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E. H. Hukynuna, B. . CeepuH

HauoHaibHbI TEXHNHECKUI YHUBEPCUTET «XapbKOBCKUY
MOJINTEXHNYECKUI UHCTUTYT»

MHorokputepumanbHbI
CVHTE3 CUCTEM
ynpaBeHUS
PeaKTOPHOWM YCTAHOBKW
NyTeM MUHUMUN3ALNN
NHTErpaibHbIX
KBagpaTUYHbIX OLLEHOK

PaccmatpuBaeTcs MatemaTndeckoe MOAeINPOBaHNe CUC-
TeM aBTOMAaTHU4YeCKOro yrpaB/eHWs] peakTOPHOM YCTaHOBKU
BBOP-1000 ¢ pasiniHsiMu TUnlam peryiistopoB. PaspaboTaHs!
JIMHEMHbIe MOAe/IN CUCTEeM YApaBeH s Terna0BoA MOLIHO-
CThi0 AepHoro peaktopa BBOP-1000. lNpuBeaeHb! pe3ysibTaTht
MHOMOKPUTEPUAIEHOIO CUHTE3a CUCTeM YrpaB/ieHUs Ternao-
BOJ/ MOUHOCThIO SaepHoro peakrtopa BBOP-1000 nytem mu-
HUMN3ALNN YITYYLLIEHHBIX MHTerpasibHbiX KBaapaTU4HbIX OLIeHOK.
PaspaboTaHbl IMHeHbIE MOAe/IN CUCTeM YrpaB/IeHs Mpon3-
BoAUTeIbHOCTLIO naporeHepartopa [MMB-1000. lNMpoBegeHb
VAeHTUGUKaLIMS Y MHOTOKpUTEeprasibHas ONTUMMN3aLMNST CUCTeM
YrpaB/IeHYIS NPON3BOANTEILHOCTHIO NMaporeHepatopa [ 1 B-1000
C pas/INYHbLIMU TUMaMu Pery/asaToposB.

O. M. HikyniHa, B. I'l. CeBepuH

BaraTokputepiaZlbHUA CUHTE3 CUCTEM YMNpaBliiHHA peak-
TOPHOI YCTaHOBKM LLASIXOM MiHIMi3aUji iHTerpaasHUX KBaA-
PaTUYHUX OLLIHOK

Poarngnaerbcs MareMaTndHe MOAe/ioBaHHs CUCTeM aBTo-
MaTUYHOI O YrpaBJliHHS peakTopHoi yctaHoBkn BBEP-1000
3 PIBHUMY Turamy peryasaTopiB. Po3po6jieHo JiHitHI Moaesi
CUCTeM yrpaBJiiHHS Ter/IoBOIO MOTYXKHICTIO IAePHOr0 peakTo-
pa BBEP-1000. HaBefieHo pe3y/ibTatn 6aratoKkpuTepiaibHOro
CUHTe3y cucTeM YApaBJTiHHS Ter/IoBOIO MOTYXKHICTIO A€ PHOIo
peakTopa BBEP-1000 wwiisxomM MiHIMI3aLli NOKpaLLeHux iHTer-
pasbHUX KBaAPAaTUYHUX OLIHOK. Po3pobieHo niHitiHi moaesi
cUCTeM yripaB/liHHS MPOAYKTUBHICTIO NaporeHepatopa [ B-1000.
BukoHaHoO igeHTugikaliro i 6aratokpurepiajbHy onTumisadilo
CHCTEM YripaBJliHHS MPOAYKTUBHICTIO NMaporeHeparopa 1 B- 1000
3 PIBHUMU TUramMu perysTopis.

Aodepna ma padiayiuna 6esneca 2.2009

HCTEMBI YITPABJIEHUSI pEaKTOPHOI YCTAHOBKH JIOJIK-
Hbl YJOBJIETBOPSITh MHOTOYMCJIEHHBIM TpeboBa-
HUSIM 110 0€301MaCHOCTH, HaJe)KHOCTU U KaueCTBY
nporneccoB [1—4]. OgHa M3 OCHOBHBIX HAyYHBIX
3a/1a4y CO3/aHUsI CUCTEM aBTOMATUYECKOIO yIpaB-
sieHust (CAY) ycTraHOBKM — 3aj1aua MHOTOKPUTEPUAILHOTO T1a-
paMeTpuuyecKkoro cuHtesa cucteM. OCOOEHHOCTSIMM 3TOM 3a1a-
YU SIBJISIIOTCSI BIIMSIHME Ha MOKa3aTeJIM KayecTBa CUCTEM yIpaB-
JIGHUsI peaKTOPHOI yCTaHOBKM MHOTHX KOHCTPYKTUBHBIX Iapa-
METPOB, MaTeMaTUYECKHWe MOJEIM BBICOKOTO TMOpsiiKa B BUJIE
cucteM auddepeHimanbHbix ypaBHeHuit (CIY), Cl0XHOCTb
oripejieJieHUs 3HaAUYeHW TTapaMeTpoB C YYETOM YCJIOBUI (pusu-
YeCKO#l 1 TIPAKTUIECKOI pealn3yeMOCTH IpoieccoB [5—7].

OOGBIYHO METO/IbI TTAPAMETPUUYECKOT0 CUHTE3a CUCTEM yIpaB-
JICHUSI OCHOBaHbI Ha CYIIECTBEHHOM CHMXXEHUM TMOpsiiKa MO-
JieJield CUCTEM M MCITOJIb30BAaHUM YIPOILEHHBIX KPUTEPUEB Ka-
yecTBa |8, 9]. [Ipu1 a3TOM TeopeTUyeCKM IOJTydYeHHbIC 3HAYCHUS
rnapamMeTpoB MOJIeIM, KaK MpaBujio, He o0ecreurnBaloT xejae-
MBIX TTPOLIECCOB B peasibHOii cucteme. LlenecooOpasHo aist uaeH-
TUhUKAIIMYA MOIEJIei UCTIOIb30BaTh JaHHbIE IKCIIEPUMEHTOB 110
WCCJIe0BaHUIO JTUHAMUKU TIpolieccoB yrpasieHus [10—12].
VY3KUM MecToM MapamMeTpruyeckoro CMHTe3a CUCTEeM yIpaBJe-
HUS SIBJISIETCSI HEJOCTAaTOYHOE MPUMEHEHWE YMCIEHHBIX Me-
TOMOB VI ONITUMHU3ALIMU TTOoKa3aTeseil KauyecTBa, 00yCIOBJICH-
HO€ OrpaHUUYEHHOI 00acThio orpeeneHus rmokasaresieit. Cy-
IIECTBEHHOTO TOBBIIIEHUS KayecTBAa MHOTOKPUTEPUATbHOTO
CHHTE3a CUCTEM MOXHO JOCTUYb BEKTOPHOI ONTUMM3ALIUEN T10-
KazaTeJiell Ha OCHOBAaHUWU TOIIArOBOTO MMOIX0/1a MOC/Ie10BaTe b-
HOTO BBITTOJTHEHUSI TpeboBaHuit K cucteMe |13, 14]. Takoii mox-
X0/l ToKasaj CBOI0 3(M(EKTUBHOCTH MpPU TMapaMeTpUYeCcKOM
CHHTE3€ CUCTEM YIIPaBJIEHUSI HEUTPOHHOI MOIIIHOCTbIO PEaKTO-
pa ¥ YpoBHEM BOIbI B maporeHepaTtope [15, 16]. B c¢Bsi3u ¢ atuMm
BO3HUKAET HEOOXOAMMOCTh B pa3pabOTKe MOJEJIeil 1 METO0B
MHOTOKpUTEepHUATbLHOTO TlapameTpuieckoro cuHresa CAY pe-
aKTOPHOM YCTaHOBKM, OCHOBAaHHBIX Ha METOJaxX ONTUMHU3AlIUU
rokasarejieii KauecTBa CUCTEM YIpaBJICHUS, KOTOpasi U oIipe-
JeJIIeT aKTyaJbHOCTh JTaHHOU pabOThI.

JlnHaMuueckue CBOMCTBa peakTopHoi yctaHoBKM BBOP 3a-
BUCAT OT ee JoKanbHbIXx CAY — mepcnektuBHOoil CAY Termio-
Boit MoitHocThio (CAYTM) sinepHoro peaktopa, CAY npowus-
BoautenbHOCThIO (CAYIT) maporeneparopa u ap. [3]. st yiyu-
IIeHUsT TUHaMu4eckux cBoilcTB CAY peakTOpHON yCTaHOBKHU
npejjaraeTcsl ONTUMU3UPOBATh YJIyUllIEHHbIE WHTErpabHbIC
kBagparuuHbie olleHkU (MKO) matrematuueckux moneneit CAY.

Lenb craTbd COCTOMT B MaTeMaTU4YeCKOM MOJIEIMPOBAHUU
CAYTM u CAVII peakropHoit ycranHoBku BBOP-1000, a Takxe
ontumuzanmu ux MKO. PaccmarpuBaercsi MHOrokpurepuaib-
HbI1 ipuHLIUIT opmupoBaHus yiaydiieHHbIx MKO; puBosasiT-
Csl BEKTOPHBbIE 11eJieBble (DYHKIIMU JIJIsi CUHTE3a CUCTEM YITpaBJie-
Hus ryteM MuHuMu3amu MKO, matemaTuyeckoe MoieImpoBa-
HUE 3JIEMEHTOB peakTopHo# yctaHoBkM BBOP-1000, ee CAYTM
n CAVII ¢ pa3mnmyHbBIMU TUIITAMU PETYJISITOPOB, a TAKKE PE3YJIb-
tatel cuHTe3a CAYTM. Bumonnsercs nnpentudukannss CAYIT
10 3KCIIEPUMEHTaIIbHBIM TaHHBIM [10] 1 ee cuHTE3.

yﬂy‘-lLlJeHHble UHTerpasibHble
KBaapaTU4iHble OLeHKN

Ilycte y(x,t) — nepexonHas byHkuusa CAY, 3aBucsias ot
BEKTOpa IIEpEMEHHBIX MapaMeTpoB x € RP 1 MacirabupoBaH-
Has: ¥(x,0)=0, v(x, o) =1. [1o oTkioHeHU0 z(X,1) = }(X,00)—
—y(x,t) chopmupyem mpocretitryro MKO otknoHeHus
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Jo() = [[2(e.0]” dt. (1)
0

Munnmuszanug sTtoii KO mpuBoguT K mepeXomHBIM IIpoliec-
caM ¢ GONBIIMMM 3HAYESHUAMHU MepeperyINpOoBaHMs U TTOKa3a-
Tenelt konebareapHoCcTH [8]. 1 yMEHBIISHUS 3THX 3HAYSHUI
ucrionb3ytor MKO nmponsBogHbIX OTKHOHCHI/ISI

sz(x t)

dr. 2
o 2)

Jp(x) = j

MuHyMHu3anysg Takux I/IKO MIPUBOIUT K ITEPEXOTHBIM IIPO-
meccaM ¢ OOJIBIIMM 3HAYESHUEM BPEMEHU peryJIupoBaHus [8].
Takum obGpasoM, yacTHbIe KpuTepun KadectBa CAY (1) u (2)
TIPOTUBOPEYMBEI. PellleHre MHOrOKpUTEpHUaIbHON 3aa4M OITH-
MU3ALUU KpUTepreB KavecTBa (1) u (2) B BUIe KOMIIpOMHUCca UX
TIPUMEHEHUS MOXET OBITh TOCTUTHYTO MCIIOIb30BAHNEM CBEPTKU
STUX KPUTEPUEB U IIEPeXOIoM K MUHUMM3aLMHY yiayulireHHoM MK O:

J(x)=Y (%), (3)

IIe ¢; — BECOBBIC KO3(MDMULIUEHTB! CBEPTKY, OT BEIOOpa KOTO-
PBIX 3aBUCUT KAueCTBO ONTHUMAJIBHOIO IIEPEXOMHOrO Ipoliecca,
TIOJTyYeHHOT0 MUHUMU3aLUe oLleHKH (3). DTy OLIeHKY MOXKHO
3arucaTh B TaKoM Buze [9]:

J(x)=1(x)+C, 4)

rae
A 2

ol ]
I@=[| XwaP | de )
oLk=0

C — mocTosHHAS; Wy (k =0,/ ) — BecoBble KO3(hbULIMEHTBI 3ToM
OLIEHKH, KOTOpPbIE OTHO3HAYHO OIpENessTIoTesl KoadbduimeHTaMu
OLICHKH (3); zt(k ) (x,1) — TPOM3BOMHBIE OTKJIOHEHNS I10 BPEMEHU.

Vayumennas KO (5) takke mpencTaBiseT KOCBEHHBIN
ToKa3aTeIb KauecTBa IMepexoaHbIX IpoleccoB B CAY, HO nMme-
FOLIUM TTPEUMYIIIECTBO MePe OLIEHKOM (3), TTOCKOJIBKY €ro Beco-
Bble KO3 OUITMEHTBI MOXHO HAIIPSMYIO CBS3aTh C KeIaeMbIM
Ka4ecTBOM OINTHUMAaIbHOIO ITpoliecca. PazpaboTaHbl airopUTMBbI
BeruuciieHus MKO (5) [14].

PaccmoTprM cTaHmapTHYyIo nepeaTouHyo dyHKImo W (s) =
= 1/ (s +1), KOoTOpolif COOTBETCTBYET 3KCITOHEHITMAIbHAS TTEPEXO-
Hasg QYHKUUSA J,(f) ¢ U3BECTHBIM BPEMEHEM DPETY/INPOBAHMSI
fy =3¢ Tpu 30He ycTaHOBUBLIErocs 3HaueHus 0,05. 3agagnum xXe-
JITaeéMoe BPEeMSI PETYJIMPOBAHUS [, , BEIUMCINM KO3(DUINEHT U3-
MEHEHUS MaclluTaba BpeMeH! W =1, / fy ¥ OIpeIe/INM MepefaToy-
Hyto dyHKIIO W, (S5) = 1/ (ws+1), KOTOpOI1 OTBEYaET 3TAJIOHHAS
niepexoqHast yHKums y,(F) = v, (t/ W) € KeJIaeMbIM BpEMEHEM pe-
rympoBaHus f, . BrmsocTs MaciTaGupoBaHHON U 3TAJIOHHOM TIe-
pexonHbIxX yHKmMi onpenenster KO (5) eporo nopsiaka ¢ / =1

oz(x, t)}

I(x)= j [z(x H+w (6)

AnanornyHo 3agaguM KO Broporo ropsiaka o dhopmyie (5)

npu [ =2

2
a0 2
oz° (x,1)
J(x)zj Z(x.0) +w, i
0 ot
e BecOBbIe KOI(DMUIIMEHTEI Wy U W, OIPENETISIIOTCS 10 U3BECT-
HOU CTaHAAPTHOM IepeaaToyHoM (YHKIIMU BTOPOro IOPSIKA.
Vnyuirennas KO (5) ompeneneHa B 0671acTH yCTOMYUBO-
ctu CAY, 3amaHHONM HepaBeHCTBAMU

oz(x,1)
S+ w dt,

4

o, ()>0, i=0n; pp(x)>0, k=2.n-1, (8)
roe o;(x) — KoabdUILIMEHTHl XapaKTepUCTUIECKOTO YPaBHEHUS
CAY; py(x) — amemeHTHI IepBoro cronbua tabmumier Payca;
n — mopanok CAY.

CremoBaTeNbHO, 3aJa4X MHOTOKPUTEPUATIBHOTO TTapaMeTpH -
yeckoro cuHTe3a CAY cBomarcd K 3agayaM BEKTOPHOMN ONTH-
muzauum ynyuineHHo KO (5), Koropas orpenesieHa TOJBKO
B obmactu ycroitunBoct CAY. Ha ocHoBe IolraroBoro mom-
Xolla IJIg TTOCJEAOBATEIbHOIO y4eTa OrpaHMYESHUM ob6acTu
YCTOMYMBOCTU (HOPMUPYIOTCS BEKTOPHBIE liejieBble (hYHKITUN
KPUTEpUEB KayecTBa CHUCTEM YIIPABICHUS B BUAC ABYMEPHOM
bynkumm F(x) = (£7(x).£5(x)) : mepBast mpoeKuus GyHKIUH OIT-
penenseT ypoBEHb OTPaHUUYEHMS, a BTOPAd MPOSKIIUS COCTaB-
JISETCS T10 TIPUHITUITY JTeKCUKOTrpadUIecKol 3a1aui ONTUMU3a -
muu [13, 14]. Takum obpasom, misg muaumusauuu MKO dop-
MUpPYeTCSI BEeKTOpPHas (byHKIIWS:

(0: P(x)).

F(x)=9k;—pp(x), xeH,, k=1,n-2, (9)
(n-1,1(x)), xeH,,,

e P(x) — BHewHgd mrpadpHasg GYHKIUI HEOOXOOUMBIX YCIIo-
BUit ycroitumBocTH; f1;, — OGNacTh YPOBHSI OIpaHUYCHHUS, IJIs
000 TOYKM KOTOPOM BEITOJIHEHO K TIEPBBIX OrpaHMUYSHUI,
a cIIeyIollee orpaHrMdYeHre ¢ HomepoM K +1 Hapymreno. Cocras-

nsrolye aTol pyHKumM: [(x) — YHKIMS ypOBHS (KOIUYECTBO
BBIITOJIHEHHBIX OIPaHMYCHUI), /%5 (x) — dyHKIws mrpada.

B ciyuyae CAY ¢ omHMM ITepeMeHHBIM MapaMeTpoM Mapa-
METPUYECKUN CHUHTe3 GyIeM BBIMTOMHATh 3(HEKTUBHBIMU BEK-
TOPHBIMU METOJAMH OTHOMEPHOI'O TIOMCKA — agalTalliy I1ara
(ALL), neneHreM orpeska norosnaM (2) 1 3070TbIM ceueHUEM
(3C) [17, 18], a B cityyae HECKOJIBKHMX TTEPEMEHHBIX — BEKTOP-
HbIM MetopoM Henpmepa—Muma (HM), BeKTOpHBIM METOZOM
Bpoitnena—®neruepa—Tlonpapapba—Illanno (BPITI) ¢ amar-
Tauel 1ara U BeKTopHBIM MeTonoM HeroroHa—Padcona (HP)
¢ ajanranueii mara [19].

xe Hy,

Mopenu cucrem ynpasJieHns
TenJoBoiA MOLLHOCTbIO peakTopa

HeliTpoHHasT MOIITHOCTD SAEPHOTO peakTopa, BXOAMAIIETO
B CAY TeIIoBoil MOIITHOCTH, PETYIUPYETCST PEryIsITOPOM Hell-
TPOHHOU MOIIIHOCTH C TIOMOIIIBIO TTPUBOJIA ITOIVIOIIAIOIINX CTEp-
kHelt. TermoBass MOIIHOCTD PETYJIUPYETCS PEryJIsITOPOM Tell-
JIOBOM MOIITHOCTH, Ha BXOI KOTOPOIO ITOCTYITaeT CUTHAJ OG-
KU, GopMUpYIOIINICS CUTHAJIaMU C AATYUKOB TeMIIepaTyp.
CTpyKTypHast cxema JIMHEHMHOM CUCTEeMBbI yIpaBJICHUS TEIUIO-
BOI MOIIIHOCTBIO peaKTopa IpeAcTaB/IeHa Ha puc. 1.

CTpyKTypHast cXeMa BKJIFOYaeT CyMMAaTOp, PEryJsTOp Tell-
JoBoit MotrHocTy (PTM), Mozmenb cucTeMbl aBTOMaTUYECKOIO
YIIpaBIeHUS HEUTPOHHOM MOIITHOCTBIO peaKTOpa M OTPULIATE b=
HyIo obpaTtHyIo c¢Bsa3b. Ha Bxog CAY momaercs ycraBKa MOIIHOC-
TH ¢, , BEIXOIOM SIBIISIETCS] KOOPAMHATA TETJIOBOM MOIIHOCTH ¢, .
Tekyliee 3HaYeHWE TEIUIOBON MOIIHOCTU MU3MEpSETCs AaT4u-
KOM U OTpULATEIbHON 0OpaTHOI CBA3BIO ITOAASTCS Ha CyMMa-
TOp, GOPMUPYST CUTHAJT OLIMOKU:

€=¢q, —4q,- (10)
Owmbka moctymaer Ha Bxog PTM ¢ mepegaToyHoi GyHK-
uueit W, (f), KOTOphIH 1o 3aJaHHOMY 3aKOHY PEryIMpOBaHUS
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PTM

Wels }I

Puc. 1. CrpykrypHag cxema CAYTM
dopmupyeT yIpapsollee BO3ACHCTBIE, COOTBETCTBYIOIIIEE YCTABKE
HEHTPOHHOI MOIITHOCTH V. YIIPaBJISIOLLIEe BO3AEHCTBHE TOAAET-
cs Ha PETYJIATOP HEMTPOHHOM MOIIHOCTH, U3MEHSET BEKTOP €ro
COCTOSTHMSI, U3MEHSIS TEIUIOBYIO MOIIHOCTb PEAKTOpa g, .
Hatinem KoabduuueHT mepexona k£, OT OTHOCHUTEIBHON
TEMIIepaTypbl TEIUIOHOCUTENS O, K OTHOCUTEIBHON TEILIOBOM
MOIIHOCTU ¢, : ¢, =k,0,. 3 popMysbl oTHOCUTENBHOI Tem-
JIOBO#1 MoOIIIHOCTH [7]

_o
qr - 5
Qo
rac Qr — TCIUJIOBasI Harpys3ka AKTUBHOU 30HBI, QO — MOILI-

HOCTb peakTopa B HOMHHAJIBHOM PEXUME.
OrnpeznenuM TEIUIOBYIO Harpy3ky (), Kak

Qr = chrtroer >
Tace ¢, — YAC/IbHaA TCIVIOCMKOCTDb TCIVIOHOCHUTCIS B AKTUBHOMN
30HE, Gr — MAaCCOBBIN pacxonq TCIVIOHOCUTEIIA Yepe3 peaK-

TOp; t,y — 3HA4YEHME CpelHEN TEeMIEepaTyphbl TEIJIOHOCUTENS
B HOMHMWHAJIBHOM PEXKUME. OTCIOI[a
i CrGrtrO
o .
Y

ITocTpoum MateMaTuueckue Momenu CAY TeIu1oBoM MoIII-
HOCTHU peakTopa Ha ocHoBe JTuHeltHoi CAY HeHTpOHHOM MOIII-
HOCTBIO peakTopa ¢ ABYMS TPYIIaMM 3alla3abIBArOIINX Hel-
TPOHOB [16] ¢ pa3sINYHBIMU PETYJIATOPAMU B BUIE

d‘XHc
dt
IIe MHIOSKC ¢ COOTBETCTBYET THUITY PETY/IATOpa.
Monenu CAY c I1U peryasTopoM IOCTPOUM MO MOAEIISIM

CAY HeMiTpoHHOU MoIHocThio [16] u T peryngropa mpu
VS = uP + u] .

= AHC‘XHC +Bchrs 5 qr = CHCXHC ) (11)

dX
TtN = Ay Xy + By Kpp(qs —Cy X )+ Bytigy .
du

dj;[] = 2pg (G = Cn Xy

4 =Cy Xy (12)

O6’b€£[I/IHI/IB IICPEMCHHBIC COCTOAHUA, ITOJIYUYUM:

T
X=Xy ugr) o Crpi=(Cy 0),
. Ay —KppByCy By _[&upBy
Hpi _XH]CN A Hpi XH] . (13)
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WccrnenoBaB ycTaHOBUBIIUNCS pPEXUM, OIPEACIUM
q,(©)=q,,, T. e. CAY c I1M peryasTopoM sBIsETCS acTaTU-
YyecKol cucTeMoit. AHajoruyHo roctpoeHsl Mogenu CAY ¢ npy-
TUMU TUIIAMU PETYJISATOPOB.

CuHTes cuctemMm ynpaBneHuUs
TenaoBoii MOLLHOCTbIO peakTopa

B monenax CAYTM peakropa (11) — (13) 3sHaueHus ma-
PaMETPOB PETYJISITOPOB SIBISIIOTCS HEU3BECTHBIMU BEIWYMHA-
mu. HaiineM ux myTeM onTUMU3aliiy BEKTOPHOM 1ie/IeBOl (DyHK-
unn (9) ¢ MKO nepsoro nopsinka /=1 (6). B cepun npensa-
PUTENBHBIX BBIYMCIUTEIBHBIX 3KCIIEPUMEHTOB [0 MUHUMU3a-
nuun MUKO onpenenum 3HaueHUE BPEeMEHHM 3TaJIOHHOTO
npouecca f, wig CAYTM c pasmu4HBIMU PETyISITOPaMU, CO-
OTBETCTBYIOIlee MOHOTOHHBIM IIEPEXONHBIM ITpolleccaM 6e3
TepeperyIMpOBaHUS ¢ MUHUMATbHBIM BPEMEHEM PETYIMPOBaHMUS:
s IT u I perynsaropos f, =30c, m1gs U u U] peryasTopos
t, =100 c, g ITN u ITU] perynaropos ¢, =50 c. PesyapraTe
muHuMEI3annu MKO CAY TerioBolf MOIITHOCTBIO peaKTopa C
11, 1, 1IN, 114, A, [T peryaaropaMu IpeacTaBIeHBI
BTabi. 1 ¢ yKazaHMEeM MeTola ONTUMU3AINN, KOIMYECTBa BbI-
yyciaeHuit pyHkimn N £ » MUHUMAJIBHOTO 3HAYCHUS HKO 77,
ONTUMAaJIbHBIX 3HAYSHUI TTapaMeTPOB PETyIITOPOB K;[P, k;[],
x;ID U COOTBETCTBYIOIIIETO UM BPEMEHU PETryINPOBAHUS t:. Bpe-
mst Habmronenust 1 =300 | HavasneHast Touka moncka ¥ =1

Ha puc. 2 mpeacTaBiieH Ipoliecc ONTUMU3ALINN TIEPBOM ITpo-
ekuun [ BekropHoit dyHkuuu (9) amas MKO CAY c IIH pe-
TYJIITOPOM BEeKTOpPHBIM MetomoM BOITII.

Ha puc. 3 npuBeneH rpadux BTopoit IpoeKUUn [, BEKTOP-
Holt yHkuuu (9). [lepeMeHHBIMU TTapaMeTpaMH SIBIISIOTCS
X, =Kgp U x5 =Agy. Ha oaTuxX rpacdhukax noxkasaHsl Bce TOUKU
MOMCKA: HayajbHas TOYKAa OTMedeHa KpyroM, KOHEYHas —
pomboMm. Ha puc. 4 mpeacraBiaeHBI MepeXOAHbIE ITPOIIECCHI
IITPUXOBOU JIMHUEW — 3TaJIOHHBIN IIpolecc, CIUIOUIHBIMU
TOHKOM U KUPHON TUHUSIMHU — MPOIECCHl B HAYaJIbHOM U KO-
HeuyHOM Toukax. I'pacdhMKu 3TaJJOHHOrO M KOHEYHOI'O ITpoIlec-
COB ITPAKTUYECKH COBIANAOT.

AnHamm3 pesyapraToB cuHTe3a CAYTM peakTopa mo3Bosis-
eT crnenath ciaeaytowne BeiBoabl. [1pu Il perymsTope ycraHo-
BUBIIIeecd 3HaueHUe OIIMOKM peryaupoBaHusa (10) Gamsko
K eIUHUILIE, TTO3TOMY IAHHBIA peryaarop HempuMeHuM. [Ipu
W perynsarope Gombiroe BpeMs perynupoBanus. [1pu [T/ pery-
JIgTope, Kak 1 nipu [1 perynsrope, ycTaHOBUBIIIeeCcs 3HAUCHUE
OIIMOKM pPEryIMpOBaHUs OIM3KO K eNMHUIIC, a TAKKe UMEET
MecTo Gombloit pa3bpoc 3HaUYeHUM MapaMeTpa AUddepeHIT-
AJTbHOM COCTABIIAIOIIEH, UTO TOBOPUT O clTaboil 3aBUCUMOCTHU
KO or ero snauenuii. [1pu W]/ perynsrope Bpems peryiu-
pOBaHUS MEHbIIe, YeM Mpu K perynsarope, HO CYIIECTBEHHO
Gomplrre, yeM mpu [1U perynarope. BpeMs perymupoBaHus Ipu
TT1]1 peryaarope HeMHOro MeHblire, yeM rpu [1M, Ho oH peanu-
3yercsa cioxHee. [lemecoobpasHo ucrnonb3oBats [1M perymsarop,
TTO3BOJISIONIHH ITOTYYUTh ITPOLIECCHI ¢ BBICOKMM OBICTPONEHCTBI -
eM. OmHOMepHBIE METOIBI ITO3BOJIAIOT YCIIEIITHO CIPAaBUTHCI
C MOCTaBJICHHON 3amadeil. MeToabl BTOPOTO ITOPSAKA WMHOTIA
3acTpeBaIn, He AOXOIS OO ONTUMAIBHOU TOYKU M3-32 OBpaK-
HOCTH ONTUMU3UPYEMOIN (DYHKIINH.
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Tabauua 1. Munnvuzanug KO CAYTM peaktopa

Mertop, N, Kppp Ao Arip I ‘
Alll 45 0,06 — — 0,46 | 34,5
3C 65 0,06 — — 0,46 | 34,5
2 78 0,06 — — 0,46 | 34,5
AlII 51 — 0,03 — 563 | 176
3C 65 — 0,03 — 563 | 176
Jip) 77 — 0,03 — 563 | 176
HM 213 | 062 | 0,06 — 0,45 | 53
BOIII | 118 | 062 | 0,06 — 0,45 | 53
HP 135 | 062 | 0,06 — 0,45 | 53
HM 500 | 0,00 — | 29648 | 0,1 | 346
BOII | 500 | 0,02 — 722 0,1 | 33.8
HP 355 | 0,01 — 1634 0,1 | 343
HM 292 — 0,03 | 3648 | 5,13 | 73,6
BOI'II | 339 — 0,03 | 3648 | 5,13 | 73,6
HP 293 — 0,03 | 3648 | 5,13 | 73,6
HM 422 | 061 | 006 | 23,31 | 0,11 | 50
BOI' | 497 | 061 | 0,06 | 23,31 | 0,11 | 50
HP 337 | 061 | 006 | 2331 | 0,11 | 50

Puc. 2. ®yHkuma ypoBHA U TpaekTtopusa cuHTe3a CAYTM

Mopenu cucrem ynpasJieHns
npon3BOoAUTENbHOCTDLIO NaporeHepartTopa

st peryIMpoBaHUs pacXoia MUTATeIbHOU BOABI B Mapore-
HepaTope, MoJAepKaHU OajaHca MeXOy NaBJISHUSMU ITUTAa-
TEJIbHOI BOIBI U Tapa, IoAaBaeMoro B TYpOUHY, ITpeaHa3Haye-
Ha CAY INpons3BOAUTEIbHOCTBIO TTaporeHepaTopa (puc. S).

CrpykrypHas cxema CAVII BkIroyaeT cyMMaTOpbI, pery-
ngTop npousBoauteabHocTH (PI1), McmomHUTENBHBIN MEXaHU3M
(M), mmuratensHbIit TypboHacoc (ITTH), momorpeBaTeb BBI-
cokoro nmasienus (I1B/l), Momenp maporeHeparopa, HUIUHAD
BoIcokoro maeineHus (LIB/) u oGparHbie cBa3u. Ha Bxog CAY
MOoMAaeTCs YCTaBKa KOOPAMHATHI YaCTOTHI BPAICHUS MTPUBOI-
HOI TypOMHEI (,, BEIXOAOM SB/ISETCS KOOpPAMHATA pacXopa

6

\ e
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Puc. 3. @ynkius mrpada u Tpackropus cuHTesa CAYTM
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Puc. 4. Ilepexonnrie nmporneccel B CAYTM

BOIbI g,,. BosmylmaromyMu Bo3neHCTBUSAMMU SIBISIOTCST KOOP-
JVHATHI TEIUIOBOM MOLIHOCTU TEIUIOHOCUTENIS ¢, W BXOJ Clle-
npautero npusoga (CII) peryaupytolliero KiamnaHa TYpOUHEI i .
OmmbKka € TOCTyIaeT Ha BXOJ PEryJIaTopa IMIPOU3BOIUTEIBHO-
CTHU ¢ NepefaToyHol dyHKumel W (s), KOTOPEIi ITo 3aJaHHO-
MY 3aKOHY PETYJIUPOBaHUS (DOPMUPYET yIpaBstollee BO3Ae -
CTBUE U . YIpaBsrolllee BO3AeCTBUE TTOAAeTCs Ha TIPUBOJ UC-
TIOJTHUTEJIBHOTO MeXaHu3Ma. VICITOTHUTETbHBIN MeXaHU3M Iie-
peMemaer kianaH nomauum mapa B [ITH u mameHser ero
OTHOCHTE/IBHYIO KOOPIWHATY [l,, KOTOpas HU3MEHSET OaBlle-
HHME NMUTATEIbHOM BOABI T, DTa KOOpAWHATA IIOCTYNAeT Ha
[1B]], xoopnrHaTa KOTOpPOro T, MepefaceTcss B MOAEIb apo-
TeHepaTopa ¥ U3MEHSET BEKTOP €ro COCTOSIHUS X7 , U3MEHSA
KOOPAMHATY pacxofa BOABI g, .
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Puc. 5. CrpykrypHag cxema CAVII

HpeﬂCTaBI/IM CUTHAJT OLLIMOKKU B OTHOCUTE/IBHBIX KoopauHaTax:

e=@, —V+gq,,
IIe ¢, — OTHOCHUTEJIbHOE 3HAYEHUE YCTABKU YaCTOTHI Bpallle-
HUS @,; ¢, — OTHOCUTEIbHAS KOOPAWHATA TEIUIOBOM MOII-
HOCTU; vV — OTHOCUTEIIbHOE 3HAUeHUE Pa3HOCTU AABJICHUS
Bonbl B [1B/l u mapa B maporeHeparope:

(14)

v=Fk,m,, —k.

3meck M,, U M, — OTHOCHUTC/IBbHBIC 3HAYECHUS JAaBJICHUS
Bogsl B [1B/] 1 mapa B maporeHeparope; k,,, kK, — Koadhdu-
LWEHTBI, MOJIydeHHBIE ITyTeM JIMHEeapU3allu U Iepexoaa K oT-
HOCHUTEJIbHBIM TI€pEMEHHBIM.

TlepenuiieM BeIpaskeHHe OITUOKY B BUIE

e=@, —k,m, +kn, +k0,, (15)
rie 0, — OTHOCHTeIbHASL KOOPAUHATA TEMIIEPaTyphl TEIUIOHOCHUTE-
1; k, — KoabdUIIMEHT Nepexofa OT TeMIepaTyphl K MOLIHOCTHL.

Monens CAY ypoBHeM maporeHepatopa ¢ [1M perynsro-
pPOM TIpeNCTaBUM B BUAE CUCTeMBbI TU(pdepeHIINaTbHBIX YpaB-
HeHuii [6, 16]:

dax
L _
7 = A Xy +Bpm, + By g + By

VCITOMHUTEBHBIN MEXaHU3M IIPEACTABUM WHEPLIMOHHBIM
3BEHOM IIepBOI0O MOPSAIKA C ITepeIaTOYHON (pYHKITHEH

qs=Cr Xy .

W (s)=
=7 (16)
roe 7, — MOCTOSIHHAS BPeMEHU TTPUBOLIA.
Ilepenatounoit dyHkumm (16) orBeuaer muddepeHINaTb-

HOE ypaBHEHHUE

dp.
a
—L=aun, +bu (17)
ara a
dt ’
rae |, — OTHOCHTE/IbHask KOOPANHATA MCIIOMHUTEIBHOIO Me-
XaHM3Ma; 4 — BXOIHOe BosneiictBue; a, =—1/T,; b, =1/T, .

ITuTtaTenbHEIN TypOOHACOC MTPENCTaBUM MHEPITUOHHBIM 3Be-
HOM IIEPBOro MOPsAKa ¢ IIepeaaTOYHON DyHKIIeH Wp (s), Ko-
TOpOW OTBeuaeT AUddepeHIIMATbHOe YpaBHEHNE
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dm,
—==a,n, +b,u, +bm,

(18)
rae T, — OTHOCHUTEJbHOE 3HaueHMe AaBiaeHusa [ITH;
a, =—1/T by :Kp/Tp ; Ky u T, — xospduiment yeue-
HUS U IIOCTOSIHHAS BpeMEHU Hacoca; T, U b, — OTHOCUTE/Ib-
Hag KOOpOMHATA AABJICHUSI B LIMHIPE BBICOKOIO HABJICHUS U
K03(pbUIIUEHT 3TOM KOOPAUHATEI.

Mogens IIBI W,,(s) mpencTaBUM MHEPLUOHHBIM 3BEHOM
MIepBOTO IopsaKa ¢ nuddepeHINATPHEIM ypaBHEHUEM

dn

wo__

Tw 7 = 0y T _kpwnw Ky T+ (kpp
rne 7, — nocrosannad Bpemenu 1B/ o, , Oy, — Koadbuimen-
ThI IMHEAPU3ALIMH PacXola BOIbL, A s k pp — K03(hDUIIMEHTEI
muHeapuzauuu [1B/].

Taxske MHEPIIMOHHBIM 3BEHOM IIEpPBOTO MOPSAAKA ¢ Mepeaa-
ToyHolt dyHkumenr W, (s) mpencraBum LB/l mn mpumerarouue
K HeMy TpyOOIpOBOIBI:

dm,

_(xwp)np s (19)

=a,T, +bvknk s (20)
rne a, =—1/7,; b, =K,/T,; K,, T, — koadpduuueHr ycu-
JICHUs U TIocTosTHHast BpemeHu [IB/I.

Ha ocHoBanum ypaBHeHuit (14) — (20) sanwmireMm B oblieM
BHIe MOJeJTb MTaporeHepaTopa Kak oObeKTa YIIpaBIeHUS MIpo-
uzBonurenbHocThio I1TH:

dX,
TIC:ACXC +Bou+Begq + Beyug (21)
&y =CegXc, (22)
e

A By, 0 0 X,

21 —kpuay, bya, 00 T,
A- = 0 a, b, b, |, Xc=|7, |, (23)

0 a O Mg

Z5 0 0 0 a, T,
7
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0 BLq By,
0 0 0
Bo=|0|, Byy=| 0 |, By, =| 0 | 24)
b, 0 0
0 0 0
CCg=(000aW5000010awp000), (25)

ay, =T, , by =ky, =0,

0000 —a,0 ): Zy :(OOOOOOka 000).
C yueroM hopmyitel (23) BeIpaxkeHUe oIMOKH (15) mpuMer BUL
(26)

5= (0 00-a,,a,
€= (PS _DgXC ’
e

Dy =(~k, 00k, 000000k, 000). (27)

Mogens CAY c I1U perynsaropoM mOCTPpOUM 10 ypaBHEHM -
SIM 3aKOHOB ympabieHus [16] u dopmymam (21) — (27) mpu

1724
—C = Ao X +Bettey + BoKep (@ — Dy X ) + Boyg + Beyiy

dt

dt

=her (@ =D Xe).

OObenHUB IICPEMCHHBIC COCTOSHUS, ITOJIYyUUM

v _[XCJ A = Ac = BcKepDy  Be 29)
P ey ) ~herDyg 0 )

BC(Ppi:[ - j’ Bqui:[ Oq > BCupi: Ou , (30)

Cogn =(Ceg 0). (31)

UpeHTudukaunsa napameTpoB
CUCTeMbl ynpaBJ/ieHUs NaporeHepaTtopom

JI711 TTOCTAaHOBKY 3a4a4i MASHTU(MUKAIIMY ITapaMeTPoB chop-
MUpPYEM BEKTOp X M3 54 BapbUpyeMBIX IapameTpoB. [l1sg Ha-
YaJIbHOTO BEKTOpa BapbUPYEMBIX ITapaMETPOB 9 sHavenus
50 u3BeCTHBIX MPOSKIUN 3aJaguM I10 3HAUCHUSIM pealbHBIX
TapaMeTpPOB, B3SITBIX U3 HAYYHO-TEXHUYSCKON JIUTEPATypHI [4].
B peanvnoit CAY I1I'B-1000 mpumenstorcst [1M peryasropsr
[10]. HemsBecTHBIE MPOSKIMU MJIsSI TTapaMETPOB PETYJISITOPOB
YPOBHS U TPOU3BOAUTEIBHOCTH TTOJI0XUM paBHBIMU 1. [lepeii-
IIeM K OTHOCUTEIbHBIM 3HAYEHUSIM BapbUPYEMBIX TTapaMeTPOB:
V= xl-/xl(o) -1, yl(o) =0, i :m. K 3HayeHUSIM HCXOTHBIX
BapbUpPYEMBIX MapaMETPOB OT MX OTHOCHUTEIbHBIX 3HAUYCHUI
MOXHO TIepeiTu 1o dopmyiie

i=154. (32)
HOCKOHBKY 3apaHEC HCU3BECTHBLI 3HAKM M BCJIMYMHBI I1O-

TPELTHOCTEN BapbUpPyEeMBIX ITapaMeTPOB, HAJIOKUM Ha UX OTHO-
CHUTE/IbHBIC 3HAUCHUS ABYCTOPOHHUE OTPAaHUYEHUs a; <y, < b, ,

% =x0 (v, +1),

8

i:m. M7 mapaMeTpoB MoIeIu TaporeHepaTopa 3agaiuM
CUMMETPUYHBEIC OTPaHUYECHUS, Iojaras a; =-d, b, =d,
i= 1,_32, 35,38, 44, 47, 50, 54, o€ NOCTOSIHHBIN ITOJIOKUTEIbHBIA
mapamMerp d 3amaeT MpenesIbHO JOIYCTUMOE OTHOCUTEIIBHOE OT-
KJIOHEHHME BapbHpyeMoro Irapamerpa. Jis orpaHU4eHMiI OTHOCH-
TEJIbHBIX TIaApAMETPOB PETyIATOPOB MotoxkuM a; =—0,99, b, =99,
i=33,34,45,46, 4yTo COOTBETCTBYET M3MEHEHUIO MCXOMHBIX Ba-
PBUPYEMBIX ITAPaMETPOB PeryyiTopoB K; , Kop, Ay U Aoy B pe-
amsyeMbIx mpenenax ot 0,01 mo 100. Ha HensBecTHBIE MapaMeTphl
a,, b,, 4, HalIOXUM OTHOCHUTEIbHbIE orpaHudeHus a; =0,
b; =99, i =36,37,52 , IoCKOIBKY OHU ITPUHATHI paBHbIMU 1. He-
U3BeCTHbIe K03GbbUIMEHTE! b, b,; OrpaHUYEHBI 3HAUCHUSIMU
a; =—101, b; =100, i =51, 53, w1 MONTyYeHNsT MOZENTEel MHEPLIV-
OHHBIX 3BE€HbEB, a He MHTerpupyommx. [Ipu p =54 chopmupyem
mTpadHyo GYHKUIMIO HAPYIIEHUS ABYCTOPOHHUX OrpaHUYSHUMN

S(y) :i [ Lai_yiJ+Lyi _bz‘J ]

Boipasum uepe3 BekTop Y Matpuitel (29) — (31), momenu
CAYVII naporeHepaTopa ¢ BKJIIOUEHHBIM PETYJIATOPOM YPOBHS:
ACpi :ACpi (y), BC(ppi :BC(ppi (y), Bqui :Bqui (y), BCupi :BCupi (y),
Ceepi = Coepi(V), Coppi = Coppi(V); Monenu CAVII ¢ oTkIIoueH-
HBEIM pery/stopoM YpoBHs: Arp = Arpi(V) ) Bregp: = Brgpi (V)
BLqpi = BLqpi(y), BLupi = BLupi(y) 5 Cchi = Cchi(y) . Onpere-
M Monemu CAVII ¢ OTKITIOUEHHBIM U BKIIFOUSHHBIM PETyJIsd-
TOPOM YPOBHS IIPM OTHOM BXOTHOM BO3MYILIAOIIEM BO3IeH-
ctBUM u, =—0,25 W BBIXOAHBIX KOOPAWHATAX IpPHUPaAIICHUS
ypoBHs u gaBieHus B [TIK:

(33)

CD(C (y: t)
— = A X (10 + Bogyi (004 + B (V.
HCpi D= thCcpiXCpi (.0,
PCpi (y,t) = pkOCCppiXCpi(yat) 5 (34)
roe

Ceepr=(0 000100000000 0 0),
Ceppr=(00 000001000000 0 0).

d‘XL (y’ [)
o = A DX 1 00+ B (99 + Brue (s
HLpi (y,t) = thchiXLpi(ya t) .

3mech Hcpi(y,t) u HLpl-(y,t) — MHOpUpallleHUud ypPOBHI
B [TIapOIreHepaTope B MIWIIUMETpax; /1, =150 MM — Koadbdumu-
€HT TMepexola OT OTHOCHUTEbHOM Ge3pa3MepHON KOOpAMHATHI
ypoBHA &, K pasMepHOI KOOpAWHATE MPUPALICHUS yPOBHS
H =Ah, [16]; £y (y.1) — naenenne B I'TIK; p;, =57 Mlla —
KO3 UIMEHT Mepexoaa OT OTHOCUTEIBHOM Ge3pasMepHOi KOOpIH-
HaTbI JaBJICHUS T, K Pa3MepHOI KoopIuHATe JaBlIeHUS [6].

Mg yuera ycroitunBoctu peambHolt CAVYII maporeHepaTopa
o matpuile Monenu CAY ypoBHS Acp,-(y) cchopMupyem xapak-
TEPUCTUYESCKUI MHOTOWIeH O(V,s) , ONPEme/TiM /I Hero Tpad-
Hyto ¢yHKUMIo P(y) HapylleHUs HeOOXOAUMBIX YCJIOBUH yCTOM-
yuBocTH U KoadduumeHTs! Payca—Typeuua py, (1), k = 0,15 [13].

OG03HAYNM 3KCIEPUMEHTAIBHBIE ITPOIECChI TIPUPAIIISHIST YPOB-
= B [1I'B-1000 rpyt BO3MYIIIEHIH HarpysKol TypOuHEL 25 % N,
Hg(f) — mpollecc NpU BKJIIOUEHHOM DETYJISITOPE YPOBHA,
H(t) — mpoiiecc Tpy OTKITIOUSHHOM peryyisTope YpoBHs [11].

(35)
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OKcIepuMeHTaIbHBIC TTPOIIecChl pupalieHus napieHus B [TIK
IIpY BKJIIOYEHHOM PETYJIITOpe YPOBHSA obo3HauuM I . Omperne-
JINM IMCKPETHBIC TOYKU MPOIIECCOB C IIaroM /4 =3 ¢ B MOMEH-
THL BpeMeHU =0, t;, =t;, 1 +h, k=2, 3,...: Hg =Hs({,),
Py =Ps(t) k=1Ng. Ng=8L Hg=H({), k=1Ng,
Ng =59. Unrerpupys CAY (34) u (35) npu Hy/IeBbIX HAYaIb-
HBIX YCJIOBUSX C IIIATOM /4 METOIOM MATPUYHOMN 3KCITOHESHTHI
n ee uHTerpana [20], BEIYMCAUM Hcp,-k(J’) :Hij(y’tk) ,
Popie WD =Fopi ), k=L Ng, HppmOW=Hp,(v.0),
k=1, Ns . CocTaBUM PyHKIINIO HEBA3KU

Ng Ng
SOV = [Hg = Hepae OO + 2 [Hge = Hppy 001 +
k=1 Ny k=1
+2 [Py = Ppae DI |
k=1
I[Je TTepBasg CyMMa OIIpeNelTsIeT OIIMOKY N3MEHEHHUs YPOBHS B MO-
nenu CAVII maporeHepaTopa ¢ BKJIIOUSHHBIM PETYISTOPOM
ypoBH#, BTopass — B Moaeau CAVYII ¢ oTKIIOYeHHBIM peryJisi-
TOPOM YPOBHS, TPeThbsl — WM3MEHeHUs maBieHMd IMmapa B [TIK
monenu CAVII ¢ BKIIOUEHHBIM DPETYISITOPOM YPOBHSI.
Omnpenenum obnacTu YpoBHEN orpaHudYeHut 1), , k= O,_n ,
rone n=15 — mopsaook CAY ypoHeMm. [lo arHamorum ¢ pyHK-
upeit (9) Ha ocHoBaHuM GyHKUMH (33) 1 (36) chopMupyeM Bek-
TOPHYIO LIETAEBYIO (PYHKITUIO

(36)

©0: SO, yel,,
1. P(v)). H,,
FO)= € P(y) yel,
(ki=pp ), yeH,, k=2n-1 (37)
. f(»)., yed,

st perieHns 3agaun uaeHTuduKanuy napametpo CAVYII
naporeHepaTopa BeKTOopHYI0 dyHKumio (37) OyaeM onTUMU3M-
pOBaTh BEKTOPHBIM METOAOM XyKa-J/I>kKrBca co 3HAYeHUEM T1a-
pamerpa d =0,5 I1d OOIMyCTUMBIX OTKJIOHEHUU OrpaHUYeHUN
OT MPOEKLMI HayaIbHOro BekTopa [14, 16].

[Tyrem ontumusaiuu BeKTopHON GyHKIINU (37) TTOAyYEeHBI
pe3yabTatel uaeHTUubuKauuu napamerpoB CAVII maporeHepa-
topa: 1 =15 u F, =171, sHauenue f =171 dyHKuUN HEeBA3-
ku (36) v 3HayeHre & =11 cpeAHEKBaAPATUYECKOTO OTKIIOHE-

Hus (CKO): d=\f(W/(Ng +Ng) .

(d=0) He BBINOIHAIOTCS ycioBus ycroitumBoctu CAVII:
F1 =13 <15, 3HaueHue /-, coOTBETCTBYeT WITpacdy HapylIeH-
Horo yciaoBus. Ontumusauus GyHKuu (37) mo3Boiauia mepeii-
Ti B obmacTh ycrotiumBoctu CAY TNpou3BOAUTEIBHOCTBIO
(/1 =15) 1 cymlecTBEeHHO YMEHBIINUTD 3HaUeHUE (YHKIIUU He-
Ba3ku. CKO cocTaBuio oKojio 1 MM Ipu nmuara3oHe U3MeHe-
HUS 3KCIEPUMEHTAIbHBIX NHaHHBIX 101 MM, T. €. OTHOCUTEIb-
Hoe 3HaueHre CKO craso okomno 1 %.

Ha puc. 6 mpencraBiieH mpoliecc OTKJIOHeHUs YpoBHSI B CAY
MPOU3BOIUTEIBHOCTBIO IMaporeHepaTopa TMpU OTKIIOYEHHOM
peryisTOpe YPOBHS, a Ha puc. 7 MOKa3aHbI MpPOIecChl OTKJIO-
HeHus ypoBHA U naieHust B CAVYII npu BKIIFOYeHHOM pery-
JIITOpPE YPOBHS.

Toukamu 0603HAYEHBI KCIIEPUMEHTAIbHBIC JaHHBIC, TOH-
KUMU JIMHUSIMU — TIPOLIECCHl MPW HaYaJbHBIX 3HAUYCHUSIX Ba-
pbupyeMbIx tapaMmeTpoB Moaenu CAVYII maporeHeparopa, ToJ-
CTBIMU JIUHUSIMUA — TIPOLIECCHI, COOTBETCTBYIOILIME ONMTUMM3A-
muu dyskunu (37) npu d =0,5. [1pn HavaIbHBIX 3HAUSHUSIX

B HavanapHOI Touke
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Puc. 6. OrkioHenue ypoBHs B CAVII
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Puc. 7. OrkioHeHUe ypOBHS U AaBICHUS
B CAVII npy BKIIIOYEHHOM pPETYJIATOPE YPOBHS

BapbupyeMbIX mapamerpoB Monenu CAVYII maporeHepatopa
U OTKJTIOUEHHOM DETYJIATOPE YPOBHS YPOBEHb OBICTPO HEorpa-
HUYEHHO ITOHMXKaeTcs (cM. puc. 6), a IIpy BKIIIOYSHHOM pery-
JIITOpPE YPOBHS IIpOLiecC U3MEHEHUS YPOBHS — HEYCTONYH-
BBII KonebaTenbHbIl (cM. puc. 7). Takke HeyCTOMYMBEIM Kosle-
GaTeNTbHBIN IPOoIlecC XapaKTEepU3yeT MaBJIeHUe ITPU HaYaTbHBIX
3HAYCHUSIX TapaMETPOB U BKITFOYEHHOM pETYJIATOPE YPOBHS
(em. puc. 7). Ilpu d =0,5 HabmogaeTcs Xopolllee COBIAICHUE
MPOIIECCOB B MOJEIU C 3KCIEPUMEHTATBHBIMU IpolleccaMy
KaK IpA OTKJIIOUSHHOM, TaK U IIPU BKJIIOUSHHOM PETYIsTOpe
ypoBH#A (cM. puc. 6, puc. 7).

Ha ocHoBaHUM TIpoBeAeHHOTO aHaIM3a IPadUKOB ITPUMEM
g panbHelero ucenegosanus CAVII maporeHeparTopa pe-
3yJbTAaThl UACHTUGUKALIMU TTapaMeTPOB MaporeHepaTopa MpHu
d =0,5. Uccrnenyem munamuky CAVII maporeHeparopa ¢ oT-
KJTFOYSHHBIM U BKJIIOUSHHBIM PETYJIATOPOM YPOBHS TIPH BXOII-
HOM BO3MyUIalolleM Bo3sxaeiicteuu u, =1(¢). Ha puc. 8 mpen-
cTaBJIeHBI M3MeHeHUs TepeMeHHBIX cocTtossHust CAVII mapo-
reHepaTtopa, ImojydyeHHble nHTerpupoBanuem CAY (21) npwu or-
KJTIOUEHHOM perysarope ypoBHA. KiamaH peryampoBaHUs
TYPOUHBI OTKpPBIBAETCSI, €O OTHOCHUTEIbHASI KOOPAMHATA |l
YBEJIWYUBACTCS IO eNWHUYHOro 3HaueHus. C 3ama3mbpIBaHU-
€M YBEJIMYMBAETCSI OTHOCUTEIbHAS KOOPAMHATA UCITOTHUTETb-
Horo MexaHusMa [, . Jasnenus B ITIK u maporeHepaTope maga-
IOT, X OTHOCUTEIbHBIE KOOPAUHATEl T; U T, YMEHBIIAIOTCS.
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Puc. 8. H3ameHeHue mepeMeHHEIX cocTogHus CAVII

MpU OTKJIIOYEHHOM PETYJIATOPE YPOBHS

Vmenbiuatores naeneHus B UBI =, u [IBJ =,,. JaBneHue
BIITH 7, BHauage yMeHBIIAETCS, a 3aTEM YBEJIMYUBACETCS.
ITporiecc mapoobpa3oBaHMS MO 3€PKATIOM UCITAPESHUS YCUIH-
BaeTCs, YacTh BOABI B MaporeHepaTope BCKUITAeT, 0ObeM Iapa
TOJ 3¢pPKAJIOM MCITApEHMS YBEIUYMBACTCS, MOBBIIIASTCI YpO-
BeHb [IapOBOASHON cMecu &, U NMposBisaeTcs 3hdEKT «BCKUMa-
Hus» ypoBHA [2]. KoopnuHata o6beMa Bogsl &,, YMEHBILAETCS.
CHIDKeHUe MaBJIeHUs B IaporeHepaTope MPUBOIWUT K YMEHb-
LIEHUIO TEMIIEpaTyp MapoBOASHON cMecH 0,,, MeTaJlIa TeIIo-
obMeHHBIX Tpybok 0, u TertoHocutens O,. KoopauHarel
pacxoma Tapa yBeMYMBAIOTCS, a KOOpAWHATA pacXoia BOMIBI
nagaet [12].

Ha puc. 9 npencraBiaeHBI U3MEHEHUS TTIEPEMEHHBIX COCTOS-
Hus CAY Npou3BOAUTETBHOCTEIO TTaporeHepaTopa, MOIyYeHHBIS
uHTerpupoBanneM CIY (28) ¢ marpumamu (29) — (31), mia
KOTOpBIX 3HaueHus napamerpos I1H perynaropos K; = 32,587,
Kep=0, 9, = 100c ' u hep = 0,2153(:’1 TIOJTyYEHBI B pe3yJ/ib-
TaTe UIESHTU(hUKALINN.

KoopnuHaTa KianaHa perylInpoBaHUs TypOUHBI L, YBETU-
YMBAaeTCS, C 3ala3dbIBaHUEM YBEIUYUBACTCI OTHOCUTETbHAS
KOOpIUHATA MCIIOJHUTEIBHOIO MEXaHU3Ma |l,, KOOPAUHATHI
nasneHutt B I'TIK w, , maporenepatopa w,, B LIB =, u IIBJ
T,, YMeHbIIaloTcs. [IporcXoouT «BcKUIMaHUE» YPOBHA C IIO-
BhIlLIcHUEeM &, , 0O0beM Boabl &, cHKaeTcs. KoopnuHate! pac-
Xofa Mapa yBenuunBaioTcsa. KoopauHaTta pacxoma BOIbI ITaJacT,
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Puc. 9. Namenenue nepemenHbIx coctossHuss CAVIT T
C BKJTIOUCHHBIM PETyJIITOPOM YPOBHS

a 3ateM yBenuuuBaercs [12]. C TeueHMEeM BpeMeHU Bce KOOp-
JMUHATHI TIPUXOIAT K CBOMM YCTAHOBUBIINMCS 3HAUSHUAM, TIPH -
YeM IIPOLIeCChl UBMEHEHUS [, , Ty, Ty, Ty, Lys O 045 &
MOHOTOHHEIE, a usMeHeHud &, £, U, , W,, t;, Tp, T,
g, U & — KonebaTelbHble, OIIMOKAa € C TeUCHUEM BPeMEHU
cTpeMuTCcs K Hyo. Takum o6paszom, CAVII BeImoaHAET 3ama-
4y cTabMIM3auy pacxoma Boabl. [1poBeaeM ONTUMU3AIIUIO TT0-
Kaszaresneit KayectBa CAVII.

CuHTe3s cucrem ynpasneHnd naporeHeparopa

Boruucimm sHaueHus mapameTpoB perysitopoB CAVYIT mapo-
reHepaTopa myTeM ontuMmusaumu nokasarteneit CAVII ¢ nenpro
BbIOOpa Hanboee 3(hHEKTUBHOIO PEryIsaATOpa IIPOU3BOIUTETb-
HOCTU MUHUMAaJIBHOU CIOXHOCTU.

JI71s1 TIOCTAaHOBKM 3aauyM onTUMU3aunu rmapamerpo CAVII
chopMupyeM BeKTop X € R¥ U3 BapbUpyeMEIX IIapaMeTPOB pe-
ryJsTopa IIPOU3BOAUTENbHOCTH: Kop, Aoy U App . B 3aBucu-
moctu oT tuna PIT pe{l,2,3}: nna I1, 1 u I peryasTopos
p=1, nna NN, 14 u U peryaaropos p =2, maa I[NNI
peryagaropa p =3 . HanoxuM Ha 3HaUeHMS BapbUpPYEMBIX Ia-
pPaMeTpoB IBYCTOPOHHUE OIpaHUYEHUS: a; <x,<bh,, a, =0,
b, =100, i :m. CdopmupyeMm mTpadHyYO QYHKIMIO Hapy-
LIIEHUST TBYCTOPOHHUX OrpaHUYESHUMN

Aodepna ma padiayiuna 6esnexa 2.2009
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P
S(x):Z[Lal-—xl-J+Lxl-—biJ ] (38)
i=1

s mapamerpuyeckoro cuHresa PII mpu Bosmyiaroriem
Bo3zieiicTBUM #, = 1(f) U BBIXOAHOI KOOpIUHATE pacXofa BOIBI
npumeM monenb CAVII maporenepatopa B Buze (28), (29) ¢ na-
paMeTpaMy MaTpUIl, B3ATHIX ITOC/Ie UASCHTU(MUKALINN, U PA3TAY-
HBIMM THIIAMU PETYJISITOPOB.

Haiinem sHaueHus mapamerpoB perynsitopoB CAVII mapo-
reHeparopa MyTeM OINTHUMU3AINKN BEKTOPHOM IIeieBON (yHK-
unn (9) ¢ UKO (8) mpu /=2 c xoadduuueHtamu w; =1,
wy =1,9755. 3HaueHUe BpeMEHU PEryIMpOBaHUS 3TaIOHHOIO
npouecca f, mpuMmeM paBHBIM 170. HavanpHas Touka moncka
O =0, BpeMs HaOIIOOCHUS Tf =1000. PesympTaThl MUHMU-
muzamun KO CAY mponsBoauTeNbHOCTBIO MaporeHepaTopa
c I, X, 1A, 114, O, TTN peryaaropaMu MHpeacTaBICHBI
BTabm. 2. B aroit Tabauile mpuBeAeHbI METOA MUHUMM3AIIUU,
KOJIMYECTBO BRIUMCICHUN DyHKIUu N > MUHUMaJIbHOE 3HaYe-
e MKO [, onTuMasbHble 3HAYCHUS NMAPAMETPOB PEryJisi-
TOPOB KZP, X*C], X*CD U COOTBETCTBYIOIEE UM BpEMS pEry-
JIMPOBaHUS t: .

Ha puc. 10 mpencrasieH npouecc Munnmvusaunu MKO CAY
MPOU3BOAUTEIBHOCTBIO TaporeHeparopa ¢ [1M peryasTopom
BEeKTOPHBEIM MeTomoM HriloToHa—PadcoHa Ha rpacduke mep-
Bolf mpoekuuu ¢hyHKUUN (9) — GyHKUMM ypoBHS [ .

Ha puc. 11 mokasan rpaduk BTOpoil cocTaBisolIeilt [7,
BeKTopHOoI dyHKIMHU (9). BapbupyeMble mapamMeTpsl X = K-p
U X5 =My, BCE TOUKU IIOMCKA COEAUHEHBI TOHKON JIMHUEH,
TOJICTOM JTMHUEN COSAMHEHBI JIyYlllie TOYKU Morcka. Havas-
Has TOYKa OTMeUeHa KpPYroM, KOHEYHasd — poMOoM.

