w = 2, 1, 

CJ.) = 3, CJ.) = 3,9 H 6JIH:3KHX K HHM 3Ha'leHIDlX 

napaMeTpa w 3TOT xaoc peanH3yeTc.si B pac­

cMaTp1rnaeMoH MO)leJIH peaKTopa (1 ), (2), 

(4) ... (6). Han11qne roMOKJIHHH'leCKOH - ,D,BOH­

KOaCHMIITOTH'leCKOH K TO'lKe (0, 0, 0, 0, 0) 

2 

-1 

-4 ~----- ~----~--~'• C 

2 

0 

- 2 

0 40 80 
a) 

-4 ~----'----~--~------'-t,c 
0 10 20 

6) 
30 

P1-1c. 3. XaoTw-1ecK1-1e Kone6amu1 senw-111Hbl ~ = 
= In(!+ n) B c11cTeMe (I), (2), (4) ... (6): a) ro = 2,1; 
6) ro = I 0 
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TpaeKTOpHH 06ecrre1IHBaeT pea.n11:3a.umo nep­

Boro MexaHH3Ma HMIIYJihCHoro xaoca, Kor.Ila 

nocne HeHTpOHHbIX BCTihIIIIeK onpe,D,eneHHOH 

HHTeHCHBHOCTH oqepe,D,HOH HMITYJibC npOHC­

XO)lHT JIHillh nocne Toro, KaK nepeMeHHbie, 

onpe)lemnom11e cocToHHHe peaKTopa, np116n11-

3HTCH K ero KOJie6aTeJibHO-HeycTOH'lHBOMY 

paBHOBeCHOMY COCTOR.HHJO. 

llpH w > 5,5 roMOKJilfIDl1IeCKHX TpaeKTo­

pHH HeT, H B CHCTeMe (1), (2), (4) ... (6) peanH-

3yeTC.sJ BTOpOH MeXa.HH3M xaoca, npH KOTOpOM 

B npouecce xaoTw-1ecKHx Kone6aHHH nepe­

MeHHhie, onpe,D,eJIR.IOIUHe COCTOHHHe peaKTO­

pa, He npH6JIH)KaJOTC5I K ero paBHOBeCHOMY 

cocTOHHHJO. Xapa.KTepHhrn BH.ll T01Ie1IHoro 
• OT06pa)KeHHH X (xo) H H3MeHeHHe IIJIOTHOCTH 

HeHTpOHOB B 3TOM cnyqae IIOKa3aHbl Ha pHC. 

2,r) H 3,6), KOTOpble COOTBeTCTBYJOT 3Ha.':le­

mno CJ.) = 10. 11MeHHO 3TOT MeXaHH3M npe)lc­

TaBJUl:eT HaH60JiblllHH HHTepec C rrpaKTHt.Iec­

KOH TO'-IKH 3peHHH ,D,JIR. ero peaJIH3aUHH B KOH­

KpeTHbIX pea.KTopa.x, Ta.K KaK B 3TOM cnyqae 

liMilYilbCHblli CTOXaCTHtJeCKHH pe)KHM OKa3bI­

BaeTC5I MeHee 1IYBCTBHTeJibHblM K MaJiblM H3-

MeHemrnM napaMeTpOB H MaJibIM BHelllHHM 

B03MYJUeHH5IM. 

0TMeTHM, 'lTO HapH.llY c xapaKTepHblM ,D,JI5J 

xaoca BH)lOM TOt.Ie'lHblX OT06pa)l(eHHH, a TaK­

)Ke nnoTHhIM H Hepery1rnpHbIM 3anonHeHHeM 

IIOCJie)loBaTeJlbHbIMH napaMH Ma.KCHMYMOB 

nepeMeHHOH x(t) KpHBblX Ha IlJIOCKOCTH (x.' 
xo) CTOXaCTH'lHOCTb TpaeKTOpHH CHCTeMbl ( 1 ), 
(2) (4) ... (6) IIO)lTBep)lHJI pacqeT HX crnpnrnx 

IIOKa3aTenei1 Jl.sinyttoBa Ao. 3TOT pacqeT npo­

Be,ueH no anropHTMY EeHeITHHa [10] , OIIHCaH­

HOMY, HanpHMep, B pa6oTe [11]. llpH w = 2,1, 

CJ.) = 3, CJ.) = 3,9, CJ.) = 10 nonyqeHbl IlOJ10)l(H­

TeJibHbie 3Ha1IeHHH Ao = 0 28, Ao = 0,34, Ao = 

= 0 ,32, Ao = 0 ,68, t.ITO .si:BAAeTc.si Kp1uepHeM 

xaoca. 

06bitJHO np11 cj,)HKCHpOBaHHhlX napaMeT­

pax B peaKTOpe peaJIH3yeTC.sJ TOJibKO O)ll1.H HM­

nyJihCHbIH CTOXaCTHqecKHM pe)KHM. 0 ,D,HaKO 

B03MO)l(Hbl cnyqaH, KOf)la npH 4)11:KCHpOBaH­

HbIX napaMeTpaX B peaKTope MOfYT 6bITb pea­

JIH30BaHbl ,llBa HJIH 6onee HMII)'JibCHhIX pe)KH­

MOB, OTJIHt.IaIOIUHXC.sJ: ,upyr OT .D.pyra BeJIH'-IH­

HaMH HeHTpOHHbIX BCIIblllleK H BpeMeHeM Me­

)l(.lJ.Y HHMH. Ka~bIH HMilYJibCHhIH pe)KHM 

HMeeT CBOJO o6naCTh npHT5I)KeHID!, 11 nepeBO,D, 

peaKTopa H3 O,D,Horo pe)KHMa B ,upyroif ocyme-



X 

0,42 

0,25 0,42 

PHc. 4. OnHoMepHoe oTo6pa)KeHHe, onpenen.111-0-
w.ee JlHHaMHKY CHCTeMbl (I), (2), ( 4) .. . (6) npH 

b=O 11 Hffi=5 

CTBJ15IeTC.SI He H3MeHeHJ-reM rrapaMeTp0B peaK­

T0pa, a H3MeHeHHeM era HatJaJibH0ro C0CT0.SI­

HH.SI C II0M0lllblO BHeIIJHHX B03MyrueHHM. 

HarrpHMep, Ha pHC. 4 H306pa)l(eHo T0tJetJ­

H0e orn6pa)l(ett11e, orrpe.ueJrn10ruee mrnaMHKY 

CHCTeMbl (1), (2), (4) ... (6) rrpH b = 0,11 H ro = 
= 5. BH.llHO, IJTO OT06pa)l(eHHe HMeeT .usa 

ycTOMIJHBhJX rrpHT51THBalOIUHX MH0)l(eCTBa -

xaoTHtJeCKHH aTTpaKT0p Ha HHTepsane 

XoE (0,29; 0,5] H ycTOMtJHBYJO HeII0,ZlBH)l(HYJO 

T0l{Ky Xo = 0,58. OHH onpe.uemrIOT HMITYJibC­

HbIH CTOXaCTH'IeCKHH pe)l(HM H ycTOWIHBbIH 

HMilYJibCHblH rrepHO.UHtJeCKHH pe)l(HM, cyrue­

CTBYJOIUHe 0.UH0BpeMeHH0 s CHCTeMe (1), (2), 
(4) ... (6) rrpH b = 0,11 H ro = 5. 

Bo scex rrpHMepax, paccM0TpeHHhIX pa­

Hee B pa6ornx (3 ... 8], rrpH pacqernx HMIIYJih­

CHhIX CT0XaCTHtJeCKMX pe)KHM0B BbI6HpaJIOCb 

3HatJeHHe speMeHH )l(J13HH MrH0BeHHhIX HeHT­

p0H0B, xapaKTepttoe .un.si: peaKTopos Ha Tenno­

BbIX HeHTpOHaX (/ = 10-4 c). O.uHaKO HMITYJibC­

Hblli xaoc M0)l(eT B03HHKaTb np11 CK0Jib yro.u­

H0 MaJibIX 3Ha1.J:eHHRX / , T.e. B03M0)l(Ha era pe­

aJIH3a]l1UI H B p eaKT0pax Ha 6bICTpblX HeHTpo­

Hax. Ha pHC. 5 noKa3aHbl xa0THtJeCKl!e K0Jie-

6amrn nJJ0TH0CTH HeHTpOHOB s CHCTeMe ( 1 ), 
(2), (4) ... (6) np11 I = 10-8 

c , b = 0,18, w = 5. 
Crnpumi-i noKa3aTeJib Jbmyttosa nm, cooTBeT­

CTBymmei-i TpaeKTopHH paseH Ao= 0,43. 
KaK npaBHJl0, HMnynbCHhIM xaoc B036~­

.uaeTc.si: npH tteycTOHt.J:HBOM CTaUH0HapH0M co­

CT0.SIHHH peaKT0pa H .SIBmreTC.SI np.SIMbIM cne.u­

CTBHeM 3TOH HeycTOH'IHBOCTH. O,llHaKO OH M0-

)i(eT peaJIH30BaThC.SI J,i npH ycTOH'IHBOM CTal.U,1-

4 

0 

-4 '--- --- ~----- ~--~ t, C 

0 20 40 

PHc. 5. XaoTw-iecKHe KOne6aHH.!I BenH4HHbI ~ = 
= In(!+ n) B c11cTeMe {I), (2), (4) . .. (6) np11 b = 

= 0 18 / = J0-8 C (.t) = 5 
' ' 

0HapH0M C0CT0.SIHIIB peaKTOpa - BHe rrpe.ueJI0B 

era o6nacTH npHTR)l(eHHR. B 3T0M crryqae B03-

6~.ueHHe HMilYJibCH0f0 xaoca np0H3B0,ZlHTC.SI 

3a Ct.J:eT )l0CTaT0'IH0 CJ,iJibHOro BHenrnero B03-

MyrueHH.SI, nepeso.u.si:mero nepeMeHHbie, onpe­

.uellilJOUlHe C0CT0.SIHHe peaKTOpa, 3a npe.ueJibl 

o6JiaCTH rrpHTIDKeHH.SI CTaUH0HapHoro pe)l(H­

Ma. TaKoe so36~en11e HMITYJibCHoro xaoca 

M0)l(eT rrp0H3B0.llHTbC.!I rrpH 0TH0CHTeJJbH0 

HH3KHX yp0BH.SIX M0lllH0CTH peaKT0pa, xapaK­

TepHbIX .ZlJl.SI ycTOH'CJJfBbIX CTal.l}IOHapHbIX pe­

)l(HM0B. 

ITpOHJIJilOCTpHpyeM CKa3aHH0e Ha IIpHMe­

pe npocTeMmeH M0)leJIH peaKT0pa, YtJHTbIBaIO­

UleH 3aIIa3,ZlbIBaIOmHe HeHTpOHbI, B KOTOpOH 

B03M0)l(eH HMTIYJihCHbIH xaoc. 3TO M0,ZleJib 

( l) (2), ( 5) C O,llHOM rpyrrnoif 3aITa3,llbIBaJOIUHX 

HeHTpottos (k = 1) npH A1 = - so. YpasHeHHe 

( 1) B 3TOM cnyqae npHB0,llHTC.SI K BH.llY 

ldnldt = (1 + n)(- ax + b1y + b2z) + ~(x - n), (7) 
r.ue .umr 8k npHH.SIT0 6onee o6ruee, tJeM (4), 
Bblpa)KeHHe. B CHCTeMe (5) (7) npH 

a = 0,0026; b1 = - 0,88175; b2 = 0,80088; 
I = 10-4 c· ~ = 0,0065; so =- 0,25; 

a = - 1; w = 2 (8) 
cocT0.SIHHe pas1rnsec1,ur (11 , x, y, z ) = (0, 0, 0, 0) 
ycTOMt.J:HBO, TaK KaK xapaKTepHCTHl{eCK0e ypa­

BHem-re, orneqa10ruee TOtJKe (0, 0, 0, 0), HMeeT 

Bee Kopmr p, C OTpMI.{aTeJlhHOM ,lleHCTBHTeJib­

HOH qacTb10 : p 1 = - 65, p 2 = - 1,7, P 3,4 = - 0,2 
± l0i. I1pH 3TOM B CHCTeMe (5), (7), (8) BHe 

06nacn1 npHTIDKeIDUI H)'JleBor o C0CT0.Sl:HH.SI 

pasHosec11.si: peaJIH3yeTc.!I HMITYJihCHbIH cToxa­

CTHt.J:ecKHH pe)l(HM. CooTBeTCTBYJOIUHe eMy 

xa0TFJlieCKHe KOJie6aHH.SI BeJJH"IBHbl ~ 
= ln( 1 + n) noKa3aHb1 Ha pHc. 6 ,a) . Ha pHc. 6 ,6) 
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6) 

Pwc. 6. 11MnyJibCHblH xaoc B CHCTeMe (5), (7), (8): 
a) - xaon1lJeCKHe KOJie6aHHJI BeJIJ,flfHHbl ~ = 
= ln(l+ 11); 6) - KpHBbie, 3anonttsieMb1e nocnen.o­

BaTeJihHbIMH MaKCHMyMaMH cpyHKJ..(HH x(t) 

H306pll)KeHhI KpHBhie, KOT0pbie B rrpou.ecce 

Kone6aHHH 3anonmuoT nocne,noBaTenhHhie 

napbl MaKCHM)'MOB x(t). 
11MTiynhCHhie CTOXaCTH'-IeCKHe pe)!G{Mbl 

,nomKHhl 6h!Th ynpaBiljleMbIMH, KaK 11 mo6hre 

,npyr11e pe:>KHMhl pa60ThI .si:,nepHl>IX peaKTopoB. 

Bll)l(HhlMH 3a,naqaMH yrrpaBneHHSI j{BJUlIOTCSI 

B036y)K,neHHe HMIIYilhCHhIX CTOXaCTH'leCKHX 

pe)KHM0B, l..(eneHanpaBneHHOe H3MeHeHHe HX 

xapaKTepHCTHK, CTa6HnH3aU,H.Sl HeycTOH'-IHBhIX 

HMnym,CHhTX nepH0,llH'leCKHX pe)KHMOB C 3a­

JiaHHblMH BemP-IHHaMH Heih'pOHHblX HMnynh­

C0B Ii BpeMeHeM Me)K.ny HMMH, no.naBnemre 

xaoTH'-!eCKHX pe)KHMOB 11 npeo6pa3oBamre MX 

B peryn.si:pHbie pe)KHMhI. 

B pa6ornx [7' 8] pa3pa60TaHhI HeKOTOpbie 

CIIOC06bI ynpaBneHH.SI HMnynhCHbIM xaocoM, 

ocHOBaHHbre Ha BBe.nemm: BHemHero nep110-

.n:11qecKoro H3MeHeHH.si: peaKTHBH0CTH Hfil1 

BHemmrx HCTOqHHKOB HeHTPOHOB nocTo.si:H­

H0H HilH rrepHO.D:H'leCKH MeIDUOme11c.si: M0ll.l­

HOCTH, a TaK)Ke cnoco6br, npH K0TOpbIX BBe,ne-
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HHe peaKTHBHOCTH HJJM BHeWHHX HCT0tIHHK0B 

HeHTPOH0B np0H3B0.D:HTCH so Bpehljl eeHTPOH­

HhIX BCIIhIIlleK . 