Ha puc. 12 nokasaHbI HepeXomHbIe TTPOIIECChI PacXoma BOMIBL
IITPUXOBOM JIMHUEH — 3TAJIOHHBIN MPOLIECC, CIUIOLIHBIMUA TOH-
KO M >KUPHOU JIMHUSIMU — TIPOLIECCHl B HAYAJIBHON Y KOHEYHOMN
TOUKax MorcKa. HavampHoe oTpUliaTe/TbHOE OTKIIOHEHNE KOOPAU-

Tabauya 2. Munuvuzanug KO CAVIT

Merox Ny Kep Aer Aep I t
Alll 48 0,08 — — 3147 970
3C 64 0,08 — — 3147 970
2 73 0,08 — — 3147 970
Alll 44 — 1.5 — 744,83 | 166,8
3C 64 — 1.5 — 744,83 | 166,8
2 80 — 1.5 — 744,83 | 166,8
Alll 47 — — 0,50 | 310,21 1100
3C 64 — — 0,50 | 310,21 1100
2 75 — — 0,50 310,21 1100
HM 209 | 16,79 | 4,97 — 757.83 174
BOI'T | 581 | 16,79 | 4,97 — 757.83 174
HP 483 | 16,79 | 4,97 — 757.83 174
HM 233 0,44 — 0,13 288.92 900
boIrml | 507 0,44 — 0,13 288.92 900
HP 540 0,44 — 0,13 288.92 900
HM 188 — 5,08 0,19 | 774,78 174
bOI'l | 267 — 5.08 0,19 | 774,78 174
HP 237 — 5,08 0,19 | 774,78 174

Aodepna ma padiayiuna 6esneca 2.2009
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Puc. 10. ®yukuus ypoBHS U TpaekTopus moucka MKO
CAVII maporeHepaTopa

HATBI pacxona BOIbI COXPAHSIETCs, M3-3a Hero He yaaeTcs Ipuom-
3UTBCS K 3TAJIOHHOMY IIpolieccy M YMeHbIIMTh 3HaueHne MKO.

Anamm3 pesynpraToB MuHnMusanuun MKO CAY mpousso-
IUATEIBHOCTBIO TTaporeHepaTopa ITO3BOJSAET CAenaTh Ciemylo-
1ye BEIBOABL. OMHOMEpPHBIE METOIBI ITOMOTAIOT YCITEIITHO CIpa-
BUTBCSI C MOCTAaBJICHHOM 3amadeit. Jlyummit MeTom — Meron
aJanTalyy 1Iara, KOTOPhIN 32 MeHbIlIee KOTUYECTBO BbIYUCIC-
Huil dyHkunm Haren MuHuMyM MKO. MeTtonslr BToporo mo-
psiiKa MHOTAA 3aCTPEBaIN M3-3a OBPasKHOCTH ONTUMU3UPYEMOit
dyHKUMYU, He goxons go ontuMaabHol Touku. g MKO Ttpe-
GoBaJIcs TTOBTOPHBIN 3aITyCK 3TUX METOIOB.

Haubonee spdexrnBen Meron Hemmepa—Muma, KOTOpHIi
JIOCTUT ONTUMAJIBHBIX TOYEK 32 MEHbIIIee KOJTUYECTBO BhIYHC-
neHuit dynkuum. [1pu Bcex peryasTopax Imokasateib Kojieba-
TeJIBHOCTU cocTaBigeT mopsaaka 0,65. Ipu IT u [ peryaaropax
Mojy4yeHo Hauboublllee BpeMs peryaupoBanHus. [1pu U, T1U,
W n I perynaropax 3Ha4eHUS BPEMEHU PETYJIUPOBAHUSI
COM3MEPUMEBI, 1 HauMeHblllee — Tipu U perymnsrope.

21 0000
8000
6000
4000

2000

Puc. 11. ®ynkuudg mrpaga u Tpackropus norcka MKO
CAVII maporeHepaTopa
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Puc. 12. I1epexomusie mporeccer CAVYII

3akJilo4yeHme

PesynpTaThl MpoBeneHHBIX MCCISAOBAHUM TTO3BOISIOT CIe-
JIaTh CJICAYIOLINE BBIBOIBI.

1. 3amaum MHorokputepuaipHoro cuHresa CAY cBeneHBI
K 3alayaM BEKTOpHOI ontuMmsauuu yaydieHHon MKO.

2. Paspaboransr MaTeMatndyeckue momemu CAY TerutoBoit
MOIIIHOCTBIO peakTopa BBD®P-1000 B mpocTpaHCTBE COCTOM-
HUW ¢ pa3TUYHBIMU PETYIATOPAMU, TIpeaHa3HAYeHHBIE 1T MHO-
TOKPUTEPUAJIbHOTO MapaMeTpuueckoro cuHTe3a CAY.

3. I1poBeneH cuHTe3 CAY TEmIoBOI MOIIHOCTBIO MYTEM
ONTHUMU3ALIMY BEKTOPHBIX LIEECBBIX (YHKIMN, YYUTHIBAIOIINX
OTpaHUYeHMsT OOJACTH OIpeAesIeHUs ITOoKasaTellel KayecTBa
¥ TpeboBaHusg MuUHUMaTbHOCTH MKO. Hammyuiime sHadyeHUs
noka3ateneit KauectBa CAY TerioBolf MOIIHOCTBIO obecrie-
ypuBaroTes nmpumMeHeHuem [1M perymnsropa.

4. Pazpaboransr Matematuueckue momenu CAY mpousso-
nuTenbHOCThIO MmaporeHepatopa [1I'B-1000 B mpocTpaHcTBe
COCTOSIHUM C pa3IW4YHBIMU PETYJISITOpaMU, MpeaHa3HaUYeHHBIS
g cudresa CAY.

5. WpeHTuduumpoBaHbl 3HAUCHUS IMapaMeTPOB MOAEIU
CAY mnpousBogutenbHocThio [1I'B-1000 mo skcnepuMeHTaIb-
HBIM JTaHHBIM TIPOLIECCOB OTKJIOHEHUS YPOBHS U IaBJICHUS C OT-
KITFOYEHHBIM U BKJTIOYCHHBIM PETYISITOPOM YPOBHSI.

6. CUHTe3MpOBaHbl CHCTEMBI YIIPABJICHUA IIPOU3BOIUTEIIb-
Hoctbhio [1I'B-1000 ¢ pa3snuuyHBIMH TUITaMU peryasaTopos. [lo-
KazaHa Haubojblnasg apdexktuBHOCTb [T peryngropa ¢ onTu-
MaJbHBIMU 3HAYSHUSIMU IMapaMeTpoB, oOecTeynBaroOIIEero ca-
MBIt OBICTPBIN ITepeXOMHEIN IIpolece.

Cuntes moneneit CAY peakTopHolt yctaHoBku BBB®P-1000
TIO3BOJIAT CYILECTBEHHO YIYYILIUTh B HUX ITPOLISCCHI YIIPABICHUS.

Cnucok nuTepaTtypbl
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BhirosiHeH aHasin3 4yBCTBUATE/IbHOCTY OLI@HKU [1O/IFOBEYHO -
cTl 000J104KkM TB3J1a peakTopa BBIP-1000, pa6oTtamuiero B
pexvmMe rnepemMeHHbIX Harpy30K, K HeornpeeeHHOCTH B 3aa-
HUW OCHOBHbIX PEXUMHbIX Y KOHCTPYKTUBHbIX apamMeTpoB akK-
TUBHOU 30HbI peakTopa.

M. B. Makcumos, C. M. lNenux, O. B. Macnos, B. €. backakos

Bnnue HeBU3Ha4YeHOCTi BUXIAHUX [AaHUX Ha OLHKY
OOBroBiYHOCTi 0OGOJIOHKU TBena Npu 3aMiHHOMY peXxumi
ekcnayaTtauii

BukoHaHO aHasli3 4yTinBO CTI OLIHKN [JOBFOBINHOCTI 060JI0H-
ku TBesia peakTopa BBEP-1000, 1o npauioe B PeXuMi 3MIHHUX
HaBaHTaXXeHb, 10 HEBU3HA4YeHOCTI B 3aBAaHHI OCHOBHUX PEXUM-
HUX | KOHCTPYKTUBHUX MapaMeTpiB akTUBHOI 30HU peakTopa.
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rocJjeiHee BpeMsl TTIOBBICUJICSI UHTEePeC K TIepeMeH -

HBIM peXMMaM pabOThl SIAEPHBIX HEProOJIOKOB

YKpauHbl, UTO AUKTYET HEOOXOIMMOCTh pa3paboT-

K1 METOJIOB OLIEHKU JIOJITOBEYHOCTH 00OJIOUKM TB3J1a

MPU MHOTOKPATHBIX LMKINYECKUX U3MEHEHMSIX
MoiHoctu PY BBOP-1000.

B craTbe, pazBuBaliieit MeTO, MpeUIOKEHHbIH B [1], ipes-
JlaraeTcsl aHaJM3 4YYBCTBUTEIBHOCTU OIIEHKHU JIOJTOBEYHOCTHU
oboouky TB37a BBOP-1000, paboTatoniero B pexxmme Iepe-
MEHHBIX Harpy30K, K HEOIpeAeJIeHHOCTU B 3alaHUM OCHOBHBIX
PEXKUMHBIX M KOHCTPYKTUBHBIX IapaMeTpOB aKTUBHON 30HBI
(AK3) peakTopa. B kauecTBe MHCTpYMEHTA [IJIsl aHAM3a MOBe-
JIEHUsI TOTLJIMBA B 00J1aCTH TJIYOOKUX BBITOPAHUIA UCITOJIb3YeTC s
nporpamMMHblilt kon FEMAXI-5 [2] (nanee — kon). Kon paspa-
0OTaH ISl aHaAJIM3a MOBEACHMST Pa3IMUHbIX BUJIOB TOIUIMBA B
HOPMaJIbHOM 3KCILTyaTalluu (aBapuilHble YCJIOBUSI HE YYUTHI-
BalOTCsI) TIPU BBITOPAHUSIX 1O YPOBHEH, TpeBbliaroimmnx 40—
50 MBT-cyt/kr U. C ero moMouibsto ornpenessieTcst peakius, B
TOM YHCJIe B BUIIE UCITyCKAHU ra3000pa3HbIX IIPOIYKTOB Ieye-
Hud (r/0 [1[1), OMUHOYHOTO TOTUTMBHOTO CTEPKHEBOTO 37IEMEHTA
(TBa7ma) Ha KOMOMHUPOBAHHOE BO3IEHCTBHE, KOTOPOMY IOMI-
Bepraercs TB3JI, IS 3aJaHHOM MCTOPUM YPOBHEH MOIIHOC-
TH, TapaMeTPOB TEIUIOHOCUTENsI, KOHCTPYKTUBHBIX XapaKTe-
PUCTHK TB3JIA.

B nmanHo# pabore aHanmu3upyercs IoBemeHHe TB3Ia TBC
tuma TBC-A. CoracHo Mopmenu, 3aJI0KeHHOU B KO, IJIMHA
TBaJIa OenuTcsa Ha 10 aKCHaTbHBIX CeTMEHTOB, JUIS IIEHTPaIb-
HOM TOYKM KaXXIOrO M3 KOTOPBIX 3aJaeTCs CBOS 3HAUSHUE JIH-
HEeHMHOro YAeIbHOro TEIJIOBOTO ITOTOKA, IPOMOPIMOHATBHOES
TEKYIIEMY YPOBHIO MOIITHOCTU PY. JIMHEeHHBIN yIEeIbHBIN Tel-
JIOBOI TMOTOK B IPYIMX TOYKAX aKCUATBHBIX CETMEHTOB HaXO-
IUTCS TIyTeM 3KCTPAMOJIAIUN 3HAYSHNN, 3aJaHHBIX U IIEHT-
pPaTbHBIX TOYEK.

Wcronb3yss omHOMEPHYIO paguabHYIO0 T€OMETPUIO, B XONIE
TEPMUYECKOTo aHAIN3a MPEACKA3BIBACTCS pacIipeieICHIE TeM-
TepaTyphl B TBaJIE (C pa3HUIIEH MeXIy YMCICHHBIM U aHATUTH -
YeCKMM pelreHusMu He Gosee 0,1 %) Ha ocHOBe ydeTa BHYT-
PEHHETO TEIUIOBBIAC/ICHUSI, U3MEHEHUI B TEILJIOIPOBOIHOCTU
TabJIeTKN U 3a30pa, U3MEHEHUH B TEITTIOOOMEHE MEXKIY TTOBEPX-
HOCTBIO U TEIUIOHOCHUTEIEM. BBIMTOMTHSACTCS pacueT YIpyrocTH,
IUTACTUYHOCTH, TTOJI3YYECTH, MEXaHNYECKOrO B3aMMOIEH CTBUS
MeXIy TabJaeTKoM M OGOJIOUKOM ¢ ITOMOIIBIO METOIa KOHEY-
HBIX 37eMeHTOB. COIJIacHO MPUHATOM B KOAE MOIEIH UCITyC-
kaHug r/o I1]1 paccunteiBatoTes auddysus atoMmoB r/o TT]1, ux
HaKaIlJTUBaHUE B ITy3bIPH, BBINEICHUES Iy3bIpel U, KaK CIIeM-
CTBHE, POCT BHYTPESHHETO NABJICHUS B TBIJIC.

TTockonbKy aBapUitHBbIE PEKXUMBI, TTPUBOAAIINE K IUIACTH-
YyecKoM nedopMalii 060 I0UKY TB3JIa, He aHATM3UPYIOTCH, IS
aHAJIW3a YyBCTBUTEIBHOCTU OLIGHKH IOJTOBEYHOCTH 0OO0JIOY-
KU TB3J1a TP MHOTOKPATHBIX IIUKINYECKUX U3MEHESHUIX MOIII-
HocTH PY MOXHO MCIIOIb30BaTh METOM OLICHKH TOJITOBEUHOC-
TH 00O0JIOYKU, MTPEIIOXKEHHBIN B [1].

YcroBre paspylreHusT 060I0UKY TB3JIa UMEeT BUI

A(T)
=—-=1, 1
o(T % (1)

rme ®(T) — mapaMeTp MOBPEKIESHHOCTH MaTepHraia 060I0YKY;
A(T) — yHoembHasg SHEPIHU pacCesHUs, 3aBUCAIIAS OT BpeMEHN
T, Jdx/M3 [3]; Ay — ynenmpHast 9Heprus paccesHUs, XapakTep-
Has TS HadaJla pa3pylIeHUs MaTepuajia 000JI0YKU U M3BECT-
Has 0o U3 3KCIepUMEHTa, JTU00 U3 pacyeTa.

PesynbraThl pacyera ymenpHOUM 3HEPIMU PACCEeSTHUS MaTe-
puana 060I0YKM TIPUBOAITCS HUXKE 71T MaKCUMAaJIbHO Harpy-
JKEHHOT'O0 aKCUAJIBHOIO CErMEHTa TB3JIA.
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Puc. 1. 3aBucumocts yaensHolt sHepruu paccesHus A(N):
1— d; =0,140 cm (Gasossiit); 2 — dig = 0,112 cm (—20 %);
3— dy =0,168cm (+20 %)

KoncTpykTuBHBIe XapakrepucTuku TBC-A paspaborku
OKBM uMm. M. M. AdpukaHTOBa U peXKUMHBIE XapaKTepHUC-
tiku AK3 BBO®P-1000 3agaBamuch B cooTBeTcTBUU C [4], 3a
HWCKITIOUSHUEM MaTepHraia o0OIOYKHU. DTO BBI3BAHO TeM, YTO
FEMAXI-5 mpucyin Takoi oOIIuii HeAOCTATOK COBPEMEHHBIX
KOJIIOB, MCITOJIb3YEMBIX IIPU aHAJIM3e MOBEASHUS TOILIUBA, KaK
MPUBSA3AHHOCTh K M30paHHBIM MaTepHajlaM.

B kadecTBe MaTepmasia TOIUIMBHOM TabJeTKW B KOIE BBI-
OpaHa crieyeHHas ABYOKHCH ypaHa; CJISAOBATE/IbHO, €CIU TIpe-
HeOpeub pasIMYUSIMU MEXAY TEXHOJOTUSIMU U3TOTOBJICHMUS
TOIUINBA, BIUSIOIINMHU Ha CBOMCTBAa TOIUIMBA, MOIEIU (DU3M-
YeCKHUX ITPOLIECCOB B TOIUIMBE, 3aJIOKEHHBIE B KO, COOTBET-
CTBYIOT TOILIMBY, IpuMeHsieMoMmy B TBC mpousBoacTBa Kop-
nopaunu «I'BBJI». OgHako B OTJIMYME OT MaTepuaja o6oiIoy-
K, mpuMeHsiemoro B TBC-A (umpkoHueBsIi cruiaB D-110), B Ka-
YyecTBe MaTeprajia o00I0YKHY B KOJIE paccMaTPUBAIOTCS IBa TUTIA
nupkajgos: Mapku SR (stress relieved) m mapku RA (fully
annealed). C ydJeToM 3TOro OrpaHWUYeHUs, IPUCYIIETO KOAY,
BBITTOTHSUICSA aHAIU3 YYBCTBUTEIBHOCTU OLEHKH AOJITOBEYHO-
cTU OOOJIOYKM TB3JIa, paboTalollero B pekuMe ITepeMEHHBIX
Harpy3ok, K HEeOIpeAeICHHOCTU B 3aJaHUN OCHOBHBIX PEXUM-
HBIX ¥ KOHCTPYKTUBHBIX MapamMeTpoB AK3 peaxropa, Ipu 3a-
NaHUU PEXUMHBIX ITapaMeTpPOB, XapaKTEpHBIX Ui peakTopa
BB®P-1000, m KOHCTPYKTUBHBIX TTapaMETPOB, TIPUCYIIMX TBITY
TBC-A.

3aBUCUMOCTH HAKOIUJIEHHOMN YIETbHON SHEPTUU PACCESHUS
A(N) matepuana 060I0YKU OT KOJUYecTBa 3 (PEKTUBHBIX CY-
TOK N TIOCTPOEHBI I LUKJIa MepeMeHHOro HarpyxeHus PY
(5¢cyr— 100% + 75 %, 2 cyr— 50 %). Ilo 6ymHam — cyTou-
HBIM LMK/ HATPYXKEHMS. B TedeHUe 164 — paGora Ha 100 %
MOIIHOCTH; B TeueHMe | 4 — cHMKeHue MolHocTH PY o 75 %:;
B TedyeHUe 64 — pabora Ha 75 %; B TeueHMe |4 — TTOIBEM
MotHoetH mo 100 %. B mocienHuii yac KasKOBIX IATHIX pac-
YETHBIX CYTOK, BMECTO IToabeMa MolnHocty 10 100 %, B Teue-
HUe 1 4 BEIIOIHSIETCS CHUXKeHMe MolHoctr PY mo 50 %, 3a-
TeM B TeueHne 47 4 — paGora PY Ha 50 %. B mociemHuii yac
KaXIBIX CEABMBIX PACUETHBIX CYTOK BHITOJTHASTCS MOABEM MOIII-
Hoctu PY no 100 %.
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OTMeTUM, YTO B HACTOMILEE BpeMs UL YKa3aHHBIX PEXM-
MOB HarpyKeHHUs HEeT HU SKCIIEPUMEHTAIBHBIX, HU PAaCUETHBIX
JAHHBIX II0 YIeIbHON SHEPIUU paccesHUs A;, XapaKTepHoi
IUIS Havaja pa3pylIeHUsS MaTeprasia 0OO0JIOYKHU.

Bemnuuna 4, B gaHHO# pabore ompenenstercs kak A(T)
B MOMEHT IIOTE€PU YCTOMYMBOCTU T, MaTepHasaa 0OO0JIO0UKH IIpU
JMOCTUKEHUN PaBEHCTBA MEXIY SKBUBAJICHTHBIM HAIPSKESHU-
eM i (1) W1 MaKCMMaJIbHO HArpyXKeHHOTO aKCHUaJbHOIO
CeIMEHTa TB3J1a M MPEIE/IOM TEKYYeCTH G (T) IS TOUKH,
pPacCIIONIOXEHHON Ha BHYTPEHHEH MOBEPXHOCTH LIEHTPAIbHOIO

AKCHUAJIBHOI'O CErMEHTA U UMEIOLIEH MaKCUMAJIbHYIO TEMIIEpa-
Typy:

CSIgnélX (To) = GBnax (To) . (2)

Cnocob ompefeneHUs BEMUYUHBI 4; B COOTBETCTBUU C KPH-
TepueM (2) mosicHsIeTcs Ha pucyHKax. Ha puc. 1 mokasaHa 3a-
BHUCUMOCTbD YAEIbHON 3Hepruu paccesHus A(N) mis maTepua-
Ja obomouku SR-1MpKasoi oT BpeMeHU B BuAe (GPYHKLHMU OT
KomnuecTBa 3(pHeKTUBHBIX CyTOK N, Ui LIMKIIAa TIEPEMEHHOTO
Harpyxenus PY (5 cyr — 100 % + 75 %, 2 cyr — 50 %) mipu Tpex
3HAYECHUSIX IMaMeTpa LIEHTPaJIbHOIO OTBEPCTUS TaOIETKHU d;;g :
6a30BOIf — B COOTBETCTBUU ¢ [4], yBemmueHHoM Ha 20 % 1 yMeHb-
weHHo Ha 20 %.

Ha puc. 1 BugHO, 4TO Mpy YMEHBIIEHUN AMAMETPA LIEHTPaIb-
HOTO OTBEpPCTHS TableTKu (OCTaJbHBbIC PEKUMHBIE IapaMeTphl
AK3 u KoHCTpyKTUBHEBIe TapaMeTpbl TBC 1ipu a3ToM pUKcHpo-
BaHBI U 32IaF0TCSI B COOTBETCTBUM C [4]) HAKOIUIEHHAS yIeabHAas
SHEpIusl paccesHUI MaTepraia 000I0YKY 3HAYUTETHHO YBEIH-
YpBaeTcs B 00acTH ITyOOKUX BhIropaHMil (Gombimx N).

Ha pwuc. 2 mokasaHO AOCTUKEHUE YCJIOBUS (2) B MOMEHT
TIOTEPU YCTOMUMBOCTU MaTepHaa obomouku T, = 2074 3. cyT
U ciIydasi, KOoraa d;;g yMmeHblleH Ha 20 % mo cpaBHEHMIO
C TIPOEKTHBIM 3HaueHUeM. BumHo, uTo ycioBue (2) mas ciy-
4asi, Korma d;;g yBenudeH Ha 20 % 1o CpaBHEHMIO C ITPOEKT-
HBIM 3HaueHMeM, B MOMeHT BpeMeHU N = 2074 3¢. cyT He BHI-
TIOJTHSIETCS.
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Biusinue HEOIIPE/ICJICHHOCTH MCXOMAHBIX JaHHBIX Ha OIEHKY JOJITOBEUYHOCTH OOOJIOUKHW TBAYJIA IIPU IIEPEMEHHOM pEXUME DKCIUIyaTalluu

T, 2075

1.

Puc. 2. OnpeneneHue BpeMeHU T, T yMeHblIeHHOro Ha 20 % e
1 — TIpesiest TeKyJ4ecT Ggm (T) ; 2 — 9KBUBAJEHTHOE HaIIPsIKEHUE G:m (t) nas dfa'g =0,112 c™m (20 %);
3— ol (v) ma de =0,168 o (+20 %)

Ao

100} A -

T

n 1 j .
1650 1700 1800 1900

Puc. 3. OnpeneneHue BenmunHbl A, 11s ymeHblueHHoro Ha 20 % d

TlonyumB mas ymeHblneHHOM Ha 20 % BeIMYUHBL d;;g 3Ha-
yeHUe Ty = 2074 3. cyT, cooTBeTCTBYIOLIAs BeNUYUHA Ay =
= 25,5 MIx/M3 ompenensercs Ha OCHOBe 3aBHCHMOCTH A(N)
(puc. 3).

OrnpefienuB IO OMUCAHHON BHIIIE METOAMKE XapaKTEPHYIO
IUII HavaJTa pa3pyIleHNs MaTepraia 000I0UKHY YIEIbHYIO 3Hep-
TUio paccestHUS Ay, U KOHKPETHOro HaGopa PeKUMHEBIX Ma-
pameTtpoB AK3 1 KoHCTpyKTUBHBIX mapamerpoB TBC (B maH-
HOM ciy4yae dfég yMmeHblreH Ha 20 %, Torma Kak OcTajbHBIE
napaMeTphbl TTPOEKTHBIE) MOXHO C ITOMOIIBIO BhIpaxkeHUs (1)
IUIS TI060ro MOMEHTa BpPEMEHH, ITocje J000ro KOoIn4yecTBa
LUKJIOB MMEPEMEHHOI0 HarpyXeHUs OINpeAe/INTh 3HAaUYSHUE Ma-
paMeTpa IMOBPEXISHHOCTH MaTepraia 060I0YKU 0)(1:) .

IlenecoobpasHO OLIEHUTh YyBCTBUTEIBHOCTD PE3YJIbTaTa OLleH-
KU JOJITOBEYHOCTH OOOJIOYKM TB3JIa B PEKUME MEPEMEHHBIX

Aodepna ma padiayiuna 6esneca 2.2009
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HArpy30K K HEOIpeneIeHHOCTH B 3aJaHUU OCHOBHBIX PEXKMM-
HEIX HapaMeTpoB AK3 1 KoHCTpyKTUBHEIX napaMeTpoB TBC.

OrHocurenbHas pasHuLa A4,(N) MexXay yIeabHO SHepru-
eit paccesHusa 4,(N) g Habopa mapameTpoB {X| o, X5 ¢, .o
Xl-,o + AX, ..., Xk,()} U yaenabHON sHeprueil paccesaHus Ay(N)
47151 6azoBoro Habopa MapaMeTpoB {X; g, X5 g5 - > Xj s - » Xp o>
3aBUCAIIAs OT KoaudyecTBa 3(PHEeKTUBHBIX cyTOK N M OTKJIO-
HeHus A X, [-ro BapbMpPYEMOIO IapaMeETpa, ONpPEAEIAETCA
BBIpaKEHUEM

A=A (V)

M (V) = SR )

B tabn. 13 npuBeneHs! sHaueHus A4;(N) 1pu BappupoBa-
Hun AX; (ocTanbHBIE MMapameTpbl IIPU 3TOM (UKCUPOBAHBI)
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Tabauya 1. OTHOcUTenbHAs pasHula A4, (N), %, Mpu BappUpOBaHUU MapaMeTpoB 1-f TpyImsI

N, 3. eyT 250 500 750 1000 1250 1500 1750 2000 2250
+20 -0,01 +0,25 -0,03 -0,01 -0,01 -0,01 -0,01 -0,01 0,00
A(TPL —TT/H) =AX, %
=20 0,00 —0,04 -0,01 0,01 0,01 0,02 0,01 0,01 0,01
+20 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 -0,03
ARGR = AXZ’ % 2 2 2 2 2 2 2 2 2
=20 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,12
+20 0,25 -1,00 -0,64 -0,53 -0,50 —0.44 -0,41 -0,30 —0,12
AU235 = AX3’ % b 2 2 2 2 2 2 2 2
=20 -0,24 1,28 0,63 0,55 0,49 0,43 0,37 0,28 0,11
+ | | | |
AV =AY, % 20 0,19 0,12 0,02 0,03 0,03 0,02 0,00 0,02 0,09
=20 0,19 -0,14 -0.16 —0,06 -0,05 -0,03 0,00 0,02 0,10
Tabauya 2. OTHOCUTenbHAs pasHula A4, (N), %, npu BappUpOBaHUN MTAPaMETPOB 2-1 TPYIIIIBI
N, 3. eyT 250 500 750 1000 1250 1500 1750 2000 2250
+6 —46,9 -10,2 -11,1 -12,1 -12.,5 -12.4 -12.0 -11.3 -8.96
Aa=AX5, %
-6 17.1 8.11 11,5 9.88 10,3 10.8 10.8 10,5 9,36
+20 -23.8 6,59 5,85 5,11 5,06 5.29 5.34 5.81 7,56
APHe,O = AXG’ % 2 2 2 2 2 b 2 2 2
=20 26,1 -5.42 —4.81 —4.88 —4.66 —4.71 —4.76 -5,05 -6,03
AHey =AX 4, % =20 -6,03 1,00 0,64 0,38 0,36 0,41 0,44 0,67 1,76
+3 2,77 -0,69 -0,69 0,55 -0,48 -0,55 -0,62 -0,81 -1,50
AkU02 EAXSD % 2 2 2 2 2 2 2 2 2
-3 -3,21 0,99 0,59 0,54 0,45 0,56 0,66 0,97 3.09
+6 19,8 8,53 2,15 1,03 0,53 0,14 -0,12 -0,55 -1,52
™ = AX,, %
T/H 9>
-6 -18.3 -8.20 -1,63 -0,74 -0,21 0,25 0,53 0,99 2.33
+6 -1,49 -19.9 -9,02 -6,58 -5,43 —4.86 —4.44 —4.18 —4.21
AWT/H = AXIO’ %
-6 1,61 21.8 9,59 7,18 6,03 5.43 4,97 4,70 4,78
AS =AY, % +3 -0,68 -11,7 —4,97 -3,52 -2,90 -2.56 -2.34 -2,20 -2.29
-3 0,84 13.4 5.82 4.44 3.60 3.19 2,90 2,76 2,89
+20 2,32 -1,39 -1,87 -1,98 -2,13 -2.64 -3.49 -5.42 -10,7
Adyg = ANy, %
=20 -2.12 1,82 1,94 2,05 2.33 3.14 4,53 8.46 1681
TIOCJIe HETIPEPhIBHOM paboOThI IO OIMMCAHHOMY BEIIIE IIEpeMEHHO- | ITapaMETpPOB {X1,0> X2,0> - Xi,0> v X k,O}’ BapbUPOBAHUIO

My LIUKJIy HarpyskeHusd B TedeHue nx250 ad. cyt, tme n =1, 2, ...9.
BrImostHeHHBIE pacyeThl MoKa3aa, YTO OCHOBHBIE PEXXUMHbBIC
napamerpel AK3 1 KoHCTpyKTHBHBIE mapaMmeTpsl TBC mo crerme-
HM YYBCTBUTETBHOCTU K HEOIPEACICHHOCTH B X 3aIaHUH PE3YJTb-
TaTa OLEHKH IOJITOBEYHOCTH OOOJIOUKH TB3JIa B PEKMME TTepeMeH-
HBIX HATrPy30K MOTYT OBITh YCJIOBHO Pa3efieHbl Ha 3 TPYIIIbL

K 1-i1 rpymnme oTHOCSTCA mapaMeTpbl, HEOIIPEAeIeHHOCTh
B 33IaHUM KOTOPBIX HECYILIECTBEHHO BIIMSET Ha Pe3y/IbTaT OleH-
KU JOATOBEYHOCTU 0bomouyku (Tabi. 1).

Hcnonb3ys BeIpaxkeHue (3) OIsT OTHOCUTEIBHOM pa3HUIIBI
A4, (N) Mexny ynenbHoll sHeprueil paccesHus A, (N) mis
Habopa ITapaMeTpoB {X1,0> Xz,0> e XI-’O + AX, ..., Xk,o}
U yAeabHOM sHeprueli paccesHus Ay(N) wia 6azosoro Habopa
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PasHUIBI TeMIIepaTyp rasa BEpPXHEro KOMIIEHCAIIMOHHOTO
obbema u TemaoHocutend (t/H) A (Tpp — TT/H) =AX =
= +20% COOTBETCTBYET CJIeAyIOlIas OTHOCHUTEIbHASI pa3HU-
1Ia MEX/y 3HAUECHUSMU YeIbHOM 3Heprun paccesHUs A A;(N):
A A(250) = —0,01 %; A A;(500) = +0,25% u Tak mamee
(cm. Tabm. 1).

AnHajiornyHeIM obpa3oM, BappupoBaHuio A (Tpyp — T /H) =
= A X| = —20 % cooTBeTCTByeT clie/lyIollast OTHOCUTEIbHAS pa3-
HHIIA MEXIY 3HAYCHUAMU YebHON 3HepIriy paccesHus A A, (N):
A A;(250) = 0,00 %; AA;(500) = —0,04 % u tak mamee
(cM. Tabm. 1).

Hampuwmep, mpu A Vp; = A Xy = —20 % cooTBeTcTBYIOMIAL
OTHocuTeTbHas pasHula A A,(1000) paBHa —0,06 % (cm. Tabu. 1).

Aodepna ma padiayiuna 6esnexa 2.2009
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Tabauya 3. OTHOocUTenbHas pasHua A4, (N), %, Ipu BappUPOBaHUM ITAPAMETPOB 3-I TPYIIITBI

N, 3. eyT 250 500 750 1000 1250 1500 1750 2000 2250
+1 | 699 | —144 | —742 | =699 | —633 | -572 | -549 | -581 | -806
J1 | 487 9.04 411 2.19 1.55 1.48 175 2.57 12,6
+1 | —344 567 3.42 1.96 125 111 136 2.06 6.61
AdTaG = A‘)(14’ %

1| 655 | -763 | 280 | -285 | —248 | -197 | -187 | -223 | —436
+20 192 288 167 136 127 132 326 689 862

20| —169 | -840 | 818 | —694 | -63.6 | —610 | -600 | —605 | —63.5
+6 | 147 147 70.8 523 44.9 40.6 373 35.7 37.7
6 | —127 | 848 | -759 | -528 | —438 | -381 | -343 | -315 | -303

Tabauya 4. BnussHUE HeollpeneIeHHOCTH
B 3a[IaHUY ITApaMETPOB 1-if IPYIITBI Ha pes3y/IbTaT pacuera Ty U Ay

IlapamMeTp HCXOTHBIX UucjieHHoE 3HAYEHHE Tos AD,
JAHHBIX mapaMeTpa HCXOAHBIX TaHHBIX 3(1)- cyT MZ[)K/MS
25 (bazomag BemamHA) | 2246 | 27,36
TeMrlreas:Huarasa 30 (yBemmuenue Ha 20 Y%
patyp 10 CPABHEHHIO 2246 | 2736
BCPXHETO 9 9
¢ 0a30BOH BCIHMIHHOMN)
KOMIICHCAIIHOHHOTO
00BeMa U T/H 20 (yMCHBIICHHE HA
(Tp1— Tim), °C 20 % 1o CpaBHCHHIO 2246 | 27,36
¢ 0a30BOH BCIHMIHHOMN)
Havanbubrit 10 (6a3.) 2246 | 27,36
PAMED 5CPHA 12 (+20 %) 2047 | 27.42
TabICTKH
Ror, MKM 8 (20 %) 2240 | 27,20
OGoramere 0,044 (6a3.) 2246 | 27.36
TOIUTHBA IO 0,053 (+20 %) 2243 | 27.25
YPaHy-235 0,035 (=20 %) 2247 | 27.46
BepxHuii 0.21 (6a3.) 2246 | 2736
KOMIICHCAITHOHHBIN 0,25 (+20 %) 2047 27,37
00BCM TBIJIA
VoL, oM 0.17 (=20 %) 2243 | 2731

TaxuMm o6pa3oM, pacdyeTHBIM IyTeM IOIyYeHa OTHOCHUTEITb-
Hag pasHuna A A;(N), AA,(N), AA;(N), AA,(N) npu Bapeupo-
BaHMU COOTBETCTBEHHO pasHULBI Temriepatyp A (Tpp — T /) =
= A X, , Ha4anbHOro pasmepa 3epHa TabneTku A Rgr = A X,
oboraiieHus Tommea 1o ypany-235 AU,;s = AX;, Benuun-
HBI BEPXHETO KOMITCHCAIIMOHHOTO o6beMa TBaa A Vpp = AKX, .

Ko 2-i1 rpymme oTHOCATCS TapaMeTphl, HEOpeaeIeHHOCTD
B 3aJaHUM KOTOPBIX cJIab0 BIMSET Ha pe3yabTaT OLIEHKU HOJI-
TOBEYHOCTU 06OIOUKM (Tabi. 2).

B T1abn. 2 @ = Xy — ronumHa obonouku; Py, o = Xy —
HayaJIbHOE JaBJeHUe Teaus 1of obomoukoii; He, = X; — Ha-
YaJbHOE CoepsKaHUe Ters B Ta30BOM cMecH MMof 060I0UKOIL;
ka2 = Xy — KO3(pOULUEHT TEOPETUYECKOH IUIOTHOCTH ABY-
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OKWCH ypaHa; 7Y = Xy — [aB/ieHUe T/H Ha BXOE B PEaKkTop;

W, = Xj9 — CKOpOCTb T/H; & = X|| — IIar TeIIOBBIIENSIO-
LINX 3JIEMEHTOB; dgg = X|, — IMaMeTp LEHTPAJIbHOIO OTBEP-
cTUsl TabJIeTKU.

CrienyeT OTMETUTB, YTO OTHOCHTE/IbHAS pasHULia Ady, (2250) =
= 1681 % , COOTBETCTBYIOLIAS BAPbMPOBAHMIO AUAMETPA LICHTPaJIb-
HOro oTBepcTHs TabneTku A d -2 = A X, =—20 % (cm. Tabi. 2),
OTHOCHUTCS K MOMEHTY BPeMEHU 1T 3T, = 2074 3. cyT.

K 3-if rpymme oTHOCATCS TMapaMeTphl, HEOMpeaeIeHHOCTh
B 3aJJaHUU KOTOPBIX CHJIBHO BIMSET Ha Pe3yabTaT OLICHKU IO~
TOBEYHOCTU 060IOUKM (Tabi. 3).

B rabn. 3 dj; = X|3 — HapyXHbIll AMameTp 06OIOUKM;
dns = X4 — mmamerp tabnetku; g™ = X5 — Makcu-
MaJIbHag JUHEWHag yhelbHas IJIOTHOCTb 3HEPrOBBIACICHMUSI;
Ty, = Xjg — TemmepaTypa T/H Ha BXOAE B PeaKTOp.

BiusgHue HeompenelIeHHOCTH B 3aJaHUU MMapaMeTpoB 1-ii,
2-1f 1 3-1f TPyNI Ha pacyeTHBbIE BEJIMUMHBI MOMEHTA BpEMEHU
IIOTEpH YCTOMYHMBOCTH MaTeprajla 060I0YKU Ty ¥ COOTBETCTBY-
IOLLeN SHEPTUM paccestHUus 4, mokasaHo B Tabm. 4, 5 u 6 coor-
BETCTBEHHO. B Tabm. 6 Takke OaHO CpaBHEHUE BEIUYMH T
n Ay mna meyx tumos nmpkamos: SR u RA [2].

TakxuMm o6pa3oM, OCHOBHEIE peXKMMHEIe MapaMeTpbl AKS3
PY BB®P-1000 u KoHCcTpyKUMOHHBIe ITapaMeTpbl TBC-A yc-
JIOBHO IeJIATCS Ha 3 TPYIIIBI MO CTEIEHU BIUSIHUI HEOIpene-
JICHHOCTH WX 3aJaHMWSI Ha Pe3yabTaT OIEHKU IOJTOBESUYHOCTH
obostouky TBaMIa mpu pabore PY B pexkume mepeMeHHBIX Ha-
TPY30K.

K rpymme xecyuwecmeento eausrouwux napamemposg, Heorpe-
JIEJICHHOCTh 3aJaHMs KaXIOro M3 KOTOpPhIX BeiamunHou 20 %
MIPUBOIUT K HEOIPENEAeHHOCTH OLICHKN BPEMEHU ITOTepH yC-
ToMuMBOCTH T, He Gomee 0,1 %, oTHOCATCS: pasHUIA MEXIY
TeMIlepaTypaMH rasa BEpXHETro KOMITEHCAIIMOHHOTO obObeMa
Y TEIJIOHOCUTENTSI; HadaJbHBIA pa3Mep 3epHa TabneTku; obo-
raifeHrue TOIUIMBA I10 YpaHy-235; BepXHUM KOMITeHCAIIMOHHBIM
o6beM TBaMA.

K rpymme caabo eausrowux napamempos, HeONpeneTeHHOCTD
B 3aJaHMM KAXIOrO U3 KOTOPBIX BEJIMUMHOMN 3 % IPUBOIUT K He-
OTIpe/IeNIEHHOCTH OLIEHKH T, He Gonee 2 %, OTHOCATCS: TOMIIMHA
000710YKI; HayaIbHOE MABJICHHE Te/THs IO 000I0UKOM; HaYaTbHOS
cofiepskaHue Te/IHsl B Ta30BOM cMecH T1of 060T0UKOM; KOahhuIm-
€HT TEeOPEeTHUYECKON IUIOTHOCTU IBYOKHCH ypaHa; JaBJeHUE
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Tabauya 5. BnusHue HeollpeeIeHHOCTY B 3aJaHUU ITapaMeTPOB 2-11 IPYIIBL Ha pe3y/bTaT pacueTa Ty U A,

IIapaMeTp HCXOTHBIX IAHHBIX Yuc/ieHHOE 3HaYeHHe TapaMeTpa HCXOIHBIX JAHHBIX Ty,30. cyT | A, M/’
0,069 (6a30Bag BCTHIMHA) 2246 27,36
Tomuuaa 000104KY @, CM 0,073 (yBemricHUE Ha 6 % 1O CPaBHEHUIO C 0A30BOI BETMMHHON) 2230 24,26
0,065 (ymeHbIIEHHE HA 6 % O cCpaBHEHMIO C 0A30BO BEIHIHUHOM) 2230 29,44
2,0 (6a3.) 2246 27.36
HauansHOe AaBieHue reaus nozm o
06010uK0# Pite . MTTa 2.4 (+20 %) 2201 27.80
1,6 (20 %) > 2250 —
HauansHOE coaep:kaHue reaus 100 (6a3.) 2246 27,36
B Ta30BOH CMCCH MOT 000I0UKOH
Heo, % 80 (=20 %, npu 3TOM J014 asota 20 %o) 2223 27,05
Koo((UuueHT TeopeTHyecKoii 0,95 (6a3., mpu 3roM wotHOCTE UO; 10,41 F/CM3) 2246 27.36
IUIOTHOCTH 1By OKMCH ypaHa 0,92 (=3 %, nipu sroM miotTHOCTS UO5 10,08 r/cw) 2206 26,72
k
U0 0,98 (+3 %, npu >1oM ToTHOCTH UO; 10,74 r/ent) > 2250 —
15,84 (6a3.) 2246 27.36
JlaBJcHHE T/H HA BXOJC
[1) -
B peaxrop P, MITa 16,79 (+6 %) > 2250
14,89 (-6 %) 2218 27,01
5,64 (06as.) 2246 27.36
CKOpOCTH TEIIIOHOCHTEILS
5,98 (+6%) > 2250 —
Werm , M/C
5,30 (—6%) 2230 28.14
1,275 (6a3.) 2246 27.36
IITar TenIoBBIACTSIOIMX o
3JEMEHTOB § , CM 1.313 (+3 %) > 2250 _
1,237 (-3 %) 2235 27.81
0,140 (6a3.) 2246 27.36
JuaMeTp LIEHTPAIBLHOTO 0,168 (+20 %) > 2250 —
OTBEPCTHA TAOICTKH ¢ . CM 0,112 (=20 %) 2074 25,52
0,136 (-3 %) 2215 26,98

Tabauya 6. BrnusHue Heollpee/IeHHOCTY B 3aJaHUU ITapaMeTPOB 3-11 IPYIIBL Ha Pe3y/bTaT pacueTa Ty U A,

IIapaMeTp HCXOTHBIX IAHHBIX Yuc/ieHHOE 3HaYeHHe TapaMeTpa HCXOIHBIX JaHHBIX Ty,00. cyT | A, ML/
0,910 (6a30Bag BETHIHMHA) 2246 27,36
Hapy>xHb1i AHAMETP 000I0UKH
I 0,919 (yeemmuenue Ha 1 % mo cpaBHEHMIO ¢ 0A30BOI BEIMIHUHOM) >2250 —
06>
0,901 (ymenpimenue Ha 1 % no cpaBHEHMIO ¢ 0A30BOI BEIMIHUHOM) 2167 26,27
0,757 (6a3.) 2246 27,36
JluameTp TabmeTku dyy5 , CM 0,765 (+ 1 %) 2186 26,58
0,749 (-1 %) > 2250 —
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Oxonuanue mabn. 6

IapaMeTp HCXOXHBIX TAHHBIX YncieHHoe 3HAYeHHe TIAPAMETPA HCXOTHbIX TAHHBIX Ty, . eyT | Ay, M’
MAKCHMAIBHAS THHEHHAS 248 (6a3.), TIPH 5TOM CPEAHA EHOTH%CTB r[ozToxa OBICTPBIX 2246 27.36
yIC/bHAS IUTOTHOCTD HEHTPOHOB < @ > = 1-107" 1/(cM™~¢)

SHEPTOBBIICICHHS ¢ . Br/cM 298 (+20 %), <@ > = 1,2-10"" 1/(cm™c) 1576 37,69

(100 % momnHoCTH) 198 (20 %), < @ > = 0,8-10" 1/cv’c) > 2250 —
290 (6a3.) 2246 27.36
Temmeparypa T/H Ha BXOAC B 307 (+6 %) 2136 33,05

peaxrop Ty, °C 273 (-6 %) >2250 —
299 (+3 %) 2190 30,37
SR-mmpxanoi (0a3.) 2246 27,36

Marepuan 000I09IKH
RA- mmpxamoi 1447 10,09
TEIUIOHOCUTEIIS HAa BXOAE B PEAKTOpP; CKOPOCTb TEIUIOHOCUTEIIA, Cnucok nutepaTypbl

1Iar TETUIOBBIACIISIFOIIMX 3JIEMEHTOB; AMAMETP IIEHTPaJIBHOIO OT-
BEepCTUS TaOIECTKU.

K rpymnre cuasho eausrousux napamempog, HeoIpeneIeHHOCTD
B 3aJaHUM KaXIOro M3 KOTOPHIX BeIWYMHON 3 % mpuBOIUT
K HEOIIpeIeTISHHOCTH OLIEHKU T, Gosee 2 %, oTHOCATCS: Ha-
PYXHBI mramMeTp oOOJOYKM TB3J1a; AUAMETpP TabOJaeTKU; MaK-
cuMaJIbHasI IMHEHAS yaeIbHasI ITUIOTHOCTb SHEPTrOBBIICICHMUS;
TeMIlepaTypa TEIUIOHOCUTENISI Ha BXOJE B PEaKTop.

Bribop martepuana 0607109KM CHUIBHO BIMSIET Ha pacyeT-
HYIO JOJITOBEYHOCTh OOOJIOUKM B peKMMeE ITEPEeMEHHBIX Harpy-
30k. OmHako BBUAY IpuBg3aHHocTU Koga FEMAXI-5 x mate-
puaay o607I0YKM (LIMPKAJIoi), OTIIMYHOMY OT IIPUMEHSIEMOIO
B TBC PY tuna BB®P-1000, nj1ss KOppeKTHOM OLIEHKHU IOJTO-
BEYHOCTH OOOJIOUKM C ITOMOIIBIO JAHHOTO KOAa HEeoOXOIUMO
BBITIOJTHUTB €0 AOMOJTHUTEIBbHYIO agaITalluro.
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A. 1. Wyranno', C. IN. KocTeHko ?,
An-pp M. Wyranno', B. b. Kpuukuin',
O. UN. Peixos', J1. B XampoBckas'
'focynapCTBeHHbIA HaydHO-TeXHUYECKI LIGHTP

1o AepHOo 1 panualoHHOM 6e30n1acHOCTH
? [ocynapCTBEHHBIN KOMUTET SA1ePHOr0 PerysmpoBanHmst YKpanHb!

K Bonpocy

O NepeHasHavYeHnK
OOMYyCTUMOrO YMcna
LIMKIOB Harpy>XeHus
TEeNJIOMEXaHNYECKOro
obopynoBaHUS

PaccMoTpeHbl HEKOTOPbIE acrlekThl, Kacaroluimecs nciep-
rnaHus UUKJI0B Har PYXeHUs: TerJioMexaHnieckoro obopynosa-
Hus ASC, v npeacTaB/ieHbl OCHOBHLIE M0JI0XKEHUSI MeTOANKU
10 niepeHa3Ha4dyeHnio JOoMNyCcTuMoro 4uciia ULNK/10B HarpPy>XeHus
U OLIEHKU TEXHUYECKOIrO COCTOSIHNS 06 0pYA0BaHUS NPu UNKIIN-
HYeCKVX Harpy3kax.

O. . Wyraino, C. IN. KocTteHko, On-ap 1. Wyraino,
B. b. Kpuubknia, . W. Peixoe, J1. B. XampoBCbka

LWoao nuTaHHA NepenpusHadYeHHA A0NYCTUMOT KifibKOCTI
LMKJiB HaBaHTa)XXeHHA TenJioMexaHiyHoro o6nagHaHHA

PoarigHyTo gesiki acnekTy 100 BudepraHHsi UMKI1IB HaBaH-
TaXXeHHs TeryiomexaHidHoro obaanHaHHsa AEC i npencraB/ieHo
OCHOBHI M0JIOXKEeHHS MEeTOAUKY 3 NepernpuaHadeHHs: 4onycTu-
MOI KIJTIbKOCTI UMKITIB HABAHTAaXKEHHS Ta OLIHKM TEXHIYHOIO cTaHy
06/1aHaHHS [P UMKITINHNX HaBaHTaXKeHHSIX.

a TIPOTSDKEHWH TIOCIICHUX JIET aTOMHBIE 3JIEKTPO-
craHuuu, oskcrnayatupyembie ['T1 HABK
«DHeproatoM», BbIpabaTbiBaloT okojio 50 %
o0111ero oobeMa 31eKTpo3Heprun B YkpanHe. Ha
9THX 3JIEKTPOCTAHIIMX B paboTe HaxoauTcst 15 pe-

AKTOPHBIX yCTaHOBOK: iBe — ¢ BBOP-440/213 (nepBblil u BTO-

poii aHepro6ioku Posenckoit ADC) nu 13 — ¢ BBOP-1000

(ectb — Ha 3amnopoxckoit ADC, nBe — Ha XMEJbHUIIKOM,

Tpu — Ha FOxHO-YkpanHckoit ADC, a TakKe Ha TPETheM U YeT-

BepToM 3Heproosiokax PoseHckoit ADC). OO01ast ycraHOBJICH-

Hasl MOILIHOCTb ATOMHBIX DJIEKTPOCTAHIMII YKpauHbl COCTaB-

ssiet 13818 M BT (3:1.).

B Hacrosiiiee Bpemsi CpoK 3KcIyaTaluu OOJIbIIMHCTBA
neicTByOIINX 3HEProo610KoB ADC YKpanHbl MPEeBbICUIT TTOJIO-
BUHY MPOEKTHOTO CpOKa, KOTOPhIi OyneT nucuepnaH a0 2025 .,
3a UCKIIIoUYeHueM dHepro0jokoB Ne 2 XMenbHULIKON m Ne 4
Posenckoit ADC. B c¢Bs3M ¢ 9TUM TeXHUUECKU OOOCHOBAHHO U
9KOHOMMYECKHU 11eJ1eCO00Pa3HO MPOJIEHUE CpoKa IKCILTyaTa-
1uu 3HeproosokoB ADC 1pu YCJIOBUU COOTBETCTBUSI UX 0e3-
OIMACHOCTH TPeOOBaHUAM HALIMOHAJIBHBIX HOPM M TPaBWJI I10
SIIEPHON M paJuallMOHHON 0E30MacHOCTU U PeKOMEHAAlUsIM
MATATD, 4TO OTHOCUTCS K TIEPBOOYEPENIHBIM 3aJaHUSIM, KO-
topsie onpeneneHbl B Konuenuuu pazsutust ['TT HADK «DHep-
roaToM».

IMpuHKUMast BO BHUMaHWe, YTO TTPOEKTHBIE CPOKHU IKCIUTya-
Tary 3HeproogokoB NeNe 1, 2 Posenckoit ADC n Ne 1 KOxHo-
Ykpaunckoit ADC 3akanuusarotcs B 2010, 2011 u 2012 rr. co-
OTBETCTBEHHO, B HACTOSIIIIEe BpPeMs Ha HUX BBITIOJHSIOTCS
MEPONPUATUSI TIO MPOMICHUIO SKCILTyaTalluU B CBEPXIPOEKT-
HBbIA CPOK.

OnHUM M3 OCHOBHBIX (PAKTOPOB, ONMPEACISTIONINX BO3MOX-
HOCTb TIPOJIJIEHUSI CpOKa IKCILTyaTalliM peaKTOPHON yCTaHOB-
ku (PY), sgBasiercsi KOaM4ecTBO 1LIMKJIOB HArpyXeHust o0opy-
JIOBaHMSI, KOTOPOE, B YACTHOCTH, peaiu3yeTcsl Mpu TakKuxX Mpo-
eKTHBIX peXuMax, KakK 3arojHeHUe o0OopyaoBaHUs paboyeii
cpeioil, yIJIOTHEHUEe O0OpYMOBaHUS, THIPABINYECKNIE MCIIbI-
TaHWs, TUIAHOBBI pa3orpeB M pacxojakMBaHUE peaKTOPHOM
YCTAaHOBKM, aBapuiiHOE pacxoJiaxkxuBaHUe U JIp.

B coorBercTBUM ¢ TpeOGOBaHUSMU HOPM, TPaBWJI U CTaH-
JIapTOB TIO sIIGPHON W pajuallMOHHOI 0e30racHoCTH (B yacT-
Hoctu 1. 10.6.3 HIT 306.2.141-2008 «O06111e mojoxeHust 6e3-
OIMaCHOCTU aTOMHBIX cTaHumi» u 1. 9.1.17 [THAD I'-7-008-89
«[TpaBuna ycTpoiicTBa 1 6Ge30macHOi 3KcIuyaTauuu od60pyao-
BaHUsSI U TPYOOIPOBOJOB ATOMHBIX 3HEPreTMYECKUX YCTaHO-
BOK») Ha aTOMHBIX 3HEpPreTUYecKuX ycraHoBkax (ADY) moi-
JK€H BECTUCh YUYeT KOJIMYEeCTBA 1IUKJIOB pabOThl 000PYIOBaHUS,
HauyMHasl C 3TAroB MyCKOHAJAJ0UYHbIX padoT.

Bo ucnonHeHue TpeGOBaHMII YKa3aHHBIX HOPMATMBHBIX
JIOKYMEHTOB, 3KCIUTyaTUpYlollasi OpraHu3alius OCyIlecCTBIIsIeT,
B TOM YMKCJIe, TIOCTOSTHHBIN y4eT ¥ MOHUTOPWHT TEKYIIETO CO-
CTOSIHUSI TIPOEKTHOTO pecypca o0OpyaoBaHUsI U TPyOOIIPOBO-
JIOB peaKTOPHOU YCTAaHOBKH IO KOJWYECTBY IIMKJIOB Harpyxe-
HUSsI, YTO SIBJISIETCSI HEOOXOAMMBIM YCJIOBMEM 0e30I1acHO 1 Ha-
NIeXKHOW BKCITyaTalMM KaK OTHEeJIbHBIX 3JieMeHTOoB PY, Tak
n ADC B 1es10M.

JonyctumMoe KOJIMYECTBO LUKIOB HArpyxXeHUsl it 000py-
noBaHUs PY ycTaHOBJIEHO TNMPOEKTOM sIIEpHON YCTAHOBKM Ha
OCHOBaHUM PACUYETHBIX OOOCHOBAHMI MPOYHOCTU U OTPaKEHO
B TEXHOJOTMYECKOM perjiaMeHTe 0e30ITacHOM 3KCIulyaTalluu
(TPBD), TexHuueckoM 0OOCHOBAHUM O€30MACHOCTU U OTYETE
10 aHaju3y 0e30MacHOCTU KaxXJI0ro dHeprobdokxa.

DKCIutyaTupyoolasi opraHu3aiusl eXeroaHo, HaIlpumMep,
B CBOJTHOM T'OJIOBOM OTYETE IO OLIEHKEe TEKYILEro YPOBHSI SKCILTY-
aTallMOHHOI 0e301acHOCTH 3HEPro0JIOKOB MPUBOIUT PE3YJIbTAThI

Aodepna ma padiayiuna 6esnexa 2.2009




K BOIIPOCY O II€peHA3HAYCHUM JOIYCTUMOIO YHUCJAa ITUKJIOB HAIPYy>KEHUS TEILJIOMEXaHUUECKOTO O0OpPYIOBaHUS

Tabauya 1. PexxuMbl, U KOTOPBIX TIPU 3KCIUTyaTALIMU OTASIbHBIX 9HEProOGIOKOB
BO3MOXHO HCYepITaHUe PErIaMeHTHPOBAHHOIO KOJIMYECTBA IIMKJIOB 10 OKOHYAHUS MPOSKTHOIO CPOKa SKCIUTyaTAITUH

@ aKT MYe CKoe Jlony cTuMoe OsKIaeMoe
Cpok KOJTHY€ CTBO KOJT Y€ CTBO i
IRCIUTyaTallu| IIHKI0B, IIHKTOB 3a OILITHC CTBO
1[poeKTHEIE pesKIMbI Biiox AC Grmoka (JIeT) PeaIH30BA HHOE Npoe KTHBII CpoK gpgj:]]:}(;gga
Ha 31.12.2007 CJITY SKOBI
A b B r
3anoyHeHne
00opy loBaHus padoueit
cpesoi, o THEHHE PADC-3 0 “ 60 %
000py IOBaHUS
o
S Pasznernoe
= | rumpapmaeckoe 3ADCS 174 63 100 117
% UCTIBITAHUE Ha MIOTHOCTh
% 1-ro KOH1Typa IOYADC-1 24 89 100 111
I tanoBEIH paszorpes 3ADC-1 22 65 90* 39
¢ «XOIOHOTO? PADC-3 20 67 90 101
COCTOSIHUS CO CKOPOCTHIO
10 20 °C/u IOYADC-1 24 R'§) o0* 108
CTtyneHuaToe CHIKCHHUE PADC-1 27 131 200 151/202%*
< | marpyskuco 100 % x
z 710 50 % MOITHOCTH PADC-2 26 139 200 167/222
8 CrtynengaToe noBemenne | PADC-1 27 136 200 157/209**
M | marpysku ¢ 50% o o1 3%
100 % MOIHOCTH PADC-2 26 133 200 160/213

* Jlnsg sHeproosioko 3ADC-1, OYADC-1 u PADC-3 g yKa3aHHOIO peXuMa JAOIYyCTUMOE KOJUYECTBO IMPOEKTHBIX
IIUKJIOB ObUIO yBeJuueHo (¢ 70 mo 90) mo oTneabHBIM TeXHUYECKUM DPETIeHUSIM.
** Jlust sHEprodsiokoB BBOP-440 oxuaaemMoe KOJMYECTBO TUKJIOB IPUBEAEHO C YYETOM HMX BO3MOXKHOTIO IPOJJICHUS

Ha 10-JleTHUI cpok, T.e. Ha 30 Jser / 40 Jjer.

*E - OxujgaeMoe KOJUYEeCTBO THUKJIOB Ha 30 JjeT pacCYUTaHO C YYETOM HMHTCHCHUBHOCTH peaJin3alluil IIPOCKTHBIX PEXKHUMOB

B
Ha Texkyuiee BpeMs 1o ¢opmyjie I'=—-30 ner.
A

ydyeTa U MOHUTOPHMHTA TEKYIIEro KoJndecTBa OTpabOTaHHBIX
LUKJIOB HarpykeHHs1 oOOpYHOBaHUS MO peaM30BaHHBIM pe-
kuMmaM. PesymbTaThl aHanmm3a gokyMeHTa «CBOIHBIN TOIOBOM
OTYET IO OLIEHKE TEKYIIErO YPOBHS SKCILTyaTAIlMOHHOMN Ge3-
OINacCHOCTH 3Heprob6a0koB ADC YKpauHBI ¢ peaKTOpaMH THUIIa
BBOP 3a 2007 ron» [1] cBUOETEIBCTBYIOT O CCAYIOLIEM:

U GONTBIIMHCTBA MPOSKTHBIX PEKUMOB 3KCIUTyaTallK 060-
pynoBaHMST (HaKTHYECKOe KOIWYECTBO LIMKIIOB HE ITIPEBBIIIACT
OXHMIAeMOE B COOTBETCTBHUU C IPOSKTOM KOJIMYECTBO LIMKJIOB,
T. €. TIpU 3KcIuTyataiuu PY Ha mocTUTHYTOM YpOBHE IO MCYep-
MaHUS MPOEKTHOIO CpoKa CIyKObI PY moIycTHMBIE TpaHUIIBI
M0 KOJIMYECTBY IIUKJIOB HArpy>KeHUsST HEe OyIyT INPEBHIILICHEI;

CYIIECTBYIOT PEXUMBI (HaIllpuMep, 3alloTHeHUe o6opymo-
BaHMA paboueii cpemoil, YINIOTHeHUe 06OpYIOBaHU, TUAPAB-
JIMYECKUE UCITBITAHUS, TUTAHOBBIN pa30rpeB ¢ «XOJOAHOIO» CO-
cTostHUST co ckopocThio 10 20 °C/4), mjIst KOTOPBIX TPU IKCII-
nyatauuy PY Ha m1OCTUTHYTOM YpOBHE BO3MOXHO MCYEpIIaHUE
peraMeHTHUPOBAHHOIO KOJMYECTBa YKa3aHHBIX IUKJIOB IO
okOoHUYaHUS 30-7€THEro MPOSKTHOI'O CpoKa CIyKObl (Hampu-
Mep, misg 3HeprobnokoB Ne 3 PABC, Ne 1 FOYABC). Ipume-
PBI TAKUX PEXUMOB MpPUBEIASHBI B Tabi. 1 1 Ha puc. 1.

Bce ykazanHbIe B TaGn. 1 ¥ oToGpakeHHBbIe Ha puc. | pe-
KUMBI KacaloTcsd o0OopymoBaHUS U TPyOOIIPOBOIOB IEPBOIO
KoHTypa PV, B yacTHOCTH KopIyca 1 BepXHero OJ10Ka peaKTo-
pa, IAaBHOTO IIMPKYJISIMOHHOIO Hacoca, IIaBHOIO LIUPKYJIs-
IIMOHHOTO TPyOOMPOBOAA, MTapOreHEePaTOPOB U IPYIMX KPUTH-

Aodepna ma padiayiuna 6esneca 2.2009

YEeCcKMX 3JIEMEHTOB, 3aMeHa KOTOPBIX B OOJIBIIMHCTBE CIy4acB
HEBO3MOXHA WJIM 3KOHOMHMYECKHU HeollpaBHaHHa. [losTomy
HWCYEpIIaHWe JOIyCTUMOIO KOJIMYeCTBa LMKIOB HATpPYKEHUS
YKa3aHHOTO 060pYyIOBaHUI U TPYOOIIPOBOMOB BCASACTBUE pea-
JIN3aLMU OTHACIBHBIX TTPOSKTHBIX PEKMMOB MOXKET MPUBECTHU
K HeOOXOIUMOCTHU TMPEeXIEeBPEMEHHON OCTaHOBKM W BBIBOJA
SHEProbJIoKa M3 3KCIUTyaTalluu U, KaK CJISACTBUE, K IOTepe YKpau-
HOHM YacTH 3JIEKTPUYSCKON MOIIHOCTH.

B croxwuBlIeiics cuTyallud Ha HEKOTOPBIX 3HEpProbioKax
ADC (B mepByro oyepenb 1o Kacaerca PY ¢ BBOP-1000 —
cM. Tabun. 1) akTyaJM3upyroTcsl pa3paboTKa M peau3alus Me-
POIPUATHI, KOTOpbIe obecrieyaT pelieHue MmpobiaeM, cBI3aH-
HBIX C JOCPOYHBIM HCUEpIaHUEM TPEAeIbHOIO KOIWYeCTBa
OTHENTBHBIX IIMKJIOB HarpykeHus Ha obopymoBaHHWe U Tpybo-
npoBogbl PV ¢ peakropamu BBOP-1000 1 BBBP-440.

K TakuM MeponpUITUsSM, B YaCTHOCTH, OTHOCUTCS pa3pa-
6oranHag HTII APB u yrBepxkmenHast ['ocaToMmperyampoBa-
HUeM «MeTonuKa TepeHa3HaYeHUsT JOIMyCTUMOro Yucia IUK-
JIOB HATPY>KEHMS U OLIEHKU TEXHUUECKOTO COCTOSTHUS 110 TIPOY-
HOCTH TEIUIOMEXaHUYECKOTo 060pyIOBaHUS TIPU IIUKINYSCKUX
Harpyskax» MT-T.0.08.155-07 (mamee — Meronuka).

OcHoBaHMEM M1 pa3paboTKU JaHHON MeTOmUKM SBIISIeTCs
«[lnan meiictBuit I'Tl HADK “DHeproatroM” mo peanusauuu
“KoMIITeKCcHOM TTporpaMMbI paGoT Mo MPOUICHUIO CPOKa 3KC-
TUTyaTalluy ASMCTBYIOIIMX SHEProbIOKOB aTOMHBIX CTaHLIMM ”»
TTH-/1.0.08.341-04.
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2026
2024
2022
2020
2018
2016
2014

26 net

27 net

[ 1 MNpoeKTHbIA cpoK 3kcnnyaTauumn 30 ner.
[ Cpok BbipaGoTKu AONYCTUMOro

KonuyecTea UMKNORB, neT.

30 net

27 net

2012

2010

27 net

25 net

2008

Te Kyuee

2006 Bpems 20 net 17 net

24 ropa

22 ropa 20 net 24 ropa

2004
2002

2000

1998

1996

1994

1992

1990
1988
1986
1984
1982

PA30-3|

Bnok

| 3A3C -5 | [OYASC - 1|

| 3A3C-1 | | PA3C-3 | [OYASC - 1|

3anonHeHune obopynoBaHuA
paboyen cpepnomn,
ynnoTHeHue oGopyaoBaHus

Pe-
HUM

PasgensHoe rugpasnu-
Yyeckoe UCMNbITaHWe Ha
NMNOTHOCTL 1-0r0 KOHTYpa

MnaHoBoe pacxonaxuBaHue
[0 «XONOAHOro» COCTOSAHUA
co ckopocTbhio fo 30°Cly

Puc. 1. [TpuMepbl peXXUMOB, I KOTOPBIX MPU KCITIyaTAIIUN OTACIBHBIX 9HEProGIOKOB BO3MOXHO MCUSPIIAHKE
perIaMeHTHPOBAHHOIO KOJINYECTBA UKJIOB O OKOHYAHUS ITPOSKTHOIO CPOKa SKCILIyaTallun

Meronuka pa3paboTaHa B COOTBETCTBHH C TpeOGOBaHUSIMU
¥ TIOJIOKSHUSIMM CJIENYIOIINX HOPMATHBHO-IIPABOBBIX aKTOB
u pekoMeHmanuit MAT'ATD:

HIT 306.2.141-2008. O6iuue IosokeHUa O0e30I1acHOCTUA
ATOMHBIX CTAHIIUI;

ITHAD T'-7-002-86. HopMBI pacyera Ha IPOYHOCTH 06O-
PYIOBaHMA U TPYOOIPOBOIOB AaTOMHBIX 9HEPreTUYSCKUX yCTa-
HOBOK;

[THAD TI'-7-008-89. [1paBuia ycTpoiicTBa 1 6e30MacHOCTH
SKCITIyaTalluy 00OpYIOBaHM U TPYOOIIPOBOIOB aTOMHBIX SHEP-
TeTUYECKUX YCTAaHOBOK;

Ol1leHKa U TTOATBEPKIeHNE Ge30ITacHOCTH aTOMHBIX 3JIEKT-
pocTaHIui, cepus craHmapToB GesomacHocT Ne NS-G-1.2,
MATAT?D, Bena (2001).

Ilenpto MeTonuku TiepeHasHaYeHUs AOIYCTUMOTO YMCa
LIUKJIOB HATPYKEHUS M OLIEHKU TEXHUUYECKOI'O COCTOSHUS IO
TIPOYHOCTHU TETLJIOMEXaHUYECKOTO OOOPYAOBAaHUS ITPU LUK -
YeCKMX Harpy3Kax SBJISETCS YCTaHOBJIEHUE TpeOOBaHUM K BbI-
TIOJTHEHUIO PaboT Mo IepeHa3HAauYeHUIO IOIMYCTUMOIro YHcia
LIUKJIOB HATPYKeHUs o06opymoBaHUS U TpybormpoBomoB ADC.

[NepeHasHaueHMe JOMYCTUMOIO YHCJIa IIUKJIOB HATPYKEHUS
060pyI0BaHK U TPYOOIIPOBOIOB, CONTaCHO MeTomuKe, BhIIOJI-
HSETCS B Cydasx:

MCYEPIaHMs ITPOSKTHOIO YKCIa LUKJIOB HATPY>KEeHUS 10 JIIO-
6omMy u3 yKazaHHBIX B TPBD pexkuMoB, 11 KOTOPBIX yCTaHABIM-
BaeTcs JOITyCTUMOS KOJIMYECTBO IMKJIOB 3a CPOK CITYKOBI;

HMCYEpITaHUs TIPOSKTHOIO0 CYMMAapHOIO YMCIa HapyIIeHUH
HOPMaJIbHON 3KCIUTyaTallMu WJIM CYMMapHOIO 4ucja aBapuii-
HBIX CUTYyalHiA;

TepeHa3HAYESHUS CPOKa SKCILTyaTalluu 9Heprod1okos ADC.
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MeToauka MpUMEHNMa I TEIIOMEXaHUYeCKOro obopymo-
BaHMA U TpyborrpoBonoB rpymi A, B u C o [THAD TI'-7-008-89,
BBITNIOJTHEHHBIX M3 MaTepHajIoB, Ha KOTOPBIE pacIIpOCTPAHIIOTCS
ITHAD TI'-7-008-89, a takxke i 00OpyIOBaHUs, BBIIIOJIHEH-
HOT'O M3 UMITOPTHBIX MaTEPHUAJIOB, Pa3peIIeHHBIX K MCITOIh30-
BaHMio Ha ADC B yCTaHOBJEHHOM ITOpsAAKe. MeTomuKa Ipu-
MEHUMa TS MTPOEKTHBIX 3KCIUTYaTallMOHHBIX peskuMoB ADC:
HOpMaJbHBIe ycaoBus aKcruyatauuu (HY3D), Hapyenus Hop-
MabHBIX yeroBuit akcrtyatauuu (HHY®) u aBapuitnas cuty-
amug (AC).

K OCHOBHBIM COCTaBISIONIUM METOIUKN OTHOCITCH:

obl1IIMe TTOIOKEHUS;

cocTaB paboT MO MepeHa3HAYEeHUIO JOIYCTUMOIO YMCcia
LIUKJIOB HATPY>KESHU;

HOMEHKJIATYpa MCXOMHBIX JaHHBIX JUII BBITOJHEHUS paboT
0 TIepeHa3HAYEHUIO JOITYCTUMOTO YHCIa ITUKJIOB HATPY>KESHUT;

TpeGOBaHU K COCTABIICHUIO ITEPeUHsT 060pYyIOBaHUSI U TPY -
GOIPOBONOB IS MepeHa3HAYeHUs IOIMYCTUMOTO YMClIa IIUK-
JIOB HArpy>KESHUI;

TIOPSIIOK COCTaBJICHUS IepeyHs obopymoBaHUsS U Tpybo-
TPOBOAOB IS TepeHa3HAYEeHUs JOMYCTUMOIrO YHCja ILIMKJIOB
HarpyXeHUS;

TpeGOBaHUI K aHATIU3Y TEXHUYESCKONW HOKYMEHTAIINM;

TpeGOBaHUS K aHAJIU3y MOBEPOYHBIX PACUETOB Ha ITUKIU-
YECKYI0 IPOYHOCTD;

TpeGoBaHU K aHAIU3y HAHHBIX PErMCTPalldM IIUKJIOB Ha-
TPYKEHUS

TpeGOBaHUS K aHAJIN3Y TAaHHBIX 9KCILTYaTallMOHHOIO KOHT-
pOJI, TEXHUYECKOro OOCTYKUBAHUS U PEMOHTA;

TIOPSIIOK BHITTOJTHEHUS PACUETOB Ha IIUKINYSCKYIO ITPOYHOCTD;

Aodepna ma padiayiuna 6esnexa 2.2009
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TpeGOBaHMSI K MCXOMHBIM JaHHBIM U IIPOrPaMMHBIM CPEACTBAM;

MOPSIIOK OOPMIIEHHS Pe3yJIbTaTOB paboT IO 3Tarly;

TIOPSIAOK BBITTOJTHEHUS MTepeHa3HAYeHUsI JOITyCTUMOTO Yrcia
LUKJIOB HATPYKEHMUS;

TTOPSIIOK 0DOPMIICHUS PE3yIbTaTOB paboT IO 3TaIly U Ap.

B coorBerctBUM ¢ Pacmopsckenuem I'T1 HADK «DHepro-
arom» Ne 789 ot 11.08.2008 ., «MeTomuKa IepeHa3HAYSHHSI TOITyC-
TUMOI'O YHcJIa IIUKJIOB HArpy>keHUS U OLIEHKU TEXHUYECKOTO
COCTOSTHUS T10 ITPOYHOCTH TETUIOMEXaHUUECKOTrO 000pyI0BaHUS
npy IUKIMdeckux Harpyskax. MT-T.0.08.155-07» BBeneHa B aeii-
CTBME Ha OOWH Tof VI ee alpoballiy Mo pe3yJbTaTaM OITbITa
sKcITTyaTauuy. Arpobatist MeTonuky IpoBOAWIACH CITSLHATIHC-
tamu ['HTLI SIPB Ha Gase sHeprobiaoka Ne 3 OIT «PoBeHckas
ADC» 1 BKIIOYaa CICAYIOIINE STAIIbI:

TMOATOTOBKA MCXOMHBIX TaHHBIX IJIS aripobalvu;

amnpobaliys 1 MOATOTOBKA MPAKTUYECKUX PEKOMEHIAIII 10
MIpUMeHEHUI0 MeTOaNKY.

Ha sTame MoAroToBKM MCXOOHBIX JAHHBIX IS arpobariun
MeTonuK OCHOBHBIM KPHUTEpHUEM BbIGOpa 060pYyIOBaHUS SIB-
JISITIOCh HAJIMYME MaKCHUMaJIbHO ITOJTHOTO KOMILJIEKTAa WCXOI-
HBIX JaHHBIX IO BbIOpaHHOMY oGopymoBaHMiO. C YYeTOM BBI-
LIEU3I0XKEHHOI0 BBIOpPAH TEIUIOOOMEHHUMK pPacXOoIakKUBaHUS
@ 1200 (onepatuBHOe o6o3HaueHue: 3TG11WO01; perucTpanu-
onHbI HoMep Ha OIT PADC: 184C; 3aBonckoit Homep: 1354)
Ha sHeprobmoke Ne 3 OIl1 «PoeHckag ADC». PyKoBoICTBYSICH
MOJIOKEHUAMU MeTonuKu, I TeTUI00OMEeHHUKA PacXoasku-
BaHMUA coOpaHBI CIASOYIONINe UCXOAHbIe MaHHbIE: aKTHl O MOH-
Taxke W UCITBITAHUSX, TIPOTOKOJIBI KOHTPOJIS, MTAacIIOPT, IMTPOSKT-
Has DOKyMEHTalMs, 4yepTexu U nap. C Ielblo YCTaHOBICHUS
IIOCTOBEPHOCTH ¥ KOPPEKTHOCTH ITOJOXEHUN MeToauku,
B YaCTHOCTU PACCMOTPEHBI CUTYAIIMH, KOTIa IIPOrHO3 BpEMEHU
WCYEPITaHUS IIUKJIOB YCJIOBHO MEHBIIIE, YeM Ha3HAYEHHBIN Mpo-
€KTOM CPOK CYKOBI 060pymoBaHUs, U Ha0OOpOT, KOrda Ipo-
THO3 BpeMEHU MCYEpIIaHUs IUKJIOB YCJIOBHO OOJIbIIIE, YeM Ha-
3HAYCHHBIN MTPOSKTOM CPOK CIIYKOBbI 060pyIOBaHMUS.

PesynbraTher anpobanmy, U3I0XKeHHBIE B oT4yeTe [7], TToaTBep-
IIAIA, YTO TOJOXeHUsT METOOUKN afeKBaTHO OTPaKaloT acleK-

Aodepna ma padiayiuna 6esneca 2.2009

ThI, CBSI3aHHBIE C TTIepeHa3HAUYESHUEM JIOIYCTUMOTO Yrcyia IIUKIOB
HarpyxeHus. [1o pesynbpraTtam ampobaru «MeTOIUKH IepeHas-
HaYeHMST JOMYCTUMOTO YKCyIa [IUKIIOB HATPY>KEHUS M OLIEHKU TeX-
HUYECKOT'O COCTOSHUS T10 IMPOYHOCTH TEITOMEXaHIMUECKOro 060-
pyAoBaHUS TpH LMKIMYeckux Harpy3kax. MT-T.0.08.155-07» He-
KOPPEKTHOCTEN MJIU OLIMOOK B HEW HE BBISBIICHO.

TIpakTuyecKkne peKOMeHAAIIMU T10 TTPUMEHeHUIo MeTomu-
KU Ha TaHHOM 3Tarle HaXOAATCSA B CTAIUU pa3paboTKU U OymyT
copMyIMpPOBaHEI B GIMKaiiiliee BpeMsl.

Cnucok nutepartypbl

1. CBOIHBII rOJOBOM OTYET IO OIIEHKE TEKYIIEro YPOBHS DKCILUTya-
TaIlTMOHHON 0e30MacHOCTU 2Heprod6jokoB ADC YKpauHBI ¢ peakTopa-
Mu tuna BBOP 3a 2007 ropx.

2. MeTtonuka nepeHa3HayeHUsS JOINYCTUMOTO YHCJa IUKJIOB
Harpy>XeHusl M OIEHKHN TEXHUYECKOrO COCTOSIHUS IO MPOYHOCTU
TEeIJIOMEXaHUIEeCKOTO 00OpYJIOBaHUS NPU NMUKIMIECKUX Harpys3kax.
MT-T.0.08.155-07.

3. HIT 306.2.141-2008. O61ue MojoXeHus: 0e30MacHOCTH aTOM-
HBIX CTAHIIUNA.

4. [THAD TI'-7-008-89. IlpaBuiia ycTpoiicTBa U 0e30MacHOM IKC-
IUIyaTallid OO0OPYJOBaHUS U TPYOOIPOBOJOB aTOMHBIX DHEpreTuye-
CKHUX YCTaHOBOK.

5. IIHAD I'-7-002-86. HopMbI pacyera Ha IIPOYHOCTH 00OPYIO-
BaHUS M TPYOOIPOBOJOB aTOMHBIX DHEPIeTUYECKUX YCTAaHOBOK.

6. OmeHKa U IOATBEpPXKIeHHEe 0e30II1aCHOCTH aTOMHBIX DJIEKTPO-
CTaHIMH, cepusl cTaHnapToB 6e3onacHocT No NS-G-1.2, MAT'ATD,
Bena (2001).

7. OT4eT 0 HayYHO-HUCCJIE0BATE/IbcKOM padoTe «Pa3paboTka u BHE-
JIpEHUE METONIOB IepEeHa3HAUYCHUs JOIYCTUMBIX ITUKJIOB HATPyKeHU
Ha TelioMeXaHmdeckoe obopynoanue ADC ¢ BBOP» (oran 6). — K.:
T'HTII SAPb, 2008. — 25 c.

Haditiwaa oo pedaxuii 04.09.2009.




YAK621.039:539.3

C. |. Azapos, I. A. CopokiH

IHCTUTYT SAEPHUX AOC/IKEHL
HauioHanbHOT akafemii Hayk YkpaiHu

Po3paxyHOK
TemMnepaTypHUX NPOLIECIB,
LLIO BiaOyBalOTLCH

B 3aXMCHin 060n0oHLj AEC
npu aBlakaTacTpodi

Posamisgaerscs 3agada rnpo rnoBefiHKy 3axXrucHOi 06 0JTOHKN
SepHOro peakTopa Mic/isl IHTeHCUBHOIo TeMrepaTypHOro Brijiv-
BY, L1JO peastiByeTbCs 3 MNPULYNHU NafliHHS JliTaka. AKTyaslbHICTb
3ajayi rosisirae y BUpIlieHHI npoosiemMu MiHiMisallli pyriHIBHUX
HacJ/gKIiB BUNaaKoBOi aBiakaracTpopu abo TepopUCTUYHMNX
akTiB. Po3po6iteHi niaxoam AarTb 3MOry MOAE/OBaTH HaCliAKN
IHLLIVIX BIJIVBIB: BUOYXOBUX | IMHaMINHUX HABAHTaXeHb, MpoOMUC-
JIOBUX aBapiyi Toujo. YucsaoBi po3B’si3aHHs nofibHux 3anad
J03BOJISIOTE OTPUMYBATU KiJIbKICHI OLLIHKW TerNj10CTIKOCTI
Gap’epiB 6esneku 1OepHOro peakropa.

C. WN. Asapos, I A. CopokuH

PacuyeTbl TeMNnepaTYPHbIX NPOLECCOB, MPOUCXOAALLNX
B 3alLUTHOM o6onouke ASC npu aBuakatacTpode

PaccmatpuBaeTcs 3afa4a 0 oBeeHnV 3alUTHOM 060/1049KN
90epHOro peakTopa nocje MHTeHCUBHOIo TeMilepaTypHoro
BJIMSHUSA, KOTOPOE peasn3yeTcs BCASACTBUE NafeHus caMo-
neta. AKTyasibHOCTb 3a]a4¥ 3aK/mo4aeTCs B pelleHny npobie-
Mbi MUHUMM3ALIMN paspyLUNTeIbHbIX TOCAeACTBUN CiiydaliHoi
aBuakaTacTpobl WiV TepPOPUCTUYECKUX akTOB. PaspaboTaH-
Hble M0AX04bi MO3BOJIIOT MOAGANPOBATE MOCASACTBUS APYINX
BO3AeMCTBUI: B3PBIBHLIX M IMHAMWUYECKMX HATPY30K, MPOMbILLI -
JIGHHbIX aBapuit u T. 1. YucaeHHble pellieHUs noaobHbIX 3aaa4
JaioT KOJINYeCTBEHHbIe OLI@HKMN Ter/IoCToMKoCcTY GapbepoB
6e30nacHOCTU SAePHOro peakTopa.

OCJTiIKEHHSI TEXHOTEHHUX aBapiil (BUOYXiB Ta Io-
xkex) Ha AEC moxkasye, mo OymiBelbHi KOHCT-
PYK1ii, po3paxoBaHi 0e3 ypaxyBaHHsI BUOYXO- Ta
BOTHECTIMKOCTi, B yMOBaX BaXXKOi aBapii MOXYTb
JTy>Ke IIBUKO BTPATUTH HECYYy 31aTHICTh. 3arajibHy
CTiliKicTh TosioBHOTO Koprtycy AEC 3BHuaiiHO BU-
3Hayae I1iicHicTh 3axucHOoi 0000HKKM (30), OCKiJIbKM BOHA
€ OCHOBHUM HECyuyuM ejieMeHTOM. Tomy 30epexkeHHs Hecydyoi
3natHocTi 30 MPOTAToM HEOOXiIHOIO Yacy € ayxke BaxKJIMBUM.

Bignogsinno no ACTY 2272-93 [1], eoenecmiiikicmro OyaiBenb-
HUX KOHCTPYKIIil i €JIeMeHTIiB Ha3MBA€TbCs BJIACTUBICTH 30e-
piraTy Hecydy 3OAaTHICTh, YMHHUTU OIIip YTBOPEHHIO KPi3HUX
OTBOPIB i IMPOrpiBaHHIO 10 KPUTUYHUX TEMITEpaTyp, a TaKOX
TIEPEIIKOIKATA PO3MOBCIOAXKEHHIO BOTHIO.

Ipanuysa mennocmitikocmi — IHTEpBajl 4Yacy Bill ITOYaTKy
BOTHSIHOTO BUITpOOYBaHHS 3pas3KiB A0 BUHUKHEHHS OZHOTO
3 TPAHUYHUX CTaHIB €IeMEHTIB I KOHCTPYKIIM 3a BOTHECTIHKi-
CTIO: BTpaTa Hecydol 3[aTHOCTI; BTpaTa TeIJIOi30II0BaIbHOI
30aTHOCTI; BTpaTa IIJIiICHOCTI.

PospaxyHoK rpaHUIi TETUIOCTIAKOCTI CKIAJA€EThCS 3 OBOX
yacTUH: Terutodi3nyHol i ctatuyHol. TerutodisnuHmit pospa-
XYHOK ITPOBOJSTH IUIST BUSHAYSHHS TeMITepaTypHOTo MoJIs B Tie-
pepizax KOHCTPYKIIii. 3a 03HAKOK BTPATH TEILI0I30/1I0BAIBHOI
30ATHOCTI TPaHUII0 BOTHECTIMKOCTI KOHCTPYKIIii BU3HAYAIOTh
TUTBKM TEIUIOMI3UYHUM po3paxyHKoM. CTaTUYHUM pO3paxyH-
KOM BHM3HAYaIOTh HeCydy 3JaTHICTh HArpiTol KOHCTPYKIIl 3a
JIOTIOMOT'OIO PiBHIHB PIBHOBAIW i JedopMalliii 3 BUKOPUCTAH-
HSIM IaHUX TIPpO 3MiHY (DU3NKO-MEXaHIUHUX XapaKTEPUCTHK
OymiBeIbHUX MaTepiajiB MpU BUCOKUX TeMITepaTypax.

AHaJTi3y Hecydol 3MaTHOCTI GETOHHHUX i cTajleGeTOHHUX
OymiBeIbHUX KOHCTPYKIIM UMBIIbHUX OyIiBesb MPU CUJIOBUX
i TeMIepaTypHHUX BIUTMBAX, BU3HAUCHHIO (BU3MKO-MeXaHIYHUX
XapaKTEePUCTUK 6ETOHY B YMOBaX CKJIAJHOTO HAIIPY>KEHOIO CTa-
HY TIPUCBIYEHO HU3KY poliT [2—4]. OmHaK CKJIaaHICTh i BiaIo-
BIIaJTBHICTh KOHCTPYKIIil OyIiBIIi smepHOro peakropa Ta HOro
3aXMCHOI OOOJOHKM HaK/IaJa€e HaWBWILI BUMOTM Ha MaTema-
TUYHI MOZeai Ta IporpamMHe 3a0e3leyeHHs I YHUCIOBOTO
MOMEIIOBAHHS PYWHYBaHHS abo YIIKOMXEHHS OymiBeIbHUX
KOHCTPYKII MpU 30BHILIHIX IWHAMIYHUX TEPMOCHUIOBUX Ha-
BaHTaXXEHHSX. 3TITHO i3 CydacHUMU BUMOTaMU 0 3a6e3IedeH-
Ha 6e3neku AEC [5], HeoOXiqHO BUKIIOYUTU OYIb-IKY MOXK-
JIMBICTh PO3BUTKY 3aIIPOEKTHOI aBapii.

INpusHaueHHa HalBiAMOBigaJbHIIIOl OyIiBEIbHOI KOHCT-
PYKIIii aTOMHOI CTaHIIil — 3aXMCHOI OOOJIOHKM OYiBI peakTo-
pa — He JOITYCTUTH BUXOAY PalioaKTUBHOCTI y 30BHIIIIHE cepe-
JIOBUIIE B pa3i MAKCUMAaJIbHOI TIPOEKTHOI aBapii, 0OMeXUTH BU-
KWW Y pasi 3alpOeKTHUX aBapiil, a TAKOX 3aXUCTUTH O0TaTHaH-
HS Ta BHYTPILIHI KOHCTPYKIIil OymiBIIi peakTopa Bill MOXIUBHUX
30BHIIIHIX BIUTUBIB. SIK OymiBelbHa KOHCTPYKINS OOOIOHKA
BIIHOCUTBCS JO IepIIol KaTeropii 3a 6e3MeKor Ta OO IepIol
KaTeropil 3a celCMOCTIMKICTIO, IK MEXaHiyHa CHCTeMa — IO
JIOKAJII3YI0YOl CUCTEMU Oe3MeKU APYroi KaTeropii Ta CITyKUTb
I7Ig 3arobiraHHg abo oOMeXeHHS BUOUICHHS paaioaKTUBHUX
pedoBMH 260 BUIIPOMIHIOBAHb B OTOUYIOUE CepeloBHIIe [6].

AHaJTi3ylour MpoIecH TTi3HBOTO HAaBAaHTAaXKEHHST KOHTANMEHTY
TpH aBiaKaTacTpodi, 0COOIMBY yBary CIIiI MPUILTATH JOCITiIKEH-
Hio ToBeAiHKM 30, OCKUIBKM MOXJIMBI CIIEHapil pO3BUTKY aBapiit
TIPUITYCKAIOTh 3HAYHI MEPEeBUIICHHS AMHAMIUHUX 1 TETJIOBUX
BIUIMBIB HaJ TIpoeKTHUMU. HeobXimHo BU3HAUMTY 3HAYCHHS HaJl-
JINIIIKOBOTO THCKY Ta TEMIIepaTyp, 3a KOTPUX BHMHUKAIOTH TaKi
yikomkeHHs 30, 1110 BIUTMBAIOTh Ha il TepMETUYHICTh Ta MILTHICTb:

TPIIIMHY Ha 30BHIIIHINA IMOBEepXHI OOOJOHKM Ta Kpi3Hi
TPIIIUHU B OOOJIOHIII;

TUTACTUYHI AedopMmallii y 30BHIIIHIX IIapaX apMaTypHu.

Aodepna ma padiayiuna 6esnexa 2.2009
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Tomy MeTa mocTimKeHHSI HAaHOI CTATTI — OTPHMMAHHS 3a-
JISKHOCTI WMOBIPHOCTI pyHHYBaHHSI 3aXMCHOI OOOJIOHKM TIpU
30BHIITHBOMY TeMITepaTypPHOMY BIUIMBI B pa3i MaaiHHS MOBITPSI-
HOTro cymHa Ha OYIiBIIO SAEepHOTO PEeaKTopa.

MNocTtaHoBKa 3apavi

3axucHI 0GOJIOHKU CITOPYIKYIOThCS 3 IOMEPEIHbO HAIIpy-
JKEHOTOo OETOHY 1 SIB/ISIIOTH COOOI0 3aMKHYTHUIH T'€OMETPUYHUMN
00’eM, IKUI CKITaJa€ThCs 3 BEPTUKAIBHOTO IUJIIHAPA, KYITOIb-
HOI YyacTuHU i ctumobata. KymojabHa ¥ MWIHAPUYHA YaCTUHU
CIIOJTyYaroThesl yepe3 omopHe Kinbie. [uaiHapryHa yacTwHa
MY CITOJIYYEHHI 3 BEPXHbBOIO IUIUTOIO CTUI06aTa Ma€ IOTOB-
IIEHHS, K& HAa3UBAIOTh BYTOM.

ITomepenne HampyxkeHHs 30 3a0e3IeUy€eThCS CHUCTEMOIO
reTiKOoInaJbHOro apMyBaHHS HUJIIHIPUYHOI YaCTUHHM i OpTO-
TOHAJIBHO-TIET/ILOBOIO KYITOJIbHOI YaCTMHM. 3a HAIlpyKyBaHY
apMaTypy BHKOPHCTOBYIOTh CTajIeBi KaHATH, SIKi CKJIaIArOThCs
3 450—456 rapasie/IbHUX BUCOKOMILIHUX JAPOTIB JiaMETPOM 5 MM.
Kanatn posramroByloTh y MOTIETHICHOBUX TpyOax ycepeauHi
3a71i3060eTOHHUX KOHCTPyKIIit 30. 3araqoM KiJbKicTh KaHATIiB
B IWIIHAPWYHINA YacTHHI IOpiBHIOE 96, a B KyIOJBHI — 36.
KaHaTy HaTATYIOTh IMOTY>KHUMU TOMKpaTaMU, ITic/Is 4oro (ikcy-
FOTh CIeLiaTbHUMU aHKEPHUMU TTPUCTPOSIMU.

CucTteMa TONepeIHbOrO HAMIPYKEHHS TTpU3HaYeHa I 006-
trcHeHHs 30 3 MeToro 3a6e3nedyeHH 11 TPIIMHOCTIAKOCTI ITpU
aBapifiHUX HaBaHTaxXeHHIX. KpiM HaIlpy>KeHHS KaHATIiB, KOH-
CTPYKIIisl 00OJTIOHKY Tepeadadyae apMyBaHHS BHYTPIIITHBOI i 30B-
HIilTHBOI moBepXoHb 30 B MepHUIiOHAJBHOMY 1 KiJbIIEBOMY
HaImpssMKax apMaTyporo mepioguyHoro mpoditto ximacy A-ITT
miamerpoMm 20—40 MM. BeToHYBaHHS 3MifICHIOETBCS i3 3aCTO-
cyBaHHsSIM GeroHy kiacy B30. [Ima 3abesrnedeHHS TepMeTHY-
HOCTi BHYTPIIIHINM 06’€M 060JOHKN OGIUIIBOBYIOTH JIHMCTOBOIO
crasuo Mapku Ber3enS 3aBroBliku 8 MM (puc. 1).
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Puc. 1. [Tonepeuynwnii nepepiz 30:
1 —06eToH; 2 — IOBITPSHUL IPOIITAPOK; 3 — CTaJIeBUH JIUCT

VY zaraapHOMY BUITaIKy reoMeTpuuHi po3mipu 30 Taki:
BUcOoTa — 53 M;

IiaMeTp WWIHAPAYHOL YaCcTUHU — 46 M;
TOBIIMHA CTIHKY UWIHAPUYHOI yacTuHU — 1,2 M;
paziyc KymoJIbHOI YacTUHU — 35 M;

TOBIIIMHA CTIiHKM KYITOJIbHOI yacTuHu — 1,1 M.

Aodepna ma padiayiuna 6esneca 2.2009

V mponeci npoektyBaHHI 30 po3paXOBYETbCI Ha CIIpHIi-
HATTS HaWHECTPUSTIUBIIIOI KOMOiHAIIl HaBaHTaXXeHb Ha BU-
HagoK aBapii.

¥ npoekti 30 BpaxoBaHO TaKi eKCTpeMaJIbHI BIUTUBH [7]:

MaKCUMAJIbHUM DPO3paXyHKOBUN 3eMJIETPYC TTOTYKHIiCTIO
8 GatiB 3a mKamor MCK-64, crieKTp BiAryKy Ha TPyHTI 32 HOp-
Mmamu RG 1,60;

yIoap JeTioyoro Tila Macoto 200 Kr 3i mBuaKictio 50 m/c;

HaBaHTaXXeHHS BiJ TopHamo Kiacy F3 3a mxanoro Dymxu-
TH, SIKE BKJIIOYa€ MAKCUMAJIBHUM BITPOBUI THCK, MaKCHUMaJb-
He MaAiHHSA aTMOC(hEPHOro THCKY Ta YAAapH JISTIOUMX T, SIKi
Hece BUXop (aBToMOoOiab Macoro 1800 kr, cHapsin 125 Kr);

HaBaHTaXeHHS Bill MOBITPSHOI yIapHOI XBWIiI 3 TUCKOM Ha
dponTi 10 kI1a Ta TpuBamicTio dha3m ctuckaHHg 1 ¢ (11e HaBaH-
TaXXeHHS BIATOBITa€ MOXIMBUM JKepellaM BUOYXoBoi Hebe3-
neku BeepeauHi mrowmanku AEC);

eKCTpeMaJjibHI BITPOBI I CHITOBI HaBaHTaXKE€HHS, a TaKOX
eKCTpeMasIbHiI TeMIlepaTypHu;

MeXaHIuHuM yaap 0e3 YIIKOMKEHHS IIPY MadiHHI ITOBITPsSH-
Horo cymHa Macoro 1o 10 T 3i mBuaxictio 150 m/c.

o mpoBemeHHS BUIIpOOYBaHb Pi3HOMAHITHI KoMOiHaIii
HaBaHTaXXeHb MOIEIIOIOTHCS 3a IOMOMOIOI0 PO3PaxyHKOBUX
nporpaM (Takux sk SCAD ta ANSYS) 3 MeToio momaiblIoro
TOPIBHIHHS 3 pe3yJIbTaTaMU HATYPHUX IOCTIIKEHb.

AHaJTi3 METOMIB po3paxyHKy IPaHUIIb TEIJIOCTIMKOCTI 3aJIi-
300€TOHHUX TIEPEKPUTTIB TTPOMUCIOBUX OyAiBeIb, IO BUKO-
PHUCTOBYIOTBCSI B HAIIlil KpaiHi Ta 3a KOPAOHOM, IToKa3aB [8]
icCHyBaHHS KUTBKOX TTAXOMIB, 3aCHOBAaHUX Ha BTpaTi abo Teruio-
130/TI0BaJIbHOI BJIACTUBOCTI, abo MiicHOCTI, abo Hecydoi 3aaT-
HOCTI.

Po3B’s3ytoun 3agavyy nmporpiBy cTajaebeTOHHOI KOHCTPYKIIl,
BPaXOBYIOTb 3MiHY TEIIO(MI3UYHUX BIACTUBOCTEN GETOHY i ap-
MaTypu TIpM HATpiBi LIJISIXOM CKiHYEHHOPI3ZHUIIEBOIO po3pa-
XYHKY 3 BUKOpUcTaHHIM EOM.

I1ig yac aHaJIi3y BUIIAIKOBOIO IAIiHHA JIiTaKa Ha OYyHiBITIO
AEC g Bu3Ha4YeHHS ypaXXeHHS OyAiBETbHUX KOHCTPYKIIii
3BUYAMHO PO3MVIAIAIOTh MEXaHIUHUM (yIapHuil) BITTUB Ge3 ypa-
XYBaHHS CYKYITHUX (Pi3UYHUX SBUII, TAKUX SK BUOYX Ta TOPiH-
H# aBialiftHoro nmanausa (All).

Monentoroun i3MyHI Mpollec BUHUKHEHHS W PO3BUTKY
aBapii, CJTil BpaXOBYBaTH TakKi (paKTOpH:

pa3oBe abo HerepepBHE BUTIKAHHS W pO3JIMBAHHS aBialliii-
HOTO MajvBa;

Macy TOPIOYMX PEYOBHH, 110 MOTPATUISIOTH Ha 30BHIITHIO
noBepxHIio 30;

IHTEHCUBHICTb TETUIOBOTO BUITPOMiIHEHHS;

3MiHYy TpaHUI MiHOCTI MaTtepiagy 30 Tpu BIUTMBI BUCO-
KHX TeMITepaTyp (TpaHUIII MIITHOCTI Ha pO3TATYBaHHS, TpaHU-
LT TEKY4YOCTi, MOMYJIb ITPY>KHOCTI).

Maca AIl, mo nmorpanuia Ha moBepxHIo 30 mpu aBapii,
Hagifla caMOIIMBOM, OOYMCITFOEThCS K [9]

U nd%
m= [ G(t)dt =Gty += ).
0

2
nd
ne G(f) — Burpata All, 1110 BUTIKaE 3 JTiTaka; Gp = TT /2pAPp :

APp =hrpg — Hamip o6’emy All; hp — Bucora o6’emy AIl;

— TMPUCKOPEHHS BIIBHOIO MamiHHSI; — yac, MpOTSATOM
po3 ’
akoro AlIl BuTikae 3 jiTaka; dy — IiaMeTp KPi3sHMX TPiLIMH

B obonoHIi; § — ToBimHa 30; P — ryctuHa AIL
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IIBuaxkicTe BuropsHHs AIl MoxHa omiHUTU 3a HopMysIoIO

H
R
Myyr = 1. °
BHIT
ge K=1,25-100 M/c; Q;[ — Hmk4a Teruiora 3ropssHHs All;
L., — Temnora BunapoByBaHHsA All.

IHTeHCHUBHICTD TeMIOBOro BUIIPOMIHIOBAHHS OGUMCITIOETh-
cs 3a popmyrtoro [10]

q=FE quKT ,
e lgp— CepenHBOIOBEPXHEBA TYCTUHA TETJIOBOTO BUITPOMIHIO-
BaHHS ITOJIyM f; Eq — KYTOBUM KOe®iliEHT OMpPOMiHEHHS;

K; — KoedillieHT MpoIycKaHHSA aTMOCheEpH.

Po3amipu mokexi 1 IIBHUAKICTH ii PO3IMOBCIOMXKEHHSI 3aJie-
JKaTh Bi CTYMNEeHsS pyWMHYBaHHS TaJIUBHOI CUCTEMHU, KiTBKOCTI
naauBa B 6aKax, XapaKTepy MOKPUTTA (TPYHT, GeToH, achasibT),
Ha K¢ BOHO BWJIMBa€eTbed. [1pubansHa Inola, gKa Moxke 0yTu
OXOIUJIEHa BOTHEM IIpY PO3JIMBaHHI MaJMBa, BU3HAYAETHCS 3a
dbopmymoro [10]

Sun =0,71(12+d), d<20
S =0,7/(30+d), d>20

e /| — DOBXWHA JIiTaKa, M; d — IiaMeTp MiIeJIbOBOIO IIePETH -
HY QrO3e/IKY JliTaka, M.

3Harouu Macy TajuBa i TUIOILY MOXeXi, MOXKHAa BU3HAYUTHU
TpUBaJicTh Toxkexi [11]:

©=M/(UySy).

ne M — maca All Ha moyatKy moxexi, kr; U, — nuroma Maco-
Ba IIBHMAKICTh BUTOPSTHHSA, KT/ (M2c); SKp — TITOWIA TTOXEXI, M2.

Yac T, BUSHAUYSHUI 32 HaBeNeHOIO (GOPMYJIOIO IS PiSHUX
THIIIB JIiTaKa, 3MIHIOETbCS B IIMPOKUX MexXax — Bif 5 mo 40 xB.
HatypHuit eKcriepMeHT 31 ciajTFoBaHHST CITMCAHOTo jiTaka 3 20 T
TaJIbHOIO MOKa3aB, IO ITicad 3aKiHYeHHS 17 XB JiTak Maliitke
TOBHIcTIO 3ropiB [10].

Po3spaxyHOK TensoCcTilKOCTi 3aXUCHOT 000I0HKHU
MNPy 30BHiLLHIX TeMNepaTypHUX BNJaNBax,
crnpuYUHeHUX NnagiHHaM nitakaHa AEC

PosrisgHeMo cTaiebeTOHHY cTaTMYHO BU3HaueHy 30, gKa
nepebyBae T Ii€r0 PiIBHOMIPHO PO3IOAIIEHOr0 HaBaHTaXKeH-
HS 1 TeMITepaTypH, IO 3MIiHIOEThCS Y3IOBX OCi ¥ 32 3aKOHOM
CTaHAAPTHOIO TOpiHHA (puc. 2).

JI71st po3B’sI3aHHS 3a1adi, 1110 CTOCY€EThCS TTPUKIIagaHHSI TEM-
TepaTypHO-IHEPIIMHOI CUIN, CKJIaAeMO CHUCTeMy audepeHIli-
albHUX PiBHSAHB pyxy 30, M0 TpaBoi YaCTUHU SIKOI BBEIEMO
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Puc. 2. Cxema po3paxyHKy MeXaHIYHOIO Ta TeMIlepaTyp-
HOTO BIUTMBIB Ha cTanebeToHHy 30

yd’ MM
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0 0,8

Puc. 3. Tunamiunuii epexr 30:
I1—1t=0;2—1v=025;3— 1 =1

(OYHKIIIO TOIIMPEHHS TEMIIEPATypH, IO 3aJICKUTh Bim Kodpé
IMHAT i Jacy.

PiBHAHHS pyXy GalIKM 3 pO3MOIIICHOO MAaCOIO i HeCKiHUEH-
HUM YMCJIOM CTEIEeHIB BiTBHOCTI BUITIgHaTuMe Tak|[12]:
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o 0ary) 0 Gary) o 8My
T2 ot ox2

aToL

e v; — KoeditienT [TyaccoHa matepiany 30; v, = sin (o1) —
JAVHaMiyHe repeMilleHHsa Macyu 30 BHACIIIOK CUJT iHEPLIL;
TporuH OajKy BiJl CTATUYHO MPUKIIAIEHOI TeMrepatypu; EJ —
kopcTKicTb 30; E — Momysb TIpy>KHOCTI; J — MOMEHT iHeplIii;
t — yac; a — KoedillieHT JiHIMHOTO PO3IINPEHHS MaTepiany
30; My — sruHanbHUI MOMeHT; T, — TeMIepaTypa HaBKO-
JIMIITHBOTO cepepoBuia; L — moBxkuHa miponboty 30; ®
yacToTa BiaacHUX KojauBaHb 30.

JuHamiuHi TiepemitieHHS Macu 30 oGYMCTIOIOTH B iHTEp-
BaJii yacy Big = 0 ;o = 7. SIKIIO T IepeBUIyBaTUMeE I10JI0-
BUHY ITepioly BIIACHUX KOJIMBAaHb Y4, BUHVIKaTHMe AVHAMi4He
nepemitneHHs 30 B mpolieci 3pocTaHHs TeMIIepaTypu. 13 3MeH-
LIIEHHSIM Yacy 3pOCTaHHS TEMIIepaTypyd ITOXKeXKi DTUHAMIUHUN
edekT y BUIIAAI 3MiHU TlepeMillieHb 30iblryBaTuMeThest. Ha
puc. 3 moKa3aHO po3paxoBaHy 3MiHY IepeMimieHHs 30 mis
t =0, T =025 T1a v = f, Ae {, — Iepiox, IO XapaKTEPU3ye
BiacHi konuBaHHSA 30.

Axmo t—>0, ToO Sin((n t|2/0,5 ® t|) -1 (OCKiJ‘II:KI/I

aToL
T

Ya = sin(@t)j, i HaiibinplIe AMHAMIYHE TepeMillleHHS
MaTUMe BUIJISL
sin(©1/2)

wt/2

max

yg o =2alyL| 1+

=2al,L.

3 puc. 3 BUgHO, 1o npu Tt = 0 auHamMiyHUM epekt 30 Mak-
CUMATBHUH.

Posrnspatoun piBHsSHHS pyxy 30, CIIpUYMHEHOTO BIJTUBOM
CTAaTUYHO TPUKJIAIeHOI TeMIlepaTypy, MoxHa 3amucaTtu [13]
TaKuii BUpa3:
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Tomi omepXKUMO piBHIHHS

2
Qe O Va _ | D

=V
ot o’ or’

>

DyHKII po3MOmiy TeMIepaTypH IT0 TOBIIMHI CTalli MO-
KYTb OyTH pisHuMU. Hampukiiam, SKIio TeMIiepaTypa ITOBEpXHi
30 MiHI€EThCI 3a TAPMOHIYHUM 3aKOHOM, TO TeMIlepaTypa yce-
penuHi 30 mopiBHIOBATUME

2
/ ) )
T(x)=T,exp| -1 |— |cos|wt—e—1Ly| — | |.
() 0 Xp[ 2och 0[20@}

e Oup :kT/(pTcT); Ly = L/2 — Binpisok 30, Ha IKOMy pO3-
PaxXOBYIOTbCS IIPOTVH Ta 3TUHAJIBHUN MOMEHT; Ay — KoedillieHT
TEIUIONPOBIMHOCTI; Py — IYCTMHA OETOHY H MeTaly; ¢p —
MUTOMA TEIJIOEMHICTh MaTepiany 30; € — BHYTpIlIHS Aedop-
mauisg 30 BHacC/iIOK BIUIMBY TeMIIepaTypH.

Posznonin Temnepatypu y 30 MoxkHa onucatu (hopMysioro

qr L%
T(x)=—2E__|1_exp| -0 L—x)out,
()t exp[ W} ——

Ae x — mmbuHa Harpitoro wapy 30; gy — TeIUIOBE HaBaHTa-
xeHHs Ha 30.
3ruHAIBHUN MOMEHT MOXe OyTH BU3HAUYSHU 32 (hOpMYIIOIO

M EJ 96 & | P (_EZHZ O‘gzj
My = j EaT(x)dxzﬁ 11— S N )
290 1'64 “ n2
~h/2 T n=1,3,5

VY3aranapHeHi iHTerpajabHI MOAYIl HedopMallii CTUCHYTOI Ta
po3tarHyToi 30H nepetnHy 30 mpu 7 > 473 K Maiors Takuit
puran [14—16]:

F, - 3ZZ: A (s )(z—l)/(z+2) ,
z=1

7 - 3ZZ: 4. )(z—l)/(z+2)>
z=1

ae A., A, — xoedillieHTH, 1110 BU3HAYAIOTLCS 3 YMOB MiHIMYy-
My KBaApaTUYHUX BIIXWICHb €KCIIEPUMEHTAJIBHO OTPUMAaHUX
3HaueHb AedopMaliil; g, — KoedilieHT AedopMalii GeToHY:;
€, — KoedillieHT AecdopMalii cTai.

VY BUIanKy OAWHOYHOIO BUTUHY OajKU IIMPUHA PO3TSATHY-
TOI (A)) i CTUCHYTOI (h,) 30H BU3HAYATUMYTHCS YMOBAMU

By Iy
[ owty+ [ oudv=0. h=1,+h,.
—h, -I
e G; — AedopMallis CTUCHEHHS GeToHY; G, — Aedopma-

1ig cTai.
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3a BIACYTHOCTI TPIllIMH Yy TEepeTUHI cTajJebeTOHHOI GaaKu
3 HaBEIEHUX BUIIIC YMOB ONEPKUMO HACTYITHE PIBHSHHS BiTHOC-
HO HEBIIOMUX BifcTaHEN hcp [17]:

h
@ hC‘

Ep _[ By (1) ydv =B, (To)72
0

o = :
Y [esBs (T Py + B, (To) 1, |

ne T), — TemriepaTypa Ha BepxHi#l yactui 30, 110 HE MiANAETh-
csl BOTHEBOMY BILJIMBY.

VYMOBU BiICYTHOCTI pyMHYBaHHS OSTOHY BiIHOCHO Aedop-
Matii ctucky [18, 19]:

Ey(T,) QL% +24M;
1-v2 24D

By (T) Ay, <Ry (T) 75 (7).

ne P (T), Yp (T) — TIPOSKTHI XapaKTepPUCTUKU OSTOHY B 3a-
JISKHOCTI BiZ Temmeparypu (HaBemeHi B [15]); Ry (T) — KpH-
TUYHE HaIpyKeHHSI Ha CTHUCHEHHs OeToHy; D — KoedillieHT
SKOPCTKOCTI GaJIKM.

YMoBU BimcyTHOCTI pyHHYBaHHS CTajIeBOro JjucTa (ruiac-
TUYHA TedopMallid Ta BTpaTa HeCydol 3MaTHOCTI) i 36epexkeH-
HS MilHICHUX BiactuBocteit [20]:

E (T,) QI +24M;
2

T =
o (1) 1-v2 24D

Be (Zi)he <o (1) 1e (T)-

[Mapamerpu B,, v,, Oy HaBeneHi B [15].

Py _ s

Posp’a30k mudepeHtifiHoro piBHIHHI £/ —Gyi to—= 5
ox Ox ot

IUTS 3aXULLEHO] o obunsa 6oku 30

M
Y= Y 2(x—L0)2+2—1§x(x—L0).

=——X
24D
T.K 0,05 0.1
12?0 !TO X, M
A
1170 ; /
[/
1070 :
VARY
|
970 AN i AN s

T, frmem- _._..i.._._)f .....
870 / ;
'/ v/
' 3
770 : >

670

570 :
Puc. 4. Posmonin Temriepatyp
y TlepeTuHi crajebeToHHOI 30

y pi3HI MOMEHTH 4acy micis aBapii [12]:
t,=10c; £,= 100 c; 1, = 1000 c
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HaiiGinpira KpuBr3Ha BUTHHY TOCATATUMETBCS Ha CepeNUHi
30 mpu x = Ly

2
QL My

24D D

PesyapTaTi po3paxyHKIiB 3a OTpUMaHUMHU (GOpMyJIaMHU Ha-
BelleHi Ha puc. 4.

3aJIeXXHOCTI MILHICHUX XapaKTepUCTUK OETOHY i cTai Bil
TEMIIepaTypHu IIpU po3paxyHKax Opammcsa 3a [15, 16]. Beron
OyB MpeAcTaBAeHUN TpU(ha3HUM CEePEIOBUIIEM: TBEPIUIA Hecy-
ynit MaTepian (KicTsSK), CYKYITHICTh PiIKUX BKJIIOUSHB Yy MOpax
i ra3 y mopax. Koedinientu IlyaccoHa i TerioBoro posummpeH-
Hf a;, BaXKoro GeToHy B AiamasoHi Temmepatyp 293+973 K

P=maxy; =

BBaKajMcs NMocTitHuMu: v, = 0,2, a, = 110 K~ L. Tpu tem-

neparypax noHan 973 K xoedinieHT @, 36iaburyBaBcs 10
1,510 KL

Hng crani v, = 0,3, a, = 1,3-107% K L. Yucnosi sHaueH-
HS MIIHICHUX XapaKTEepUCTUK GETOHY i cTali MpU KiMHATHIMN
TeMITepaTypi puiMaImcs 3rigHo 3 [16].

Yac BTpatu Hecydoi crpoMoxkHocTi 30 Ty, ¢, PO3PaxXoBy-
BaBcs 3a HOpMYJIO0

Ax _ Tn - TKp.r[

ert = R
2,/at, T, -1,

ne ert — TalbynpoBaHa (OYHKIIS iHTerpajia MOMUIOK;

2 ato

T, — TemriepaTypa IIOBEPXHi ITEPEKPUTTA 3 OOKY OCEpPENKY IIo-
KeXi, Ky BBaXKaTUMEMO ITOCTilfHOIO BIPOAOBXK yacy 7 < £, Ta

piHoro T, ..., Ki #, — TpuBajicTh TropiHHS (10 MOMEHTY

nokanizanii); Tj) — mouyaTkoBa TeMmepaTtypa nepekpurrsa (7T, =
=300 K); TKp_  — KPUTHYHa TeMITepaTypa JUTsl PO3TATHYTUX eJie-
MEHTIB KOHCTPYKIIIN ITepEKPUTTS (TKp_ 1=700K); a — Temme-
paTyporposinHicTe 6eToHy mpu 700 K (@ = 2,83-10—7 m2/c);
Ax — TOBIIMHA 3aXMCHOTO IIapy GETOHY, M.

SHaueHHq T, Ipy 06’ eMHill TOXKeXi A0CATAETCS TP ¢ = 1,

; 1 max
Ta OLIHIOEThCS 3a dhopmysoro [14, 22]

T =915 exp(S 10° (g —30)).

OTpuMaHe 3 TEIUIOBOIO PO3PAXYHKY 3HAYEHHA 7, 30LIbLIy-
FOTh JJISI CTATUYHO HEBU3HAYECHUX KOHCTPYKIIN (MOHOIITHUX
nepeKpuTTiB) B 1,5 pasa, SKII0 Ha olopax HeMae IMiACUICHHS
HeCcy4yux KOHCTpPYKIIilt, aGo B 2,5 pasa Ipu 30iIbIIEHHI ILIO-
IIMHA apMaTypu Ha omopaX yaBidi. OIIHKM HOKa3yioTh, IO
BOTHecCTilKicTh 30 peakTOpHOro 3ajy Moxke pocsrat 1,5 rox,
110 HE MEPEBUIIYE TPUBATOCTI MOXKIMBUX TTOXKEXK.

PospaxyHku, oTpuMaHi 3a IIi€l0 METOAWKOIO, H0Ope IIoro-
JDKYIOTBCS 3 pe3yJbTaTaMHM MeToAauku pobotu [16]. TToxubka
PO3paxyHKIB ITO BCbOMY Aialla30HY BUXITHUX TAHUX HE TIepeBU-
ye 25 %.

OuiHKy rpaHuLi TeruiocTitikoeri 30 3a BTPaTOIO 1IiIiCHOCTI
MOXHA TaKOX BU3HAYMTH 32 KPUTEPIEM KPUXKOIO PYMHYBaH-
Hg [23]:

() )51
Ky (b (1) + 2. (1))IT

ne K= 1,1610"2 Br-m>/2kT; a,, 4, — KoedilieHTH JIiHiHOI

TeMIepaTypHol DedopMarnii GeTony i cram, K 1 E,, E, —

0>

28
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Puc. 5. 3mina ToBIMHM ocummaHHg 6etoHy 30 3a 1 roxm
B 3aJISXKHOCTI Bifl TeMITepaTypy HarpiBy

MOIYJIb TIPY>KHOCTI GeTony i ctami, MH/M?; Py, P — cepen-
HS IIUTBHICT GeTOHY i cTaji, Kr/Mm>; k; — xoedillieHT iHTEH-
CHUBHOCTI HaIIpyXeHb Iepiroro poxmy, MH-M ¥/2; 5, — «xo-
ediuieHT TerutonpoBigHOCTI G6eToHy i crami, Br/(m-°C); I1 —
MOpUCTicTb GeToHy; W), — 06’eMHa BOJIOTICTb GETOHY.

Ha puc. 5 HaBemeHO po3paxoBaHy 3MiHY TOBIIMHU OCHUITaH-
Ha 6eroHy 30 3a 1 ron B 3aJIEXKHOCTI Bifl TeMITepaTypy HarpiBy.

TakuM YUHOM, TIiC/ISI IBOTOAMHHOIO MTPOTPiBY MPU TeMIIe-
patypi 1270 K wmiunicte 30 Moxe ckiagatu 6imspko 40 %,
npuyomy 1pu Temiiepatypi 1420 K BigOyBaeTbcs BTpaTa IIpyXK-
HOCTI | TTOYMHAEThCS TUIACTUYHA AedopMallis; TIpU TemIiepa-
Typi 1500 K mmactruna gedopmamis 30 mocsarae 30 %. Ilpu
temrepatypi 1300 K Momysb npyxHocTi gopisHioe 15 %, koedi-
mieHT mpyxkHocTti 0,15 Big pyWHIBHOTO HaBaHTaXXeHHS, KO-
editieHT niniftHoro posumpeHHs 10,4-10~°, xoedimieHT Ter-
nomposigHocTi 1,6 kKkan/(M%rom).

ITpoBeneHi po3paxyHKH 3a OCTAaHHBOIO (HOPMYJIOIO MoKa3a-
s, 1o nipu F < 5,0 rpaHUIIS TEI0CTINKOCTI 3a1i300eTony 30
3a BTPATOIO MPYKHOCTI He MEePEeBUIIYE 2 IO,

3B’I30K MiX HilOYUM TEpMOHAIIPY>KEHHIM Ta pPO3MipaMu
MIKPOTPIIIIMH, Ha MeEXi KOTPpHMX KOHIICHTPAIIisS TepMOHAIIPY-
JKEHB IOCITa€ KPUTUYHOI BETUYNHY, BU3HAYAETHCS PIBHSIHHSIM
I'puditca [8]:

2 E\/Tlarhb2
(1) =5 s [ [ 17 (@)~ (x) syt
THE b by,

Ie E — monmynp mpyxHocTi Matepiany 30; vy — KoedillieHT
Ilyacona; /— niHIHUE po3Mip MIKpPOTPIIIMHU; @ — KO-
edillieHT TeMITEPaTyPONPOBIIHOCTI; S — IJIOLIA MiKPOTPIlIM-
HU; h, — TOBIIMHA cTageGeToHHOro Matepiamy 30; T (1:) —
TeMIlepaTypa Ha 30BHIiIIHIN mmoBepxHi 30 B MOMEHT dYacy T ;
Ty (’C) — TeMIlepaTypa HaBKOJIMIITHBOIO CepelOBUIIIA BCEPEANHI
30 B MOMEHT Yacy T.

SKi1o nmpukIageHe TEIUIOBE HABAaHTAXXEHHST BUKJIUKAE T10-
SIBY TIOJIiB TEPMOHAIIPYKEHbB, TO BCi MIKPOTPIIIMHU 3 IUIOLICIO
S ax >> S TIOUHYTh POCTH i iXHIO KiJbKICTE MOXKHA BU3HAYUTH

3a opmyroro [25]
Dy =K, exp(—Vlg)dS,
N

ne K, — mocrTiitHa, 1110 XapaKTepu3ye CTPYKTYpPY TOBEPXHEBOIO
wapy 30; Vi — mocTiiiHuii KoedillieHT 3 PO3MipHiCTIO 1/M2,
1110 3JIEKUTH Bil (hi3UKO-MaTEMaTUYHUX BIIaCTUBOCTEN TTOBEPX-
HeBoro 11apy 30 Ta BU3HaYa€ HOro rycTUHY.

PospaxoBaHy 3a HaBemeHUMH (OPMYJIaMH 3aTraIbHy KUTbKiCThb
YTBOPEHMX MIKPOTPIIIMH y ToBepxHeBoMy 1rapi 30 B 3aiex-
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Puc. 6. 3arajpHa KiJIBKICTh YTBOPEHMX MIKDPOTPILINH
B IMoBepxHeBoMy 1api 30 B 3aJ1eXKHOCTI Bi Yacy BIUIUBY
TEIIOBUX TTOTOKIB Ha 3a71i306€TOH

HOCTI BiJl yacy BIUIMBY TEIUIOBUX MOTOKIB Ha 3aJ1i300€TOH ITO-
KasaHo Ha puc. 6.

ImoBipHicTe Brpatu wmimicHocTi 30 (KpHxXKe pyHHYBaHHS
3J1i306€TOHY) MOXHA MIPEACTABUTH Yy BULIALL [26, 27]

Q(t):Q(S<Sd),

ae S;=R-L, S; >0 — pesepB yzaraabHeHoro ornopy 30 y rpa-
HUYHOMY CTaHi; R — y3arajgpHeHa cTitikicte 30 10 aBapiitHUX
BIUIMBIB; L — y3arajJbHeHe TeIuIoBe HaBaHTaxeHHS Ha 30.

Ilepexin 30 mpu 3aIIpoeKTHI aBapii 3 OMHOro CTAHY B iHILMHI
MOKHA OIMUCATH K Tporec IlyacoHa 3 TUCKPETHUM CTaHOM
1 HeTIepepBHUM YacOoM:

0(0)=1-0(T, >1)=1- ”i (X(f)m eXp(—M))

>

m!

e 9 — IHTeHCUBHICTh BimMoB 30.

3anexxHicTh iMoBipHOCTI BinMoB 30 BiJ TeMIlepaTypHOIO
BIUIMBY IIpY HaAiHHI JIiTaKa MAaTHUME BUIJISI

O(P.T)=F m[;fJ[Tijcz :

m m

1 7 2
Ie F(x) =— J‘ exp Y di  — dynkuis [ayca; Cs  — Ko-

o,

ediuieHT Bapialii BUXiZHUX JaHUX (B po3paxyHKy Cs = 0,3);
P, =150 xIla — makcuMaabHUI HAIJIUIIKOBUHM THUCK;
T,, 21473 K — maxkcumasnabHa TeMIlepaTypa Ha moBepxHi 30.

BucHoBKu

1. g BusHaueHHs HMoBipHOCTI BinMoBu 30 Tipyu BIUIMBI
IHTEHCUBHUX TETUIOBUX MOTOKIB BHACIAOK IMaliHHS JIiTaKa Ha
AEC BUKJTaZieHO pi3Hi MiIXOAM Ta po3pobIeHO METOIUKU PO3-
pPaxyHKY Ha TepMETUYHICTh Ta BTpaTy HECY4YOl BJIACTHUBOCTI.
IIpoBeneHO YMCIOBI OOCTIIKEHHS cTajebeTOHHOI piBHOMIp-
HO HaITpy>KeHOol 060JTOHKU MpY HEPiBHOMIPHOMY HarpiBi 3 ypaxy-
BaHHSM YTBOPEHHS MIiKPOTPIIIMH Y PO3TATHYTIN 30HI OETOHY.
[TokazaHo, 110 B po3paxyHKY ITOJISI TEMIIEpaTyp 3a TOBIIMHOIO
0BOJTOHKM HeoOXiTHO MOMATKOBO BpaxXyBaTH ITpoliecH (ha3oBUX
TePEXOIiB Ta BBOAUTH TeMIIepaTypHUI KOedillieHT cepeaoBUIIIa,
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TOOGTO PO3IMIAOATH 3aTi300€TOH K MopucTe GaraTodasHe ce-
pPEemOBHIIIE 3 PISHUMU TeMIlepaTypaMu ¢as.

2. AHaJi3 OTpUMAaHUX PE3YJIbTATIB 3 AOCIIIKEHHS MPOLECY
JIOKaTbHUX pyHHYBaHb 30 TIpM TEIJIOBUX BIUIMBaX ITOKa3aB
CKJIaHICTh XapaKTepy pyHHYBaHHS. fAK IpaBWIO, XapaKTep
JIOKAJIbHUX PYyMHYBaHb BCTAHOBIIOETHCS 3 YMOB MIiHIMyMy He-
cy4yol 3maTHOCTI KoHCTpyKiii 30, 110 BU3HAUAETHCS Cepel
MOXJIUBUX cXeM ii pyiHyBaHHS. [Ipu 1ibomMy MoOXIMBa SIK MO-
MEHTHA, TaK i JOKaJlbHa cXeMa pyWHyBaHHS KoHcTpykuii 30
y BUIVISII YTBOPeHHs TpilivH Ha moBepxHi (7= 1100 K) a6o
ckiagaux TpimwmH (7 = 1400 K). [Ing pamioHaJIpHOro BUKO-
PUCTaHHS 3aracy MIITHOCTI 000JOHKM HeoOXigHI JomaTKOBi
TETUIOBI eKpaHU a00 3aXWCT MOKPUTTS. B momabIImx mpoekrax
HeobxigHo BukoHyBaTy 30 3 1BOX HMIIHAPHYHIX 30: BHYTpIIII-
HBOI MeTajiyHOI, po3paxoBaHOI Ha MaKCHUMaJIbHUN HaIJIWIII-
koBuii Tuck 0,2 MIla i Temnepatypy 1270 K mig yac aBapii,
Ta 30BHIILIHBOI i3 3a/1i306eTOHy 6e3 MonepeIHbOTO HATIPYKeH-
Hs, pO3paXOBaHOI HAa €KCTPEeMaJTbHi 30BHIIIIHI BIUTUBU (TeMIIe-
patypa T= 1470 K).