.LJ:anee paccMaTPHBaIOTCH ,nBa HOBbIX cno­

co6a ynpaBneHIDI HMTTYJlbCHbIM xaOC0M B pe­
aKTOpax. O,nHH H3 HID( HCIIOJ1h3yeT 3aIIa3.D:bI­

BaIOIUYJO o6paTHYJO CBH3b (MeTO.n IlHparaca 
[ 12]) . .LJ:pyroH crroco6 COCTOHT BO BBe.neHHH 

ynpasnett11.si: no OK0H'laHHH HeHTP0HHhIX HM­

nyn1,c0B 11 CJl~HT sapHaHT0M MeTO,D,a ITyaH­

Kape IlHHeapH3aU.HH OT06pa)KeHH.si: (MeTO,ua 
Orra - rpe6o.n:>KH - MopKa 11n11 MeTO,na OGY 

[13]). O6a MeTO,ua illHpOKO rrpHMeIDIIOTCSI rrpH 
ynpaBneHHH ,llHHaMH~eCKHM xaocoM B HenH­

HeHHbIX CHCTeMax. OHH II0380Ilj!JOT crn611n11-

3Hp0BaTb III06bie tteycTOH'-IHBhie nepH0,llH'leC­

KHe op6HTbI, Bxo,nmnHe B COCTaB xaOTH'leCK0-
ro aTTPaKT0pa. I1o,npo6Hoe H3IlO)KeHHe 3THX 

MeTO,llOB H o6nacTeH HX 11CII0ilb30BaHH.si: MQ)K­

H0 HaHTH B pa6ornx [14, 15]. 

ITpHMeHeHHe 3THX MeT0,llOB K ynpaBne­
HHIO HMnyllhCHbIM xaocoM B peaKTOpax rrpo­

HilJIJOCTPHPYeM Ha np11Mepe c11cTeMhI ( 1 ), (2), 

(4) ... (6) rrp11 w = 10. Ee xaoT11qecKa.si: ,n11ea­

MHKa orrpe.nen.si:eTc.si: O.D:HOMepHl>lM TOtietIHbIM 
OT06pa_)KeHHeM Ha pHC. 2,r). Oro6pll)KeHHe 

HMeeT ceMb HHTepBaJIOB HerrpepbIBH0CTH 

[0,13; 0,33], [0,33; 0.43], [0,43; 0,58], [0,58; 

0,77], [0,77; 1,06], [l,06; 1,25], [1 ,25; 1 53]. 
Ha Ka)K,ll0M 113 HHX HMeeTCSI no O,nHOH Heyc­

TOH'-IHBOH HenO,llBH)KHOH TOtIKe OT06pa)KeHH.si:. 

3TO TO'-IKH xo, = 0,29, Xo2 = 0,37 Xo3 = 0,515, 

xo-1 = 0,68, xos = 0,86, xo6 = 1,062, xo1 = 1,31. 
3THM ceMH TOtIKaM COOTBeTCTBYJOT ceMh He­

ycTOH'IHBbIX HMilYilbCHhIX rrep110,n11qecKHX 

pe)KHM0B, 0TilH'-IaIOll.lHXCSI .npyr OT ,npyra Be­

Il~HOH HMIIYilhC0B 11 q11cnoM Kone6aHHH 
IIIlOTHOCTH HeHTPOHOB Me)K,lly 11MIIyn1,caMH. 

Ka)K.D:blli rrepHO,llWieCKHH pe)KHM MO)KHO CTa-

6HilH3HpoBaTb C II0MOll.lbIO paccMaTPHBaeMblX 

MeT0.D:0B. 
PaccMOTp11M anropHTM ynpaBn emrn, npH 

KOTopoM ynpasmrromee s03.ne11crnHe 8kr H3-

MeHSieTC5f. CKa4KOM nocne OK0H'-laHIDf Ka)KJJ:oro 

HeHTpOHHOro HMIIYilbCa - B ,D,HCKpeTHbie MO­

MeHThI BpeMeHH lj, B KOT0pbie rrepeMeHHa.si: x(t) 
,D,0CTHraeT MaKCHMaJlbHhlX 3Ha':leHHH x • (t1), a B 

0CTaJibH0e BpeM.si: 8kr He MeH5r.eTC5f.. B M0MeH­
Thl speMeHH t = ~-ycTaHaBilHBaeTC5f. 3HaqeHHe 

8kr = 8k1 , nporropu.110HaJihH0e pa3HOCTH Me)K-
• .ny ,llOCTHI'HYTbIM MaKCHMYMOM x (t1) H MaKCH-

M)'MOM Xo,, COOTBeTCTBYJOll.lHM cra6HJ1H3Hpy-



eMOH HeycTOH411so0 11epHO.UH4eCKOH nocne­

,nosaTeJlbHOCTH 11 mynhCOB: 

Okr(t) = okr(t1.1) npH LE [9-I. t1); 

8kr(9) = 8k1;/ = 1, 2, ... ,=; 
l/ x(9) = x (t1) = max; (9) 

8kj = 17,~[x•(~)-xo,]; i = 1, 2, ... ,7. (10) 
flp11 3TOM ynpasnett11e (9), (I 0) BKJIFO'la­

eTCH tte cpa3y, a nocne Toro KaK xaoTHLJeCKM 

TpaeKTOpm1 npu6mI3HTCH K crafornlf3HpyeMOH 

tteycTow•msofi nepHO.UIP-recKoH TpaeKTop,m, 

T.e. s HeKOTOpblH MOMeHT BpeMeIDI 6y.ueT Bbl-
• 

rrontteHo yc11os11e Ix (0) - xo,I < E. 3.uecb E -

)lOCTaTO'IHO Manoe 4HCJ10, no KpairHeH Mepe 

TaKOe, 4TO x·(9) 11 Xo, OKa:3b1BaIOTCH Ha O)lHOM 

HHTepsane tterrpepblBHOCTH OT06pIDKemrn 

/(x0). 0TMeTHM, '-ITO np116n11)Kem1e xaonrie­

CKOH TpaeKTOpHH CKOJlb yrO.UHO 6m13KO K Jlf0-

6oH TO'!Ke xaoTH'IeCKOrO aTTpaKTOpa HBJlHeT­

CH ero tteoneMJJeMbIM csowcTBOM. Bee tte­

no.UBH)KHbie T04KH Xo;, i = 1, 2, ... ,7 OT06pa­

)KeHHH X • (xo) 11 COOTBeTCTBy10m11e HM Heyc­

TOH4HBb[e HMITYJJbCHble nepHO.lJ,Jf'-IeCKHe pe­

)KHMbl CTa6H.JlH31fPYfOTCH no.u .ueiiCTBHeM yn-

2 '-

-I 

,NJ- ,!PJJ 1 

-4 I I I I, C 

0 5 10 15 
a) 

l; 

2 

-1 i~I W) 
-4 /, C 

0 8 16 
B) 

prurnemrn (9), (10) np11 E = 0,02 H 11paBHJJh­

HOM BbJ6ope K03cpqJHUHeHTOB ycHnemrn 17,: 
l71E[2; 4,2] 172E[l2; 18], l73E[ll; 15], 
l7-1E[l0; 12], l75E(9; 12], l16E[8,4; 11], 
l77E [7,2; 8]. 

PHc. 7,a) - r) 1rnmocTp11pyioT OKOH'Iam1e 

npouecca no.uasneHMH HMnynhcttoro xaoca, 

ITOKa3aHHOro Ha pHC. 3,6) J,f CTa6HJJH3aIOrn 

HMilYJlbCHbIX nepHO.lJ,H'IeCI<J1X pe)KHMOB, B KO­

TOpbIX HeHTpOHHbie HMTTYJlbChl IlOBTOpHIOTCH 

6e3 KOJJe6aHHH IlJJOTHOCTH HeHTpOHOB Me)K.uy 

HMTIYJihCaMH, nocne .usyx, qeTbipeX H weCTH 

KOJie6aHHH IlJlOTHOCTH HeHTpOHOB Me)l(Jly HM­

rryJibCaMH. CTa6JUlI13HpOBaHHbie nepHO.UH'le­

CKHe pe)KHMbl orneqa10T TO'IKaM Xot = 0 29 
xo3 = 0 515, xo5 = 0,86, xo1 = 1,31. 3ttaqemur 11, 
B3HTbI paBHbIMH llt = 3; l73 = 12; l75 = 10; l77 = 

7 ,6. CTa6HJIH3aUHH nepHO)lH'leCKHX TpaeKTO­

pHH no.urnep)l(JleHa pacqeToM Hx crnpIIIBx no­

Ka3aTenei1 lliny1rnsa A.0. Bo scex cnyqaHX no­

nyqetto 3Ha4ett11e .11.0 = 0, orne11a10mee ycTOH-

4HBhlM rrepHO)lH4eCKHM TpaeKTOpHHM. 

2 

-I 

-4 I, C 

0 5 10 15 
6) 

l; 

2 

- I 

-4 
I. C 

0 8 16 
r) 

P11c. 7. CTa611n111au1,rn HeycTOH4HBblX 11MnyJ1bCHb1, nepHO.LlH4eCKJ,tX pe)KHMOB CHCTeMbl (I), (2), (4) ... (6) np11 

w = 10 c noMOLUblO MeTo.na OGY: a) - nepHOJll14eCKHH pe)l(HM 6e3 MaKCHMYMOB cj>yHKUHH l;(t) Me>K.ny 11M­

nynbcaM11; 6) - TO )Ke, C .LlB MH MaKCHMyMaMH; s) - TO )Ke, C 4eTblpbMH MaKCHMyMaMH; r) - TO :>Ke, C weCTblO 

MaKCHMyMaMH 
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PaccMOTpHM anropHTM ynpaBJJeHIUI C no­

MOillhK) 3a□a.3,llb1Ba1-0mei1 o6paTHOl1 CB51311, 

rrp11 KOTOpOH BBO,lll1Ma51 B Ka)KJ:lbIH MOMeHT 

BpeMeHH peaKTHBHOCTh nporropUHOHa.JibHa 

pa.3HOCTH Me)K.uy 3Hat.JeHl!eM rrepeMeHHOH x(t) 
B TeKYI11HH MOMeHT BpeMeHJ1 H 3Hat.JettHeM TOH 

)Ke rrepeMeHHOH HeKOTopoe BpeMH Ha.3a,D. (Bpe­

M51 3aila.3,llbIBaHHH T): 
8k,(t) =- y,B[x(t) - x(t - -r,)]; i= 1, 2, .. . ,7. (11) 

BpeMH 3aTia.3,!lb!BaHH51 B COOTBeTCTBHH C 

MeTO,llOM ITnparaca BbI6HpaeTCSI' pa.BI-IhJM ne­

pHO.llY CTa6HJJH3HpyeMoro nepHO,!lH'-1.eCKOro 

pe)KHMa (1: = T,), a ynpaBJJeHHe (11), KaK 11 B 

MeTo.ue OGY, BKJJK)t.JaeTCH TOJlbKO rrocne To­

ro, KaK xaoTHqecKasr rpaeKTOpH51 c TeqeHHeM 

BpeMeHH no□a.ueT B ,!lOCTaToqHo Ma.II}'IO OKpe­

CTHOCTh cTa6HJJI13ttpyeMoH tteycTOWIHBOH rre­

p110.rrHqecKoH rpaeKTop1rn. 

I1HTh HeycTOH'-1.HBhIX HMITYJJhCHhIX nep110-

,lll1'-l.ecKHX pe)KHMOB CHCTeMbl (1), (2), (4) . . . (6) 

(b = 0 , 195), COOTBeTCTB}'IOillHX HeTIO,!lBIDK­

HhIM T0'-1.KaM Xo;, i = 1, 2, ... ,5 OT06pIDKeHIDI Ha 

p11c. 2 ,r), CTa6J1JJH3Hp}'IOTCH no.u }l,eHCTBHeM 

ynpaBneHH51 (11) npH LI = 0,63 c, 1:2 = 1,27 c, 

't3 = 1,89 c, 't4 = 2,51 c , 'ts = 3 , 13 C 11 3Ha'-leHH­

HX K03<pqmIJ,HeHTOB ycirneHHH Y1E[6; 8] , 

Y2E(3; 8], YJE[2,5; 3,5], y4E[l 8; 2,6] , YsE[l ,3 ; 

1,8]. 

P11c. 8,a) 11 6) 11nnIOcTpHpyioT npouecc 

CTa6HJIH3aUHH 11MilYJihCHblX nepHO,ll,H'-leCKl1X 

pe)KHMOB, B KOTOpblX HeihpoHHhie HMTIYJihChl 

nOBTOp51K)TCSI' nocJJe O,ll,HOro H Tpex KOJ1e6a­

HHH nnoTttocrn ttewrpottoB Me)K.uy HMnynhca­

MH. CTa6HJ1H3HpoBaHHble nepH0}1H'-ICCKl1e pe­

)KHMbl OTBe'-!aIOT TOt.JKaM Xo2 = 0 ,37, Xo-1 = 0 ,68. 

3tta'-leHH51 y , B3.l!Thl paBIIhIMH Y2 = 5 , Y-1 = 2. 

2 -

- I 

I 
wJ,,,, 

V V ~ • ~ 

-4 '---- - --'----------'------~ I I I , C 

0 5 10 
a) 

3aKJHO'-leHHe 

BhrnBneHHbie B npocTei1:weu Mo.rrem-1 pe­

a1xTopa CBOHCTBa H MexaHH3Mbl B03HHKHOBe­

Hli51 HMTIYJlbCHOro xaoca Moryr pea.JIH30BaTb­

C51 H B 6onee CJJO)KHbIX MO,ll,eJJHX, Hanp11Mep, B 

J1CIIOJlh30BaHHbIX B pa6ornx [5, 6] .ll;Jl51 orrnca­

HHSI' ,ll,HHaMHKH K.HilfilUl1X peaKTOpOB H peaKTO­

poB C ra.3006pa.3HhIM TOTIJJHBOM. JJ:n51 ynpaBne­

HHSI' Hl\fTIYJlbCHhIMH CTOXaCTH'-leCKHMH pe)KH­

MaMJ1 B 3TJ1X Tl1nax peaKTOpOB MOryT 6bITh 

rrpHMeHeHhl cnoco6bI, paCCMOTpeHHbie B Ha­

CTO.sJilleH CTaTbe. 