3. OmiHKa pe3yJIbTaTiB PO3paxyHKY BiTHOCHOI TTTMOMHU TTpO-
HUKHEHHS TPIllIMHU Ta TOBIIWHK OOOJOHKU BUSBHUIA He-
OOXIiTHICTh IIPOBEACHHSI €KCIePUMEHTAIPHUX TOCIIIIKEHb Xa-
pakTepy pyHHYBaHHS 3a/1i300€TOHHUX TUIUT IIPU MTOETHAHOMY
BIUIMBI HABaHTaXXeHb (MEXaHIYHUIN yaap i HAAJTUIITKOBUM THUCK).
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HCTUTYT SaepHbIX nccienoBaHuii HAH YkpauHel

Obecne4vyeHne KOHTPOSIA
paanaLMOHHOW
6e30nacHOCTY
nccnenoBaTenbCKoro
peakTopa BBP-M

lpencrasrieHb! onvicaHne Y OfbIT SKCITyaTauny CUCTeMbl
pagualnoHHON 3aLNThl M KOHTPOJISI UCC/Ie40BaTe/IbCKOIro pe-
akTopa BBP-M. [laH nepeydyeHb paanaliOHHbIX QakTopoB rnpu
HOopMaJIbHOV paBoTe peakTopa v yCcTaHOBJ/IeHbi OCHOBHbIE Ha-
ripaB/ieHns1 4esITe/IbHOCTU 10 06ecrneyeHunio paanalmoHHO’
6eszonacHocTu. lpuBefeHa cTaTucTudeckas MHOopMaLlms
0 KOHTPOJ1e 06/1ydeHusT MepcoHaia v BhiOpocax paamoakTB-
HbIX aspo3sosiest. OnucaHbl 3a0ady v CTPYKTYpa CUCTeMbl aBa-
PUHOro pearpoBaHusI Ha aBapivi v 4pe3BhiaiiHble CUTyaLui.
lpeacraBieH KOMIIGKC TEXHUYECKMX peLlieHWi o MogepHH-
3aUmMy CUCTeMbl PaanalMOHHON 3aLThl M KOHTDOJIS.

B. M LLegens, 0. M. JloBay, 0. M. HecTtepyk, |I. B. Xomuny

3abesneyeHHA KOHTPOMIO paaiauiiiHoi 6e3neku
AocnigHuubKoro peakropa BBP-M

OnuncaHo cuctemy pafialifiHoro 3axmcty 1a KOHTpOJIO [0-
caigHuLbKoro peaktopa BBP-M i gocsifa ii ekcrinyaradii. lNoga-
HO nepeJslik pagialiiHix akTopis npu HOPMasbHI poboTi pe-
aKTopa T1a BCTaHOBJIGHO OCHOBHI HarpsiMKM AisIbHOCTI 114040
3abesredeHHs pafiauiiHoi 6eaneku. HaBegeHO CTatUCTUYHY
IHOpMaLlito CTOCOBHO KOHTPOJIIO ONPOMIHEHHS [epcoHasly 1a
BUKUAIB palioakTUBHUX aep030/1iB. OnncaHo 3afayi 1a CTpyK-
TYpY cUCTeMu aBapifiHOro pearyBaHHs Ha aBapii Ta Haa3BU-
qariHi cutyadii. llpefcraBieHO KOMITIEKC TEXHIYHUX PillieHb
3 MOJIepHI3auli cucTtemMu pafialifiHoro 3axucTy 1a KOHTPOJIO.

Aodepna ma padiayiuna 6esneca 2.2009

ccienoBarebekuilt peaktop BBP-M nipencras-

JISIET cO00# OfHY M3 MOCIeAHUX MOAU(DUKALINI

BOJI0-BOISIHBIX peakTOpoB. Takne peakTophl OT-

JINYAIOTCS MPOCTOTON KOHCTPYKLIMU, OTHOCH-

TEJbHO HEBBICOKON CTOMMOCTBIO M BKCIUIyaTa-
LIMOHHBIMU PacXxoJamMu, HaJIeKHOCTbIO U 0€30MaCHOCTBIO DKCII-
syarauuu [1]. B CCCP Bogo-BoasiHbie peakTopsl ThIia BBP co-
OpYXaJIUCh B OCHOBHOM B KOHIIe 1950-x — Hauase 1960-x ronos
M K HACTOSIILIEMY BPEMEHU MHOTHE U3 HUX PEKOHCTPYMPOBAHHI.
MoiHocth peaktopa BBP-M—10 MBT, makcumaibHasi 110T-
HOCTb MTOTOKA TEIUIOBBIX HEHTPOHOB — okoio 1,5-1014cm?-c L.
B cOOTBETCTBUU C MMPOSKTOM peaKTop MpeaHa3HaAYaIC TSI ITPO-
BeIeHUS HayYHO-UCCISI0BATEIbCKUX PaboT B 06IacTy SAepHOI
busuky, GU3NKY TBEPAOTO TeNla, PaTUAllMOHHON (GDU3UKU, paay-
AIIMOHHOI'O MaTepUATIOBEACHUSI, PaIOONOIOTHH.

B mporecce akcrtyaTaliuu peakTop UCITOJIb30BaICS IS
pellleHnsd 3afad B OOJacTU aTOMHOM 3HEPreTHKM, PaarodKO-
JIOTUM, HEUTPOHHO-aKTUBAIIMOHHOIO aHaau3a, IPOU3BOICTBA
PaIVON30TONOB IS TIPOMBIIIIEHHOCTH U paguodapMIIperna-
paToB I MEAMIIMHEBI. B HacTodllee BpeMs peakKTop SBIIAETCS
VHUKAJIbHOU SASpHON YCTAHOBKOM B YKpaWHe M3-3a €ro TeX-
HUYECKUX IMapaMeTPOB U BBICOKOKBATU(MUIIMPOBAHHOIO IIep-
COHaJa.

Peaxrop BBP-M pacnonoxken Ha tepputopun MHcTuTyTa
sanepHbIX uccienoBanuit HAH Ykpaunsr B ['onoceeBckom pati-
oHe I. KueBa. THCTUTYT KaK 9KCIUTyaTHUPYIOIIas OpraHU3aliisg
MMeeT HeoOXOMMMBbIe JIMIIEH3UN 1 pa3pellleHrs Ha aKCIUTyaTa-
LIUIO peaKTopa. DKCIUTyaTalllud CUCTeM M 00OpYIOBaHUS peak-
TOpa OCYIIECTBIISAETCS B COOTBETCTBUM C TPeOOBAHUSMM 3KCII-
JIyaTallMOHHOM MOKYMEHTAIIMH, pa3paboTaHHOM Ha OCHOBAHUM
MpaBWI, HOPM U CTAHIAPTOB YKpaWHBI I OOBEKTOB aTOM-
HOM 5HEePreTUKU. DKCIUTyaTAIIUIO PeaKTOpa OCYIIECTBIISET O -
TOTOBJICHHBIN ITepcoOHa, UM 0(pOpMIEHHBIC B YCTAaHOB-
JICHHOM TTOPSIAKE MOMYyCKU K paboraM. PexxuM paboThl peakTo-
pa ompenensercd TpeOOBaHUSIMU 3KCIIEPUMEHTAIBHEBIX ITPO-
rpamM. Kak mpaBuio, peakTop paboTaeT B peXUMe HeleTbHbIX
LIUKJIOB, IPU HEOOXOTUMOCTU MOXET paboTaTh HEIPEPBIBHO
B TeYeHUE MBYX-TPeX HEMeb.

B 2004 r. HAH Ykpauns! onobpeH «Crparernueckuil riaH
WCTIOIB30BaHMS UC/TenoBaTe/ibekoro peakropa BBP-M UAN» [2].
OcHOBHas 1Iefb IJTaHA — KOOPAWHAIMS pabOThI SKCILIyaTH-
pyIollelf OpraHU3aluy, UCCISooBaTe/Ie U MOoJIb30BaTelel U3
PA3IMYHBIX OpTraHU3allUii, BBISIBICHUE MOTPEOHOCTEN M BO3-
MOSKHOCTEN MCITOIb30BaHUS peakTopa, oOecliedyeHne ero cra-
OUIBHON PaboOTHI MyTeM ITO3TAITHOIO BBIMOJTHEHUS CTpaTeTH-
yecKUX 3aga4. CeromHAIIHEee TEXHUUECKOE COCTOSHIE PeaKTO-
pa TIO3BOJISET €ro AaTbHEHIIYI0 Oe30MacHyio 3KCILTyaTalllio
B Omkaitime 8—10 JIeT TIpy YCIOBUM MOAECPHU3AIUU OTHE/Tb-
HBIX CHCTEM U 3JISMEHTOB, ITO3TOMY IVIABHOM 3amadeil ruiaHa
SIBJSETCA TPOUICHNE SKCIUTyaTalluy peakTopa 1o 2015 T.

B Mae 2006 r. sKcImIyaTalus peakTopa ObLIa IMPUOCTAHOB-
JICHA C IIEIbIO BBIMOJHEHU paboT IO MOASPHU3AIIUN CUCTEMBI
yrpaeieHus u 3aumTel (CY3). B Teuenne 2006—2007 rr. CY3
ObLTa 3aMeHa Ha COBPEeMEHHOE 00OpyIOBaHME — ITPOMBIIIIICH-
HO-TeXHUYECKUIM KOMITJIEKC aBTOMATUYECKOTO PETyINPOBAHMS,
KoHTpoJs, ynpasieHus u 3ammTel ([TTK APKY3).

C konua 2008 r. rutaHMpyeTCs IOCTENEeHHBIN (B TeYeHUE
TpeX JIeT) MepeXod IKCIUIyaTalluM peaKTopa Ha Hu3Koobora-
IIEHHOE siIepHoe ToInBo: BMecTo TB3 Tuma BBP-M2 ¢ o6o-
rameHreM 36 % OymeT MCIonabh30BaThCS TOILIMBO ¢ oboraiile-
HueM 19,7 %. DTO MOXET IMPUBECTU K CHUKEHMIO TUIOTHOCTH
[IOTOKA HEWUTPOHOB B aKTMBHOM 30He npumepHo Ha 8—10 %,
YTO MPAKTUYECKU He CKAKETCS Ha SKCIUTyaTAIIMOHHBIX Xapak-
TEPUCTUKAX PEaKTOpa.
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COBepIICHCTBOBAHUE CUCTEMBI PaAMALIMOHHON 3alUTHI
u koHTpossg (CP3K) Takke sBisieTcsl CYLIECTBEHHBIM KOMIIO-
HEHTOM paboT TT0 MOAEpHU3AIMU peakTopa. [lo cpaBHEeHUIO
C IPOCKTOM OOOpYAOBAHUE CUCTEMBI OBLIO y3Ke IBAXKABI 3aMe-
HEHO HOBBIM. B HacTosllell craTbe IMPENCTABICHO OIMUCAHUE
u 3agayn CP3K, ananus pyrkunonupoanuss CP3K B TeueHue
TOCJIEAHUX JECSATU JIET, & TAKXKE MEPOIPUSTUS IO AaJIbHEHIIIe-
My YCOBEPIICHCTBOBAHUIO CHCTEMEI.

PagunaunoHHble ¢pakTopbl
Npu aKcnayaTauum peaktopa

O6GBeKT, MaTepraa WINM YCTPONMCTBO, COAEpPKAIIME PaIro-
AKTHBHBIE BEIIECTBA U CIIOCOOHBIE 06pa30BBIBATE NOHU3UPYIO-
1Iee M3JIy4eHUe, Ha3bIBAIOTCS WCTOYHUKAMU MOHU3UPYIOLINX
uznyuyeHut (MWUM). Otkpeiteie UMM — pannoakTuBHBIE Ma-
TepUaTbl B BUIE a3pO30JIeii, ITbUTH WJIN KUAKOCTEH, ITpu paboTe
C KOTOPBIMHM BO3MOXKHO TTOCTYIUIEHUE UX B OKPYKAIOIIYIO Cpe-
Iy ¥ 3arpsI3HEHUE TTOBEPXHOCTH WUJIU TTOCTYIUIEHHE B OPraHU3M
yenoBeka. 3akpbitele UMW — pamnoakTWBHBIE MaTepUaIbI,
TIOJTHOCTBIO 3aKJIFOYSHHBIE B TepPMETUYHYIO TBEPAYIO 3alllUT-
HyI0 000JIOUKY U3 HepaIUMOaKTHMBHOIO MaTepHajia BO u3bexka-
HUE WX TTOCTYIUIEHUS B OKPYKAIOIIYIO CpeAy ITPY HOPMaIbHBIX
YCIOBUSX 3KcImyarauuu 1 usHoca. MMU cuurarores onacHbI-
MU, €CJIU OHM, He HaXOMSICh MOJ KOHTPOJIEM, MOTYT ITIPUBOIUTH
K OBJTyYeHMIO, JOCTATOYHOMY IJIT BOSHUKHOBEHUS CEPbEe3HBIX
IETePMUHUPOBAHHBIX TTOCICACTBUN 11T 3M0POBbhs [3].

OCHOBHBIMH pagUAlIMOHHBIMU (aKTOpaMHU B YCJOBUSIX
HOPMAaJIbHOM paboThI peaKTopa SIBIAIOTCS BHEITHUE raMma-,
Gera-, HEUTPOHHOE U3IYYCHUS, a B IIEPUOI PEMOHTHBIX paboT
¥ TUKBUIALIMY aBapuil HApsAOy ¢ BHEITHUM 6eTa- ¥ TaMMa-o00-
JIy4EHUEM BO3MOXKHO ITOCTYIUICHHE B OPraHU3M paguOHYKIIU-
noB. PeakTop cuntaeTcsa Ge3omacHBIM, €CU ITPU HOPMAaJIbHOMN
SKCIUTyaTalluM U MPOEKTHBIX aBapUsIX TEXHUUYECKUMH U Opra-
HU3ALUOHHBIMA MEPOIPUATUSIMU OOeCIIeUYNBACTCI HEIPEBhI-
IICHWE YCTAaHOBJIEHHBIX 03 BHYTPEHHErO M BHEIIHEro oO0y-
YeHUs TIepcoHasia U HacelIeHUs, a TaKXKe COMepPKaHUS paaro-
HYKJIMIIOB B OKpyKatollelt cpene [4].

[1pu skcrmyatauum peakropa BBP-M paguanmonHas omac-
HOCTb OIlpeAeIIsSIeTCS:

BHEUHUMU 2AMMA~- U 6ema-u3ay4eHUAMU PAa3AUYHbIX SHepeull,
MCTOYHUKAMM KOTOPBIX CIIyXAaT SASPHOE TOpIoYee W IMTPOAYKTHI
ero AeJICHUs, HaBeleHHAsT aKTUBHOCTH TETUIOHOCUTENISI, KOH-
CTPYKLMM, AeTajell W y3JI0B peakTopa, MPOIyKTOB KOPPO3WH,
0b6Iy4eHHBIC B aKTUBHOM 30HE MaTepHasIbl U 0Opa3Ilel;

HelUmpoHamu pasaudHbIX SHepeuil om Gbicmpbix 00 Menao06bix.
HMcToyHMKOM HEWTPOHOB CJYKUT aKTHUBHAS 30HA peakTopa.
BoszneticTBre HEHTPOHOB BO3MOXHO B IOMEIISHUU peaKTop-
HOTO 3aJIa TIpU paboTe peaKTopa Ha MOIITHOCTU BOIM3U 3KCITe-
PUMEHTAIBHBIX KaHAJIOB ITPU BBIBOJE HEUTPOHHBIX ITyYKOB 3a
3aIIUTY;

PadUOAK MUBHBIMU AIPO30AAMU OCKOA0UHOU U HAGEOCHHOU QK -
muserocmu. VICTOUHUKaMU a3po30Jiei SBIISIOTCS SIIEpHOE TO-
proyee, MPOAYKTHI €ro AeJCHUS, a TAKKE MPOAYKTHI aKTUBALIMU
TEIJIOHOCUTEISA, 3JIEMEHTOB KOPPO3UH, 00Jy4aeMbIX MaTepH-
aJIOB, TTOCTYTAOIIME B TEXHOJOTMYECKUE KOHTYPHI M BO3IYX
pabounx TOMeIIeHUN MMpU HapyIIeHUN TepMETHYHOCTH KOM-
MYHUKAIUNA U CUCTEM peakTopa;

unepmuviMu paduoaxmusHeimu eazamu (HPI): *'Ar, BosHu-
KarommM Tipu obmygennu *CAr, comepaierocst B BO3IyXe, 3a-
TIOJTHSTIOLIIEM KOHCTPYKTHBHBIE TTOJIOCTU B CHCTEMAaX PeaKkTopa;

ockonouHsimu UPI u neekosemyvumu npodykmamu OeneHus,
TaKWMU KaK KCEHOH, KPUIITOH, ion. McToyHMKOM BBIAEICHUS
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PaIMOAKTUBHBIX T'a30B B MOMEIIECHUS CIIY>KUT aKTUBHasl 30Ha
peakTopa, KOHTYpP TEIUIOHOCHUTENST M Ta30BBIE CUCTEMBI MpPU
HapyLUICHUW TePMETUYHOCTH KOHCTPYKLUMH WIM IIpU HEZOCTAa-
TOYHOM 3(hGEKTUBHOCTH pabOThl CUCTEMBI TEXHOJOTMYECKOMN
BEHTWISILIUU;

PA0UOaK MUBHBIMU 3a2PA3HEeHUAMU PaOOUYNX TTOBEPXHOCTEM
TIOMEIIIeHUM, 060PYIOBaHMS, CIIECIIONCKIEI;

BO3MOXKHBIM ITOCTYIIEHUEM B BO3IyX pabodmX ITOMEIIeHUI
W OKPYXKAIOILIYIO CPEoy HpoO0yKmoeé aKmusauuu TEIUIOHOCUTE-
JIell 1 3aMeIJIUTENS;

SKUIKUMU Y TBEPABIMU pAOU0aK MUBHbIMU 0MX00aMU.

B mpoekTHOI mokymeHTaumu u OT4yeTe Mo aHaIU3y Oe3-
omnacHoctH (OADB) orpeneneH nepeyeHb aBapyii, BOSHUKAKOIINX
BCJISACTBUE HEUCIIPAaBHOCTH OOOPYHOBAHMS, HETPaBUIBHBIX
e CTBUM TTepCOHAJIa, CTUXUMHBIX OSICTBUI WM MHBIX TIPUYNH,
KOTOpBIE MOTYT IPUBECTH K ITOTepe KOHTPOJIST Hal MCTOYHU-
KaMU U3JIyYeHMs, OOTyYeHMIO JTIonei U (Mu) pagrioaKTUBHO-
MY 3arpsS3HEHUIO OKPYKAIOIIeH Cpebl.

Hike, B mopsinke yObIBaHUS BEPOSATHOCTA BO3HUKHOBEHUS,
TIPUBOIUTCS CITMUCOK BO3MOXKHBIX TUIIOB aBapuii, CBI3aHHBIX
C MCCIIEIOBATEIbCKUMU SINEPHBIMU PEaKTOPAMU:

HEOXUIAHHBIN cIabbIl BEIOPOC paIroaKTUBHOIO BEIIECTBA
C MaJIofl WM HYJEBOM CTEINEeHbIO BHEIIHEro OOYyYeHUS Iep-
COHa/la (MHOTmA Cy4YaeTcs BO BpeMs KamUTaJbHOI'O PEeMOHTa
VI TIPpU TIepeBO3KE MCIOIb30BAHHON CMOIBI MO0 TOILIMBA;
VTeUKM B CHCTeME TEIUIOHOCUTEIS — IPOTEeKaHue Tpyd, IMo
KOTOPBIM MOCTYTIAET TEIUIOHOCUTEITh, — YaCTO CTAHOBSTCS TTpH-
YMHOW PacIpOCTpaHEHMST PaIMOaKTUBHOIO 3aTrPSI3HEHUS.);

HEeOXUIaHHOE BHEIITHEE PAIMOAKTUBHOE 06 TIyYeHNe ITepCco-
Haja (cayyaercs BO BpeMs KaluTajJbHOIO PeMOHTAa WX IITaT-
HOTo OOCTYKUBAHUI. );

coueTaHUe BhIOpOCa 3arpsI3HAIONIETO MaTepuaja W BHEII-
HEero paJgMoaKTHBHOIrO (ciaboif cTemeHM) Ob6IydYeHUs ITepco-
Hajla (3TM aBapuUM MPOUCXOAST IIPU TeX XKE YCIOBUAX, UTO
¥ B TIPEOBIAYIINX OBYX CIIydasx);

TIOBEPXHOCTHOE 3arpsI3HEHUE B pe3yIbTaTe KPYITHOM yTeu-
KM B CHCTEME TEIUIOHOCHUTEJISI peaKTopa WIW YTEUYKH MCITOb-
30BAaHHOTO TETUIOHOCUTEIS;

monagaHue paguoOaKTUBHBIX BELIESCTB (ITPOAYKTOB AEJICHUS
W aKTMBAIIMM) Ha KOXY, IOA KOXY, B VIIIM U TJa3a JIIonei u3
Yypcia IepcoHana;

CUJIBHOE pPaIMOAKTUBHOE OOIy4YeHHe IMepcoHaja (MOXKET
TIPOU30MTH IO HEOCTOPOKHOCTH, IIPU TPyOOM HapYIIIEHUN HOPM
¥ TIPABWI SACPHOM M pamgualliOHHON 6e30IacHOCTH);

ToTagaHue HeOOBIIMX, HO MPEBBIIIAFOIINX AOITYCTUMBIE HOP-
MBI KOJIMUECTB PATUOAKTUBHBIX OTXOIOB 32 TEPPUTOPHIO sIep-
HOM CTaHIIMK (MOXeT OBITh CBSI3aHO C OIIMOKAMU TIepCOHAa);

pacIIaBlIeHHe peakKTopa (B 3TOM cIydae BO3SMOXKHBI OOIINp-
HOe 3arpsI3HeHNe 30HBI BHE SI€PHON CTAHLIMU U BBICOKHUE TO3bI
0b6IyYeHNs TepcoHaa);

BBIXOJI peakTopa M3-IT0J KOHTPOJIS (pasroH peakTropa, OT-
KJIOHEHHME €ro MOIIHOCTH OT HOMWHAJIBHOTO peXXMMa).

JIBe mocienHWe W3 IMEPESYMUCICHHBIX aBapuil OTHOCSTCS
K «3aITPOSKTHBIM» aBapUSIM.

[Ipu aBapusx peakTOpPOB C CHUCTEMOI BOASHOTO OXJIAXKIE-
HUS BBIACISIOTCS CICAYIONINE PaIUOHYKITUIbL:

PaaoaKTUBHBIE TTPOAYKTHI KOPPO3UU M 3PO3UU (M3BECTHBIS
kak CRUD) B TemnoHocutene, Harnpumep o5 90Co, Fe, 3Mn
11 183T;

MPOAYKTHI paciiaja HU3KOM aKTMBHOCTU, OOBIYHO IIPUCYT-
CTBYIOIIUE B TeluToHocUTee, Harpumep 31T u 137Cs;

TPUTHI, BbIpabaThIBacMBIii B aKTUBHOM 30HE peaKTopa
B 06beMe 1-1074 aTOMOB TPHUTHS 32 OIHO pacllUeIUIeHHe (TOIb-
KO YacTh ero MOKUIAET TOIUINBO).

Aodepna ma padiayiuna 6esnexa 2.2009




Oo0ecrieyeHre KOHTPOJIS paJIMalliOHHOM 6e30I1aCHOCTH HCCIe0BaTeIbcKoro peakropa BBP-M

ABapuu Ha siIepHBIX ycTaHoBKax (AY) ¢ BeIxogoM pamnoak-
THUBHBIX BEIIIECTB B OKPYKAIOIIYIO CPeay MPUHATO KJIacCUDUITI-
poBaTh IO TpaHUIlE PACIIPOCTPAHEHUS U KOJIMYESCTBY BHIIIE-
IIMX TIPY aBapyuy PamgdoOaKTUBHBIX BelllecTB. I Kiaccuduka-
UY aBapuii ucronb3yercs MexayHaponHas mkaia MATATS.

OCHOBHYIO OMACHOCTD JIJIT HACESIICHUS U TIPS PUATHUM, pa3-
MEIIEHHBIX BOaM3u Y, co3maioT aBapuM ¢ OIUIaBICHUEM aK-
TUBHOI 30HBI; BEPOITHOCTh TAKUX aBapHil olleHUBaeTcd hak-
TopoM prcka 1074+107% (peasbHBIE JaHHBIE IS SHEProGiIo-
koB ADC VYKkpauHBbl), T. €. OJHA aBapusl Ha OZHOM SIIESPHOM
peakTope B TeueHne 10—100 ThICSY JeT MpU HeOIarompusT-
HOM CTeUeHUU 06CTOoATeNbcTB. KaKk MoKasbIBaeT MpaKTUYe-
CKUIA OIBIT, aBapuu Ha Y MoryT GbITh IBYX TUIIOB: Oe3 pa3py-
LICHUS SASPHOro peakTopa U ¢ pa3pylIeHUEM SIIepHOro peak-
Topa. BoIBIIMHCTBO OMMCAaHHBIX aBapuil I UCCIeA0oBaTE b=
CKHUX PeaKTOPOB HEBO3MOXKHBI, HO Ha CTaIUU TTPOSKTUPOBAHNSI,
TaK Xe, Kak 1 11 ADC, HeobXoauMo MpoaHaIU3UpOoBaTh Ha-
Gop MPOEKTHBIX aBapuil U Mephl 110 JTOKAIM3AIUN U TUKBUAA-
LINU WX TTIOCISICTBUM.

TIpu «3ampOEeKTHBIX» aBapUIX MPOEKTOM OOeCIIeUnBaeTCs
OrpaHMYCHUE MOCIISACTBUMN aBapUU C TSKEIIBIM ITOBPEKIESHUEM
AKTUBHOM 30HBI B IIeJISIX 3allUTHI IepcoHata AY u HaceleHusI.
BepogrHocTHEBIE KpuTepu 6e30MacHOCTH IpoeKTa HoBoro VAP
JIOJKHBI yIOBIeTBOPATE TpeboBaHusaM HIT 306.1.02/1.034-2000
(OITBb AC-2000):

BEPOSITHOCTh TSDKEIOTO TTOBPEXKISHMSI aKTUBHOM 30HBI JOJTKHA
6BITh MeHee 107> Ha peaKTop B rOf;

BEPOSTHOCTh MPele/IbHOTO aBapUifHOTO BBIOpOca He MODKHA
npeBriaTh 100 Ha peakTop B rox.

OpraHusaumsi CUCTeMbl KOHTpoONS
WU BMAbl USMepeHUii

OCHOBHBIM TPUHIIAIIOM ObecIieueHrs 6e30MacHOCTU Smep-
HBIX OOBEKTOB SIBJIIETCS ONTUMAIbHOE COUYETaHWE YEThIpeX Ha-
TIpaBJICHUN NeATETbHOCTH: I0PUANYECKOTO, OPraHU3alMOHHOTO,
KaJpoOBOTO M TeXHUYecKoro. FOpuandeckoe 3aK/IroYaeTcst B pas3-
paboTKe M COBEPIICHCTBOBAHUU SIIEPHOrO 3aKOHOMATEIbCTBA,
B KOTOPOM BOITpOcaM Ge30MacHOCTH 3KCIUTyaTallMK TTpUHAIIe-
SKUT TVIABEHCTBYIOLAs poiib. KagpoBoe mpeaycMaTpuBaeT crcTeMy
Mep IO HCTOIb30BaHUIO MPOdeCcCOHATIBHO ITOATOTOBICHHOTO
nepcoHaa. OpraHU3aIMOHHOE COCTOUT B HEYKOCHUTEITBHOM
COOTIONSHUH MeHCTBYIOIINX HOPM, TIPaBUJI, CTAHAAPTOB U per-
JIAMEHTOB I10 Oe30IacHOM 3KCITUTyaTallu, a TAKKe COBOKYITHOC-
TH Mep, TIPeIyCcMaTPUBAIOIINX HEOOXOIUMBIE N CTBUS ITPU BO3-
HUKHOBEHMHU aBapuil. TeXHWYecKue MepOIpUSITUS BKITIOUAIOT
co3faHue U TTOIIepKaHue B paboTOCIIOCOOHOM COCTOSTHUU CHC-
TEM 3alLUTHI U JUATHOCTUKY [5, 6].

OCcHOBHBIe HampaBJICHUS AeATESIbHOCTU 10 pagualliOHHOMN
3alUTE TIePCOHAIA TIPY 9KCITyaTallud peaKTopa YCTaHOBICHBI
«[Tporpammoii pagualiMOHHON 3aIMTHI TTIepcoHaIa IMPU 3KCI-
nyataunu VAP BBP-M UAW HAH Ykpauns» [7].

711 3a1IMThl epcoHasia, HaceeHUs U OKpyKalollel cpe-
IBI Ha peakTope BBP-M GyHKIIMOHMPYIOT CHCTEMa pagudaliy-
oHHOM 3ammThl (P3) M cucTtema paamMalilMOHHOTO KOHTPOJS
(PK) [8], xoTopbIe BKJIIOYAIOT:

OUOJIOTMYECKYIO 3allIUTy OT HEUTPOHOB M MOHU3UPYIOIINX
WU3JTyYSHUM aKTUBHOM 30HBI, XpaHUJIUIIIA OTpabOTaHHOTO sinep-
HOTO TOIUIMBA U O00OpYIOBaHUS MIEPBOTO KOHTYPA;

PaaUaIlMOHHBIN KOHTPOIb B MOMEIIEHUSX CTPOTOro pesku-
Ma ¥ 30HBI CBOOOMHOIO ITOCTYIIA;

CHCTEMY OPTaHU3AIIMOHHBIX MEPOIPUITHN, HalpaBISHHBIX
Ha CHIDKEHME 103 OOJIyueHMUSI.

Aodepna ma padiayiuna 6esneca 2.2009

PaguanimoHHBINT KOHTPOJIB OCYILECTBISETCS C LIETbIO0 KOH-
TPOJIS 3a:

COCTOSHMEM 3allUTHBIX GapbepoB;

AKTUBHOCTBIO TEIJIOHOCUTENIST MEPBOrO KOHTYypa U TEXHO-
JIOTMYECKUX cpell (Boma, BO3AyX, 000pydoBaHUE):;

cofepKaHUEM PaIMOHYKJIUIOB B OpraHU3Me ITepcoHasa;

WHAWBUIAYAIbHON J030M BHEIIHETo OOTyYEHMS;

MOIITHOCTBIO TaMMa-HM3JIy4eHUS B TTOMEIICHUSIX;

pagvallOHHON OGCTAHOBKON B 30He HaOIIOmeHUS (B TOM
YyciIe JUTI MIPOrHO3a Pa3BUTHS PagUallMOHHON 0OCTAaHOBKM).

PaguanimoHHBIN KOHTPOIb OCYIIECTBIISIETCS CTAIlMOHAPHOM
¥ TIEPEHOCHOM amapaTypoil pagraiimoHHoro KoHTpoist (APK).
CraumonapHas APK — MHorokaHajabHast ycTaHOBKA JO3UMET-
PUYECKOTO M TEXHOJIOTMYECKOro KOHTpojIsl Ha Gaze AKPB-6.

PagmanmoHHBIN 103UMETPUYECKUIT KOHTPOJIb B TOMEIIEHU -
SIX peaKTOopaX BKJIIOYAET B ceOsd CIeAyIolIe BUIbI U3MepEeHUI
[9, 10]:

WHIVBUAYAJTbHON O3Bl BHEUIHErO OOIyYeHUS MepcoHaIa
B 30HAX CTPOroro U CBOOOTHOIO PEeXUMA;

MOIIIHOCTU 3KBUBaJIeHTHOH o3kl (MB]]) raMma-usinydeHus
B ITOMEIIEHMUAX 30HBI CTPOrOro peXkrMa ¢ ITOMOIIIbIO CTAIHO-
HapHoi APK;

MB]I raMma-u3mydeHus B TTIOMEIISHUSIX CBOOOIHOIO PesKMMa
UM Ha TePPUTOPUM C MOMOIIbI0 ITepeHocHoit APK;

M3B]I HEeUTPOHOB ¢ ITOMOIIBIO CTAIIMOHAPHOMN M MepeHOC-
Hoit APK;

00BEMHON aKTUBHOCTU WHEPTHBIX PaIMOAKTUBHBIX T'a30B
(MPI), 6era- u anbda-aspo3osieit B BO3AYyXe MMOMEIIEHUHN 30HBI
CTPOTOro peXkruMa ¢ IIOMOIIBIO cTaroHapHoi APK;

VPOBHS 3arps3HEHMs OeTa-paguoHYyKIUAaAMU (TTIOMEILeHUS
30H CTPOTOro U CBOGOTHOTO PEeXXMMOB, 000PYIOBaHUS, TPAHC-
TIOPTHBIX CPENCTB) C IMMOMOIIBIO CTAIIMOHAPHON U TTePeHOCHOM
APK, a Takxxke MeTromoM orbopa Ma3KOB;

CITELIOAEKABI M ITOBEPXHOCTH Tella TepcoHala Ha pabodux
MecTax U B CAHITPOMYCKHUKAX ¢ IIOMOIIIbIO CTAITMOHAPHOM U Tie-
peHocHoit APK;

00beMHOM aKTUBHOCTH Y aKTMBHOCTH PaTUOHYKIIMIOB B BEIOPO-
cax ¢ peakTopa B aTMocdepy ¢ ITOMOIIbIo cTarmoHapHoi APK.

PagmanimoHHBIN TEXHOMOTUYECKUIT KOHTPOIb BKITFOYAET U3-
MEpPEHMUS:

MB]I raMMa-U3ITydeHNs B HEOOCTYKMBASMBIX TTOMEIIICHUIX
30HBI CTPOrOro peXkmma (peaKTOPHBIN 3aj1, HACOCHAS TIEPBOTO
KOHTYpa, MOHOOOMEHHBIE (UIBTPBI, TEITIOOOMEHHUKH, TEIUIO-
HOCHUTETb MEPBOr0 KOHTYpa, HaIpeaKTOPHOE IPOCTPAHCTBO);

06BeMHOM aKTUBHOCTH U aKTUBHOCTH PAIUOHYK/INIOB B BO3-
IYITHOW cpelle HaIpeaTOPHOro MPOCTPAHCTBA;

00BEMHOI aKTUBHOCTH OeTa-paIuoHYKIUIOB B BOAE BTO-
pOro KOHTypa ¢ ITOMOIIbIo cTarmoHapHoit APK;

00BEMHOM aKTUBHOCTU PAAWOHYKIUAOB B TEILJIOHOCHUTENE
TEPBOTrO KOHTYPA € LIEJIbI0 KOHTPOJIST TePMETUYHOCTH TOIUIMB-
HBIX cOOpOK.

KoHTponb MHINBUAYATBHON O3Bl BHEIITHETO TaMMa-00Iy-
YeHUs TIPU BBIMOJHEHUN paguallMOHHO-OMacHBIX paboT ocy-
LIECTBISIETCS C TTIOMOIIBIO MHAWBUAYATBHBIX 103UMeTpoB J[1-2P,
MJ1-02. B xauecTBe aBapUITHBIX IIPUMEHSIOTCS fo3uMeTpel MI-11,
AKII-50, UI-I. O6paborka pe3yapTaToB M (GOpMHUpOBaHUE
OTYETHOM AOKYMEHTALIMH BHITIOJTHSIFOTCS € TTIOMOIIIBIO ITPOrpam-
Mol [TUJIK, maHHBIE COXPaHSIOTCS B 3JIEKTPOHHOM BHIe B 6a3e
JMAHHBIX.

711 orepaTUBHOTO KOHTPOJISI paguallMOHHON 0OCTaHOBKU
Ha peaKTope BBEIAEHBI KOHTPOJIbHBIC YPOBHHU OOIyYeHUS Iep-
coHaia (Kateropust A), KOTOpbIe YCTAaHOBJIEHBI HA OCHOBAaHUU
tpeboBanuit HPBY-97, OCIIY, ocobeHHOCTEN TEXHOJOTUU
U OITBITa 3KCIEPUMEHTATBHBIX M 3KCIUTyaTallMOHHBIX pabor,
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Tabauya 1. 3HaYeHUST KOHTPOJIBHBIX YPOBHEHN IJIA IepCcoHaIa peaKTopa

ML Haorwers, no:oxla }EsﬁrpoHOB*’ O0beMHASL AKT IBHOCTH, Br/Mm3 Yponens KO]—[I‘p?.]IL-
11 ome 1e Hile MK?'B/"I H-M ¢ 1x10 3a0 PA3HE HUA, yp}([)];:ep;m
2 1
4 n m o-a3pob| B-avpoxas|  HPT B, or =y nomI, M3B
Hacocnas 1-ro xontypa 200,0 — — — 3,7 37,0 — 10° 18
Kpruika peakropa 200,0 — — 65 2,96 37,0 1,1x 10° 10° 18
TToisy oOciy skuBaeMble 20.0 . . . 2,96 37.0 1 1x 100 50 o
IMOMEITCHUS
PeaxTopHbIi 3a1 20,0 10 10 30 2,96 37,0 1,1x 106 50 —
XpaHWIHMITE CBEXKE IO TOIIMBA 4+-100 — — — — — — _ —
XpaHWIMITE CIEIMAaTepUaIoB 4+10 — — — — — _ _ _
30Ha ¢cBOGOHOTO JOCTyIIa 0,7 — — — — — 1,8x 10° — —
* 0 — OBICTpBIE, 7 — IPOMEXYTOUHBIE, M — TEIJIOBblE HEUTPOHBI

a TaKKe JOCTUTHYTOIO YPOBHS pagUallMOHHONM Ge30IMacHOCTH
[11]. 3HayeHUsST KOHTPOJIBHBIX YPOBHEN YCTaHOBIIEHBI HIKE CO-
OTBETCTBYIOIIMX JIUMUTOB O3Bl W JOMYCTUMBIX YPOBHEU IS
MIPOBENCHUS OINEPAaTUBHOIO pPaguallMOHHOIO KOHTPOJS B IIO-
MEIIAHUSX 30H CTPOTOTrO M CBOGOTHOIO PEKUMOB.

KoHTponbBHeLLHero 06nyquM9| nepcoHana

CratucTudeckas MHGOPMAIIUI O J03aX BHEIIHETO O0Iyde-
HUS MepCOHAJIa PeakKTopa B 3aBUCUMOCTHU OT KOJUYECTBA BBI-
TTOJTHEHHBIX paJIXalliOHHO-OMACHBIX pabOT U UX MPOIOIKUTE b=
HOCTH TIpefcTaBieHa B Tabi. 2.

Kak BugHo 13 Ta61. 2, Ha miporsskeHnu 1998—2008 1T cpen-
HeromoBasd WHAWBUIYaJbHAs I0o3a OOJydeHHUs IepcoHaja He
npeBbIaia 2,41 M3B/rox (B 1999 r.), 4To 3HAUUTEITBHO MEHB-
1IIe YCTAaHOBJICHHBIX KOHTPOJIBHBIX YpOBHel (Tabi.1).

JvHaMUKa WHOWBUAYATBHBIX 103 BHEIIHEro OOIydYeHUS
OTpeelIIeTCa XapaKTepOM U TTPOIOJIKUTEIbHOCTRIO paaralli-

Tabauya 2. KolUIEeKTUBHEIC U MHIUBUIYAJIBHBIE JO3EI
Oo0JIly4eHMsI TIepcoHaa peakTopa

Konso | IIponosxurein-
To Kou- e peo- HOCTH pador, u Moz
! P;600T e noaHan | cpepuss | NOWICKTHB | CDCIHILH,
L pea nas, M3p-uer.| M3Brox
1998 269 22 322.8 1,2 68,7 1,27
1999 219 32 635,1 2,9 140,2 2,41
2000 247 41 790,4 3,2 160,5 2,29
2001 262 49 995,6 3,8 168.9 2,31
2002 298 28 476,8 1,6 108,9 1,49
2003 237 31 616,2 2,6 125,0 1,68
2004 211 34 738.5 3,5 152,7 2,06
2005 219 29 613,2 2.8 132,7 1,79
2006 263 37 867,9 3,3 161,7 2,21
2007 184 35 220,8 1,2 89.6 1,31
2008 150 33 255,0 1,7 107.9 1,56
R

OHHO-OMACHBIX PaboT, BBINOJHAESMBIX IO TO3UMETPUYSCKOMY
Hapgamy, U UMEHHO 3THM OOBICHSAETCI 3aMEeTHOe M3MEHEHUe
KOJIJIEKTUBHOM O3Bl Ha IPOTSKEHUU PacCcMaTpPUBAEMOTO Ie-
CATWJICTHETO Tepuoa.

OCHOBHBIMU pagUAlIMOHHO-OIMACHBIMU paboTaMU Ha peak-
TOpe, TP BBITTOJTHEHUN KOTOPBIX TIepCOHAIT TTOJTyYaeT Haubo k-
YO JO30BYIO HATPY3KY, SBIISIOTCS:

PEMOHT, MOHTaX M JEMOHTaXX OCHOBHOTO TEXHOJIOTHYe-
CKOro obopymoBaHUsI, OCOOEHHO B HACOCHOM 1-ro KOHTYpa;

paboThl Ha KPBIIIKEe peakTopa, 0OCOOEHHO MpU ITeperpy3Ke
AKTUBHOM 30HBI;

paBoThl Ha 3aKPBITBIX OYUCTHBIX COOPYXKEHMSIX PEeaKTop-
HOro KOMILIEKCa, 0COOEHHO TpU 3aMeHE OYUCTHBIX CMOJT;

oT6op Mpob TEITOHOCUTEIS U UX aHATIHU3;

c6op, KOHAULIMOHUPOBAHKE, TPAHCITOPTUPOBAHUE U XpaHe-
HUE PaaglOaKTUBHBIX OTXOIOB;

BCe BUBI paboT ¢ OTpabOTaHHBIM SIepHBIM TOILTUBOM B Xpa-
HWINIIE, 0OCOOEHHO IpU MpoBeaeHnu peBusun TBC.

Ha ocHOBaHMM NaHHBIX WHAMBUAYATIBHOTO HO3UMETpUYE-
ckoro KoHTposis 3a riepuof 1998—2008 rr. haKToB IMpeBHILICHUS
rpaxutl 1o36! (I']) mepcoHasoM peakropa He 3aprUKCUpPOBaHO.

3a 49 neT sKCcIUTyaTalluM peakTopa He OBLIO aBapUIHBIX
CUTYaIUi, KOTOPBIC TIPUBOAWIN OBl K ITPEBHIIICHUIO YCIOBUH
HOpPMAaJIbHOM 3KCITIyaTallMd. B oCHOBHOM aBapUifHbIE CHUTYya-
uuu (IprMepHo 85 % OT Beex 3aperrcTpUPOBAHHBIX) OBLIM CBS-
3aHBI ¢ BHEIIAHOBEIMM aBTOMATUYECKUMU OCTAHOBAMU peaK-
Topa. Oxkono 8 % aBapWifHBIX CUTYaLUN CBSI3aHBI C HEMCIIPAB-
HOCTSIMU 060pyIoBaHUA U OKOJI0 7 % 0BYCIIOBIACHBI OIIMO0Y-
HBIMU ISHCTBUSIMU MepCOHANIA.

BHemaHOBBIE OCTaHOBBI (aBTOMaTHUUYecKUil cOpoc A3)
TIPOMCXOIMIN BCIISACTBUE TAKUX IIPUYNH: KPAaTKOCPOUYHOIO (Me-
Hee 1 ¢) OTKIIIOYeHHS 3IeKTponuTaHus — 22 %; OTKa30B B pa-
6ore obopymoBaHusa — 58 %; ommbok repcoHana — 14 %; us-
MEHEHMs 3HaYeHUd MmapaMeTpa (B OONBIINYIO WIM MEHBIIYIO
CTOPOHY 10 CPABHEHUIO C YCTAHOBJICHHON BenmmuuHon) — 6 %.

3a mepuof 3KCIUTyaTallud peakTopa B ITOMEIEHUSIX 30HBI
CBOOOMHOIO pekUMa He OBLIO CIIydaeB 3arpsA3HEHUs paauo-
HYKJIUIAMU U a3pO30JIIMU BBIIIE YCTAaHOBJICHHBIX KOHT-
POJIBHBIX YpoBHeM. HempensruaeHHOe 3arpss3HeHNe TOMEIISHUH
CTPOTrOro peXuMa IPOUCXOAMIO BCIASACTBUE OIIMOOYHBIX Ieii-
CTBUM TepcoHaja (MpuGau3nuTenbHO 95 %), mpu 3TOM J03BI
BHEIITHETO 00TyYeHNs ITIepCOoHaIa He TTPEBBIIIATIN KOHTPOIBHBIX
YPOBHEM.

Aodepna ma padiayiuna 6esnexa 2.2009




Oo0ecrieyeHre KOHTPOJIS paJIMalliOHHOM 6e30I1aCHOCTH HCCIe0BaTeIbcKoro peakropa BBP-M

KoHTponb 06beMHOI aKTUBHOCTH
BbiGpocoB B aTMocdepy

OCHOBHBIMI KOMIIOHEHTAMM BBIOpOca peakTopa B aTMOC-
depy aBastOTCA MHEepTHBIE paguoakTuBHBIe ra3el (MPI) u pa-
MMOAKTUBHBIC U30TOITBI MOAA.

ITo maHHBIM cHCTEeMATUYSCKUX U3MEPEHUN Ha TTPOTIKeHUN
1979—2008 rr., aktuBHOCcTh IPI" (TONBKO Mpm paboTe peak-
TOpa Ha MOIITHOCTH) OOYCIIOBIIEHA CIISAYIOUINMU PaaiON30TO-
mamu: HAr — 95 %; $5Kr — 0,8 %; 88Kr — 2,5 %; 13°Xe — 1,7 %.
Cwmech UPI gaBasercst nctouHnKoM BHelHero obmydyeHus. Oc-
HOBHBIM HCTOYHUKOM BHEIITHEro OOIyYeHUs Cpelyd M30TOIOB
toma stBisteres 1311 (mepuon monypacmana 8,08 mHs). Bei6po-
CBHI PaJMOM30TOIOB foa yepe3 TpyOy BEeHTIIEHTpa MPOUCXOIAT
HETIPEePBIBHO.

JI71s1 HeTTPepBIBHOTO PaaUallIOHHOIO TEXHOJIOTMYECKOrO KOHT-
porsg oObeMHOM aKTUBHOCTH BBIOPOCOB Uepe3 TpyOy BEHTIICHTpa
HCIOIB3yIoTca O5Toku merektupoBanusa BJIAB2-01, BIAAI-01,
BAAB-05, BJIAB-06 (KOHTpOJb paglOaKTUBHBIX a3pO30JIei)
u BJABI2-01, YIAI'B-08 (perucrpamms u uameperus MPI'). Curna-
JIBI OT 3THX JATYUKOB MONAIOTCS Ha PaIMOMETP KOHTPOJIS BRIOpO-
coB PKC-03-01 B coctaBe AKPB-06. Pacxon Bo3myxa B TpyGe BeH-
TLEHTPa M3MEPSIeTCI B HEMPEPBIBHOM PEKMME. YCTaHOBIICHHBIC
KOHTPOJTbHBIC YPOBHU JIISI BEIOPOCOB peakTopa [12] maHeI B Ta6mI. 3.

Ha puc.] npuBeneHbl cyMMapHBIe TaHHBIE 00 aKTUBHOCTU
PaIVOHYKJIMIOB B BeIOpocax peakTopa 3a mepuon 1998—2008 rr.
Kak BumHO u3 puc. 1, IMeeT MecTO 3aBUCUMOCTD BEJIMUMH BHI-
GpPOCOB OT MPONOIIKUTEIBHOCTH PabOThI peaKTopa Ha MOIIHOC-
TU, TIPU 3TOM BEJIMYMHBI BEIOPOCOB OKA3BIBAIOTCS 3HAYUTEIh-
HO MEHBIIIMMU yCTaHOBJICHHBIX KOHTPOIBHBIX YPOBHEH.
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Puc.1. Ilunamuka aktuBHocTH paguoHykinaoB MPIT u P B BeiGpocax peakropa 3a 1998—2008 rT.

Tabauya 3. KOHTpoIbHBIE YPOBHU BBIOPOCOB Yepe3 TPyOy BEHTIIEHTPa

Beauuuna OonemHan Cymmapmas kgora DL
. | JIumuT no3u1 .
P AKTHBHOCTH AKTHUBHOCTh Moz xateropuu B, Kpur ude ckmii (DLp) 3a CYeT BO3TYIIHOTO HBOJHOIO IMyTe i
ATHOHY KTTH BBIGpoca, BBIGPOCOB, MK3B/To] opraH ’ (opmuposaHus po3el (1adi 5.2 HPBY-97),
M3B
Br/ron BrM® MK3B
Cmecs UPT'| 164.7x10° | 3.03x10° 8,83 Bee Teio
1,0 80,0
131 9 -2 MTOBUAHA A > >
I 55.5x10° | 4.07x10 51,5 Mo uw
KEIIC3a
CymMMapHasi Jio3a kateropun B 0.3 o L0 0.0
OT BEIOPOCOB peakTopa, MK3B/TO /1

Aodepna ma padiayiuna 6esneca 2.2009
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ABapuiiHoe pearmpoBaHue

CucTeMa TOTOBHOCTU M pearrpoBaHUs MHCTUTYTa SmepHBIX
WCCIISNIOBAHUI HA aBapyM W Ype3BbIYATHBIE CUTYalluU (majee —
Cucrema aBapuiiHoOl roToBHOCTH M pearrpoBaHus wm CAP MH-
CTUTYTA) SIBJISIETCST B3aMMOCBSI3aHHBIM KOMITIEKCOM TEXHUYECKHUX
CPEIICTB M PECYPCOB, OPraHU3aIIMOHHBIX, TEXHIYESCKUX U paTraliy-
OHHO-TUTMEHUYECKUX MEPOIIPUATHI, OCYIIIECTBISIEMBIX aIMIHUC-
Tpaimeil u nepcoHajioM MHCTUTYTa st MOCTYKEHUS Liesiell aBa-
PUITHOTO pearmpoBaHUs — TIPESAOTBPALLICHUS WM CHIDKEHUS pa-
AALIMOHHOTO BO3IEHCTBHS Ha TIEPCOHA, HACSJICHUE U OKPY>Karo-
LIyIO Cpely B cIydae aBapur Ha peakrope BBP-M.

CAP HMHcTUTYTa BXOIUT B COCTaB OOBEKTOBOIO YPOBHS TSPPU-
TOPUAJTEHOM MONCUCTEMBI SAMHOM TOCYIapCTBEHHOM CHCTEMBI Tpak-
JAHCKOM 3allUThI HACECHUSI W TEPPUTOPUIA, KOTOpash CO3daeTCs
BT. KueBe 11 ipenoTBpaliieHys ¥ JIMKBUAALIAY TTOCISACTBUI Ype3-
BBIYAMHBIX CUTYaIIU TEXHOIeHHOI'O, IPUPOTHOIO M BOSHHOTO Xa-
pakTepa B IpeaeaXx COOTBETCTBYIONIEH Teppuropuu [13, 14].

OcHoBHbEIME 3agadyamu CAP MHcTuTyTa SBISIOTCS:

ToaIepKaHUe HeoOXOAMMOTO YPOBHS aBapUHONM TOTOBHO-
CTU Ha ciIydait aBapuit Ha peaktope BBP-M;

pearrpoBaHUe Ha aBapyU W Ype3BbIUaHbIE CUTYAIIUH, BKITIO-
yag peaju3alyio MEPOIIPUSITUM IO 3alIUTe MepcoHaja, Hace-
JICHUST U OKPYKAIOIIEH CpEmIbl.

B KauecTBe KOHCEpBATUBHON OILIEHKU pacCMATPUBAETCS Clie-
HapUii TMIIOTETUYECKOM aBapyH ¢ Hanbojiee HeOIaronpusTHEIMU
I7IST HACEJICHUS TTOCJICACTBUSIMU: TTOJTHBIM MTHOBEHHBIN pa3phbIB
TpyGoIpoBoaa 1-To KOHTYpa 1 OTKa3 CHCTEMBI aBaPUITHOIO OXJIaxK-
IIEHWS, KOTOpbIe TIPUBOASAT K PACIUIABICHUIO aKTWUBHON 30HBI,
C TTOCJIEMYIOIINM BBIOPOCOM PaMOAKTUBHBIX BEILIECTB U3 3MAHMUSI
peakTopa 4Yepe3 TpyOy BEHTIIEHTpa 3a IIpeleibl CaHWTapHO-3a-
IIUTHOM 30HBI. OTMETUM, UYTO ITOCIEAOBATEIBHOCTh COOBITHA,
TIPUBOIAIINX K ITOMOOHON aBapuu, KpaitHe MaJIOBEPOSATHA.

PacueTsl XapaKTepHCTHK BEIOpOCA paaIiOaKTUBHEIX BEIIECTB
B OKPYXKaIOIIyIO0 CpeAy BHIMOJHEHBI Mo MeTomuke KypuaTos-
ckoro uHeturyTa [15]. PacyeTrr mo3 obayyeHusT HaceaeHUS 3a
TpeaeaaMu CAaHUTAaPHO-3aIUMTHOM 30HBI BBITIOJTHEHBI ¢ TIOMO-
mpio makera InterRAS (International Radiological Assessment
System), paspaGoranHoro MATAT® nmias paccMOTpeHUS IITU-
POKOTIO CIIeKTpa aBapyuil Ha pa3IMYHBIX 0O0BEKTax ¢ pagualy-
OHHO-SIIEPHBIMU TEXHOJIOTHUSIMU.

s panHelt da3pl aBapuu (1o 1 Mec ¢ MOMEHTa aBapuM)
BBITTOJTHEHBI OIIEHKMU:

obuieit 3hHeKTUBHON O3Bl U €€ COCTABJISIONIMX (Io3a OT
ob1aka BeIOpoca, 103a OT BHIMMABIINMX PaAMOAKTUBHBIX BEIIECTB,
b beKTUBHAS MHTASIIIMOHHAS 103a);

IIO3BI HA IIUTOBUAHYIO Keyie3y (TOJIBKO OT PaIroaKTUBHOIO
oma);

TUIOTHOCTU 3arpsS3HEHUST BBINABIIMMHU PaAOAKTUBHBIMU
BeIIeCTBAMMU;

MOIITHOCTH O3Bl OT 3arpsi3HEHHOW MOBEPXHOCTHU TPYHTA.

st cpenHeit daspl aBapun (1 1 2 Mec ¢ MOMEHTa aBapuM)
BBITTOJTHEHBI OIIEHKU:

JIO3BI OT BBIMAACHUS PaZUOAKTUBHBIX BEIIECTB Ha ITOBEpX-
HOCThb T'pYyHTa;

WHTAISIUOHHBIX 103 32 CUET BTOPUYHOTO BETPOBOT'O TTOIbe-
Ma BBITIABIIMX PAIUOAKTUBHBIX BEIIISCTB.

PesynbraThl pacuyeroB MO3BOIISIIOT CAEIATD CIISAYIOIIME BBIBOIBL:

aBapys ¢ TTOJTHBIM 06€3BOXKMBAHUEM aKTUBHOM 30HBI IIPUBO-
JIUT K OTHOCUTEIIbHO KPAaTKOBPEMEHHOMY BBIOPOCY pamlOHYK-
JIMIOB B OKpyKatollyto cpeny. [locmeacTBrst aBapun pacrpocT-
PaHSIOTCS 3a TIpenebl CAaHUTAPHO-3AIUTHON 30HBI peaKTopa;

IJIT JAaHHBIX KOHKPETHBIX YCIOBUM TOUKM MaKCHUMAaJIbHOMN
TIPU3EMHOM KOHIIEHTPALIMN PagUOHYKIUAOB, TAKKE KaK U TOY-

36

KM MaKCUMAaJIbHOU 3(p(GeKTUBHON H03bI OOIydeHUS, MaKCU-
MaJTBHOM O3Bl Ha IIUTOBUIHYIO XKeIe3y M MaKCUMAaTbHOM IIIOT-
HOCTHU TMOBEPXHOCTHOTO 3arps3HeHUS TpyHTa, HAXONATCSI Ha
pacctogHuM 170 M OT peakTopa B €ro CaHUTApPHO-3AIUTHOMN
30He. TakuMm o6pasom, njis moneit BHe C33 TOUKM MaKcHUMalb-
HOI M03bI 00/IydeHUsT HaxoauTes Ha rpaHuiie C33; ¢ yBeanye-
HUeM paccTossHusA oT C33 oxkupaeMble N03bI O0TyYeHUST YMEHbB-
1IafoTCs;

OCHOBHO BKJTaJl B 103y OOIyYESHMSI HACETICHUI BHOCST BHEIII-
Hee 00JIy4eHMe OT paauoaKTUBHOro objiaka BeIOpOca, MHTaII-
IIMOHHOE O6JydyeHNe M OOJydeHUe IIUTOBUAHON Xeae3bl pa-
MMOAKTUBHBIM HomoM. DTU D03kl (OPMUPYIOTCS OBICTPO, He-
TIOCPEACTBEHHO TIPU MPOXOKIESHUN obnaka. Bkitan oGmyueHus
OT paJMOAKTUBHBIX BHITAJIEHUN B 0O0IIyI0 3 (GEeKTUBHYIO 103y
He3HAUMUTelIeH;

B XOJI¢ ITPOTEKAHUS aBapul He BOSHMKAET HEOOXOMMMOCTH BBe-
JIEHUS CPOYHBIX KOHTPMEp I HACEIESHUS, TTOCKOIBbKY JTO3bI 00-
JIY4EHUsI, KOTOPBIE MOTYT OBITH MPEAOTBPAIIIEHBI, TAJTEKA OT KpH-
TEpUEB BBEICHUS TaKUX KOHTpMep, ycraHoBIeHHBIX HPBY-97.

MopaepHU3auusg cucTeMbl pagualUoOHHOIO KOHTpONS

B 2007 1. GBIT YCIICIIHO 3aBepllleH IMPOSKT TEeXHUYECKOIO
corpymamyectBa MAIAT®D UKR/9/024 “Modernization and Safety
Improvement of Research Reactor”. B pamkax sToro mpoekta
JUI MOACPHUBAINN CUCTEMBI PaIUAIlMOHHOIO KOHTPOJIS OBLIO
TOCTABICHO CIEAYyIOlee COBPEMEHHOE 00OpYIOBaHUE:

TIepEeHOCHO raMMa -crieKTpoMerp-pamomMeTp identiFINDER -
NGH;

KOMITIEKT TEPMOIIOMUHECIIEHTHBIX JTO3MMETPOB. CUNTHIBA-
tenb nHpopmaumu ¢ TJIJI HARSHAV-model-4500 ¢ Tepmonto-
MMHECLIEHTHBIMU JO3UMETpaMU Ha OCHOBE MOHOKpHCTasLIoB LiF;

pPagioOMETp 3KBUBAJICHTHOM MOIIHOCTU TO3BI HEWTPOHOB
ESM FH40-G-X;

M3MEPUTETh SKBUBAJICHTHON MOIITHOCTH HO3bI TaMMa-K31y -
yenuss FH40OG-L10PTB;

UPOBON U3MEPUTETh SKBUBAJIEHTHON MOIIHOCTH JO3BI
ramma usnydeHus (o63opnseiit) FH40G-L10;

UGPOBOH TaMMa-CIeKTPOMETP BBICOKOTO pa3pellleHUs
CANBERRA DSA 1000 ¢ mporpaMMHBIM obecIiedeHUEM
GENIE2000.

C 1eTbio TOBBIIICHNS 6e30MaCHOCTH IKCIUTyaTalluM peak-
TOpa W OMNEePATHUBHOrO IMPUHATUS PELICHUN MPU OTKJIOHSHUU
CHUCTEM peaKTopa OT HOMMHAJIBHBIX BEJIMYMH BO3HMKIIA HeoO-
XOIUMOCTh B CO3NaHUM aBTOMATU3MPOBAHHOM CHCTEMBI cOopa
nmaHHbIX PK Ha Gase 6710KOB IETeKTUPOBAHUS U YCTPONCTB 00-
pabotku nHpopMmamn u3 Habopa AKPB-06 [16].

COBOKYITHOCTb HOBOI'O 0GOPYIOBAHUS TO3BOJISET:

OCYILECTBIIATh NPUEM HaHHBIX OT Komiuiekca AKPB-06,
JIEKOMPOBATE 3Ty MH(MOPMAITUIO IEKOIESPOM BBIXOAHBIX CUTHA -
JIOB C MOMOIIBIO CIEINATBHOTO MPOrpaMMHOIO 00eCIIeUSHMS;

0o6pabaTeIBaTh AeKOOAUPOBAHHBIE CUTHAJIBI Ha CepBepe C
TIOMOIIBIO CITEIUATBHOIO MPOrPAMMHOIO OOECIICUSHNUS;

HAKaITUBaTh U XPaHUTbh MHMOOPMAIIMIO Ha CepBepe O Mpo-
BeIEHHBIX U3MepeHuax ammnapatypoit AKPB, maHHBIX MHIUBU-
IyaJIbHOTO MO3MMETPUUESCKOro KOHTPOJII, HaHHBIX PO mepe-
HOCHOM aImmapaTyphl B MeCTaX OTCYTCTBUS HaT4UKOB PK;

OMHOBPEMEHHO OToOpakaTh Ha SKpaHe cepBepa IIUTa JI0-
3UMETPUYECKOr0 KOHTPOJIA TEKYIyIo nHpopMatmio ot 100 Ka-
HAJIOB U3MEPEHUS PaIMalliOHHON 00CTaHOBKU;

oTobOpaxkaThb Ha 3KpaHe cepBepa W KOMITbIOTEpax JTOKaTb-
HOW CeTH peaKTopa 3arpallIiBaeMyio MH(MOPMAIIUIO, B TOM YHCIIe
M COXpaHEHHYIO.
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Oo0ecrieyeHre KOHTPOJIS paJIMalliOHHOM 6e30I1aCHOCTH HCCIe0BaTeIbcKoro peakropa BBP-M

MopepHusupoBaHHasa cucteMa PK obecrieuynBaeT moTHOE
BBITNOJTHEHNE TpeOoBaHUN HOPMATUBHBIX JTOKYMEHTOB, PETYJIH-
PYIOIINX OPTaHOB, OITEPATUBHOIO MPUHSATHS PEIIeHUS TP BO3-
HUKHOBEHUM Pa3/IMYHBIX PaadallMOHHBIX MHIIUACHTOB U IIpO-
THO3MPOBAHME BO3MOXKHEBIX aBapUMHBIX cUTyaruii [17].

BbiBoAabl

s acbdbekTHBHOrO BBHITTOIHEHUS 3ama4y pagralliOHHON 3a-
LIATHI TIEPCOHAA, HACEJICHUS W OKPYXKAIOILIEH CPeAbl peaKTop
BBP-M umeer cucreMy paguallMOHHOHN 3allUTBI ¥ KOHTPOJIS.
OKCcIuTyaTalusl peakTopa OCYIIECTBIISIETCSI B CTPOT'OM COOTBET-
CTBUM C HOPMaMU JEMCTBYIOIIETO 3aKOHOIATe/TbcTBA. Pagmariy-
OHHBIE TTapaMETPhI, XapaKTepU3YIoIIre paboTy peaKTopa, He Ipe-
BBIIIAIOT HOPMATUBHBIX 3HAUSHUN, a paIralliOHHAsI 3aIllUTa TIep-
COHAJIa M HaceJeHUs obecIeunBaeTcsa Ha HEOOXOMUMOM YPOBHE.
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A. B. Kopones

Onecckni HalMoHasIbHbLIN MOJIMTEXHUYECKUA YHUBEpCUTET

Icnonb3oBaHMe
NHXXEKTOopPAa

B cucteme CAO3
114 MoBbILLEHUS

ee PYHKUMOHASTbHOW
HaOEXXHOCTU

[penioxeHo cxeMHOe pelleHe 0 MOBbLILLIeHWIO HaeXHOC-
TV PaBOThl CUCTEMbI aBaPUAHOrO OX/1aXKAEHUST aKTUBHOM 30HbI
peakTopa (CAO3). BbINo/sIHEHBI pacyeThl, oKkasblBaiollme
3P PEKTUBHOCTb UCNOIL30BaHNS BOAO-BOASHOMO MHXEKTopa
JUIS1 IoforpeBa BoAkl, NoAaiouesicss Ha peakTop, v MoBLILLICHUS
ee faB/IeHys].