Pa6oTa BblIIOJIHeHa npH cjmHaHCOBOH no,u­

.rrep)l(Ke P<D<I>l1 H rrpaBinenbCTBa HH)Keropo.u­

CKOH 06nacn1 ( npoeKT 08-08-97048-p _ no­

BOJI>Khe - a). 
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Y,l(K 621.039.564 

<l>H3HqecKoe pa3noo6pa3He npH <t>opMHpOB3HHH CHrHaJJOB aBapHHHOH 33W:HTLI 

no 11ei1:Tpo11110-<1>u3uqecKHM rrapaMeTpaM .UJUI A3C c BB3P 

B. <JJ. lliu1<a.110«, A.B. )l(yp6e11Ko, A. C. KyJ-1c1tnb, Jl.B. Ko1no«a, 
PHU: "KypqarnscKHH IIHCrnTyr", 123182, MocKBa, rrn. KypqaTOsa I 

DocTynnna B pe.uaK11J110 22.05.2009 r. 

PaCCMOTpeHbl B03MO)l(HOCTH 11 ycJlOBHH 11cnonb30BaHMH np111-1ui-ma cp113H'leCKOro pa.3H006pa.311.R .nm, 
c11rnanos no 1-1ei1Tpo1-11-10-q,113114eci-.:11M napal\teTpaM np11Me1-111TenbHO K A3C c BB3P. lifccne.nosaHa 803-
M0)l(H0CTb 11cnonb30BaHHH ClffHaJlOB, q>OpMHpyel\IblX OT Tpa.nHUHOHI-lblX aBTOMaTl1311pOBaHHblX CMCTeM 
KOHTpOn.R 1-1ei1TpOHHOro noT0Ka (AKHTT), B conocTasne1-11111 C BHOBb pa3pa6oTaHHb!Ml1 cpe.ucTBaMH Ha 6a-
3e c11rnanos c11cTeMbI sttyrp11peaKTopHoro Koi--rrpon.11 (CBPK). Ha oc1-1ose a1-1anH3a 3KcnnyaTau110HHbJX 
,uaHHblX cospeMe1-11-1b1X c11cTe I AKHTT 11 CBPK peaKTopos T11na 883P n0Ka.Ja1-1b1 npe11My wecrna c11rna­
nos CBPK np11 pa6oTe 1-1a 31-1epreT114eCKHX ypos1-1Rx MOutHOCTH. Onpe.uene1-1b1 Ko1-1uenuHH nocTpoe1-111H 
Cl1CTeM K0IITpon .11 HeHTpOHHO-q>l13114eCK~1X napaMeTpOB 31\."Tl1BHblX 301-1 BB3P C np11MeHeHHeM np111-1u11na 
q>l13114eCKOro pa3H006pa3H.R . 

K'IIO'leGble c.10aa: KOHTp0llb 1-1ei1TpOHHOro noTOKa BHyrpupeaKTOpHblH, K0HTp0nb 1-1ei1Tpo1-11-1oro nOTO­
Ka BHepeaKTOpHblH, np111-1u1m q>l13H4eCKOro pa.3H006pa311.R. 

Physics Diversity at eutron-Physics Parameters Alarm Signals Generating for VVER Plants. 
V.F. Sltikalov, A. V. Zlrnrbenko, A.S. Kuzhil', L. V. Kozlovtt, RRC "Kurchatov Institute ", 1, Kurchatov 
Sq., Moscow .123182. The availability and conditions of applying the principle of physics diversity of 
neutron-physics parameter signals in relation to VVER plants are discus ed. The possibility of using the 
signals from regular neutron flux monitoring systems (out of core). and the signals from new in-core in­
strumentation system has been investigated. The advantages of in-core signals of at power operation have 
been proven using the analysis of operation data from modern VVER out of core and in-core systems. The 
de ign concepts of neutron-physics parameter monitoring systems have been defined for VVER cores us­
ing the principle of physics diversity. 

Key Words: In-Core Neutron Flux Monitoring, Out of Core Neutron Flux Monitoring Principle of 
Physics Diversity. 
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Bseue1me 

PoccHHCK11H TepMHH - qJ113H"!eCKOe pa3HO­

o6pa3He (.n11sepCHTeT) COOTBeTcTByeT aHTJlHH­

CKOMY TepMHHY diversity (pa3HOpOJJ,HOCTh, 

pa3H006pa311e), npHMeH.SieMOMY B 11HOCrpaH­

HhJX npoeKTax. 

CornacHo TI.4.11 peK0MeHJlau11i1 MAf A­
T3 [ l] : "Eonee BbJCOKM 6e30TKa3HOCTb JlOC­

THraeTC& IIpH IlOMOIUH H36hITO'-IHOCTl1 J,{JlH 

pa3Hoo6pa31u1.. HanpHMep, B03MO)Kl{O KOHT­

pom1posaTh MOIUHOCTb peaKTOpa MHOroKpaT­

HbIMH KaHanaMH HJlH pa3H006pa3HbIMH cpen­

CTBaMJ,{, TaKHMH KaK H3MepeHH.H HeHrpOHHOrO 

IlOTOKa J,{JlH TeMnepaTypbl TenJlOHOCHTeJl& mrn 

.nas11eHH&. McnOllh30BaHHe pa3H006pa3HOCTH 

npe.nycMarp1,rnaeT 3aIUHTY npOTHB HeKOTOpbIX 

OTKa30B no o6wei1 np111urne". 3cpcpeKTHB­

HOCTh npHMeHeHM& TaKoro npHHUJma O'leBH)l­

Ha H TeM BbIIUe, qeM 60llbIIJe pa3,neJieHbI Me)K­

.ny co6oi:i cnoco6h1 nonyqettJ,{& HHcpopMaUJ,{H. 

B PHU, "KypqarnscKHH HHCTHTYT" npo­

BOJl&Tc& J,{CCJle)lOBamrn npHHUHilOB cpm11qec­

KOTO pa3H006pa3WI npJ,{MemueJihHO K 3a}laqe 

KOHrpon& &,nepHOH 6e3onacttocT11 H nocTpoe­

HIDI CHCTeM 3aIUHTbI IIO HeHrpOHHO-<pl13J,{qec­

Kl1M napaMerpaM. 

OcHOBHOe COCTO&HJ,{e aKTHBHOH 30Hbl -

3TO pa6oTa Ha 3Hepreni:qecKOM ypOBHe MOIU­

HOCTJ,{, Cpe,nH&& nnaHosa& rrpo.nomKHTeJih­

HocTh TaKoro COCTO&HJ1& COCTaBll&eT 6onee 

90 % speMe1rn. Mcxo.n& 113 3KOHOMH'-IeCKHX 

coo6pa)KeHHH, J,{MeHHO Ha 3TOT pe)lillM rrpe)K­

.ne scero cnenyeT pacnpocrpan&rh rrpHHUHTThI 

J,{36hITOqHoro KOHTpOJI& C rrp11MeHem1eM qm-

3WJeCKoro pa3Hoo6pa3H&. 

OT)leJlhHOro paCCMOTpemrn 11 o6ocHOBa­

Hl1& 3ac11~HBaeT sorrpoc sepO.llTHOCTH JlO)K­

HOro cpa6aTbIBamrn. TipH HC0OJlb30BaHJlH cpH-

3H"!eCKH He3aBIICHMblX KOMnJleKTOB cpopMHpO­

BaHH& CHrHallOB asapHHHOH 3alUHTbl sepo&T-

110CTb 110)KH0f0 cpa6aT bTBaHII& yseJlll'll!BaeT­

C&, "!TO B CBOIO oqepe)lb rpe6yeT uam1qJUI 

BHyTpH Ka)K.noro KOMnneKTa OTKa3oycTOH"IH­

BhIX, BbICOKOHa.[{e)KHblX IlOJlCHCTeM. 

1. IIpe}lMeT K0IITp0JHI 

Cf>H3HqecKoe RBlleHHe, KOTOpoe )l0Jl)KH0 

KOHTpomrposaThCR np11 pa6oTe SIJlepnoro pe­

aKTOpa, - 3TO HHTeHCHBHOCTb npouecca .ne11e­

mrn KaK cpyttK1..vrn speMeHH . Tipouecc }lene1rn& 
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corrpOBO)KJlaeTCR BbIL{eJleHHeM 3Hepnrn B BH)le 

OCKOllKOB .neneHJ,{R H pa3JJHqHbIX BHJlOB l13JJY­

qeHHH, s TOM tmcrre HeHTpOHHoro. Tip11 3TOM 

J,{Me1-rno IlOJIHOe "IHCJlO HeHrpOHOB B aKTHBHOH 

30He peaKTOpa xapaKTep113yeT HHTeHCJ,{BHOCTb 

npouecca .neneHJ,{SI l1 HCITOJlb3YeTCR B TeopeTH­

lfeCKHX OCHOBaX IIpH nocrpoeHHH CHCTeM KOH­

rpom1 11 3aIUHTbl. 

OCHOBHI,1MH KOHTPOJIHpyeMhIMH HeHT­

pOHHo-qm3HlfeCKHMH rrapaMerpaMH, Ha KOTO­

pble ycTaHaBJIHBaIOTCR HOpMbl H orpaHH'le­

Hilll, cJiy)KaT IlJIOTHOCTb HeHrpOHHOro nOTOKa, 

CKOpOCTb ee HapaCTaHWI .H peaKTHBHOCTb. 

TipH 3TOM pe% HJleT o rrapaMerpax, xapaKTe­

pH3yIOIUHX aKTHBHyIO 30HY B uenoM, a J1I06b1e 

cpe.ncrna H3MepeHHR (neTeKTHpOBaHHR) HMe­

IOT JlOKaJJbHbIH xapaKTep. 

ECJIH IIOKa3aTb, qTo OTHOCHTefilHOe H3Me­

Hemie JlOKaJlbHOro 3Ha'leHIUI rrapaMeTpa HJIH 

COBOKYTIHOCTH JlOKaJlbHblX 3HaqeHHH COOTBeT­

CTByeT cpe,nHHM no aKTHBHOH 30He, TO 3a,naqa 

npHMeHeHH& npHRUl1IIa <pH3HqecKoro pa3HO­

o6pa3H& CBOJlHTC& K IlOHCKY neTeKTOpOB OT­

JlH'-!alOIUHXCR Me)K,ny co6oi1 no cp113uqecKOH 

rrpHpo.ne IlOJ1Y4eHH& HHq>OpMaUJ1H O IlOJIHOM 

1mc11e tte11rpoHoB s aKTHBHOH 30He 111111 cpen­

HeH IlJlOTHOCTl1 IIOTOKa HeHTpOHOB (ITTIH). 
IlpH HaJJJ1q1111 TaKOH 803M0)KH0CTH 3cpcpeKT 

q>H3Jf'leCKOro pa3H006pa3WI MO)KeT fihITb yc11-

11eH 3a cqeT rrpHMeHeHHR pa3HOpO,llHb[X anna­

paTypHbIX, nporpaMMHblX H KOHCTPYKTOPCKHX 

perneHHH. 

2. OcnOBHbJe npHH~Hflbl H oco6eHHOCTH 

q>H3H'leCKH pa3H006pa3HOro K0HTp0JUI 

HeihpOHHO-q>H3I.P-leCKHX napaMeTp0B 

Mcxo}l& 113 nocTaHOBKH 3anaqH otta nerKo 

pernaeTCR HCTTOJlb30BaHHel\'1 ,neTeKTOpOB HeHT­

pOHOB C pa311HlfHbIMl1 <pl13H'leCKMl\1H rrpHHUH­

rraMH nonyqemrn cHrHana, Harrp11Mep, neHT­

pOHllbIX C'leTlfHKOB Ha OCHOBe BIO 11 He
3 

HJlH 

HOHJI3aUMOHHbIX KaMep (HK) Ha OCHOBC BIO 
23" 

111111 U ). B 3TOM cnY4ae B KaqecTse nocTym1-

pyeMoro HCXO)lHOro C06bITH5r OTKa3a no 06-

meM np11q1rne 6y.ueT, s qacTHOCTH, cnyqai1Hoe 

3arrormem1e cso6onttoro npocTpattcTsa Me)l(­

JlY aKTMBHOH 30HOH H ,lleTeKTOpaMH 6opHOH 

KHCJlOTOli. TaKOH npHMep HMeeTC& B npaKTH­

Ke. Eonee BhICOKMH yposem, ycTOH"IHBOCTH K 

OTKa3Y no o6UieH np11qHHe .uocnrraeTCR np11 

HCTIOJlb30BaHHH CHrHaJJOB ,lleTeKTOpOB npHH-



UHilHaJlbHO pa3JJHlJHOro pa3Mememu1 HarrpH­
Mep, BHyrpHpeaKTOpHhIX (CBPK) 11 BHepeaK­
TOpHhIX (AKHTI) neTeKTOpOB. 

Ha rrpaKTHKe 3a,uaqa OCJIO)KIHieTC.R' OlJeHb 

urnpoKMM .ZJ.HHaMHlJeCKHM .D.I-laila30HOM 113Me­

Hemrn ITIIH . .[{JJ5I peaKrnpos rnna BB3P 3TOT 

,n;Maila30H COCTaBmieT 6onee 10-TH nop.sIJJ.KOB. 

Heo6XO.UHMO OTMeTHTb, lJTO B npe.uenax 3TOrO 

.wrnna30Ha MO)KHO Bhl.UeJIJffb 30HI,I KOHTpOml, 

C.HJlbHO OTJIHlJalOIUHeC5I no rrpH3HaKaM, Ba)K­

HblM ,n.m1 6e3onacHoro rrpoBe)lemrn: pa6oT. 

<l)H3H'-leCKa.sI cyrb OTJIHlJH5I MO)KeT 6hITb yc­

JIOBHO onpe,lleneHa KaK "xoJIO)lHoe" H "rop.sr­
qee" COCT05IHli5I. 

C TOlJKH 3peHH.sI KOHTpOJ15I HeihpOHHO­

cpH3HlJeCKHX xapaKTepHCTHK HX npHH5ITO Ha-

3bIBaTh nycKOBbIM Ji pa60lJHM )lHaila30HaM.H. 

Onpe.uen11M, lJTO )Ke c TOlJKH 3peHH.sI 51.UepHOH 

6e3onaCHOCTH Ba)KHO KOHTpOJIHpOBaTb B Ka)K­

)lOM H3 3THX n11ana30HOB. Ilo npaBirnaM HIT 

082-07 OTJII1'-l11M B Tpe60BaHH5IX npaKTHlJeCKH 

HeT, a no Q)H3WieCKOH cyrH OTJllilJI15I np.HHUH­
fIHaJlbHbie. 

B nepBOM cnyqae OCHOBHhle pa60Thl npo­

XO.U5IT B nO,llKpHTHlJeCKOM COCT05IHI1l1 aKTHB­

HOH 30HbJ npH HHTeHCHBHhIX )leHCTBl15IX nep­

COHaJia no BMernaTenhcrny B npouecc. B .llPY­

roM cnyqae pa6orneT npe11MymecrneHHO as­

TOMaTMKa. B rrepsoM cnyqae cp11311qecKHe rrpo­

o.ecchr OTIHCbIBalOTC51 ypaBHeHIDIMH KHHeTHKH, 

BO BTOpOM - .D.HHaMHKH C yqeTOM BJ1IDIHH51 

MHOfOlJMCJleIIHbIX o6paTHbIX CB5I3eH. H peaK­

UHH cpe.D.hr Ha BHOCHMhie B03Mymemui. 11Me­

lOTC51 CHJihHbJe OTJIH'llUI no npOJl0J1)1(1,ffeJ1hHO­

CTH nycKOBOfO COCT05IHI151 11 pa60Tb[ Ha MOIU­
HOCTH. 

3. ConocTaBJJeHne noKaJaHHH 
AKHTI HCBPK 

TpanHUHOHHO JlJI5I Bcex npoeKTOB A3C c 

peaKTopal\m T1ma BB3P .llJ151 scex cocT05IHHH 

H pe)KHMOB KOHTpOJlh lli1H ocymecrnm1eTC5I 

BbICOKOHa,lJ.e)KHOH CMCTeMOH AKHII (pa3pa-

6on11K 11 npo113so,u11TeJ1h 3AO " CHl111TI­

Cl1CTEMA TOM" [2] , 3AO "Ceseponotteu­

l<Oe HITO "l1MITYJibC" [3]), rrocTpoeHHOH c 

HCTIOJib30BaII11eM npHHUHilOB OTKa30YCTOHlJM­

BocT11 . .[{eTeKTOpbl Heifrpo1rnoro IlOTOKa 3TOH 

CHCTeMbl pacnonaralOTC51 B cneUMaJibHbIX Ka­

l-la.Jiax, Haxo,n.5ILUHXC51 3a KopnycoM peaKTopa. 

llpH pa6oTe Ha 3HepreTHlJeCKI1X yp0BH5IX 

MOIUHOCTH KOHTpOJib semJtmH H pacnpenene­

HHH ITIIH 11 3HeprOBhI)leneHH5I BB3P ocyme­

CTBMeTC.R CBPK. 

CospeMeHHhie nepcneKTHBHhJe pa3pa6oT­

KH TaKHX CHCTeM no3B0JI5IJOT rronyqaTh Bee 

BH,lJ.hl CHrHaJIOB, aHaJIOfH'-IHbIX no Q)H3HlJeCKO­

MY CMhlCJlY H TeXITTflJeCKHM xapaKTepHCTHKaM 

CHrHanaM AKHTI. Ilo.upo6Hoe omrcam1e aJI­

ropHTMOB H pe3yJihTaTbl HX 3KCIIepHMeHTaJlb­

HOH rrposepKH Ha )lei1crnymmei1 A3C c 

BB3P npHBe)lem,1 B pa6oTe [ 4]. O,D;IrnKo, rro­

nhITKH npHBecnr 113Mep5IeMhre CHTHaJihl K e.u11-

HOMY .D.JI5I o6eHX CHCTeM HeHTpOHHO-cpH3HlJe­

CKOMy rrapaMeTpy, HarrpHMep, peaKTHBHOCTH 

HJIH cpe.llHeH IIIlH, naioT Ha6monaeMh1e pac­

xo)KJleHH.R. Hccne,noBaHHe omurx 11 Tex )Ke ne­

pexo)lHhIX npo[leccos no c11rnaJiaM CBPK 11 

AKHil 110Ka3aJIO HX B3aHMHoe COOTBeTCTBHe 

11 Bhl5IBHJIO p51,n oco6eHHOCTeH. 

ITpH nposeneHHH COllOCTaBJJeHHH HCIIOJib-

30BaHhI cJie.llymm11e CHrHaJihI: 
6 

• AKIIlI: I11K (t) = I,11!1(, (I) - cpe.llHHH CHrHaJI 

6-TH HK pa6oqero nHarraJoHa; 

• CY3: IIOJIO)Kemr:e opraHOB perynHposa­
mrn; 

• CBPK: I IIJD (t) = ti, (t) / N - cpe,l1.HHH TOK 

no BCeM .[{TI3, rne N - o6mee q11cno .[{TI3; 

1,(t) = tl,(t) /p1 - cpel!HHH TOK )1Il3 no 

CJI05IM, r n e j - HOMep CJ1051 (j = l. .. 7 no lJMCJiy 

.[{113 B c6opKe ) ; P1 - 1Il!CJIO ,Z::(113 B CJIOe j ; 

1, (1) = t,1,(1) /m, -cpenHHH TOK )1Il3 no 

op6HTaM, rne k- HOMep op611Thl (k = 1 .. . 7); lnk 

- wcno .[{TI3 B op6HTe k. 
Hcxonm,1e .naHHhie nonyqeHhI H3 cpai1:nos 

apxHBHhIX 3arr:11ceti cnyqaiiHhIX 11 THITOBhIX ne­

peXO,.UHbIX npoueccos Ha A3C c BB3P-1000. 

:VI3 rrpocrnro conocrnsneH11.R' ycpentteHHl>IX 

IlOKa3aHHH BbI5IBJI5IeTC5I HaJIH"!He CHCTeMaTH­

'leCKHX pacxo)Knem1w 6onee 20 %. 
Bo3HHKaeT ecTecrneHHhIH sorrpoc KaKOH 

CHrHaJI Ha116onee ,D;OCTOBepHO OT06pa)KaeT oc­

HOBHOH KOHTp01IMpyeMbIH napaMeTp - IlOJIHOe 

lJJ,fCJIO HeHTpOHOB B peaKTopax. l13MepeHHe 

3cpcpeKTHBHocTH asap11frHoH 3aIUHThI B BB3P­

I 000 ocymecTBJ15IeTC51 C ITOMOIUblO 60KOBbIX 

HK, pacnono)KeHHhIX B 6eTOHHOH 3auu-ITe. 
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PacLieT11b1e oueHKM IIITH Ha paJJ,11yce 

pa3MemeHJ.UI J1K □OKa3bJBalOT, ':ITO OH cpop­

MMpyeTC.H He 6onee Y:eM JJ,BYM51 pHJJ.aMH BHeIJJ­

HI1X KacceT [5]. ,[(anbHdilllI1M aI:IaJUl30M ITpO­

aepeHO norwrnoe ope,11.ITOJIO)KeH11e, 'iTO coao­

KyrIHOCTb BHyTPMpeaKTOpHbIX ,11.eTeKTOpOB 

IIIIH ,11.aeT 6onee ,11.ocToaepHoe orn6pa)KeHHe 

ITO OTHOIJJemno K nonHoMy Y:Hcny HefiTPOHOB 

B aKTKBHOH 30He. 

C11rttanb1 BHyTpHpeaKTOpHblX ,11.eTeKTOpOB 

CHCTeMaTli3HpOBaHbI I1 061,e,mrneHbl ITO .11.BYM 

reoMeTPH'IeCKHM npH3HaKaM: 

- BhICOTHOMY pacnOJIO)KeHHI-0 (no CJIOHM); 

- pa,11.ManbHOMY pacIIOJIO)KeHJ-!I-0 (ITO op611-

TaM). 

Ilp11Hl.{1UJ pacnpe,neneHMH c6opoK rro op-

6HTaM TIOHCillleTCH p11c. 1 (3-R cmp. 4een1HOU 

eKJ1adKu). ,[(1rn y,11.06crna .nanhHeiiIJJero rrpe,11.­

CTaBnemrn attanH3HpyeMbIX ,naHHhIX op6HThI 

Bbl)],eJieHbI pa3JIH'iHblMH uaeTaMH. 

CHrnanhI BHyTpHpeaKTOpHbIX )],eTeKTopOB 

CKOppeKTHpOBaHhl cornaCHO anropHTMaM 

KoppeKmm I1Hep1010HHOCTI1 [ 4]. l1MeHHO 3TH 

aJirOpHTMbI ITpHMeH5IIOTC5I B COBpeMeHHhIX 

CBPK 11 o6ecnetJ.I,IBaJOT Heo6xo,11.HMoe 6b1cr­

po;::i;ei1:cTBHe. ,lJ.OKa3aTeJJbCTBO a)],)],HTliBHOCTM 

rrpeo6pa30BaHJ-IH CKrHanOB O,LlHHO'IHhlX .neTeK­

TOpOB If liX COBOKyrrHOCTeH CBH3aHHhIX C KOp­

peKUHeH HHepUHOHHOCTH, Henocpe.rtCTBeHHO 

BhITeKaeT H3 MeTO)],HKH KOppeKUHH M npHBe­

,11.eHo B JIHTepaType [ 4]. 

Pe3yJJbTaThI o6pa60TKH KOHKpeTHhIX Mac­

CHBOB MH<jwpMaUHH, ITpe,nCTaBJieHHble Ha p11c. 

2 (3-JI cmp. 4eemHOll BKJIGdKU) 11 3, IIOKa3hI­

BaIOT HanHtJMe yaen111mBa1omeroc.H pacxo)l{)],e-

HM.H cpe,11.IDIX ITO op611TaM □OKa3aHMH no Mepe 

y.naneHilll op6HT OT KpM 30HhI. Ha116onee cy-

111ecrneHHbie 'llCJJeHHhie 3HatJeHHH paCXO)K,11.e­

HMH no KOHTPOJJ11pyeM0My napaMeTPY - OT­

HOCHTeJJhHOMY H3MeHemno fUlH □p1rne;::i;eHbI 

a rn6m1ue. r pyrrna ,11.eTeKTopoB, pacITono)KeH­

HM I-Ia BHeIJJHeH op6HTe, HMeeT MI1Hl1MaJihHOe 

OTJIH"lJHe no cpe.rtHHM IIOKa3aHI15IM OT BHepe­

aKTOpHbIX J1K. 
Eme CI1JlbHee 3TH pa3nH'll5I □p05IBJIHIOTC5I 

□pH HCITOJih30BaHJUI ITOKa3aHHH OT,11.eJJbHl>IX 

rpyrrn JJ,eTeKTopoB )],JJH oueHKH napaMeTPa pe­

aKTHBHOCTh. ,[(JIH 3TI1X oueHOK Ha TOM )Ke ne­

peXO)],HOM npouecce BhI,11.eJJeHbI HHTepBaJJhI 

BpeMeHI1, IIOKa3aHHbie Ha pHC. 4 ( 4-R cmp. 

4eenmou BKJWdKu) 11 5. Pe3yn1,TaTbI oueHKH 

peaKTMBHOCTH np11Be,1J.eHhI Ha pHC. 6 ( 4-R cmp. 

4eemHou BKJladKu), a tJHcneHHbie 3HatJeHHH 

)],AA BhI6paHHbIX yqaCTKOB - B Ta6n11ue. 

J,fa nonyqeHHhIX pe3yJihTaTOB cne;::i;yeT, 

'-ITO ycpe,11.HeHHhie ,11.aHHbie no I1K llITaTHOH 

cncTeMb1 AKlill xoporno cornacymTcH. c aHa­

norH'-IHhJMH ,11.aHHhIMH )],AA .[(Il3 BHernm-1.x op-

6HT aKTHBHOH 30HhI H cymecTBeHHO, 6onee 

qeM Ha 20 %, OTJIH"'-:IaIOTCH OT ,11.aHHbIX no 

,[(Il3, ycpenHeHHhIX ITO BCeM aKTHBHOH 30He. 

A.Hanorwrn1,1e ,11.aHHbie ITonyqeHbI JJ.AA KaK 

BB3P-1000, TaK 11 BB3P-440. 

B pe3yJJbTaTe opoae,11.eHHbIX HCCJJeJ]OBa­

HHH C yqeTOM TPe6oBaHHM <pI13H'ieCKOro pa3-

H006pa3H.H IlOKa3aHhl B03MO)KHOCTH cpopMH-

t:i 0,95 ' ' . M 
C 

Cl) 

h!: :i 
f-- 0,9 ::E 0 

• - ~ - • - • - • - - - ... : - - - - - - - - - - • - - J - • - - - - - - - - •• - -' - •• 

- - - - - - - - . ., - -. .. -
' ' (l) £ u 
' ' . . 

a:) :s: 0,85 
0 ";j 

c:: ~ 
Cl) 

0,8 ,:s: 0.. 
:0 0.. 
:i: 0 
:i: ~ 0,75 (l) f--
:i: ca 
q f--

0,7 (!.) .c 
0.. c:; 
u >-. 
>, S3 0,65 0.. 

/2
, Cpe.[(HHHTOK HK 

' Cpe.[(HHH TOK ,[(fl3 
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' 
' . ..... ,. __ ._ ............ _ .. __ ··"'· - .. 
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2 000 4 000 6 000 8 000 10 000 12 000 

P11c. 3. Ycpe,nHeHHbie c11rttaJJbI scex ,Z:(I13 11 scex 11K pa6o'-lero )],11ana.30Ha. Pacxo)K,ll,eHHe HOpM11posaHHbIX 
3Ha'-!eHHH )],OCTHraeT "' 14 % 
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PHc. 5. TTepeMell.leHHe opraHOB perynHposaHHll, I 0-si rpynna (rnnosoi1 rpacjJHK .D,JISI BB3P-I 000) 

poBaHIDI CMfHaJJ0B no HeihpOHHO-q>M311'-leC­

KHM napaMeTpaM BB3P rrp11 pa6oTe Ha 3Hep­

reT111-1ecKoM yp0BHe M0IUH0CTM. 

8h1.srnneHbI 06ru11e .umr A3C c BB3P oco-

6eHHOCTH OTo6pa)l(eHMSI Ba)l(HbIX JlJIR 6e3ona­

CH0CTM HeHTpOHHO-q>M3HqecKHX rrapaMeTp0B 

aKTHBHbIX 30H cpe.ucTBaMM BHyrpH- H BHepe­

aKT0pHoro KoHrponsi. 

,[(m1 A3C, IIpHMeHSII-OIUHX C0BpeMeHHbie 

CBPK c rroBbIIIJeHHbIM 6h1crpo.uei1eTB11eM, yc­

TaH0BJietto, qTo HeC00TBeTCTBMe Me)l(Jly .uaH­

HbIMH, K0TOpbie rronyqeHhI B CBPK H AKHIT, 

M0)l(eT cocTaBJIRTb 6onee 10 % no rrapaMerpy 

H3MeHemrn cpe.uHeii ITITH. Eme CHJibHee 3T0 

pa3JlMqJ,le rrpo.srnJIReTcsi rrp11 onpe.ueneHHH pe­

aKTHBH0CTH. I1oKa3aHo, tno JlaHHbie CBPK 

HMeI-OT 6onee BbICOKHH ypoBeHb .ll0CT0BepH0-

CTH. 