0. B. Koponbor

BukopucTtaHHA iHXeKkTopa B cuctemi CA33 ang niaBULLLCH-
HS Ti QYHKUiOHaNbHOI HaAiAHOCTI

3anponoHoBaHO CXeMHe PillieHHS 3 MiABULL{e HHST HaaiiHOCTI
pPOBOTU CUCTEeMY aBapitiHOr 0 3ax0J1I0MPKEHHS] aKTUBHOI 30HU pe-
aktopa (CA33). BUKoHaHO po3paxyHKu, K MoKasyloTh e ek-
TUBHICTL BUKOPUCTAHHSI BOAO-BOASIHOIO iHXeKTopa 4is
nigirpiBaHHs BOAM, 1O NOAAETbCS Ha peakTop, | nigBULLleHHS iT
TUCKY.

Hacrosee BpeMs B Poccun nipuHaT npoekt ADC

HoBoro mokoJyieHust ¢ BBOP-1000, npemycmarpu-

BAIOLLMIA CXeMY aBApUITHOTO U TIJIAHOBOI'O pacxoJia-

SKMBAHMS TIEPBOTO KOHTYpa, C UCITOJIb30BaHUEM T10-

cJieIoBaTeIbHO BKIIIOUYEHHBIX Hacoca BbICOKOTO JIaB-
JICHUSI M BOJIO-BOJISIHOTO 3XeKTopa («Hacoc—axekrTop»). [lo
MHEHMIO aBTOpPOB paboThl [1], mpemiaraemoe pellieHue TOBbI-
CUT HaJIEXKHOCTb OXJIAXKICHWSI aKTUBHOM 30HBI 32 CUET MCIOJIb-
30BaHMS BOIBI GacceifHa BBIIEPKKM (0Kosto 500 M3) 1 paGoThI
OJIHO#1 TPYIIIBI HACOCOB — BbICOKOTO naBiieHus1. K ciabbim cTo-
pOHaM TIpOeKTa CJIeAyeT OTHECTH HaJIM4ue JAOCTaTOYHO MOIII-
HOTO Hacoca ¢ OTpaHMYEHHBIM BPEMEHEM pPa3BOpPOTa, a TaKXKe
rnojavyy B peakTop HEAOCTaTOYHO HArpeToil BOJIbI.

PemieHueM 2T0it mpoGsieMbl MOXET OBbITh aJibTepHATHBHAS
cxema C TapoBOJSTHBIM MHKEKTOPOM, BKJIIOUEHHBIM 110 CXeMe,
npeacraBieHHoi Ha puc. 1. MccnenoBaHue MoOCBSIIEHO OLICH-
Ke 3(PpPeKTUBHOCTU PabOTHI TaKOi CXeMbl M OCOOEHHOCTSIM
paboThl MHXEKTOpa.

Llenb naHHOM cXeMbl — 3alllUTa KOPIyca U aKTUBHOM 30HbI
OT TePMOYCTAJIOCTHBIX HANpPSDKeHUI Mpu cpabaThIBAaHUM CUC-
tembl CAO3, a Takxke NpoJIeHNe BPEeMEHU pacxojiaxkKuBaHMSI.

HarpeB Bonbsl B Y7 myTem yBenuwuyeHUs KonudectBa TOH
WIU YBEIMYEHUS UX MOIIHOCTU HE BBITOAEH, TaK KakK TpebyeT
IJIATETPHOTO yaepkaHust YT B ropsyeM pe3epBe U He AaeT
JKeJIaeMOi TeMIIepaTyphbl HarpeBa BOABI 11O YCIOBUSM ITPOYHOCTH
KopmycoB YT.

IpencraBsercs 1eTecoobpasHbIM ITOIOrPeBaTh BOMY 3a Mpe-
nenamu YT, Bomy, moctymatoryto u3 Y7, TipemiaraeTcst Ionorpe-
BaTh B MHIKEKTOPE CMEIINBAHUEM C BOMOHN WM MapoM, TTOCTYIIa-
rormM u3 YP. Tlpemnaraemas cxeMa OTCEKaeT OT ropsueil meTin
KOMIIeHcaTop oGbeMa U TlepeHarpaBiisteT Bony us YP B YC uepes
WHXeKTOp B MaTpyoku CAO3. Takoe BKIIOYESHHE YCTPAHIET TGO
BBIXOI BOIBI 3 YP uepe3 ropsgdyro IMeT/Io K MECTy YTSUKH, TGO
0OpaTHBIN X0 TETJIOHOCUTEIS TTO TOPSTUEil TTET/Ie B peakKTop U YCH-
JICHUE ONPOKUIBIBAHUS IUPKYISLUUN TIPU yTeUKe, BBIZBAHHOMN
TOBPEXKISHUSMU 10 JTMHUM XonogHou et ['TIK.

J1s peanmusamu cXeMbl 110 puc. 1, Ha JTUHUU TOIKITIOYe-
Hug YP x meriae YA ycTaHaBIuBaeTcd OBICTpOAeHCTBYIOIIAS
3anopHas apMmarypa 3. Ha tpybGompoBone, coemuHgionieM YT
u YC, ycTaHABIMBAETCS MapOBOASTHON UHKEKTOp J, COSANHEH -
HBIU T10 9KeKIIMOHHOU auHuM ¢ YT (apmaTtypa 4), a 1o JTUHUHN
paboueit cpenbl — ¢ YP (apmatypa [ u 2). IlpuHIUIMaIbHOES
OTIINYNE PEXKUMOB paboThl crucTeMbl CAO3 M1 9TUX ABYX CITY-
yaeB cienyrolee.

ITpu oTKpheITOM apMaType I ¥ 3aKpBITOM 2 MHKEKTOP ITUTA-
eTcs TapoM U paboTaeT B peXrUMe MapOBOAIHOIO MHXKEKTOPA,
C TIOBBIIIEHHBIM JTABJIEHMEM Ha BBIXOAC U KO3 UIIMEHTaAMU
urkeK1n ot 7 10 30. OcoGeHHOCTRIO paboTHI 110 TAKOMY BKJIIO-
YEHUIO IBJISIETCS JOCTATOYHO OBICTpOE MaieHre JaBIeHUS apa
B YP u mpekpaleHrue paboThl CXeMBbI IpU COMMXKEHUM AaBiie-
Huit B YPu YT (pacueTHble onleHKH gatoT 10...12 MuH.).

I1pu 3akpeITON apMaType / 1 OTKPBITOM 2 MHXKEKTOp paboTaeT
B pEXUMe BOIO-BOMSHOIO, Ha BCKUIAOIIEH Bofie ¢ KO3 dUIIIEH-
TamMy MHKeKIMA 2...7. T1oa0KUTeTbHOM CTOPOHOM TAKOIO BKITIO-
YEHUS SIBJISIETCS BO3SMOXKHOCTD MOAACPXKAHUS IaBIeHUS B Y PTIpaK-
TUYECKHM IO TTOJTHOTO BBIXOZA 3araca Bombl YP uepe3 MHKEKTop.

B MHXeKTope MPOUCXOMSIT IMPOIIECChl CMEIIeHUs paboueit
BOJIBI WU TTapa U3 YP ¢ axkeKTupyemoit Bonoit us Y7, mpu 3ToM
TIPOMCXOIUT ITOMOIPEB U ITOMbEM HaBJISHMS BOIBI, ITOCTYIIAIO-
et B pasrpyxkeHHbIl YC yepes natpyoku CAO3. I[1pu 3akphI-
Tuu apMatypbel / u 2 Boma u3 YT MoxeT nomaBaTbes B YC mo
OBOBIYHOI CXeMe Yepe3 KaMepy CMEIIeHUSI MHXEKTopa, UMEIo-
1IIETO B 3TOM CJIyyae COMPOTHUBJICHUE, COM3MEPHUMOE C COITpO-
TUBJICHUEM OTKPBITON apMaTyphl.
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Hcnonb3oBaHue MHXCEKTOpa B CUCTEME CAO3 jJ1d IOBBITIEHUS ee (I)YHKL[I/IOHaJ'H)HOfI HaJCXKHOCTH
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Puc. 1. IIpuHIMMAaTbHAS pacyeTHAsS cXeMa

C BKJIIOYCHUEM HMHXKCKTOpA:
YC — peaktop; YP — KOMIIeHCATOP JNaBICHUS;
YT — runpoemxoctt CAO3; YA — ropstuast 1etis;
J — uHxexrop; 1, 2 — apmarypa MoakIodeHus YP 110 rmapy
WIM TT0 BoJie; 3 — OoTcedHas apMmatypa YP;
4 — apmatypa noakiodeHus: Y1’

s olleHKU TpaHMI] paGOThl MHKEKTOpa IO YCIOBUIO Bpe-
MEHU paboThl cXeMbI (puc. 1), TTOmOrpeB BOABI B MHXKEKTOPE
paccunTaeM Mo GajaHCy TEIUIOThI CMEITUBAEMBIX MTOTOKOB

Gyp - hyp +Gyp - Byp =(Gyp +Gyp ) Fiy

Wi
hyp +u-h
Torma sHTamBIMA CMecu /i, = YPI—MYT =C ,t(u) , OTKy-
+u
Ila TeMIlepaTypa Ha BBEIXOLe MHXKeKTopa OyIerT paBHa
hyp +u-h
1) = 2 T s
C,-(+u) (2

rae Cp — TEIUIOEMKOCTb BOABI; /I — 3HTaIbNUA cpensl; Gyp,
Gy — COOTBETCTBEHHO pacxonl paboueli cpenrl u3 YP u Boabl
u3 YT, u — K03 OUIUESHT 33KEeKIINN UHKEKTOpa.

MaxkcumaabHOE BPeMS Ty, , Y, IOAAYM BOABI B PEAKTOP
pu paboTe TOMBKO CUCTeMBI Y7 MOXeT OBITh OIlEHESHO Yepe3
HOMUHAJTBHBIN pacxox Bombl n3 CAO3 (100 T/4) u cyMMapHOTO
3araca BOJIBL

Wy 450,
Gyr 100
IIpu coBMecTHOI pabote YT u YP Bpems Imogadyu BOOEI Oy-
JIET CBSA3aHO ¢ TEMITepaTypoit ITogaBaeMoi BOIbI, KOTOPas B CBOIO
oyepenpb OIpenensercss Ko3pGUIIMEHTOM 3KEeKIIUN WHKEKTO-

pa. BpeMsa paGoThl cxeMbI OyIeT ONpeAeaaThcs] MUHUMATbHBIM
W3 IBYX 3HAUESHWH HUXKe MPEeICTaBICHHBIX COOTHOIICHUIA:

Tmax

PesymbraThl pacyeToB paGOTEI CXeMBI 110 pUC. 1 ¢ mepeMeH-
HBIM KO03(DDUIIMHTOM 33KeKILIMU MpeacTaBIeHbI B Ta0. 1.

Kaxk BunHo 13 pacyera, BpeMs paboTsl cucteMbl CAO3 Gy-
net npomieHo Ha 40...50 MUH, IpU 3TOM TeMIlepaTypa BOMBI,
rofgaBaeMoli B peaktop 1o rmarpyokam CAO3, cocrasur 140...160 °C,
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Tabauua 1
tw),°C Gy Mfa G yp Mfa u T4
160 74,64 25.36 2,94 2,37
140 77,17 22.83 3,38 2,59
120 79,60 20, 40 3,9 2,51
100 81,95 18,05 4,54 2,44
&0 82,00 18,00 4,56 2,44
&0 100,00 0 — 2,0

YTO CYIIECTBEHHO ITPEBBIIIACT HaYaIbHYIO TeMriepatypy B CAO3
(60°C) u obecrieynBacT MEHBILUNE TEMIIEPATypPHEIE HATIPSKE-
HUS B KOPIIyCe peaKkTopa.

ApyruM TIOJOXKUTETBHBIM 3P (GEKTOM OT UCITOIb30BAHUS
BOIO-BOASIHOrO MHKeKTopa B cucteMe CAO3 OymeT IMOBHIIIE-
HUE TaBJICHUS OXJIaXKAAIOIIE BOABI HA BXOIE B PEaKTOP.

B mpakTuke pacuera Bofo-BOASHBIX MHKEKTOPOB ITOBEIIIIE-
HUE NaBJICHUS XUAKOCTU MPOUCXOAUT 3a CUYET KUHETUUECKOM
SHepruu paboueli cTpyn BoAbl. B ciydae, omrMcaHHOM BHILIE,
pabouelt cpemoil CIy>KUT HachIllleHHas BoAa u3 YP, nMmeromias
masiaeHue 16 MIla u remrieparypy okoio 345 °C. DxkekTupye-
Mas Boga — Boma u3 Y7, ¢ maBieHueM 6,5 MIla u temmepary-
poit 60 °C. PacueT mIpoBelieH [0 METOANKE pacyeTa BOLO-BOII-
HEBIX UHXEKTOPOB [2, 3].

Pesynbrater pacuera (puc. 2) mokasanu, uTo AaBieHue P,
Ha BBIXOJIe MHXKEKTOpa TPU pean3auu KoahhUIINEeHTOB UH-
KEKIMK, obecreynBalolx HarpeB Bomel mo 140...160 °C,
cocraBur 7,6...7,8 MIla, T. ¢. IpeBBICUT HCXOOHOE HaBJICHHUE
cucteMbl CAO3 Ha 17...20 %.

Pem, 9,0 T T
Mlla ~
8 .0 - \"\\-""\-._\_\--- .
70 F ]
6,0 1 | | | | |
1.5 2 2.5 3 3.5 4 45 , 5

Puc. 2 PacyerHas 3aBUCMMOCTb U3MEHEHUS AaBJICHUS Ha
BBIXOJIe MHXKEKTOpa OT KO3 OUITMEHTA 33KEKIIMH, TTPUBS-
3aHHag K ImapamMerpaMm cucteMbsl CAO3

B pesynbraTe NMpoBeneHHBIX PacYeTOB YCTAHOBIICHO:

cxeMa BKJTIOUeHUS MHKekTopa B cucteMy CAO3 s ore-
PaTUBHOTO pa3orpeBa BOAbI, momaBaeMoil n3 emkocteit CAO3 B
peaKkTop, dHEPreTUYECKM BBITOOHA M OOeCIeUrMBaeT OBICTPHIM
romorpes Bogasl fo 140...160 °C;

WCITIO/Ib30BAHNE B KadyecTBe paboyeil cpefbl BOOBI M3 KOM-
TeHcaTopa JaBJICHUS TTO3BOJISIET MMOBBICUTH AaBJIeHUE MoAaBac-
moit u3 cucrembl CAO3 Ha peakTop Bomwl jo 7,6...7,8 MIla,
YTO TTO3BOJIUT BHITIOJTHUTE OoJiee paHHEe BKITFOYSHUE CUCTEMBI.
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OBOMOLUUS

¢$a30BOro cocrana

npuv TEPMUYECKON
obpaboTke
COOCaXOEHHbIX
rMApOKCUO0B LUMPKOHUS,
UTTPUA N EBPOMNUS

[puBeneHb pe3ysbTaThl M0 M3MeHeHWio ¢a30Boro cocraBa
rpy Tepmmde ckoi 06paboTke COBMECTHO OCaXKAEHHBIX TNAPOKCH-
J10B UMPKOHUS, UTTpusT n eBponus. [TpeaioxeHa cxema 9BOJII0-
Uy a3 oT C/I0XKHOI0 aMop@dHOro ruapokcuaa 40 aMopgdHoro
okcyaa ¢ nocjaeayioLiet kpyuctaaam3aume eguHCTBEHHO M’
U HaHopasMepHo hasbl KYyOMYeCcKoro okcuaa Unpkodus. Beck
okcun eBponis ripy 400 °C Bowiesa B aMopHbLIFE OKCUL LMPKO-
Hus1. 9T0 cosnaeT 0ObLEeKTUBHbIE MPeArnoChiIKU /15 BKITIOYEHUST
OKCUA0B aMepuLmsi B MaTpVLy U3 OKcuaa UMPKOHUS NpY TeM-
nepartypax Ha 300 °C Hmke, 4eM rnpu TpaanMoHHO M3BECTHOM
¢dopmMmupoBaHn Kyouye cKkoro TBepAoro pacTeopa.

C. B. labenkog, P. B. Tapacos, M. C. lNontaBues, tO. 1. Kypino,
O.T. JNlepoBchka, @. B. benkiH

Eeponiouia ¢pasoBoro cknagy npm TepMiyHin o6poobui cymicHo
ocafKeHUX riapokcuaiB LMPKoHilo, iTpilo Ta eBponito

HaBefieHo pe3ynbTary 3i 3MiHUW $a30Boro ckjagy rnpu
TePMINHIE 06p06LI CYMICHO 0CaIPKeHUX MAPOKCULIB LMPKOHIKO,
Tpito ¥ €BPOMI0. 3arporioHoOBaHO cxeMy eBOJIIOLI a3 Bif ckiias-
HOro aMop@HOro rigpokcyay 4o amMopdHOro oKcuay 3 HacTyrl-
HOIO KpucTaslisaliero enHoi i HAHOPO3MIPHOI gasun KyGIdHOIo
OKCUAY UMPKOHIto. Beck okcu eBporiito ripy 400 °C yBitiLLoB 40
amMop@HOro okcuay UMpKoHilo. Lle cTBoptoe 06 ekTUBHI nepe/l-
YMOBY [IJ151 BKITIOYE@HHST OKCUAIB aMepyLLilo B MaTPULIIO 3 OKcuay
LnpKOHIto nipy Temrepatypax Ha 300 “C Hkde, HK Npy TpaauLidi-
HO B{IOMOMY (OPMYBAHHI KyBIiHHOIo TBEPLAOM0 PO3YNHY.

TaOMJIM3VMPOBAHHBIN OKCHUI LIMPKOHUSI, 00J1amao-

1WA BHICOKUMM (DU3MKO-MEXaHUYeCKUMU CBOW-

CTBAaMM, HAXOAWT PAa3HOCTOPOHHEe MPUMEHEHUE

B KaueCTBe KOHCTPYKLUIMOHHBIX, TEPMOOAPbEePHBIX,

Oy(depHBIX, ONITUYECKUX U IPYIHX MaTteprajioB [1—6].
VY crieinaaucToB CTpaH, aKTUBHO Pa3BUBAOILIMX ATOMHYIO SHEP-
TeTHKY, BBI3BIBAET MHTEPEC TOBBILIEHHAS pagualliOHHAs U KOp-
PO3MOHHAs CTOMKOCTh OKCH/IA IIUPKOHUST, YTO CTUMYJIMPYET MC-
CJIeIOBAHUSI 110 CO3IAHUI0 MAaTPULL IUTSl U3OJISIUUKA PaaIOaKTUB-
HBIX OTXOJOB, MAaTPUYHOTO TOIJIMBA U MUILLIEHEW IJIsT TPAHCMY-
Talluy aKTUHOUAOB |7, 8].

IMpy MMMOOMIM3aMK aKTUHOUIOB, HAIPUMEDP aMepPUIIs,
B MaTpUIy M3 OKCHUIA LIMPKOHUST BaXKHBIM MapaMeTpPOM SIBJIsI-
eTcsT TeMIlepaTypa MpoBeIeHUs CMHTe3a U criekaHusi. Heo6xo-
JIMMO YYUTHIBATh BBICOKYIO CITOCOOHOCTb K MCITAPEHUIO OKCH-
noB amepuuusi [7]. Temrnepatypa BKIOYEHUsI B KEPaMUUECKYIO
MaTpuIly TpeOyeT TMOBBIIIEHHOTO BHUMAaHMS ellle U TOTOMY,
YTO aMepUIINii, KaK OOJBIIMHCTBO MCKYCCTBEHHO CO3TaHHBIX
9JIEMEHTOB, 00JIalaeT BBICOKOM TOKCUYHOCTHIO. [TpuHMMast BO
BHHMMaHUe, 4TO Orepaliy Mo UMMOOWIU3ALIMYA aMEPULINST B OKCHI-
HbIe MATPUIILI KOJOTMYECKH OTIACHBI M JTOPOTOCTOSIIIH, 1eje-
€c000pa3HO MaKCUMAaJIbHO OOJBIIYIO YacTh HAYYHBIX pa3pabo-
TOK TIPOBOIWTH Ha MMHMTATOpax. B cuily TOTo, 4TO Kak B PsSILY
JIAHTAHOUJIOB, TaK U B PSIIY aKTUHOUIOB UIET 3ar0JTHEHNE DJIeK-
TpOHAMM HE HapyxXHOW, a BHyTpeHHeil 5f o0osiouku, TO, co-
mracHo Teopun Cubopra [10], aHTaHOMABI CIyKaT (PUUKO-
XUMUYECKUMM aHaJIoTaMU aKTUHOWIOB, U C 9TOW TOYKHU 3pe-
HUST UMUTATOPOM aMEepULIUST SIBJISIETCS €BPOITHIA.

I'oMoreHHOe pacrpejelieHle MaTepraja UMHATATOpa B MaT-
pulie U3 OKCUIa IMPKOHUS HanboJjiee KaYeCTBEHHO OCYIIEeCTB-
JISIETCSl TIPM MCITOJIb30BaHUKM HAHOPa3MEPHBIX MOPOILIKOB, TO-
JIyYEHHBIX METOHaMU OCaXKIEHUSI M3 pacTBOPOB, THIPOJIM3A,
TUAPOTEPMAIbLHOTO CUHTE3a, 30J1b-TeJIb Mpoliecca 1 np. Meros
COBMECTHOTO OCaXXIEeHUsI U3 PACTBOPOB C IMOCCAYIOIIUM Tep-
MHMUYECKUM pa3ioKeHUEeM IO3BOJISIET IMOJIyYaTh TaK Ha3biBae-
Mble MSTKHE ITOPOIIKH U TIPUBJIEKAET CBOEH MTPOCTOTON peasin-
3alMM U MaJioil IHeproeMKocThio [1, 6, 9, 11]. Ins peanuzauuu
9KOJIOTUYECKU YUCTOIO METOJa COBMECTHOTO OCaXKIECHUS TUJI-
POKCHUIIOB TPEOYIOTCST MCXOIHbIE KOMITOHEHTBI, TIPOU3BOINMbIE
XUMUYECKON TIPOMBIIIJIEHHOCTBIO M TEXHUYECKM HECIOXKHOE
obopynoBaHMe. YKparWHa pacroJjiaraeT 3HaYMTeJIbHbIMU 3ara-
caMM MMHepaJia IIUPKOHA M XUMHWYECKUMU TMPEATPUATUSIMM,
MTPOU3BOISIIIIMMU PAa3TUIHbIE COSTUHEHUS LIMPKOHMSI.

J171s1 BO3MOXKHOTO MCITOJIb30BaHUsI B OYyIyIlEM B TOIJIMBHOM
LIMKJIe B YKpalHe MaTpuIl U3 OKCUIA IUPKOHUS TSI UMMOOM-
JIN3ALIMU BBICOKOAKTUBHBIX OTXOIOB, B YACTHOCTU aKTUHOUJIOB,
KaK HanboJjiee TOKCMUHBIX W JOJTOXUBYLINX PaaIUOHYKIUIOB,
1eaecoo0pa3Ho Mcciaea0BaTh 3BOMIOIKI0 (a3oBOro cocraBa
COOCAXKIEHHBIX TUIPOKCHUIOB IMPKOHMS, UTTPUST U €BPOTTHS ITPU
MOCJIeIyIoIeM TepMUYECKOM pasjioxkeHuH. [Ipu 3TOM OKcup
LIMPKOHUST — OCHOBHOM MaTPUYHBIN MaTepuai, OKCUI UTTPUS —
CcTabMIM3aTOpP KYOMYECKOW CTPYKTYpPBI, a OKCHJI €BPOTUS —
MMUTATOP OKcHaa aMepuiivs. Mcroib3oBaHE OCHOBHOTO CBOW-
CTBa HAHOPA3MEPHBIX TTOPOILIKOB — TMOBBILIEHHON peaKIMOH-
HOM aKTUBHOCTM — TIO3BOJUT OOECITEYUTh B3aMMOMIEHCTBUE
MaTepuajoB MMUTATOPA W MATPUILI MMPU OTHOCUTEIBHO HU3-
KUX TeMmIlepaTypax.

Llenbo paboTsl OBLIO MCCIIeNOBaHKE BOJIIOLMU (PAa30BOTO
cocTaBa TIpU TePMHUYECKOI 00paboOTKEe COBMECTHO OCaXKIEH-
HBIX TUIPOKCHUIOB LIUPKOHUSI, UTTPUSI ¥ €BPOITUSI TSI OTIpee-
JICHUST TeMITepaTypbl BKIIIOYEHUsI OKCHUIA €BPOIHUS, KaK UMU-
TaTopa OKCHMIA aMepUIIMsl, B MAaTPUILy U3 OKCUIA IIUPKOHUSI.

Aodepna ma padiayiuna 6esnexa 2.2009




Dpoonus (Ha30BOro cocTaBa IPU TEPMUIECKON 00PAOOTKE COOCAXKICHHBIX T'MAPOKCUAOB MUPKOHUS, UTTPUS U €BPOIUS

MeToauka skcnepumMmeHTa

OcaloK TMAPOKCHUIOB IMPKOHWUS, UTTPUS U €BPOITHS TTOTyJasIn
COBMECTHBIM OCAKICHUEM M3 CMECU BOIHBIX PACTBOPOB a30THO-
KUCJIBIX LUPKOHUSI, UTTpUS U eBporms. OcaxkneHre TTPOBOIWIN
25 % pactBopom runpoxcuna ammonmst NH,OH. AsoTHokucbit
WUTTPUI TOTydan oOpabGoTKOM a30THOM KHMCIOTOM OKCHAA WTT-
pust Y,O3, a30THOKMCIIBIN eBpornmii — okcuaa esporusa Eu,Os,
2 A30THOKUCITBIN LIMPKOHUM — 0OpabOTKOM a30THOM KUCIOTOM
TUAPOKCUAA IIUPKOHUS, TTOTYYEeHHOI'O THUIPOIU30M CEPHOKMC-
noro uupkoHusa Zr(SQO,),-2H,0. Cymika ocafka IpooKaaach
B TeueHne 20—25 4y nipu temmnepatype 30—40 °C. A30THOKHUCIIBIE
LUPKOHUI, UTTPUM U €BPOIUiA Opajii B COOTHOLIIEHUU, TTO3BOJIS-
FOIIIEM TI0CTIE TEPMUYECKOIo pas/IoXKEeHMsT OcaiKa IOIyYUTh OK-
ey uppkoHud ¢ 10 % wmac. okemma uttpug U 15 % Mac. okcuna
eBpOMUS (3IeCh U ajiee MPOLIEHTHI MACCOBBIC).

TepMooOpaboTKy 0caiKOB TUAPOKCUAOB IMPKOHUS, UTTPHUS
W €BpONUS TMPOBOAMIN B MHTepBaje Temmnepatyp 100—800 °C
c mraroM 100 °C B Teuenue 0,5—2,0 u.

TepMuueckoe pasnoxkeHUE ocaaKa TUIPOKCUAOB IIMPKOHUS,
WUTTPUS Y €BPOITHSI UCCIICAOBAIM METOIOM TEPMOTPaBUMETpPHUYE-
ckoro / nuddepeHnaapHoro Tepmudeckoro aHamusa (TT/ITA)
Ha nepuBarorpacde Q-1500 D B mHTepBasie temmepatyp 20—
1000 °C mpu ckopoctr HarpeBa 12 °C/MuUH (Macca HaBecKH 1 T).

Da30BHINT COCTaB OcamKa IOC]Ie TepMOOOPaGOTKM OIpele-
JISUTM METOJIOM PEHTTeHOBCKOro asoBoro aHaausza (PDA) Ha
mudpaxkromerpe JPOH-1,5 (m3nyuenne CuK, , Ni duaerp),
a To wupuHe Haubojiee MHTeHCUBHOU (111) peHTreHOBCKOM
JIMHUU Ha € TTOyBBICOTE PacCYUTBIBAIN CPESAHUN pa3Mep 00-
Jacteit KorepeHTHoro paccessHus (OKP) [12].

SKcnepuMeHTasNbHble pe3ynbraThbl

Pesymbrater TT'/ATA ocaaxka ruapOKCHUIOB IIUPKOHUS, UTT-
pUst ¥ eBpOIMS TpeAcTaBiaeHbl Ha puc. 1. OOGHapyXeHOo Mmpu-
CYTCTBHE TPeX 3KCTPEMYMOB, KOTOpbIM Ha KpuBoit JITA coor-
BETCTBYIOT 3HIO- U 3K30TepMHUecKUe 3(PHEeKThI. MOIIHBIN
SHAOTEPMUYECKUI MUK MPOSBIISIETCS B MHTEPBajie TEMIIEpaTyp
50—450 °C ¢ muaumymom 1ipu 180 °C. Crabble aK30TepMUuYec-
KMe MMUKKM OTMEYaloTCs B MHTepBajax TeMmiepaTtyp 600—800 °C
u 800—900 °C ¢ makcumymamu ipu 700 1 840 °C coOTBETCTBEHHO.

MaxcumaabHas morepss Macchl 23 %, coOTBETCTBYIOIIAS
YYaCTKY C OOJIBIIIMM HAKJIOHOM KPUBOHM TepMOrpaBUMETpUYE-
ckoro aHamuza (TT, puc. 1), HabmogaeTcss B MHTepBasie TEMIIe-
patyp 100—300 °C 1 COOTBETCTBYET SHIOTSPMHUUYSCKOMY ITHKY
kpuBoit JITA. ITpu temmnepatype 170 °C Ha xpusoit TI" oTmeua-
eTCs TOUKa Tepernuba, COOTBETCTBYIONIASA SKCTPEMYyMY Ha KpH-
Boit ATI. Ilorepsg Macchkl 3aMETHO yMEHBIIAETCS Ha y4acTKe
kpuBoit TT ¢ MaabIM HaKJIOHOM B MHTepBajie Temieparyp 300—
500°C (3 %) u mpaKTUYeCKH IIpeKpallaeTcs Ha II0JIOrOM ydac-
TKe B mHTepBaje temrmepatyp 500—1000 °C. Xapakrep mpoiiec-
ca TOTepH MacChl WITIOCTPUPYETCS IKCTPEMYMOM Ha KPHUBOM
JTT. O6uag moreps Macchl cocTaBisAeT 26 %. DK3orepMuye-
ckue a3¢dekTh Ha KpuBoil ITA ¢ makcumymamu mpu 700 °C
u 840 °C B uHTepBaiax Temmeparyp 600—800 °C u 800—900 °C
XapaKTEePU3YIOTCS MPAKTUYECKU ITOCTOSHHON Maccoit obpasiia
(puc. 1, kpusasg TT).

3aBUCUMOCTU MACChI OCaJKa TUAPOKCUAOB IIUPKOHUS, UTT-
pUS M €BPOIMS OT BPeMEeHU TepMOOoOpaGOTKU IIpU ITOCTOSH-
HBIX TeMIlepaTypax B uHTepBajie 100—600 °C mpencTaBiaeHBI Ha
puc. 2. Macca ob6paslia ¢ Te4eHUEeM BPEeMEHM IIPU BCEX TeMIle-
paTypax TepMooOpaboTKM YMEHBIIAeTCs U Yepe3 OIpee/IcH-
HBI TIPOMEXYTOK BPEMEHU CTAHOBUTCS ITOCTOSHHOMN. [lpnm

Aodepna ma padiayiuna 6esneca 2.2009
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Puc. 1. PesyabTaThl TepMOrpaBUMETPUYESCKOTO /M-
epeHIMaIPHOrO TEPMUYECKOTO aHAIM3a OcaaKa
TUIPOKCUIOB IIUPKOHMS, UTTPUS U SBPOIHI

m, mr ¢
T, MHH

temriepatype 100 °C Macca gocTUraeT MOCTOSSHHON BETMYMHBI
yepe3 24 U cocTaBisgeT 85 % WMCXOMHOM, IJI TEMIIEPATyphI
200 °C — cootrBercrBeHHo 1,254 u 76,8 %, mag 300°C — 1u
n75,8%, a nna 400°C— 0,54 u 74,0 %. Macca o6pa31os,
TepMoobpaboTaHHBIX Tpu TeMItepatype 500 u 600 °C B Teye-
Hue 0,25 4, gocTUIIa TaKoM Xe BeTUUnHbI, Kak u npu 400 °C —
74 % vicXOmHOM.

Taxum o6pa3oM, U3 DaHHBIX, MPEACTABICHHBIX Ha pHC. 2,
CJISQyeT, UTO C YBEJIMUESHUEM BpeMeHU TepMoobpaboTKu Macca,
JIOCTUTAOIIAS TTOCTOSHHOM BETMUMHBI, C POCTOM TeMIIepaTy-
poI ot 100 mo 400 °C moHmkaeTcs oT 85 no 74 % u manee o 500
1 600 °C ocraércgd HEM3MEHHOM; B UTOre MOTEpsS MacChl CO-
crasyser 26 %.
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Puc. 2. 3aBucrMocTy Macchl ocaaKa THAPOKCUIOB

LIMPKOHMSI, UTTPHSI ¥ €BPOITHS OT BPEMEHNU
TepMoobpaborku rmpu TemrepaTypax 100—600 °C
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Puc. 3. Yuactku qudpaxrorpaMM 0caIKOB THIPO-
KCHIOB LIMPKOHUS, UTTPUSI U €BPOITH, IPOIISIIITIX

TepMoobpaborky mpu 30—40, 100, 300, 600 1 700 °C:
CI' — cnoxubrit amopdnsiit runpoxenn Zr(Y,Eu)(OH), ; CO —

cioxkubIit okenn Zr,Y,0,,; AO — aMophHBII OKCHI LTMPKOHUSA

7r(Y, Eu)O}y ; KO — xyOudecKuit OKCHJI ITMPKOHUS
Zr,...Y,,,Fu  )O

0,875 0,064~ 0,061/ 1,937

HccnenoBaHus BRICYIIIEHHOIO OCaJKa TMAPOKCHUIOB IIUPKO-
HUS, UTTPUSI U eBPOMUS, MpoBeaeHHBIe MeTogoM PDA, moka-
3271, YTO IudpakTorpaMMa HE COASPXKUT JIMHUM, TUTUYHBIX
IIJIT KPUCTAJTMYSCKMX a3, a UMeeT XapaKTepHbIe 11 aMopd-
HOT'O COCTOSHMSA «Tayio». IlepBoe M BTOpOE «rajo» HaXOMATCS
B MHTepBaax ymioB 23 =23+37° u 42+60° COOTBETCTBEHHO
(puc. 3, xkpuBag 30—40 °C). Bropoe «ramo» caabo BBIpakeHO
¥ MEeHee MHTEHCUBHO, YeM IepBoe. [lepBoe «rajo» mMeer 3a-
METHO BBIpaskeHHBIN MakcuMyM Ipu 31°. Ero mmpuHa Ha 11o-
nyBeIicoTe coctaBisgeT 9,0°. IlepBoe «ramo» sBIsIeTCS HECUM-
METPUYHBIM OTHOCHUTEIBHO CBOEI0 MaKCHUMyMa.

TepmooGpaborka mpu 100 °C mpuBena K U3MEHEHUIO UD-
paktorpammbl (puc. 3, kpuBag 100 °C). Takke mmeercsa nBa
«rajio». HTEHCUBHOCTh BTOPOIO «Tajio» HECKOJIBKO BO3pOC-
na. B unrepBaie yrioB 23 = 17-+25° oTMedaeTcs IPUCYTCTBUE
COBOKYITHOCTH YIIMPEHHBIX PEHTTEHOBCKUX JIMHUN ¢ MaKCH-
MyMmoM 1ipu 21°. MHTEHCUBHOCTA MAaKCUMyMa IIEPBOTO «TajIo»
¥ COBOKYITHOCTH YIIMPEHHBIX JTUHUM 6nu3ku. udpakrorpam-
Ma ocazaka, TepmoobpaboranHoro mpu 200 °C, mpaKTUYecKHU
COBITaJaeT ¢ AU(ppaKTOrpaMMOll ocamaka, TepMooOpaboTaHHO-
ro npu 100 °C, 1 Ha pUCyHKe Ha IMOKa3aHa.

Judpakrorpamma ocanka, TepMoobpaboranHoro mpu 300 °C,
nonobHa auddpakTorpaMMaM OCaIKOB, TepMOOOpabOTaHHBIX
npu 100 1 200 °C. Ho Terepb y MepBOTo «Trajio» MHTEHCUBHOCTD
MakcuMyMma Tipy ymie 28 = 31° B 2 pasa Gosbllle, 4YeM Y COBO-
KYITHOCTH PEHTTEHOBCKMX JIMHUM, HAXOAIIIMXCS B MHTEpBaje
yroB 28 = 17+25° (puc. 3, kpuag 300 °C). qudpakrorpam-
MBI 0CaJKOB, TepMoobpaboranHbix mpu 400 u 500 °C, npakTu-
YeCKHU COBMANAIOT ¢ AM(ppaKTOrpaMMOIt ocaaka, TepMoobpabo-
tanHoro npu 300 °C, 1 Ha pUCyHKe He IOKa3aHBI.

TepmoobGpaborka mpu 600 °C TIPpUBOANUT K CYILECTBEHHOMY
M3MEHeHUIo Buaa mudpakTorpamMmbl. Ha doHe «ramo» ¢ TeMu
Xe MapaMeTpaMH, 4TO U Y OCAIKOB, TepMOOOpabOTaHHBIX ITpU
300, 400 u 500 °C, HaGmromaroTcsl TPU PEHTTEHOBCKME JTMHUM
c ymmmpenueMm 0,7—1,5° (puc. 3, kpuBag 600 °C). CormacHo
ASTM Ne 30-1468 5T JIUHMM CBUACTEIBCTBYIOT O TOM, UTO

4

KpUCTaIMYecKas dasa MpeacTaBisgeT coboil KyOuuecKuit oK-
cua mupKoHUI ¢ pasmepoM OKP 19 £ 2 am.

TepmoobGpaboTka ocanka rmpu 700 °C BefeT K gaTbHEHIIIEMY
M3MeHeHUIo Buaa nudpakrorpaMmel (puc. 3, kpuas 700 °C).
Ha Helt TOTHOCTBIO OTCYTCTBYIOT 00a «rajio» U COBOKYITHOCTH
VIIMPEHHBIX PEHTI€HOBCKUX JIMHUM, HAXOMIIINXCS B MHTEpBa-
Jle yioB 28 = 17+25°. OTMevaeTcst MPUCYTCTBIE TOTBKO YIIMPEH-
HBIX PESHTTeHOBCKMX JIMHUN KyOMYeCKOro OKCHAA ITUPKOHUS.
Ha pwuc. 3 "”HTEHCUBHOCTU PEHTICHOBCKMX JTMHUM AudpakTo-
TPaMMBI 3TOro obpaslia YMEHbBIIICHBI TTPUOIU3UTEIBHO B 4 pasa
MO CPaBHEHUIO ¢ MHTSHCHUBHOCTSIMM Ha paHee PacCMOTpPEH-
HBIX tudpakTorpammax. Cpemnuii pasmep OKP paseH 17 £ 2 HM,
napamerp peurerku — 0,5140 = 0,0002 um. JIudpakTorpaMMbl
ocaznkoB, TepmoobpaboraHHbIXx mpu 800 m 900 °C (Ha pucyHKe
He IIOKa3aHBI), TAKXKE CONSPXKAT TOJIBKO YIIMPEHHBIE PEHTIe-
HOBCKUE JTMHUM KyOMYeCKOro OKCraa MUpKoHus. CpeaHuit pas-
Mep OKP cocrasnsger 23 £ 3 HM u 26 £ 3 HM, [MapaMeTp peLieT-
k1 — 0,5143 = 0,0002 am u 0,5144 = 0,0002 HM COOTBETCTBEHHO.

O6cyxpeHue

I'uopoxkcya NMPKOHUS NOTKEH COCTABISITh OCHOBHYIO YacTh
BBICYIIIEHHOTO OCaJKa TMIPOKCUAOB ITUPKOHUS, UTTPUSI U CB-
pOIHST, HO MapaMeTPhI «TajIo» ocaaKa (MHTEHCUBHOCTD, MOJIO-
JKeHUEe MaKCHMYMOB M WHTEpBaJl YIVIOB) CYIIECTBEHHO OTJIM-
YArOTCS OT TapaMeTPOB «rajo» aMopdHOro THApPOKCHAA IIHp-
koHus [13]. Ecnu mMHTepBasIBI YIVIOB, B KOTOPOM HaXOASATCS
TIEpBbIE «TAJI0», OTJIMYAIOTCSI He3HauuteabHo (20°—38° u 17°—
38%), To MoJIOXKEHUEe UX MaKCUMYMOB pas3iIndHbl — 31° u 28,5°
COOTBETCTBeHHO. OT/IMYMe TapaMeTPOB «Tajlo» YKa3bIBAeT Ha
pasauyue CTPYKTYp, KOTOpbIe NMPUHAIJIEKAT pasHBIM aMopd-
HBIM MaTepHajaM.

CpaBHeHMe pe3yJIbTaTOB TePMOIPaBUMETPUYECKOro / mud-
(bepeHIIMATBHOTO TEPMUYECKOIO aHAJIM3a OCaaKa TMIPOKCHUIA
mupkoHMsd [13] M ocamKa TMOPOKCUOOB IMPKOHUI, UTTPUI
¥ eBporus (puc. 1) TmoKasbIBaeT, YTO MPUCYTCTBUE TUIPOKCH-
JIOB UTTPUS U €BPOMUSA B OCaZKe COBMECTHO C TMAPOKCUIOM
IIUPKOHUS MPUBOIUT K MOHUKEHUIO TeMIIepaTyphl 3aBepllle-
HUS TepMUYeCKOro pasjoxkeHus. Tak, Ha kpuBoit [ITA ocaaka
ruapokcuaa uupkKoHus ([13], puc. 1) MOILIHBIN 3HAOTEpMUYE-
ckuit acdeKT HabmomaeTcsa B MHTepBajie TeMieparyp 50—500 °C
¢ nByMa muHuMyMamu npu 220 m 320 °C, a Ha Kpuoit JITA
ocalIka TUAPOKCUIOB ITUPKOHM, UTTPUSI U eBpoIud (puc. 1) —
B uHTepBajie Temmeparyp 60—450 °C ¢ MuanmymoM mipu 180 °C.
Takum obpa3oM, ocaxkaeHNe THAPOKCUIA IIMPKOHUS COBMECTHO
C TMOPOKCHUAAMU UTTPUSA U €BPOITUS MPUBOIUT K (hOPMHUpPOBa-
HUIO CJIOKHOTO aMOp(MHOro TMAPOKCHUIA, CTPYKTypa KOTOPOTO
OTJIMYAETCS OT CTPYKTYPBI aMOPGHOro T'MAPOKCHAA IIMPKOHUS.

Tepmoobpaborka mpu 100 °C mpuBelTa K MOSIBISHUIO Ha
TIEPBOM «TaJI0» COBOKYITHOCTH YIITMPEHHBIX JTUHUN OMHON (MU
HECKOJIbKIX) HaHOpa3MepHBIX da3. Tepmoobpaborka rpu 300 °C
TPUBOIUT K YBEIWUYSHUIO MHTEHCUBHOCTU TIEPBOrO M BTOPOTO
«TaJI0», TTapaMeTPhI KOTOPBIX COBMAIAIOT C MapaMeTpaMu aMopd-
Horo okcuna nupkoHus [13]. bauskue 3HaUeHUS TapaMeTpoB
«TaJio» Ha nudpakTorpaMMe CI0XKHOIO TUIPOKCHUIA LIMPKOHUS,
UTTPUS U €BPOIHUS, MMOJIyUSeHHOIO CYIIKOM OcaaKa, U TaKOBBIX
aMop(HOro OKcHAa LHMPKOHUS CBUACTEIBCTBYET O MOAOOMU
CTPYKTYpP 3TUX aMOp(HBIX MaTepruaioB. OQHAKO ITOCIEAYIOIAs
TepMuUecKasg obpaboTKa MPUBOIUT K PA3JIOXKEHUIO CIOXKHOIO
TUIPOKCHUIA IIUPKOHMS, UTTPHUS U €BPOITHS 10 aMOP(MHOIo OKCHIA
¥ COIPOBOXIAETCST 3HAUUTEITBHOM TToTepel Macchl (puc. 1 u 2).

VuureiBag Tot dakr, uro mpu 400 °C moTeps MacchHl Ipe-
Kpaiaerca (puc. 2) u B uHTepBaie Temieparyp 60—450 °C Ha
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kpuBoit ITA (puc. 1) oTMedaeTcs TOJBKO OAWH 3HIOTESPMMU-
yecKUil apdeKT, MOXKHO 3aKIIOUYUTh, UTO TIPU 3TOM TeMIlepa-
Type MaTepuaJl COCTOUT U3 IBYX OKCHUIHBIX da3: amopdHOro
OKCHIA LUPKOHUS M TIPEANOJOXUTEIBHO HaHOPa3MEPHOIO
CJIOKHOTO OKCHAA UTTpuA M uupkoHusa Zr;Y,0;, (ASTM
Ne 32—1500 [14]). [Tpuyem cI0XHBIN OKCUI LIUPKOHUS U UTT-
pust Hadan o6pasoBbiBaThes yxke npu 100 °C (puc. 3, kpuBas
100 °C). Cpenu m3BEeCTHBIX PEHTT€HOBCKUX AAaHHBIX OKCHUIIOB
WUTTPUS, EBPOIUS U COSAUHEHUHN UX ¢ OKCUAOM LIMPKOHUS TOJIb-
KO CJIOXXHBIN OKCHJ UTTPpUs U UUPKOHUA Zr3Y O, UMeeT peH-
TreHOBCKUE JTUHUU Ipu 23 = 18,24°, 22,21° u 23,27° ¢ UHTeH-
cuBHOCTEIO 40—60 %. TTapaMeTphl «Tajo» OCamKoB TMIPOKCHU-
JIOB LIMPKOHM, UTTPUS U €BPOITHsI, TepMoobpaboTaHHBIX rpu 400
u 500 °C, coBIIagaloT ¢ TAKOBEIMU y aMOP(GHOTO OKCHUAA IIHp-
KoHUs. Tak Kak TepMHYEeCKOe pa3jiokeHUe MPaKTUYECKH 3a-
BEPIIWIOCH, TO, BEPOSITHO, OKCUI €BPOIUSI M YacTh OKCHAA
WUTTPHUS BOLLTH B aMOPGHBINM OKCUJ LIMPKOHUS B BUIE TBEPIO-
ro pactBopa. [ToaHocThio 3aBepimBIIasics npu 700 °C kpuc-
TaJITU3alUs SOUMHCTBEHHOMN (ha3bl KyOMYeCKOro OKCHIA ITUp-
koHus (puc. 3, kpuBag 700 °C), koropwii mo gaHHbM [ITA
(puc. 1) Tpm TOCIeAyIOIIEM ITOBBIIIEHUHM TeMIIepaTyphl IO
1000 °C He mepexonuT B MOHOKJIMHHBIN, OMHO3HAYHO YKa3bI-
BaeT Ha TO, UTO UTTPUM M €BPOMUU HAXOAATCS B KPUCTAJLIH-
YyecKoil pemrerke 3toil daspl. Hanmmuyue nByx sk3orepMuye-
ckux 3¢dexTor Ha KpuBoit ITA B uHTepBaje Temmeparyp 600—
900 °C (puc. 1) orMeyasIoch ¥ aBTOpaMH [6] IIpH MCCIICAOBAHUMI
cucremel Z0,—Y,0;—Ce0,. D10 ABIeHME 00YCI0BIEHO pa3-
JINYMEM B KUHETUKE OCAKIEHUSI THAPOKCHUIOB LIMPKOHUSI, UTTPUST
¥ Hepud U KPUCTALIU3alMel KyOMUecKOro OKCUAA UPKOHUS
B 06J1acTAX OcaKa, CoAepKaIllero HeCKOJIbKO MEHbIIIee 1 60JTb-
1ree conepkaHue UTTpUs U/unu uepus. [IpyHUMasg Bo BHUMa-
Hue maHHbele PDA (puc. 3, kpuBag 700 °C, Haauyme TOJIBKO
KyOHMUYEeCKOro OKCHIA IIUPKOHUS), MBI MOXEM YTBEPKIATh, UTO
MMEBIINECSI HEOMHOPOTHOCTHU 10 UTTPUIO U €BPOITHIO TIPH TEM-
neparypax 600—900 °C cylIecTBYIOT OTHOCHUTE/IBHO HEMOJIrO,
He 6ostee 20—25 MUH (B Te4eHUE BPEMEHH, 32 KOTOpPOE IepUBa-
Torpacd MPOXOOUT 3TOT MHTEPBAl TEMIIEpaTyp).

Tepmoo6paborka mpu 600 °C IpUBOANUT K KPUCTA/UIM3ALIAN
KyOMUEeCKOro OKCHMIA HUPKOHUS B MPHUCYTCTBUU aMOP(GHOIo
OKCHJIa IMPKOHMS U CJIOKHOIO HaHOpa3MepHoro okcuaa Zr; Y40, .
Ocanok, TepmoobpaboranHsil ipu 700° C, COCTOUT TOJBKO U3
KyOMYecKOro oKcuaa LUPKOHUS, U CIACAOBATEIbHO, KPHUCTa-
JI3aLK aMOp(hHOTo OKCHAA LIMPKOHUS MPEAIISCTBYET €ro B3an-
Mozelictue ¢ Zr;Y,0 5.

TaxuM 06Gpa3oM, BBICYIIEHHBIA OCagoK TMAPOKCHUIOB IIHp-
KOHUSI, UTTPUS U €BPOIHS, TOJYUYESHHBII COBMECTHBIM OCaXK-
IIEHUEM M3 CMECU BOIHBIX PACTBOPOB a30THOKMCIIBIX ILIMPKO-
HUS, UTTPUS ¥ €BPOITHUS, TIPEACTABIISIET OO0 CITOKHBIN TUapo-
kcua. OH pasjiaraercsl B ONHY CTaAWIO B MHTEpBaJIe TeMIlepa-
Typ 60—400 °C. Vxxe mpu 100 °C obpasyercss HaHOpa3MEpPHbIN
croxHbIA okenn Zr;Y,0,. PasnoxeHue c0XHOIo rMapoKCUaa
3aBeplaeTcs (GopMUPOBAHUEM aMOP(GHOr0 OKCUAA ITUPKOHUS
B IIPUCYTCTBUU C10XHOro okeuna Zr;Y,O,. Bech okenn eBpo-
MU U YacThb OKCHAA UTTPUS BOILIM B aMOPGHBINA OKCUI IIUp-
koumg. Ilpu 600 °C HaumHaerca u mpu 700 °C 3aBepluaeTcs
KpHUCTa/UIU3alsgd HaHOpa3MEepHOIo KyOM4ecKOoro OoKCuaa Iup-
KOHMS, a OKCUIBI UTTPUSI U €BPOIMUS BOIIIA B COCTAB KyOuye-
CKOI'O TBEPAOro PacTBOPA.

[TapameTpsl «rajo» MOJTYYeHHOrO HAMU CJIOKHOTO THIPOK-
CcHIa LIIMPKOHUS, UTTPUS U €BPOIMUS MPAKTUUYSCKU COBIAMAIOT
C IaHHBIMU 3apYyOEXKHBIX aBTOPOB MO CIOXHOMY TUIPOKCUIY
LUPKOHUS U UTTPUS [15] M cITOKHOMY TMAPOKCUAY LTUPKOHMUS,
uepus u urtpus [9]. ITomyuennsie nanubie TT/ATA ocanka rug-
POKCUIOB IIUPKOHUS, UTTPUS U €BPOITUS XOPOIIIO COTIacyoT-
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cg ¢ pe3yJbTaTaMU aBTOPOB [l] Kak Mo moTepe Macchl, Tak
M IO TeMITepaType 3HIOTSPMHUUESCKOTO MUHUMYMa, XOTS B pa-
6ore [1] TeMIlepaTypHBIA MHTEPBAI KPUCTAIM3ALINMA TPAKTH-
YeCKM BIBOE MEHBIIIE U AK30TepMUUECKU 3 HEKT 3HAYNTETb-
HO MHTEHCHUBHEE.

[TapameTprl «rajmo» aMmopdHOro OKcHIa HMUPKOHUS TaKXKe
COBITAZAIOT C TaHHBIMU 3apYOEKHBIX aBTOPOB M He 3aBUCHT KaK
OT pedKO3eMeIbHOro okcuma [2, 6, 9], Tak ¥ OT ero comepxa-
Husa [3—35, 15]. Takue ke mapaMeTphl «Taja0» UMeeT aMOpPQHEBIN
OKCHI LIMPKOHUS ¥ 6€3 peIKO3eMeIbHBIX OKCUIOB [16, 17].

Ilo manueiM aBTOpa [18] daszoBag muarpaMMa CUCTEMEI
Zr0,—Y,0; npu comepxkaHun okcuna urtprst 9—30 % B nuamna-
30He TeMItepatyp 400—500 °C ykaskIBaeT Ha COCYILIECTBOBaHIE
MOHOKJIMHHOTO U Kybuyeckoro ZrO,, a npu 200 °C — MoHo-
xymHHoro ZrO, u ciaoxHoro okenaa Zr;Y,04,. Ilpu oTHOCH-
TEJTbHO HU3KMX TeMIIepaTypax pacTBOPUMOCTh OKCHAA WUTTPHUS
B OKCHJIe LIUPKOHUS cOocTaBgeT He 6omee 1—2 %. Hamm maH-
HBIe GOJTBIIEH YacThIO ITOATBEPKAAIOT IMATPAMMY COCTaBa CHC-
TeMbl ZrO,—Y,03, 6énbl1as yacTb OKCHUAA UTTPUS yYaCTBOBA-
Ja B 06pa3oBaHUU clIOXHOro okcnaa Zr;Y,O 5 U, Mo-BUANMOMY,
colepKaHUe OKCUAA UTTPUS B aMOP(MHOM OKCHUAC IIUPKOHUI
Taxke HeBeauko. B cucreme ZrO,—Eu,05 [18] mpu conepxa-
HUM oKcupa eBponus 1o 24 % u remmnepatype 1250 °C Haxomur-
cs IByXdasHag 0671acTh — 06JacTh TETParoOHAJIBHOIO U KyOu-
YeCKOIo OKCHUIOB HIUPKOHUS. 1o HaIMM JaHHBIM TIPU 3THUX
colepKaHUAX 1 Goree HU3KMX TeMieparypax (400—600 °C) uc-
KJTFOUMTEIBHO BECh OKCHU €BPOTTHS BXOAUT B aMOP(HBIN OKCHU
LIUPKOHMS. DTO 3HAYUT, YTO aMOPMHBIN OKCHI [UPKOHUS TI0-
NOOHO KPUCTANTMYSCKOMY BKJTFOUAET B CBOIO CTPYKTYpPY OKCH-
IIbI UTTPUS U €BPOITHS.

ITonyyeHHbIe pe3ybTaThl AAIOT OCHOBAHUS CUUTATh, YTO
cormacHo Teopun Cubopra [10] amepunuit TogoOHO €BpPOITHIO,
€ro UMHUTATOpPy, OyIeT BKIIOUEH B aMOPMHBIA OKCHUI IIUPKO-
Hug. [Ipy MMMOOGHIN3AIUN BEICOKOTOKCUYHBIX PaIMOHYKIIH-
IIOB B MaTpUIly OKCHAA LIMPKOHUS BKIIFOYSHUE aMEPULIUSI MO-
SKET IIPOXOIUTH MpU Gojlee HU3KMX TeMItepaTypax (300—400 °C)
B aMOp®HBIN OKCUIT IIUPKOHUS, YeM TIPU TPAAUITIOHHO U3BECT-
HOM (bOPMHPOBAHUM TBEPAOrO pacTBOpa OKCHUAA JIAaHTAaHOWAA
B OKCHIIE LIMPKOHUS IMPU KPUCTAIUTM3ALNM KyOmdecKol hasbl
(700 °C). YuursiBast BEICOKYIO TOKCUYHOCTD U JIETYYECTh OKCU-
JIOB aMEPUIINS, TTIOHIKEHIE TeMITePaTyphl €ro B3aMMOICSUCTBUS
¢ okcumoM 1mpKoHHud Ha 300 °C MOXeT 3HAYUTEIBHO IIOBBI-
CUTB HAJEKHOCTh UMMOOWIN3ALINY, YIYUYILIUTh 9KOJTOTMIECKYIO
0OCTaHOBKY M YMEHBIIIUTb PUCKU IS IIEPCOHAJIa Ha 3aBOXE MO
nepepaboTKe OTpaboTaBIIEro SASPHOrO TOIUIMBA.

BbiBoAabl

OcaloK TUAPOKCUIOB IMPKOHUS ¥ UTTPUS, TTOTYYEeHHBIN U3
CMecU pacTBOPOB COOTBETCTBYIOUIMX a30THOKMUCIIBIX COIEH
OCaKIeHNEeM TUAPOKCUIOM aMMOHMUS, IO JaHHBIM PEHTTEeHOB-
CKOro (ha3oBOro ¥ TePMOIpaBUMETPUUECKOro / muddepeHIIn-
QJIBHOTO TEPMUUYECKOTO aHAJIU30B SIBJISETCS CIIOXHBIM aMopd-
HBIM TUIPOKCUIOM, a He MX MEXaHUYECKOM CMechio. YCTaHOB-
JIEHO, YTO TepMoobpaboTKa B MHTepBajie Temmeparyp 60—400 °C
MIPUBOIUT K €ro TePMHUYESCKOMY pa3IOKeHUIo, 0Opa3oBaHUIO
npu 100 °C cnoxnoro okeuaa Zr;Y,0,, 1 hopMUpPOBaHUIO ITPU
400 °C amopdHoro okcuna uupkoHus. Kpucraammsaums amopd-
HOIO OKCHAAa LIMPKOHWS TPOXOOUT B WHTEPBAJIE TeMIIepaTyp
600—700 °C ¢ obpa3oBaHHEM TOJIBKO KyOMUecKol (a3bl, MMe-
oIllell pa3Mephl 00TacTell KOrepeHTHOro paccedHusd 17 £ 2 HM.

[1poBeneHHBIN KOMILUIEKC MCCIAOBAaHU ITO3BOJINII YCTaHO-
BUTh, YTO C TOBBIIICHUEM TEeMIIepaTyphl TepMoobpaboTKu
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CJIOKHOTO aMOP(MHOIo THAPOKCHUIA LINPKOHMS, UTTPUS U €BPO-
s 3BOMIOINS (Ha30BOro cocTaBa MPOXOMUT IO CIISAYIOLISH
cxeme:

100°C
cinoxHei amopodueii Zr(Y,Eu)(OH), , —

100-400°C
amopoueni Zr(Y,Eu)(OH), , +~ n-Zr3Y4OI2* —>

, 600-700°C
amopdHsbIit Zr(Y,Eu) 02,y+ n-Zr;Y,0, RN

n-Ky6-(Zry 375 Y0,064E0,061) 01,937

(n — HaHOpa3MepHas dasza, * — mpeamnonaraeMas dasa).

[IpoBeneHHBIE McCIeMOBAHUS MO3BOJIWIN YCTAHOBUTD, YTO
PacTBOPUMOCTh OKCHUIA €BPOMUSI B aMOP(MHOM OKCHIE IIHMPKO-
HHS COCTAB/ISICT He MeHee 15 % Mac., a oKcuma UTTPUsS — 3Ha-
yuTeIbHO MeHbIne 10 % Mac. DTu JaHHBIE YTOYHSIOT HU3KO-
TeMIlepaTypHbIe OOJJaCTU AUATPAMMBI COCTOSHUS CUCTEMBI
Zr0,—Y,0;,—Eu,0;.

Hcnonb3oBaHre eBpoMyst, KaK UMUTATOPa aMEPULINS, CO3AAET
0OBEKTUBHBIC TIPEATIOCHUIKY /I BKITFOYSHUS TOKCUYHBIX U JIe-
TYYUX OKCHUIOB aMEPUIIUS B aMOP(HBIN OKCHUI LIMPKOHUS MpPU
Ttemrreparypax Ha 300 °C HiKe, 4eM IIpU TPATULIOHHO U3BECT-
HOM (hOPMHUPOBAHUU KYOMYECKOro TBEpIOro pacTtBopa. Peamu-
3aLMS 3TOTO MOXET CYIIECTBEHHO YJIYUILIUTH 3KOJIOTUYECKYIO
00CTaHOBKY, YMEHBIINUTh PUCKH UIS TIepcOHaIa SIISPHOrO TOI-
JIMBHOTO IWKJIa YKPaWHBI HA TIPEAIIoIaraéMOM 3aBOJIe T10 Tiepe-
paboTKe OTpabGoTaBIIIErO SNEPHOrO TOILIMBA U TTOBBICUTh HAJEK-
HOCTh IMMOOMIM3ALIMK BEICOKOAKTUBHBIX 0TXOmoB ADC.
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B. |. boropag, T. B. JInTBMHCbKA,
A. B. HocoBcbkuit, O. €. Tpogimora

ZlepXxaBHui HayKOBO-TEXHINHAN LIEHTD
3 AepHoI Ta pafiauiviHoi 6e3rneku

3arasibHi Nigxoau

[0 PO3POodKK NMporpamMmm
pagjauiiHoOro 3axmcTy
NPy NepeBeE3EHHI
PAOI0aKTVBHUX MaTepianiB

lpeacraBjieHO pe3ysibTaryd HayKoBO-AOC/HAiAHOI po6oTu,
BUKOHaHOI axiBusimu [lepXXaBHOro HayKoOBO-TEXHIYHOIO LI€HT-
Py 3 SAepHOI Ta pafialitiHoi 6e3rieky Ha 3aMoBJieHHS [lepxaB-
HOIro KOMITETY SAepPHOro peryoBaHHs Ykpainn. Po3rsgHyTo
CTPRYKTYPY Ta OCHOBHI BUMOIH [10 PO3POOGKU MporpaM pasiallii-
HOIo 3axUCTy Npu NnepeBe3eHHI palioakTUBHUX MaTepiaiB, 1o
6a3yrTbCs Ha HOPMaTUBHUX [JOKYMEHTax YKkpaiHu Ta pekoMeH-
aauisx MATATE.