ITonyqeHHble pe3yJihTaTbl M0fYT 6b!Tb pe­

K0MeHJl0BaHb] .D.JISI MCII0JTh30BaHHJl rrp11 II0CT­

poeHHM CHCTeM K0HTp0ilSI HeHrpOHHO-qJM3H-

T a 6 JJ H n a conocrnsneHHll noKa3aHHH AKHTI H CBPK 

Ornwrne cpe,nHero no 
OTnHYHe cpe,nHero 

op6HTe CKOppeKTHpo-
NQ op-

no op611Te cKoppeK-
BaHHOro TOKa )]13 OT 

61,1Tbl THpOBaHHOro TOKa 
cpe,nHero CKOppeKTH-

}],113 OT cpe,nHero 
poBaHHOro TOKa }],Il3, 

TOKa HK,% 
% 

1 - 20,9 - 0,0 
2 -23,5 - 13,0 
3 -22 - 11,2 
4 -14,5 -2,7 
5 -2,7 10,7 
6 1,2 15, I 
7 2,4 16,6 

qecKHX rrapaMeTpoB aKTHBHhIX 30H A3C c 

BB3P. Oco6yio BmKH0CTh 3TH pe3yJihTaThI 

HMeIOT IIpH II0CTJ)0emrn: CHCTeM C yqeT0M 

IIpH~Tm0B q>HJHqecKoro pa3H006pa3HSI. 
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Y,l(K 621.039.5 

Pa.u:uaQHOHHaH 6eJonaCHOCTh KOCMHqecKOH H.[(CpHOH 

3HeprO.[(BHraTeJJLHOH ycTaH0BKH yBeJJuqeHH0r0 pecypca 
u B0JM0JKH0CTH Mo.u:epHHJauuu peaKTopa IIPrIIT 

B.A. llaBUlYK, A.C. Ka.MUl-lCKutt, B.C. Ky311el(06, 3.I'. I'opoee«, 
B. £/. IlaJ1b«auoa, T.A. Typ6uHa, A.H. Xuwiea, 

PHI.I; "Kyp'-IaTOBCKH.H HHcn-nyr", 123182, MocKBa, nn. Kyp'-IaTOBa 1, 
I'.B. Komoxoa, 

<I>rYII "U:eH1-p Ken,llhlllla", 125438, MocKBa yn. OHe)KCKM, 8 
ITocTyn1111a B pe.uaim1110 22.07.2009 r. 

PaccMOTPeHbl B03MO)l{HOCTH yse1111YeHHS1 no ~ IO neT pecypca KOCMHYecKow l!JWPHOH 3Hepro.llBl1ra­
TenbHOH ycrnHOBKH (I013W) Ha ocHoBe Mon.epHH3HposaHHOro peaKTopa 11PI'J1T TennosoH MOlll,HOCTblO 
300 KBT, ,llJl.SI KOToporo nposen.eHbl pacYeTbl BblropaHHSI, ,llJlHTeJlbHOCTH KaMnam-111 11 CTaTHYeCKHX 3cpcpeK­
TOB peaKTHBHOCTH npH WTaTHOH 3Kcm1yarau1111 H asapHHHblX CHryaUHHX. OuetteHO BJlH.SIHHe TeXHOJlOrHYe­
CKHX OTKJlOHeHHH napaMeTpOB Tennos1,111.emnome11 c6opKH (TBC) 11 3aMe,llJ111TeJ1S1 Ha HeHTpOHHO-cpH3H­
qecKHe xapah.'TepHCTHKH peaKTopa. IlpHBe,lleHbl OCHOBHble npmfl.lHJlbl nocTpOeIDUI pa,llHaUHOHHOH 3alll,HTbl 
11 KpHTep1111 ee OITTl1MH3au1111. 

Jvi101Je8b/e CJ/060: K513.ZJY, 51..P)]., 11Pfl1T, Bblropatt11e, ,llJlHTeJlbHOCTb KaMnaHHH pa,llHaUHOHHa.SJ 6e3-
onacHOCTb, 3cpcpeKTbl peaKTHBHOCTH, TeXHOJlOfJ,!L{eCKHe OTKJlOHeHH.SJ. 

Radiation Safety of Space Nuclear Thermal Propulsion and Power Increased Lifetime Installation 
and Possibility of Reactor IRGIT Modernization. V.A. Pavslwok, A.S. Kaminsky, V.S. Kuznetsov, E.G. 
Gordeev, V.Ch. Pal'va11ov, T.A. Turbi11a, A.N. Khmylev, RRC "Kurchatov Institute·•, 1, Kurchatov Sq. , 
Moscow, 123182, G. V. Konyukhov, FSUE "Keldysh Centre ", 8, Onezhskaya St., Moscow, 125438. Possi­
bilities of increasing the lifetime of the space nuclear thermal propulsion and power installation based on the 
modernized reactor lRGIT (thermal power 300 kW) up to - 10 years are considered; calculations of burnup, 
its lifetime and static effects of reactivity at normal operation and emergency situations are carried out. Influ­
ence of technological deviations of parameters of the fuel assembly and the moderator on neutron-physical 
characteristics of the reactor is estimated. The main principles of radiation shield and its optimization criteria 
are given. 

Key Words: SNTPP, NTP, IRGIT, Burnup, Lifetime, Radiation Safety Reactivity Effects, Technologi­

cal Deviations. 

HeCMOTpjl Ha 3Ha'-!HTeJihHhIH rrepepbIB B 

aKTIIBH0M pa3BHTH.H KOCMWieCKOli jl,LlepHOH 

:rnepreTH.KH 11 HeC6hIBIIIHeC.ll ,Ll0 ceti nophl 
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Q)KH,llaHIDI yqacTHHK0B 3THX pa6oT B me. B03-

po)K,lleHJm, cymecTByIOT rrpwurnhI ,LlJijl Toro, 

'-IT06hI o6paTHTh BHHMaHHe Ha HeK0T0phie ac-



rreKTbl CT0Jlb MH0rorpaHHOH Kor.na-T0 ,lleH­
TenhH0CTH. 

3TO CBll3aHo C nepeCM0TP0M pH.na TeXHH­

qecKHX Tpe6oBaHHH K 0CH0BHblM xapaKTepHC­

THKaM H napaMerpaM K0CMHqecKHX peaKT0p­

HbIX ycTaHOB0K, rrpmnowe.arnHM 3a nocne.n­

HHe r0,llbI. Tip11Mem1TeJ1bHO K CXeMHbJM perne­

HHHM II0CTpOeHHH K5I3,D,Y Ha OCIIOBe TeXHO­

JJOrHM ll.UepHoro paKernoro .UBHraTem1 (5IP JJ:) 

0,llHHM H3 TaKMX Tpe6oBaHHH HBJJlleTC51 yaeJJH­

qeHHe pecypca pa6oTbI peaKTopa tta 3Hepre­

THqecK0M pe)l<HMe .no 10 . . . 15 JleT. 

JJ:pyrHM o6CTOHTeJlbCTBOM CJJY->KHT II0CJJe­

.uoaaTeJJbH0e o6mee y)KeCToqemrn rpe6oaa­

HH.M K pa.a1rnIVIOHHOH 6e3onaCHOCTH peaKTOp­
HbIX CHCTeM, B TOM 1rnc11e K0CMHqecKHx, CBH-

3aHH0e C pH.UOM HHUH,lleHTOB (aaapH51 Ha A3C 

"TpH-Mai1:11 Ai1:nett.a" aBap1,rn co crryrttHKOM 

"KocMOC-9 54 " , llepH06bIJlhCKa.H KaTacrpocpa) 

H ttarnemuee orpa)Kem1e B MHoroqHcJJettHbIX 

,ll0KYMeHTaX Me)K)ly-ttapo.aHbJX opraHH3au;Hi1:, 

HallpHMep a [1]. 

QqeBH.UHO, qTo npe,llTIOCbIJJKOH pa,llMaUH­

OHHOH 6e3onacHOCTH llBJ15leTC51 o6ecneqeHHe 

H,llepHOH 6e3onacHOCTH I1 .uonyCTHM0ro ypoB­

IDI H3nyqettHH Ha acex 3Tanax )KI13HeHHoro 

UHKJla ycTaHOBKH. O6mHe rrpHHUIUihl 06ecne­

qemu1 H.UepttoH 11 pa.aHaUHOHHOH 6e3onacHoc­

TH K5I3JJ:Y C MallJHHHhlM npeo6pa30BattHeM 

:meprHH rrpH IIITaTHOH 3Kcnnyaraum1 H a aaa­

pHHHbIX CHTyau;HHX H IIO,llXO.llbl K HX peanH3a­

UHH Ha coapeMeHHOM 3Tarre o6cy)K,llaJJHCb Ha­

MH a [2]. JJ:m, TaK0ro THIIa peaKTOpOB 6onb­

IllHe IIOJl0)KJ1TeJJbHbie 3qJ<peKTbI peaKT11BH0CTH 

Moryr B03HHKaTb B aaapHHHbJX CHTyaUHHX, 

CB513aHHhlX C HellJTaTHblM 331l0J1HeH11eM aK­

THBHOH 3om1 ao.nopo.noco.nep)Kam11M BemecT­
BOM. 

H11)Ke ,lleJlaeTCH llOITbITKa paCCM0TpeTb He­

KOTOpble B03MO)KHOCTH o6ecneYeHJ,[j{ pa.zwa­

[(HOHHOH 6e30IIaCHOCTJ,[ KOHKpeTHoro THIIa 

peaKTopa K5I3 JJ:Y (c yqeTOM rrpo.nnettH.sr era 

KaMrraHHH .llO 10 JJeT np11 TeIIJlOBOH M0IUHOCTl1 

300 KBT) J,[ oneHHTb rpaHHll,bl 113MeHeHH.H oc­

H0BHbJX q>H3J1qecKI1x napaMeTpOB CHCTeMbI, 

Ba)KHbTX .nmr 6e3orracH OCTH. 

B KaqecTae 6a3oBoro cxeMHoro perneHH.H 

paccMarp11BaeTC.s£ K5I3JJ:Y Ha 0CHOBe peaKT0-

pa 11Pfl1T - cTett.uoaoro npoTOnma peaKTopa 

5IPJJ: [3 , 4], KOTOphIH rrpowen 3TaII Ha3eMHhIX 

HaTypHbIX HCIIbJTaHWH. Onpe.aenmomwe rrpHH-

[(Hilbl, 3aJ10)1(eHHbie B KOHCTPYKUIHO '3T0ro pe­

aKTOpa 11 no.urnepmrnrnHe CBOlO MOpaJJbHYJO 

.uonroae,rnocTh, 3aKmoqaroTc.sr a cne.ayiomeM: 

- reTeporeHHOCTh H Mo.uynhH0CTb K0HCTPYK­

u;MH aKTHBHOH 30Hhl, 

- HCilOnb30BaHHe KepaMHYeCKOfO BhlCOKO­

TeMnepaTypHoro Tonmrna. 

3KcnepHMeHTMbHM orpa60TKa peaKTOpa 

MO)KeT rrpOBO)lllThC5l II03neMeHTHO B TOM 

':IHCJle .no rpe6yeMoro ypOBH.sr Ha,lle)KHOCTH H 

peaKTOp a c6ope IJO,llBepraeTC5l Jll11IJh KOHT­

pOJlhHblM HCIIbITaHHHM HJJH HCIIhITaHH5IM no 

YKOpoqeHttoii nporpaMMe c nen1,ro orrpe,llene­

mu1. B3aHMHOro BJ1H5IHH51 OT,UenbHO OTpa6o­

TaHHbIX Y3Jl0B peaKTOpa .npyr Ha .npyra. Kpo­

Me Toro, y.naeTC51 pa3,lleJJHTb aKTHBHYJO 30HY 

peaKTopa Ha CHCTeMy napannenbHhIX KaHaJlOB, 

B KOTOpbJX TeqeHHe pa6oqero Tena JlOKaJlH30-

BaHo B rrpe.uenax Ka)K)lOro Kattana H rrpaKTH­

qecKH He BnH.HeT Ha TeqeHMe pa6oqero Tena a 

conpe.nenhHhIX Kattanax. 3To OTKphrnaeT .no­

norrHHTeJlhHhie B03MO)KHOCTH .un.sr KOMTiettca­

UHH ttepaBHOMepHOCTeH rronei1: 3HeproBbl,lle­

neHM.H peaKTOpa C IIOMOlllhlO HH.UHBH.llYanbHO­
ro rH,npaanHqecKoro rrpocp11JIHpoaaHH.H 0T­

.aen1,m1x KaHaJJOB. 

Kap6H,UHhie KOMTI03HUHH ypatta H Tyro­

nnaBKHX MeTaJlJlOB o6ecneqHBaJOT BhICOKyro 

061,eMHYlO ITJlOTHOCTh ,UeJlHlllerocH aeru;ecrna 

11 BhICOKyro TeMTiepaTypy ttarpeaa pa6oqero 

Tena. 

KoHCTPYKTHBHO aKTHBHaH 30Ha peaKTopa 

11Pfl1T cocTOHT 113 37-MH TBC 11 3aMe.UJJHTe­

n.sr. Koprryc TBC BhIIIOnHeH m cnnaaa AMr-6. 

Octtoay TBC peaKrnpa MPfMT cocTaBJIHIOT 

ttarpeBHbie ceKUHH (HC) H3 CTep)KHeBhIX CITH­

paJJbHOBHTbJX rrnaCTHHqaTbIX TB3nOB. TaKOH 

npoq>HJTb c pa3MepoM rronepeYttoro ce~eHIDI 

no OKp~OCTH ~ 2 MM no pe3ynhTaTaM MHO­

rorrapaMerplf'leCKOro aHaJJH3a OKa3aJJCH OITTH­

MaJlbHblM JinH peaKTopa HPrl1T. KoHcTpYK­
u11.sr aKTHBHOf O 6noKa 113 CTep)KHeBhIX TB3JIOB 

Manora pa3Mepa rr03aomreT ocyruecTBHTh rpe-

6yeMoe pacnpe.uerrett11e ypatta no 061,eMy aK­

THBHOH 30HhI. O .una TBC coJiep)KHT 6 HC, 

K3)K)la.H BhlCOTOM to CM, np11qeM HC MO)KeT 

co.aep)KaTh pa3nHqHoe KonHqecrno U -235, 

qT06hI npocpHnHpOBaTb 3HeproBbl,lleJieHHe B 

TBC no BhICOTe. 

KepaM11qeCKHe MaTepHaJlhl (Kap6H.UHhie H 

Kap60HHTpH.UHbie KOMn03HUHH) CTa.Jrn rrraB-
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HbIMH MaTepHanaMH Bcex y:3110B TBC - TB3-

Jl0B, Tenn0H30llilUHH, CHJI0BblX 11 C0IIJI0BhIX 

3JleMeHT0B K0HCTp)'KUHH. BaphnpoBaHHe co­

CTaBa, CTpYI<TypbI H Q)H3HYeCKOro C0CT0HHH51 

BhI6paHHOH KepaMHKH .uaJI0 urnpOKiill cneKTp 

CBOHCTB, 06ecne'll1BaIOll.lHH norpe6HOCTH 

npaKTHqeCKH scex BhIC0K0TeMnepaTypHhlX 

'.)JieMeHT0B 5IP ,U. B KaqecTBe 3aMe.UJIHTemr 

BhI6paH rn:.upH.ll UHpK0HIDI, 60KOBOH H HJ1)K­

HHH TopueBOH 0Tpa)KaTem1 BbID0JIHeHbI H3 6e­

p11nmu1. 

OpraHbI CY3 peaKTopa 11PfllT npe.ucrn­

BJUIJOT co6oi1 12 nosopoTHhIX perym1pyronmx 

6apa6aHOB (PE) B 60KOBOM 0Tpa)KaTene, o6-

w.ei1 3cj)<peKTHBHOCTH K0T0phIX ,ll0CTaT0qHo 

.unsi ynpasnemrn M0W.H0CThI-O H 06ecneqemu1 

51,nepHOH 6e3onaCHOCTH peaKTopa B llITaTH0M 

pe)KHMe. 

Ha p11c. 1 npHBe,neHo nonepeirnoe ceqe­

HHe pacqeTHOH cxeMhI peaKTopa. Ilo pacqeT­

HhIM oueHKaM ,nmueJihH0CTh KaMnaHHH peaK­

T0pa llPfllT B 3HeprernqecKoM pe)KHMe Ha 

yp0BHe M0W.H0CTH ~ 300 KBT C0CTaBJ151eT 

1,5 ... 2 ro,na. 

IlpH rrpoeKTHp0BaHH.H 11 OTpa6oTKe peaK­

T0pa llPfllT BonpocaM 6e3onacttocTH y,nellil­

JI0Ch 60JihlllOe BHHMam1e, 0,[{HaK0 HCK0T0pbie 

cueHapHH aBapHHHhlX CHTyaUHH, K0T0pbie 

Bll0CJie,[{CTBHH np1106peJIH cywecrneHH0e ,llJ151 

6e3onacttocT11 3HaqeHHe, He paccMarp11sa­

JIHCh. 3TO KacaeTC51, B qacTH0CTH, aBapHHHhlX 

CHTyauHH CB513aHHhlX C nona,naHHeM peaKT0-

pa B Bo,nopo.uoco,nep)Kaw.11e H pacceH.Ba10w.He 

cpe,nhI (so.na, M0KphIH necoK H T.n.). PacqeT­

Hbie oueHKH, BhIII0JIHeHHhie B ,llaJlhHeHIIICM, 

noKa3aJIH, qTo lllTaTHM CY3 tte 06ecneq1rnaeT 

K0MneHcau111-0 3HaqH.TeJihHbIX II0JI0)KIITeJlh-

( 
\ .. 

b 
PHc. I . CxeMa nonepe4Horo ce'-!eHH.SI peaKTopa 
l1Pfl1T: I - T0nJJHB0 (lJ , ZrC, NbC), 2 - Kopnyc 
TBC (AMr-6), 3 - Kopnyc (crnnb), 4 - 6oKOBOH 
oTpa)!(aTenb (6epHnnHi1), 5 - 03JI PE (Kap6H.ll. 
6opa), 6 - 3aMe,UJlHTCJlb (rH.ll.PH.ll. UHpKOHH.SI) 

92 

Hh!X 3cpcpeKTOB peaKTHBH0CTH ( ~ 11 % MIK), 
B03Hl1KalOll.lHX B no,no6HhIX CJlyYa51X [5]. 

Cyw.ecrnyeT npHHUHITHaJihHM B03M0)K­

H0CTb npoBecnr Mo,nepm13aumo aKTHBHOH 30-

Hbl peaKT0pa 11Pfl1T, qT06bJ o6ecneYHTb H0-

Bhle Tpe6osaHIDI (peaKTop l1PfllT-M). Tex­

HHt.feCKHe perneHHH B 3T0M cnyqae onpe,neAA­

IOTC51 Heo6xo,nHMOCThl-O )'BeJ111qeHH51 ,[{JlHTeJlh­

H0CTH KaMnaHHH .no 10 neT npH TeIIJIOBOH 

M0W.H0CTH 300 KBT H o6ecneqeHH51 51,nepHOH 

6e3onaCHOCTH B )'I10M51H)'ThIX BhIIlle aBapHH­

HhIX CHTyauH.51X H CB0,[{.R:TC51 K Il0BhIII.IeHHJO 

IIJI0TH0CTH ypaHa B TB3Jie B ~ 1,5 pa3a H no­

CTaH0BKe ,[{0ll0JIHHTeJibHhlX nornoTHTeneii B 

aKTHBHyro 30Hy. Ha pHC. 2 npHBe,neHo none­

peqttoe ceqettH.e pacqeTHOH cxeMhI M0,nepHH-

3HposaHttoro peaKTopa. 

,Ullil peaKTopa C TaKHM T0ilJIHB0M rrpoBe­

,neHhI pacqeThI BhIT0paHHH H ,[{JlHTeJlbH0CTH 

KaMnamrn, nonyqeHbI oueHKH cTan1qecKHx 

3cpcpeKTOB peaKTHBH0CTH npH nona,naIIllli pe­

aKT0pa B Bo,ny H 3aIT0JIHCHHH ero B0,[{0H, oue­

HeHhl B03M0)KH0CTH K0MIIeHcauirn 3THX 3cp­

cpeKTOB. llccJie,noBaHo BJlHHHHe TeXH0Jioruqe­

CKHX OTKJlOHeHHH MaTepHan0B aKTHBHOH 30-

HhI Ha HeHTpOHHO-<pH3HqecKHe xapaKTepHC­

THKH peaKT0pa. I1epeq11cJieHbl 0CHOBHhJe 

npHHUHilhl Il0CTp0eHH51 pa,n11au110HH0H 3aIUH­

Thl K5I3JJ:Y. 

PaC4CTHbIC 11ccne,noBaHHH Bhin0JTHHJIHCh C 

II0M0W.hIO rrporpaMMbI MCU-RFFI [6] a,neK­

BaTH0 OIIHCbIBaI-Orueii Cll0)KHyro CTpYKTYPY 

peaKTopa. ,Unsi: pacqeTa BhiropaHH51 11cnoJih30-

Banach nporpaMMa WIMSD-5B [7] c 172-

rpynnoBOH 6116JIHOTeKOH K0HCTaHT. Ilpor-
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PHc. 2. CxeMa nonepe4H0ro ce'-!eHH.SI peaKTopa 
11Pfl1T-M: I - Il3JI P6, 2 - Kopnyc, 3 -
0Tpa)!(aTeJlb, 4 - 06e4a11Ka, 5 - CHE, 6 -
JaMe.ll.JlHTenb, 7 - TBC I .. . 4-ro p.11.nos 
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PHC. 3. 3aBHCl1MOCTb )J.JIHTeJTbHOCTH KaMnaHHH OT 
sen111-rnHbl 3arpy3KH ypaHa-235 

paMMbl anpo611p0Bam1 Ha TeCTOBbIX H bench­
mark 3a.uaqax. PHc. 3 HJJJIIOC-rpHpyeT 3aBHCH­
MOCTI:, JJJIHTeJlbHOCTH KaMnamrn OT BemrqHHbl 
3arpY3KH ypaHa-235. 

PacqeTHbie oueHKH OCHOBHbIX CTaT11qec­
K.HX peaKTHBHOCTHbIX 3<pcpeKTOB no rrporpaM­
Me MCU-RFFI ynoB11eTBop11Tem,Ho cornacy­
IOTCR C 3KcnepHMeHTa.JibHhIMH pe3y111:,TaTaMH, 
rronyqeHHblMH rrpH HCllbITaH~ peaKTOpa 
l1Pr.HT, qrn 111111roc-rp11pyeTcR HIDKerrp1-rne­
,neHHOH Ta6n~eH, rne CBeneHbl OCHOBHbie 
3KCrrepHMeHTa.Jll:,HI:,Ie H pac'-leTHbie rrapaMeT­
p1:,1. 

IlonyqeHHM sem1tffiHa 3<p<peKTa peaKTHB­
HOCTH peaKTOpa MPfl1T rrpH era rrorra)laHHH B 
BO)ly (11,4 % M/K) 6m13Ka K 3HalJeHHIO (~ 11 
% MIK) s pa6oTe [ 5]. 

JJ:nR o6ecneqeHHR R.UepHOH 6e3onaCHOCTH 
peaKTopa l1Pfl1T-M np11 aBapHHHhIX c11Tya­
UIUIX, CBR3aHHblX C norra)laHHeM peaKTOpa B 
3aMenmnoruy10 (BoJJ.oponocoJJ.ep)Karuyio) 11 
pacce11sarowy10 (necoK) cpeny, IJJTaTHOH CY3 
peaKTopa 11Pfl1T HenocTaTOlfHO. 3cj)<peKTHB­
HOCTI:, 12-T.H PE s llITaTHOM pe)KHMe peaKTOpa 
11Pf11T-M cocTasnReT 11 ,2 % MIK, a np11 
rrona.uaHHH peaKTOpa B paCCMO-rpeHHbie Bblllle 
asap11ihn,1e c11Tyau1111 }'MeH1:,waeTCR no 6,2 % 
!)J(/K. 

Tio3TOMY B cocrnBe peaKrnpa I1Pfl1T-M 
Heo6xo}].HMO npe}].yCMOTpeTh }lOIIOJlJ-IHTeJJI:,­
HYJO CHCTeMy RJJ.epHOM 6e30IIaCHOCTH (C.5ffi). 
Mone111:, C.5IE, rrpHIDITM s pacqernx, npe.11-

CTaBJJReT co6oH }lBa KOJlhUeBbIX CTep)KHR 113 
Kap6H)la 6opa pa3MemaeMbIX Ha MecTe JJ.Byx 
orrrr03HTHhIX TBC so BTopoM pRJly. Ilpe)lrro­
naraeTcR, tJTO rrocne Bbrno.ua Ha op611Ty CTep­
)KIDI C.5IE y)la.rrmoTcH H3 peaKTopa. 

CoBMeCTHM 3cpq>eKTM.BHOCTh Po H C5Io 

np11 rrorra)laHHH peaKTopa B BOJJ.OpOJJ.OCO)lep­

)KaillyIO cpeny pasHa 17 ,3 % M/K 11 .11ocTa­
TOtJ.Ha }].JIR KOMITeHcau1rn 8O3IDIKaIOJllero IIO­

J1O)KHTefilHOfO 3cpq>eKTa peaKTHBHOCTH B asa­

pHH.HbIX CHTyaI{HRX (6e3 3amrna, 
COOTBeTCTBeHHO 28,8 % M/K). 

CyrueCTByIOT }].OllOJ1Hii.TeJ1bHble BO3MO)K­

HOCTH IIOBbIIUeHH.R H)lepHOH 6e3orracHOCTH pe­

aKTOpa 3a C'-leT pa3MemeHHH B aKTHBHOH 3OHe 

pa311H'-IHOro poJJ.a nornoTHTenei,i (s TOM '-IHcne 
pe30HaHCHI:,IX). 

TaK, Hanp11Mep, paHee paccMaTp11sanac1:, 
BO3MO)KHOCTh rrpHMeHeHHH ra3006pa3HOfO no­
rJJOTHTeJIH nnR yrrpaBJieHHH MOIUHOCTI:,JO pe­

aKTOpa [8]. B1:,16op nornonuenH nm raJoBOH 
CHCTeMbI (f C) orrpe}].eJIReTCR B rrepsyio 011e­

pe)lb ceqeHHeM nornoweHHR TeIIJIOBbIX HeHT­
poHOB, a TaIOKe xopOIIIHMH 3KCn11yarna.110H­

HbIMH CBOHCTBaMH. 3THM KpinepH.RM s mrn:-
60Jlb11IeH CTerrem1. yJJ.osneTBopHeT He-3. 

JJ:m paccMaTpHBaeMoro peaKTopa npHH-
1.lHITHaJibHO 8O3MO)KHO HCilOJib3OBaTh fC B 

KaqecTse: 
- JJ.OITOJJHHTeJJbHOH aBapHHHOM 3aIUHTbI, 
- }].OilOJIID[TefilHOM CHCTeMbJ pery1111poBaID1R 

(fCP) Ha )lBHraTeJibHOM pe)KHMe, 
- 3J1eMeHTa aKTHBHOH HJUI r1011yaKTHBHOH .llH­

arHOCTH'-leCKOM CHCTeMbl (fCJJ:). 
ITpe.zlBapHTe111:,Hb1e pacqeTHhle oueHK.H 

nm aHcaM6m H3 36 TOHKHX CTaJibHblX -rpy6oK 
IIpH 3aITOJIHeHHH HX He-3 no.n; }].aBJieHHeM 100 
aTM .n;a10T 3HatJeHHR 3<pcpeKTHBHOCTH OKOJ10 
4,5 % MIK, 'ITO o6ecrreqHBaeT B03MO)KHOCTb 
napHposaHmr 3Ha1IHTeJibHbIX B03}].eHCTBim Ha 
peaKTHBHOCTh peaKTopa B asapHHHbIX CHTya-
1.lMRX. JJ:mr peaKTOpa Ha pe)KMMe 5IPJJ:, B KOTO­
poM pea.rrH3yeTCR Bl:,]COKaR 3HeproHarrp5r)KeH­
HOCTb aKTHBHOH 30HbI, HCKJIJOqMTeJibHO 88)1{­

HOe 3HaqeH11e npHo6peTaeT opramnaUHR npR-

PacqeT 

3,5 3,6 
12 12,3 
100 100 
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MepHO o.rurnaKOBblX TeITJJOBbIX uarp)'30K Ha 

Bee TBC. IlpH 3TOM, so-nepBbJX, ynpoll.l,aeTc5l 

perynHpOBKa ITO pacxonaM '-repe3 TBC H 

YMeHbllJaeTC5l BepO51THOCTb pa3pyrnelllUI TB3-

J10B, pa60TalOillHX B HaH6onee HaITp51.)KeHHhIX 

ycnOBH51.X, a, BO-BTOphIX, Bb!paBHHBam1e Ten­

J10BbI.[JeneHH5l CHHMaeT 66J1hIIIYJO MOillHOCTb 

□pH O.[JHOM H TOM )Ke o6beMe aKTHBHOH 30Hbl. 

Ilone 3HeprOBbJ.[JeJJeHH5l B aKTHBHOH 30He 

ITPH OTBepHYThIX H npHBepHYTbIX PE 3aMeTHO 

(no 20 %) ornwrneTC5l. B KpHTlfl-leCKOM co­

CTO.srmrn peaKTopa ( c 3-M51. OTBepHYTbIMli 6a­

pa6aHaMM aBapHHHOH 3all.J,HThJ H ocTaJJhHhIMH 

rrp1rnepHYThIMH B npoMe)KYTO'-IHOe COCTO.SlHHe) 

3HeproBhI.[JeneHHe B TBC ITocne.zlHero p.si:na 

MO)KeT OTJ1H'-laThC5l no 10 % 3a cqeT pa3Jilfl-l­

HOro nono)KeHIDI PE. 