B. WN. boropan, T. B. JIntenHckas, A. B. HocoBckni,
E. E. Tpodumora

OcHOBHbIe Nogxoan K paspaGoTKe NporpamMmMbl paauauyoH-
HOI 3alUMTLI NPY NepeBo3ke paanoakTMBHbLIX MaTepuanos

lpencraBiaeHbl pe3y/ibTaThi HAY4YHO-UCC/e00BaTe/IbCKOMi
paboThl, BhIMNOJHEHHONU crieynanuctamu [ocyaapcTBeHHOro
Hay4YHO-TEeXHUYECKOIro LIeHTpa o SIAePHOM Y paanatioHHOU 6e3-
onacHoCTy o 3akasy [ocyaapCcTBEHHOro KoMuTeTa SAepHOro
perynupoBaHus YkpauHbl. PaccMoTpeHbl CTPYKTYpa M OCHOB-
Hble TpeboBaHus K pa3paboTke nporpaMm paanalnoHHod 3a-
LTI TPY TepeBo3Ke PaanoakTUBHbBIX MaTepnasioB, 6a3upyro-
Lecss Ha HopMaTUBHbIX JOKYMEHTaxX YkpauvHbl i peKoMeHaa-
umsax MATATS.

Aodepna ma padiayiuna 6esneca 2.2009

rigHo 3 BuMoramu [1paBuit 6e3reyHoro nepeBe3eHHs

pamioakTuBHUX MatepianiB (ITBITPM-2006) [1], mis

repeBe3eHHs pafioakTuBHUX MatepiaiiB (PM) mae

oytu pospobiieHa [Iporpama pamiamiiiHOro 3axmcTy

(ITP3), sixa mepenbavae xapakTep i maciutabu 3a-
XOZIiB 11010 pajiallifHOro 3aXUCTY TIepCOHaly, SIKUii 6epe yJacTb
y MepeBe3eHHi, Ta HaceJeHHs, KOTpe MOXe IepedyBaTu B 30Hi
panmionoriuHoro BIuBY PM, 110 MimisraioTh IepeBe3eHHIO.
Xapakrep i Macitabu 3axomiB, rependauyBanux y [1P3, 3ane-
KaTUMYTh Bil BEJIUYMHU Ta UMOBIPHOCTI ONMPOMiIHEHHS i Bpa-
XOBYBaTUMYTbh BUMOTH, BUKiaaeHi B [IBITPM.

Bumoru no INP3 npu nepeseseHHi PM (mani — Bumorn)
MalTb OyTU MiArOTOBJIEHI 3TiAHO 3 BUMOTaMM JTOKYMEHTa
IIBITPM-2006, sikuii y cBOIO uepry po3poobseHo B pamkax [1po-
rpamu iHTerpaiiii Ykpainu go €sponeiicbkoro Cotosy. Lls ripo-
rpama cxBajieHa Ykaszom [lIpesuneHrta Ykpainu Bin 14 BepecHsi
2000 p. Ne 1072, 3i 3MiHaMu, 1110 BHECEHi BiJMOBIIHO 10 3a-
KOHiB YKkpainu “IIpo BUKOpUCTaHHS sIIEpHOI eHeprii Ta pajia-
HiiHy 6e3nexky” [2], “Ilpo 3axucT JHOAMHU Bill BIUIMBY iOHi3yIO-
yoro BUNpoMiHtoBaHHs” 3], BuMor JlepxkaBHUX TirieHiYHUX HOP-
MatuBiB “Hopwmu panianiiiHoi 6e3neku Ykpainu (HPBY-97)” [4],
ta OCHOBHUM CaHiTapHUM TIpaBuIaM 3a0e3revYeHHsT pasialliii-
Hoi Oe3neku Ykpainu [5].

Bumoru B 1ijiomy BiANoBigal0Th KEpiBHULITBAM 3 Oe3MeKU
MATATE [6—9].

Bumoru no I1P3 npu nepesesenHi PM matoth 3a6e3neuyBa-
TH JOTPUMAHHS J030BMX MeX 3rimHo 3 “IlpaBunamu sinepHoi
Ta pagiaiiiiHoi 6e3meKu Mpu MepeBe3eHHI palioaKTUBHUX Ma-
tepianiB” (ITBITPM-2006) Ta piBeHb pamialiitHo1 6e3MeKu, Ipu
SIKOMY 3aXHMCT i Oe3reKa ONnTUMi30BaHi TAKMM UMHOM, 11100 Be-
JIMUMHA iHAMBIyaIbHUX 103, YUCIIO OCi0, SIKi TiIIaoThest OTIpo-
MiHEHHIO, ¥ iIMOBIpHICTh ONMPOMIHEHHSI YTPUMYBAJINCSI Ha PO-
3YMHO JOCSDKHOMY HM3bKOMY PiBHI 3 ypaxyBaHHSIM €KOHOMiY-
HUX i couliaqbHUX (PakTOpiB, Yy pamMKax OOMEXeHHs, sSIKe 3BO-
IUTHCSI O TOTO, 1110 M03U, SIKi OTPUMYIOTh OKpeMi ocolwu,
MMiANagaoTh i Ail0 TPAHUYHUX 103,

I1P3 po3polbiisieThesl 3 ypaxyBaHHSIM YCiX CKJIaTOBUX KOXK-
HOTO TepeBe3eHHs (IMiAroToBKa, 3aBaHTaXXEHHSI, BiJIpaBJIeH-
HsI, TPAHCIIOPTYBaHHSI, BKJIIOYAIOUYM TpaH3UTHE 30epiraHHs,
pO3BaHTaXXEHHs i MpUIIMaHHS B KiHIIEBOMY IMYHKTi TNpU3Ha-
YEHHsI pajlioakKTUBHUX MaTepianiB) PM aBToMOoOiIbHUM, 3a1i3-
HUYHUM, MOPCbKUM, PiUKOBUM Ta aBiallilHUM TPaHCIIOPTOM,
y TOMY YHMCJIi TIepeBe3€eHb, MOB’SI3aHUX 3 BUKOPUCTAHHSM pajlio-
aKTUBHOrO Matepiajay, i BXOAUTHU 10 CUCTEMU JOKYMEHTIB i3
3a0e3MevyeHHsI IKOCTi rnepeBe3eHb PM, ajie TakoxX Moxe 3a-
CTOCOBYBATUCH SIK CAMOCTIHUI TOKYMEHT He3aJIe>KHO Bil Ha-
SIBHOCTI a00 BiJICYyTHOCTI cucTteMu 3a0e3IMeueHHs SIKiCTi.

VY pasi 3nilicHeHHs niepeBe3eHHss PM KinbkoMa mignpuem-
CTBaMU KOXHeE 3 HUX po3poouisie cBoto [1P3, y skiii HamexxHUM
YMHOM BU3HauaeTbes cepa ii aii. Koxna I1P3 BpaxoBye cTpyk-
Typy HiAIIPUEMCTBA, OCOOJMBOCTI HisUTLHOCTI IIPpU MepeBe3eHHI
PM Ta B3aeMofito 3 iHIIMMU OpraHisalisiMM-y4acHUKaMu Tie-
peBeseHHs1 PM. BinnosiganbHicTs 3a porpumanHsi [1P3 nipu
Bcix ornepailisix 3 PM i yMoBax ix nepeBe3eHHSI HECYTh KepiB-
HUKW OpraHiszailiii, siKi MaloTh BiJNOBiHi TTOBHOBaXXEHHSI.

Bumoru po cTpyktypunP3

I1P3 Mmae GyTH BiIMNOBIAHO CTPYKTYPOBAaHUM Ta CUCTEMAaTH-
30BaHUM IOKYMEHTOM, PO3poOJIeHMM JlilleH3iaToM (oreparo-
poM), i MicTUTH B cobi MepetiK 3aX0iB, 110 3a0e3MeuyroTh KOH-
TPOJIb 32 AOTPUMAHHIM Ta BUKOHAHHSM HOPM i MpaBUJI pajia-
HifiHOI 6e3MeKu Mpy TpaHcIopTyBaHHI PM 3 GoKy opraHisairiif,
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KOTpi MpOBaIATh OiSTIbHICTb 3 MepeBe3eHHsT PM (ToGTo Gyib-
IKUX OpraHizamiif, gKi 3afiMaroTbCs MUTAHHSMH IIEPEBE3CHb,
B TOMY YHCJIi TTOCTAYaJIbHUKIB, ONEepKyBadiB BaHTaXy Ta Iepe-
BI3HUKIB).

Meroro I1P3 €:

TIPOBEIeHHS BCeOIYHOT0 aHai3y padialliftHUX PU3UKIB ITep-
COHAaJTy, HaceJIeHHS Ta HABKOJIUIIIHBOTO CEPEIOBUIIIA Bill BIUTMBY
1OHI3yIOUOro BUIIPOMIHIOBAaHHSI Ha BCiX eTarax IepeBe3eHHS
PM i posrmran ameKBaTHMX IM 3aXOMIB 3 pamialliffHOrO 3aXMCTY;

JMOCATHEHHS BITEBHEHOCTI, 1110 BIIPOBAIKeHa CHCTEMa pajia-
IIAHOTO 3aXUCTY afeKBATHO BUKOHYE CBOI (DYHKIIII IIIOIO 3aXHC-
Ty TIEpCOHAaJTy, HACeJIeHHS Ta HABKOJIUIIHBOIO CEPEIOBUIIA;

IOTpUMAaHHS 3 OOKY 0cib, sIKi 6epyTh y4acTh Y IepeBe3eHHI
PM, xynbTypu 6e3meku;

3a0e3MeueHHs TTPaKTUYHOIO BTIJICHHS BCIX 3aleKIapoBa-
HUX 3aXO[iB 3 pamialliifHOTO 3aXUCTY.

[TonoxeHHs Mpo opraHiszalifo pagialiifHOToO 3aXUCTY i KOH-
TpOIIO Tpu TiepeBe3eHHsX PM, mo HaBomsTtees B [1P3, mo-
KYTh BIAPI3HATHCS 32 CBOIM XapaKTepOM i 3MICTOM B 3aJIeK-
HOCTI BiJl BEJIMYMHU Ta BipOTiAHOCTI ompoMiHeHHs. Hampuk-
JTan, obcsAr pamialliffHOro KOHTPOJIIO TIepcoHaIy Mae OyTu 6es-
TIOCEPENHBO OB’ I3aHUI 3 PIBHAMHU PU3UKIB, 110 BUHUKAIOTH
mig Jac mepeBe3eHHs PM. Ckian ta 3mict I1P3 mig mepeBe-
3€HHS HEBEIMKOI KUTPKOCTI YITaKOBOK MOXE CYTTEBO BiIpi3HSI-
TUCS Bif ckiamy Ta 3micty [1P3 mig mepeBe3eHHS BeIMKOI
KimbkocTi PM, ane B o6ox Bunankax ITP3 moBuHHI OyTu Ha-
JISKHUM YMHOM OQOPMJICHI i OXOIUTIOBATH BCi acIeKTH pafia-
HiftHOI 6e3MeKu, OB’ I3aHi 3 TUM YU iHIIIKUM BUIOM IIepEeBE3eH-
Ha. [Ipy mpoMy B KoxkHoMmy Bumanky [1P3 mictuTh posrisnm
3BUYAHUX Ta HOPMaJIbHUX YMOB TI€pEeBE3€HHS i pO3IJIsI aBa-
PIHUX YMOB ITepEeBE3eHHS.

V I1P3 posmisimatoTbes BCi acleKTU TOrO YU IHIIOTO Tepe-
BE3eHHS, ajie TOJIOBHUI HArojIoC CJIif 3poOUTH Ha OIlepallisx,
11O CYITPOBOMKYIOThCS BUCOKUMHU PU3UKAMU OIPOMIHEHHS.
B mepury depry 1ie py4Hi omepallii 3 maKyBaHHS Ta OIepallil
3 TeXHiuHoro obcayroByBaHHsA. OTxe, Ie mo po3pobku I1P3
IIIT KOHKPETHOTO ITepeBe3eHHsT Tpeba BU3HAUUTH HANOGITBIIT
panianiiHo HebesreuHi orepawii 3 PM, a came omepatii, Io-
B’g3aHi a00 3 BUCOKMMU PiBHSAMM IHIUBIIYaTbHUX 103 OIPOM-
iHeHHs, abo 3 BUCOKOIO BIpPOTITHICTIO OIMPOMIHEHHST BEIMKOI
KIJTBKOCTI 0cib.

Pospobka [1P3 moBruHHA crimpaTrcs Ha KOMIUIEKCHUM CHC-
TEMHUM MiIXiJ 10 KOXHOTO MepeBe3eHHs, IOYNHAIOYN 3 BUGO-
py abo TMPOEeKTYBaHHS IaKeTiB, TPAHCIIOPTHUX YITaKOBOK a6o
TMaKyBaJIbHUX KOMIUIEKTIB, aHAIi3y PU3WKIB Ha BCIX eTarax Ire-
pPEBE3eHHS, aHaJi3y BUXIIHUX ITOAIN IJIg aBapiif, BKIIOYAIOUH
IOPOXHBO-TPAHCITOPTHI TTPUTOIU, TTOKapHy ToIIo. Y pasi, Koau
TepeBe3eHHS BiIOYBa€TbC 3a BXKe BIiANPAIlbOBAHOIO CXEMOIO,
y I[1P3 moTpi6HO BUCBITIUTHU TOCBI ITOMEPEIHIX ITepeBe3eHb i,
TP MOXJIMBOCTI, 3aIIPOITOHYBATH CXEMU ITONAJIBIIOI ONTHUMI-
3alii 3 ypaXyBaHHIM TaKMUX YMHHUKIB, 9K ITOSBa HOBUX pPH-
3WKiB, HOBUX TE€XHOJIOTI!, 3MiH 30BHIIITHHOIO OTOYEHHS TOIIO.

V I1P3 HeoOXigHO BimoOpa3sUTH TaKi BasKIMBI aCIIeKTH Ge3lle-
KU TIepeBe3eHb, IK pamiallifHU 3aXUCT IIPU TPAH3UTHOMY 306epi-
TaHHI, pafialliffHUA 3aXKUCT TIPK Ae3aKTUBALIil abo yTuIisarlii yma-
KOBOK TTiC/IST pO3MaKyBaHHS, paialliifHUl 3aXUCT MiI Yyac Tepe-
BaHTaXKeHb 3 OMHOIO BUAY TpaHCHOpTY Ha iHmmir. [1P3 mia mop-
CBKMX, PIYKOBHX Ta MOBITPSIHUX TIepeBe3eHb MAIOTh BPAXOBYBAaTH
ix cnenmdiky, KOTpa MoJIATa€ y BiporiJHOCTI B pa3i aBapil TOBHOI
BTpatH KoHTpomo Hax JIB Ta 3a1eXHOCT] Bix 30BHILIHIX YMOB
TIepeBe3eHHS (METEOPOIOTiYHA CUTYALlis Ta TIopa POKY).

V I1P3 omnmcyioThesd BCi 3aX0OM LIOAO 3a0e3leUeHHS padia-
IIHOro 3aXMUCTy MpalliBHUKIB mif Jac ImepeBe3cHHsI PM. Coix
MaTH Ha yBa3i, 1110 32 CBOIM HAIIOBHEHHSM IIi 3aXOAU MOXYTb

46

BIIPI3HATHCI IS Pi3HUX MHepeBe3eHb 3aJIKHO Bill BEIMYMHU
pamialiifHIX pU3UKIB.

3axonu 1momo 3abe3rneyeHHs pamiallifHOro 3aXUCTy MPH Me-
peBe3eHHI PM moBUHHI BpaxoBYBaTH BCi MOX/IUBI BUIU TPaHC-
TIOPTY, 3a OOIOMOIOIO SKOTO 3MiHCHIOBATUMETbCS KOHKPETHE
TepeBe3eHH I, Moro akKTUYHUM CTaH Ta CIIeHUQIKY.

TIP3 mIg KOHKPETHOIO MepeBe3eHHS Ma€ po3pobIaTHCT
Ha OCHOBI TUITY, XapaKTepy Ta KiabkocTi PM, Bumy TpaHcmopTty-
BaHHS, TepeIiKy TPaHCIIOPTHUX OMepalliif, 1o 3MiliCHIOBATH-
MYThCS TIPM TPaHCIOPTYBaHHI, KITBKOCTI 0Ci0, 3aMHATHUX
y TPaHCIIOPTYBaHHI, MaciuTabiB Ta BipOTiZHOCTI OIpPOMiHEH-
HsI, TPUBAJIOCTI MepeBe3eHHs, 06CATy pydYHOI Mparli i T. iH.

OCHOBHUMM 3afadaMU y paMmkax ImigroroBku I1P3 e Taxki:

BCTaHOBJIICHHA obcary Ta 3micty [1P3 mis KoskHoro Iepe-
Be3eHHsa PM 3anexHo Bif IOB’SI3aHMX 3 HUM PU3MKIB Ha BCIX
ioro cramisx (IMaKyBaHHS, 3aBaHTAXXEHHS, TPaHCITOPTYBAaHHS,
TpaH3UTHe 30epiraHHs, pO3BaHTaXKEHHS, PO3MaKyBaHHS, Ie3-
aKTHUBALlis);

BCTaHOBJICHHS Ipafallil iHTepBa/IiB JO30BUX MEX Ta BiIIIO-
BITHUX JIJII KOKHOTO IHTepBajly 0OCATIB 3aXOMiB paIialliifHOTo
3aXUCTY;

BCTAHOBJICHHS PO3IIOAIY OOOB’gI3KiB Ta BIAOBIZAIBHOCTI
3a morpuManHg I1P3;

TIPOBEICHHI KBaIihiKOBAaHOI OIIIHKM 03 Ha BCIX eTamax
TepeBe3eHH, O0COOIMBO MpU BUKOHAHHI HeMeXaHi30BaHUX
oIrepalriii;

BCTAHOBJICHHSI KOHTPOJBHUX Ta aAMiHICTPATUBHUX PiBHIB
Oe3neKy 3a MPUHIIUIIOM ONTUMI3allii Ta BUMOTaMU HOPMAaTHB-
HUX JOKYMEHTIB 3 pamialliiffHol 6e3ITeKu;

BCTaHOBJICHHS 3aXOIiB LIIOJ0 ONTUMI3alil pamialliifHoro 3a-
XUCTY, TAKUX SIK PO3AUICHHS, eKpaHYBaHHS, 30HYBaHHS TOIIIO;

TUTAaHYBAaHHS 3aXO[iB aBapilfHOro pearyBaHHS;

HaBYaHHS Ta TPEHIHT IepcOHAay;

po3pobka posminy IIporpamMu gxKocTi mpu opraHizailii 3a-
XO[IB pafialiiiHol 6e3eKy epeBe3eHb.

O6oB’sa3koBuit mogaTok no [1P3 — yek-ucT, 110 gae yaBy
Tpo TepesliKk MuTaHb, po3misHytux y I1P3, € enemeHTom ca-
MOTIEPEBIPKY i B KOHLIEHTPOBAHOMY BUIVISIAI TapaHTYE, 1IO:

I1P3 Mmae mokyMmeHTaJIbHE MiATBEPIKEHH 1 32 CBOIM 00cH-
TOM BIIIOBIJA€ pafiallifHUM pU3UKaM, MOB’SI3aHUM 3 KOHK-
PETHUM IIepeBe3eHHIM PM;

OIITUMI3allil0 pafiallifHOro 3aXUCTy BUKOHAHO 32 MPUHIIU-
TIOM PO3YMHOI IOCTAaTHOCTI (IO3W IMOTOYHOrO Ta ITOTEHLIIHO-
TO OINPOMiHEHHS HACTUIBKW HU3bKi, HACKUIBKM LIBOTO MOXKHA
TOCSTTU 3 YpaxyBaHHST €EKOHOMIYHUX Ta COILiaIbHUX (haKTOPIB);

MpaliBHUKU, 3afiHATI y TepeBe3eHHI PM, MaroTh HeobXxi-
HY KBadidikallifo i mMoTpiGHUM YMHOM TpOoiHMOPMOBaHI;

iCHYe MeXaHi3M 3BOPOTHOTO 3B’43KY I BUKOPHCTAHHS Ha-
KOMWYEHHS JAOCBIAY;

iCHY€e cHCTeMa BHYTPIILIHIX IIepeBipOK AOTPUMAHHSI IIpa-
BUJI pafialiiiHol 6e3rmeKku.

[TinnpremcTBO, SIKe MMPOBANTD HisTbHICTD 3 epeBe3eHHS PM,
TIOBUHHO PO3pO0JISITH, BITPOBAKYBATH Ta CBOEYACHO TMepervIsana-
1 [1P3 y Bumagkax 3MiHM HOpMaTHUBHOI 6a3u, 110 perIaMeHTYE
1elt BUI AiSUTBHOCTI; CTPYKTYPH ITIAITPUEMCTBA; YMOB JTiLIeH3YBaHHS;
BUMOT PETY/IIOIOYMX OpPraHiB; BUMOI 3aMOBHUKIB POOIT.

Bumoru o amicty po3ainis NP3
[1P3 mae BKiIFOYATH TaKWi OPiEHTOBHUIM MEPETiK PO3MIiIIB.
“Cgbepa 3acmocysanns”. Hagaerbcs iHbopMallis Tpo MeTy

I1P3 Ta cdepy ii 3acTocyBaHHS; Mpo BUIYYeHHS 3i ckiiany [1P3
NEeIKUX PO3AUTIB 3 OOIPYHTYBAaHHSAM TMPUYUH IX BWIYYEHHS;

Aodepna ma padiayiuna 6esnexa 2.2009
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MOPSIIOK 3aTBepIKeHHs, HaOpaHHS YMHHOCTI Ta Teperysmy
T1P3; HOpMaTHBHI TOKYMEHTH, BUMOTU SKUX OyJIu BpaxoBaHi
npu po3po6bui [1P3. HaBonutkes mepenik TepMiHiB, BUSHAYEHB
Ta CKOPOYEHbB, SIKi MOTPeOYIOTh iX KOHKpPETH3allii Mg JaHOi
I1P3, 3 mocuiaHHSAM Ha BIAIOBIOHI DXepena (3aKOHOIABYI Ta
iHIIII HOPMaTUBHO-TIPaBOBI aKTH).

“SaeanvHi eidomocmi npo opearizayiro . HaBonarbes ropuany-
Ha Has3Ba MIOMIPUEMCTBA; Horo ampeca, BiIOMOCTI IIOAO JO3-
BOJIiB KOMIIETEHTHUX OpPraHiB Ha TIPOBEACHHS MisSTTBHOCTI y cde-
pi mepeBe3eHHs PM (3a ix HasgBHOCTI), Ha3Ba Ta HOMeP IO3BO-
JIy, KUM BHIAHWI, Ha Ky OiSUTBHICTb, TEPMIH [ii; BiZOMOCTI
npo GhYyHKIIOHYBAaHHS CUCTEMHU YITPABIIHHS SIKiCTIO ITiATPUEM-
CTBa B pasi HpH il HAIBHOCTI.

“Bionogioanvnicme ma nosnosaxceHna”. MicTuth iHpopMa-
1ilo Mmpo:

HaBeIeHy B nonatky no I1P3 opraHizaliiiiHy cTpyKTypy HiIIIprueM-
CTBa i Miclle B Wil CTPYKTYpi C/Iy>k0 pamialiifiHol 6e3MeKu;

KOHKPETHUX ITOCAMOBIIB, SIKi HECyTh BiAIIOBIIAIBHICTh 3a
BukoHaHHs [1P3, Ta cTpykTypHi Migpo3aiiu, fKi BUKOHYIOTh
pamiaifHUM KOHTPOJb POOOYMX MICIb Ta TO3UMETPUYHUMN
KOHTPOJIb TEPCOHATY;

BIAMOBIZAIBHICTD Ta TOBHOBAaXKEHHST TEPCOHATy 3a BUKO-
HaHHS TTpaBWJI pamialliifHol 6e3rneku npu repeBe3eHHi PM (Ha-
NAEThCS IMOCWIAHHS Ha TOKYMEHTHU, B IKUX BU3HAYEHO BiATIOBI-
IaJIbHICTh 1 MOBHOBAXXKEHHS, a came: MOcaloBi iHCTPYKIIii, ITo-
JIOKEHHS TIPO TIAPO3MAiIN, HaKa3u Ta iH.);

3a6e3redeHHs HeoOXiqHOI BHYTPILIHBOI Ta 30BHIIIIHBOI B3a€-
Mofii MiX yciMa ydacHUKaMu TiepeBe3eHHS PM s morpu-
ManHa [1P3;

BIAITOBITAIBHICTE 32 3a0e3IIeUeHHS Ta KOHTPOJIb pajialliii-
HoI 6e3I1eKH IpH MepeBe3eHHI PM.

OpranizanifiHa CTPYKTypa Ta 00OB’SI3KM MOBUHHI ITiATBEpP-
IKyBATU IIOBHOBAXKEHHS OCi0, BIAIIOBITAJBHUX 32 pamialliiiHy
GesIeKy IepcoHaIy Ta HaceJISHHS ITif Yyac repeBe3eHHsS PM.
Y ubomy posaini [TP3 060B’I3K0Be MOCWIaHHSA Ha HakKas Ipo
MpU3HaYeHHs oco0u, BiAMOBiTaIbHOI 3a BUKOHaHHs [1P3. Y Ha-
Kasi IMpo MpU3HAYeHHs 0CcOOM, BIiAIMOBIZATIbHOI 32 BUKOHAHHS
I1P3, BuU3HaYalOThCSI MOTO BIAMIOBITAJIBHICTh Ta OBHOBAXKEH-
HA 3a:

3a0e3MeueHHsT BIIPOBAKeHHSI, MiATPUMaHHS Ta BIOCKOHA-
nenna I1P3;

3BITYBaHHS Mepel BUIIUM KEPiBHUILITBOM MpPO (PYHKITIOHY-
BaHHs [1P3 i mpo moTpeby ii momimniueHHs;

B3a€EMOJIIO i3 30BHIIIHIMU CTOPOHAMM CTOCOBHO ITUTaHb,
OB’ s3aHUX 3 BUKOHaHH [1P3;

OpraHizallifo Ta IIPOBEASHHS BHYTPIIIHIX ayAUTIB OO
BukoHaHHs [1P3.

SAKio nmeBHa AiSUTBHICTD (OIepallis) BUKOHYEThCS 30BHIIII-
HIMHU IIOIPUEMCTBAMM, HEOOXiTHO HagaTH iHGOpPMAIIilo IIPO
BIAITOBIAAIBHICTD IIMX OPTaHi3allii 1moxo moTpuMaHHg [1P3, i3
0060B’SI3KOBUM BU3HAYECHHSIM KOHTPOJIIO 32 B3AEMOIIEIO Ta Y3-
TODKEHHSIM yCiX oImepalliif i yMOB IisSTbHOCTI, TTOB’SI3aHOI 3 epe-
Be3eHHAM PM. Bechb mepcoHas, 3ajyyeHHI IO TepeBEe3eHHS
PM, nmoBuHEH MaTH YiTKe pO3yMiHHS CBOIX BIACHUX OOOB’SI3KiB
no BigHoureHH:o 1o I1P3, a Takox 6yTH o3HaltfoMJIeHU 3 060-
B’SI3KAMHU 1HIIIOTO TIEpCOHATY B pa3i HeOOXiZHOCTI.

V 11boMy 3K pO3IOUTL CIiZl BUKJIACTY 3arajbHI il Oe3rneku Ta
TMPUHIIMITM ONTUMI3allii. 3ajeXHO Bil po3MipiB opraHisaiii Ta
IIMPOTH AiSITTBHOCTI 3 TepeBe3eHHsT PM KepiBHULITBOM OpraHi-
3amil Moxe 6ytu crBopeHo Komiter ALARA.

VY pasi, Koiu nepeBe3eHHS 3AiCHIOETbCS PISHUMU OpraHi-
3aLisIMU, B pO3[iJli BUKJIAAAI0ThCS TIPUHLIMITA PO3MOIITY BiaIo-
BITAJIBHOCTI MIiXK HUMHU 10 BITHOIIESHHIO A0 MpaBU Oe3IIeYHO-
ro nepeBe3eHHsd PM, BU3Ha4atOThCS Miclle KOXKHOI OpraHizalrii
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B [1P3, BigmoBizaabHI 0cobu Bil KOXKHOI OpraHisallii 3a JOTpH-
MaHHS ITPaBUJI padialliifHol 6e3MeKu, TPUHIIUIM CITiBPOOITHHII-
TBa 1 B3a€MOII 3 pafialliifHOTO 3aXUCTY MpalliBHUKIB. Bimmosi-
IAJIbHICTh 3a AOTPUMAHHS IIpaBWJI padialiiiHol Ge3lmeKu Bif
oprasisariii, 1o BiamoBigae 3a Ge3IeKy mepeBe3eHb (ab6o opraHi-
3amiit), TMOKJIaga€eThbesa Ha MpodeciifHO MiATOTOBICHUIN Tepco-
HaJ, IKUH Ma€ MOCBIAUYEHHS PO CKIaJaHHs eK3aMeHIB 3 pafia-
HifiHol Ge3reku KoMicii, BiAIOBIIHI ITpaBa KOTpill HejieroBaHo
HaJISKHUM YMHOM.

Mae GyTH YiTKO BIiCBITJIEHO PO3IOMJ Ta PiBEHb BiAMOBIi-
IAJTBHOCTI MK Pi3HUMH OpraHi3allisMM Ha BUITAJOK BiIXMJICH-
HS Bill YMOB HOPMAaJIbHOIO TTepeBe3eHHI abo aBapilfHUX CHUTY-
ariif, a caMe BU3HAYEeHO 0cCib, BIANOBITATBHUX 32 MPUAHATTS
PpIllIeHb Y pasi MOSBU HEIITATHUX YMOB ITepeBE3¢HHS, Ta OpraHi-
3allii, gKi TOBUHHI OYTH 3ay4eHi 0 JiKBigallii HacIiaKiB y pasi
CYTTEBUX MOPYIIEHb (HAITPUKIIAM, IIPOCUITaHHI ab0 MpOTiKaH-
Ha PM, Brpata KOHTpOIIO HaJ AXEPEIOM TOIIO).

Y po3nisii mponycyoThes MPUHIIAIY Ta MPOLEAYPH, 110 Ae-
MOHCTPYIOTh MPUXWIBHICTb POGITHUKIB i poGOTOMABIIB 10 BU-
KOHAHHS HOPM Ta MpaBWI pafialiifHoi 6e3neKu Ta J0TpUMaH-
HS KyJbTYpH Oe3MeKu (HampuKIIal, TIPUHIIUIT 3BOPOTHOTO 3B’S3-
Ky Y B3a€EMOBIIHOCHMHAX POBITHUK — pobOTOmaBELh — BiIIOBI-
IajbHa 3a pagialliiiHy Oe3rneky ocoba). B ocHOBI TaKMX MpoLeayp
i TIPUHIIUITIB MAIOTh JIEXKATH CIYKO0BI 000B’I3KM pPOOITHUKIB
Ta poboTomaBiiB. Bumucku 3i ciryxk060BuX 000B’I3KiB, fAKi Ie-
MOHCTPYIOTh ITPUXWIBHICTh YYACHUKIB TepeBe3eHb PM maHum
MpUHIMIIaM, MatoThk OyTH nipeactarieHi B [1P3. Tak camo mpo-
OUCYIOThCSI Ti 000B’I3KM KepiBHUIITBA OpraHisamiif, 1o
3IIMCHIOIOTh IlepeBe3eHHI PM, gKi TeMOHCTPYIOTh, IO caMe
KEPiBHUIITBO HECe BiNIOBIIAIBHICTD 3a HOTPUMAHHI HOPM Ta
MpaBWI pamialliffHol Oe3meku, Gpi3sMYHUN 3aXUCT, BIPOBAIKEH-
HS TIPUHLIMITY ONTUMI3aIlil i B TOMY YMCJIi 32 BUKOHAHHS JaHOI
IIporpammu.

“Ouinka ma onmumizauis 003 ”. MiCTUTB IBi TOJIOBHI CKJIAI0BI:

ToTnepenHill (TEOPETUYHUI) aHasli3 i OLIHKY 103, 1110 BKJTIO-
Yae po3paxyHOK 03 IOTEHIIAJbHOIO Ta MOTOYHOTO OIPOMi-
HEHHS TIepCOHAJIy Ta HACEJICHHS IS Pi3HUX YMOB IepeBe3eH-
HS Ha IMiJICTaBi aHaMI3y pagialiitHuX, saepHo-disnyHuX Ta disu-
KO-XiMiUHMX BiactuBocTelr PM, 1110 MatoTe OyTH TepeBe3eHi,
Ta 3aXMCHUX BJIACTHMBOCTEN MarepiajiB IMaKyBaJbHUX KOMII-
JIEKTIB i TPAaHCITIOPTHHUX MAKETIB AJIST Pi3HUX YMOB ITepEeBE3CHHS
3riggo 3 BuMoramu BITPM-2006;

METOIUKY OIIHKM J03 32 JAHUMHU PamiallifHOr0 MOHITOPUHTY
ITiJ] Yac MepeBe3eHHS 3 METOIO ITIATBEPIKEHHS Oro Ge3MeUHOCTi.

[1poBomsun TorepeHiil aHai3 i OIIHKY 103, CJIil Bpaxo-
BYBAaTU XapaKTepHi IUIT KOHKPETHOIO ITepeBe3eHHS OCOOIM-
BOCTI: THUITM TIaKyBaJIbHUX KOMILIEKTIB; aKTUBHICTh Ta pajio-
HYKTigHU# ckian PM; 3axucHi BIacTUBOCTI (T€pMETHYHICTB,
KoeillieHT MOMTMHAHHS PaJioaKTUBHOTO BUIIPOMIHIOBAHHS)
MaKyBAJIbHUX KOMITIEKTIB; palioaKTUBHE 3a0pyIHEHHS TTOBEPXHi
MaKyBaJIbHUX KOMIUICKTIB; Yac MepeBE3€HHS; YMOBHU Ta Yac
TPaH3UTHOro 30epiraHHs; TUIIM TPAHCIIOPTY; TPAaHCIOPTHO-
TEXHOJIOTIYHI omepallii; obcsaru pydHoi Iparii.

V I1P3 mae OyTu ommMcaHO OpraHi3allilo MOHITOPUHIY pO-
BGoYNX MicCIlb K e(DeKTUBHUM 3aXi 1100 YTPUMAaHHS 103 OIPO-
MiHEHHS TIepCOHAy HAa HAWHMKYOMY PO3YMHO IOCSIKHOMY
piBHI, 30KpeMa:

BUIOU, OOCAT Ta IEPiOAMYHICTD pamiallifHOro KOHTPOJIIO
poOOoYMX MiCIIb;

KOHTPOJIbHI Ta MOMYCTHUMI PiBHI Ha poOOYMX MIiCIIIX;

dopMy 3BITHOCTI;

MeTomuKu (a6o BiATOBIAHI MOCUIAHHS) MTPOBENESHHS BUMi-
PIOBaHb Ta PO3paxyHKy e(peKTUBHOI J03U MepcoHasy 3a JaHU-
MU BUMIpIOBAHb;
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TepeIiK Ta OCHOBHI XapaKTepUCTUKU 0OIaTHAHHS I PO~
BEICHHST BUMIpiB (TOYHICTb, €HEPreTUYHHUI Iiarma3oH, YMOBHU
3aCTOCYBaHHS TOIIIO);

JMOKYMEHTaJIbHe IATBepIKESHHS PO KaliOpyBaHHS Ta ITe-
peBipKy OOMagHAHHS, SKi 3MiACHIOBATUMYThCS BUMipIOBAHHS
B TEPMiHMU, MependadyeHi TeXHIYHUMU YMOBAMM €KCIUTyaTarlil
JIaHoro objagHaHHS;

IOKyMEHTAJbHE ITATBEPIKeHHS (haXoBOIl BiAMOBITHOCTIL
TIepCOHAITY, KU MPOBOAUTH BUMipIOBAHHS;

IHCTPYKIIii 1O MOPSIAKY IIPOBEASHHSI BUMIipPIOBaHb;

BUMOIH IO padialliifHol 6e3IeKu IepcoHaIy, IKUil IIpoBO-
JIUTh BHUMipIOBaHHS.

Bunu, obear Ta nmepionnyHICTh pamialliifHOro KOHTPOJTIO po-
Gourx Micllb MaroTh OyTH OOIpyHTOBaHI B okpeMiit Ilporpami
MOHITOPHUHTY, SIKa PO3pPOOJIIEThCS IS KOKHOIO IepeBE3eHHS.
J1o 060B’I3KOBUX BUIIB MOHITOPUHIY pOOOYMX MICIlb HAJIEKAaTh
BUMIPIOBaHHS TTOTYXHOCTI €KBiBaJIeHTHOI ab0 eKCIO3UIIIHOI
IO31 Ha poOOYMX MIiCIIIX.

V I1P3 ommmcyeThbes cucTeMa iHAUBIAYaIbHOIO JO3UMET P~
HOT'0 KOHTPOJTIO TIPalliBHUKIB, sIKi Oe3mocepeqHbO OepyTh y9acThb
y BUKOHaHHI omnepauiii 3 PM i yac mepeBeseHHs. g cucTte-
Ma Mae 3ag0BOJBHATH BUMoraM OCHOBHHUX CaHITapHUX Ipa-
BT 3a6e3MeyeHHsI paaiatiiiHoi 6esneku Yxpainu (OCITY-2006).
Ileit ommmc BKITIOYAE:

KOHTPOJIbHI Ta IOIYyCTUMI PiBHI 30BHIIITHBOIO OMpPOMIHEH-
HS Ta BHYTPILTHbOIO HAAXOMKEHHS PaXiOHYKIIIAIB (IKIIO TaKe
TOTEHILITHO MOXKJIMBO);

dopMy 3BITHOCTI;

MeTonuKu (abo BiAIOBIIHI TTOCUIaHHS) PO3PaXyHKY edek-
TUBHOI 103U 32 TaHUMM IHAWBIAYyaJIbBHOTO JO3UMETPUYHOTO KOH-
TPOJIIO;

TepesTiK Ta OCHOBHI XapaKTepUCTUKM iHAWBIIyaJIBHUX IO-
3UMETPIB, IXHIO TOYHICTh, CHEPreTUYHUM mialla30H, YMOBHU 3a-
CTOCYBaHHSI.

Jlo 060B’I3KOBUX BHUIIB KOHTPOJIIO HaJeXaThb BUMipIOBaH-
HS e(peKTUBHOI JO31 30BHIIIIHBOIO OIPOMiHeHHS. BrMiproBaHHS
e(EeKTUBHOI 1031 BHYTPIIITHHOI'O OMPOMIHEHHS € BUHATKOBUM
3aXOIOM TpPM BTPaTi TepPMETUYHOCTI OKPEMHUX YITAKOBOK abo
TMaKyBaJIbHUX KOMILIEKTIB. [Jl03UMETpH, 1110 BUKOPUCTOBYIOTHCS
IIJIST TIPOBENEHHS iHAMBIAYaIbHOTO TO3UMETPUYHOI'O KOHTPOJTIO,
MaroTh OYyTH 00IallTOBaHI 3BYKOBOIO CHUTHAJTI3AIli€ETO.

s KoHKpeTHoro TepeBe3eHHs B [1P3 Mae 6ytu HaBeneHa
MeTOIMKa Ta Pe3yJIbTaTU PaxXyHKIB ITOMNEPEIHBOI OLIIHKUA I03
30BHIIIHBOTO OIPOMIHEHHs POOITHUKIB. MeTonnKa ITOBHHHA
CIHUpaTHCTI Ha TaKi BUXITHI JaHi:

TUIH, KaTeropii Ta TpaHCIIOPTHUH i1HAEKC YITaKOBOK, TPaHC-
TIOPTHUX TaKeTiB, MaKyBaJIbHUX KOMIUIEKTIB, 1110 3aCTOCOBYBa-
TUMYTBCS TIPHU TIepPEeBe3CHHI;

yac IepeOyBaHHA MEepCcOHAy ITiJ BIJIMBOM iOHI3YyIOYOro
BUIIPOMIHIOBAaHHS B pa3i BUKOPUCTAHHS PY4YHOI IIpalli;

BiZIcTaHb, Ha fKili MepebyBae IepcoHal, IO YIaKOBOK,
TPaAHCIIOPTHHX TaKeTiB ab0 MaKyBaJbHUX KOMIUIEKTIB I Yac
TepeBE3eHHS;

TOTYXHICTh 03U Ha TMOBEPXHI YIIAaKOBOK, TPAHCIIOPTHUX
TIakKeTiB a00 IMaKyBaJIbHUX KOMIDICKTIB Ta Ha Bigctani 10 Ta
100 cM Bim TTOBEpXHI;

XapaKTEePUCTUKU OiOJIOTIYHOTO 3aXUCTY;

KOHTPOJIbHI Ta JOMYCTUMIi PiBHI MOTYKHOCTI JO3U Ha IIO-
BEpXHI YITAKOBOK, TPAaHCIIOPTHUX ITaKeTiB abo IMaKyBaJbHUX
KOMIUIEKTIB Ta Ha BigcTaHi 10 Ta 100 c¢M Bim moBepxHi.

I1P3 mpu mepeBe3eHHi PM Mae BKiIIoyaTu B cebe Mpoliemy-
PU TIepeTvIsAny MOJIOXKEHb 00 paAialliifHOro KOHTPOJTIO, SIKIIO
i yac MepeBe3eHHs 3MIHIOEThCS TPAHCIIOPTHUM iHAESKC yra-
KOBOK, TPaHCIIOPTHUX ITaKeTiB ab0 MaKyBaJbHUX KOMIUICKTIB.
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V pasi, Ko yMOBU TIepeBe3€HHS MOBTOPIOIOTHCS, MOXKHA
BUKOPHUCTOBYBATH ITOHATTS TPAHCIIOPTHOIO iHOEKCY s 00-
I'PYHTYBAHHS KiJIbKOCTI YITAKOBOK, $IKi MOXYTh OYTU IIepeBe-
3€Hi 32 YMOBU HeIEePEBUILICHHS 03U OIIPOMIHEHHS pOGITHUKIB
1 M3B/piK TIpU 3acTOCyBaHHI PyYHOI ITpalli.

s koHKpeTHOro mepeBe3eHHs B [1P3 HaBomsThess MeTo-
IMKa OIIIHKM 03 30BHIIIHBOI'O ONPOMIHEHHS POOITHUKIB 3a
NaHUMU IHAWBITYaJIbHOT'O JO3UMETPUYHOIO KOHTPOITIO 3aIeXK-
HO BII TUINY Ta IHAWBIAYaJbHUX BJIACTUBOCTSH HETEKTOPIB
3 ypaxXyBaHHSIM MICIIb iX pO3TallyBaHHS Ha Tl pobiTHMKa Ta
METOAVKA OLIHKHU J03 BHYTPIIIIHBOI'O OIIPOMIHEHHS (IKIIIO TaKe
MOXe MaTH Micile) poOITHUKIB 32 HJaHUMM iHAWBIAYaJIbHOTO
IO3UMETPUYHOIO KOHTPOJIIO BHYTPILITHBOIO HAIXOMXKEHHS pa-
NIOHYKJIIIB 10 OKPEMUX OPraHiB IIJISIXOM BUMIpIB Ha JIIYNIIb-
HUKY BUNpoMiHIioBaHHs monuHu (JIBJI) a6o 3a momomororo
aHaJTi3y BUMipioBaHHA 6ionpo6. Ha erami minroroBku I1P3 mae
OyTH MPOBENEHO aHaJIi3 TePMETUYHOCTI YITaKOBOK, arperaTHo-
ro ctany PM Ta MoX/ImBOCTI iX BUTOKY. Y BUITaKy, KOJIM iCHY€E
TOTEHIIITHa MOX/IUBICTh BUTOKY PM Ta 3a6pymHeHHST HaBKO-
JIMIITHBOTO TTOBITPS, CIIiI MPOBECTU OLIHKY 103 BHYTPIIIHBOTO
OIPOMIHEHHS POBITHUKIB 3 ypaxyBaHHAM TaKUX BUXIIHUX Ja-
HUX: paioOHYKJTITHOTO CKJIaay Ta MUTOMOI aKTUBHOCTI ITOBITPS
B 30HI MpOBEAeHHS pobiIT; eheKTUBHOCTI iHAUBIAYaTbHUX 3a-
cobiB 3aXMCTy OpraHiB OTUXaHH; Yyacy IepeOyBaHHS ITepCOHa-
JIy B 30Hi MPOBEACHHS pOOIT.

VY TIP3 cig BCTAaHOBUTH IIEPiOAM OIIHKU 103 ab0 pe3yiib-
TATiB MOHITOPHMHTIY, IIIO MOB’I3aHi 3 OIPAIlIOBAHHSIM IIOKa3aHb
no3uMeTpiB a6o Ilporpamoro Binbopy mpob. PeecTpaiiiini 3a-
MUCU O3U I OKPEMHUX OCi0 3MmiMiCHIOIOThCS Tak, 1100 MO3H,
OTpUMaHi Ha KOXXHOMY TEpiofli CITOCTepekeHb, MOITIN OyTH iIeH-
TU}IKOBaHI po3aiIbHO. PeecTpallii ITOBMHHI IIIAraTi BCi IO-
30Bi HaBaHTaXKeHHs, IKi MOKYTh IIPU3BECTH, 3 YpaXyBaHHS 4acy
OTNPOMIHEHHS, 10 piyHOI edeKTUBHOI n03u, Oinbioi 3a 0,1 3B.

JI71sT KOHKPETHOrO IMEepeBe3eHHS (BKIIOYAIOUM YITaKOBKY,
3aBaHTAXEHHS Ta YKJIAAKYy, TPAaHCIIOPTYBaHHS, PO3BaHTaKeH-
Hs, PO3MaKOBKY Ta Ae3aktuBaillito) [1P3 mae micTutu posmin,
B IKOMY OITHCYIOThCSI KOHKPETHI IIPOLEAYPU 3 OITUMI3allil 03
onpoMiHeHHs. Li mpoienypu MaroTh OyTH CIIPIMOBaHI Ha 3HU-
JKEHHS 103 OINPOMIHEHHS IO PO3YMHO MPUNHSATHOIO pPiBHS
1 BKJTIOYATH B ceOe pO3IVIAN TaKUX 3aXOMiB:

OIEepaTUBHOIO KOHTPOIIO 3a padialliifHOIO 06CTaHOBKOIO
B MiCLIIX IIPOBENEHHS poOiT;

0OMEXEHHS HOCTYIY B MiCII 3 BUCOKUM MOKA3HUKOM I10-
TY>KHOCTI eKCITO3UIIIIHOI 03U,

BUOOpY ONTHUMAJIBHOTO TpadiKy BUKOHAHHS pobiT 3 yma-
KOBKWU, 3aBaHTaXXSHHS Ta YKJIaAKU, TPAHCIIOPTYBaHHS, pO3BaH-
TaXeHHs, PO3MAaKOBKM Ta ME3aKTUBALIIi;

BUKOPHUCTAHHS MEXaHI3MiB IJIs TiAMOMY Ta MepeMillleHHS
BaHTaXIB;

BUKOPHCTaHHS OiOJOTIYHOrO 3aXUCTY;

BUKOPUCTAHHA 3ac00iB iHAMBIAYaJIBHOTO 3aXUCTY (pecIipa-
TOpHU, OKYJISIPU, 3aXUCHI KOCTIOMH, 3aXMCHI KOMILICKTH);

BUOOpPY Ge3MeYHNX MAPIIPYTIB Ta IIOTOIHUX YMOB JUTS TPaHC-
TOPTYBAHHS.

Ileperix 3axomiB 3i 3HMKEHHS IHIUBIAYaJIbHUX 03 OIIPOMi-
HEHHs, IX OOrpYHTYBaHHs Ta €(peKTUBHICTh MalOTh OYTU Bim00-
paxeni B [1P3 pa3zoM 3 BigoOpaskeHHIM BUKOPUCTAHHS ITPUH-
LIUITY 3BOPOTHOTO 3B’SI3KY SK OJHOIO 3 e(MEKTUBHUX 3aXOIiB
OIITMMI3aIlil Ha OCHOBI aHAJIi3y 3BITHUX JOKYMEHTIB ITOIIePEIHIX
TepeBe3eHb, CLICHApIiB PO3BUTKY aBapiit abo iHIMAEHTIB, IO
BXXe MaJIu MicIIe.

“Padiayitinuti MOHImMopUHe N08EPXHe8020 padioaKk MUHo20 3a-
OPYOHEHHSA YNAaK 080K, MPAHCNOPMHUX NAKEemI8, NAKY8aANbHUX KOM-
naexkmie”. Tlomaerbeg Ilporpama pamialiffHOro MOHITOPHHTY

Aodepna ma padiayiuna 6esnexa 2.2009




3arajibHi MiIXOAU 10 PO3POOKU MPOTrpaMu PalliallitHOTO 3aXUCTy IPU MepeBe3eHHI PalioaKTUBHUX MaTepiajliB

PaioaKTUBHOIO 3a0pyIHEHHS TTOBEPXOHB YITAKOBOK, TPAHCITOPT-
HUX TaKeTiB, MaKyBaJIbHUX KOMILJIEKTIB, SIKa MiCTUTB:

CXeMy TPaHCHOPTYBaHHS Ta PO3ITOALT BiAITOBIIATBHOCTI 3a
MpPOBEICHHS paIialliifHOTO MOHITOPUHIY MIiX OpTaHi3alliIMU,
1o GepyTh y4acThb y MepeBE3eHHI BIATIOBIIHO IO CXeMHU TpaHC-
MOPTYBaHHS;

BUAY, OOCAT Ta TMEPiONUYHICTh pamialliifHOro KOHTPOJIIO Ta
IX OOI'pYHTYBAaHHS BUXOAIYU 3 CIIEHU(PIKM KOHKPETHOIO Iepe-
BE3eHHd 3 ypaxyBaHHAM pafialiffiHol oO6CTAaHOBKM B MicCIIIX
MaKyBaHHS Ta 3aBaHTAXEHHI;

KOHTPOJIbHI Ta JOMYyCTHUMi PiBHI paJioaKTHMBHOIO 3a0py-
HEHHS TTOBEPXOHb;

dopMy 3BITHOCTI;

METOIMKU TTPOBENECHHS BUMipIOBaHb;

MepeTiK Ta OCHOBHI XapaKTepUCTUKHU 0OIaTHAHHS IS ITpOo-
BEICHHS BUMipIOBaHb (TOYHICTh, €HEPTeTUYHUIN Hialla3oH,
YMOBH 3aCTOCYBaHHSI TOIIIO);

JMIOKYMEHTaJIbHe IMIATBEPIKeHHS IIPO KaibpoBKy Ta Mepe-
BipKy OOJIaTHAHHS B TEPMiHHU, TepeadadeHi TEXHIYHUMU YMO-
BaMM eKCIUTyaTarlii;

IOKYMEHTaJbHE ITATBEPIKeHHS (paXoBOI BIAMOBIIHOCTI
TepPCOHATy, 10 MTPOBOAUTH BUMIPIOBAaHHS;

IHCTPYKIIl IO MPOBEACHHS BUMIipIOBAHb;

BHUMOTH [0 pamialliifHoi Oe3IeKu MepcoHaly, SKU MpoBO-
IIUTH BUMIipIOBaHHS.

o 060B’I3KOBUX HaJIeXaTh TaKi BUAW padiallifHOTO MOHi-
TOPUHTY:

BUMIipPIOBaHHS TTOTYXKHOCTI €KBiBaJICHTHOI a00 eKCITO3UIIiii-
HOI 03U BiI BiZKPUTOI IMOBEpPXHi YIaKOBOK Ta (abo) TpaHC-
TIOPTHUX ITaKETiB;

BHMIpIOBAHHS 1IIJIBHOCTI ITOTOKY [3 - abo o -4acTUHOK Bif
BIIKPUTOI TTOBEPXHi YIaKOBOK Ta (a00) TpaHCIIOPTHUX IaKeTiB
B 3aJISXKHOCTI Big tuiry PM;

BUMIPIOBAHHS IOBEPXHEBOI0 He(iKCOBAHOIO 3a0pymHEH-
HS BiJl BIIKPUTOI TTIOBEPXHI YIAKOBOK Ta (ab0) TpaHCIIOPTHUX
MakeTiB (MaloTh MPOBOAUTHCS Y BUIIAIKY, Ko PM mepeBo-
39ThCA Y Ta30MOMiOHIN abo pigKiit dopmi).

KinbKicTh TOYOK KOHTPOJIIO TT0 KOKHOMY 3 TTapaMeTpiB I
KOXHOTO 3 BUIIB KOHTPOJIIO BU3HAYAETHCS BUXOOSIUM 3 TaKUX
dakTopiB, IK po3Mip BIIKPUTOI MOBEPXHI YIIaKOBOK ab0 TpaHC-
TMOPTHUX MaKeTiB; cymMapHa IOXuOKa BUMIipIOBaHb; BEIMYMHA
KOHTPOJIBHOTO Ta JOIYCTUMOIO PiBHSI.

[lepiognyHicTh KOHTPOJKO Ma€ BPaxOBYBaTH KiJIbKicTh
opraHisalliif, BiITIOBiTaJbHUX 3a Ge3reKy IepeBe3eHHA. HoBi
BUMIipIOBaHHS MaloTh BigOyBaTHcs P KOXKHIM 3MiHI oprasi-
3allii, SKa Hece BIiMMOBIIAIbHICTh 3a OE3MeKy MepeBe3eHHS.

“Pozdinenns ma iHwi 3axucHi 3axoou”. MaioTb OyTU BU3Ha-
YyeHi MiHIMa/JIbHI BifcTaHI MiX 06’€KTaMM, IO 3HAXOAATHCS
B CTaHi IepeBe3eHHs a00 TpaH3UTHOro 30epiraHHsI, Ta MicCLisd-
MU TTepebyBaHHS TepcoHany abo HaceleHHs. Ilpu KoHcepBa-
TUBHUX MOJEIBHUX MapaMeTpax piyHa J03a OIPOMIHEHHS ITep-
COHaJTy He MOBMHHA TIePEeBUIILYBATH AJIs KaTeropii A 5 M3B, Iy
Kareropii b— 2 M3B, a piyHa 032 ONMpPOMiHEHHS HaceJIeH-
Ha — 1 wM3B. [lpu BusHaueHi MiHIMaJIbHOI BiIcTaHi cj1ig Bpa-
XOBYBATH TaKi HaKTopu:

MaKCHUMAaJIbHO MOKJIMBUIM Yac TepeCyBaHHA ITepcoHaay abo
HaceJIeHHS Ha MiHIMaJIbHIM BifcTaHi Bim 00’€KTiB, IIIO 3HAXO-
IAThCSI B CTaHi ITepeBe3eHHs abo TPpaH3UTHOIO 30epiraHHS;

MOTYKHICTh O3 Ha MiHIMaJIbHIM BifcTaHi Bif 06’€KTiB, IO
3HAXOIAThCI B CTaHI MepeBe3eHH ab60 TPaH3UTHOrO 30epiraHHI;

HOoBepXHeBe 3a0pymHeHHs 00’€KTiB, IO 3HAXOOITHCS
B CTaHI IIepeBe3eHHS a00 TPaH3UTHOTO 30epiraHHSI;

IHTEHCUBHICTh BUTOKY a00 pO3CISHHS palioaKTUBHUX Ma-
TepiajliB 3a MeXi YITaKOBOK YW TPaHCIIOPTHUX ITaKETIB;
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METEOPOIOTIYHI YNHHUKH, TaKi SK IIBUIKICTh BITPY Ta 3Ha-
YEeHHS MapaMeTpy aTMochepHOl cTabiTbHOCTI.

V po3mini HaBoAThC 3aCTepesKeHHS Ta peKOMEHIAIII 100
VHUKHEHHS HEBUIIPABIAHOTIO OMPOMIHEHHS 3a PaXyHOK CKO-
pOYEHHS yacy rnepebyBaHHS MepcoHany abo ocib 3 kareropii B,
JIKi epebyBaroTh y Ge3mocepeaHiit GIM3bKOCTI Bil TOYOK PO3-
tamryBaHHg PM 1mig yac IXHBOro IepeBe3eHHS a00 TpaH3UTHO-
ro 36epiranHs. [Ii 3acTepexXeHHS B OCHOBHOMY MalOTh CTOCY-
BaTUCS TUX Oif a6o poliT, JKi MOXXHA BUKOHATU Ha BIImasIi Bif
Micib postamryBaHHs PM 1minm yac mepeBe3eHHs ab0 TpaH3WT-
Horo 36epiraHHg a60 3a IXHBOI BiICYTHOCTI (HAIIpUKIIaI, 0hop-
MJIEHHS 3aIliCiB, OOCIYyroBYBaHHS TIaTdOpM, 3ajli3HUYHUX
KOJIi#, 3aIpaBKa aBTOMOOIIIB).

Konu moTyskHicTh 1031 Ha pobGOoYnX MicIIIX HaOIMKAEThCS
o gomycTuMux piBHIB, y TIP3 ciim BkIounTH Taki 3aXxvcHi
3aX0IH, SIK BUKOPUCTAHHS JOAATKOBOIO OiOIOTIYHOIO 3aXUCTY
Ta YKPUTTA (HAIIPUKJIAI, TOTATKOBUI GiONOTIYHUN 3aXUCT BO-
IlisT aBTOTPaHCITOPTY abo chelliaJibHe OOJaIlITyBaHHS MicCIlb
BIATIOUMHKY TIEPCOHAITY).

V pa3i BUHUKHEHHS HeOOXiTHOCTI TPaH3UTHOTO 30epiraHHI
PM npu nepeBe3eHHsIX, ¢J1ifi HABECTU AOJATKOBI 3axoau (izny-
Horo 3axucty PM, gki 6 rapaHTyBaJI HEMOSKIMBICTb TTPOHUK-
HEHHs CTOPOHHIX 0Ci® B Micllsl TPAaH3UTHOIO 30GepiraHHS.

J71s1 KOSKHOTO TIepeBe3eHHsI MaloTh OYyTH BU3HAUEHi 30HU CIIO-
CTepeXeHHS Ta KOHTPOJIbOBaHA 30HA. [0 KOHTPOIbOBAHOI 30HU
BiIHOCATBCA ab0 MPUMIILEHHSI Ha TPaHCIIOPTHUX 3acobax 3 PM
TUMYacOBOro 30epiraHHs, a6o TepuTopil HaBKOJIO 00’€KTIB, 1110
3HAXOAATBCS B CTaHi IepeBe3eHHs, a0 caMi TPaHCIIOPTHI 3acO-
OM, VT IKUX BUMAraloTbes a60 MOXKYTb BUMATaTUCI KOHKPETHI
3aXOMIM 3aXUCTY Y Oe3MeKH /I opraHizaiii o608’ I3K0BOro iH/Iu-
BIIyaJJbHOTO JO3UMETPUYHOIO KOHTPOJIIO, 3amobiraHHsa abo 06-
MEXeHHST MaciTabiB MOTeHLIHOro ornpoMiHeHHs. KoHTpombo-
BaHi 30HM BHM3HAYAIOThCSI Ha (Pi3MYHOMY pPiBHI 32 JOIIOMOIOIO
TOIePeKYBAIbHUX 3HAKIB. BXim 10 KOHTpOIbOBaHOI 30HU (B pasi
HeoOXimHOCTI) Mae Oyt 3ab6e3leyeHMit BiOMOBIIHIUM 3acobaMu
IHIMBIAYaJIbHOIO 3aXMUCTY, a BUXiI — OOJagHAHHSIM IS MOHI-
TOPUHIY pafialliffHOro 3abpyIHEHHS TOBEPXHi LIKIPU Ta ONATY.

J71s1 KOXKHOTO TepeBe3eHHST BU3HAYAIOThCS TaKi 30HU CIIOCTe-
PeXEHHS, SIK TepuTopis HaBKojao PM, 110 3Haxomarbes B CTaHI
TIepeBe3eHHS, B SIKill J03a OMPOMIHEHHS ITepcOHaJTy Ta HaceleH-
HS 32 3BUYAMHUX YMOB IlepeBe3cHHI PM He mepeBUIIyBaTHME
1 M3B Ha piK (aje 103a MOTEHIIIHOTO OITPOMIHEHHST MOXe TIepe-
BUIIMTH 1 M3B Ha piK). Y 30HI CITOCTEPEKEHHS Ma€ BigOyBaTHCS
TepIOANYHUN MOHITOPUHT pamialiifiHoi o6ctaHoBku. Y T1P3 crix
HaBecTH [IporpamMy MOHITOPUHIY 30H CITOCTEPEKEHHS.

“Asapiitine peacysanna”. HaBomsaTbes aBapiiHUl TUlaH Ta
iHpopMAallisg, L0 MIATBEPIKYE aBapiiiHy TOTOBHICTH OpraHi-
3aIii, 3aiTHUX Y IepeBe3eHHI, 10 aBapill I Yyac IIepeBe3cH-
Ha PM, y Tomy umchni:

BIATOBIAAIBHICTD Ta TIOBHOBAXKEHHS YUACHUKIB TTepEeBE3EHb
PM 10 BigZHOIIEHHIO 4O aBapifHUX YMOB IIepESBE3C¢HHS;

MPOLIEAYPU OIOBIIIIEHHS BIiAMOBiTaJIbHUX OCi0 Ta oprai-
3aMil i iX mepeik;

3acO0M ONOBIIIIEHHST HACEICHHS;

PiBHI BTpY4YaHHS Ta Iill IIpU aBapisgx T 4ac MepeBe3eHHS;

CHCTeMa KPUTEPiiB MPUNAHATTA pilllcHb 3 BU3HAUCHHS BUIY
Ta Kjacy aBapii 3a MaciTabowm;

CIleHapil pO3BUTKY Ta BUXIAHI MOMmil HafOIIBII BipOTiTHMX
aBapiif, TaKUX K ITOXKeXa IMPU TPaHCIIOPTYBaHHI Ta TPaH3UT-
HOMY 30epiraHHi, 3iTKHEHHS TPaHCHOPTHUX 3aco0iB, IMamiHHI
KOHTelHepiB, BTpata PM;

CHCTeMa KPUTEPIiiB 3 MPUMHATTS PillleHb 100 BU3HAYCH-
HS HEBIIKJIATHWX KOHTP3aXOMiB Ta PIBHIB BTPYYaHHS 3TiTHO
3 HPBY-97;
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mepertiK 3acobiB pamiallifHOrO 3aXUCTYy, aJeKBaTHUN pU3U-
KaM, MOB’SI3aHUM 3 aBapifHUMMU YMOBaMU MEPEBE3EHH;

TIPOIIEYPY ITIAKITIOYSHHS METUYHUX CITyKO TTPY BUHUKHEHHI
Ge3mocepenHbOI 3aTpo3u IS KUTTS Ta 3M0POB’S HACEICHHS
abo mepcoHay.

“Hasuanna”. MicTuth iHGOpMaIilo PO OpraHisallilo Ha-
BYaHb IePCOHAITY, IKUM O6epe yuacTh Y ITepeBe3eHHSIX 10 TPhOX
HaIIpsSIMKAaX: 3arajibHi MMUTaHHS pamialliiHol 6e3MeKu; MUTaHHS
pamialrifiHol Oe3IeKu MpH IIepeBe3eHHX; pearyBaHHI Ha aBapil
npu nepeBeseHHsax PM. VY pamkax TIP3 maiore 6yTu po3pob-
neHi [lporpama HaBYaHB TOYaTKOBOro piBHsA Ta I[lporpama
KYpCiB IO IMiIBUILEHHIO KBaJjliikarlii.