IlpMMeHem1e rCP MO)KeT crroco6cTBOBaTh 

YMeHblllemno HepaBHOMepHOCTH ITOJ15l 3Hep­

rOBbineJJeHH51:. CornacHO 3KCIIepHMeHTaJJhHhIM 

.[JaHHl,IM [8] KOMileHCaI.(IDI 3arraca peaKTliBHOC­

TH c IIOMOillblO Tpy6oK c Cd (HMliTaIJ;IDI r CP) 

no cpaBHeHHJO c rroBopoToM PE YMeHbIIIaeT 

pa.[]HaJJhHhlli K03cpcpm1.11eHT HepaBHOMepHOCTH 

Kr c 1,070 .[JO 1,025. PacqeTHbie oueHKH TaIOKe 

rro.n;TBep)K.n;a10T TaKYJO TeH.n;emm:ro. 

IIep110.n;lfl!ecKoe 30H.[]Hp0Bam1e aKTHBHOH 

3OHb1 MaJJbIMll 3TaJJOHHhIMH BO3MymeHH51.MH 

peaKTHBHOCTH no CTyneIPiaTOMY, nceB.n;ocny­

qaHHOMY HJ1H HHOMY 3aKoHy (nYTeM ITO.[Ja'-IH 

He60J1blllOro .[JaBJJeHH.sr B Tpy6KH rC.[{) MO)KeT 

o6ecrre•nrnaTh, Hap.sr.n;y c .n;pyrttMH MernnaMH, 

KOHTpOJlh 3a COCTO.sIHHeM aKTHBHOH 3OHbl Ha 

3HepreTH'-leCKOM pe)l(HMe B Te'-!eHHe BCei-i KaM­

rramrn. 

Ha paHHHX 3Tanax npoeKTHpoBamrn 5IP .[{ 

C TBep.n;ocpa3HOH aKTHBHOH 3OHOM (cxeMa "A") 
fCP paCCMaTpHBaJJaCb B Ka'-!eCTBe OCHOBHOH, 

O.ZlHaKo 3aTeM rrpHH51Tbl BO BHHMaHHe orrace­

HH.sr, CB.sr3aHI-Ibie C B03MO)KHOCThlO 6bICTpOH 

YTe'-!KH ra3oBoro nornoTHTeJ1.S1 H3 aKTHBHOM 

30Hbl H, KaK cne.[JCTBHe, rronyqeHHeM HeKOM­

rreHCHpyeMoro IIOJ1O)KHTeJ1hHOro 3cpcpeKTa pe­

aKTHBHOCTH. B o6ecneqeHHe pa3pa60TKH rep 

BhlIIOJIHeHbl IIOCTaHOBO'-!HbJe pac'-IeTHbie H 

3KCnepHMeHTaJJbHble HCCJle.[JOBaHIDI, OTpa­

)l(eHHbie, B '-IaCTHOCTH, B [8], HO .[JaJibHeiinrne 

KOHCTpYJ<TOpCKHe rrpopa60TKH He rrpOBO.[JH­

JlHCb. B pe3yJ1hTaTe Ha npaKTHKe HallJJJa npH­

MeHeHlie 6apa6aHHa51 c11cTeMa perym1p0Ba­

HH.sr. TeM He MeHee, XOT.sr BO3MO)KHOCTH rrpH­

MeHeHH.sr rC ffY)K.[JaIOTC5l B .[JaJJbHeHllIHX MC-
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CJle.[JOBaHIDIX, OHa BIIOJJHe MO)KeT paccMaTpH­

BaTbC51, HarrpHMep, B Ka'-!eCTBe .[JOITOJlHHTeJlb­

ROM aBap11i1ttow 3am11Thl. 

Ha OCHOBe aHaJJH3a xapaKTepHbIX rracnop­

THhIX .[JaHHbIX Ha rrapTHH TB3JIOB H 3aMe.[JJ1H­

TeJI.sr oueReHa CTeIIeHb BJIIDIHH.sr TeXHOJJOrH'-le­

CKHX OTKJlOHeHHH ITJ10THOCTH MaTepHanOB 

51.,n;epHoro TOITJlHBa H 3aMenn11TeJI.sr, a TaK)Ke 

06orameH11.sr ypaHa no ypaHy-235 Ha 3Hepro­

BbI.[Jenemrn B TBC H peaKTHBHOCTh peaKTopa. 

PacqeTbl BbIITOJJHeHbI C IIOMOll.J,blO npor­

paMMbI KACKA.[{-C B (R, 0)-reoMeTpHH [9], 
npH'-leM .[JJI.Sl 6onee KOppeKTHOH arrnpOKCHMa­

UHH HCXO.[]Ha51 reoMeTpH.SI 3a.[JaBanacb B cpop­

MaTe nporpaMMhI MCU-RFFI. 3aTeM c rroMo­

IllbIO nporpaMMhI CONDAT [10] npoH3BO.LIH­

noc1, ITpeo6pa30BaHHe BXO.[)HblX .[JaHHblX B 

cpopMaT nporpaMMbI KACKA.[{-C. 

PaccMOTpeHbI .[]Ba BapwaHTa: nepBhIH, KO­

rna Bee TB3JlhI Ka)K.[JOH TBC 6epYTC5l 113 O.[JHOH 

H TOH )Ke rrapTHH, HOMep KOTOpOH orrpe.[]eJI.sr­

eTC.SI cnyqa«HhIM o6pa3oM, H BTOpoH, KOr.[Ja 

Bee TB3JlhI Ka)K.[JOH TBC BhI6Hpa10Tcsr 113 pa3-

HhIX ITapnrn: c rroMOillbJO reHepaTopa cnyqaH­

HhIX qHceJI. 

}13 pe3yJ1bTaTOB pac'-!eTOB CJle.[)yeT, '-!TO 

MaKCHMaJihHOe OTKJIOHeHHe 3HeprOBhI.[JeJieHH.SI 

B TBC OT cpe.[]Hero rro BCeM TBC B rrepsoM 

BapHaHTe c6opKH - ~ 3 %, BO BTOpOM - ~ 0,2 

%, ITpwrnM B aKTHBHOH 30He npHCYTCTBYJOT 

.srBHO Bbrpa)KeHHhre 06nacn1 (narrepHbI) c rro­

JJO)KHTemm,IMH HJIH OTpHIJ,aTeJ1bHhIM11 OTKJ10-

HeHH.SIMH 3HeprOBbJ.[JeJ1eHJ,UI. 

Ha6op TBC TB3JJaMH no mo6oMy Bap11aH­

TY c6opKH He npHBO.[JHT K cymecTBeHHOMY 113-

MeHemno peaKTHBHOCTH peaKTOpa (< 0,01 % 
M IK). K 3aMeTHOMY H3MeHeHHIO peaKTHBHO­

CTH MOrYT npHBecn1 nHIIIh c6opKa TBC ITO 

ITapTH5lM TB3J10B C MaKCHMaJJbHbIMH HJIH MH­

HHMaJJhHbIMH 3Ha'-!eHH.srMM 11J10THOCTH ypaHa-

235 (~ 0,34 % tiKJK) HJ1H H3MeHeHHe IlJlOTHO­

CTH rn:npH.[]a UHpKOHH51 OT MaKCHMaJlbHOro K 

MHHHMaJJbHOMY 3Ha'-!eHHIO (~ 0,22 % tiKJK). 
Pa.[).HaUHOHHa51 3aUlHTa KOCMWJeCKOro aIT­

napaTa C 51..[]epHbIM peaKTOpOM rrpe.[]Ha3HaqeHa 

.[JJ15l CHH)KeHH5l peaKTOpHbIX H3J1yYeHHH .[JO 

ypoBHei-i, o6ecrretJHBaJOIIIHX Ha.[Je)l(Hoe cpyttK­

u110IDipoBam1e scex :meMeHTOB neTaTeJJbHoro 

annapaTa H, B cnyqae rr11noTHpyeMoro noneTa, 

panHaUI10HHYJO 6e30TiaCHOCTb 3KHITa)Ka B Te­

qemre BCeH 3KCITe.[JHUHH. 



KpHTH'-IeCKHMH 3JieMeHTaMH KOCMH'IeCKO­

ro annapaTa, HaH6oJiee 'l)'BCTBHTeJII,HhIMH K 

peaKTOpHOMY H3JI)"-lemno, SIBJIRIOTC.sr 3JieKT­

p0HHhie CHCTeMbl. B HaCTomuee speMR npM-

1-n1MalOTCSI .nonycTMMhIMH CJienyiom11e pamrn­

UHOIIHbie HarpY3KH Ha JJieKTpOHHhie KOMilO­

tteHThl, np11Mem1eMble B KOCMH'-feCKOH Texm1-

Ke: 

- cpmoeHc He.il:TpOHOB (E 2 0, I M3s) Ha o6pa­

meHHOH K 51.3Y CTeHKe rrp116opttoro OTCeKa -

}0121/CM2; 

- rrornomeHHasr .u03a raMMa-H3JI)"-leHH51 -

5· 104 ... l 0 6 
pan (.UAA pa3JIM'-IHhIX KOMilOHeH­

TOB ). 

TaK)l(e O,llHl1M H3 Ba)l(HhIX Kp11Tep11es, 

BJIH.sIIOIUHX Ha KOHCTP)'KUHIO pa.n11au110HHOH 

3a:11{HThI, CJI~MT nonycTHMhlH yposeHh :rnep­

fOBhl,[leJieHH.sr s 6aKaX c )1(11,llKHM sonopo,noM 

OT IIOrJIOIUeHMSI peaKTOpHblX H3JI)"-leHHH. 

3 TOT ypoBeHb onpe.nem1eTCR KaK CHCTeMOH 

OXJra)l(,lleHJrn 6aKOB npernl.TCTBYJOIUeH 3aKH­

na:HHlO BO,llopona, TaK H CTeneHblO CHM)KeHJ,Uf 

3tteproBhI.lleJiemrn s sonopo.rce pamrnu110HHOH 

3alUMTOH. 

IlpH BhI6ope KOHCTP)'KUHH pamrnUHOHHOH 

3aIUHThI (KaK npaBHJIO, C )"-leTOM MHIDIMH3a­

UHH seca) rnaBHbIMH q>aKTOpaMH SIBJISIIOTC.sr: 

- TeIIJIOBa:51 MOIUHOCTh peaKTOpa H speM.sr pa-

60Tbl Ha 3HepreTH'leCKOM H nsuraTeJibHOM pe­

)lllMax; 

- paCCTORHHe OT peaKTOpa .IlO KpHTH'-IeCKMX 

T0 '-IeK; 

- reoMeTPM'-IecKHe napaMeTJ)hI peaKTopa; 

- 3HeprOBhI,[lenettHe B MaTepHanax 3aIUHThl. 

Onpe,neJIHIOllIHM IIO pan11au110HHhlM Ha:r­

PY3KaM Ha 06opy.nosaH11e 11 3Kima)K .srsn.sreTc.sr 

pa6orn peaKTopa Ha :rnepreTH'-IeCKOM pe)l(HMe. 

O .n.HaKo, ,D.BHraTeJihHbIH pe)KJ1M MO)KeT ilOTpe-

6osaTb ,llOIIOJillMTeJihHOH 3alUHTbI HJIH COOT­

BeTCTBYJOll.IeH CHCTeMbl OXJia)K,[leHH51 80,llO­

ponHhIX 6aKOB ,LI.JI51 npe.nornpameHH.H: 3aKHIIa­

HH.ir )KH,UKoro sonopo,ll.a. 

MaTepHaJibI pa,ll..11au110HHOH 3aIUHTbl ,[IOJI­

)i(HbJ o6Jia,[laTb BbICOKOH 3cpcpeKTHBHOCTblO IIO 

ocna6neHMIO IlOTOKOB HeHTPOHOB 11 ra:MMa­

l<BaHTOB 11 rrpH 6oJibllJOH TeIIJIOBOH MOll.IHOCTM 

p eaKTOpa - BbICOKOH TepMH'-IeCKOH CTOHKO­

CTbIO. Ilp11 3TOM OHH ,ll.OJI)KHbl 6hITb COBMeCTH­

MbJ C KOHCTP)'KUHOHHhIMH MaTep11anaMH. K 
liacTo.srmeMy speMeHM tta116011ee 11ccJie,nosatthI 

H pa3pa6oTaHbJ 6JIOKH 3all1HTbJ 113 CJIOeB rn.n.­

pH,ll.a UHpKOHH51 C no6aBKOH 6opa 11 rnnp11na 

JIHTHH. ,npynrM nepcneKTHBHbIM BapHaHTOM 

6JIOKa 3aIUHThI MOrYT 6bnh CJIOH rH,UpH,lla JIH­

nur c qepe,ll.osarmeM co cJio.srMH ypatta-238 

J,{Jlli BOITbcppaMa. 

reoMeTPH1-£ecK11 6noK pa.n11au110Httoil: 3a-

1UHThI HMeeT BH.[I yceqeHHOro KOHyca C npH­

MbIKa:IOIUHM K peaKTOpy MeHbll!HM OCHOBaHH­

eM. Bee OCHOBHhie CHCTeMhl KOCMHqecKoro 

annapaTa pacnona:ra10Tc.sr: BHYTPH TeHH KoHy­

ca, cpopM11pyeMoro 6JIOKOM 3aIUHTbI. Pacrnop 

Kottyca 3as11c11T OT n11oma.n11 3anunuaeMo.il: 

nosepXHOCTH H paccTO.srHIDI .rco Hee OT peaKTO­

pa. IlpH KOMilaKTHOM pacnOJIO)l(eHJm o6opy­

.nosaHH.sr (BKJIIOlia:.sr 80.llOPO.IlHhie 6aKH) 3TO 

paccTmIHHe MO)l(eT 6hITb 5 ... 10 M IIpH pacT­

sope Kottyca .no 30°. Ho B03MO)KHI,J sapHaHThI, 

npH KOTOpbIX peaKTOp C 3alllHTOH OTO,UBHraeT­

c.sr Ha cneuHanbHOH cpepMe ( CHCTeMa OTO,LI.BH­

)l(eHH.sr) Ha paccrn.srtt11e no l 00 M OT 3armuua­

eMoH IlJIOCKOCTH, B 3TOM CJI)"-lae pacrnop KO­

Hyca MO)KeT 6h1Tb 10 ... 15°. KaK OTMeqeHo B 

[ 11 ], B p.ir.ne CJI)"-laes B pe3yJibTaTe OTITHMH3a:­

UHH reoMeTPHH TeHeBOH 30Hbl He HCKJIIO'-IeH 

sap»aHT IlOCTPOeHH.sr HeCKOJibKHX TeHeBbIX yr­
JIOB, OpHeHnlpOBaHHbIX Ha pa3JIWIHbie 3aIUH­

maeMhie 061,eKThJ. 