Kypc HaBYaHb 10 3araJIbHUX IMMUTAHHAX pamiallifiHol 6e3me-
KM MICTUTB TaKi pO3Miax, IK: MPUPOAA iOHI3yFOUOTo BUIIPOMI-
HIOBaHHS;, PU3UKM, IOB’A3aHi 3 10HI3YIOUMM BUIIPOMIiHIOBAH-
HSIM; 3aXMCT BiJl 10Hi3yI0UOro BUIIPOMIHIOBAaHHSI; OCHOBHI IIPUH-
UITM paJiallifHOTO 3aXMCTY; MPWIANX padialliifHOro KOHTPO-
JTFO; HOPMU Ta TIpaBuJa.

Kypc HaBYaHP IO CIIeliaIbHUX MMMTAHHIX pamialiiiHol 6e3-
TIEKY TIpU TEPEBE3CHHAX Ma€ PO3KPUBATH CITeU(iUyHI MUTaH-
Hd, TIOB’gI3aHi i3 3a0e3IIeUeHHIM pamialliffHOro 3aXUCTy IIepco-
Hajly Ta HaceJIeHH ITiJl Yac IepeBe3eHb Y 3BUYATHUX YMOBaXx,
i MOXe OyTH OpiEHTOBAHMM Ha ITepeBe3eHHSI KOHKPETHUX YITa-
KOBOK, TPaHCITOPTHUX ITaKeTiB ab0 MaKyBaJbHUX KOMIUICKTIB.

Kypc HaByaHb 3 aBapilfHOro pearyBaHHS MpPU IepeBE3CH-
Hax PM Mae oxorumoBaTH Taki acIieKTU: piBHI BTPyYaHHS Ta
Ii#i Ipy aBapigx I Yac IIepeBe3eHHS; aBapilfHe OIPOMiHEHHS
TIEpCOHAJTy Ta HACEJICHHS; OIVISII CIIeHapiiB PO3BUTKY Ta BUXifI-
HUX TIOAIY Ha#BipoOTimHIIIMX aBapiii (Imoxkexka MpW TpaHCIIOp-
TyBaHHI Ta TpaH3UTHOMY PM; BUBYEHHI CUCTEeMM KPUTEpIiB
3 IPUUHSATTS pillleHb LIOA0 BU3HAUYCHHS HEBIIKIaTHUX KOHTP-
3aXO[iB Ta PiBHIB BTpy4YaHHs 3rigHo 3 HPBY-97; ormman mepe-
JIIKY iHAWBIAYaJIBHUX 3aCO0IB pamiallifHOro 3aXMCTy Y BUIIAIKY
aBapiif; MeIWYHI aceKTH aBapiiHOrO OIIPOMIHEHHS Ta 3aXOIU
1100 HaJZaHHS TEPMiHOBOI IOITOMOTH).

“Ilpoepama 3abe3neuennsa aKocmi opeanizayii padiauiiiHoeo
saxucmy”. et po3ain € ckimanoBoro [1P3 i Mae 3agoBOIBHAT
“BumoraM g0 IIporpam 3abe3nedyeHHs SIKOCTI IIpU IIepeBe3eHHI
pamioakKTUBHUX MaTepianiB” (Haka3 JlepskaBHOTO KOMITETY
SIEPHOTO Pery/IIoBaHH: YKpainu Big 25.07.2006 Ne 110) ta . 3.6
IlpaBun smepHol Ta paniauifiHol 6e3MeKu IpU TepeBe3eHHI
pamioaktuBHUX MaTepiaiB (ITBITPM-2006).

Cximan ta obear Ilporpamu 3abe3IeueHHS SKOCTI IIOIO
TMUTaHb PadialliifHOro 3aXUCTY 3aJISKUTH BiJl BEIUYMHU Ta Bipo-
TIIHOCTI MOTEHLIMHOrO OMPOMIHEHHS TepCcOHay Ta HacelleH-
Hs TIpM KOHKPETHUX IePEeBE3CHHAX I Ma€ mependavyaTu:

IJIaHOBI cuUcTeMaTUyHI Ail i3 3a6e3Ille4yeHHI ITOCTATHBOIL
BITEBHEHOCTI B TOMY, 1110 KOHKPETHO yKa3aHi MPOEKTHI Ta eK-
CIUTyaTalilfiHi BUMOTIH IO BiIIHOIIIEHHIO IO PamialliifHOrO 3aXUCTy
Ta pamialliiffHol 0e3MeKy 3 ypaXyBaHHSAM eKCIUTyaTaliiiHoro no-
CBily BUKOHYIOTBCS;

iCHYBaHHSA iHMPACTPYKTYpU IS aHaTIi3y 3amad, pO3poOKM
METOHOJIOTII BCTAHOBJICHHS HOPM Ta TpPaBWUJI | BU3HAYEHHS
HeoOXigHoI KBastidikalii I MpOoeKTYBaHHS, BUTOTOBIICHHS,
BUIIPpOOYBaHb, PO3pOOKU AOKYMEHTallii, 06CIyroByBaHHA,
IHCTIEKIIi# 00 KOXHOTO IepEeBE3eHHS;

TIepPeBipKY IIPOSKTIB Ta ICHYBAHHS i BUKOPUCTAHHSI MaTepi-
AliB 3 HEOOXiTHUMH BIIACTUBOCTIMU, METOHIB BUPOOHMIITBA
(maxkyBaJbHUX KOMILJICKTIB, TPAaHCIIOPTHUX 3acobiB i T. iH.),
IHCTIEKUIN Ta iCIUTIB, eKCIUTyaTallifHUX Ta IHIIUX MPOLEAYP;

BIATOBIZAIBHICTD KEPIBHULITBA 32 PO3pOOKY, peastisallito Ta
3a6e3meyeHHa [1P3, yKOMIUIEKTOBAaHICTb TIEPCOHATIOM JIJIsT BU-
KOHaHHS poOiT, TTOB’sI3aHUX 3 IepeBe3eHHsIM PM, BUSBIeHHS
eJIEMEHTIB OOIaTHAHHA TPaHCIOPTHUX 3acobiB, CAyxkO i mpo-
IIeciB, 110 He BIAIMIOBITAIOTh BCTAHOBJICHUM KPUTEpisaM, Ta He-
raifHe BUITpaBJICHHS HENOJIKIB; IMiATOTOBKY, penaryBaHHs, 3a-
TBEPIKEHHS, BUITYCK, PO3MOBCIOMKEHHS, O3B Ta y BiATIOBII-
HUX BUMNAAKaX ITepeIsal JOKYMEHTIB, HeOOXiTHUX IJII BiITBO-
penHHs [1P3; cTBOpeHHS cucTeMU yIpaBIiHHS JOKYMEHTALII€ETO,
gKa 3abe3reuye imeHTHdIKALliIO, KaTaJlorizallilo, HamiiiHe 30e-
peXeHHsI, BEeIiHHS, KePYBaHHS PeeCTpallifHUMU 3aIlcaMU Ta
iX BHUIadi; CTBOPEHHS CHUCTEMH 3aKyIliBellb, IO 3abe3reuye
BIAMOBIAHICTD 3aKYIJICHUX MaTepialiB BCTAaHOBJICHUM KPUTEpI-
IM Ta BUKOHAHHIO BIiIITOBITHUX (DYHKIIi; BU3HAUCHHS KaTe-
ropii pamianiiHo HebGe3meyHux pobiT, 110 MiANamgaloTh il BU-
moru OCITY-2005.
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HaumoHabHbBI TEXHUYECKUA YHUBEPCUTET YKpauHbl
«KneBCKus NOSIMTEXHUYECKNK MHCTUTYT»

[Tpobnema oxnaxaeHus
pacniaBa Kopuyma

B KOHTEMHMEHTE

B MACCUBHbIX

cucTemMax 3aLluThl

OT TSXKENbIX aBapun.
YacTb 2

PaccMOTpPeHO HEeCKOJIbKO MaCCUBHBIX CUCTeM 3alnThl OT
TSDKeJIbIX aBapynil, Haxo4SLmMXcsl B Pa3HOW CTerneHun 3aBepilieH-
HOCTY, AaH aHa/ln3 TeryiornapasBndeckux npobjieM v MeToabt
YIX pelleHuss /11 YCOBePLIeHCTBOBAHUS CYLLI@CTBYIOLLMX CUC-
TeM Wiv co3aaHust HOBbIX, 6o/1ee 9 pekTUBHbLIX. PaspaboTaH-
Hble MaTemMaTudeckme Moaesiv v NpoBeAeHHbI aHaIn3 MoryT
ObITb M0JIE3HBIMU MDY KOHCTPYAPOBAHUM MACCUBHBIX CUCTEM
yaepxxaHusl pacrijiaBa KopuyMa B KOHTeUHMeHTe nocje ero
BbiX0[a U3 paspyLieHHOro Kopryca peakrtopa. Yacte 1 cratoeu
onybsmkoBaHa B Bhirlycke Ne 1 XxypHaia «5laepHa T1a pagiadivi-
Ha 6esneka» 3a 2009 r.

Ani KansaHg, |. B. KazaykoB

MpoGnema oxonoaXeHHA po3nnaBa KOpiyMy B KOHTEMH-
MEeHTi B MaCUBHUX CUCTeMaX 3aXUCTY Bij TAXKUX aBapi.
YactnHa 2

Po3riasaHyTo gekisibka nacuBHUX CUCTEM 3axUCTY Bifl TSKKUX
aBapi, 110 3HaxoAsThCs B PI3HUX hasax 3aBeplLLeHOCTI, Hafa-
HO aHaJli3 TerviorigpaB/iidHUX pobaeM | MeToau IXHbOro po3s-
B’S13aHHS [1/151 BIOCKOHA/IeHHST ICHYIOYMX CUCTEM ab0 CTBOPEHHS
HOBUIX, OiIbLLU epekTuBHUX. Po3pobiieHi MaTtemaTrudHi Moaesi
Ta npoBeAeHM aHasli3 MOXYTb OYTH KOPUCHUMMY FIDU KOHCTPY-
tOBaHHI MacUBHUX CUCTEM YTPUMAaHHS PO3MaBa KOpiyMy B KOH-
TeWiHMEHTI nic/is fioro Buxonly 3 peakropa. Yactudy 1 crarri
onyo6ikoBaHo y Buriycky Ne 1 xypHaiy «SlaepHa Ta pafiauiviHa
bearneka »3a 2009 p.
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LIEHKW pa3JIMYHbIX aBTOPOB IMOKA3aJu, YTO HaM-
0oJiee BEpOsITEH pa3pbiB KOpIlyca peakTropa pas-
MEpOM TopsiIKa HECKOJIbKUX CAHTUMETPOB C YBe-
JINUEHUEM €ro 3a CYET BO3IEMCTBUSI BBICOKOTEM-
repaTypHOTO arpecCuBHOro kopuyma jgo 10—
20 cM. BOJIBIIMHCTBO y4YEHBIX COILIMCH BO MHEHUM, YTO MHO-
JKECTBEHHBIE Pa3pbIBbl KOpITyca MaJIOBEPOSITHBI, KaK U PEe3KUit
BBIXOJI BCEX TOIUIMBHBIX Macc cpasy 4epe3 OOJbIION pas3pbiB.
[Tocnie pa3pbiBa KopIiyca B KAKOM-TO MECTE YCJIOBMSI VIS TIOSIB-
JIGHUsI HOBBIX pa3pblBOB HE BO3HMKAIOT, TTOCKOJIbKY pa3rpys3ka
yepe3 00pa30BaBIINIICS pa3pblB CHUXKAET JIaBJIEHHWE IO Mepe
BbIXOJIa paciulaBa U3 KopIlyca peakropa. AHaIM3y 0COOEHHOC-
Teil TPOHUKHOBEHUSI CTPY# pacrijiaBa Kopryma B 6acceiiH ¢ Bo-
IIoM, uX hparMeHTalMK1, OOpa30BaHUS U JCJICHUS Karesb, OXJIaX-
JIeHUs KareJib 1 (pparMeHTOB TOILIMBa, 00pa30BaHMSI CIIOEB Yac-
TUIl TOTUIMBA U MX JaJIbHEHIIEero KOHTPOJIMPYEeMOIro OXJax-
IIeHUsI TIOCBsLIEHBI MHOTHE paboThl [40—47]. Konuenuus
npoctasi ¥ 3 GeKTUBHAS: MPU MPOHUKHOBEHUM CTPYIi pacrijiaBa
KOpUyMa B TOJIpEaKTOPHBIN OacceitH ¢ BOJOI pacruiaB aucriep-
rupyetcs: 1 3(GhEeKTUBHO OXJIaXIaeTcsl, MO3TOMY JaHHash KOH-
LIETILMST paCCMATPUBAETCSI B KAYECTBE OJIHOTO M3 YCIEIIHbIX Ba-
puanToB [1C3 peakTopoB OT TsiKesbIx aBapuii Ha ADC.
MHTeHCcHBHOE ucTiapeHKe BO/IbI 32 CYET PaMallMOHHOIO TeTl-
JIoOOOMEeHa M TPSMOro KOHTaKTa TOIJIMBA C OXJIAAWUTEJEM, IO-
CTOSTHHOE M3MEeHeHUe (DU3MYECKUX TTapamMeTpoB Cpell (IraMeTrpa
CTpYii, cOCTaBa U TeMIlepaTypbl KOpryma), oOpa3oBaHue ra30B
U T1apa, TMosiBJIieHUe 3aCThIBIIMX YaCTUIL U T. I1. TPEOYIOT TJ1y00-
KOTO M3YYEeHMS Il YCIEIIHOTO MPUMEHEHMSI TaKUX CUCTEM.
MojaenupoBaHue 3TUX SIBJIGHWI B X B3aUMOJICHCTBUM MOKa HE
MPEeJCTABISIETCS BO3MOXHBIM M3-32 OTCYTCTBUSI aJeKBAaTHBIX
YPaBHEHUI JJIsI UX OINMKUCAHUS, XOTSI YK€ MMEETCS HECKOJIbKO
KOMITBIOTEPHBIX KOJOB JIUISI PEIICHUST YacTh 3TUX rpoosiem. Mc-
CJIeIOBAJIUCh SIBJIEHUST TIPOHUKHOBEHUSI CTPYii B OacceiiH, ycToii-
YUBOCTb M (DparMeHTalusl CTPYil BCJEIACTBUME Pa3BUTHUSI He-
ycroitunBocTu. OmpeneseHbl OCHOBHbIE OCOOEHHOCTH TpO-
HUKHOBEHUSI CTPYH Ul IBYX TpEAeJbHBIX ClydaeB — TOHKUX
(nopstnka 1 cM B guamerpe) U ToscTbiX (nopsiaka 10 cMm B qua-
MeTpe) — B 0acceiiH ¢ BOIOW M yCTaHOBJIEH, HallpuMep, TaKou
BaXKHBIN TMapaMeTp, Kak T1yOMHa MPOHUKHOBEHUSI B OacceitH
HepaspylleHHOH (CIIolIHO) yactu ctpyu [40—47].

MOAEHMPVIOLI.WIE XUgkKoctm
AONg 2KcnepnMmeHTanbHOIro ucciienoBaHud
oxnaxgeHud pacnjiasa Kopnyma BOOOW

PaccMoTpeHHBIe SBIICHUS B3aMMOAESHCTBUS pacruiaBa Ko-
pUyMa ¢ OXJIaAUTEIEM U APYTUMU MaTepUaIaMU CBUAETEIbCTBY -
FOT O CJIOKHOM KapTUHE MPOUCXOMAIINX THAPOIUHAMUYESCKUX
¥ TEIUIOBBIX MPOILECCOB. MHOrMe M3 HUX OTHOCITCS K MaJjio-
M3YYEHHBIM KJlaccaM IWHAMUKKU MHOTOMa3HBIX MHOTOKOMIIO-
HEHTHBIX cpen. OmHAKO MOCKOIBKY 3TH MPOLECCHl OMpeaess-
JOT OCOOESHHOCTHU MPOTEeKAHMSA aBapuii B KOHTelHMeHTe ADC
U, CJISIOBATEIBHO, TIPSO PENSIISIOT cleUndUKY HYHKIMOHH -
poBanus [1C3, ux geraspHOE MOAECIMPOBAHUE IJI Pa3IUYHBIX
TUITOTETUYECKUX aBapUMHBIX CIICHAPUEB — BasKHEHIIMIT aTall
paspabotku [1C3. K coxaneHuto, UII MHOTUX U3 3THX IBJICHUMN
W CHUCTEM, MPEACTABIIAIOIINX cob0olf MHOroasHble MHOIOKOM-
TIOHEHTHBIC CUCTEMbI ¢ MHTEHCHUBHBIMU (Ha30BBIMU ITpeBpallle-
HUSMU B YCIIOBUSIX BBICOKOTEMITEPATYPHOT'O TEILJIO- M MaccoIle-
peHoca, TOAXOIbl K MOIEIMPOBAHUIO TTOKA YETKO He Ipopabo-
TaHbl. B HacTosIIee BpeMsI UMEIOTCS JIUIIb OTACIbHBIE arpo-
OUpOBaHHBIC MOIEIN MHOTOMA3HBIX CHUCTEM, HO OHU HMMEIOT
y3KOe TpUMEHEHUE, TTOCKOIbKY 3aMBIKAIOIINE COOTHOIICHUS
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10 JIOKAJIbHOMY B3aUMOISUCTBUIO (a3 (MHTEHCUBHOCTH ba3o-
BOrO ITlepexofa W MaccooOMeHa, CUJIbl B3amMopaeicTBusa das,
JIOKAJIbHBIE TETUIOBBIE TOTOKU MEXAY ha3aMu) TTOTYYEHBI TOIb-
KO B OTIE/IBHBIX CITydassX — IJIsI KAKUX-TO OIpPeAe/ICHHBIX YIIpO-
IIIEHHBIX CUTYAITUN.

B otmene sanepHoit 6e3omacHocTr KopoeBcKoro TeXHoI0-
rugeckoro uHetutyta (NPS/RIT, Crokronaem, [IIBenms) B mpo-
ekre DECOBI mpoBeneHbI paboThI 0 MOAEIUPOBAHUIO B3aU-
MOZAENCTBUS paciylaBa KOpUyMa ¢ BOAOH, ITOJaBaeMoli B cIoi
pacriaBa CHU3Y Yepe3 CUCTEMY OTBEPCTHM B OCHOBaHUU [31—
35, 39 u3 yactu | cTraThu], B CBA3U ¢ 0OOOCHOBAHUEM KOHIIETI-
muu COMET. B skcrniepyMeHTaxX UCMOIb30BAIM MOIACTIUPYIO-
1IIMe XUIKOCTH, IIPeNCcTaBIeHHbIe B TabI. 1 u 2.

Tabauya 1. usnuecKrie CBOMCTBA KUAKOCTEN,
MOZETUPYIOIINX GacceiiH Kopuyma

Iapamerp Boga | Kopuym | KB oxcnn | Iapadum Coun
o, xrAC | 1000 | 8000 7000 880 1900
v, M/c? 10° 10,6x10°| 5,7x107* | 0,74x107*| 0,2x107
A, Br/mX)| 0,6 3 1,5 0,2 0,4
Tabauya 2. @usndecKrie CBOMCTBA KUAKOCTEN,
MOAC/IUPYIOIINX OXJIAAUTECIIb
Kuoers | o, ke/m’ | g Tae | ¢ JadGarK) | TwK | A, Tadkr
Boaa 0,6 107 4200 373 2x10°
Mewran | 2,1 | 2.4x107 2300 309 | 0,36x10°
Asor 1,1 | 1,8x10™* 1820 77 | 02x10°

Ilpumevanue. B 1abn. 1 m 2 P —IUIOTHOCTh, V — KHHEMAaTH-
YyecKUN KOP(MDMUIIUEHT BI3KOCTU, ), — KOA(PQGUIUEHT TEIIOIPOBOI -
HOCTH, M — nuHaMuyecKUid KOAPGhGUIIMEHT BI3KOCTH, ¢, — Vaelb-
Hasg TeIUIOEMKOCTDb, 71, — TeMmIepaTypa MCHApeHHsd, ), — YIesbHasd
TEeIUIoTa Mapoo0pa30BaHUs.

Tabauya 3. PusndecKkre CBOMCTBA pacIlyTaBOB
KOpHyMa M MOIEIMPYIOIINX PacIlJIaBOB

Kopuym
N Ca0- | MnO— | CaO-
g:f;‘;;:: (g:())z)— B0y TiO; WOs | ALOS
2 o, _ o/ _ o/
8020 %) (30-70 %) | (78—22 %)| (5 — 95 %)
Towea 2900 | 1300 | 1650 | 1525 |2300
masnacHus, K
TLiorocTs, 8000 | 2500 | 4500 | 6500 |2500
KI/M
Bsskocts, ITa-c | 0,005 | 0,1-0,3 — — 0,004
Temmonpoeo-
HOCTh, BT/(MK) 10 30 o 8
IToBepxHOCTHOE
HATSDKCHHC, 1,0 0,15 — — 0,5
H/(mK)
TemmoeMKoCTh
’ 540 2200 900 500 775

o/ (xr-K)
Temmota
IUIABJICHHA, 360 460 — 70 1000
Kk JLK/KT
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DusnyecKkre CBONCTBA pacillaBa KOpUyMa 1 pacIIaBOB, MC-
TIOJTb30BAaHHBIX B 3KCIIEPUMEHTAX UISI MOIESIMPOBAHUS KOPHY-
Ma, TIpUBeeHbI B Ta6/I1. 3, TIe MPOIIeHTHOE ColepKaHNe KOMITO-
HEeHT BecoBoe. JIJIs u3ydeHUs BIMSHUS CBOMCTB KUAKOCTEN Ha
3aKOHOMEPHOCTH UX TIepEMEIIMBAHUS MIPU OXJIAKISHUN pacIljlaBa
TIPOBEACHBI CEPUM SKCTIEPUMEHTOB C MOJETMPYIOIIIMMHU KUAKOC-
TSIMU HU3KOM, a TaKXKe cpelHell M BBICOKON TeMIlepaTyp IUIaB-
nenus [32—35, 37—39 uz yactu 1]. Tak, B aKCIiepuMeHTaX C KU~
KOCTSIMU CPEIHEN M BBICOKOU TeMITepaTyphl IJIaBICHUS B3SThI
CBHUHEIl M OMHApHBIN OKCHI, COAEPKAIIUN, COOTBETCTBEHHO,
30 Becopbix yacteit CaO u 70 BecoBhIx yacTeii B,0;.

SKcnepuMeHTanbHas yCcTaHOBKa

CxeMma mabopaTopHOI yCTaHOBKY AaHa Ha puc. 5 [32, 33, 37
u3 vactu 1].

HaGopsl TepMonap pericTpupoBaIM IUHAMUKY pacrperne-
JICHUSI TEMIIEPaTyp CMEIIMBAIOIIMXCSI KOMIIOHEHTOB B objac-
TH OXJIaxkgaeMoro paciiaBa. [lokazaHus cHUMaIUCh CUCTEMOM
JIa6Bpio, mMerolelt ynobHbIe cpencTBa obpaboTKu, oTobpa-
KEHUS U Tepeaadn JaHHbIX. CKOpOCTHasA GOTO- U BUAESOCHEM-
Ka MPOIIECCOB MEPEMEITMBAHUS PACIIJIABOB C OXJIAIUTEIEM CO-
BMECTHO C pervcTpaleil pacrpeneeHus TeMIepaTyp B oObe-
Me TIO3BOJIWJIM W3YYUTh OCHOBHBIE OCOOEHHOCTU SIBJICHUIA.
[Tpumepsr nsmepeHuit u poTorpadum MpoIECCOB MPEACTaBIe-
HBI Ha puc. 6—8 I BBICOKOTEMITEPATYPHBIX MOIEIMPYIOIINX
sxunpkocteit [34, 35, 39 uz yactu 1]. [19Th ¢ MOTOBUHOM TUTPOB
pacriaBa oKMCNIOB Kanbuusa U BaHaguda (CaO+WO;) nponunu
B YCTAHOBKE IS OXJIAXKIESHUS paciiaBa Bomoi. HawanmbHas
TeMreparypa pacriaBa Obuta paBHa 1250 °C. OxmmaguTens (Boaa)
momaBajics yepe3 5 comen B AHUIIE €MKOCTH C PacIljIaBOM.
[Tonmy4yeHHBIN TTOPUCTHIM MaTeprajl 3aCTHIBIIETO paclljlaBa I1o-
Ka3aH Ha puc. 6. Cpasy Iociie 3aIlloJIHEHHMI eMKOCTU pacIlia-
BOM 4Yepe3 BEpXHUU METaJUIONPOBOI, COIJIa Ha THUIIE eMKOC-
TH OTKPBIBAJIMCH 32 CYET pACIIaBJICHUS CBUHIIOBO-BUCMYTO-
BBIX ITPOOOK (TemIteparypa rmiaBieHus 130 °C). MakcuMyM gaB-
JICHUST WHXEKIMU oxjaamutens (puc.7) coctapiasi 0,6 6ap

Puc. 5. Cxema ycTaHOBKU OXJTasKISHUSI

pacruiaBa CTpySIMU CHU3Y:
1 — 6aK ¢ oxJ1axk1aeMOH KUIKOCTBIO;
2 — peructpupyloras GoTto(BUIeo)KaMepa; 3 — IITATHUB;
4 — cucTeMa IoJIayy OXJIAIUTeNIsT; 5 — JIpeHakHOe YCTPOHCTRO;
6 — pacxoloMep; 7 — MaHOMeTp; & — CUCTeMa IToJIadl BOJIbL, 9 — COILIO;
10 — snextpoHarpeBaresu; /1 — HarHeTaTeNlb; 12 — PerUCTPUPYIOIITHE TePMOIIAPHI;
13 — cucteMa peructpaimu; 14 — [IDBM
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HpoﬁneMa OXJIAXKJIEHUSI pacIulaBa KOpuyMa B KOHTCHHMEHTE B

MACCUBHBIX CHUCTEMAaxX 3alllUTBI OT TSKEJIBIX aBapuil. YacTtp 2

Puc. 6. Tlopucrerit Mateprian CaO+WO,,
MOJYYEHHBIN IIPU OXJIAXKASHUM BOAON

p, Gap T T

0.6 | A

0.4 |

0.2 | -

0.0 = L
0.0 500.0

1000.0 t, ¢

Puc. 7. aMeHeHUe TaBJICHU OXJIAAUTEISI BO BpeMEeHU

T, °C T T
*—eTC1
m—mTC2
A ATC3
1000.0 -
500.0 8
x:ﬁ
0.0 ! L L
0.0 500.0 1000.0 t, ¢

Puc. 8. aMeHeHune TeMriepaTypbl pacruiaBa
B TpeX TOYKax 00JacTH BO BPEMEHU

u Konebascsa B paiioHe 0,4 6Gap. I[ToaydeHHBIN MaTepraa UMe-
€T BBICOKYIO ITOPUCTOCTBH (rmopsiaka 38 %), paBHOMEpHO pac-
MpeAesieHHYIo Mo o6beMy. Bece 5 cormen cpabortaiay ycIeurHo.
TepMomaphbl B TpeX TOYKaX 00beMa ITOKa3aIl Pe3Koe OXJIasK-
IIeHUe U 3aCThIBaHME pacIiaBa mpuMepHo 3a 40 ¢ (puc. §).

OxnaxpeHue U 3acTbiBaHMe pacnaaBa
B KoHuenuun COMET

MozxHo YTBEPXKIATh, YTO OXJIAKACHME M 3aCThIBAHUEC pac-

TUIaBa mpoucxoauT ObicTpo. [1pu 3ToM maBieHWe B HIDKHEN Ya-
ctu nopsaka 0,15 6ap. [lo 3ampIcy aBTOPOB KOHILEMUIUU

Aodepna ma padiayiuna 6esneca 2.2009

COMET, ypaHcomep:KallIdii CJION TSKEIBIX OKCUIOB HOJDKEH
W3MEHUTDH CBOIO IIJIOTHOCTE (8 KI/J) ¢ IMMOMOIIBIO COSAUMHEHU
OTHOCHTEIBHO JIETKUX 3JIEMEHTOB U «BCILIBITH» HAJ CJIOEM Me-
TAJIMYECKOrO PacIlIaBa ¢ IIOTHOCTBIO OKOJIO 6 KT/J1, IIPEenoTBpa-
THB BeCbMa OIIACHBIE IUIS JIOKAJU3allMM KOpUyMa SBJICHUS.
I'maBHOe — He HOMYCTUTBH CKOIUICHUS TSIKEIONM TETUIOBBIAE-
JITIONIel ypaHcomepsKalllell YacTH pacIlylaBa B JOHHOM obac-
TH, TOE TEIIO IJIOXO OTBOAUTCS W KOPUYM MOXKET ITpOILIaB-
JISTh MaTepHajbl MOJ HUM: TEIJIOM3OJISILINIO, METaLIOKOHCT-
PYKIIMM U 3aTeM GeTOH (byHAaMEHTa ¢ BBIXOIOM HU3-IT0J KOH-
TefHMeHTa B TpyHT. IMeHHO ImoaToMy paspaboTunku CruMeHca
pelIIn JoOUThCI N3MEHEHUS COCTaBa TSKEIOW MpaKIIUuU IIy-
TEM <«PacTBOPEHUs» B HEWM OTHOCUTEJBbHO JIETKOM KEpaMUKH.
OTuM obecrieynBaeTCs MepeMellleHe OCHOBHOM 30HBI TEIIO-
BBIICJICHUS] B BEPXHIOIO YacTh, INE TEIJIO OTBOIUTCS JIyYeHC-
MyCKaHWEM, a TIOoCje 3aBepIIeHUsST Bcell MHBepcuU (ppakiuit —
K opolaroleif Bome U3 6akoB 3aIiaca TEIJIOHOCUTEI.

o 3aBepllleHUs Tpollecca MHBEPCUHM U OITyCKaHUS MeTall-
JIMYeCKON ppaKunu BHU3 HEAOIYCTUMO TTOAaBaTh BOAY Ha pac-
TUTaBJICHHBIM METaJIT, TaK KaK MPHU 3TUX YCIOBUSIX BOIA, B3au-
MOJIEHCTBYS ¢ MeTaJIZIoM, 06pa3yeT OOoJIbIIIOe KOITUYECTBO BO-
nopoma. C ydyeroMm OypHOro mapooOpa3oBaHHUS 3Ta pPeaKIIUsS
HOCHUT B3PBIBHOI XapakTep. IHBepcus c0eB pacIlylaBIeHHOTO
KOpUyMa — HeoOXoAMMoe YCIoBHe paboThI JaHHOM JIOBYII-
k1. Borpoc BbI6opa 3KepTBeHHBIX MATEPUAJIOB ITOKa OMHO3HAYHO
He pewreH [18, 19 u3 yactu 1]. OgHa M3 OCHOBHBIX TTPUYNH —
HEBO3MOKHOCTbh 060CHOBATh CBOMCTBA U ITOBEACHUE CHCTEMEBI
UO,—ZrO,—«xeprBeHHbIl MaTepuamr» (XKKM) BBumy orcyT-
CTBMS JaHHBIX [0 TaKUM TPOMHEIM cucTeMaM. Ha maHHoI cTa-
muu paspabotrku jgoByiIku EPR B BeIGope KM ocTaHOBUIINCH
Ha cMecu okcuzoB xenesa Fe,O; u kpemnua SiO,. Oty Tpya-
HOCTH KOHIISMIIUN BBI3BIBAIOT COMHEHUE B TOM, UTO €€ YIacTcd
TOJTHOCTBIO OOOCHOBATD.

UHTeHCUBHbIN TennocbeM Npu oXNaxXXaeHNn Kopuyma
pacnnasneHnem ©110KOB C BbICOKOW TEMI0EMKOCTbIO

B Hacrosmiee BpeMst BeleTcsl CTPOUTENBCTBO IBYX 3HEp-
ro6mokoB ABC ¢ BBOP-1000/428 B Kurae. IIpoekT agantu-
poBaH 115 yciaoBuii TaHpBaHbcKoOM ADC. BeImosHeH psig aHa-
JIN30B U 0O6OCHOBaHUM Ge3omacHOCTU. B mpoeKkTe BHeIpPEHBI
MOJEPHU3AINN U YCOBEPIIIEHCTBOBAHMS Ha OCHOBE OITBITA 9K-
cruryataruu ADC ¢ BBBP-1000/320. Briepsbie B Mupe Ha ADC
C JISTKOBOJIHBIM TEIIOHOCUTEIEM pa3paboTaHO U peau3yeT-
¢S YCTPOMCTBO JToKanu3auuu paciuiaBa (YJIP) akTuBHOM 30HBI
(moBymka pacriaBa) OIS 3alIUThl (GyHOAMEHTHOM TIJIUTHI

Puc. 9. Pacuer pu3nKo-XUMIYECKIX B3aMMOICCTBUIM
B JIOBYILIKE pacIlIaBa
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peakropa ot mporuiaBieHus [48—50]. B mpoekTe MCKITFOYEHBI
busnyecKkue SBICHUS, CBI3aHHBIE C TSOKETBIMU aBapUSIMHU, CIIO-
COOHBIE YIpoXaTh IIETOCTHOCTH KOHTeHHMeHTa (060CHOBaHO
B OTYeTe MO 6e30IMacHOCTH): TTapOBOM B3phIB B KOPITYCe peaKTopa
¥ B3pBIBBI BOIOPOIA; TTOBTOPHAS KPUTHYHOCTh AKTUBHOM 30HBI
WJIM pacIlIaBa; TTapoBbIe B3PhIBBI BHE KOPITyca PEAKTOPa U MPSIMOIA
HarpeB KOHTEHHMEHTA; BO3IEMCTBYE pacIliaBa Ha ITOJT ¥ CTEHBI IO -
PEaKTOPHOTO ITOMEIIICHUS; JIETSAIINES MMPEAMETHI; JOJTOBPEMEH-
HOE TIOBBIIICHNE MaBISHUS Ha ITO3MHUX CTAIMIX TSKEION aBa-
puu (HUP 1o Bo3MOXXHOCTH OTKa3a OT CHUCTEMBI (PUIIBTPYEMOro
cbpoca cpenbl U3 3alIUTHON 0600uki). CHUCTeMa MCIOIb3YET
TaCCUBHBIE MPUHIIMITBI (DYHKITMOHUPOBAHMS.

3amac oxJIaxmgarolleil Boabl paccuuTaH Ha 24 4 paGoThl 6e3
BHEIITHEr0 SHEPrOMUTAaHUS U TTofavyu oxjaaauTess. [1poekT mpo-
1IIe7T MEXIYyHAPOIHBIC SKCITEPTU3BI U TTOIYYII ogobpeHue. 3a-
Ka34YUK ¥ MEXKIYHAPOIHBIE 3KCIIEPThI IMTPOSBWIN GOJIBIION MH-
Tepec K PEIISHUIO MPOBIEMBI TSKEIbIX aBapuil, TOCKOIbKY Ha
peaktope EPR pa6Goter Benmytcst ¢ 1993 r., 3aTpauyeHO nmpuMep-
Ho 780 MmaH DM, omHaKoO MoaHOro o60CHOBaHUS KOHCTPYK-
1y Toka HeT. OG0CHOBaHUE XapaKTEepPUCTUK 3allMTHON 060-
snoukr BBOP-1000 BeimomHeHo CIT6ABII, KoopanHMpYOLINM
HUOKP no o6ocHoBanmI0 6e3omacHoctt ADC ¢ BBOP [51, 52].
Pacuer ¢pusmyeckux nporueccoB B joByiKe 1o Koxy DINCOR
[53, 54] npencraBneH Ha puc. 9.

3axonakMBaHUE pacilaBa B JIOBYIIKE OOecrieYMBaeTcsl OTBO-
IIOM TeIUIa K BoIe B TeriooOMeHHMKax. KpoMe Toro, B JIOBYIIIKE
Ppa3MellleH XepTBEHHBIN MaTepHas (CMech JIETKUX oKcuaoB Fe,0s
u Al,O3), B3auMOZEHCTBYE paculaBa ¢ KOTOPhIM OOeCTeurBaeT
CHIDKeHHE TEMITepaTyphl M IUIOTHOCTH KOPUYMa, YMEHBIICHUE
TETTOBBIX TIOTOKOB Ha CTeHKe TEITOOOMEHHIKA ¥ TApAaHTHPOBAH-
HYIO MOIKPUTHYHOCTh PACIUIaBa, a TaKKe MUHUMU3UPYET BBIXOJ
W3 JIOBYIIIKY BOAOPOAA Y PATMOAKTUBHBIX TTPONYKTOB ACTICHMUS.

MopaenunpoBaHue TSXXenblX aBapuii
Ang 060CHOBaHUS NACCUBHBIX CUCTEM 3aLLUTDI

ITpoBeneHHBIN aHAIM3 TTACCUBHBIX CUCTEM 3AILUTHI OT TSDKe-
JIBIX aBapyuii 1 METOMOB MX MOIETMPOBAHUS CBUACTEIBCTBYET 00
AKTYaJIbHOCTH TTPOBIIEMBI M GOJTBIIION CJIOKHOCTH BEICOKOTEMITEpa-
TYPHBIX TEIIOTUAPABINYECKUX TTPOLIECCOB B MHOTOKOMITOHEHT-
HBIX MHOroa3HBIX crcTeMax. s HeCKOIBKUX BBILLISPACCMOT-
peHHbIX [1C3 onpenensioliMu SIBASIIOTCS TTPOIIECCHI PacIIpocT-
paHeHUs pacIjlaBa Kopuyma B ITOIPEaKTOPHOM IIPOCTPaHCTBE
C BOAOM. 3aKOHOMEPHOCTH MAaJIOM3YYEHHBIX CIIydacB ABMKESHUS
CTpYy#1 KOpriyMa B BOJIE BKJIIOYAIOT HEYCTOMUYMBOCTb U (DparMeH-
TAlMIO CTPYM, BIWSHUE WHTEHCUBHOIO IMapooOpa3oBaHUs IIpU
B3aUMOJIEMCTBUY BOIBI C PacIUIaBOM Ha IpoOJIeHWE CTpyil U Ka-
TIeJTb, pa3Mephbl 00Pa3yIOIIMXCS YACTHI] KOPUYMA MOCTIe 3aCThIBa-
HUA B bacceliHe, MaKCUMAJTbHYIO TTyOUHY TTPOHUKHOBEHTS CTPYU
B GacceltH u T. 1. OcOGEHHO MHTEHCUBHO pabOTHI B 3TOM Ha-
TIpaBJICHUU TIPOBOAWINCH B TIOC/ICAHUE IBA ASCATHIETHS BO BCEM
MUpe, IIYOOKO M CUCTEMATUYECKU JTaHHBIS SIBJICHUS HCCIICIOBA -
JINCh KaK TEOPETUYECKH, TaK U 3KcIlepuMeHTabHO B [IIBermu,
KoponeBckuit TeXHOTOTMYECKUIT MHCTUTYT, OTAET SACPHON Oe3-
omnacHoctH (pod. b. P. Ceran, T. H. unx, Y. B. Kazaukos, n-p
b. B. Aub, T. OxkkoneH, P. P. Hypranues, O. X. XapanmbaccoH [1,
2 w3 yactu 1, 40, 41, 43]); B CIIIA, IleHTp nccnenoBaHUi prcka
npu KamudopHuiickom yHuBepcurere B Canra-bapbape (mpod.
T. Teodanyc ¢ corpymHukam#); B Arnonun (mpod. FO. Mapysma,
. Cyrumoro, n-p XetoH Can Ilapk [40]) u np.

W. B. KazaukoB ¢ coTpynHukamu [1—4 u3 yactu 1, 40] ycra-
HOBUJI (DOPMYJIBI IS TIyOUHBI ITPOHUKHOBEHUS TOHKUX U TOJI-
CTBIX CTPYIT B GacceifH ¢ Bofo B BuIe dbyHKIM yricen Opyna u

-

OTHOIIIEHUS TUTOTHOCTEM KOpHUYMa M BOABI B GaccelfHe, KOTO-
pbIe XOPOIIIO KOPPETMPYIOTCS C U3BECTHBIMU 3KCIIEPUMEHTAIb-
HBIMU JaHHBIMH, B YACTHOCTH XOPOIIIO TTOATBEPKISHHOMN (hop-
mysoit CaitTo njist TTyOMHBI MTPOHUKHOBEHUS CTPYU B OacceliH.
T. H. dunx ¢ corpyaHukamu [38 u3 yactu 1] akcriepuMeHTa Ib-
HO U pacuetamMu Ha OBM wuccienoBan BAWSHME OMAIIa30HOB
pa3bpoca OCHOBHBIX (DU3MUESCKUX CBOMCTB KOPUYMa M 000CHO-
Bas1 [1C3 or TsoKenbIx aBapuit Ha OCHOBE ITpUMEHeHUs Oacceli-
Ha ¢ BOIOHM B ITOIPEaKTOPHOM ITPOCTPAHCTBE.

Yro kacaercd BriueynomsaHyToi cucreMbl KOMET, npen-
noxeHHolt B MccnenoBarenbckom 1eHTpe Kapicpye (MIK),
KOTOpad IToKa 10 KOHIIa He 000CHOBaHA, TO IO HEW BBIMTOIHE-
HO MHOI'O OCHOBATEJIBHBIX TEOPETUUSCKUX U SKCIIEPUMEHTAIb-
HBIX paboT. DKCIEepUMEHTRI, BKIIOYAs YCTAHOBKY OOJIBIITHX
MaciITaGoB ¢ peaIbHBIM PacIIaBOM SIIEPHOIO TOIUIMBA, MPO-
Bonwtnchk B MIIK. Ilony4yeHsl pe3yabTaThl, HA OCHOBE KOTO-
PBIX KOHIICITIIMS TOJIydYrIa pa3BUTHE U JajibHellree 060cHOBa-
Hue. JlaGopaTopHbIe YCTaHOBKH, paboTarollirie Ha PasTUYHBIX
MOJIETBHBIX CTUIaBaX, CO3AAIN U YCIEITHO MPUMEHUIN /1S UC-
clemOBaHUI B OTHeNe simepHoil GesomacHoctu KoponeBckoro
TEXHOJIOTUYECKOTIO MHCTHUTYTA, THe TakKKe ObUTM ITPOBEIEHBI
MHOTOUYMC/IEHHBIE TEOPETUUSCKUE UCCIISAOBAHNS B3aUMOISCTBUS
BBICOKOTEMITEpPATypHOro pacruiaBa ¢ oxjaguteneM: (Ix. ['pun,
T. H. dunx, P. P. Hypranues, 1. B. Kazaukos, /1. [Tanxiaguxo,
A. Tepran, X. C. ITapk u ap. [16, 32—35 u3 yactu 1]). B yacr-
HOCTH, OBUIM YCTaHOBIIEHBI OCOOEHHOCTH TYpOYIEHTHOIO cMe-
LIISHUS pacIijlaBa ¢ OXJIAAUTEIEM ITPU PasHbIX (PU3NYECKUX CBOMCT-
Bax pacIlaBa M OXJIagUTENs, a TaKKe OCOOSHHOCTHU 3acThIBa-
HUS pactuiaBa. Hampumep, Ipyu BBICOKOM BSI3KOCTH pacIliaBa
TIOJTyYaroTCs OTAe/IbHBIE KaHAJIbl B 3aCTHIBIIEM paciulaBe, MpHU
CpefHe — pa3BeTBIICHHBIC KaHAJIBI TUIA AEpPeBa ¢ BETKAMH,
TIpU MaJIOW — XOpOIIo pa3BuTasg obbeMHas mopuctocthb. Kap-
THUHA CJIOKHAsT W 3aBUCUT OT COOTHOLIEHUS (U3UUESCKUX
CBOMCTB: TEIUIONIPOBOIHOCTH, TEIUIOOTIAAUM, TEINIOEMKOCTH,
TEILIOTHI (ha30BOrO TMePeXoa, MTOBEPXHOCTHOIO HATSKEHUS U T. 1.

[ manbHEHIIero KOHTPOJIST TETJIOBOTO COCTOSTHUS 3a-
CTBIBIIIETO KOPHUyMa MPUTOAHA TOJIBKO BBICOKOIIOPUCTAsI OIMHO-
poImHas CTPYKTypa, MHaye OOECIIeYUTh paBHOMEPHOE OXJIaXK-
IIeHe KOpUyMa HEBO3MOXHO: BCJIENCTBUE ITOCTOSIHHOM BHYT-
PEHHEM TeHepalluM TeIUla PaguoaKTUBHBIM MaTepHajioM BO3-
MOKHO TTOBTOPHOE pacIUIaBIeHUE YacTH KopuyMa. OTO — OIHa
W3 MPUYMH, IO KOTOPBIM JaHHAasg KOHIEIIIUS MOKa M0 KOHIIA
He 0OOCHOBaHA HECMOTPS Ha OrPOMHEBIC 3aTpadycHHBIE Cpel-
crBa u ycunus. MccnemoBanuch u apyrue BapuaHThl [1C3:
OXJIAKIIEHME YaCTHI] KOpryMa MofaBaeMOM B ¢TI0 CHU3Y, CBEPXY,
cBepxy u cHusy Bomoit (T. H. Junx u Y. B. Kazaukos, M. FO. KoHo-
BaIMXUH U Ap.). [TomyyeHbl 3aKOHOMEPHOCTH BEICOKOMHTEHCHUB-
HOI'0 OXJIaXKIEHUs YacTUI W HaWIEHO SBJIEHHWE JIOKATIBHOTO
AHOMAJIPHOT'O pa3orpeBa B 00JaCTH 3a CYET HEJIMHEWHOIo Ko-
¢ duUlMeHTa TEIUIONMPOBOIHOCTH Tapa [26, 27 u3 yactu 1].
IMTocnenHee MOXeET XaOTU3MPOBATH ITPOLIECC OXJIAXKIACHUS pac-
IUTaBa, TTIO3TOMY JaHHOE SBJICHUE HEOOXOMMMO HMCCIeI0BaTh U
VUNUTBHIBATh B pacueTax.

[1pu MomenrpoBaHUM pacTeKaHMS paciuiaBa IO OCHOBAHUIO
KOHTEMHMEHTa YCTaHOBWJIM, YTO pPAcCIUIaB OCTaHABIMBAECTCS
TIPUMEPHO B TOM MECTE, TIIe OH IOTEPST IOJIOBUHY SHTAJIBITHH.
[MpuyuHOIT SBIsSIETCST pe3KOE TTOBBIILIEHUE BI3KOCTU TaKOH cMe-
CH BCJISACTBUE 3HAYNUTEIBHOIO 00bEMHOTO COACPKAHUS 3aCTHIB-
X hparMeHTOB. XOTS TEIIOTUAPABINYECKHUE TTPOLIECCHI OT-
JIMYAIOTCS CIOKHOCTBIO U TIJIOXO MOIAIOTCS KaKOMY-JIMO0 MO-
IeTMPOBAHMIO, TaKasl IpocTasl OLIEHKA OYeHb LIEHHA /I pellie-
HUS BOIIpOCa O pa3Mepax 3aHUMaeMOM pacIUIaBOM KOpuyMma
ob1acTi OCHOBaHMS KOHTEMHMEHTA, TAE €ro MOXHO JIOKAJIN30-
BaTh U MOAACPKUBATh B KOHTPOJIUPYEMOM COCTOSTHUU.
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BbiBoAabl

Ha ocHoOBe mpoBeneHHOro aHaIM3a MPobdIeMbI MOAEIUPO-
BaHUS TsoKeIbIX aBapuii Ha ADC M IOCTPOSHUS ITacCUBHBIX
CHCTEM 3alIUThI OT aBapUil ITOCTaBIeHBI 1 060CHOBAHBI 3aJaYn
WCCIeOBAaHUM, CBI3aHHBIE C OXJIaKICHUEM pacIljlaBa KOpuyMa
B KOHTEMHMEHTe. B KadecTBe TaKMX 3ala4 CTaBSITCS:

1. MsyueHne ocobeHHOCTel TIaBIeHUS OJIOKOB B Cpele
BBICOKOTEMITEpaTypHOTO pacllaBa KOopUyMma.

2. UccnenoBaHue OCOOSHHOCTEM TEIUIOTUMIPABINYESCKUX
TIPOLIECCOB ITPU B3aUMOJeHCTBHUY paciylaBa KOpUyMa ¢ OXJIadu-
TeJIeM IJIsI Pa3HOIro KOJMYECTBA PACILIABISIEMBIX OJIOKOB.

3. OnpeneneHue BAUSHUS HEOTPEACICHHOCTH DU3NYSCKIX
CBOMCTB KOpUyMa Ha TTOBEACHUE CUCTEMBL.

4. YcraHOBIeHHE 3aKOHOMEPHOCTEN B3aUMOBIMSHUS pa3-
JIMYHBIX CBOMCTB KOPUYyMa Ha €ro IOBeNeHUE B CHCTEME Iac-
CHBHOM 3alUTBI OT TSDKEJIBIX aBapuil.

5. [Mony4yeHne MpaKTUYECKU TTOJE3HBIX BBIBOJOB IJIsI KOH-
CTPYUPOBAHMA U pabOTHI ITACCUBHBIX CUCTEM 3aluThl ADC oT
TSDKEJTBIX aBapUid.

[1pu BHeapeHUY TPyl B BOAY BO3HUKAET MHOXKECTBO CJIOXK-
HBIX (U3NYECKUX SIBICHUI, KOTOPBIE SBIISIOTCS MaJIOU3y4YeH-
HBIMU: UHTEHCUBHOE MCITApEHUE BOIBI 3a CYET PaANallOHHOTO
TEIUIOOOMeHa M TPSIMOr0 KOHTAaKTa TOIUIMBA C OXJIAAMTENIEM,
TMIOCTOSTHHOE M3MEHeHUe (DU3MYECKUX TTapaMeTpPOB U CBONCTB
cpen (mmamerpa cTpyi, cocTaBa M TeMITepaTypbl KOpUyMa U T. 1.),
obpa3oBaHMWe ra30B M Iapa, MOSIBJICHUE 3aCTBIBIIMX YaCTHIL U T. TI.
MopgenupoBaHue Beeli COBOKYITHOCTU 3THX SIBJICHUM B UX TWHA-
MUYECKOM B3aMMOACHCTBUM MOKA He TPEICTABIISIETCS BO3MOX-
HBIM BBUIY OTCYTCTBHSI alleKBATHBIX 3aMKHYTBIX CHCTEM YypaB-
HEHMI IJIS UX OMMUCAHUS, XOTS K HACTOSIIEMY BpPEMEHM YKe
MMEIOTCS KOMITBIOTEPHBIE KOBI, MOIEIMPYIOIINEe MHOTO(Ma3HbIe
MHOTOKOMITOHEHTHBIE CHCTEMBI.

Haubonee mepcrieKTUBHBIE CUCTEMBI MACCUBHOM 3aIIUTHI OT
TSDKEJTBIX aBAPUM CBUIETEIBCTBYET O BAXKHOCTU paboT IO MO -
POBAHUIO YIepKaHUS pacIulaBa KOpuyMa BHYTPY KOHTEHHMEHTA
IUTST YCIISITHOTO pelIeHUs TTpobiieMbl 000cHOBaHUST Ge3omacHoc-
TU CTaHIMHA. XOTS TOCTUTHYTHI 3aMETHBIS YCITeXH, TTpobieMa ocTa-
eTcs aKTyaJIbHOM U TpebyeT HaJbHEMIINX uccienoBaHmit. OCHOB-
HbIe KOHIIEIILIVH, IPUHSTHIE K BHEAPESHUIO B CHCTEMAX TTaCCUBHOM
3AIUTEI OT TSDKEBIX aBapyil, — 3T0 GacceiiH ¢ BOMOM B ITOAPEAKTOP-
HOM TPOCTPAHCTBE Y HECKOIBKO 3aTaJHbIX BEpCUl KOHIIETTLIHI
COMET, a TakKe ycTpONCTBO JOKAIM3AIMKU pacillaBa POCCUiA-
CKOI1 pa3paboTKH, YCITEIITHO MPOIICAIINE MOAETbHbIE UCTIBITAHNSI,
pacueTHoe OOOCHOBAaHME U BHEIPSIONINECS Ha CYIIECTBYIOIINX
U CTPOSIIIIMXCS peakTopaxX. MHOrourcIeHHbIE TePCIIEKTUBHBIC pas3-
paboTKM peaKTOpPOB TPETHErO U YETBEPTOrO ITOKOICHMI HAXOHSIT-
¢ B pa3HOM CTaauy FOTOBHOCTH M TPeOYIOT NETATbHBIX WCIThITa-
HUN W TIPOBEPKU, OCOOSHHO KOHLEIIINN PEaKTOPOB YETBEPTOIO
TIOKOJIEHUST BBUY PE3KOI'0 POCTa YACTBHBIX 3HEPrOeMKOCTEH U Co-
OTBETCTBYIOILIETO yCyryOJIeHUsT BCeX OTMEUYEHHBIX IpoliieM Oes-
OMACHOCTH PEaKTOPOB. BemyTcd TakKe pa3paboTKU MPUHITUITH -
QJIBHO HOBBIX PEaKTOPOB YETBEPTOrO MOKOJISHMUS.

Ha ocnHoBe npoBeneHHoro ananmusa [1C3 oT Tsokenwix aBa-
pUil ocTaBIeHBI 1 000CHOBAHBI 3a1a4YM MOJSINPOBAHUS TeETl-
JIOTHUAPABINYECKHUX MTPOLIECCOB MPU OXJIAKIESHUU U 3aCTHIBAHUN
TOIUIMBA, a TAKXKe €ro YIPaBISIEMOM MONAEPKAHUM B KOHTPO-
JINPYEMOM COCTOSTHUHM B T€USHHUE TpeOyeMOoro BpeMEHU.
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'TocynapcTBeHHbIA HayYHO-TEXHUYECKUI LIeHTP
1o 5AepHou n paanalmnoHHoN 6e30MacHOCTH
WiHcTutyT nNpobiem 6e30MacHOCTHA aTOMHbBIX CTaHLMMA
HAH YxpaunHbt

YnpaBneHne
A0EPHbIMU 3HAHUAMUN —
HeoOxoamMmoe ycnoBme
peann3aunm
SHEpPreTn4ecKkoun
cTparermm YKpanHeol

PaccmoTpeHbl akTyasibHble Npo6/ieMbl COXPaHeHWs ssaep-
HbIX 3HaHW, NokasaHa HeoOXoQUMOCTL CO3MaHNsT HaLUMOHa b~
HOM cUCTeMbl YrpaBAeHUs SAepPHbLIMU 3HaHUSIMU B YkpauHe,
OCHOBaHHasi Ha pekomMeHaaumsax MATATO v npakTnieckoM Oflbi-
Te Apyrux cTpaH. [puBeneHsb 06LmMe opraHn3aLMoHHbIe Y Me -
TOAMYEeCKUNE PEeKOMEHAaumy Mo CO34aHMo Takoi cucTeMsl.

A. B. HocoBcbkuid, B. M. BacunbuyeHko, O. O. Knio4yHWKOB

KepyBaHHS 94epHUMM 3HAaHHAMU — HeoOXigHa yMoBa pea-
nisauii eHepreTUYHoi cTpaTerii YKpaiHu

Po3risiHyTO aktyasibHi npobiemu 36epeXeHHs SaepHuX
3HaHb, NokasaHo HeOoOX|AHICTL CTBOPEHHS HaLiOHa/IbHOI crC-
TeMU KepyBaHHS SACPHUMU 3HAHHSIMU B YKpaiHi, 3aCHOBaHOI
Ha pekomMeHaauigx MATATE Tta npaktndiHomy AOCBIAF IHLLUNX
KpaiH. HaBeneHo 3arasibHi opradidaliviHi Ta MeToan4YHI PekKo-
MeHpauli 3i CTBOPEHHSI Takoi CUCTeMU.

TpaTerueil pa3BUTUsI TOTUIMBHO-3HEPTEeTUYECKOTO

KomIiekca Ykpamusl 1o 2030 r. mpemycMatpu-

BaeTCsl yBeJIMYEHUE TIPOU3BOICTBA DJIEKTPOIHEP-

MU aTOMHBIMU 3JIEKTPOCTAHLIUSIMU TTYTEM CTPOU-

TEJIbCTBA HOBBIX DHEPrOOJIOKOB 1 TIPOJICHUSI CPO-
KOB 3KCITIyaTalliu UMerommxcs. [lepen oTpacibio CTOST BaxkK-
Hble 3aa4M, TaKHie KaK TOBbILIEHWE Oe30MacCHOCTHU JIEMCTBYIO-
KX 3HeproosiokoB ADC; cHATHE ¢ BKCIUIyaTallii 9HEProoJio-
koB ADC, BbIpaOOTaBIINX CBO pecypc; pa3BUTHE 3JIEMEHTOB
SIIEPHOTO TOIJIMBHOTO 1IMKJIa, YPAaHOIOOBIBAIOIIIEH OTPACIIH, LINP-
KOHUEBOTO TIPOM3BOJICTBA; OOpallleHre ¢ OTpabOoTaBIINM sIep-
HBIM TOIUTMBOM U PaIMOaKTUBHBIMU OTXOJAMU, a TaKXKe OKOH-
yareJibHOe 3axopoHeHne PAO.

ITpu 2TOM IOCTATOYHO TIPOOIEMATUYHO MPEACTABUTDH, YTO
BCE OTU 3a7a4¥ MOTYT OBITh pelleHbl TOJIbKO CUJIaMU HBIHE
nMeronmxcest B YKpanHe crienanauctoB. OQHUM U3 OorpaHuye-
HUM SIBISIETCS BBICOKUI CPEIHUI BO3PACT CIIELIMAIUCTOB-SIIEP-
muKoB. [ToaToMy KpaiiHe BaXkHOI CTAaHOBMTCS 3alava IMOAro-
TOBKHM HOBOTO TTOKOJIEHWSI MOJIOJBIX CIELMAJIMNCTOB, a TaKXe
COXpaHEeHUsI U Tlepelauyr 3HaHUI OT CTaperoIX KaJpoB MOJIO-
JIOMY TTOKOJIEHUIO, TPUIIeAIIEMy UM Ha CMeHy. YIpaBJieHHe
3HAHMSIMU KaK CaMOCTOSITeJIbHOE HallpaBjieHUE TOSBUIOCH
MMEHHO B SIIEPHOI OTpaciu, Korga TO TOKOJeHHe, KOTOpoe
MPOEKTUPOBAJIO, CTPOMJIO, BBOAMIO B aKcrtyarainuio ADC Bo
BCEM MUpeE, TOCTUIJIO IIEHCMOHHOTro Bo3pacTa [1].

JInst peanu3aluy CTpaTernyecKux 3amad siiepHoOi oTpaciu
HEOOXOIUMBI KBATU(ULIMPOBAHHBIE KaIphl, CTIOCOOHBIE HE TOJTb-
KO IKCIIyaTUpOBaTh SIACPHBbIE YCTAHOBKU, HO W 3aHUMAThCS
BOMpPOCAMM MX TPOEKTUPOBAHUS, CTPOUTEIbCTBA, HalalKH,
pPEMOHTA M CHSTHUSI C DKCIUIyaTallud, a Takke o0ecrieurBaTh
KayeCTBEHHOE PEryJIMpOBaHUE SIIEPHOM U paauallMOHHON 6e3-
omacHocTh. B Hacrosiiiee Bpemsi B YKpanHe, KakK BIIPOYEM,
1 BO MHOTHUX JPYTMX CTpaHax, ONIYIIAeTCsl HeXBaTKa KBaIUdU-
LIMPOBAHHBIX CIEMATNCTOB. 3agadya cbopa, COXpaHEeHUs U Te-
penayu siIepHbIX 3HAHWM B YKpanHe akTyalbHa He TOJbKO IS
OTpACIEBBIX CTPYKTYp, 3aHUMAIOLIMXCSI BOMPOCAMM DPAa3BUTHS
SIIEPHBIX TEXHOJIOTUIA, HO U JIJIST MHOTUX IPYTUX BEJOMCTB M OP-
raHu3alnii, CBI3aHHBIX C 9TOW TEMATUKOM, B TOM YKCJIE U BbIC-
IIWX YYeOHBIX 3aBeJCHUI, BEAYIIUX MTOATOTOBKY CIIELIMaTUCTOB-
SIIEPIINKOB.

YnpaBneHue aaepHbIMA 3HAHUAMU

I[ToHuMast akTyaJpHOCTP M 3HAYMMOCTB 3TON IPOOGIIEMBI,
MexxnyHapogHOe areHTCTBO o aToMHoM sHepruu (MATATD)
TTOATOTOBUJIO TIPOTPaMMY T10 YITPaBJICHUIO M COXPaHESHUIO SIep-
HBIX 3HaHUM. [IporpamMma cocTOUT M3 TaKWX 3JIEMEHTOB, KakK
pa3paboTKa peryJIupyrouX U METOTUYSCKUX JOKYMEHTOB; 00~
pa3oBaHUE U MOATOTOBKA ITepcoHasa B SISPHOIN HayKe U CMEX-
HBIX 00acTsIX; BBIITOJTHEHUE CIIEIIUAIBHBIX TTPOEKTOB B obac-
TH YIIPaBJICHUS SACPHBIMU 3HAHUSIMU U TTOAMIEPKKA BHYTPEH-
HUX WH(GOPMAIIMOHHBIX pecypcoB U moprajioB. OCHOBHOI 1ie-
JIBIO TIPOTPAMMBI SBJISCTCS CO3NaHWE KYJIBTYPBI YIIpaBICHUS
AASPHBIMU 3HAHUAMU [2].

B 2006 . MATATD omy6aMKoBag0o TEXHUYESCKUM OTYET
«YmpaBieHUe 3HAHUSMU /TSI 3KCIUTYaTUPYIOLINX OpraHU3alui
aaepHolt nHayctpuu (TECDOC-1510)», B KOTOpOoM yIipaBJie-
HUE 3HAHUSIMHM OIIpeae/IeHO KaK MHTErpUPOBaHHBIN, cHCTeMa-
TUYECKUM MTOAXOM K IpolieccaM IOIyUYeHUsI, Tpeobpa3oBaHu,
pacrpocTpaHEeHUSs, UCITOJIb30BAHUS, TEepenadyl U COXpaHSHUS
3HAHWI, HaTIpaBICHHBIX Ha JOCTUXXEHUE OINPEAC/ICHHBIX LIe/TeH.

VYhpaBiaeHne 3HAHUAMHU TPEACTABISIET COOOM IIETOCTHBIN
TTOIXO, OPUEHTUPOBAHHBIN Ha YIIPaBJIEHUE KaK TEXHUUYESCKIMU,
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TaK U YEJIOBEYSCKUMU pecypcaMu. DdhdheKTUBHOE YITpaBIcHUE
3HAHUSIMU TpebyeT BHUMAHUA U KOHILICHTPAIIUN KOPIOPATUB-
HBIX 3HAHUH, a He IMPOCTO 3HAHMHI, UMEIOIINXCI Y KOHKPETHO-
ro nHauBuayyMa. MAI'AT®D peKoMeHI0BaIO IS OOCTIKECHUS
3bbEeKTUBHON 3KCTUTYaTAIlK U TTOAAEPKaHUS BBICOKOTO YPOB-
HsT 6e30IMacCHOCTU SNEPHBIX OOBEKTOB MCIIOJIb30BATH MOIXO,
BKJTIOYAIOIINI aKTUBHOE YIIpaBJIeHHE 3HAHUSIMU KaK cTpaTe-
TUYECKUM PECYPCOM.

B MAT'AT® co3maHa MeXIyHapomHas MHGOPMaIXMOHHAL
cucteMa 1o siaepHoit aHepretuke (INIS), B koTopoit nmeercsa
CIIeNMAIM3UPOBaHHAS CIIpaBoYHas 6a3a JaHHBIX Oojiee YeM M3
2,8 MUJUTMOHA 3aITicell O MUPHBIX HAMpaBJISHUSX UCIIOIb30Ba-
HUg saaepHbIX TexHojoruit [3]. Cucrema INIS oxBaThIBaeT 1u-
POKMUI1 cTieKTp MHGOPMaM — OT (pYyHIAMEHTAJIBHBIX Hcclle-
IOBaHWH, MHXXWHUPUHTA, TEXHOJIOTUI, OXPAaHBI 3M0POBbS U OK~-
pyXarollel cpenbl 10 COLMATbHO-3KOHOMUYECKUX U TOJIUTH -
YECKHUX aCIIEKTOB SISPHON SHEPreTUKH.

B 2002 r. Gempruiickuii HeHTp SAepHBIX UccaegoBanHmuii SCK
CEN Havan pa3paGoTKy cOGCTBEHHOI'O MPAKTUYECKOro ITOMI-
XOMa K YIIPaBJICHUIO SAePHBIMU 3HAHUAMU. DTO pelleHue ObUTO
BBI3BAHO CTapeHUEM KaJpOBOI'O COCTaBa KaK B aTOMHOI ITpoO-
MBIIIUIEHHOCTH B 1I€JIOM, TaK M B CaMOM OpraHM3alluM B YacT-
Hoctu. Hakomenasie SCK CEN 3HaHUS oTpakaioT 6ojiee yeM
50-7eTHU OIBIT PpabOTHI IIeHTPa B 06JIaCTU SAEPHBIX UCCIIENO-
BaHMUI, KOTOpPbIE OXBATHIBAIOT KOHIIEIIIUN SIEPHBIX PEaKTOPOB,
BOIPOCHI BO3ACUCTBUS U3TyYeHUI Ha MaTeprajIbl U SKUBbIE Opra-
HU3MBI, 3HAHUA B 00JaCTH B3aMMOACUCTBUS U pacIIpoCTpaHe-
HUS paJuOaKTUBHBIX BEIIECTB B Guocdepe, reocdepe, opra-
HU3MeE YelIOBeKa U MUIIEBBIX 1ernmoykax [4]. CrienuaancTs eH-
Tpa paboTaloT HajZ COXpaHEHMEM U PACIIPOCTPAHEHMEM 3STHUX
BasKHBIX 3HAHWUU W OIBITA C LEIBIO Pa3BUTHUST MHHOBAIIUN KakK
IUIS pocTa COOCTBEHHO ILIEHTpPa, TaK U I JOJTOCPOYHOro CO-
XpaHEHUsI pe3yIbTaTOB MEXOTPAaCICBBIX MCCISA0BAaHUM 1 obec-
MEeYEeHUs MOCTyNa K HUM IS Pa3IMYHBIX 3aMHTEPECOBAHHBIX
OpraHu3alui, TOCyIapcTBEHHBIX CTPYKTYP U yUeHBIX. [1porpam-
Ma YIpaBJIeHUs 3HAHUSMU HWCIIOIb3YyeTCs U1 TTOAnepKaHUS
pOCTa Hay4YHOTo MOTEHIIMAJIa IIEHTpa: IPOBOAATCS o0yJarolme
KYpPCBI B pa3IMYHBIX 00JIacTSIX AASPHONM HAyKU M TEXHUKU, YTO
TIOMOTAeT COXPAHUTh MMEIOIINECd 3HAHMUSA W ITPAKTHUYCCKUM
OIBIT, 00eCIeynTh 3(hOEKTUBHYIO POTALIMIO KaIpoB U, COOT-
BETCTBEHHO, KAUECTBEHHOE pEIlleHNe ONePAaTHUBHBIX HAyYHO-
TEXHUYECKUX 3a11a4.

Bce st mpuMepr! 0co6o BasKHBI AT YKPaWHBI, TTOCKOIBKY
B HAllle}l cTpaHEe 0 CHUX MOpP OTCYTCTBYET HAllMOHAIbHAS ITpO-
rpaMMa COXpaHEHUS U YIIPaBICHUS SIIepHbIMU 3HaHUAMU. Kak
MpaBWIbHO yTBepXmaeT S. AlHeB — pyKoBOAUTEb ITpOrpam-
Mbl MATAT®D mo ynpaBieHUIO U COXPAaHEHUIO SIICPHBIX 3Ha-
HUI, — «IaXe €CIM B TOCyJapcTBe He BBOIATCS HOBBIC Sep-
HbIe 3HEProbJIOKH, TTPABUTEIBCTBO HE UMEET MpaBa YXOAUTH OT
OTBETCTBEHHOCTH 3a Ge30ImacHoe obpallleHUe ¢ YKe CYIIECTBY-
IOIUMU OGBEKTAMU UM JOJIKHO BBIBECTU MX U3 SKCIUTyaTaIlUU.
I1pu 3TOM TOTPEeBGHOCTD B SIMEPHBIX 3HAHUIX M COOTBETCTBYIO-
X CIEUMAIUCTaX OyOeT CYIIeCTBOBATBH eIlle CTOJIeTHS» [5].
B ycioBusiX TpoBO3ITIAlIEHHOM CTpPaTeTnu Pa3BUTHS SISPHOMN
SHEPreTUKM B YKpaMWHe TaKag MporpaMma o0sg3aTelIbHO JOTK-
Ha OBITh pa3paboTaHa U aKTUBHO ITONACpPKUBATHC.

Co3paHue cucTemMsl ynpaBneHuUs
aaepPHbIMA 3HAHUAMU BpraMHe
anaBneHHe SHAHUAMU TIPCACTABJIACT coboit IIpoLecc co-

3MaHUS UHTEUISKTYaIbHBIX [IEHHOCTEM Ha OCHOBE MMEIOIIeH-
cs Ha TPEANpUATUIX WHDopMauy 1 3HaHui. Tak Wiy nHave,
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HO Ha GOJIBIIMHCTBE YKPAMHCKUX IPESANPUATUIM Takas pabora
npoBoautcda. Hampumep, B ['ocymapcTBeHHOM Hay4YHO-TEXHM-
YeCKOM IIeHTpe IO SASpHOM M pamuallioHHON Ge30rmacHOoCTH
(THTL APB), Haxopsiiemcs B BegeHUU [ocymapcTBEHHOIO
KOMUTETA SASPHOro peryIupoBaHuUs YKpauHBI, paboTa Mo co-
XPaHEHUIO W PACIpPOCTPAHESHUIO SIEePHBIX 3HAHUN Ha CUCTEM-
HOM OCHOBe Havayiach ¢ 1994 r. Beutn co3gaHEI U ITOAIepKUBa -
JOTCS B aKTYaJIbHOM COCTOSTHUU KOMITbIOTEpHBIE Ga3bl JaHHBIX
MpaKTUYEeCKU IO BCeM HarpaBieHUusM nestenbHocTd [THTI]
APB. CoBmectHO ¢ MHCTUTYTOM MpobieM 6e30IacHOCTH aTOM-
HBIX CTaHIUM HarmoHaapHOM aKageMU HayK YKpauHBI 3ape-
TUCTPUPOBaHA KHUKHAS CepUs HAYUYHBIX U YUeOHBIX M3TaHUM
«besonmacHocTe ADC». B aToil cepuut Ha CETOOHSAILIHUN IeHb
W30aHO CeMb MOHOIpadUil U yUeOHBIX MOCOOUI NI BBICIIUX
yUeOHBIX 3aBeJIeHU, B KOTOPBIX 0000IIIEHBI COBPEeMEHHBIE 3Ha -
HUA B 00JTaCTH SASPHBIX TEXHOIOTMN. DTU KHUTU pacIpocTpa-
HSIOTCS O MPEATNPUATUIM OTPACIU U BBICIIUM Y4eOHBIM 3a-
BEIEHUAM YKpPaWHBI.

3HaHUS, CO3MaHHBIC B MPOIIIIOM U (OPMUPYIOIINECS B Ha-
cTogIIee BpeMs, IIPEICTaBIIAIOT COO0 OrpOMHYIO IIEHHOCTD [T
OyImyIIUX HAYYHBIX HCCASTOBAHMM, TEXHUUYECKUX SKCIIEPTHBIX
paboT, pa3paboTOK HOBBIX HOPMATHUBHEBIX JOKYMEHTOB B cepe
SMEepPHON M paMallMOHHON 6e30IMacHOCTH, MOCKOJIBKY B UX CO-
3MaHUe BIOKESHBI OTPOMHBIC HayUHbIS, YeJIOBEUeCKUE U (pUHAH-
coBble pecypchl. CucreMa ympasiaeHus kadectBom [HTLL APB
obecrieunBaeT OTCIISKUBAHNE SIBHBIX M HEIBHBIX 3HAHUMA U Ha-
YYHO-TEXHUYECKON MH(MOPMAITIH, TTONTBEPKACHNE €€ TTPaBUIb-
HOCTH, TIOIIeP>KUBAET OOIINI YpOBeHb MpodeccroHaan3Ma. Bes
Hay4Has TIPONYKIMsS (PUKCUPYETCI U OLICHUBAETCS B COOTBET-
CTBUHM ¢ TIpoleaypaMu KadectBa. Hayunbre corpymuuku HTL
APB obMmeHMBaOTCS CBOMMU 3HAHUSIMHU ITOCPEACTBOM ITyOIH-
KAl B XypHalle «fmepHa Ta pamiaiiifiHa Oe3leKa» M APYTUX
TIePUOINUECKIX HAYYHBIX U3MAHUAXK, a TAKKe JOKIAABIBAIOT CBOU
pe3yJIbTaThl Ha HAYYHBIX hopyMaxX U KOHMEPESHITHIX.

OnmHaKO CHUCTeMHBIN ITOAXOM K YIIPABICHUIO 3HAHUSIMU Tpe-
OyeT a3 (PEeKTUBHOrO UCIOIb30BAHU U PACIIPOCTPAHESHUS NMe-
JOIIMXCS 3HAHUM C ITOMOIIBIO COBPEMEHHBIX KOMITBIOTSPHBIX
TexHosoruil. [TosToMy B HacrosIiee BpeMs B XapbKOBCKOM
dunmunane THTL APDB BrImomHsIeTCS MWIOTHBIN TTPOEKT MO CO-
3MaHUIO OMHOTO M3 MONYJIel CUCTEMBI YIIpaBJICHUS SIePHBIMU
3HAHUSIMU I10 HampaBieHuo «HbOOPMaIIMOHHEBIC U YITPaBII-
foire cucteMbl ADC».

OpraHbI TOCYIapPCTBEHHOTO PETYIMPOBAHUS SASPHON U pa-
IUAIMOHHON Ge3omacHocTH — [ocymapcTBEHHBIA KOMUTET
aaepHOM Ge30macHOCTH, MMHHUCTEPCTBO 3IPaBOOXPAHECHMUS
VYKpaWHBI U OpYyIUe — UMEIOT HEMOCPEACTBEHHBIN HHTEpeC
K CO3IaHUIO CUCTEMEBI YIIPAaBICHUS SASPHBIMU 3HAHUAMU. Tak,
3HAHUS B 06j1acTh 6e30MacHOCTH, JISXKalllue B OCHOBE MPOEK-
TUPOBAHUS SICPHBIX YCTAHOBOK, MPEACTABIAIOT COOOM 3HAHMS,
MMEIOIINE CYIISCTBEHHOE 3HAUeHMe I IIpollecca JTUICH3U-
pOBaHUS, a TaKKe BBIMOTHEHUS TOCYIapPCTBEHHBIX 9KCIIEPTH3,
CBSI3aHHBIX C PACCMOTPEHUEM M3MEHEHU B MPOEKTHON 1 9KC-
IUTyaTalliOHHON TOKYMEHTAIIUM TP MOACPHU3AINN SISPHOM
YCTaHOBKHU WM €€ cUcTeM OesormacHocTu. MHbopMarus o no-
3ax OOJy4eHUs MepcoHajla U HacelIeHUs KaK IMpU HOpMaIbHOMI
SKCIUTyaTalluy YCTAHOBKHU, TaK M B aBAPUMHBIX CUTYallUsIX He-
obxoamMa NI peryaupoBaHus Ge3ormacHocTU. JaHHBIE 00 9K-
CIUTyaTallMOHHOM OITBITE, a TAKXKE OIMBITE TUKBUIAIIUU TOCIIEI -
CTBUI HapyllleHU B paboTe sSIepHOM YCTaHOBKHU, U B 0COOSH-
HOCTH paguallMOHHBIX aBapuii [6], TaKXKe SABJIAIOTCS BaKHOMN
COCTaBJISIOIIEH CUCTEMBI TTIOATOTOBKU KaJpOB [UIST OTPACIEBBIX
CTPYKTYpP U OpPraHOB PEeryJIUpOBaHUS Ge30MacHOCTH.

TTostomy TocymapcTBeHHBINT KOMUTET SISPHOTO PETyJIH-
poBaHMA YKpauWHBl WHUIUUPOBAJI MacCIITaOHBIA MPOEKT

57




A. B. Hocoeckuii, B. H. Bacuavuernko, A. A. KiwouHukoe

¢ EBpomnetickum Coi030M, KOTOPBIN, KaK HaM KaxXeTcs, OyaeT
CITOCOGCTBOBATh CO3MAHMIO B OpraHe TOCYIapCTBEHHOIO pery-
JIMPOBAaHUS SICPHON M paguallMOHHOMN Ge30MmacHOCTH YKpau-
HBI CUCTEMBI yIIpaBJICHUS SASPHBIMU 3HAHUSIMH, OCHOBAHHOM
Ha OITbITE €BPOIMEHCKUX FOCyIapCTB.

KoHeuHo, B mepByro odepenb cCUCTeMa YIIPaBICHUS SIIEp-
HBIMU 3HAHMSIMM HeoOXOmMMa OpraHy rocymapCTBEHHOIO YII-
paBJICHUST aTOMHOM 3HEPreTUKo — MMHUCTEPCTBY TOIUIMBA
¥ 9HEPreTUKY YKpPaWHBI, a TaKXKe 3KCIUTyaTHUPYIOIell opraHu-
3anun — HaumoHampHON 3HeproreHepupyrooIel KOMIaHUN
«DHeproaToM», BKJIouas ¢ 060cobaeHHbIe TTOapa3aeIcHUusS —
aTOMHBIe CTaHIIMU. K oTo#l ke TpyIe HeoOXOMUMO OTHECTH
HanuonanpHyI0 akageMuio HayK YKpawHBI ¢ ¢ HayYHBIMU
OPraHU3AIUSIMU.

Mubopmaninio 1 3HaHUS, BaKHBIE /TS 9KCIUTyaTallUU sSaep-
HBIX O0BEKTOB, HEOOXOMMMO COXPAHATh HAaYMHAS C UCCIENO-
BaHUM 1 paspaborok HMOKP, mpoekTupoBaHMs, CTPOUTEIb-
CTBa, 3KCIUTyaTalluyd, MOJASPHU3AIINM, PEMOHTA U TEXHUYECKO-
ro oOCcayKMBaHUS U 3aKaHYMBASI CHATUEM UX C 9KCIUTyaTallUM.

HakoryieHre 3HaHWMiA, MOJTYYEeHHBIX U3 OIBITA 3KCILIyarTa-
LU SIePHON YCTAaHOBKU, MMEeT BasKHOE 3HAUSHUE U TTPOBe-
IIEHUs ee MOJICpHU3ALIMU U 00y4YeHMSs TiepcoHaia, a UHpopMa-
Us O BeJIMYMHAX PagdOaKTUBHOTO 3arps3HeHus obOopymoBa-
HUS Y MaTEPHUAJIOB BO BPeMSI SKCILTyaTalluM SIASpPHOM YCTaHOB-
KM HeoOXxoamMa ISl TNTAaHUPOBAHUS ITOCIIEAYIOIINX paboT Io
CHSITUIO €€ C dKCIUTyaTalluH.

B coctaB cucremnl smepHBIX 3HaHUM Ha ADC MOIyT BXO-
IUTH CIIEOYIOIINE 3JIEMEHTHI:

IOKYMEHTBI CHUCTEMBI YIIPaBICHUS KauyeCTBOM;

MPOLIEAYPHI MO SASpPHOM, paguallMOHHOM, MOXapHOM, ca-
HUTApHOM M OOIIEeTeXHUUECKON Ge30MacHOCTH;

AIMUHUCTPATUBHBIC TTPOLISIYPHI;

SKCILTyaTallMOHHBIE TIPOIIEAYPBI M MHCTPYKIIUU;

TMPOTUBOABAPUITHBIC TIJIAHBI;

MPOeKTHAas U TEXHUYECKas TOKYMEHTALINI;

OTYETHI MO aHAIU3y Oe30IMacHOCTH;

aHHBIE 00 MHANBUIAYAJTBHBIX U KOJIJIEKTUBHBIX 103aX 00Ty~
YEHMS, YPOBHAX PaIMOAKTUBHOIO 3aTPA3HEHMS ITOBEPXHOCTEM
000pyI0OBaHUS U MaTEpPHUAJIOB;

nHbopMauus o0 YpPOBHSIX pPagUallMOHHOIO W 3KOJIOTHYe-
CKOT'O BO3ICUCTBHUS Ha OKPYKAIOIIYIO TIPUPOIHYIO CPENy;

JIOKYMEHTHI 110 YIIPaBISHUIO U3MEHEHUSIMI U MOIIEPHU3ALICH;

JMIOKYMEHTEHI 110 OOy4eHHIO U TIPOBepKe 3HAHMH MepcoHala,
yueOHbIe MPOrpaMMBI, ITPOTPaMMBI MHCTPYKTAKENH;

OTYETHI 110 aHAJIM3Y BHYTPECHHUX W BHEIIHUX COOBITHH, OT-
YEThI O HaPYIIECHUSIX;

KOPPEKTUPYIOIINE MEPOIPUATUS U OTYETHI 00 MX BBIIIOJ-
HEHUU,;

IIOKYMEHTBI I10 YITPAaBICHUIO YeJIOBEYSCKUMHU pecypcaMH,
BKJTIOYAS IJIaHBI MO0 HaGopy IepcoHajla U pe3yJIbTaThl IIepHo-
IUYECKON aTTecTalluu, U T. II.

Ha Bcex ADC cyliecTBYIOT MpOLenyphl 10 MOJIyYeHUo, Xpa-
HEHUIO U MCITOJIb30BAHUIO 3HAYWTEIBHON YacTH MepeynCiIeH-
HOI BhIlIe MHpopMamy. BHenpeHne mporpaMMBI yIIpaBIeHUS
SICPHBIMU 3HAHUSMU 3aKJTIOYAETCS TOJIBKO B MTOBBILICHUN 3¢-
(beKTUBHOCTM UMEIOILIMXCS MPOLIEAYpP ¢ UCITOIb30BAHUEM Clle-
TYIOIIUX MEPOIPUSATHIA:

BBISBJICHUST 9KCIUTyaTallMOHHBIX M CBSI3aHHBIX ¢ Oe3orac-
HOCTBIO PUCKOB, BEI3BAHHBIX ITpobeiaMM B 3HAHUSIX (PUCK yTpa-
TBI 3HAHUM, KPUTUUECKH BaxkHBIX 11T ADC);

TIOBBINICHUS IIEHHOCTH UMEIOIINXCS 3HAHUMA TP TTOMOIIIN
MEXaHU3MOB OOJIETUEeHUS U3BJICUESHUS MH(MOPMAIINK ¢ JTF060ro
pabouero Mecra, a TakKXKe 4Yepe3 MHTETPUPOBAHHBIE CHCTEMBI
1 GaHKU TaHHEIX;

8

MpPEBPAIICHUS HEIBHBIX 3HAHUM B TOKYMESHTHPOBAHHBIC,

TOBBIILICHUS 3(PHEKTUBHOCTH IKCIUTyaTaAllMU U YPOBHS 6e3-
OTMACHOCTU MYTEM CO3[aHMS HOBBIX 3HAHUHN U YIYYIISHUS J0-
CTYIIa K CYIIECTBYIOIINM;

TIOCTOSTHHOT'O M3BJICUYSHUS YPOKOB U3 OMBITa IKCILTyaTalluu
C TIpPUMEHEHNEM METOIOB JOJITOBPEMEHHOTIO YCBOSHUS 3HAHUI

Tnepenayr 3HaHUM MOJIOIBIM CITELIUATACTAM.

[1pu BHegpeHUM TIpollecca YIpaBiIeHUS SASPHBIMUA 3HAHM -
SIMHM HeOOXOAMMO ITOHWMaHUe, YTO 3HaHUEe — (pyHIaMeHTaIb-
HBIN pecypc pa3BuTus orpaciau. Co3maBaTh TaAKOE MOHUMaHUE
HAJO0 Ha HAIIMOHAJIBHOM M OTPACIeBOM YpPOBHAX. UTOGBI moc-
THUYb BBICOKOTO YPOBHS Oe30ITacHOM 3KCILTyaTalluu, HYXXHO
CHENIaTh MpoIece YIIPaBASHUS SIASPHBIMU 3HAHUSIMU HEOTHEM -
JIEMOM YacThiO KYJbTYpbl Oe3ormacHocTU. DddeKTUBHOE HC-
TI0JTb30BaHUE 3HAHUM CITOCOOHO MPUHECTU OpraHU3allMy 3KO-
HOMUYECKHWE BBITOABL. JIJIsI MpeAnpUsATHIT aTOMHOM OTPAC/IA 3TOT
MpoLiecC HAIPIMYIO CBS3aH U ¢ obecreueHueM 6e30ITacHOCTH,
CJIeIOBATEIbHO, COXpAaHEHUE U YIIpaB/IeHUE 3HAHUSMU B aTOM-
HOM OTpaciM — IIpOIlecC BaKHBIN, TPeOYIOUINN Cephbe3HOro
CHUCTEMHOTO ITOAXOMa.

Elte onnH opraH rocygapcTBEeHHOTO yITpaBiaeHUsT — MUHM-
CTepCTBO I10 YPE3BBIYAMHBIM CUTYAIUsIM — KpaliHe 3alHTepe-
COBaH B CO3MaHUM CHUCTEMBI YITPABICHUS SINSPHBIMU 3HAHUSIMU
B YacTH, Kacalolleicss BOIPOCOB JTUKBUAALINM aBapUHHBIX CH-
Tyaruit, oGpallleHusI ¢ pafMOAKTUBHBIMUA OTXOOAMM, CHATHS C
SKCIUTyaTalluu 3HeprobiokoB YepHobbIbeKo ADC 1 mpeob-
pa3oBaHUS OO0BEKTa «YKPBITHE» B 3KOJIOTMYSCKU Ge30IacHYyIo
CUCTEMY.

KoHeuHo, mmoap3oBaTeIssMu TaKoM CUCTEMBI TOKHBI OBITh
¥ BBICIIME yUeOHbIe 3aBEASHUSI, TOTOBSIIINE CIIEIIUAIMCTOB SIAep-
Horo npoduig. HecMoTpst Ha TOCTOSHHO MPOBOAUMEIE pedop-
MBI CHCTEMBI BBICIIIETO O0Opa30oBaHUsA, IO HACTOSIIETO BpeMe-
HU By3aM, TOTOBSIIMM crietnanuctoB a1t ADC, ynaercs obec-
TIeYNBaTh IPUEMJIEMBIN YPOBEHB MTOATOTOBKH KBTI (UITMPOBAH-
HBIX MHKeHepoB. TeM He MeHee, BOIPOC MOKET CTaTh KpaiiHe
OCTpPBIM y3Ke B caMoe OmKaifiiiee BpeMs, UTO CBSA3aHO C Ipo-
GieMaMu, KOTOpbIe O0YCI0BIEHBI MOPAIbHBIM CTAPEHUEM U Aa-
JKe TIOJTHBIM pa3pyliieHrueM JabopaTopHoit 6a3kl, a TaKKe CTa-
peHreM TTpodeccopcKO-TIPENoAaBaTEIbCKOTO COCTaBa BBICIIMX
y4eOHBIX 3aBefcHUit [7].

IMoaroToBKa CIeMaINCTOB, CIIOCOGHBIX paboTaTh B TaKoi
CJIOKHOW Y TIOTEHIIMAIBHO OIacHOM OTpacid, KaK aTOMHas
SHEPreTUKa U IPOMBIIIJIEHHOCTb, TpebyeT, MOMMUMO OOIIIeit
TEXHUYECKOM TPaMOTHOCTH, OOJIBIIOrO 06beMa MPaKTUYECKUX
HABBIKOB. B mepByio odepenb peyb naeT o6 YMEHUU paboTaThb
C SIICPHBIMU TEXHOJIOTUSIMU, UICTOUHUKAMU MOHU3UPYIOIIUX W3-
JyuyeHuil. ViIMeHHO B JTaGopaTOpHUsAX BBICIIEro y4eOGHOTo 3aBe-
IEHUST 3aKjagbIBaeTcs (GyHOAMEHT MpPaKTUYECKUX HaBBIKOB,
KOTOpBIE CTYACHTHI TOIKHBI MCIIOIb30BaTh B OyAyIe ITpous3-
BOJCTBEHHOM AedaTelbHOCTU. Ho GOIBIIMHCTBO OTEYECTBEH-
HBIX BY30BCKUX JJAOOPATOPHUIA yke He OTBEYAIOT COBPEMEHHBIM
TpebGoBaHUAM: cTapoe 06OpyIOBaHUE AaBHO IPHUIIUIO B HETOI -
HOCTb, a HOBOE COBPEMEHHOE, KOTOpOe Hcmob3yeTcsd Ha ADC,
BooOI1Ie oTcyTcTBYeT. Croma e HeobxoauMo mobaBUTh Helo-
CTaTOYHOCTB, a IOPON W ITOJTHOE OTCYTCTBHUE COBPEMEHHOM
yUeOHOM JTUTEPaTyphl M METOAUYECKOro OOeCIIeUeHNs.

JI7Is crienaymcToB, TOTOBSIINUXCS K paboTe B SAEPHOM OT-
paciu, OrpaHWYMBATH BCIO CHEIMAIBHYIO TTOATOTOBKY TOJBKO
OOIIIMM KYpPCOM SmepHOM (bU3UKKM U OYeHb HEOOIBIIMMU 0630p-
HBIMH, a TIOTOMY B OCHOBHOM TE€OPETUYECKUMM CITCIIUAIbHBI-
MU KypcaMU B paMKaX y4eOGHOro Ipoliecca SIBHO HeTOCTATOUHO
u, 6osee TOro, MPOCTO OMACHO C TOYKHU 3PEHUS ITPAKTUYECKOM
paboThl TaKOro BHIMTYCKHMKA B siAepHOl orpaciu. KommeHcu-
pOBaTh HEMOCTATOK ITPAKTMUECKUX HABBIKOB U TEOPETUUYESCKOM
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YHpaBHCHI/IC SICPHBIMU 3HAHUAMU — HEOOXOJMMOE YCJIOBUE peajli3alliil SHEPreTUYECKOM CTpaTeruu YKpaI/IHLI

TOATOTOBKU B XOMI¢ MaJIbHEHIIIero 0OyYeHNsT MOJIOIOTO CITEIIM -
amrcTa Ha paboyeM MecCTe ollepaTopa SIepHOM ycTaHOBKU Oy-
JIET TOCTAaTOYHO CJIOXHO.

B yca0BUSX MHTEHCUBHOIO pocTa 06beMOB HayYHOU M Ha-
YYHO-TeXHUUYECKON MHMOpMAIUU, GBICTPOro 0OHOBIEHHUS Ha-
VYHBIX 3HAHUM, BHEOPSHUS B IPAKTUUYSCKYIO NESITEIbHOCTH
pPEeKOMEHAAINN MEXKIYHAPOIHBIX OpraHW3aluil, BBITycKa HO-
BBIX HOPMATUBHO-TIPABOBBIX aKTOB B OOJIACTH SIMEPHOMN U pagu-
allMOHHON 6e30IMacHOCTH, BO3HUKAET IMOTPeOGHOCTh B Kaye-
CTBEHHO HOBOM T€OPETHUYECKOM MOATOTOBKE KBATU(UIIMPOBaH-
HBIX criennanucTtoB. CyTh sSepHOro o6pa3oBaHUsS COCTOUT He
TOJBKO B MOITOTOBKE CITEUAIMCTOB OIpeAe/IeHHON obiacTu
3HAHUN, HO U B OOPETEeHUM CTYIeHTAMM ITPAKTUYSCKUX HABBI-
KOB MO aHAJIU3Y MTPOLIECCOB U SABJACHUHN ¢ TOUKM 3PESHUS UX BIIU-
SHUI Ha 6e30MacHOCTDb SIIEPHBIX YCTaHOBOK.

st Toro 4tobhI co3maBaTh HOBBIE PEAKTOPBI, HEOOXOMUMBI
He TOJIBKO ITPOSKTAHTBI, CTPOUTEIN W OIepaTophl, HO U MPEIIo-
JaBaTe/IN, KOTOPbIE TOTOBST CITELIMATMCTOB SIIEPHOTO MTPOdUIIs.
TTameHue npecTizka 06pa3oBaHUs U HayKHM, HU3Kasl OIUIaTa Tpyaa
OTTAJIKUBAIOT MOJIOAEXKb OT IeAarornyeckoil 1 Hay4yHoii pabo-
ToI [8]. Tak, B HacTosmIee Bpemda B YUexuu, ['epmanun, [IBenum
mpodeccopoB B 00JACTH SOSPHONM SHEPreTMKU HE OCTajoCh
BooO11ie, a B Poccuu u YkpauHe cpemHmii Bo3pacT IpodeccopoB-
SIEPIIMKOB y3Ke TTPEBBICUIT CPEAHIOO TTPONOIKUTETBHOCTD SKU3HU
B atux crpaHax [9]. CrapeHMe MW coKpallleHHe YHCJICHHOCTH
CTIELNATMCTOB, TIEAaroroB U y4eHBIX sSIepHOTo Tpoduis He-
TTOCPEICTBEHHO CBI3aHO C TeHASHIIMAMU JMHAMUKHI PhIHKA TPYZA.
OcHOBHBIM (bakTOpoM cTajl JOOGPOBOJIBHBIN IEPEeXol KBaJlu-
GULIMPOBAHHBIX U CPAaBHUTEIBHO MOJIOABIX CITCIIMAUCTOB
B cepy 6usHeca. OTKpBIBIIMECS BO3MOKHOCTH chephl OM3Heca
TO3BOJIMIA OTHOCUTEIBHO JIETKO HANWTH BBICOKOOITIAYNBAEMYIO,
MEePCIIEKTUBHYIO paboTy.

3apaboTHas IIaTa MOJIOAOrO MperoaaBaTe/Iss HAMHOIO MEHb-
1II€ 3apIUIaThl MOJIOABIX CIIELUAINCTOB, 3aHSATHIX HA MPEATIpUs-
TUSX sAaepHolt oTpacau. Huskasg sapaboTHas TutaTa B CHCTEME
06pa3oBaHUS SBIIETCI OCHOBHOM MPUYMHONM CHYDKEHUS TTPH-
TOKa MOJIOIBIX TeAarormuyeckux KaapoB. Mojionoli mperoaasa-
TEIb-aCCUCTEHT, ob0jafast JOCTATOYHBIMM 3HAHUSMU U TPYHO-
JTo0reM, MOKET He paHee YeM uepe3 10—15  J1eT momyyurs m1omK-
HOCTb TIpodeccopa U TPETEeHIOBATh IPU 3TOM Ha 3apILiaTy,
COITOCTAaBUMYIO C OKJIaloM Boautesst TpamBas. [losTomy B Ha-
cTosIIIee BpeMs MPOLICHT MOJIOABIX TperofaBaTesieil, HalleJIeH-
HBIX Ha MHOTOJIETHIOIO paboTy B By3ax, KpaifHe Majl U COBep-
IIEHHO HeNOCTaTOYeH I obecIieueHUs MpPeeMCTBEHHOCTHU
TMOKOJICHUM M TTOJTHOLIEHHOTO KaJApOBOTO 3aMeEILECHUS.

B cBg3M ¢ TeM, UTO cucTEMa YIIpaBISHU SOESPHBIMU 3Ha-
HUSMU HeoOXomuMa B IIEPBYIO ouepelb CTPYKTYpaM M OpraHu-
3aLMAM SICPHON 3HEpPreTUYecKOoM OTpaciu, MpeacTaBIISIeTCs
1es1ecoo0pa3HbIM TTOJ PYKOBOACTBOM MMHHUCTEPCTBA TOILIMBA
¥ SHEPreTHKU YKpPaWHBI cO3MaTh pabouyio TPYIITY ¢ yYacTHEM
BCEX 3aMHTEPECOBAHHBIX CTOPOH, KOTOpag JOKHA PaccMOT-
peTh aKTyaJIbHOCTBb 3aJaYM U OIPEASTUTh OPraHU3alMIo, Ha
KOTOpYIO GyIET BO3TTOKEHA OTBETCTBEHHOCTB ITO CO3MAHUIO HAITHO-
HAJIbHOM CUCTEMBI YIIPABICHUS SIAePHBIMU 3HAHUSIMU B YKpau-
He. DTa OpraHM3alMsa OOJKHA Pa3paboTaTh CTPATErHYeCKYIO
MIporpaMMy TI0 YIPaBASHUIO SACPHBIMU 3HAHUSMH, CO3IATh
HaGop HeoOXOAUMBIX TUIIOBBIX MTOKYMEHTOB U TpeOOBaHMIA,
KOTOpBIE BITOCAENCTBUN OYIyT MHTETPUPOBAHbI BO BCe OpraHU-
3aLMU U TIPEATNPUATUSI IASPHOTO TTPOhUIIS.

s co3maHusI CUCTEMBI YIIPABICHUS INSPHBIMU 3HAHUSIMU
HeoOXOAMMO MpOaHATU3UPOBATh CYIIECTBYIOIIUNA MOCTYII
K BHYTPEHHUM U BHEIITHUM UCTOYHUKAM MHOOPMAITUIH; OLIEHUTD
CYIIIECTBYIOIIYIO CUCTEMY U 3()POEKTUBHOCTD HCIOIb3yeMOoit
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WHOOPMAIINK, 3HAHUS U OITBITA; OMPEACTUTh HeOOXOMUMBIE IS
BBITIOJTHEHUST CTPATeTMUSCKUX 3amad JAaHHBIE, MH(GOPMAIIUIO
¥ 3HaHUSA; O0OeCIeYNUTh HaJjexkalllylo 6e30IMacHOCTh U KOH-
(bUIEeHIIMATEHOCTD UCIIOIb3YEeMbIX 3HAHM; OIPeeTUTh ITOTPe6-
HOCTb B MH(MOPMAIIMOHHBIX TEXHOJIOTUAX; O0ECIIEUNTh YCIOBUS
U1 cGopa M XpaHEeHUS HesSIBHBIX 3HAHUM.

C6op 1 cucTeMaTHU3alIMd 3HAHUI TpeaIoaraior paboTy co
3HAYUTEIBHBIM KOJIMUECTBOM JTOKYMEHTOB, ITO3TOMY CO3IaHUE
MIPpOrpaMMBI YIIpaBICHUS 3HAHUSAMHU JOKHO HAUMHATBCS C pa3-
paboOTKM WM COBEPIIEHCTBOBAHUA CUCTEMBI YIIPaBISHUSI WH-
dbopmartueit. CTpyKTypHUpOBaHUE, CTAHAAPTU3AIMS U CO3TaHUe
COOTBETCTBYIOIINX KATaJIOTOB UMEIOIIEica MHpopMaluu obec-
MeYnBaioT 6oJiee MPOCTOM MONCK M UCITOIb30BaHNEe HEOOXOMM -
MBIX JOKYMEHTOB.

CucrtemMa YIIpaBJICHUS SOSPHBIMU 3HAHUSMU TpeaIioiaract
BBIOOP COOTBETCTBYIONIEH MHOPACTPYKTYPHI, MPEea0oCTaBISIO-
el TI000MYy TTOJI30BATEIIO YAOOHBIM MHCTPYMEHT IS pas-
MEIIIeHUS ¥ U3BJICUCHUS MHMOPMAIIUN ¢ YYETOM BO3MOXKHOC-
THU ee JOJTOBPpeMeHHOro XpaHeHuda. CrcTeMa YIIpaBIeHUS Saep-
HBIMU 3HAHUSIMU Ha KOHKPETHOM IPEANPHUATUM MEXIY ero
CTPYKTYPHBIMU TOApa3Ne/ICHUSIMU (OTAeIaMU, (QUIHATIaAMM)
MOKeT OBITh OpraHM30BaHA MPU ITOMOIIM UHTEPHET-TIOPTAJIOB,
IMOCTPOSHHBIX Ha OTKPBITOM MPOrPaMMHOM OOECIIeUeHUH 3a
CYeT BHYTPEHHUX KaHaJIoB oOMeHa MH(bOpPMAaIIMei.

BbiBoAabl

PasBuTHe gnepHOIT 3HEPreTUKU SIBJISETCS BaxKHOM rocymap-
CTBEHHOM 3afayeil, HO IJIS YCIICIIHOTO e pellleHns Tpebyercd
NTy60KOoe TTOHUMAaHUE BCEX YCIOBUM, YUeT BceX (haKTOpOB, CIo-
COOHBIX TOBIHUATh HAa PEeaIM3alI0 OTEUSCTBEHHOU SIAepHOMN
CTpaTernu, W TPaBWJIbHOE YCTAaHOBJIEHUE MPUOPUTETOB. Pea-
JIM3aLUS TIPOTPaMMBI Pa3BUTHS SISPHON SHEPreTUKHU MOTPeOy-
eT KBATUMUIINPOBAHHBIX KaIpPOB KaK TSI MPEATPUATUN Saep-
HOM OTpaciy, PeryJIupyIoIUX OPraHOB, TaK W IS CHUCTEMEBI
BBICIIIETO OOpa30OBaHUS.

PasBuTue uMmeroleica CUCTEMBI SAEPHOrO 0Opa30BAHMS
CTaHeT BO3MOXHBIM TOJIBKO ITPH YCJIOBUHU OOecIiedeHUs Ipoy-
HBIX M B3AMMOBBITOIHBIX CBSA3el MEXKIY By3aMU U CTPYKTYpaMU
SNEePHON HEePreTUYeCKON OTpacin. YCTaHOBJICHUE TaKUX CBSI-
3ell u ompepensger Gynyliee KaIpoBOro oOecredeHus OTpaciu,
a cllefoBaTellbHO, U ee pa3BuThe. OTpacib IpU pea3alliu
3agBJICHHOM CTpaTEerMu IOKHA paboTaTh B TeCHOM KooIlepa-
UM ¢ HAYYHBIMUA OPTraHU3alMSIMU U BBICIIUMU yUeOHBIMU 3a-
BEIEHUAMU YKpPauHBI, B KOTOPBIX UMEIOTCS COOTBETCTBYIOIINE
Hay4YHBIE IITKOJIBI ¥ BO3MOXKHOCTH T10 TTIOATOTOBKE KBaTU (UL -
pPOBaHHBIX CITELINAJIICTOB.

YUToOBI BBIMOTHATE OCHOBHBIE CTPATETMUSCKUE IIENIU, CTO-
SIIIMe TIepell OTPACIIbIO, YKe ceiuac HeOOXOAMMO pelllaTh KOM-
IUTEKC 3aJa4, HAIPaBJISHHBIX HAa COXpaHEHUE BCEro TOroO JIyY-
IIIEro, YTO OBIIO HAKOIUIEHO paHee B CHCTEME SIEPHBIX 3Ha-
HUM 1 06pa30BaHUs, HO Y& B HOBBIX COBPEMEHHBIX yCIIOBUIX.
HeobxomuMo BOCCTaHOBUTH CITeLIMATIbHBIE yueOHBIE Jabopa-
TOPUH, OCHACTUTDH UX COBPEMEHHBIM 0OOpyIOBaHUEM, MpUbOo-
pamu, TepepaboTaTh y4eOHBIC ITPOrpaMMEI, pa3paboTaTh ITOM
3TU IIPOrPaMMBI YUeOHBIe TTOCOOUS U MEeTOANYEeCKUE YKA3aAHUSI,
COOTBETCTBYIOIINE COBPEMEHHOMY YPOBHIO Pa3BUTHUS SIEpPHOMN
HAayKU U TeXHUKU. ClIeqyeT MpUHATh CPOYHBIE MEPBI IO OMO-
JIOXKEHUIO TTPOodeccopcKo-TIPerofaBaTeIbCKOrO cocTaBa, st
Yero MOAHATh Ha 60j1ee BEICOKYIO OTMETKY MPEeCTHX Ieaaro-
TUYEeCKOM U HAyYHOU MeITeIbHOCTH, a 3HAUUT, B IIEPBYIO OYe-
penb, — 3apaboTrHylo miaty. M 3gech HUKaK He 060UTHCH 6e3
MOMOIIN sAepHON oTpaciau. Ecim oTpaciab mefCTBUTETBHO
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A. B. Hocoeckuii, B. H. Bacuavuernko, A. A. KiwouHukoe

JKeJIaeT peajM30BaTh CBOKO CTPATETMYECKYIO IPOrpamMmy, OHa
obsI3aHa clenaTh Bce HEOOXommMoe, YTOObI B HEeW IMOSBWINCH
TPAMOTHBIE CIEIUATUCTHI, CIIOCOOHBIE BOILIOTUTH B KU3Hb
crpaTermyeckre ruiaHel. Hayky m oOpa3oBaHME HEBO3MOXKHO
pasBHUBaTh 6e3 oTpacaeBOl MomIepKKHU. MIrHopupoBaHUE TaH-
HOro hakTa MPUBENET HE IMPOCTO K BPEMEHHOMY CHUIKESHUIO
TEMIIOB, HO U K HeoOpaTUMBIM yTpaTaM Hay4YHBIX IIKOJTL.

YV By30B [0KHA TTOSIBUTHCS BO3MOXKHOCTD ITPUBJICYSHUST 32
CYET OTpaciy AOIOJTHUTEIBHOIO (PMHAHCHPOBAHUS, OCTPO He-
00OXOIUMOTO IS PEIIeHUST MHOTOYMCIICHHBIX Mpo0aeM — OT
TOBBIIICHUS 3apaboTHOM IIJIaThI ITperomaBaTelieii 10 pruobpe-
TEHUs COBPEMEHHOI0 y4eOHOro M HaydyHOro 0GOpYyIOBaHUSI.
A BTO, B CBOIO OUepellb, SIBIISIETCS HEOThEMIIEMOM YacThIO CH-
CTEMBI yIpaBJICHUS 3HAHUSIMU.

VYrpaBrneHrue 3HaHUSIMU SIBJISISTCS TOJITOCPOYHOM 3amayeit,
pellIeHre KOTOPOU TTO3BOIUT BHITIOJTHUTE CTPaTerMUecKUi TJIaH
Pa3BUTHS TOIIUBHO-3HEPIeTUYECKOTO KOMIUIEKCca YKPauHBI 10
2030 r., mMO3TOMY 3aMHTEpPEeCOBAHHEIE BEIOMCTBA M OpraHU3a-
MU AOJIKHBI U3bICKATh MaTepuajibHbIe M (PMHAHCOBBIE pecyp-
CHl C IIe/IbIO CO3AaHUS HAIIMOHAIBHOU CHUCTEMBI YITPAaBICHMUS
SINEPHBIMM 3HAHUSIMMU.

W mocnennee. B paccMarpuBaemMoM Borpoce HeobXxommma
TecHas Koollepalis ¢ Poccueil, rme MMeroTcd Te Ke CaMble
npobeMBbl, YTO M B YKpauwHe: OyOIMpoBaHUE BY30B, ILIOXas
nabopaTtopHasg 6a3a, HeXBaTKa ITPENOAaBaTEIbCKOTO COCTaBa,
BHEIpeHNE IBYXYPOBHEBOM CHCTEMBI IIOATOTOBKY KaapoB (6aka-
JIaBp U MarucTp) u ap. Poccus BemeT KpylmHoMacIITaGHbIE pa-
OOTBI IO Pa3BUTUIO CBOEH HAIIMOHAIBHOM SISPHOM OTpaciv
Toa Ha3BaHUEM <«ATOMHEBINM IpoeKT-2». [loHMMas BasKHOCTB
yIIpaBJIeHUS 3HAHUSIMHU, B Poccuu mpuHsTO penieHune o co3aa-
HUU SIePHOTO YHUBEPCUTETA, CTPYKTYpPa KOTOPOTo MpaKTUYeC-
KU TIOBTOPSIET CUCTEMY TTOATOTOBKM KaapoB MUHCpeaMaliia mpu
pearu3aly MepBOro aTOMHOIO MPOoeKTa. DTOT SAepHBINA YHU-
BEPCUTET, co3maBaeMbIll Ha 6aze MU DU, oObeAUHUT yCUIUS
10 TIOATOTOBKE KaJpOB AJIS SASPHOM OTPAC/IM IIECTU BBICIINX
YUeOHBIX 3aBEICHMIM, TOTOBAIINX KaIphl I SAASPHON OTpaciu,
AT TIpohecCuOHATBPHO-TEXHUYECKUX YUWINIL U 13 cpegHmMX
IIIKOJT, PACITOJIOXEHHBIX B pa3HBIX PErMOHAX CTPaHBI, IO He-
TMOCPEACTBEHHBIM PYKOBOACTBOM M (pMHaHCUpoBaHMeM Poc-
aToMa, obecrieurBas MOOUIBHOCTh B TOM CMBIC/IE, UTO ITPEIo-

JaBaTeJIM MOTYT YUTATh CBOM JICKIIMM BO BCEX BY3aX B paMKax
SANEepHOTrO YHHMBepcuTeTa. PocaToM obecrneuynBaeT TapaHTHPO-
BaHHBIN 3aKa3 CIEIIUAINCTOB HEOOXOMUMOro IMPOMUIL, TPYIO-
yCTpanBaeT BBITYCKHUKOB U MPUBJICKAET BEAYIIUX CITSITUAIKIC-
TOB OTpaciy I BeAeHUs yuebHoro mporecca. OmbIT poccHii-
CKHUX KOJIJIeT HeoOXOAMMO BHEIPUTh B YKpawHe, a IJIS 3TOTro
HYKHO JKeJlaHWe Halllel SIepHON 3HEePreTUYeCKOW OTpaciu.
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Summaries

E. Nikulina, V. Severin

Multicriterion synthesis of reactor facility control systems
through minimization of integral quadratic estimations

The mathematical modeling of automatic control systems
of WWER-1000 reactor with various regulator types
is considered. The linear models of WWER-1000 nuclear reactor
thermal power control systems are developed. The resulits
of multicriterion synthesis of thermal power control systems
of WWER-1000 nuclear reactor through minimization of the
improved integral quadratic estimations has been presented.
The linear models of productivity control systems of steam
generator SGW-1000 are designed. The identification
and multicriterion optimization of productivity control systems
of steam generator SGW-1000 with various regulator types
are executed.

M. Maksimov, S. Pelykh, O. Maslov, V. Baskakov

Influence of initial data uncertainty upon estimation of the
fuel element cladding durability at a variable operation mode

An analysis of the fuel element cladding durability estimation
sensitivity to the main regime and design initial core data
uncertainty, for a WWER-1000 nuclear reactor operating
in a variable loading mode, has been performed.

0. Shugaylo, S. Kostenko, Ol-dr Shugaylo, V. Krytskyy, D. Ryzhov,
L. Khamrovska

Concerning reassignment of permissible numbers of mecha-
nical equipment loading cycles

Some issues concerning exhaust of NPP mechanical
equipment loading cycles have been considered and the main
statements of the methodology for reassignment of the
permissible numbers of loading cycles and equipment technical
state evaluation in cyclical loads have been presented.

S. Azarov, G. Sorokin

Calculation of temperature processes in NPP containment
occurred in air crash

The problem on nuclear reactor containment behavior after

intensive temperature impact resulted from air crash is considered.
The task urgency is to solve the problem of minimizing
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the devastating effects of a random crash or acts of terrorism.
The developed models allow simulating the effects of other
impacts: the explosive and dynamic loads, industrial accidents,
etc. Numerical solutions of these problems provide with quantita-
tive assessments of heat safety barriers of a nuclear reactor.

V. Shevel, Yu. Lobach, Yu. Nesteruk, |. Khomich

Assurance of WWR-M research reactor radiation safety
monitoring

Both description and operational experience of the WWR-M
research reactor radiation protection and monitoring system are
presented. The list of radiation factors at the reactor normal
operation is given and the main activities on radiation safety
assurance are established. Statistical information on staff
exposure and radioactive aerosol releases is shown. Tasks and the
structure of the emergency response system are described.
The set of technical solutions aimed at modernization of the
radiation protection system is presented.

A. Korolyov

Use of the injector in the ECCS system to improve its functio-
nal reliability

The design decision has been proposed to improve the
emergency core cooling system (ECCS) operational reliability.
The calculations have been carried out demonstrating the
efficiency of using a water-watered injector to heat water
supplied to the reactor and increase its pressure.

S. Gabelkov, R. Tarasov, N. Poltavtsey, J. Kurilo, E. Ledovskaya,
F. Belkin

Phase composition evolution in heat treatment of co-preci-
pitation of zirconium, yttrium and europium hydroxide

The results of phase composition change in co-precipitated
hydroxides of zirconium, yttrium and europium in heat treatment
are presented. The scheme of phase evolution is provided from
complex amorphous hydroxide to amorphous oxide with the
subsequent crystallisation of the only and nanosized phase of
cubic zirconium. All the europium oxide constituted amorphous
zZirconium at 400 °C. It creates objective prerequisites for including
americium oxides into a matrix of zirconium oxide at the tempe-
rature 300 °C lower than in traditionally known formation of a cubic
solid solution.




V. Bogorad, T. Lytvyns’'ka, A. Nosovsky, O. Trofimova

General approaches to develop radiation protection
program in transport of radioactive materials

There are presented the scientific and technical effort
results performed by experts of the State Scientific
and Technical Center for Nuclear and Radiation Safety upon
the request of the State Nuclear Regulatory Committee
of Ukraine. The structure and the main requirements
for developing a radiation protection program in transport
of radioactive materials are considered on the basis
of the Ukrainian regulations and IAEA recommendations.

Ali Kalvand, |. Kazachkov

Problem of corium melt cooldown in the containment in
passive severe accidents protection systems. Part 2

This paper in two parts is devoted to an analysis
of the problem of corium melt interaction with water and low-
melting temperature blocks in the passive protection systems
against severe accidents at the NPP, which is of high importance
for substantiation of the nuclear power safety, for building
and successful operating of the passive protection systems.
In the third-generation reactors the passive protection systems
against severe accidents at the NPP are mandatory, therefore
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this paper is of importance for the nuclear power safety. A few
such systems have been considered, which are indifferent stage
of completeness. An analysis of the unsolved thermal hydraulic
problems, which solution might help to improvement of the
current systems or development of the new, more effective
ones has been provided. The ways for solution of the stated
problems and the methods for their successful elaboration were
discussed. The mathematical models developed and the ana-
lysis performed in the paper might be helpful for design
of the passive systems of the corium melt retention inside
the containment after a corium melt eruption from the failed
reactor vessel. Part 1 of this article was published in No. 1/2009
of this journal.

A. Nosovsky, V. Vasylchenko, A. Klyuchnikov

Management of nuclear knowledge — necessary condition
to implement the energy strategy in Ukraine

The actual problems concerning retention of nuclear
knowledge have been considered, the necessity to create
a national nuclear knowledge management system in Ukraine
based on IAEA recommendations and the practice of other
countries has been demonstrated. General organizational and
methodological recommendations on creating such a system
have been provided.
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[TpaBmna onisi aBTopiB

1. Pykonuc crTarTi XypHajly IOJA€ThCsS Y BUIJISIAL TBEPAOI KOIIii 3
MmiinucaMy BCiX aBTOPIiB Ha OCTAaHHIM CTOPIHIIi, a TAKOX €JIeKTPOHHOI
Bepcii (Ha eJIeKTPOHHOMY HOCi1 a00 €JIeKTPOHHOIO IOIITOI0).

2. Crarta Mae Mictutu YJIK. YKpaiHChKOIO, pOCifichKOIO Ta aHI-
JIIACHKOI0O MOBaMHU HaBOJSITHCS aHOTaIlisl, Ha3Ba CTaTTi, Mpi3BHIIE,
iM’s Ta 1Mo 0aThKOBi aBTOpa, Ha3Ba OpraHizallii, Jie MpaIloe aBTop.

3. 3araJibHUI OOCHT CTATTi pa3oM 3 rpadivHUMU MarepiajlaMu He
IOBUHEH IlepeBUIYyBaTH 18 cTopiHOK popmaTy A4. Ha oiHilt cTopiHIli
MoOXe OyTu He OUIbIN gK 30 psikiB Ta 1o 60 3HaKiB (3 ypaxyBaH-
HSAM PO3JIUIOBUX 3HAKiB i IPOMIXKIB MiX CJIOBaMU) Y KOXHOMY DSI/I-
Ky. Po3mip mipudry miarotrorjieHoro Ha KOMII'IoTepi Matepiaiy — 14;
MiXpsaKoBUi iHTepBan — 1,5. Po3mipu mnosiB, mm: 3yiBa — 30,
crnpaBa —10, 3Bepxy — 20, 3HH3Yy — 25.

4. Texcr HadupaeThes mpudtom Times New Roman y pemnakropi
Microsoft Word. I'padiunuii Marepiasi (YOpHO-OUIMI) MOMAETHCS Y
dopmari EPS, TIFF a6o JPG-dailiB 3 IycTMHOIO TOYOK Ha JIOUM
300—600 dpi. InocTpatii noal0ThCS OKPEMO BiJl TEKCTY.

5. CratTi, SKi € pe3yJibTaTaMU pPOOIT, IPOBEJEHUX B OpraHizalli-
SIX, IOBMHHI MaTU CYIPOBIAHUI JOKYMEHT BiJl IIMX OpraHi3arliil.

6. PasoMm 3i crarTeio 10 peNakilil XypHajly Mae OyTH IOZaHMil
JIOKYMEHT IPO MOXJIMBICTh BiIKPUTOI IyOJIiKaIlii MaTepiaJiiB.

7. Jlo aBTOPCHKOIO OpUTiHAJy CTAaTTi Ha OKPEMOMY apKylli Joja-
IOThCSL: IIPi3BUINE, iM’S, 110 0aThKOBi (IIOBHICTIO) aBTOpa, OpraHi3alrisd,
B SKill BiH mpalio€, BYEHUN CTYIiHb, 3BaHHS, MOOUIbHUI, CIyK0O-
BUI i JJOMalTHill HOMepHu TesedoHy, cJIy>kO00Ba Ta JOMAITHS aJpecu.

P0o3noBCIOKEHHA
XYpHaUTY “ApoepHaTa
pagiauinHa
oesneka”

B 2009 pouj
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8. CKOpOUYEHHS CJIiB, CJIOBOCIIOJyY€Hb, Ha3B, TEPMiHiB, 32 BUHAIT-
KOM 3araJIbHOIIPUNHIATUX, MOKJIUBE TUIBKU ITiCJII iX MOBHOTO IEPIIOTO
3raJyBaHHs B TEKCTi.

9. 3MicT HayKOBHUX cTaTeil OyIYeThCs 3a TaKOI CTPYKTYPOIO:

Kopomka aHomayis — CTUCJ BiToMOCTi IIpo cTarTio (jio 10 psiakiB);

ecmyn — MOCTaHOBKAa HAayKOBOI IIPO0OJIEMU, 11 aKTyaJIbHICTh, 3B’S-
30K 3 JIep)KaBHUMHM HAayKOBUMHU Ta MPAKTUYHUMHU I[porpaMaMu, 3Ha-
YeHHSl BUPIIMIEHHS MPOO0JIeMU;

OCHOGHI QocaiOnceHHs | nybaikayii — aHALITUIHUN OIJISLI OCTAHHIX
NOCJIKEHb 1 MyOJIiKaliil 3 JaHOi NpoOJeMU, BUOKPEMJIEHHSI HE PO3-
B’SI3aHUX paHillle IUTAaHb;

Gopmyeanns memu cmammi — OIUC TOJOBHOI iei NaHOI ITyOJIi-
Kallii, YUM BOHA BiJIpi3HSETHCS, JOIOBHIOE Ta MOIIMOJIIOE BXE BiJOMi
MiIXOIH, IKi HOBi (hakTH, 3aKOHOMIpHOCTi BUCBITJIIOE (0 15 psiKiB);

GUKAAOCHHA OCHOGHO20 3MICIHLY NPO6E0eH020 00CniOyceHHA — TOJIOBHA
YacTUHA CTaTTi, /€ BUCBITJIIOIOTHCS OCHOBHI IOJIOXKEHHS JTOCJIIKEH-
Hsl, IIPOTpaMa i MEeTOJAMKA eKCIIePUMEHTY, OTpUMaHi pe3yJIbTaT! Ta iX
OOI'PYHTYBaHH:I, BUSIBJIEHI 3aKOHOMiPHOCTI, aHaJli3 pe3yJIbTaTiB, 0COOuC-
THI BHECOK aBTOPA;

6UCHOGKU — OCHOBHI IiJICYMKHU, peKOMEH/Iallii, 3HaYeHHsI JJIs1 Teopil
I MPakTUKU, NEPCHEKTUBU MOJAIBITUX TOCIiIKEHB;

cnucok aimepamypu — TEPEJIK JIITepaTypHUX JKepes, Ha SIKi €
MOCHUJIAaHHSI B TEKCTi CTATTi; BKa3aTH aBTOpa Ta Ha3BY TBOPY, Miclle
nmyOJrikamii (i1 KHUXKHA — MICTO Ta BUJABHUIITBO, JUIS CTaTTi —
Ha3By 30ipHUKA YU XypHaJly, 1oro HoMep ad0 BUIIYCK), JaTy IyO0JIi-
Karlii, KUIbKiCTh CTOPiHOK Y KHUXIIi a00 CTOPiHKU, Ha IKUX BMIillIEHO
CTaTTIO.

10. Martepianu, ski HeoxaitHO odOpMJIEHI i HE BiJIIIOBiIAIOTH 3a-
3HaUYEHUM BUMOTaM, PEJAKIli€l0 He PO3IJIIIAIOTHCS.

11. JInsg cXopodyeHHsI BUTpPAT Ha BUJAHHA XypHaJly BUILUIATa
aBTOPCHKOIO rOHOpaApy He IMepeadavdacThes.

12. Marepianu, 1o HaIilNUIM 10 pelakilii, aBTopaM He IIOBep-
TAlOThCS.

VY 2009 p. wianyerbcs BUJAHHS YOTUPHOX HOMEPiB XypHaiy. Po3-
MOBCIOJIKEHHS KypHaJIy 3IiCHIOETHCS IO 3aMOBJICHHSX 3alliKaBJie-
HUX opraHizamiit. JIjs1 ofepkaHHs XypHaJly CJIiJl IepepaxyBaTu Ha
paxynok JIHTIT SIPb BapticTh moTpiOHOi KUIBKOCTI NPUMipHUKIB 3
no3Haukolo “ZKypnai SAPb” Tta HaBelneHHsIM HOMepa (HOMEDiB) Xyp-
Hajy. MoXJIMBa oIlIaTa Ha IIiJICTaBi HaJiCJIaHOTO peJaKIli€lo paxyH-
Ky-(axktypu. BapricTh oHOTO IIpuMipHHUKa XypHaiay “SIPb” ma 2009 p.
cTaHOBUTH 79 rpH 50 KOII. 3 ypaXyBaHHSM IOIITOBUX BUTpaT Ha
nepecWiaHHs XypHajly B MexaxX YKpaiHu. BapricTh pivHOro Komii-
JIEKTY 3 YOTHPHOX HOMEpiB ckjajae 318 TIpuUBeHb.

BapricTs onHoro npumipnuka xypHainy “SIPb” i 3apyOixHUX
NepeIJIaTHUKIB CTaHOBUTH eKBiBaJIeHT 79 rpH 50 KoIl. y Jpojlapax
CIITA 3a MOTOYHUM KypCOM Ta BapTiCTh IIOIITOBMX BUTpAT Ha Ilepe-
CUJIaHHA XypHaJly 0aHIepoJUTIo (3aJIeXXHO Bill KpaiHU NPU3HAYEHHS).

Penaxiiga XypHally npuitMae 10 JpyKy HayKOBi i aHaJliTUYHi CTaTTi
BiIMOBiNHOI MpodiJilo BUAAHHS TeMaTUKH, HAJa€ PEKJIaMHi IOCJYTH.
butemr  getasbHy iHdOpMalilo MOXHa OTpPUMATH 3a TeJie(hOHOM
(044) 422-49-72 abo eyleKTpOHHOIO ajipecoro: na_bilokrinicka@sstc.kiev.ua.

CnojiBaemocs 0auutu Bac i Bamux koJjier cepeji IOCTIHHUX 4mM-
TadiB i aBTOpiB XypHaJly.
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BIACHUM NiATBEPAXYETLCA, WO B pe3ynsTari paHxupysaHHs nodan 300 000 nignpuemcTs
Ykpainm 3a odiliiHmMu panumm [lepxasHoi CTaTUCTUKKA

AN «AEPXABHUA HAYKOBO-TEXHIYHUN
LIEHTP 3 AAEPHOI TA PALIALIAHOI
BE3MEKW»

NIAEP rAny3i 2008
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Dsapusts n'sate micue cymapHoro Gany B Ykpaini 3a kpurepismu: obear
peanisosaHoi npoayxuil, npoAyKTMBHICTE Npaul, YucTHA NpubyTok,
sapobitha nnata

3a OCHOBHWMM BMAOM AiansHocTi KBEL 73.10.2 - «locnigxeHus |
po3pobxu B ranysi TEXHIYHWX HayK»

3a pesyncraTtamu ginnvHocri y 2008 poui depxasHe nignpuemcrso

«fePHasHNn HQYKORBO-TEXHIYHUN UCHTP
3 AQEPHOI Ta pagiauinHol 6esnekn»
BU3HOYECHO OgHUM 3 nigepis
HauioHanvHoro GisHec-penTuHry
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BUQY CKOHOMIYHOI giANLHOCTI

«focnigHeHHn i po3poBKun
B8 ranysi TexHiYHUXx HayYK»
3 HagaHHaMm HauioHanovHoro cepTudgikaTy
TGO NPUCROEHHAM HQropogu
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