TaKHM o6pa30M, xapaKTepHCTHKH 6JIOKa 

pan11aunoHHOH 3aIUHTI,I B 3Hal-fHTeJibHOH Mepe 

11tt.n11s11.rcyanhHbl )].JIR Ka)K,[IOH nocrnsJieHH0H 

3a,lJ,al-fH cxeMbl KOMIIOHOBKM KOCMJ,£qeCKOH yc­

Ta:HOBKH H ycJIOBHM ee 3KCrrnyaTaUHH. IlpH­

Mep xapaKTepHOH pa.n.Ha:UHOHHOH 3all.IHThl 

l0I3,nY [12] C 3HeproBblpa60TKOH ~ 700 

MBT·CYT npHBe,D.eH Ha p11c. 4. 

CD CD CD 

-------,1'-"1 ·1 

CD © 
P11c. 4. 6noK paJJ.11au110HHOH 3al.l.lHTbI: 

aKTHBHrul 3OHa, 2 - 60KOBOH OTpa)KaTenb, 3 
TOpU,eBOH OTpa)KaTeJTb, 4 - KOnneKTOp, 5 
o6e)].HeHHblH ypaH 6 - rHJJ.pHJJ. mITHJI 
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3aKJIIO'leHHe 

Pe3ynbTaTh1 np0Be,ue1rnoro 11ccne,uoBaHID1. 

no3BOJHIIOT yrnep)K,uaTh, lJTO peaKTOp HPfHT 

-M MO)KeT 06ecrreq11Th Ype6yeMbie Q)H3HYec­

KHe xapaKTepHCTHKH, R,UepIIyIO 11 pa,a11au110H­

HyIO 6e3onaCHOCTh KOCMMLieCKOH :rnepro,UBH­

raTenhHOH ycTaHOBKH TennOBOH MOIUHOCThIO 

300 KBT Ha :rnepreTHLieCKOM pe)KMMe M .umr­
TenhHOCThIO KaMnaHMH He MeHee l O neT. K 
,UOCTOHHCTBaM TaKOro pernemrn OTHOCRTCSI 

era MaCrnTa611pyeMOCTh 11 3KOHOMHYHOCTh B 

pean113aui-111. 
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IlpaBHJJa o<IJopMJJeHHH CTaTeii 

ITp11 nonroTOBKe CTaTbl1 B c6opH11K asrnp JlOJJ)KeH PYKOBOJlCTBOBaTbC.ll CTaHnapTOM 

" Op11nrnanb1 asrnpcK11e 11 TeKCTOBbie 113JlaTeJJbCKHe" (OCT 29.1 I 5 - 88). K aBTOpcKHM 

oplfnrnanaM, nepenaBaeMblM nmr H3JlaHH5l, npeJlb.llBJUUOTC5l cnenyrorrv1e Tpe60Batt1-U1: 

1. 3K3eMnm1p CTaTbl1 Jl0Jl)KeH 6b]Tb nepBblM, OTneLJaTaH Ha OJlHOH CTOpOHe Jll1CTa cpopMaTa A4 
mpmf>TOI\I N!! 12 L(epe3 2 HHTepBaJia. CTaTMJ JlOJl)KHa 6bITb COCTaBJJeHa B cnenyromeM nop5lnKe: 

HH)leKC Y)];K; 3arnasue; HHHI..UtaJibl H <l>aMHJlllH aBT0pos; MeCT0 pa60Tbl Ka:lK,lloro aBTopa C 

U0lfT0BblM aJJ,pecoM; aHH0TaU.HH (He 6oJiee 10 CTpOK); KJIIOlfeBbie CJI0Ba Bee 

Bbill..lenepeq11cJJeHHOe Ha pyccK0I\I H a(ffJIHHCKOl\t HJbIKax; TeKcT; CTil1COK n11TepaTypb1· Ta6JJl1l.{br 

pHCYJ{KH; nonpHCyttOqHbie IIOJlIDICH (Ha OT)leJJbHOM JIBCTe). 

2. CTaTb5l JlOJJ)KHa TaK)l(e npenocTaBJUITbC5l o65l3aTeJibHO B BH)],e JJieKTpOIIHOU Bepc1rn 

o6hllfHblM 1..1..1p1t<l1TOM N!! 12 Times New Roman, Me:lK,llyCTpOlfHblH HHTepBaJI - 0)],HHapHbIH, B 

penaKrnpe Word 97 HJJH 6onee no3wrnx Bepc11i1. TeKCT He cpopMarnpyeTc5l, B Kaqecrne 11Me1-rn 

cpaifoa ncnoJJh3yeTC.ll <DMO nepBoro aBTopa CTaThl1. KaBbilfKH B TeKcTe CTaB5lTC5l npn anrJIHHc1rnit 

pacKJiaJJ,Ke KJiasuaTypbl (' .. "). 

3. Conep)KaHHe CTaTbH JlOJ])l(HO 6h]Tb KpaTKHM 11 qeTKHM. McKmoqaIOTCH o6mwe paCC)')KJleHH.ll, 

u3secTHb1e noJJO)l(eITTrn. He nonycKaeTc.ll ny6n11posamie MaTep11ana B TeKcTe, Ta6mnwx, 

nonpncyirn4Hb!X Ha)lTIHC.lJX. Heo6XOJlHMO co6n10naTb en1rnoo6paJHe B HanHcaHHH TepMHHOB, 

HaHMeHoBaHl1H <pH3J1l:IeCKHX Bem1q11H 11 e}lHH11U H3MepeHH5l, yeJJOBHbIX o603Ha4eHHH, COKpamemIH, 

eHMBOJJOB. Ha11MeHOBaHI15l H o603Ha'ieHH5l e)lHHHU: QJH3HqeeKHX Ben11q11H Heo6XOJlHMO rrpHBOJll1Tb B 

cweTeMe CM. 
Heo6xonHMO o6pamaTb BHHMam1e Ha uamtcaHne nponHCHblX H CTp0lfHblX 6yKB: pyCCKHe H 

rpelfeCKHe 6yKBbl (a, p, y, q> H T.JJ,.) Ha611pa10TCH npHMO, a JiaTHHCKHe (x, y, z, w n T.JJ,.) -

KypCHB0M. Te )Ke TPe6oBaHH.ll B o603Ha4eHH.lJX Hy')KHO eo6monaTb npH Halll1ea1-11111 HR}leKCOB 11 

eTeneHeH B cpopMynax. O60111aqeHJUI MaTpnu. H BeKT0p0B ua611pa10TCH Il0JIYiKHpHbJM 

mpn<l>TOM npHM0. <DopMyJibr, BKJJJOqeHHhie B TeKeT, enenyeT tta6HpaTh 6e1 ysen11qemrn 11HTepsana 

Me)K}ly eTpoKaMH, HarrpHMep bid, exp(x/e). 

4. Ta6mn.{bl 1-1YMepyroTC51, Ka:lK,llaH Ta6JIHUa )],0JIJKHa HMeTb 3aroJI0B0K. CoKpamemrn B 

rpacpax Ta6JJJ1'Ubl He nonyeKaIOTC5l. B TeKeTe He06XOJll1l\1hl CehIJJKH Ha Bee Ta6JJHUhl. Ka:lK,llaH 

Ta6JIHU.a nelfaTaeTCH Ha 0T)],eJibH0M JIHCTe, a B JJieKTp0HH0M BUJJ,e npeJJ,CTaBJIHeTCH B 

0TJJ,eJibH0M <l>aiiJie. 

5. <DopMynhI 11 6)'KBeHHbJe o603HaqeHH51 BeJJ11q11H .l{OJJ)l(Hbl 6hlTh paJMeqeHbI H cpa3y 

pacurncppoBaHhl. <DopMynhI HYMepyroTC51 apa6CKl1Ml1 u11cppaMH, HOMep CTaBHTe51 C npaBOH eTOpOIIbI 

n11eTa B KpyrnhIX eKo6KaX. HyMepoBaTb CJieJJ,yeT T0JJbK0 Te <l>OPMYJibl H ypanuennH, Ha 

K0T0pble eCTb CCblJJKa B nocJien;yromeM HJJJ0JKeHJIH. cDopMyJJhl BbIIlOJ1H51IOTe5l B penaKTOpax 

E quation 3.0 HJJH MathType np11 HeB03MO)KHocrn Ha6opa Ha KJJas11aType (x~,y;,, J; f x, _!_ H T.Jl.). 
0 .l' 

IToncTp04HbJe 11 HaneTp0'-1.Hb]e I1H.l{eKChl BBO)lHTe5l C KJJaBHaTyphl (x3, KM
2 

H T.Jl.), rpeqecKHe 6yKBhl 

BeTaBJJ51IOTeH qepe3 MeHIO BcmaeKa ~ Cl/ALBOR . 

6. B TeKeTe eTaThH pHeyi-IOK o6513aTeJJbHO npeneTaBJJ51eTe51 Ha OT)leJlbHOM JlHCTe cpopMaTa He 

6on ee A4. Ha p11CyttKax .uonycKaeTe5l MHHHMa.JlbHOe 'iHeno o603Ha4eHl1M - KpaTKHe uncppOBhie (no 

nop51JlKY HOMepoB enesa Hanpaso HJJH no qaeoBoi-i eTPeJJKe) 11n11 6YKBeHHbie o6o3HaYemrn. Bee 

Il05leHeHIDI BbIHOe5lTe51 B nonpHeyttoqHhie nonn11e11. Ha o6opoTe Ka)l(.l{OI'O pHeyttKa )'KaJhIBalOTC5J 

cpaMHJJHH aBTOpOB, HaJBaHHe eTaTbH, HOMep pHCYJ{Ka, o603HaqeHH5l Bepxa 11 HH3a. BnyrpeHHHe 

naJJ,IlltCH Ha pucyuKax Ha611pa10TCH I..I..IPH<l>TOM N!! 11. BHH3Y Ka)Knoro pHeyttKa Jl0Jl)KHh1 6b1Th 
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np1,rne,ueHhl ero HOMep H noJJ,pHcy1-1ottHaH DOJlfiHCb wpH<l>TOM .N!! 11. IlpH HaJIH'-IHH HeCKOJihKHX 

pa3JIH'-IHblX rpaqrnKOB Ha O,llHOM pHC)'HKe Ka)KJlhlM H3 HHX o6o3Ha'-IaeTC.H pyccKHMH 6y1rnaMH a), 6), 

B) H T.,ll. H pacurn:cppOBhIBaeTC.H. 

B KOMfiblOTepHOM BHJJ,e pucymrn npe}lCTaBJIHIOTCH B OTJleJibHblX <l>aiiJiax, BbIDOJIHeHHbie B 

rpacp111:1ecKHx pe.uaKrnpax Paint, PhotoShop, Core/Draw B qepHo-6enoM uBeTe (cpornrpaq:nn1 B 

pacTpOBOM cpopMaTe tif, dpi-300). PHC)'HKH B Word He BCTaBJI.HTb KpOMe crryqaeB, Kor.ua pHC)'HOK 

H3Ha'-laJihHO BhmoJIHeH B Word. 

7. CcbIJ1KT1 Ha JIHTepaTypy B TeKCTe ,U3JOTC.H no rrop.H,UKY apa6CKHMFI J.OiqJpaMH B KBa.upaTHbIX 

CK06Kax. CnHCOK JIHTepaTypbl COCTaBJIHeTCH B TOH ,ice nocJie,ll.OBaTeJibHOCTB, B KOTOpOH 

rrpHBO,ll.HTCH CCblJIKH Ha JIHTeparypy. <l>aMHmrn H HHJ.iUHaJll,l 3BT0pOB Ha6HpaIOTC.H IlOJI)')KHJ)HbIM 

KypCHBOM. 

8. CnHCOK JIHTepaTypbl cne.uyeT ocpopMJI.HTb B COOTBeTCTBHH C rocy.uapcTBeHHhIM CT3H,llapTOM 

"EH6JmorpacpHlfeCKa.H CCbIJIKa" (fOCT p 7.0.5-2008), B '-13CTHOCTH, Heo6XO,llHMO )'Ka33Th : 

a) ,UJI.H )l(ypHaJII,HbIX CTaTeH - cpawrnHH H HHHI{HaJibI 3BTOpOB (He MeHee rpex rrepBbIX), 

Ha3BaHHe CTaTbH, Ha3B3HHe )l(ypHana (6e3 KaBbPieK), ro.n, TOM, BblllYCK, HOMep, crpaHmI.bI; 

6) ,llJI.H KHHr - cpaMHJIHH H HHHI{HaJibl aBTOpOB, IIOJIHOe Ha3BaHHe KHHrH, MeCTO 113,UaHH.H, 

H3,llaTeJibCTBO (6e3 KaBbI'-IeK), ro.u H3,UaHIDl; 

B) ,UJJ.H 3BTOpecpepaTOB ,llHCCepTaU:HH - cpaMHJJJUO H HHHI..UiaJibI aBTopa, Ha3BaHHe aBTOpe<pepaTil 

,llHCCepTaru,rn, Ha COHCKaHHe K3KOH yqeHOH CTeneHH HanHCaHa ,llHCCepTal.{H.H, MeCTO H ro,n 3all.{HThl; 

r) ,llJJ.H npenpHHTOB - ¢aMHJJHH 11 liHHUHaJibI aBTOpOB, Ha3BaHHe rrpenp1rnTa, HaHMeHOBaHHe 

H3,llaIOI..UeH opraHH3au1rn, umcpp H HOMep, MeCTO H ro.u H3,UaHHH; 

.u) .UM naTeHTOB - cpaMHJJHH H HRHl.{HaJibl aBTOpOB, Ha3BaHHe IlaTeHTa, crpatty, HOMep H Knacc 

naTeHTa, ,uaTy H ro.n 33.HBJJeHHH H ony6nHKOBamrn naTeHTa; 

e) .lJ.JUI. OT'-leTOB - cpaMHJJHH H HHII.IlHaJibl aBTOpOB, Ha3BaHHe OT'IeTa, HHBeHTapHbIH N!!, 
HaHMeHOBaHHe opraHH33UHH, ro.u BbIIIYCKa; 

)I() JJ,JIH 3JleKTpOHHblX HCTO'IKHKOB - IIOJIHblH 3JieKTpOHHblH aJJ,pec (BKJIIOttaH ,!J,aTy 

o6paUJ,eHHH K IICTO'IHHKY), IT03BOJJ.HIOI..UHM o6paTHTbC.H K ny6JIHKaI{HH. 

9. B KOHUe TeKCTa }'Ka3bIBaeTCH KOHTaKTHa.H HH<l>OpMaU:HH O Bcex aBTOpax CTaTbH: 

«i,al\1HJIHH, HMH H OTtteCTBO (IIOJIHOCTblO), JJ,OJl,KHOCTb, TeJie«i,01-1, e-mail H no )l(eJiamuo aBTOpa -

,noMal.lIHHM no'-ITOBbIH a.upec. 
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